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1. Supplementary Notes

Sequence Assembly S1. Early genome size estimates for the platypus suggested a
genome size of 2.7Gb' which, provided a C-value estimate of 3.0. The C-value
describes the DNA content of a genome in picograms per haploid genome. The tau
value, the number of basepairs per genome, should be C*Na(Avogadro's num)*(mean
molar mass of a basepair)”-1. Molar mass of a pair of nucleotides is 660 g/mol.
Therefore, genome size for platypus is C-value (pg): 3.0 and genome size for platypus
in base pair = 3.0* 10 *-12 * 6.022*10 ~23/660 = 2.7Gb.

Based on comparisons of true genome size to C values (Accessory Table Al) of
mouse, opossum, chimpanzee and chicken all were overestimates by on average
~20%. This suggests a more accurate genome size for platypus is ~2.4Gb.

A more recent genome size estimate (J.S. Johnston, unpublished data) is 2.35Gb. In
this biochemical analysis, the platypus genome was compared to the chicken genome.
The 1C genome is 206% of the chicken genome. If one assumes the chicken (hen)
genome size of 1C (hen) = 1213mb (2C = 2.33 pg), this produces a genome size for
the platypus of 2352 +/- 10.6mb. Additionally, a syntenic region was sequenced in
both platypus and human®. The region in human was 1.65Mb and in platypus was
1.26Mb. This would suggest the platypus genome should be ~76% of the size of the
human genome or ~2.3Gb.

In another recent genome size estimate (P. Obrien, W. Rens and M. Ferguson-Smith,
unpublished data) using the method reported by Trask et al.”, flow cytometry was
used to determine the lengths in basepairs of individual platypus chromosomes. Flow
cytometry measures DNA content and is not influenced by the degree of chromosome
contraction potentially giving more accurate sizing. When adding the base pair
lengths for each chromosome together, the total size was 1.92Gb.

The platypus (Ornithorhynchus anatinus) genome was sequenced to a total of 6.25X
total coverage or ~6X phred Q20 redundancy (using 2.4Gb as the estimate of genome
size) from plasmid, fosmid and BAC end sequences (Acessory Table A2).

The combined sequence reads were assembled using the PCAP software®, 300 parallel
PCAP jobs ran on a cluster of AMD® op‘[erontm computers (AMD, Sunnyvale, CA,
USA) with 2~8Gb Random Access Memory (RAM) and dual processors. PCAP was
then used to process the overlaps (bdocs, bclean), calculate the layout (bcontig) using
HP itanium with 96 RAM and 4 processors, an to generate the conensus sequence
using 300 parallel processes (bconsen) on 8G RAM clusters of AMD opterons. The
stringent parameters used for each step are provided at the end of this document.

After the initial assembly with PCAP, we modified the read pair constraints iteratively
after recalculating the statistics on read pair distances from the assembly. While the
contiguity improved some, the platypus assembly was still fragmented as compared to
other large vertebrates such as chimpanzee and chicken where we had used PCAP to
assemble them, see Table A3. N50s calculated for the subset of largest
contigs/supercontigs that total the genome size indicated by the number in parentheses
in the 1% column (e.g. Platypus (1.7Gb) indicates that the largest supercontigs totaling
up to 1.7Gb were used for the N50 calculations). We noted that the platypus has
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relatively less coverage from fosmid ends reads (which provide scaffolding at the
mid-range size of ~40kb). To understand whether this caused the increased
fragmentation of this genome relative to other assemblies, we removed fosmid ends
reads from the chimpanzee genome and reassembled the genome using PCAP. Even
after removing the fosmid end data from the chimpanzee, however, the platypus
assembly was still less contiguous suggesting that the fewer number of fosmid ends is
not the major reason for increased fragmentation of the genome.

Thus the read quality was reasonable (84% good quality reads), and the average read
length (703 bases), with an average of 591 Q20 bases, is similar to what we have
found with other data sets (not shown). The chaff rate, or number of reads which
could not be assembled, is relatively low at 8% (although in chicken the rate was
~4%). However, the assembly has a larger number of contigs (343,384 contigs > 1
kb) and supercontigs (143,543 supercontigs > 1 kb) than would be expected for this
level of coverage based on our experience with other genomes (Accessory Table A3).

In this assembly we identified several sources of small amounts of vector and other
contamination. For example, close examination of platypus gene alignments with
other species, focusing on the degradome of platypus, revealed best statistical matches
to a small number of sequences from the protozoa, Theileria (X. Puente, personal
communication). Based on these initial observations a thorough evaluation of all
contigs was carried out. In summary, ~1076 supercontigs totaling nearly 3M were
flagged as potential Theileria sequence. Of those, 230 supercontigs (half of the
sequence) had more than one contig aligning to Theileria (either only Theileria or
more strongly to Theileria than to vertebrate). The remaining 846 supercontigs (again
about half of the sequence) are supercontigs (could be singletons) that have only one
contig aligning more strongly to Theileria than vertebrate. Other contaminants that
were removed included eleven small primate contigs were identified (Bob Harris,
personal communication), one C. elegans and one Z. mays chloroplast contig (Paul
Kitts, personal communication). Of the submitted contigs 1,122 AAPNO1 contigs
match sequences from the Ornithorhynchus anatinus mitochondrial genome

(NC _000891.1). These mitochondrial sequences remain in the submitted data.

Integration of sequence assembly and physical map S2. The draft assembly was
aligned to the fingerprint map using shared BAC-end sequences (BES) with
additional linking information provided by in silico digestion of supercontig
sequences as described’. There were a total of 379,614 BES that could be used for
this purpose. The predicted HindIII fragments from each assembly supercontig were
used to create overlapping artificial clones of approximately 200 Kb, with successive
clone overlap of 60Kb. The artificial in silico clones were added to a copy of the FPC
fingerprint database and compared to experimental clones at a coincidence score
cutoff of 1e-06. The threshold for establishing collinearity of the assembly and
fingerprint maps was 1) a minimum of six shared BES links or four BES links from a
minimum of three different BACs or 2) a minimum of two supercontig in silico
clones matching clones in the given fingerprint contig, provided there were supporting
BES links. 70% of all links were required to be consistent and no topological
constraints were violated. These heuristically-determined parameters were chosen to
minimize the number of topologically impossible contig combinations and marker
inconsistencies in this and other projects®’ 86% of the fingerprint map and 82% of the
assembly were aligned. This alignment allowed us to construct 'ultracontigs'
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containing ordered and oriented supercontigs. 49% of the assembly was assigned to
ultracontigs, providing a 270% increase in scaffold length over the supercontigs
alone. BAC clones were chosen from the larger ultracontigs to use in FISH, with 279
clones successfully assigned chromosome locations. These data suggested 6
ultracontig breaks. Assignment of sequence scaffolds to platypus chromosomes
follows the agreed nomenclature based on size, cytological landmarks, hybridization
of chromosome-specific DNA and definition by hybridization with anchor BACs".

Creation of chromosomal “AGP” files S3. As described above, a whole genome
shotgun assembly was performed using stringent parameters to avoid global mis-
assemblies. We then linked the assembly to the physical map (as detailed above) to,
where possible, order and orient supercontigs into ultracontigs. Using the new
ultracontigs, we used the underlying WGS assembly read pairing data to refine
supercontig order and orientation (note that when supercontigs are small, the physical
map does not always definitively provide orientation). We then filtered the following
small contigs before creating the chromosomal files: (1) all singleton contigs that
were <500 basepairs and did not have a hit to the EST set, (2) supercontigs <2kb that
were not part of an ultracontig and did not have an EST hit at >95% identity and (a)
were >97% identical over >97% of their length to other larger ultracontigs or (b) were
>95% repetitive (based on RepeatMasker).

The remaining ultracontigs and supercontigs were initially ordered along the
chromosomes using the FISH data generated by this project (Australian National
University, The University of Adelaide, and Washington University Genome
Sequencing Center). The FISH data placed 198 supercontigs on individual
chromosomes and identified one chimeric ultracontig (we then broke that ultracontig
into its two constituent pieces). The FISH data provided gross localization data
(identifying either a single band or sometimes just the arm such as 2q), and, in general
(except for two cases where two probes were designed from the same
ultra/supercontig and happened to fall in different bands), were not helpful in
providing orientation information. After this gross ordering stage using the FISH
data, we returned to using the underlying read pairing data to attempt to order and
orient ultracontigs within bands/arms (for example, if three supercontigs were
assigned to 2q, we had to determine order and orientation of those supercontigs within
2q). When there were multiple “grouped” (by arm or band) but unordered/unoriented
super/ultracontigs and no platypus-specific data (i.e. no read pair data or EST data),
we looked for a consensus order/orientation from comparative alignments to human
(build36)’, chicken (galGal3)’, opossum (monDom4)'’ and dog (canFam2)'' to aid in
assigning order and orientation. As a final step, comparisons to newly available EST
data (30,644 EST assemblies) were used to extend and in some cases create additional
small ultracontigs (by placing neighboring supercontigs next to each other when they
were linked by unique alignments with EST data). This process extended/confirmed
60 ultracontigs and created an additional 215 small ultracontigs. All super/ultracontigs
that were not localized to a chromosome by virtue of FISH were assigned to the
unlocalized chromosome, “chrUn.”

The final chromosomal assembly is composed of 205,534 supercontigs (of those,
using the physical map 4,197 supercontigs were organized into 689 ultracontigs)
covering 1.84Gb of actual sequence (without including estimated gap sizes) or almost
2.0Gb including gap sizes. Of the 1.84Gb, 437Mb (1507 supercontigs organized into
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145 ultracontigs) have been anchored and ordered along platypus chromosomes using
the physical map in combination with FISH data. The N50 statistic is defined as the
length L such that 50% of all nucleotides are contained in contigs of size at least L.
The N50 number is 298 and the N50 size is 967kb. The amount of sequence localized
per chromosome is provided in Accessory Table A4.

Assembly quality assessment S4. To assess assembly quality, we analyzed genome
coverage, assembly accuracy and rates of mis-assembly. However, these analyses
were compromised by the outbred platypus populations given that polymorphisms
could masquerade as errors. Estimates of platypus genome size center around 2.3Gb'*
(J.S. Johnston, unpublished data) including centromeric and telomeric sequence
(Supplementary Notes S1). We estimated the genome coverage of the assembly using
other sources of platypus sequence including finished BACs, additional WGS data,
and a set of mRNAs. In a set of 97 finished BAC sequences from an unrelated male
platypus (13.2Mb) and three from the female platypus used for whole genome
assembly (WGA,428kb), 90% of finished bases could be aligned with the draft whole
genome shotgun assembly indicating the missing sequence was not restricted to
centromeres and telomeres. As a part of our efforts to characterize the platypus
genome, we used 454 instrumentation” to sequence an additional 0.04X WGS
coverage and to develop a cDNA resource (Supplementary Notes S3;S13). Of the
454-based WGS sequence, 93% aligned to the assembly, but this is likely an
overestimate given it may share some of the biases of the WGA and repeated
sequence that was collapsed in the assembly may still produce alignments. Of the
2,677 cDNA assemblies larger than 1kb (totaling ~4 Mb), 92% were identified in the
current genome assembly. While this also likely overestimates coverage since it
avoids repeated sequence, it nevertheless is an important indicator of the
representation of the transcribed sequences in the assembly.

While accuracy estimates are difficult given the heterozygosity of the female, we
estimated the nucleotide accuracy of the genome using the alignments to finished
clones. Comparison with female sequence revealed overall substitution, deletion and
insertion rates of 0.04%, 0.01%, and 0.01%, respectively, but these are probably
primarily polymorphisms, not errors. Comparisons with the male showed higher
discrepancy rates but these are also likely dominated by polymorphisms (sub=0.09%,
del=0.01%, ins=0.01%).

To assess structural accuracy of the assembly, we analyzed the alignments of the
13.2Mb of finished platypus BAC clone sequence against 1,895 platypus contigs from
604 supercontigs. Six small contigs (~0.7 per Mb) have not been positioned within
large supercontigs; these are not strictly errors but do affect the utility of the
assembly. Three cases were found where a supercontig should have been inserted
inside another supercontig (~0.3 per Mb). Only four order discordances (misordered
sequence contigs within a supercontig) were discovered translating to ~200kb of these
events in the genome, and no misoriented contigs were detected.

To attempt to understand the nature of the missing sequence, we analyzed in detail the
content of the sequence that was covered by the whole genome sequence as well as
the sequence that was “uncovered” or in “gaps” in the whole genome assembly and
found it higher in both G+C and repetitive content. Overall G+C content of those
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“covered” sequences was 44% while it was 50% for those regions not covered. The
distribution is as shown Accessory Table AS.

RepeatMasker identified 43% of the covered sequence as repetitive and 65% of the
uncovered sequence as repetitive. The repetitive content is shown in Accessory Table
A6. As seen here, there are almost 2X as many bases in LINEs in the “uncovered”
regions than in the “covered” regions and more than 2X as many bases in simple
sequence repeats and low complexity sequences. We further analyzed the 50bp
immediately adjacent to the regions not covered by alignments to the WGS sequence.
We found those regions to be enriched in tandem repeats as well as in bases masked
by RepeatMasker relative to the genome as a whole. Specifically, there were 7.1% of
bases annotated as tandem repeats in these 50bp flanking regions as compared to
2.1% for the genome as a whole. And 67.3% of those bases overlap bases masked by
RepeatMasker (32.2% LINEs and 30.7% SINEs as compared to 21.7% LINEs and
22.7% SINEs). Thus, while the content of the “missing bases” are enriched for
LINEs, the content of the “edges” of the gaps while enriched for repetitive bases, are
not biased towards LINEs or SINEs. It is not surprising that the sequence is stopping
within LINEs and SINEs given that their average G+C content in the platypus
genome is 55% (57% for LINE2 alone). In the human genome the average G+C
content for LINEs is 44% and for SINEs is 56%. Finally, as would also be expected,
the average G+C content at the “edges” of the gaps in coverage are higher than that of
the genome as a whole. The average G+C content for the 100bp and 50bp flanking
each gap in coverage is 49%; for the 25bp and 10bp flanking each gap it is 50% (as
compared to 45% for the entire set of finished BACs).

Read depth analysis S5. We analyzed the following two types of read depth
distribution (Accessory Fig. Al). In type 1, we “step” along the contig and count the
read coverage for each contig base, from the underlying reads aligned at good quality
base positions (>Q20). In type 2, we take the middle point of the read as
representation of that read and see how many other reads cover that point in this read.
The ratio of type 2 average coverage to type 1 average coverage provides an
indication of the distribution of the reads for a region, i.e. whether they are more
concentrated (possibly collapsed) or more spread out.

For platypus we find a ratio of 1.47 which is higher than those for other genomes such
as chimp (1.27), chicken (1.27) and the worm, C. remanei (1.34). The read depth
ratio indicates that there could be more regions collapsed in platypus in turn causing
the total size of the assembly to be an underestimate of genome size (thus reducing
the amount of sequence we are actually missing).

As shown in the type 1 read depth distribution (Accessory Fig. A2), the platypus does
not have a peak on the mean value of read depth (chicken: 8.5, chimp: 7.0, platypus:
8.82). The shape of chicken and chimp, however, are more similar to a Poisson
distribution with modes at the mean. While the platypus has many bases of low
coverage, it also has many more bases at the tail. The higher percentage at a low depth
reflect the genome assembly has many more short contigs with lower than average
coverage, the tail with high coverage reflect possible short stretches of collapsed
repeats.
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As shown in the type 2 read depth distribution, the platypus data appear “flatter” than
the other assemblies with a higher percentage centered around the mean depth than
the other genomes represented here. It also has a tail with a higher percentage
coverage than all the other genomes compared. Given that the distribution of platypus
read depth in Accessory Fig. A3 is more like a random distribution than that in
Accessory Fig. A2, this also indicates the genome assembly has more “piled up” or
possibly collapsed regions. We therefore attempted to analyze these regions having
higher than expected coverage to determine whether they did appear to be repetitive
elements and to possibly obtain a better genome size estimate.

As seen here, the regions that appear to be collapsed are not rich in genome-wide
repeats and have a lower than genome average G+C content level. The total size of
these high depth regions provides a rough estimate that the current assembly
underestimates the size of the genome by ~120Mb, bringing the total assembled
sequence to ~1.96Gb (1.84Mb+120Mb=1.96Gb).

Segmental duplications S6. To further scrutinize the platypus genome assembly
(ornAnal) we used two different approaches '>'* designed to detect genomic
duplicated sequences >1kb with >90% sequence identity. When requiring that the
detection of duplicated regions align in apparent “unique” regions of the platypus
genome, a total of 190.4Mb (10.4%; Accessory Table A7) of non-redundant sequence
was detected as potentially duplicated by self-comparison of the platypus genome.
The majority (67%) of alignment pairs were between 1-2 kb in length (Accessory Fig.
A4) with a mean sequence identity of 94.4% (Accessory Fig. A5). This excess of
short sequence alignments may reflect either uncharacterized
transposon/retrotransposon repeat families or the presence of many short segmental
duplications, similar to those in chicken. In order to validate larger, more identical
duplications in the platypus genome, we examined all regions of the platypus genome
assembly for excess sequence read depth. Using this method, we found that only a
small fraction (1% or 16.6Mb) of the platypus genome corresponds to larger
segmental duplications >10 kb in length and >94% sequence identity. Of 111 genomic
regions containing tandemly duplicated genes (see below), 14 overlap these segmental
duplications, far more than the ~1 expected by chance. The pattern of duplications is
similar to what has been observed for many non-primate mammalian genomes. Most
of the larger duplications that have been mapped to chromosomes are organized in a
tandem configuration (Accessory Fig. A6). For example, if one considers all
duplicated sequences >5 kb in length and >90% in identity, 88% (114/130) of the
pairwise alignments map within 1Mb of each other. Of the two interchromosomal
duplicates, one corresponded to a nearly complete copy of the mitochondrial genome
(11kb) duplicated to the platypus X chromosome (X1) and likely represents a
mitochondrial introgression into the nuclear genome. Due to the complexity of
correctly assembling duplicated sequence'®, we should emphasize that our survey of
the segmental duplication landscape is preliminary. Only ~10% of the detected
duplicated sequence has been assigned to a particular chromosome (Supplementary
Fig. A6). Nevertheless, the data provide the first genome-wide view of platypus
segmental duplications and a useful guide for those interested in platypus-specific
gene expansions and targeted finishing of the genome. All of these data are available
at http://eichlerlab.gs.washington.edu/database.html and
http://www.genome.ucsc.edu.
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Repeat content analysis S7. We counted the bases in the original reads that PCAP
identified as highly repetitive’; there are 2.825 billion bases in repeats that are
represented more than 90 times, or about 15% of the total input read bases defined as
highly repetitive by the assembler. While a low percentage (8%) of the total reads
were unplaced, of the unplaced reads, the assembler annotated 56% as not placed due
to repeats. The average G+C content of the unplaced reads is 47%. Average G+C
content of the repeat library for platypus is 53%.

As described in the main text, the density of interspersed repeats (IRs) in the platypus
genome is far higher than in any vertebrate genome characterized thus far. We aligned
each of the 97 finished platypus BAC clones against itself (using PRINTREPEATS,
score=50) to identify repeats within the clone and found 26% of the platypus BACs
align against themselves whereas that number for a similarly sized set of chimp BACs
is only 17% and for chicken is only 3%. When analyzing specifically tandem repeat
content (minimum size of a single unit in the tandem repeat set to 10bp, and
maximum size 100bp) there are approximately twice as many bases in tandem repeats
in platypus as there are in chimp and more than five times as many in platypus as in
chicken. The average size of those tandem repeats is almost twice as large in platypus
as compared to chimp or chicken but the total number of tandem events per kb is
slightly lower in platypus than chimp. Further, the distance between the copies of the
tandem is on average larger than that in chimp or in chicken with a larger standard
deviation as well. Tandems were measured using two methods for identifying tandem
repeats, one was “tandem” and the other was “trf*"”. Inverted repeats are known to
cause structures which lead to cloning bias. And tandem repeats can also be unstable;
they can be collapsed by E. coli, for example, leading to cloning bias. Repeats have
also been known to lead to problems during sequencing.

Chimeric read analysis S8. Chimeras are sequences that contain segments from two
different portions of the genome. In the assembly, a read “f” is identified as chimeric
if it has an internal position “pos” satisfying: (1) a region immediately before (after)
pos is similar to other reads; (2) all the similarity ends(starts) around pos and majority
of those similarities show a “long overhang.” There are two primary types of
chimeric reads shown in Accessory Fig. A7: (1) local repeat structure causes a “loop”
to form, and the resulting chimer contains two sequences that are near each other in
the genome, and (2) two sequences from different regions of the genome are ligated
during the cloning process.

Overall, there were 0.73% of reads identified as possible chimeras in platypus
(196,963/26,954,275) as compared to 0.25% in chimpanzee (84,480/34,014,260) or
three times more in platypus than in chimp. In platypus, these 196,953 chimeric reads
are from 92,148 plates (total plates=171,917) or 53% of the plates. There are only
1,139 plates with more than 10 chimeric reads (totaling 16,255 of the chimeras or 8%
of the total). Thus, the chimeric reads do not appear to be plate specific and thus not a
problem during production of plates.

Finally, we checked whether the chimeric reads appear at contig ends and could
possibly affect the contiguity. Given that the number of contig ends affected is similar
in both chimp and platypus, the chimeric reads are not a likely major contributor to
the fragmentation of the assembly (Accessory Table AS).
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Cloning biases analysis S9. To estimate the possible effects of cloning bias, we
evaluated the orientation of reads at the ends of contigs. If, in neighboring contigs, all
reads point away from each other, for example, we would reason that there is a
cloning bias in this region possibly caused by inverted repeats. For the reads at the
contig end, we defined the following combinations of orientations as shown in
Accessory Fig. A8. The first arrow represents orientation of the read at the “contig
end” of the “first” contig. The second two represent the orientation of the first two
reads of the neighboring “next” contig downstream. For the “contig start” read, if
there is cloning bias resulting in no clone being available for that portion of the

genome, then we would see a large number of “1 1 1 <--- --- > --->”_or all pointing
away from the gap. For the “contig end” read, if there is a cloning bias, we would see
many orientation combinations of “0 1 1 <--- <--- --—- >”_that is, the previous reads

point away from the gap as the contig ends, and reads in the next “contig start” read
are also pointing away from the gap. The overall results for each orientation
combination are tallied in Accessory Table A9.

There are only 8.08% of platypus “contig start” combinations of type “1 1 17
whereas in chimp there are 7.37%. There are 8.2% of the platypus “contig end”
combinations of type “0_1 1" while chimpanzee has 7.31%. In fact, in the gaps
between contigs, there is a slightly lower percentage of gaps with no spanning clone
that there are in chimpanzee. Thus, the effect of cloning bias in platypus is similar to
that in chimpanzee and, thus, should not be a factor contributing to the more
fragmented assembly.

G+C content analysis S10. We measured GC content of each fragment in platypus
assembly OrnAnal. For each fragment we divided the number of bases that were
either C or G by the number of bases, not counting any ambiguous bases. Repeat-
masked bases were included in the counts. Average G+C is flat at around 47% from
2,000bp to 30,000bp. Below 2,000 it generally rises, to about 53% at 500bp. Above
30,000 it generally drops, to about 43%.

From the fundamental Central Limit Theorem, we know a population of variables x
with some distribution, mean, and standard deviation; random samples are taken from
this population of an acceptable size n. The sample mean essentially is equivalent to
the population mean, suppose the population has real GC content with a mean, then
random samples of subset has a mean close to the real one provided small size is
acceptable.

We used the 454 sequencing platform to generate 1 million 100bp reads (0.04X
coverage) for the platypus genome. For each of the eight batches of reads, the G+C
content of these reads was 47% which is higher than both the genome average (45%)
and higher than the read average (43%). We had previously used both the ABI 3730
and the 454 platforms to generate data for several bacterial genomes. We calculated
their GC content of both types as shown in Accessory Fig. A9.

We can see the 454 and 3730 data both share similar G+C content as opposed to the
platypus where the 3730 reads show 43.8% and the 454 show 47.4%. Finally, we
compared G+C content of the read set versus the G+C content of the assembly for
several genomes (Accessory Fig. A10). The platypus data show a larger difference
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between the %G+C of the reads and that of the genome as a whole as compared to the
other genomes shown here.

We also measured the G+C content of the various lengths of the contig ends as well
as for regions of high read depth and low read depth in the platypus assembly and
found the following distributions (Accessory Fig. Alla). The G+C content is higher
on contig ends in general than in the genome as a whole. As is evident here, the G+C
content rises as you approach the contig ends confirming earlier observations during
the finishing of BACs and in the alignments with finished BACs. This is also
consistent with the notion that the high G+C content is causing premature termination
of reads during the sequencing process. Further, we find that the regions of the
assembly with the lowest read depth (Accessory Figure A11b) also are enriched for
sequence even higher in G+C than the contig ends also indicative of biases against the
G+C rich sequence.

Estimates of heterozygosity rates in platypus S11. From the platypus chosen for
sequencing, we chose 100 primer pairs for heterozygosity testing. From this we
sequenced 69,738 bases and found 52 points of heterozygosity including two indels
which were counted as one difference per site. Thus, the rate of heterozygosity based
on these data is 1 per 1341 bases.

To enable future genetic mapping studies of platypus populations we created a large
database of single nucleotide polymorphisms (SNPs). One area of immediate
application of this SNP data would be to investigate any genetic correlates or even
disease resistance loci of infection with the fungus Mucor amphibiorum, which poses
a significant potential threat to platypuses in Tasmania. M. amphibiorum occurs
throughout the Australian range of the platypus, but only platypuses in Tasmania are
affected, with fungal infections producing large ulcerative lesions, leading to
significant morbidity and mortality, probably from consequent bacterial infection.

SSAHAZ2 identified 1,120,308 SNPs (1 in 1644 bases) and PCAP identified 675,550
SNPs (1 in 2726 bases). Significant overlap was observed between these independent
analyses. We experimentally tested a total of 141 SNPs from the set of 550,203 SNPs
that overlapped from the two analysis techniques. Of these 138 were confirmed
(97.9%) demonstrating the high accuracy of those SNPs identified by both methods.
Discovered SNPs have been submitted to dbSNP.

Based on the differences in the assembly itself, PCAP (our assembly tool) identified
675,550 SNPs in the 1.84Gb of sequence or a heterozygosity rate of 1 in 2726 bases
and SSAHA?2 identified 1,120,308 SNPs or 1 in 1644 bases.

NcRNA data analysis S12. From 21,890 sequenced cDNA clones with exclusion of
unreadable or very short sequences, empty vectors, E. coli contaminations and other
ambiguities yielded 18.676 clones; among these 30 known U snRNAs (1390
sequences), 75 tRNAs (2124 sequences), 2 isoforms of 7SL SRP (signal recognition
particle) RNA (5 sequences), 59 parts of rRNAs (11059 sequences), 98 mRNAs (128
sequences), 5 Y RNA sequences (106 sequences), one RNAseP RNA (2 sequences),
one 7 SK nuclear RNA (14 sequences), one spacer (6 sequences) and 31 microRNA
candidates (80 sequences) were identified and excluded from a more detailed analysis.
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Further 3140 sequences contained 166 snoRNAs (109 C/D-box (2985 sequences) and
57 H/ACA-box (155 sequences) snoRNAs).

cDNA sequencing S13. In order to add experimental support to the in silico gene
predictions for the platypus genome we sought to produce cDNA sequence data from
a platypus fibroblast cell line. RNA extraction was performed on a cell pellet from
one T75 cell culture flask using the RNeasy Mini Kit (Qiagen). The RNA was treated
with Turbo DNase (Ambion) and measured for quantity and quality via
spectrophotometry and gel electrophoresis.

Library construction was performed using a variation of the Clontech SMART system
in which the 5* and 3° PCR adapters (5’ sequence; 3’ sequence) contain type IIs
restriction enzyme sites (Mmel). The RT conditions were modified to include high-
temperature cycling for greater efficiency. Post-RT amplification of the library was
performed with a single PCR primer (seq) that maintained the Mmel site at the 5’ and
3’ termini. This product was titrated for the optimum number of PCR cycles, to avoid
over-cycling of the product.

The optimally-cycled product was then normalized using a duplex-specific nuclease
(DSN) that preferentially digests double-stranded DNA in the presence of single-
stranded DNA (Trimmer; Evrogen). In short, the cDNA library DNA is boiled and
allowed to re-anneal for approximately 5 hours in a buffered salt solution. During this
time the high-copy molecules re-anneal while the low-copy molecules maintain the
single-stranded state. At the end of the incubation period, the nuclease is added and
the dsDNA molecules are digested, leaving the single-stranded material behind as a
template for re-amplification using the single primer discussed above. Another PCR
cycle titration was performed at this stage to prevent over-cycling.

As mentioned above, the 5’ and 3’ terminii of the cDNA molecules contained Mmel
restriction enzyme sites. The inclusion of such sites allowed for cleavage of the poly-
A tail from the 3’ end of cDNAs as well as removal of both 5 and 3’ adapter
sequences in the final purification stage. The use of biotin-tagged adapters permitted
purification of Mmel-digested library products with M280 streptavidin beads
(Invitrogen). This normalized and purified product was then deemed ready for 454
sequencing library construction, which was performed according to the standard 454-
FLX library protocol.

Gene predictions S14. Predicting gene models on Ornithorhynchus anatinus presents
a unique challenge due to its large evolutionary distance from most of the mammalian
sequence evidence available. A variety of approaches have been used in order to
produce the highest quality gene models from the evidence available.

Initially the standard Ensembl annotation pipeline was used'®. The process is started
by aligning both the limited platypus protein set and mammalian proteins from
Uniprot to the genome and making CDS predictions based on these seeds using
genewise'®. The small number of platypus cDNAs and human cDNAs were also
aligned to the genome using exonerate and these alignments were used to add UTR
information to the CDS structures. A comparative analysis with human, mouse, dog
and chicken Ensembl gene sets helped find missing one to one orthologs and partial
transcript structures. For the problem cases identified, transcript structures generated
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by alignment of human and chicken Ensembl peptides were then used to both fill gaps
in the gene set and extend partial structures.

After the initial annotation cDNA data from 454 sequencers became available they
were also aligned to the genome using exonerate and used to add UTR information to
the CDS predictions from genewise reference here. cDNA alignments in locations
where there were no protein based predictions were examined for long open reading
frames and used to fill potential gaps in the gene set.

After merging all the transcript predictions into a non-redundant set of loci it became
clear there was an over prediction of alternative splice forms: the merge resulted in
38,155 transcript models. This is thought to be due to the distance of the evidence
from the genome meaning two almost identical sequences produce distinct models
rather than merging to produce the same model. This problem was solved by filtering
the alternative isoforms on the basis of several criteria, including the quantity of
evidence supporting each exon, presence of methionine, stop signals and the number
of non consensus splice sites.

Finally, the gene set was assessed to remove processed pseudogenes. This process
looks at genes which contain many frameshifts, introns less than 10bp long, and also
introns which have high repeat content. This process removed 201 genes from the
protein coding set.

Once the Ensembl annotation process was complete other annotations were added to
the gene set, such as the manual curation of olfactory receptors (personal
communication, Tsviya Olender and Doron Lancet). These manually annotated gene
models were used in locations where the Ensembl pipeline had failed to produce a
prediction. The final set contains 18,597 genes, 27,557 transcripts and 186,394 unique
exons. The majority of these models, 16,091, were based at least in part on protein
evidence from Uniprot. 2,507 genes have no support from the Uniprot proteins. Most
of these genes are based on either the 454 cDNAs which added 676 genes to the set
and the PhyOp process'’ which added 718 genes to the set. There were also models
supported by platypus proteins and orthology evidence.

Gene orthology S15. Assignments were made for protein-coding genes predicted by
Ensembl for six amniotes (Accessory Table A10). At least one orthology assignment
can be made for the majority of genes in each genome (Supplementary Table 5). The
number of assigned orthologs ranges from 82% for platypus to 94% for dog. This is
consistent with previous findings, based on orthology analysis, that the true gene
count is lower than the current ENSEMBL sets'”'®. The number of simple ortholog
sets, which contain exactly one gene per species, decreases with increasing
divergence (Accessory Table A11). Orthology and paralogy assignments across these
six species, and phylogenetic trees, are available to download from
http://genserv.anat.ox.ac.uk/clades/amniota.

Orthology assignment S16. Orthology assignment followed a procedure
implemented previously'®. Orthologs were predicted in three steps: (1) orthologs were
predicted between pairs of genomes using PhyOP'’, (2) pairwise orthologs were
combined into clusters, and (3) clusters were split into orthologous groups using
chicken as the outgroup.
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For each pair of genomes, each translated transcript was aligned against every other
translated transcript using BLASTP*’. Alignments with E-values exceeding 107 or
covering less than 75% of the smaller sequence were removed. The remaining
alignments were weighted according to a normalized bit score

_ o, maxis'y, syl

Sij mins'; s 0 where S'jjis the bit score for a BLASTP alignment between

sequence i and sequence . Orthologs between transcripts were then assigned using
PhyOP, a tree-based orthology assignment procedure. Orthology relationships
between transcripts were then translated into orthology relationships between genes.

Pairs of orthologous genes were then grouped into clusters in a graph clustering
procedure. We constructed a graph with genes as vertices and vertices are connected
if the adjacent genes have been predicted to be orthologous or in-paralogous. Clusters
were given by connected components in this graph.

Genes in each cluster were multiply aligned using MUSCLE?'. Genes with multiple
transcripts were collated into a string of non-redundant exons from all transcripts
concatenated in sequence. Genes were translated and aligned in amino acid space and
afterwards back-translated into nucleotide sequences.

Phylogenetic trees were built with NJTree providing the established phylogeny for the
amniota’® and using the “-best” option. Incomplete and inconsistent genes confuse the
tree building procedure and were eliminated using a heuristic procedure: If two genes
from the same species do not overlap in their multiple alignment, then the shorter
gene was removed; if it was adjacent to the longer gene and in consistent orientation
on the genome. Each tree was then split into orthologous groups using chicken
sequences as outgroups.

We obtained 16,807 orthologous groups from the clustering procedure. These groups
include both the 7,587 (1:1)" simple ortholog sets and orthologous groups with
duplications and deletions. As a consequence of using NJTree, (1:1)" simple orthology
gene trees almost always correspond to the species phylogeny.

Rate estimation was performed with PAML? using the Goldman & Yang (1994)
model**. In all cases, codon frequencies were estimated from the nucleotide
composition at each codon position (F3X4 model). The parameters estimated were the
transition/transversion ratio (k), synonymous substitution rate (ds), non-synonymous
substitution rate (dy) and the ratio of synonymous to non-synonymous substitutions
(o). Rates were not allowed to vary across sites. For each tree we computed the
minimum, maximum, median and average distance to root. Trees vary in their height.
The variance can be explained by longer branches leading to chicken and mouse
(Accessory Fig. A12). The increased synonymous substitution rate in mouse has been
observed previously, while the elongated branches in chicken reflect ambiguity in
placing the root.
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In all analyses, the multiple alignments were masked and filtered. The translated
sequences were masked using seg. All codons with a single masked residue were
discarded. Then, poorly aligned columns were removed by filtering using GBlocks
with default options®, but permitting half of all character in a column to be gaps.

Sequences and accession codes for platypus gene predictions discussed in the
manuscript are found in the accessory file named Supporting_Sequences and
_codes.doc. Ensembl codes correspond to the January 2007 gene build.

Nucleotide substitution rates between orthologs S17. Previously, when comparing
genome pairs, we have reported genome-wide ds and dn/ds values as medians over all
orthologs. When considering multiple species rate estimation is more complicated, as
estimates can be made from multiple branches and tree topologies can vary
(Accessory Fig. A12).

We computed genome-wide dS, dN and dN/dS using four methods (Accessory Table
A12). Method 1 provides the median values from pairwise comparisons of all 1:1
orthologs. Method 2 provides the median values from pairwise comparisons of 1:1
orthologues drawn only from the simple (1:1)" ortholog set. Method 3 provides the
median values from rate estimates inferred across the species phylogeny for each
simple (1:1)" orthologue set. Method 4 provides values inferred from 20 samples of
200 concatenated multiple alignments from the simple (1:1)" ortholog set.

Rates calculated using the four methods are fairly consistent in their rank (Accessory
Fig. A13), although they do vary considerably between methods (Accessory Table
A13). We note that estimated ds rates from methods that fit data to the species
phylogeny are consistently smaller than those from pairwise estimates, and estimated
dy rates are consistently higher. As a consequence, when dy/ds values are inferred
across the species phylogeny these are typically lower than median values inferred
between species pairs. There is no clear theoretical foundation for estimating a single
genome-wide aggregate substitution rate or selection strength. Substitution rates vary
with nucleotide composition, which itself changes between lineages. Choosing an
aggregate value to represent the genome-wide substitution rate is thus an arbitrary
choice. One possibility is to display the variation across all orthologous groups and
report a median value (this is a consequence of the non-normal distribution of
substitution rates across orthologs). Here, each gene's contribution is equal. This has
been the traditional way of reporting genome wide estimates.

An alternative is to estimate rates for all orthologues simultaneously in a single model
producing a maximum likelihood estimate. A full model would allow rate variation
across sites, across branches in the tree, across genes and genomic background. Such
models, though easy to formulate, are difficult to fit because of their parameter
richness and thus are not in use. We therefore have applied a reduced model (Method
4) that models variation across branches, to a large data set, namely a concatenated
multiple sequence alignment of 200 strict (1:1)" ortholog set alignments. The model
averages over all coding positions in the genome such that each gene contributes to
the estimate in a manner which is proportional to its length. By sampling repeatedly
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(20 times) from the set of orthologous groups we obtain an estimate of variation in the
data. In the manuscript, we report values for both Method 3 and Method 4 (Accessory
Table A14; Supplementary Fig. 1). Both methods do not examine biases due to the
model. A full Bayesian analysis to compute posterior probabilities is not feasible due
to its excessive computational cost. Terminal lineage dn/ds values (Method 4) are
least for Mus musculus, and most for Homo sapiens, which accurately reflect the
known differences in their effective population sizes. In particular, differences in
terminal lineage dn/ds values (Method 4) between the three groups H sapiens + O.
anatinus, M. musculus, and C. familiaris+M. domestica + G. gallus are statistically
significant (P <0.01, n=20, ANOVA).

Gene evolution S18. The platypus genome is unique among sequenced mammalian
genomes in containing approximately 11 paralogs of xanthine dehydrogenase/oxidase
(XDH gene). Of these paralogues, 4 have been placed on platypus chromosome X1,
in conserved synteny with human XDH (HSAZ2). In addition to its housekeeping role
in purine metabolism, eutherian XDH appears to have roles in the secretion of milk
lipids®®. As its protein level correlates with the maturation of mouse mammary tissue
in pregnancy’’ the platypus XDH paralogs may assist in regulating milk lipid content
during lactation.

The platypus uses electro- and mechano-reception, and not vision, for underwater
foraging®*’. The molecular identity of these receptors remains unknown, and there is
no evidence for a large expansion of, for example, a voltage-sensitive calcium channel
gene family in the platypus genome. Two novel TRPV6-like transient receptor
potential cation channel genes were observed in the platypus genome. However,
these are not monotreme innovations, despite being absent from eutherian and
marsupial genomes, as they are also present in the Xenopus tropicalis genome.

The monotreme eye is relatively ancestral in form: it is the eutherians whose eyes
have exhibited significant changes™. Consequently, the platypus cones still contain
oil-droplets, as do sauropsids. Consistent with this ancestral state, the platypus
genome encodes several ancient genes, present in fish, which have been lost from
eutherians. These include the shortwave-sensitive-2 (SWS2) opsin gene’™' and two
genes of no known function that, on the basis of cDNA information, are expressed
predominantly in the fish retina (Table 1). A fourth such gene (Table 1), a paralogue
of ATP6APL, is a likely vacuolar ATP synthase subunit which, when mutated in zebra
fish, results in a “bleached blond” mutant, exhibiting pigmentation defects,
particularly of the retinal epithelium®*".

To evaluate the calthelicidin antimicrobial peptide gene family relationships a
neighbour-joining tree, with chicken sequences as an outgroup was constructed using
MEGA3.1. The following amino acid sequences were used:
ChickenINP_001001605.1, chicken2 NP_001020001.1, human NP_004336.2, mouse
NP_034051.1, monkey NP _001028681.1, chimp NP_001065283.1, dog

NP _001003359.1, cattlel NP_777250.1, cattle2 NP_777251.1, cattle3 NP_776426.1,
cattle4 NP_777252.1, cattle5 NP_776935.1, cattle6 NP_777257.1, cattle7
NP_777256.1.

For the CD163 family we see 10 genes, as opposed to 1 or 2 in eutherians. CD163
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plays a key role in endocytosis of hemoglobin-haptoglobin complexes in plasma®®.

The unusually high level of hemoglobin of platypus and its higher oxygen capacity
have been interpreted as an adaptive response to the hypoxic conditions in their
burrows™”, in which half their day and extended periods after hatching are spent.
Taken together, therefore, it is possible that the increased repertoire of CD163
molecules also reflects a monotreme adaptation to hypoxic conditions, either in
burrowgé underwater, or, as seen for echidnas, during hibernation of ancestral
species” .

Phylogenetic position of platypus S19. We applied three independent computational
techniques to unravel the monotreme-marsupial-eutherian relationship: (1) maximum-
likelihood-based phylogenetic reconstruction and the taxonomic distributions of both;
(2) rare insertions or deletions in protein-coding regions and (3) insertions of
interspersed repeats. Detailed reports follow for each of the three.

We extended the basic data-sampling approach described previously®’ to protein-
coding genes. Genes annotated as orthologs in Ensembl release 43 for chicken,
platypus, opossum, mouse, rat, dog, and human were extracted. A multiple sequence
alignment of the DNA sequences was generated by translation into amino acids,
alignment using MUSCLE?', and reintroduction of gaps into the original DNA
sequences. As the evolutionary models of sequence change we used represent point
substitution processes only, all alignment columns containing gaps or ambiguous
characters (such as N's) were excluded. Alignment segments of exactly 750
nucleotides were saved for later use in analyses. We selected 750 nucleotides as a
trade-off between ensuring each alignment block had sufficient positions for reliable
parameter estimation in the subsequent likelihood analyses and sufficient genomic
regions were sampled to ensure no one region biased the results.

The primary phylogenetic question concerned whether analysis of substantial
genomic data supported either the Theria (monotreme, marsupial, eutherian) or
Marsupionta (monotreme, marsupial), eutherian tree topologies. We addressed these
competing hypotheses, fitting each distinct topology to each alignment separately for
each of a number of different models of substitution by maximizing the likelihood. As
the eutherian sub-tree involving these species remains controversial, with support for
a rodent-first, or carnivore-first topology being sensitive to the sampled lineages or
types of molecular markers, for the current case we consider both possible sub-tree's.
Likewise, because inference by the likelihood approach can be sensitive to model
choice we considered a selection of models designed to differ in a manner previously
demonstrated to affect phylogenetic inference. The set of substitution models
considered were: an empirical amino acid substitution model’®; a codon substitution
model’’; the general time reversible nucleotide substitution model*’; and a
purine/pyrimidine (RY) substitution model employed to address the violation of
compositional stationarity”’. Gamma distributed rate-heterogeneity variants for most
of these models were also used where practical. All models were implemented using
the PyEvolve package®' with numerical optimizations conducted using PyEvolve's
built-in Powell optimizer at default settings.

This phylogenetic inference using likelihood provided consistent support for the
Theria hypothesis across all substitution models. The percentage of alignment
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segments supporting the Theria topology ranged from 69-81% (RY + gamma and
GTR substitution models respectively’’. Both percentages are significantly greater
than 50% (both P < 107").

For protein-coding indels we searched the pairwise alignments of human with each of
opossum, platypus and chicken, downloaded from the UCSC Browser. Our goal was
to find protein-coding exons with the following properties: (1) in each of the three
pairwise alignments, the exon is covered by a single local alignment, (2) there is no
gap in the exon’s alignment for one of the three non-human species, and (3)
alignments to the other two non-human species have gaps of length divisible by three
in precisely the same place. Notice that when chicken is taken as the first non-human
species, then the indel argues for the Marsupionta hypothesis*, according to which
the eutherian lineage diverged from the common ancestor of the monotreme and
marsupial lineages. When opossum is taken as the first species, indels support the
Theria hypothesis. At these (not very restrictive) conditions, we found 84 examples
that putatively support Theria, but only 26 that might argue for Marsupionta.

We then applied a manual-curation pipeline* to enforce a variety of additional criteria
that help eliminate cases of homoplasy and/or non-orthologous matches. In particular,
we looked for GenBank sequence data from other vertebrates that cover the exon in
question. All of the compelling examples that we detected this way supported the
Theria hypothesis. An alignment of 43 vertebrate sequences for an exon of the PTPN4
gene (Table A15) is a representative example. The extreme conservation of the exon,
the size of the indel (3 amino acids) and consequent low potential for homoplasic
reversion, and absence of potential confusion from close paralogs or processed
pseudogenes make this example compelling. Not surprisingly, orthologous sequence
could not be recovered from a few low-coverage genome projects — as of 29 July
2007 these consisted of Otolemur garnettii (bushbaby), Cynocephalus volans (flying
lemur), Erinaceus europaeus (hedgehog), Sorex araneus (shrew), and Loxodonta
africana (elephant). We predict that all five of these species will exhibit the same
three-residue deletion. Conversely, though echidna sequences are not currently
available, as sister group to platypus, we predict Tachyglossidae will not contain the
deletion (in the absence of lineage sorting).

Our third approach consisted of a three-directional screening for retrotransposon
presence and absence** to resolve the root of the mammalian tree. Three different
evolutionary relationships are theoretically possible (1) Theria (placentals +
marsupials) to the exclusion of monotremes, (2) Marsupionta (marsupials +
monotremes) to the exclusion of placentals, or the hypothetical relationship of (3)
monotremes + placentals to the exclusion of marsupials. Despite the very ancient
divergence points, from ~90,000 inspected mammalian loci we identified the presence
of three retroposed elements in both human and opossum that were clearly absent in
platypus, providing significant support for the Therian hypothesis supported by
sequence-based reconstructions. Not a single element was found to support the other
potential relationships. Interestingly all three retrotransposed markers are MIR3
elements, which were thought to have been extinct before the mammalian divergence.
The presence/absence data support their continuous activity in the common ancestor
of therians.
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To find informative retrotransposed elements and to test the above hypotheses, we
applied a novel strategy screening two, three-way whole-genome alignments of 1,476
and 1,570Gb each, respectively, in MAF format (UCSC - University of California
Santa Cruz; human-opossum-platypus; opossum-platypus-human). The alignments
were downloaded from the UCSC web server
(http://hgdownload.cse.ucsc.edu/downloads.html).

Using a novel C-language script, we extracted from each MAF-file all sets of three
continuous blocks of alignments that contained an embedded two-species alignment
(block 2). In all, we extracted 89,170 such triple blocks. The embedded two-species
blocks were size-restricted from 75 to 2000 nt, based on the coordinates of the MAF-
alignment (with respect to the nt-position on a given chromosome), and all triple
blocks were converted into continuous FASTA sequences using another C-language
script. The FASTA sequences were screened for non-lineage-specific SINEs, LINEs,
and LTRs with the local version of RepeatMasker (www.reapeatmasker.org) using the
mammalian repeat library settings. From this output file we selected cases in which at
least 50% of block 2 was composed of a recognizable retrotransposed sequence
(human-opossum: 1091 blocks, human-platypus: 342 blocks and opossum-platypus:
1571 blocks). Links to the Genome Browser (http://genome.ucsc.edu/cgi-bin/hgBlat)
were generated and used to filter out all loci with less than ~70% similarities among
the alignments, as well as those with retrotransposed elements that overlapped the
flanking regions of the neighboring blocks (blocks 1 and 3). The resulting data set
contained 25 blocks of human-opossum, 16 blocks of human-platypus, and 23 blocks
of opossum-platypus alignments. To obtain a more complete picture of each
retrotransposon alignment, sequences from MAF alignments and from trace archives
from additional species in the given lineages (eutherians: elephant and armadillo;
marsupials: wallaby; and outgroup: chicken) were added to the remaining candidate
loci (human-opossum: 25, human-platypus: 16 blocks and opossum-platypus: 23
blocks) and realigned by hand. The candidate loci were screened again for the non-
lineage-specific SINEs, LINEs, and LTRs using RepeatMasker by aligning the entire
retroelements taken from the Repbase (www.girinst.org/repbase) to the corresponding
loci. Each of the insertion sites was inspected to determine their exact borders and
validate their orthology. The non-biased screening presented in Accessory Fig. 14A
was designed to find potential support for any of the three possible tree topologies
shown in Accessory Fig. 14B. Three independent insertions of MIR3 SINEs were
found in both human and opossum that were not present in platypus, providing
significant support for the Theria hypothesis. No retroposed elements were found to
support either of the other two possibilities. A section of a representative alignment is
shown in Accessory Fig. 14C. The boxed area contains the MIR3 repeat region.
Complete alignments are available in FASTA format.

Interspersed repeats S20. We used a modified version of the clustering software
developed Price et al.*® to analyze the LINE2 subfamily structure in the platypus
genome. The software performs best on regions lacking indel differences between
subfamilies. Therefore, we analyzed a 500 bp region at the 3* end of

the second ORF2, which is both conserved between subfamilies, especially with
respect to indels, and relatively abundant. However, most LINE2 copies are so 5’
truncated that they don’t extend into the ORF (the median length of LINE2 copies is a
mere 131 bp). To reduce the bias of ascertainment towards younger copies and
increase the number of old copies including this region, younger insertions were
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clipped out of older LINE2 copies. Still, only 4025 of the 1.5 million LINE2 copies
contained this region in full. The Supplementary Fig. 4 shows the result of the
analysis varying the minimum number of copies in a subfamily (M). The size of the
circle corresponds to the (binned) sizes of the subfamilies. Dark colored circles
represent subfamilies distinguished in the first steps of the analysis by co-segregation
of multiple diagnostic substitutions at different sites.

At least 8 LINE families were once active in parallel in the monotreme genome, most
since before the speciation from therians, all but the LINE2 element has become
extinct. Likewise, only LINEI has survived in therians. As predicted*’, no LINE1
copies, not even ancient ones, are observed in platypus. Since we can find many
copies of transposable elements active in the ancestor of therians and monotremes in
the platypus (by itself suggestive of low neutral substitution and/or deletion rates
compared to therians), perhaps LINE1 was introduced in the germline of a therian
ancestor.

The software creates a phylogenetic tree based on the subfamily consensus sequences
alone and it is unaware of the average substitution level of the subfamily copies. For
each M, the tree is completely consistent with a linear progression from the oldest
subfamilies on the left to the youngest on the right. Most remarkably, even when 70
subfamilies are created with M=10, about 90% of the copies belong to subfamilies
that lie on the main branch, while consensus sequences for subfamilies on side
branches do not diverge for more than 10% from those on the main branch.

Population structure analysis S21. Genomic locations containing the youngest
retrotransposon subfamilies of Monl and LINE2 were selected for this phylogenetic
and population genetic study. Each locus was extracted from the platypus genome
assembly (OrnAnal UCSC v 5.0.1) with 3* and 5’ flanking sequence, and
repeatmasked with a local installation of RepeatMasker using a custom library
(RepeatMasker Open-3.0. at http://repeatmasker.org ). Monl loci were randomly
selected using two different approaches. In the first scenario, only the Mon1
subfamilies predicted to be the youngest were included and loci with less than 2%
divergence from each consensus sequence were selected for further analysis. In the
other approach, Monl sequences with 95% identity to one another were selected from
all available platypus “target” data without identification of the subfamily. The Monl
loci were selected from all chromosomes, contigs, and ultra sequence available. L2
loci of the youngest subfamily L2 platla were randomly selected from the
chromosomes 1, 10, 11, and 12.

Primers were designed with a locally installed version of Primer3*. Each primer was
checked with BLAT-The BLAST-Like Alignment Tool* and a virtual PCR
(http://genome.ucsc.edu) was performed for each primer combination in order to
investigate if each primer combination would likely result in a single PCR product.
The sequences of each primer, the PCR sizes of filled and empty amplicons, the
annealing temperature for each primer combination, and the genomic location of each
locus are provided at this web address: (http://batzerlab.lsu.edu).

PCR amplifications were performed in 25 pl reactions containing 10 ng of template
DNA (platypus, echidna, possum, wallaby or human); 200 nM of each
oligonucleotide primer; 1.5 mM MgCl,; 10 X PCR buffer (50mM KCI; 10mM Tris-
HCI, pH 8.4); 0.2 mM dNTPs; and 1.25 U Tag DNA polymerase. Each PCR reaction
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was performed under the following conditions: An initial denaturation at 94 °C for 60
seconds (s) was followed by 32 cycles of denaturation at 94 °C for 15 to 30 s, 30 s at
annealing temperature (57 °C), and extension at 72 °C for 30 s. The PCR was
concluded by a final extension step at 72 °C for 2 min. 20 ul of each PCR product
were fractionated in a horizontal gel chamber on a 2% agarose gel containing ~ 0.1
pug/ml ethidium bromide for 50-60 min at 175-200 V. The DNA fragments were
visualized with UV-fluorescence.

To investigate the population structure of 90 platypuses from different regions in
Australia including Tasmania a Structure analysis was performed using Structure
software v2.1°°(Accessory Fig. A15). This software package performs model-based
clustering using genotypic data from unlinked markers to infer population structure.
For this analysis all 57 polymorphic retrotransposon loci were included but
information about the origin of the samples was omitted. Initially, K (number of
population clusters) was set from 1 to 6 to allow the software to determine the most
likely value of K clusters. The initial burn-in period was set at 10,000 iterations and
followed by a run of 10,000 replications. For the highest likelihood of K (here 4) a run
with 25 replications was used. All runs were performed on a desktop computer.

Microsatellites analyses S22. Microsatellites were identified across the platypus
genome (ornAnal) combining two programs: Tandem Repeat Finder (TRF)" and
Sputnik®' (http://wheat.pw.usda.gov/ITMI/EST-SSR/LaRota/). The assembled
chromosomes and the unassembled contigs and ultracontigs were analyzed separately.
Microsatellites are usually defined as perfect repetitions of 1-6 nucleotide motifs, but
can also be interrupted by point mutations or possess a mixture of different motifs
within the same locus. For our analyses the minimum length for a microsatellite was
set to fifteen nucleotides and independent searches were run with stringent and
relaxed parameters to find perfect and imperfect microsatellites, respectively. The
parameters for each programme were as follows. TRF: perfect repeats (2, 7, 7, 80, 10,
30, 6); imperfect repeats (2, 3, 5, 80, 10, 30, 6). Sputnik: perfect repeats (-v 1 -u 5 -s
11-p-r0-L 15-1-1); Long imperfect repeats (-v4-u5-m2-n-6-s24-A-p-L 16-1
-1); Short imperfect repeats (-v 1 -u3-m2 -n-6 -s 16 -A -p -L 16 -1 -1). Under the
chosen parameters, using both Sputnik and TRF, improves search sensitivity by an
additional 10% over searches employing TRF alone (Vargas et al., unpublished).

Inter- and intra-genomic comparisons were carried out with microsatellite datasets for
human (hg18), dog (canFam2), mouse (mmS§), opossum (monDom4), chicken
(galGal3) and lizard (anoCarl) genomes (obtained from the UCSC Genome Browser)
using the parameters described above. To obtain a thorough but non-redundant
estimate of microsatellite density the results for perfect and imperfect microsatellites
were merged and analyzed using Visual Basic and Java scripts. Density, shown as
percentage coverage, was calculated as the total length of microsatellites for each
10kb non-overlapping window of genomic sequence. Only windows uninterrupted by
gaps were analyzed. The density plots from these analyses are available on request.

The characterisation of microsatellites in terms of array length, AT-content, motif and
size class preference were performed using just TRF data for all genomes analysed
but for dog. The set was filtered for redundant microsatellites (i.e. those occupying the
same genomic position) retaining the longest array and for microsatellites with more
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than three repeats using Visual Basic scripts. The subsequent were done using R,
version 2.2.1 (http://www.R-project.org).

Platypus’ mean microsatellite length is 22.31nt for perfect repeats and 31.42nt for
imperfect repeats; the shortest mean array length within the compared genomes
(Supplementary Table 9). Mono- and dinucleotide repeats common to the other
mammalian genomes are rare in the platypus genome (Supplementary Fig. 8).
Microsatellite frequencies were 389.25 loci/Mbp for perfect repeats and 719.412 loci/
Mbp for imperfect microsatellites, putting platypus in third place for the lowest
microsatellite frequency after chicken and opossum (Supplementary Table 9). This
likely reflects a genuine composition difference among the genomes, potentially
strengthening the similarities between platypus and the non-mammalian genomes, but
may be due to difficulties sequencing this fraction of the platypus genome. Analyses
of motif preference also support this relationship. The three most common motifs in
platypus are ATT (12.9%), TAA (7.6%) and TGAA (6.6%); highly similar to the
motif usage in lizard.

Differences in microsatellite content observed among genomes are not due to genome
size differences, because genome size (nucleotides of available sequence data) does
not correlate with microsatellite coverage. At a chromosome specific level the
distribution of microsatellites is homogeneous with no significant relationship
between microsatellite coverage and chromosome size observed in all species (data
not shown).

The platypus G+C nucleotide composition (45.5%) is higher than that found in other
mammals (e.g. human, 40.7%). However, microsatellite nucleotide composition
differs from the overall genomic values in all genomes analysed, with microsatellites
having a higher A+T content in both perfect and imperfect repeats and G+C
microsatellites exceedingly rare (Supplementary Figure 9). The analysis of
microsatellite abundance by A+T content identifies four major peaks, corresponding
to approximately 0, 50, 70 and 90% A+T. In comparison to other genomes, platypus
has fewer microsatellites with ~50% A+T and more with ~70% A+T, leading to an
abundance distribution that has more in common with chicken and lizard than with
mammals.

Microsatellite sequences are predominantly non-coding, evolve neutrally, and are
generally considered to be highly liable in an evolutionary sense, with most loci
conserved only among closely related species (e.g. human-chimpanzee). Our null
expectation therefore was that very few, if any, microsatellites would be conserved
across the evolutionary timescale separating the monotremes from the other
mammals. However, we found that of 352,034 platypus microsatellites identified in
the whole genome alignment, the percentage of these loci conserved in other species
was 0.77% in lizard, 1.19% in chicken, 1.81% in mouse, 1.85% in human and 2.55%
in opossum.

Microsatellites were searched for in ungapped sequences extracted from the multiple
alignment of the platypus genome (ornAnal) against those of lizard (anoCarl),
chicken (galGal3), human (hg18), mouse (mm8) and opossum (monDom4) available
at the UCSC Genome Browser’’. FASTA-formatted sequences were extracted using
Galaxy>* gaps were removed using the module degapseq from the EMBOSS 5.0
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package™, and perfect and imperfect microsatellites were searched using SciRoKo 3.1
with fixed penalty parameters: 12, 4, 3, 3, 3°°. Duplicated microsatellites and
microsatellites that had any overlap with repeats other than simple and low-
complexity repeats were discarded. Genomic positions of non-platypus microsatellites
were converted to the ornAnal platypus genome assembly using the LiftOver utility
and chain files available at the UCSC Genome Browser. The fraction of platypus
microsatellite positions that overlapped with any of the converted microsatellite
positions indicated conserved sites. The genomic locations of conserved
microsatellites were determined using the Ensembl gene annotation, using an overlap
threshold of 0.50001% applied to avoid any duplicated results.

Over 95% of the conserved microsatellites identified are in non-coding or
unannotated sequences (74.7% in IGRs and 20.7% in introns). This value compares
favourably with the distribution of similar elements in the human genome, in which
94% of conserved microsatellites were found in non-coding regions (52% in IGRS,
42% in introns). Of the 919 conserved microsatellites localized to coding regions, the
majority, 779, are trinucleotide repeats, consistent with the heightened abundance of
this class of microsatellite in the coding regions of other genomes”".

Most platypus microsatellites are conserved in one species, with decreasing numbers
of loci conserved as the number of species increases (Supplementary Fig. 10). As
expected, more platypus microsatellite loci are conserved in mammals than chicken
and lizard. Curiously, more platypus microsatellites are conserved in opossum than
the other mammals, suggesting a closer relationship between monotremes and
marsupials. However, the result may be influenced by the incomplete nature of the
whole-genome alignments, with the current alignment representing ~34% of the
assembled genome.

High heterogeneity in microsatellite conservation exists among chromosomes, which
is unexplained by microsatellite coverage, with the exception of chromosome 17.
Chromosomes 6, 7, X1-3, and the grouped contigs and ultracontigs have 5% or fewer
conserved microsatellites, while chromosomes 11 and 17 show high conservation of
microsatellites, with ~25% of loci showing conservation among the species examined.
While the extent of microsatellite conservation per chromosome is as yet not fully
understood in relation to the features each chromosome possesses, it is noteworthy
that platypus chromosome 6 is homologous to human X chromosome, which also has
fewer conserved microsatellite loci than expected (Buschiazzo et al., unpublished),
suggesting that microsatellite conservation may be useful for examining chromosomal
conservation and potentially synteny.

Contrary to expectations that few, if any, microsatellites would be conserved across
the evolutionary timescale separating the monotremes from the other vertebrates we
found that the percentage of these microsatellite loci conserved in other species
ranged from 0.77% in lizard to 2.55% in opossum, with fewer loci conserved as the
number of species increases (Supplementary Fig. 10). Curiously, more platypus
microsatellites are conserved in opossum than the other mammals, suggesting a closer
relationship between monotremes and marsupials, at least for this segment of the
genome architecture.
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G+C fraction in various mammalian species S23. Supplementary Fig. 12 shows the
distribution of this fraction. Preliminary data suggests that chromosomes with a high
G+C fraction tend to be short (Supplementary Fig. 13. However, some platypus
chromosomes currently have very little sequence data assigned to them, so the current
analysis cannot be considered definitive.

CpGs at promoters and other regulatory elements S24. In addition to papers cited
in the main paper, the following data sources were used for Supplementary Fig. 14:
CTCF binding sites’®, PRPs” and 93 known regulatory regions®’. These putatively
functional regions are compared to the non-coding, non-repetitive regions of the
genome, denoted NCNR in Supplementary Fig.14.

In eutherians, a high local concentration of CpG dinucleotides often coincides with a
gene promoter, i.e., a start site of transcription®’. We investigated whether this
phenomenon can be observed in genomes with dramatically different G+C fractions.
Putative promoters and regulatory regions in human were mapped to mouse,
opossum'*, and platypus using whole-genome alignments, treating the homologous
sequences as likely promoters and regulatory regions. Only regions that could be
mapped to all three species were considered for further analysis, and CpG fractions
were calculated for the human promoters and the regions to which they mapped in
companion species (Supplementary Tables 10,11). Promoters predicted by the
presence of at least 100 CAGE tags were separated into four classes as in Carninci et
al. . The classes are SP (sharp peak), PB (broad but with dominant peak), MU
(multimodal peaks), and BR (broad with no dominant peaks). While CpG fractions of
all classes of CAGE promoters are considerably higher than that of the bulk genome
(NCNR=non-coding, non-repetitive) for all species examined (Supplementary Fig.
14), it was higher in human than in platypus, despite the elevated G+C content for the
platypus genome. Interestingly, for the other putative regulatory region25s pictured in
Supplementary Fig. 14, the homologous DNA in platypus does tend to show the
expected increase in CpG content relative to human, but the CpG fraction is much
lower than for the CAGE promoters. One possible explanation for these observations
is that the CpG content for promoters has a maximum. Perhaps the thermodynamics
of strand separation at initiation become unfavorable at higher G+C and CpG content,
or the bias in base composition precludes the existence of needed transcription-factor
binding sites.

We observed that CpG fractions for all classes of CAGE promoters are higher in
human than their putative orthologs in platypus, where we considered only the CAGE
promoters that we could map (via multi-species alignments downloaded from the
UCSC Browser) to all of mouse, opossum and platypus. One possible explanation for
our observation may be occasional failure of our implicit assumption that human
promoters and regulatory regions map to platypus regions with the same function.
Interestingly, the strongest evidence that this effect is not dominating our results is
provided by data for the marsupial Monodelphis domestica. There, the CpG fractions
of some classes of promoters are 10 times higher than the genome average, which
would be unlikely to happen if many human promoters were mapped to non-
functional DNA. In platypus, the difference in CpG fraction between mapped
promoters and background averages about four-fold. Data of Frith et al.®” suggest that
for 20% of human promoters the orthologous mouse interval is not a promoter, and
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the rate of promoter turnover between human and Monodelphis or platypus could well
be higher. However, the analysis described here should ignore most of those cases,
because the region orthologous to the human promoter is evolving neutrally and has
accumulated too many mutations to align over a large evolutionary distance.

Based on these data, we speculated that G+C and/or CpG fractions of promoters
might have practical limits, which have been attained in human and cannot be
exceeded even in mammalian genomes with higher overall G+C fraction (i.e.,
platypus). Since our observation was based on the average fraction for each tested
class of promoters and regulatory elements, we investigated the high end of the
distribution of G+C and CpG fractions. Results are given in Supplementary Tables 10
and 11. In the majority of cases, the human fraction at the 95-th percentile is higher
than the platypus fraction at the 95-th percentile, again consistent with the existence
of maximum G+C and CpG fractions in mammalian promoters.
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2. Supplementary Tables

Table 1. Sequence coverage of the platypus genome

Read bases Sequence Physical
Read number (thousand) (million) Coverage Coverage
Insert
size
(kb) Input Assembled Paired Assembled Paired Assembled Paired
4 25894 23881 20967 16395 14606 6.09 12.17
40 653 494 311 304 196 0.08 1.63
150 408 380 297 270 214 0.09 6.69
Total 26954 24754 21576 16969 15016 6.26 20.49
Table 2. Whole genome assembly statistics
Assembly >2kb number N50 length (kb) | N50 number Largest (kb)
Feature
Contigs 177,028 12 39,589 246
Supercontigs 61,239 967 298 14,341

Contigs are contiguous sequences not interrupted by gaps, and supercontigs are ordered and
oriented contigs including estimated gap sizes. The N50 statistic is defined as the largest
length L such that 50% of all nucleotides are contained in contigs of size at least L. A total of

24,754,112 reads were included in the final assembly; eight percent of the total sequencing
reads presented to the assembler were not used in the final assembly. The final integrated

assembly was composed of 205,534 supercontigs (contigs ordered and oriented by read-
pairing data); of those, 4,197 supercontigs were organized into 689 ultracontigs.
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Table 3. Grouping of experimentally- (Oa) and BLAST- (bOa) identified non-
protein coding (npc) RNAs in platypus. (I) Vertebrate-wide conserved npcRNAs, (I1)
conserved in mammals, and (II1) Platypus-specific npcRNAs. snoRNAs were
categorized as either C/D-box or H/ACA-box snoRNAs and were found in intronic,
intergenic or unidentified (not analyzed - na) regions. Owing to the large number of

spliceosomal RNA paralogs, we were not able to identify the true orthologs of the

respective UI-U13 snRNAs in platypus. RPG, ribosomal protein genes; U1-U6, U7-

8, U11-13, spliceosomal RNAs; snoRTE HACA, HACAs distributed by retroposition;
Others, additional, known npcRNAs. The U1-13 and ”Others” groups were
experimentally detected but not further analyzed.
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Table 4. Gene Prediction Identification numbers for genes involved in the RNA
interference pathway in platypus.

Gene Name Representative Ensembl Gene ID
Dicer ENSOANT00000019065
Drosha ENSOANT00000024819
Argonautel ENSOANT00000003300
Argonaute?2 ENSOANTO00000011337
Argonaute3 ENSOANT00000003299
Argonaute4 ENSOANT00000003308
PiwiL1 ENSOANT00000018940
PiwilL2 ENSOANT00000017089
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Biological
process
Accession

GO:0009790
G0:0009653
G0:0016043
GO0:0006519
G0:0006464
G0:0015031
GO0:0007010
G0:0007275
GO0:0030154
GO:0007049
G0:0006810
G0:0009058
G0:0006811
G0:0008283
G0:0007267
GO0:0009056

G0:0006139
G0:0006629
Molecular
function
Accession

G0:0008092
GO0:0004672
G0:0003779
G0:0005216
G0:0016301
G0:0016740
G0:0004871
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Table 5: Recall of genes after orthology assignment. The human gene set does not

include mitochondrial genes.

Species Genes Orthologs Orphans
H. sapiens 22,611 19,339 86% 3,272 14%
M. musculus 24,442 20,758 85% 3,684 15%
C. familiaris 19,314 18,066 94% 1,248 6%
M. domestica 19,597 18,123 92% 1,474 8%
O. anatinus 18,596 15,312 82% 3,284 18%
G. gallus 16,715 13,893 83% 2,822 17%

Table 6. Significant over-representations of Gene Ontology (GO) annotations for simple
1:1 orthologues that have been conserved without duplication, deletion or non-
functionalisation since the common ancestor of five mammalian species.

GO Term
embryonic development
morphogenesis
cell organization and biogenesis
amino acid and derivative metabolism
protein modification
protein transport
cytoskeleton organization and biogenesis
development
cell differentiation
cell cycle
transport
biosynthesis
ion transport
cell proliferation
cell-cell signaling
catabolism
nucleobase, nucleoside, nucleotide and nucleic acid
metabolism

lipid metabolism

GO Term
cytoskeletal protein binding
protein kinase activity
actin binding
ion channel activity
kinase activity
transferase activity
signal transducer activity
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Fold
1.37
1.31
1.27
1.25
1.25
1.24
1.22
1.21
1.21
1.2
.18
.18
.18
.15
.15
A3

JEE G I (I (I U

Fold
1.42
1.31

1.3
1.25
1.24

1.2
1.19

P-Value P-Value

2.2 x10-10 2.17E-10
5.9 x 10-22 5.86E-22
1.9 x10-17 1.86E-17
4.2 x 10-6 4.22E-06
6.8 x 10-24 6.78E-24
1.6 x 10-10 1.58E-10
8.1 x10-7 8.14E-07
8.7 x 10-18 8.73E-18
2.4 x 10-11 2.35E-11
1.1 x10-8 1.09E-08
8.9x10-13 8.87E-13
9.2 x10-7 9.23E-07
1.7 x 10-7 1.71E-07
2.8 x10-5 2.78E-05
4.6 x 10-5 4.63E-05
6.8 x 104 6.84E-04
6.2 x 10-5 6.24E-05
6.4 x10-4 6.38E-04
P-Value P-Value

2.2x10-7 2.22E-07
9.2x10-15 9.21E-15
7 x 10-7 7.01E-07
8 x10-7 8.04E-07
1.6 x 10-5 1.56E-05
4.6 x 10-19 4.58E-19
1.6 x 10-5 1.55E-05
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GO0:0005515
G0:0005509
G0:0000166
G0:0030528
GO0:0016787
G0:0030234
G0:0005215
G0:0003824
Location
Accession

G0:0005815
G0:0005768
GO:0005794
G0:0005635
G0:0005578
G0:0005654
G0:0016023
G0:0005737
GO0:0005783
G0:0005856
G0:0005886
GO0:0005615
G0:0043234
G0:0005739

protein binding

calcium ion binding
nucleotide binding
transcription regulator activity
hydrolase activity

enzyme regulator activity
transporter activity

catalytic activity

GO Term
microtubule organizing center
endosome
Golgi apparatus
nuclear envelope
extracellular matrix (sensu Metazoa)
nucleoplasm
cytoplasmic membrane-bound vesicle
cytoplasm
endoplasmic reticulum
cytoskeleton
plasma membrane
extracellular space
protein complex
mitochondrion
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1.17
117
1.16
1.15
1.13
1.13
1.12

1.1

Fold
1.38
1.34
1.33
1.31
1.31
1.26
1.25
1.18
1.15
1.13
1.12
1.11
1.11
1.11
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3.6 x 10-48
1.4 x10-7
7.7x10-16
1.8x10-5
8 x10-8
1.6 x10-4
8.9x10-5
1.4 x10-5

P-Value

4x10-4

3.1x10-4
4.1 x10-10
3x10-4

5.5x10-8
1.2 x 10-7
1.1 x10-4
1.3x10-16
3.8x10-5
1.5x10-5
3.2x10-9
1.5x10-6
2.6 x10-7
6.9x10-4

3.64E-48
1.37E-07
7.72E-16
1.76E-05
7.95E-08
1.55E-04
8.86E-05
1.37E-05

P-Value
4.03E-04
3.13E-04
4.13E-10
2.99E-04
5.50E-08
1.15E-07
1.09E-04
1.28E-16
3.81E-05
1.51E-05
3.20E-09
1.54E-06
2.56E-07
6.92E-04
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Table 7. Number of copies and fraction of genome for interspersed repeats.

(RepeatMasker library version 3.1.8)

Number of Total number of Fraction of the Number of
copies bases in the draft draft genome families
(x1000) genome sequence sequence (%) (subfamilies)
(Mb)
SINEs
2275.10 414.95 22.43%
Monl  2145.38 394.04 21.30% 20
RTE-SINE 52.88 12.12 0.66% 2
MIR 35.26 3.09 0.17% 3
MIR3 2.56 0.24 0.01% 1
Other 39.02 5.44 0.29% 4
LINEs
2050.23 389.17 21.04%
L1 0.06 0.01 0.00% 6
L2 191097 360.23 19.47% 21
L3 8.04 0.80 0.04% 2
CR1 43.76 8.56 0.46% 4
RTE 85.69 19.17 1.04% 3
Dong-R4 1.70 0.41 0.02% 1
LTR elements
5.79 2.72 0.15%
ERV-class 1 1.95 0.91 0.05% 11
ERV(K)-class
1I 0.41 0.32 0.02% 5
ERV(L)-class
111 0.02 >0.01 >0.01% 4
Gypsy 0.04 >0.01 >0.01% 8
Other 3.38 1.49 0.08% 3
DNA elements
58.13 10.27 0.56%
Tigger 49.76 8.91 0.48% 15
hAT 7.25 1.05 0.06% 1
Charlie 0.42 0.07 >0.01% 4
AcHobo 0.40 0.22 0.01% 2
MER1 0.30 0.02 >0.01% 7
Tip100 0.01 >0.01 >0.01% 4
Unclassified
63.83 8.235 0.45% 3
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Table 8. Platypus RepeatMasker output statistics (library version 3.1.8)

AmnSINE1 SINE 1975 MIRb SINE/MIR 6131
BovB_Plat LINE/RTE-BovB 9048 MIRc SINE/MIR 17385
CR1_Mam LINE/CR1 283 MamSINE1 SINE/tRNA 532
L1MS5 LINE/L1 22 Monlal SINE/MIR 139078
L1IM6 LINE/L1 7 Monla2 SINE/MIR 142139
L1M7 LINE/L1 2 Monla3 SINE/MIR 25993
LIMES LINE/L1 16 Monla4 SINE/MIR 56169
LIMEf LINE/L1 5 Monla5 SINE/MIR 62377
L1IMEg LINE/L1 6 Monla6 SINE/MIR 60012
L2 LINE/L2 1410 Monla7 SINE/MIR 72178
L2 Platla LINE/L2 23022 Monld SINE/MIR 198047
L2 Platlb LINE/L2 28748 Monle SINE/MIR 70374
L2 Platlc LINE/L2 11445 Monlf-1 SINE/MIR 28983
L2 Platld LINE/L2 15113 Monl{-2 SINE/MIR 19592
L2 Platle LINE/L2 37643 Monl1f0 SINE/MIR 4433
L2 Platlf LINE/L2 31941 Monlfl SINE/MIR 4402
L2 Platlg LINE/L2 57870 Monl1{2 SINE/MIR 44356
L2 Platlh LINE/L2 76955 Mon113 SINE/MIR 215639
L2 Platli LINE/L2 190532 Monl1f4 SINE/MIR 64475
L2 Platlm LINE/L2 566041 Monlf5 SINE/MIR 277811
L2 Platln LINE/L2 136675 Monlg0 SINE/MIR 60692
L2 Platlo LINE/L2 131783 Monlgl SINE/MIR 327919
L2 Platlq LINE/L2 64066 Monlg3 SINE/MIR 150701
L2 Platlr LINE/L2 57143 MonoRep87A SINE 15458
L2 Platls LINE/L2 57052 MonoRep87B SINE 13715
L2 Platlt LINE/L2 39841 PlatCR1 LINE/CR1 28173
L2 Platlu LINE/L2 52015 PlatCR1_old1l LINE/CR1 2090
L2a LINE/L2 3296 PlatCR1_old2 LINE/CR1 2045
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L2b LINE/L2 4634 PlatSINEI SINE/CORE 38919
L2c LINE/L2 8421 Plat L3 LINE/CR1 14028
L3 LINE/CR1 2674 Plat L3b LINE/CR1 13843
L3b LINE/CR1 5066 Plat_ R4 LINE/Dong-R4 1119
L4 LINE/RTE 903 Plat RTE1 LINE/RTE-BovB 50533
MIR3 SINE/MIR 2521 Plat RTE1 SINE | SINE 8673

TinT analysis was restricted to platypus specific non-LTR retroposons
(all gray shaded elements were omitted). For additional analyses see Accessory Fig. A16.
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Table 9. Number, length, density and frequency of perfect and imperfect microsatellites
in representative vertebrate genomes

Perfect Loci

Total count Mean length (nt) Density (nt/Mbp) Frequency (loci/Mbp) Genome size (Mbp)

Platypus 159471 22.31 8685.54 389.25 409.691489
Opossum 1105718 44.68 14109.82 315.77 3501.643220
Mouse 1654245 40.87 26478.73 647.92 2553.156572
Human 1366262 29.55 14128.43 478.044 2858.023193
Chicken 289384 26.10 2946.09 293.832 984.860953
Lizard (incl. redmsats) 825796 30.62 14520.39 474.19 1741.478929

Imperfect Loci

Total count Mean length  Density (nt/Mbp) Frequency (loci/Mbp) Genome size (Mbp)
Platypus 294737 31.43 22608.14 719.41 409.691489
Opossum 2165023 51.01 31541.29 618.29 3501.643220
Mouse 2243790 51.43 45197.77 878.83 2553.156572
Human 2073146 38.62 28013.06 725.38 2858.023193
Chicken 515066 33.92 6842.90 522.98 984.860953
Lizard (incl. redmsats) 1327057 42.13 32100.83 762.03 1741.478929
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Table 10. Distribution of CpG content by feature class / species.

Feature Species Min 5% 25% median 75% 95% Max p(CpG)* p(dCpG)**
cage_promoters_BR = hg18 0 0.0417 0.0874 0.1181 0.1481 0.1782 0.2432 1.88E-242 N/A
cage_promoters_ BR ~ mm8 0 0.0250 0.0759 0.1082 0.1395 0.1780 0.2405 7.74E-207 1.27E-11
cage_promoters_ BR ~ monDom4 0 0.0158 0.0542 0.0861 0.1135 0.1576 0.2237 3.63E-177 6.50E-40
cage_promoters_BR  ornAna1 0 0.0198 0.0684 0.1000 0.1358 0.1818 0.4000 1.71E-154 2.65E-22
cage_promoters_ MU  hg18 0 0.0219 0.0832 0.1261 0.1553 0.1918 0.2255 1.74E-199 N/A
cage_promoters_ MU =~ mm8 0 0.0162 0.0736 0.1172 0.1474 0.1857 0.2245 9.76E-186 3.20E-10
cage_promoters_ MU  monDom4 0 0.0110 0.0459 0.0767 0.1071 0.1487 0.2073 9.21E-158 1.30E-59
cage_promoters_MU  ornAna1 0 0.0176 0.0562 0.0940 0.1261 0.1654 0.2133 1.04E-136 1.17E-44
cage_promoters_PB hg18 0 0.0280 0.0868 0.1215 0.1481 0.1858 0.2211 3.27E-178 N/A
cage_promoters_PB = mm8 0 0.0162 0.0741 0.1111  0.1429 0.1795 0.2234 2.25E-162 2.20E-08
cage_promoters_PB monDom4 0 0.0112 0.0499 0.0804 0.1087 0.1525 0.2273 8.46E-138 3.33E-38
cage_promoters_PB  ornAna1 0 0.0163 0.0605 0.0951 0.1228 0.1768 1.0000 6.34E-86 1.19E-20
cage_promoters_SP hg18 0 0.0000 0.0538 0.1053 0.1522 0.2174 0.2917 5.51E-141 N/A
cage_promoters_SP ~ mm8 0 0.0000 0.0427 0.0874 0.1311 0.1949 0.4000 3.12E-118 1.16E-14
cage_promoters_SP monDom4 0 0.0000 0.0239 0.0599 0.1000 0.1571 0.2973 2.51E-101 7.04E-40
cage_promoters_SP  ornAna1 0 0.0000 0.0370 0.0744 0.1186 0.1766 0.2692 3.09E-86 4.99E-35
CTCF hg18 0 0.0050 0.0115 0.0185 0.0315 0.0682 0.1626 4.97E-182 N/A
CTCF mm8 0 0.0040 0.0098 0.0155 0.0252 0.0573 0.1956 9.02E-84 2.67E-42
CTCF monDom4 0 0.0000 0.0043 0.0096 0.0235 0.0703 0.1631 1.25E-90 5.13E-11
CTCF ornAna1 0 0.0000 0.0149 0.0309 0.0562 0.1090 0.2857 5.39E-106 1.10E-07
PRPv2 hg18 0 0.0000 0.0047 0.0098 0.0185 0.0722 0.2237 1.70E-183 N/A
PRPv2 mm8 0 0.0000 0.0065 0.0123 0.0209 0.0583 0.2407 7.22E-204 0.6343554
PRPv2 monDom4 0 0.0000 0.0025 0.0068 0.0143 0.0473 0.5000 2.01E-129 5.50E-22
PRPv2 ornAna1 0 0.0000 0.0061 0.0135 0.0283 0.0802 0.5000 5.06E-06 3.46E-151
known_regulatory_93  hg18 0 0.0042 0.0097 0.0164 0.0318 0.0747 0.1789  0.002616081 N/A
known_regulatory_ 93 = mm8 0 0.0000 0.0079 0.0117 0.0186 0.0503 0.1840 0.1411141 2.94E-05
known_regulatory_93 monDom4 0 0.0000 0.0057 0.0114 0.0290 0.0484 0.1093 0.0009376944 0.2516276
known_regulatory_93  ornAna1 0 0.0043 0.0134 0.0320 0.0581 0.1020 0.1094 0.00344834 0.9656966
ptrr hg18 0 0.0000 0.0101 0.0210 0.0529 0.1212 0.1616 8.41E-17 N/A
ptrr mm8 0 0.0000 0.0070 0.0195 0.0405 0.1053 0.2048 8.21E-11 | 0.0002408794
ptrr monDom4 0 0.0000 0.0000 0.0177 0.0409 0.0924 0.1967 1.18E-14  0.008035623
ptrr ornAna1 0 0.0000 0.0172 0.0361 0.0789 0.1375 0.2000 1.07E-14 0.3144259
ncnr-random hg18 0 0.0000 0.0030 0.0063 0.0122 0.0431 0.5000 1 N/A
ncnr-random mm8 0 0.0000 0.0037 0.0081 0.0144 0.0379 0.5000 1 1
ncnr-random monDom4 0 0.0000 0.0000 0.0026 0.0075 0.0417 0.5000 1 1
ncnr-random ornAna1 0 0.0000 0.0019 0.0118 0.0313 0.0946 0.5000 1 1

* p(CpG): p-value for test of whether mean of CpG within feature class is the same as for background (ncnr-random) by a two sided t-
test

** p(dCpQ): p-value for test of whether mean of difference in CpG from human within feature class is the same as for background
(nenr-random) by a two sided t-test
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Table 11. Distribution of GC content by feature class / species.

Feature Species Min 5% 25% median 75% 95% Max p(GC)* p(dGC)**
cage_promoters_BR  hg18 0.3500 0.5658 0.6667  0.7220 0.7755 0.8319 0.9032 ~0 N/A
cage_promoters_ BR ~ mm8 0.3838 0.5503 0.6447 0.6979 0.7500 0.8215 0.9211 3.80E-299 3.80E-299

cage_promoters_ BR ~ monDom4 0.3471 0.5000 0.6189 0.6779 0.7262 0.8011 0.9091 2.27E-296 2.27E-296
cage_promoters_BR  ornAna1 0.3273 0.5478 0.6638 0.7206 0.7658 0.8329 1.0000 5.02E-280 5.02E-280
cage_promoters_ MU  hg18 0.3304 0.5170 0.6577 0.7346 0.7931 0.8394 0.9004 2.02E-279 N/A

cage_promoters_ MU =~ mm8 0.3019 0.5226 0.6362 0.7172 0.7684 0.8220 0.8953 5.71E-255 5.71E-255
cage_promoters_ MU  monDom4 0.2807 0.4852 0.5939 0.6667 0.7164 0.7916 0.8533 2.64E-263 2.64E-263
cage_promoters_MU  ornAna1 0.2805 0.4649 0.6316 0.7062 0.7588 0.8141 1.0000 2.79E-208 2.79E-208
cage_promoters_PB  hg18 0.3900 0.5329 0.6584 0.7270 0.7778 0.8358 0.8926 2.64E-252 N/A

cage_promoters_PB = mm8 0.3737 0.5241 0.6355 0.7093 0.7632 0.8271 0.9000 3.12E-220 3.12E-220
cage_promoters_PB monDom4  0.3535 0.4785 0.6132 0.6667 0.7225 0.7820 1.0000 3.93E-237 3.93E-237
cage_promoters_PB  ornAna1 0.3511 0.5126 0.6528 0.7066 0.7505 0.8170 1.0000 1.08E-212 1.08E-212
cage_promoters_SP  hg18 0.2529 0.4500 0.6113  0.7009 0.7818 0.9091 1.0000 1.06E-209 N/A

cage_promoters_SP ~ mm8 0.2000 0.4437 0.5860 0.6607 0.7329 0.8575 1.0000 1.58E-178 1.58E-178
cage_promoters_SP monDom4  0.2000 0.3837 0.5455 0.6220 0.7000 0.8011 1.0000 2.35E-176 2.35E-176
cage_promoters_SP  ornAna1 0.1818 0.3996 0.5724 0.6765 0.7500 0.8336 1.0000 2.19E-151 2.19E-151

CTCF hg18 0.2743 0.3717 0.4527 0.5068 0.5665 0.6375 0.8111 ~0 N/A

CTCF mm8 0.1556 0.3919 0.4580 0.5000 0.5377 0.6038 0.8269 1.92E-304 1.92E-304
CTCF monDom4  0.1667 0.3227 0.3985 0.4577 0.5365 0.6637 0.8571 8.37E-234 8.37E-234
CTCF ornAna1 0.1000 0.3559 0.4381 0.5243  0.6221 0.7333 0.8750 1.91E-170 1.91E-170
PRPv2 hg18 0.1400 0.3082 0.3625 0.4078 0.4719 0.6410 0.9063 4.61E-48 N/A
PRPv2 mm8 0.1481 0.3204 0.3813  0.4280 0.4859 0.6085 1.0000 3.83E-06 3.83E-06
PRPv2 monDom4  0.0000 0.2993 0.3551 0.3980 0.4524 0.5984 1.0000 2.57E-110 2.57E-110
PRPv2 ornAna1 0.0000 0.3106 0.3658 0.4125 0.4792 0.6704 1.0000 3.39E-73  3.39E-73
known_regulatory_93 = hg18 0.3366 0.3607 0.5051 0.5663 = 0.6214 0.6906 0.8377  4.18E-11 N/A
known_regulatory_93 = mm8 0.3991 0.4123 0.4779 0.5190 0.5714 0.6641 0.8287 5.32E-10 5.32E-10

known_regulatory_93 monDom4 0.3238 0.3698 0.4900 0.5380 0.6201 0.6513 0.7661 6.69E-14 6.69E-14
known_regulatory_93  ornAna1 0.3438 0.3910 0.5256 0.5934 0.6665 0.7549 0.7778 5.80E-10 5.80E-10

ptrr hg18 0.2500 0.3699 0.4483 0.5400 0.6115 0.7100 0.7700 5.90E-35 N/A

ptrr mm8 0.3000 0.3731 0.4559 0.5140 0.5690 0.7011 0.8333  3.04E-25 3.04E-25
ptrr monDom4  0.0000 0.3207 0.4197  0.4987 0.5947 0.6984 0.8462 1.44E-27 1.44E-27
ptrr ornAna1 0.0000 0.3405 0.4590 0.5543 0.6826 0.8057 0.9091 7.51E-19 7.51E-19
ncnr-random hg18 0.0833 0.2745 0.3333 0.3854 0.4819 0.6434 1.0000 1 NA
ncnr-random mm8 0.0000 0.2947 0.3730 0.4284 0.4943 0.6036 1.0000 1 1
ncnr-random monDom4  0.0000 0.2457 0.3194  0.3710 0.4444 0.6286 1.0000 11
ncnr-random ornAna1 0.0000 0.2857 0.3623  0.4234 0.5351 0.7200 1.0000 11

* p(GC): p-value for test of whether mean of GC within feature class is the same as for background (ncnr-random) by a two sided t-
test

** p(dGC): p-value for test of whether mean of difference in GC from human within feature class is the same as for background (ncnr-
random) by a two sided t-test
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3. Supplementary Figures

— TreeMedian
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branch2 G. gallus

branch3 O. anatinus

H. sapiens M. domestica

M. Musculus C. familiaris

Figure 1. Branch specific dy/ds ratios estimated with two different methods (see
Accesssory Table A12). The internal branches are: branch1: dog/human/mouse/opossum;
branch2: dog/human/mouse; branch3: human/mouse. While the magnitude of this ratio

differs, both methods show similar trends.
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Figure 2. A comparison of the casein loci organization. The casein loci in platypus,
opossum, cattle, mouse and human genomes are drawn approximately to scale and
aligned on the beta-casein gene®. Genes are each represented by a box with an arrow
pointing in the direction of gene transcription. Gene models for confirmed genes were
generated (platypus) or retrieved from Ensembl (others) when available. Blank boxes
represent putative genes based on similarity, whereas grey boxes represent genes with
observed expression. The opossum locus, there is no casein duplication and the spacing
region contains several copies of an invading repetitive element (black arrows).
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Figure 3. The cathelicidin antimicrobial peptide gene family. has expanded and is highly
heterogeneous in the platypus (pink) and opossum (green).These divergent peptides may
provide marsupials and monotremes with a unique mechanism for protecting
immunologically naive young from pathogens (See Supplementary Notes S19).
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Figure 4. Platypus population structure analysis. Using Structure v2.1 software’, an
analysis was performed with 57 polymorphic retrotransposon loci (LINE2 and Mon1)
with 90 platypus samples from various regions in Australia including Tasmania were
included in this study. a, Map of Australia showing inferred population structure for 90
platypus DNA samples. Grey lines point to the sample geographic origins by name (the
precise location within Queensland is unknown). Platypus samples from Tasmania were
collected from the northern portion, shaded in green. Structure analyses revealed four
distinct genetic clusters, shown in red, green, purple and yellow. Pie charts illustrate the
distribution of the four clusters for each platypus population, with samples from
Tasmania and Warrawong, showing near single cluster affiliation, while the remaining
populations show varying degrees of genetic admixture. b, A neighbor-joining tree of
platypus population relationships. Genetic distances were calculated using Gendist and
Nei’s standard genetic distance indicating that the Tasmanian population is distinct from
the Australian mainland population and the two South Australian populations cluster
together.
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Figure 5. A comparision of female:male ratios for expression of platypus autosomal and
X-specific genes in fibroblast cells. Real-time RT-PCR gene estimates were normalized
to the autosomal ACTB housekeeping gene. Female:male ratios for autosomal genes was
close to 1.0, whereas X-specific gene ratios ranged from near 2.0 (indicative of no dosage
compensation), to close to 1.0 (expected if there is complete dosage compensation). Error
bars indicate S.E.M.

www.nature.com/nature 1M



doi: 10.1038/nature06936

M=70

34 22 22

M=
(;8 30 28 24 22

p—

% % % %
@ @& o

- 9:9%:

15

% %

N
-0&

SUPPLEMENTARY INFORMATION

16 15 10 10 6 p
% 0, 0 0, 0 0
Ss00@odo@os@od

13 10 8 6 4 2
% % % % 9

0092

-~

* e -

18 18 17 16 11 8 7 4

% % % % % % %

Figure 6. LINE2 evolution in the platypus. (see Supplementary Notes S20).
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Figure 7. LINE2 density across human, platypus and chicken chromosomes. A, human
chromosomal distribution, b, platypus mapped chromosome distribution and c, chicken
chromosomal distribution. Neither LINE2 nor MIR/Mon-1 density varies much between

platypus chromosomes.
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Figure 8. Platypus whole genome microsatellites. Coverage was compared across
representative mammalian and avian genomes. For each species, the variation in
microsatellite coverage by chromosome is represented by the box plot.
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Figure 9. Number and density of microsatellite size classes in each genome. a, density of
microsatellites by size class and b, number of microsatellite loci by size class.
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Figure 10. Microsatellite sequence composition measured by percentage A+T of perfect
and imperfect microsatellites across different genomes. Despite the platypus genome
being enriched for G+C, the three most common motifs in platypus are ATT (12.9%),
TAA (7.6%) and TGAA (6.6%); highly similar to the motif usage in lizard.

www.nature.com/nature 47



doi: 10.1038/nature06936 SUPPLEMENTARY INFORMATION

| in 5 species
m in 4 species
30 - ) )
W in 3 species

25 | I Oin 2 species
I Oin 1 species

20 -

L s EeAlED

12 3 4 5 6 7 101112141517 18 20 X1 X2 X3 X5 C U

Proportion of conserved microsatellites (%)
o

Chromosomes

Figure 11. Proportion and distribution of platypus microsatellites conserved in one or
more species. We found that of 352,034 platypus microsatellites identified in the whole
genome alignment, the percentage of these loci conserved in other species was 0.77% in
lizard, 1.19% in chicken, 1.81% in mouse, 1.85% in human and 2.55% in opossum. Most
platypus microsatellites are conserved in one species, with decreasing numbers of loci
conserved as the number of species increases.

www.nature.com/nature 48



doi: 10.1038/nature06936 SUPPLEMENTARY INFORMATION

T5EATE MESTIT1 COPG2
Lo | .

CPA4 CPAS CPA1

U W HE BT
S .{ J, l..l,....J. ..l l]l+. .Lir 1} '“'I‘1TI‘J"]1 ,1‘,1_,] =

0 147950 2’9._1955 4!13'9"[! 59192D ?EBEEH

Oposgum
Plalypus

W =i LINEs M H onn clemants
['E Small RNAs . Simiple repeals D Loy comiploaisy . CpGs

Figure 12. Repeat distribution plots for each mammalian species across the PEG1/MEST
eutherian imprinted gene cluster. Gene structure is shown by a line (introns) connecting
boxes (exons), transcripts in blue are paternally imprinted, red are maternally imprinted
and black represents unknown or non-imprinted genes within the cluster (taken from the
mouse). There is a dramatic difference in the number and distribution of repeat elements
between the platypus and other mammalian species.
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Figure 13. Distribution of G+C fractions in 10-kb windows. All platypus genomic
sequences over 10 kb in length were used; for other species, only sequences assigned to
chromosomes were examined.
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Figure 15. CpG content of putative promoters and other regulatory elements. CpG
content and change in CpG content relative to human are shown for several sets of DNA
sequences implicated in gene regulation in human. These are the four classes of
promoters defined by the CAGE-tag clusters from the FANTOM consortium, binding
sites for CTCF from ChIP-chip data, PRPs, which are predicted regulatory regions from
the intersection of two methods based on genome comparisons, a set of 93 known
regulatory regions, and PTRRs, which are a set of regions identified as bound by
sequence-specific transcription factors and supported by chromatin alteration data from
the ENCODE project®.
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Accessory Tables

Table Al. C-values vs genome size.

Species C value Genome size (Gb)
Mouse 3.3 2.5
Opossum 4.3 3.4
Chimpanzee 3.76 3.0
Chicken 1.25 1.0

Table A2. Sequencing data by insert size.

Insert Size(kb) Count number Assembled Num Trimmed bases Paired read num Paired bases
1.5-2.0 13688 12769 7864169 11266 7147302
2.0-2.5 30860 27868 16566633 23460 14456677
2.0-3.0 62952 57781 37405066 51330 33991476
2.0-4.0 123069 114217 78470191 104279 72503023
2.5-3.0 31829 28639 17244301 24360 15097909
3.0-3.5 15760 14514 8987717 12686 8086119
3.0-4.0 1298245 1166093 681919515 961656 578014809
3.5-4.0 573 321 132130 270 108856
4.0-4.3 11964296 11048205 7422999427 9907029 6759757330
4.3-6.5 7564965 7058321 5164607068 6203560 4585400739
6.5-9.5 4787407 4352061 2959216736 3667469 2531831207
40 652982 493809 304165771 311447 196298750
147 407649 379614 269859963 297082 213731642
total 26954275 24754212 16969438687 21575894 15016425839

Table A3. Sequence contiguity by species.

Platypus Contiguity stat Ctg N50 len Sctg N50 Len Ctg N50 Num Sctg N50 Num
platypus_051215(1.7G) 13,026 365,576 33,796 736
Mouse 7X(2.5G) 24,775 11,479,562 29,556 66
Chimp050130(2.9G) 6.7X 28,231 13,733,919 29,244 60
Chicken040612(1G)6.6X 38,867 10,918,580 6,835 26
chimp050412(no fosmid 3.0(28,238 3,323,878 29,362 211
Platypus Contiguity stat Largest Ctg Ave. Ctg Largest Sctg Ave. Sctg
platypus _051215(1.7G) 245,967 6,278 14,341,343 28,661
Mouse 7X(2.5G) 225,618 11,576 44,729,073 78,832
Chimp050130(2.9G) 6.7X 380,600 9,425 59,100,486 29,107
Chicken040612(1G)6.6X 441,790 12,007 50,876,398 42,110
chimp050412(no fosmid 3.0(288,304 8,765 25,457,179 21,251
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Table A4. Total sequence assigned to platypus chromosomes.

Sequence per

Chromosome

Chr Sequence*

~N o o A W DN B

10
11
12
14
15
17
18
20
X1
X2
X3
X5

47594283
54797317
59581953
58987262
24609220
16302927
40039088
11243762
6809224
15872666
2696122
3786880
1399469
6611290
1816412
45541551
5652501
5951358
27786739

Un 1559714169

*Sequence lengths include gap size estimates

www.nature.com/nature

SUPPLEMENTARY INFORMATION



doi: 10.1038/nature06936 SUPPLEMENTARY INFORMATION

Table A5. G+C content distribution of finished BACs: “Covered” vs “Not covered”

regions.

Not covered  Covered

%G+C num 9%age num %age

10-19 2 0.1 0 0
20-29 8 0.6 0 0
30-39 66 4.9 54 3.7
40-49 592 44 1045 70.7
50-59 438 326 283 19.1
60-69 181 135 85 5.8
70-79 51 3.8 11 0.7
80-89 6 0.4 0 0

Table A6. Repeat content based on the platypus RepeatMasker library.
Covered

Covered regions of finished platypus BACs aligning to the WGS sequence

total_length: 11687519

GC_level: 44.38

bases_masked: 5268945 45.08
SINEs: 13041 2516541  21.53
LINEs: 12251 2479459 21.21
LTR_elements: 25 13698 0.12
DNA _elements: 354 72473 0.62
Unclassified: 443 51518 0.44
Total_interspersed_repeats: NA 5133689 43.92
Small_RNA: 0 0 0
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Satellites: 71 7117 0.06
Simple_repeats: 1907 77311 0.66
Low_complexity: 795 51330 0.44

Not Covered (Gaps)
(Regions of finished platypus BACs not aligning to the WGS sequence)

Total_length: 1213497

GC_level: 49.85

Bases_masked: 765383  63.07
SINEs: 1635 271373  22.36
LINEs: 1463 454461  37.45
LTR_elements: 5 2028 0.17
DNA _elements: 23 4300 0.35
Unclassified: 36 2948 0.24
Total_interspersed_repeats: NA 735110 60.58
Small_RNA: 0 0 0
Satellites: 4 613 0.05
Simple_repeats: 279 12463 1.03
Low_complexity: 215 17256 1.42
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Table A7. Platypus segmental duplication analysis by chromosome assignment.

chrom size size (gap- | AlWGAC | WGAC WGAC WSSD WGAC+WSSD | Total SD % SD
free) | (>90% >1 (<94% (>94% >
kb) <10 kb) 10 kb)

47,594,283 44,500,396 2,409,545 44,445 55,609 0 0 44,445 | 0.10%
chr2 54,797,317 50,943,648 2,947,515 61,079 107,719 74,917 53,300 114,379 | 0.22%
chr3 59,581,953 55,753,503 3,970,872 157,160 254,692 170,811 130,311 287,471 | 0.52%
chr4 58,987,262 55,339,946 3,373,590 101,053 126,600 0 0 101,053 | 0.18%
chrb 24,609,220 22,751,819 1,051,886 19,770 23,747 0 0 19,770 | 0.09%
chré 16,302,927 15,302,526 1,075,579 31,053 63,676 73,252 58,449 89,502 | 0.58%
chr7 40,039,088 37,716,602 2,428,143 70,516 120,910 78,862 55,796 126,312 | 0.33%
chr1l0 11,243,762 10,686,721 728,385 16,340 11,036 0 0 16,340 | 0.15%
chril 6,809,224 6,329,107 319,445 6,126 0 0 0 6,126 | 0.10%
chrl2 15,872,666 15,079,184 1,186,676 48,638 128,452 72,624 48,514 97,152 | 0.64%

chri4 2,696,122 2,492,320 38,725 0 10,912 15,000 0 0 | 0.00%
chri5 3,786,880 3,543,753 154,816 5,858 0 0 0 5,858 | 0.17%
chrl7 1,399,469 1,274,415 32,044 2,187 0 0 0 2,187 | 0.17%
chrlg8 6,611,290 6,314,477 553,310 2,073 21,649 0 0 2,073 | 0.03%
chr20 1,816,412 1,654,293 92,022 0 0 0 0 0 | 0.00%
chrX1 45,541,551 42,774,007 2,477,972 120,243 122,529 0 0 120,243 | 0.28%
chrx2 5,652,501 5,467,671 414,593 0 0 23,373 0 0 | 0.00%
chrxs 5,951,358 5,824,245 507,442 1,854 0 0 0 1,854 | 0.03%
chrX5 27,786,739 25,788,079 199,997 14,873 0 10,133 0 14,873 | 0.06%
subtotal 437,080,024 409,536,712 | 23,962,557 703,268 1,047,531 518,972 346,370 | 1,049,638 | 0.26%
all 894,359,526 786,450,919 | 121,274,573 | 24,988,227 | 14,207,330 | 12,907,044 7,460,009 | 32,448,236 | 4.13%
contigs

all 689,150,142 646,450,220 | 45,273,432 | 2,250,071 | 3,692,305 | 3,145,198 2,219,933 | 4,470,004 | 0.69%
ultras

total 2,020,589,692 | 1,842,437,851 | 190,510,562 | 27,941,566 | 18,947,166 | 16,571,214 10,026,312 | 37,967,878 | 2.06%

Total SD=total duplication content based on all WGAC duplications <94% (column 6) and all duplications >94% and > 10
kb that are confirmed by both WGAC and WSSD. % SD represents a lower bound estimate of duplication content.

Table A8. Chimeric clones in chimp and platypus assemblies.

Chimp Platypus [Platypus/Chimg
Chimera 83,570 196,953 2.3
Contig Ends 1,083,550 1,092,049 1.0]
Both 2,39b 5,218 2.18

*both=chimeric reads at both ends of a given contig
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Table A9. Orientation of reads at contig ends.

SUPPLEMENTARY INFORMATION

count platy start |[percentage count chimp start [percentage
119,4560 O O 23.44 111,5570 0 O 22.12
56,5750 0 1 11.11 44,4730 0 1 8.82
76,1370 1 O 14.95 97,3790 1 O 19.31
21,5940 1 1 4.24 32,5110 1 1 6.45
41,4721 0 O 8.14 58,7061 0 O 11.64
13,1981 0 1 2.59 23,6601 0 1 4.69
139,7241 1 O 27 .44 98,8511 1 O 19.60
41,1271 1 1 8.08 37,1581 1 1 .37
509,283total 100.0( 504,29%total 100.0(
count platy end percentage count chimp end |percentage
41,3910 0 O 8.13 56,7610 0 O 11.26
138,8100 0 1 27.26 94,6670 0 1 18.77
13,44Q0 1 O 2.64 23,7840 1 0O 4.72
42,2580 1 1 8.30 36,8540 1 1 7.31
123,851 0 O 24.32 117,3011 O O 23.24
71,0211 0 1 13.95 97,9541 0 1 19.47
57,3811 1 O 11.27 44,4671 1 O 8.82
21,1261 1 1 4,15 32,5041 1 1 6.45
509,283total 100.00¢ 504,292total 100.0(¢
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Table A10. Ensembl gene sets used for orthology analysis

Species Genes Transcripts Assembly
H. sapiens 22810 43605 nchi36 (hg18)
M. musculus 24442 32078 nchi36 (m36)
C. familiaris 19314 25568 canFam2, Broad Institute (May 2005)
M. domestica 19597 32690 monDom4, Broad Institute
0. anatinus 18597 27557 WashU assembly
G. gallus 16715 22186 galGal3, Chicken genome sequencing consortium (May 2006)

Table Al11. Simple 1:1 orthologs across the amniota. Each set contains exactly one gene
from each species.

Species (1:1)n ortholog sets
H.sapiens 22,611 100%
+ M. musculus 14,905 66%
+ C. familiaris 13,788 61%
+ M. domestica 12,042 53%
+ O. anatinus 9,264 41%
+ G. gallus 7,587 34%
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Table A12. Different ways to estimate genome-wide substitution rates.

Method Aggregation Ortholog sets | Fit on tree
Method 1 / Pairwise Median over gene pairs Pairwise No
Method 2 / PairwiseStrict Median over gene pairs Multiple No
Method 3 / TreeMedian Median over gene trees Multiple Yes
Method 4 / Sample Average 20 samples of 200 concatenated | Multiple Yes

gene alignments

Table A13. Estimated genome-wide ds and dy for different methods (Supplementary
Notes S18). Pairwise rates between genomes have been read off the tree for tree based

methods.

Pairwise  PairwiseStrict TreeMedian SampleAverage

Species Species ds dN ds dN ds dN ds dN

C. familiaris G. gallus 1.741 0.053 1.547 0.043 1.411 0.032 1.314 0.056
C. familiaris H. sapiens 0.369 0.041 0.338 0.032 0.315 0.022 0.344 0.044
C. familiaris M. domestica 1.113 0.063 0.986 0.051 0.867 0.036 0.879 0.067
C. familiaris M. musculus 0.667 0.088 0.637 0.074 0.596 0.062 0.605 0.106
C. familiaris  O. anatinus 1461 0.103 1.277 0.087 1.126 0.076 1.121 0.129
G. gallus H. sapiens 1.642 0.094 1.469 0.078 1.381 0.062 1.292 0.107
G. gallus M. domestica 1.586 0.099 1.426 0.083 1.345 0.088 1.254 0.145
G. gallus M. musculus 1.891 0.111 1.687 0.092 1.662 0.102 1.553 0.167
G. gallus O. anatinus 1.707 0.102 1.497 0.086 1.442 0.088 1.311 0.145
H. sapiens M. domestica 1.037 0.095 0.918 0.080 0.837 0.082 0.858 0.136
H.sapiens M. musculus 0.575 0.112 0.543 0.097 0.534 0.105 0.530 0.163
H. sapiens  O. anatinus 1.406 0.124 1.220 0.107 1.096 0.119 1.100 0.185
M. domestica M. musculus  1.305 0.119 1.199 0.103 1.118 0.105 1.119 0.163
M. domestica O. anatinus 1.308 0.111 1.152 0.097 1.061 0.099 1.062 0.154
M. musculus O. anatinus 1.696 0.107 1.454 0.093 1.377 0.105 1.361 0.158
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Table Al4. Branch-specific genome-wide dn/ds values across the amniota for two

different methods (Methods 3 and 4; see Table A13).

TreeMedian SampleAverage
Branch Median Stddev Mean Stddev

branchl 0.095 76.03 0.199 0.020
branch2 0.068 22.58 0.130 0.010
branch3 0.098 69.73 0.195 0.024
H. sapiens 0.068 15.23 0.132 0.010
M. Musculus 0.056 12.5 0.105 0.008
C. familiaris 0.061 21.68 0.128 0.009
M. domestica 0.065 19.96 0.125 0.008
0. anatinus 0.065 13.92 0.132 0.010
G. gallus 0.062 10.86 0.123 0.008
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Table A15. Alignment of a region of the PTPN4 gene showing a three-amino-acid
deletion believed to have occurred after marsupials and eutherians diverged from

monotremes.

SPSKPLARKLM- - -DWEVVSRNSISDDRLETQSLPSRSPPGTPN

sapiens (human)

SPSKPLARKLM- - -DWEVVSRNSISDDRLETQSLPSRSPPGTPN

troglodytes (chimp)

SPSKPLARKLM- - -DWEVVSRNSISDDRLETQSLPSRSPPGTPN

gorilla (gorilla)

SPSKPLARKLM- - -DWEVVSRNSLSDDRLETQSLPSRSPPGTPN

pygmaeus (orang_sumatran)
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Figure Al. Describes format followed for read depth distribution.
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Figure A3. Distribution of read depths.

Mid point reads depth distribution

14
12 ;
10 4

\ —&— Chicken
8 1 —&— Chimp
6 Platypus

Yakuba
4 .
2
0 ‘
0 10 20 30
coverage

Figure A4. Platypus segmental duplication by alignment length for intrachromosomal

and interchromosomal location.
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Figure A5. Platypus segmental duplication by alignment identity.
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Figure A6. Segmental duplication sequences by chromosome (>5kb at 90% identity).
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Figure A7. Chimeric read types.

SUPPLEMENTARY INFORMATION

Figure A8. Combinations of reads at the end of contigs.
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Figure A9. GC content for AB13730 and 454 read types.
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Figure A10. Multiple species GC content for reads and contigs.
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SUPPLEMENTARY INFORMATION

Figure A11l. GC content by contig ends and read depth a) platypus contig end GC
content b) platypus GC content in high and low read depth regions.
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Figure A12. Lineages leading to chicken or mouse have a larger distance to root than
other lineages. Shown are cumulative distributions of the distance to root for each species
normalized by the median distance to root of each tree.
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Figure A13. Genome-wide ds (left) and dy (right) values for pairs of species computed

with different methods. Each spoke in the wheel corresponds to a species pair (see

Accessory Table A13 for values). Method 1 (Pairwise) provides the median values from

pairwise comparisons of all 1:1 orthologues. Method 2 (PairwiseStrict) provides the

median values from pairwise comparisons of 1:1 orthologues drawn only from the simple

(1:1)" orthologue set. Method 3 (TreeMedian) provides the median values from rate

estimates inferred across the species phylogeny for each simple (1:1)" orthologue set.

Method 4 (SampleAverage) provides values inferred from 20 samples of 200

concatenated multiple alignments from the simple (1:1)" orthologue set (See Accessory

Table A12).

dog/platypus

chicken/human

www.nature.com/nature

chicken/opossum

Pairwise
\\ PairwiseStrict
\ TreeMedian
SampleAverage

dog/chicken
dog/human

dog/chicken
dog/human

mouse/platypus

opossum/platypus

opossum/mou
"Pairwise
"\ PairwiseStrict
"\ TreeMedian

heumpRiRlabRs

opossum/mouse

dog/platypus human/platypus

human/mouse chicken/human human/mouse

chicken/opossum
chicken/nebigeen/platypus

human/opossum human/opossum

chicken/stocisen/platypus

10



doi: 10.1038/nature06936
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Figure Al4. Overview of our approach for finding phylogenetically informative
retroposed elements.
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Figure A15. A platypus population structure plot for 90 individuals. Each platypus
individual is represented by a vertical bar. The color composition of each vertical bar
represents the probability of assignment for each individual to each of the four inferred
population clusters as estimated using Structure 2.1.
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Figure A16. TinT distribution: Activity pattern of platypus specific non-LTR retroposed
elements over evolutionary time.
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Table R1. Genomic locations, population diversity, oligonucleotide primer

,,,,,,,,,,,,,,,,,,,, locus ~~ |Forward
name Primer (5' to 3')

| 1 [DbP000299.1(1) [GCAAGTCATTTGGCCTCTCT |
2 |DP000299.1(2) AGTGTCCACGGACATTCCTC

77777777777777 3 |DP000299.1(3) ~ |GGCTCTGTTCAGAGTCTTCCA
4 |DP000299.1(4) AGCTCTGCCATTCATCTGCT
5 |DP000299.1(5) TTGTATTTATTGAGCACTTACTGCAT

""""""" 6 |DP000260.1(1) - |AAGGTACGAAATCCCATCCA
7 |DP000260.1(2) TTCTTATAATTGTTAAGGGAGGCAAT

""""""" 8 |DP000260.1(4) - |CGTTTCTCTCACACGGAAAA

77777777777777 9 |DP000260.1(5) ~ |JACAGGGAACGTGACAACCAT
10 |DP000260.1(6) TGGCTAGGCCAGCTATTGTA
11 |DP000260.1(7) TGTCCTTTTGCCCAGAATTA

""""""" 12 |DP000252.1(1) - |TCGTTGTCACCACTCCAAAA
13 |DP000252.1(2) TGGAATTCAGTGTCCACAGG

""""""" 14 |DP000252.1(3) ~ |GGCTCATGGAATATCGAGGT

7777777777777 15 |DP000252.1(4) ~ |CTTCACCTACGGCCAATCAT
16 |DP000252.1(5) GATCTCGGGCATGTCACTTC
17 |DP000252.1(6) CTGTGCGCAGTACACAGTACTAA

""""""" 18 |DP000252.1(7) - |CCTGCCCACAGGAGCTTAC

7777777777777 19 |DP000252.1(8) ~ |CCAAGCCTTGACTTGGAGAC
20 |DP000252.1(9) TCGGTCTCTTTCCTCAGTCG
21 |DP000252.1(10) GTTTCCCGAGTGCTGACTGT

""""""" 22 |DP000252.1(12)  |CCATCTTCCCCTCTAGTCTGC
23 |DP000252.1(13) CTTGCTGGCTGTGTGATCTT

""""""" 24 |DP000252.1(14)  |CACGGAGAGGAAGGTACCAA
25 |DP000252.1(15) TCCATCAGTGGTATTTACTGAGC

""""""" 26 |DP000252.1(16) |AAATGGCCACCCTTTTCC
27 |DP000224.1(1) AAACGGTGGGAGTCACAGAT

""""""" 28 |DP000224.1(2) - |ACGGCCTTCCACTTGCTAC
29 |DP000224.1(3) GGGTCTCTAAAAATCTCCTAGTTGG

""""""" 30 |DP000211.1(2) ~ |CGTTAATAGAAATAAACAGAATTGGAA |
31 |DP000202.1(1) TAGGCCTGCTTCTTGTCCTC

""""""" 32 |DP000202.1(3) ~ |CAAGCTAATCAGTTTGGACACAG

7777777777777 33 |DP000202.1(4) ~ |CCTACAGGGGAGATAGGTTTAGA
34 |DP000185.1(2) GGTCTTTGCCACCTGATCTC

7777777777777 35 |DP000185.1(3) ~ |GATGAAGACACCATATCCTCTGG
36 |DP000185.1(4) CCTGATTCCCATTCCTATGC

7777777777777 37 |DP000185.1(5) ~ JATTCCTGTGCAGGGAAAGGT
38 |DP000185.1(7) GGCTGTGTCTCTCTTTTTCCA
39 |DP000185.1(8) GTTTCCCAGACAGGGATTCA

""""""" 40 |DP000185.1(9) ~ |TTTCAGTGAATCAGTGGCATTT
41 |DP000185.1(10) TTTTAAATGAAATTCCTTCTACCC

""""""" 42 |DP000185.1(11)  |GTGCTTGGCCCATAATAAGC

7777777777777 43 |DP000185.1(12) |TGTGGAGGACACTGCACTAGA
44 |DP000185.1(13) GCACTGGGCTAGATACAAGGA
45 |DP000119.1(1) AAGCATCCACTATGGGCAAA

""""""" 46 |DP000119.1(2) - |AAAAACTTCTCATCATTGGCTTT
47 |DP000077.1(1) TTAACTTTGGGCCATTCAGG

""""""" 48 |DP000077.1(3) ~ |CAAGAAAATCAGGCTGGACA

7777777777777 49 |DP000077.1(4) ~ |AGCGTGGCTCAGTGGAAC
50 ]C1-001-2439995 GCTGCTTACCCAGAACAAGC

7777777777777 51 |C1-002-4623259  |CAAATGCATGCCAGCTCTC
52 ]C1-003-6186795 CAGGGAATGTGTTTCATGCTT

7777777777777 53 |C1-005-7369364  |GACGGCACAATCAGTAAGCTC
54 1C1-008-13131414 CCCTCTCTCCCTCCACCTT

7777777777777 55 |C1-009-13439305  |GGGACAATCTGAAGACCCTGT
56 ]C1-011-13897057 GGGGACCTGGAGATAAGCTG
57 ]C1-013-16935581 CATGGCCTTTGACCATAATGA




58 ]C1-017-20138644 CTTAGTGCCCAATGTGTGAA
59 |C1-020-25913344 TCCCAAGCAGTTGGTAAAGTG
60 |C1-022-27664176 CCTGCTGGTGTTGTGCATAG
61 |C1-023-30282273 ATGCCTAGAAACCCCATTCA
62 |C1-024-30863128 TGGTTTCCATTCACTAAACCAG
63 ]|C1-025-31191832 CTGGCCCTGGCAGTCTTAT

64 |C1-026-32191881 TGCCCTCAAACTACTTCTGC
65 |C1-027-32722260 TGCACGCACTTCTAATCATCA
66 ]|C1-028-33293636 TCCCTGTCCCTAGACACTTCA
67 |C1-031-34717813 CATCTCCTCCAAACCCTTCA

68

C1-032-35009282

TGCTTTGATGGACATGTTGAG

69

C1-033-35063550

GGTTAAAATCCAGACCATGGAA

70 ]C1-034-35835046 TGGAAGGTCAGGTTGATTTTCT
71 |C1-036-41231888 TAGCTGTCTATGGGGCCAAC
72 |C1-039-45450457 TCAACCCAAATTGACAGATGA
73 ]C1-040-46330980 TTCCTCACTAAGGTGCAATGG
74 |C1-041-46395538 CAATGGTATGCGTGGAGATG
75 |C10-042-255284 ACATTAGGCTGCTCGTTTGG

76 |C10-043-5494470 GCGTAGCCTAGGAGAAAGCA
77 |C10-044-5574755 TTGGCTTCAAGGCTTTCTGT

78 |C10-046-7484318 GCCGAGAACCCCTAGAACTC
79 |C12-053-1053642 GGCAGCGATTGTGTCTATGA
80 ]C12-054-2044985 GGGAAAAGGTCTTGAATTTCG
81 |C12-055-4932432 TCTTGGATGTGTCGCTCAAC

82 |C12-056-5784023 TCCACAGTCCAGGGAAAGAC
83 |C12-057-6499232 GGAAGGGGAATAGAGGACCA
84 ]C12-058-6899752 TCAAGAAGAGATAAATAAGGCAAAA
85 |C12-059-7175632 AAAATGGTGGTTGTGGATCA
86 |C12-060-7452902 CACACAGAAGTTACAACCAGCTAGA
87 |C12-061-7801849 TCCTAGCACTCACTTGCTCAAC
88 |C12-062-9172697 GAGCTGCACATGTGATTCAT

89 ]C14-065-137579 TAACCAGGACCCCAACTCTG
90 |C14-067-1307932 CTATCCCACCCCACCCTTAG
91 |C17-069-566158 TGGAGGGCTGCTTGAATATC
92 |C18-072-861774 TGTGTGAATTTGGGCATCAC
93 |C18-073-2130927 CCATGTGAGACAGGGACCTT
94 |C18-074-2256902 CAAGCAGCTGTGGAATGGTA
95 |C18-075-2515658 TTTGGGGATAGGGAGGAAAG
96 |C18-076-3138592 CTCGTTCTCCCGAGGAACAT
97 |C18-077-4359820 AATGTGGGCAGTGAACGAGT
98 ]C2-084-8397014 TGAACATCAACCCTTCATGG

99 |C2-085-8660181 TTCTCCGAATTCTGCCATCT
100 |C2-088-11466521 CATAGCAGAAACACGGCAAA
101 |C2-091-14029452 GCTCATCCCAGGGAGAAAAT
102 |C2-092-14290900 AGATCCAGGCTATGCGGTTT
103 |C2-094-15767493 TCGGTTGTAATGGGTCTGTTC
104 |C2-095-16729203 GCTTTAGCTATCATTATGAGAAGCAG
105 |C2-098-23301831 TTTGGGGTGTGTACCATGAA
106 |C2-099-25530118 CCATCACCACCACAACTGAA
107 |C2-100-27119260 TTATCTGTACAATGGGAAGTCAGTA
108 |C2-102-28339541 CACATTCCCTGCTCACAATG
109 |C2-105-31337265 TCCGTCTCTCTGGGAGCTAA
110 |C2-107-32973073 TGGTGTTGTGGACAGAGCAT
111 |C2-109-37748550 AGCTTGCTGAGGTGCCTTT

112 |C2-110-38055606 TGCATTGCATTGAGAAGCAG
113 |C2-111-38213363 ATTCCTGCCCTGACACACTT
114 |C2-113-41523431 CAAATGCTAATTTGCTTCTGGA
115 |C2-118-45107236 GCTCCTGAGCCAGGACTTTA
116 |C2-119-48396694 CCACACGGGGAAGTTCTGTA
117 |C2-121-49258251 GCTCTGCCATGTGTCTGCTA
118 |C2-122-51711902 ATGGTGCATCCATGATGATT
119 |C2-124-51996640 GTAACCGTTGCTGTGCTTCC
120 |C2-125-53461804 GAGCCTGAAATTCTGCTCCT




121 |C20-127-229011 GCGCCTAACCAGTACCAA

122 |C3-129-1179687 AGAGGCAGCCAGGATCATTA
123 |C3-131-2231712 GGAGAAGCGTGCTAGTTTGG
124 |C3-132-2850175 TGACACAGCAGAGTAGGTGGA
125 |C3-135-10879524 AATGCTTACGGTGTGCAGTG
126 |C3-137-11802794 GCAGCAGGAATTTCAGTCATT
127 |C3-138-11954639 TGAAGTGTGGAGTTGGGTGT
128 |C3-139-12701177 GCTTGGGCCAGAACAATACA
129 |C3-140-14136961 TACAGCCAGACAAGCCACTG
130 |C3-141-15561658 CCCTTTCAACTCTTCCCAGTT
131 |C3-142-18834925 GCTTGCAAGAGCCTGAGATT
132 |C3-144-22474356 TGAGTGGAACAGCGTTGCTA
133 |C3-147-28383035 AAACAAGCTGCTGCTGATCC
134 |C3-148-29035641 GCCACACCCCTCCTTTATTC
135 |C3-150-34820402 CTTGACCAAGGTCACCCAGT
136 |C3-151-40017105 CCCAGCTGGAACAATCTCAT
137 |C3-156-50772571 ACGACGTGCTTTCACAGTTG
138 |C3-157-52041706 CCCCTAAAAGAGAGAAAACAAATTC
139 |C3-159-56100286 TGGGGAGAGAAAAGGGGTAT
140 |C3-160-56662301 GGTAGCAGAACCAGGAACCA
141 |C4-162-646927 TTTTCTCTTGTGCCCTGTATATG
142 |C4-163-3592732 ATCCCCAAATAATTGCTCCA
143 |C4-166-14414661 GCCAGAATGCCTGCTTATTC
144 |C4-167-14681457 CTGCAAAATGTGGGTGTCAG
145 |C4-168-15511112 TGCTTTACACACATTAGGCAAT
146 |C4-169-19964491 GCTAGTAGCCCGCACAACTG
147 |C4-171-25021593 TAACTCCCATACCCGTGAGC
148 |C4-172-26786718 TCTGGAGGCTAGGAGCTCAG
149 |C4-174-31497618 ACTTGCTTGTTGCTCCCACT
150 |C4-176-34783114 GACTCCCAGTCCCAAGCTCT
151 |C4-177-37457154 GCACCAGGAAGCAGCATTAT
152 |C4-179-39801240 CCCAAGGTCGCAGAATAGAC
153 |C4-180-40623377 TTCTGCTTCTGGCCTTCAAT
154 |C4-181-43816528 TGAATGAATGAATGACCTGGTT
155 |C4-182-44103178 CATCGCCCTAATTCGTTCTC
156 |C4-183-45300849 AGTGCTGGGGTGGATACAAG
157 |C4-187-55917657 CCCCAAGCTCCAATAGTTCC
158 |C5-190-1979255 GGTGACCCCGCTATCTAACA
159 |C5-191-2196859 TATTTTCTGGCGGTGAGACC
160 |C5-192-3460819 CCAATTGTGCACATCTGAGAG
161 |C5-193-13126600 GGAGGTGTTGGAGGGAAGTC
162 |C5-194-13818053 AGCTCTGGAGTGGCCAGATA
163 |C5-195-16154778 GGCTAAATGAATTGCCTGATG
164 |C6-197-6420094 TTGCTGTGAACAACATGAGC
165 |C7-201-24132518 CCTAGACTCCTGGGCTTGTG
166 |C7-202-36243423 TGTGGACATGGAATAGAGAGGA
167 |C7-203-36924986 GTACTCCCCAACCCCTGTTT
168 |Co-205-10364-444 CCACGTGAGTGAATGAGCTT
169 |Co-208-1085-48236 GAGAGCGTGGACAGCAGAG
170 |Co-211-11166-2755 TCATTCTGGAGGCCAAAGTC
171 |Co-212-1135-98346 TGTGTGCGAGGAAAGATGAA
172 |Co-213-11686-8414 TGCCTGTCTATAGTTCGGTCAA
173 |Co-215-11964-13354 |ATTGTGCTCTCCCAAGCACT
174 |Co-216-12092-7011 TGTCAAGCAGCATGGCTTAG
175 |Co0-221-1248-157557 JCTCTTTGCTGGGCACTAAGC
176 |Co-223-12536-14823 |GAACTCCCTTCCCAAGTTCC
177 |Co-224-12581-5434 GGGCCAACCAGGAGAATAGT
178 |Co-228-13803-3031 GAAACTTCTCCAAAACTGTCCA
179 |Co-232-14709-7155 TGGACAAGGCAAGCTAGTGA
180 |Co0-234-15966-17579 JCTCCCGTAGTCGAGACTGGT
181 |Co0-235-16049-11066 JGGTGAACCTTAACCTGTGAATC
182 |C0-236-16633-14786 JTTTTGTTGCATTTCCCTTCC

183

C0-243-26426-5942

TGTCATGGGAATACTGACTCCA




184 |Co0-244-3438-44400 CTTGAGGAGGGAAACATGGA

185 |C0-245-5453-11200 ATCCTTGTCCCACACAGAGC

186 |Co-247-9805-1001 GCTCAAAGGCCCCATATACA

187 |U-250-514-14164269 JCCAACATTCGGAGGATTTGA

188 |C1-001-273788 TCGTCCCAGGTAAGGATCTG

189 |C1-004-3989098 TTAGACTGTAATCCCATCACTGG
190 |C1-005-4048182 GCAAGGTCACAGGACAGATG

191 |C1-006-4210085 GCCTGTGGCTGACCTGATTA

192 |C1-007-4558674 TCGAAGTGAATGAGCTGACAA
193 |C1-008-4658062 AGGAGAGTGACATGCCCAGA

194 |C1-010-5268732 GGGATCAAGTCGACCAACTC

195 |C1-012-5770201 TTTATCGAGGGCCTATTCCA

196 |C1-013-5858490 CGTGATGACCAGCCCTAACT

197 |C1-014-6130962 CCAGTTCATGAGCCCTGATT

198 |C1-015-6385496 CAAGAACAAATAGAAAAGTAAAATGGT
199 |C1-020-7662540 GTTGCTGCAGGTGGGATTT

200 |C1-021-8444936 CCCAAGAATAAGGAAGGTCCA
201 |C1-024-10636201 GGCAAGTGGCTGTAGACCTG
202 |C1-025-10903591 CTGCCTCACATCTTGTTGAGTT
203 |C1-026-11240827 TCTGATTGGTGGAGTTTGAGG
204 |C1-027-11690228 CTTGGCACTGTCTTCCATCA

205 |C1-033-14113846 TCCGCTCCCAGACTTCTCTA

206 |C1-038-16022378 TTCCCTAGTTCTAATTCACCACCTA
207 |C1-039-16164803 GGGGTTGTGCAAGAACACAG

208 |C1-040-17741401 TGTCTGCTGTGACTTGTCTGC
209 |C1-041-17787550 TCCCCATTTGACTGAGGAG

210 |C1-042-18167364 CCACAGGTTATGGGTAGTGTCA
211 |C1-045-18601421 CACCACAAAAGGAAAACAGGA
212 |C1-046-18683649 TCTAGGACACTTCACTATGTAGGAAAA
213 |C1-050-19440122 CAACCAACGGTCAGTCAGTG

214 |C1-056-21101084 CCCCTGAGAGGGTAATTTCA

215 |C1-058-21346488 CGCTGCCACTGTTTAAGTGC

216 |C1-068-24030251 CCCAGAAAGGCGAAGCTACT

217 |C1-072-25410495 TCGAGGAGAGGGTTCCTGTA

218 |C1-074-25991023 GTGGCCTGAGGGACTTGTTA

219 |C1-075-26133201 AAGGCTGTTGCTCAGTGGAT

220 |C1-077-26760283 CCCAAGTGCTGCACACAGTA

221 |C1-080-26990670 TCTAAAGCAACCCATTTCAGC
222 |C1-082-27226422 AAGTGAACATTTACTGTGTGCAG
223 |C1-085-28140218 GGTCATGGAGCCATTGAATA

224 1C1-087-28852714 ATGCCCAGCCAACACTTTT

225 |C1-090-29468698 TTCCCTCTCTGGGCTACTGA

226 |C1-092-30383599 CCCACAGCTCCCCTACTTCT

227 |C1-103-32859279 GGGGCAGAGAGATGAGTCAG
228 |C1-105-33921897 CTTAGCACATAGCAAGCACTTAAC
229 |C1-106-33999676 AGCCAGGGGAGGAAACTTTA

230 |C1-108-34106118 AAAATGCAGCACCCAATAAA

231 |C1-110-34271355 TCAAGCAATGGTATTTGTTGAACT
232 |C1-115-36058926 TCCCTCTCTACACCCACGTC

233 |C1-116-36141147 CCTTGGCCCTGACATTCTTA

234 |C1-117-36313473 TGAACTAATGGTAATCAGGTCAGA
235 |C1-118-36613530 CCAAACTCTGGAAGCATGAA

236 |C1-119-36679877 AAATCAAACATAACTCATGACTAGAGC
237 |C1-121-37444356 CCCGGAAGTGGTGACTAAAC

238 |C1-122-37711987 CCCCACATCTGGGATATAACAT
239 |C1-123-37811269 CCCAAGTGGGTTGGTCTAGG
240 |C1-126-38287004 TGCTTCGTTCAGTGATCTTCA

241 |C1-127-38388974 TGGACAGTGGCTCGTAAGTG

242 |C1-128-38554159 GGTCATGGAATCTCTGGTGTT
243 |1C1-129-39094211 TCACCCCTGGAGGAAAGTC

244 1C1-132-39134001 CCAGCTTCCACTTGCTTTAAC
245 |C1-134-41764549 TAAGTGGCAGAGGCAGGATT

246

C1-136-42473515

TTTCAATAAATGCTTTGAATCTACA




247 |C1-138-42778489 GCTCACTGTGGACAGAGACTG
248 |C1-140-43123545 AGGCTGTGAGCCTCATGTGT
249 |C1-141-43411272 AAATTTAGCCATAACCCTCAAAA
250 |C1-145-43920663 AATCCATTGCCGGATGAAG
251 |C1-146-44231991 CCCAGGTCCCTAGTCTTTCC
252 |C1-148-44279609 GGAGCCAGATACCACAAGGA
253 |C1-149-44334673 CCAGAACAATTGCAGATGGA
254 |C1-150-44464435 GTCATCCCTTCTCCCCACTA
255 |C1-153-45346735 CGCTTCAAGTCAGCTCCATT
256 |C1-161-46990390 GGTCCTTGGTTTGGGCTCTA
257 |C1-162-47442700 CAGGCTCATTTTCTGCACTG
258 |C10-163-882524 GACCCTTCACTGGGCAGAT
259 |C10-176-6549670 GACCTGGGAGACGAAGCATA
260 |C10-177-6898887 AAGCGCTTAACTTCCATCGT
261 |C10-180-8553255 GACAGTGAGCCCATGGTTG
262 |C10-181-9825511 GCTTGTGGCTCAGTATAGTCTTGA
263 |C10-182-10085167 GCTGGACAGCATCTGAATTTT
264 |C10-183-10239829 TTGGGACTTGGACTTCATCC
265 |C10-186-10492767 TGAAGACGGGGCAAACCT
266 |C11-188-87787 TTCCCGAGTTGACAGAGCTT
267 |C11-189-599421 GAGGGTAGAAGCGAGATCCA
268 |C11-190-845321 AAAACAAACATTACGGGAGAAC
269 |C11-196-1422612 CACGCGATTGTTCAGTTGAG
270 |C12-203-149219 CCAGGAGTTAAGGCCCTTTT
271 |C12-206-2355559 GCTTGTATCCAACCCAGCAC
272 1C12-210-3695162 TCCCAGTTCCACACAGAGC
273 |C12-213-5136112 GAGGCCACTGCAAGATCAGT
274 |1C12-220-6345781 CCTCACCCACAAGGAGCTTA
275 |C12-222-6904309 TCCCTTTTCCACGTAGTGCT
276 |C12-223-7142683 GTAGACGGTGGAAGGCTGAG
277 |C12-228-7938737 CACCACCACCTCTTTCAATG
278 |C12-231-8969858 CAACGTGAAGCCCAAAAGAT
279 |C12-232-9351104 TTATCACGCCCACTGAAACA
280 |C12-236-10542201 AAGCAGGAGGCAGAATGATG
281 |C12-241-11159665 CCTGCCCACAGTGAGCTTAT
282 |C12-242-11175800 ATCAGGAGAGCAGCCACTGT
283 |C12-243-11238248 ACTGAATGCTTTCCCCATCA
284 |C12-248-12786148 AATGTGGTATTTGGTGCTTGG
285 |C12-250-13281341 TCAAAAGGATCGCCTTGATT
286 |C12-251-13505340 CCATCAGTTCTTGTCCACCA
287 |C12-255-14492487 AGGAACATCACAACCTTCCA

PCR amplification of each locus was one minute at 94°C initial denaturing, and
A final extension time of two minutes at 72° was also used.

Population diversity was classified as: fixed present (FP), low frequency (LF PO
every individual tested had the mobile element homozygous present. Low frequ
element is variable as to insertion presence or absence in at least one populatiq
heterozygous or absent individuals. N/A indicates non-specific PCR amplificatio




5 and amplicon sizes for platypus Mon1 SINEs and L2 LINEs

Filled |

March 2007 Assembly

Reverse Empty

Primer (5'to3") | size | size |Genome Positon @ |Subfamily
TCTTCTTAGCCACAGTCTCTCC 388 197 |Ultra454:346998-347619 Mon1f3
CCCGTGCCCTTTCTACTAGG | 356 | 194 |Uitra454:385566-386364 | Mon1f3 |
TTGCACTCTACCAATCGCTTA 400 189 |Ultra454:343096-343730 Mon1f3
CACACTAATTCAGGGCTTACACT [ 373 157 |Contig141222:180-785 | Mon1f4 |
GCAATATTACTGCTTCCAGGACA 400 185 |Ultra454:367414-368044 Mon1f3
GCAAACACGAATCTTGCTCA | 389 | 187 |Ultra2:1751038-1751666 | Mon1f3 |
ACGCGTCCACCAACTCTTAC 376 177 |Ultra2:1656322-1656948 Mon1f4
GCTTAAGCTGGGACTGCGTA [ 390 | 169 |Uitra2:1653265-1653860 | Mon1f3 |
CGAAAAAGAATTTAGCAAACACC 381 197 |Ultra2:1931295-1931908 Mon1f3
TGGGAATATACAATACAAAAGAGATG [ 400 | 210 |Ultra2:1967232-1967844 | Mon1f3 |
CACAGCTCACAGAAGGCAGA 399 171 |Ultra2:1848729-1849405 Mon1f3
CATTTGAAAATTGAACAGTTATAGCAA [ 496 | 258 |[Contig190:622744-623391 | Mon1f4 |
GATTCCTGCGTGAGATAGGC 392 183 |Contig190:539679-540320 Mon1f2
CAACATTACGGAGGTGGTTG | 400 | 178 |Contig190:452697-453343 [ Mon1f-1 |
GGCAGGGAATGTGTCTGTTT 398 186 |Contig190:352458-353105 Mon1f0
TCTCTGGTGCCCTGTTTTATG [ 400 | 182 |Contig190:760035-760656 | Mon1f3 |
TAGCCCTGGTTCTCTTCTCG 400 211 |Contig190:602116-602715 Mon1f3
CCTTCTCCCCAGAACATCAC [ 392 | 208 |[Contig190:453653-454285 | Mon1f3 |
GAAGCACAGAGCAGCGAAG 489 | 271 |Contig190:797121-797733 Mon1f4
GGGAAATTGAGAGGTGACAG | 584 | 362 |Contig190:766226-766865 [ Mon1f-1 |
AGCACATCAGCTCCATTTCTC 399 192 |Contig190:755126-755763 Mon1f4
CAGTGTATTGAGGGAGGCAAA | 387 | 166 [Contig190:632390-633054 [ Mon1f-1 |
CCACCTGACCCTCACAGTTT 394 182 |Contig190:536509-537128 Mon1f1
TTTTCCCTGAACATACAAGTCC [ 398 | 179 |[Contig190:440462-441130 | Mon1f4 |
AGTGTCTGTCTCCCCATCTG 388 158 |Contig190:358412-359069 Mon1f4
CTCAGCTCATGGGAAGCACT | 400 | 196 |Contig190:324602-325207 [ Mon1f-1 |
GGACCCCATAGTCTGAAGCA 393 197 |chr5:14630494-14630765 Mon1f3
GGTCGCACCTGGAGAGTTT | 388 | 213 |chr5:14614427-14614977 | Mon1f3 |
TTTCCCCATTGATTCCTTTG 395 178 |chr5:14593896-14594550 Mon1f3
GCACTGGGGAGAGTACAGTATAA | 400 | 176 |Contig219:926274-926814 | Mon1f3 |
TGACTTCCCAAGTTGGCTTT 540 | 299 |? Mon1f3
TTCACTCCCCAAAGTCCAAG | 492 | 259 |Contig294649:1-359 | Mon1f4 |
CCGGAGCTGAGACTGGTAG 400 160 |Contig24566:5923-6605 Mon1f3
CTGCTTCTTCAAGGCAAACC | 375 | 175 |Ultra479:2831098-2831714 | Mon1f3 |
CGAGAGGAAGCGAACAAGAA 365 195 |Ultra479:2370214-2370756 Mon1f3
TCGTATTGGCAACACAGACC [ 398 | 160 |Uitra479:2952253-2952923 | Mon1f3 |
GAAGAAGCAGGAAGGCACAG 341 122 |Ultra479:3265283-3265857 Mon1f2
CAACTGCCACTTTCAGAGCA [ 440 | 201 |Contig187235:1-256?? | Mon1f3 |
TGAAAATACTATAGGTGGGAAAAAGC 387 178 |Ultra479:2203192-2203837 Mon1f3
ACTCTCAAGGCTGGGCTCTT | 342 | 199 |Ultrad79:2625720-2626287 | Mon1f3 |
CCTCAAGGCGCTATCAGTTT 400 178 |Ultra479:2654428-2655086 Mon1f3
TCCAAAAGCGCTGTACCATA [ 400 | 197 |Uitra479:2593156-2593780 | Mon1f3 |
TGCCATTTGCATGTTTGTTT 377 197 |Contig42163:951-1556 Mon1f4
TTCTGGGCTCCCACTTACAC | 485 | 252 |Ultra479:2621960-2623512 | Mon1f4 |
GCGTGTATCACTACCCTCTCC 396 183 |chr3:17790226-17790867 Mon1f3
GGAGAGATTGAGGCACAGTGA | 398 | 159 |Contig7905:14534-15219 | Mon1f3
AATAAGGCGCTGGTTTCGTA 495 | 252 |Uitra336:686908-687579 Mon1f3
CCACCTCACCCGAAATTTTTA [ 495 | 275 |Ultra336:744661-745317 | Mon1f3 |
GGAGACAGCGAAAGAAAACG 489 | 250 |UItra336:875813-876461 Mon1f3
ACACAGCAGAGACGTGCAGA | 498 | 226 |chr1_2439995 2441267 [ Mon1f-1 |
AGGAGCCTGGAAGCAAGAAT 482 | 216 |chr1_4623259 4624525 Mon1f1
CATGCAAGGGGAAAATGAGA | 474 | 209 |chr1_6186795 6188060 | Mon1f1 |
CACAGGGACTCCCCTAGAGA 500 | 234 |chr1 7369364 7370630.rev Mon1f1
GCCATGTGGCTTCTAGGAAA | 470 | 207 |chr1_13131414_ 13132677 [ Mon1f-1 |
GCTCCCAGGCCTGTACTCTA 500 | 235 |chr1 13439305 13440570 Mon1f-1
GGGAACTGAGGCAAACAAAA | 491 | 227 |chr1_13897057 13898321 | Mon1f2 |
CATGTTCCATGACCCTTAGGT 499 | 235 |chr1 16935581 16936845 Mon1f-1




CAGATGTGCCCTTCCATCTT 475 209 [chr1_20138644_20139910.rev Mon1f-1
GTCCTCAGGATGCCAGTCTC 447 185 |chr1_25913344_25914606.rev Mon1f-1
TGGAGACAAGAGGAGATGTGAA 450 185 |chr1_27664176_27665441.rev Mon1f-1
CCCACAAGTGCTCAGTTTCA 442 178 |chr1_30282273_30283537.rev Mon1f1
CACTTTCATCTATTATCAACAAACCAA 468 202 |chr1_30863128_30864394 Mon1f-1
GATCAATATCGGCCATCCAA 489 223 |chr1_31191832_31193098.rev Mon1f1
AAACAACACACACAATTTCATCA 472 207 |chr1_32191881_32193146 Mon1f-1
TGTTCTGAAAACAGTAAGCACTCA 471 210 [chr1_32722260_32723521.rev Mon1f-1
TCAGCTACCTTTGCAACTGAGA 498 234 |chr1_33293636_33294900 Mon1f1
CAGGAACTCCAGCATGAACA 475 210 |chr1_34717813_34719078.rev Mon1f1
TGATTGATTAACACATTATAGGCACTT 485 220 |chr1_35009282_35010547.rev Mon1f2
AGCCCTCTGCTTACAAACCA 456 192 |chr1_35063550_35064814 Mon1f-1
TGGAAGGAAGAGAGGAATATGG 497 239 |chr1_35835046_35836304.rev Mon1f2
CTTCCTCTGGTCCCTCACAA 495 229 |chr1_41231888_41233154.rev Mon1f0
TGTGCCTTCTGAATTGTTGC 477 214 |chr1_45450457_45451720.rev Mon1f0
TGCATTGCTTCTAGCGAAAC 491 227 |chr1_46330980_46332244 Mon1f0
CCCCTCTAGACTGTGAACACG 773 510 |chr1_46395538_46396801 Mon1f2
CAGGGACGTGTACCCAGAAT 479 216 |chr10_255284_256547 Mon1f-1
GAGAAAGACCCTGTCCCACA 460 194 |chr10_5494470_5495736.rev Mon1f2
GCTGTGGTCTGACTGATGGA 473 209 [chr10_5574755_5576019 Mon1f0
CGTCGGATTCAGACAAAACA 471 205 |chr10_7484318_7485584 Mon1f-1
GTGGTTGTAGCTTGGGAGGA 458 193 [chr12_1053642_1054907.rev Mon1f0
GTGCTAAGCGTTTGGGAGAG 438 172 |chr12_2044985_2046251.rev Mon1f1
CCTCCCTTGCTCAAAGTCAG 467 201 [chr12_4932432_4933698 Mon1f-1
ACAAAATTGGCCTGGCTTC 464 198 |chr12_5784023_5785289.rev Mon1f-1
CTCCTGCCCGCAATGTAAT 435 169 [chr12_6499232_6500498 Mon1f1
TGGGTCTAACCACTTAACTCAATTT 481 215 |chr12_6899752_6901018.rev Mon1f-2
TGCTCAGAAAGCACTTGATTG 460 197 |chr12_7175632_7176895.rev Mon1f2
TTGTTGCTTTACTTCGTAGATTATTCA 491 225 |chr12_7452902_7454168 Mon1f1
TGTTATGGGCAGGAAATGTG 500 234 |chr12_7801849_7803115 Mon1f0
CCTTCTATGACCATTTCCCAAG 503 242 |chr12_9172697_9173958 Mon1f-1
ATGCCAACACCAAGAAGCTC 471 210 |chr14_137579_138840.rev Mon1f2
AGAGCAGGTTGTGTGGCTTT 426 160 [chr14_1307932_1309198.rev Mon1f-1
GCTGGTTACGAAGGAAGTGG 492 226 |chr17_566158_567424 Mon1f-1
GTGGCTTCTGAGGGGTTTT 574 308 |chr18_861774_863040.rev Mon1f-1
TTAGGGGCAAAACAGCTGAG 470 201 |chr18_2130927_2132196 Mon1f1
TGCAAGATCCATTCGCAATA 476 210 [chr18_2256902_2258168.rev Mon1f-1
TTTACGGGGACGTTTCAGAC 474 208 [chr18_2515658_2516924 Mon1f-1
CCATCAACTTGGGGCTGTTA 498 232 |chr18_3138592_3139858 Mon1f1
GCTGGTACCCAGTATCTTGGA 469 203 |chr18_4359820_4361086 Mon1f0
CAGGAAAACTGTAATGTTTTAGACGA 437 171 |Jchr2_8397014_8398280 Mon1f-1
GGAATCCCTCTCCTCACTGC 438 172 |chr2_8660181_8661447.rev Mon1f1
CATTTCCATCATCCAATCTTGA 443 183 [chr2_11466521_11467781 Mon1f2
CGACAGCCATCTCTGTTTCA 443 178 |chr2_14029452_14030717 Mon1f1
TGCGCTTAGAAGCACAACAG 489 225 |chr2_14290900_14292164 Mon1f-1
CAACTGGTTTTCATTTCTGTGG 485 219 |chr2_15767493_15768759 Mon1f-1
CAGGTACATATTCGGGCTCTG 470 206 [chr2_16729203_16730467.rev Mon1f-1
TCTTTTCAAGTTGGCCCCTA 495 229 |chr2_23301831_23303097.rev Mon1f1
CAGATGTCTGGACAGGCTGA 452 188 |chr2_25530118_25531382.rev Mon1f-1
GAGGGAAGGAGTGAGCCTTT 483 222 |chr2_27119260_27120521.rev Mon1f1
TCCAAGGTAAAGTAAAATCTGCAA 500 239 |chr2_28339541_28340802.rev Mon1f2
TGGTTCTGGTTTCATGTCTCC 465 201 |chr2_31337265_31338529 Mon1f-1
CTGTCCCACACTGGACACAT 445 179 |chr2_32973073_32974339.rev Mon1f-1
TCTGGCATATGTTCCTAGGGTA 469 203 |chr2_37748550_37749816 Mon1f1
TTCCATTTGCACTGTACTGGTC 496 230 [chr2_38055606_38056872.rev Mon1f1
CCACACCGTTCATTCCTCTAA 498 232 |chr2_38213363_38214629 Mon1f2
CTTCCACATTCCACCAGGTT 487 221 |chr2_41523431_41524697 Mon1f1
GGTTAGCATTCGAGGACCAA 469 203 |chr2_45107236_45108502.rev Mon1f1
CATATTTCATCAGCTGGCTTTG 446 180 [chr2_48396694_48397960.rev Mon1f2
AAGCCCTGGGGTAGTTACAT 446 181 |chr2_49258251_49259516.rev Mon1f1
GAGAAATGTGGAGCCAGGAA 454 189 |chr2_51711902_51713167.rev Mon1f2
GGTAATCCGGTTTGGACAGA 444 179 |chr2_51996640_51997905.rev Mon1f2
AGCACTGTTGGGCTGTACAAT 500 235 |chr2 53461804 53463069.rev Mon1f1




CATTTTGGGAACCGTAGAGG 489 224 |chr20_229011_230276 Mon1f-1
ATACCTCTTCCCGGTCTCGT 484 227 |chr3_1179687_1180944 Mon1f1
CCGTGCAAAATAAATGAGCA 487 221 |chr3_2231712_2232978 Mon1f0
TTGTGAAATGGCTCACAAGC 477 211 |chr3_2850175_2851441.rev Mon1f1
CTTTATTCATCCCGCCCTTA 451 183 |chr3_10879524_10880795.rev Mon1f1
CTTGGGAGACCAAGGGTTAC 300 35 |chr3_11802794_11804059 Mon1f0
TCCCATTCATTTTGGTGTCA 468 204 |chr3_11954639_11955903 Mon1f-1
TCTGTGAAAATGAAGGGCAGT 487 224 |chr3_12701177_12702440.rev Mon1f1
AATCCCATCTTGGGCCTTT 458 192 |chr3_14136961_14138227 Mon1f2
TAGCCAATCTAGGCCACTCG 454 188 |chr3_15561658_15562924 Mon1f1
GTTGGAGGGCTCCACTTGTA 428 166 |chr3_18834925 18836187 Mon1f1
AGCTCTGGCACCTCTTGAAA 463 197 |chr3_22474356_ 22475622 Mon1f1
CTGTGCTGAAGTGCCTTGTC 485 224 |chr3_28383035_28384296.rev Mon1f1
CACCTGGAATTGATGACAGC 442 179 |chr3_29035641_29036904.rev Mon1f2
TCAAAGAGCTTTTGGAGGTAATG 452 185 |chr3_34820402_34821669.rev Mon1f1
GAGCACCGGGGTAGATACAA 468 207 |chr3_40017105_40018366.rev Mon1f2
CTCAGGGTGTTTCAGGCTTC 468 202 |chr3_50772571_50773837.rev Mon1f1
CCTTTTAGTGAATGCCTCCAA 491 225 |chr3_52041706_52042972 Mon1f1
GAGACAGTCCCTGCCTTTTG 467 203 |chr3_56100286_56101550 Mon1f1
CTTTGGGGCGACAGTTACAT 584 321 |chr3_56662301_56663564 Mon1f1
ATCCATCCATGCATCCACTT 500 234 |chrd_646927_648193.rev Mon1f2
AACCACTCATACCCGAAGTCA 479 212 |chr4_3592732_3593999.rev Mon1f1
GGCAGGTGAAGAGGGAGACT 497 231 |chrd_14414661_14415927 Mon1f2
TTGGCAGAGAGGATGCAACT 467 202 |chrd_14681457_14682722.rev Mon1f2
CAGGAGACGTGAGCCTTGTT 462 199 |chrd_15511112_15512375.rev Mon1f0
TTGCTCCTAAGGTGGGACTTT 475 214 |chrd_19964491_19965752.rev Mon1f0
GACCCCAGGTCCTTCTGACT 498 237 |chrd_25021593_25022854 Mon1f2
TGAGGGAGGAAGCAATAGCC 485 220 |chr4_26786718_26787983.rev Mon1f2
CCAGCACTCTCCAAATCACA 462 197 |chr4_31497618_31498883.rev Mon1f0
CACTACTGCTTTGGGGAGGA 477 211 |chr4_34783114_34784380.rev Mon1f0
TGCAGAGATGGGTACAAGCA 497 231 |chrd_37457154_37458420.rev Mon1f2
ATTGGGACCTTGTCTTGTGG 425 160 |chr4_39801240_39802505 Mon1f0
GCCACAAAGCCATGCTACTT 499 234 |chrd_40623377_40624637 Mon1f0
CACCTCCTCTGCTCATGTCA 494 230 |chr4_43816528_43817792.rev Mon1f0
GAGGTAGGCAGGCACCAATA 466 202 |chrd_44103178_44104442 Mon1f0
CAGAAGAGGGCCTGAAACTG 492 226 |chr4_45300849 45302115.rev Mon1f0
TCCTTTTACTCGTCCCTCCA 500 236 [chrd_55917657_55918921.rev Mon1f2
AACAGCGTTGGCAGACATTA 483 217 |chr5_1979255 1980521 Mon1f2
CCCTTGCCTCTACTGCTCAC 482 217 |chr5_2196859 2198124.rev Mon1f-2
CTCCTTGAGGACAGGGATCA 488 222 |chr5_3460819_3462085.rev Mon1f2
TTGACCTTTTGCTGGTTTCA 484 221 |chr5_13126600_13127863.rev Mon1f0
CCCAGGAACCAAGAAGTGTG 496 233 |chr5_13818053_13819316.rev Mon1f2
CTGACACGTACATCGGTCGT 478 213 |chr5_16154778_16156043 Mon1f0
CGCTGAGGTTTTAGACATTTCC 617 354 |chr6_6420094 6421357 Mon1f2
TTCTTCAACATGCCTTGTGC 482 219 |chr7_24132518_24133781.rev Mon1f0
GTTGAGGGCAACCAGAAGAG 472 207 |chr7_36243423 36244688 Mon1f2
CTCATTCCCCTTGGGTCATA 455 193 |chr7_36924986_36926248 Mon1f2
CTCTCTGCCCTTCTGACTCC 462 198 [|Contig10364_444 1708.rev Mon1f0
CCTTCCCAGTCATGGAATGT 426 160 [Contig1085_48236_49502.rev Mon1f2
GGGAAGGTCAGGTTGAGTGA 475 209 [Contig11166_2755_4021 Mon1f2
CACATTCCCTGCTCACAAAG 494 229 |Contig1135_98346_99611 Mon1f2
GGGAGAGACAGATGGCAAAA 435 169 |Contig11686_8414_9680 Mon1f0
CGATATCCTTTTCCAGGGTTC 468 211 |Contig11964_13354_14611 Mon1f2
CACAAAGTCACACGGAGCTG 600 341 |Contig12092_7011_8270.rev Mon1f2
GGGTCAGAAGGACCTGGATT 462 197 |Contig1248_157557_158822.rev Mon1f0
ATGGATTGGGAGGATGACTG 497 234 |Contig12536_14823_16086.rev Mon1f2
GCCCACTGTTCATTCACTCA 424 157 |Contig12581_5434 6701 Mon1f0
TCAAGATGGTCCCAGTCACA 486 218 |Contig13803_3031_4299 Mon1f0
GGAGCTGTTCCCAATATGCT 465 199 |Contig14709_7155_8421.rev Mon1f0
CCCAGCGGGTCAGTAGTAAA 473 207 [|Contig15966_17579_18845 Mon1f0
CATGGCGGAGCTAGGATTAG 426 162 |Contig16049_11066_12330.rev Mon1f0
TAAGCCTGTGGAAAGCCTGT 457 190 |Contig16633_14786_16053.rev Mon1f0
GGGTAAAGCCACAGAAAGCA 470 207 |Contig26426 5942 7205 Mon1f-2




AACCCCAAGGACACCTCTTT 456 194 |Contig3438_44400_45662.rev Mon1f-2
CCTCAATGGGCCACTAGAAA 470 201 |Contig5453_11200_12469.rev Mon1f-2
GCCCATGCTCTACCCACTAA 487 221 |Contig9805_1001_2267.rev Mon1f-2
TCTCCCCATCCCTTTAGTCC 473 207 |Ultra514_14164269_14165535.r Mon1f-2
GCAGAGCACTGAGCACTTTCT 432 221 |chr1_273788_ 274999 L2Plat1a
CCACAATCATTTTCTGCCCTA 282 159 |chr1_3989098_3990221.rev L2Plat1a
AGAGCAGCCTCTTCCCTTTT 657 188 |chr1_4048182_4049651.rev L2Plat1a
TGGCATTTATTGAGCACGTT 456 198 |chr1_4210085_4211343.rev L2Plat1a
AATGTGCCCCAGAAGTGTTT 498 233 |chr1_4558674_4559939.rev L2Plat1a
GGCAAAATGGAGAGCCAATA 648 183 |chr1_4658062_4659527.rev L2Plat1a
CTCTTGCAGGCAATCAATCA 463 224 |chr1_5268732_5269971.rev L2Plat1a
ATCCCAAACTGCCACTTGAG 372 248 |chr1_5770201_5771325.rev L2Plat1a
TTTCCTAGTTCATGAATCTTTCCTC 284 159 |chr1_5858490_5859615.rev L2Plat1a
GCACTCCTAAAATGCCCAAT 378 193 |chr1_6130962_6132147.rev L2Plat1a
CTGGACATCTTATAAATCCATCTATCT 287 189 [chr1_6385496_6386594 L2Plat1a
GGGAGCGGATGTATGTTGAC 285 154 |chr1_7662540_7663671.rev L2Plat1a
CAACTCCTCTACCGAATTGAAA 300 172 |chr1_8444936_8446064.rev L2Plat1a
TGAGTTCGTAATTTTGCACTTTT 399 155 |chr1_10636201_10637445.rev L2Plat1a
CGGTGGCTAAAGAATCCATC 300 179 |chr1_10903591_10904712 L2Plat1a
TTGGCCTTCTTTTCCTGAGA 346 157 |chr1_11240827_11242016 L2Plat1a
GGCCTCTCTCCAGCTTCTTC 396 216 |chr1_11690228_11691408.rev L2Plat1a
CAAGGCTGCTGGACATTGTA 491 193 |chr1_14113846_14115144 L2Plat1a
GTTGACCGAGCTGGGATT 295 157 |chr1_16022378_16023516 L2Plat1a
AAGCCACCGCACACATTT 288 164 |chr1_16164803_16165927.rev L2Plat1a
AGACACTGTATTAACCGCTGGA 383 163 |chr1_17741401_17742621.rev L2Plat1a
CCATGATCTCCTCTTTGAAGCTA 243 149 |chr1_17787550_17788644.rev L2Plat1a
TTGGCACAATGAGGCACTTA 355 192 |chr1_18167364_18168527 L2Plat1a
GCAGAGCTGGGGTTTGAA 391 152 |chr1_18601421_18602660.rev L2Plat1a
CAAGTGTCATTCCACCCACTT 491 243 |chr1_18683649_18684897.rev L2Plat1a
CAGCCCCACATTACCTGTCT 436 206 |chr1_19440122_19441352.rev L2Plat1a
ATTTGGGCACCTGTGGAATA 471 181 |chr1_21101084_21102348 L2Plat1a
TCAGCCTTAAGAATTCCCTGA 375 188 |chr1_21346488_21347675 L2Plat1a
AAGCCCTCAGAAGCTGAGAA 292 150 [chr1_24030251_24031393.rev L2Plat1a
CCACTCGAGAAGCAAGCA 456 300 |Jchr1_25410495_25411651.rev L2Plat1a
TCACCCTAGCATTGCATTTG 486 234 |chr1_25991023_25992275.rev L2Plat1a
AAGTCGACCAGTCCATCCTG 497 236 |chr1_26133201_26134462 L2Plat1a
GAAGGGCAGATAAACCCACA 308 151 |Jchr1_26760283_26761440 L2Plat1a
TTCTTCCTGAAGCCCAAAAG 376 187 |chr1_26990670_26991859.rev L2Plat1a
CCTGTTTTCCAACCTCCTCA 288 177 |chr1_27226422_27227533.rev L2Plat1a
CATGGTAGTGCCTGGGTCTT 377 212 |chr1_28140218_28141383 L2Plat1a
CTACGCCAGTGCTCAATCAG 384 238 |chr1_28852714_28853860.rev L2Plat1a
CGAGGGAACAGGTCACAGAG 489 219 |chr1_29468698_29469968.rev L2Plat1a
TGGACCTTTGGGCATTTTAT 600 257 |chr1_30383599 30384942 L2Plat1a
TGATCTCCTTGCTTCTAGTCCA 298 181 |chr1_32859279 32860396 L2Plat1a
CCTAGGATCATAGAAGCCCAGT 399 202 |chr1_33921897_33923094.rev L2Plat1a
TCAAAGACCTGGTATCCTTACCTT 482 256 |chr1_33999676_34000902 L2Plat1a
GAACCAACAGAATGCCTTTGA 399 237 |chr1_34106118_34107278.rev L2Plat1a
CCCACTACTCCCTTTGATTGTC 398 203 |chr1_34271355_34272550 L2Plat1a
GGGACCACAGAAAGTTCTCC 291 167 |chr1_36058926_36060050 L2Plat1a
TCAGCCATCTAGGCCACTAA 579 201 |chr1_36141147_36142525 L2Plat1a
CCTGATTTTCTTGTATTATCCTAGCAC 280 158 |chr1_36313473_36314595 L2Plat1a
GACAGATTGTGGTGCAAACC 278 157 |chr1_36613530_36614651.rev L2Plat1a
GCAAGAGTCATTTCTTGACCTTC 299 178 |chr1_36679877_36680998 L2Plat1b
TGACTTGAAAGATTCTGGTGCT 392 261 |chr1_37444356_37445487 L2Plat1a
GCAAAAGGTATGACCACAGAAA 296 171 |chr1_37711987_37713112.rev L2Plat1a
CAGGGGTGAACCTGATGATT 379 182 |chr1_37811269_ 37812466 L2Plat1a
TCCACCACATCCTATGCCTAC 595 194 |chr1_38287004_38288405 L2Plat1a
CACCTCCATGTGCAGTTGTT 294 196 |chr1_38388974_38390072 L2Plat1a
TTCAATTGCCAAGGTAGAAGAA 300 163 |chr1_38554159_38555296.rev L2Plat1a
GGCAGATTTTGCTCTATAAATCATTAG 300 170 |chr1_39094211_39095341.rev L2Plat1a
TCCCAAAATACCTTTCTGCATT 286 155 |chr1_39134001_39135132.rev L2Plat1a
TCGTGTGCTCAGTGCGTTAT 681 216 |chr1_41764549_41766014 L2Plat1a
CCCCTTGAAACTGTAAGCTCTTT 300 180 |Jchr1 42473515 42474635 L2Plat1a




GCCATTGCCAGAAGATTCAT 297 166 |chr1_42778489_ 42779620 L2Plat1a
GCCCCACTGTGTTCTCAGAT 294 175 |chr1_43123545_43124664.rev L2Plat1a
TAGGGCAGGGAGCTTGTCTA 386 177 |chr1_43411272_43412419 L2Plat1a
GGGACTACTCGTCATTGTCCTC 287 148 |chr1_43920663_43921802 L2Plat1a
CCCACAAGGAATTTGCAATC 494 279 |chr1_44231991_44233206.rev L2Plat1a
TCCCAGCCCTATAGCACTCA 397 214 |chr1_44279609_44280792 L2Plat1a
GATCTTCCCTTGCCCAATCT 288 167 |chr1_44334673_44335794.rev L2Plat1a
TGCTAGGAGTATTAGTAATGGATGTCA 586 170 |chr1_44464435_44465851.rev L2Plat1a
GCTGCACACAATCCCTATGA 659 210 |chr1_45346735_45348184.rev L2Plat1a
CCAAATGAGACCAACCAATTCT 397 200 [chr1_46990390_46991587 L2Plat1a
GGGATAAGGTCTATGTGCAACC 249 162 |chr1_47442700_47443787 L2Plat1a
ACAAGTGGCAGAGCCAGAAT 378 160 |chr10_882524_883742.rev L2Plat1a
CAAAGAAGTAGAACACGAAGAGG 299 144 |chr10_6549670_6550825.rev L2Plat1a
AAGTCGCGGAGTCAGGATTA 636 175 [Jchr10_6898887_6900348.rev L2Plat1a
AAAATCTACTGCGGGCAAAA 471 168 [Jchr10_8553255_8554558 L2Plat1a
TCAGCTGTGGGAGTGTCTTAAT 400 184 |chr10_9825511_9826727.rev L2Plat1a
TGCTGAATTTTGCCCATATC 297 148 Jchr10_10085167_10086316.rev L2Plat1a
CAATCCAAGGGCACCAATAA 369 197 Jchr10_10239829_10241001.rev L2Plat1a
GCTCCGTGTCTACCATATCTATTCA 300 161 |chr10_10492767_10493906 L2Plat1a
CAGGATGAAGAGGGGAGACA 399 245 |chr11_87787_88941.rev L2Plat1a
TCATTCATTCATTCATTTCATCG 391 148 |chr11_599421_600664 L2Plat1a
CCTTAGACTCCTCCGTGAAGAA 482 155 |chr11_845321_846648.rev L2Plat1a
CAGGGACCACTCCTACCAAC 498 222 |chr11_1422612_1423888 L2Plat1a
GATAATCAGGGAAGACACAGTCC 488 216 |chr12_149219_150491.rev L2Plat1a
TTTTAAACCCTCAGCAATATGAA 487 230 [chr12_2355559_2356816 L2Plat1a
TGGCTCCTATGGGAATCATAA 300 172 |chr12_3695162_3696290.rev L2Plat1a
GACCAAGGTTACTGAAGTCGAGA 296 169 [chr12_5136112_5137239.rev L2Plat1a
TCCCTGTAGCTACGACCAGAA 483 223 |chr12_6345781_6347041.rev L2Plat1a
CCCTCCATTTGCTTTGAGAA 380 177 |chr12_6904309_6905512 L2Plat1a
GGTCAGAAACGATCCTCGTC 464 366 |Jchr12_7142683_7143781.rev L2Plat1a
CCCAGTTAGGGCTCACAGTT 600 159 |chr12_7938737_7940178 L2Plat1a
TCCCACTCCACCAAGTCTTC 366 219 [chr12_8969858_8971005 L2Plat1a
AGCTTGACCAGTGAGGGCTA 374 172 |chr12_9351104_9352306.rev L2Plat1a
TGCAGATCACCATCAATGAA 354 210 |chr12_10542201_10543345.rev L2Plat1a
AAGCCAGCTCCCTCATCTAA 700 225 |chr12_11159665_11161140 L2Plat1a
CCTCATGCAGTATTGGAAAGC 471 202 |chr12_11175800_11177069.rev L2Plat1a
TTGCTAGTCAGTCAGCTCCTTG 347 218 |chr12_11238248_11239377.rev L2Plat1a
CCTGGCACCCTACAGTTCTT 698 199 |chr12_12786148_12787647 L2Plat1a
AGGTAGGAGGGGACAAGGTG 399 184 |chr12_13281341_13282556.rev L2Plat1a
GGGAAATTAAGAGCGGAAGG 399 191 Jchr12_13505340_13506548.rev L2Plat1a
CTACCCCGGCACTTAGAACA 461 222 |chr12_14492487_ 14493726 L2Plat1a

LY), intermediate (IF POLY), or high frequency (HF POLY) insertion polymorphism. Fixed present:
ency: the absence of the the element in nearly all individuals tested. Intermediate frequency: the
n; High frequency: the element is present in nearly all individuals tested, expect for one or two

n. Genome position was determined using ornAna1 assembly from UCSC version 5.0.1.




Population
""" Diversity | Echidna
FP N/A
"""" FP FP
FP Empty
"""" FP N/A
FP N/A
"""" FP N/A
FP N/A
"""" FP N/A
FP N/A
"""" FP N/A
FP N/A
"""" IF POLY N/A
FP Empty
"""" FP N/A
FP N/A
"""" FP N/A
FP N/A
"""" FP N/A
FP N/A
"""" IF POLY N/A
FP N/A
"""" FP N/A
FP N/A
"""" IF POLY N/A
FP N/A
"""" FP N/A
FP N/A
"""" N/A N/A
FP N/A
"""" FP N/A
paralog N/A
"""" FP N/A
FP N/A
"""" FP N/A
FP N/A
"""" FP N/A
FP Empty
"""" FP N/A
FP N/A
"""" FP N/A
FP N/A
"""" FP N/A
IF POLY N/A
"""" FP N/A
FP Empty
""" LF POLY Empty
LF POLY N/A
"""" N/A N/A
N/A N/A
"""" FP N/A
IF POLY N/A
"""" FP N/A
FP Empty
"""" FP N/A
N/A N/A
"""" FP N/A
FP N/A




FP N/A
FP N/A
FP N/A
FP Empty
FP N/A
FP N/A
HF POLY Empty
FP N/A
IF POLY N/A
FP N/A
FP Empty
FP N/A
FP Empty
FP N/A
FP N/A
FP N/A
IF POLY N/A
FP Empty
paralog N/A
FP Empty
FP N/A
FP N/A
FP FP
FP Empty
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP Heterozygous
FP N/A
FP N/A
FP N/A
FP Empty
N/A N/A
IF POLY N/A
FP N/A
FP Empty
FP N/A
FP N/A
FP N/A
IF POLY N/A
FP N/A
IF POLY N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP Empty
FP N/A
FP Empty
FP N/A
HF POLY N/A
FP Empty
FP N/A
FP N/A
FP N/A
FP N/A
FP Empty
IF POLY Empty
FP N/A
FP N/A
FP N/A




FP N/A
FP Empty
FP N/A
FP Heterozygous
paralog N/A
FP Empty
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
IF POLY N/A
FP N/A
FP Empty
FP N/A
FP N/A
FP N/A
FP N/A
IF POLY N/A
FP Empty
FP N/A
FP N/A
FP Empty
FP N/A
FP N/A
FP N/A
FP Empty
FP N/A
IF POLY N/A
FP N/A
FP N/A
N/A N/A
IF POLY N/A
IF POLY N/A
N/A N/A
FP N/A
FP N/A
FP Empty
FP N/A
IF POLY Empty
FP N/A
FP N/A
FP N/A
FP N/A
IF POLY N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
IF POLY N/A
FP N/A
FP N/A
paralog N/A
FP N/A
FP N/A
HF POLY Empty
FP N/A
FP N/A
FP N/A
IF POLY N/A
IF POLY Empty




FP N/A
FP Empty
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP Empty
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
IF POLY N/A
FP N/A
FP N/A
paralog Empty
FP N/A
FP Empty
HF POLY N/A
FP N/A
FP N/A
IF POLY N/A
FP Empty
FP N/A
FP N/A
FP N/A
IF POLY N/A
FP N/A
FP N/A
FP N/A
IF POLY N/A
IF POLY Empty
FP N/A
FP N/A
IF POLY N/A
IF POLY N/A
FP N/A
N/A N/A
FP N/A
FP N/A
FP N/A
FP N/A
IF POLY N/A
FP Empty
FP N/A
FP N/A
IF POLY N/A
FP N/A
paralog Empty
FP N/A
FP N/A
FP N/A
IF POLY N/A
FP N/A




IF POLY N/A
IF POLY N/A
FP N/A
IF POLY N/A
IF POLY N/A
FP N/A
FP FP
IF POLY N/A
IF POLY N/A
HF POLY N/A
FP N/A
HF POLY N/A
FP N/A
FP N/A
IF POLY N/A
FP N/A
FP N/A
FP N/A
FP N/A
FP N/A
IF POLY N/A
IF POLY N/A
FP N/A
FP N/A
FP N/A
IF POLY N/A
IF POLY N/A
FP N/A
IF POLY N/A
IF POLY N/A
FP N/A
FP N/A
LF POLY N/A
HF POLY Empty
FP N/A
IF POLY N/A
FP N/A
FP N/A
paralog Empty
IF POLY N/A
IF POLY N/A




doi: 10.1038/nature06936 nature

SUPPLEMENTARY INFORMATION

Sequences and accession codes for platypus gene predictions discussed in
the text. Ensembl codes correspond to the January 2007 gene build.
Additional accession codes are provided in Table 1.

€5
Pou2. GenBank entry XP_001520175.1
Pou5fl. GenBank entry ABU86919.1

@
enamelin. GenBank entry XP_001512296.1
ameloblastin. GenBank XP_001512321

&)

Xanthine Dehydrogenase/oxidase (XDH) genes
ENSOANG00000014442
ENSOANGO0000015165
ENSOANGO0000002004
ENSOANG0O0000014836
ENSOANG0O0000014298
ENSOANGO0000014299
ENSOANGO0000014751
ENSOANGO0000003947
ENSOANGO0000003948
ENSOANGO0000003950
ENSOANGO0000012924

(4)

Natural killer receptor protein sequences

>Contig35681
CSSEGWEAFGGSCYL ICETSQNCGGKQPKCKECSDCDREKHGTWNCSQRECSCNGADLVT
I1DSKQELVSAPCLHLWVPLENINKTDTRDHHCAT IRHGNVSTASCNDTDTHNWICE

>Contig26325
CSLNWLEVLGTCFSFSAGTADWKESNTSCEVDGA I LAMMTPQQME ILKTHVGSFTYWFGL
NKEGDSSWKWVDNSAFNNEFT IHGTGEFAYLDATGVKSDEWLVKKKWICS

>Ultras500.8
CDHNWRFHGGKCYGSFKNNKTWEESKKYCDDRNSTLLKIDTQEAWELNSLSVSSLIFLVP
TLCRRLSWILGARKEENFIQGRPDFTRWIGLSRPSSGGRWTWMDHSALTDNLLCSQLDIC
HRQCKARRTECL

>Ultras500.7
CSSLKYHQGNCYLLSHRNRTWEDSRTYCASKNYVMLKVDNQEELAY INRNTNKIRWIGLS
RRAIDSPWMWEDGSVLATDLFQ I SGDGEANRHCAFFHNGK 1QAADCQESYPTLFP

>Ultrab00.6.1
CPADWKLHQGKCYWISKTEKKTWYESKVNCTQKHSNLAMIRDMCDLGFWWSQIPGSTYYW
VGLHIPSPWNNWTWLDGSALNWNLFQVKGSDKGTCAVLSRDGI'YPEDCNNTRPWIFL

>Ultras00.6.2

CPKDWDWHENSCYSLERKQQTWEDSSKACNNRNSSLVK IDSKEEWKTALSSGGAWGMGAW
RGYGNDDGNNDDGDDNDDEHSERALTGSRLGNPG I ISGSSNVSPTTQHRHWSEKSQLRSV
CGIHPTDPATSPSAIRERERSFISLQYNQY IWVGLSRNSSSSQWKWEDGSALSPDLVIGH
PRRQLGLGGEAGRFRGMVLEEKGNPLYSLQNFISQ

>Ultra437.17
CSDTWHQLGEKCYKIFPNLKTWPGCKDHCAAQGSNLLRLETTEEMPVLFPLSHAASPESA
PLGLPEDDPTSANRHLSPYCQDCRRTGAWLSTSCWVAD I GVHKRADPGQFGHSPPTLVEL
QFLTVVPSSGQESVNRMAVSLCNQDERKSWIGLYYDISLETWVWLHGSEFS IHQYVSY
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>Ultra271.3
FIGNWVQFSMSCYQYSTEKKPWKESQQACKSQNSTLLHIDGLRELIYVHTLFI1YINALSG
MRCTYAHSHVSSNTPSVATSENDDDDNDDDGGLHLRKDPGKQLMLYSSR IHVPGRVTSDL
ICK

>Ultrall7
CLKGTKVHLKCFLAFPEAKTYHEASEDCISRGGTLSTPQTGDENDGLYDYLRKTVGNEGE
IWLG INDLAAEGSWVDMAGGK IGYKNWETE I TTQPDGGKVENCAAMSGVAVGKWFDKRCK
DKLPFICQ

>Contig8321
CWVGWYQYGQKCYRIYGKLSSWEECRNYCVALNSRLSTLKKKEELEFVIQLTRRQCLLND
PKYWIGLNYVNRKWIWHDKTEISSD1SKYSAWHIEFVIQLTRRQCLLNDPKYWIGLNYVN
RKWIWH

>Contig4675
CPPNWNRNGDSCYLFRYTLDNWNRSKMFCESQRSHLLR INSHEELVFIQHLTSNNSQMSV
WIDLTSRSDGSWMWGDGSVFSPHLFD IRQTNSLNRCAWIHENLVFDALCSSLAYSISS

>Contigl6386
CLEPWVMNGESCYLFFDGWKNWASSSEFCVQEKSELLKIGSKEELAFINRNIERKKTGSS
WSYWVGLTQDKCYGDWRWRDSTVPSS

>Contig27609
DSCYSRERVAQTSDESSTDCTAQNSSLVKFDSKEEWNFISYFQCNYN IWVGLSRNSSSSQ
WKWEDGSALSPGLLKFPSYALNERKTCAY ISAYHLSIDSCTNSHYY ICE

>Contig6618
CPDTWHQLGEKCYKIFPNLKTWPKCKYHCATQGSNLLRLETKEEMMRELRHREVQFLTVV
PSSGQESVNQMAASLCNQDERKCWIGLYYNISLETWVWLHDSEFSITHQY I SYLLNILMRK
AFSPKSGFRTPIPDYHTACN

>Contigl1742

HPGGD I LEAGGDASLKGGGEDRGRDVDLRV I CVEMVVEAVRANEFTKGELV I PLSFSKFF
YSYWTGLSRNGSGQPWVWLDGSPQASDLFQVVVDSDSPRSRDCVT ILNGKTFSKDCKELR
RCACQ

>Contigl653.3
LSEGWHSYNQNFYFFSNDSKTWAEAEG I CESWDSHLTSVTSEGEQEPPTMS IMAWESNHW
AHGCHSN 1QKQRGLVVTR I LKSEEKARPE I SPVLKRFWDKGQPDNWDQGEGLNENCVFFQ
K1 TVQGWNDGNCDLKFHWMRE

>Contigl653.2
FLGGWRLYGGNLYYFSQDKKSWDEAERFCKSWNSHLTSVMSEKEQDYLSKKSKGSPHWIG
LRERRTEHQWSWSDGTPFQEAESKWFWEEGQPDNWRQEEECVAMRTKERSSWNDGNCQONR
LHWIYCK

>Contigl653.1
LSKGWEYYGGHLYYFSKGKKSWDNAEKFCAAQNSHLASVTSVEEQEFLFKYTSGIYQWIG
LTDKGKEGTWHWIDGTRYNEAENRRFWVDGQPDNWNQGLDLQEDCVHFQSEHTKSWNDGN
CNHKYNWICK

>Contig8989
CLRGTKIHKKCYFAPDGSKNFHEANEDC I AKGGTLAVPRNSEETNALRDYGKKSMPG IND
LWLG INDMIDEGKFVDVNGVS IHFFNWDRGQPNGGKRENCALFSQSAQGKWSDEVCRSVK
RYICE

>Contig24609

YPERWICARDNCYYLSMVTKKWGESRKSCEALNSTLVKIDNKEELDFVSSNLQFCHWVGL
LRKKDSNQWKWVDGSTLSPEL
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>Contigl4318
CPENWHWHRDSCYWKTSVLNLDESRKVCAERNSSLVKIENKEELVYVASKLKAYHWLGLT
RN1SSDQWVWEDGSTLSPDLDLVASQKHESDMTLKSRSRVPRGPLFTRGY IRRFVSW

>Contigl2615
CPEHWYWHGNNCYKIMMENLTWSESREACAFQNSSLVKIDNKEEWYFVTAKIERYHWVGL
SRNARDLPLKWEDGSEVNSE

>Contig33372
CPPGWRKFEDSCYFFSVTTLLWQEAKDHCIEQGAHLV I INNQQEQNFLTQNDGKGYWIGL
TDMDTEGTHQWIDGTDL IFX

>Contig5962. 1
CSPSWKAFEGSCYYMSRTTALWHDAVKKCAEKEAHLV I INSREEQNFL I SNSDDRTYWIG
LSSVRDGSGKVKHHRW I DETDLTFTYWSPGEPNDAGDQEDCVVMLSNGRWNDTPCHTDLE
KWVCE

>Contig5962.2
CPIDWKTFEGSCYFFSPTKSSWHSAKSKCLSEGSHLVY I INDQQEQNFLTQNTNNFGYWIG
LSDTEVEGKHKWIDGSD 1 TFVYWNRGEPNDSYGREDCVMMLSHGHWNDAPCSSELDNWIS
P

>Contig6405
CPQDWRPFQTSCYFFPRDVLPWNEAQSKCLKQQAHLVVINTEAEKNF ITQGKPLNSSIHL
GLKKRKKERQWRWEDKTPYNPADX

>Contig50169
CPILARLSWTRKRLIQLLFYASLALCFILITVLLAQGHLVIINSPEEQNFLSQQLNNIQA
WIGLSDQRTEGVWHWVDGVALTLQFWDTGEPNNSGNEDCAEMKDKGRWNDVTCQKESVWI

CE

>Contigl9895 CLECT.1
CPGDWIGFRNSCYLFSNDRKNWRDSKSACAALNSSLLWIDTQEEQAFLAFFSLYAWIGLSRNEPGNSSK
WEDGTDFSNHHDSVKKEGTPRCDR

>Contigl19895 CLECT.2
CPGDWIGFRNSCYLFSNDRKNWRESKSACAALNSSLLWIDTQEEQAFLAFFSLYAWIGLSCNEPGNSSK
WEDGTDFSNHQLPVYMKTQKGVNCVFEVHAITMKVN IMDENE IVND INS

>Contigl19862_ CLECT.1
CPEDWIQLRKSCYLFSKDKKNWHDSKKTCAALKSSLLWIDSKEEEDFIVLFSIFAWIGLTCIGPGSSWK
WESGTAFSSHX

>Contig9506_CLECT.1
CPEDWIGFRNGCDYYSNETMSWEQSKMACAALNSSLLWIDSQKEQDFLELFSLSAWIGLSRNRSGSSWQ
WEKRAAFSN

>Contig30336_CLECT.1
CSEDWIQLRKSCYLFSKDKKNWRNSKKTCAALNSSLLWIDSKEEEDFVELFSSFAWIGLTRIGPGSPWK
WESGTVFSSHX

>Contigl0595 CLECT.1

CPDDWIGFREKCYYFSEDTRNWTSSQSFCSSRSASLTG IDTQREMDLLLRHKGPSDHW I GLSREPGQDW
KWTNGTKFTGWFEVKGRGECAYLNDERVSSARSYTDRRWICS

>Contigl2025 CLECT.1
CPQGWLLHRHSCYYFSEERKSWEESVRNCDARRSQLLVLKDEAEMDFVSNRKEEAFYFWLGLHFQEKEG
KWLWLGHPELHGYRSGPEFRVHLEQCSAHSKRLTNTNI IGNPEGEQARGGLNSSRDQQNCAAFRNKEEI
HPDRCLSSYKWICK

>Contig9655 CLECT.1
CPENWFLYRNNCYLFSKEKRKWNESRAICRSHNSGLLKIENKGELDFLSLFNINGWTGLSRSGRNQPWK
WSDGSDLSKDLPRRLKEQQMGRRGGGRQLKRRRVKSCSFLVHEGDKEDWFLSATKSTEFYHGK
>Contig17262_CLECT.1

CPENWFLYRNNCYLFSKEKRKWNESRA ICRSHNSGLLKIENKGELDFLSLFS I IGWTGLFRSGRNQPWK
WSDGSDLSKDLYLICKMGIKTVSPTWDNLIPLCL

>Contigl0412 CLECT.1
CPEKWIWHRDNCYYLSRQEKNWHSTLLRAYSVONITKITGNMSPWFGCGSTQDFLKLLKSYYWTGLSRN
GSDGPWLWEDGSGLSHNLLQGSQTQQFMKSYAP I EKEHGQVNKAQVWVP IPVSPLVCCGTLRCYSG
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>Contigl0412 CLECT.2

CPENWAWNRGNCYY I STEAKTWLESQTACRSMNSSLLKIENREELQRITGNVSSWFGCGS IQDFLKLLK
SFYWTGLSQRGPDEPWLWLDRSGLSHDLGRKADWLPQLL IQPTVSRFSSAIDTGKSLLGGDSYQALESP
FSVLNFASQ

>Contigl0412_CLECT.3

CPQNWIWNRGNCYY ISTEAKTWPGSQTACKNMNSSLLKMEDREDLKR ITGNVSSWFGCSS IQDFLKLLK
CYYWTGLSWRGPDEPWRWEDGSGLSHNX

>Contigl4255 CLECT.1
CPEKWFLHRKSCYFFSDERKTWSQSRTACRTQNSSLLKIEDQEMLDFLSRFYLFGWIGLSRPGVTRAWE
WTDNSKLPRN

>Contigl7200 CLECT.1

CPENWIWNRENCYY ISTQVKTWPESQTACQSMNSSLLK IDDREELQHLEQCLAHSKRLTNTITIITSSR
FCCGSTQDFLKLLASYYWIGLSLSNSSGPWLWEDGSGLSHDLLSVQDQFSRGSCMYYGLKDKFSSEKCS
HETFYICE

>Contig30657_CLECT.1

CPENWIWNRENCYY ISTQVKTWPESQTACQSMNSSLLK IDDREELQHLEQCLAHSKRLTNTITIITSSR
FCCGSIQDFLKLLASYYWIGLSLSNSSGPWLWEDGSGLSHDLGSCMYYGLEDKFSSEKCSHETFY ICE
>Contig28730_CLECT.1
CPEKWLLHRKSCYFFSEEKGTWSQSEAACQTQNSSLLKIENQKMVDFLFRFSLYGWIGLSRHKASGRWK
WTDDSDLLLNLSKVVLKGEGKDCAKYTSTYPVFAENCTSTLKYICR

>Contigl8019 CLECT.1
CPKKWVSFRHNCYFFSEEKRTWYNSTAACTAQNSSLLKIDNKEEL IFLNQLP I'YFWTGLYHLENNGFWQ
WADGSALSSKLIL1SAMVLLKKSDRHITVEGVGLRKLELEKRP IGAVSE

>Contig37996 CLECT.1
CPENWIWNRGNCYYLSREVKTWPGSQNACRSMNSSLLKIEDREELQDFLKLLKSYYWTGLSRTGSDGPW
LWEDGAGLSHDLSVQD I FSNERCANYHPQKDEFSSEECLRSFSY

>Contig36753 CLECT.1
CPENWIWNRGNCYYLSREVKTWPGSQNACQSMNSSLLKIEDREELQDFLKLLKTYYWIGLSRTGSDGPW
LWEDGAGLSHDL

>Contig6664.1 CLECT.1

CPENWAWNRGNCYY ISTEAKTWLESQTACRSMNSSLLKIEDREELQRITGNVSSWFGCGS IQDFLKLLK
SFYWTGLSRRGPDEPWLWLDGSGLSHDLFHVYSLEAPGWDSVSPGPGPHG IRALTGGSHGKPRIDDSRI
AERRLNWQLQSSTCK

>Contig6664.2 CLECT.1

CSENWIWSRGSCYY I SKESKPWPNSQAACKKKNSSLLKIDSREELEILRGRGCLTLHQHREVMHVTTSI
QIVFQ

>Contig29323 CLECT.1

CPENWAWNRGNCYY ISTEAKTWLESQTACRSMNSSLLKIEDREELQRITGNVSSWFGCGS I1QDFLKLLK
SFYWTGLSRRGPDEPWLWLDGSGLSHDX

>Contig6191 CLECT.1

CPVNWVNYRNSCYL I SMERKTWQDSHMICVAQNSSLLK IDSMEELDFFSSLSLFHWMGLNWSQNTGSWQ
WTDGSPLSSSLLFCRTDSHFGWENTFT I LRSVHENRNTHSHRSERKGLQPTFSEQPLVRCLAQ
>Contigl2161 CLECT.1

CSENWIWSRGSCYY I SKESKPWQDSQAACKKKNSSLLKIDSREELESFLKYLKLFYWIGLSRNSTTGPS
LWEDASALSQDQLTVINPSHTGNCAYFGRGHYVFYEYCVASNTY ICE

>Contigl6183 CLECT.1

CSENWIWSRGSCYY I SKESKPWQDSQAACKKMNSSLLK IDSREELESFLKYLKLFYLIGLSHNSTTGPS
LWEDASALSQDQLTVINPSHTGNCAYFGRGHYVFNEYCVASNTY ICE

>Contig66858 CLECT.1

CPVNWVNYRNSCYL I SMERKTWQDSHM I CVSQNSSLLK IDSMEELAVMLLKFFPDYGFLKSLKSVQFRI
RPTRDQSFPGYGCSNFLEMTLSDQARERRQEVFVSHLVLLCKFSCL

>Contig7665 CLECT.1
CPKHWIGFRNSCYLFSNNRKDWRDSKIACATLNSSLLWLDNREELDFLGMFSYSAWTGLFHNGPRSSWQ
WEDGTAFSIHGITFLKKQSGGNCVYQQTWYLYQENCEALNWFICK

>Contig4625 CLECT.1
CPKHWIGFRNSCYLFSNNRKDWRDSKIACATLNSSLLWLDNREELDFLGMFSYSAWTGLFHNGPRSSWQ
WEDGTAFSIHX

>Contigl8593 CLECT.1

CPQNWIWNRGNCYY ISTEAKTWPGSQTACKNMNSSLLKMEDREDLKR I TGNVSSWFGCRSIQDFLKLLK
CYYWTGLSRRGPDEPWRWEDGSGLSHNLLSEQEHFFRGRCVHYGFSNQFSSEDCHHSTTY ICP
>Contig74026 CLECT.1

www.nature.com/nature 4



doi: 10.1038/nature06936 SUPPLEMENTARY INFORMATION

CPVDWMNYRNSCYLFSMENTTWQDSHEACVSQNSSLLK IDSKEELDFFWQFSLFYWIGLNHSQNAGSWQ
WTDGSPLSHGX

>Contigl6585 CLECT.1
CPENWILYRNNCYLFSKEKRNWNESLAICRSHNSGLLKIENKGELDVLFSFKINGWTGLSRSGRNQPWK
WSDGSDLSKDLLT ITLDKNGKDCAKY IPGYPAYAEQCESLQMY ICK

>Contig23054 CLECT.1

CPENWILYRNNCYLFSKEKRNWNESLA ICRSHNSGLLKIENKGELDFMFLFK INGWTGLSRSGRNQPWK
WSDGSDLSKDLLT I TLDKNGKDCAKY IPGIPAYADQCESLQKY ICK

>Contig68432_ CLECT.1

CPENWFLYRNNCYLFSKEKRKWNESRAICRSHNSGLLK IENKGELSVTDNNPKVSLFNDVVVRNLVTSR
LVEARDTLSQSSPTTQPFFTQ

>Contigl5207_CLECT.1

CPPQWKFHQGKCYLFSRGEKNWNESKADCTKKESSMLV IQDVRDLEFVQNTIFEGALFWIGLRAASLET
AWTWVDHSPYNQLLFK I TGNRNGEVCVQLSKKMAYSENCESE INWICQ
>Contigl7956.1_CLECT.1

CPEHWISAREKCFYFSTTIRNWTSSQHFCAFHGATLAK 1EDQMELDFLKEHEGHSDHW I GLRRSESNQA
WEWTDGAKFNGLFAVRGEGEYSYLNENG 1 SSARQF IEKSCPPGEVVLQ

>Contig7463 CLECT.1
CPADWKWHQGKCYWISQTEKKTWNESKANCTQKDSNLT I IKDMCDLGFLWSQMSASTYYWIGLHIPNPG
SNWTWPDGSGLDWNLFQVKGSDKGICAVLSRDG I YPEDCNNTRPWICE

>Contig34561 CLECT.1

CPDNWVQFEKTCYFFNGKKNWTRSQEFCKSQDAELVV IKNQQELSLVRKFQDSWIGLYRKNGELYWVNG
VPLNESLFEVTDPGDCAYVSANKIATNACSTPKFYICS

>Contig4063 CLECT.1
CPDDWIGFRGKCYLLSNIPDTWNASKRFCSNLNATLTKVESEKDLDFLKRLTGTSEHWIGSISGTIQGL
SWTTSNLLSNSRESEAAVTESTASLLYWVAHFNGTPMILSCP

>Contig3438.1 CLECT.1

CSSAWLEVNETCFFLSTKTRDWEGSKTFCEQEQATLAMMT IVQLEYLKTQVGTSDYWIGLTKKSSSDWR
WLNGSALNNLFNIRGAGDCAYLDSSSVNSAGCSQPRRWICS

>Contig3438.2_CLECT.1
CPVDWKMYRGQCYWFSKNNEKKTWNQSTAFCAEKKSNLPKIQNICDLGFLWSQIPPSTFFRIGLHILRP
GANWTWLDGSALDWSLFQVKGSTGMNTCAVLSRDGI'YSENCDAENPWICQ
>Contig8580_CLECT.1

CPETWFGNGRSCYYVTQQKASWHTSKT ICASLKASLLQISSREELDYLKAVP I IGWMGLSREGPGAPWK
WLNSSDEPSNVVE IHNLQDKGDCTVFRSRDR IFYDDCGNNYPY ICE

>Contig2984 CLECT.1
VDGNWVQFSTSCYQYSAEKKPWKESQQACKSQNSTLLHIDGLTELNFFKFFTLSGWIRLSHTGPGSSLK
WEDETTYTRNFDL 1 CKMGMKTVSVTWDNL I TRYLPQHLEQCSAHKNGEDCQ

>Contig23122 CLECT.1
CPLGWLLNSSRCYHFSEEQRSWEASARNCADRKSWLLVLEDEAEADWVHAGKQRDEYFWIGYKYNIIEE
QWTWLDNSGFSGYRIKVNGDANGNDCASFKRKNEFGFVKCEDLLHWICK

>Contig26044 CLECT.1

CPDGWLQLRNKCYSYNNGN INWPKSKEVCKSQGANLVV IESHQELSFVQKFKGHW I GLFRENGKLFWVN
GVPLNESLFPVTDPGNCAY ISTNKIATNGCNESKPFVCS

>Contig49354 CLECT.1
KDGNWVQFDTSCYRYSAELKPWQESQQVCKSQNSSLLHINRREMDFFKLFRLSWWVGLSRKGPTSPWQW
EDGTIYSRK

>Contig8101 CLECT.1
CPGKWFRYKMSCYHYSTERKSWKESKQACASQKSNLLHIDSTDELDFLKLLTLRGWIGL IHNESRASWQ
WENGTEFSSKILSFVDLEYGGSCVLYGSQDLAYLADCAKDRHY IFS

>Contig8101_CLECT.2
CSVGWYQYGQKCYRIYCKLNSWEECQNYWRSSVAQWKEHGLWRVCDLTRRQCLENDPKFWIGLKYVNQK
WIWPDKSV I SSDMFQQFQFTHQTNDDKSCVTLQKRQLQAETCSAHGRCLCQ
>Contig2815.1_CLECT.1
CPGKWFRYKMSCYHYSTERKSWKESKQACASQKSNLLHIDSTEELDFLKLLTLHGWIGL IRNESRASWQ
WENGTEFSIDLGYGGSCVLYGSGDSAYVGDCATDRHYICL

>Contig43923 CLECT.1
STGNWVQFSMSCYQYSTEKKPWKESQQACKSQNSTLLHIDGLRELNFFKFFKLSGWIGLSRTGPGSSLK
WEDETTYTRN

>Contig22326_CLECT.1
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QGVSTNVFLNPSPSNIKETDKKNWRDSKKTCAALNSSLLWIDSKEEEDFVALFSIFAWIGLTRIGPASP
WKWESGTVFSSHRLTFIKIQTGGNC I YQSGNYVFE

>Contig20594 CLECT.1
CRENWVAYRNRCYLFSKESASWEGSRTAWAAQNSSLLQIDSREERDFLKLLSLYHWIGLSLSENEKSWQ
WTDGSPLSSDX

>Contigl8885 CLECT.1
LHTGSCYQYGEKYYRVFQQLKTWNDSRDFCIARNSTLLHVENMEELEFIQTKLQEFSWIGLTRQRPTSP
WMWVNGSALSSALN ILEPNQKLENSCG I LSNDSLQAKACQD I SHFMPD

>Contig3953 CLECT.1
CSGQQGWWLNCSRCYYFSEERRSWEAGATDCANRKSKLWVLENEPEVDC I TEMKGRDEYYWIRYNYNTI
QGQWTWLDNTGFSGYRVKE IKNFTGKDCASFKKRNSFAPENCNPSHYWICK

>Contig21884 CLECT.1
CPPGWQLSNSRCYYFSGECRSWDTSERDCTDKKSHLLVLEDEAEADW I SKMRPKDEYFWIGYKYNITQE
QWMWLDNTGFSGYREGLTEVLGEDVYFNIQS

>Contigl0996 CLECT.1

SQADWKLNHGKCYWISNSNHTKNWSGSNAFCVENKSNLAK 1QDLCDLGFIWSQIPASKYYWIGLHIPKS
RGNWTWLDGSALDWS

>Contig28883 CLECT.1
CPPGWRLSNSKCYYFSGEKQSWEASARNCANRKSRLLVLEDEAEAGRVQEMRPRDEYFWIGYKYNTTQG
QWMWLDDPGFSRYRWAPLPVQEIPLTQSMQK

>Contigl4764_CLECT.1

CPADWKLNHGKCYWISNSNHTKNWSRSNAFCVENKSNLAK 1QDLCDLGFIWSQIPASKYWIGLHIPKYR
GNWTWLDGSALDWSLFHVNPPGGMDTCAALSRDG I YQSNCRGENPWICQ

>Contigl3620 CLECT.1
CPPGWWLNSSRCYFFSGERRSWEASAKDCADRKSRLLVLEDEAEAVEVPRMGPRDEYFWIGYKYNMTQR
AWTWLDNAGFSGY

>Ultra271.1 _CLECT.1
CLGKWFCYKTSCYHYSTERKSWKESKQACASQKSNLLHIDSTEELDFLKLLTLHEWIGL ICNESRASWQ
WENSTEFSIDLGYGGSCVLYGLRDLAYLEDCATDRHYICL

>Ultra271.2_CLECT.1
CPEDWIEFRNSCYLFSNDTKNWRDSKIACATLNSSLLWLDNREDLDFLGIFSHIVWTGLYRNGPHSSWW
WEDGTVFSIHGNKSRKAGSLAFTSTLTQGSGQTAILRASLRGRKDESKPFVSR

>Ultra271.4 CLECT.1
CPGKWFRYKTSCYHYSTERKSWKESKHACASQKSNLLHIDSTEELDFLKLLTPHGW IGL IRNGSRASWQ
WENGTEFSIDLGYGGSCVLYGLRDLAYLEDCATDRHY ICE

>Ultra271.6_CLECT.1

ETEDWIKLRKSCYLFSKDKNNWGDSKKTCAALNSSLLWIDSKEEEELL 1VSCARRPSKSCIRVLSPNSL
AVLE 1GAKNR IWSSASWRYRLKSL I SLMSMIASNAEDTEPWPMGYMLQNLL IHLTGVIDCLLCP
>Ultra345.1 CLECT.1

CPEDWLQLRKKCYFSSSEHESKRNWSDSQEYCRSQGGDLVV IENKQELVF1QQFKNFWIGLHRTNEGFF
WVTGAPLNQSLFNYHLFADDTQIY ISPVLSPSLQARISSCLQDVSTWMSA
>Ultra437.1_CLECT.1
CPEDWIGFRNGCYYFSNETMSWEQSKMACAALNSSLLWIDSQKEQDFLALFSFSAWIGLSHNRSGSSWQ
WEKRSAFSNLFMQYYAMSRSPPK I IVMEENE IVNDNNSQI IDTSIFVQS

>Ultra437.2_CLECT.1
CPGDWIGFRNSCYFFSNDRKNWGDSKSACAAQNSSLLWIDNQEEQVFLAFFSLYAWIGLSHNEPGNSWK
WEDGTDFSNHQLTL IKIQTEGNCVFRSARYDYEGNCEDLKFFVCK

>Ultra437.3 CLECT.1
FWRNWVQFDTSCYRYSAELKPWQESQQVCKSQNSSLLHINRREMDFFKLFRLSWWVGLSRKGPTSPWQW
EDGTIYSRKNLDTYEGKGRDCALFSSERSIHIENCASARWY ICE

>Ultra437.4 CLECT.1
CPVNWMNYRNTCYFVPVENKTWQDSHKAC ISLNSSLVK IDSKEELDFFNSLYLYHWIGLNRSQNAESWK
STDGSRFSSGLFNIKLKSPGHAENCTTAKNCICE

>Ultra437.5 CLECT.1
CPELWFGNGKNCYQISLEKKSWFESKIACASRNTSLLQIDSKEELSLCHSPTQLT ILRTQFSPYLTRMK
PGPHLILIQTSSVHTYQALKNFQWLPTY ICDEQKLLAIGFNDFLKKLPMMVWIGLSRHSNHEPWKWGDG
STLYTDL INLQNSQKNQTGNCVVFRSIDRTFHDNCETKNLY ICE

>Ultra437.6_CLECT.1
CPENWIWNRGNCYYLSREDKNWSESQTSCRSMNSSLLKIDGNKEVDDFLKLLTFHYWIGLSRNLSDGPW
LWEDRSELSHDLTFYKVFGKPPNYSYYYQWFEEVLKERFQQSTTGMSSWKSMKQKEQPADQG
>Ultra437.7_CLECT.1
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PRENWIRNRGNCYY 1S IDVKTWRESQTSCQSMNSSLLK I EDRKELQHLEQCLAHSKCLNTIFI IVTSSW
FGCGS 1QDFLKLLVSDYWIGMSLSNSSGPWLWEDGSGLSHDLG 1DVDCLEATQRAPKNDEDLSGEGEWR
REEEAPASIFISW

>Ul'tra437.8 CLECT.1

CPQNWIWNRGNCYY I STEAKTWPGSQTACKNMNSSFLK | EDRKDLKDFLKLLKSYYWTGLSRRGPDEPW
PWEDGSGLSHDLKRKDYFSVSDLLQGKAPLMFL I FCH

>Ultra437.9_CLECT.1

CPENWAWNRGNCYY I STEAKTWLESQTACRSMNSSLLK I EDREELQR I TGNVSSWFGCGS I QDFLKLLK
SFYWTGLSRRGPDEPWLWLDGSGLSHDLNGMQTPRSSYGLVDEAQAWKSKKDLRSNPGSTTCL
>Ul'tra437.10_CLECT.1
CPVNWMNYRNTCYFASVENKTWQDSHKACVSLNSSLVK I DSKEELDFFNSLYLYHW I GLNRSQNAGSWQ
WTDGSLLSSGLFD INQKSSGGDC IAYGSRTSGHAENCTTVKNY I CE

>Ultra437.10 CLECT.2

CPGNWVQFNMSCYRYSAELKLWKESQQACKSQNSSLLH INNTGEMDFFRLFRLSCWVGLSRKGPTSPWQ
WEDGTTYSSKNLDTYEGKGRDCALFSSQRS IHIENCASARCY I CE

>Ultra437.11_CLECT.1

CPGDW I GFRDSCYLFSNDRKNWRDSKSACAARNSSLLW I DNQEEQVFLEFFSLYAW I GLSRNEPGNSWK
WEDGTDFSNHQFT I 1K 1QTEGNCVFQSARYYYEGNCEDLEFFVCK

>Ultra437.12 CLECT.1
CRENWVAYRNRCYLFSKESASWEGSRTTCAAQNSSLLQIDSREERGPGLQNQGGGDSLGG I PHELVQGQ
DFLKLLSLHYWIGLSLPENAKSWQWTDGSPLSSDLQIPMTDNSDAQNVTNPQVGFSEKLQGK I PDLNHP
SFVCF

>Ultra437.13 CLECT.1

CPGDW I GFRNSCYLFSNDTKNWRDSK I ACATLNSSLLWLDNQEELDFLGLFSHPAWTGLYRNGPHSSWQ
WEDGTAFS I HGFPKRWVMKPLRVAFQTLEMSERQVFYMELKK

>Ultra437.14 CLECT.1
SKGNWVQFSTGCYQYSAEKKPWKESQQACKSQNATLLH IDGLRELVYVHTLF IDINSFFKFFKLSGWIG
LFHTGPGSSLKWEDETTYTRNLEEGEQVWNPHFSDEETETQRSSGDFPKVTQQCLEQCSAHSHVCS
>Ultra437.15 CLECT.1
FKRNWVQFSMSCYQYSAEKEPWKESQQACKSQNSTLLH I DGLRELNFFKFFQLSGW I GLSRTGPDSSLK
WEDETTYTRNFLSFTKERKGGDCALYLNEKS I SMEDCAIGKLH I CE

>Ultra437.15 CLECT.2

CPVNWVNYRNSCYL I SMERKTWQDSHM I CVSQNSSLLK I DSMEELDFFSSLSLFHW I GLNWSQNTGSWQ
WTDSSPLSSSLFRFTPKATVGAC IVYSSRTSLFTENCAVLKSY I CE

>Ultra437.16_CLECT.1
CPGKWFRYKTSCYHYSTERKSWKESKQACASQKSNLLH IDSREELGFLKLL ILHGWIGL IRNESHASWQ
WENGTEFSSKL I SLVDLEYGG I CVLYGSGDSAYVGDCAKDRHY I CE

>Ultra437.18 CLECT.1

CSENWIWSRGSCYY I SKESKPWPNSQAACKKKNSSLLK I DSREELESFLKYLKASYWIGLSRNGTAGPL
LLTVINPSHKGNCAYFGMGLYVFYEHCDASNTY I CE

>Ultra437.20_CLECT.1
CPENWIWNRGNCYYLSRENKNWSESQTACRSMNSSLLMIEDREELQDFLKLLKSYYWIGLSRTGSAGPW
LWEDGSGLSHDLSLDYYYTEMGEREV I PMEERLRGPAKLPTAGVILQ

>Ul'tra437.20 CLECT.2

CPENWIRNRGKCYY I STEVRTWQESQTACQSMNSSLLK I EDREELQHLEQCLAHSKPLNTIIITTITSS
WFGCGS 1QDFLKLVVSYYWIGLSLSNSSGPWLFT IRSWRLLAG I LG I LGLGLMVAALALGVL IANQSYE
GSERPPSHVNTTSERVTLSLHPR

>Ultra437.20 CLECT.3
CPENWIWNRGNCYYLSREDKNWSESQTACRSMNSSLLK I DGSKEVDDFLKLLSSFYW I GLSRNGSDGPW
LWEDRSELSHDLMNKLNVAFTEKKMSHSTQKQKRGRMHGTREDSLSAPWKLLAG I LGVLSLVLM
>Ul'tra437.20_CLECT.4

CPEKWIWSRGNCYY I SND I MDWQGSRTDCMKRNSTLLK I ESREELNNFLNLLSAMYWTGLSHNVTASSW
MWDDGAALSQELG I DVDCPEATQRAPKNDEDL SGEGEWRREEEAPAS IFISW
>Ul'tra437.20_CLECT.5

CPAKWIWNSGNCYY I STK I KTWPESQTACRSMNSSLLKLENREELQDFLKLLKFYYWIGLSQNGSDGRW
LWEDGSGLSYDLTCFLCQKPWK IRSREQT I SDPWTSVLCK

>Ultra437.20_CLECT.6
CPENWIWNRGNCYYLSREDRNWSESQTACRSMNSSLLK I EDREELQDFLKHLKCYYWIGLSRNGSDGPW
LWEDGSGLSHDLLPVQDRGSCVFYGLKDKFSSEDCFHSTLY ICE

>Ultra437.21 CLECT.1
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CPENWAWNRGNCYY I STEAKPWLESQTACRSMNSSLLKIEGREELQDFLKRLKTYYWTGLSRVGPDEPW
LWLDGSGLSHDLSGCSLVLQNGPLRFDSPGVCR

>Ultra437.22_CLECT.1
CPEHEAEDTAKSYPRSNVCTSPTTASTSAPGMFPRDWKLHEGKCYWFSNETERKLGTKIPPSKYYWIGL
HILSSRNNWTWLNGFGLDWSLFPVKASEAQSKCAVLSRDG I FPDKCENGYSWICE

>Ultra437.23 CLECT.1

CPEPWFGNGKSCYQISGEKLTWEKSREACTSKNASLLQ IDNRNELEEKQTKLFCDSKQDS IKILPMMGW
MG IFRESPVKPWRWLNGSELSLGLHCPEVGPKGPLLPSTAWSLS IKLFTYACREEKQTKLFCD
>Ultra437.23 CLECT.2
CPEPWFGNGKSCYQISGEKLTWEKSREACTSKNVSLLQIDNHKELRSSVAQWKKPGLESQRIQFSNTQG
KGNCVVFRSRDVPFIDECSSEFTY ICK

>Ultra437.24 CLECT.1
CPENWIWFRHSCYRFFSESKTWRESRSSCEAQNSSLLTLKSQEELELFTLQLFHWIGVYLKEETGTWIW
EDGSEVSSKLLSFPTNQKDRTCGIYKSRHSAFSENCTIKNPY1YS

>Ultra437.25 CLECT.1

FPRDWKLHEGKCYWFSNMTEKKTWKKSKANCTHRESNL IMIRDNYDKDFLLSQIPPSKYYWIGLHIPSS
RNNWTWLNGFGLDWSLFPVKASEAQSKCAVLSRDG I FPDKCENEYSWICE
>Ultra437.26_CLECT.1

CPVPWFGDGKNCYQ I SSEKKSWEESKNDCKSWNATLLQI'YNKEELDFLKLLPMMGWMGLSRQSADDAWK
WTDGSILQKDL IQINDVQEPGNCVIFRTIDVPYYANCKKKITFICK

>Ultra500.1_CLECT.1
CPKSWLRFHKNCFYLSTEARTWEGSKSFCASLEATLSKITTKQELDLLKKQVGLFNFWIGLSRKKDSIW
RWTDDNVFNSLF I I TGGGECAYLDASGVKTASCNQPRRHLCS

>Ultra500.2_CLECT.1
CSEHWKLVEMKCFSLSSETRDWDSSQENCKGHKATLAVVSQKQLE ILTKGVGNSDYW I GLKKKFDQWKW
DDNTTFNKEFNIRGAGNCAYLDSSSVNSAGCSQPRRSKLT

>Ultra500.3 CLECT.1

CPADWKLNHGKCYWISNSNHTKNWSRSNAFCVENKSNLAK1QDLCDLGF IWSQIPASKYYWIGLHIPKS
RGNWTWLDGSALDWSLFHVKPPGGMDTCAALSRDG I YQNNCRGENPWICQ

>Ultra500.4 CLECT.1
CPADWKSDGGKCYWFSNVTDKKSWNES IEFCAEMKSNLTT IQEMCDLGF IWSQIPLSKYYWIGLNILHP
GGNWTWLDGSALNVRLFQITHSPGKDTCGALSRDG I YPENCESLNPWICQ

>Ultra558 CLECT.1
CPPGWIEVDGNCFFLSTGTKDWEGSKKACEEHNALLTKLSVLQMEVLKSLVENSNYW1GLKKSGDSGWV
WNDNSAFHEEFS IRGAGDCAYLDSTSVNSASCSQHRRWICCK

>Ultra76.1_CLECT.1
STGNWVQFSMSCYQYSTEKKPWKESQQACKSQNSTLLHIDGLRELNFFKFFKLSGWIGLSRTGPGSSLK
WEDETTYTRNLEEGEQVWNLHFSDEETETQRSSGDFPK

>Ultra76.1_CLECT.2

CPRDWIGFRNSCYLFSNDTKYWRDSK IDCATLNSSLLWLDNREELVNYSSILLSRFQLEKAKDS IMPFW
FSCDSQQDFLALFSPTAWTGLYRNGPHSSWRWEDGTVFSIHGILDVNCTDFSV IRMAPLFSLARCFSIE
LDIKD

>Ultra76.2_CLECT.1
CPDAWHQLGEKCYKIFPNLKTWPGCKDHCAAQGSNLLRLETKEEMESVYNRMAVSLCNQDERKSWIGLYY
DISLETWVWLHGSEFS IHQATAAMSKADKRRSLC IDVGHLEVSIQEYFKNHLPQTMLK

>Ultra76.4 CLECT.1
CPVDWIGFRNSCYYFFNETMSWGQSKMACVALNSSLLWIDSQKEQDFLALFSLSAWIGLSRN I SASSWQ
WEKRAAFSDLPYL1YKMGIKTVSLMWDNLITLYLPQLLE

>Ultra76.4_CLECT.2

SKGNWVQFDTSCFRYSAELKPWKESQQACKSQKPSLLN INNTREMDFFKLLRLSWWVGLSRKGPTSPWL
WEDAKSYSRKNLNTYEGKGRDCALFSSQRSIHIENCAMARSSL IGK

>Ultra76.4 _CLECT.3
CPGDWIGFRNSCYLFSNDRKNWGGSKSACAAQNSSLLWIDNQEEQVFLAFFSLYAWIGLSRNEPGNSWK
WEDGTDFSNHQ

>Ultra76.5 CLECT.1

CPEDWIEFRNSCYLFSNDTKNWRDSK IACATLNSSLLWLDNREDLEYRDRTCYDGTWQDFLGIFSHIVW
TGLYRNGPHSSWWWEDGTVFSIHGSL ICKMGIKTVSPPWDNL IPLCL

>Ultra76.6_CLECT.1

CPENWIWDRGNCYY ISTEFRSWPESQTACRSMNSSLLK IENREELQNFLKLLASYYWIGLSRKGSDAPW
LWEDRSDLSCDLSLICK

>Ultra76.7_CLECT.2
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STGNWVQFSMSCYQYSTEKKPWKESQQACKSQNSTLLH I DGLRELNFFKFFKLSGW I GLSRTGPGSSLK
WEDETTYTRNFLKLNMSKTELL IFPPKPCPRPDFP I TVDGTTILPVSQAHNLGV IFD
>Ultra76.7_CLECT.3

CSENWIWSRGSCYY I SKQSKPWPNSQAACKKKNSSLLK I DSREELESFLKYLKASYWVGLSRNGTAGPS
LWEDASALSQDELTV INPSHKGNCAYFGMGLYVFYEQCDASNTY I CE

>Ultra76.8 CLECT.1
CPEDWIQLRKSCYLFSKDKKNWHDSKKTCAALKSSLLWIDSEEEEWESGTAFSSHRLTFVK1QTGGNCI
YQSGKYVFESNCLDLKKNQKDDAHGMGLKGPDQGTVELPVPF IHLDRHQS I KVPSEKARE IMIPCPGGP
QWVWQTTNQQQQRQLPVQCQ

>Ultra76.9 CLECT.1
CPGKWFCYKTSCYHYSTERKSWKESKQACASQKSNLLH IDSREELGFLKLL ILHGW I GL IRNESHASWQ
WENGTEFSSKL I SLVDLGYGGSCVLYGRWDSAYLEDCATDRHY I CE

>Ultra76.11_CLECT.1

PMPRYLASAWREMLQDFSNLK TWPECKDHCATQGSNLLRLETKVEMESVHRMAASLCNQDERKCW I GWY
YNISLKTWVWLYGSEFS IHQFHVYFLAASGRDSGHPGPGPLS I CASTGDPHNKLLFWPR I REPFFSSQH
HNPKSYL IWKME 1QTVSPDFLKLL 1 SDYW I GLSRSGSDGPWLWEDGSGLSHDLSVQD I FPNGWCVNYYP
RQNEFSSEDCLRSFSY IFV

>Ultra76.12_CLECT.1

CSENWIWSRGSCYY I SKESKPWPNSQAACKKKNSSLLK I DSREELESFLKYLKASYWVGLSRNGTAGPS
LWEDASALSQDELTV INPSHKGKCAYFGMGLYACYEHCDASNTY I CE

>Ultra76.13 CLECT.1

CPGEWFRYKTSCYHYSTERKSWKESKQACASRKSNLLH IDSTDELDFLKLLTLHGW IGL IHNESRASWQ
WENGTEFSRLSRGPSWVR I PSVSVSVSESSRVVSGQEAELMQSLLLLGADLPGRGLKLLLQNTQDMPTV
KK

>Ultra76.13_CLECT.4
ETEDWIQLRKSCYLFSKDKKNWHDSKKTCAALNSSLLWIDSKEEEDFVELFSSFAWIGLTRIGPGSPWK
WESGTVFSSHRHKPGPLDQLSPEC I FQAEVGEQQVFY TELKQKKSSQSHTKRPK INK

>Ultra76.14 CLECT.1
CSGNWVQFSTSCYQYSAEKKPWKESQQACKSQNSTLLH I DGLRGLNFFKFFTLSGW I GLSRTGPGSSLK
WEEEATYTRNFDL I CKMRMKTVSVTWDNL I TRYLPQHLEQCSAHKNGEDCQ

>Ultra76.15 CLECT.1
CRENWVAYRNCRYLFSKESASWEGSRTAWAAQNSSLLQIDSREERDFLKLLSLYHW I GLSLSENEKSWQ
WTDGSLLSSDLLPYRAQGKEPQYVGTHSLFPGSTVDSHSWSF I LPLGEQQDLEQCSVHRDMATNSVVLY
>Ultra76.16_CLECT.1
CPENWFLYRNNCYLFSKEKRKWNESRA I CRSHNSGLLK I ENKGELDFLSLFS INRWTGLSRSGRNQPWK
WSDGSDLSKDLPRRLKEQQMGRRGGGRQLKRRRVKSCSFLVHEGDKEDWFLSATKSTEFYHGK
>Ultra76.16_CLECT.2
CPENWILYRNNCYLFSKEKRNWNESLA I CRSHNSGLLK I ENKGELDFMFLFK INGWTGLSRSGRNQPWK
WSDGSDLSKDLLSGRGENVKVPVFGKFGSESDYRSFSPHNVHST1QV

>Ultra76.18 CLECT.1

FRRNW 1 QFGMNCYHYSAELKPWKESQQACKSQNSSLLHINNSREKDFFKLFRLSLWIGLSRDIPSTSWQ
WEDGMAYSRQKQVSPQYCS

>Ultra76.19 CLECT.1

CPVNWMNYRNTCYFASVENK TWQDSHKACFSLNSSLVKMDSKEDLDFFNSLYLYHW I GLNRSQNAGSWQ
WTEGSLFSSGLFNIKLKSPGGDC IAYGSRTSGHAENCTTAKNY I CE

>Ultra76.20_CLECT.1
CPKKWVSFRNSCYFFSEEKRTWYNSTTACTAQNSSLLK IDNKEELNFLNQLP 1'YFW I GLYRHENNGFWQ
WTDGSVLSSKLSNTK I TRGQD 1 AGWSAVQKFSFRDSEGSTFGLLSVFL

>Ultra76.21_CLECT.1

ACQTONSSLLK IENQEKVKWLLYRKSCYFFSEEKGTWSQSEAACQTQNSSLLK I ENQEKVEG 1SQIGCV
FSGKSDVSCNPEDFAWN

>Ultra76.22_CLECT.1
CSGNWVQFSTSCYQYSAEKKPWKESQQACKSQNSTLLH I DGLRGLNFFKFFTLSEWIGLSRTGPGSSLK
WEDEATYTRNFLSFTNERKGGDCALYLNEKS I SMEDCA IGKPHICN

>Ultra76.25 CLECT.1

CPGKWFRYKMSCYHYSTERKSWKESKQACASQKSNLLH IDSTEELDFLKLLTLHGW I GL IRNESRASWQ
WENGTEFSRKLLSLVDLGYGGSCVLYGSGDSAYVGDCATDRHY ICE

>Ultra76.27_CLECT.1
CSVGWYQYGQKCYSMYRKLSSWEECRNYC I SLNSSLSTLKTKEELEFV 1QLTRRQCLENDPKFWIGLKY
VNRKWIWPDKSV 1SSD1AQYSAYSQHL INTVNE

>Ultra76.27_CLECT.2
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CPEKWLLYRKSCYFFSEEKGTWSQSEAACQTQONSSLLKIENQEKVEGISQIGCVFSGKSALSCNPEDFA
WNLFGPQEVLQGERLNNMGVTA

>Ultra78 CLECT.1
CPENWFLYGNNCYLFSKEERKWDESQAICRSQONSTLLKIENMGELDFLSLFALYRWTGLYRSGRNQTWK
WSDGSNLSIDLLHITLDESGKYCAKYHPSNPVSPEECESLQKYICY

>Contigl2036_CLECT.1

CPEDWMQKGDKCYH I SVKQVPWSNCSAQCVLLGSTFLQSGNGELLDFLMPLATHCHW I GLFYKDSSKKW
TWIDGSPASSDLNMKESRPTPQSSCAYVTSTGLVSQSCI IPYSCVCE

>Contig25135 CLECT.1
CSGKWFHYKMSYHYSTERKSWKESKQACAAQKSNLLHIDSREELNFLKLLTLQGWIGVSRNESCASWQW
EKGTEFSSKLIPKFQITTREQFKGEYCSNAEKDFLLD

>Contig25622_CLECT.1
CPLGWHMSGKKQSWEAGASDCDDRKFQLLVLEDEAEADRISWIRLTDEYFWIGYNY IKTHGRWMWLHDS
EFSGFRIVIDNYTGKDCVSFKGRPNI IPEDCRTSRGWI

>Contig30556__ CLECT.1
CPGKWVHYKMI'YHYSSERKSWKESRQACAAQKSNFLHIDSGEELYFLKLLTLQGW IGL IRNESRASWQW
ENGTEFSRHSHGPSEKGLEPLDRVMTETQGNVSSGSGKK

>Contig3450 CLECT.1
CPLGGGWLNSSRCYYFSGQKHSWEAGVTDCANRKSWLLVLENESEEDWLTRIRPADEYYWIGYKYNTIQ
GQWAWLGNTEFSGYRWAPLGQVNCSRLPLHKSEKQESN IGLQPETNQEGQPAQGSSKKPVVPG
>Contig3534 CLECT.1

CEKWFVDIEK1YCFHLSHYSWNESRKFCEDKAFSLLQ INNKDDLDFMKKNVYHTHWVGLSYARISRSWT
WEDGSPLSPDX

>Contig9884 CLECT.1
CPDSWHQHGEKCYRLMLNMKAWTDCKNHCGSQSSNFSVLENKELDFVNQV IMNKCGKKRICWIGLSFDT
NRRKWTWIDGSELSHK

>Ultra271.8_CLECT.1
CPENWILCRNNCYLFSKEERMWNESQAICRSHNSGLLKIENKGELDFLSLLE INGWTGLSRSGRNQPWK
WSDGSDLSKGLHI INHQPTE IKGAADGEMGWRETEMSEQPVVYS

>Ultra271.8 CLECT.2

CPEKWFLHRKSCYFFSEERKTWNQSRAACGTQNSSLLK IEDQEMLVGFFFSNVPLTGLVTPVAKEDSTD
GVTQVKTDNSQDFLSRFYLLGWIGLLWPGVTRAWIWTDNSNLPRNLFYVYKQKGEALEGRRQTLPRAWN
PAAFLTLGITSY

>Ultra271.8_CLECT.3
CPENWFLYGNNLYLFSKEERKWDESQAICRSONSTLLKIENKRELDFLSLFALYGWTGLYRSGRNQTWK
WSDGSNLSIGLLHTTLDESGKDCAKYRPSNPASPEECESLQKY ICL

>Ultra271.9_CLECT.1
CPDSWHQHGEKCYRLMLNMKAWTNCKNHCGSQSSNFSVLENKELDFVNQV IMNKCGKKRICWIGLSFDT
NRRKWTWIDGSELSHKLASPPASRTSPPGCLPT

>Chromosome?7
PCPDNGNGFQGKCYYFSEDKRNWTSSQSFCTSHAAAL 1V IDTSWVMDLLMSDKGPCDYWTGLSREAGQD
WKWTNGTKFTGWFE IKGRGECAYLNDERVSRARNYTNRRWICSKSNFYTKRRREAFPD

)

Cathelicidins

>0aCATH1
METTWKLLLLAAVATVATAQSLSYEEAVVAAVTEYNRESDADALFWLLELKPQERPLESRKAIPVNFTI
QETVCPKVENRSPDQCDFKEGGVVRNCSGTVLPTQEAPVVTLTCDRPIRTKRRIKL IKNGVKKVKDILK
NNNI11LPGSNEK

>0aCATH2
MASGAWRVLLLVSVAAALTPARGLSHREAVNLALDTYNRGSDVDRAFRVFGSVPRPRPAPSPTTIPLNF
TVKETVCFKREKFDLDQCDFRDRGLVRDCTGFVSTAQRPPTVT ISCEGAARPWAGNGSVHRYTVLSPRL
KTQ

>0aCATH3
MEKRQLGLLLLGLLLAVEALAGPVPPEGLDFQPPPLDADLGTPQVLNFTIQETVCPKAESPTPERCDFK
ADG

LVKDCLGSISTGGGPPAVVVTCEPKDGLSTVSGT

>0aCATH4
MGGTGRLLLLLGLAAVATAGPPEAEKKYREAVSLALDAYNRGLTGSSAFRLLEPSQLKPDLPRGHLKFK
IKETVCPVAEKCQQRECDFKEDGLERDCSGIFLAPSDTRIMVLSCRPAGGGNGQVQIARSASQPYLLSA
YCAPSTEGRRLRRSSGSEEPDWSKVPSKYREMYENAKYDI IANILRNF
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>0aCATH5

MAPG IWRVLLLVSVAAALTPALGLSHGEAVNLALDSYNRGPGHQTRLPGGGAEGGPDEGDAPSPTAIPL
NFTVKETVCFKKEKLDLEQCAFRDNGLVRDCTGFVSTAQRPPTVTISCEGP IRTKRFLFSLISAGLGIG
GAIANLVRRSRG

>0aCATH6
MASGVWKVLLLVSVAAALTPARGLSHREALNLALDTYNKGSDVDRAFWVFGPVPKPGPAPSPTTIPLKF
TVKETVCFKREKFDPEQSAVPRRQGSGPPETNASWAYGPVNLKPFSRASPPKTSSEAPQKASPGARPQL
P

>0aCATH7
LLLAAVATLATAQSLSYEEALARTIASYNKASDSDNLFRLQELKLHEGTVSPGPGEGRRNNANAFPVNF
TIQETVCTKEEMRPLDQCDFKEGGLVRECSGT I SMDKDDPSVNVTCDGVSVPGTRAQSGTTSPGSGSRR
VARSRG

>0aCATH8
EEDGESRMAEGSWRVLLLVSLAAALATGRGLSQRRAVKIALDSYNKGSDTDNTFRLVHY IKKSGPVDPS
KPIPVTFTIQETVCRKSDNPVPDRCDFKKKGLVKICTGT ISSATGSPSASI TCDGVSVRRRH

(6)

CD163 family

>mm_oanatinus2_13032.19145
VRLVGSEHPCAGRLEVWRGLEWGTVCHSDLNLATAHVVCQELRCGAAVSMPGGPLWTQETFRCRGNESLLFHCPRGPVRTELCSHS
RAAAVRCSEYRLVNGSSRCEGRVELQVGESWGPLCAVHWGLADAHVLCRQLDCRAALTTVGGASFGEGDGPAWTDAFHCVGMEPHL
WNCPRSALGASACLPHNVATAICSGNETRLTQCRISIPPPSPVGMTWDGGV I CSEFTDMRLTGGSWTCTGRLEVFYNGTWGSLCHN
SLSDVSLTVICKQLQCGARGTLLDTPEMDAESKFTWVDR I ECREKHHTSLWQCPSAPWHPHSCPRMEEAW I SCQGGTCKCSVFNNC
TAQEKVRVRGGKDGCSGRVEVWHGGSWGTVCDDAWDLVDAHVVCRQLGCGAALVAPGHAAFGPGMGT IWLDEVGCLGSEASLWDCP
AAPWGRTDCGHKEDAAVNCSGQ

>mm_oanatinus2_14563.21452
HLLMPPQPRLVSAGHREVRLVGGDHRCAGRLEVRRGLEWGTVCQSDLDLATAHVVCRELHCGAAVSMLRDTGFGQGPGPLWTQETF
RCQGNESLLFHCPRGPTRMEPCSHSRDATVRCSEYRLVNGSSRCKGRVELQVGGSWGSLCATHWDLADAHVLCRQLGCGPALATTG
RASFGVGDGPAWTDAFHCAGTEPHLWNCPGSALGAAACPPNHVATA I CSGECQPRAGSHHGSVPTESEGLRLAGDLGRCAGRVEVL
HDGRWGTVCDDSWDLADAQVVCRQLSCGVALGVLASAGHGVGTGP IWLDELGCAGNESRLWQCPSMGWGRHDCHHKEDAGVLCSG
>mm_oanatinus2_1569.2309

VKLFSTTSPCVG 1VLVKHQDQWGSVCSHSWNMEEASVVCKQLNCGTAFGAPKVFPKNQYPPELSTLPGLHGVSCRGNESSLQNCNL
GEWSWKDCSDDWFNS1VCSKGHYSAVMLAKGNSPCAGFPGQLVPSKDLEMTCDFRGKEATVLCRELGCGSALQPSTDLHLKEDMRN
I1SRAVTCQGTESTVLNCFFQEKLLDLCNPDLDPQV ICSGHREVRLVGGEHPCTGRLEVRRGLEWGTVCQSDLDLATAHVVCRELRC
GAALSVPEGARFSRGTGPLWTQETFRCQGNESLLFHCPRGPARTEPCSHRQEAAIRCSEYRLVNGSSCCEGRVELQVGESWGPLCA
AHWDLADAHVLCRQLGCGPALATAGGASFGVGDGPAWTDAFHCAGTEPHLWNCLRSALGAAACQPNHVATAVCSGESAEALRLQGG
QSRCDGRVE I SLRGSWSRSWPAWGLAEAGVVCHQLRCGEARRAYSPRSTARDQSHPPLGLSAVSWCRGGWKVLHNGSWGTVCDDSW
DLADAHVVCRQLSCGVALWAPTSSGPGPGTGP IWLDELGCAGNESRLWQCPSAGWGRHDCRHKEDVGVLCSEFTDVQLSGSSWACT
GRLEVFYNGTWGSVCQYSLPAVALTV ICKQLQCGSRGE ILNRSETDAESRLSWLND IRCREQHHTSLWQCPSAPWHPHSCLSTEEA
WIHCRG

>mm_oanatinus2_16550.24447
YTSAVGFAWEVWGDGGS1YVSILNTLLLLPISNYCSFPPPPAPEYRLVNGSSRCEGRVELQVGESWGSLCASHWDLADAHVLCRQL
GCGVALETVGRASFGAGDGPAWTDAFHCTGTEPHLWNCPRSGLGAAICPPDHVAYAVCSVLPLSPPQP ISLSSLTPRQQLSPGESA
EALRLQGGQTRCDGRVE I SLRGVWSR I VAEAWGLAEAGVVCRQLRCGEARRAYSLDPTAHGPEATAMGLSDVTCAGNETHLTQCRV
SI1SPLSPVGMAWDVSV ICSGEFLPDPCPAPPNLL I LPRPSPSSLVQVQCASWESERPASGREAQGAVPGRVEVLHDGRLGTFCDDS
WDLEDAQVVCRQGCGEALEAPASTGQGAGSGP IWLDELGCVGNESHLWQCPSAGWGQHDCHHKEDVGVLCSDVVDGRMSLEKEGSI
SLQMRKLRLREKFTDVRLTGGSWACTGHLEVFYNGTWGSVCHNSLSDVSLTVICKQLQCGSRGRLLDTPETESRIQDPESRFTWVD
HIECREKHHTSLWQCPSAPWHPHSCPGTEEAWISCQGD

>mm_oanatinus2_17198.25406

VKL IQSRSHCSGV I LVNHQDQWGLVCSHTWNMEEAAV I CKQLNCGTAIGVPKLFPKNQYPPELSTFPGLHG I SCRGNESSLRHCNQ
GEWSWKNCSDDWFNSV ICSKSPYSTAMLVKGNSPCAGFPGQV IASNDLR I TCGFQSQEATVLCGELGCGSALQPSVDTQLREDLGN
TSRAVTCQGTESTVLNCFIQEKLLGLCNPDLETQV ICSGHQEVRLVGGEHPCAGRLEVRRGLEWGTVCQSDLDMATAHVVCRELHC
GSAVSIPGAASFGLGPGQLWTQDTFRCRGNESLLFHCPRGPARTEPCSHRQDTAVRCSEYRLVNGSSRCEGRVELQVGESWVPLCA
AHWDLVDAHVLCHQLSCGPALATAGGASFGVGDGPAWTD I FHCVGTEPHLWNCPRSALGATACQPNHVATAICSGELAEALRLQGG
QSRCDGRVE ISLQAGWSRIVAEAWGLTEARVVCHQLRCGEARRAYSLYPMAHSPEATPVGLNAISCVGNETRLTQCRVSITPPFPV
GTAWDVGV I CSESEGLRLVGGPGRCAGRVEVLHDGRWGTVCDDSWDLADAHVVCRQLSCGVALGDLASPVHEPGTGP IWLDELGCA
GNESHLWKCPSAGWGRNDCRHKEDVGVLCSEFTDLRLAGGSWACTGRLEVFYNGTWGSVCQNSLMDVTLTVICKQLQCGPWGQVLG
TPETDAESRLTWLDHIECQEKHHTSLWQCPSAPWNPHSCPRTEEAW I SCGDEKGEKKRPGE I LKCSVFNNCTAQEKVRVRGGEDGC
SGRVEVWHGESWGTVCDDAWDLADAHVVCRQLGCGAALAAPGRAVFGSGTGT IWLDEVRCRGSEASLWDCPAAPWGRTDCDHKEDA
AVNCSG

>mm_oanatinus2_3158.4622
KKFNFSLPWDGLGLACGFSMKKGCAVEEVKLLHSSDSCSG1VLVNYQDQWGFVCNHFWNLEEATVVCKQLNCGTGIGAPNLIPMTQ
SLQELSTFGWLHGVSCSGNESS I1QNCNLEQWSWKNCSHDWFNATLCSGKKV IVSNFKDCRGDPTMLRAEILSTNQIVLYCTNRREE
ATVLCRELGCGSALQPSTDAHLREDFGNTTRAVTCQGTEPTVLNCLLRLKYFDRCNLDSDPQV I CSEHREVRLVGGEHPCAGRLEV
RRGLEWGTVCHSDLDLATAHVVCRELRCGAAVSTLGAARFGQGMGLLWTQETFRCRGNESLLFHCPRGPARTKPCSHSQDAAIRCS
GESPRAI

>mm_oanatinus2_4806.7036
TGEAAEGLKLEFRKSPCDGVVQVQHEGEWGSVCSDDWTLAEASVVCRQMDCGAAVGAPKYVPLPGENVQPWLHGVSCRGNESSFWN
CSLGEWSRKNCSFPWVVVALCSKGTFVE IRLVKGKSPCAG I PE1RNKDGKDRLCGLYMEEATVFCQELRCGPAIQAPIEGLGVVNK
YMTCKGTEPT IRNCRLNNNFRTGCHREAEV I CAGHREVRLVGGEHPCAGRLEVRRGLEWGTVCHSDLDLATAHVVCRELRCGAAVS
TQAVAGFGRGTGPPGTQETFRCRGNESLLFHCPRGPARTEPCSHSRDAAIRCSEYRLTNGSTRCEGRVELQVGGSWGSLCAAHWDL
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ADAHVLCRQLDCGPALMITSGASFGMGDGPTLTDAFHCMGTEPHLWNCPRSALGAAACPPDHMAYAVCSGESAEALRLQGGQSRCD
GRVEISLRGVWSRIVAEAWGLAEAGVVCRQLRCGEARRAYSLDLTARGPEVTPVGLTTVTCAGNETRLTQCHVSSLPLPPVRMAWD
VGVVCSESEGLRLAGGPGRCAGRVEVLHDGHWGTVCDDSWDLADAQVVCRQLSCGVALGAPASTGHRAGKGP IWLDDLGCTGNESL
LWQCPSAGWGRHDCRHKEDVGVLCSEFTEVRLAGGSWACTGRLEVFYNGTWGSVCHNSLTDVSLTVICKQLQCGARGQVLPTPKND
EEYNLTWVDH IECREQHH I SLWQCPSTPWNEESCPNTEKAW I SCQEERDEKNEKLVETLKCSEFNNCTAQEKVRVQGGEDGCSGRV
EVWHGGSWGTVCDDAWDLVDAYVVCRQLGCGEALAAPGQAAFGPGTGTVWLDEVQCLGSETSLWDCPAAPWGHTDCGHKEDAAVNC
SGKAEPLL

>mm_oanatinus2_4809.7038
RMSALLTLGLGPLLLATWAGLVTGPCTWEGGYYSSESPCSGIVLVNHQDQWGLVCSHTWSTEEATVVYKQLNCGTAFGAPKISVMT
QYLQDFSEVPWLHGVSCRGNESSLRNCNLGEWSWKDCSHDWFNCAICTESLYSKIMLAKRNSPCAGFLGQLVTSKDLRITCGFQSK
EATVICRKLGCGSALQPSMDSHLREDLANTSRAVTCQGTEPTVLNCLHQQNLLGHCNLDSEFEV ICSDELGF
>mm_oanatinus2_8323.12286

GRYGGWINV IDCSLPAPEYRLVNGSSRCEGRVELQVGESWGSLCASHWDLADAHVLCRQLGCGVALETVGRASFGAGDGPAWTDAF
HCTGTEPHLWNCPRSGLGAAICPPDHVAYAVCSEESEGLRLAGGPGRCAGRVEVLHDGRWGTVCDDSWDLEDAQVVCRQLSCGEAL
EAPASTGQGAGSGP IWLDELGCVGNESHLWQCPSAGWGQHDCHHKEDVGVLCSGKFCGP

>mm_oanatinus2_8596.12731
GCAEEEVKLIHSRSPCIGIVLVKHQDRWGLVCSHSWNVEEASVVCKQLNCGTAFGAPKAFPKNQYPPELSTFPGLHGVSCRGNESS
LRNCNLGEWSWKDCSDDWFNS IVCSSACHREVRLVGGEHPCTGRLEVRGGLKWGTVCQSDLDLATAHLVCRELHCGAAVSMPGGAC
FDQGPGQLWTQETFRCRGNESLL IHCPRHLKYASGFSYPQSS IVLASCADL I VPRAEYRLVNGSSRCEGRVELQVGESWGPLCAVH
WDLADAHVLCRQLGCGPALGTVGRESFGAGDGPAWTDAFHCAGTEPHLWNCPRSALGAAACQPNHVATAVCSGESAEALRLQGGQS
RCDGRVE I SLRGSWSR IMAEAWGLAEAGVVCHQLRCGEARRAYSLDPTARGPEATPLGLSAVSCAGNETRLTQCRFSISPPSPVGT
AWDVGVVCSESEGLRLADGPGRCAGRVEVLHDGRWGTVCDDSWDLEDAQVVCRQLSCGVALGAPASSGPGPGTGP IWLDELGCAGN
ESRLWQCPSTGWGRHDCRHKEDVG I LCSGESAEALRLQGGQSRCDGRVE ISLRGSWSR I VAEAWGLAEAGVVCRQLRCGEARRAYS
LDPTARGPEATPVGLSAVSCAGNETRLTQCRFSISPPSPVGTAWDVGVVCSGELLHQLLPHTLLAPSPAPEAGDEEQRQSVSTESE
GLRLADGPGRCAGRVELLHDGRWGTVCDDSWDLEDAQVVCRQLSCGVALGAFASSGPGPGMGP IWLDELGCAGNESSLWQCPSTGW
GRHDCRHKEDVSVLCSEFTDLRLAGGSWACTGRLEVFYNGTWGSVCQYSLPAVALTVICKQLQCGARGEMLARPETDAESSPSWVD
DIRCRERHHTSLWQCPSAPWHPHSCLSTEEAWIRCRAQEKVRLRDGEDDCSGRVEVWHDGSWGTVCDDAWDLADAHVVCRQLGCGY
ALAALGLAAFGPGKGT IWLDEVRCQGGEASLRDCPAAPWGRTDCGHKEDAAVNC

€D,

Vitellogenin 11 (Table 2). GenBank entry XP_001513824.1.
O

Organic solute transporter alpha genes (Table 2).
>Contigl159089

VFGVTAVVGIY IPRSSFVCNFVAALYHS I TLWKFLELVRDFAGGEAQLLRQLHGSHVAPNPPPCCCCCC
CPNITITRDQLRWMSLAVLQLSLVRTALFLISLVLWTDEQYDYGDVGSSNPNSYFNAL IGASTFLSFYG
YLLFYTASRRALPGFRLRAKFVCIALVLVVCGLQSSVLETMGALGVIPCSPPFSARTRSQIITYYYSLTV
EMFSI1GLLARSCFRRLEPAL

>Ultra462
MEDARNATRESACQARQAPFSGTLLQSLDLKGRYLFATLTLMTLVAYLVFLEEVFY1YRKIPPSKRSIF
IWINASSPVIALTSCLGMWIPRATMFTDFAAGAFFAIVIHKFLLMMIKECGGQKMFLRRFQPGRFKIST
GPCCCCCFCLPLPHITSGSLFWLKVGTFQLALLQPVLVLLAIVLWTNGTYSLSD

[©))

Short wavelength sensitive 2. GenBank entry ABN43075.1.
(10)

Indigoidine synthase A. GenBank entry XP_001518909.1.
an

Epididymal specific lipocalin 8

GTSARMNSALL ISILGL IWANHAQSNVPFKKDFDLNKFSGFWYV I GMATDSEQLMAPKGEKKMAGS 1VSVENGQ
IRLKFSYHQTRGCQVENLVGKE I SGKYDFPGLGLGKRVVY ISDTDYQDYAVLY I TAYLDGENHDGLMFYKSSP
LENNAEH INAF

www.nature.com/nature 12



