
 

Supplementary file 
Additional Information about the mcBPPS Sampler. The input. As input the user needs to provide a main 
alignment, a seed alignment for each subgroup and a hyperpartition table specifying to which of three partitions 
each subgroup is assigned (see flow chart in Fig. S1 below). Alternatively, in lieu of a hyperpartition, the user can 
provide a phylogenetic tree corresponding to the seed alignments (in Newick format), which the sampler will then 
directly convert into the corresponding hyperpartition (see Fig. 2 in the paper).  
Main alignment. There is nothing special about the main input alignment per se. Hence, it can be built using any 
available multiple alignment method that will save the output in fasta format—keeping in mind, however, that 
some methods cannot handle vast numbers of sequences. (The mcBPPS program includes a routine to convert the 
fasta alignment into the cma format required by the program.) Using a vast number of sequences is important for: 
(i) increasing the power of the statistical analysis; (ii) analyzing multiple categories of proteins within an entire 
protein class without the user needing to edit the input alignment (the sampler automatically eliminates unrelated 
sequences that get included by mistake); and (iii) taking full advantage of the massive amount of sequence data 
that is now becoming available. Programs capable of aligning vast numbers of sequences include: (i) Sean Eddy’s 
hmmalign program with the A2M output format option; (ii) PSI-BLAST, which was used to create an ~42,000-
sequence input alignment for the analysis reported in Supplement 8; and (iii) the MAPGAPS program (1), which can 
create very accurate alignments of up to a million or more sequences. MAPGAPS requires as input a curated 
‘template alignment’, which are available, for example, from the NCBI CDtree website 
(http://www.ncbi.nlm.nih.gov/Structure/cdtree/cdtree.shtml). MAPGAPS was used for the analyses reported here.  
Seed alignments. The seed alignments can be extracted from the main alignment using a routine that takes as 
input the seed sequence identifiers for each subgroup. Each seed alignment need include only one sequence but 
the output is enhanced by including additional sequences. I suggest no more than a dozen. Ideally the selected 
sequences should be (presumed) orthologs that share high sequence similarity and that are from distinct phyla. 
This ensures that the conserved patterns that they share are due to strong selective constraints rather than to a 
recent common origin.  The number of seed sequences can differ between contrast alignments.  

Note that the mcBPPS sampler does not require that the proteins corresponding to each seed sequence 
alignment be experimentally characterized in any way. Instead, the primary criterion for selecting the seed 
sequence(s) is the user’s perspective and interests. Using multiple seed sequences produces more informative 
output alignments inasmuch as the user can directly see that certain residues are conserved across distantly 
related organisms. This ensures that these residues are subject to strong selective pressure presumably associated 
with a critical biological function. Using multiple seed sequences also allows the sampler to generate 
(automatically) a slightly better consensus sequence than would a single sequence. Regardless of whether single or 
multiple seed sequences are provided for each subgroup, the sampler will focus its search on those divergent 
patterns and divergent subgroups that are most relevant to the seed sequence(s) and thus presumably of primary 
interest to the user. By contrast, designing a sampler to identify every statistically significant subgroup and pattern 
within a major protein class without focusing on specific sequences (besides taking a long time to run) would result 
in a massive amount of output of unknown relevance to the user. To avoid this, the user needs to obtain some 
prior information, of course, regarding the phylogenetic (and, ideally, biochemical) relationships between seed 
proteins. Such information is available in the literature or from various websites (e.g., the NCBI CDtree website) or 
can be obtained, for instance, by first applying a tree building method or running the scBPPS sampler (2) on the 
main alignment.  
Hyperpartitions and phylogenetic trees.The user determines how the hyperpartition is configured based on the 
questions he or she seeks to address and based on both the phylogenetic relationships and biochemical properties 
of the proteins of interest. Fig. 2 in the paper shows how a hyperpartition can be generated from a phylogenetic 
tree, which is the usual starting point. Table 1 in the paper corresponds (more or less) to the phylogenetic tree for 
the subgroups associated with P-loop GTPases; (it includes with some minor adjustments to illustrate other 
aspects of the mcBPPS sampler). However, more flexible, phylogeny-independent hyperpartitions also are allowed 
in order to characterize subgroups that, based on their overall sequence similarity, are from different branches of 
the phylogenetic tree, but that, nevertheless, share certain co-conserved residues associated with shared 
biochemical properties. This is illustrated in Table 2, the interpretation of which is elaborated upon in Supplements 
3 and 4. Note that, although the sampler could be modified to create the hyperpartition independent of the user 
(by treating the number of categories and their partition assignments as additional random variables), this would 



 

prevent the user from focusing on those properties of the sequence data of primary interest and from examining 
the data from multiple perspectives (as is illustrated by the clamp loader analysis in Supplement 3). Note that if a 
user asks a meaningless question (via the hyperpartition) such as: “show me the residues co-conserved in 
subgroups A and B but absent from subgroups C and D?”, when the answer is none, then the sampler will return 
nothing as expected—so no questions are off limits (as long as the hyperpartition restrictions described in 
Methods are satisfied). Finally, subgroups that contain relatively few sequences or sequences that are nearly 
identical are essentially pre-defined by the seed sequences.  Hence, a Gibbs sampling strategy is inappropriate for 
hyperpartitions with such a high degree of phylogenetic detail.   
Biological relevance. When the seed sequences for each subgroup are obtained from distinct phyla, this ensures 
that consensus residues have been conserved for 1-2 billion years. In the light of spontaneous mutation rates and 
the fact that structure is often conserved in the absence of significant pair-wise sequence similarity, these residues 
are subject to strong selective pressure to maintain associated (and typically unknown) biological functions. Thus 
the issue is not whether these conserved residues play functionally important roles, but rather whether the 
sampler can provide useful clues regarding these roles. To accomplish this, the sampler uses an indirect statistical 
approach similar to that used by classical geneticists prior to the emergence of more direct, biochemically-based 
approaches. Just as classical genetics seeks to infer, from patterns of inherited traits, the existence and various 
properties of previously unknown biological components (genes, chromosomes, the relative locations both of 
genes on chromosomes and of gene products within implicit biological pathways, etc.), the mc-BPPS sampler’s aim 
is to infer, from patterns of co-conserved residues, the existence and various properties of currently unknown 
molecular components of proteins. This is illustrated in Supplements 2, 3 and 4, which also illustrate another 
application of the sampler: automated (and statistically-based) PROSITE-like classification of protein subgroups and 
annotation of the divergent patterns most distinctive of each subgroup. 
Properties of the protein class that are determined by the sampler. Based on the input provided by the user, the 
sampler optimally assigns the sequences within the main input alignment to the various subgroups and determines 
the patterns that most distinguish each subgroup from the other subgroups. To do this, the sampler first generates 
both a consensus sequence for each subgroup (as a guide to pattern selection) and an aberrant sequence 
subgroup consisting of random sequences (implemented as a high number of random prior pseudocounts for that 
subgroup; this number is specified within the hyperpartition).   

The mcBPPS sampler requires no prior patterns. Instead, because the seed sequences are (by 
definition) bona fide members of their corresponding subgroups, the sampler requires that patterns 
characteristic of the subgroup be conserved within the consensus collectively defined by the seed 
sequence(s). This constraint is not as stringent as it may first appear: For example, if the consensus at 
position j is an asparagine residue (‘N’), then the ten following pattern sets are allowed at that position:  
'N', 'SN', 'TN', 'ND', 'NQ', 'NH', 'STN', 'NDE', 'NEQ', 'NQH', 'NDEQ’.  Without such a requirement, users 
would neither be able to examine the protein class from a relevant perspective nor to ask specific 
questions regarding those proteins of primary interest to them.  Note, however, that the size and 
composition of each subgroup (i.e., whether it corresponds to a subfamily, family, superfamily, subclass, 
et cetera) and which sequences belong to each class is determined by the sampler albeit from the 
perspective defined by the user-supplied hyperpartition and seed alignments.   

Analysis of Ras-like GTPases. The Ras-like GTPases—which include Ras, Rab, Rho/Rac, Ran, Arf, and Arf-like (Arl) 
GTPases and α subunits of heterotrimeric G proteins—function as on-off switches within eukaryotic signaling 
pathways regulating diverse cellular processes, including vesicle transport, embryonic development, the sensation 
of vision, odor, taste and pain, microtubule assembly and cell division. These GTPases are associated both with 
guanine nucleotide exchange factors (GEFs), which turn them on by mediating the exchange of GTP for GDP, and 
with GTPase activating proteins (GAPs), which turn them off by stimulating hydrolysis of GTP to GDP. The on- or 
off-state of Ras-like GTPases is communicated through conformational changes within their switch I and II regions, 
which detect the presence or absence of the γ phosphate of bound guanine nucleotide.  Fig. S2 contains four 
contrast alignments that were generated by the mcBPPS sampler for Rab GTPases (the subgroup specified in row 4 
of the hyperpartition in Table 1of the paper). Here I consider the biological significance of the residues identified in 
these alignments. See Table S1 for the functional/structural relevance of pattern residues.  To obtain the actual 
output for this and the other examples,  readers of this article can obtain the mcBPPS program, the input data, and 
a script for running the program on this data at the mcBPPS website (http://www.chain.umaryland.edu/mcbpps/). 



 

 
P-loop GTPases vs other proteins. The contrast alignment in Fig. S2A identifies residues that are characteristic of 
all P-loop GTPases. These residues bind to GDP or GTP and show up at the sequence level as several highly 
conserved motifs (3), including: the Walker A (G-K-[ST]) motif, which corresponds to the P-loop; the Walker B (D-x-
x-G) motif, the conserved aspartate (D) of which interacts (indirectly through a water molecule) with the Mg++ ion 
that coordinates with nucleotide phosphate groups; and an [NT]K.D motif, the residues of which bind to guanine.  
TRAFAC subclass of P-loop GTPases. The contrast alignment in Fig. S2B highlights the same motifs generally 
conserved within all GTPases.  However, unlike the other major subclass (SIMIBI GTPases) the TRAFAC 
(transcription factor-related) GTPases also conserve a threonine within the switch I region and a serine near the C-
terminal end of the GTPase domain. The threonine coordinates with a Mg++ ion that coordinates with bound 
guanine nucleotide whereas the serine forms a hydrogen bond to the aspartate residues of the NK.D (guanine 
binding loop) motif.  
Ras-like GTPases. The contrast alignment in Fig. S2C identifies co-conserved residues characteristic of Ras-like 
GTPases.  In addition to residues known to perform critical functions (see below), these include three additional 
patterns: (i) the pattern [RK]-x-[ILV] preceding the P-loop, (ii) the pattern [WF] directly preceding the Walker B 
aspartate, and (iii) the pattern [YF]-[YF] at the C-terminal end of the switch II region. Even though these patterns 
occur within three distinct regions in the sequences, within available crystal structures the corresponding residues 
cluster near the switch II region’s C-terminal (swII-CT) end and exhibit diverse structural configurations, which 
appear to be facilitated by alternative interactions involving the aromatic residues of the [WF] and [YF]-[YF] 
patterns. (Such aromatic interactions play a central role in molecular recognition and self-assembly (4, 5) and can 
accommodate diverse conformational forms by interacting in four distinct geometric orientations (6).) One 
configuration can explain why the swII-CT residues are conserved inasmuch as it is characterized by atomic 
interactions (Fig. S2D) that form a pocket around the negative-dipole moment of the switch II α helix with the 
positively-charged residue of the [RK]-x-[ILV] pattern inserted into this pocket. A connection between this charge-
dipole pocket and switch II restructuring is suggested by comparisons between typical monomeric forms of Rab 
family GTPases and an unusual, homodimeric form, in which the region connecting switch I to switch II is 
exchanged between subunits so that, for each subunit, this region is donated by the other subunit (Fig. S3A,B). As a 
result, the switch II region forms a long α helix that is directed away from the structural core of one subunit and 
toward the structural core of the other subunit. For each subunit the switch II helix presumably lacks the 
conformational strain typically imposed on monomeric forms (for which the switch II region needs to bend around 
and reconnect to the structural core) and the swII-CT residues form the charge-dipole pocket configuration with 
ideal geometry. The charge-dipole pocket thus appears structurally compatible with formation of this unusual, 
outward-directed switch II helix—a structural theme that is observed repeatedly in other Ras-like GTPases. Indeed, 
among over 200 Ras-like GTPase structures, those that exhibit the charge-dipole pocket or nearly so consistently 
(e.g., see Fig. S3C) possess a switch II helix that traces out a path close to that of the homodimeric helix, but those 
Ras-like GTPases lacking the charge-dipole pocket (and all non-Ras-like GTPases of known structure) possess a 
switch II helix that traces out a different path (Fig. S3E).  

The Ras-like GTPase analysis yields the following observations: (i) The most distinguishing feature of Ras-like 
GTPases at the sequence level are the five conserved residue of previously unknown function—along with five 
other conserved residue positions whose likely biological roles in Ras-like GTPases were noted previously. (ii) At 
the structural level, these newly identified residues come together to form either a ‘charge-dipole pocket’ 
configuration or a variety of alternative configurations. (iii) The specific atomic interactions forming the charge-
dipole pocket configuration require the specific amino acids conserved at these positions. (iv) The charge-dipole 
pocket configuration occurs in both the GDP- and the GTP-bound states and both the charge-dipole pocket and 
alternative configurations can occur in the same state.  (v) The formation of the charge-dipole pocket is highly 
correlated with formation within the switch II region of an unusual, outward-oriented α-helix. And (vi) the 
formation of this helix is associated with structural changes in the switch II N-terminal region, which senses the γ 
phosphate of GTP and which harbors three previously-noted Ras-like GTPase residues corresponding to the 
pattern [AG]-x-Q-[DE] (see Fig. S2C) and that are involved in GTP hydrolysis (7) and nucleotide exchange (8-10). 
Together, these observations suggest that—by promoting formation of the outward-directed switch II helix and, as 
a result, repositioning of co-conserved residues that are implicated in GTP hydrolysis and nucleotide exchange—
the charge-dipole pocket facilitates bidirectional switching between on/off states. 
Rho, Rab and Ran GTPases. The contrast alignment in Fig. S2D highlights six residues that most distinguish Rab, 
Rho/Rac, and Ran (and to some degree Ras) GTPases from other Ras-like GTPases. Four of these correspond to a 



 

structural configuration that forms a ‘glycine brace’ (11) (Fig. S4):  One of the aromatic residues forms a stabilizing 
CH-π interaction with a conserved glycine at the start of the guanine-binding loop whereas a second aromatic 
residue, which is nearly always a tryptophan, likewise forms stabilizing CH-π and NH-π interactions with a glycine 
at the start of the phosphate-binding P-loop. The two other residues (typically an aspartate and a serine or 
threonine), together with a conserved buried water molecule, form a network of interactions connecting the two 
aromatic residues. This glycine brace may influence guanine nucleotide binding or release by stabilizing two glycine 
hinge residues at the ends of the β-strands directly preceding the P-loop and the guanine binding loop. The 
presence of glycine intrinsically destabilizes β sheets, but this sort of aromatic-glycine interaction has been 
proposed to counteract this effect (12). In this case, this seems likely to stabilize the two nucleotide-binding loops. 
Moreover, co-conservation of the four glycine brace residues with a threonine and alanine (the T-A pattern in Fig. 
S2D) is consistent with a role in nucleotide exchange inasmuch as repositioning of this alanine residue is believed 
to facilitate nucleotide exchange by occluding the Mg++ binding site, leading to expulsion of the phosphate-
associated Mg++ ion (7).   

Analysis of Eukaryotic DNA Clamp Loaders. The eukaryotic DNA clamp loader complex, termed Replication Factor 
C (RFC), forms a stable complex with a DNA clamp protein in the presence of ATP. Upon recognition of a 3’-
recessed single-stranded/double-stranded junction (the start of an Okazaki fragment) the RFC/ATP/clamp complex 
undergoes ATP hydrolysis resulting in dissociation of RFC and loading of the clamp onto DNA (Fig. S5A). The 
eukaryotic RFC complex is composed of 5 evolutionarily-related AAA+ subunits (13)—denoted A, B, C, D, and E—
that form a semi-circular arrangement (Fig. S5B). In archaea, 2 related AAA+ subunits, denoted RFC-L and -S, form 
a similar arrangement (not shown) where RFC-L corresponds to RFC-A and 4 copies of RFC-S correspond to RFC-B 
to -E. In eubacteria, 3 subunits, denoted δ, γ, and δ’, form a similar arrangement (see Supplement 4) where δ 
corresponds to RFC-A, 3 copies of γ correspond to RFC-B to -D and δ’ corresponds to RFC-E.  The RFC-A,-B,-C,-D, -L, 
-S and γ subunits are active ATPases, whereas RFC-E, δ and δ’ are inactive. The mcBPPS-generated contrast 
alignments (see Fig. S6) identify six categories of constraints imposed on RFC subunits (14, 15). When considering 
the nature of these constraints, it is helpful to first consider their biochemical relevance:  
AAA+ ATPases vs all other proteins. The contrast alignment in Fig. S6A identifies residues that are characteristic of 
all AAA+ ATPases and that correspond to the Walker A and B motifs, which are involved in ATP hydrolysis, and to a 
conserved arginine finger, which activates ATP-hydrolysis in trans. The functions of these residues are well known.  
RFC-ABCD vs RFC-E. The contrast alignment in Fig. S6D identifies four residues that are both characteristic of active 
RFC ATPases (subunits A-D) and uncharacteristic of catalytically-impaired RFC-E subunits. These residues are likely 
to play key roles associated with ATP hydrolysis and, as suggested by this analysis, with coupling of ATP hydrolysis 
to the recognition of cognate DNA.  Within the RFC–ATP–clamp complex (16) (Fig. S5C) one of these residues (e.g., 
Arg84 in RFC-B) forms a hydrogen bond with the main chain oxygen of a co-conserved residue, the Walker B 
aspartate (Asp114 in RFC-B), which plays a key catalytic role by coordinating with the ATP-bound Mg++ ion. In 
other P loop NTPases, this main chain oxygen normally hydrogen bonds to an adjacent β-strand, but its interaction 
with this arginine (termed here the Walker B-arginine) disrupts this standard geometry and thus may inhibit 
catalysis. This arginine also forms a hydrogen bond with the main chain oxygen of a glutamate (e.g., Glu115 in RFC-
B; Fig. S5D) that serves as the catalytic base facilitating nucleophilic attack by a water molecule on the γ-phosphate 
of ATP (17) and that is a characteristic feature of all active AAA+ ATPases (Fig. S6A). Thus, by forming main chain 
hydrogen bonds on either side of this glutamate, the Walker B-arginine may influence the conformations of two 
key catalytic residues and, as a result, catalytic activity. In the structure of the corresponding archaeal subunit 
(RFC-S) bound to ADP (18), however, this (positively charged) arginine side-chain is dramatically repositioned to 
where it could interact with (negatively charge) DNA and thereby also allow the Walker B region to hydrogen bond 
in the usual way with the adjacent β-strand (Fig. S5E). This suggests a mechanism to couple recognition of DNA 
with ATP hydrolysis.  Also distinctive of catalytically active RFC subunits (Fig. S6D) is an alanine residue (e.g., Ala80 
in RFC-B in Fig. S5D) which packs against the arginine and that may assist in this putative mechanism by facilitating 
conformational flexibility. (A larger side-chain at this position could sterically hinder a dramatic conformational 
change involving the arginine.) Moreover, upon movement of the Walker B-arginine, the Walker B aspartate’s 
main chain oxygen hydrogen bonds with the alanine’s main chain nitrogen (Ala84 in RFCS in Fig. S5E)—which is the 
standard configuration for P loop NTPases. Together this suggests a mechanism where, upon association of the 
RFC–ATP–clamp complex with DNA, the positively charged Walker B-arginine moves into contact with negatively 
charged DNA thereby perhaps facilitating ATP hydrolysis. Finally, also showing up in the mcBPPS analysis is a 
threonine residue that directly follows the Walker A catalytic lysine (both residues not shown in Fig. S5); this 



 

threonine forms a hydrogen bond with the co-conserved Walker B aspartate; thus together these two residues 
appear to play an important role in positioning the ATP substrate for catalysis.  
RFC  vs bacterial γ subunits. The contrast alignment in Fig. S6C identifies those co-conserved residues that most 
distinguish RFC subunits from corresponding bacterial clamp loader γ subunits, which lack the Walker B-arginine 
and thus presumably any associated mechanisms.  This reveals an NxSD motif surrounding the above mentioned 
alanine residue (e.g., Ala80 in Fig. S5D)  and two other residues near the active site (e.g., Asp117 and Asn145 in 
RFC-B). The NxSD motif is located two positions before the Walker B-arginine and corresponds both to the β-strand 
that hydrogen bonds to the Walker B region and to the loop following this strand.  In the structure of the archaeal 
small subunit (RFC-S) co-crystallized with ADP (18) (Fig. S5E), one of the Walker B main chain oxygens hydrogen 
bonds to the main chain -NH directly following the NxSD-asparagine, but in the eukaryotic RFC /ATP/clamp 
complex this oxygen hydrogen bonds to the Walker B-arginine instead. Furthermore, in the eukaryotic complex, 
the NxSD-asparagine (N79B) establishes characteristic interactions with the NxSD-serine and NxSD-aspartate, as 
well as with other nearby residues (Figs S5D), while in the archaeal RFCS-ADP structure these interactions are 
rearranged (Fig. S5E). Taken together these observations suggest a possible role for these residues in assisting the 
Walker B-arginine conformational switch and perhaps in helping reposition the catalytically critical Walker B 
region.  Another co-conserved residue showing up in this analysis (e.g., Asn145 in RFC-B) is positioned to directly 
interact with the γ-phosphate group of ATP and, in turn, forms a backbone hydrogen bond with another co-
conserved residue, an aspartate (e.g., Asp117 in RFC-B) that is  two residue positions beyond the Walker B  D-E 
motif (structures not shown); thus, within eukaryotes these two residues form a specific link between the Walker B 
region and the γ-phosophate of ATP that is absent from bacterial clamp loaders.  
RFC-BCDE  vs RFC-A. The contrast alignment in Fig. S6E identifies co-conserved residues within subunits that 
interact with the ATP-binding site of an adjacent AAA+ subunit.  Within the RFC-B subunit, these trans-acting 
residues include Gln125, Arg128, Arg129, Arg157 (see Fig. S5F) and Glu132 (not shown)— which together form a 
network of hydrogen bonds that locks down the relative orientation of domain II of the adjacent RFC subunit with 
respect to ATP (16).  A co-conserved glutamine (e.g., Gln124 of RFC-B in Fig. S5F) forms hydrogen bond interactions 
between backbone regions harboring these trans-interacting residues and thus may assist these interactions.   
RFC-BCD  vs RFC-AE. The large subunit, RFC-A, which is believed to recognize primed DNA as a signal for DNA-
dependent ATP hydrolysis (19), is likely to be the first subunit undergoing ATP hydrolysis and thus may initiate ATP 
hydrolysis in the other subunits. Thus constraints associated with the propagation of ATP hydrolysis to adjacent 
subunits are likely to be imposed upon active ATPases that directly interact with an adjacent ATP site (that is closer 
to the RFC-A subunit)—that is upon the RFC-BCD subunits (Fig. S6F).  A cluster of co-conserved residue in this 
category are located within the α4-helix (Ile86, Arg90 and Phe96 of RFC-B in Fig. S5C) and, notably, on either side 
of the Walker B-interacting arginine, within a loop that is located just before this helix (Asp83 and Gly85 of RFC-B 
in Figs S5C-E).  The α4-arginine electrostatically interacts with main-chain oxygens of the adjacent subunit’s NxSD 
motif (Fig. S5C) and with the co-conserved acidic residue directly preceding the adjacent subunit’s Walker B-
arginine (e.g., Asp83RFC-B). Therefore an ATP hydrolysis-associated conformational change in the preceding subunit 
could perturb this α4-arginine, which might itself play an active role in this switch, as it is predicted to interact with 
DNA (20). In addition to contacting the adjacent subunit via this arginine, the N-terminal end of the α4 helix is 
directly connected to the Walker B-arginine of its own subunit (e.g., Arg84 of RFC-B in Fig. S5C) via two other co-
conserved residues (e.g., Ile86 and Gly85 of RFC-B in Figs S5C and S6F). Notably, the proposed conformational 
switch both repositions the isoleucine into the pocket vacated by the Walker B-arginine and repositions the 
(negatively charged) acidic residue away from the central hole through which (negatively charged) DNA is thread. 
(Compare Ile86RFC-B and Asp83RFC-B in Fig. S5D with Ile90RFCS and Glu87RFCS in Fig. S5E.) Together these observations 
suggest a possible role for these residues in propagating the Walker B-arginine conformational switch to adjacent 
subunits.  
All clamp loaders adjacent to an ATP-binding site vs other AAA+ subunits. Finally, the contrast alignment in Fig. 
S6B reveals those residues co-conserved within both RFC and bacterial clamp loader subunits that are adjacent to 
an ATP-binding site but not within non-clamp loader AAA+ subunits. By far the residue most strikingly conserved in 
this category is a lysine (e.g., Lys109RFC-B in Fig. S5C) located within the β-strand preceding the Walker B motif. This 
lysine electrostatically interacts with and/or hydrogen bonds to backbone oxygens at the C-terminal end of the α4 
helix, which is a region that binds directly to the clamp. This lysine thus seems likely to play a critical role in clamp 
loading for both eukaryotes and bacteria and, given the preceding observations, might play a role in coupling ATP 
hydrolysis to release of the clamp.  



 

RFC-BCD summary. Taken together, this mcBPPS analysis of RFC-B, -C and -D subunits indicates that these subunits 
share functionally critical features with RFC-A alone, with RFC-E alone, with both RFC-A and RFC-E, and with 
neither RFC-A nor RFC-B. Moreover, all RFC subunits conserve features both distinct from and in common with 
bacterial γ and δ’ subunits. Such sequence similarities and differences reflect functional similarities and differences 
that, presumably, are associated with each subunit’s specific role within their associated clamp loader complex. 
Such relationships between divergent subgroups are sometimes difficult to represent in a phylogenetic tree, which 
averages out the subtle distinctions associated with isolated sequence patterns. For example, RFC-B,-C and -D are, 
in some respects, more similar to RFC-A than to RFC-E (Fig. S6D), yet, in other respects, more similar to RFC-E than 
to RFC-A (Fig. S6E).  The mc-BPPS analysis of these clamp loaders thus suggest plausible hypotheses that, though 
by no means proving any associated mechanisms, are nevertheless useful for experimental design.  (See Table S2 
for a list of structurally and functionally relevant features of pattern residues.) 

Analysis of Bacterial DNA Clamp Loaders. The bacterial DNA clamp loader complex, like the eukaryotic RFC 
complex, forms a stable complex with a DNA clamp protein in the presence of ATP and upon recognition of RNA-
primed DNA undergoes ATP hydrolysis resulting in dissociation of the complex and loading of the clamp (Fig. S7A). 
The bacterial complex consists of 3 evolutionarily-related subunits, denoted δ, γ, and δ’, that form an arrangement 
analogous to the eukaryotic complex where δ (which is very poorly conserved) corresponds to RFC-A, 3 copies of γ 
correspond to RFC-B to -D and δ’ corresponds to RFC-E.  Only the γ subunit is an active ATPases; δ and δ’, though 
not functional ATPases, also belong to the AAA+ class (13, 21). Members of the AAA+ class are characterized by an 
N-terminal domain (domain I) (shown in Fig. S7B) that, for active ATPases, conserves Walker A and B ATP-binding 
motifs (22), followed C-terminally by a helical bundle domain (domain II)(not shown).  A third, C-terminal domain 
(domain III) (not shown) that is associated with all three types of subunits forms a circular collar from which the 
AAA+ modules hang (21).  These are arranged around the circle in the order δ’-γB-γC-γD-δ, which is important for a 
proposed sequential mechanism (23) for loading of the β clamp onto DNA. The mcBPPS sampler generated 
contrast alignments (Fig. S8) identify four categories of functionally-divergent residues within γ subunits (14, 15). 
Here I provide structural and functional interpretations for these co-conserved residues.  
AAA+  vs other proteins and clamp loaders  vs other AAA+. The contrast alignments in Figs. S8A and  S8B identify 
distinguishing features of all (active) AAA+ ATPases and of all (bacterial, archaeal and eukaryotic) clamp loader 
AAA+ subunits that are adjacent to an ATP-binding site. These features correspond to those shown for the 
analogous RFC-BCD subunits in Figs S6A and S6B; see above for a discussion of these pattern residues.  
γ and δ’  vs RFC-BCDES. The contrast alignment in Fig. S8C compares bacterial clamp loader subunits that interact 
with an adjacent active ATP binding site versus the corresponding subunits from eukaryotic and archaeal 
organisms. This highlights five co-conserved residues that (within γ and δ’ subunits) interact with the ATP-binding 
site of an adjacent AAA+ subunit.  One of these is a threonine (Thr165-γ in E. coli) that, based on homology 
modeling, is positioned to interact in trans with the adjacent subunit so as to facilitate ATP hydrolysis (Fig. S7C).  
Fig. S7C represents the (hypothetical) region of interaction between the γB and γC subunits captured at the point in 
which the putative catalytic base (Glu127, a key catalytic residue in active AAA+ ATPases) is positioned to extract a 
proton from and thereby activate a water molecule for nucleophilic attack upon the γ-phosphate of ATP.  Thr165 is 
positioned to participate in this process (see the proposed mechanism for ATP hydrolysis in Fig. S7D).  

The roles of two other residues showing up in Fig. S7E—namely a conserved lysine and a conserved glutamate 
(Lys141 and Glu145 in E. coli)—are suggested by a recent structure of the E. coli clamp loader complex co-
crystallized with the ATP analog ADP•BeF3 and primer-template DNA (24) (Fig. S7E).  This complex presumably 
represents a step prior to nucleophilic attack by the catalytic base (there is no water molecule visible in the 
structure).  Nevertheless, this structure suggests that the conserved lysine and glutamate residues help correctly 
position the interface between γB and γC :  Lys141- γC  forms a hydrogen bond with the Walker B aspartate 
(Asp126- γB , which coordinates with the ATP-associated Mg++ ion and is a key catalytic residue in active AAA+ 
ATPases). Glu145- γC forms a salt bridge and hydrogen bonds with a conserved arginine  (Arg56-γB) that is located 
in the helix associated with the Walker A motif.  (This arginine or a lysine, which are both basic residues, are 
conserved across various subgroups of AAA+ subunits that were not categorized by this analysis.) Finally, the 
remaining two residues showing up in Fig. S4-3C, namely a conserved Leucine (Leu140- γC) and a conserved proline 
(Pro146- γC) that are adjacent to the lysine and glutamate residues, respectively, may stabilize the interface 
interactions mediated by the latter two residues.   
γ vs δ’. The contrast alignment in Fig. S8D (column 17 in Table 2 of the paper) compares bacterial γ subunits, which 
are active ATPases, with bacterial δ’ subunits, which are not. The most striking residues showing up in this analysis 



 

are the eight highlighted in this figure.  Mutation of one of these, a threonine  (Thr157- γB in Fig. S7E) prevents ATP 
hydrolysis (25). Another threonine (Thr52) corresponds to the Walker A motif. Several other of these pattern 
residues appear to be indirectly associated with catalysis. Notably these all occur very near to the active site.  Two 
of these, Glu92 and Asp94, contact other residues implicated either directly or indirectly in ATP hydrolysis (Fig. 7E).  
Thus this analysis suggests that these residues play roles associated with steps in ATP-hydrolysis (e.g., the 
transition state) and in loading of the clamp, for which corresponding crystal structures have not yet been 
determined. (See Table S2 for a list of structurally and functionally relevant features of pattern residues.) 

Analysis of Superfamily 1 and 2 Helicases.  Helicases are involved in various aspects of nucleic acid metabolism 
including DNA replication, repair, recombination, transcription, as well as ribosome biogenesis and RNA 
processing, translation, and decay (26).  The mcBPPS sampler was applied to an input alignment containing 40,366 
Helicase sequences (after removing fragments and redundant sequences) using the hyperpartition shown in Table 
S3.  Shown in Fig. S10 below are two output contrast alignments obtained for the subgroup in row 3 of Table S3; 
the seed alignment consisted of a dozen eukaryotic initiation factor 4AIII (eIF4AIII) helicases, which are members of 
the DEAD-box family belonging to the so-called superfamily 2 (SF2) helicases. Shown in Fig. S9 below are three 
output contrast alignments obtained for the subgroup in row 1 of Table S3; the seed alignment consisted of ten 
PcrA DNA helicases, which are members of the so-called superfamily 1 (SF1) helicases.  In both cases, most of the 
co-conserved residues that the sampler identifies either are associated with regions that bind to ATP or to an RNA 
or DNA substrate or that allosterically link these two regions.  This is evident, for example, from the crystal 
structures both of the human exon junction complex containing trapped eIF4AIII bound to an ATP analog and RNA  
(27)(Fig. S11A) and of the PcrA DNA helicase bound to a DNA substrate (28) (Fig. S11B).  For a synopsis of the 
functional and structural roles of pattern residues see Table S4. 

Analysis of protein kinases.  Eukaryotic protein kinases (EPKs) regulate signaling pathways by phosphorylating 
various proteins within those pathways. EPKs can be broadly classified into six major groups (AGC, CMGC, CAMK, 
TK, STE and CK1) based on sequence similarities within the kinase domain (29). EPK’s are distantly related to 
eukaryotic-like kinases (ELK’s) and to atypical protein kinases (APK’s), both of which are present in both eukaryotes 
and prokaryotes (30). Although EPK’s specifically phosphorylate protein substrates, ELK’s and APK’s are known to 
phosphorylate both protein and small molecule substrates (31, 32). The mcBPPS sampler was applied to an input 
alignment of 22,424 sequences after removing fragments, redundant sequences and EPK sequences with > 70% 
sequence identity; as a result, this alignment represents sequences from the EPK, ELK and APK subgroups in 
roughly equal proportions. The hyperpartition shown in Table S5 was used. Fig S13 gives the output contrast 
alignments corresponding to three categories of residues co-conserved: (i) in all protein kinases (Fig S13A), (ii) in 
EPK but not ELKs or APKs (Fig S13B), and (iii) in AGC kinases, but not other EPKs (Fig S13C). Residues conserved 
within all protein kinases (green side-chains in Fig S12A) cluster around the ATP binding site and contribute to ATP 
binding and phosphoryl transfer (33).   Residues shared by EPKs but not by ELKs or APKs (magenta side-chains in 
Fig S12A) either interact with the activation loop (which contributes to protein substrate specificity and to tight 
regulation of EPK activity) or with the peptide substrate or are associated with active site conserved residues. AGC 
kinases, a major subgroup within the EPKs, co-conserved residues (yellow side-chains in Fig. S12B) that interact 
with the AGC C-terminal tail (the C-Tail), which allosterically couples regulatory and catalytic functions of the 
kinase core (34). For a synopsis of the functional and structural roles of pattern residues see Table S6. 

The Sampler’s Performance. Convergence. Fig. S14 shows the typical convergence behavior for representative mc-
BPPS runs (with P-loop GTPases). For a biologically valid input sequence alignment, the mc-LPR is negative when 
the sampler is arbitrarily initialized, but turns positive after converge on significant pattern-partition pairs. 
However, the mc-BPPS heuristic used to initialize the subgroup sequence assignments (see Methods) may cause 
the mc-LPR to start out positive. In any case, sequence sampling is performed until the mc-LPR turns positive, at 
which point column sampling is initiated, resulting in a spike in the mc-LPR (as seen in Fig. S14).  As the slope of the 
mc-LPR curve flattens out, the sampling temperature decreases to zero, at which point sampling is replaced by a 
hill-climbing strategy until convergence (defined as one full cycle without increasing the mc-LPR).  
Robustness. The robustness of the mcBPPS sampler was tested both by randomly removing 50% of the sequences 
from the main alignment and by using an independently-generated input alignment. The results are shown in Fig. 
S15 and consist of three pages, each of which shows five versions of one of the three contrast alignments in Fig. 3 
in the paper: The first version is identical to the corresponding alignment shown in Fig. 3, the next three versions 



 

correspond to analyses where 50% of the input sequences were randomly removed, and the last version 
corresponds to an input alignment (of 41,978 sequences) that was obtained using PSI-BLAST (35) initialized with 
the NCBI-curated CDtree alignment for P-loop GTPases (36). Notably, the PSI-BLAST-based analysis misses 
canonical threonine and glycine residues within the switch I region (which is due to misalignment of this region), 
and a canonical tryptophan (which PSI-BLAST misaligned due to an insertion before and a deletion after this 
residue). Nevertheless, the otherwise modest variability between these analyses demonstrates that, given an 
accurate input alignment, the results are reproducible. It should also be noted in this context that when a 
biologically unrealistic category is defined, the LPR for that category is less than zero—thereby indicating that that 
aspect of the hyperpartition specification is not supported by the data.  No output is generated for such categories.  
Tuning parameters in prior distributions. There are two user-modifiable parameters for each category: (i) the α 
prior, which influence the overall stringency with which the foreground pattern positions are conserved or—
viewed from another perspective—the amount of contamination expected at pattern positions; and (ii) the S 
priors, which influence the stringency with which a sequence needs to match the associated pattern(s) in order to 
be included in that subgroup. Choosing these parameters is typically based on whether the foreground sequences 
are expected to be highly diverse or more closely related to each other. As a result, these are typically set to be 
more stringent for smaller, more closely-related protein subgroups (e.g., families or subfamilies) and less stringent 
for larger, more diverse supergroups (e.g., protein superfamilies or subclasses). Sometimes, however, additional 
biological information is available that influences the choice of these parameters.  For example, bacterial δ’ DNA 
clamp loader subunits, even though they constitute a distinct protein subfamily, lack ATPase activity and are poorly 
conserved, which thus call for less stringent parameter settings. More stringent parameter settings also favor 
assignment of poorly-conserved (putative pseudogene products and other aberrant) sequences to the random 
sequence set, which, as a result, favors better definition of the canonical patterns. 
Speed. The mc-BPPS sampler took 83 minutes to run given the hyperpartition in Table 1 and 66,386 (non-
redundant) P-loop GTPase sequences as input. (Representative output alignments are shown in Fig. 3.)  The mc-
BPPS sampler took 48 minutes to run given the hyperpartition in Table 2 and 43,298 (non-redundant) AAA+ 
sequences as input. (Representative output alignments are shown in Fig. 5.) 
Automatically generated hyperpartition.  An example of the hyperpartition and contrast alignments obtained 
when running the fully automated version of the mc-BPPS sampler are show below in Table S7 and Figure S16, 
respectively.   Due to its length, Figure S16 is appended to the very end of this file (after the tables).  
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Figure S1. Flow chart for the mcBPPS 
sampler’s input and output. Input (top 
panel). An input sequence alignment 
containing functionally-divergent subgroups 
(represented schematically as distinctly 
colored horizontal bars) and associated 
patterns (distinctly colored vertical bars) that 
the sampler aims to identify.  The 
hyperpartition corresponds to the 
phylogenetic tree of the subgroups (see Fig. 2 
of the paper). The seed alignments also are 
shown schematically (as distinctly colored 
horizontal bars). The doubly-headed arrows 
show the correspondence between each seed 
alignment, which corresponds to a leaf of the 
phylogenetic tree, and each row of the 
hyperpartition. The remaining rows 
correspond to non-terminal nodes of the 
tree (i.e., to miscellaneous subgroups within 
the hyperpartition). Output (bottom panel). 
By default, the sampler outputs one 
contrast alignment for each hyperpartition 
cell that corresponds both to a leaf-node 
row and to a foreground assignment 
(indicated by a ‘+’ in that cell). Note that the 
rows and columns have been transposed 
(relative to the hyperpartition) in order to fit 
within the page margins and that, for each 
columns, the pattern and partition identified 
by the sampler is the same (only the seed 
alignments are different). Schematic 
contrast alignment (lower left corner box in 
bottom panel). Each contrast alignment is 
partitioned by the sampler into a 
‘foreground’ set (colored horizontal bars 
denoted by a ‘+’) and a ‘background’ set 
(gray horizontal bars denoted by ‘-‘). Partitioning is based on the presence of conserved foreground residues (blue vertical bars) 
that diverge from (or contrast with) the background residues at pattern positions (white vertical bars). For this reason, the 
output is termed a “contrast alignment”. The sampler assigns each sequence to a partition indirectly; that is, by assigning it to 
one of the subgroups. The heights of the red bars above the alignment quantify the selective constraints imposed on divergent 
residue positions.  Actual examples of contrast alignments are shown below.   

 



 

 

Fig. S2. Contrast alignments for Rab GTPases (corresponding to Fig. 3 in the paper). The seed alignment for the Rab 
subgroup (row 4 of Table 1 in the paper) is highlighted in four ways to reveal patterns characteristic of the functionally-
divergent categories for which Rab is in the foreground: (A) Patterns distinguishing all P-loop GTPases from other proteins 
(column 1 in Table1). (B) Patterns distinguishing the TRAFAC class of GTPases from other proteins (column 3); (C)  patterns 
distinguishing Ras-like from other TRAFAC GTPases (column 6); and (D) patterns distinguishing Rab, Ran and Rho from 
Arf/Arl/Gα GTPases (column 10). Characteristic foreground and background residues at each position are shown below each 
alignment and, directly below these, corresponding frequencies are given in integer tenths (there are too many sequences 
to show the actual alignments); a ‘7’, for example, indicates that the corresponding residue occurs in 70-80% of the 
sequences. The histograms above highlighted columns quantify selective pressures imposed on pattern residues. Black dots 
below each histogram bar correspond to pattern positions selected by the sampler; gray dots (or no dot) indicates that this 
otherwise differentiating position lost out in the competition between categories for pattern positions that was set up by 
the sampler. Note that a slightly lower contrast setting was used for this output than was used for the output in Fig. 3 of the 
paper in order to illustrate this feature of the mcBPPS program. As a result, a few weakly-co-conserved residues are 
highlighted here that are not highlighted in Fig. 3.   
 

  



 

 

 

Fig. S3. The charge dipole pocket. This figure was adapted from (37). (A) The charge-dipole pocket within the structure of 
homodimeric Rab27 bound to GDP (pdb_id: 2if0 (38)). The inter-switch regions of the two subunits are exchanged and, as a 
result, each of the switch II regions forms an α helix that is directed away from the GTPase structural core. Color scheme: 
backbone of the P-loop, switch I and adjacent regions, dark red; backbone of the switch II region and adjacent β strand, orange; 
backbone of the adjacent subunit’s switch and inter-switch regions, gray; side chains of the Walker A lysine and Walker B 
aspartate residues, magenta. (B) Backbone trace of the Rab27 homodimeric structure. (C) The Ras-like GTPase Rab11 both 

forms a charge dipole pocket and possesses an α helix that traces out the same path as is seen for the Rab27 homodimer. (D) 
Atomic interactions associated with the charge-dipole pocket (Rab11A + GDP; pdb_id: 1oiv (39)). Hydrogen bonds are indicated 
by dotted lines; aromatic and electrostatic interactions by dot clouds. Color scheme: backbone of the β-strand prior to the P-
loop, dark red; backbone of the switch II region, orange; side chains of residues forming the charge-dipole pocket, orange; 
oxygen, nitrogen, and hydrogen atoms involved in hydrogen bonds are red, blue and white, respectively. (E) The switch II 
helices of various monomeric Ras-like GTPases that form the charge-dipole pocket configuration trace out a path that 
superimposes over the homodimeric form of Rab27, whereas other GTPases do not. Gα, which harbors a canonical Tyr-to-Cys 
substitution, may require other cellular components to form the charge-dipole pocket configuration 
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Fig. S4. The proposed glycine brace component. (A) The glycine brace in Rac1 GTPase (pdb_id: 1i4t) (40). This figure was 
adapted from (11) . Color scheme: backbone of the P-loop region, dark red; backbone of the glycine brace region, dark yellow; 
backbone of the guanine-binding loop region, green; side chains of residues characteristic of all P-loop GTPases, magenta; side 
chains of residues characteristic of Rab, Rho and Ran GTPases, yellow. (B) Location of the glycine brace relative to the charge-
dipole pocket (within Rab11 bound to a GTP analog (39)). 

 



 

Fig. 5. Biochemical and structural features of RFC DNA clamp loaders. (A) Reaction catalyzed by RFC clamp loaders. In the 
presence of ATP, the clamp loader binds to and opens the clamp and, upon association with 3’ recessed RNA-primed DNA, 
hydrolyzes ATP to load the clamp. (B) Model of the eukaryotic RFC complex (consisting of subunits A to E) loading a clamp onto 
DNA. Subunits A to D undergo ATP hydrolysis (yellow explosions) resulting in closure of the clamp around DNA.  (C) Regions of 
interaction between RFC-A, RFC-B and RFC-C ATPases within the crystal structure of the RFC-ATP-clamp complex (16) showing 
the structural features associated with the categories of RFC pattern residues identified here. The central hole of the RFC 
complex, through which DNA presumably is thread, is located at the bottom of each subfigure. Oxygen, nitrogen and 
(predicted) hydrogen atoms establishing hydrogen bonds (dotted lines) or involved in ionic interactions are colored red, blue, 
and white, respectively. Ionic and van der Waals interactions are shown as dot clouds. Residue with cyan colored side-chains 
distinguish active RFC ATPases from catalytically impaired RFC-E subunits; the magenta residue corresponds to the putative 
catalytic base shared by all active AAA+ ATPases; orange residues distinguish all RFC subunits from bacterial clamp loader 
ATPases; yellow residues 
distinguish active RFC 
ATPases that interact with an 
adjacent ATP site from other 
RFC subunits; the red residue 
in ‘A’ most distinguishes all 
clamp loader subunits 
interacting with an adjacent 
ATP site from other AAA+ 
ATPases; and green residue 
side-chains correspond to 
residues that are 
characteristic of RFC subunits 
that interact with the ATP-
binding site of an adjacent 
subunit. The most buried 
residue of the DNA clamp 
upon binding to the RFC-
complex is shown as a space 
filling model (white spheres) 
located near the end of the  
α4 helix of RFC-B. This figure 
was adapted from (14). Note 
that residue side-chains 
corresponding to the NxSD 
motif in RFC-B have been 
omitted for clarity. A 
conserved phenylalanine in 
RFC-B (Phe96) appears to 
form a hydrophobic pocket 
for Lys109. (D)  Conformation 
of the RFC-B Walker B region 
when bound to ATP and the 
clamp. In all four active RFC 
ATPases, the arginine 
corresponding to Arg84RFC-B 
hydrogen bonds to Walker B 
main chain oxygen atoms as 
shown. (E)  The conformation 
of the ADP-bound form of 
RFCS, the archaeal small 
subunit corresponding to RFC-
B (18). The Walker B-arginine 
(Arg84RFC-B and Arg88RFC-S) is 
repositioned and, based on a 
model of the RFC–DNA–clamp 
complex, could interact with 
DNA thread through the 
clamp. (F) Region of RFC-B that interacts with the ATP-binding site of the adjacent RFC-A subunit.  



 

 
Fig. S6. Output contrast alignments for RFC-BCD subunits. The seed alignment for the RFC-BCD subgroup (row 3 of Table 2 
in the paper) is highlighted in six ways to reveal patterns characteristic of the functionally-divergent categories for which 
RFC-BCD is in the foreground and that compare: (A) all AAA+ ATPases vs other proteins (column 1 in Table 2); (B) clamp 
loader subunits adjacent to ATP-binding sites vs other AAA+ ATPases (column 6); (C)  RFC vs bacterial γ subunits (column 8); 
(D) active RFC ATPases vs inactive RFC-E subunits (column 9); (E) RFC  subunits adjacent to ATP-binding sites vs other RFC 
subunits (column 10); and (F) internal vs ‘bookended’ RFC subunits (column 12). For an explanation of the format and 
notations see the legend to Fig. S2.  



 

Fig. S7. Biochemical and structural features of bacterial DNA clamp loaders. (A) Arrangement of the five AAA+ subunits 
(spheres) within the γ clamp loader complex. The clamp is shown as a cylinder through which RNA-primed DNA is thread.  
Explosions indicate locations of bound ATP within the γ subunits. (B) Structure of the AAA+ module within the bacterial γ 
subunit. Regions of γ’s ATPase domain that interact with DNA, the clamp and an adjacent γ subunit ‘s ATP-binding site are 
indicated.  (C) Hypothetical model of a plausible interaction (in trans) between a threonine residue that is conserved within γ 
(or δ’) subunits (Thr165-γ in E. coli) and an adjacent γ subunit’s ATP binding site. Magenta-colored side-chains correspond to 
residues that are co-conserved within all AAA+ ATPases and that play critical roles in ATP hydrolysis, whereas yellow-colored 
side-chains correspond to residues co-conserved in γ and δ’  but not within corresponding RFC subunits (i.e., RFC-BCDES).  
Leu140 packs against both Thr165 and the trans-activating arginine finger (Arg169) and thus may play a role in the relative 
positioning of these 
residues.  (D) A 
plausible mechanism 
for ATP-hydrolysis 
where the catalytic 
base (Glu127) and 
Thr165 extract 
hydrogen atoms from 
a nearby water 
molecule and thereby 
activate it for 
nucleophilic attack on 
the γ-phosphate of 
ATP. (E) The. 
structural locations 
(pdb_id: 3glf) of 
residues (yellow side-
chains) that are co-
conserved within γ 
and δ’, but not within 
corresponding RFC 
subunits and of 
residues (orange side-
chains) that are co-
conserved within γ 
subunits, which are 
active ATPases, but 
not within δ’ subunits, 
which are inactive.  
Locations of hydrogen 
atoms (white spheres) 
participating in 
hydrogen bonds 
(dotted lines) were 
predicted using the 
reduce program (41). 
Oxygen and nitrogen 
atoms participating in 
hydrogen bonds are 
colored red and blue, 
respectively.  



 

 
 
Fig. S8. Output contrast alignments for bacterial γ subunits. These contrast alignments highlight the seed alignment for the γ 
subgroup (row 6 of Table 2 in the paper) in four ways to reveal patterns characteristic of the functionally-divergent categories, 
for which the γ subunit is in the foreground. The foreground and background sets being compared are: (A) all AAA+ ATPases vs 
other proteins (column 1 in Table 2); (B) all clamp loader subunits adjacent to ATP-binding sites vs other AAA+ ATPases (column 
6); (C)  bacterial γ and δ’ subunits vs corresponding RFC subunits (column 16); and (D) γ (active ATPase) subunits vs inactive δ’ 
subunits (column 17). For an explanation of the format and notations see the legend to Fig. S2. 
 



 

 
Fig. S9. Output contrast alignments for the subgroup in row 1 of Table S3, which was seeded with PcrA DNA helicases. (A) 
Contrast alignment of all helicases versus other proteins (column 1 in Table S3); (B) Contrast alignment of SF1 helicases vs 
SF2 helicases (column 3); (C) Contrast alignment of SF1 helicases closely related to PcrA vs other SF1 helicases (column 14). 
For an explanation of the format and notation see the legend to Fig. S2.  



 

 
 
Fig. S9. (continued).  
 



 

 
 
Fig. S10. Output contrast alignments for the subgroup in row 3 of Table S3 which was seeded with EIF4A3 Helicases. (A) 
Contrast alignment of all Helicases vs other proteins (column 1 in Table S3); (B) Contrast alignment of DEAD box helicases vs 
other helicases (column 3). For an explanation of the format and notations see the legend to Fig. S2. 
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Fig. S11. Structural locations of several categories of co-conserved residues within SF1 and SF2 helicases. Labeled sidechains correspond to pattern residues for which functional and/or structural roles are listed in Supplement 9. (A) Structure of a SF2 helicase: human exon junction complex containing trapped eIF4AIII bound to an ATP analog and to RNA (pdb_id: 2hyi).  Only  eIF4AIII, an ATP analog and the RNA are shown. Side-chains of residues co-conserved in all helicases and in DEAD-box helicases are colored magenta and orange, respectively.  (B) Structure of a SF1 DNA helicase: PcrA bound to DNA (pdb_id: 3pjr). Side-chains of residues co-conserved in all helicases, in SF1 helicases and in SF1 helicases closely related to PcrA- are colored magenta, orange and yellow, respectively.  
  



 

 

Fig. S12. Structural locations of several categories of co-conserved residues within an AGC protein kinase. (A) Structure of the cyclic adenosine monophosphate-dependent protein kinase bound to an ATP analog and to a peptide substrate (33). Side-chains of residues co-conserved in all protein kinases or specifically within EPKs are colored green and magenta, respectively.  (B) Structure of the same kinase with AGC-specific co-conserved residues highlighted in yellow. The isolated tyrosine residue is highlighted in green because it corresponds to a catalytic histidine residue that is conserved in all protein kinases, but that is often a tyrosine specifically within AGC kinases.  
 
  



 

Fig. S13. Output contrast alignments for protein kinases. The seed alignment for the AGC subgroup (row 1 of Table S5) is highlighted in three ways to reveal patterns characteristic of the three functionally-divergent categories for which AGC is in the foreground. These categories compare: (A) all protein kinases vs other proteins (column 1 in Table S5); (B) EPKs vs ELKs and APKs (column 2); (C)  AGC kinases vs other EPKs (column 8). For an explanation of the notation and formatting see the legend to Fig. S2-4.  
 

 
 
  



 

 
Fig. S13. (Continued) 
 

 
  



 

 

 

 
Fig. S14. Convergence behavior of the mc-BPPS sampler. Plots correspond to five analyses using the hyperpartition in Table 1 of 
the paper and—to better assess inherent variability—where, in each case, 50% of input aligned sequences were randomly 
removed. The total (multiple category) log likelihood ratio (LLR) and the (simulated annealing) sampling temperature (which is 
arbitrarily set to 300° for the true distribution) are plotted as functions of the number of sampling steps (iterations).  The 
annealing scheme is as follows: Whenever the slope of the total-LLR function over a 50 iteration window remains fairly flat 
(defined as a change in the LLR of less than one nat) the temperature is dropped by one degree; this continues until a 
temperature of zero is reached.  

 



 

 
Fig. S15. The robustness of the mcBPPS sampler (see text). 



 

 
Fig. S15. (continued). 



 

 
Fig. S15. (continued).  



 

Table S1. Functional/structural relevance of pattern residues within Ras-like GTPases. 
 

Residue* Functional/structural relevance References 
Lys13 Forms charge-dipole pocket associated with atypical switch II α helix (37) 
Val15 Forms charge-dipole pocket associated with atypical switch II α helix (37) 
Gly18 Hinge point for the P-loop; part of Walker A motif (3) 
Gly23 Main chain hydrogen bond with GTP-phosphate group (3) 
Lys24 Side-chain hydrogen bond with nucleotide phosphate groups (3) 
Ser25 hydrogen bonds with phosphate groups and Mg++ ion (3) 
Phe36 Forms an aromatic-aromatic interaction with the guanine base (3) 
Thr43 hydrogen bonds with phosphate groups and Mg++ ion (3) 
Gly45 Switch I region hinge point (42) 
Trp65 Forms charge-dipole pocket associated with atypical switch II α helix (37) 
Asp66 Walker B residue that coordinates with Mg++ ion via water  (7) 
Ala68 Blocks the Mg2+ binding site to promote nucleotide exchange (7, 9) 
Gly69 Switch II backbone hydrogen bond with γ-phosphate (3, 7) 
Gln70 Key catalytic residue for GTP hydrolysis (3, 7) 
Glu71 Interacts with the Walker A lysine whenever Mg2+ or guanine nucleotide is 

absent;  has a proposed role in Mg2+ release and nucleotide exchange 
(7, 8) 

Tyr80 Forms charge-dipole pocket associated with atypical switch II α helix (37) 
Tyr81 Forms charge-dipole pocket associated with atypical switch II α helix (37) 
Tyr91 Aromatic stabilizing interaction (12) with guanine-binding loop hinge point (11, 42) 

Trp105 Aromatic stabilizing interaction (12) with P-loop hinge point (11, 42) 
Gly123 Hinge point for the guanine base binding loop (37, 42) 
Asn124 Links together various subregions of the nucleotide-binding site (3) 
Lys125 Links together various subregions of the nucleotide-binding site (3) 
Asp127 Binding to the guanine base of GTP and GDP (3) 
Ser154 Assists binding to the guanine base (3) 

*Residues correspond to Rab11A and are color coded to correspond to the categories in Fig. S2. 
 



 

Table S2. Functional/structural relevance of pattern residues within DNA clamp loader subunits. 
 

A. Eukaryotic RFC subunits 
Residue* Functional/structural relevance Reference 

Gly49 Walker A motif (22, 42) 
Gly54 Main chain hydrogen bond with GTP-phosphate group (22, 42) 
Lys55 Side-chain hydrogen bond with nucleotide phosphate groups (22, 42) 
Thr56 hydrogen bonds with phosphate groups and Mg++ ion  (22, 42) 
Arg84 Forms hydrogen bonds with backbone oxygen atoms on either side of the 

catalytic base 
(16) 

Arg90 Clamp and DNA binding in corresponding bacterial arginine (20) 
Lys109 Interacts with the C-terminal end of the α4 helix, which binds directly to 

the clamp 
(16) 

Asp114 Walker B aspartate: co-ordinates with ATP-associated Mg++  (22, 42) 
Glu115 Catalytic base (17) 
Gln124 Forms hydrogen bonds between backbone regions harboring trans-

interacting residues 
(16) 

Arg128 Part of a network of hydrogen bonds that locks down the relative 
orientation of domain II of the adjacent RFC subunit with respect to ATP 

(16) 

Arg129 Part of a network of hydrogen bonds that locks down the relative 
orientation of domain II of the adjacent RFC subunit with respect to ATP 

(16) 

Glu132 Hydrogen bonds in trans with the “sensor 2” conserved argining (16) 
Arg157 Arginine finger that senses bound ATP and facilitates ATP hydrolysis in 

trans 
(23, 43) 

B. Bacterial clamp loader subunits 
Residue* Functional/structural relevance Reference 

Gly60 Walker A motif (22, 42) 
Gly65 Walker A: main chain hydrogen bond with GTP-phosphate group (22, 42) 
Lys66 Walker A: Side-chain hydrogen bond with nucleotide phosphate groups (22, 42) 
Thr67 Walker A: hydrogen bonds with phosphate groups and Mg++ ion (22, 42) 
Lys121 Corresponds to Lys109 in RFC subunits (16) 
Asp126 Walker B: co-ordinates with ATP-associated Mg++  (22, 42) 
Glu127 Catalytic base (17) 
Lys141 Forms a hydrogen bond in trans with the Walker B aspartate (24) 
Thr157 Required for ATP hydrolysis (25) 
Thr165 May facilitate ATP hydrolysis in trans (44) 
Arg169 Arginine finger that senses bound ATP and facilitates ATP hydrolysis (23, 43) 

*Eukaryotic residues correspond to yeast RfcB and are color coded as for the categories in Fig. S6; bacterial clamp loader 
subunits correspond to the E. coli γ subunit and are color coded as for the categories in Fig. S8. 

 
  



 

 

Table S3. Hyperpartition for Helicases.   

Category Subgroup:
+ + - - - - o o o o o o o +   PcrA 
+ + - - - - o o o o o o o -  MiscSF1 
+ - + - - - o o o o - - + o  eIF4AIII 
+ - + - - - o o o o - + - o  Uap56 
+ - + - - - o o o o - - - o  MiscDEAD-box 
+ - - + - - o o o o + o o o  Snf2 
+ - - + - - o o o o - o o o  MiscSwiSnf 
+ - - - + - - - - + o o o o  HelS 
+ - - - + - - - + - o o o o  RecG 
+ - - - + - - + - - o o o o  HsdR 
+ - - - + - + - - - o o o o  Prp16 
+ - - - + - - - - - o o o o  MiscDEAH 
+ - - - - + o o o o o o o o  OtherHelicases 
+ - o o o o o o o o o o o o  MiscHelicases 
- o o o o o o o o o o o o o  Random 

 

 



 

Table S4. Functional/structural relevance of pattern residues within SF1 Helicases. 
 

A. Superfamily 1 Helicases 
Residue* Functional/structural relevance Reference 

Gly36 Walker A glycine (28) 
Lys37 Walker A: ATP-binding site  (28, 45) 
Thr38 Walker A: ATP-binding site (28, 45) 
Phe64 Single-stranded DNA binding site (28) 

Asp223 Walker B: Mg++ ion binding (28, 45) 
Glu224 Walker B: catalytic base (28, 45) 
Asp227 Links ATP-binding and DNA-binding sites (28) 
Gln254 Directly contacts the γ phosphate of ATP (28) 
Tyr257 Single-stranded DNA binding site (28) 
Trp259 Single-stranded DNA binding site (28) 
Arg260 Single-stranded DNA binding site (28) 
Arg287 Directly contacts the γ phosphate of ATP (28, 45) 
Lys568 Links ATP-binding and DNA-binding sites (28, 45) 
Gly569 Links ATP-binding and DNA-binding sites; backbone H-bond to Arg287 (28) 
Glu571 Forms a hydrogen bond with ribose moiety of ATP (28) 
Arg610 Directly contacts the γ phosphate of ATP (28, 45) 

 B. Superfamily 2 Helicases  
Residue* Functional/structural relevance Reference 

Gly87 Walker A glycine (27) 
Lys88 Walker A: ATP-binding site  (27, 46) 
Thr89 Walker A: ATP-binding site (27, 46) 

Arg116 Forms H-bonds with RNA (27) 
Glu117 Positions two RNA-binding residues, Arg116 and Arg316 (27) 
Thr163 Forms H-bond with RNA (27, 46) 
Arg166 Forms H-bonds with RNA (27, 46) 
Asp187 Walker B: Mg++ ion binding (27, 46) 
Glu188 Walker B: catalytic base (27, 46) 
Asp190 Links ATP hydrolysis to RNA unwinding (27, 46) 
Phe197 Contacts RNA substrate (27) 
Ser218 Forms H-bond with Asp190 (27, 46) 
Ala219 Backbone forms an H-bond to γ phosphate-associated water molecule (27, 46) 
Thr220 Forms H-bond with Asp190 (27, 46) 
Arg339 Was proposed to help link ATP-hydrolysis to RNA unwinding (27, 46) 
Gly340 Contacts the γ phosphate of ATP. (27, 46) 
Asp342 Forms a hydrogen bond with ribose moiety of ATP (27, 46) 
His363 Forms an H-bond to γ phosphate-associated water molecule (27, 46) 
Arg367 Forms an H-bond to γ phosphate-associated water molecule (27, 46) 
Arg370 Helps position the γ phosphate binding region (27, 46) 

*SF 1 residues correspond to PcrA DNA helicase and are color coded as for the categories in Fig. S5-3; SF-2 residues correspond 
to eIF4AIII RNA helicase and are color coded as for the categories in Fig. S5-2. 
 
  



 

Table S5. Hyperpartition for protein kinases.  

Category Subgroup:
+ + - - - - - + - - - - -  AGC 
+ + - - - - + - - - - - -  CMGC 
+ + - - - + - - - - - - -  CAMK 
+ + - - + - - - - - - - -  TK 
+ + - + - - - - - - - - -  STE 
+ + + - - - - - - - - - -  CK1 
+ + - - - - - - - - - - -  MiscEPKs 
+ - o o o o o o + - - - -  ELK1-CAK 
+ - o o o o o o - + - - -  ELK2-Rio 
+ o o o o o o o - - + - -  ELK3-KdoK 
+ - o o o o o o - - - - -  MiscELKs 
+ - o o o o o o - - - + -  APK1-PI3K 
+ - o o o o o o - - - - +  APK2-ubiB 
+ - o o o o o o o o o - -  MiscAPKs 
- o o o o o o o o o o o o  Random 

 

Table S6. Functional/structural relevance of pattern residues within protein kinases. 
 

Residue Functional/structural relevance Reference 
Gly52 Coordinates the γ-phosphate of ATP for hydrolysis (47) 
Lys72   anchors α- and β-phosphates of ATP (48) 
Glu91 Forms a salt bridge with Lys72 and functions as a regulatory switch (49) 
Lys92       Anchors the C-terminal carboxyl group (48) 

Phe102 Hydrophobic anchor to large lobe (48) 
Phe145 Functionally interacts with a PxxP motif that is implicated in localization 

and processing by phosphorylation of AGC kinases; see (50). 
(34, 50) 

Tyr146 Functionally interacts with the AGC kinase PxxP motif  (50) 
Tyr164 Integrates substrate and ATP binding regions (often a histidine) (51) 
Arg165 Bridge to activation and Mg++ positioning  loops and to Asp220 (48) 
Asp166 The catalytic base (48) 
Lys168 Bridge to γ-phosphate of ATP (48) 
Asn171 Coordinates secondary Mg++ ion; involved in phosphoryl transfer (30) 
Tyr179 Interacts with Phe145 (often a histidine) (34) 
Asp184 Coordinates primary Mg++ ion (30, 48) 
Phe185 Shielding active site from solvent (48) 
Asp220 Bridge to active site (30, 48) 
Trp221 Anchor to core (48) 
Trp222 Proposed role in communicating ATP binding from the active site to a 

distal peptide-binding ledge 
(52) 

*Residues correspond to PKA_AGC and are color coded to correspond to the categories in Fig. S13. 

 
 
  



 

Table S7. A hyperpartition generated automatically by the mc-BPPS sampler given as 
input an alignment of 78,143 Rossmann fold protein sequences.  The numbers in 
parentheses at the end of each row correspond to the number of sequences assigned to 
each subgroup by the sampler.  

                 _Category_ subgroup 
Set:  1  2  3  4  5  6  7  8  9 10 11 
  1:  +  -  -  -  -  -  -  -  -  -  -  MainSet1 (51853) 
  2:  +  +  -  -  -  -  -  -  -  -  -  Set1_0 (855) 
  3:  +  -  +  -  -  -  -  -  -  -  -  Set1_1 (660) 
  4:  +  -  -  +  -  -  -  -  -  -  -  Set1_2 (1735) 
  5:  +  -  -  -  +  -  -  -  -  -  -  Set1_3 (1913) 
  6:  +  -  -  -  -  +  -  -  -  -  -  Set1_4 (2669) 
  7:  +  -  -  -  -  -  +  -  -  -  -  Set1_5 (731) 
  8:  +  -  -  -  -  -  -  +  -  -  -  Set1_6 (761) 
  9:  +  -  -  -  -  -  -  -  +  -  -  Set1_7 (266) 
 10:  +  -  -  -  -  -  -  -  -  +  -  Set1_8 (4695) 
 11:  +  -  -  -  -  -  -  -  -  -  +  Set1_9 (145) 
 12:  -  o  o  o  o  o  o  o  o  o  o  Rejected (11860) 
 
 
 



Set1_0 (20:24 - 4/3/2011) page 1  

Figure S16. Output contrast alignments generated by a simple automated version of the mc-BPPS sampler 
given as input an alignment of 78,143 Rossmann fold protein sequences. 
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Unknown  1 ALITGVTGQDGSYLAEFLLEKGXYEVHGIKRRASSFNTERVDHIYQDPHIDNARFXKLHYGDLTDTSNLTRIISEVQPDEVYNLGAQSHVAVSFEXXXXSPEYTADVDALGTLRLLEAIRFLGLXEKKTRFYQASTSELYGL...........FYPRSPYAVAKLYAYWITVN 162* 
unknown  4 ALITGVTGQDGSYLAELLLDKG-YEVHGIKRRASSFNTQRIDHIYEDPHIDHVRF-KLYFGDLTDTSNLTRVISEVQPDEIYNLGAQSHVAVSFD----SPEYTANVDALGTLRILEAIRFLGL-QEKTRFYQASTSELYGLvqetpqtettpFYPRSPYAVAKLYSYWMTIN 169 
Lentisphaerae  5 ALITGVTGQDGSYLAEFLLEKG-YEVHGIKRRASLFNTSRVDHIYQDPHADDRNF-ILHYGDLTDSSNLIRIIKDIQPDEIYNLGAQSHVAVSFD----SPEYTADVDAMGTIRLLEAIRLLGL-EKKTKFYQASTSELYGEvretpqtettpFYPRSPYAVAKMYAYWICVN 170 
Chlorobi  4 ALITGVTGQDGSYLAEFLLEKG-YEVHGIKRRASLFNTQRVDHIYQDLHEENTRF-KLHYGDLTDTSNLTRILQEVQPDEVYNLGAQSHVAVSFE----SPEYTADVDALGTLRLLEAIRFLGL-ENKTRFYQASTSELYGLvqeipqkettpFYPRSPYAVAKLYAYWITVN 169 
Proteobacteria  5 ALITGVTGQDGSYLAEFLLEKG-YEVHGIKRRASSFNTERVDHIYQDPHIGNSKF-HLHYGDLTDTSNLTRILREVQPDEVYNLGAMSHVAVSFE----SPEYTADVDAMGTLRLLEAIRFLGL-EKKTRFYQASTSELYGLvqeipqkettpFYPRSPYAVAKLYAYWITVN 170 
Verrucomicrobi  4 ALITGVTGQDGSYLAEFLLEKG-YEVHGIKRRSSSLNTERVDHIYEDPHIENARF-HLHYGDLTDTSNLTRIISEVQPDEVYNLGAQSHVAVSFE----SPEYTADVDAIGTLRLLEAIRFLGL-EKKTRFYQASTSELFGLvqeipqrettpFYPRSPYAAAKMYAYWITVN 169 
position       .   10    .   20    .   30    .   40    .   50    .   60    .   70    .   80    .   90    .  100    .  110    .  120    .  130    .  140               .  150    .  160    
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Group1    ●●●●●   ●●          ●   ●                              ●                       ● ● ●●                     ●  ●                    ●   ●                       ●  ●●           
consensus  1 ALITGVTGQDGSYLAEFLLEKGXYEVHGIKRRASSFNTERVDHIYQDPHIDNARFXKLHYGDLTDTSNLTRIISEVQPDEVYNLGAQSHVAVSFEXXXXSPEYTADVDALGTLRLLEAIRFLGLXEKKTRFYQASTSELYGL...........FYPRSPYAVAKLYAYWITVN 162* 
AAR38453.1  4 ALITGVTGQDGSYLAELLLDKG-YEVHGIKRRASSFNTQRIDHIYEDPHIDHVRF-KLYFGDLTDTSNLTRVISEVQPDEIYNLGAQSHVAVSFD----SPEYTANVDALGTLRILEAIRFLGL-QEKTRFYQASTSELYGLvqetpqtettpFYPRSPYAVAKLYSYWMTIN 169 
ZP_01876259.1  5 ALITGVTGQDGSYLAEFLLEKG-YEVHGIKRRASLFNTSRVDHIYQDPHADDRNF-ILHYGDLTDSSNLIRIIKDIQPDEIYNLGAQSHVAVSFD----SPEYTADVDAMGTIRLLEAIRLLGL-EKKTKFYQASTSELYGEvretpqtettpFYPRSPYAVAKMYAYWICVN 170 
YP_001996964.1  4 ALITGVTGQDGSYLAEFLLEKG-YEVHGIKRRASLFNTQRVDHIYQDLHEENTRF-KLHYGDLTDTSNLTRILQEVQPDEVYNLGAQSHVAVSFE----SPEYTADVDALGTLRLLEAIRFLGL-ENKTRFYQASTSELYGLvqeipqkettpFYPRSPYAVAKLYAYWITVN 169 
YP_002293587.1  5 ALITGVTGQDGSYLAEFLLEKG-YEVHGIKRRASSFNTERVDHIYQDPHIGNSKF-HLHYGDLTDTSNLTRILREVQPDEVYNLGAMSHVAVSFE----SPEYTADVDAMGTLRLLEAIRFLGL-EKKTRFYQASTSELYGLvqeipqkettpFYPRSPYAVAKLYAYWITVN 170 
YP_003549604.1  4 ALITGVTGQDGSYLAEFLLEKG-YEVHGIKRRSSSLNTERVDHIYEDPHIENARF-HLHYGDLTDTSNLTRIISEVQPDEVYNLGAQSHVAVSFE----SPEYTADVDAIGTLRLLEAIRFLGL-EKKTRFYQASTSELFGLvqeipqrettpFYPRSPYAAAKMYAYWITVN 169 
foreground (66283):    IITGG   LG          G   I               L              DL         L  L       D IIH AA L                   N  A                   LI  AT                       Y  TK          inf 
     VV  A   I               L                               V                      VVN  G                        G                   VV  SS                          S            
     L                       V                                                      L                                                 IL                              A            
wt_res_freqs (18036):   13893   29          7   1               1              62         1  1       6 123 82 1                   7  1                   13  11                       9  29           
    15  4   5               1                               3                      344  5                        6                   14  67                          4            
    5                       6                                                      4                                                 41                              2            
insertions          1            9 12     11 11       11111112    2                 112221       1111111    1                         1 11321         1  4           111                   
deletions  483222211111111111224772211121244467887878911111222222342221119544411123344321        123233371333274211                1173433431      111126           75421              1 19.9 
background (31860):    LITGG   LG   L      G   L               L      L             G L DL  L       D VILAAG L            L         G                L  LILLSSLG                     L  AK      L   301.0 
      VL A   I               V                                                      LV  L                                              V                                           
      L      V                                                                                                                         L                                           
wt_res_freqs (19023):   11121   12   1      1   1               1      1             1 1 11  1       1 111111 1            1         1                1  11111111                     1  11      1    
     11 1   1               1                                                      11  1                                              1                                           
     1      1                                                                                                                         1                                           
               _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                         _                                                      _                                                                                                                         _                                                      _                                                                                                                         _                                                      _                                                                                                                         _                                                      _                                                                                                                         _                                                      _                                                                                                                         _                                                      _                                                                                                                         _                                                      _                                                                                                                         _                                                      _                                                                     _                                                   _                                                      _                                                                     _                                                   _                                                      _                                                                     _                                                   _                                                      _                                                                     _                                                   _                                                      _                                                                     _                                                   _                                                      _                                                                     _                                                   _                                                      _                                                                     _                                                   _                                                      _                                                                     _                                                   _                                                      _                                                                     _                                                   _                                                      _                                                                     _                                                   _                                                      _                                                                     _                                                   _      _                                               _                                                                     _                                                   _      _                             _                __                                                                     _                                                   _      _                             _             _  __  _                                                                  _ _                                                 _      _                             _             _  __  _                                                 _                _ _           _                                     ___   __                             _   _         _  __  _                                                 _                _ _           _                                     ___   __              _              _   _    ___ __________ _ __ _  _ ___  __ _ ___ __ ___ _ _      _ ________ ___ ___  _ _ ___________ ____     _ ____  ___ ________         _____ ______            ________ ________ __   
Group2        ●  ●●  ●                                                 ●                ● ●           ●                                     ●●    ●●                             ●      
consensus  1 ALITGVTGQDGSYLAEFLLEKGXYEVHGIKRRASSFNTERVDHIYQDPHIDNARFXKLHYGDLTDTSNLTRIISEVQPDEVYNLGAQSHVAVSFEXXXXSPEYTADVDALGTLRLLEAIRFLGLXEKKTRFYQASTSELYGL...........FYPRSPYAVAKLYAYWITVN 162* 
AAR38453.1  4 ALITGVTGQDGSYLAELLLDKG-YEVHGIKRRASSFNTQRIDHIYEDPHIDHVRF-KLYFGDLTDTSNLTRVISEVQPDEIYNLGAQSHVAVSFD----SPEYTANVDALGTLRILEAIRFLGL-QEKTRFYQASTSELYGLvqetpqtettpFYPRSPYAVAKLYSYWMTIN 169 
ZP_01876259.1  5 ALITGVTGQDGSYLAEFLLEKG-YEVHGIKRRASLFNTSRVDHIYQDPHADDRNF-ILHYGDLTDSSNLIRIIKDIQPDEIYNLGAQSHVAVSFD----SPEYTADVDAMGTIRLLEAIRLLGL-EKKTKFYQASTSELYGEvretpqtettpFYPRSPYAVAKMYAYWICVN 170 
YP_001996964.1  4 ALITGVTGQDGSYLAEFLLEKG-YEVHGIKRRASLFNTQRVDHIYQDLHEENTRF-KLHYGDLTDTSNLTRILQEVQPDEVYNLGAQSHVAVSFE----SPEYTADVDALGTLRLLEAIRFLGL-ENKTRFYQASTSELYGLvqeipqkettpFYPRSPYAVAKLYAYWITVN 169 
YP_002293587.1  5 ALITGVTGQDGSYLAEFLLEKG-YEVHGIKRRASSFNTERVDHIYQDPHIGNSKF-HLHYGDLTDTSNLTRILREVQPDEVYNLGAMSHVAVSFE----SPEYTADVDAMGTLRLLEAIRFLGL-EKKTRFYQASTSELYGLvqeipqkettpFYPRSPYAVAKLYAYWITVN 170 
YP_003549604.1  4 ALITGVTGQDGSYLAEFLLEKG-YEVHGIKRRSSSLNTERVDHIYEDPHIENARF-HLHYGDLTDTSNLTRIISEVQPDEVYNLGAQSHVAVSFE----SPEYTADVDAIGTLRLLEAIRFLGL-EKKTRFYQASTSELFGLvqeipqrettpFYPRSPYAAAKMYAYWITVN 169 
foreground (855):   ALI GVTGQDGAYL E LL K AY VHGT RR S FNTARL HIY D H   A  M LHYGDMSDATSI KLVE IRP EVYNLGAQSHV VSFD     P YTGNI AMG LRILDAVR    A    KFYQA TSEMFG            FHPRSPYGAAKVYGHWM IN 150.5 
     I   I     S                            V  L                  LT  SNL RIL  V    I   A         E         AE  GV   NL E I     I    RI    S  LY              Y     A   M AY I V   
                                            I                              VI                                D   I              V                                       L  F   K   
wt_res_freqs (296):  989 9299999399 8 99 8 79 9791 99 8 686191 726 7 7   1  9 876791191231 1211 219 94999398979 7984     8 69121 519 77291929    2    27999 799349            91999994199182391 19  
    1   7     6                            1  6                  76  437 643  4    5   6         4         72  41   16 8 6     2    71    2  55              7     5   1 65 6 6   
                                           6                              14                                3   2              2                                       5  1   1   
insertions                                                  121 26                                                                   11   2 1            !                                 
deletions  311111                9            1  1221117111122154 9                                       !!!!                     113192941            3                                8.7 
background (65428):   ALI GGTGGIGAALVEALLAA GYKVAAAGRREAGGAAAAAAAAAAGGGAAAAVACDLASEDADDAAAAAALAAFGGV GVFNLAAVS V PSEDLSDADPDATFETNVLGPVRLLEAVRKALKAGGGGRFVNTGTAAGFGG            APQSPYGAAKLGADGFAEA 0.3 
    IIV  AGRFL SHT LRFARR PARLILTD S EKLEELLELLEELA V VLVL L VTD EDIERLLEELVERL PL IIIHA GIL P  LLEMDPEEWRRVMDI LTS LLVARLLLPHMRKRRVKSLLFIASISVY P            PGLNA A T AALEALSRS  
    VV    SS   REI RE  KE V  IVIVA D DAA  VV  I        I   V  S  ASV   VD IA E  RI VLV N   T D      TLD F K LR    A FN TK AAR  IEQ    IIHV  V AL A               GV S S   I    K   
wt_res_freqs (17739):  253 93145691321116211 11161111411111111211111112111111116211121112211111112412 131418211 1 111111112111111273151114214111121212142143111123122            1212192429121121111  
   215  41112 111 111411 13111213 1 11211111121111 1 1111 1 322 11111111111111 12 21231 621 1  111111312112111 211 1111211231312111111112171111 1            22112 2 2 342313121  
   31    22   112 21  11 1  13111 1 111  11  1        1   1  1  112   11 11 1  12 244 4   1 1      212 1 1 11    1 22 21 311  111    4311  1 21 1               11 1 4   1    1   
position       .   10    .   20    .   30    .   40    .   50    .   60    .   70    .   80    .   90    .  100    .  110    .  120    .  130    .  140               .  150    .  160    
 
 
 
 
                  _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                                                                        _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _          _                              _                                              _        _ _ _                            _                                              _        _ _ _                            _                                              _        _ _ _                            _                                              _        _ _ _                            _      _                                       _ _      _ _ _                            _      _                                       _ _      _ _ _                            _      _  _         _                          _ _ _    _ _ _                            __   ___  _     _   _                   _      _ _ _    _ _ _                            __   ___  _     _   _                   _      _ _ _    ___ _ __                         __   ___  _     _   _                   _      _ _ _    ___ _ __                         __ _ ___ __     __  _                   _      _ _ _  _ ___ _ __       __     _       _  ____ ___ _____  __ __  _               __    _____ __ _ _____ __     _ __    ___ _    _ _____ ________________ __               __    __________ _____ __     _ __    ___ _    _ ______________________ __               __   ___________ ________   _ ____    _____    _ _________________________               __   ___________ _________  _ ____    _____   ____________________________               ___  ___________ _________  ______    _____   ____________________________               __________________________  ______    _____   ____________________________               __________________________ _______    _____   ____________________________               __________________________ _______   
Unknown  163 YRESYXXXGMYACNGILFNHESPRRGETFVTRKITR...............GNMDSLRDWGHAKDYVRMQWMMLQQDXEPEDFVI 232* 
unknown  170 YRESY---GMFACNGILFNHESPRRGETFVTRKVTRglanisqkletclymGNIDSLRDWGHAKDYVRMQWMMLQQD-EPEDYVI 250 
Lentisphaerae  171 YREAY---GIYACNGILFNHESPRRGETFVTRKITRaianialgledclylGNMNALRDWGHAKDYVKMQWLMLQQD-QPDDFVI 251 
Chlorobi  170 YRESY---NMYACNGILFNHESPRRGETFVTRKITRgltniaqglekclymGNLASLRDWGHAKDYVRMQWMMLQQD-TPEDFVI 250 
Proteobacteria  171 YRESY---GMYACNGILFNHESPRRGETFVTRKITRaianiaqglesclylGNMDSLRDWGHAKDYVKMQWMMLQQE-QPEDFVI 251 
Verrucomicrobi  170 YRESY---GMYACNGILFNHESPRRGETFVTRKITRalaniaqglekclylGNMDALRDWGHAKDYVRMQWMMLQQD-EAEDFVI 250 
position     .  170    .  180    .  190    .                 200    .  210    .  220    .  230    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     _                                                                                        _                                                                                        _                                                                                        _                                                                          _             _                                                      _                   _             _                                                      _                   _             _    _                                                 _                   _             _    _                                                 _                   _             _    _                                                 _                   _             _    _                                                 _                   _             _    _                                                 _                   _             _    _                                                 _                   _             _    _ _                                               _                   _   
Group1            ●    ●                                                 ●                   ●  
consensus  163 YRESYXXXGMYACNGILFNHESPRRGETFVTRKITR...............GNMDSLRDWGHAKDYVRMQWMMLQQDXEPEDFVI 232* 
AAR38453.1  170 YRESY---GMFACNGILFNHESPRRGETFVTRKVTRglanisqkletclymGNIDSLRDWGHAKDYVRMQWMMLQQD-EPEDYVI 250 
ZP_01876259.1  171 YREAY---GIYACNGILFNHESPRRGETFVTRKITRaianialgledclylGNMNALRDWGHAKDYVKMQWLMLQQD-QPDDFVI 251 
YP_001996964.1  170 YRESY---NMYACNGILFNHESPRRGETFVTRKITRgltniaqglekclymGNLASLRDWGHAKDYVRMQWMMLQQD-TPEDFVI 250 
YP_002293587.1  171 YRESY---GMYACNGILFNHESPRRGETFVTRKITRaianiaqglesclylGNMDSLRDWGHAKDYVKMQWMMLQQE-QPEDFVI 251 
YP_003549604.1  170 YRESY---GMYACNGILFNHESPRRGETFVTRKITRalaniaqglekclylGNMDALRDWGHAKDYVRMQWMMLQQD-EAEDFVI 250 
foreground (66283):     L      L    L P      G                                    I   E    L              L inf 
             V    I                                                 D                   I  
             I    V                                                                     V  
wt_res_freqs (18036):    1      1    2 6      1                                    1   2    1              1  
            2    2                                                 4                   2  
            4    3                                                                     4  
insertions        6 1          1 1111111111 1  6                    11                  6          
deletions  1115823315          1134578111111112               1111111776555556666788111221111234 19.9 
background (31860):    GL G    L    L P LLL  GL     LLLL                       L  I   D    L              L 301.0 
                  V L                                                                      
wt_res_freqs (19023):   11 1    1    1 1 111  11     1111                       1  1   1    1              1  
                 1 1                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               _                                                                                        _                                                                                        _                                                                                        _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                                                                   _    _                                             _                                     _    _                                             _                                     _    _                                             _                                     __   _    _    _                                   _                                     ___  _    _    _                                   _        _                        _   ___  _    _   __                      _            _    _   _                        _   ___  _    _   __                      _            _    _   _              _____    ___ __________ ___________                _____ ____ _____  ________  ______   
Group2             ●   ●●●  ●    ●   ●●                      ●            ●    ●   ●            
consensus  163 YRESYXXXGMYACNGILFNHESPRRGETFVTRKITR...............GNMDSLRDWGHAKDYVRMQWMMLQQDXEPEDFVI 232* 
AAR38453.1  170 YRESY---GMFACNGILFNHESPRRGETFVTRKVTRglanisqkletclymGNIDSLRDWGHAKDYVRMQWMMLQQD-EPEDYVI 250 
ZP_01876259.1  171 YREAY---GIYACNGILFNHESPRRGETFVTRKITRaianialgledclylGNMNALRDWGHAKDYVKMQWLMLQQD-QPDDFVI 251 
YP_001996964.1  170 YRESY---NMYACNGILFNHESPRRGETFVTRKITRgltniaqglekclymGNLASLRDWGHAKDYVRMQWMMLQQD-TPEDFVI 250 
YP_002293587.1  171 YRESY---GMYACNGILFNHESPRRGETFVTRKITRaianiaqglesclylGNMDSLRDWGHAKDYVKMQWMMLQQE-QPEDFVI 251 
YP_003549604.1  170 YRESY---GMYACNGILFNHESPRRGETFVTRKITRalaniaqglekclylGNMDALRDWGHAKDYVRMQWMMLQQD-EAEDFVI 250 
foreground (855):   YRESY    LYA SGILFNHESP RGENFVTRKIT                GNIDS RDWG ARDYV  MWMILQQEGTPEDYVL 150.5 
       A     MF  N        E    T                         M A       KE      LM   DI  D F I  
             I                                           L                              V  
wt_res_freqs (296):  99949    238 2999999998 99619999998                99162 9999 91799  7821996271838492  
      5     45  7        1    6                         1 6       52      58   51  4 4 6  
            2                                           7                              1  
insertions                                     !                                                   
deletions       !!!                                                            11111111191111111 8.7 
background (65428):   LRAEYGGK LTATSVAPGNTAGPGGAGLLGD A AA               GAGTQ RDFGSADDVVALAAYALSSEVTGETYVL 0.3 
     AL LAPR IRVNILR   IYTDMTRP PEE L L                LD IP GRLLTPEELAD LLFLAEDDIN QIFNI  
      R   K  V   VI    VD E  SA  A                     A        I V  I   II  I  P   GVI V  
wt_res_freqs (17739):  41141111 1111131661112211111111 1 11               11211 2112111431111112221123511111  
    41 3321 4343122   21511111 111 1 1                11 13 23111332151 1224311111 11122  
     1   1  2   12    31 1  11  1                     1        1 2  1   11  1  1   112 4  
position     .  170    .  180    .  190    .                 200    .  210    .  220    .  230    
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Figure S16. (continued). 
 
 
Set1_1  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               _                                                                              _                                                                                                 _                                                                              _                                                                                                 _                                                                              _                                                                                                 _                                                                              _                                                                                                 _                                                                              _                                                                                                 _                                                                              _                                                 _                   _              _          _ _                                                        _                     _              _                                  _                   _              _          _ _                                 _  _  _     _          _         _           _ _ _    _     _        _                         _                   _              _          _ _                                 _  _  _     _          _         _           _ _ _    _     _        _                     _   _                   __             _          _ _  _                       __     _ __  _     _         __       _ _         _ _ _ _    _ _   _        _ _ _        _      _ _  __                   ___            _          _ __ __                    _ __     _ __  _     _   _ __  __   _   _ _      _  _ ___ __ _ _ _ _ _   _  _____ _ __     _      _ _  __                   ___     _      _          ________  _                ____     _ __ __     _ _ _ __  __   _   _ _      _  _ ___ ____ _____ _   _  _____ _ ___    _      _ __ ___ __         _     ___     _  _   _    _    _________  _  _        _    ____ _   _ __ __    __ _ _ __  __   _   _ _     __  _ ___ ____ _____ _   __________ _____  _     __ _________  _      _ _   ____  ___ __   _ _  __   _________ __  _   _  _ _ _____________ __ ___  ___ ___ ___ ___  __  _ _  _ __________ ____ __________________________  __    ____________ __      _ ___ _________ ___  _ _  __   _________ ___ __  _  ___ ____________________  _______ ___ ____ _____ __ ____________ ____ __________________________ ___    ____________________ _ _________________ __ _  __________________ ___ ______ ____________________  ________________ _____________________ ____ ______________________________    ____________________ _ _________________ __ _  __________________ ___ ______ ____________________  ________________ _____________________ ____ ______________________________   
Unknown  1 ALVTGASYGIGFAIASALAKAGXARIVFNDINQELVDKGMAAYAEAXGIKAKGYVCDVTDEKAVNAMVASIEKEVGTIDILVNNAGIIKRIPMTEMSAADFRRVIDVDLNAPFIVAKAVIPGMIEKGHGKIINICSMXMSEL.RETVSAYAAAKGGLKMLTRNICSEYGEYNI 172* 
Bacteroidetes  14 ALVTGASYGIGFAIASAFAEQG-AKVCFNDINQELVDKGMAAYAAK-GIKAHGYVCDVTDEPAVQAMVATIAKEVGTIDILVNNAGIIRRVPMHEMDAADFRRVIDIDLNAPFIVAKAVLPAMMEKRAGKIINICSM-MSELgRETVSAYAAAKGGLKMLTRNICSEYGEYNI 183 
Firmicutes  16 ALITGASYGIGMAIAKAMAANG-ATIVFNDIKQELVDKGLASYAEA-GIKAHGYVCDVTDEDAVNAMVAKITEEVGHINILVNNAGIIKRIPMTEMSAAQFRQVIDVDLNAPFIVAKAIIPDMIAQGGGKIINICSM-MSELgRETVSAYAAAKGGLKMLTKNIASEYGAYNI 185 
Fusobacteria  12 ALVTGASYGIGFSMAAGLAKAG-ARIVFNDINGELVEKGIKAYKES-GIDAKGYVCDVTDEKAVNSMIAQIEKEVGIIDILVNNAGIIKRIPMTEMSVEDFRKVIDVDLNAPFIMSKAVIPGMIKKGHGKIINICSM-MSELgRETVSAYAAAKGGLKMLTRNICSEFGEKNI 181 
Actinobacteria  14 ALVTGASYGIGFAIASALHKAG-ARISFNDIDESSVERGMKAYEEA-GIPVKGYVCDVTDEKAVGQLVESIENDLGVIDILVNNAGIIKRIPMVEMSESDWRRVIDIDLTGPFIVSKAVIPGMIEKGHGKIINICSM-MSELgRETVSAYAAAKGGLKMLTRNICSEYGGENI 183 
position       .   10    .   20    .   30    .   40    .   50    .   60    .   70    .   80    .   90    .  100    .  110    .  120    .  130    .  140     .  150    .  160    .  170    
                                                                                                                                                           _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                           _                                                                                                                                                _   _                          __                                                                                                                                                _   _                          __                                                                                                                                                _   _                          __     _                                                                         _                                                  _             _   _                          __     _                                                                         _                                                  _             _   _                          __     _                                                                         _                                                  _             _   _                          __     _                                                                         _                                                  _             _   _                          __     _                                                                         _                                                  _             _   _                          __     _                                                                       _ _                                                  _             _   _                         ___     _                                                                       _ __                                                 _             _   _                         ___     _                                                                       _ __                     _                           _             _   _                         ___     _                                                                       _ __                     _                           _             _   _                         ___     _                                                                       _ __                     _                           _             _   _                         ___     _                                                                       _ __                     _                           _             _   _                         ___     _                                                                       _ __                     _                           _             _   _                         ___     _                                                                       _ __                     _                           _             _   _                         ___     _                                                                       _ __                     _                           _             _   _                         ___     _              _                                                        _ __                     _                           _             _   _                         ___     _              _                                                      _ _ __                     _                           _             _   _                         ___    __              _                                                      _ _ __                     _                           _             _   _                        ____    __              _                                                      _ _ __                     _                           _             _   _                        ____    __              _                                                      _ _ __                     _                           _             _   _                        ____    __              _                                                      _ _ __                     _                           _             _   _                        ____    __              _                                                      _ _ __                     _                           _             _   _                        ____    __              _                                                      _ _ __                     _                           _             _   _                        _____   __              _                                                      _ _ __                     _  _                        _             _   _                  _     _____   __          _   _                                                      _ _ __                     _  _                        _             _   _                  _     _____   __          _   _                                                      _ _ __                     _  _                    _   _             _   _                  _     _____   __          _   _                                                      _ _ __                     _  _                    _   _             _   _                  _     _____   __          _   _                                                      _ _ __                     _  _                    _   _             _   _                  _     _____   __          _   _                                                      _ _ __                     _  _                    _   _             _   _                  _     _____   __          _   _                                                      _ _ __                     _  _                    _   _             _   _                  _     _____   __          _   _                              _                       _ _ __                     _  _                    _   _             _  __                  _     _____   __          _   _                              _                       _ _ __                     _  _                    _   _             _  __                  _     _____   __          _   _                              _                       _ _ __                     _  _                    _   _             _  __                  _     _____   __          _   _                              _                       ___ __                     _  _                    _   _             _  __                  _     _____   __          _   _                              _                     _ ___ __                     _  _                    _  __             _  __                  _     _____   __          _   _                              __                    _ ___ __                     _  _                   __  __             _  __                  _   
Group1    ●●●●●   ●●          ●   ●                              ●                       ● ● ●●                     ●  ●                    ●   ●             ●  ●●                  ●  
consensus  1 ALVTGASYGIGFAIASALAKAGXARIVFNDINQELVDKGMAAYAEAXGIKAKGYVCDVTDEKAVNAMVASIEKEVGTIDILVNNAGIIKRIPMTEMSAADFRRVIDVDLNAPFIVAKAVIPGMIEKGHGKIINICSMXMSEL.RETVSAYAAAKGGLKMLTRNICSEYGEYNI 172* 
ZP_02063198.1  14 ALVTGASYGIGFAIASAFAEQG-AKVCFNDINQELVDKGMAAYAAK-GIKAHGYVCDVTDEPAVQAMVATIAKEVGTIDILVNNAGIIRRVPMHEMDAADFRRVIDIDLNAPFIVAKAVLPAMMEKRAGKIINICSM-MSELgRETVSAYAAAKGGLKMLTRNICSEYGEYNI 183 
ZP_02090767.1  16 ALITGASYGIGMAIAKAMAANG-ATIVFNDIKQELVDKGLASYAEA-GIKAHGYVCDVTDEDAVNAMVAKITEEVGHINILVNNAGIIKRIPMTEMSAAQFRQVIDVDLNAPFIVAKAIIPDMIAQGGGKIINICSM-MSELgRETVSAYAAAKGGLKMLTKNIASEYGAYNI 185 
ZP_06012188.1  12 ALVTGASYGIGFSMAAGLAKAG-ARIVFNDINGELVEKGIKAYKES-GIDAKGYVCDVTDEKAVNSMIAQIEKEVGIIDILVNNAGIIKRIPMTEMSVEDFRKVIDVDLNAPFIMSKAVIPGMIKKGHGKIINICSM-MSELgRETVSAYAAAKGGLKMLTRNICSEFGEKNI 181 
ZP_06751979.1  14 ALVTGASYGIGFAIASALHKAG-ARISFNDIDESSVERGMKAYEEA-GIPVKGYVCDVTDEKAVGQLVESIENDLGVIDILVNNAGIIKRIPMVEMSESDWRRVIDIDLTGPFIVSKAVIPGMIEKGHGKIINICSM-MSELgRETVSAYAAAKGGLKMLTRNICSEYGGENI 183 
foreground (66283):    IITGG   LG          G   I               L              DL         L  L       D IIH AA L                   N  A                   LI  AT             Y  TK           L      L inf 
     VV  A   I               L                               V                      VVN  G                        G                   VV  SS                S                   V  
     L                       V                                                      L                                                 IL                    A                   I  
wt_res_freqs (18036):   13893   29          7   1               1              62         1  1       6 123 82 1                   7  1                   13  11             9  29           1      1  
    15  4   5               1                               3                      344  5                        6                   14  67                4                   2  
    5                       6                                                      4                                                 41                    2                   4  
insertions          1            9 12     11 11       11111112    2                 112221       1111111    1                         1 11321         1  4 111                       6 1   
deletions  483222211111111111224772211121244467887878911111222222342221119544411123344321        123233371333274211                1173433431      111126 75421              11115823315 19.9 
background (31860):    LITGG   LG   L      G   L               L      L             G L DL  L       D VILAAG L            L         G                L  LILLSSLG           L  AK      L   GL G    L 301.0 
      VL A   I               V                                                      LV  L                                              V                                           
      L      V                                                                                                                         L                                           
wt_res_freqs (19023):   11121   12   1      1   1               1      1             1 1 11  1       1 111111 1            1         1                1  11111111           1  11      1   11 1    1  
     11 1   1               1                                                      11  1                                              1                                           
     1      1                                                                                                                         1                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                       _                _                                                                                                                       _                                       _                _                                                                                                                       _                                       _                _                                                                                                                       _                                       _      _   _     _                              _               _                                                                        _                                       _      _   _     _             _                _               _                              _                                         _                      _                _      _   _     _             _                _____   ___   _ _ _ __ _ _                     _        __         _       _ __________ __    __   __  __  __ _ _ ___  _   _ _  ______ __ _ _     _  _ _ _ __  ___   ____   _   
Group3   ●               ●                              ●                                         ●                      ●                ●      ●   ●     ●             ●              
consensus  1 ALVTGASYGIGFAIASALAKAGXARIVFNDINQELVDKGMAAYAEAXGIKAKGYVCDVTDEKAVNAMVASIEKEVGTIDILVNNAGIIKRIPMTEMSAADFRRVIDVDLNAPFIVAKAVIPGMIEKGHGKIINICSMXMSEL.RETVSAYAAAKGGLKMLTRNICSEYGEYNI 172* 
ZP_02063198.1  14 ALVTGASYGIGFAIASAFAEQG-AKVCFNDINQELVDKGMAAYAAK-GIKAHGYVCDVTDEPAVQAMVATIAKEVGTIDILVNNAGIIRRVPMHEMDAADFRRVIDIDLNAPFIVAKAVLPAMMEKRAGKIINICSM-MSELgRETVSAYAAAKGGLKMLTRNICSEYGEYNI 183 
ZP_02090767.1  16 ALITGASYGIGMAIAKAMAANG-ATIVFNDIKQELVDKGLASYAEA-GIKAHGYVCDVTDEDAVNAMVAKITEEVGHINILVNNAGIIKRIPMTEMSAAQFRQVIDVDLNAPFIVAKAIIPDMIAQGGGKIINICSM-MSELgRETVSAYAAAKGGLKMLTKNIASEYGAYNI 185 
ZP_06012188.1  12 ALVTGASYGIGFSMAAGLAKAG-ARIVFNDINGELVEKGIKAYKES-GIDAKGYVCDVTDEKAVNSMIAQIEKEVGIIDILVNNAGIIKRIPMTEMSVEDFRKVIDVDLNAPFIMSKAVIPGMIKKGHGKIINICSM-MSELgRETVSAYAAAKGGLKMLTRNICSEFGEKNI 181 
ZP_06751979.1  14 ALVTGASYGIGFAIASALHKAG-ARISFNDIDESSVERGMKAYEEA-GIPVKGYVCDVTDEKAVGQLVESIENDLGVIDILVNNAGIIKRIPMVEMSESDWRRVIDIDLTGPFIVSKAVIPGMIEKGHGKIINICSM-MSELgRETVSAYAAAKGGLKMLTRNICSEYGGENI 183 
foreground (660):   AIVTGGASGLG  LAEA A AGIA V V DR    AA     I    G     V  NL         I A L   GRVDILVNNAGMIKR   EDFT DEF AVL TDI S F MSK AGP  V K  GKIINV SL SYE     IS Y ATK GI  ITR L SDWG  GI 50.2 
     LI  A   I      G        I L       L                    DV         V E       I   I    I R     E   EDW R M  NL A   V Q  A   I R       I  M   Q     V        AL  L K   NELA   V  
     V                                                                           L                        E I         L R      L Q          V                   V                  
wt_res_freqs (163):  92799211949  1914 8 8988 2 1 23    11     1    9     1  13         2 1 1   812989798991529   1251 112 171 121 3 8 162 221  1 1  989891 92 613     21 9 919 51  194 3 1153  47  
    52  3   5      4        6 2       1                    84         4 1       6   1    6 5     5   267 1 2  76 4   3 5  5   5 3       7  5   4     6        33  7 5   4826   1  
    1                                                                           1                        1 4         3 1      1 3          1                   5                  
insertions                                                                           1                                                  22222            9                                 
deletions  1333333322222222111111911119868517976871345619311111  22              122112                                                             1315   421                           10.7 
background (65623):   AIVTGGGGGLGAETAEAFAAAGGAELAAAARRSAGGAAV  LAE LGGGA AVVLVDLAS  SDDR VLALA ALGGVDILVNNAGIAHDG SEDLTLDEFEAVLATNLLSTFNVAKLAAPAGLRR VGSIINVSSVAGYGA  AGQGVYGATKAGLDALTRSYRAELGGRGI 0.3 
    ILI  ATSFI LHLVRR LRR PYRV LLD  E AL  L   IL  A  V V   L V    D    L E L    KI GVIHL AVL P    E DPEDW RTMR  V A LRLLQ LL LLK Q   RLLFI TISVL P   PLN  S   LAVE MVK L L  AP  L  
    VV    A    R V  E   E V KI VT      A               I               A        RL VIF A   T V          P E IE    G V  TR  R   R G    FVHT  A A        S        A  FA    R      V  
wt_res_freqs (17873):  215893145291115111311713111111511111111  111 11211 111116211  1111 11111 114126244448521111 1111212111121127211222111131311111 141423167123221  12111924293121133211114311154  
   253  41215 112121 211 1116 213  1 12  1   11  1  1 1   1 3    1    1 1 1    12 13231 311 1    1 11322 1111  3 1 11421 12 121 1   21112 11111 1   211  1   1423 111 4 1  32  1  
   31    2    1 1  1   1 1 11 11      1               1               1        12 211 1   1 1          1 1 11    6 1  21  1   1 1    1411  1 2        2        1  11    1      2  
position       .   10    .   20    .   30    .   40    .   50    .   60    .   70    .   80    .   90    .  100    .  110    .  120    .  130    .  140     .  150    .  160    .  170    
 
 
 
 
                                                 _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                 _                                         _                                 _                                         _                                 _                                         _                                __           _                             _                                __           _                             _                                __           _                             _                                __      _    _                _            _           _              _     __      _    _    _           _           __           _              _     __      _    _    _           _           __           _              _     ___   _ _  ____ _ _           _       __  __        _  _         _ _  _     ___   _ _  ____ ___           __     ___  __     _  _  __ _      _ _ __     ___   _ _  ____ ____ _        __     ___  __   _ _  _ ___ _      _ _ ___    ___  ____  ____ ____ _        __     ___  __   _ _ __ ___ _      ___ ___    ___ ________________ ___      __    _____ __   ___ __________    ___ ___    ____________________ ___      __    _________________________   ________    ____________________ ___      ___  __________________________   ________    ____________________ ___      ___  __________________________   ________   
Unknown  173 QCNGIGPGYIATPQTAPLRE.QPD......FDS..IAKTPAGRWGTPEDLTGPAVFLASEA...VNGHILYV 232* 
Bacteroidetes  184 QCNGIGPGYIATPQTAPLRE.PQAdgsrhpFDSfiCAKTPAGRWLDPEELTGPAVFLASEAsnaVNGHILYV 254 
Firmicutes  186 QCNGIGPGYIATPQTAPLREiQPDgsrhp.FDQfiVAKTPAGRWGEAEDLGGPAVFLASEAsdfVNGLILYV 256 
Fusobacteria  182 QCNGIGPGYIATPQTAPLREkQPDgsrhp.FDSfiIAKTPAGRWGTPEDLTGPAVFLASDAsnfVNGHILYV 252 
Actinobacteria  184 QCNAIGPGYIATPQTAPLREiQPDgsrhp.FDQfiIAKTPAARWGTTEDLQGPAVFLASEAsdfINGHVLYV 254 
position     .  180    .  190     .          200    .  210    .  220       .  230    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         _                                                    _                      _                                                    _                      _        _                                           _                      _        _                                           _                      _        _                                           _                      _        _                                           _                      _        _                                           _                      _        _                                           _                      _        _ _                                         _                      _   
Group1       ●                                           ●                      ●  
consensus  173 QCNGIGPGYIATPQTAPLRE.QPD......FDS..IAKTPAGRWGTPEDLTGPAVFLASEA...VNGHILYV 232* 
ZP_02063198.1  184 QCNGIGPGYIATPQTAPLRE.PQAdgsrhpFDSfiCAKTPAGRWLDPEELTGPAVFLASEAsnaVNGHILYV 254 
ZP_02090767.1  186 QCNGIGPGYIATPQTAPLREiQPDgsrhp.FDQfiVAKTPAGRWGEAEDLGGPAVFLASEAsdfVNGLILYV 256 
ZP_06012188.1  182 QCNGIGPGYIATPQTAPLREkQPDgsrhp.FDSfiIAKTPAGRWGTPEDLTGPAVFLASDAsnfVNGHILYV 252 
ZP_06751979.1  184 QCNAIGPGYIATPQTAPLREiQPDgsrhp.FDQfiIAKTPAARWGTTEDLQGPAVFLASEAsdfINGHVLYV 254 
foreground (66283):       L P      G                              I   E    L                 L inf 
        I                                           D                      I  
        V                                                                  V  
wt_res_freqs (18036):      2 6      1                              1   2    1                 1  
       2                                           4                      2  
       3                                                                  4  
insertions           1 111111111 1 1        6       11                  6             
deletions            1134578111 111      112  11111117765555566667881112   21111234 19.9 
background (31860):       L P LLL  GL      LLL      L          L  I   D    L                 L 301.0 
        V L                                                                   
wt_res_freqs (19023):      1 1 111  11      111      1          1  1   1    1                 1  
       1 1                                                                   
              _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                          _                                _                                          _                                _                                          _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                                  _       _                                _                               _  _       _                                _                               _  _       _                                _                               _  _       _                                _     _                         _  _       _        _               _       _     _                         _  _       _        _               _       _     _                         _  _       _        _               _       _     _                         _  _       _        _               _       _     _                         _  _       _        _               _       _     _                         _  _       _        _               _    _  _     _                         _  _       _        _               _    _  _     _                      _ __  _       _      _ _               _ __ _  _     _  _                   _ __  __    _ _  _  __ _               _ _______  _  _  __  _               _ ______   __ _  _____ _   ____ _ _   
Group3   ● ●● ●  ●     ●                      ● ●●  ●●    ● ●      ● ●             
consensus  173 QCNGIGPGYIATPQTAPLRE.QPD......FDS..IAKTPAGRWGTPEDLTGPAVFLASEA...VNGHILYV 232* 
ZP_02063198.1  184 QCNGIGPGYIATPQTAPLRE.PQAdgsrhpFDSfiCAKTPAGRWLDPEELTGPAVFLASEAsnaVNGHILYV 254 
ZP_02090767.1  186 QCNGIGPGYIATPQTAPLREiQPDgsrhp.FDQfiVAKTPAGRWGEAEDLGGPAVFLASEAsdfVNGLILYV 256 
ZP_06012188.1  182 QCNGIGPGYIATPQTAPLREkQPDgsrhp.FDSfiIAKTPAGRWGTPEDLTGPAVFLASDAsnfVNGHILYV 252 
ZP_06751979.1  184 QCNAIGPGYIATPQTAPLREiQPDgsrhp.FDQfiIAKTPAARWGTTEDLQGPAVFLASEAsdfINGHVLYV 254 
foreground (660):   N NGIGPGY  TPQN  LR  N               K PAARWG  DELAG VIFLSS A   INGY I V 50.2 
    Q  A A       NT      D               R   G      D V   V  A      VT H L    
                 L                                                     Q      
wt_res_freqs (163):  3 9382999  9211  76  1               1 982999  12819 219919 9   2691 2 9  
   5  5 6       37      6               7   5      7 1   8  8      71 4 6    
                1                                                     1      
insertions                    16 1 1      1 9                           9             
deletions                    11                                111111111   11111123 10.7 
background (65623):   TANAIAPGNTDTPGTSGLLG E         A   G G PLGRFGSADELAALVVYLAS A   INGG INV 0.3 
    R VILR F VYG LGR  P            L   A   A RDLLYV DVVR LLFALE P   VT Q LVL  
      TVV                                  Q    IH   I E IA  I  E      E Y I  
wt_res_freqs (17873):  11322165111421111111 1         1   1 2 31231211121511221432 1   1151 124  
   3 1122 1 312 111  1            1   1   1 211112 4211 122221 1   23 1 211  
     113                                  1    11   1 1 11  1  1      1 1 2  
position     .  180    .  190     .          200    .  210    .  220       .  230    
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Figure S16. (continued). 
 
Set1_2  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     _                                                                                                         _                                                                      _                                                                                                         _                                                                      _                                                                                                         _                                                                      _                                                                                                         _                                                                      _                                                                                                         _                                                                      _                                                                                                         _                                                                      _                                                                                                         _                                                                      _                                          _                                             _                _                                                                      _                                          _                                             _                _                                                                      _             _                            _                                             _                _                                               _                      _             _                            _                                             _                _                                               _                      _             _                            _                                             _                _                                               _                      _             _                            _                                             _                _                                               _     _       __   _   _             _                  _ _       _  _                    _  _ _    __        ___      _   _     _          _ _ _    _                           _     _       __  __   _          _  _  _  _            _ _       _  _              __    _  _ _  _ __     _  ___ _    _   _  _ __          ___ _    _                 _ __ __   _     _  _    __  __   _          _ __ __  _            _ _       _ __ _         _  __    _  ___ _____     _  _____   __   _  _ __          ___ _ ____   _             _ ______ __     _ ____ ____ ___  _          _ __ __ __ _          ___       _ __ _         _  __ _  _  _________    __  _____ ____   _  _ __       _  ___ _______ __             _ ______ __     ___________ ___  ___        _ ________ _ _       ____       _ ____      _  __ ____  ____________    __ ___________ ___  _ __       _ ____________ __             _ __________    ___________ ____ ___      ____________ _ _     ______       _ ____   _  _  ________ ____________    __ ___________ ___  _ ___      _ ____________ __             _ __________    _______________________ _____________________________      ________  ___________________________    __ ________________ ______     _________________             _ __________    _______________________ _____________________________      ________  ___________________________    __ ________________ ______     _________________             _ __________   
Unknown  1 ILVTGGAGFIGGNFVLNWLANPG.DSVVNVDKLTYAGNRKTLASVESDPRHVFXXXXXXSQTDICDRAALDSLFAQYKPRAVVNFAAESHVDRSIHXXXXGPAEFIQTNIVGTFTLLEAARAYWGG.....KAAFRFLHVSTDEVYGS.............YAPNSPYSASKA 154* 
Proteobacteria  4 ILVTGGAGFIGGNFVLNWLANPGtDSVVNVDKLTYAGNRKTLATVESDPRHVF------SQTDICDRAALDSLFAQYKPRAVVHFAAESHVDRSIH----GPAEFIQTNIVGTFTLLEAARAYWGGldadaKAAFRFLHVSTDEVFGSlsatdpqfsettpYAPNSPYSASKA 166 
Cnidaria  35 ILVTGGAGFIGSNFVIDWLAGSS.ETVVNLDKLTYAGNLQNLASLADNPAHVF------VQGDIGDAELITRLLQQYQPRAVLNFAAESHVDRSIH----GPGEFIQTNIVGTFHLLESVRAYWGAlpaeaKAAFRFLHVSTDEVYGSltktdpafaetnrYEPNSPYSASKA 196 
Streptophyta  2 ILVTGGAGFIGANFVLDWLAAGD.EPVLNVDKLTYAGNLKSLESLQGDARHVF------VQADIGDGEVLARLLAEHRPRAVVNFAAESHVDRSIH----GPEDFIQTNVVGTFRLLEAVRGYWSAldaeaRTAFRFLHVSTDEVYGSlapaapaftedhlYEPNSPYSASKA 163 
unknown  4 ILVTGGAGFIGGNFVLNWLANPGtDSIVNVDKLTYAGNRKTLATVESDPRHVF------SQTDICDRAALDSLFAQYKPRAVVHFAAESHVDRSIH----GPAEFIQTNIVGTFTLLEAARAYWGGldadaKAAFRFLHVSTDEVFGSlsatdpqfsettpYAPNSPYSASKA 166 
position       .   10    .   20     .   30    .   40    .   50    .   60    .   70    .   80    .   90    .  100    .  110    .  120    .       130    .  140                 .  150      
                                                                                                                                                                             _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _         _                                                                                                                                                                  _   _        __                                                                                                                                                                  _   _        __                                                                                                                                                                  _   _        __     _                                                                          _                                                       _                         _   _        __     _                                                                          _                                                       _                         _   _        __     _                                                                          _                                                       _                         _   _        __     _                                                                          _                                                       _                         _   _        __     _                                                                          _                                                       _                         _   _        __     _                                                                        _ _                                                       _                         _   _       ___     _                                                                        _ __                                                      _                         _   _       ___     _                                                                        _ __                     _                                _                         _   _       ___     _                                                                        _ __                     _                                _                         _   _       ___     _                                                                        _ __                     _                                _                         _   _       ___     _                                                                        _ __                     _                                _                         _   _       ___     _                                                                        _ __                     _                                _                         _   _       ___     _                                                                        _ __                     _                                _                         _   _       ___     _                                                                        _ __                     _                                _                         _   _       ___     _               _                                                        _ __                     _                                _                         _   _       ___     _               _                                                      _ _ __                     _                                _                         _   _       ___    __               _                                                      _ _ __                     _                                _                         _   _      ____    __               _                                                      _ _ __                     _                                _                         _   _      ____    __               _                                                      _ _ __                     _                                _                         _   _      ____    __               _                                                      _ _ __                     _                                _                         _   _      ____    __               _                                                      _ _ __                     _                                _                         _   _      ____    __               _                                                      _ _ __                     _                                _                         _   _      _____   __               _                                                      _ _ __                     _  _                             _                         _   _      _____   __          _    _                                                      _ _ __                     _  _                             _                         _   _      _____   __          _    _                                                      _ _ __                     _  _                         _   _                         _   _      _____   __          _    _                                                      _ _ __                     _  _                         _   _                         _   _      _____   __          _    _                                                      _ _ __                     _  _                         _   _                         _   _      _____   __          _    _                                                      _ _ __                     _  _                         _   _                         _   _      _____   __          _    _                                                      _ _ __                     _  _                         _   _                         _   _      _____   __          _    _                              _                       _ _ __                     _  _                         _   _                         _  __      _____   __          _    _                              _                       _ _ __                     _  _                         _   _                         _  __      _____   __          _    _                              _                       _ _ __                     _  _                         _   _                         _  __      _____   __          _    _                              _                       ___ __                     _  _                         _   _                         _  __      _____   __          _    _                              _                     _ ___ __                     _  _                         _  __                         _  __      _____   __          _    _                              __                    _ ___ __                     _  _                        __  __                         _  __    
Group1    ●●●●●   ●●          ●    ●                              ●                       ● ● ●●                     ●  ●                         ●   ●                         ●  ●●   
consensus  1 ILVTGGAGFIGGNFVLNWLANPG.DSVVNVDKLTYAGNRKTLASVESDPRHVFXXXXXXSQTDICDRAALDSLFAQYKPRAVVNFAAESHVDRSIHXXXXGPAEFIQTNIVGTFTLLEAARAYWGG.....KAAFRFLHVSTDEVYGS.............YAPNSPYSASKA 154* 
ZP_00943277.1  4 ILVTGGAGFIGGNFVLNWLANPGtDSVVNVDKLTYAGNRKTLATVESDPRHVF------SQTDICDRAALDSLFAQYKPRAVVHFAAESHVDRSIH----GPAEFIQTNIVGTFTLLEAARAYWGGldadaKAAFRFLHVSTDEVFGSlsatdpqfsettpYAPNSPYSASKA 166 
XP_002160785.1  35 ILVTGGAGFIGSNFVIDWLAGSS.ETVVNLDKLTYAGNLQNLASLADNPAHVF------VQGDIGDAELITRLLQQYQPRAVLNFAAESHVDRSIH----GPGEFIQTNIVGTFHLLESVRAYWGAlpaeaKAAFRFLHVSTDEVYGSltktdpafaetnrYEPNSPYSASKA 196 
EEF10218.1  2 ILVTGGAGFIGANFVLDWLAAGD.EPVLNVDKLTYAGNLKSLESLQGDARHVF------VQADIGDGEVLARLLAEHRPRAVVNFAAESHVDRSIH----GPEDFIQTNVVGTFRLLEAVRGYWSAldaeaRTAFRFLHVSTDEVYGSlapaapaftedhlYEPNSPYSASKA 163 
CBJ43918.1  4 ILVTGGAGFIGGNFVLNWLANPGtDSIVNVDKLTYAGNRKTLATVESDPRHVF------SQTDICDRAALDSLFAQYKPRAVVHFAAESHVDRSIH----GPAEFIQTNIVGTFTLLEAARAYWGGldadaKAAFRFLHVSTDEVFGSlsatdpqfsettpYAPNSPYSASKA 166 
foreground (66283):    IITGG   LG          G    I               L              DL         L  L       D IIH AA L                   N  A                        LI  AT                         Y  TK  inf 
     VV  A   I                L                               V                      VVN  G                        G                        VV  SS                            S    
     L                        V                                                      L                                                      IL                                A    
wt_res_freqs (18036):   13893   29          7    1               1              62         1  1       6 123 82 1                   7  1                        13  11                         9  29   
    15  4   5                1                               3                      344  5                        6                        14  67                            4    
    5                        6                                                      4                                                      41                                2    
insertions          1            9  12     11 11       11111112    2                 112221       1111111    1                         1 1     1321         1  4             111           
deletions  48322221111111111122477 2211121244467887878911111222222342221119544411123344321        123233371333274211                11734     33431      111126             75421        19.9 
background (31860):    LITGG   LG   L      G    L               L      L             G L DL  L       D VILAAG L            L         G                     L  LILLSSLG                       L  AK  301.0 
      VL A   I                V                                                      LV  L                                                   V                                     
      L      V                                                                                                                               L                                     
wt_res_freqs (19023):   11121   12   1      1    1               1      1             1 1 11  1       1 111111 1            1         1                     1  11111111                       1  11   
     11 1   1                1                                                      11  1                                                   1                                     
     1      1                                                                                                                               1                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                    _                                                                                                                           _                                                    _                                                                                                                           _                                                    _                                                                                                                           _                                                    _                                                                                                                           _                                                    _                                                                                                                           _                                                    _                                                                                                                           _                                                    _                                                                                                                           _                                                    _                                                                                                                           _                                                    _                                                                                                                           _                                                    _                _                                                                                                          _                                                    _                _                                                                                                          _                                                    _                _                                                                                                          _                                                    _                _                                      _                                                                   _                                                    _                _                                      _                                                                   _                                                    _                _                                      _                                                                   _                                                    _                _                                      _                                                                   _                                                    _                _                                      _                                                                   _                                                    _   _            _                                      _                                                                   _                            _                       _   _            _                                      _                                                                   _                            _                       _ _ _            _                                     __                                                                 ___                            _                       _ _ _            _                                     __                                                                 ___                            _                       _ _ _            _                                     __                                                                 ___                            _                       _ _ _            _                                     __                                                                 ___     _           _          _                       _ _ _            _                                     __                      _                                          ___     _           _          _                       _ _ _            _                                     __                      _                                          ___     _           _          _                       _ _ _            _                                     __                      _                                          ___     _           _          _                       _ _ _            _                                     __                      _                                          ___     _           _          _                       _ _ _            _                                     __                      _          ____________  _   _     _   ___________ __  _     _ _        ___ _   _  _        ______________      _  _  ___ __  ___  _ __           __ _________              _ __________   
Group4                                   ●●●                            ●                       ● ● ●            ●                                     ●●                      ●        
consensus  1 ILVTGGAGFIGGNFVLNWLANPG.DSVVNVDKLTYAGNRKTLASVESDPRHVFXXXXXXSQTDICDRAALDSLFAQYKPRAVVNFAAESHVDRSIHXXXXGPAEFIQTNIVGTFTLLEAARAYWGG.....KAAFRFLHVSTDEVYGS.............YAPNSPYSASKA 154* 
ZP_00943277.1  4 ILVTGGAGFIGGNFVLNWLANPGtDSVVNVDKLTYAGNRKTLATVESDPRHVF------SQTDICDRAALDSLFAQYKPRAVVHFAAESHVDRSIH----GPAEFIQTNIVGTFTLLEAARAYWGGldadaKAAFRFLHVSTDEVFGSlsatdpqfsettpYAPNSPYSASKA 166 
XP_002160785.1  35 ILVTGGAGFIGSNFVIDWLAGSS.ETVVNLDKLTYAGNLQNLASLADNPAHVF------VQGDIGDAELITRLLQQYQPRAVLNFAAESHVDRSIH----GPGEFIQTNIVGTFHLLESVRAYWGAlpaeaKAAFRFLHVSTDEVYGSltktdpafaetnrYEPNSPYSASKA 196 
EEF10218.1  2 ILVTGGAGFIGANFVLDWLAAGD.EPVLNVDKLTYAGNLKSLESLQGDARHVF------VQADIGDGEVLARLLAEHRPRAVVNFAAESHVDRSIH----GPEDFIQTNVVGTFRLLEAVRGYWSAldaeaRTAFRFLHVSTDEVYGSlapaapaftedhlYEPNSPYSASKA 163 
CBJ43918.1  4 ILVTGGAGFIGGNFVLNWLANPGtDSIVNVDKLTYAGNRKTLATVESDPRHVF------SQTDICDRAALDSLFAQYKPRAVVHFAAESHVDRSIH----GPAEFIQTNIVGTFTLLEAARAYWGGldadaKAAFRFLHVSTDEVFGSlsatdpqfsettpYAPNSPYSASKA 166 
foreground (1735):   LLVTGGAGFIGAA IL LVAE   ERV NVDKLTYAGNL TIE L     FAF        ADI N   MA I    RV VIVHFAAESHVDRSIES    PE FL TNV GTFNLLD VK HW       R G KYVQISTDEVFG              Y PNSPYSSSKA 301.0 
    III        S  V   IE    D    L          SL  I     Y          G   D   I  V     I  VMN          L              I       E  R Y          V RF HV     Y                  S   AAT    
    V                 L                     N   V     H                  L  L         I                                                                                            
wt_res_freqs (486):  1879989999913 11 2111   116 52969998886 111 2     118        289 1   11 2    11 12475999998979817    71 91 894 9921991 11 17       1 1 111149999919              6 9399981899  
   712        7  7   21    4    5          38  2     4          5   8   1  2     2  632          1              4       6  6 6          1 77 75     8                  4   181    
   1                 3                     5   4     1                  2  4         1                                                                                            
insertions                     2237 53                                                                                                   6        1            !                           
deletions  13322222222221111121113 12                 2222963   !!!!!!                6118                 9!!!                     51233     32182           1                          10.3 
background (64548):   ILVTGGAGFIGAATVEAFLAAGG ADVAAVDRSSAAAAAVAAEAL AGGGAAAAVACDVASEDADD LVAAAVARFGGV GIVHAAAVT VGPSEELSDAEPDKTFATNVTGTFNLLELVRPHLKE     GGGGRFVNISTAAVFGG              PPQNPYSASKA 0.3 
    VII  ATRGL SELALRLARR A YRL LLG REEKLEELLELLA LA VV VVLLL LTD EDIE   E LLE L PI IVINN GIS PA LL MDPE WRRVMDI L SPLLVAQ LL LMLR     RRVASLIFVGSISGY P               GLSA G T L  
    AV    SS   R I KE  EE V  K  IAS D DG    V  IE E     I  VV  S  ASV    D IA    RL VLF     L D      TLD FE  L V   AVVR TK  A A IK     QK   I  TA V AV A                 GV A A    
wt_res_freqs (17550):  25589324159131111121171 316111351111111121111 11211111111631112111 111111112412 114318211 111111111111111111731522232111131211     12142143251121112              21111914493  
   313  41152 1125116411 1 111 211 1111211111121 11 11 11111 222 1111   1 111 1 12 23254 621 11 11 1113 2112121 2 1111111 12 1311     111111311171131 1               2112 2 2 1  
   21    22   1 2 11  11 1  1  111 1 11    1  11 1     1  11  1  112    1 11    12 241     1 1      212 11  1 3   1111 21  1 1 12     11   4  11 1 21 1                 11 2 2    
position       .   10    .   20     .   30    .   40    .   50    .   60    .   70    .   80    .   90    .  100    .  110    .  120    .       130    .  140                 .  150      
 
 
 
 
                                               _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                           _                _                            _                                              _                _                            _                                              _                _                            _                                              _                _                            _                                              _                _                            _                                              _                _                     _      _                                              _                _                     _      _                                              _                _                     _      _                                              _                _                     _      _                                              _                _                     _      _                                              _                _                     _      _                                              _                _                     _      _                                              _                _                     _      _                                              _                _                     _      _                                              _           _    _                     _      _                                              _           _    _                     _      _                                              _           _    _                     _      _                                              _           _    _                     _      _                         _     __             _       __ __ _  __                    _     __  _                      _  _  __ _     _    __ ___ _ _____ __ __                  _ _ _   __  __           __      ___  _  ____     _  ________ _ _____ __ __             _ _  ___ _  ___  __          ___      ___ __  ____   _ __ __________ _____ __ __            ____  ___ __ ___  __ _   _  _ ____    _____________   ___________________________            ____  ______ ___ ___ __  _________    _____________   ___________________________            ____ _______ ___ ___ __  _________    _____________   ____________________________           ________________ ______  _________    _____________   ____________________________           ________________ ______  _________   
Unknown  155 ASDHLVRAYHHTYXXXGLPVLTTNCSNNYGPYHFPEKLIPLMIT...........GDGQNVRDWLYVGDHCAAIREVLAAGRLGETYNV 232* 
Proteobacteria  167 ASDHLVRAYHHTY---GLPVLTTNCSNNYGPYHFPEKLIPLMITnalsgkplpvyGDGQNVRDWLYVGDHCAAIREVLARGRLGETYNV 252 
Cnidaria  197 ASDHLVRAYHHTY---GLPVLTTNCSNNYGPYHFPEKLIPLMIVnaqagkplpvyGDGQQIRDWLYVKDHCSAIRRVLEAGVLGETYNV 282 
Streptophyta  164 ASDHLVRAWHHTY---GLPVLTTNCSNNYGPLHFPEKLIPLMIVnalagkplpiyGDGMQVRDWLYVRDHCSAIRRVLEAGRLGDTYNV 249 
unknown  167 ASDHLVRAYHHTY---GLPVLTTNCSNNYGPYHFPEKLIPLMITnalsgkplpvyGDGQNVRDWLYVGDHCAAIREVLARGRLGETYNV 252 
position   .  160    .  170    .  180    .  190    .             200    .  210    .  220    .  230    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     _                                                                                            _                                                                                            _                                                                                            _                                                                      _                     _                                                  _                   _                     _                                                  _                   _                     _    _                                             _                   _                     _    _                                             _                   _                     _    _                                             _                   _                     _    _                                             _                   _                     _    _                                             _                   _                     _    _                                             _                   _                     _    _ _                                           _                   _   
Group1                    ●    ●                                             ●                   ●  
consensus  155 ASDHLVRAYHHTYXXXGLPVLTTNCSNNYGPYHFPEKLIPLMIT...........GDGQNVRDWLYVGDHCAAIREVLAAGRLGETYNV 232* 
ZP_00943277.1  167 ASDHLVRAYHHTY---GLPVLTTNCSNNYGPYHFPEKLIPLMITnalsgkplpvyGDGQNVRDWLYVGDHCAAIREVLARGRLGETYNV 252 
XP_002160785.1  197 ASDHLVRAYHHTY---GLPVLTTNCSNNYGPYHFPEKLIPLMIVnaqagkplpvyGDGQQIRDWLYVKDHCSAIRRVLEAGVLGETYNV 282 
EEF10218.1  164 ASDHLVRAWHHTY---GLPVLTTNCSNNYGPLHFPEKLIPLMIVnalagkplpiyGDGMQVRDWLYVRDHCSAIRRVLEAGRLGDTYNV 249 
CBJ43918.1  167 ASDHLVRAYHHTY---GLPVLTTNCSNNYGPYHFPEKLIPLMITnalsgkplpvyGDGQNVRDWLYVGDHCAAIREVLARGRLGETYNV 252 
foreground (66283):             L      L    L P      G                                I   E    L              L inf 
                     V    I                                             D                   I  
                     I    V                                                                 V  
wt_res_freqs (18036):            1      1    2 6      1                                1   2    1              1  
                    2    2                                             4                   2  
                    4    3                                                                 4  
insertions                6 1          1 1111111111 1  6                11                  6          
deletions         11115823315          1134578111111112           1111111776555556666788111221111234 19.9 
background (31860):        L   GL G    L    L P LLL  GL     LLLL                   L  I   D    L              L 301.0 
                          V L                                                                  
wt_res_freqs (19023):       1   11 1    1    1 1 111  11     1111                   1  1   1    1              1  
                         1 1                                                                  
                                 _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                                                                            _                                         _                                                  _                                         _                                                  _                                         _                                                  _                                         _                                                  _                                         _                                                  _                                         _                                                  _                                         _                                                  _                                         _                                                  _                                         _                                                  _                                         _                                             _    _                                         _                                             _    _                                         _                                             _    _                                         _                                             _    _                                         _                                             _    _                                         _                                             _    _                                         _                                             _    _                                         _                                             _    _                                         _                                             _ _  _                                         _                                             _ _  _                                         _                                             _ _  _                                         _                                             _ _  _                                         _                                             _ _  _        _ _                              _                                             _ _  _        _ _                              _                                             _ _  _       __ _                              _                                             _ _  _       __ _                              _                                             _ _  _       __ _                              _                                             _ _  _       __ _                              _                                             _ _  _       __ _                              _                                             _ _  _    _  __ _                              _                                             _ _  _    _  __ __                             _                                             _ _  _    _  __ __                             _                                  _          _ _  _    _  __ __                             _                                  _          _ _  _    _  __ __                             _          _                       _          _ _  _    _  __ __                       _     _          _                       _          _ __ _    _  __ __                       _     _          _                       _          _ _____   _  __ __                       _     _          _                       _          _ _____   _  __ __                       _     _          _                       _          _ _____   _  __ __                       _     _          _                       _          _ _____   _  __ __                       _     _          _                       _          _ _____   _  __ __                       _     _          _             __ __ __  __    __  __ _________________ _            _ _ ________ __  __  _   _  __ ___   
Group4              ●          ● ●● ●●   ●  ●● ●●                       ●     ●          ●          
consensus  155 ASDHLVRAYHHTYXXXGLPVLTTNCSNNYGPYHFPEKLIPLMIT...........GDGQNVRDWLYVGDHCAAIREVLAAGRLGETYNV 232* 
ZP_00943277.1  167 ASDHLVRAYHHTY---GLPVLTTNCSNNYGPYHFPEKLIPLMITnalsgkplpvyGDGQNVRDWLYVGDHCAAIREVLARGRLGETYNV 252 
XP_002160785.1  197 ASDHLVRAYHHTY---GLPVLTTNCSNNYGPYHFPEKLIPLMIVnaqagkplpvyGDGQQIRDWLYVKDHCSAIRRVLEAGVLGETYNV 282 
EEF10218.1  164 ASDHLVRAWHHTY---GLPVLTTNCSNNYGPLHFPEKLIPLMIVnalagkplpiyGDGMQVRDWLYVRDHCSAIRRVLEAGRLGDTYNV 249 
CBJ43918.1  167 ASDHLVRAYHHTY---GLPVLTTNCSNNYGPYHFPEKLIPLMITnalsgkplpvyGDGQNVRDWLYVGDHCAAIREVLARGRLGETYNV 252 
foreground (1735):   AAD IV SY  SF    LP  VS CSNNYGPYHYPEKLIPL V            G G QIRDWIHVDDHA GL  I   G  GEIYNV 301.0 
     S  LA AW  TY        IT         QF        I                NV   LY      AI  V           I  
                                                                             V                 
wt_res_freqs (486):  329 18 14  11    77  22 88999996418997996 1            9 9 339891381993 13  2   9  981982  
    6  71 84  87        47         56        8                55   75      84  6           7  
                                                                            1                 
insertions                                             !                                               
deletions               !!!                                                                        2 10.3 
background (64548):   AADGLVESYAAEYGGKNLT NVVAPGNTYGPGGAGLLGD A AA           GAGTALRDFIHVDDVAAALAYLASSAVTGEIYNV 0.3 
     LEAMAKALRL LAPR VR  IL  FPIATDMTRA PEE   L            L  IP GRPLSP ELVDLILFAI DPIN Q LVI  
     I  FT    K   K  I   AI   LVD EL S   A                 A       LVTA  I E VI     E   G I L  
wt_res_freqs (17550):  4112311114141111111 3131661112211111111 1 11           1111112111121435131114321123511124  
    2311111411 3321 23  12  1121511111 111   1            1  13 231113 2111112221 1121 1 212  
    1  13    1   1  4   22   131 11 1   1                 1       1111  1 1 21     1   1 2 1  
position   .  160    .  170    .  180    .  190    .             200    .  210    .  220    .  230    
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Figure S16. (continued). 
 
Set1_3  
                 _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                            _                                          _                                        _                                                                                            _                                          _                                        _                                                                                            _                                          _                                        _                                                                                            _                                          _                                        _                                                                                            _                                          _                                        _                                                                                            _                                          _                                        _                                                                                            _                                          _                                        _                                                                                            _                                          _                                        _                                                                                            _                                          _                                        _                                                                                            _                                          _                                        _                                                                                            _                                          _                                        _                                                                                            _                                          _                                      _ _                                                                                            _                                          _                                      _ _                                                                                            _                                          _                                      _ _                                                                                            _                                          _                                      _ _                                                                                            _                                          _                                      _ _                                                                                            _                                          _                                      _ _                                                                                            _                                          _                                      _ _                                                                                            _                                          _                                      _ _                                                                                            _                                          _                                      _ _                                                                                            _                                          _                                      _ _                                                                                            _                                          _                                      _ _                                                                                            _                                          _                                      _ _                                   _                                        _            _  _                                      _   _                                      _ _                                   _                                        _            _  _                                      _   _                                      _ _      _                            _                                        _        _ _ _ __          _                           _   _                                     __ _      _                            _                                        _    _   _ _ _ __          _                        _  _   _  _                                  __ _      _                            _                                        _    __  _ _ _ __          _                        _  _   _  _                                  __ _      _                            _                                        _    __  _ _ _ __          _                        _  _   _  _                                  __ _      _                            _                                        _    __ __ _ _ __          _  _     _      _        _  _   _ __                                  __ _      _                            _                                        _    __ __ _ _ __          _  _     _      _        _  _   _ __                                  __ _      _              __            _      _                                 _    __ ____ _ __   _      _  _     _      _        _  _   _ __                                  __ __ _   _              __            _      _                                 _    __ ______ __   _  _   _  _     _   _  _       __  _   _ __                             _  _ __ ____   _      _ _ _   __  _        ___  _  _                 __ _            _   ___ ______ ____ _  __ __  __  _ _   _  _       __ __  __ __                             _  _ __ _____ __      _ _ _ _ __  _  _    ____  _  _             _   __ _            _   ___ ______ ____ _  __ __  __  _ _ _ _  _       __ ___ __ __                             _____________ __  _ _ _ _ _ _ __  _ ___   ____  _  _             _  ___ _    _       _   __________ ____ _  __ __  __ __ _ _ _ __     _ __ __________                            ________________  _ ___ _ ___ __ __ ___   ____  __ _             _  ___ _  _ _     ___   __________ ____ _  __ __ ___ __ _ ___ __     _ __ __________                         _ _________________ __ ___ _____ __ __ ___ ______  __ _           _ _  _____  _ _     ___   __________ ____ _  _____ ___ __ _ ___ __     ____ ___________                        _ _________________ __ ___ _____ _____ ___ ______ _____           _ __ __________  _______  _______________ _ __________ ____ ___ __     ________________                        ___________________ __ ________________________________           _______________ _________________________ _ ______________________ _   ________________                        ___________________ __ ________________________________           _______________ _________________________ _ ______________________ _   ________________                       
Unknown  1 VLVIGGDGYCGWATALHLSARGXYEVCIVDNLVRRHWDAQLGVDTLTPIASIHQR...........IDLFVGDICDYEFLSNTFKSFEPEAIVHFGEQRSAPYSMIDXRSHAVMTQHNNVIGTLNVLFAIKEDCXXXPDCHLVKLGTMGEYGT.................... 142* 
Chlorophyta  85 VMIIGGDGYCGWATALHLSARG-YEVCIVDNLCRRQFDLQLGLDTLTPIATIHDRvrrwgevsgkhISLQIGDICDWEFLSQAFTSFKPNHVVHFGEQRSAPYSMID-RQKAVFTQHNNVIGTINVLFAIKELQ---PDCHMVKLGTMGEYGTpnidieegyitinhngrtdt 252 
Cyanobacteria  3 VLVIGGDGYCGWATALHLSSRG-YDVGILDNLIRRHWDAQLGVETLTPISPIHQRierwnnlsgkaVDLYVGDITDYAFLSKTLREFEPEAIVHFGEQRSAPFSMID-REHAVMTQVNNVVGTLNILYAMKEDF---PDCHLVKLGTMGEYGTpnidieegyitiehngrkdt 170 
Streptophyta  82 VMVIGGDGYCGWATALHLSNKG-YEVVIVDNLVRRAFDNQLGLDSLTPITSIQNRvrrwksltaktIQLFIGDICDFEFLSETFKSFEPDAAVHFGEQRSAPYSMID-RSRAVYTQHNNVIGTLNVLFAIKEYS---EECHLVKLGTMGEYGTpnidieegfitithngrtdt 249 
Acidobacteria  3 ILVIGGDGYCGWATALYLSERG-HEVAIVDSLVRRHWDATLGVDTLTPIASIHQRvqhwnektgrkIDLFVGDITDYQLVRNILKTWEPESIVHFGEQRSAPFSMID-RDHAVMTQVDNVTGTLNLLFAMHEIC---PDAHLVKLGTMGEYGQpnidieegyitikhngredr 170 
position       .   10    .   20    .   30    .   40    .   50    .              60    .   70    .   80    .   90    .  100    .  110    .  120    .  130    .  140                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       _                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __     _                                                                                    _                                                  _                                 __     _                                                                                    _                                                  _                                 __     _                                                                                    _                                                  _                                 __     _                                                                                    _                                                  _                                 __     _                                                                                    _                                                  _                                 __     _                                                                                  _ _                                                  _                                ___     _                                                                                  _ __                                                 _                                ___     _                                                                                  _ __                     _                           _                                ___     _                                                                                  _ __                     _                           _                                ___     _                                                                                  _ __                     _                           _                                ___     _                                                                                  _ __                     _                           _                                ___     _                                                                                  _ __                     _                           _                                ___     _                                                                                  _ __                     _                           _                                ___     _                                                                                  _ __                     _                           _                                ___     _              _                                                                   _ __                     _                           _                                ___     _              _                                                                 _ _ __                     _                           _                                ___    __              _                                                                 _ _ __                     _                           _                               ____    __              _                                                                 _ _ __                     _                           _                               ____    __              _                                                                 _ _ __                     _                           _                               ____    __              _                                                                 _ _ __                     _                           _                               ____    __              _                                                                 _ _ __                     _                           _                               ____    __              _                                                                 _ _ __                     _                           _                               _____   __              _                                                                 _ _ __                     _  _                        _                               _____   __          _   _                                                                 _ _ __                     _  _                        _                               _____   __          _   _                                                                 _ _ __                     _  _                    _   _                               _____   __          _   _                                                                 _ _ __                     _  _                    _   _                               _____   __          _   _                                                                 _ _ __                     _  _                    _   _                               _____   __          _   _                                                                 _ _ __                     _  _                    _   _                               _____   __          _   _                                                                 _ _ __                     _  _                    _   _                               _____   __          _   _                                         _                       _ _ __                     _  _                    _   _                               _____   __          _   _                                         _                       _ _ __                     _  _                    _   _                               _____   __          _   _                                         _                       _ _ __                     _  _                    _   _                               _____   __          _   _                                         _                       ___ __                     _  _                    _   _                               _____   __          _   _                                         _                     _ ___ __                     _  _                    _  __                               _____   __          _   _                                         __                    _ ___ __                     _  _                   __  __                             
Group1    ●●●●●   ●●          ●   ●                                         ●                       ● ● ●●                     ●  ●                    ●   ●                            
consensus  1 VLVIGGDGYCGWATALHLSARGXYEVCIVDNLVRRHWDAQLGVDTLTPIASIHQR...........IDLFVGDICDYEFLSNTFKSFEPEAIVHFGEQRSAPYSMIDXRSHAVMTQHNNVIGTLNVLFAIKEDCXXXPDCHLVKLGTMGEYGT.................... 142* 
XP_001697898.1  85 VMIIGGDGYCGWATALHLSARG-YEVCIVDNLCRRQFDLQLGLDTLTPIATIHDRvrrwgevsgkhISLQIGDICDWEFLSQAFTSFKPNHVVHFGEQRSAPYSMID-RQKAVFTQHNNVIGTINVLFAIKELQ---PDCHMVKLGTMGEYGTpnidieegyitinhngrtdt 252 
ZP_03153985.1  3 VLVIGGDGYCGWATALHLSSRG-YDVGILDNLIRRHWDAQLGVETLTPISPIHQRierwnnlsgkaVDLYVGDITDYAFLSKTLREFEPEAIVHFGEQRSAPFSMID-REHAVMTQVNNVVGTLNILYAMKEDF---PDCHLVKLGTMGEYGTpnidieegyitiehngrkdt 170 
NP_001148807.1  82 VMVIGGDGYCGWATALHLSNKG-YEVVIVDNLVRRAFDNQLGLDSLTPITSIQNRvrrwksltaktIQLFIGDICDFEFLSETFKSFEPDAAVHFGEQRSAPYSMID-RSRAVYTQHNNVIGTLNVLFAIKEYS---EECHLVKLGTMGEYGTpnidieegfitithngrtdt 249 
YP_002754451.1  3 ILVIGGDGYCGWATALYLSERG-HEVAIVDSLVRRHWDATLGVDTLTPIASIHQRvqhwnektgrkIDLFVGDITDYQLVRNILKTWEPESIVHFGEQRSAPFSMID-RDHAVMTQVDNVTGTLNLLFAMHEIC---PDAHLVKLGTMGEYGQpnidieegyitikhngredr 170 
foreground (66283):    IITGG   LG          G   I               L                         DL         L  L       D IIH AA L                   N  A                   LI  AT                           inf 
     VV  A   I               L                                          V                      VVN  G                        G                   VV  SS                            
     L                       V                                                                 L                                                 IL                                
wt_res_freqs (18036):   13893   29          7   1               1                         62         1  1       6 123 82 1                   7  1                   13  11                            
    15  4   5               1                                          3                      344  5                        6                   14  67                            
    5                       6                                                                 4                                                 41                                
insertions          1            9 12     11 11       11111112    2                            112221       1111111    1                         1 11321         1  4                      
deletions  4832222111111111112247722111212444678878789111112222223           42221119544411123344321        123233371333274211                1173433431      111126                     19.9 
background (31860):    LITGG   LG   L      G   L               L      L                        G L DL  L       D VILAAG L            L         G                L  LILLSSLG                         301.0 
      VL A   I               V                                                                 LV  L                                              V                                
      L      V                                                                                                                                    L                                
wt_res_freqs (19023):   11121   12   1      1   1               1      1                        1 1 11  1       1 111111 1            1         1                1  11111111                          
     11 1   1               1                                                                 11  1                                              1                                
     1      1                                                                                                                                    1                                
                                                                                                    _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                                                                                                              _                                                 _                                        _                                                                                     _                   _                             _                                        _                                                                                     _                   _                             _                                        _                                                                                     _                   _                             _                                        _                                                                                     _                   _  _                          _                                        _                                                                                     _                   _  _                          _                                        _                                                                                     _        _          _  _                          _                                        _                     _                                                               _        _          _  _                          _                                        _                     _                                                               _        _          _  _                          _                                        _                     _                                                               _        _          _  _                          _                                        _                     _                                                               _        _          _  _                          _                                        _                     _                                                               _       __          _  _                          _                                        _                     _                                                               _       __          _  _                          _                                        _                     _                                          _                    _       __          _  _                          _                                        _                     _                                          _                    _       __          _  _                          _                                        _                     __                                         _     _              _       __          _  _           _              _     __                                 _                     __                                         _     _              _       __          _  _           _              _     __                                 _   _                 __                                         _     _              _       ___      _  _  _           _             __     __                                 _   _                ___                                        __     _              _       ___      _  _  _           _             __     __                                 _   _                ___                                        __     _              _       ___      _  _  _           _             __     __                                 _   _                ___                                        __     _              _       ___      _  _  _           _             __     __                                 _   _                ___                                        __     _              _       ___      _  _  _           _             __     __                                 _   _                ___                                        __     _              _       ___      _  _  _           _             __     __                                 _   _                ___                                        __     _              _       ___      _  _  _           _             __     __                         __  __ ______    _         _____ ___    _    _ __  _                _   __ _   _  __      ______  _ _____      __ __ __      __  _        _   ______  __                        
Group5           ●                    ●●●                                        ●● ●   ●              ●       ●●●         ●  ●           ●              ●     ●●                       
consensus  1 VLVIGGDGYCGWATALHLSARGXYEVCIVDNLVRRHWDAQLGVDTLTPIASIHQR...........IDLFVGDICDYEFLSNTFKSFEPEAIVHFGEQRSAPYSMIDXRSHAVMTQHNNVIGTLNVLFAIKEDCXXXPDCHLVKLGTMGEYGT.................... 142* 
XP_001697898.1  85 VMIIGGDGYCGWATALHLSARG-YEVCIVDNLCRRQFDLQLGLDTLTPIATIHDRvrrwgevsgkhISLQIGDICDWEFLSQAFTSFKPNHVVHFGEQRSAPYSMID-RQKAVFTQHNNVIGTINVLFAIKELQ---PDCHMVKLGTMGEYGTpnidieegyitinhngrtdt 252 
ZP_03153985.1  3 VLVIGGDGYCGWATALHLSSRG-YDVGILDNLIRRHWDAQLGVETLTPISPIHQRierwnnlsgkaVDLYVGDITDYAFLSKTLREFEPEAIVHFGEQRSAPFSMID-REHAVMTQVNNVVGTLNILYAMKEDF---PDCHLVKLGTMGEYGTpnidieegyitiehngrkdt 170 
NP_001148807.1  82 VMVIGGDGYCGWATALHLSNKG-YEVVIVDNLVRRAFDNQLGLDSLTPITSIQNRvrrwksltaktIQLFIGDICDFEFLSETFKSFEPDAAVHFGEQRSAPYSMID-RSRAVYTQHNNVIGTLNVLFAIKEYS---EECHLVKLGTMGEYGTpnidieegfitithngrtdt 249 
YP_002754451.1  3 ILVIGGDGYCGWATALYLSERG-HEVAIVDSLVRRHWDATLGVDTLTPIASIHQRvqhwnektgrkIDLFVGDITDYQLVRNILKTWEPESIVHFGEQRSAPFSMID-RDHAVMTQVDNVTGTLNLLFAMHEIC---PDAHLVKLGTMGEYGQpnidieegyitikhngredr 170 
foreground (1913):   VLVTGG GYIGSHVAK L A  G    IIDDL TGN E  S I  I RLA L              A F   DV N   V  LF   R DSIMHFAG R VGESM    EDPL YYENNL     LL  M        I RIVFSSTA  YG                      301.0 
    I I     F             R    VL N  NAH         V  V  I              L L    L D   L  I       AVI     K     V         TF                      V   I   S                            
                          K     V                L  I                        I        V       G V                                                                                  
wt_res_freqs (562):  498699 988988111 9 1  2    31918 261 1  5 1  1 511 2              2 7   92 1   1  16   1 41119993 1 87892    2186 861891     87  7        1 13688847  99                       
   5 1     1             1    52 7  414         1  3  5              1 2    3 7   6  2       575     4     5         11                      6   2   5                            
                         1     3                6  4                        3        4       1 1                                                                                  
insertions                          1                            18                   3   1       64                                                               19                      
deletions  722111111111111       9           333446444333333333221           863211    11111111  1                   9!99                        !!!9                                    13.1 
background (64370):   VLVTGGGGGIGSAVAERLAAE GAKIAILDRSEAAGAAVAAAIAELGGVAALAVA           CDVASEDADDALVAAALARFGGVDAIIHAAGVAHVGPSLDLSEDDPDATFATNLLAAFRVLQLAARLLKAGGVGSVVFTSTDSGYGG                     0.3 
    IVI  ATRFL LEL K F RR P RL VVG R EKLEELLELLL AA GVVI LL           L LTD EDIE   E LVE L PL IVVNL  IL PA LE MDPEEWRRVMEI   SPVLLAR LLP MLKRRGARIINIASI AL P                      
    AI    SS   R I R   K  V    LAS D D A     E   E  R  V  V           A  S  ASV    D IA    R  VLF N   T D      TL  FE  L V    V   TK V    IEQK    LHV  V  V A                      
wt_res_freqs (17474):  355893146591315116411 131111135111111112111111121111111           163111211121111111124126112318611111111111122121111272111211211311121212141141151113112                      
   213  41112 112 1 1 11 1 11 111 1 11211111121 11 1111 11           1 222 1111   1 111 1 12 23451  21 11 11 111312112111   1111312 123 312112124332171 21 1                      
   21    22   1 2 2   1  1    211 1 1 1     2   1  1  1  1           2  1  112    1 11    1  241 4   1 1      21  11  1 3    1   21 1    1111    112  1  1 1                      
position       .   10    .   20    .   30    .   40    .   50    .              60    .   70    .   80    .   90    .  100    .  110    .  120    .  130    .  140                        
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Unknown  143 ....KQPGSFYHLSKVHDSHNIAFACKAWXXXGIRATDLNQGVVYGVRTDETAADELLSN............................GKGGQTRGYLDIRDTVRCIELAITNP...GEFRVFNQ 232* 
Chlorophyta  253 lpypKQGNSFYHLSKIHDSTNMLFTCKAW---KIAATDLNQGVVYGVRTDETMADPLLLNrydydgifgtalnrfvvqaavghpltvyGKGGQTRGFLDIRDTVRCIQLAIDNPapkGEMRVYNQ 374 
Cyanobacteria  171 lpypKQPGSFYHLSKVHDSHNIHFACKIW---GLRATDLNQGVVYGVLTEETGIDELLINrldydgvfgtalnrfciqaaighpltvyGKGGQTRGFLDIRDTVRCIELAITNPadaGQFRVFNQ 292 
Streptophyta  250 lpypKQASSFYHLSKVHDSHNIAFTCKAW---GIRATDLNQGVVYGVRTDETAMHEELSNrfdydgvfgtalnrfcvqaavghpltvyGKGGQTRGYLDIRDTVQCVELAIANPakpGEFRVFNQ 371 
Acidobacteria  171 lpypMQPGSFYHLSKVHDTHNIRFACKIW---GLRATDLNQGVVYGVLTDETANDDKLVNrldydhvfgtalnrfciqaaighpltvyGTGGQTRGYLDIRDTVRCIEIACTNPadkGEFRVFNQ 292 
position         .  150    .  160    .  170    .  180    .  190    .                              200    .  210    .  220       .  230    
                _                                                                                                                                _                                                                                                                                _                                                                                                                                _                                                                                                                                _                                                                                                                                _                                                                                                                                _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                                                                                                                            _   _                  _                                                                                                         _   _                  _                                                                                                         _   _                  _                                                                                                         _   _                  _                                                                                          _              _   _                  _                                                                   _                      _              _   _                  _                                                                   _                      _              _   _                  _    _                                                              _                      _              _  __                  _    _                                                              _                      _              _  __                  _    _                                                              _                      _              _  __                  _    _                                                              _                      _              _  __                  _    _                                                              _                      _              _  __                  _    _                                                              _                      _              _  __                  _    _ _                                                            _                      _   
Group1             ●  ●●                  ●    ●                                                              ●                      ●  
consensus  143 ....KQPGSFYHLSKVHDSHNIAFACKAWXXXGIRATDLNQGVVYGVRTDETAADELLSN............................GKGGQTRGYLDIRDTVRCIELAITNP...GEFRVFNQ 232* 
XP_001697898.1  253 lpypKQGNSFYHLSKIHDSTNMLFTCKAW---KIAATDLNQGVVYGVRTDETMADPLLLNrydydgifgtalnrfvvqaavghpltvyGKGGQTRGFLDIRDTVRCIQLAIDNPapkGEMRVYNQ 374 
ZP_03153985.1  171 lpypKQPGSFYHLSKVHDSHNIHFACKIW---GLRATDLNQGVVYGVLTEETGIDELLINrldydgvfgtalnrfciqaaighpltvyGKGGQTRGFLDIRDTVRCIELAITNPadaGQFRVFNQ 292 
NP_001148807.1  250 lpypKQASSFYHLSKVHDSHNIAFTCKAW---GIRATDLNQGVVYGVRTDETAMHEELSNrfdydgvfgtalnrfcvqaavghpltvyGKGGQTRGYLDIRDTVQCVELAIANPakpGEFRVFNQ 371 
YP_002754451.1  171 lpypMQPGSFYHLSKVHDTHNIRFACKIW---GLRATDLNQGVVYGVLTDETANDDKLVNrldydhvfgtalnrfciqaaighpltvyGTGGQTRGYLDIRDTVRCIEIACTNPadkGEFRVFNQ 292 
foreground (66283):             Y  TK           L      L    L P      G                                                 I   E    L                 L inf 
                 S                   V    I                                                              D                      I  
                 A                   I    V                                                                                     V  
wt_res_freqs (18036):            9  29           1      1    2 6      1                                                 1   2    1                 1  
                4                   2    2                                                              4                      2  
                2                   4    3                                                                                     4  
insertions      111                       6 1          1 1111111111 1  6                                 11                  6             
deletions      75421              11115823315          1134578111111112                            11111117765555566667881112   21111234 19.9 
background (31860):             L  AK      L   GL G    L    L P LLL  GL     LLLL                                    L  I   D    L                 L 301.0 
                                          V L                                                                                      
wt_res_freqs (19023):            1  11      1   11 1    1    1 1 111  11     1111                                    1  1   1    1                 1  
                                         1 1                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                                 _                                                              _                                                       _         _                                                              _                                                       _         _                                                              _                                                       _         _                                                              __                                                      _         _                                                              __                                                      _         _                                                              __                                                _     _ _       _                                                              __           _                                    _     _ _       _                                                              __           _                                    _     _ _       _                _                                             __    _      _                                    _   ___ _       _                _                                             ___  __      _                                   __   ___ _       _                _                          _                  ___  __      _                                   __   ___ _   _   _                _                          _                  ___  __      _                                   __   ___ _   _   _                _                          _                  ___  __      _                                   __   ___ _   _   _                _                          _                  ___  __      _                                   __   ___ _   _   _                _                          _                  ___  __      _                                   __   ___ _   _   _                _                          _                  ___  __      _                                   __   ___ _   _   _                _             ____ __ _ _ __ _   __         _____  __   _ ___ _                                ___ _______ __  __  __  _        ___   
Group5           ●            ●     ●          ● ●●   ●       ●                                    ●   ● ● ●●      ●                ●   
consensus  143 ....KQPGSFYHLSKVHDSHNIAFACKAWXXXGIRATDLNQGVVYGVRTDETAADELLSN............................GKGGQTRGYLDIRDTVRCIELAITNP...GEFRVFNQ 232* 
XP_001697898.1  253 lpypKQGNSFYHLSKIHDSTNMLFTCKAW---KIAATDLNQGVVYGVRTDETMADPLLLNrydydgifgtalnrfvvqaavghpltvyGKGGQTRGFLDIRDTVRCIQLAIDNPapkGEMRVYNQ 374 
ZP_03153985.1  171 lpypKQPGSFYHLSKVHDSHNIHFACKIW---GLRATDLNQGVVYGVLTEETGIDELLINrldydgvfgtalnrfciqaaighpltvyGKGGQTRGFLDIRDTVRCIELAITNPadaGQFRVFNQ 292 
NP_001148807.1  250 lpypKQASSFYHLSKVHDSHNIAFTCKAW---GIRATDLNQGVVYGVRTDETAMHEELSNrfdydgvfgtalnrfcvqaavghpltvyGKGGQTRGYLDIRDTVQCVELAIANPakpGEFRVFNQ 371 
YP_002754451.1  171 lpypMQPGSFYHLSKVHDTHNIRFACKIW---GLRATDLNQGVVYGVLTDETANDDKLVNrldydhvfgtalnrfciqaaighpltvyGTGGQTRGYLDIRDTVRCIEIACTNPadkGEFRVFNQ 292 
foreground (1913):           SPYG TK I E MMKDLARSN ASGIRV ALRYFN  GA   A LGE P                               GDGT IRDYVHI DL EGHL AL  L      ETYNL 301.0 
            N    S  M   IIR    AD K      S   G        G I                                        V  FI V     A       P        F    
                    A    L        Q                                                                                                
wt_res_freqs (562):          2798 59 1 8 211612111 283121 198888  97   1 287 5                               1898 3988181 98 1382 87  6      11397  
           7    4  4   422    63 1      1   1        7 5                                        5  17 8     5       1        3    
                   1    5        2                                                                                                
insertions                                  2                         19                                                     9   24 1      
deletions       356               2 11222991              1431232161 14                                                   115   45565671 13.1 
background (64370):         GQSPYGATKGGAEGFVEALAREYGGKGVTVNALRPGNTDGDGGAA PAE A AA                            GDGTALRDFVSVDDL AAAAYAISSA   VTGGTYNL 0.3 
           LNA S S AALDALARS RL LAPRNIR  SVA  PIYTPM RG  ED L L                             LA IP GRPIYPEEV ELLLFLL DP   IN Q FVV  
            GV A A       TK       K      VI   L   EL  P                                     A       LLTA  I   I   A  E      E I I  
wt_res_freqs (17474):        212192429121321112441412115214322266111211111 111 1 11                            111111211112141 1311121211   23511121  
          112 1 4 342113121 11 3321143  131  121531 11  11 1 1                             11 13 231113323 1112242 11   21 1 114  
           11 2 2       31       1      12   1   11  1                                     1       1111  1   1   3  1      1 2 2  
position         .  150    .  160    .  170    .  180    .  190    .                              200    .  210    .  220       .  230    
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Figure S16. (continued). 
 
Set1_4  
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Unknown  1 VLVTGGAGFIGSHLCERLLEEGXHEVLCVDNFFTGSKDNIKHLLGNPNXXXXXXXXXXXXXXFELLRHDVTFPLYVEVDEIYNLACPASPVHYQFXXXXDPVQTTKTSVHGAINMLGLAKRLXXXXXKAKILQASTSEVYGD................IGPRACYDEGKRCAE 157* 
Chlorobi  5 VLVTGGAGFLGSHLCERLLAEG-HDVLCVDNFFTGTKQNILHLMGNPR--------------FELMRHDVTFPLYVEVDEIYNLACPASPIHYQF----DPVQTTKTSVHGAINMLGLAKRV-----KARILQASTSEVYGDpevhpqhegywgkvnpIGIRSCYDEGKRCAE 153 
Proteobacteria  9 ILVTGGAGFLGSHLCERLLNDG-HDVLCVDNFFTGSKDNIVHLMQNPH--------------FEMMRHDVTFPLYVEVDEIYNLACPASPVHYQF----DPVQTTKTSVHGAINMLGLAKRT-----KAKIFQASTSEVYGDpkvhpqtegywghvnpVGIRSCYDEGKRCAE 157 
Bacteroidetes  4 VLVSGGGGFLGSHLCDRLLKEG-NEVLCVDNFFTGNRRNIHHLLDNKN--------------FELLRHDVTHPLYVEVDEIYNLACPASPIHYQF----DPVQTTKTSVIGAMNMLGLAKRL-----KIKILQASTSEIYGDpeihpqpesyrgnvntLGPRACYDEGKRCAE 152 
Aquificae  5 ILITGGAGFIGSHLCERLLEEG-NEVICVDNFFTGSKENIKHLLGNPY--------------FEVLRHDITFPLYVEVDEIYNLACPASPIHYQF----DPVQTTKTSVMGAINMLGLAKRL-----KIRILQASTSEVYGDptvhpqkedywgnvnpIGPRACYDEGKRCAE 153 
Nitrospirae  9 ILITGGAGFIGSHLCEKLLSEG-HEVLCVDNFYTGKRANIAHLLSNPN--------------FEILRHDITFSLYVEVDEIYHLACPASPVHYQF----DPVQTIKTAVHGSINMLGLAKRT-----KAKILLASTSEVYGDptvhpqqetywgnvnpIGPRACYDEGKRCAE 157 
Deferribactere  4 VLVTGGAGFIGSHLCERLLEQG-HEVLCVDNLFTSRKDNIKKLMDNKD--------------FEFMRHDVTFPLSVEVDQIYNLACPASPVHYQF----DPVQTTKTSVMGAINMLGLAKRL-----KIPVFQASTSEVYGDpeihpqpesykgsvnpIGVRACYDEGKRCAE 152 
position       .   10    .   20    .   30    .   40    .   50    .   60    .   70    .   80    .   90    .  100    .  110    .  120    .  130    .  140                    .  150    .    
                                                                                                                                                                          _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _            _                                                                                                                                                               _   _           __                                                                                                                                                               _   _           __                                                                                                                                                               _   _           __     _                                                                         _                                                  _                            _   _           __     _                                                                         _                                                  _                            _   _           __     _                                                                         _                                                  _                            _   _           __     _                                                                         _                                                  _                            _   _           __     _                                                                         _                                                  _                            _   _           __     _                                                                       _ _                                                  _                            _   _          ___     _                                                                       _ __                                                 _                            _   _          ___     _                                                                       _ __                     _                           _                            _   _          ___     _                                                                       _ __                     _                           _                            _   _          ___     _                                                                       _ __                     _                           _                            _   _          ___     _                                                                       _ __                     _                           _                            _   _          ___     _                                                                       _ __                     _                           _                            _   _          ___     _                                                                       _ __                     _                           _                            _   _          ___     _                                                                       _ __                     _                           _                            _   _          ___     _              _                                                        _ __                     _                           _                            _   _          ___     _              _                                                      _ _ __                     _                           _                            _   _          ___    __              _                                                      _ _ __                     _                           _                            _   _         ____    __              _                                                      _ _ __                     _                           _                            _   _         ____    __              _                                                      _ _ __                     _                           _                            _   _         ____    __              _                                                      _ _ __                     _                           _                            _   _         ____    __              _                                                      _ _ __                     _                           _                            _   _         ____    __              _                                                      _ _ __                     _                           _                            _   _         _____   __              _                                                      _ _ __                     _  _                        _                            _   _         _____   __          _   _                                                      _ _ __                     _  _                        _                            _   _         _____   __          _   _                                                      _ _ __                     _  _                    _   _                            _   _         _____   __          _   _                                                      _ _ __                     _  _                    _   _                            _   _         _____   __          _   _                                                      _ _ __                     _  _                    _   _                            _   _         _____   __          _   _                                                      _ _ __                     _  _                    _   _                            _   _         _____   __          _   _                                                      _ _ __                     _  _                    _   _                            _   _         _____   __          _   _                              _                       _ _ __                     _  _                    _   _                            _  __         _____   __          _   _                              _                       _ _ __                     _  _                    _   _                            _  __         _____   __          _   _                              _                       _ _ __                     _  _                    _   _                            _  __         _____   __          _   _                              _                       ___ __                     _  _                    _   _                            _  __         _____   __          _   _                              _                     _ ___ __                     _  _                    _  __                            _  __         _____   __          _   _                              __                    _ ___ __                     _  _                   __  __                            _  __       
Group1    ●●●●●   ●●          ●   ●                              ●                       ● ● ●●                     ●  ●                    ●   ●                            ●  ●●      
consensus  1 VLVTGGAGFIGSHLCERLLEEGXHEVLCVDNFFTGSKDNIKHLLGNPNXXXXXXXXXXXXXXFELLRHDVTFPLYVEVDEIYNLACPASPVHYQFXXXXDPVQTTKTSVHGAINMLGLAKRLXXXXXKAKILQASTSEVYGD................IGPRACYDEGKRCAE 157* 
YP_001130149.1  5 VLVTGGAGFLGSHLCERLLAEG-HDVLCVDNFFTGTKQNILHLMGNPR--------------FELMRHDVTFPLYVEVDEIYNLACPASPIHYQF----DPVQTTKTSVHGAINMLGLAKRV-----KARILQASTSEVYGDpevhpqhegywgkvnpIGIRSCYDEGKRCAE 153 
ZP_01452536.1  9 ILVTGGAGFLGSHLCERLLNDG-HDVLCVDNFFTGSKDNIVHLMQNPH--------------FEMMRHDVTFPLYVEVDEIYNLACPASPVHYQF----DPVQTTKTSVHGAINMLGLAKRT-----KAKIFQASTSEVYGDpkvhpqtegywghvnpVGIRSCYDEGKRCAE 157 
ZP_01717585.1  4 VLVSGGGGFLGSHLCDRLLKEG-NEVLCVDNFFTGNRRNIHHLLDNKN--------------FELLRHDVTHPLYVEVDEIYNLACPASPIHYQF----DPVQTTKTSVIGAMNMLGLAKRL-----KIKILQASTSEIYGDpeihpqpesyrgnvntLGPRACYDEGKRCAE 152 
YP_002122270.1  5 ILITGGAGFIGSHLCERLLEEG-NEVICVDNFFTGSKENIKHLLGNPY--------------FEVLRHDITFPLYVEVDEIYNLACPASPIHYQF----DPVQTTKTSVMGAINMLGLAKRL-----KIRILQASTSEVYGDptvhpqkedywgnvnpIGPRACYDEGKRCAE 153 
YP_002248317.1  9 ILITGGAGFIGSHLCEKLLSEG-HEVLCVDNFYTGKRANIAHLLSNPN--------------FEILRHDITFSLYVEVDEIYHLACPASPVHYQF----DPVQTIKTAVHGSINMLGLAKRT-----KAKILLASTSEVYGDptvhpqqetywgnvnpIGPRACYDEGKRCAE 157 
YP_003505157.1  4 VLVTGGAGFIGSHLCERLLEQG-HEVLCVDNLFTSRKDNIKKLMDNKD--------------FEFMRHDVTFPLSVEVDQIYNLACPASPVHYQF----DPVQTTKTSVMGAINMLGLAKRL-----KIPVFQASTSEVYGDpeihpqpesykgsvnpIGVRACYDEGKRCAE 152 
foreground (66283):    IITGG   LG          G   I               L              DL         L  L       D IIH AA L                   N  A                   LI  AT                            Y  TK     inf 
     VV  A   I               L                               V                      VVN  G                        G                   VV  SS                               S       
     L                       V                                                      L                                                 IL                                   A       
wt_res_freqs (18036):   13893   29          7   1               1              62         1  1       6 123 82 1                   7  1                   13  11                            9  29      
    15  4   5               1                               3                      344  5                        6                   14  67                               4       
    5                       6                                                      4                                                 41                                   2       
insertions          1            9 12     11 11       11111112    2                 112221       1111111    1                         1 11321         1  4                111              
deletions  483222211111111111224772211121244467887878911111222222342221119544411123344321        123233371333274211                1173433431      111126                75421           19.9 
background (31860):    LITGG   LG   L      G   L               L      L             G L DL  L       D VILAAG L            L         G                L  LILLSSLG                          L  AK     301.0 
      VL A   I               V                                                      LV  L                                              V                                           
      L      V                                                                                                                         L                                           
wt_res_freqs (19023):   11121   12   1      1   1               1      1             1 1 11  1       1 111111 1            1         1                1  11111111                          1  11      
     11 1   1               1                                                      11  1                                              1                                           
     1      1                                                                                                                         1                                           
                                                                                                                                                 _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                _                                                                                                                              __                                                _                                                                                                                              __                                                _                                                                                                                              __                                                _                                                                                                                              __                                                _                                                                                                                              __                                                _                                                                                                                              __                                                _                                                                                                                              __                                            _   _                                                                                                                              __                                            _   _                                                                                                                              __                                            _   _                                                                                                                              __                                            _  __                                                                                                                              __                                            _  __                 _                                                                                                            __                                            _  __                 _                                                                                                         _  __                                            _  __                 _                                                                                                      _  _  __                                            _  __                 _                                                                                                      _  _  __                                            _  __                __                                                                                                      _  _  __                                            _  __                __                                                                                                      _  _  __                                            _  __                __                                                                                                      _  _  __                                            _  __                __                                                                                                      _  _  __                                            _  __                __                                                                                                      _  _  __                                            _  __                __                                                                                                      _  _  __                                           __  __                __                                                                                                      _  _  __                                           __  __                __                                                                                                      _  _  __                               _           __  __                __   _                                                                                                  _  _  __                               _           __  __                __   _                                                                                                  _  _  __                               _           __  __                __   _                                             _                                                    _  _ ___                               _           __  __                __   _                                             _                                                    _  _ ___                               _           __  __                __   _                                             _                                                    _  _ ___                               _           __  __                __   _                                             _                                                    _  _ ___                               _           __  __                __   _                                             _                                                    _  _ ___                               _           __  __                __   _                                             _                                                    _  _ ___                               _    __  _ _______    _       _  ___   _   _                                         _ _                 _          _  __          _      ____ ____                      _   _   _   
Group6          ●●  ●●                ●●   ●                                                                                                  ●  ●  ●●                               ●  
consensus  1 VLVTGGAGFIGSHLCERLLEEGXHEVLCVDNFFTGSKDNIKHLLGNPNXXXXXXXXXXXXXXFELLRHDVTFPLYVEVDEIYNLACPASPVHYQFXXXXDPVQTTKTSVHGAINMLGLAKRLXXXXXKAKILQASTSEVYGD................IGPRACYDEGKRCAE 157* 
YP_001130149.1  5 VLVTGGAGFLGSHLCERLLAEG-HDVLCVDNFFTGTKQNILHLMGNPR--------------FELMRHDVTFPLYVEVDEIYNLACPASPIHYQF----DPVQTTKTSVHGAINMLGLAKRV-----KARILQASTSEVYGDpevhpqhegywgkvnpIGIRSCYDEGKRCAE 153 
ZP_01452536.1  9 ILVTGGAGFLGSHLCERLLNDG-HDVLCVDNFFTGSKDNIVHLMQNPH--------------FEMMRHDVTFPLYVEVDEIYNLACPASPVHYQF----DPVQTTKTSVHGAINMLGLAKRT-----KAKIFQASTSEVYGDpkvhpqtegywghvnpVGIRSCYDEGKRCAE 157 
ZP_01717585.1  4 VLVSGGGGFLGSHLCDRLLKEG-NEVLCVDNFFTGNRRNIHHLLDNKN--------------FELLRHDVTHPLYVEVDEIYNLACPASPIHYQF----DPVQTTKTSVIGAMNMLGLAKRL-----KIKILQASTSEIYGDpeihpqpesyrgnvntLGPRACYDEGKRCAE 152 
YP_002122270.1  5 ILITGGAGFIGSHLCERLLEEG-NEVICVDNFFTGSKENIKHLLGNPY--------------FEVLRHDITFPLYVEVDEIYNLACPASPIHYQF----DPVQTTKTSVMGAINMLGLAKRL-----KIRILQASTSEVYGDptvhpqkedywgnvnpIGPRACYDEGKRCAE 153 
YP_002248317.1  9 ILITGGAGFIGSHLCEKLLSEG-HEVLCVDNFYTGKRANIAHLLSNPN--------------FEILRHDITFSLYVEVDEIYHLACPASPVHYQF----DPVQTIKTAVHGSINMLGLAKRT-----KAKILLASTSEVYGDptvhpqqetywgnvnpIGPRACYDEGKRCAE 157 
YP_003505157.1  4 VLVTGGAGFIGSHLCERLLEQG-HEVLCVDNLFTSRKDNIKKLMDNKD--------------FEFMRHDVTFPLSVEVDQIYNLACPASPVHYQF----DPVQTTKTSVMGAINMLGLAKRL-----KIPVFQASTSEVYGDpeihpqpesykgsvnpIGVRACYDEGKRCAE 152 
foreground (2669):   III GAAGYVGSNTA  L AAG   IVAIDD  DG   N A           A  A VT  DD D   E A E FG I VIIH AGI   G   EK  G P RVFDV  L S  IL A L     GVG  IV SSTA VYGE                      YAASK A D 301.0 
    VL      FI  HI     K     V IL N                          L   E        L         V N            P  N     I      T  V          R     I A SS    D                         T    E  
             L                  V                                         I                                 L         M          A       T                                         
wt_res_freqs (797):  512 91791198211  8 117   221191  16   5 1           1  1 11  21 1   1 1 1 11 2 1318 711   1   13  1 6 11111  1 1  17 3 1     151  23 1944 6991                      92149 2 2  
   37      87  61     1     7 13 6                          1   1        1         5 1            3  1     1      5  1          1     2 6 54    4                         1    7  
            1                  3                                         1                                 1         1          2       1                                         
insertions                    121 121      1       11             1              1 12115811                                                         1   19                1                
deletions  3622222221111111112115721    1223491111111111122556666888555337 1111112224221          1      19!!91                      49999 11           3                 141            16.3 
background (63614):   III GAAGFIGSATARELAAAGGATIAALDRSEAAGAAAAAAAAAAGGGAAAAVACDVASEAAVDAAAAAAAAEFGRI GIVHAAGVTHDGPLEDLSDAEPDAVFAV LTATFRVLQAVAPHLRAGGGGSIVNTSTA VYGG                 AGQGAYAAAKGGVD 0.3 
    VL    TRGL LEV L F R  P RVVLVG R EKLE L ELIEEE  RVVVVLLA LTD EDIE LLEELLER  PP IVINN  IL  A  LEMDPE WRR IRI  LSPVLLAR LL LMLKRR    IHIGSI GL P                 P  A  S T AALE  
    AV    SS   R I     K  V KL IAS D D A  V  E            V   S  DS    V  IV     L VL               TLD FE  LD     V   TK      I Q       VA V AV A                         S   I   
wt_res_freqs (17239):  213 94241591315216411713111112511111112211111112111111116311111212211111112412 1143186111111111111111212113 21122111141131212121414431511 1112                 12112924291221  
   35    1162 111 1 1 1  1 163211 1 1121 1 111111  11111112 212 1111 11111111  11 23254  21  1  111113 211 111  11111412 12 131211    312171 31 1                 2  1  1 2 3423  
   21    22   1 2     1  1 11 111 1 1 1  1  2            1   1  21    2  11     2 24               212 11  11     1   21      1 1       21 1 21 1                         4   1   
position       .   10    .   20    .   30    .   40    .   50    .   60    .   70    .   80    .   90    .  100    .  110    .  120    .  130    .  140                    .  150    .    
 
 
 
 
                                                                     _                                                                                                 _                                                                                                 _                                                               _                                 _                                                               _                                 _                                                               _                                 _                                                               _                                 _                                                               _                                 _                                                               _                                 _                                                               _                                 _                                                               _                                 _                                                               _                                 _                                                               _                                 _                                                               _                                 _                                          _                    _                            _    _                                          _                    _                            _    _                                          _                    _                            _    _                                          _                    _                            _    _                                          _                    _                            _    _                                          _                    _                            _    _                                          _                    _                            _    _                                          _                    _                            _    _                                          __                   _                            _    _                                          __                   _                            _    _                                          __                   _        _                   _  _ _                                       _  __       _       _   _        _                   _  _ _                                       _  __       _       _   _        _                   _  _ _                                       _  __       _       _   _        _                   _  _ _                                       _  __       _       _   _        _                   _  _ _                                       _ ___       _  _    _ _ _ _   _  _                   _ __ _                          _            _ ___       _  _    _ _ _ _   _  _                   _ __ _                          _         __ _ ___       _  _ __ _ _ _ _   _  ___                 _ ____                       _  _ _     _ __ _ ___       _  _ ____ _ _ _   _  ___                 ______                       __ _ _     _ __ _ ___       _  _ ____ _ _ _   _  ___                 ______                       __ _ _     _ __ _ ___      __  ______ _ _ _   _  ___                 ______                       __ _ _     _ ____ ___      __  ______ _ _ _ _ _  ___                 ______  __                   __ _ _     _ ____ ___      __  ______ _ _ _ _ _  ___                 ______  __                   __ _ _     _ ____ ___      __  ______ _ _ _ _ _  ___                 ______  __                   __ _ _     _ ____ ___      __  ______ _ _ _ _ _  ___                 ______  __                   __ _ _     ______ ___      __  ______ _ ___ _ ______                 ______  __                   __ ___     ______ ___      __  ________ ___ ________             _ _ _______ __                   ______     ______ ___      __  ________ ___ ________             _ _ _______ __                   ______     ______ ___      __  _____________________             _ _ _______ __                   ______     ______ ___      __  _____________________             _ _ _______ ___ _         _      ______     ______ ___      __  _____________________             ___ _______ ___ _         _      ______     ______ ___      ___ _____________________             ___ _______ ___ _         _      ______     ______ ___      ___ _____________________             ___ _______ ___ __        __     ______     ______ ___    _ ___ _____________________             ___ _______ ___ __     _  __     _______    __________    _____ _____________________             __________________    __  __   _ _______    __________    ___________________________             __________________  ____  __  __ _______    __________    ___________________________             __________________  ____  __  __ _______   
Unknown  158 TLFFDYHRQHXXXGLDIKVVRIFNTYGPRMHPNDGRVVSNF.............GDGSQTRSFCYVDDMVDG..FIKL..MN..NGXFTGPVNL 232* 
Chlorobi  154 TLFFDYYRQH---KLDIKVVRIFNTYGPRMHPNDGRVVSNFivqalkgeditiyGDGTQTRSFCYVDDMVEAflLMML..TE..VG-FTGPVNV 239 
Proteobacteria  158 TLFFDYHRQH---GLNIKVARIFNTYGPRMHPNDGRVVSNFimqalqglpitiyGDGSQTRSFCFVDDLVDG..FVRLmaTD..ND-FTGPVNL 243 
Bacteroidetes  153 TLFFDYYRQH---QVPIKVMRIFNTYGPRMHPNDGRVVSNFivqalkneditiyGDGKQTRSFCYVDDNIEG..MYRL..MNsrDG-FTGPVNI 238 
Aquificae  154 TLFFDYHRQH---NLDIKVVRIFNTYGPRMLPNDGRVVSNFivqalkgeditvyGDGSQTRSFCYIDDMVDG..IIKM..MNspKG-FTGPVNL 239 
Nitrospirae  158 TLFFDYHRQH---KVRIKIARIFNTYGPRMHPNDGRVVSNFiiqalkgeditiyGDGSQTRSFCYIDDMIEG..LIKL..MNseND-FTGPVNL 243 
Deferribactere  153 TLFFDYKRQH---GLDIKVVRIFNTYGPKMHPQDGRVVSNFimqalrgeditiyGEGKQTRSFCYVDDMVDG..FMKM..MNtpEG-FTGPVNL 238 
position   160    .  170    .  180    .  190    .               200    .  210    .    220        .  230    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                _                                                                                                 _                                                                                                 _                                                                                                 _                                                                              _                  _                                                    _                         _                  _                                                    _                         _                  _    _                                               _                         _                  _    _                                               _                         _                  _    _                                               _                         _                  _    _                                               _                         _                  _    _                                               _                         _                  _    _                                               _                         _                  _    _ _                                             _                         _   
Group1                 ●    ●                                               ●                         ●  
consensus  158 TLFFDYHRQHXXXGLDIKVVRIFNTYGPRMHPNDGRVVSNF.............GDGSQTRSFCYVDDMVDG..FIKL..MN..NGXFTGPVNL 232* 
YP_001130149.1  154 TLFFDYYRQH---KLDIKVVRIFNTYGPRMHPNDGRVVSNFivqalkgeditiyGDGTQTRSFCYVDDMVEAflLMML..TE..VG-FTGPVNV 239 
ZP_01452536.1  158 TLFFDYHRQH---GLNIKVARIFNTYGPRMHPNDGRVVSNFimqalqglpitiyGDGSQTRSFCFVDDLVDG..FVRLmaTD..ND-FTGPVNL 243 
ZP_01717585.1  153 TLFFDYYRQH---QVPIKVMRIFNTYGPRMHPNDGRVVSNFivqalkneditiyGDGKQTRSFCYVDDNIEG..MYRL..MNsrDG-FTGPVNI 238 
YP_002122270.1  154 TLFFDYHRQH---NLDIKVVRIFNTYGPRMLPNDGRVVSNFivqalkgeditvyGDGSQTRSFCYIDDMVDG..IIKM..MNspKG-FTGPVNL 239 
YP_002248317.1  158 TLFFDYHRQH---KVRIKIARIFNTYGPRMHPNDGRVVSNFiiqalkgeditiyGDGSQTRSFCYIDDMIEG..LIKL..MNseND-FTGPVNL 243 
YP_003505157.1  153 TLFFDYKRQH---GLDIKVVRIFNTYGPKMHPQDGRVVSNFimqalrgeditiyGEGKQTRSFCYVDDMVDG..FMKM..MNtpEG-FTGPVNL 238 
foreground (66283):          L      L    L P      G                                  I   E      L                  L inf 
                  V    I                                               D                         I  
                  I    V                                                                         V  
wt_res_freqs (18036):         1      1    2 6      1                                  1   2      1                  1  
                 2    2                                               4                         2  
                 4    3                                                                         4  
insertions             6 1          1 1111111111 1  6                  11                        6          
deletions      11115823315          1134578111111112             111111177655555666  6788  11  1221111234 19.9 
background (31860):     L   GL G    L    L P LLL  GL     LLLL                     L  I   D      L                  L 301.0 
                       V L                                                                          
wt_res_freqs (19023):    1   11 1    1    1 1 111  11     1111                     1  1   1      1                  1  
                      1 1                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                     _                                                                                                 _                                                                                                 _                                                                                                 _                                                                                                 _                                                                                                 _                                                                                                __                                                                                                __                                                                                                __                                                                                                __                                                                                                __                                                                                                __                                                                                                __                                                                    _                           __                                                                    _                           __                                                                    _                           __                                                                    _                           __                                                                    _                           __                                      _                             _                           __                                      _                             _                           __                                      _                             _                           __  _                                   _                             _                         _ __  _                                   _                             _                         _ __  _                                   _                             _                         _ __  _                                   _                             _                         _ __  _                                   _                             _                         _ __  _                                 _ _                             _                         _ __  _                                 _ _                             _                         _ __  _                                 _ _  _                          _                         _ __  _                                 _ _  _                          _                         _ __  _                                 _ _  _                          _                         _ __  _                                 _ _  _                          _                         _ __  _                                 _ _  _                          _                         _ __  _                                 _ _  _                          _                         _ __  _                                 _ _  _                          _                         _ __  _                                 _ _  _                          _                         _ __  _                                 _ _  _                          _                         _ __  _                                 _ _  _                          _                         _ __  _                             _   _ _  _                          _                         _ __ __                             _   _ _  _                          _                         _ __ __ _                           _ _ _ _  _ _                        _                         _ __ __ _                           _ _ _ _ __ _                        _                         _ __ __ _                           _ _ _ _ __ _                        _                         _ __ __ _                           _ _ _ _ __ _                        _                         _ __ __ _                           _ _ _ _ __ _                        _                         _ __ __ _                           _ _ _ _ __ _                        _                         _ __ __ _                           _ _ _ _ __ _                        _          _      _       ____ ____                         _ _ _ _ _ __ _                        __   
Group6                       ● ●● ●● ●                           ● ● ● ●  ● ●                        ●   
consensus  158 TLFFDYHRQHXXXGLDIKVVRIFNTYGPRMHPNDGRVVSNF.............GDGSQTRSFCYVDDMVDG..FIKL..MN..NGXFTGPVNL 232* 
YP_001130149.1  154 TLFFDYYRQH---KLDIKVVRIFNTYGPRMHPNDGRVVSNFivqalkgeditiyGDGTQTRSFCYVDDMVEAflLMML..TE..VG-FTGPVNV 239 
ZP_01452536.1  158 TLFFDYHRQH---GLNIKVARIFNTYGPRMHPNDGRVVSNFimqalqglpitiyGDGSQTRSFCFVDDLVDG..FVRLmaTD..ND-FTGPVNL 243 
ZP_01717585.1  153 TLFFDYYRQH---QVPIKVMRIFNTYGPRMHPNDGRVVSNFivqalkneditiyGDGKQTRSFCYVDDNIEG..MYRL..MNsrDG-FTGPVNI 238 
YP_002122270.1  154 TLFFDYHRQH---NLDIKVVRIFNTYGPRMLPNDGRVVSNFivqalkgeditvyGDGSQTRSFCYIDDMVDG..IIKM..MNspKG-FTGPVNL 239 
YP_002248317.1  158 TLFFDYHRQH---KVRIKIARIFNTYGPRMHPNDGRVVSNFiiqalkgeditiyGDGSQTRSFCYIDDMIEG..LIKL..MNseND-FTGPVNL 243 
YP_003505157.1  153 TLFFDYKRQH---GLDIKVVRIFNTYGPKMHPQDGRVVSNFimqalrgeditiyGEGKQTRSFCYVDDMVDG..FMKM..MNtpEG-FTGPVNL 238 
foreground (2669):      RAFA E   HGV V  VRFFN FGPR      E                  G G Q R Y HIED AR    V L  A       GE INI 301.0 
         Y               Y   Y                                    F YV                           L  
                         P                                          F                            V  
wt_res_freqs (797):     2111 1   641 2  19189 1976      1                  6 8 6 9 1 1219 21    1 2  1       21 193  
        4               4   6                                    7 57                           4  
                        1                                          1                            2  
insertions              11                1         !              122                   3  26  842112      
deletions      121 13899               111225514                    1            11  1111  24  7848878992 16.3 
background (63614):   GFSEALAAELGGKGVTANAVRPGNIYGPGGAALLED K LA             GAGIALRRFGHVEDIAAL  AAYL  AS  DAVTGATINI 0.3 
    AMTRS RL  APRNIRV SIA  P ATDMT   P E L                L   P G PLSP E  R   VVF   I    PIN Q LVL  
       K       K           L D EL                         A       L TA        I              E   V  
wt_res_freqs (17239):  211114414311152113232661212211111111 1 11             111111231211341511  1114  32  1123511112  
   11321 11  3211434 121  1 15111   1 1 1                1   3 2 1113 2  1   222   1    121 1 211  
      1       1           1 1 11                         1       1 11        1              1   4  
position   160    .  170    .  180    .  190    .               200    .  210    .    220        .  230    
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Figure S16. (continued). 
 
Set1_5  
                                                                                                                                                         _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                _                               _                                                                                                                                                _                               _                                                                                                                                                _                               _                                                                                                                                                _                               _                                                                                                                                                _                               _                                                                                                                                                _                               _                                                                                                                                                _                               _                                                                                                                                                _                               _                                                                                                                                                _                               _                                                                                                                                                _                               _                                                                                                              _                                 _                               _                                                                                                              _                                 _                               _                                                                                                              _                                 _                               _                                                                                                              _                                 _                               _                _                                                                                             _                                 _                               _                _                                                                                             _                                 _                               _                _                                                                                             _                                 _                               _                _                                                                                             _                                 _                               _                _                                                                                             _                                 _                               _                _                                                                                             _                                 _                               _                _                                                                                             _                                 _                               _                _                                                                                             _                                 _                               _                _                                                                                             _                                 _                               _                _                                                                                             _                                 _                               _                _                                                                                             _                                 _                               _                _                                                                                             _                                 _                               _                _                                                                                             _                                 _                               _                _                                                               _                             _                                 _   _                           __               _                                                               _                             _                                 _   _         _                 __               _               _    _                                          _                             _    _              _             _   _         _    _     _      __               _               _    _                                          _                             _    _              _             _   _         _    _     _      __               _               _    _                                          _                             _    _              _             _   _         _    _     _    _ __               _               _    _                                          _                             _    _              _             _   _         _    _     _    _ ___              _               _    _                            _   _  _      _                             _    _           _  _             _   _         __   _     _    _ ___              _             _ __ ___ _  _   _                   _   _____     __                            _    _     _     _  _        _ __________       ____ __   ___  ______            _ _________     _ __ _____ __   _                   _   _____ __  __                            _    _     _ _  __  _        _____________     _________ ____________            _ _________     _ __ _____ __   _                   _   _____ __  __                            _    _     _ _  __  _        _____________     _________ ____________            _ _________     _ __ _____ __   _    _              _ _ _____ __  __         _                  _    _     ___  __  _        _____________     _________ ____________            _ _________    _____ ________  ___   __           _ _ _______ __  __        __               _  _    _    ____  __ __    _  _______________    ______________________            _ _________    ____________________  __    _  _  ___________________        __        _      _  __   __________ _____ ____ ________________    _______________________      _    ___________    ____________________  __    _  _  ___________________        __        _      _  __   __________ _____ ____ ________________    _______________________      _    ___________   
Unknown  1 ILVTGAAGFIGSNLIKRLLN..DYXN..D..I..VGIDNMTDYYDVSIKEERL......AGIE.......GL......K..WSXXXFVKGNIADKNAIDKIFTEYKPAVVVNLAAQAGVRYSITXXXXNPDAYIQSNLIGFYNILEACRHS......GXXXXVDHLVYASSSS 138* 
Bacteroidetes  13 ILVTGAAGFIGSNLAKRLIN..DY-K..DikV..IGLDTMTDYYDVNIKKERL......RGIE.......AL......GgnWS---FVEESIANKEVIDKIFTKNRISVVVNLAAQAGVRYSIT----NPDAYIQSNLIGFYNILEACRHH......E----VDHLVYASSSS 142 
Firmicutes  7 ILITGSAGFIGSNLILRLLK..DY-E..D..IhiIGIDNMSDYYDVSIKEYRL......KKIE.......DLvektnnK..WS---FYIGNIADKNLIDKIFDEHKPDIVVNLAAQAGVRYSIS----NPDAYIESNLIGFYNILEACRHSydngqkG----VDHLVYASSSS 146 
Fusobacteria  11 ILVTGGAGFIGSNLILELLKtvED-I..N..I..VSIDNLNDYYDVSIKEWRL......SEIEkeikkhpNS......K..YH---FIKGDIADKNTIDNIFNEYKPEIAVNLAAQAGVRYSII----NPDAYIQSNMIGFYNILEACRHSydngakG----VEHLVYASSSS 151 
Fibrobacteres  13 VLVTGAAGFIGCNLCKKLLN..DY-NcsE..L..VGLDSITDYYDVNIKHERLkeietlATLT.......GK......K..WT---FVKANLADKAAIDSLFEKYHFAVVVNLAAQAGVRYSIT----NPDAYIQSNLIGFYNILEACRRGaekg..E----VEHLVYASSSS 150 
position       .   10    .   20        .       30    .   40    .                50            .   60    .   70    .   80    .   90    .  100    .  110    .  120          .  130    .     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       _                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __     _                                                                                                      _                                                        _         __     _                                                                                                      _                                                        _         __     _                                                                                                      _                                                        _         __     _                                                                                                      _                                                        _         __     _                                                                                                      _                                                        _         __     _                                                                                                    _ _                                                        _        ___     _                                                                                                    _ __                                                       _        ___     _                                                                                                    _ __                     _                                 _        ___     _                                                                                                    _ __                     _                                 _        ___     _                                                                                                    _ __                     _                                 _        ___     _                                                                                                    _ __                     _                                 _        ___     _                                                                                                    _ __                     _                                 _        ___     _                                                                                                    _ __                     _                                 _        ___     _                                                                                                    _ __                     _                                 _        ___     _                    _                                                                               _ __                     _                                 _        ___     _                    _                                                                             _ _ __                     _                                 _        ___    __                    _                                                                             _ _ __                     _                                 _       ____    __                    _                                                                             _ _ __                     _                                 _       ____    __                    _                                                                             _ _ __                     _                                 _       ____    __                    _                                                                             _ _ __                     _                                 _       ____    __                    _                                                                             _ _ __                     _                                 _       ____    __                    _                                                                             _ _ __                     _                                 _       _____   __                    _                                                                             _ _ __                     _  _                              _       _____   __            _       _                                                                             _ _ __                     _  _                              _       _____   __            _       _                                                                             _ _ __                     _  _                          _   _       _____   __            _       _                                                                             _ _ __                     _  _                          _   _       _____   __            _       _                                                                             _ _ __                     _  _                          _   _       _____   __            _       _                                                                             _ _ __                     _  _                          _   _       _____   __            _       _                                                                             _ _ __                     _  _                          _   _       _____   __            _       _                                                     _                       _ _ __                     _  _                          _   _       _____   __            _       _                                                     _                       _ _ __                     _  _                          _   _       _____   __            _       _                                                     _                       _ _ __                     _  _                          _   _       _____   __            _       _                                                     _                       ___ __                     _  _                          _   _       _____   __            _       _                                                     _                     _ ___ __                     _  _                          _  __       _____   __            _       _                                                     __                    _ ___ __                     _  _                         __  __     
Group1    ●●●●●   ●●            ●       ●                                                     ●                       ● ● ●●                     ●  ●                          ●   ●    
consensus  1 ILVTGAAGFIGSNLIKRLLN..DYXN..D..I..VGIDNMTDYYDVSIKEERL......AGIE.......GL......K..WSXXXFVKGNIADKNAIDKIFTEYKPAVVVNLAAQAGVRYSITXXXXNPDAYIQSNLIGFYNILEACRHS......GXXXXVDHLVYASSSS 138* 
ZP_01959114.1  13 ILVTGAAGFIGSNLAKRLIN..DY-K..DikV..IGLDTMTDYYDVNIKKERL......RGIE.......AL......GgnWS---FVEESIANKEVIDKIFTKNRISVVVNLAAQAGVRYSIT----NPDAYIQSNLIGFYNILEACRHH......E----VDHLVYASSSS 142 
ZP_02866968.1  7 ILITGSAGFIGSNLILRLLK..DY-E..D..IhiIGIDNMSDYYDVSIKEYRL......KKIE.......DLvektnnK..WS---FYIGNIADKNLIDKIFDEHKPDIVVNLAAQAGVRYSIS----NPDAYIESNLIGFYNILEACRHSydngqkG----VDHLVYASSSS 146 
ZP_04566764.1  11 ILVTGGAGFIGSNLILELLKtvED-I..N..I..VSIDNLNDYYDVSIKEWRL......SEIEkeikkhpNS......K..YH---FIKGDIADKNTIDNIFNEYKPEIAVNLAAQAGVRYSII----NPDAYIQSNMIGFYNILEACRHSydngakG----VEHLVYASSSS 151 
YP_003249049.1  13 VLVTGAAGFIGCNLCKKLLN..DY-NcsE..L..VGLDSITDYYDVNIKHERLkeietlATLT.......GK......K..WT---FVKANLADKAAIDSLFEKYHFAVVVNLAAQAGVRYSIT----NPDAYIQSNLIGFYNILEACRRGaekg..E----VEHLVYASSSS 150 
foreground (66283):    IITGG   LG            G       I                 L                                   DL         L  L       D IIH AA L                   N  A                         LI  AT   inf 
     VV  A   I                     L                                                      V                      VVN  G                        G                         VV  SS    
     L                             V                                                                             L                                                       IL        
wt_res_freqs (18036):   13893   29            7       1                 1                                   62         1  1       6 123 82 1                   7  1                         13  11    
    15  4   5                     1                                                      3                      344  5                        6                         14  67    
    5                             6                                                                             4                                                       41        
insertions          1              9 1  2         11 11       111      1111       2            2                 112221       1111111    1                               1 11321           
deletions  48322221111111111122  4772  2  1  1121244467887878911      1112       22      2  22342221119544411123344321        123233371333274211                11      73433431      11 19.9 
background (31860):    LITGG   LG   L        G       L                 L            L                            G L DL  L       D VILAAG L            L         G                      L  LILLSSLG 301.0 
      VL A   I                     V                                                                             LV  L                                                    V        
      L      V                                                                                                                                                            L        
wt_res_freqs (19023):   11121   12   1        1       1                 1            1                            1 1 11  1       1 111111 1            1         1                      1  11111111  
     11 1   1                     1                                                                             11  1                                                    1        
     1      1                                                                                                                                                            1        
                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                           _                                                                                                   __                                                                           _                                                                                                   __                                                                           _            _                                   _                                                  __    _                                                                  _ _ __           _                                   _  _                                               __    _  _                                                               _ _ __           _                                   _  __    __ __ _____      _             _   ______ ____ __  __        _                   _    _    _ _   _  __       _ ____________     __ __  ___ __ ____ __          _  _ __ ______   
Group7                                             ●●    ●  ●                                                               ● ● ●●           ●                                   ●  ●●  
consensus  1 ILVTGAAGFIGSNLIKRLLN..DYXN..D..I..VGIDNMTDYYDVSIKEERL......AGIE.......GL......K..WSXXXFVKGNIADKNAIDKIFTEYKPAVVVNLAAQAGVRYSITXXXXNPDAYIQSNLIGFYNILEACRHS......GXXXXVDHLVYASSSS 138* 
ZP_01959114.1  13 ILVTGAAGFIGSNLAKRLIN..DY-K..DikV..IGLDTMTDYYDVNIKKERL......RGIE.......AL......GgnWS---FVEESIANKEVIDKIFTKNRISVVVNLAAQAGVRYSIT----NPDAYIQSNLIGFYNILEACRHH......E----VDHLVYASSSS 142 
ZP_02866968.1  7 ILITGSAGFIGSNLILRLLK..DY-E..D..IhiIGIDNMSDYYDVSIKEYRL......KKIE.......DLvektnnK..WS---FYIGNIADKNLIDKIFDEHKPDIVVNLAAQAGVRYSIS----NPDAYIESNLIGFYNILEACRHSydngqkG----VDHLVYASSSS 146 
ZP_04566764.1  11 ILVTGGAGFIGSNLILELLKtvED-I..N..I..VSIDNLNDYYDVSIKEWRL......SEIEkeikkhpNS......K..YH---FIKGDIADKNTIDNIFNEYKPEIAVNLAAQAGVRYSII----NPDAYIQSNMIGFYNILEACRHSydngakG----VEHLVYASSSS 151 
YP_003249049.1  13 VLVTGAAGFIGCNLCKKLLN..DY-NcsE..L..VGLDSITDYYDVNIKHERLkeietlATLT.......GK......K..WT---FVKANLADKAAIDSLFEKYHFAVVVNLAAQAGVRYSIT----NPDAYIQSNLIGFYNILEACRRGaekg..E----VEHLVYASSSS 150 
foreground (731):   VLVTG AGFVGAATAR L K  A G   R  V   GVDNMN YYDVALK  RL        IG                  F SGGF    I N A V  IF   R DAIVHLAAQAGVRYSI K   NPDSY  ANI GFFNVLEACK         SNNGI HLIFASSSS 100.3 
    I I      I              I           L  I                     L                   V IYV     L D   I  L       IV N          L        A   S L  T  I  LAR         KH  V  F Y  T    
                            T           I  L                                           VKW           M          V                            V     L              D                
wt_res_freqs (206):  49799 9991911141 9 1  1 1   1  9   919718 9985189  96        11                  6 1116    3 1 1 1  17   1 4114699999999883 8   89119  193 9517289271         17661 771199899  
   5 2      8              1           3  1                     7                   1 111     5 7   1  6       18 3          5        5   7 4  1  4  118         11  5  1 6  1    
                           1           4  4                                           141           2          1                            1     2              1                
insertions                    11  1  2     1                           2291       11      1      1                                                              334                        
deletions  231                     9                                             2            999                                      9!!!                              9999            9.8 
background (65552):   VLVTGGAGFIGAATARELAK  A GA  K  V  AAVDRSSAGGAAALAAIAA      LGGG       AA      A  AVACDVASEAADDAAVA VLARFGGVDGIFHLAAVAHVGPSLDLSDADPDATFATNLTGAFNVLEAARKA      LKAGGVGSLIFTSSAS 0.3 
    IVI   TRGL LEIV  F R    PY  R  I   LLG REEKLEELAELLLE       A V       VV      L  VLLL LTD EDIE L E LVE L PI IVVNA GIL PA LE MDPEEWERVMRI VLSP LLARLLLPL      MLKRRG RF NIGTIA  
    AI    SS   R            V      L   IAA D  AA  VV   E                          I    VV  S   SV    D IA    RL VL  N   T D      TLD F K L V   AV R TK VAR        IEQK   I HVA V   
wt_res_freqs (17830):  35589324159131521641  1 13  1  6  1113511111111111111      1121       11      1  11116311111112211 1111241261113182111111111111121111112721612212143111      2121214113116711  
   213   1152 1121  1 1    11  1  1   211 11112111211211       1 1       11      1  1111 212 1111 1 1 111 1 12 23441 621 11 11 111312112111 3111 141211231      312111 21 321112  
   21    22   1            1      1   111 1  11  11   1                          1    11  1   12    1 11    12 24  4   1 1      212 1 1 1 3   11 1 21 111        1111   4 111 1   
position       .   10    .   20        .       30    .   40    .                50            .   60    .   70    .   80    .   90    .  100    .  110    .  120          .  130    .     
 
 
 
 
                                                                                             _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                             _                               _                      _                 _                                                           _                               _                      _                 _                                                           _                               _                      _                 _                                                           _                               _                      _                 _                                                           _                               _                      _                 _                                                           _                               _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                             _                      _                 _                                                           _ _                _         _  _                      _ _               _                                             _             _ _           _    _      _  __ _                      _ _               _                                             _      _      _ _           _ _  ____   _  __ _  _ __                _ _ __            _                                             _      _      _ _           _ _  ____   _  __ _  _ __                _ _ __            _                                             _      _    _ _ _           _ _  ____   _  __ _  _ __                _ _ __            _                                             _      _    _ _ _           _ _  ____   _  __ _  _ __                _ _ __            _                                           _ _      _    _ _ _           _ _  ____   _  ____  _ __                _ ____  __        _                           ____            _ ________  _ _____ __ __     ______________________ __             __ _ ____  __ _ _   __               __          ____            ___________________ _____   ________________________ ___           ___ ______  ____ _   __               __          ____            ___________________ _____   ________________________ ___           ___ ______  ____ _  ___               __          ____            ___________________ _____   ________________________ ___           ___ ______  ______  ____ _            ________    ____            _________________________   ____________________________           ___________ _______ ____ _            ________    ____            _________________________   ____________________________           __________________________            ________    ____            _________________________   ____________________________           __________________________            ________   
Unknown  139 VYGS............DNPVSLYAATKKSNELMAHAYSKLYXXXNIPSTGLRFFTVYGPAGRPDMAYFGFTN...........NYGNCKRDFTYVDDIVEGVVRVMQKA............PPYKVYNI 232* 
Bacteroidetes  143 VYGSnkkvpystedkvDNPVSLYAATKKSNELMAHAYSKLY---NIPSTGLRFFTVYGPAGRPDMAYFGFTNklregktiqifNYGNCKRDFTYVDDIVEGVLRVMQHApekangedglpiPPYKVYNI 268 
Firmicutes  147 VYGSnkkvpystddkvDNPVSLYAATKKSNELMAHAYSKLY---NIPSTGLRFFTVYGPAGRPDMAYFGFTNklrnnetikifNYGNCKRDFTYIDDIVEGIVRVMKKApekkkgedglpiPPYKVYNI 272 
Fusobacteria  152 VYGSnkkipysvddkvDNPVSLYAATKKSNELMAHSYSKLY---NIPSTGLRFFTVYGPAGRPDMAYFSFTNklrnnetieifNYGNCKRDFTYIDDIVYGVKSVMEK-............-------- 256 
Fibrobacteres  151 VYGSnkkipystddkvDNPVSLYAATKKSNELMAHAYSKLY---NIPSTGLRFFTVYGPAGRPDMAYFGFTNklkagktiqifNYGKCKRDFTFVDDIVEGVVRVMQHApekqngedglplPPYKVYNI 276 
position                     .  150    .  160    .  170    .  180    .  190    .             200    .  210    .  220                .  230    
                            _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _                                                                                                                                    _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                                                                                                                                _   _                  _                                                                                                             _   _                  _                                                                                                             _   _                  _                                                                                                             _   _                  _                                                                                  _                          _   _                  _                                                  _                               _                          _   _                  _                                                  _                               _                          _   _                  _    _                                             _                               _                          _  __                  _    _                                             _                               _                          _  __                  _    _                                             _                               _                          _  __                  _    _                                             _                               _                          _  __                  _    _                                             _                               _                          _  __                  _    _                                             _                               _                          _  __                  _    _ _                                           _                               _   
Group1                         ●  ●●                  ●    ●                                             ●                               ●  
consensus  139 VYGS............DNPVSLYAATKKSNELMAHAYSKLYXXXNIPSTGLRFFTVYGPAGRPDMAYFGFTN...........NYGNCKRDFTYVDDIVEGVVRVMQKA............PPYKVYNI 232* 
ZP_01959114.1  143 VYGSnkkvpystedkvDNPVSLYAATKKSNELMAHAYSKLY---NIPSTGLRFFTVYGPAGRPDMAYFGFTNklregktiqifNYGNCKRDFTYVDDIVEGVLRVMQHApekangedglpiPPYKVYNI 268 
ZP_02866968.1  147 VYGSnkkvpystddkvDNPVSLYAATKKSNELMAHAYSKLY---NIPSTGLRFFTVYGPAGRPDMAYFGFTNklrnnetikifNYGNCKRDFTYIDDIVEGIVRVMKKApekkkgedglpiPPYKVYNI 272 
ZP_04566764.1  152 VYGSnkkipysvddkvDNPVSLYAATKKSNELMAHSYSKLY---NIPSTGLRFFTVYGPAGRPDMAYFSFTNklrnnetieifNYGNCKRDFTYIDDIVYGVKSVMEK-............-------- 256 
YP_003249049.1  151 VYGSnkkipystddkvDNPVSLYAATKKSNELMAHAYSKLY---NIPSTGLRFFTVYGPAGRPDMAYFGFTNklkagktiqifNYGKCKRDFTFVDDIVEGVVRVMQHApekqngedglplPPYKVYNI 276 
foreground (66283):                         Y  TK           L      L    L P      G                                I   E    L                          L inf 
                             S                   V    I                                             D                               I  
                             A                   I    V                                                                             V  
wt_res_freqs (18036):                        9  29           1      1    2 6      1                                1   2    1                          1  
                            4                   2    2                                             4                               2  
                            2                   4    3                                                                             4  
insertions  1  4            111                       6 1          1 1111111111 1  6                11                  6                      
deletions  1126            75421              11115823315          1134578111111112           11111117765555566667881112            21111234 19.9 
background (31860):                         L  AK      L   GL G    L    L P LLL  GL     LLLL                   L  I   D    L                          L 301.0 
                                                      V L                                                                              
wt_res_freqs (19023):                        1  11      1   11 1    1    1 1 111  11     1111                   1  1   1    1                          1  
                                                     1 1                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        _                                                                                                                                    _        __    _                                                                                          _                        _ _        __    _                                                                                          _      _    _            _ _        __    _                      _                                                        _          _      _    _            ___      ____    _                      _                                                        _          _      _    _            ___ _  _ ____    _             _        _                                        ___             _____________________ ___    __ __________________ _ __            _ _ _ __________ _     _                _ ____   
Group7                   ●          ●      ●    ●            ●●●      ●●●●    ●                      ●                                      
consensus  139 VYGS............DNPVSLYAATKKSNELMAHAYSKLYXXXNIPSTGLRFFTVYGPAGRPDMAYFGFTN...........NYGNCKRDFTYVDDIVEGVVRVMQKA............PPYKVYNI 232* 
ZP_01959114.1  143 VYGSnkkvpystedkvDNPVSLYAATKKSNELMAHAYSKLY---NIPSTGLRFFTVYGPAGRPDMAYFGFTNklregktiqifNYGNCKRDFTYVDDIVEGVLRVMQHApekangedglpiPPYKVYNI 268 
ZP_02866968.1  147 VYGSnkkvpystddkvDNPVSLYAATKKSNELMAHAYSKLY---NIPSTGLRFFTVYGPAGRPDMAYFGFTNklrnnetikifNYGNCKRDFTYIDDIVEGIVRVMKKApekkkgedglpiPPYKVYNI 272 
ZP_04566764.1  152 VYGSnkkipysvddkvDNPVSLYAATKKSNELMAHSYSKLY---NIPSTGLRFFTVYGPAGRPDMAYFSFTNklrnnetieifNYGNCKRDFTYIDDIVYGVKSVMEK-............-------- 256 
YP_003249049.1  151 VYGSnkkipystddkvDNPVSLYAATKKSNELMAHAYSKLY---NIPSTGLRFFTVYGPAGRPDMAYFGFTNklkagktiqifNYGKCKRDFTFVDDIVEGVVRVMQHApekqngedglplPPYKVYNI 276 
foreground (731):   VYGG            DQPLSLYAASKKSNELIAYSYAHIFNEDGLPATGLRFFTVYGPWGRPDMA F FT            N G L RDFTYVDDLV G L A D              V H VYNI 100.3 
                     H I     T  A   MSHT   LY    I                                     G   M      I  I  A   L E                Y IF L  
                       V            L  A                                                             V                                 
wt_res_freqs (206):  9991            81918799929836961713927116664571888999999997999999 6 96            7 9 1 9999828918 8 1 1 6              1 1 4494  
                    5 2     7  5   7184   87    3                                     1   5      6  7  1   2 1                4 44 5  
                      4            1  1                                                             1                                 
insertions     9                                                                   !             2                 113286             2 1      
deletions    2                                      999                                                            34123            45666666 9.8 
background (65552):   VYGG             APLSAYAASKAAAEGFAKSYAAEYGGKGLTATALRPGNVYGPGGRGLLGD A LA           GAGTALRDFGSVDDLVAAAAYAAESA            VTGGVYNI 0.3 
    GL P             PGQNP S T LGLDALSRALRL LAPR IRVVIVA   IATDMTAA PEE                LD IP GRLLHPEEIARLLLFL SDD            IN QIFVL  
    AF                  GV G A   I   T    R   K  V  NVI    TD EL S                     A   Q    ITA  V D        E               ATI V  
wt_res_freqs (17830):  1122             12122924493413211111414111151111222661312211111111 1 11           11111121121214111311123111            23511122  
   31 1             22111 1 2 122113121411 3321 4341131   21511111 111                11 13 2311133215111224 211            21 11111  
   21                  11 2 2   1   3    1   1  2  312    11 11 1                     1   1    111  2 1        1               111 4  
position                     .  150    .  160    .  170    .  180    .  190    .             200    .  210    .  220                .  230    
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Figure S16. (continued). 
 
Set1_6  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                        _                                 _                                                                                                                     _                        _                                 _                                                                                                                     _                        _                                 _                                                                                                                     _                        _                                 _                                                                                                                     _                        _                                 _                                                                                   _                                 _                        _                                 _                  _        _                                                       _                                 _                  __    _                   _             _           _      _        _                                                       _                                 _                  __    _                _  _   __        _           _      _        _         _                           _                 _                                 _                  __    _                __ _   __        _           _      _        _         _ _                    _    _            _    _   _ _                    _      _                  __    _      _         __ _   __        _           _      _       __   _     _ _                    _    _            _    _   _ _                    _      _                  __   __ _    _    _    __ _   __        _           _      _       __   _     _ _                __________ _      __  _    _____ _  __   _   _  _    __      _      _    _ _ __ __  ___ _  _ __  ____ ______  ___ _     __        ____ _ _ _ _   _ __  ___ __ ______             __________ _      __  _    _____ _  __   _   __ _    __     __      _    _ _ __ __  _____  _ __  ____________ ___ _    ___        ____ _ _ _ _ _ _ __  ___ __ ______            ______________  _____ ___   _____ __ ___  __  __ _ _ ___  _  __      __   _ ____ _________ __ __  ____________ _____ __ ___ _    _ __________ _________ _____________  _         ______________  _____ ___  ______ ______ _________ ________  ___ __ ___  _________________ _____  ____________ ________ ___ _   __ _____________________________________  __     _______________ _____ ____________________________ _____________ ______ ________________________ _____________ ____________ _  _________________________________________ ___     _______________ _____ __________________________________________ ______ ________________________ _____________ ____________ _  _____________________________________________   
Unknown  1 XLITGGDSGIGRAVAIAYAKEGXADVAIVYLNEHKDAEETKRLVEEEGRRCVLIAGDIGDEAFCQGAVQQTVAEFGKLDILVNNAAEQHPQKSIEDI.KEQLERTFRTNIFAMFYLTKAALPHL.KXXKGSSIINTTSVTAYKGSPQLLDYSSTKGAIVAFTRSLSQNLVEQG 171* 
Cyanobacteria  45 -LITGGDSGIGRAVAIAYAKEG-ADVAFVYLSEHDDAEETKNLVEEQGRRAVSIAGDITDEAFCQRAIQQTVDEFGKLDILINNAAEQHPQESIEDItKEQLERTFRTNIFSMFYLTKAAIKHL.K--KGSAIINTTSVTAYKGSPQLLDYSSTKGAIVAFTRSLSQNLISKG 212 
Chlamydiae  47 -IITGGDSGIGRAVAISFAKEG-ADIVVVYLNEHKDAEETKKLVEEKGRKCLLIAGDIGQNSFCQSAIKETIQAFGKLNILVNNAAEQHPQVSIEDItEEQLEKTFRTNIYSLFFMTKAALPHLeK--VKGTIINTTSVTAYKGKKTLIDYSATKGAIVAFTRSLSLSLVEKG 215 
Chloroflexi  48 -LITGGDSGIGRAVAIVYAKEG-ADVAINYLNEHEDAQETKRLVEAEGQRCWLSAGDIGDEAYCQGLVEQTVATFGQLDILINNAAEQHQQKSITDIsAEQLERTFRTNIFAMFYLTKAALPHL.K--AGSSIINTASVTAYRGSPQLLDYSATKGAIVAFTRSLSQALIDQK 215 
Firmicutes  48 -LITGGDSGIGRAVAVYYAKEG-ADVSIVYLNEHKDAEETKRQVEQEGRKCLLIAGDVGDDAFCRDAVTETVEKLGKLDILVNNAAEQHPQKKIEDItKEQLERTFRTNIFGMFYLTQAAMPHL.S--KGSSIINTTSITAYRGSPQLLDYASTKGAIVAFTRSLSMNVVGQG 215 
Deinococcus  62 -LITGGDSGIGRAVAVHFAREG-ADVAILYLNEEQDAQETLAMVQEEGRRGVLIAGDIGDVEFCKQAVQQTVKELGGLDILVNNAAEQHPQDSISDItPEQLERTFRTNIFAMFYLTQAAMPHL.K--PGSTIINTTSVTAYKGSPQLLDYSSTKGAIVAFTRSLSQNLAEQG 229 
position       .   10    .   20    .   30    .   40    .   50    .   60    .   70    .   80    .   90    .   100    .  110    .  120     .  130    .  140    .  150    .  160    .  170   
                                                                                                                                                            _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                          _                                                                                                                                                 _   _                         __                                                                                                                                                 _   _                         __                                                                                                                                                 _   _                         __     _                                                                         _                                                    _            _   _                         __     _                                                                         _                                                    _            _   _                         __     _                                                                         _                                                    _            _   _                         __     _                                                                         _                                                    _            _   _                         __     _                                                                         _                                                    _            _   _                         __     _                                                                       _ _                                                    _            _   _                        ___     _                                                                       _ __                                                   _            _   _                        ___     _                                                                       _ __                      _                            _            _   _                        ___     _                                                                       _ __                      _                            _            _   _                        ___     _                                                                       _ __                      _                            _            _   _                        ___     _                                                                       _ __                      _                            _            _   _                        ___     _                                                                       _ __                      _                            _            _   _                        ___     _                                                                       _ __                      _                            _            _   _                        ___     _                                                                       _ __                      _                            _            _   _                        ___     _              _                                                        _ __                      _                            _            _   _                        ___     _              _                                                      _ _ __                      _                            _            _   _                        ___    __              _                                                      _ _ __                      _                            _            _   _                       ____    __              _                                                      _ _ __                      _                            _            _   _                       ____    __              _                                                      _ _ __                      _                            _            _   _                       ____    __              _                                                      _ _ __                      _                            _            _   _                       ____    __              _                                                      _ _ __                      _                            _            _   _                       ____    __              _                                                      _ _ __                      _                            _            _   _                       _____   __              _                                                      _ _ __                      _  _                         _            _   _                       _____   __          _   _                                                      _ _ __                      _  _                         _            _   _                       _____   __          _   _                                                      _ _ __                      _  _                     _   _            _   _                       _____   __          _   _                                                      _ _ __                      _  _                     _   _            _   _                       _____   __          _   _                                                      _ _ __                      _  _                     _   _            _   _                       _____   __          _   _                                                      _ _ __                      _  _                     _   _            _   _                       _____   __          _   _                                                      _ _ __                      _  _                     _   _            _   _                       _____   __          _   _                              _                       _ _ __                      _  _                     _   _            _  __                       _____   __          _   _                              _                       _ _ __                      _  _                     _   _            _  __                       _____   __          _   _                              _                       _ _ __                      _  _                     _   _            _  __                       _____   __          _   _                              _                       ___ __                      _  _                     _   _            _  __                       _____   __          _   _                              _                     _ ___ __                      _  _                     _  __            _  __                       _____   __          _   _                              __                    _ ___ __                      _  _                    __  __            _  __                     
Group1    ●●●●●   ●●          ●   ●                              ●                       ● ● ●●                      ●  ●                     ●   ●            ●  ●●                    
consensus  1 XLITGGDSGIGRAVAIAYAKEGXADVAIVYLNEHKDAEETKRLVEEEGRRCVLIAGDIGDEAFCQGAVQQTVAEFGKLDILVNNAAEQHPQKSIEDI.KEQLERTFRTNIFAMFYLTKAALPHL.KXXKGSSIINTTSVTAYKGSPQLLDYSSTKGAIVAFTRSLSQNLVEQG 171* 
NP_489222.1  45 -LITGGDSGIGRAVAIAYAKEG-ADVAFVYLSEHDDAEETKNLVEEQGRRAVSIAGDITDEAFCQRAIQQTVDEFGKLDILINNAAEQHPQESIEDItKEQLERTFRTNIFSMFYLTKAAIKHL.K--KGSAIINTTSVTAYKGSPQLLDYSSTKGAIVAFTRSLSQNLISKG 212 
YP_007951.1  47 -IITGGDSGIGRAVAISFAKEG-ADIVVVYLNEHKDAEETKKLVEEKGRKCLLIAGDIGQNSFCQSAIKETIQAFGKLNILVNNAAEQHPQVSIEDItEEQLEKTFRTNIYSLFFMTKAALPHLeK--VKGTIINTTSVTAYKGKKTLIDYSATKGAIVAFTRSLSLSLVEKG 215 
YP_001545133.1  48 -LITGGDSGIGRAVAIVYAKEG-ADVAINYLNEHEDAQETKRLVEAEGQRCWLSAGDIGDEAYCQGLVEQTVATFGQLDILINNAAEQHQQKSITDIsAEQLERTFRTNIFAMFYLTKAALPHL.K--AGSSIINTASVTAYRGSPQLLDYSATKGAIVAFTRSLSQALIDQK 215 
YP_003244945.1  48 -LITGGDSGIGRAVAVYYAKEG-ADVSIVYLNEHKDAEETKRQVEQEGRKCLLIAGDVGDDAFCRDAVTETVEKLGKLDILVNNAAEQHPQKKIEDItKEQLERTFRTNIFGMFYLTQAAMPHL.S--KGSSIINTTSITAYRGSPQLLDYASTKGAIVAFTRSLSMNVVGQG 215 
YP_002788001.1  62 -LITGGDSGIGRAVAVHFAREG-ADVAILYLNEEQDAQETLAMVQEEGRRGVLIAGDIGDVEFCKQAVQQTVKELGGLDILVNNAAEQHPQDSISDItPEQLERTFRTNIFAMFYLTQAAMPHL.K--PGSTIINTTSVTAYKGSPQLLDYSSTKGAIVAFTRSLSQNLAEQG 229 
foreground (66283):    IITGG   LG          G   I               L              DL         L  L       D IIH AA L                    N  A                    LI  AT            Y  TK           L       inf 
     VV  A   I               L                               V                      VVN  G                         G                    VV  SS               S                     
     L                       V                                                      L                                                   IL                   A                     
wt_res_freqs (18036):   13893   29          7   1               1              62         1  1       6 123 82 1                    7  1                    13  11            9  29           1        
    15  4   5               1                               3                      344  5                         6                    14  67               4                     
    5                       6                                                      4                                                   41                   2                     
insertions          1            9 12     11 11       11111112    2                 112221       1111111    1                          1  11321         1  4111                       6 1  
deletions  483222211111111111224772211121244467887878911111222222342221119544411123344321        12323337133 3274211                117 3433431      11112675421              1111582331 19.9 
background (31860):    LITGG   LG   L      G   L               L      L             G L DL  L       D VILAAG L             L         G                 L  LILLSSLG          L  AK      L   GL G     301.0 
      VL A   I               V                                                      LV  L                                                V                                         
      L      V                                                                                                                           L                                         
wt_res_freqs (19023):   11121   12   1      1   1               1      1             1 1 11  1       1 111111 1             1         1                 1  11111111          1  11      1   11 1      
     11 1   1               1                                                      11  1                                                1                                         
     1      1                                                                                                                           1                                         
                                                                                                                                                                                             _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                _                                                                                               _                                                                                _                                                                                               _                                                                                _                                                                                               _                                                                                _                                                                                               _                                                                                _                                                                                               _                                                                                _                                                                                               _                                                                                _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                            _                                                   _                                                                                               _                      _     _                                                   _                                                                                               _                      _     _                                                   _        _                                                    _                                 _             _        _     _                                                   _        _                                                    _                                 _             _        _  _  __                                                  _        _                                                    _                                 __       _    _        _  _  __      _                                           _        _                                _                 ___                                 __       _ _  _        _  _  __      _                                           _        _                                _     _           ___                                 __       _ _  _        _  _  __      _                                           _        _                                _     _           ___                           ________________ _____ __  _ __ _  __ __   __  ___ _ _ ___     _   _       _ ____  _   _     _ __   _   __  ___  __  _ __ __     __ ____ __ _   _  _____ _____  __  __  _  __   
Group8         ●●       ● ●  ●        ●  ●  ●●      ●                                           ●        ●                                ●     ●           ●●●                         
consensus  1 XLITGGDSGIGRAVAIAYAKEGXADVAIVYLNEHKDAEETKRLVEEEGRRCVLIAGDIGDEAFCQGAVQQTVAEFGKLDILVNNAAEQHPQKSIEDI.KEQLERTFRTNIFAMFYLTKAALPHL.KXXKGSSIINTTSVTAYKGSPQLLDYSSTKGAIVAFTRSLSQNLVEQG 171* 
NP_489222.1  45 -LITGGDSGIGRAVAIAYAKEG-ADVAFVYLSEHDDAEETKNLVEEQGRRAVSIAGDITDEAFCQRAIQQTVDEFGKLDILINNAAEQHPQESIEDItKEQLERTFRTNIFSMFYLTKAAIKHL.K--KGSAIINTTSVTAYKGSPQLLDYSSTKGAIVAFTRSLSQNLISKG 212 
YP_007951.1  47 -IITGGDSGIGRAVAISFAKEG-ADIVVVYLNEHKDAEETKKLVEEKGRKCLLIAGDIGQNSFCQSAIKETIQAFGKLNILVNNAAEQHPQVSIEDItEEQLEKTFRTNIYSLFFMTKAALPHLeK--VKGTIINTTSVTAYKGKKTLIDYSATKGAIVAFTRSLSLSLVEKG 215 
YP_001545133.1  48 -LITGGDSGIGRAVAIVYAKEG-ADVAINYLNEHEDAQETKRLVEAEGQRCWLSAGDIGDEAYCQGLVEQTVATFGQLDILINNAAEQHQQKSITDIsAEQLERTFRTNIFAMFYLTKAALPHL.K--AGSSIINTASVTAYRGSPQLLDYSATKGAIVAFTRSLSQALIDQK 215 
YP_003244945.1  48 -LITGGDSGIGRAVAVYYAKEG-ADVSIVYLNEHKDAEETKRQVEQEGRKCLLIAGDVGDDAFCRDAVTETVEKLGKLDILVNNAAEQHPQKKIEDItKEQLERTFRTNIFGMFYLTQAAMPHL.S--KGSSIINTTSITAYRGSPQLLDYASTKGAIVAFTRSLSMNVVGQG 215 
YP_002788001.1  62 -LITGGDSGIGRAVAVHFAREG-ADVAILYLNEEQDAQETLAMVQEEGRRGVLIAGDIGDVEFCKQAVQQTVKELGGLDILVNNAAEQHPQDSISDItPEQLERTFRTNIFAMFYLTQAAMPHL.K--PGSTIINTTSVTAYKGSPQLLDYSSTKGAIVAFTRSLSQNLAEQG 229 
foreground (761):   MIITGGDSGIGRAVSV YAKEGTAN VI YL E KDA DTAE IE  GQR I V GDI   D C AAIA      G INVL  N GVQ   P LDEL EDEW  TFEVNIYG FF AQ AI YM  AG GA IITTSSI SF  NA LVDYSATKAAI  FT ALS  VG RG 100.3 
    VLV           AI F R  V D  L          E    V    RK V L   L   E     V         LDI             I DI   Q      I LF   W  K  V HL  KR  S  VN   V A   S   IA A   G    L    A  L  K   
                   L                                   L I   V                                                   V    Y  R  L     EK  G         G       L                          
wt_res_freqs (185):  1279989999989612 39299491 17 87 9 199 1611 47  912 1 1 793   1 7 1111      9 2128  8 319   1 3122 1112  88119522 81 12 81 13  12 92 9818294 11  21 81893499288  78 193  11 28  
   872           86 5 5  4 7  1          5    5    54 3 3   4   1     8         686             5 56   6      1 13   2  6  1 65  21  4  17   5 6   4   21 5   6    1    6  7  5   
                  1                                   3 3   1                                                   3    3  1  5     11  1         1       4                          
insertions                                82 112         1 1                                            3   9                                                                        1     
deletions  841111111111111111111191 111111       1                                                                                       99                                              10.8 
background (65522):   VIITGGGSGIGRAVALEFAKEGGAELVITGRSEAGGAAAAAEALELGGGAVIVVVCDLAS DADDAAVAAIAAR GPIDVLFHN GVA DGPLLDLS EAEWRATFAVNLTGAFNVAQLALRHM RAGGGGRIINTGSIAAFGA AGLGAYSATKAAADGFS ALAAELGGRG 0.3 
    ILV  ATRFL LHLVERLLRR PYR ILLD RS KLE LLELIAA    V V LLL VT  EDIER LL LL     L IVI L  IL VA  E MD PDDP EVMEI VL PLL LK LA LL LKRRVK LLFISTVSVL    PQNP A A LGLE MT  YRR Y   N  
    AV    SG   AEI R   AA V K  A A    AA  V    E       L   V      SV   A         V GI  A   T        T L      LD     VVR  R VR AG IEQ    FVHV  A G       SV G S   V  LV             
wt_res_freqs (17850):  313893125591315111311713113111511111111211111112111111116211 2111221111111 412624134 511 11111111 11121111137216122111132113 1212142423117122121 12112914293411211 1341431115  
   255  41112 1121116211 111 1213 11 121 1111111    1 1 111 31  11111 11 11     2 232 1  21 11  1 11 1221 12111 31 111 21 11 12 121111 1112611111    2111 2 2 1223 13  111 1   1  
   21    24   112 2   11 1 1  1 1    11  1    1       1   1      12   1         2 11  1   1        2 1      11     111  1 11 11 111    1411  1 3       21 2 4   2  31             
position       .   10    .   20    .   30    .   40    .   50    .   60    .   70    .   80    .   90    .   100    .  110    .  120     .  130    .  140    .  150    .  160    .  170   
 
 
 
 
                 _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                   _                _                                                   _                _                                                   _                _                                                   _                _                                                   _                _                                                   _        _       _                                                   _        _       _       _             _                             _      _ _       _       _             _ _                           _      _ _   _ _ _ _     _            __ _   _             _         _      _ _   _ _ _ _     _            __ _  __             _      _  _     ____ _ _________  __    _   _   __ _ ___ _    __ _ _ _     __  _     ____ _ __________ __    _   _   __ _ ___ _  _ ____ _ _     __  _     ____ ____________ __  _ _   _   __ _ ___ ____ ______ _    ___ __     ____ _______________ ____   _  _____ _________________    ______     __________________________  __ _______________________   ________    __________________________  __ _______________________   ________   
Unknown  172 IRVNAVAPGPIWTPLIPSTFPAEKVAA.GSSVPMKRAGQPEEVAPCYVFLASDD...ISGQVLHV 232* 
Cyanobacteria  213 IRVNAVAPGPIWTPLIPSTFPAEKVETfGKQVPMQRAGQPEEVAPSYVFLASDDssyMSGQVLH- 276 
Chlamydiae  216 IRVNGVAPGPIWTPLITSTFSEEKVSVfGSNVPMKRAGQPDEVAPCYVFLASQDssyISGQILH- 279 
Chloroflexi  216 IRVNGVAPGPIWTPLIPATFEAEKVAPfGSDVPMQRAGQPEEVANCYVFLASDDasyMAGQILH- 279 
Firmicutes  216 IRVNAVAPGPIWTPLIPSTFPADQVAEfGATQPMKRPGQPEELAPAYVYLASTDssyVSGQVIHV 280 
Deinococcus  230 IRVNAVAPGPIWTPLIPATFDAERVAAhGQSTPLKRPGQPAEVAPSFVFLASDDssyISGQVLH- 293 
position      .  180    .  190    .   200    .  210    .  220       .  230    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    _                                                                    _                                                                    _                                                                    _                                                               _    _                                        _                      _    _                                        _                      _    _    _                                   _                      _    _    _                                   _                      _    _    _                                   _                      _    _    _                                   _                      _    _    _                                   _                      _    _    _                                   _                      _    _    _ _                                 _                      _   
Group1   ●    ●                                   ●                      ●  
consensus  172 IRVNAVAPGPIWTPLIPSTFPAEKVAA.GSSVPMKRAGQPEEVAPCYVFLASDD...ISGQVLHV 232* 
NP_489222.1  213 IRVNAVAPGPIWTPLIPSTFPAEKVETfGKQVPMQRAGQPEEVAPSYVFLASDDssyMSGQVLH- 276 
YP_007951.1  216 IRVNGVAPGPIWTPLITSTFSEEKVSVfGSNVPMKRAGQPDEVAPCYVFLASQDssyISGQILH- 279 
YP_001545133.1  216 IRVNGVAPGPIWTPLIPATFEAEKVAPfGSDVPMQRAGQPEEVANCYVFLASDDasyMAGQILH- 279 
YP_003244945.1  216 IRVNAVAPGPIWTPLIPSTFPADQVAEfGATQPMKRPGQPEELAPAYVYLASTDssyVSGQVIHV 280 
YP_002788001.1  230 IRVNAVAPGPIWTPLIPATFDAERVAAhGQSTPLKRPGQPAEVAPSFVFLASDDssyISGQVLH- 293 
foreground (66283):   L    L P      G                      I   E    L                 L inf 
    V    I                                   D                      I  
    I    V                                                          V  
wt_res_freqs (18036):  1    2 6      1                      1   2    1                 1  
   2    2                                   4                      2  
   4    3                                                          4  
insertions            1 1111111111 1  6      11                  6             
deletions  5          1134578111111112 11111117765555566667881112   21111234 19.9 
background (31860):   L    L P LLL  GL     LLLL         L  I   D    L                 L 301.0 
         V L                                                           
wt_res_freqs (19023):  1    1 1 111  11     1111         1  1   1    1                 1  
        1 1                                                           
                 _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                                                                    _                          _                                         _                          _                                         _                          _                                         _                          _       _                                 _                          _       _                                 _                          _       _                               _ _                          _       _                               _ _                          _       _                               _ _                          _       _                               _ _                _         _       _                            _  _ _  ___           _         _  _    __                           _  _ _  ___           _         _  _    __                     ____ _____________    _ _   _ _ __ _ ___ ____ __ ___ _    __    _   
Group8         ●  ● ●  ●●            ●         ●       ●                    
consensus  172 IRVNAVAPGPIWTPLIPSTFPAEKVAA.GSSVPMKRAGQPEEVAPCYVFLASDD...ISGQVLHV 232* 
NP_489222.1  213 IRVNAVAPGPIWTPLIPSTFPAEKVETfGKQVPMQRAGQPEEVAPSYVFLASDDssyMSGQVLH- 276 
YP_007951.1  216 IRVNGVAPGPIWTPLITSTFSEEKVSVfGSNVPMKRAGQPDEVAPCYVFLASQDssyISGQILH- 279 
YP_001545133.1  216 IRVNGVAPGPIWTPLIPATFEAEKVAPfGSDVPMQRAGQPEEVANCYVFLASDDasyMAGQILH- 279 
YP_003244945.1  216 IRVNAVAPGPIWTPLIPSTFPADQVAEfGATQPMKRPGQPEELAPAYVYLASTDssyVSGQVIHV 280 
YP_002788001.1  230 IRVNAVAPGPIWTPLIPATFDAERVAAhGQSTPLKRPGQPAEVAPSFVFLASDDssyISGQVLH- 293 
foreground (761):   IRVN VAPGPIWTPLIPA    D I   G N PL R AQP ELAP FV LAS E    SG  Y I 100.3 
              V      S    E V     D  M   G    V   Y      D    T     V  
                                  Q           I                        
wt_res_freqs (185):  9999 9999969988763    2 1   9 1 83 9 199 9586 19 998 3    38  1 1  
             2      4    5 5     2  5   8    2   8      4    5     8  
                                 2           1                        
insertions                14 8        9                        259             
deletions                       112    2 11                  1      11111513 10.8 
background (65522):   IRVNSVAPGNIATPLGAALLGD   LA GDGIPLRRFGSPDELAALAV LASSE    TGG YNI 0.3 
    LTAVILR F VYGDMTRP PE       L   A  DLLYAEDVVR LL ALE D    N   FVV  
    V  TVI    TD EG     A       A   Q    IHV  I E II  I  P          L  
wt_res_freqs (17850):  4343131651214211111111   11 11213123121312151112 43211    351 122  
   1111122 1 31211111 11       1   1  1111134211 12 221 1    1   114  
   2  112    11 11     1       1   1    112  1 1 11  1  1          1  
position      .  180    .  190    .   200    .  210    .  220       .  230    
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Figure S16. (continued). 
 
Set1_7  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     _                                                                                                   _                 _                                                          _                                                                                                   _                 _                                                          _                                                                                                   _                 _                                                          _                                                                                                   _                 _                                                          _                                                                                                   _                 _                                                          _                                                                                        _          _                 _            _                                             _                                                                                        _          _                 _            _           _                                 _                                            _                                           _          _              _  _            _           _     _                           _       _                    _               _                         _        _        _          _              _  _  _    _    _           _     _                           _       _                    _               _                         _        _        _          _              _  _  _    _    _           _     _                           _       _                    _               _                         _        _        _          _              _  _  _    _    _           _     _                           _       _                    _               _                      _  _  _     _        _          _              _  _  _    _ _  _   _       _     _                           _       _                    _               _                      _  _  _     _        _          _              _  _  _    _ _  _   _       _     _                _        _ __  _   _    _ _             _ _             _       __             _  _  __  _ _        _ _      _ _  _  __ _  _  _  _  _    _ _  _   _ _     _     _            _   _        _ __  _   _    _ _           _ _ _ _           _   _   __             _  __ __  _ _        _ _      _ _  _  __ _  _  _  _  _    _ _  _   _ _     _    __            _   _      _ _ __  _ _ _    _ _           _ _ _ _           _   _   __ _  _ _ _  _ _  __ __  _ _ _   _  _ _      _ _  _ ___ _  _  _  _  _    _ __ _   _ _     _    __   _    _   _   _ _   __ _ _____ _ _    _ _          __ _ _ __   _   _ __   _ ____ _  ___ _  _ __ _____  _ _ _   _  ___ _    _ _  _ _____  _  _  __ _   __ __ ___ _ _     __ _ ______ _  _  ___  _ _   __ _ _________    _ _  __      __ _ _ __   _   _ ______ ____ _ ____ _  _ __ _____  _ ____  _  _____    _ __ _ _____  _  _  __ _   _____ _____ _     __ _ ______ _  _  ___  _ _   __ _ _________    _ _  __      __ _ _ __   _   _ ______ ____ _ ____ _  ____ _____  _ ____  _  _____    ____ _ _____  _  _  __ _   ___________ _     ___________ __ _ ____ ____ ______ ________________  __      __ _ _ __  __  __ ______ ___________ _  ____ _____  ______  __ _____    ____ _ _____  _  _  _____ ______________     ________________ ____ ___________ ________________  __      ______ __  ______ __________________________ _____ ___________ _____   ______________ _  __ _____ ______________    _________________ ____ ___________ _________________ __      _________ ___________________________________________________________________________ _  _______________________    _________________ ____ ___________ _________________ __      _________ ___________________________________________________________________________ _  _______________________   
Unknown  1 IFITGASRGIGKAIALKAARDGXANVVIAAKTAEAHPKLPGTIYTAAEEVEKAGG......VDIRDESQVTSAVEEAVKKFGGIDILVNNASAISLTGTLETPMKKYDLMNSINARGTYLCSQVCLPYLKKGKNPHILNLSPPLNMAP..FKGHVAYTIAKYGMSMCVLGMAE 165* 
Echinodermata  12 LFITGASRGIGKAIALKAARDG-ANVVIAAKTAEAHPKLPGTIYTAAEEVEKLGGkclpciVDIREESQVISAVEEAVKKFGGIDILVNNASAISLTDTDHTPMKKYDLMNSVNARGTYMCSRVCLPYLRKGTNPHILNLSPPLNFEPkwFRGHVAYSIAKYGMSLCVLGMAE 183 
Cnidaria  12 VFITGASRGIGKAIAVKVARDG-ANVVIAAKTAEAHPKLPGTIYTAAKEVEENGGqclpcvVDIRDESAVLGAVQEAVKKFGGIDILVNNASAISLTGTLETPMKKYDLMNSINARGTYLCSQACLPYLKQSKNSHILNLSPPLNLAPhwFKNHVAYTIAKYGMSMCVLGMAE 183 
Arthropoda  12 IFITGASRGIGKSIALKAAQDG-ANIVLAAKTAEPHPKLPGTIYSAAEEVEKAGGkalpciVDVRDETQVTNAVKSAVEKFGGIDILVNNASAISLTGTLHTEMKRYDLMNNINARGTFLVSKVCLPFLLKSKNPHIINLSPPLNMHPfwFKNHVAYTMAKYGMSMCVLGMAE 183 
Chordata  12 IFISGASRGIGKAIALKCARDG-ANVVIAAKTAEPHPKLPGTIYTAAEEIEAAGGkclpciVDIRFEDQVQSAVEQAVQKFGGIDVLVNNASAISLTGTLETPMKRYDLMNGINARGTYLVSQKCLPYLKGGKNPHILNISPPLNMQPhwFKGHVAYTMAKYGMSMCVLGMAE 183 
position       .   10    .   20    .   30    .   40    .   50    .         60    .   70    .   80    .   90    .  100    .  110    .  120    .  130    .  140      .  150    .  160    .  
                                                                                                                                                                  _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                    _                                                                                                                                                       _   _                   __                                                                                                                                                       _   _                   __                                                                                                                                                       _   _                   __     _                                                                               _                                                  _              _   _                   __     _                                                                               _                                                  _              _   _                   __     _                                                                               _                                                  _              _   _                   __     _                                                                               _                                                  _              _   _                   __     _                                                                               _                                                  _              _   _                   __     _                                                                             _ _                                                  _              _   _                  ___     _                                                                             _ __                                                 _              _   _                  ___     _                                                                             _ __                     _                           _              _   _                  ___     _                                                                             _ __                     _                           _              _   _                  ___     _                                                                             _ __                     _                           _              _   _                  ___     _                                                                             _ __                     _                           _              _   _                  ___     _                                                                             _ __                     _                           _              _   _                  ___     _                                                                             _ __                     _                           _              _   _                  ___     _                                                                             _ __                     _                           _              _   _                  ___     _              _                                                              _ __                     _                           _              _   _                  ___     _              _                                                            _ _ __                     _                           _              _   _                  ___    __              _                                                            _ _ __                     _                           _              _   _                 ____    __              _                                                            _ _ __                     _                           _              _   _                 ____    __              _                                                            _ _ __                     _                           _              _   _                 ____    __              _                                                            _ _ __                     _                           _              _   _                 ____    __              _                                                            _ _ __                     _                           _              _   _                 ____    __              _                                                            _ _ __                     _                           _              _   _                 _____   __              _                                                            _ _ __                     _  _                        _              _   _                 _____   __          _   _                                                            _ _ __                     _  _                        _              _   _                 _____   __          _   _                                                            _ _ __                     _  _                    _   _              _   _                 _____   __          _   _                                                            _ _ __                     _  _                    _   _              _   _                 _____   __          _   _                                                            _ _ __                     _  _                    _   _              _   _                 _____   __          _   _                                                            _ _ __                     _  _                    _   _              _   _                 _____   __          _   _                                                            _ _ __                     _  _                    _   _              _   _                 _____   __          _   _                                    _                       _ _ __                     _  _                    _   _              _  __                 _____   __          _   _                                    _                       _ _ __                     _  _                    _   _              _  __                 _____   __          _   _                                    _                       _ _ __                     _  _                    _   _              _  __                 _____   __          _   _                                    _                       ___ __                     _  _                    _   _              _  __                 _____   __          _   _                                    _                     _ ___ __                     _  _                    _  __              _  __                 _____   __          _   _                                    __                    _ ___ __                     _  _                   __  __              _  __               
Group1    ●●●●●   ●●          ●   ●                                    ●                       ● ● ●●                     ●  ●                    ●   ●              ●  ●●              
consensus  1 IFITGASRGIGKAIALKAARDGXANVVIAAKTAEAHPKLPGTIYTAAEEVEKAGG......VDIRDESQVTSAVEEAVKKFGGIDILVNNASAISLTGTLETPMKKYDLMNSINARGTYLCSQVCLPYLKKGKNPHILNLSPPLNMAP..FKGHVAYTIAKYGMSMCVLGMAE 165* 
XP_001199875.1  12 LFITGASRGIGKAIALKAARDG-ANVVIAAKTAEAHPKLPGTIYTAAEEVEKLGGkclpciVDIREESQVISAVEEAVKKFGGIDILVNNASAISLTDTDHTPMKKYDLMNSVNARGTYMCSRVCLPYLRKGTNPHILNLSPPLNFEPkwFRGHVAYSIAKYGMSLCVLGMAE 183 
XP_001634589.1  12 VFITGASRGIGKAIAVKVARDG-ANVVIAAKTAEAHPKLPGTIYTAAKEVEENGGqclpcvVDIRDESAVLGAVQEAVKKFGGIDILVNNASAISLTGTLETPMKKYDLMNSINARGTYLCSQACLPYLKQSKNSHILNLSPPLNLAPhwFKNHVAYTIAKYGMSMCVLGMAE 183 
XP_001608210.1  12 IFITGASRGIGKSIALKAAQDG-ANIVLAAKTAEPHPKLPGTIYSAAEEVEKAGGkalpciVDVRDETQVTNAVKSAVEKFGGIDILVNNASAISLTGTLHTEMKRYDLMNNINARGTFLVSKVCLPFLLKSKNPHIINLSPPLNMHPfwFKNHVAYTMAKYGMSMCVLGMAE 183 
XP_002600580.1  12 IFISGASRGIGKAIALKCARDG-ANVVIAAKTAEPHPKLPGTIYTAAEEIEAAGGkclpciVDIRFEDQVQSAVEQAVQKFGGIDVLVNNASAISLTGTLETPMKRYDLMNGINARGTYLVSQKCLPYLKGGKNPHILNISPPLNMQPhwFKGHVAYTMAKYGMSMCVLGMAE 183 
foreground (66283):    IITGG   LG          G   I               L                    DL         L  L       D IIH AA L                   N  A                   LI  AT              Y  TK           L inf 
     VV  A   I               L                                     V                      VVN  G                        G                   VV  SS                 S               
     L                       V                                                            L                                                 IL                     A               
wt_res_freqs (18036):   13893   29          7   1               1                    62         1  1       6 123 82 1                   7  1                   13  11              9  29           1  
    15  4   5               1                                     3                      344  5                        6                   14  67                 4               
    5                       6                                                            4                                                 41                     2               
insertions          1            9 12     11 11       11111112    2                       112221       1111111    1                         1 11321         1  4  111                      
deletions  4832222111111111112247722111212444678878789111112222223      42221119544411123344321        123233371333274211                1173433431      111126  75421              1111 19.9 
background (31860):    LITGG   LG   L      G   L               L      L                   G L DL  L       D VILAAG L            L         G                L  LILLSSLG            L  AK      L   GL 301.0 
      VL A   I               V                                                            LV  L                                              V                                     
      L      V                                                                                                                               L                                     
wt_res_freqs (19023):   11121   12   1      1   1               1      1                   1 1 11  1       1 111111 1            1         1                1  11111111            1  11      1   11  
     11 1   1               1                                                            11  1                                              1                                     
     1      1                                                                                                                               1                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                _                                                                                                              __                                                                _          _            _                                                                                      __                    _                                           _          _           __                                     __                                               __                    __                                          _     _   __           __         _                           __          __  _                                __                    __    _                                     _     _  ___           __         _                           __          __  __                               __                    __    _       ___   _____  ___ _____ ___ _____  ___________ _ ___ ___       ___ _  _  __   _  ______ _ _____ _     _ ________ __ __ _   _  ____    _ ___ _ _____    _  _ ____________ __ _    
Group9                                 ●     ●   ●●           ●●         ●                           ●●          ●●  ●                                ●●                    ●●    ●     
consensus  1 IFITGASRGIGKAIALKAARDGXANVVIAAKTAEAHPKLPGTIYTAAEEVEKAGG......VDIRDESQVTSAVEEAVKKFGGIDILVNNASAISLTGTLETPMKKYDLMNSINARGTYLCSQVCLPYLKKGKNPHILNLSPPLNMAP..FKGHVAYTIAKYGMSMCVLGMAE 165* 
XP_001199875.1  12 LFITGASRGIGKAIALKAARDG-ANVVIAAKTAEAHPKLPGTIYTAAEEVEKLGGkclpciVDIREESQVISAVEEAVKKFGGIDILVNNASAISLTDTDHTPMKKYDLMNSVNARGTYMCSRVCLPYLRKGTNPHILNLSPPLNFEPkwFRGHVAYSIAKYGMSLCVLGMAE 183 
XP_001634589.1  12 VFITGASRGIGKAIAVKVARDG-ANVVIAAKTAEAHPKLPGTIYTAAKEVEENGGqclpcvVDIRDESAVLGAVQEAVKKFGGIDILVNNASAISLTGTLETPMKKYDLMNSINARGTYLCSQACLPYLKQSKNSHILNLSPPLNLAPhwFKNHVAYTIAKYGMSMCVLGMAE 183 
XP_001608210.1  12 IFITGASRGIGKSIALKAAQDG-ANIVLAAKTAEPHPKLPGTIYSAAEEVEKAGGkalpciVDVRDETQVTNAVKSAVEKFGGIDILVNNASAISLTGTLHTEMKRYDLMNNINARGTFLVSKVCLPFLLKSKNPHIINLSPPLNMHPfwFKNHVAYTMAKYGMSMCVLGMAE 183 
XP_002600580.1  12 IFISGASRGIGKAIALKCARDG-ANVVIAAKTAEPHPKLPGTIYTAAEEIEAAGGkclpciVDIRFEDQVQSAVEQAVQKFGGIDVLVNNASAISLTGTLETPMKRYDLMNGINARGTYLVSQKCLPYLKGGKNPHILNISPPLNMQPhwFKGHVAYTMAKYGMSMCVLGMAE 183 
foreground (266):   LFITGGSRGIG  IAI AAKDGPANI VAAKS  PHPKLPGTVHS A EVE AGG       DIR E  I  AI   I  YGGIDVVV NSSAI L     T MKKFDLMNDVNVRG Y LTQ AIPYLR   NGHIL L PPLDI    F GH GYTLGKFGMTVC LGLS  60.2 
    V V            L L R     V I   T          IYT    I             V     V  LV   V  F RL I I  AG         L   RY   H I     F   K  L H       RVI V    NL         A AIA Y  SLL K  A   
    I                          L               F                                                                  Q                            I     M            MS     M         
wt_res_freqs (86):  58769199999  881 692797874 27991  76878789122 8 816 799       929 6  2  71   1  19779227 91799 7     7 69148981149189 4 114 239481   62787 6 99711    7 26 196119189115 7931   
   2 1            6 2 4     5 4   8          847    6             5     6  17   7  8 11 6 2  82         1   84   2 5     5   4  5 4       111 1    43         7 126 5  832 1  7   
   1                          1               1                                                                  3                            1     4            51     4         
insertions                  1              136     1       1    1 9                        1                                                61223              9  1                        
deletions  213333333333333332222191111111111  1          1   111                                                 11                            11         11     1  6                    8.1 
background (66017):   VVITGGSRGIGAHIALAFAKAGGAEIIVAARSSAGGAALAAAIAAEAGGVAVAVA      ADVASE DIDRAVL VV AFGGIDVVVHNAGVAHDG S  LSDADFDATFAVNVTAAFNLAQLALPHLRAQGGGSILHVGSAAGLGG   PGQGAYGAAKAGADGFSKAYAK 0.3 
    ILV   TGFL S LVEELLRR P RV ILD REDKLEEALELLLELG VAVLVLL      L LT    V  LL  LL EL PL III L AIL PA L  MTPEEPRRVIEI LLGPLR LK LAKLMIERRV RVVFI TISVY       LNP S T LALEAM RSLRL  
    AI    GS     T R   AE V KL LVG D   A  VV EAE       I  V         S    D   A  I     RV G F A   T V       LD WEK LDT   SVV  TR VRRAG       LI T  V AF        SV A S   V  L     R  
wt_res_freqs (17950):  3138932155911251113117131111115111111112111111121111111      263111 1111111 11 124126234348511111 1  11112111111373111224111323121212141411117123122   2211292429311121111141  
   255   1412 1 21116211 1 16 113 1111211111121111 1111111      1 21    2  11  11 11 12 212 1 221 11 1  121311112111 216111 21 1111311111 21412 11112       111 1 2 142311 21411  
   21    12     1 2   11 1 11 211 1   1  11 111       1  1         1    1   1  1     12 1 1 1   1 1       12 211 112   111  21 11111       13 1  1 21        21 2 4   2  3     1  
position       .   10    .   20    .   30    .   40    .   50    .         60    .   70    .   80    .   90    .  100    .  110    .  120    .  130    .  140      .  150    .  160    .  
 
 
 
 
                  _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                _          _                                                                _          _                               _         _                      _          _                               _         _                      _          _                               _         _                      _          _           _                   _         _                      _          _           _                   _         _                     __       _  __          _                   _         _                     __  _    _  __          _                   _      _  _                _    __  _    _  __ _   _    _                   _      _  _          _     _    __  _   __ ___ _   _    _                  __      _  _          _     _    __  __  __ ___ _ _ _    _  _               __   _  _  _          __ _ __    __  __  __ ___ _ _ _  _ _  _               __   _  _  _          __ _ __    __  __ _______ ___ ____ _  _               __  __  ____     _    ____ __    ______________ ___ ____ __ _         _  _  __ _________ _   _    ____ __    __________________ ____ ____ ___     _  _  ____________ _____   ________    __________________ ____ ____ ___     _  _  ____________ _____   ________   
Unknown  166 EFKDDGIAVNALWPKTAIATAAMDMLGGDSDSXXXXXEA.KS.CRKPDIMADAAYAILTKD...YTGNFCID 232* 
Echinodermata  184 EFKADGIAVNALWPRTAIWTAAMQMIGGESDS-----TM.KS.CRSVDIITDAAYAIFSKDsstFTGNYCID 248 
Cnidaria  184 EFKDDGIAVNALWPKTAIATAAMKMLGGD--------ESiKM.CRTSDIMADAAYVILTRDsrsMTGQFLID 246 
Arthropoda  184 EFKDDGVAVNALWPKTAIHTAAIEMLSGK--------EA.SRtSRKPEIVADAAYAIMCKNsksVTGNFFID 246 
Chordata  184 EFRHDGIAVNALWPQTAISTAAMDMLAGV--------DAqKQ.CRKPDIMADAAYVVLTRDsksYTGNFVID 246 
position     170    .  180    .  190    .  200     .   210    .  220       .  230    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    _                                                                           _                                                                           _                                                                           _                                                                _          _                                         _                      _          _                                         _                      _          _    _                                    _                      _          _    _                                    _                      _          _    _                                    _                      _          _    _                                    _                      _          _    _                                    _                      _          _    _                                    _                      _          _    _ _                                  _                      _   
Group1         ●    ●                                    ●                      ●  
consensus  166 EFKDDGIAVNALWPKTAIATAAMDMLGGDSDSXXXXXEA.KS.CRKPDIMADAAYAILTKD...YTGNFCID 232* 
XP_001199875.1  184 EFKADGIAVNALWPRTAIWTAAMQMIGGESDS-----TM.KS.CRSVDIITDAAYAIFSKDsstFTGNYCID 248 
XP_001634589.1  184 EFKDDGIAVNALWPKTAIATAAMKMLGGD--------ESiKM.CRTSDIMADAAYVILTRDsrsMTGQFLID 246 
XP_001608210.1  184 EFKDDGVAVNALWPKTAIHTAAIEMLSGK--------EA.SRtSRKPEIVADAAYAIMCKNsksVTGNFFID 246 
XP_002600580.1  184 EFRHDGIAVNALWPQTAISTAAMDMLAGV--------DAqKQ.CRKPDIMADAAYVVLTRDsksYTGNFVID 246 
foreground (66283):         L    L P      G                       I   E    L                 L inf 
          V    I                                    D                      I  
          I    V                                                           V  
wt_res_freqs (18036):        1    2 6      1                       1   2    1                 1  
         2    2                                    4                      2  
         4    3                                                           4  
insertions     6 1          1 1111111111 1  6     1 1                   6             
deletions  5823315          1134578111111112111111 17 765555566667881112   21111234 19.9 
background (31860):    G    L    L P LLL  GL     LLLL         L   I   D    L                 L 301.0 
               V L                                                            
wt_res_freqs (19023):   1    1    1 1 111  11     1111         1   1   1    1                 1  
              1 1                                                            
                  _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                                           _                                                          _                _                                                          _                _                                                          _                _                                                          _                _                                                          _                _                                                          _                _                                                          _                _                                                          _                _                                                          _                _                                                          _                _                                                          _                _                                                          _                _                                                          _                _                                                          _                _                               _                          _                _                               _                          _                _                               _   _                      _                _                               _   _                      _                _                               _   _                      _                _                               _   _                      _                _                               _   _                      _                _                               _   _                      _                _                               _   _                      _                _                               _   _                      _                _                               _   _                      _           _    _    _ _ _                      _   _                      _           _    _    _ _ _                      _   _  _                   _    _     __ _ _____ _ ____    _         _      _   _ _____ _        __ _ __   
Group9          ●    ●    ● ● ●                      ●   ●                      ●  
consensus  166 EFKDDGIAVNALWPKTAIATAAMDMLGGDSDSXXXXXEA.KS.CRKPDIMADAAYAILTKD...YTGNFCID 232* 
XP_001199875.1  184 EFKADGIAVNALWPRTAIWTAAMQMIGGESDS-----TM.KS.CRSVDIITDAAYAIFSKDsstFTGNYCID 248 
XP_001634589.1  184 EFKDDGIAVNALWPKTAIATAAMKMLGGD--------ESiKM.CRTSDIMADAAYVILTRDsrsMTGQFLID 246 
XP_001608210.1  184 EFKDDGVAVNALWPKTAIHTAAIEMLSGK--------EA.SRtSRKPEIVADAAYAIMCKNsksVTGNFFID 246 
XP_002600580.1  184 EFRHDGIAVNALWPQTAISTAAMDMLAGV--------DAqKQ.CRKPDIMADAAYVVLTRDsksYTGNFVID 246 
foreground (266):   DLA   MA T LWPKTVV SAAM    G SDSIFAKIE  RD LR   IVSDAAH V S     VSG F LD 60.2 
    E     I  N I  R  I T  I      MEI     D   R        A   Y I        N    I   
          V               V      V                        L          T        
wt_res_freqs (86):  121   17 1 8991811 1791    7 233788882  11 19   8129972 1 1     119 5 29  
   8     6  8 1  4  8 8  2      455     4   1        7   4 6        1    6   
         2               3      2                        1          6        
insertions   1  19                 1  39    1    21 15 3                9             
deletions       1             1 111111129999999921 11 111          1  11   2  11129 8.1 
background (66017):   EYGKKNITATVLAPGNVAGDGGAGLPAD A AAGAGTAL GD FGSA DVADAAAYAASSA   VNGGTYVV 0.3 
     LAPR VR NIVR F IYTPMTRP   E   L LD IP  RR LLYV ELVRLLLFLIED    IT AIINL  
          L  V I     D EL SA         A   Q      IH   I E II            EV  I  
wt_res_freqs (17950):  4111114111121661312111111111 1 11112111 21 1211 4251311123211   21511114  
    3321 23 3132 1 21421111   1   1 11 13  23 1112 211111224111    23 11121  
         1  1 2     1 11 11         1   1      11   1 1 11            11  2  
position     170    .  180    .  190    .  200     .   210    .  220       .  230    
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Figure S16. (continued). 
 
Set1_8  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  _                                                            _                                                                                                                   _            _                                       _       _                                                                                                                   _            _                                       _       _                                                                                                                   _            _                                       _       _                                                                                                                   _            _                                       _       _                                                                                                                   _            _                                       _       _                                                                                                                   _            _                                       _       _                                                                                                                   _            _                                       _       _                                                           _                                                       _        _   _                                       _       _                                                           _                                                       _        _   _                                       _       _                                                           _                                                       _        _   _                                       _       _                                                           _                                                       _        _   _                                       _       _                                                           _                                                       _        _   _                                       _       _                                                           _                                                       _        _   _                                       _       _                                                           _                                                       _        _   _                                       _       _                                                           _                                                       _        _ _ _       _                               _       _   _                                                       _                                                       _        _ _ _       _                               _       _   _                                                       _    _                                                  _  _     _ _ _       _                               _       _   _                                                       _    _                                                  _  _     _ _ _       _                               _       _   _                                                       _  _ _                                             _    _  _     _ _ _       _                               _       _   _   _                                                   _  _ _                                             _    _  _     _ _ _       _                               _       _   _   _                          _               _   _    _  ___                                    _      _ _    _  _     _ _ _       _      _     _                  _       _   _ _ _                          _               _   _    _  ___                                    _      _ _    _  _     _ _ _       _      _     _                  _       _   _ _ _                          _               _  ___   ______                                  _ _   _  _ _   __  _     _ ___       _      _     _                  _ _ _   _   _ _ _                        _ _     __        _ ____   ______                    _             _ _   _  _ _   __ __   _ _ ___ _    __      _     _ _                ___ _   _   _ _ _                  _  _  _ _     __ _    _ _ _____  ______                    _             _ _   _  _ _   __ __   _ _ _____    __ _   __   _ _ __   _           _____   _   _ _ _       _          _____ ___     __ _    _ _ _____________                 _ __            __ _   _  _ _ _ __ __   ___ _____    __ _  ___  __ _ __   _ _         ______  _   _ _ __  _   __         _____ ____    __ _  _ _________________  _              _ __           ___ _  __  ___ _ __ ________ _____    __ __ ___  __ _ ______ _         _______ _   _ ____  __  __         _____ _____   __ _  _ _________________  _              _ __           _____  __  ___ ____ ______________    __ ______  __ ________ _    _  _ _______ _   _ ____  __  __       _ _____ _____   __ _  _ _________________  _              _ __           _____  __  ________ ______________    __ ______  __ ________ _    _  _ _______ _   _ ____  __ ___       _ ___________ ____ _  _ _________________  _              _ __           ______ __  ________ ______________    __ ______  __ ________ _    _  _ _______ _   _ ____ ___ ___       __________________ _  _ ____________________              ____          __________  _______________________    __ ______  __ ________ _    __ _ _______ _   _ ____ ___ ___       __________________ _  _ ____________________      _       ____          ___________ _______________________    __ _______ __ ________ _    __ _ _________   _ ____ _______       __________________ _  ______________________      __      ____          ___________________________________    ________________________    __ ___________   ________________     __________________ _  ______________________      __      ____          ___________________________________    ________________________    __ ___________   ________________   
Unknown  1 XMITGGTGSFGNAVLNRFLNTX.IGEIRIFSRDEKKQDDMRHEYQ......AK......KIKFXXXXXXXXXXFIGDVRDLQSVKNAMHGVDYIFHAAALKQVPSCEFXXXXFPLEAVKTNVLGTDNVLTAAIEEGXXXXVKAVVCLSTDKAAYXXXPVNAMGTSKAMMEKVI 160* 
Thermotogae  8 -LVTGGTGTFGNAVVRRFLNT-dIKEIRIFSRDEKKQDDMRRFYK......ND......KLKF----------FIGDVRDIQSVRNAMYGVDYVFQAAALKQVPSCEF----FPLEAVKTNILGTENVLTAAIEFG----VKKVVCLSTDKAVY---PINAMGMSKALMEKIF 145 
Firmicutes  10 -MITGGTGSFGNAVLNGFLET-dIKEIRIFSRDEKKQDDMRHEFQ......AKmpeasnKIKF----------FIGDVRDLASVKNAMHGVDYIFHAAALKQVPSCEF----FPIEAVKTNVLGTENVLTAAIEEG----VKSVICLSTDKAAY---PVNAMGTSKAMMEKVI 153 
Fibrobacteres  1 -MITGGTGSFGNAVLNRFLQT-dIGEIRIFSRDEKKQDDMRHEFQ......AKmpeaadKIKF----------YIGDVRDLQSVKNAMHGVDYIFHAAALKQVPSCEF----FPLEAVKTNVFGTDNVLTAAIEEG----VKNVVCLSTDKAAY---PVNAMGTSKAMMEKVI 144 
Bacteroidetes  10 -MITGGTGSFGNAVLNRFLRT-dIGEIRIFSRDEKKQDDMRHEYQvkypdvAN......KIKF----------FIGDVRNLQSCRNAMPGVDYIFHAAALKQVPSCEF----FPMEAVKTNVIGTDNVLTAAIEAG----VGAVICLSTDKAAY---PINAMGITKAVEEKIA 153 
position       .   10    .   20     .   30    .   40          .         50    .   60    .   70    .   80    .   90    .  100    .  110    .  120    .  130    .  140    .  150    .  160  
                                                                                                                                                                       _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _                                                                                                                                                                            _   _               _                                                                                                                                                            _   _              __                                                                                                                                                            _   _              __                                                                                                                                                            _   _              __     _                                                                                      _                                                  _            _   _              __     _                                                                                      _                                                  _            _   _              __     _                                                                                      _                                                  _            _   _              __     _                                                                                      _                                                  _            _   _              __     _                                                                                      _                                                  _            _   _              __     _                                                                                    _ _                                                  _            _   _             ___     _                                                                                    _ __                                                 _            _   _             ___     _                                                                                    _ __                     _                           _            _   _             ___     _                                                                                    _ __                     _                           _            _   _             ___     _                                                                                    _ __                     _                           _            _   _             ___     _                                                                                    _ __                     _                           _            _   _             ___     _                                                                                    _ __                     _                           _            _   _             ___     _                                                                                    _ __                     _                           _            _   _             ___     _                                                                                    _ __                     _                           _            _   _             ___     _               _                                                                    _ __                     _                           _            _   _             ___     _               _                                                                  _ _ __                     _                           _            _   _             ___    __               _                                                                  _ _ __                     _                           _            _   _            ____    __               _                                                                  _ _ __                     _                           _            _   _            ____    __               _                                                                  _ _ __                     _                           _            _   _            ____    __               _                                                                  _ _ __                     _                           _            _   _            ____    __               _                                                                  _ _ __                     _                           _            _   _            ____    __               _                                                                  _ _ __                     _                           _            _   _            _____   __               _                                                                  _ _ __                     _  _                        _            _   _            _____   __          _    _                                                                  _ _ __                     _  _                        _            _   _            _____   __          _    _                                                                  _ _ __                     _  _                    _   _            _   _            _____   __          _    _                                                                  _ _ __                     _  _                    _   _            _   _            _____   __          _    _                                                                  _ _ __                     _  _                    _   _            _   _            _____   __          _    _                                                                  _ _ __                     _  _                    _   _            _   _            _____   __          _    _                                                                  _ _ __                     _  _                    _   _            _   _            _____   __          _    _                                          _                       _ _ __                     _  _                    _   _            _  __            _____   __          _    _                                          _                       _ _ __                     _  _                    _   _            _  __            _____   __          _    _                                          _                       _ _ __                     _  _                    _   _            _  __            _____   __          _    _                                          _                       ___ __                     _  _                    _   _            _  __            _____   __          _    _                                          _                     _ ___ __                     _  _                    _  __            _  __            _____   __          _    _                                          __                    _ ___ __                     _  _                   __  __            _  __          
Group1    ●●●●●   ●●          ●    ●                                          ●                       ● ● ●●                     ●  ●                    ●   ●            ●  ●●         
consensus  1 XMITGGTGSFGNAVLNRFLNTX.IGEIRIFSRDEKKQDDMRHEYQ......AK......KIKFXXXXXXXXXXFIGDVRDLQSVKNAMHGVDYIFHAAALKQVPSCEFXXXXFPLEAVKTNVLGTDNVLTAAIEEGXXXXVKAVVCLSTDKAAYXXXPVNAMGTSKAMMEKVI 160* 
YP_001568319.1  8 -LVTGGTGTFGNAVVRRFLNT-dIKEIRIFSRDEKKQDDMRRFYK......ND......KLKF----------FIGDVRDIQSVRNAMYGVDYVFQAAALKQVPSCEF----FPLEAVKTNILGTENVLTAAIEFG----VKKVVCLSTDKAVY---PINAMGMSKALMEKIF 145 
ZP_02041058.1  10 -MITGGTGSFGNAVLNGFLET-dIKEIRIFSRDEKKQDDMRHEFQ......AKmpeasnKIKF----------FIGDVRDLASVKNAMHGVDYIFHAAALKQVPSCEF----FPIEAVKTNVLGTENVLTAAIEEG----VKSVICLSTDKAAY---PVNAMGTSKAMMEKVI 153 
YP_003250758.1  1 -MITGGTGSFGNAVLNRFLQT-dIGEIRIFSRDEKKQDDMRHEFQ......AKmpeaadKIKF----------YIGDVRDLQSVKNAMHGVDYIFHAAALKQVPSCEF----FPLEAVKTNVFGTDNVLTAAIEEG----VKNVVCLSTDKAAY---PVNAMGTSKAMMEKVI 144 
ZP_06616762.1  10 -MITGGTGSFGNAVLNRFLRT-dIGEIRIFSRDEKKQDDMRHEYQvkypdvAN......KIKF----------FIGDVRNLQSCRNAMPGVDYIFHAAALKQVPSCEF----FPMEAVKTNVIGTDNVLTAAIEAG----VGAVICLSTDKAAY---PINAMGITKAVEEKIA 153 
foreground (66283):    IITGG   LG          G    I               L                          DL         L  L       D IIH AA L                   N  A                   LI  AT            Y  TK        inf 
     VV  A   I                L                                           V                      VVN  G                        G                   VV  SS               S          
     L                        V                                                                  L                                                 IL                   A          
wt_res_freqs (18036):   13893   29          7    1               1                          62         1  1       6 123 82 1                   7  1                   13  11            9  29         
    15  4   5                1                                           3                      344  5                        6                   14  67               4          
    5                        6                                                                  4                                                 41                   2          
insertions          1            9  12     11 11       11      11      1112    2                 112221       1111111    1                         1 11321         1  4111                 
deletions  4832222111111111112247 7221112124446788787891      11      11222222342221119544411123344321        123233371333274211                1173433431      11112675421              19.9 
background (31860):    LITGG   LG   L      G    L               L                  L             G L DL  L       D VILAAG L            L         G                L  LILLSSLG          L  AK      L 301.0 
      VL A   I                V                                                                  LV  L                                              V                              
      L      V                                                                                                                                      L                              
wt_res_freqs (19023):   11121   12   1      1    1               1                  1             1 1 11  1       1 111111 1            1         1                1  11111111          1  11      1  
     11 1   1                1                                                                  11  1                                              1                              
     1      1                                                                                                                                      1                              
                                                                                  _                                                                                                                                                                                __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __                                                              _                                                                                                                __                                                              _                                                                                                                __                                                              _                                                                                                                __ _                                                            _                                                                                                                __ _                                                            _                            _              _                                                                    __ _                                                            _                            _              _                                                                    __ _                                                            _                            _              _                                                                    __ _                                                            _                            _              _                                                                    __ _                                                            _                            _              _                                                                    __ _                                                            _                            _              _                                                                    __ _               _                                            _                            _              _                                                                    __ _               _                                            _                            _              _                                                                    __ _               _                                            _                            _              _                                                                    __ _               _                                            _                            _              _                                                                    __ _               _                                            _                            _              _                                                                    __ _             _ _                                            _                            _              _                                                                    __ _             _ _                                            _                            _              _                                                                    __ _             _ _                                            _                            _              _                                                                    __ _             _ _                                            _                            _              _                                                                   ___ _             _ _                                            _                            _              _                                                                   ___ _             _ _                                            _                            _              _                                                                   ___ _             _ _                                            _                            _              _                                                                   ___ _             _ _                                            _                            _              _                                                                   ___ _             _ _                                            _                            _              _                                                                   ___ _             _ _                                            _                            _              _                                                                   ___ _             _ _                                            _      _                     _              _                                                                   ___ _             _ _                                            _      _                     _              _                                                                   ___ _             _ _                                            _      _                     _              _                                                                   ___ _             _ _                                            _      _                    __              _                                                                   ___ _             _ _                                            _      _                    __              _                                                                   ___ _             _ _                               _            _      _                    __              _                                                                   ___ _             _ _                               _            _      _                    __              _                                                                   ___ _             _ _                               _            _      _                    __              _     _                                                             ___ _             _ _                               _            _      _                    __              _     _                                                             ___ _             _ _                               _           __   _  _                    __           _  _     _                                                             ___ _             _ _                               _           __   _  _                    __      
Group10       ●  ●     ●                                                             ●●● ●             ● ●                               ●            ●   ●  ●                     ●     
consensus  1 XMITGGTGSFGNAVLNRFLNTX.IGEIRIFSRDEKKQDDMRHEYQ......AK......KIKFXXXXXXXXXXFIGDVRDLQSVKNAMHGVDYIFHAAALKQVPSCEFXXXXFPLEAVKTNVLGTDNVLTAAIEEGXXXXVKAVVCLSTDKAAYXXXPVNAMGTSKAMMEKVI 160* 
YP_001568319.1  8 -LVTGGTGTFGNAVVRRFLNT-dIKEIRIFSRDEKKQDDMRRFYK......ND......KLKF----------FIGDVRDIQSVRNAMYGVDYVFQAAALKQVPSCEF----FPLEAVKTNILGTENVLTAAIEFG----VKKVVCLSTDKAVY---PINAMGMSKALMEKIF 145 
ZP_02041058.1  10 -MITGGTGSFGNAVLNGFLET-dIKEIRIFSRDEKKQDDMRHEFQ......AKmpeasnKIKF----------FIGDVRDLASVKNAMHGVDYIFHAAALKQVPSCEF----FPIEAVKTNVLGTENVLTAAIEEG----VKSVICLSTDKAAY---PVNAMGTSKAMMEKVI 153 
YP_003250758.1  1 -MITGGTGSFGNAVLNRFLQT-dIGEIRIFSRDEKKQDDMRHEFQ......AKmpeaadKIKF----------YIGDVRDLQSVKNAMHGVDYIFHAAALKQVPSCEF----FPLEAVKTNVFGTDNVLTAAIEEG----VKNVVCLSTDKAAY---PVNAMGTSKAMMEKVI 144 
ZP_06616762.1  10 -MITGGTGSFGNAVLNRFLRT-dIGEIRIFSRDEKKQDDMRHEYQvkypdvAN......KIKF----------FIGDVRNLQSCRNAMPGVDYIFHAAALKQVPSCEF----FPMEAVKTNVIGTDNVLTAAIEAG----VGAVICLSTDKAAY---PINAMGITKAVEEKIA 153 
foreground (4695):    LI G AG IGRAVA   AAAG A KVVV D     L E A E        EL       GG     VADV    ADI EAAA  A F   DVIVH  G            D  E   DVN L A  I K  RR  R WSI   VHVSSAA Y P  G SAYAA  AAGE L  inf 
          S  L   L     K     RLIL                                         L    G V N D          IVI                E      E        V R  L     QTV   I I  I                  A      
                 I              I                                                L D                                               L                     V                         
wt_res_freqs (1412):   52 9 19 481111   1116 1 1511 2     1 1 1 1        11       11     1222    372 1111  1 1   51118  1            2  1   126 1 1  1 1  11  1 221   6119511 1 1  1 11712  2119 1   
         2  2   5     1     1111                                         1    4 2 1 1          172                1      1        4 1  1     136   2 1  1                  6      
                2              1                                                3 5                                               2                     1                         
insertions                       2         11 11 21111233      34      3211    1                   544431      21 111                            21                   6   1 1              
deletions  4122111111111111111249 6462224234555788119999      11      1133569999999522254542222211            137897115899821631                  499971          1294339841         111 18.8 
background (61588):   AVI G AGGIGAAVAEAFAAAG GADVAVAG NAAGGAAAAAAAI      AA      AGGAAAVVACDVASAAAVAAAAAAAVAEFGKIDVIVHN GVA DGPSLDLSDDDWDATFAVNLTAAFRVTQLVRRHLKAQGVGSIVNVSSAAGY G AGQGAYAAA GGAEGFS 0.3 
     L    SR L L L LE  RE  A RLILVD LSEALEE LEEIL      EL          VL LVL LTDEEDIE LLLEIL R  PL IVIN   IL PA L EM LEEFRRVMEI  LSPVLL R LLPLMLKRRGA  LHIG I  L P P LA  S   AALDAMT  
     I     S   R I     K     K VI A R D A   V           E           I   A  S  DS D  VD    K  R   L      T             EK LD     V    K      I  K    I  A V  F A    S        I  L   
wt_res_freqs (16624):  213 9 2366913151114117 13161111 1111111221111      11      12111111116311111212211121112412621425 611 111111111222211113721112112111111212121514431571232 2 121129242 1212221  
    5    21 2 1 2 11  11  1 111213 1111211 11211      11          11 111 21211111 111111 1  12 2325   21 11 1 11 1311112111  111114 2 12313121121  1121 1  1 1 2 11  1   3421113  
    1     2   1 2     1     1 31 1 1 1 1   1           1           1   2  1  21 1  21    1  2   4      1             11 12     1    1      1  1    3  1 1  1 1    2        1  3   
position       .   10    .   20     .   30    .   40          .         50    .   60    .   70    .   80    .   90    .  100    .  110    .  120    .  130    .  140    .  150    .  160  
 
 
 
 
                                      _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                    _             _                                                                _   _             _                                                                _   _             _                                                                _   _             _                                                                _   _             _                                                                _   _             _                                                                _   _             _                                                                _   _             _                                                                _   _             _  _                                                             _   _             _  _                                                             _   _             _  _                                                             _   _             _  _                                                             _   _             _  _                                                             _   _             _  _                                                             _   _             _  _                                                             _   _           _ _  _                                                             _   _           _ _  _                                                             _   _           _ _  _                                                             _   _           _ _  _                                                             _   _   _       _ _  _             _    _                                          _   _   _       _ _  _             _    _                                _         _  __ _ _  _    _ _  _             _ _  _                                _         _  __ _ _  _    _ _  _             _ _  _                               __         _  __ _ _ __ _  _ _  _             _ _  __     _            _           __         _  __ _ _ __ _  ___  _             _ __ __     __ _  _      _           __      _  _____ _ ____ _  ___  _         _   ____ __  _  __ _  _      _          ___   _ __  _______ ______  ___  _         _   ____ __  _  __ _  _  _  __         ____   _ __ ________ ______ ____  __        _   ____ __  __ __ _ __  _  __        _____   _ __ ____________________  __        _ _ ____ __  _______ __  _  __  _     _____   _ __ ____________________  __        _ _ ____ __  _______ __  _  __  _     _____   _ __ ____________________  __        _ _ ____ __  _______ __ __  __  _     ______  _ ________________________ __        ___ ______________________  _____     _______ __________________________ __        ___ ______________________  _____     _______ ______________________________       __________________________ ______     _______ ______________________________       __________________________ ______    
Unknown  161 VAKSRTVGPEKTKICCTRYGNVMCSRGSVIPLWIEQIK.......TEPSMTRFIMSLEEAVDLVLFAFENGTSGDILVX 232* 
Thermotogae  146 VAKSRTVEPDKTLICGTRYGNVMASRGSVIPLFVQQIKngkpltvTNPDMTRFLMSIEEAVDLVLYAFQNGNQGDRFV- 223 
Firmicutes  154 VAKSRTVDPEKTKICCTRYGNVMCSRGSVIPLWIEQIKagnpitiTEPSMTRFIMSLEEAVDLVLFAFENGTSGDILV- 231 
Fibrobacteres  145 VAKSRTVSPEKTKICCTRYGNVMCSRGSVIPLWIDQIRagppitiTEGSMTRFIMSLDEAVDLVLFAFENGVSGDILV- 222 
Bacteroidetes  154 VAKSRYSG--KTKICCTRYGNVMCSRGSVIPLWIEQIRngnpvtlTEPKMTRFIMSLEEAVDLVLFAFEHGQNGDILV- 229 
position       .  170    .  180    .  190    .         200    .  210    .  220    .  230    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   _                                                                                  _                                                                                  _                                                                                  _                                                                  _               _                                              _                   _               _                                              _                   _               _    _                                         _                   _               _    _                                         _                   _               _    _                                         _                   _               _    _                                         _                   _               _    _                                         _                   _               _    _                                         _                   _               _    _ _                                       _                   _   
Group1              ●    ●                                         ●                   ●  
consensus  161 VAKSRTVGPEKTKICCTRYGNVMCSRGSVIPLWIEQIK.......TEPSMTRFIMSLEEAVDLVLFAFENGTSGDILVX 232* 
YP_001568319.1  146 VAKSRTVEPDKTLICGTRYGNVMASRGSVIPLFVQQIKngkpltvTNPDMTRFLMSIEEAVDLVLYAFQNGNQGDRFV- 223 
ZP_02041058.1  154 VAKSRTVDPEKTKICCTRYGNVMCSRGSVIPLWIEQIKagnpitiTEPSMTRFIMSLEEAVDLVLFAFENGTSGDILV- 231 
YP_003250758.1  145 VAKSRTVSPEKTKICCTRYGNVMCSRGSVIPLWIDQIRagppitiTEGSMTRFIMSLDEAVDLVLFAFENGVSGDILV- 222 
ZP_06616762.1  154 VAKSRYSG--KTKICCTRYGNVMCSRGSVIPLWIEQIRngnpvtlTEPKMTRFIMSLEEAVDLVLFAFEHGQNGDILV- 229 
foreground (66283):       L      L    L P      G                            I   E    L              L inf 
               V    I                                         D                   I  
               I    V                                                             V  
wt_res_freqs (18036):      1      1    2 6      1                            1   2    1              1  
              2    2                                         4                   2  
              4    3                                                             4  
insertions          6 1          1 1111111111 1  6            11                  6          
deletions   11115823315          1134578111111112       1111111776555556666788111221111234 19.9 
background (31860):      GL G    L    L P LLL  GL     LLLL               L  I   D    L              L 301.0 
                    V L                                                              
wt_res_freqs (19023):     11 1    1    1 1 111  11     1111               1  1   1    1              1  
                   1 1                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                                                                  _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _                                                 _                                _ _                                               _                                _ _                 _                             _                                _ _                 _     
Group10                          ●                                ● ●                      
consensus  161 VAKSRTVGPEKTKICCTRYGNVMCSRGSVIPLWIEQIK.......TEPSMTRFIMSLEEAVDLVLFAFENGTSGDILVX 232* 
YP_001568319.1  146 VAKSRTVEPDKTLICGTRYGNVMASRGSVIPLFVQQIKngkpltvTNPDMTRFLMSIEEAVDLVLYAFQNGNQGDRFV- 223 
ZP_02041058.1  154 VAKSRTVDPEKTKICCTRYGNVMCSRGSVIPLWIEQIKagnpitiTEPSMTRFIMSLEEAVDLVLFAFENGTSGDILV- 231 
YP_003250758.1  145 VAKSRTVSPEKTKICCTRYGNVMCSRGSVIPLWIDQIRagppitiTEGSMTRFIMSLDEAVDLVLFAFENGVSGDILV- 222 
ZP_06616762.1  154 VAKSRYSG--KTKICCTRYGNVMCSRGSVIPLWIEQIRngnpvtlTEPKMTRFIMSLEEAVDLVLFAFEHGQNGDILV- 229 
foreground (4695):    SLAAE    GIRVTAI PG I G    AL      A        G G   G L  LEN AEAIVFLA     G VYNV inf 
        R          S                                        I D        L        F L  
                                                            V E                   I  
wt_res_freqs (1412):   11212    3111112 53 1 8    11      1        1 1   1 1  111 41311111     4 1312  
       1          1                                        2 6        2        3 1  
                                                           4 2                   1  
insertions   11211  1 1             1 11  311    9                                2 1 1      
deletions  2355711666211          122122233222223       999987551      1232223471111111125 18.8 
background (61588):   ESLAAEYAGKGVTATAIAPGPTAGDLTAGL GDPA A        GAGTQLGDLGSVEDIAAAAAYLASSDVTGATYNV 0.3 
    R  RL L PRNIRVNS   F IDTEM RA  EE            L  IP  R L P E  E LVF L DEIN QVF L  
    K   R                 E        A             A          A      I   I        I I  
wt_res_freqs (16624):  114414131152111222661112111111 1111 1        1121122112123425131114321123511124  
   2  11 3 21143431   1 21512 11  11            1  13  3 1 3 2  1 122 2 1121 111 1  
   1   1                 1        1             1          1      1   1        2 2  
position       .  170    .  180    .  190    .         200    .  210    .  220    .  230    
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Figure S16. (continued). 
 
Set1_9  
                                                   _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                             _                                                                                                                  _                                                        __   _        _                                                                                                         _                                                        __   _        _                                                                                                         _                                                        __   _        _                                    _                                                                    _                   _                                _   __ _ _        _                                    _                                                       _            _                   _                                _   __ _ _        _                                    _                                                       _            _                   _                                _   __ _ _        _                                    _                                   _                 _ _            __                  _                                _   __ _ _        _      _                            __                            _     __                 _ __        _  __                _ _           _                    _   ____ _        _      _           _              _ __ _                        _ _   _ __ _             _ _ __        __ __                _ _          __               _    _   ____ _        _     __   _       _           _  ______                        _ _  __ __ _  _          ___ __        __ __                _ _         ___               _    _   ______        _  __ __   __  _   _          ___ ______ _                      _ _  __ __ _  _          ___ __       ___ __                _ _         ___               _    _ __________      _  __ ___  __  _   _  _   _   ___ ______ _                      ___ ______ _  _         ____ __    _  ___ __                _ _         ___               _    _ __________      _  __ ___ ___  _   _  _   _   ___ ________                      ___ ______ _  _         ____ __    _  ___ __                _ _         ___     _         _    _ __________      _  __ ___ ___  __  _ __   _   ___ ________                      ___ ______ _ __       _ _______    _  ___ __  _             _ _         ____   __  _  _   _   _____________      _  __ ___ ___  __  _ __   _  _____________                      __________ _ ___ __   _ _______    _  ___ __  _             _ _         ____   __  _  _   _   _____________      _  __ ___ ___  __  _ __   _ ______________                     ___________ _ ___ __   _________    __ ___ ___ _             _ _      _  ____   __ __  _  __  ______________     __ ___________ ___ __ __   _ ______________                    ____________ _ ___ __ _ _________    ______ _____       _     _ _      __ ____   __ __ ______  _______________    __ _______________ _____   _ ______________                   ______________________ ____________   ____________      __     ___      __ ____________ ______  _______________    ________________________   ________________                   ______________________ ____________   ____________      __     ___      __ ____________ ______  _______________    ________________________   ________________                  
Unknown  1 VLITGSAGLIGSEAVRFFADKGXFDVVGIDNNMRQ...GEEASTEWNRQR......KN.....YIHXXXXXXYDADIRDREAIERIFAEYGTDI..IVHTAAQPSHDWAARXXXXDPYTDFTVNANGTLVLLEATRQHCXXXPDAVFIFTSTNKVYGD............... 142* 
Deinococcus  5 -VITGSAGLIGSEAVRFFAGLG-MQVIGIDNDMRQfffGEEASTRWNRVRleqqv.PN.....YIH------HDLDIRDAPAIERLFAHYGSEIalIVHTAAQPSHDWAAR----DPYSDFSVNALGTLNLLQAARQHA---PTAPFIFTSTNKVYGDrpnllplleretrwd 156 
Cyanobacteria  4 VLITGSSGLIGSESVHFFAQKG-FRILGIDNNMRAvffGESASTDWNRQIledkygER.....YRH------YDIDIRDRTAIENLFQEYSTDIslIIHTAAQPSHDWAAK----DPHTDFTVNANGTLVLLEATRQYC---PQAVFIFTSTNKVYGDtpnylplqeletrwe 157 
Chloroflexi  5 -IITGSAGLIGSEAVTYFANQG-MDIVGIDNDMRRyffGDEASTQWNRQR......LEsevrqYKH------YEVDIRDREAIERIFAHYGNHIrlVIHTAAQPSHDWAAR----EPITDFSVNATGTLYLLEATRRYA---PAAVFIFLSTNKVYGDtpnrlplveyelrwe 156 
Nitrospirae  5 -LITGSAGLIGSESVRFFAQKG-FTIVGIDNDMRKvffGEEASTRWNLERlkeev.PE.....YIH------YEVDIRDQQKIEQIFKEYNTDIklIVHTAAQPSHDWAAK----DPFTDFTVNANGTLVLLEMTRRYC---PEAVFIFTSTNKVYGDapnqlplieldtrwe 156 
Bacteroidetes  5 -LVTGSAGLIGSEAVAFFADKF-DLVVGIDNNMRQyffGTDASTEWNQNRlqdsy.KN.....YVH------RPADIREVSQLEPIFREFGTDIklIVHTAAQPSHDWAAR----EPFTDFTVNANGTLNMLEMTRQHC---SDAVFIFTSTNKVYGDnpnflplietetrwe 156 
Proteobacteria  5 -IVTGSAGLIGSETVKFFCDKG-FDVVGIDNNFRKtffGEDASTEWNRQRleash.KN.....YTH------YDADIRDHEGISKIYGRYGKDIkaVIHCAAQPSHDWAAS----DPYMDFTVNANGTLVMLENFRAHC---PDSVFIFTSTNKVYGDtpnylplveletrwe 156 
position       .   10    .   20    .   30    .      40    .              50    .   60    .   70    .   80      .   90    .  100    .  110    .  120    .  130    .  140                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       _                                                                                                                                                                               __                                                                                                                                                                               __                                                                                                                                                                               __     _                                                                                         _                                                  _                            __     _                                                                                         _                                                  _                            __     _                                                                                         _                                                  _                            __     _                                                                                         _                                                  _                            __     _                                                                                         _                                                  _                            __     _                                                                                       _ _                                                  _                           ___     _                                                                                       _ __                                                 _                           ___     _                                                                                       _ __                     _                           _                           ___     _                                                                                       _ __                     _                           _                           ___     _                                                                                       _ __                     _                           _                           ___     _                                                                                       _ __                     _                           _                           ___     _                                                                                       _ __                     _                           _                           ___     _                                                                                       _ __                     _                           _                           ___     _                                                                                       _ __                     _                           _                           ___     _              _                                                                        _ __                     _                           _                           ___     _              _                                                                      _ _ __                     _                           _                           ___    __              _                                                                      _ _ __                     _                           _                          ____    __              _                                                                      _ _ __                     _                           _                          ____    __              _                                                                      _ _ __                     _                           _                          ____    __              _                                                                      _ _ __                     _                           _                          ____    __              _                                                                      _ _ __                     _                           _                          ____    __              _                                                                      _ _ __                     _                           _                          _____   __              _                                                                      _ _ __                     _  _                        _                          _____   __          _   _                                                                      _ _ __                     _  _                        _                          _____   __          _   _                                                                      _ _ __                     _  _                    _   _                          _____   __          _   _                                                                      _ _ __                     _  _                    _   _                          _____   __          _   _                                                                      _ _ __                     _  _                    _   _                          _____   __          _   _                                                                      _ _ __                     _  _                    _   _                          _____   __          _   _                                                                      _ _ __                     _  _                    _   _                          _____   __          _   _                                            _                         _ _ __                     _  _                    _   _                          _____   __          _   _                                            _                         _ _ __                     _  _                    _   _                          _____   __          _   _                                            _                         _ _ __                     _  _                    _   _                          _____   __          _   _                                            _                         ___ __                     _  _                    _   _                          _____   __          _   _                                            _                     _   ___ __                     _  _                    _  __                          _____   __          _   _                                            __                    _   ___ __                     _  _                   __  __                        
Group1    ●●●●●   ●●          ●   ●                                            ●                         ● ● ●●                     ●  ●                    ●   ●                       
consensus  1 VLITGSAGLIGSEAVRFFADKGXFDVVGIDNNMRQ...GEEASTEWNRQR......KN.....YIHXXXXXXYDADIRDREAIERIFAEYGTDI..IVHTAAQPSHDWAARXXXXDPYTDFTVNANGTLVLLEATRQHCXXXPDAVFIFTSTNKVYGD............... 142* 
YP_594153.1  5 -VITGSAGLIGSEAVRFFAGLG-MQVIGIDNDMRQfffGEEASTRWNRVRleqqv.PN.....YIH------HDLDIRDAPAIERLFAHYGSEIalIVHTAAQPSHDWAAR----DPYSDFSVNALGTLNLLQAARQHA---PTAPFIFTSTNKVYGDrpnllplleretrwd 156 
YP_323855.1  4 VLITGSSGLIGSESVHFFAQKG-FRILGIDNNMRAvffGESASTDWNRQIledkygER.....YRH------YDIDIRDRTAIENLFQEYSTDIslIIHTAAQPSHDWAAK----DPHTDFTVNANGTLVLLEATRQYC---PQAVFIFTSTNKVYGDtpnylplqeletrwe 157 
YP_002463313.1  5 -IITGSAGLIGSEAVTYFANQG-MDIVGIDNDMRRyffGDEASTQWNRQR......LEsevrqYKH------YEVDIRDREAIERIFAHYGNHIrlVIHTAAQPSHDWAAR----EPITDFSVNATGTLYLLEATRRYA---PAAVFIFLSTNKVYGDtpnrlplveyelrwe 156 
YP_002248319.1  5 -LITGSAGLIGSESVRFFAQKG-FTIVGIDNDMRKvffGEEASTRWNLERlkeev.PE.....YIH------YEVDIRDQQKIEQIFKEYNTDIklIVHTAAQPSHDWAAK----DPFTDFTVNANGTLVLLEMTRRYC---PEAVFIFTSTNKVYGDapnqlplieldtrwe 156 
YP_003391167.1  5 -LVTGSAGLIGSEAVAFFADKF-DLVVGIDNNMRQyffGTDASTEWNQNRlqdsy.KN.....YVH------RPADIREVSQLEPIFREFGTDIklIVHTAAQPSHDWAAR----EPFTDFTVNANGTLNMLEMTRQHC---SDAVFIFTSTNKVYGDnpnflplietetrwe 156 
YP_002955191.1  5 -IVTGSAGLIGSETVKFFCDKG-FDVVGIDNNFRKtffGEDASTEWNRQRleash.KN.....YTH------YDADIRDHEGISKIYGRYGKDIkaVIHCAAQPSHDWAAS----DPYMDFTVNANGTLVMLENFRAHC---PDSVFIFTSTNKVYGDtpnylplveletrwe 156 
foreground (66283):    IITGG   LG          G   I                  L                         DL         L  L       D   IIH AA L                   N  A                   LI  AT                      inf 
     VV  A   I               L                                             V                        VVN  G                        G                   VV  SS                       
     L                       V                                                                      L                                                 IL                           
wt_res_freqs (18036):   13893   29          7   1                  1                         62         1  1       6   123 82 1                   7  1                   13  11                       
    15  4   5               1                                             3                        344  5                        6                   14  67                       
    5                       6                                                                      4                                                 41                           
insertions          1            9 12     11 11          11111      11     2    2                 112221         1111111    1                         1 11321         1  4                 
deletions  48322221111111111122477221112124446   788787891111      12     22222342221119544411123344321          123233371333274211                1173433431      111126                19.9 
background (31860):    LITGG   LG   L      G   L                  L            L                  G L DL  L       D   VILAAG L            L         G                L  LILLSSLG                    301.0 
      VL A   I               V                                                                      LV  L                                              V                           
      L      V                                                                                                                                         L                           
wt_res_freqs (19023):   11121   12   1      1   1                  1            1                  1 1 11  1       1   111111 1            1         1                1  11111111                     
     11 1   1               1                                                                      11  1                                              1                           
     1      1                                                                                                                                         1                           
                                                                                                                             _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                                                                _                                                                                                                                      _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                                                                          _                                           _                                         _                                 _                                                        _                                           _                                         _                                 _                                                        _                                           _                                         _                                 _                                                        _                                           _                                         _                                 _                                                        _                                           _                                         _                                 _                                                        _                                           _                                         _                                 _                                                        _                                           _                                         _                                 _                                                        _                                           _                                         _                                 _                                                        _                                           _                                         _                                 _                                                        _                                           _                                         _                                 _                                                        _                                           _                                         _                                 _                                                        _                                           _                                         _                                 _                                                        _                                           _                                         _                                __                                                        _                                           _                                         _                                __                                                        _           _                               _                                         _                                __                                                        _           _                               _                                         _                                __                                                        _           _                               _                                         _                                __                                                        _    _   _  _                              __                        _                _                                __                                                     _  _    _   _  _                              __                        _ _              _               _                __ _                                                   _  _    _   _  _                              __                        _ _              _           _   _                ____                     _ _    _ ___                 __  _    _   _  _                             ____   _             _ _ ___ _   _  _    _  __  _  __ _ __  _            _ _______                   
Group11                                 ●  ●    ●   ●  ●                              ●●                        ● ●              ●               ●                ●●●●                   
consensus  1 VLITGSAGLIGSEAVRFFADKGXFDVVGIDNNMRQ...GEEASTEWNRQR......KN.....YIHXXXXXXYDADIRDREAIERIFAEYGTDI..IVHTAAQPSHDWAARXXXXDPYTDFTVNANGTLVLLEATRQHCXXXPDAVFIFTSTNKVYGD............... 142* 
YP_594153.1  5 -VITGSAGLIGSEAVRFFAGLG-MQVIGIDNDMRQfffGEEASTRWNRVRleqqv.PN.....YIH------HDLDIRDAPAIERLFAHYGSEIalIVHTAAQPSHDWAAR----DPYSDFSVNALGTLNLLQAARQHA---PTAPFIFTSTNKVYGDrpnllplleretrwd 156 
YP_323855.1  4 VLITGSSGLIGSESVHFFAQKG-FRILGIDNNMRAvffGESASTDWNRQIledkygER.....YRH------YDIDIRDRTAIENLFQEYSTDIslIIHTAAQPSHDWAAK----DPHTDFTVNANGTLVLLEATRQYC---PQAVFIFTSTNKVYGDtpnylplqeletrwe 157 
YP_002463313.1  5 -IITGSAGLIGSEAVTYFANQG-MDIVGIDNDMRRyffGDEASTQWNRQR......LEsevrqYKH------YEVDIRDREAIERIFAHYGNHIrlVIHTAAQPSHDWAAR----EPITDFSVNATGTLYLLEATRRYA---PAAVFIFLSTNKVYGDtpnrlplveyelrwe 156 
YP_002248319.1  5 -LITGSAGLIGSESVRFFAQKG-FTIVGIDNDMRKvffGEEASTRWNLERlkeev.PE.....YIH------YEVDIRDQQKIEQIFKEYNTDIklIVHTAAQPSHDWAAK----DPFTDFTVNANGTLVLLEMTRRYC---PEAVFIFTSTNKVYGDapnqlplieldtrwe 156 
YP_003391167.1  5 -LVTGSAGLIGSEAVAFFADKF-DLVVGIDNNMRQyffGTDASTEWNQNRlqdsy.KN.....YVH------RPADIREVSQLEPIFREFGTDIklIVHTAAQPSHDWAAR----EPFTDFTVNANGTLNMLEMTRQHC---SDAVFIFTSTNKVYGDnpnflplietetrwe 156 
YP_002955191.1  5 -IVTGSAGLIGSETVKFFCDKG-FDVVGIDNNFRKtffGEDASTEWNRQRleash.KN.....YTH------YDADIRDHEGISKIYGRYGKDIkaVIHCAAQPSHDWAAS----DPYMDFTVNANGTLVMLENFRAHC---PDSVFIFTSTNKVYGDtpnylplveletrwe 156 
foreground (145):   IVI G SG VGA   RALAAE G  L IVDNL R    GE LS EW                   VCGTAAF   DVRNAA I AV E     I  IVH SAQ S   A EGQS EP  DFD NA GTFN LE AR A        IVY STNRVYG                 13.1 
    L V      L S    R  R  P                   N                       TPHPPL    I D   L             V   AG  A   S   RV          L                       F    K                     
    V        I         E  L                                           AKRIIV          V                             KT          V                                                  
wt_res_freqs (47):  215 9 19 291   113211 3  1 11986 9    91 12 17                   1241215   929311 2 11 1     2  318 178 4   3 1822 19  871 96 9917 98 29 1        111 9971998                  
   2 4      1 7    1  1  2                   6                       412422    6 5   3             5   82  5   5   21          2                       5    7                     
   4        5         1  1                                           222211          3                             45          1                                                  
insertions                      6 2 22    3   2   3     1312 2      85      2   5    6                21 2               2     1                                       22!                 
deletions  321111111             9           2   44455311  22       1       2999999          2  463111114                 999!                      28!!!1366                            8.1 
background (66138):   IVI GAGGGIGAAT EALAAA GAKLAAADRSEAG   GAAVAAEAAALG       V     AAAAVACDVASEDADDAAVL AVAEFGRV G  IVHNAAVAHDGPSEELSDAEPDATFA NVTGTFN LELARPALKAGGGGSIVFVSTAAVYGG                0.3 
    VIV   TR L SHV LR  RE P R  LTG R EK   LE LLELLEE A              VLVLLL LTD EDIE LLA L E L PI I  V N  GIL PA L  MDPE WERVMD  L SPVL AR LL LMLKRKV R  NIGSISGL P                 
    A     SS   R I R   E  V    IVA   D    A   V  I                   I  VV  S  ASV    E I      L V  L      T        TLD F K L     AV R TK  A   IEQ        A V AF                   
wt_res_freqs (17989):  213 9414559131 116411 1311111351111   111121111111       1     11111116311121112211 11112412 1  14348211111111111111111111 7316222 211313121212141441161121222                 
   315   11 2 111 11  11 1 1  211 1 11   21 1111211 1              111111 212 1111 111 1 1 1 12 2  3 4  521 11 1  1113 211211  2 1111 11 12 1312111 2  32171131 1                 
   2     22   1 2 2   1  1    111   1    1   1  1                   1  11  1  112    1 1      2 2  4      1        212 1 1 1     11 1 21  1   111        1 1 21                   
position       .   10    .   20    .   30    .      40    .              50    .   60    .   70    .   80      .   90    .  100    .  110    .  120    .  130    .  140                   
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Unknown  143 .................ID..KHSLFGASKVAADVLVQEYGRYFXXXGMKTGCFRGGCLTGPNHSGTQLHGFLAY...............G.KGKQVRDNIHSADLVNAFWHFYQNP..XCGEVYNI 232* 
Deinococcus  157 idpvhparhgiaedms.IDqsKHSLFGASKVAADVLVQEYGRYF---DMPTVCFRGGCLTGPSHSGTQLHGFLAYlmkctmsgkpytvf.GyKGKQVRDNIHSADLIAAFHAFYRNPr.-AGEVYNI 276 
Cyanobacteria  158 iapnhqykegidesmt.IDnsKHSLFGASKVAADVLVQEYGRYF---GMKTASFRGGCLTGPNHSGAQLHGFLAYlmkctisgdtytif.GyKGKQVRDNIHSYDLVNAFYHFYQNPr.-CGEIYNI 277 
Chloroflexi  157 idsshpyangisedmp.IDqsLHSLFGASKLAADVLVQEYGRYF---GMYTACFRGGCLTGPNHAGVQLHGFLAYlmrctmtgtpytvf.GyKGKQVRDNIHSADLIRAFDAFFRKPri--AEVYNI 276 
Nitrospirae  157 ldkshpyyeygidesmsIDqsKHSLFGASKVAADILVQEYGRYF---GMKTVCFRGGCLTGPNHSGTQLHGFLAYlmkcaitgenytvf.GyKGKQVRDNIHSFDLVNMFWHFYQNPr.-CGEVYN- 276 
Bacteroidetes  157 ideshpyfkdgidefmsIDhtKHSLFGASKVAADILVQEYGRYF---GMKTGVFRGGCLTGPNHSGAQLHGFLSYlmkcaitgtqytvf.GyKGKQVRDNIHSWDLVNMFWHFYQNPr.-VGEVYN- 276 
Proteobacteria  157 idpshayndgidetms.IDhtKHSLFGASKVAADVLVQEYGRYF---GFKTGVFRGGCLTGPSHSGTRLHGFLSYlmrccitgnkyfiygY.KGKQVRDNIHSYDLVNSLWHFFEKPr.-VGEVYNM 276 
position                        .  150    .  160    .  170    .  180    .  190    .                  200    .  210    .  220      .  230    
                               _                                                                                                                                  _                                                                                                                                  _                                                                                                                                  _                                                                                                                                  _                                                                                                                                  _                                                                                                                                  _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                                                                                                                              _   _                  _                                                                                                           _   _                  _                                                                                                           _   _                  _                                                                                                           _   _                  _                                                                             _                             _   _                  _                                                       _                     _                             _   _                  _                                                       _                     _                             _   _                  _    _                                                  _                     _                             _  __                  _    _                                                  _                     _                             _  __                  _    _                                                  _                     _                             _  __                  _    _                                                  _                     _                             _  __                  _    _                                                  _                     _                             _  __                  _    _                                                  _                     _                             _  __                  _    _ _                                                _                     _   
Group1                            ●  ●●                  ●    ●                                                  ●                     ●  
consensus  143 .................ID..KHSLFGASKVAADVLVQEYGRYFXXXGMKTGCFRGGCLTGPNHSGTQLHGFLAY...............G.KGKQVRDNIHSADLVNAFWHFYQNP..XCGEVYNI 232* 
YP_594153.1  157 idpvhparhgiaedms.IDqsKHSLFGASKVAADVLVQEYGRYF---DMPTVCFRGGCLTGPSHSGTQLHGFLAYlmkctmsgkpytvf.GyKGKQVRDNIHSADLIAAFHAFYRNPr.-AGEVYNI 276 
YP_323855.1  158 iapnhqykegidesmt.IDnsKHSLFGASKVAADVLVQEYGRYF---GMKTASFRGGCLTGPNHSGAQLHGFLAYlmkctisgdtytif.GyKGKQVRDNIHSYDLVNAFYHFYQNPr.-CGEIYNI 277 
YP_002463313.1  157 idsshpyangisedmp.IDqsLHSLFGASKLAADVLVQEYGRYF---GMYTACFRGGCLTGPNHAGVQLHGFLAYlmrctmtgtpytvf.GyKGKQVRDNIHSADLIRAFDAFFRKPri--AEVYNI 276 
YP_002248319.1  157 ldkshpyyeygidesmsIDqsKHSLFGASKVAADILVQEYGRYF---GMKTVCFRGGCLTGPNHSGTQLHGFLAYlmkcaitgenytvf.GyKGKQVRDNIHSFDLVNMFWHFYQNPr.-CGEVYN- 276 
YP_003391167.1  157 ideshpyfkdgidefmsIDhtKHSLFGASKVAADILVQEYGRYF---GMKTGVFRGGCLTGPNHSGAQLHGFLSYlmkcaitgtqytvf.GyKGKQVRDNIHSWDLVNMFWHFYQNPr.-VGEVYN- 276 
YP_002955191.1  157 idpshayndgidetms.IDhtKHSLFGASKVAADVLVQEYGRYF---GFKTGVFRGGCLTGPSHSGTRLHGFLSYlmrccitgnkyfiygY.KGKQVRDNIHSYDLVNSLWHFFEKPr.-VGEVYNM 276 
foreground (66283):                            Y  TK           L      L    L P      G                                     I   E    L                L inf 
                                S                   V    I                                                  D                     I  
                                A                   I    V                                                                        V  
wt_res_freqs (18036):                           9  29           1      1    2 6      1                                     1   2    1                1  
                               4                   2    2                                                  4                     2  
                               2                   4    3                                                                        4  
insertions                   11  1                       6 1          1 1111111111 1  6                     11                  6            
deletions                   75  421              11115823315          1134578111111112               1 1111117765555566667881112  21111234 19.9 
background (31860):                            L  AK      L   GL G    L    L P LLL  GL     LLLL                        L  I   D    L                L 301.0 
                                                         V L                                                                         
wt_res_freqs (19023):                           1  11      1   11 1    1    1 1 111  11     1111                        1  1   1    1                1  
                                                        1 1                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        _                                                                                                                                  _                                                                                                                                  _                                                                                                                                  _                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                                 __                                                                                                                           _     __                                                                                                                           _     __                         _                                                                                                 _     ___                       __                                                                        _                        _     ___                       __ _                                                                      _                        _     ___                       __ _                                                                      __                 _     _     ___                     _ __ _                          _                      __   __  _ _   __  _ __ _ _    _ _  __  __ _  _ _ _ ______               _  ______ __  _ _  _              ___   
Group11                                         ●                  ●     ●     ●●●                     ● ●● ●                              
consensus  143 .................ID..KHSLFGASKVAADVLVQEYGRYFXXXGMKTGCFRGGCLTGPNHSGTQLHGFLAY...............G.KGKQVRDNIHSADLVNAFWHFYQNP..XCGEVYNI 232* 
YP_594153.1  157 idpvhparhgiaedms.IDqsKHSLFGASKVAADVLVQEYGRYF---DMPTVCFRGGCLTGPSHSGTQLHGFLAYlmkctmsgkpytvf.GyKGKQVRDNIHSADLIAAFHAFYRNPr.-AGEVYNI 276 
YP_323855.1  158 iapnhqykegidesmt.IDnsKHSLFGASKVAADVLVQEYGRYF---GMKTASFRGGCLTGPNHSGAQLHGFLAYlmkctisgdtytif.GyKGKQVRDNIHSYDLVNAFYHFYQNPr.-CGEIYNI 277 
YP_002463313.1  157 idsshpyangisedmp.IDqsLHSLFGASKLAADVLVQEYGRYF---GMYTACFRGGCLTGPNHAGVQLHGFLAYlmrctmtgtpytvf.GyKGKQVRDNIHSADLIRAFDAFFRKPri--AEVYNI 276 
YP_002248319.1  157 ldkshpyyeygidesmsIDqsKHSLFGASKVAADILVQEYGRYF---GMKTVCFRGGCLTGPNHSGTQLHGFLAYlmkcaitgenytvf.GyKGKQVRDNIHSFDLVNMFWHFYQNPr.-CGEVYN- 276 
YP_003391167.1  157 ideshpyfkdgidefmsIDhtKHSLFGASKVAADILVQEYGRYF---GMKTGVFRGGCLTGPNHSGAQLHGFLSYlmkcaitgtqytvf.GyKGKQVRDNIHSWDLVNMFWHFYQNPr.-VGEVYN- 276 
YP_002955191.1  157 idpshayndgidetms.IDhtKHSLFGASKVAADVLVQEYGRYF---GFKTGVFRGGCLTGPSHSGTRLHGFLSYlmrccitgnkyfiygY.KGKQVRDNIHSYDLVNSLWHFFEKPr.-VGEVYNM 276 
foreground (145):                    ID   HT YGATK  SE LL EYAR YGK  MRT  FR GCM G  H A Q HGFIGH               G  GRQVRD IH DDVI  FL        I   IYNL 13.1 
                     L     S    S   AD  M D    FP   L    L    I    Q G E Q WLAY                   K     L  E  V  Y              F I  
                                        V       K   I         L             V                                 A  I                V  
wt_res_freqs (47):                   37   61 69319  12 21 4846 317  316  59 451 9  3 2 1 393122               8  919999 37 1912  31        1   1493  
                    4     7    8   77  1 4    56   4    2    3    6 7 4 5 4343                   6     6  1  4  3              4 4  
                                       5       1   1         3             3                                 1  1                1  
insertions                    3  7                                                    !               2                         9   1        
deletions                       1                      99!                                                          2     116334  38894449 8.1 
background (66138):                     A  GQSAYGATKAGAEGFVKAYAKEYGGKNLTVTAVRPGNIDGDLGAALLGD A AA               G AGTQLRDFIHPDDVVE AAYLASSA  IT GTYNL 0.3 
                      P  PLNV S S   LDALARSLRR LAPR VR NSLA F T TEMTRG PAE   L                L   IP GRLLY EEIA  LLF   DD   N AIFVI  
                           G  A A   V   T    L   K  I    I    V      P                        A    A    GS       II     E       I V  
wt_res_freqs (17989):                    1  2122924293113211111414111111141232651212111111111 1 11               1 1211121111314211 11143211  13 11121  
                     2  2111 1 4   2113121411 3321 23 3121 1 1 411111 111   1                1   13 23111 3215  122   11   1 11112  
                          1  2 2   2   3    1   1  4    2    3      1                        1    1    21       11     1       1 4  
position                        .  150    .  160    .  170    .  180    .  190    .                  200    .  210    .  220      .  230    
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