PNAS

Supplementary Information for
A family of unusual immunoglobulin superfamily genes in an
invertebrate histocompatibility complex

Aidan L. Huene'?, Steven M. Sanders'?, Zhiwei Ma'?, Anh-Dao Nguyen?3, Sergey
Koren?, Manuel H. Michaca'?, Jim C. Mullikin®*, Adam M. Phillippy3, Christine E.
Schnitzler®8, Andreas D. Baxevanis®, and Matthew L. Nicotra'2”7

Affiliations:

' Starzl Transplantation Institute, University of Pittsburgh, Pittsburgh, PA, USA

2 Center for Evolutionary Biology and Medicine, University of Pittsburgh, Pittsburgh, PA,
USA

3 Computational and Statistical Genomics Branch, National Human Genome Research
Institute, National Institutes of Health, Bethesda, MD, USA

4 NIH Intramural Sequencing Center, National Institutes of Health, Rockville, MD, USA
5 Whitney Laboratory for Marine Bioscience, University of Florida, St. Augustine, FL,
USA

6 Department of Biology, University of Florida, Gainesville, FL USA

” Department of Immunology, University of Pittsburgh, Pittsburgh, PA, USA

*Corresponding Author: Matthew L. Nicotra
Email: matthew.nicotra@pitt.edu



mailto:matthew.nicotra@pitt.edu

This PDF file includes:
Supplementary Materials and Methods
Figures S1 to S23

Tables S1 to S9

Legends for Datasets S1 to S14

S| References

Other supplementary materials for this manuscript include the following:

Datasets S1 to S14



Supplementary Information Text

Material and Methods

Sequencing and assembly of the genome of an ARC homozygous animal

Colony 236-21 was maintained on glass microscope slides in 38 liter aquaria
filled with artificial seawater (Reef Crystals) as previously described (1). It was starved
three days prior to nucleic acid extraction. Tissue was scraped from the slide with a
sterile razor blade and snap-frozen by transferring it to a mortar filled with liquid nitrogen.
The frozen tissue was then ground into a fine powder with a pestle. UEB1 buffer (7 M
urea, 0.3125 M NaCl, 0.05 M Tris-HCI, 0.02 M EDTA, and 1% w:v N-lauroylsarcosine
sodium salt) was added to the mortar, where it froze. The frozen UEB1-tissue mixture
was ground into a powder and transferred to a 50 ml centrifuge tube containing room
temperature UEB1 buffer. This was mixed by gentle inversion. An equal volume of
equilibrated phenol:chloroform:isoamyl alcohol (25:24:1) was added and mixed by gentle
inversion. This was centrifuged for 10 minutes at 3000 x g. The aqueous layer was
transferred to a 15 ml centrifuge tube with a wide bore pipette tip. Total nucleic acid was
precipitated by adding 0.7 volume isopropyl alcohol. Precipitated nucleic acid was then
spooled onto a pipette tip and transferred to a clean 15 ml tube, where it was washed
twice with 70% EtOH and twice with 100% EtOH. The precipitated material was then
gently brought to the bottom of the tube by briefly centrifuging, air dried, and immediately
resuspended in 1X TE (10 mM Tris-HCI, pH 8.0; 1 mM EDTA, pH 8.0). RNA was then
digested by adding RNAses (RNAse cocktail, Ambion, #AM2286) and incubating at 37°C
for 15 minutes. DNA was then extracted by adding 1 volume equilibrated
phenol:chloroform:isoamyl alcohol, centrifugation at 12,000 x g, and transfer of the
aqueous layer to a new tube. This was followed by precipitation with 2.5 volumes of
100% ethanol and 1/10 volume 5 M sodium acetate (pH 5.2). The precipitate was
pelleted, washed with 70% ethanol, and resuspended with 1X TE. The resuspended
DNA was then stored at -20°C.

PacBio and lllumina libraries were constructed and sequencing performed at the
NIH Intramural Sequencing Center (NISC) via a whole-genome shotgun approach. Both
the high-throughput Illumina HiSeq2500, run as 250 base paired-end reads, and PacBio
RSII long-read sequencing platforms were used. Filtered subreads from two PacBio
libraries (a total of 37 SMRT cells) were corrected with the Celera Assembler version
8.3r2 (2). Specifically, the PBcR.pl script was used with parameter sensitive=1, which is
recommended for datasets with <50x coverage, increases MHAP sensitivity, and uses
the slower but more accurate pdbagcon consensus algorithm to generate the corrected
reads. The corrected reads were assembled with runCA.pl parameters batOptions="-el
5000 -eg 0.025 -Eg 4.00 -em 0.025 -Em 4.00 -0 asm -RS -NS -CS -repeatdetect 6 150
15” which reduces the default error rate, increases the minimum overlap size, and
increases the splitting thresholds. The resulting assembly was polished with the PacBio
reads using the ArrowGrid parallel wrapper (3) followed by polishing with the lllumina
short read data using the PilonGrid parallel wrapper (4).



Assembly of the ARC

To assemble the full reference sequence for the ARC, NUCmer from the
MUMmer package (v3.23) was used align the BAC contigs with the newly assembled
whole genome sequence to identify the contigs which matched the known ARC
sequence (5). First, the query and reference sequences were aligned using NUCmer
(nucmer -p <output.file> <reference.file> <query.file>). The resulting file was then filtered
(delta-filter) to only show matching hits in one direction on the strands (-r) and to remove
all hits less than 1000 base pairs (-| #). Finally, the output was appended into a tab-
delimited file (-T) sorted by the reference sequence (-r), with a minimum length of 1 kb or
10 kb (-L #), the sequence length (-I), and the percent coverage between two sequences
(-¢). The tabular files were manually inspected to assess overlapping contigs.
Overlapping regions were then inspected by alignment with BLAST+ version 2.6.0 (6)
and dot plots generated in YASS (7). The genome assembly and BAC sequences were
then merged to create a reference sequence of the ARC-F haplotype (File S1).

RNA extraction, sequencing, and mapping

Thirty polyps were severed from colony 236-21 with a scalpel, moved to an
eppendorf tube and briefly centrifuged. Remaining water was removed with a pipette.
Tissue was immediately lysed with 0.5 mL of TRIzol (Invitrogen) and ground vigorously
with a small pestle. Lysate was incubated for less than five minutes at room temp. One
hundred pl chloroform was added and the tube was shaken vigorously for 15 seconds,
followed by a three minute incubation at room temp. The sample was then centrifuged at
12,000 x g for 15 minutes at 4°C. RNA was then extracted from the aqueous phase with
a PureLink RNA Mini Kit (Invitrogen). RNA quality and quantitation was assessed by
Tapestation and Qubit, respectively, at the University of Pittsburgh Genomics Core. Final
sample was frozen and stored at -80°C until sequencing by NISC. RNA-Seq libraries
were constructed from 1 ug RNA using the lllumina TruSeq Stranded mRNA kit. The
resulting cDNA was fragmented using a Covaris E210 focused ultrasonicator. Library
amplification was performed using 10 cycles to minimize the risk of over-amplification.
The library was sequenced on an lllumina HiSeq4000 to generate 75 base paired-end
reads.

To calculate expression levels of our annotated Alr genes, paired-end RNA-seq
reads were mapped to the entire genome assembly using HISATZ2 (8). The mapping was
performed under the most stringent conditions (only concordant mappings with zero
mismatches were kept) while allowing for multiple alignments. The resulting mapping file
was processed and sorted using samtools (9) before proceeding to quantitation. Using
the reference annotations of the Alr genes, transcript abundance of the Alr genes was
estimated with Cufflinks (10). Abundance estimates were corrected for multiple read
mappings.



Annotation of Alr genes

Alr genes were annotated using Apollo (11) installed on a local computer running
Ubuntu 18 LTS. Tracks displaying the results of BLASTX searches and RNAseq
mapping were imported and used as a guide for manual annotation of Alr gene models.
To generate BLAST results, repeats in the genomic sequences were first masked using
the protein-based repeat masking option on the Repeatmasker website
(https://www.repeatmasker.org) (12). Masked DNA sequences were then divided into 32
kb segments with 2 kb overlaps. These segments were used as BLASTX queries
against a database of Alr1 and Alr2 proteins (to identify Alr-like sequences), and the
swissprot database (to identify highly conserved genes). BLAST results were then
concatenated, and a custom perl script was used to adjust their coordinates to those of
the unsegmented genome sequence. To generate RNAseq alignments, the assembled
RNA-seq dataset was aligned to the genome using HISATZ2 (v2.1.0) through the Galaxy
platform (8, 13). The parameters used RNAseq alignments included paired-end reads
and no alignments for individual mates, and only 1 primary alignment. The output file
(.bam) was then imported to Apollo for visualization during annotation.

Alr sequence comparisons

Alignments between Alr proteins were performed using MAFFT (14). The L-INS-i
alignment strategy was used for all alignments except those involving only domains 1, 2,
and 3, which used G-INS-i. Pairwise sequence alignments were done using the modified
Needleman-Wunsch algorithm available in Jalview (15). Clustering was performed with
CD-HIT (16) using the psi-cd-hit.pl script, with 20% sequence identity cutoff and 0.1 e-
value cutoff. Neighbor joining trees were constructed in Jalview using the BLOSUMG62
scoring matrix. Trees were visualized in iTOL (17), exported as scaled vector graphics
files, and annotated in Adobe lllustrator.

Protein sequence analysis

Signal peptides were predicted with SignalP 5.0 (18). Transmembrane helices
were predicted with TMHMM 2.0 (19). Conserved protein domains were identified with
the Pfam database (20) using HMMERS (http://hmmer.org/). For domain prediction by
HHpred, sequences were submitted to the MPI Bioinformatics Toolkit (21). The query
MSA was generated via three iterations of HHblits against the Uniref30 database, with
an e-value threshold of 1 x 10-3 for inclusion. HHpred was then used to search the
SCOPe70_2.07 database.

Structural prediction and alignment

For single domain predictions, we generated a custom multiple sequence
alignment which was submitted, along with the query sequence, to Colabfold via the
“AlphaFold2_mmseqs2” notebook, version 1.1 (22). The input multiple sequence
alignment was generated as follows. The sequence of the query domain was aligned to
the same domain type from all bona fide Alr proteins using MAFFT with the G-INS-i
setting. This alignment was then submitted as a query to HHblits via the MPI
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Bioinformatics Toolkit, which was run for two iterations against the Uniref30 database,
with an e-value threshold of 1 x 10-3 for inclusion. A reduced representation alignment of
the resulting Query MSA was then downloaded and submitted as a custom multiple
sequence alignment to Colabfold. The secondary structure of each model was
determined with STRIDE (23). The Alr structural model with the highest average pLDDT
was then submitted to DALI (24) and PDBeFOLD (https://www.ebi.ac.uk/msd-srv/ssm/)
(25) to identify similar structures in the PDB. For multi-domain predictions, the query
sequence was submitted directly to Colabfold, with msa_mode = “Mmseqs2 (Uniref +
Environmental)’. Models were visualized in Pymol 2.3 (26).
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Fig. S1. Pedigree of colonies used to generate ARC-F reference sequence.

The pedigree of colony LB236-21 can be recreated by concatenating previously
published pedigrees (shaded area) (1, 27). Colony AP100-88 is from the mapping
population in Powell et al. (27). Colony 431-44 is from the mapping population in
Cadavid et al. (1).
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Fig. S2. Detail of ARC reference assembly.

(A) Minimum tiling path of sequenced BAC clones resulting from chromosome walks
from five markers in the ARC linkage map. Clone names are indicated above an
arrow indicating their orientation. Sequences reported in (28) or (29) are in navy
blue. Unpublished sequences are in gray.

(B) Overlap between BAC contigs and genome contigs.
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Fig. S3. Predicted domain architectures of putative Alr proteins.
(A) Domain architecture of proteins encoded by unexpressed putative genes.

(B) Domain architecture of proteins encoded by partially expressed putative genes.

(C) Domain architecture of proteins encoded by putative genes that are predicted to lack
a signal peptide.

Final domain predictions and the presence of ITAM and ITIM motifs are indicated here

and described later in the main text. In (A) and (B), signal peptides are expected to be

cleaved, but are shown to indicate their presence.
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Fig. S4. Alternative splicing of Alr genes

In all panels, exons are colored according to the type of domain/region they encode. (A)
alternative splicing of Alr1. (B) Alternative splicing of Alr6. (C) Alternative splicing of
Alr30. (D) Alternative splicing of Alr2.
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Fig. S5. Pairwise amino acid identities between Alr genes
Histogram of amino acid percent identities for pairwise alignments of Alr genes and

putative genes. Alignments were performed using the modified Needleman-Wunsch
algorithm available in Jalview.
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Fig. S6

(AS)’ Alr cytoplasmic tails grouped by CD-HIT at 20% similarity. Neighbor-joining trees are
shown. Leaves are color coded according to their genomic position. Branch lengths
calculated according to the BLOSUMZ26 matrix. Scale bar = 100 units.

(B) Alignment of group 1 cytoplasmic tails.

(C) Alignment of group 2 cytoplasmic tails.

(D) Alignment of group 3 cytoplasmic tails.
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Figure S7. ITAMs in putative Alr proteins

(A) Alignment of group 1 cytoplasmic tails, showing ITAMs (orange shading).
Overlapping ITAMs are shown with heavier shading. Bona fide Alr genes (blue gne
names) are included in the alignment for comparison.

(B) Alignment of group 2 cytoplasmic tails, showing ITAMs. Shading as in (A).

(C) ITAM in putative Alr gene Alr31.

(D) Comparison of human Syk and Drosophila Shark to Hydractinia Syk and Shark.

(E) Comparison of human SHP and SHIP proteins to Hydractinia SHP and SHIP
homologs.
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Figure S8. Syk and Shark protein alignment.
ClustalO alignment of Hydractinia Syk-like and Shark-like proteins with Hydra Syk-like (NP_001296711), Human Syk (NP_001167638),
Hydra Shark-like (NP_001296681), and Drosophila Shark (NP_524743). Ankryin repeats are boxed in black.
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Figure S9. SHP protein alignment.
ClustalO alignment of Hydractinia SHP-like proteins with Human SHP-1 (NP_002822),and SHP-2 (NP_002825)
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Figure $10. SHIP protein alignment.
ClustalO alignment of Hydractinia SHIP-like protein with Human SHIP-1 (NP_001017915),and SHIP-2 (NP_001558)
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Fig. S11. STRIDE secondary structure predictions for Alr domain 1

For each domain, the top line shows beta-strands labeled according to their position in
the primary amino acid sequence. The middle line shows the sequence of the domain.
The bottom line shows the STRIDE secondary structure predicted from the Colabfold
model. (H = alpha helix, G = 3-10 helix, | = Pl-helix, E = beta-strand extended
conformation, B = isolated bridge, T = turn.)
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sensu Cannon et al (2002)
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QPDA-RVT-VSEGASLQLRCKISYS --ATPYLFWYVQYPRQB- - - - - - LQLLLKYY- - SBDBVV- - - - - - -KSN-SSEHLRKAS - VHWS

TQES-ALT-MSPGETVTLTCRESTEAVT- - - - - - - TSNYANWVQQKPDHL - - - - - -FTGLIGETN ------NRAPGVP-ARFSGSLIG--------- NKAALTITG<AQIE -FGBGTKL-TVL
QQPG- AEL - VKPGASVKLSCKASBYT - - - - - - - - FTSYWMHWVKQRPBRE - - - - - - LEWIGR | DENSBETKY - - - - - --KPS-STAYMQLSS-LT YBSSYFDY- - -WEQGETL - TVS
HQPP - AMS - §ALGTTIIRLTETLRNDHD - - --BVYSMY QRPGHP - --PRFLLRYFS-QSDKSQ- -- --VAR-NRBYLS/ISE-|LQPE SSEK---- -EEREREW- EEE
QSPR- YL I -LBRANK-SLEGEQHL- - - - - - - -GHNAMYWYKQSAEKP - - - - - -PELMFLYN- - LKQL IR- - - - - -CPDS-SKLLLHISA-VDPE ENTEVF - - - - - FBKBETL- TVV
QTPR- YLV - KBQGQKAKMRE I PEK- - - - - - - - - - - GHPVVFWNQQNKNNE - - - - - - FKF LINFQ- - NQEVLQ- - - - - -CPSN-SPC LEIQS-IEAG GTSDYT----- FBSGERL- LV |
QSPR- HEV - [JEMGQEVTLREKP IS-- - - - - - - - - - GHNSLFW¥RQTMMRE- - - - - - LELLIYFN- -NNVP/ID- - - - - -MPNA-SFETLKIQP- SEPR TCSANYBYT- - FGSGERL - TWV
QSPR-SKV-AVTGEKMTLSEHQTN- - - - - - - = - - - NHDYMYWYRQDTGHG - - - - - - LRLIMYSY - - VADSTE-----------KGDIP-DGYKAS------- RPSQ- ENFSL I LEL - ASLSQFA- V. GEALDTQY- - - FGPGTRL- LVL
QNPR-WRL - VPREQAVNLRC | LKNS - - - - - -« - - - QYPWMS QDLQKQ------ LQWLFTLR- -SPRDKE-----------VKSLP-BADYLATR------ VTD-TELRLQVAN-MSQGRIIL - YCTCSATGG LNTBQLY----FBEGSKL-TVL
QPER- S¥S- VAAGETATLHCTVTSLSPVEP - | KWFKGTBPG- - - - - - - REF I¥SQK - - EAPF - - PRVEINVSDAT - - - KRNN- MDFIﬁRISN«ITPA AG- V¥YCVKFRK - EERGDMEFK - - SGPGEHL - TVS
QTEM- SQT-MSTGES I | LSCSVPNTLPNGP - - - - - - - - - VLWEKGTGPN- - - - - - - RKLI¥NFK- -QBNF - - - - - - - VKE |BDTT - - - KPGN - TDFSHRIRE - [I|SLABAG - TYYCVKF I K- - - - - BRAIKEYQ- - SGRGTQV - FVT
TMKD - BLH - KMQSEHVSLSCQPVNDYFSP- - - - - NODF KV TWERMKSGT - - - - - - - FSVLAYYLS-SSQNT | INE - - - - SRFSWNKEL - - - - - INQ- SDESMNLMD - LINLSDEG - EMLEN[ISSD- - - - LI- Tl
FYPA-WLT - SEGANATFTCSLSNWS - - - - - - - - - EDLMLNWNRLSPSNQ- - - - - - TEKQAAF G- - NELSQPVQD- - S- - A - -PNR-HDFHMNILD-RRNDSG - | LCGAISL- - - - -ESPGAEL- VT
ESPG-S|IQ-VARGQPAVLPCTFTTSAAL- - -- INLNVIWMVTPLSNANQ- - - -PEQVILYQ- - BGQMFD- - - - - - -GAPRFH-G --MPA-TNVS I FINN- LS -T¥QCLVNNL - = -NIGVEGL-TVL
TBQT-S|IE-KASGESVKLDCQFTLASDD- - - - - - SBPLD I EWSLQPSDNQKE - - - - EKVVIVYS - -GDRAFE-- - ------HYYDPLK-@ - -PKN-GDASMN IMB - LKATDEG - TMQCK|I KKV - - - - -ASRKMLL-TUM
-PEQ-MIE-KAKGETAYLPCKETLSPED- - - - - -QGPLDI EWLLSPADNQKV - - - - DQVI IILYS - -GDK I YD- - - - - - - - -DYYQDLK- G --LKS-GDASINVTN-LRLS - -BNKKIIQL-TVL
VPEK-TVN-VKTGGNATLLCT.TSSQPL ------- GNFFIIQWSFYSAKESQ- - - - - LHTIMYYS- -EGQSYS----------- YGEFK- DRIMAATSP--------- GNASIT|ISN-MQPSPTG- SMTCEVFSP-- - - - - - -QDDABQ- - - - - SQKSV IV -NVL
VSPP-ELT-VHVGDSALMGCVFQSTEDK - - - - - - - CIFKIDWILSPGEHAKD- - - - EYVL¥YYS- -NLSVPI------------BRFQ- NEVHLMED- - - - - - ILC-NDGSLLLQD- VQEADQG- T¥ I CE[IRLK- - - - - - - -BESQV- - - - - - FKKAVVL - HUL
YTPK-EIF-VANGTQGKLTCKFKSTSTTG- --GLTSVYSWSFQPEBADT-----TVSFFHYS- -QBQVYL- == -BNYPPEK-D --LDK-KDASINIEN-MQF I|HNG-T¥ | COVKNP - = PDIVV--- -QPGH[IRL - YVV
-TDR-EMH-BAVEBSRVTLHCSFWSSEWVS - - - - - - DD | SETWRYQPEBGRD- - - - - A ISIFHYA- -KBQPY I -- - - - - - - -DEVBAFK-E - -PRW-KDBS IVl HN - LDMSBNG - TFTCDVKNP - - - - PDIVE------KTSQUTL- - ¥V
EVPS - EJE - AVQGNSMKLRE | SCMKREEV - - - - - EATTVVEWFYRPEGGK- - - - - - DF LIMEYR- - NGHQEV - - - - - - - - - - - ESPFQ-§ --KDL-QDVSITVLN-VTLNDSG- LMTCNVSRE - - - - - FEFEAHRE- - - FVKTIRL- IPL
EVDS-EME- AVYGMTEKILC | SCKRRSET - -NAETFIE“IFRQKGTEE- --FVKILRYE- -NEVLQL---------EEDERFE -G -TKDL-QDLSIFITN-VT¥NHSG - DMECHVYRLLFF - -ENYEHNM- sVv
-TSS-ELE-AVNBTEIRLKCTFKSNRPLS - -EERTSMSWSFMPLBKTK - --EEPFFHYQ- - -GHAYL - -- -PPGGLFK-DHVVWSGD - --VMK-GDGS I|TLQD-VQFSFNG- TYSCQVLNP- - - - - -FABE|IKL-RV-
YTSR-VLE-AVNGTDARLKCTFSSFAPVE- - - - - - DALTMTWNFRPLDGGP - - - - -EQFVFYYH- - - IDPFQ- - - - - - - - - PMSGREK - DRVEWDGN - - - - - - PER- YDAS I L LWK - LQFDENG - T¥TCQVKNP - - - - -VIBE[IRL- SV
TVPA-TLN-VLNGSDARLPGTENSCYTVN- - - - - HKQF SLNWYQECNNCS - - - - - EEMFLQFR- -MK1INL----------KLERFQ-DRVEFSGN- - - - - - PSK- YDVSVMLRN - VQPEDEG - | ¥NCY IMNP - - - - -@HBKIHL-QVL
KVPTEPLS - MPLGKTAELTCTYSTSV- - - - - - - -GDSFALEWSFVQPGKP | - - SE-SHPILYFT - -NBHLYP-----------TESKS- KRVELLQNPE- - - - - PTV-BVATLKLTD-VHPSDHG - T¥LCQVNNP - - - - -GLGLINL-TVL
QVQK- SMT - MQEGLCVLVPCSFSYPWRSW- - - YSSPPLYMYWFRDGE IPY - - - - - - YAEVVATN- - NPDRRV - - - - - - - - - - - KPEiQ- GRERLLGD- - - - - - VQK- KNCSLS 16D - ARMEDTG - SM|F FRVERG - -QQNKLNL-EVT
TSET-VNT- EVLGHRVTLPCL.SSWS---- - -HNSNSMCWGKDQCPY - - SGCKEALIRTD- -GMRVT - - == ----SRKS-AKYRLQGT - --IPR-GDVSLTILN-PSES -V CCR[EVPG---- -WFNDVKII - NVR
IELV-PPM- YAEGGNSVLFVHEMP - - - - LNVQAFYWY¥KQRDPTK- - - - - - SYEVARYLT -PTNESS - - - - - - - - - - KMPQHS - GRKEVF - - - - - - - - - - - - YSGSLLIRN-VTQADSG- VMTLLEFNTEMOS - -ELTHVHL-EVR
----- PPQ-VAEDNNVLLLVHNLE - -LALGAFAWNKGNTTA I - - - - - - DKEJLARF VB - NSNMNF - - - - - - - - - - TGQANS - & <e--------SNGSLLFQM-|I TMKBMG- V¥TLDMTDENYRR- - TQATVRE - HVH
----- PEN-VVEEKSVLLLAHNLP- -QEFQVEYWYKGTTLNP- - - - - - DSELARY I R- SDNMSK- - - - - - - - - - TBPANS - G <---------SNBSLFFQN-VNKTBER-AMTLSVFDQQF NP - - 1QTSVQF-RV-
IEAL - Ps- AAEGKDVLLLACNIS- ~ETIQANYWHKGKTAEG- - - - - - SPLIAGY IT-DIQANI - - - - - - - - - - PGAANMS - G -----PNGSLLFQN- I TEEPAG- SYT LRI I NASYDS - -DQATGAL - HVH
IASA-PFE-VAEGENVHLSVVEILP - -ENLYS KGKTVEP - --NQLITAAYV|-DTHVRT - == --PGPANIS -G = -PSGDLHFQN-VTLE -YMTLQVTYRNSQI - -EQASIHL-RVY
~EST-PFN-VAEGKEVLLLVHNLP----------QHLFGYSWMKBERVDG- - - - - -NRQIIGYV | -BTQQAT----------PGPANMs-GREIIY-------- -PNASLLLIQN- 1 1QNDTG- FMTLHV I KSDLVN- -EEATBQF-RV-
RDSE- TVMW- GALGHB IINLN[IPNFQMT - - - - - - - - DD | DEVRWERG- - - - - - - -STLVAEFK- - RKMKPF - - - - - - - - - -----ANGDLKIKN-LTRDDSG- T¥NVTVYST - - - - - - LNKALDL-RIL
RDNE - T/IW- @V LGHE I|TLN[IPNFQMT - - - - - - - - DD | DEVRWWRR - - - - - - - - - - -GT LVAEFK- - RKKPPF - - = - - - - - - - ---ANGELKIKKPMMRNDSG - TMNVMVYET - - - - -LEKDLDV-RIL
KKN1-TJIL-GALERD|INLDIPAFQMS - - - - - - - - EHVED/|QWSKE- - - - - - - - - - - KTKIAKFK - - NESMTF - - - - - - - - -QKDKT -~ --KNBTLKIKH-LERIHEG- TMKVDAYDS - - - - -LEETEHL-SLL
TNAL-E.W-GALGQDINLDIP.FQMS---- -DDIDDIKWEKTSD- - - - - -KKKITAQFR- - KEKETF - .- -KEKDTH¥K-----------|F------ KNG LK|KH-LKID D- IMKMSIYDT----- -LEKIFDL-KIQ
----- RVT-ANVBQDVVLRCHLCPCKDA- - - -WRLDIRWIQQRS- - - - --SBFVHHYQ- - DGEDLE - .- - -QMEE -----LSD-GNLDLRITA-VS - S¥SCAVQDGDAY - - -AEAVVNL-EV-
BLER-PVL-APLGG I LELSCQLSPPQNA- - - - - - - QAME||RWFRNRY - - - - - - - - - TEPV¥LYR- - NGKDLH- - - - - - - -BET I 5K - 18K - GKVELRVFK - VTVDBDG - SYHCVEKDG I FY - - -EEH I[JEM- KVT
GPPH-PLL-AIVGADKELPCKLSLNISA- - - - - - - EGMELRWYRDKP- - - - - - - - - SSVVMHVYK- - NGEDVY - - - - - - - - DEQMVE -VAR-GEAAVKIHN-VTVFBNG- TMHCVEKEYTSH- - - SQATLWL - KVA
ETSD-VVT-VVLGQDAKLPCFIRGDSGE-- - -QVBQVAWARVDABEE- - - - - - AQELALLHS - KYBLHV - - - - - --SPA -RNP- LDGBVLLRN-AVQADEG- EYECRVSTF - - - - - -FQARLRL-RVL
QVNT-TMS-MQIGTKALLCCFSIIPLT- - - - --KAVLITWI IKLRGLP - --SCTIAYKV--DTKTNE-----------TSCLG-RNIEWASTPD-------- HSPELQISA-MTLQHEG- THTCERVTR- - -FEKNMDL-QVL
----- NET-GVLEESETLHESLTSNENV- - - - - - - T I TQIITWMKKDSG@S - - - - - - HALVAVF HP - KKBPN | KEP - - -QDL-RNASILAISN- LSVEBEG- | FECQIATF - - - - - - SRSTNAW- LKV
ETSP-PVK-GSLSGKMVLPCHESTLPTLPPNYNTSEF LRI|IKWSKMEVDKNBKD | K- ETTVLVAQ- -NBNIKI - - - - - -PDDVEDASL TMVK - LRASDAA - V¥RCDVMYB I ED- - -TQDTMSL - AVD
ETPQDVLR- ASQBKSMTLPCTMHTSTSS- - - - - - - REGLIQWDKLLLTHTE- - - - - RVV/IWPFS - - NKNY IH-- - - - -AEQ-SDASITIDQ- LTMABNG- TY¥ECSVSLM- - - - - - TKSRVRL- LVL
DGEK- EVLAVARGAPALLTCVNRGHVWTDR- HYEEAQQVVHWDRQPPGVPHDRA- -DRLLDLYA- - SGERRA - ~------YGPLFLRDRVAVGADA- - - - - FER-GDFSLRIEP- LEVABEG- T¥SCHLHHHYCGLH -ERRVEHL-TVA
PVLE-TIs-MTFNATVELQWQUTLEP- - - - - - - SEA | ASMTVRELPS- - - - - - - - LITIETBA- - VDBFNV- - - - - NIVELTLQN- IQMNETIL - TFQLLVGSSTLY - - -KAANISIVELS
TSPA- | /IE- EVVBRSVTITHVEDVADVAD- - - DVVVNFRIN¥NDSR | AEG- - - - - - TKTRBD- - - - - - - - - - - e e e KEMSLLIDN- LE ~LEFAKIEIF------.-KPNVE------ ANSTRINL- 11y
TDSP-T|I5-61FNQSA I[ISEKAT I TAND- - - - - NRTVKSEYVMELPPS- - - - ----- TQQIAIBS- - NNVLQA--------- QEMLLQVNP- LKESBDY - TERGVL I YL-------- LNNDINNP I - AVEQDVKL - DVF
NBQS - EVT - GMLDKD|ITLQWQITFLK- - - - - - - BEMLQSHDIMLPN- - - - - --RTKIVS- - - - NQPPEL- - - - - - AVEKLTLKN-VKETDSSHNETLVVAFE - RKDDF NRRT - - BVAD/INIVNVE
AVKT-NFE-VPVNQTAQLQWRVVPDA- - - - -BEQVFGVEVFVLGLPN- - ---VQll- - - - - KLTSTV- ----TIABKERFG LSIKK-TQFNEKK-SENLKMVFY - KEPDYYP- - - - KNSTMVIKKVV
VVKN-VFERVQ | KSTVVMEWK|IIAHSD - - - - - - - NQTNKVILKLMVLPDRD- - - - - - - -RPVFS5Y- -BKYQSS - - - - - - -QBKGRATFG VTLKR- IQ¥NENY - TEQLKM I F | - NKKSVTET - - - KVADJIRIKNVV
AAAT - TVUT - UNFQSTLKLEWTA IBSP- - - - - - - AEQIVVLKVE I LBDTN- - - - - - - -NGVLTNT - - -NBPVL - - - - - - - LETGMS L FGRN LMLKN - VTYNDS[C - KPAAYSVYQ-VNRSNIKV- I VT
DTAS-TLD-[IIVYNTTLKLDWNMT LSA- - - - - - - BEV | VBVQVMVLPDTT- - - - - - - -NRIITDT- - - -SPTV-- - -- - -LSKG I S | FGEN RLMLRN - IIRYNESIF - AGDHLSS - - - - SREN1QV - TVK
AlIK-NIE-ATONSTAELSWRVETNKD- - - - - - GERVFGVELSEGG- - - - - - - - - - - - - VVVID- - DKSBTV - KMF 1KK - IQMNEAK - WKSALDP- - - - VNDTAT I TSVK
AVKT-NLE-LPFNETLNLYWRIVLDV- - - - -BEEISTANVYVLGSPN- - ALSIIKN-IQ¥NEQK - SENLKV I FQ- SPV- LHA- -KNATMVIKEVV
- VKT - NLE - VPVNQTAQLQWRVVPVA- - - - - - - GEQVFBVEVFVLGSTN- - - - - - - - LS1KK- IQFNEKK - SENLKMVFY - - - - - - - - KAPEYYR- - - - KNSTVVIKEVV
- VKT - NLE - VPVNQTAQLKWRVVLDL - - - - - - - GEK I TTUNVF I LESPK- - - - - - - - Ls|IKK- IQEs SQP-FYL----KNATVVIREVG
LANN- KKE - ASKGKDETVYWNISNAE - - - - - - - - - NI FHLKLYRNKTN IK - MMTIHN-VSIA TLEPFQKYE- - EKATEHL- NV I
ISTS-FJE-ATYGNTVDMHWK L | LDT - - - - - - -@BQT INSETLSLKSRPE- - - - - - - - DSIFES - - ANYQN - - - - - - - ANKEKELFG RVSLKN- IQMNET|L - SFQLTETLS - - - - - - - -NPLF@- - - - - - KQTTIEIIKDVK

PVKS-VLE-VTHGSTVNMKWNITLSK- - - - -NQVITGFSLVVLPDVG- - - - -NPVVSGN- - VNSQMV - ----QEKGRELFG- N -GLNMIATLGN- IQDN -EGNIFEIRNIT
FVLF-TIS-ITFNATVELQWKVTLEP---- -SEAIASMTVRELPS- - - - --LIGILTGT--VDBFNV-------AQBGTKLFG- D| -NIAFLTLQN-[IQME -KAANISIIEQIS
PVLP-TIS-WMTFNATVELQWQVTLEP-------SEAIASMTVRELPS- - - - --LITILTGA- -VDEFNV-------VQEERKLFG- D| -NIVELTLQN- IQ¥N - KAANISIIVE LS
PIAM-TKC-ATVNTTVKLTWKVKLEP-------SEGI | YILKLHKLPDDE- - ---NNIVTYA--SQKLTV-------NIKGRQLFG- K -ENVIELTLQN- IK¥N -GTEANTIKCNT
TKSN-NKI-VLNENTLELEWTVNVSP-------BDI IALRSV¥LSPDFI- - ---SPILVDE ----1EKGRELFGENRLSATYBN- - - - - - - - - TTYEMS LMD - VR¥N -TERLFMFFR--------NNBLKE--- - - TKSD{IHV - RVT
DANN-KNE-ASKGKD.IVHWN]SNAE --------- KIFLLELSKNKTNIK=- == --ccnmmmuennnn SNNPGN- - - - - - - - WKSLELETVN ISIETFM- - EGDK-MCCIMTVHN-VS¥D DASEIVMQVTYI -------- LYNP IREEK- - KNAT¥RL-DVT
AEQN- I[TBKAEKGNNVT I YWSLNVTKRTY - -« e e e e e e e e e e TKAFLRFD- -N1VVSTCNAABGNBFTCVTPKN- DR¥EASFN- - - - - - KTD-KQIFLTILN-LTH¥S LMALDYK-------- HEKQTRPE- - -RLTNET I - QVR
VNKT-NIK-ATYNRNISITEFLTSTNPI - - - - KNI EFSWE --EIlIIATYQ- - SSFEKV-=venunn- EPNYFK-DRLSFSSEKS-------- RNFKLHIRN-TQ¥TBAG- | FREKMLFK- - - - - -ATAS[LM-QVK
ISPA- 1 IE-KVVGRSVTITIV.DVADNID- --AIFKIYNMNDSQIGEG- - -TKRLFE -- -TPPTPFG- VRLRESTSL---- - QNQ- KKNIELHIDN - LK¥N -LFFAKIEIF--------KPNVE------ ANSTEYL- 1/1Y
----- QVN-VIAGEDLNITYYFNDEVKN- - = NLRIFAD- --NVLLFEKE- -KYBTTV----- -LHNTS.G DRILVITFQEY - - ------VQALLWINN-MTNT, K-IMTFEISSS PENSSIGHIKTTNTRFPV - DVK
ITKEIT|IT-AVHGEELKLS I LMPLHS- - - - ----QRLLV¥KL------ --RRPIVIFT--KSQLKF----- - LDKKSFE - NGLETFSES- - - - -ESNV I KYGLWAPK - LSLN PDDWV - - - - - - TNITEN]- KMY
1 1KS-QIT-GYVRESVDIISF I IDTFN-------BESLLSVKVMFQLPDK- - - --LNPVAVEBS- -SSAFTV----- -AKGGSFG-GRIQANVE - --PAK-GRYTLAIST-LK¥V ESTAEVRV- - - LRKT/IDL - KMQ
VANK - NMN - YNKDNPVSLSMF1QYPP- - - - - - -EEKFNVIDINMLKDPVSS - --VETILAQGL-SNSLKL-----------QGSFG-B SVD- --VSA-KKNTLTINN-AQYTDSA - SYKAIAVFL----- TKTBELSV- - -KNVEIAL-EVN
A1SN-SMT-AKLNSTVVLQWKLF IFP---------RMDEIRL¥YAEPNLVEP --LIKMRYYR- -RGVVE!l-------LNASIEMEG-N ATYNG--------- SLEEVLLNK-VVYT LQSTVTL-NVT
VVQQ-DLI-GLKGEDVEVTLI.TMLV ------- GQRLLSIKMFQLPG- -------- NIELATGS--ERAFLL-=------- QNETLRG- IKFERKID- - - - - - GEK-GINMRFGIKS - LD¥DBGT -M¥LATAIFH-------- DEYTRYHK- - - DDVRMKWM - NVL
Gly'® Cys® Trp*! Arg’™ Leu® Asp®®  Tyr'®
(or other hydrophobic)



Fig. S12. Multiple sequence alignment of V-set Ig domains and Alr domain 1.

Alr domain 1 sequences V-set Ig domains from pfam (pf07686). The positions of
conserved V-set residues according to the nomenclature of Cannon et al [30] are shown
above and below the alignment. Residues are highlighted by sequence conservation and
chemical property with CLUSTALX colors as implemented in Jalview.
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Fig. $13. Measurements of the turn from strands A’ to B in the predicted
structures of domain 1.

8.0

Left graph shows distance between the alpha carbons of the first and fourth residues in
the turn. In a beta-turn, the distance between these two atoms is less than 7.0 A. Turns
<7.0 A are shown in black bars. Those >7.0A are showing with gray. Right graph shows

distance between the oxygen atom of the first residue and the nitrogen atom of the

fourth residue. A distance of <3.5A is considered small enough for hydrogen bonding to
occur. Black bars indicate distances <3.5A. Gray bars indicate distances >3.5A. Gene

names are color-coded according ot whether they are bona fide (blue) or putative
(orange) genes.
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Fig. S14. STRIDE secondary structure predictions for Alr domains 2 and 3

For each domain, the top line shows beta-strands labeled according to their position in
the primary amino acid sequence. The middle line shows the sequence of the domain.
The bottom line shows the STRIDE secondary structure predicted from the Colabfold
model. (H = alpha helix, G = 3-10 helix, | = Pl-helix, E = beta-strand extended
conformation, B = isolated bridge, T = turn.)

Figure S9 — |-set alignment
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Fig $15. Predicted structure of Alr2 domain 2.
B-strands labeled on the predicted structure of Alr2 domain 2. The corresponding Greek

key is shown to the right.
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Canonical
I-set
domains

Alr D2

Alr D3

iX.

ii. V.

iv.

Viii.

i Vi. Vil.

I-set motifs (Wang 2013) Pro Gly Cys cis-Pro Trp Pho-X-Pho-XX-Pho Tyr Asn Pho-X-Pho-X
LT T
V-frame residues Gly's Cys® Trp* Arg’ Leut® Asp® TV
(sensu Cannon et al. 2002) | | (or Ly|S/H's) | ‘Cyls“"‘
, 1|0 . 2|0 . %0 , 10 . 5|0 , 6|0 . 7|0 , 80 9[0 . 1|00 ,

CAVPT_BRALA/59-149 --PKF.QVLKD--MFVM.GSAVTFFARVWGIPD-PVlKWFKDGQE-VK-QGPK--IEl --KFDDKDGIFLl | RN -ADGDPVGT -¥YTCQATN-SFGEA-FDSARLAL -
HMCN1_HUMAN/1171-1258 - - PKIIQRGPKH - - L KMQVGQRVD | PENAQGTPL - PV/I TWSKGGST -ML - VDGE - -HHV - - - - SNP - DGTL S IDQ-ATPSBAG | -¥MTCVATN- IAGTD-ETEITLHV -
HMCN2_HUMAN/4303-4389 --PVFQVEPQD--MTVRSGDDVALRCQATGEPT-PT|EWLQAGQP-LR-ASRR--LR.--LPDG---- LWLEN-VETGDAGT -¥DCVAHN-LLGSA-TARAFLVV -
IGDC3_HUMAN/330-417 - -AEFVQHPQS - - ISRPAGTTAMETCQAQGEPP - PHVTWL KNGQV - LG - PGGH - - VRL - - - -KNN-NETL T 158 -1GPEDEA I -¥QCVAEN- SAGSE -QASARLTV -
LRIGT_MOUSE/601-691 - -PSFTKIPHD- -1AIIRTGTTARLECAATGHPN - PQ I/AWQKDGGTDEP - AARE - -RRM - - HVMPD - DDVEF/I TD-VK I DBMGV - ¥/SCTAQN - SAGSV - SANATL TV -
MUSK_HUMAN/121-208 - -PKITRPPIN- - VK IlGLKAVLPCTlMGNPK—PSVSWIKGDSP—LR—ENSR——IAV——LESG————ILRIHN—VQKE AGQ - ¥RCVAKN-SLGTAYSKVVKLEV -
MYLK_CHICK/28-118 - -PAETLPPRN- - IRVQLGATARFEGKVRGYPE - PQlITWYRNGHP -LP - EGDH- -¥VV - - DHs I RE I FSL VI K& -VQEGDSGK - ¥TCEAAN- DGGVR-QVTVELTV -
MYLK_CHICK/156-245 --PKFATKPNR- -VVVREGQTEGRFSCK|I TGRPQ - PQVTWTKEDIH-LQ-QNER- -FNM- -FEKT@- IQYLE/IQN-VQLADAG | -¥TCTVVN-SAGKA - SVSAELTV -
MYLK_SHEEP/331-421 - -PYFSKT/IRD- -LEVMVEGSAARFEDCK IEGYPD-PEVVWFKDDQS - IR-ESRH- -FQlll- -DYQEDGNCEL 1 1sD-VcEDBDAK - ¥TCKAVN-SLGEA-TCTAEL IV -
MYOM1_MOUSE/1555-1645 - - RVLGGIL PDV - - MT/IIQIEGK ALINLI TENVWEDPP - PEVSWLKNEKP - LT - SDDH- - GSL - - KFEAGKTAFFT ISG-VSTADSEK - ¥6LVVKN-KNGSE - TSDETMSM -
NCAM2_HUMAN/21-111 --LQV.lSLSK--VELSVGESKFFTCTAlGEPE--SlDWYNPQGEKl | -STQR--VVV - -QKEGV -RSRLTIYN-ANIEBDAG | - RCQATD-AKGQ.QEATVVLEl-
000557_HUMAN/20-114 --LaVpivPsa- -GElllsVEESKFFLCQVAGDAKDKD/I SWFSPNGEKLT -PNQQRI8VV - -WNDDS - SSTL T I YN-AN I DBDAG | -¥KCVVTE - EDGSESEATMNMKI -
055124_MOUSE/1345-1435 --KV|GGLPDV--VT|M.GKTLNLTCTVFGNPD-PEVVWFKNDKD-|E-LSEH--FLV--KMEQSKYV LTIQG-VTAEBDSGK-¥S|INVK -KlGGE-KlDVTVSV-
057576_CYNPY/213-301 --VRARQT.VN--ATANLGEAAVLACDADGFPD-PE|SWTKDGEM-IEDDSDK--lKF--TEDGS---EMTlFN-|DKS EGD-XTC|IAEN-KAGEQ-EAS/ILLKV -
076281_DROME/3892-3982 --FYFDGL|GK-R|KVRAGEPVNLNlPlSGAPT-PT|EWKRGDLK-LE-EGKR--|S.--ETNSE-R.LFRIDD-.NRR SCGK-MTVTAAN-EFGKD-TADIEV IV -
076281_DROME/6357-6446 --PEF.KPLHD--LTlH.GEQL|LTCYVKGDPE-PQISWSKNGKS-LS-SSD|--LDL--RYKNG-|AILT1NE-VFPE EGV-ITCTATN-SVGAV-ETKCKLTI/I -
076281_DROME/1225-1316 - - PHIDRVNLK - PV I VKTGL S1|SLD/I NI RGEPA - PKVMEWFFNNSS -V T -SDEH-SVKI - -DNVDY - NT[KEFVMR - AQRSQSGK - ¥ 1 I KATN - EVGED - EAELEVTV -
OBSCN_HUMAN/10-99 --PRFLTRPKA--FVVSVGKDATLSCQIVGNPT -PQVSWEKDQQP -VA -AGAR--FRL - -AQDGD-L¥YRLTILD-LALGDSGQ-YVCRARN-AIGEA-FAAVGLQV -
P79757_CHICK/328-417 - -ATILTKPRS- -ITVSEGETARFSCDVDGEPA -PT I[TWVRAGQP - 1V-SSRR--FQ|l - -TRTQY -KSTFEISL -VQIADEGS -¥TVVVEN-SEGRQ-EAHFTLTV -
P79757_CHICK/734-823 --PAFITQPKS - -QNVNEGQDVLFTCEVSGDPS - PEVEWL RNNQP - IA-VSSH- -MRA - - TRSKN - T¥SLEIRN-AAVSDTGK -¥TVKAKN - YHGQE - sATASL TV -
PALLD_HUMAN/1135-1225 - - PHELQAPGD - - LITMQEGKL CRMDCKVSGLP T - PDL/SWQL DEKP - VR - PDSA - - HKML - VRENG|- VHSL | 1EP-VTSRBAG | -¥TCIATN-RAGQN-SFSLELVV -
PALLD_HUMAN/271-361 - -PRFIQKLRS - -QEVMAEGSRVYLECRVTGNPT - PRVRWF CEGKE -LH-NTPD- -1Qll - -HCEGGDLHTL | | AE-AFEDDTGR-YTCLATN-PSGSD-TTSAEVFI -
PXDN_HUMAN/433-519 --PQFTVTPQD- -RVM I GQTVDFQCEAKGNPP-PVIAWTKGGSQ-LS-VDRR--ILV--LSSG---- LRI/SG-VALHPQGQ - ¥ECQAVN- I 16SQ-KVVAHLTV -
Q08476_CHICK/372-461 --PFEDTPITP--VDG I IGESADFECH|I SGTQP - IRVTWAKDNQE - IR-TGGN- -¥Ql - -SYVEN-TAHLT/ILR-VDRGDSGK -¥TCYASN- EVGKD - SCTAQL NV -
Q08476_CHICK/180-269 --PYFVTPLEPR- -MaMTVvEDSASLQCQVAGTPE -MI VSWYKEDTK-LR-GTAT- -VKM- - HFKNQ - VATIL VESQ - VDSDBSGE - ¥ | CKVEN - TVGER - TssELL TV -
Q8BID4_MOUSE/6-97 --PMF.QF’LQS--VVVL GSTATFEAHVSGSPV -PEVSWFRDGQV-IS-TSTLPGVQ|l - -SFSDG-RARLMIPA-VTKANSGR-¥SLRAT -GlGQA-TSTAELLV-
Q8T103_BOMMO/4625-4714 - -PE1 IEPLKD - -K | VMAEGQA I|[EFSCK/I VEKPL -PTVQWYKGDKL -[IK-PSKY - -FQM- - SRTAD - EXTLRISE -AFPEBEGD - ¥YKCVAYN - SAGRV - TVAAKL KV -
Q90X22_DANRE/178-268 --PCF.TQlQP--VQCV GSEVKFQ.KVTGTPF-PDVQWFKGNSQ-|K-SSQT--CSV--VCNPDGSGFL|MSN-|QQR SGL -¥MTCKAVN-PFGEA-SCSAEL IV -
Q90X22_DANRE/66-155 --PVFESKLTP--AEVTIGESVRFTVTVSGFPK-PKVQWFHNGKA-IT-SSS1I - - TF--VEERD-EI LITTK-VKKDYEGE -¥SCTAS -RFGQ.-TCKllLKV-
Q90YMO_DANRE/209-296 --VSVF’QQ.FN--ATADYGESVTFTCRAYGSPE-PDVTWHRKGVQ-LQ-ESER-- VM- - RARGT - - -FLTVRN-1QQDBDGGS -¥TCRASN-KAGEV -EHELFLKV -
Q90Z41_CHICK/223-308 --PTFLRRPIN--QVVLEEEAVDFRCQVQGDPQ-PTVRWKKDDAD-LP-RGR---¥DI - - - - - KD - D LRIKK-AMSTBDEGT -¥TCIAEN-RVGKV -EASATLTV -
Q95YM1_PROCL/4632-4721 - - PKIIVQKLKKS - -QVVQEGQBAFFEC I I TASPK - PKIQWMKBKAP -1K-QSKY - -FTM- - TADGD - R¥YTLRI SE - AFPEDEGT - ¥FCVATN - PEGKC - TVEAKLQV -
Q98918_CHICK/3072-3160 --PAVlVPLRD--AV.S GQSARFQCRVTGT -D-LKVSWYSKDRE-IK-PSRF--FRM--TQFED-TYQLEI|AE-AYPEDEGT -¥TFVASN-SVGQV-TSTAILKL -
QIGV22 MYTGA/344-433 - -PRE IRKPRN - - I LAAEGQSTKFEDCK I 1GABP -P I VTWSYDNSV-LS-QSVK- -¥MQ - - KYRBN - EMELKISR-LKMADKGL -¥TV I AEN- SFGKR - EEHATLKV -
QOGV22 MYTGA/647-736 - -PEFMTQL/SP - - L SLNEGDRLKL TCTVKGQPE - PEVEWF YNGQL -MQ - SDDA - - 1K - -SAT1AG-HHTLTIDS-C1 I DBDDGN - ¥VCKAKN - PGGQlA - ssREsVaV -
ROBO1_RAT/262-347 - -PSFVKRPSN- -LAVMTVDDSAEFKCEARGDPV - PTFGWRKDDGE -LP -KSR- - -ME[l - - - - - RD - DHTLK/IRK-VTAGDMGS - ¥TCVAEN -MVGKA - EASATL TV -
SPEG_MOUSE/727-816 --PVEEIPLQN- -MVVMAPGADVLLKC I ITANPP -PQV/SWKKDGSM-LH-SEGR- -LLI --RAEGE - RHFLLLRE -AQAADAGS -¥TATATN-ELGQA-TCASSLAV -
SPEG_MOUSE/1490-1579 - -PRFES IMED - - VEVGPGETARFAVVVEGKPL - PDIMWYKDEVL -LA-ESNH- -VSF--VYEEN-ECSLVLLS-AGSQDGGV -¥TCTARN-LAGEV - SCKAELSV -
TITIN_HUMAN/7385-7474 - - PVEMQKPSPE - - VBAL KGSDV I LQCEI SGTPP - FEVVWY KDRKQ - VR - NSKK - - FK|I - - TSKHF - DESLHILN-LEASDVGE - ¥HCKATN - EVGSD - TCSCSVKF -
UNC22_CAEEL/4150-4239 - - PK ILTASRK - - I K1 KAGF THNL EVDF 1GAPD - PTATWTVEDSE-AA-LAPE- -LLV--DAKSS-TESIFFPS-AKRADSGN-¥KLKVKN-ELGED-EAIFEV IV -
UNC22_CAEEL/6863-6953 --PSF.AQLSD--IE.EVGGSAEFSAAVSGQPE-PLIEWLHNGER- |IS-ESDS-RFRA--SYVAG-KATLRISD-AKKSPDEGQ -Y¥LCRASN-SAGQE-QTRATLTV -
UNC22_CAEEL/6585-6674 - - PRF I VKPYG - - TIEVGEGQSANF YCRV 1 ASSIP - PVVTWHKDDRE - LK -QSVK - -MMK - - RYNGN - D¥GL T/INR - VKGDDKGE - ¥ TVRAKN - S¥GTK - EE | VFLNV -
UNC89_CAEEL/3920-4010 --PDFLQPVKP - -AVVTVGETAVLEGKISGKPK-PSVKWYKNGEE -LK-PSDR--VK/| - -ENLDDGTQRLTVTN-AKLDBPMDE -¥RCEASN-EFGDV -WSDVTLTV -
UNC89_CAEEL/648-737 --PAFVTKLRD- -KECKEGDV/IDFECEVEGWPE -PELVWLVDDQP-LR-PSHD--FRL--QYDGQ-TAKLE/IRD-AQPDDTGV -¥TVKIQN-EFGS | -ESKAELFV -
UNC89_CAEEL/3482-3573 --PEF.QKLRP--LEVR QETLDLKVTVIGTPV -PNVEWFKDDKP-IN-IDNSHIFAK--DEGSG-H LTIKQ-ARGEDVGYV -YTCKATN-EAGEA -KTTANMAV -
UNC89_CAEEL/3286-3377 --PTFVRELVT--lEVKlNETATLSVTVKGVPD-PSVEWLKDGQP-VQ-TDSSHV|AK--VEGSG-S | TIKD-ARLEDSGK-¥YACRATIN-PAGEA-KTEANFAV -

VCAM1_CANLF/25-112
Alr1-F-1_D2/1-98
Alr3-F-1_D2/1-100
Alr4-F-1_D2/1-99
Alr6-F-1_D2/1-100
Alr7-F-1_D2/1-99
Alr8-F-1_D2a/1-100
Alr8-F-1_D2b/1-100
Alr2-F-1_D2/1-96

GGPKLCGDNIT-AITRE
GGPLFCGANISKSINVT
GGPDVCGKEMESTMTAK
GVPRVCGKGLASKI I 1A
GTPKICGVRLKSNYTMV
GGPsllIsnlssTY

Alr9A-F-1_D2/1-101 GGPDQCG | SLNSS
Alr11-F-1_D2/1-101 GGPDVCG | SLKSS
Alr12A-F-1_D2/1-101 GGPEACG I TLNTS
Alr12B-F-1_D2/1-101 GGPEACG I [ILNTS

Alr15-F-1_D2/1-92

Alr16-F-1_D2/1-100 GSPR/I CG KlL KSI¥TAS
Alr18-F-1_D2/1-99 GSPRFCGPKVEFSYSVT
Alr19-F-1_D2/1-99 GSPSLCGRNLESI¥TVN
Alr20-F-1_D2/1-100 GTP E.CG ESIL KPANNII |
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Fig. $S16. Multiple sequence alignment of I-set |g domains and Alr domains 2 and
3.

Alr domain 2 and 3 sequences were aligned to I-set I|g domains from pfam. Residues in
the alignment are highlighted by sequence conservation and chemical property with
CLUSTALX colors as implemented in Jalview. The positions of conserved V-frame
residues are shown above and below the alignment with gray background. Motifs
common to I-set domains are also indicated. The position of invariant cysteine residues
is shown in red lettering. Note that domain 3 is the most membrane-proximal I|g domain
in Alr2 and Alr30, hence the conserved cysteine appears there and not in domain 2.
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Fig. $17. Measurements of the turn from strands A’ to B in the predicted
structures of domains 2 and 3.

Left graph shows distance between the alpha carbons of the first and fourth residues in
the turn. In a beta-turn, the distance between these two atoms is less than 7.0 A. Turns
<7.0 A are shown in black bars. Those >7.0A are showing with gray. Right graph shows
distance between the oxygen atom of the first residue and the nitrogen atom of the
fourth residue. A distance of <3.5A is considered small enough for hydrogen bonding to
occur. Black bars indicate distances <3.5A. Gray bars indicate distances >3.5A. Gene
names are color-coded according ot whether they are bona fide (blue) or putative
(orange) genes.

7.0 8.0
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Fig. $18. Sequence logo of I-set-specific motifs in classical I-set domains and Alr
domains 2 and 3.

Sequences of Alr domains 2 and 3 and I-set domains from the pfam |-set sequence
profile (pf07679) were aligned in MAFFT. Sequence logos for then created to represent
the motifs identified by Wang (2013) for the Alr or pfam sequences.

(A) Motifs i, ii, iii, and iv, which are discussed in the main text because they are also part
of the V-frame as described by Cannon et al (2002).

(B) Motif v is a conserved proline in the BC loop, and motif vi is a conserved asparagine
in the FG loop. These two residues form a hydrogen bond that stabilizes the BC and FG
loops in a closed position. In domains 2 and 3, we found the conserved proline residue
in 28/31 sequences but the asparagine was only present in 13/31 sequences (see also
Figure S9). Thus, motif v is present in domains 2 and 3, but motif vi and the structural
motif it forms with motif v do not appear to be a common feature of these domains.

(C) Motif vii is a Pho-X-Pho-X pattern of amino acids (where Pho represents a
hydrophobic residue), located approximately 10-12 residues downstream of motif vi. It is
found in beta-strand G and denotes the C-terminal end of an I-set (and also V-set)
domain. This pattern was found in 30/31 of domain 2 and 3 sequences (See also Figure
S9).

(D) Motif viii is a set of hydrophobic and hydrophilic residues, Pho-X-Pho-X-X-Pho,
located at the bottom of beta-strand E. The last two hydrophobic residues typically
contact the tyrosine in the tyrosine corner, while the two consecutive hydrophilic
residues between them form a beta bulge. In our alignments, 26/31 domain 2 and 3
sequences had this motif, although the first and second hydrophobic residues often had
polar or aromatic side chains (see also Figure S9). As noted above, the tyrosine corner
is not present in domains 2 and 3. However, a beta bulge was predicted to occur at the
end of the E strand in 28/31 structural models. Motif viii is therefore present in most
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domains, but the structural consequences of this motif are likely to differ from traditional
I-set domains.

defines the beginning of an I-set domain and, in domains 2-3, it was found in 30/31
sequences (see also Figure S9).
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Fig. S19. Amino acid sequence removed from the ECS prior to structure
prediction.
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Fig. $S20. STRIDE secondary structure predictions for Alr domains 2 and 3

For each domain, the top line shows beta-strands labeled according to their position in
the primary amino acid sequence. The middle line shows the sequence of the domain.
The bottom line shows the STRIDE secondary structure predicted from the Colabfold
model. (H = alpha helix, G = 3-10 helix, | = Pl-helix, E = beta-strand extended
conformation, B = isolated bridge, T = turn.)
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ITB4_HUMAN/1642-1728
PTP10_DROME/959-1044
EPHB2_CHICK/438-521
EPHA4_MOUSE/M42-525
LAR_DROME/911-995
NRCAM_CHICK/929-1014
7LESS_DROME/1800-1891
E1J4JF8_DROME/918-1007
UFO_HUMAN/335-418
ITB4_HUMAN/1128-1208
E1JJF8_DROME/817-905
CNTN2_CHICK/809-896
CNTN1_CHICK/801-884
TIE1T_HUMAN/547-632
L1CAM_HUMAN/813-907
Alr01.1_ECS/1-82
Alr02.1_ECS/1-92
Alr03.1_ECS/1-92
Alro4.1_ECS/1-83
Alr06.1_ECS/1-82
Alr07.1_ECS/1-82
Alr08.1_ECS/1-83
Alr08.1_ECS/1-82
Alr09.1_ECS/1-81
Alr11.1_ECS/1-81
Alr12A.1_ECS/1-81
Alr12B.1_ECS/1-81
Alr15.1_ECS/1-86
Alr16.1_ECS/1-82
Alr18.1_ECS/1-82
Alr19.1_ECS/1-82
Alr21.1_ECS/1-82
Alr23.1_ECS/1-86
Alr27.1_ECS/1-83
Alr28.1_ECS/1-90
Alr30.1_ECS/1-93
Alr30.3_ECS/1-89
Alr31.1_ECS/1-88
Alr33.1_ECS/1-92
Alr34.1_ECS/1-97
Alr35.1_ECS/1-86
Alr36.1_ECS/1-82
Alr37.1_ECS/1-92
Alr38.1_ECS/1-92

Alr
ECS
(trimmed)

T:

topohydrophobic position
(VILEMWY)

Pro at Trp at
beginning end of
of strand A strand B

: 1 10 ) 20 .l 30
- SAPRNVQ- - - - - VRTLS-SST-MV|I EP
-DAPKDLS- - - - - ATEVQ-SET-AV I TWRP
-AKPENLSASF--IVQEG-NIT-GHF K1
-GDPQDVK- - -ATPLN-STS-[IHV KP -
- SKPQNLT - -1 LDMS-ANS-ITM HP -
-EAPFDLS - -MYREG- AND-FVMEFNT -

-PKPLNAP- - -N-V | DG- HNF - AV[INISS -
-PVPLAAP---R-LLTKQ-SRQ--LV-VSP-
-PRPIAPP---Q-LLEBVE-PTY-[LLIIQLNA-

-NTPGKF I - -MWFRN-ETT-LILMLWQP -
-DPPSMNLS- - - - - VQVRS-BKN-A1ILWSP
-DKPsQMQ- - - - - VMTDMQ-DNS - I SVRWLP
-SPPTNLH- -LEANP-DTBVLTVEWER-
- SPPRRAR- -VMTDAT-ETT-[IT/ISWRT -
-PQLTDLS- -FVDIT-DSS-[IGLRWTP -
-PPPRDLQ- -FVEMT - DVK-[ITIMWTP -
-PPPTDLR- -FTNVGE-PDT - MRVEWAP -
-PAPTNLK - -FTQVT-PTS-LTAQWTA -
-PAPEBLK- -FKSVR-ETS-VQVEWDP -
-DAPSQIE- - - - - AKDMT-DTT-AL IEWSK
-DSPSBID- - - - - FSDIT-ANS-ETMHWI A
-BsPkEIS- -FSDIT-ENS- ATVEWTE-
-SPPTELT- -MTNVT-DKT-VNLEWKH -
- DNPKDLE - -MSDPT-ETT-LSLRWRR-
- DAPRNLK - -RVSQT - DNS - [I TLEWKN -
-DVPRDLE- -V 1AAT-PTS- LILIBWDA -
-DAPSNLR- -FILART-PNS-LLV P-
-DSPSBLV-----V¥MNIT-DSE-ALA P-

--DPIFIPKVE--MTEET-AST-[ITIGWNP -
-DAPPDPT - -¥DQVD-DTS- IIVVRWSR -
-VVATSES-

-MTEIT-ASS-FVV 5-
- DKIIQNLH - -CRPQN-STA-IAC IP-
-LPV¥RNLR-S - INDDK-TNT-MI11 EA-
-LAVLQLR- -MKHAN-ETS-LSIMWQT -

-LRPLNMTFD
-PARFGVS- -

-RDFIT-SNS-FRVLWEA -

-KEKET-STS- LHVWWTE -
- SSHSGVT - -MNNSERNDY - LiSVEWL L -
- DKMQBVS - -MSNSARSDY - LRV
-SAVKNIH- -1/SPNGATDS - LTVNWTP -
-ASMQBVIA -DNA.S-SYS-LIi‘NQK-
-AQVTDLH- -VANQEMTSS - LFENWT Q-

-AAVTDLR- -ITENS-TRH-LSFRWTA -
-ASMSHLRE- - - - §NRNT - TDS - LWF NWSP

-SPPSLMS- - - - - FADIA-NTS- LAITBW<E
-EPITQLH- -ATNIT-DTE-[IISLRWDL -
- NPPRNMT - -1ETMR-SNS - VMLVHWSP -
- RNPGBVH - -GEGNE- TEGN- LVIBWEP -
-GPPGGVYV - -MRDIG-DTT-VQLSWSR-
-DPPQSVR- -VMTSVG- EDW- AVLSWEA -
-SYPHBIT- -LLNCD-@HS - MT LEGWKA -
-@GPAYDLT - -VMCEVR-NTS-LVLLWKA -
-GAPMDVK- - - - - CHDAN-RDY -V IV

-GPPTNVH- - - - - ASEIS-KTY-MVL

-GPPQAVR- -VMEVW-ESN-ALLQWEP -
-TTPGTPV- -ATGVT-TVG- ASLEWAA -
-DPPABTPC -ASDIIR-SSS-LTL 8-
-SAPGRVYV - -ATRNT-KTS - MVVQWDK -
-NPPLDLE- -LTBaL-ERS-[IELEBW- V-
-TAPTDVQ- -I|SEMT-ATS-MRLEWSY -
-SAPKLEB- - - - - QMBED-BNS - I KVKL I K-

-5SPS I DQVERY- - - ---- SST-AQVQFDE
-SEGPvaV I I1T---ETPEQ-PNS-HPIQWSA

---PERCNFTLA-ESKAS-SHS-VSIIQWRILG-

-PQPENIK- - - - - ISNIT-HSS-AVIEBWT I - - -
--PQVS|ID-F---AKAVE- ANK- | YLNWTV -
-PEVDNLL - -M/SDAT - PDE - FRL
-PELGNLS- -MSEFG- WDG - FalL
-PDMGNLT - -MTEVS-WDA-LRLNWTT -
-PEVGELT - -MSDIT-PES-FNL T-
-PLLENLT- -1/SDIN-PYB-FTV
-SAPQAV- - -1/SSVMN-ETS-LMLEWTP -
-SAPRNV- - ISNIN-ETS-V I LDWSW-
-SAPRNL- - IFSAS-GTQ-LSLRWEP-
- SAPHYL- - AVGM- GAK - MELRWTP -
YAPLPPLQ- LIELN-AYG-MTLAWPG -
-PPPRBLN- -LLPKS-QTT- LNLEWaP- - - - -
LKPRKELK - -Fl1ELQ-SBD- LEVKWSS - KFN |
- SQPSNFR- -ATDIG-ETA-VTLQWTK
- SEPENVQ- -ADPEN-YTS-LLVEWER-
-TEPPKVR- -LEGRS-TTS-LSVSWS I -
-PAPRHLH - -AQALS - DSE - [IQLTWKH -
-DTPTRLV- -F/SALE-PFTS- LRV E-
- SEPGRLA - -FINVVS - STV - [lQLSWAE -
-SAPGPLV- - - - - FTALS-PDS-LQLSWER
-BRVERFH- - - - - PTDVMQ-PSE- INFEWS L
- SAVS I MH- -QVSRT-VDS-[ITLEWsQ-
-ss/lALVQ- -AKEVT-RYS-VMALAWLE -
-BPPSNIT- -lIRFQT-PDV - LCVEWDP -
-SPPSFLK- -ITNPT-LDS-LTLEWSS -
-SPPRNFS - -VRVLS-PRE-LEVEWLP -
- SPVQBLD- -AYPLG- SSA- FMLHWKK -
-BPPENIS - -ATRNG- SQA - F - VHWQE -
-BAPQNPN- - - - - AKAAG - SRK - I HENWLP
-DAPTNET----- MRQITSSTS-BYMAWTP
-VAPFRVT - -AKAVL - SSE - MDVEBWEP -
-EVPTDVMS- - - - - MKVLS - SSE - [I SVSWHH -
»»»»»» LQPWLEGWHVEG- TDR- LRVSWS L -

QAIPELEG-----1EILN-SSA-VLVKWRP-
-FVPSGBVS IVS- - [IlYNNN- TNC- INVIWNK -
-FTPBKVQNL - - - KSSRK-DKC- 1|1 KN -
-FKPPAVVIT---QSYKD-LLC-VRETWOP -
-FVPAKVMBE - - - NFYER- DNG - [l|Y VEWK R
-FKPAVATS | - - - AYYHQ- DNC- MHVNWK T
-FKPSPVSINS--MYRIN-ESC-VYMEGWLE-
-FTPSTVSIKS--LYSIS-LNC-IHAIWTR-

-FKPPAMF IKS- - ISRHN- ASC-VKILWAR-
-FSPRK/IRKV- - - [IIF YKE - NDC - [ING| 5-
-FSPQRIIRKV- - - KFYKD-NNC- [ING s-
-FSPQKIQNA- - -[IFYKD-NDC- ING IWTR-
-FSPQKIQNA- - -MFYKD-NDG- INGIWTC-
-YTPQNVS- - -IKADS-NGC-.TL S| -
-FKPSKITLTT--BYRMN-ASC-MYLEWHK -

-FNPSLVPGIS-
-FVPSMVSMVS -
-FTPSKVRITS -

-LYR
-LYR

-8YR

N-TSC- INMIWNR -
N-ASC-VRVEWDA -
N-ASG-MYLNWYR-

-FVPSPVSMIS- - LSS¥N-BTC-VRVEWDA -
-YTPIDLK-----FEKKS- IDC-¥NLSWSV -
-FSPSKVMTDF BFAllk-DNC-QIFQWST -
-LTPESVMKNV NSTEK-DEC-MY| EK -
-LSPVQIN- - TMRKVESGC- I DENWSA -
--Allsflik- - LKRK-MDC- [IFFEWTP -
-FKPDQVQlL SVVK-BRC- VKENWKL -
-SLPKPVENF YPMG - GNC- FKFEWLA -
-FTPENVKVT---EAYLK-EQC-MTMRFTT -

-WTPPVWVR- - - - FEIVNMK-ENC- IFL
-SI1PQKIENF---QYAID-DTC-EVL

t

-FTPSNNFNAT--FYY.N-SSC-VYGIENE

Pro at Trp at
beginning end of
of strand A strand B

Alr-specific
conserved
cysteine

Sl

Tyr at
beginning
of strand C

40 501 | 1 60

P--ETFNGQV TG KVMYMTTNSN- - -
RAPV-TD¥LLT¥ES I DG
BK-AVLHQPM- TEFQVTWAEVTT - - -

Tyr at
end
of strand C

' 1‘00 0
--V----DNSELIT
--D----BETTSHT
-LP----ADHYVLT

-PLEKDRNGII-RG HIHAQELRD- - - - -VDTLEEN
-P--KNQNGAI-AG HVFH I HDNQ- - - - - - - - - -ETLIHFE
-BHLQKKYVKM - LMHDVA¥RQEKD- - - -EN- - - - - - - - - - KWTH-------- VNI - - -STKLTLL
EP--YFGDBP I - KSKKLL¥KPVNH- - - ce e AWQH Q=== emmnnnenn SVTNEIMT
LVMS-FSGDEP I - STURLH .- - -TMDWST - s o | = -DPSENMT
-NS- 1 IGDGPI- | LKEVE s e SWTETH-----cseccnmn- - VNAPTN¥K
-PY---FAGI - TH¥KVS I EPPDA - -VLYVEKEBE------------ -PGPAQAA
PT----QGS -TAFKIKMLBLSE- - --N----DNTFaHs
-SSPV-TE RVTIAPKNG-- --6----PDQTEMT
--TPDI-TGYRITHTPTNG- - -ADQSSET
--TET|-TGFQMDA | PAN- - - -PDVRSIT
--SSTI- IGMRITVVAABE - - -ssvay
- -ESPV- TGYRVDM I PVNL - - - -SRNTFAE
--SIEL-TNLLMRMSPVKN- - -PSDNAMV
--NvaL- TEB¥RVRVTPKEK - - -PDSSSMV
- -5 1 SF- DBWELVFRNMQK - - -RPETSIM
----- LAEI-EGIELT¥GPKDV - --5----EDENQ
----- RATI - TG¥R I RHHPENM - --P----PSRNSIT
- -RSRV-DSN¥RVSNYVPIT- - - -GSKTREK
--ENLV-NEMLMTMVPTSS - - -GNQTSAT
- -VAKF-DR --P----VDSTSFI
- -HANI - DN --PK-GBNQATTRAT
--AVTM-RYMRIT --P----BSKSTAT
--RARI-TBN 1K --PR-PRPGVTEAT
----- IAAM - DNN 1 MS
-PP-PDLIDYI-QYMEL I VSESBE- ----VPKVIE-
--RAPI-TB RIVISP-SV- SSTE- -ETANSMT
-SDTV - SGFRVMENMELSEE - EPQY - -STATSMUN
S/I|IECRKMDT - - -KEKSLLN
----- -TDRTRET
------ -KDAKEFT

KGEI-

-PE----SGEF-TE

NDFDIA
SIRMRTDSE- - -

SVRSTEAD

Tyrin

Leu in mi

ddle of

EF loop of strand F

110 | 120
VSEL-TBHAI
LTEL-SPSTQ
VENL - RPSML
----- MTBL-QPDTK
LQNL-RPYTD

----- FKGL- VPGRA
----- lcEl-

-RSNEPVAFF - - DFRDIIAEPGKTENV - | ¥K

FFNL-TAGSK
FSSL-TPGRL
Fval- vPGRL
FHRL - EAGEQ
FEDL - TPGKK
FHSL-KEBGsL
FaNL- LQBRM
FQBL- VPGRK
VYGL- RPGRS
I SDL - RPHRN
I TDM- TKGEK!

RL- EVMQVLTTEG -
S|l -QVAALTRKG -
RV- IMKAFTTKN -
El-KVRSIPDHYF
EL- CVQLVRRGE -
SV - RVQLSRPGE -
E|l - RMLLTRPGE -
NI - SVQEMSEDE -
¥-QAYT |YDBK-
VM- SVYAQNQNG -
NV - SMYTVKDDK -
Kl - HLYTLNDNA -
DI -SMI

EV-SVYALKDTL-
NV - SLHIVKNNT -
EV-TL I 8RRGEDM-

Fil- RMFAILLKNK-
Tl - SLVAEKGRH -
| - GV TAVRQDR -
Tl - TVYAVTGRE-
TH-QV I ALKNNQ-
TL-RVHAVKDAQ-
EF - RVRACSDLT -
NI - Tl YAVEENQ-
TVM-NVYEISEEG-
LV -8 KVQSABM-
SL-SVQAVSKKM-
MA-TVTI¢SGDL-
SGKV -

NI -Al TAVSGEK -
TV-TITERSGKY -

SV-TUTEKSGQY -
Qll -MIASVSESL -
KIl-QILEVSGGL -
SV-VVTEVSGE | -
KM- VIIVIEHSGEL -
VL-WVVIEHSGDL -

F - NVKEVSGDS -

TF-TVVVRSGTE-
Tl - QUNTVSFEY -

-BGEGAWEG - -
-GGTGLPG-

-KGFWS - -
-GGEGH- -

LPP- QAWNAPW- AR| RVQWRPLEE--- -VDAPPVV- - - - - VGEL-PPFSPFQI - RVQAVNBAG - -
--B---FDNHSPI-ARN¥SIEARTLLS- -BNAETAQ- - - - -MVNL- |PWMDYEF - RVLASN I LG- -
-PP-FDEGGMP I - TG¥LMERKKKEGS - - - -FPDTT BTKM- IEGVFYEM- RVFAVNAIG- -
-PK-YSGGSP I - LGY|YIDKREANH- - - - ISRT 1 VEDL - TEDAFYEF - KI AAANVVE - -
-PV-YEGKSPI - TGYLVDMKEVDT - -TSHRYFK MTDL-HQBHT¥VE - KVRAVNDAG - -
PN-TTSQNPV- | G¥FVDKCEVEBL- - - -EN- - - ------ ---VKICKIP ----- MTBL-YEGRSY | F- RVRAVNSAG- -
PV-PREREPL-T-NFIEKSMVES - ---VKSPRMA- - - - - VMFDL-AEGKP VF-RVLIAMKHG--
-PK-DDBNAE| - SBYTVQKADTRT - --RPTRET----- VSEL-VMGNEYRF - RVYBENVCE- -
-I--TDAGSGV—AG ELYRVQETT - -TTAAANI - - - - - LRDL- TPGTANSY - VWKAKDVAG- - - NVSAAS -
-85-YDBGSAV-QSYTVEIWNSVD- -CRSTSEN----- VaDL-QADREYKF - RVRAANVYG- - - - I SEPS- -
-PK-HE--ENL-YGYYID¥sVVESs- - - - INYNRFV- - --- VHEL - EFGEQY | F- RUKAVNAVG- - - - FSENS - -
-PG-EENNSPI-TNFVIE¥EDGLH- - - -@sHTTMQ- - -- - L-KL-SPYVNMSF-RVIAVNEIG- - - -RSQPS - -
-KG- - --PEDL-QY¥VIQ¥KPKNA- - - -NQAF - = = = = = = = = = = - BIITMYMV- - - - - VRAL-SPYTENEF-YMIAVNNIG- - - - RGPPS - -
----DDBGSPI - RHYLVK¥RALSSE-WKPE- - ------------ -SEBSDHVM- - - - - LKSL- DWNAENEV - YMVAENQQG- - - -KS- - - - -
PE-ATGGVP I - LKYKAEWRAMBEEVWHSK- - - - - - - - ---SME@IMT----- IVEBL-KPETT¥AV - RLAALNGKG- - - - LBEIS-------
PE- - --SSH|ll- SK¥MILRWKPKNS - - - -PD- =« ------- --BHLNSMT----- IKGL- RPEVVY¥EG-QL | BVQHYG- - - -QRE- - - - - = - - -
SP---------- CNFSLIISSDTL- -GAALCP- -NTTYBCN- - - - - LQDL-QAGT | ¥NF - RI|| SBLDEERT - - - == - - - - -
-LD----BYSH-SSIT/IR¥KVQEK - NAT ITQ¥Q- - - - - LKGL- EPETA¥QV-DIFAENNIG- - - - SSNPA- -
-N---DEBNDPI-QKFFITLQEAGT - -@BsHTSMI----- LDHF - KENTTMFL-RIVGBKNS 1G- - - - NGBQPT - -
- -DBVF - DSFVLKIRDTKR- -GHERTHD- - - - - ITGL- KEGTEME - ELYGVSSBR- - - -RS--- - -
--DGAI-ENFVIQVQQSDN- -BBQHSVUN- - - - - MTGL-KANTP¥NV-TLYGV IRGY----RT-----
--DET¥-DQFTIQVQEADQ- -BSLRSME- - - - - IPGL-RAGTPY¥TV- TLHBEVRBGH- - - -8T-----
- -NGDF - DAFTIE/l I DSNR- -GNSRTAH- - - - - ISGL-SPSTDF IM- YLYGISHBF - ---RT-----
--ENAF-DSFLVTMVDSBK----LL-=nn-nn--- -8----BTQRKLE----- LRGL- I IGY¥EV-MVSBFTQBH----QT-----
-P--RDSBEREDLVYNI I CKSCBS - -ACTRCE- ----DNMQFAPRQLBLTEPRIY--- - - ISDL- LAHTQMTF - EIQAVNGVT - - - DQSPFS- -
-P--LDTGBGRKDVTEN|l | CKKCBB- - - - SSK------- | CEPCS- - ---DNMRFLPRQTGLTNTTMT - - - - - MVDL- LAHTNMTF - EIIDAVNBVS- - -DLSTLS- -
-P--ADTGGRQDVRY¥SVRCSQCQBTA- -QDBG- - - - - - PcaPc@- ----VBVHFSPBARGLTTPAVH- - - - - VNBL-EPYANNTF - NVEAQNGVS - - -BLESS- - -
-P--QDSGGRED | V¥SMTCEQCW- - - - -PESG- - - - - - ----ASMRYSEPPHGLTRTSMT--- - - MSDL- EPHMNYTE - TMEARNGVS - - - - - - - - - - -
TED------ All-SSETEEBQSLRE-------scecenaeecnnaaaaea-QLAFNM---A----BNHTOQMR- - - - - LAPL-QPKTR¥SC- RLALAYAAT- - - - PGAP I - -
FPS- - DDFYMEVMERRSV - -BNLTSML----- LNNL- HPREQYVV - RARVNTKA- - - - - QBEWS - -
EP---------- VIIVVQRRWN--- QTTDERVQ- - - - - LSD/l - RASRWYQF - RVAAVNVHE- - - - TREFT - -
P--THSSEN[I-VHYELYWNDTYA - - -SNSEANT----- LDGL- YPDTLMY|l - WLAARSQRG- - - -EGATT - -
-PR-VVYDTMI-EKFAVLIQQLDG- -BYaDLBAI----- LNNL- LPNMSMVL-QIVATCTNGL- - - YGKYS - -
-P--PPQQSRV - WK¥EVT¥RKKED - -RTEGFSMT----- LDDL - APDTT¥LV-QVQALTQEG- - - -QBGABS - -
-P--EALPBPI - SK¥YVVEVQVAGE- -RPEETSHI----- IRGL- NASTR¥LF - RMRAS/ 1Q8- - - - - LGDWS - -
-PR---CERPL-QBYSVE¥QLLNG- - -NPAQTSMV----- VEDL - LENHSYVF - RVRAQSQEG- - - - WBRER- -
-P--AETNBE| - TA¥EVC¥GLVND- -NPKNRMLL- - - - - IENL - RESQP¥R¥ - TVKARNBAG- - - - WBPER - -
P--RRPNGD|l - VBYLMTCEMAQE - - --SPESRLT----- VPGL- SENVPYKF - KNQARTTEG- - - - FGPER-- - - - - -
PS-SEANGVI - RQFSIAMTN INNL - - -SEEAF@V----- IKNL-KPGET¥VF - KIQAKTAIG- - - - FBPER-- - - - - -
-P--DQPNBVI - LD¥ELQ¥YEKNL - - -SPTNTMT----- VQNL-KAGT | MVF - QYRARTVAGB- - - - YGRYS - -
-P--DRPNGVI - LE¥EVK¥YEKDQ- - TAARNED- - - - - IKEL-NPLTS¥VF - HYRARTAAG- - - - YGDF S - -
-PTREHRNG I | - TR¥DMQF HKK I D - -MTLRKAV- - - - - FTNL-EENTE¥IF- RVRABITKQB- - - - AGPFS - -
-P--THPNGVL-TS¥ILKFQP INN- -ANESSEI----- LKNL- NMSTR¥KF - YENAQTSVG- - - - SBS- - - -
-P--EQLRSES-VY¥TLHWQQELD- - RREWEAHE -ETABTHR- - - - - LTEI - KPGsBYSL- WQAHATPT- - - -KSNSS- -
-P--LYPNBKL-TE¥KIY¥EEVKE - VBERREYDP - -PRVTRMK=- - - - - MAGL - KENSK¥RI - S| TATTKMG- - - - EGSEH- -
-PR-APLQETL- LG¥RLA¥QEBQDT - - -RQEVTELE----- LOGD-BEVSNLTV - CVAAXTAAG- - - - DGPWS - -
P----- SGKP - MGY|RVKY¥WIQBD - - -SKVPSVME- - - - - LTN- YPYCD¥EM- KMCAYGAQG- - - -EGPYS--- - - - -
VSEESVRBGHF - KG¥K/lQ ENE- - --K----BDTHNAL----- MTQF - KPDSKNYA- R{ILA¥NGRF - - - - NGPPS- - - - - - -
-VEQBDOMTEVL - LEGYE | R¥WKDED - - -GLVTSAH----- MTEL- NPNTKEHV - SYRAMNRAG - - - - AGPPS - -
-MT----EKSV-EGY¥QlR¥WAAHD - - -NQEYSEK- - - - - LENL- KPNTR¥H| - DVSAFNSAG- - - - YGPPS - -
-PL-VPBPLVG-DGFLLRLWDBTR- - -PQARTAL- - - - - LTEL- TPETH¥QL - DVQLMHCTL - - - - LEGPAS - -
-MDLAQVKEHL - -ANTTSMI----- LSGL-RPYSS¥HL - EVQAFNBRE- - - - SGPAS - - -
IYN -TLDRHFTFC-=--=----- IBMKFENWY- TVWASYKBK- - - - NGKMVSSSD- -
-§p--- -SBKVBASFCNSD- - - - - KMPKVNIF-RIVAVSNDTF - KQEGEEE I VTV - -
-ID- - - -DTTVDETYCYNTEISEE- - - INVEYV- RURALYBKQ- - - - FGMWSQRNV - -
ER----TEBNERVMMYEQFBNBAK- - - - - - - e e e e e e VN----TLEBTMMKKCNDA- - - - - VEMQVDSV - TIWGBKYGLK- - - - QGEKFTLVK - -
DD----TENBKVTROBTEINTEINT - - - - - - - e i e e e e e e FE----VTGDTFKNCSQ------ ENLRTHSV- NIRGIYNNQ- - - - REBDKSEDVF - -
-ES--- - I SAMNFVHC- - - - - - - -GLQNARSM - VEWASYKN | - - - - IGKKTNALL- -
-ED- - - -TSKSYFTIC- - - -NLRSRPAFDTIWASYKBL- - - - LGKKHSSST- -
-EK- - - -TSNTYFTMC- ---TQLNIfsV-BIWATHKBE---- IGDITVDRI - -
-EB- - - -TSDTH¥AVC- ---NISNVSSV-VIWASYRNK- - - - YGQRTKVN I - -
-EA--- -TSDTH¥AVC- ---NIFNVESM- VIIWASYKNN- - - - YBQKAKVN I - -
-EA--- -TTHTYYAVC- - - -NVLNAS[YV - FNWASYKNK- - - - YGEK IKINA- -
-EA----TBNGVLNMHEQFEBBRY - - - = = - - === ccececmammccaanncnnnnn. -STHTYNMAVC- ---NVLNASYVM-FIWASYKNK- - - - YGEK I K INA- -
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Fig. S21. Multiple sequence alignment of Fn3 domains and the Alr ECS fold.

Alr ECS sequences were aligned to Fn3 domains from pfam. Residues in the alignment
are highlighted by sequence conservation and chemical property with CLUSTALX colors
as implemented in Jalview. The positions of residues typically conserved across Fn3
domains are shown above and below the alignment. The position of invariant cysteine
residues is shown in red-orange lettering.
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Fig. S22. Sequence logo showing residues at conserved positions within Fn3 domains
(top) and the ECS fold (bottom).

36



it hum!ﬂ!m;s

12 123 123 12
1 2 4 6 7 9 16 17 21 27 28 29 30 34 35 36 37 38

(1

3 11 12A12B 18 19 31 33 8 15 23

l
IR
RERRRREI

peptide = transmembrane

.V—set Ig . l-set Ig Fn3-like || ITAM [ ITIM | chain helix
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Table S1. Overlap coordinates of genomic contigs and BAC contigs used to create

reference ARC-F sequence.

Genome BAC contigs

Assembly

ID (length) start stop ID (length) start stop
utg0000000001 687,083 1 bc194 1 684,144
(5,049,836 bp) (1,225,536 bp)

utg0000000021 174 442,144 bc194 783,992 1,225,536
(2,644,760 bp) (1,225,536 bp)

utg0000000021 1,005,148 1,590,913 bcl8 1 586,384
(2,644,760 bp) (586,384 bp)

utg0000000121 386,059 170,371 bc28 1 214,692
(601,649 bp) (214,692 bp)

utg0000000688 88,750 244 bcO5S0N15 1 88,530
(716,359 bp) (147,919 bp)

utg0000000026 2,719,577 2,666,436 bcO50N15 94,782 147,919
(2,721,327 bp) (147,919 bp)

utg0000000026 2,661,684 2,138,742 bcl74 1 522,055
(2,721,327 bp) (522,055 bp)

utg0000000026 1,818,447 1,610,954 bc29 1 207,512

(2,721,327 bp)
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Table S2. Gene models classified as Alr pseudogenes

Gene model name Expression Reason for classifying as a pseudogene

Alr2p2.1 yes Partial duplication of exons 1-4 of Alr2. Frame-shift in exon 3
leading to premature stop codons in exon 3.

Alr2p2.2 yes Partial duplication of exons 1-5 of Alr2. Frame-shift in exon 3
leading to premature stop codons in exon 3.

Alr05p yes No evidence of splicing between exons 2-3.

Alr10 yes Improper splicing of exon 4 to downstream exons introduces
stop codon in transcript.

Alr12C no Stop codon in exon 2.

Alrl3 no Stop codon in exon 1.

Alrldp no No evidence of expression or exon encoding signal peptide.

Alr20p Yes No evidence of expression or splicing between exons 1 and 2.
No evidence of exon encoding a signal peptide.

Alr22p no No evidence of expression or exon encoding signal peptide.

Alr24p yes A few reads map to exons 2-3. No evidence of exon encoding a
signal peptide.

Alr25p yes A few reads map to exons 2-5. No evidence of exon encoding a
signal peptide.

Alr26p yes No open reading frame. No evidence of exon encoding a signal
peptide. No splicing between exon 2-3.

Alr32p no Only three exons, which have sequence similarity to Alr31, but

are not expressed.
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Table S3. Sequence homology of Domain 1

Protein®  Domain HMMER search of pfam HHpred search of SCOPe
Accession description e-value® Accession SCOPe Family probability®
Alrl D1 ds5121b b.1.1.1: V set domains 96.4
Alr2 D1 PF07686.17 V-set 0.0012 d5e56a b.1.1.1: V set domains 95.8
Alr3 D1
Alrd D1 d5my6bl b.1.1.1: V set domains 96.5
Alr6 D1 d5my6bl b.1.1.1: V set domains 96.5
Alr7 D1 ds121b b.1.1.1: V set domains 96.0
Alr8 Dla¢ d5my6bl b.1.1.1: V set domains 95.7
Alr8 DI1b® d2esvel b.1.1.1: V set domains 96.0
Alr9 D1 d5my6bl b.1.1.1: V set domains 96.1
Alrl1 D1 d5Smy6bl b.1.1.1: V set domains 96.7
Alrl12A D1 d4n8pal b.1.1.1: V set domains 96.6
Alr12B D1 d5Smy6bl b.1.1.1: V set domains 96.9
Alrl5 D1
Alrl6 D1 d5Smy6bl b.1.1.1: V set domains 96.9
Alrl7 D1 d5my6bl b.1.1.1: V set domains 97.1
Alrl8 D1 d5my6bl b.1.1.1: V set domains 97.0
Alr19 D1 d5my6bl b.1.1.1: V set domains 96.4
Alr21 D1 PF07686.17 V-set 0.0012 d5my6bl b.1.1.1: V set domains 96.8
Alr23 D1 d5my6bl b.1.1.1: V set domains 96.9
Alr27 D1
Alr28 D1 PF07686.17 V-set 1.40E-04 d5004f1 b.1.1.1: V set domains 95.3
Alr29 D1 PF07686.17 V-set 8.10E-05 dlyjdcl b.1.1.1: V set domains 95.5
Alr30 D1 PF07686.17 V-set 0.0031 d5e56a b.1.1.1: V set domains 95.0
Alr31 D1 PF17711.1 DUF5556 0.0097
Alr33 D1
Alr34 D1 dlc5dbl b.1.1.1: V set domains 88.8
Alr35 D1 PF07686.17 V-set 1.00E-04 d5004f1 b.1.1.1: V set domains 93.9
Alr36 D1 d5Smy6bl b.1.1.1: V set domains 93.4
Alr38 D1 d5my6bl b.1.1.1: V set domains 69.5
2 proteins encoded by bona fide genes in blue, putative genes in red d this is the membrane-distal domain with homology to other domain 1 sequences
bsignificance cutoff = 0.01 ¢ this is the membrane-proximal domain with homology to other domain 1 sequences

¢ probability of homology; values <50% not shown; values >95% shaded in green



Table S4. Predicted structural homology for domain 1

Protein®  Domain Colabfold DALI Top Structural Alignment PDBeFold
pIDDT PDB o score®  RMSD  %ip | Pomain PDB | o score | RMSD | %p | Pomain
score accession Type accession Type
Alrl D1 97.4 7kqvE 15.2 1.9 10 V-set 5uoeN 0.6356 1.589 9.9 V-set
Alr2 D1 90.5 30aiA 15.1 2.1 20 V-set 3m45C 0.6243 1.663 14.7 V-set
Alr3 D1 95.2 3udwD 14.8 1.9 14 V-set 3udwD 0.6095 1.565 14.6 V-set
Alr4 DI 92.7 5imkA 14.4 1.8 16 V-set 2iceT 0.6337 1.708 16.5 V-set
Alr6 D1 97.0 603bE 15.7 1.5 14 V-set 5immA 0.6647 1.695 13.6 V-set
Alr7 D1 92.5 2iceS 14.9 2.1 11 V-set 1neuA 0.554 1.923 15.1 V-set
Alr8 Dla' 94.7 2iceT 15.2 2.1 13 V-set 5immA 0.6055 1.874 13.5 V-set
Alr8 D1b® 89.3 5imkA 13.5 2.1 11 V-set SimmA 0.5658 1.875 12.3 V-set
Alr9 D1 96.9 603bE 14.7 1.5 11 V-set 6krzG 0.6162 1.581 13.3 V-set
Alrll D1 96.7 603bE 15.7 1.6 14 V-set 2iceS 0.663 1.634 16.7 V-set
Alrl2A DI 95.4 5imkA 14.7 1.8 15 V-set 2pndA 0.6482 1.708 15.1 V-set
Alrl2B DI 92.8 5imkA 14.9 2 16 V-set 2iceT 0.6412 1.748 15.9 V-set
Alrl5 D1 85.6 6bj2D 14 2.1 15 V-set 1u3hE 0.5279 1.952 14.0 V-set
Alrl6 D1 95.7 2iceT 14.6 2.1 10 V-set 2iceT 0.6332 1.802 10.9 V-set
Alrl7 D1 95.5 2iceS 15 2.1 11 V-set 2iceT 0.6197 1.879 11.7 V-set
Alrl8 D1 95.7 3qi9D 14.9 1.8 10 V-set 60oppL 0.612 1.515 16.2 V-set
Alr19 D1 97.3 1tvdB 15.3 2.2 9 V-set 5uoeN 0.6353 1.59 99 V-set
Alr21 D1 95.0 6j82C 14.4 2 13 V-set 6j8hC 0.6408 1.795 11.7 V-set
Alr23 D1 95.9 2pndA 15.3 1.7 11 V-set 5immA 0.6338 1.668 12.2 V-set
Alr27 D1 84.2 2f53D 14.1 2 9 V-set 1u3hE 0.5468 1.754 11.2 V-set
Alr28 D1 80.6 5Sm2wB 14 2.1 9 V-set 3ucrA 0.5733 1.817 19.2 V-set
Alr29 D1 88.7 2iceT 17.1 1.6 10 V-set 2iceT 0.7063 1.569 11.0 V-set
Alr30 D1 92.8 30aiA 15.8 2 19 V-set 60l7L 0.6295 1.419 19.4 V-set
Alr31 DI 86.7 2iceT 14.2 2 13 V-set 2ptvA 0.6401 1.586 11.8 V-set
Alr33 D1 84.3 6dleB 12.6 1.6 11 Ig domain 6argA 0.5361 1.811 13.4 V-set
Alr34 D1 95.7 5imkA 15 24 20 V-set 6viaC 0.6021 2.113 20.5 V-set
Alr35 D1 93.5 1tvdA 16.7 22 15 V-set 3b9kA 0.639 1.771 12.7 V-set
Alr36 DI 92.9 6fr6B 15.3 1.9 13 V-set 3udwA 0.6006 1.884 14.9 V-set
Alr38 D1 93.4 5imlA 15.8 22 16 V-set 2iccA 0.6086 1.944 16.1 V-set

2 bona fide genes in blue, putative genes in red
b predicted local-distance difference test score; >90 considered highly accurate
¢ Z-score between 8-20 indicates probable homology between query and hit

d

as annotated in the PDB (rcsb.org)

¢ Q-score = 1 are identical alignments; >0.5 are considered to have homologous structures
f this is the membrane-distal domain with homology to other domain 1 sequences in Alr8
€ this is the membrane-proximal domain with homology to other domain 1 sequences in Alr8
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Table S5. Sequence homology for Domain 2 and 3

Protein®  Domain HMMER search of pfam HHpred search of SCOPe
Accession description e-value® Accession SCOPe family probability”

Alrl D2 PF07679.16 I-set 3.30E-05 d1biha3 b.1.1.4: I-set domains 97.6
Alr2 D2 PF13927.6 Ig 3 0.0002 dlbiha3 b.1.1.4: I-set domains 99.0
Alr2 D3 PF07679.16 I-set 0.0023 d1biha3 b.1.1.4: I-set domains 96.7
Alr3 D2 d1biha3 b.1.1.4: I-set domains 96.6
Alrd D2 d1biha3 b.1.1.4: I-set domains 98.7
Alr6 D2 PF07679.16 I-set 1.70E-05 d1biha3 b.1.1.4: I-set domains 97.0
Alr7 D2 PF07679.16 I-set 8.80E-05 d1x44al b.1.1.4: I-set domains 99.3
Alr8 D2a? PF07679.16 I-set 0.0024 d1biha3 b.1.1.4: I-set domains 97.4
Alr8 D2b® PF07679.16 I-set 2.20E-07 d1biha3 b.1.1.4: I-set domains 98.1
Alr9 D2 d1biha3 b.1.1.4: I-set domains 97.4
Alrl 1 D2 PF07679.16 I-set 0.0034 d1biha3 b.1.1.4: I-set domains 97.1
Alr12A D2 PF13927.6 Ig 3 0.0028 dlbiha3 b.1.1.4: I-set domains 97.0
Alr12B D2 PF13927.6 Ig 3 0.0024 d1biha3 b.1.1.4: I-set domains 97.2
Alrl5 D2 d1biha3 b.1.1.4: I-set domains 84.9
Alrl6 D2 PF07679.16 I-set 0.0021 d1biha3 b.1.1.4: I-set domains 97.4
Alrl8 D2 PF07679.16 I-set 3.50E-06 d1biha3 b.1.1.4: I-set domains 97.4
Alr19 D2 PF07679.16 I-set 2.50E-06 d1biha3 b.1.1.4: I-set domains 97.4
Alr21 D2 PF07679.16 I-set 8.10E-05 d1biha3 b.1.1.4: I-set domains 97.6
Alr23 D2 PF07679.16 I-set 0.0005 d1biha3 b.1.1.4: I-set domains 97.5
Alr27 D2

Alr28 D2 PF07679.16 I-set 0.0076 dlvcaa2 b.1.1.4: I-set domains 97.4
Alr29 D2 dIncual b.1.1.4: I-set domains 85.2
Alr30 D2 PF13927.6 Ig 3 0.00027 d1biha3 b.1.1.4: I-set domains 97.8
Alr30 D3 d1biha3 b.1.1.4: I-set domains 96.9
Alr31 D2 dIncual b.1.1.4: I-set domains 87.2
Alr33 D2 dliray3 b.1.1.4: I-set domains 54.4
Alr34 D2 d1biha3 b.1.1.4: I-set domains 97.1
Alr35 D2 PF07679.16 I-set 0.0066 dlkoaal b.1.1.4: I-set domains 89.8
Alr36 D2 d1biha3 b.1.1.4: I-set domains 97.4
Alr37 D2 d1biha3 b.1.1.4: I-set domains 78.7
Alr38 D2 dliray3 b.1.1.4: I-set domains 54.7

2 proteins encoded by bona fide genes in blue, putative genes in orange d this is the membrane-distal domain with homology to other domain 1 sequences
bsignificance cutoff = 0.01 ¢ this is the membrane-proximal domain with homology to other domain 1 sequences

¢ probability of homology; values <80% not shown; values >95% shaded in green



Table S6. Predicted structural homology for domains 2 and 3

Protein®  Domain Colabfold DALI Top Structural Alignment PDBeFold Top Structural Alignment

pIDDT PDB Z-score®  RMSD  %p | Pomain PDB O-score | RMSD | %ip | Domain

score accession Type accession Type
Alrl D2 95.1 2rjmA 12.9 1.7 19 I-set 3qp3B 0.5999 1.5 16 I-set
Alr2 D2 93.7 lu2hA 12.4 1.7 16 I-set lu2hA 0.6237 1.6 16 I-set
Alr2 D3 90.9 6efyA 12.9 1.5 23 I-set 3gp3C 0.6663 1.3 15 I-set
Alr3 D2 88.2 2rikA 12.7 1.8 11 I-set 6h41A 0.6153 1.7 13 I-set
Alrd D2 94 .4 2j8hA 13.2 1.4 18 I-set 3pucA 0.6466 1.3 15 I-set
Alr6 D2 93.9 2rjmA 12.2 1.7 15 I-set 6h41A 0.6019 1.5 12 I-set
Alr7 D2 92.1 2rjmA 13.0 1.5 16 I-set 4uowK 0.6176 1.5 16 I-set
Alr8 D2a 88.0 2rjmA 13.4 1.8 21 I-set lu2hA 0.6517 1.5 18 I-set
Alr8 D2b 92.5 2rjmA 13.6 1.4 16 I-set 6h41A 0.6649 1.4 17 I-set
Alr9 D2 81.1 4pgzA 10.5 2.6 16 I-set 31918 0.5011 2.3 12 I-set/C2-set
Alrll D2 88.2 2illA 12.1 1.6 21 I-set 1gicB 0.5566 1.7 19 I-set
Alr12A D2 88.4 3pucA 12.9 1.6 10 I-set lglcA 0.5729 1.7 23 I-set
Alr12B D2 85.7 40f8B 12.0 2.1 13 [-set/C2-set | 2wwmT 0.5027 2.1 22 I-set
Alrl5 D2 92.6 40f8B 10.8 2.1 12 I-set/C2-set 3rghB 0.5252 2.0 5 filamin
Alrl6 D2 85.9 4uow5 11.5 2.1 19 I-set 3918 0.4915 2.4 8 [-set/C2-set
Alrl8 D2 89.4 2rjmA 13.1 1.7 24 I-set 4uowG 0.6208 1.6 22 I-set
Alr19 D2 92.6 2rjmA 12.1 1.8 23 I-set lglcA 0.588 1.5 23 I-set
Alr21 D2 87.5 6efyA 12.9 2.0 12 I-set 6h41A 0.6162 1.5 8 I-set
Alr23 D2 92.2 4pgzB 11.6 2.3 14 I-set 6h41A 0.5576 1.8 19 I-set
Alr27 D2 92.4 3sbwC 10.7 2.3 14 [-set/C2-set | 4uowB 0.4968 1.8 14 I-set
Alr28 D2 91.8 4pgzB 13.0 1.9 16 I-set 6h41A 0.6368 1.3 16 I-set
Alr29 D2 86.9 40f8B 10.6 2.2 15 [-set/C2-set | 2wwkT 0.493 1.8 16 I-set
Alr30 D2 90.4 1u2hA 12.9 1.6 23 I-set 1u2hA 0.6853 1.4 24 I-set
Alr30 D3 92.1 2fdbP 12.3 1.8 12 I-set 4uowE 0.5936 1.7 12 I-set
Alr31 D2 84.0 3dmkC 11.4 2.4 13 I-set 6h41A 0.5577 1.7 15 I-set
Alr33 D2 89.0 6pvoA 10.4 2.2 7 I-set/C2-set 2kdgA 0.5145 1.8 21 I-set
Alr34 D2 93.4 2j8hA 12.8 1.5 20 I-set 3pucA 0.6343 1.5 17 I-set
Alr35 D2 95.5 3dmkC 12.4 23 15 I-set 6h41A 0.5833 1.9 16 I-set
Alr36 D2 90.0 2rikA 13.4 1.7 19 I-set 6h41A 0.6571 1.4 13 I-set
Alr37 D2 92.6 4uowR 10.9 2.2 13 I-set 4uowN 0.5459 1.9 12 I-set
Alr38 D2 91.7 2rikA 12.5 1.7 16 I-set lu2hA 0.6147 1.4 17 I-set

 bona fide genes in blue, putative genes in red
bpredicted local-distance difference test score; >90 considered highly accurate
¢ Z-score between 8-20 indicates probable homology between query and hit

4 as annotated in the PDB (rcsb.org)

¢ Q-score = 1 are identical alignments; >0.5 are considered to have homologous structures

f this is the membrane-distal domain with homology to other domain 1 sequences in Alr8
¢ this is the membrane-proximal domain with homology to other domain 1 sequences in Alr8
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https://www.rcsb.org/structure/4of8
https://rcsb.org/structure/3rgh
https://www.rcsb.org/structure/4uow
https://rcsb.org/structure/3j9f
https://www.rcsb.org/structure/2rjm
https://rcsb.org/structure/4uow
https://www.rcsb.org/structure/2rjm
https://rcsb.org/structure/1g1c
https://www.rcsb.org/structure/6efy
https://rcsb.org/structure/6h4l
https://www.rcsb.org/structure/4pgz
https://rcsb.org/structure/6h4l
https://www.rcsb.org/structure/3sbw
https://rcsb.org/structure/4uow
https://www.rcsb.org/structure/4pgz
https://rcsb.org/structure/6h4l
https://www.rcsb.org/structure/4of8
https://rcsb.org/structure/2wwk
https://www.rcsb.org/structure/1u2h
https://rcsb.org/structure/1u2h
https://www.rcsb.org/structure/2fdb
https://rcsb.org/structure/4uow
https://www.rcsb.org/structure/3dmk
https://rcsb.org/structure/6h4l
https://www.rcsb.org/structure/6pv9
https://rcsb.org/structure/2kdg
https://www.rcsb.org/structure/2j8h
https://rcsb.org/structure/3puc
https://www.rcsb.org/structure/3dmk
https://rcsb.org/structure/6h4l
https://www.rcsb.org/structure/2rik
https://rcsb.org/structure/6h4l
https://www.rcsb.org/structure/4uow
https://rcsb.org/structure/4uow
https://www.rcsb.org/structure/2rik
https://rcsb.org/structure/1u2h

Table S7. Sequence homology of the ECS fold

Protein® Domain HMMER search of pfam HHpred search of SCOPe
Accession description e-value® Accession SCOPe family Probability”
Alrl ECS dl1j8ka b.1.2.1: Fibronectin type III 88.1
Alr2 ECS d1fyhbl b.1.2.1: Fibronectin type I1I 84.7
Alr3 ECS d3s9dbl1 b.1.2.1: Fibronectin type III 76.6
Alr4 ECS
Alr6 ECS dl1j8ka b.1.2.1: Fibronectin type III 88.9
Alr7 ECS dlfnfal b.1.2.1: Fibronectin type I1I 79.7
Alr8 ECSa® dl1j8ka b.1.2.1: Fibronectin type III 85.1
Alr8 ECSb’
Alr9 ECS dl1j8ka b.1.2.1: Fibronectin type III 81.6
Alrl1 ECS dl1j8ka b.1.2.1: Fibronectin type III 82.4
Alr12A ECS dl1j8ka b.1.2.1: Fibronectin type III 81.3
Alr12B ECS dl1j8ka b.1.2.1: Fibronectin type III 80.2
Alrl5 ECS
Alrl6 ECS dl1j8ka b.1.2.1: Fibronectin type I1I 85.2
Alrl8 ECS dl1j8ka b.1.2.1: Fibronectin type III 87.8
Alr19 ECS dl1j8ka b.1.2.1: Fibronectin type III 87.8
Alr21 ECS dl1j8ka b.1.2.1: Fibronectin type III 82.0
Alr23 ECS dlfnfal b.1.2.1: Fibronectin type III 79.8
Alr27 ECS
Alr28 ECS d1fyhbl b.1.2.1: Fibronectin type I1I 75.6
Alr29 ECS
Alr30.1 ECS d1fyhbl b.1.2.1: Fibronectin type I1I 70.9
Alr30.3 ECS d1fyhbl b.1.2.1: Fibronectin type III 82.4
Alr31 ECS d3d85d3 b.1.2.1: Fibronectin type III 56.8
Alr33 ECS PF07403.13 DUF1505 0.0013
Alr34 ECS
Alr35 ECS
Alr36 ECS dlfnfal b.1.2.1: Fibronectin type I1I 80.8
Alr37 ECS dlfnfal b.1.2.1: Fibronectin type III 74.3
Alr38 ECS d2gysa2 b.1.2.1: Fibronectin type I1I 60.5
2 proteins encoded by bona fide genes in blue, putative genes in red d this is the membrane-distal domain with homology to other domain 1 sequences
bsignificance cutoff=0.01 ¢ this is the membrane-proximal domain with homology to other domain 1 sequences

¢ probability of homology; values <50% not shown; values >95% shaded in green



Table S8. Predicted structural homology for the immunoglobulin-like fold in the ECS

Protein®  Domain Colabfold DALI Top Structural Alignment PDBeFold Top Structural Alignment

pIDDT PDB Z-score®  RMSD  %Ip  Domain PDB O-score®  RMSD % Ip ~ Domain

score accession Type accession Type
Alrl ECS 90.0 6h41A 11.4 1.8 13 Fn3 7jguA 0.5781 1.5 16 Fn3
Alr2 ECS 95.6 5fh8A 12.9 1.5 22 Fn3 5dcOA 0.6019 1.6 12 Fn3
Alr3 ECS 94.1 5fn6A 12.4 1.7 10 Fn3 5n48D 0.5855 1.8 8 Fn3
Alr4 ECS 95.4 7e9iB 12.7 1.8 15 Fn3 7jgtA 0.5270 2.0 13 Fn3
Alr6 ECS 94.0 7e9kD 13.2 1.4 16 Fn3 1jrhl 0.5330 1.6 5 Fn3
Alr7 ECS 90.0 5fn6A 12.2 1.7 9 Fn3 5n48D 0.5501 1.9 10 Fn3
Alrg&® ECSa 91.1 7e9iB 13.0 1.5 14 Fn3 2rb8A 0.5490 2.2 10 Fn3
Alrg" ECSb 92.1 5fh6A 13.4 1.8 10 Fn3 2rb8A 0.5852 1.8 6 Fn3
Alr9 ECS 94.7 5fn8A 13.6 1.4 16 Fn3 7jguA 0.5956 1.6 16 Fn3
Alrl1 ECS 95.1 5fh8A 10.5 2.6 18 Fn3 ltenA 0.5988 1.7 11 Fn3
Alr12A ECS 95.3 5fn8A 12.1 1.6 14 Fn3 7jguA 0.5975 1.6 12 Fn3
Alr12B ECS 94.2 5x83B 12.9 1.6 9 Fn3 7jguA 0.5947 1.6 11 Fn3
Alrl5 ECS 93.9 2geeA 12.0 2.1 10 Fn3 3rzwA 0.6084 1.6 8 Fn3
Alrl6 ECS 93.7 5fn6A 10.8 2.1 13 Fn3 ItenA 0.5925 1.8 6 Fn3
Alrl8 ECS 93.1 6h41A 11.5 2.1 8 Fn3 7jguA 0.6015 1.6 12 Fn3
Alr19 ECS 94.5 5fh6A 13.1 1.7 14 Fn3 7jguA 0.5960 1.7 14 Fn3
Alr21 ECS 93.9 5fth6A 12.1 1.8 13 Fn3 5n48D 0.5829 1.9 10 Fn3
Alr23 ECS 84.7 6xfiA 12.9 2.0 15 Fn3 4wtwB 0.5724 1.6 18 Fn3
Alr27 ECS 94.3 2geeA 11.6 2.3 13 Fn3 S50c7B 0.6465 1.7 15 Fn3
Alr28 ECS 92.4 3tIwA 10.7 2.3 11 Fn3 5n48D 0.6033 1.9 12 Fn3
Alr30.1 ECS 88.2 3tIwA 13.0 1.9 14 Fn3 4AwtwA 0.5870 1.8 14 Fn3
Alr30.3 ECS 85.9 6mojB 10.6 2.2 12 Fn3 5n06A 0.4340 2.2 15 Fn3
Alr31 ECS 924 5tn8B 12.9 1.6 12 Fn3 5dc0A 0.5683 2.0 7 Fn3
Alr33 ECS 89.6 3tIwA 12.3 1.8 10 Fn3 2rb8A 0.6074 2.0 10 Fn3
Alr34 ECS 92.3 5n48D 11.4 2.4 7 Fn3 5dcOA 0.5811 2.0 7 Fn3
Alr35 ECS 96.5 5n48D 10.4 2.2 7 Fn3 5n48B 0.6154 1.9 7 Fn3
Alr36 ECS 93.1 5fh8B 12.8 1.5 8 Fn3 7jguA 0.5872 1.7 20 Fn3
Alr37 ECS 92.0 5n48D 12.4 23 9 Fn3 5n48D 0.5964 1.9 10 Fn3
Alr38 ECS 92.2 5n48D 13.4 1.7 11 Fn3 5n48D 0.6182 1.8 9 Fn3

2 bona fide genes in blue, putative genes in red
b predicted local-distance difference test score; >90 considered highly accurate
¢ Z-score between 8-20 indicates probable homology between query and hit

d

as annotated in the PDB (rcsb.org)

¢ Q-score = 1 are identical alignments; >0.5 are considered to have homologous structures
f this is the membrane-distal domain with homology to other domain 1 sequences in Alr8
€ this is the membrane-proximal domain with homology to other domain 1 sequences in Alr8


https://www.rcsb.org/structure/6h41
https://rcsb.org/structure/7jgu
https://www.rcsb.org/structure/5fn8
https://rcsb.org/structure/5dc0
https://www.rcsb.org/structure/5fn6
https://rcsb.org/structure/5n48
https://www.rcsb.org/structure/7e9j
https://rcsb.org/structure/7jgt
https://www.rcsb.org/structure/7e9k
https://rcsb.org/structure/1jrh
https://www.rcsb.org/structure/5fn6
https://rcsb.org/structure/5n48
https://www.rcsb.org/structure/7e9j
https://rcsb.org/structure/2rb8
https://www.rcsb.org/structure/5fn6
https://rcsb.org/structure/2rb8
https://www.rcsb.org/structure/5fn8
https://rcsb.org/structure/7jgu
https://www.rcsb.org/structure/5fn8
https://rcsb.org/structure/1ten
https://www.rcsb.org/structure/5fn8
https://rcsb.org/structure/7jgu
https://www.rcsb.org/structure/5x83
https://rcsb.org/structure/7jgu
https://www.rcsb.org/structure/2gee
https://rcsb.org/structure/3rzw
https://www.rcsb.org/structure/5fn6
https://rcsb.org/structure/1ten
https://www.rcsb.org/structure/6h41
https://rcsb.org/structure/7jgu
https://www.rcsb.org/structure/5fn6
https://rcsb.org/structure/7jgu
https://www.rcsb.org/structure/5fn6
https://rcsb.org/structure/5n48
https://www.rcsb.org/structure/6xfi
https://rcsb.org/structure/4wtw
https://www.rcsb.org/structure/2gee
https://rcsb.org/structure/5oc7
https://www.rcsb.org/structure/3t1w
https://rcsb.org/structure/5n48
https://www.rcsb.org/structure/3t1w
https://rcsb.org/structure/4wtw
https://www.rcsb.org/structure/6moj
https://rcsb.org/structure/5n06
https://www.rcsb.org/structure/5fn8
https://rcsb.org/structure/5dc0
https://www.rcsb.org/structure/3t1w
https://rcsb.org/structure/2rb8
https://www.rcsb.org/structure/5n48
https://rcsb.org/structure/5dc0
https://www.rcsb.org/structure/5n48
https://rcsb.org/structure/5n48
https://www.rcsb.org/structure/5fn8
https://rcsb.org/structure/7jgu
https://www.rcsb.org/structure/5n48
https://rcsb.org/structure/5n48
https://www.rcsb.org/structure/5n48
https://rcsb.org/structure/5n48

Table S9. Structural predictions of tandem I-set and Fnlll-like domains

Protein?® Tandem Domains Colabfold
I-set/Fnlll-like pIDDT score’
Alrl D2-ECS 92.2
Alr2 D3-ECS 92.5
Alr3 D2-ECS 89.8
Alr4 D2-ECS 95.2
Alr6 D2-ECS 93.6
Alr7 D2-ECS 92.7
Alr8 D2a-ECSa 91.4
Alr8 D2b-ECSb 92.9
Alr9 D2-ECS 92.0
Alrl1 D2-ECS 93.7
Alr12A | D2-ECS 92.6
Alr12B | D2-ECS 93.2
Alrl5 D2-ECS 76.7
Alr16 D2-ECS 91.9
Alr18 D2-ECS 92.3
Alr19 D2-ECS 94.7
Alr21 D2-ECS 92.5
Alr23 D2-ECS 85.0
Alr27 D2-ECS 91.7
Alr28 D2-ECS 90.0
Alr30 D3-ECS 87.6
Alr31 D2-ECS 74.2
Alr33 D2-ECS 87.3
Alr34 D2-ECS 88.2
Alr35 D2-ECS 95.7
Alr36 D2-ECS 93.9
Alr37 D2-ECS 86.4
Alr38 D2-ECS 88.0

2 bona fide genes in blue, putative genes in red
b predicted local-distance difference test score; values >90 are considered highly accurate
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(Note: All Datasets are plain text files)

Dataset S1.

Dataset S2.

Dataset S3.

Dataset S4.
Dataset S5.

Dataset S6.
Dataset S7.

Dataset S8.

Dataset S9.

Dataset S10.

Dataset S11.

Dataset S12.

Dataset S13.

Dataset S14.
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FASTA formatted sequence of the ARC-F reference. Two gaps of
unknown physical size are denoted with N’s.

GFF3-formatted annotations of Alr genes in the ARC-F reference
sequence.

FASTA formatted sequence of contig utg7180000000456, which
contains Alr37.

GFF3-formatted annotation of Alr37 on contig utg7180000000456.

FASTA-formatted sequence of contig utg7180000000115, which
contains Alr38.

GFF3-formatted annotation of Alr38 on contig utg7180000000115

FASTA-formatted cDNA sequences of bona fide genes in the Alr
gene family.

FASTA-formatted amino acid sequences of Alr proteins encoded by
bona fide genes.

FASTA-formatted cDNA sequences of putative genes in the Alr gene
family.

FASTA-formatted amino acid sequences of Alr proteins encoded by
putative genes.

FASTA-formatted MAFFT alignment of amino acid sequences for
domain 1 from bona fide and putative Alr genes.

FASTA-formatted MAFFT alignment of amino acid sequences for
domains 2 and 3 from bona fide and putative Alr genes.

FASTA-formatted MAFFT alignment of amino acid sequences for the
ECS from bona fide and putative Alr genes.

FASTA-formatted amino acid sequences of the trimmed ECS used
for structural predictions and alignment to fibronectin lll domains.
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