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Figure S1. Alternate phylogenetic trees with color coded taxa: “fish” (blue), 
lissamphibians (purple), mammals (brown), non-dinosaurian reptiles (green), dinosaurs 
(gold). The extinct species, Mammut and Tyrannosaurus, are bolded. (A) Maximum 
likelihood tree generated in PhyML v2.4.5(Guindon and Gascuel 2003) including only 



 
 

the extant species of this study (see below) with branches supported by the approximate 
likelihood-ratio test (Anisimova and Gascuel 2006). (B) A second maximum likelihood 
tree including sequences from Mammut and Tyrannosaurus.  (C) 50% majority-rule 
consensus of 4 most-parsimonious ultrametric trees (consistency index: 0.756) generated 
in PAUP* v4.0b10  (Swofford 2003) using maximum parsimony, with bootstrap values 
supporting branches (500 replicates).  (D) Neighbor joining tree generated in MEGA v 
4.0 supported by an interior branch test - 500 bootstrap replicates (Tamura, Dudley et al. 
2007). 
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Figure S2. Posterior distribution statistics from the Bayesian phylogenetic analysis 
visualized in the program Tracer v1.4 (Rambaut and Drummond 2007) with graphs 
generated using JMP v6.03 (SAS_Institute 2006).  (A)Trace of the posterior parameter 
log likelihoods demonstrate converged stationary phases for runs one and two (Bayes 
Factor=0.374, calculated in Tracer). (B) Posterior distribution of amino acid models 
shows that model 2 (Dayhoff) best fits the data (SD=0).  (B) Posterior distribution of tree 
length (mean=1.75, SD=0.04; the center box in the outlier box plot represents the 
interquartile range).  
 
 
 
Materials and Methods 

Acquisition of collagen sequences from extant organisms 



 
 

Full length collagen α1(I) protein sequences were obtained from the NCBI non-
redundant protein database or the ENSEMBL genome browser for the following 
organisms (including corresponding accession numbers – ENSEMBL numbers begin 
with “EN”): chicken P02457 (Gallus gallus), African clawed frog NP_001080821 
(Xenopus laevis), Bullfrog BAA29028 (Rana catesbeiana), Japanese newt BAA36973 
(Cynops pyrrhogaster), rainbow trout BAB55661 (Oncorhynchus mykiss), zebra fish 
ENSDARP00000003177 (Danio rerio), skate BAD98524 (Raja kenojei), flounder 
BAD77968 (Paralichthys olivaceus), Norway rat ENSRNOP00000005311 (Rattus 
norvegicus), mouse ENSMUSP00000001547 (Mus musculus), rhesus monkey 
ENSMMUP00000001955 (Macacaca mulatta), dog ENSCAFP00000025056 (Canis 
lupus familiaris), cow ENSBTAP00000017420 (Bos taurus), chimpanzee 
ENSPTRP00000015952 (Pan troglodytes), human ENSP00000225964 (Homo sapiens), 
opossum XP_001367735 (Monodelphis domestica), green anole genscan on 
scaffold_353:1172992-1215567 (Anolis carolinensis), tenrec ENSETEP00000014000 
(Echinops telfairi) and elephant ENSLAFP00000002863 (Loxodonta africana).  Ostrich 
(Struthio camelus) and Alligator (Alligator mississippiensis) collagen α1(I) and α2(I) 
proteins were sequenced by mass spectrometry (LC/MS/MS).  
 
Collagen α2(I) protein sequences were obtained from the Ensembl genome browser: 
Danio rerio ENSDARP00000042989, Canis familiaris ENSCAFP00000003058, Bos 
taurus ENSBTAP00000017920, Pan troglodytes ENSPTRP00000033204, Echinops 
telfairi ENSETEP00000009581, Homo sapiens ENSP00000377927, Gallus gallus 
ENSGALP00000015687, Mus musculus ENSMUSP00000031668, Rattus norvegicus 
ENSRNOP00000016423,  Loxodonta africana ENSLAFP00000014382, Monodelphis 
domestica ENSMODP00000027344.  Collagen α2(I) protein sequence for Anolis 
carolinensis (GENSCAN00000056727) were obtained from an ab initio genscan on 
Ensembl (Anolis scaffold_272:764,480-824,308). Note that the two collagen genes used 
in this study are paralogues. 
 
Sample preparation and enzymatic digestion of alligator collagen 
A metacarpal was harvested from a 13 year old frozen Alligator mississippiensis, ground 
to a powder and 0.8 mg was aliquoted to 4 50 mL tubes (0.2 g/tube).  Bone was 
demineralized overnight with 10mL of 0.5M EDTA (pH=8.0)/tube, and centrifuged.  
Supernatant was decanted, and the remaining pellet extracted as follows: To each tube, 
5ml of 0.5 M EDTA (pH 8.0, 0.22µm filtered) was added, and tubes were gently agitated 
for 3 days at room temperature.  Supernatant was removed and stored at 4 oC, (hereafter 
referred to as “EDTA super”).  To the remaining pellet, 5mL of 6M GuHCl, 0.1 M Tris 
pH 7.4 (0.22µm filtered) was added and sample agitated at 60oC for 20 hours, centrifuged 
(6,000 rcf, 15 min), and supernatant removed and added to “EDTA super”, referred to as 
‘first extraction’.  This was dialyzed against e-pure 18.3 mega ohm water (4-L beaker), at 
4oC, stirring for 4 days with 2 changes/day.  The dialysate was lyophilized to completion 
producing a precipitate that was white, fibrous and fluffy, consistent with extant collagen. 
Resulting total yield was 23.2mg. Approximately 1 mg of this white lyophilate was 
proteolyzed with 5μg of modified trypsin (Promega Corp., Madison, WI) in 150μL of 
50mM ammonium bicarbonate (pH=8.3) solution overnight at 37°C with shaking. The 
next day, the digestion was stopped with 50μL of 1% trifluoroacetic acid (TFA) (Fluka, 



 
 

St. Louis, MO) and stored frozen. Contents were transferred to a 200μL autosampler vial 
(Waters Corp., Bedford, MA) for mass spectrometry analyses. 
 
Microcapillary LC/MS/MS shotgun sequencing analysis 
A 2µL aliquot (approximately low pmol amount of peptides) was injected onto the 
LC/MS/MS system for sequencing. The μLC/MS/MS setup consisted of a 75μm id x 
10cm length microcapillary column (New Objective Inc., Woburn, MA) self-packed with 
Magic C18 (Michrom Bioresources, Auburn, CA) operated at a flow-rate of ~275 nL/min. 
The HPLC gradient was 5%B to 38% B over 50 minutes followed by a 5 minute wash at 
95% B and a 20 minute post-run equilibration at 0% B (A: 99% water/0.9% 
acetonitrile/0.1% acetic acid; B: 99% acetonitrile/0.9% water/0.1% acetic acid). The 
microcapillary LC system is coupled directly to a ThermoElectron LTQ 2D linear ion 
trap (ThermoScientific, San Jose, CA) mass spectrometer operated in positive ion mode 
for data-dependent acquisitions (Top 8: 1 MS survey scan followed by eight MS/MS 
scans) of peptide fragmentation (MS/MS) spectra by collision-induced dissociation using 
helium gas. The spray tip voltage was 2.5kV and capillary voltage was 35V. 
 
Peptide/protein sequence identification and validation 
All collected MS/MS fragmentation spectra were searched against the reversed NCBI 
non-redundant protein database (National Institutes of Health, Bethesda, MD), reversed 
Swiss-Prot protein database (Swiss Institute of Bioinformatics, Geneva, Switzerland) and 
reversed predicted collagen sequence database generated in-house (Asara et. al. 2007) 
using the Sequest search engine in Proteomics Browser software (ThermoScientific, San 
Jose, CA). Differential post-translational modifications (PTM) such as hydroxylation 
(+16 Da) of the amino acids proline and lysine were included in the database searches as 
well as oxidation of methionine (+16 Da), a common in vitro modification that occurs 
during sample processing. Deamidation as a PTM was not accounted for due to the ion 
trap’s low resolution and mass accuracy; however, the precursor peptide mass error 
tolerance window (+/-2.5Da) included deamidation events during database searches. 
Peptide sequences were initially accepted if they matched the forward databases and 
passed the following Sequest scoring thresholds: 2+ ions, Xcorr ≥ 2.0, Sf ≥ 0.4, P ≥ 5; 3+ 
ions, Xcorr ≥ 2.65, Sf ≥ 0.5, P ≥ 5. Peptides with gas phase charges of 1+ and 4+ were 
not accepted as valid due to difficulty of interpretation of such ions. After passing the 
initial scoring thresholds, all MS/MS were then manually inspected rigorously to be sure 
that all b- (fragment ions resulting from amide bond breaks from the peptide’s N-
terminus) and y- ions (fragment ions resulting from amide bond breaks from the peptide’s 
C-terminus) aligned with the assigned sequence. Sequences were also determined using 
the Paragon search algorithm from Protein Pilot software (Applied Biosystems, CA) 
using the same reversed databases. Paragon searches all known PTMs and allows for up 
to two amino acid substitutions per peptide sequence to assist in finding unique alligator 
sequences. Searches were run with a 95% confidence interval for protein identifications. 
Peptide confidence score cut-off >5 was used prior to manual inspection if other peptides 
from the identified protein contained peptide confidence scores greater than 95. For both 
searching algorithms, the peptide identification false positive rates were estimated at less 
than 2% based on the number of forward to reversed peptide hits. The primary peptide 



 
 

sequences and corresponding protein are reported here for sequence alignment and 
phylogenetic analyses. 
 
Phylogenetic analyses and extra text 
Molecular data were managed using BioEdit v 7.0.8 (Hall 1999).  Collagen α1(I) and 
Collagen α2(I) protein sequences were obtained from NCBI and ENSEMBL and aligned 
using ClustalX v 2.0 (Thompson, Gibson et al. 1997) using the default amino acid 
alignment settings.  Polypeptide fragments from Struthio, Alligator, Tyrannosaurus, and 
Mammut were organized separately in multi-FASTA format and aligned into contigs 
using ClustalX in profile alignment mode. A consensus sequence was then created using 
SeaView v2.0 (Galtier, Gouy et al. 1996) and non-alignable fragments were manually 
examined to identify additional profile alignments (Supplementary Appendix 1). 
 
 
MrBayes v3.1.2 (Huelsenbeck and Ronquist 2001) was used for Bayesian inference of 
phylogenetic relationships. The prior for the amino acid model set to mixed, in which the 
MCMC chain explores 10 fixed-rate amino acid matrices (Poisson, Jones, Dayhoff, 
Mtrev, Mtmam, Wag, Rtrev, Cprev, Vt, and Blosum).  When the MCMC chain 
converges, the proportion of the posterior probability of each model represents the 
relative contribution to the posterior results.  The analysis was performed using three 
million generations in four chains, sampling posterior trees every 1000 generations.  A 
replicate search was performed using four million generations in four chains, sampling 
posterior trees every 1000 generations with identical results to the first run. The first 25% 
of the posterior trees were discarded as burn-in during parameter and tree summarization. 
The program Tracer v1.4 (Rambaut and Drummond 2007) was used to examine the log 
likelihoods, ensuring that they were in the stationary “fury caterpillar” phase (Supporting 
Fig. 2). The majority-rule consensus tree shown in the primary text (Fig. 1) contains 
nodal values that represent the percentage of times a particular clade is present in the 
posterior distribution of trees. The Bayesian tree is identical to the likelihood tree and 
highly similar to the parsimony tree as well (see below). An additional tree (not shown) 
was inferred in which all sites (for all taxa) were removed that contained gaps (missing 
data) in the Tyrannosaurus sequence, resulting in a dramatically smaller dataset. The 
resulting tree was poorly resolved in multiple areas due to the lack of informative sites 
for all taxa, though the Tyrannosaurus still grouped with other amniotes. Another tree 
(not shown) was inferred in which regions containing gaps (missing data) in the alligator, 
ostrich, and T. rex sequences were removed. This reduced the amount of missing data in 
the set and produced the same topology, but it did not appreciably change the support for 
archosaurian nodes. 
 
Phylogenetic trees were generated using Maximum likelihood (Sup. Fig. 1A and B) in 
PhyML v2.4.5 (Guindon and Gascuel 2003). The following settings were used: Dayhoff 
protein substitution model; the proportion of invariable sites was estimated; four 
substitution rate categories; gamma distribution parameter was estimated; the starting tree 
was a BIONJ distance-based tree; and the tree topology was optimized.  Maximum 
likelihood trees were evaluated by the approximate likelihood-ratio test (Anisimova and 
Gascuel 2006), which collapses a branch to length 0, compares the likelihood of the 



 
 

second most likely tree to the most likely tree and then computes a p-value. We used the 
most conservative method to calculate the significance of the aLRT test by using the 
minimum of the parametric χ2-based and the nonparametric Shimodaira–Hasegawa-like 
(SH-like) procedures. The maximum likelihood results agree with other phylogenetic 
studies (Pisani, Yates et al. 2002; Rest, Ast et al. 2003; Springer, Murphy et al. 2003) and 
are concordant with the Bayesian tree.  As with the Bayesian and other trees produced 
from the two collagen proteins, the Anolis sequence is misplaced as a basal amniote 
instead of a diapsid and sister taxon to the archosaurs (birds and crocodilians). 
 
Phylogenetic trees were also generated using maximum parsimony (heuristic search at 
default settings) in PAUP* v 4.0b10 (Swofford 2003) using the PaupUP v1.0.3.1 
interface (Calendini and J.-F. 2005).  The trees were rooted by defining the fish Raja 
kenojei, Oncorhynchus mykiss, Danio rerio, and Paralichthys olivaceus as members of 
the outgroup. Gaps were treated as missing data.  A heuristic search was used with the 
following settings: best trees kept and set to automatically increase by 100; random 
stepwise addition with 100 replicates and one tree held at each step; TBR branch 
swapping on best trees only with no more than 2 trees with a score of 5 saved. A full 
heuristic bootstrap analysis was then performed with 500 replicates.  The 50% majority-
rule consensus of four most-parsimonious trees (consistency index: 0.756) (Sup. Fig. 1C) 
agrees with the Bayesian and likelihood trees with the exception that the primates do not 
group with the rodents, which also contradicts other published studies (Springer, Murphy 
et al. 2003; Springer, Madsen et al. 2004). Importantly, the Tyrannosaurus and mastodon 
are placed in expected locations of the tree, though bootstrap values do not provide strong 
support (which is not surprising given the amount of missing data in these taxa).  
 
MEGA v4.0 (Tamura, Dudley et al. 2007) was used to infer a neighbor joining tree with 
the Dayhoff protein substitution model. Gaps were excluded as necessary using the 
Pairwise-deletion option and the rate among sites were gamma distributed using a gamma 
parameter of 1.  Tree support was evaluated by the interior branch test with 500 bootstrap 
replicates (Tamura, Dudley et al. 2007).  Neighbor joining performs the worst of the four 
methods, misplacing Anolis, Alligator, mastodon, and the Tyrannosaurus (though the 
Tyrannosaurus still groups with the other dinosaurs (birds).  
 
Missing data can be a significant obstacle in phylogenetic reconstruction (Wiens 1998; 
Kearney 2002; Sanderson, Driskell et al. 2003).  Computer simulations have shown that 
including taxa with extensive missing data reduces phylogenetic accuracy (Huelsenbeck 
1991), though if more characters are added to such a simulation, the problem of including 
taxa that extensively lack data is mitigated (Wiens 2003). Therefore, support for inferred 
phylogenetic relationships among taxa is more a function of the amount and quality of 
data brought to bear in an analysis, than the amount of missing data (Wiens, Fetzner et al. 
2005).  Furthermore, the poor performance of neighbor joining compared with the 
Bayesian, likelihood, and parsimony results are expected given that distance methods 
perform poorly compared with likelihood-based approaches for datasets with large 
amounts of missing data (Wiens 2003).  
 



 
 

To evaluate the influence and order of species during the alignment that included T. rex, 
the living archosaur species (Gallus, Struthio, and Alligator) were removed from the 
dataset and the sequences were realigned in ClustalX. The resulting alignment was then 
used to infer a phylogenetic tree (results not shown). The Bayesian approach correctly 
placed the sole archosaur (Tyrannosaurus) as the sister group to mammals with very high 
support (0.99 posterior probability).  Parsimony also correctly placed the Tyrannosaurus. 
Neighbor joining performed nearly as well, grouping the Tyrannosaurus and 
Monodelphis together as a sister group to the rest of mammals, but still outside of 
Eutheria within the amniotes. 
 
The Punctuated Evolution program (Venditti, Meade et al. 2006) can detect punctuated 
evolution in molecular phylogenetic trees, deviation from a molecular clock caused by 
punctuated evolution, and the node density artifact (which is the underestimation of 
branch lengths – and thus evolutionary rates - in portions of the tree with few taxa). The 
program was used to analyze the Bayesian and likelihood trees by removing the 
outgroup, Raja, and using the web interface at 
http://www.evolution.reading.ac.uk/pe/index.html. The test found no evidence for 
punctuated evolution or node density artifact (the number of significant β and the number 
of significant δ < 1 and β were both 0). 
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Supporting Online Material Appendix 1: Sequence Alignment 
>Danio 
MFSFVDIRLALLLSATVLLARGQGE-------DDRTGGSCTLDGQVYNDRDVWKPEPCQI 
CVCDSGTVMCDEVICEDTS-DCPNPVIPHDECCPVCP-----DDDFQEPSVEGPRGSPGD 
KGERGPAGPPGNDGIPGQPGLPGPPGPPGPPG---LGGNFSPQMSGGFD----EKSSP-M 
AVPGPMGPMGPRGAPGPPGPSGPQGFTGPPGEPGEAGAP----GPMGPRGAAGPPGKNGE 
DGESGKPGRPGERGPPGPQGARGFPGTPGLPGIKGHRGFSGLDGAKGDAGPAGPKGEPGA 
PGENGTPGAMGPRGLPGERGRAGPPGAAGARGNDGAAGAAGPPGPTGPAGPPGFPGGPGS 
KGEVGPQGSRGAEGPQGARGEAGNPGPAGPAGPAGNNGADGAPGAKGAPGAPGIAGAPGF 
PGPRGPPGAAGAAGAPGPKGNTGEAGAPGAKGEAGAKGEAGAQGVQGPPGPPGEEGKRGP 
RGEPGAGGARGPTGERGAPGARGFPGADGAAGPRGAPGERGGPGVVGPKGATGEPGRNGE 
PGMPGSKGMTGSPGSPGPDGKTGPGGAPGQDGRPGPPGPVGARGQPGVMGFPGPKGAAGE 
AGKPGERGVMGAIGATGAPGKDGDVGAPGAPGPAGPAGERGEQGAAGPPGFQGLPGPQGA 
TGEPGKSGEQGAPGEAGAPGPSGSRGDRGFPGERGAPGPAGPVGARGSPGSAGNDGAKGE 
SGAAGAPGAQGPPGLQGMPGERGAAGLPGLKGDRGDQGAKGADGAAGKDGIRGMTGPIGP 
PGPAGAPGDKGESGAQGLVGPTGARGPPGERGETGAPGPAGFAGPPGADGLPGAKGEPGD 
NGAKGDAGAPGPAGATGAPGPQGPVGATGPKGARGAAGPPGATGFPGAAGRVGPPGPSGN 



 
 

SGPPGPPGPAGKEGQKGNRGETGPAGRTGEVGAAGPPGAPGEKGNPGAEGATGPAGIPGP 
QGIGGQRGIVGLPGQRGERGFPGLPGPSGEIGKQGPSGPSGERGPPGPMGPPGLAGPPGE 
PGREGTPGNEGSAGRDGAAGPKGDRGETGPSGTPGAPGPPGAAGPIGPAGKTGDRGETGP 
AGVPGPAGPSGPRGPSGPAGARGDKGETGEAGERGMKGHRGFTGMPGPPGPPGPSGESGP 
AGASGPAGPRGPAGSAGSAGKDGMSGLPGPIGPPGPRGRNGEIGPAGPPGPPGPPGAPGP 
SGGGFDIGFIAQP-QEKAPDPFRHFRADDANVMRDRDLEVDTTLKSLSQQIESIISPDGT 
KKNPARTCRDLKMCHPDWKSGEYWIDPDQGCNQDAIKVYCNMETGETCVNPTESAIPKKN 
WYTSKNIKEKKHVWFGEAMTDGFQFEYGSE-GSKPEDVNIQLTFLRLMSTEASQNITYHC 
KNSIAYMDQASGNLKKALLLQGSNEIEIRAEGNSRFTYSVTEDGCTSHTGAWGKTVIDYK 
TTKTSRLPIIDIAPMDVGAPNQEFG--IEVGPVCFL-MLSFVDTRILLLLAVTSYLASCQ 
C-------------GLKGPKG---PRGERGPKGPDGKPGRP---GLPGPAG---PPGPP- 
--GLGGNFAAQYDGAKGPDPGPGPMGLMGPRGPSGSPGAPGAQGLQGHAGEPGEPGQAGA 
IGARGPPGPPGKNGEDGNNGRPGKPGDRGVLGAQGARGFPGTPGLPGMKGHRGYNGIDGR 
KGEPGAAGAKGENGAAGSNGTPGQRGGRGLPGERGRVGPAGPAGARGADGNTGPAGPAGP 
LGSAGPPGFPGAPGPKGELGPAGPTGPSGAQGQRGEPGPNGAVGPVGPPGNPGANGINGA 
KGAAGLPGIAGAPGFPGPRGGPGPQGPSGASGPRGLGGDPGPVGVKGDSGVKGEPGSAGP 
QGPPGPSGEEGKRGSTGEQGPTGPLGLRGPRGAAGTRGLPGLAGRSGPMGMPGPRGGVGA 
PGARGPPGDAGRAGEAGLVGARGLPGSPGSSGPPGKEGPSGAAGQDGRTGPPGPTGPRGQ 
PGNIGFPGPKGPSGEAGKPGEKGPVGPTGLRGSPGPDGNNGPAGPVGLAGAPGEKGEQGP 
SGAPGFQGLPGPAGPVGEAGKPGDRGIPGDQGVSGPAGVKGERGNPGPAGAAGAQGPIGA 
RGPSGTPGPDGNKGEPGAVGPAGAPGPQGAAGMPGERGAAGTPGAKGEKGEAGYRGLEGN 
AGKDGARGAPGPSGPPGPAGANGDKGETGSFGPPGPAGPRGAPGERGESGPAGPSGFAGP 
PGADGQTGPRGEKGPAGGKGDAGPAGPAGPAGNTGPLGPSGPVGPPGARGDSGPTGLTGF 
PGAPGRVGPPGPAGIVGPAGLTGPAGKDGPRGPRGDVGPAGPPGENGMIGPLGLAGEKGP 
PGEAGAPGAPGPAGPQGQLGSQGFNGLPGSRGDRGLPGIPGSVGEPGRVGPAGAPGARGP 
GGNIGMPGMTGPQGEAGREGSPGNDGPPGRPGAAGIKGDRGEPGSPGTAGPVGAPGPNGP 
SGAVGRPGNRGESGPSGPTGAVGPAGARGAPGPAGPRGEKGVAGEKGDRGMKGLRGHPGL 
QGMPGPNGPSGDSGPAGIAGPSGPRGPAGPNGPAGKDGSNGMPGAIGPPGHRGPAGHVGP 
AGPPGSPGLPGPPGPSGGGYDTSGGYD--EYRADQA----SLRAKDYEVDATIKSLNTQI 
ENLLSPEGSKKNPARTCRDIRLSHPEWSS-GFYWIDPNQGCTMDAIKAFCDFSTGQTCIH 
PHPESIPRKNWY--RSSQEKKHTWFGETINSGTEFAYNDETLSPQSMATQLAFMRLLANQ 
AVQNITYHCKNSIAYMDAENGNLKKAVLLQGSNDVELRAEGNSRFTFSVLEDGCSRHTGQ 
WSKTVIEYRTNKPSRLPILDIAPLDIGGADQEFGLDIGPVCFK 
>Oncorhynchus 
MFSFVDIRLALLLSATVLLARGQGE-------DDRTAGSCTLDGQFYNDRDVWKPEPCQI 
CVCDSGTVMCDEVICEDTS-DCPNPVIPHDECCPICP-----DDGFQEPKVEGPQGDRGA 
KGEPGPAGFPGNDGIPGQPGLPGPPGPPGPPG---LGGNFSPQMSGGFD----EKSGGGM 
SMPGPMGPMGPRGPPGPPGSSGPQGFTGPPGEPGEAGSS----GPMGPRGPAGPPGKNGD 
DGESGKPGRPGERGASGPQGARGFPGTPGLPGIKGHRGFSGLDGAKGESGPAGPKGEGGA 
SGENGAAGAMGPRGLPGERGRAGPNGAAGARGNDGAAGAAGPPGPTGPAGAPGFPGGPGA 
KGEVGAQGARGGEGPQGSRGEAGNPGPAGAAGPAGNNGADGNPGTKGAPGSSGIAGAPGF 
PGPRGPPGPQGAGGAPGPKGNTGEVGANGAKGEAGAKGESGPAGVQGPAGPAGEEGKRGG 
RGEPGGAGARGAPGERGAPGSRGFPGSDGASGPKGGPGERGGAGVAGAKGNTGEPGRNGE 
PGMPGSKGMTGSPGSPGPDGKTGPSGAGGQDGRPGPPGPVGARGQPGVMGFPGPKGAAGE 
GGKPGERGVMGPSGAVGAPGKDGDVGAPGAPGVAGPSGERGEQGAGGPPGFQGLSGPQGA 
IGETGKPGEQGLPGEGGAPGSAGSRGDRGFPGERGAPGPSGPAGARGSPGSAGNDGGKGE 
AGAAGAPGGQGPPGLQGMPGERGAGGLPGLKGDRGDQGVKGADGAGGKDGVRGMTGPIGP 
NGPAGSPGDKGETGAPGAVGPSGARGAPGERGESGAPGPAGFAGPPGGDGQPGAKGEAGD 
NGAKGDGGAQGPAGPTGAPGPQGPAGNTGAKGARGAAGPPGATGFPGAAGRFGPPGPSGN 
NGPPGTPGPGGKEGQKGNRGETGPAGRPGELGAAGPPGPKGEKGQPGGDGPNGPSGTPGP 
QGIGGQRGIVGLPGQRGERGFPGLAGQLGEPGKQGPGGPFGERGPPGPMGPPGLAGAPGE 
PGREGTPGNEGSSGRDGAAGPKGERGESGVAGASGAPGPPGAPGAVGPAGKSGDRGESGP 
AGPAGIAGPAGPRGPSGPAGARGDKGESGEAGERGMKGHRGFTGMQGPPGPSGQSGESGP 
AGASGPAGPRGPSGSAGAAGKDGMSGLPGPIGPPGPRGRSGEMGPSGTPGPPGPPGPPGP 
PGGGFDMGFIAQPAQEKAPDPFRHFRADDANVMRDRDLEVDTTLKSLSQQIENIRSPEGT 
KKNPARTCRDLKMCHPDWKSGEYWIDPDQGCTQDAIKVYCNMETGETCVYPTEADIPKKS 
WYTSKNIKEKKHVWFGEAMTDGFQFEYGSE-GSNAKDVNIQLTFLRLMATEASQNITYHC 
KNSIAYMDQQSGNLKKSLLLQGSNEIEIRAEGNSRFTYSVTEDGCTSHTGAWGKTVIDYK 
TTKTSRLPIIDIAPMDVGAPNQEFG--IEVGPVCFL------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 



 
 

------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------- 
>Paralichthys 
MFSFVDLRLALLLSAAVLLVRAQGE-------DDRAGGSCTLDGQVFADRDVWKPEPCQI 
CVCDSGTVMCDEVICEDTT-DCPNPVIPHDECCPICP-----DDGFQDSQVEGPKGERGP 
KGDRGLPGPPGNDGIPGQNGLPGPPGPPGPPG---LGGNFSPQMSGGYD----DKSPG-M 
SVPGPMGPMGPRGPPGPAGSSGPQGFTGPPGEPGEAGAS----GPMGPRGAAGPPGKNGE 
DGESGKPGRGGERGPSGPQGARGFPGTPGLPGIKGHRGFSGLDGAKGDSGPAGPKGEAGT 
PGENGTPGAMGPRGLPGERGRTGATGSAGARGNDGAAGAAGPPGPTGPAGPPGFPGGPGA 
KGEGGPQGSRGPEGPAGARGEPGSAGPAGAAGPAGNPGTDGAPGAKGLPGSAGVAGAPGF 
PGPRGPPGAQGAAGATGPKGNTGEAGAPGAKGESGAKGESGVAGVQGPPGPSGEEGKRGA 
RGEPGAAGVRGPPGERGGPGGRGFPGSDGSAGAKGAPGERGAPGLLGPKGSTGEPGRTGE 
AGLPGAKGMTGSPGSPGPDGKMGAAGAPGQDGRPGPPGSVGARGQPGVMGFPGPKGAAGE 
GGKPGERGVMGPTGPVGAPGKDGDVGAQGPSGPSGPAGERGEQGAAGGPGFQGLPGPQGA 
VGETGKPGEQGLPGEAGATGPAGARGDRGFPGERGAPGINGPAGARGSPGPSGNDGAKGD 
AGAPGAPGAQGPPGLQGMPGERGSAGLPGLRGDRGDQGAKGADGAPGKDGPRGMTGAIGL 
PGAAGATGDKGEPGAPGIVGPAGARGGPGERGESGPPGPAGFAGPPGADGQPGAKGEAGD 
NGAKGDAGPPGPSGPTGAAGPGGPVGNTGPKGARGPAGPPGATGFPGSAGRVGPPGPSGN 
AGPAGPPGATGKEGQKGNRGETGPAGRPGEMGAAGLPGPSGEKGNPGAEGAPGSSGIPGP 
QGINGGRGIVGLPGQRGERGFPGLPGPSGEVGKHGPSGPNGERGPPGPMGPPGLAGAPGE 
AGREGAPGNEGSAGRDGAAGPKGDRGESGPAGASGAPGPPGAPGPVGPAGKSGDRGESGP 
AGPAGSAGPAGPRGPAGAPGLRGDKGESGEAGERGMKGHRGFTGMQGPPGPAGASGDQGP 
AGAAGPAGPRGPSGSAGSAGKDGMSGLPGPTGPPGPRGRSGEMGPAGPPGPPGPAGAPGA 
PGGGFDLGFIAQP-QEKAPDPYRMFRADDANVLRDRDLEVDSTLKSLSQQIEQIRSPDGT 
RKNPARTCRDLKMCHPDWKSGEYWIDPDQGCTQDAIKVYCNMETGETCVSPSQREVAKKN 
WYVSKNIKEKKHVWFGEAMNDGFQFEYGSE-GSAPEDVNIQMTFLRLMSTEASQNVTYHC 
KNSVAYMDASVGNLKKALLLQGSNEIEIRAEGNSRFTYSVLEDGCTSHTGTWGKTVIDYK 
TSKTSRLPIIDIAPMDVGAPDQEFG--LEVGPVCFL------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 



 
 

------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------- 
>Raja 
MFSFVDTRTLLLLAATLVVGRCQAE-------DDANEKGCIKDGQTYSDKDIWKPEPCKI 
CVCDGGQVLCDEIMCDEIN-DCPNAEIPFGECCAICPDGTTYPTGPRIQGPEGPKGEPGP 
KGDRGLPGLPGRDGIPGTPGRDGPPGPPGLPG--TAGGNFLPQMSGGYEGGYSEKTSGGI 
PMPGPMGPMGPRGAPGPAGSPGPQGFQGRQGETGEAGAP----GPMGPRGPAGPPGKNGD 
DGEHGKAGRPGDRGPPGPQGARGFPGTPGLPGIKGHRGVNGLDGAKGDSGPAGPKGETGS 
PGENGAPGAMGPRGIAGERGRPGATGPAGVRGNDGASGAAGPPGAVGPSGPPGFPGAPGA 
KGEAGPAGSRGADGATGARGEAGNPGPAGPTGAPGSAGSDGAPGAKGGVGAPGISGAPGF 
PGPRGPSGPQGAVGATGPKGNNGDSGAPGAKGEAGAKGDSGIAGPQGAPGPSGEEGKRGS 
RGEPGVQGLPGSPGERGSAGNRGFPGPEGLVGAKGIPGERGSPGPAGPKGATGESGRTGE 
PGLPGTRGLTGSPGSPGADGKPGPSGPAGQDGRPGPAGAIGQRGQPGVMGFPGPKGTAGE 
SGKTGERGIVGPAGLVGLPGKDGDIGAPGATGPAGPAGERGEQGITGAPGFQGPPGQVGA 
AGEHGKSGEQGIPGAVGPPGSTGPRGERGFTGERGSPGAMGPTGARGSPGSSGSEGAKGD 
AGPPGAPGGQGAPGLQGMPGERGASGLPGPKGARGESGVKGADGAPGKDGMRGMTGPIGP 
PGHAGVVGEKGEAGPPGPSGPVGARGSTGDRGEPGAPGPAGFAGPPGADGQPGAKGEAGD 
TGAKGEAGPAGPTGAVGIAGPPGPTGATGAKGARGAAGSPGATGFPGGVGRVGPPGPSGN 
AGPTGLPGPPGKEGAKGIRGETGAVGRPGEPGIAGPAGPAGEKGAPGSDGPSGAPGLPGP 
QGLSGTRGVLGLTGMRGERGNMGPQGQTGEAGKQGPVGAPGERGPPGPMGPPGLAGPSGE 
AGREGSPGAEGAPGRDGAVGAKGDRGEAGATGASGAPGAPGAPGPVGPSGKTGDRGEPGA 
AGPAGPSGPMGPRGANGLTGPRGDRGESGENGARGIKGHRGFPGAQGLPGPPGPPGEQGQ 
SGPSGASGPRGPAGPSGSSGKDGASGMPGPIGPPGPRGRTGEIGPVGPPGPPGIPGPPGP 
SHGGFDFQFAAPQIE-KGPDPLRYFRADDAGAVADRDIQVDTTLKSLTQQIESIRSPEGT 
RKNPARTCRDLKMCHADWKSGDYWIDPNQGCILDVIRVYCNMETGETCVYSSPQSIPQKN 
WYTTKNPKEKKHVWFGENMDGGFQFGYGGDDGVLASDVAIQITFLRLMSSEATQNITYHC 
KNSIAYMDEEAGNLKKAVLLQGSNEIEIRAEGNSRFTYSVTEDGCTTHTGDWGRTVIEYK 
TTKTSRLPIIDIAPMDVGGADQEFG--VDIGPVCFL------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------- 
>Rana 
MFSFVDTRLLLVIAATILVAKCQGE-------DDLGYSGCVVDGRTYNDKDVWKPEACQI 
CVCDEGTILCDEVICEDIG-DCPNPEIPMGECCPVCG-E---GQYQTGSVVEGPKGETGP 
RGERGPPGAPGRDGIPGQPGIPGPPGPPGPAG---LGGNFAPQMSYGYD----EKSAG-I 
SMPGPMGPMGPRGPPGPSGSPGPQGFQGPPGEPGEPGAA----GAMGPRGPPGPPGKNGE 
DGEAGKPGRPGERGPPGPQGARGLPGTAGLPGMKGHRGFNGLDGAKGDTGPAGPKGEPGN 
PGENGAPGQVGPRGLPGERGRPGPSGPAGARGNDGTPGAAGPPGPTGPTGPPGFPGGVGP 
KGDAGPQGSRGPDGPQGARGEPGAPGQAGPAGSAGNPGTDGQPGAKGATGAPGIAGAPGF 
PGARGAPGPQGPGGSPGPKGNNGEPGAQGNKGEPGAKGESGPAGSQGPPGPPGEEGKRGS 
RGEPGPSGPPGPAGERGAPGSRGFPGADGAGGPKGPPGERGPVGSAGPKGSPGESGRPGE 
PGLPGAKGLTGSPGSPGPDGKTGPAGAPGQDGRPGPPGPPGARGQSGVMGFPGPKGAAGE 
PGKPGERGVAGPPGAVGAPGKDGEAGAQGPPGPAGPAGERGEQGPAGPPGFQGLPGSPGA 



 
 

PGESGKPGEQGAPGDVGPSGPAGSRGERGFPGERGAIGPPGPQGPRGANGAPGNDGAKGE 
AGAPGAPGGQGPSGLQGMPGERGAGGLPGAKGDRGDQGPKGADGAPGKDGVRGLTGPIGP 
PGPGGAPGDKGEAGPAGPAGPTGSRGAPGERGEPGPSGPAGFAGPPGADGQPGAKGEQGD 
AGPKGDAGPPGAAGPTGAPGPAGAVGATGPKGARGPAGPPGSTGFPGAAGRVGPPGPSGN 
AGPPGPSGPAGKEGQKGPRGETGPAGRPGEPGAAGPPGPSGEKGSPGSDGPAGAPGIPGP 
QGIAGTRGTVGLPGQRGERGFPGLPGPTGEPGKQGSSGPSGERGPPGPSGPPGLAGPPGE 
PGREGSPGSEGSPGRDGSAGPKGDRGESGPAGPPGAPGAPGAPGPAGPAGKNGDRGETGP 
AGPAGPAGPAGARGPSGPAGARGDKGEAGEQGERGMKGHRGFNDLPGPPGAPGHAGEQGP 
SGASGPAGPRGPPGSSGSPGKDGSNGLPGPIGPPGPRGRTGDVGPAGPPGPAGPPGPPGP 
PGGGFDFSFMPQPPQEKSHH----YRADDANAMRDRDMEVDTTLKSLSKQIENIRSPEGT 
RKNPARTCRDLKMCHSDWKSGEYWIDPNQGCTLDAIKVFCNMETGETCVYPTQSTIDQKN 
WYISNNPREKKHVWFGETMSDGFQFDYGSE-GSDPADVNIQLTFLRLMATEASQNITYHC 
KNSVAYMDQETGNLKKALLLQGSNEIEIRAEGNSRFTYSVIEDGCTQHTGQWGKTVIEYK 
TPKTSRLPITDVAPMDIGAPDQEFG--VEIGPVCFV------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------- 
>Cynops 
MFSFVDNRLLVLLAACVLLVRALDQ-------EDIESGLCHQEGTTYSDKDVWKPEPCVI 
CVCDNGNIMCDDVTCGDYPVDCPNAEIPFGECCPVCP-DGDGTSYSEQTGVEGPKGEVGP 
KGDRGLPGPPGRD---GNPGLPGPPGPPGPPG---LGGNFAPQMSYGYD----EKSAG-I 
SVPGPMGPMGPRGPPGPSGSPGPQGFQGPSGEPGEPGAA----GALGPRGLPGPPGKNGD 
DGESGKPGRPGERGPSGPQGARGLPGTAGLPGMKGHRGFNGLDGAKGDNGPAGPKGEPGN 
PGENGAPGQAGPRGLPGERGRPGAPGPAGARGNDGSPGAAGPPGPTGPTGPPGFPGAVGA 
KGDAGPQGSRGSEGPQGARGEPGAPGPAGAAGPSGNPGTDGQPGGKGATGSPGIAGAPGF 
PGARGAPGPQGPAGAPGPKGNNGEPGAQGNKGEPGAKGEPGPAGVQGPPGPSGEEGKRGS 
RGEPGPAGPPGPAGERGGPGSRGFPGSDGASGPKGAPGERGSVGPAGPKGSTGESGRPGE 
PGLPGAKGLTGSPGSPGPDGKTGPAGAAGQDGHPGPPGPSGARGQSGVMGFPGPKGAAGE 
PGKSGERGVAGPPGATGAPGKDGEAGAQGPPGPSGPSGERGEQGPAGSPGFQGLPGSPGP 
AGEAGKPGEQGAPGDAGGPGPSGPRGERGFPGERGGQGPAGAQGPRGSPGSPGNDGAKGE 
AGAAGAPGGRGPPGLQGMPGERGSAGMPGAKGDRGDAGTKGADGAPGKDGARGLTGPIGP 
PGPSGAPGDKGEGGPSGPAGPTGARGSPGERGEPGAPGPAGICGPPGADGQPGAKGESGD 
AGPKGDAGAPGPAGPTGAPGPAGNVGAPGPKGTRGAAGPPGATGFGNA------------ 
-GPPGPPGPGGKEGAKGSRGETGPAGRSGEPGPAGPPGPSGEKGSPGSDGPAGAPGIPGP 
QGIAGQRGVVGLPGQRGERGFSGLPGPAGEPGKQGPSGPNGERGPPGPSGPPGLGGPPGE 
PGREGSPGSEGAPGRDGSPGPKGDRGENGPSGPPGAPGAPGAPGPVGPAGKNGDRGETGP 
AGPAGPAGPSGVRGAPGPAGARGDKGEAGEQGERGMKGHRGFNGMQGPPGPPGSSGEQGA 
PGPSGPAGPRGPPGSSGSTGKDGVNGLPGPIGPPGPRGRNGDVGPAGPPGPPGPPGPPGP 
PSGGFDFSFMPQPPEPKSHGDGRYFRADDANVVRDRDLEVDTTLKSLSAQIENIRSPEGT 
RKNPARTCRDLKMCHSDWKSGDYWIDPNQGCNLDAIKVHCNMETGETCVYPSQASISQKN 
WYTSKNPREKKHVWFGETMSDGFQFEYGGE-GSDPADVNIQLTFLRLMATEASQNITYHC 
KNSVAYMDQETGNLKKAVLLQGSNEIEIRAEGNSRFTYGVTEDGCTQHTGEWGKTVIEYK 
TTKTSRLPIIDIAPMDVGTPDQEFG--IDIGPVCFL------------------------ 
------------------------------------------------------------ 



 
 

------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------- 
>Xenopus 
MFSFVDTRTLLLIAATILVARCQGE-------HDVQTSDCVQHGITYSNRDVWKPEDCQI 
CVCDNGNILCDEVMCEDA--DCPNPVIVPGECCPVCT-DND-AQYSEVTGVEGPKGDVGP 
KGDKGIAGPPGRDGIPGQPGIPGPPQPPGPPG---LGGNFAPQMSYGYD----EKSAG-I 
SMPGPMGPMGPRGPPGPSGSPGPQGFQGPPGEPGEPGAS----GAMGPRGSSGPPGKNGE 
DGEAGKPGRPGERGPPGPQGARGLPGTAGLPGMKGHRGFNGLDGAKGDSGPAGPKGEPGS 
PGENGAPGQVGPRGLSGERGRPGPSGPAGARGNDGAPGAAGPPGSTGPSGPPGFPGGVGP 
KGDAGPQGSRGSDGPQGGRGEPGAPGQAGAAGPSGNPGSDGQPGAKGATGAPGIAGAPGF 
PGARGAPGAQGPGGSPGPKGNNGEPGAQGNKGEAGAKGEPGPAGVQGPPGPSGEEGKRGS 
RGEP-PAGPPGPAGERGGPGSRGFPGSDGASGPKGAPGERGPVGPAGPKGSSGESGRPGE 
PGLPGAKGLTGSPGSPGSDGKTGPAGAPGQDGRAGPPGPPGARGQSGVMGFPGPKGAAGE 
PGKNGEKGVAGPPGAVGLPGKDGDAGAQGPPGPAGPAGERGEQGPAGGPGFQGLPGSPGP 
AGESGKPGEQGVPGDVGPSGPAGARGERGFPGERGAQGPPGPQGARGSNGAPGNDGAKGE 
AGAAGAPGGQGSPGLQGMPGERGSSGLPGAKGDRGDQGVKGSDGTPGKDGVRGLTGPIGP 
PGPGGAPGDKGEAGPAGPAGPTGARGAPGERGEPAPPGPAGFAGPPGADGQPGAKGEQGD 
SGAKGDAGPSGLPGPTGAPGPAGALGSPGPKGARGAPGPPGATGFPGAAGRVGPPGPSGN 
AGPPGPSGPAGKEGAKGPRGETGPAGRSGEPGAAGPPGPPGEKGSPGSDGPAGAPGIPGP 
QGVAGSRGTVGLPGMRGERGFSGLPGPAGEPGKQGSSGPSGERGPPGPSGPPGLGGPPGE 
SGREGAPGSEGAPGRDGAVGPKGDRGE--AAGPPGAPGAPGAPGPVGPAGKSGDRGETGP 
SGPAGPAGTAGARGPAGPQGPRGDKGEAGEQGERGMKGHRGFNGPSGPPGPPGSSGEQGP 
SGASGPAGPRGPPGSSGNPGKDGSNGLPGLIGPPGPRGRTGDVGPAGPPGP-GPPGPPGQ 
SGGGFDFSFMPQPPQEKSHDG-RFYRADDANVMRDRDLEVDSTLKSLSKQIENIRSPEGT 
KKNPARTCRDLKMCHSDWKSGEYWIDPNQGCILDAIKVYCNMETGETCIYPTQSSIPQKS 
WYTSKNLREKKHVWFGEAMSDGFQFEYGSE-GSNSADVTIQLTFLRLMATEASQNITYHC 
KNSVAYMDQATGNLKKALLLQGSNEIEIRAEGNSRFTYSVVEDGCTQHTGEWGKTVIDYK 
TTKTSRLPITDVAPMDIGAPDQEFGFGIDIGPVCFV------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 



 
 

------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------- 
>Canis 
MFSFVDLRLLLLLAATALLTHGQE----EGQEEDI---TCVQNGLRYYDRDVWKPEACRI 
CVCDNGNVLCDDVICDETK-NCPGAQVPPGECCPVCPSPLASPTDQETTGVEGPKGDTGP 
RGPRGPAGPPGRDGIPGQPGLPGPPGPPGPPGPPGLGGNFAPQMSYGYD----EKSTGGI 
SVPGPMGPSGPRGLPGPPGAPGPQGFQGPPGEPGEPGAS----GPMGPRGPPGPPGKNGD 
DGEAGKPGRPGERGPPGPQGARGLPGTAGLPGMKGHRGFSGLDGAKGDAGPAGPKGEPGS 
PGENGAPGQMGPRGLPGERGRPGAPGPAGARGNDGATGAAGPPGPTGPAGPPGFPGAVGA 
KGEAGPQGARGSEGPQGVRGEPGPPGPAGAAGPAGNPGADGQPGAKGANGAPGIAGAPGF 
PGARGPSGPQGPSGPPGPKGNSGEPGAPGNKGDTGAKGEPGPTGIQGPPGPAGEEGKRGA 
RGEPGPTGLPGPPGERGGPGSRGFPGADGVAGPKGPAGERGSPGPAGPKGSPGEAGRPGE 
AGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPPGPPGARGQAGVMGFPGPKGAAGE 
PGKAGERGVPGPPGAVGPAGKDGEAGAQGPPGPAGPAGERGEQGPAGSPGFQGLPGPAGP 
PGEAGKPGEQGVPGDLGAPGPSGARGERGFPGERGVQGPPGPAGPRGANGAPGNDGAKGD 
AGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDRGDAGPKGADGSPGKDGVRGLTGPIGP 
PGPAGAPGDKGEAGPSGPAGPTGARGAPGDRGEPGPPGPAGFAGPPGADGQPGAKGEPGD 
AGAKGDAGPPGPAGPTGPPGPIGNVGAPGPKGARGSAGPPGATGFPGAAGRVGPPGPSGN 
AGPPGPPGPAGKEGGKGARGETGPAGRPGEVGPPGPPGPAGEKGSPGADGPAGAPGTPGP 
QGIAGQRGVVGLPGQRGERGFPGLPGPSGEPGKQGPSGASGERGPPGPMGPPGLAGPPGE 
SGREGSPGAEGSPGRDGSPGPKGDRGETGPAGPPGAPGAPGAPGPVGPAGKNGDRGETGP 
AGPAGPIGPVGARGPAGPQGPRGDKGETGEQGDRGIKGHRGFSGLQGPPGPPGSPGEQGP 
SGASGPAGPRGPPGSAGSPGKDGLNGLPGPIGPPGPRGRTGDAGPVGPPGPPGPPGPPGP 
PSGGFDFSFLPQPPQEKAHDGGRYYRADDANVVRDRDLEVDTTLKSLSQQIENIRSPEGS 
RKNPARTCRDLKMCHSDWKSGEYWIDPNQGCNLDAIKVFCNMETGETCVYPTQPQVAQKN 
WYISKNPKEKRHVWYGESMTDGFQFEYGGQ-GSDPADVAIQLTFLRLMSTEASQNITYHC 
KNSVAYMDQQTGNLKKALLLQGSNEIEIRAEGNSRFTYSVTYDGCTSHTGAWGKTVIEYK 
TTKTSRLPIIDVAPLDVGAPDQEFG--MDIGPVCFL-MLSFVDTRTLLLLAVTSCLATCQ 
CKCLRLVWGRRGRKGPTGDRG---PRGERGPPGPPGRDGDD---GIPGPPG---PPGPPG 
PPGLGGNFAAQYD-GKGVGLGPGPMGLMGPRGPPGASGAPGPQGFQGPAGEPGEPGQTGP 
AGARGPPGPPGKAGEDGHPGKPGRPGERGVVGPQGARGFPGTPGLPGFKGIRGHNGLDGL 
KGQPGAPGVKGEPGAPGENGTPGQTGARGLPGERGRVGAPGPAGARGSDGSVGPVGPAGP 
IGSAGPPGFPGAPGPKGEIGPVGNPGPAGPAGPRGEVGLPGVSGPVGPPGNPGANGLTGA 
KGAAGLPGVAGAPGLPGPRGIPGPVGAAGATGARGLVGEPGPAGSKGESGNKGEPGSAGA 
QGPPGPSGEEGKRGPNGEAGSAGPSGPPGLRGSPGSRGLPGADGRAGVMGPPGPRGATGP 
AGVRGPNGDSGRPGEPGLMGPRGFPGAPGNVGPAGKEGPMGLPGIDGRPGPIGPAGARGE 
PGNIGFPGPKGPTGDPGKNGDKGHAGLAGARGAPGPDGNNGAQGPPGPQGVQGGKGEQGP 
AGPPGFQGLPGPAGTAGEVGKPGERGLPGEFGLPGPAGPRGERGPPGESGAAGPSGPIGS 
RGPSGPPGPDGNKGEPGVLGAPGTAGASGPGGLPGERGAAGIPGGKGEKGETGLRGEIGN 
PGRDGARGAPGAMGAPGPAGATGDRGEAGPAGPAGPAGPRGSPGERGEVGPAGPNGFAGP 
AGAAGQPGAKGERGTKGPKGENGPVGPTGPIGSAGPSGPNGPPGPAGSRGDGGPPGATGF 
PGAAGRTGPPGPSGITGPPGPPGAAGKEGLRGPRGDQGPVGRTGETGASGPPGFTGEKGP 
SGEPGTAGPPGTPGPQGLLGAPGILGLPGSRGERGLPGVAGSVGEPGPLGIAGPPGARGP 
PGAVGAPGVNGAPGEAGRDGNPGNDGPPGRDGQAGHKGERGYPGNIGPVGAVGAPGPHGP 
VGPTGKHGNRGEPGPAGSVGPVGAVGPRGPSGPQGIRGDKGEPGEKGPRGLPGLKGHNGL 
QGLPGLAGQHGDQGAPGSVGPAGPRGPAGPSGPAGKDGRTGQPGTVGPAGIRGSQGSQGP 
AGPPGPPGPPGPPGPSGGGYDF--GYEGDFYRADQPRSPPSLRPKDYEVDATLKSLNNQI 
ETLLTPEGSRKNPARTCRDLRLSHPEWSSEGYYWIDPNQGCTMDAIKVYCDFSTGETCIR 
AQPENIPAKNWY--RNSKVKKHIWLGETINGGTQFEYNVEGVTTKEMATQLAFMRLLANH 
ASQNITYHCKNSIAYMDEETGNLKKAVILQGSNDVELVAEGNSRFTYTVLVDGCSKKTNE 
WRKTIIEYKTNKPSRLPILDIAPLDIGDADQEFRVDVGPVCFK 
>Bos 
MFSFVDLRLLLLLAATALLTHGQEEGQEEGQEEDIPPVTCVQNGLRYHDRDVWKPVPCQI 
CVCDNGNVLCDDVICDELK-DCPNAKVPTDECCPVCPEGQESPTDQETTGVEGPKGDTGP 
RGPRGPAGPPGRDGIPGQPGLPGPPGPPGPPGPPGLGGNFAPQLSYGYD----EKSTG-I 
SVPGPMGPSGPRGLPGPPGAPGPQGFQGPPGEPGEPGAS----GPMGPRGPPGPPGKNGD 
DGEAGKPGRPGERGPPGPQGARGLPGTAGLPGMKGHRGFSGLDGAKGDAGPAGPKGEPGS 
PGENGAPGQMGPRGLPGERGRPGAPGPAGARGNDGATGAAGPPGPTGPAGPPGFPGAVGA 
KGEGGPQGPRGSEGPQGVRGEPGPPGPAGAAGPAGNPGADGQPGAKGANGAPGIAGAPGF 



 
 

PGARGPSGPQGPSGPPGPKGNSGEPGAPGSKGDTGAKGEPGPTGIQGPPGPAGEEGKRGA 
RGEPGPAGLPGPPGERGGPGSRGFPGADGVAGPKGPAGERGAPGPAGPKGSPGEAGRPGE 
AGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPPGPPGARGQAGVMGFPGPKGAAGE 
PGKAGERGVPGPPGAVGPAGKDGEAGAQGPPGPAGPAGERGEQGPAGSPGFQGLPGPAGP 
PGEAGKPGEQGVPGDLGAPGPSGARGERGFPGERGVQGPPGPAGPRGANGAPGNDGAKGD 
AGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDRGDAGPKGADGAPGKDGVRGLTGPIGP 
PGPAGAPGDKGEAGPSGPAGPTGARGAPGDRGEPGPPGPAGFAGPPGADGQPGAKGEPGD 
AGAKGDAGPPGPAGPAGPPGPIGNVGAPGPKGARGSAGPPGATGFPGAAGRVGPPGPSGN 
AGPPGPPGPAGKEGSKGPRGETGPAGRPGEVGPPGPPGPAGEKGAPGADGPAGAPGTPGP 
QGIAGQRGVVGLPGQRGERGFPGLPGPSGEPGKQGPSGASGERGPPGPMGPPGLAGPPGE 
SGREGAPGAEGSPGRDGSPGAKGDRGETGPAGPPGAPGAPGAPGPVGPAGKSGDRGETGP 
AGPAGPIGPVGARGPAGPQGPRGDKGETGEQGDRGIKGHRGFSGLQGPPGPPGSPGEQGP 
SGASGPAGPRGPPGSAGSPGKDGLNGLPGPIGPPGPRGRTGDAGPAGPPGPPGPPGPPGP 
PSGGYDLSFLPQPPQEKAHDGGRYYRADDANVVRDRDLEVDTTLKSLSQQIENIRSPEGS 
RKNPARTCRDLKMCHSDWKSGEYWIDPNQGCNLDAIKVFCNMETGETCVYPTQPSVAQKN 
WYISKNPKEKRHVWYGESMTGGFQFEYGGQ-GSDPADVAIQLTFLRLMSTEASQNITYHC 
KNSVAYMDQQTGNLKKALLLQGSNEIEIRAEGNSRFTYSVTYDGCTSHTGAWGKTVIEYK 
TTKTSRLPIIDVAPLDVGAPDQEFG--FDVGPACFL-MLSFVDTRTLLLLAVTSCLATCQ 
C-----KCLQLVSEGPSGDRG---PRGERGPPGPPGRDGDD---GIPGPPG---PPGPPG 
PPGLGGVRCLSVS-LTSVCL-SSSQGLMGPRGPPGASGAPGPQGFQGPPGEPGEPGQTGP 
AGARGPPGPPGKAGEDGHPGKPGRPGERGVVGPQGARGFPGTPGLPGFKGIRGHNGLDGL 
KGQPGAPGVKGEPGAPGENGTPGQTGARGLPGERGRVGAPGPAGARGSDGSVGPVGPAGP 
IGSAGPPGFPGAPGPKGELGPVGNPGPAGPAGPRGEVGLPGLSGPVGPPGNPGANGLPGA 
KGAAGLPGVAGAPGLPGPRGIPGPVGAAGATGARGLVGEPGPAGSKGESGNKGEPGAVGQ 
PGPPGPSGEEGKRGSTGEIGPAGPPGPPGLRGNPGSRGLPGADGRAGVMGPAGSRGATGP 
AGVRGPNGDSGRPGEPGLMGPRGFPGSPGNIGPAGKEGPVGLPGIDGRPGPIGPAGARGE 
PGNIGFPGPKGPSGDPGKAGEKGHAGLAGARGAPGPDGNNGAQGPPGLQGVQGGKGEQGP 
AGPPGFQGLPGPAGTAGEAGKPGERGIPGEFGLPGPAGARGERGPPGESGAAGPTGPIGS 
RGPSGPPGPDGNKGEPGVVGAPGTAGPSGPSGLPGERGAAGIPGGKGEKGETGLRGDIGS 
PGRDGARGAPGAIGAPGPAGANGDRGEAGPAGPAGPAGPRGSPGERGEVGPAGPNGFAGP 
AGAAGQPGAKGERGTKGPKGENGPVGPTGPVGAAGPSGPNGPPGPAGSRGDGGPPGATGF 
PGAAGRTGPPGPSGISGPPGPPGPAGKEGLRGPRGDQGPVGRSGETGASGPPGFVGEKGP 
SGEPGTAGPPGTPGPQGLLGAPGFLGLPGSRGERGLPGVAGSVGEPGPLGIAGPPGARGP 
PGNVGNPGVNGAPGEAGRDGNPGNDGPPGRDGQPGHKGERGYPGNAGPVGAAGAPGPQGP 
VGPVGKHGNRGEPGPAGAVGPAGAVGPRGPSGPQGIRGDKGEPGDKGPRGLPGLKGHNGL 
QGLPGLAGHHGDQGAPGAVGPAGPRGPAGPSGPAGKDGRIGQPGAVGPAGIRGSQGSQGP 
AGPPGPPGPPGPPGPSGGGYEF--GFDGDFYRADQPRSPTSLRPKDYEVDATLKSLNNQI 
ETLLTPEGSRKNPARTCRDLRLSHPEWSS-GYYWIDPNQGCTMDAIKVYCDFSTGETCIR 
AQPEDIPVKNWY--RNSKAKKHVWVGETINGGTQFEYNVEGVTTKEMATQLAFMRLLANH 
ASQNITYHCKNSIAYMDEETGNLKKAVILQGSNDVELVAEGNSRFTYTVLVDGCSKKTNE 
WQKTIIEYKTNKPSRLPILDIAPLDIGGADQEIRLNIGPVCFK 
>Macaca 
MFSFVDLRLLLLLAATALLTHGQEEGQVEGQDEDIPPITCVQNGLRYHDRDVWKPEPCRI 
CVCDNGKVLCDDVICDETK-NCPGAEVPEGECCPVCPDGSESPTDQETTGVEGPKGDTGP 
RGPRGPAGPPGRDGIPGQPGLPGPPGPPGPPGPPGLGGNFAPQLSYGYD----EKSTGGI 
SVPGPMGPSGPRGLPGPPGAPGPQGFQGPPGEPGEPGAS----GPMGPRGPPGPPGKNGD 
DGEAGKPGRPGERGPPGPQGARGLPGTAGLPGMKGHRGFSGLDGAKGDAGPAGPKGEPGS 
PGENGAPGQMGPRGLPGERGRPGAPGPAGARGNDGATGAAGPPGPTGPAGPPGFPGAVGA 
KGEAGPQGPRGSEGPQGVRGEPGPPGPAGAAGPAGNPGADGQPGAKGANGAPGIAGAPGF 
PGARGPSGPQGPGGPPGPKGNSGEPGAPGSKGDTGAKGEPGPVGVQGPPGPAGEEGKRGA 
RGEPGPTGLPGPPGERGGPGSRGFPGADGVAGPKGPAGERGSPGPAGPKGSPGEAGRPGE 
AGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPPGPPGARGQAGVMGFPGPKGAAGE 
PGKAGERGVPGPPGAVGPAGKDGEAGAQGPPGPAGPAGERGEQGPAGSPGFQGLPGPAGP 
PGEAGKPGEQGVPGDLGAPGPSGARGERGFPGERGVQGPPGPAGPRGANGAPGNDGAKGD 
AGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDRGDAGPKGADGSPGKDGVRGLTGPIGP 
PGPAGAPGDKGETGPSGPAGPTGARGAPGDRGEPGPPGPAGFAGPPGADGQPGAKGEPGD 
AGAKGDAGPPGPAGPAGPPGPIGNVGAPGPKGARGSAGPPGATGFPGAAGRVGPPGPSGN 
AGPPGPPGPAGKEGGKGPRGETGPAGRPGEVGPPGPPGPAGEKGSPGADGPAGAPGTPGP 
QGIAGQRGVVGLPGQRGERGFPGNPGPS-------------------------------- 
----------------------GDRGETGPAGPPGAPGAPGAPGPVGPAGKSGDRGETGP 
AGPAGPVGPVGARGPAGPQGPRGDKGETGEQGDRGIKGHRGFSGLQGPPGPPGSPGEQGP 
SGASGPAGPRGPPGSAGTPGKDGLNGLPGPIGPPGPRGRTGDAGPVGPPGPPGPPGPPGP 
PSGGFDFSFLPQPPQEKAHDGGRYYRADDANVVRDRDLEVDTTLKSLSQQIENIRSPEGS 
RKNPARTCRDLKMCHSDWKSGEYWIDPNQGCNLDAIKVFCNMETGETCVYPTQPSVAQKN 



 
 

WYISKNPKDKRHVWFGESMTDGFQFEYGGE-GSDPADVAIQLTFLRLMSTEASQNITYHC 
KNSVAYMDQQTGNLKKALLLQGSNEIEIRAEGNSRFTYSVTVDGCTSHTGAWGKTVIEYK 
TTKTSRLPIIDVAPLDVGAPDQEFG--FDVGPVCFL------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------- 
>Pan 
MFSFVDLRLLLLLAATALLTHGQEEGQVEGQDEDIPPITCVQNGLRYHDRDVWKPEPCRI 
CVCDNGKVLCDDVICDETK-NCPGAEVPEGECCPVCPDGSESPTDQETTGVEGPKGDTGP 
RGPRGPAGPPGRDGIPGQPGLPGPPGPPGPPGPPGLGGNFAPQLSYGYD----EKSTGGI 
SVPGPMGPSGPRGLPGPPGAPGPQGFQGPPGEPGEPGAS----GPMGPRGPPGPPGKNGD 
DGEAGKPGRPGERGPPGPQGARGLPGTAGLPGMKGHRGFSGLDGAKGDAGPAGPKGEPGS 
PGENGAPGQMGPRGLPGERGRPGAPGPAGARGNDGATGAAGPPGPTGPAGPPGFPGAVGA 
KGEAGPQGPRGSEGPQGVRGEPGPPGPAGAAGPAGNPGADGQPGAKGANGAPGIAGAPGF 
PGARGPSGPQGPGGPPGPKGNSGEPGAPGSKGDTGAKGEPGPVGVQGPPGPAGEEGKRGA 
RGEPGPTGLPGPPGERGGPGSRGFPGADGVAGPKGPAGERGSPGPAGPKGSPGEAGRPGE 
AGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPPGPPGARGQAGVMGFPGPKGAAGE 
PGKAGERGVPGPPGAVGPAGKDGEAGAQGPPGPAGPAGERGEQGPAGSPGFQGLPGPAGP 
PGEAGKPGEQGVPGDLGAPGPSGARGERGFPGERGVQGPPGPAGPRGANGAPGNDGAKGD 
AGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDRGDAGPKGADGSPGKDGVRGLTGPIGP 
PGPAGAPGDKGESGPSGPAGPTGARGAPGDRGEPGPPGPAGFAGPPGADGQPGAKGEPGD 
AGAKGDAGPPGPAGPAGPPGPIGNVGAPGAKGARGSAGPPGATGFPGAAGRVGPPGPSGN 
AGPPGPPGPAGKEGGKGPRGETGPAGRPGEVGPPGPPGPAGEKGSPGADGPAGAPGTPGP 
QGIAGQRGVVGLPGQRGERGFPGLPGPSGEPGKQGPSGASGERGPPGPMGPPGLAGPPGE 
SGREGAPGAEGSPGRDGSPGAKGDRGETGPAGPPGAPGAPGAPGPVGPAGKSGDRGETGP 
AGPAGPVGPVGARGPAGPQGPRGDKGETGEQGDRGIKGHRGFSGLQGPPGPPGSPGEQGP 
SGASGPAGPRGPPGSAGAPGKDGLNGLPGPIGPPGPRGRTGDAGPVGPPGPPGPPGPPGP 
PSAGFDFSFLPQPPQEKAHDGGRYYRADDANVVRDRDLEVDTTLKSLSQQIENIRSPEGS 
RKNPARTCRDLKMCHSDWKSGEYWIDPNQGCNLDAIKVFCNMETGETCVYPTQPSVAQKN 
WYISKNPKDKRHVWFGESMTDGFQFEYGGQ-GSDPADVAIQLTFLRLMSTEASQNITYHC 
KNSVAYMDQQTGNLKKALLLQGSNEIEIRAEGNSRFTYSVTVDGCTSHTGAWGKTVIEYK 
TTKTSRLPIIDVAPLDVGAPDQEFG--FDVGPVCFL-MLSFVDTRTLLLLAVTLCLATCQ 
S-----LQEETVRKGPAGDRG---PRGERGPPGPPGRDGED---GPTGPPG---PPGPPG 
PPGLGGNFAAQYD-GKGVGLGPGPMGLMGPRGPPGAAGAPGPQGFQGPAGEPGEPGQTGP 
AGARGPAGPPGKAGEDGHPGKPGRPGERGVVGPQGARGFPGTPGLPGFKGIRGHNGLDGL 
KGQPGAPGVKGEPGAPGENGTPGQTGARGLPGERGRVGAPGPAGARGSDGSVGPVGPAGP 
IGSAGPPGFPGAPGPKGEIGAVGNAGPAGPAGPRGEVGLPGLSGPVGPPGNPGANGLTGA 
KGAAGLPGVAGAPGLPGPRGIPGPVGAAGATGARGLVGEPGPAGSKGESGNKGEPGSAGP 
QGPPGPSGEEGKRGPNGEAGSAGPPGPPGLRGSPGSRGLPGADGRAGVMGPAGSRGASGP 
AGVRGPNGDAGRPGEPGLMGPRGLPGSPGNIGPAGKEGPVGLPGIDGRPGPIGPAGARGE 
PGNIGFPGPKGPTGDPGKNGDKGHAGLAGARGAPGPDGNNGAQGPPGPQGVQGGKGEQGP 
AGPPGFQGLPGPSGPTGEVGKPGERGLHGEFGLPGPAGPRGERGPPGESGAAGPTGPIGS 
RGPSGPPGPDGNKGEPGVVGAVGTAGPSGPSGLPGERGAAGIPGGKGEKGEPGLRGEIGN 
PGRDGARGAPGAVGAPGPAGATGDRGEAGAAGPAGPAGPRGSPGERGEVGPAGPNGFAGP 



 
 

AGAAGQPGAKGERGAKGPKGENGVVGPTGPVGAAGPAGPNGPPGPAGSRGDGGPPGMTGF 
PGAAGRTGPPGPSGISGPPGPPGPAGKEGLRGPRGDQGPVGRTGEVGAVGPPGFAGEKGP 
SGEAGTAGPPGTPGPQGLLGAPGILGLPGSRGERGLPGVAGAVGEPGPLGIAGPPGARGP 
PGAVGSPGVNGAPGEAGRDGNPGNDGPPGRDGQPGHKGERGYPGNIGPVGAAGAPGPHGP 
VGPAGKHGNRGETGPSGPVGPAGAVGPRGPSGPQGIRGDKGEPGEKGPRGLPGLKGHNGL 
QGLPGIAGHHGDQGAPGSVGPAGPRGPAGPSGPAGKDGRTGHPGTVGPAGIRGPQGHQGP 
AGPPGPPGPPGPPGVSGGGYDF--GYDGDFYRADQPRSAPSLRPKDYEVDATLKSLNNQI 
ETLLTPEGSRKNPARTCRDLRLSHPEWSS-GYYWIDPNQGCTMDAIKVYCDFSTGETCIR 
AQPENIPAKNWY--RSSKDKKHVWLGETINAGSQFEYNVEGVTSKEMATQLAFMRLLANY 
ASQNITYHCKNSIAYMDEETGNLKKAVILQGSNDVELVAEGNSRFTYTVLVDGCSKKTNE 
WGKTIIEYKTNKPSRLPFLDIAPLDIGGADQEFFVDIGPVCFK 
>Echinops 
-----------------------------------PSLSCVQDGLKYKNRDVWKPEPCRI 
CVCDKGTVLCDKVTCPDND-KCPGAIKNPGECCAICPDGEASPTDQETTGVEGPKGDTGP 
RGPRGPAGPAGRDGIPGQPG---------------------------------------- 
------GPSGPRGLPGPPGAPGPQGFQGPAGEPGEPGAS----GPMGPRGPPGPPGKNGD 
DGEAGKPGRAGERGPPGPQGARGLPGTAGLPGMKGHR----------------------- 
------------------------------------------------------------ 
-GESCPQGTRGSEGPQCVRGEPVPP--AGAA-PARNPGDDEQPGGKGANGAPGIAGAPGF 
PGARGPSGPQGPSGAPGPKGNSGEPGAPGNKGDAGAKGEPGPTGVQGPPGPAGEEGKRGA 
RGEPGPSGLPGPPGERGGPGSRGFPGSDGVAGPKGPAGERGSPGPAGPKGSPGESGRPGE 
AGLPGAK----------------------------------------------------- 
------------------------------------------------------------ 
----------GVPGDLGAPGPSGARGERGFPGERGVQGPPGPAGPRGSNGAPGNDGAKGD 
AGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDRGDAGPKGADG---------------- 
----------GESGPSGPAGPTGARGAPGDRGEPGPAGPAGFAGPPGADGQPGAKGEPGD 
AGAKGDAGLSGPAGPTGAPGPIGNVGAPGPKGARGSAGPPCATG-PGAA-RVAPPS---- 
------------------------------------------------------------ 
------------------------------------------------------------ 
----------------------------------------------------------GP 
AGPAGPIGPVGARGPSGPQGARGDKGETGEQGDRGMKGHRGFSGLQGPPGLPGSPGEQGP 
SGASGPAGPRGPPGSAGSPGKDGLSGLPGPIGPPGPRGRTGDAGPVGPPGPPGPPGPPGP 
PSGGFDFSFMPQPPQEKAHDGGRYYRADDANVVRDRDLEVDTTLKSLSQQIENIRSPEGS 
RKNPARTCRDLKMCHSDWKSGEYWIDPNQGCTLDAIKVFCNMETGETCVYPTQPSVAQKN 
WYISKNPKEKSHVWYGESMTDGFQFEYGGE-GSDPADVAIQLTFLRLMSTEASQNITYHC 
KNSIAYMDQQTGNLRKALLLQGSNEIEIRAEGNSRFTYSVISDGCTSHTGAWGKTIIEYK 
TTKTSRLPIIDVAPLDIGAPDQEFG--FDISPVCFL-MLSFVDMRTLLLLAVTSCLATCQ 
S-----LQTETARKGPTGDRG---PRGDRGPAGPPGRDGED---GIPGPPG---PPGPPG 
PPGLGGNFAAQYD-GKGVGLGPGPMGLMGPRGPPGANGPPGPPGFNGPAGEPGEPGQTGP 
AGSRGPAGPPGKAGEDGHPGNPERSGERGVVG--GARGFPGTPGLPGFKGIRGHNGLDGL 
KGQPGAAGVKGDAEGTGQ-------GARGLPGERGRVGGSGPAGARGSDGSVGPVGPAGP 
LGSAGPPGFPGAPGPKGELGPVGNPGPSGPAGPRGEVGLPGVSGPVGPPGNPGANGLAGA 
KGAAGLPGVAGAPGLPGPRGIPGPAGSAGATGARGLVGEPGPAGSKGESGSKGEPGSAVP 
QG------------------------PA---GSPGSRGLPGADGRAGVMGPPGNRGASGP 
AGSRGPSGDSGRPGEPGLMGPRGLPGSPGNVGPAGKEGLGGLPGIDGRPGPTGPAGARGE 
PGNIGFPGPKGPTGDAGKPGDKGHAGLAGPRGAPGPDGNNGAQGPPGPQGVQGGKGEQGP 
AGPPGFQGLPGPAGPTGEVGKPGERGLHGEFGLPGPAGPRGERGPPGQSGAAGPTGSIGS 
RGPSGPPGPDGNKGEPGVVGAPGTAGASGPGGLPGEWGAACVPGGKGEKGETGLRGEIGN 
TGRDGARGAPGAVGAPGPAGATGDRGEAGAAGPAGPAGPRGSPGERGEVGPAGPNGFAGP 
AGAAGQAGPKGERGTKGPKGENGAVGPTGPIGSAGPSGPNGPPGPAGSRGDGGPP----- 
-------------GITGPPGPPGAAGKEGLRGPRGDQGPVGRTGETGASGPTGFTGEKGP 
SGEPGTAGPPGTPGPQGILGPPGILGLPGSRGERGLPGVAGSLE-PGPLGISGPPGARG- 
-GAVGNPGVNGA-------GNPGSDGPPGRDGLPGHKGERGYPGNAGPVGNAGAPGPHGS 
VGPAGKYGNRGEPGPAGSVGPVGAVGPRGPSGPQGPRGDKGEAGEKGPRGLTGFKGHNGL 
QGLPGLAGQHGDQGSPGTVGPAGPRGPAGPSGPAGKDGRSGHPGAVGPAGVRGSQGSQGP 
SGPPGPPGPPGPPGVSGGGYDF--GYDGDFYRADQPRSQPSLRAKDHEVDATLKSLNNQI 
ETLLTPEGSKKNPARTCRDLRLSHPEWSS-GYYWIDPNQGCTMDAIKVYCDFSTGETCIR 
AQPESIPVKNWF--QNSKVKKHVWVGETINGGSQ-------------------------- 
-------------------------------------------------------RKTNE 
WGKTIIEYKTNKPSRLPILDIAPLDIGGADQELIVDIGPACFK 
>Mammut 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 



 
 

-------------------------------------------------GPPGPPGKNGD 
DGEAGKPGRPGERGP--PQGARGLPGTAGLPGMKGHR---------GDAGPAGPKGEPGS 
PGENGAPGQMGPR------------------GNDGATGAAGPPGPTGPAGPPGFPGAVGA 
KGEAGPQGARGSEGPQGVRGEPGPPGPAGAAGPAGNPGADGQPGAKGANGAPGIAGAPGF 
PGARGPSGPQGPSGAPGPKGNSGEPGAQGNKGDTGAKGEPGPVGIQGPPGPAGEEGKR-- 
-GEPGPTGLPGPPGER------GFPGADGVAGPKGPAGERGSPGPAGPKGSPGEAGRPGE 
AGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPAGPPGARGQAGVMGFPGPKGTAGE 
PGK----GVPGPPGAVGPAGKDGEAGAQGPPGPAGPAGER-------------------- 
----------------------------------GVQGPPGPAGPR------------GD 
TGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDRGDAGPKGADGSPGKDGPRGLTGPIGP 
PGPAGAPGDKGEAGPSGPAGPTGARGAPGDRGEPGPPGPAGFAGPPGADGQPGAK----- 
----GDAGPPGPAGPTGAPGPIGNVGASGPK---GSAGPPGATGFPGAAGR--------- 
----------------GPRGETGPAGRPGEVGPPGPPGPAGEKG---------------- 
-------GVVGLPGQR---GFPGLPGPSGEPGKQGPSGSSGER----------------- 
---EGAPGAEGSPGRDGSPGAKGDRGETGPAGPPGAPGAPGAPGPVGPAGKSGDRGETGP 
AGPAGPAGPAGVRGPAGPQGPRGDKGETGEQGDRGL----GFSGLQGPPGPPGSPGEQGP 
SGASGPAGPRGPPGSAGAPGKDGLNGLPGPIGPPGPR--TGDAGPVGPPGPPGPPGPPGP 
P----------------------------------------------------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------- 
>Tyrannosaurus 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
----------------------------------------------GATGAPGIAGAPGF 
PGARGAPGPQGPSGAPGPK----------------------------------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
----------------------------------GVQGPPGPQGPR-------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
----------------------------------GSAGPPGATGFPGAAGR--------- 
------------------------------------------------------------ 
-------GVVGLPGQR-------------------------------------------- 
------------------------------------------------------------ 



 
 

------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
-------------------------------------------GLPGESGAVGPAGPPGS 
R----------------------------------------------------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------- 
>Homo 
MFSFVDLRLLLLLAATALLTHGQEEGQVEGQDEDIPPITCVQNGLRYHDRDVWKPEPCRI 
CVCDNGKVLCDDVICDETK-NCPGAEVPEGECCPVCPDGSESPTDQETTGVEGPKGDTGP 
RGPRGPAGPPGRDGIPGQPGLPGPPGPPGPPGPPGLGGNFAPQLSYGYD----EKSTGGI 
SVPGPMGPSGPRGLPGPPGAPGPQGFQGPPGEPGEPGAS----GPMGPRGPPGPPGKNGD 
DGEAGKPGRPGERGPPGPQGARGLPGTAGLPGMKGHRGFSGLDGAKGDAGPAGPKGEPGS 
PGENGAPGQMGPRGLPGERGRPGAPGPAGARGNDGATGAAGPPGPTGPAGPPGFPGAVGA 
KGEAGPQGPRGSEGPQGVRGEPGPPGPAGAAGPAGNPGADGQPGAKGANGAPGIAGAPGF 
PGARGPSGPQGPGGPPGPKGNSGEPGAPGSKGDTGAKGEPGPVGVQGPPGPAGEEGKRGA 
RGEPGPTGLPGPPGERGGPGSRGFPGADGVAGPKGPAGERGSPGPAGPKGSPGEAGRPGE 
AGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPPGPPGARGQAGVMGFPGPKGAAGE 
PGKAGERGVPGPPGAVGPAGKDGEAGAQGPPGPAGPAGERGEQGPAGSPGFQGLPGPAGP 
PGEAGKPGEQGVPGDLGAPGPSGARGERGFPGERGVQGPPGPAGPRGANGAPGNDGAKGD 
AGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDRGDAGPKGADGSPGKDGVRGLTGPIGP 
PGPAGAPGDKGESGPSGPAGPTGARGAPGDRGEPGPPGPAGFAGPPGADGQPGAKGEPGD 
AGAKGDAGPPGPAGPAGPPGPIGNVGAPGAKGARGSAGPPGATGFPGAAGRVGPPGPSGN 
AGPPGPPGPAGKEGGKGPRGETGPAGRPGEVGPPGPPGPAGEKGSPGADGPAGAPGTPGP 
QGIAGQRGVVGLPGQRGERGFPGLPGPSGEPGKQGPSGASGERGPPGPMGPPGLAGPPGE 
SGREGAPGAEGSPGRDGSPGAKGDRGETGPAGPPGAPGAPGAPGPVGPAGKSGDRGETGP 
AGPTGPVGPVGARGPAGPQGPRGDKGETGEQGDRGIKGHRGFSGLQGPPGPPGSPGEQGP 
SGASGPAGPRGPPGSAGAPGKDGLNGLPGPIGPPGPRGRTGDAGPVGPPGPPGPPGPPGP 
PSAGFDFSFLPQPPQEKAHDGGRYYRADDANVVRDRDLEVDTTLKSLSQQIENIRSPEGS 
RKNPARTCRDLKMCHSDWKSGEYWIDPNQGCNLDAIKVFCNMETGETCVYPTQPSVAQKN 
WYISKNPKDKRHVWFGESMTDGFQFEYGGQ-GSDPADVAIQLTFLRLMSTEASQNITYHC 
KNSVAYMDQQTGNLKKALLLQGSNEIEIRAEGNSRFTYSVTVDGCTSHTGAWGKTVIEYK 
TTKTSRLPIIDVAPLDVGAPDQEFG--FDVGPVCFL-MLSFVDTRTLLLLAVTLCLATCQ 
C----TLGGQTLSKFPPYLHI---ERSEQGPPGPPGRDGED---GPTGPPG---PPGPPG 
PPGLGGNFAAQYD-GKGVGLGPGPMGLMGPRGPPGAAGAPGPQGFQGPAGEPGEPGQTGP 
AGARGPAGPPGKAGEDGHPGKPGRPGERGVVGPQGARGFPGTPGLPGFKGIRGHNGLDGL 
KGQPGAPGVKGEPGAPGENGTPGQTGARGLPGERGRVGAPGPAGARGSDGSVGPVGPAGP 
IGSAGPPGFPGAPGPKGEIGAVGNAGPAGPAGPRGEVGLPGLSGPVGPPGNPGANGLTGA 
KGAAGLPGVAGAPGLPGPRGIPGPVGAAGATGARGLVGEPGPAGSKGESGNKGEPGSAGP 
QGPPGPSGEEGKRGPNGEAGSAGPPGPPGLRGSPGSRGLPGADGRAGVMGPPGSRGASGP 
AGVRGPNGDAGRPGEPGLMGPRGLPGSPGNIGPAGKEGPVGLPGIDGRPGPIGPAGARGE 



 
 

PGNIGFPGPKGPTGDPGKNGDKGHAGLAGARGAPGPDGNNGAQGPPGPQGVQGGKGEQGP 
PGPPGFQGLPGPSGPAGEVGKPGERGLHGEFGLPGPAGPRGERGPPGESGAAGPTGPIGS 
RGPSGPPGPDGNKGEPGVVGAVGTAGPSGPSGLPGERGAAGIPGGKGEKGEPGLRGEIGN 
PGRDGARGAPGAVGAPGPAGATGDRGEAGAAGPAGPAGPRGSPGERGEVGPAGPNGFAGP 
AGAAGQPGAKGERGAKGPKGENGVVGPTGPVGAAGPAGPNGPPGPAGSRGDGGPPGMTGF 
PGAAGRTGPPGPSGISGPPGPPGPAGKEGLRGPRGDQGPVGRTGEVGAVGPPGFAGEKGP 
SGEAGTAGPPGTPGPQGLLGAPGILGLPGSRGERGLPGVAGAVGEPGPLGIAGPPGARGP 
PGAVGSPGVNGAPGEAGRDGNPGNDGPPGRDGQPGHKGERGYPGNIGPVGAAGAPGPHGP 
VGPAGKHGNRGETGPSGPVGPAGAVGPRGPSGPQGIRGDKGEPGEKGPRGLPGLKGHNGL 
QGLPGIAGHHGDQGAPGSVGPAGPRGPAGPSGPAGKDGRTGHPGTVGPAGIRGPQGHQGP 
AGPPGPPGPPGPPGVSGGGYDF--GYDGDFYRADQPRSAPSLRPKDYEVDATLKSLNNQI 
ETLLTPEGSRKNPARTCRDLRLSHPEWSS-GYYWIDPNQGCTMDAIKVYCDFSTGETCIR 
AQPENIPAKNWY--RSSKDKKHVWLGETINAGSQFEYNVEGVTSKEMATQLAFMRLLANY 
ASQNITYHCKNSIAYMDEETGNLKKAVILQGSNDVELVAEGNSRFTYTVLVDGCSKKTNE 
WGKTIIEYKTNKPSRLPFLDIAPLDIGGADQEFFVDIGPVCFK 
>Loxodonta 
------------------------------------------------------------ 
----------------------------------------------------GPKGDTGP 
RGPRGPAGPPGRDGIPGQPGLPGPPGPPGPPGPPGLGGNFAPQLSYGYD----EKSAGGI 
SVPGPM-PSGLRGL---------------------------------------------- 
------------------------------------------------------------ 
----------------------------------------GAPGPTGPAGPPGFPGAVGA 
KGEAGPQGARGSEGPQGVRGEPGPPGPAGAAGPAGNPGADGQPGAKGANGAPGIAGAPGF 
PGARGPAGPQGPSGAPGPKGNSGEPGAPGSKGDAGAKGEPGPVGIQGPPGPAGEEGKRGA 
RGEPGPTGLPGPPGERGGPGSRGFPGADGVAGPKGPAGERGSPGPAGPKGSPGEAGRPGE 
AGLPGAKGLTGSPGSPGPDGKTGPPVPAGQDGRPGPPVP-GARGQAGVMGFPGPKGAAG- 
------------------------------------------------------------ 
-----------VPGDLGAPGPSGARGERGFPGERGVQGPPGPAGPRGSNGAPGNDGAKGD 
AGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDRGDAGPKGADGSPGKDGPRGLTGPIGP 
PGPAGAPGDKGEAGPSGPAGPTGARGAPGDRGEPGPPGPAGFAGPPGADGQPGAKGEPGD 
AGAKGDAGPPGPAGPTGAPGPIGNVGAPGPKGARGSAGPPGATGFPGAAGRVGPPGPSGN 
AGLSGPPGSAGKECGKGPRGETG------------------------------------- 
----------------------------GEPGKQGAPGSSGDRGPPGPVGPPGLTGPAGE 
PGREGPAG---------------------------------------------------- 
--PAGPAGPAGVRGPAGPQGPRGDKGETGEQGDRGLKGHRGFSGLQGPPGPPGSPGEQGP 
SGASGPAGPRGPPGSAGAPGKDGLNGLPGPIGPPGPRGRTGDAGPVGPPGPPGPPGPPGP 
PSGAFDFSFLPQPPQEKAHDGGRYYRADDANVVRDRDLEVDTTLKSLSQQIENIRSPEGS 
RKNPARTCRDLKMCHSDWKSGEYWIDPNQGCNLDAIKVFCESMTDE-------------- 
-----------------------QFEYGGE-GSDPADVAIQLTFLRLMSTEASQNITYHC 
KNSVAYMDQQTGNLKKALLLQGSNEIEIRAEGNSRFTYSVTEDGCTSHTGTWGKTIIEYK 
TTKTSRLPIIDVAPLDVGAPDQEFG--FDIGPVCFL------------------------ 
---------ATTRKGPPGDRG---PRGDRGPTGPPGRDGED---GIPGPPG---PPGPPG 
PPGLGGNFAAQYD-AKGIGLGPGPMGLMGPRGPPGATGPPGSPGFQGPPGEPGEPGQTGP 
AGSRGPAGPPGKAGEDGHPGKPGRPGERGVVGPQGARGFPGTPGLP------GHNGLDGL 
KGQPGAPGVKGEPGAPGENGTPGQIGARGLPGERGRVGGPGPAGARGSDGSVGPVGPAGL 
IGSAGSPGFSGS-GLK---------------------------------GNPGANGLAGA 
KGAAGLPGVAGAPGLPGPRGIPGPVGAAGATGARGLVGEPGPAGSKGESGSKGEPGSAGP 
QGPPGPSGEEGKRGSSGEAGSAGPAGPPGLRGGPGSRGLPGADGRAGVMGPPGSRGASGP 
AGVRGPSGDSGRPGEPGVMGPRGLPGSPGNVGPAGKEGPAGLPGIDGRPGPIGPAGARGE 
PGNIGFPGPKGPA----KNGDKGHAGLAGPRGAPGPDGNNGAQGPPGLQGVQGGKGEQGP 
AGPPGFQGLPGPSGTAGEAGKPGERGIPGEFGLPGPAGPRGERGPPGQSGAAGPTGPIGS 
RGPSGPPGPDGNKGEPGVVGAPGTAGPSGPGGLPGERGAAGIPGGKGEKGETGLRGDTGN 
TGRDGARGAPGAVGAPGPAGATGDRGEAGPAGSAGPAGPRGSPGERGEVGPAGPNGFAGP 
AGAAGQAGAKGERGTKGPKGENGPVGPTGPVGAAGPAGPNGPPGPAGSRGDGGPPGATGF 
PGAAGRTGPPGPAGITGPPGPPGAAGKEGLRGPRGDQGPVGRTGETGASGPPGFAGEKGS 
SGEPGTAGPPGTPGPQGILGPPGILGLPGSRGERGLPGVAGAVGGLGPLGIAGPPGARGP 
PGAVGSPGVNGAPGEAGRDGNPGNDGPPGRDGLPGHKGERGYPGNAGPVGTAGAPGPQGP 
LGPAGKHGNRGEPGPAGSVGPVGAVGPRGPS----------------------------- 
-------GQHGDQGSPGSVGPAGPRGPAGPSGPVGKDGRPGHAGAVGPAGVRGSQGSQGP 
SGPPGPPGPPGPPGPSGGGYDF--GYDGDFYRADQPRSPPSLRPKDYEVDATLKSLNNQI 
ETLLTPEGSKKNPARTCRDLRLSHPEWSS-GYYWIDPNQGCTMDAIKVYCDFSTGETCIR 
AQPENIPAKNWY--RSSKAKKHIWFGETINGGTQIEYNEEGVTTKDMATQLAFMRLLANH 
ASQNITYHCKNSIAYMDEETGNLKKAVILQGSNDVELVAEGNSRFTYTVLVDGCS----- 
------------------------------------------- 



 
 

>Monodelphis 
MFSFVDPRLLLLLAVTAVLTHGQD-------EEDIPEGTCIQNAIKYNNGEVWKPKICQI 
CVCDNGSILCDEIICEDVS-NCPNVQYKDDECCPSC--AVASPSSLTEIGVEGPKGDTGP 
RGERGPPGLPGKDGKPGNPGIQGPPGLPGIPG---LGGNFASQMSYGYD----EKSGGGM 
SVPGPMGPSGPRGLPGPPGNPGPQGFQGPPGEPGEPGAS----GPMGPRGPAGPPGKNGD 
DGEAGKPGRPGERGPPGPQGARGLPGTAGLPGMKGHRGFSGLDGAKGDSGPAGPKGEPGS 
PGENGAPGQMGPRGLPGERGRPGPPGPAGARGNDGATGAAGPPGPTGPAGPPGFPGAVGA 
KGEAGPQGSRGSEGPQGVRGEPGPPGPAGAAGPSGNPGADGQPGAKGANGAPGIAGAPGF 
PGARGPSGPQGPSGAPGPKGNSGEPGAPGNKGDPGAKGEPGPVGVQGPPGPAGEEGKRGS 
RGEPGPSGLPGPAGERGGPGSRGFPGADGVAGPKGAPGERGAPGPAGPKGSPGEAGRPGE 
AGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPPGPPGARGQAGVMGFPGPKGAAGE 
PGKAGERGVPGPPGAVGAAGKDGEAGAQGPPGPAGPAGERGEQGPAGSPGFQGLPGPAGP 
PGEAGKPGEQGVPGDAGAPGPSGARGERGFPGERGVQGPPGPQGPRGSNGAPGNDGAKGD 
AGAPGAPGGQGPPGLQGMPGERGAAGLPGAKGDRGDAGPKGADGAAGKDGVRGLTGPIGP 
PGPAGPTGDKGESGPSGPVGPTGARGAPGERGEPGPPGPAGFAGPPGADGQPGAKGEPGD 
AGAKGDAGPPGPAGPTGAPGPAGNVGAPGPKGARGNAGPPGATGFPGAAGRVGPPGPSGN 
AGPPGPPGPAGKEGGKGPRGETGPIGRPGEVGPPGPPGPSGEKGSPGADGPAGAPGTPGP 
QGIAGQRGVVGLPGQRGERGFPGLPGPSGEPGKQGPSGISGERGPPGPAGPPGLAGPPGE 
SGREGSPGAEGSPGRDGSPGPKGDRGETGPAGPPGAPGAPGAPGPVGPAGKSGDRGETGP 
AGPAGPVGPTGARGPSGPQGPRGDKGETGEQGDRGMKGHRGFSGLQGPPGPPGSPGEQGP 
SGASGPAGPRGPPGSAGASGKDGLNGLPGPIGPPGPRGRTGDAGPAGPPGPPGPAGPPGP 
PSGGFDFSFLPQPPQEKAHDSGRYYRADDANV-RDRDLEVDTTLKSLTQQIENIRSPEGT 
RKNPARTCRDLRMCHSDWKSGEYWIDPNQGCNLDAIKVFCNMETGETCVYPTQPKVPLKN 
WYINKNPKDKKHVWFGESMTDGFQFEYGGE-GSDPADVAIQMTFLRLMSTEASQNITYHC 
KNSVAYMDQQTGNLKKALLLQGSNEIEIRAEGNSRFTYGVTEDGCTSHTGNWGKTVIEYK 
TTKTSRLPIIDVAPMDIGAPNQEFG--CDVGPVCFL------------------------ 
----------SLLKGPQGDRG---PRGPRGPPGLPGRDGED---GPQGPPG---PPGLPG 
LGG---NFAAQYDASKGLDMGPGPM----------------------------------- 
------------------------------------------------------------ 
----------------------------------------------------------GP 
LGSAGPPGFPGAPGPKVSEGPPPAPRLHHQLPPRPSLGLPGMTGPVGPAGNPGANGLTGA 
KGAAGLPGVAGAPGLPGPRGIPGPAGAAGASGPRGLAGEPGPAGSKGESGNKGEPGSAGP 
QGPPGPNGEEGKRGPNGEPGSSGPAGPPGLRGVPGSRGLPGADGRAGGMGPPGNRGSSGP 
AGVRGPNGDAGRPGEPGLMGPRGLPGSPGNSGPTGKEGPAGLPGADGRPGPTGPAGNRGE 
PGNIGFPGPKGPTGDPGKSGEKGHAGLAGARGAPGPDGNNGAQGPPGPAGVQGGKGEQGP 
AGPPGFQGLPGPSGPAGEGGKVGERGLAGEFGLPGPAGPRGERGPPGESGAVGPTGSIGS 
RGPSGPPGPDGNKGEPGVVGAPGNAGPAGSGGVPGERGAAGVPGGKGDKGETGPRGEFGN 
PGRDGAR----------------------------------------------------- 
-------------------------------------GPSGPPGPIGGRGDRGPPGATGF 
PGAAGRTGSPGPAGPGAPWSPPG------------------------------------- 
-------GPPGSSGPQGILGAPGILGLPGSRGERGLPGVSGSLGEPGPLGIAGPPGARGP 
PGAVGSPGVNGAPGEAGRD----------------------------------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
--------------------------------------------KDMATQLFFMRLLANH 
ASQNLTYHCKNSVAYMDAESGSLKKAVILQGSNDVELTAEGNSRFTFSVLEDGCSRKTNE 
WGKTIIEYKTNKPSRLPFLDIAPLDIGGADQEFYLDVGPVCFK 
>Alligator 
------------------------------------------------------------ 
-------------------------------------------------------GDTGP 
RGPRGPAGPPGR-------------------------------------------SAG-V 
TVPGPMGPAGPR--------------QGPPGEPGEPGAS----GPMGPRGPAGPPGKNGD 
DGEAGKPGRPGQRGPSGPQGARGLPGTAGLPGMK---GFSGLDGAKGDAGPAGPKGEPGS 
PGENGAPGQMGPR------GRPGPSGPAGARGNDGAPGAAGPPGPTGPAGPPGFPGAVGA 
KGEAGPQGARGSEGPQGVR---------------------------GATGAPGIAGAPGF 
PGARGPSGPQGPSGAPGPKGNSGEPGAPGNKGDTGAKGEPGPAGVQGPPGPAGEEGKR-- 
-GEPGPAGLPGPAGERGGPGSRGFPGADGIAGPKGPAGERGSPGAVGPKGSTGESGRPGE 
PGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPPGPPGARGQAGVMGFPGPKGAAGE 
PGKAGERGAPGPPGAVGAAGK----------GPAGPAGER--------PGFQGLPGPAGP 
------------PGNAGAPGPAGAR---------GVQGPPGPAGPRGANGAPGNDGAKGD 
AGAPGAPGNEGPPGLEGMP---GAAGLPGAK---------------------GLTGPIGP 
PGPAGAPGDKGEAGPPGPAGPTGARGAPGDRGEPGPPGPAGFAGPPGADGQPGAKGESGD 



 
 

AGPKGDAGPPGPAGPTGAPGPAGNVGAPGPKGPRGAAGPPGATGFPGAAGRVGPPGPSGN 
AGPPGPPGPAGKEGGKGPRGETGPAGRPGEPGPAGPPGPPGEKGSPGADGPAGAPGTPGP 
QGIAGQRGVVGLPGQR---GFPGLPGPSGEPGKQGPSGASGERGPPGPMGPPGLAGPPGE 
AGREGAPGAEGAPGRDGAAGAKGDRGETGPAGPPGAPGAPGAPGPVGPAGKNGDRGETGP 
AGPAGPAGPSGVRGPAGPQGPRGDKGETGEQGDRGIKGHRGFSGLQGPPGPPGSPGEQGP 
SGASGPAGPRGPPGSAGAPGKDGLNGLPGPIGPPGPRGR--------------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
----------------ALLLQGANEIEIR------------------------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
-------------GSNGEPGSAGPPGPAGLR----------------------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
-------------------------------------------GLPGESGAVGPVGPIGS 
R----------------------------------------------------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------- 
>Struthio 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
--PGPMGPAGPR-------------------------------------GPAGPPGKNGD 
DGEAGKPGRPGQRGPPGPQGAR---------------------------------GEPGS 
PGENGAPGQMGPR------GRPGPSGPAGARGNDGAPGAAGPPGPTGPAGPPGFPGAAGA 
KGEAGPQGARGSEGPQGVRGEPGPPGPAGAAGPAGNPGADGQPGAKGATGAPGIAGAPGF 
PGARGPSGPQGPSGAPGPKGNSGEPGAPGNKGDTGAK--------QGPPGPAGEEGKRGA 
RGEPGPAGLPGPAGER--------PGADGIAGPKGPPGERGSPGAVGPKGSPGEAGR--- 
-------GLTGSPGSPGPDGKTGPPGPAGQDGR----------GQAGVMGFPGPKGAAGE 
PGKPGER-----------------------PGPAGPAGER-------------------- 
-------------------------GERGFPGERGVQGPPGPQGPR-------------- 
----------------GMPGERGAAGLPGAKGDRGDPGPKGADGAPGKDGLR-------- 
------------------------------------------------------------ 
----------------------------------GSAGPPGATGFPGAAGR--------- 
------------EGGKGARGETGPAGRPGEPGPAGPP----------------------- 
-------GVVGLPGQRGERGFPGLPGPSGEPGKQGPSGASGERGPPGPMGPPGL------ 
---EGAPGAEGAPGRDGAAGPKGDRGETGPAGPPGAPGAP-----------NGDRGETGP 
AGPAGPPGPAGARGPAGPQGPRGDKGETGEQGDRGMKGHKGFSGLQGPPGPPGAPGEQGP 
SGASGPAGPRGPPGSAGAAGKDGLNGLPGPIGPPGPRGR--------------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
----------------ALLLQGSNEIEIR------------------------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 



 
 

------------------------------------------------------------ 
------------------------------------------------------------ 
-------------GSNGEPGSAGPPGPAGLR----------------------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
-------------------------------------------GLPGESGAVGPAGPIGS 
R----------------------------------------------------------- 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------------------------ 
------------------------------------------- 
>Gallus 
MFSFVDSRLLLLIAATVLLTRGEGE-------EDIQTGSCVQDGLTYNDKDVWKPEPCQI 
CVCDSGNILCDEVICEDTS-DCPNAEIPFGECCPICPDVDASPVYPESAGVEGPKGDTGP 
RGDRGLPGPPGRDGIPGQPGLPGPPGPPGPPG---LGGNFAPQMSYGYD----EKSAG-V 
AVPGPMGPAGPRGLPGPPGAPGPQGFQGPPGEPGEPGAS----GPMGPRGPAGPPGKNGD 
DGEAGKPGRPGQRGPPGPQGARGLPGTAGLPGMKGHRGFSGLDGAKGQPGPAGPKGEPGS 
PGENGAPGQMGPRGLPGERGRPGPSGPAGARGNDGAPGAAGPPGPTGPAGPPGFPGAAGA 
KGETGPQGARGSEGPQGSRGEPGPPGPAGAAGPAGNPGADGQPGAKGATGAPGIAGAPGF 
PGARGPSGPQGPSGAPGPKGNSGEPGAPGNKGDTGAKGEPGPAGVQGPPGPAGEEGKRGA 
RGEPGPAGLPGPAGERGAPGSRGFPGADGIAGPKGPPGERGSPGAVGPKGSPGEAGRPGE 
AGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPAGPPGARGQAGVMGFPGPKGAAGE 
PGKPGERGAPGPPGAVGAAGKDGEAGAQGPPGPTGPAGERGEQGPAGAPGFQGLPGPAGP 
PGEAGKPGEQGVPGNAGAPGPAGARGERGFPGERGVQGPPGPQGPRGANGAPGNDGAKGD 
AGAPGAPGNEGPPGLEGMPGERGAAGLPGAKGDRGDPGPKGADGAPGKDGLRGLTGPIGP 
PGPAGAPGDKGEAGPPGPAGPTGARGAPGDRGEPGPPGPAGFAGPPGADGQPGAKGETGD 
AGAKGDAGPPGPAGPTGAPGPAGNVGAPGPKGARGSAGPPGATGFPGAAGRVGPPGPSGN 
IGLPGPPGPAGKEGSKGPRGETGPAGRPGEPGPAGPPGPPGEKGSPGADGPIGAPGTPGP 
QGIAGQRGVVGLPGQRGERGFPGLPGPSGEPGKQGPSGASGERGPPGPMGPPGLAGPPGE 
AGREGAPGAEGAPGRDGAAGPKGDRGETGPAGPPGAPGAPGAPGPVGPAGKNGDRGETGP 
AGPAGPPGPAGARGPAGPQGPRGDKGETGEQGDRGMKGHRGFSGLQGPPGPPGAPGEQGP 
SGASGPAGPRGPPGSAGAAGKDGLNGLPGPIGPPGPRGRTGEVGPVGPPGPPGPPGPPGP 
PSGGFDFSFLPQPPQEKAHDGGRYYRADDANVMRDRDLEVDTTLKSLSQQIENIRSPEGT 
RKNPARTCRDLKMCHGDWKSGEYWIDPNQGCNLDAIKVYCNMETGETCVYPTQATIAQKN 
WYLSKNPKEKKHVWFGETMSDGFQFEYGGE-GSNPADVAIQLTFLRLMSTEATQNVTYHC 
KNSVAYMDHDTGNLKKALLLQGANEIEIRAEGNSRFTYGVTEDGCTSHTGAWGKTVIEYK 
TTKTSRLPIIDLAPMDVGAPDQEFG--IDIGPVCFL-MLSFVDTRILLLLAVTSYLATSQ 
H----VSEASAGRKGPRGDKG---PQGERGPPGPPGRDGED------GPPG---PPGPPG 
PPGLGGNFAAQYDPSKAADFGPGPMGLMGPRGPPGASGPPGPPGFQGVPGEPGEPGQTGP 
QGPRGPPGPPGKAGEDGHPGKPGRPGERGVAGPQGARGFPGTPGLPGFKGIRGHNGLDGQ 
KGQPGTPGTKGEPGAPGENGTPGQPGARGLPGERGRIGAPGPAGARGSDGSAGPTGPAGP 
IGAAGPPGFPGAPGAKGEIGPAGNVGPTGPAGPRGEIGLPGSSGPVGPPGNPGANGLPGA 
KGAAGLPGVAGAPGLPGPRGIPGPPGPAGPSGARGLVGEPGPAGAKGESGNKGEPGAAGP 
PGPPGPSGEEGKRGSNGEPGSAGPPGPAGLRGVPGSRGLPGADGRAGVMGPAGNRGASGP 
VGAKGPNGDAGRPGEPGLMGPRGLPGQPGSPGPAGKEGPVGFPGADGRVGPIGPAGNRGE 
PGNIGFPGPKGPTGEPGKPGEKGNVGLAGPRGAPGPEGNNGAQGPPGVTGNQGAKGETGP 
AGPPGFQGLPGPSGPAGEAGKPGERGLHGEFGVPGPAGPRGERGLPGESGAVGPAGPIGS 
RGPSGPPGPDGNKGEPGNVGPAGAPGPAGPGGIPGERGVAGVPGGKGEKGAPGLRGDTGA 
TGRDGARGLPGAIGAPGPAGGAGDRGEGGPAGPAGPAGARGIPGERGEPGPVGPSGFAGP 
PGAAGQPGAKGERGPKGPKGETGPTGAIGPIGASGPPGPVGAAGPAGPRGDAGPPGMTGF 
PGAAGRVGPPGPAGITGPPGPPGPAGKDGPRGLRGDVGPVGRTGEQGIAGPPGFAGEKGP 
SGEAGAAGPPGTPGPQGILGAPGILGLPGSRGERGLPGIAGATGEPGPLGVSGPPGARGP 
SGPVGSPGPNGAPGEAGRDGNPGNDGPPGRDGAPGFKGERGAPGNPGPSGALGAPGPHGQ 
VGPSGKPGNRGDPGPVGPVGPAGAFGPRGLAGPQGPRGEKGEPGDKGHRGLPGLKGHNGL 
QGLPGLAGQHGDQGPPGNNGPAGPRGPPGPSGPPGKDGRNGLPGPIGPAGVRGSHGSQGP 
AGPPGPPGPPGPPGPNGGGYEV--GFDAEYYRADQP----SLRPKDYEVDATLKTLNNQI 



 
 

ETLLTPEGSKKNPARTCRDLRLSHPEWSS-GFYWIDPNQGCTADAIRAYCDFATGETCIH 
ASLEDIPTKTWYVSKNPKDKKHIWFGETINGGTQFEYNGEGVTTKDMATQLAFMRLLANH 
ASQNITYHCKNSIAYMDEETGNLKKAVILQGSNDVELRAEGNSRFTFSVLVDGCSKKNNK 
WGKTIIEYRTNKPSRLPILDIAPLDIGGADQEFGLHIGPVCFK 
>Anolis 
MFSFVDSRLLLLIAATVLLTNGQGE------EDIPSKGSCTQDGLRYNDKDVWKPEPCQI 
CVCDSGNILCDSMVCEEDL-NCENPEIPFGECCPVCPESGASVPYPET-GVE-------- 
--------------------------------------NFAPQLSYGYD----EKSGG-L 
SLPGPMGPAGPRGLPGPPGAPGPQGFQGPPGEPGEAGASLTVVKHIGSGIGLDLFFSSFS 
KGEAGKPGRPGERGAPGPQGARGLPGTAGLPGMKGHRGFSGLDGAKGDAGPAGPKGEPGS 
PGENGAPGQVGPRGLPGERGRPGPAGPAGARGNDGAAGAAGPPGPTGPAGPPGFPGAAGP 
KGETGAQGSRGSEGPQGARGEPGPPGPAGSAGPSGNPGSDGQPGAKGATGAPGISGAPGF 
PGARGPAGPQGPSGAPGPKGNSGEPGAQGNKGDAGAKGEPGPAGIQGPPGPPGEEGKRGS 
RGEPGPAGLPGPAGERGAPGSRGFPGSDGIAGPKGPPGERGSPGPAGAKGSPGESGRPGE 
PGLPGVKGLTGSPGSPGPDGKTGPTGPAGQDGRPGPAGPPGARGQAGVMGFPGPKGAAGE 
PGKPGERGAPGAVGAVGAPGKDGETGAQGPPGPTGPAGERGEQGPAGAPGFQGLPGPAGA 
PGESGKPGEQGVPGDVGAPGPSGARGERGFPGERGVQGPAGPAGPRGANGAPGNDGAKGD 
AGAPGAPGNQGPPGLQGMPGERGAAGLPGAKGDRG------------------------- 
-----------EAGPSGPAGPTGARGAPGDRGEPGPAGPAGFAGPPGADGQPGAKGESGD 
AGAKGDAGAPGPAGATGPPGPAGAVGAPGPKGSRGSAGPPGATGFPGAAGRVGPPGPSGN 
IGLPGPPGPSGKEGAKGPRGETGPAGRAGEAGPVGPPGPPGEKGSPGGDGPAGAPGTPGP 
QGIAGQRGVVGLPGQRGERGFPGLPGPSGEPGKQGPSGPNGERGPPGPMGPPGLAGPPGE 
AGREGSPGAEGAPGRDGAAGPKGDRGETGPAGPPGAPGAPGAPGPIGPAGKNGDRGETGP 
AGPAGPAGPAGARGPNGPQGPRGDKGETGEQGDRGMKGHRGFSGLQGPPGPPGSPGEQGP 
SGSSGPAGPRGPPGSAGAAGKDGLNGLPGPIGPPGPRGRTGDVGPAGPPGPPGPPGPPGP 
PSGGFDFSFMPQPPQEKAHDGGRYYRADDANVMRDRDLEVDTTLKSLSMQIENIRSPEGT 
RKNPARTCRDLKMCHGDWKSGEYWIDPNQGCNLDAIKVYCNMETGQTCVHASQPNIAQKN 
WYISKNPKEMKHVWFGETMTDGFQFEYGSE-GSNPADVNIQLTFLRLMSTEASQNITYHC 
KNSVAYMDQQSGNLKKALTLQGSNEIEIRAEGNSRFTYGVIEDGCTSHTGSWGKTVIEYK 
TTKTSRLPIIDVAPMDVGAPDQEFG--LEIGPACFL------------------------ 
-----------------------------GPAGEPGRDGED---GPPGPPG---PPGLSG 
------NFGAQYDGSKSADLGPGPMGIMGPRGPPGLTGPPGSPGYQGPAGEPGEPGQTGP 
QGARGPMGPPGKPGEDGHPGKPGRSGERGV------------------SGPQGHNGLDGR 
KGEPGAQGTKGEPGAPGENGTPGQSGARGLPGERGRVGAPGPVGARGSDGSNGPSGPAGP 
IGSAGSPGFPGAPGAKGEVGSAGLTGPSGPAGPRGEAGLPGASGPVGPPGNPGANGINGA 
KGAAGLPGVAGAPGLPGPRGIPGPSGPAG------------------AAGTRGLTGSAGA 
AGNPGPSGEEGKRGSTGEPGSSGPSGPAGLRGVPGSRGLPGSDGRAGAIGLAGNRGATGA 
AGAKGPNGDAGRPGEPGLMGPRGLPGQSGSPGPAGKEGSVGLPGPDGRPGPVGPAGPRGE 
PGNIGFPGPKGPNGEPGKPGDRGHVGVTGNRGAPGPDGNNGAQGPAGVIGNTGSKGETGP 
AGPPGFQGLPGPSGPVGEAGKPGERGLHGDFGLPGPAGARGERGAPGESGAVGPSGPIGN 
RGPSGPPGPDGNKGEPGNAGLNGGAGPSGPSGIPGERGIAGVPGGKGEKGPQGFRGDAGT 
TGRDGSRGAPGAVGAPGPAGSAGERGEAGPSGQAGPAGPRGIPGERGEVGPAGPPGFAGP 
PGAAGQPGAKGERGQRGPKGDVGPSGAIGVVGNAGPAGPVGPSGAAGARGDSGPPGATGF 
PGNAGRPGPPGPAGITGPAGPPGPAGKEGIRGPRGDTGPVGRTGEAGIVGPPGFRGEKGP 
SGESGAAGPPGTPGPQGLLGAPGILGLPGSRGERGLPGIAGALGDHGPVGIAGPPGARGP 
SGPIGNPGVNGAHGEAGRDGNPGSDGSPGRDGAPGYKGERGAPGNTGSHGALGAPGPHGA 
VGPVGKTGSRGEPGPVGPVGSTGPAGARGLAGPQGPRGEKGTVGDKGPRGLPGLKGHNGL 
QGLPGIAGHHGDQGSPGATGPAGPRGPAGPSGPAGKDGRNGLPGPVGPAGVRGSQGSQGP 
SGPPGSPGLPGPPGVNGGGYEI--GYDMEYYRADQP----SLRPKDYEVDATLKSLNNQI 
ETLLTPEGSRKNPARTCRDLRLSHPDWTS-GFYWIDPNQGCTLDAIRVYCDFATAETCIY 
ANAESIPSKNWYNTKNSAEKKPIWLGETINGGTQFEYNEEGVTTKDMATQLAFMRLLANH 
ASQNITYHCKNSVAYMDDETGNLKKAVVLQGSNDVELRAEGNSRFTYSVLEDGCSKKSNE 
WGKTVIEYRTNKPSRLPFLDIAPLDIGGADQEIRLDVGP---- 
>Mus 
MFSFVDLRLLLLLGATALLTHGQE---------DIPEVSCIHNGLRVPNGETWKPEVCLI 
CICHNGTAVCDDVQCNEEL-DCPNPQRREGECCAFCPEEYVSP-NSEDVGVEGPKGDPGP 
QGPRGPVGPPGRDGIPGQPGLPGPPGPPGPPGPPGLGGNFASQMSYGYD----EKSAG-V 
SVPGPMGPSGPRGLPGPPGAPGPQGFQGPPGEPGEPGGS----GPMGPRGPPGPPGKNGD 
DGEAGKPGRPGERGPPGPQGARGLPGTAGLPGMKGHRGFSGLDGAKGDAGPAGPKGEPGS 
PGENGAPGQMGPRGLPGERGRPGPPGTAGARGNDGAVGAAGPPGPTGPTGPPGFPGAVGA 
KGEAGPQGARGSEGPQGVRGEPGPPGPAGAAGPAGNPGADGQPGAKGANGAPGIAGAPGF 
PGARGPSGPQGPSGPPGPKGNSGEPGAPGNKGDTGAKGEPGATGVQGPPGPAGEEGKRGA 
RGEPGPSGLPGPPGERGGPGSRGFPGADGVAGPKGPSGERGAPGPAGPKGSPGEAGRPGE 
AGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPAGPPGARGQAGVMGFPGPKGTAGE 



 
 

PGKAGERGLPGPPGAVGPAGKDGEAGAQGAPGPAGPAGERGEQGPAGSPGFQGLPGPAGP 
PGEAGKPGEQGVPGDLGAPGPSGARGERGFPGERGVQGPPGPAGPRGNNGAPGNDGAKGD 
TGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDRGDAGPKGADGSPGKDGARGLTGPIGP 
PGPAGAPGDKGEAGPSGPPGPTGARGAPGDRGEAGPPGPAGFAGPPGADGQPGAKGEPGD 
TGVKGDAGPPGPAGPAGPPGPIGNVGAPGPKGPRGAAGPPGATGFPGAAGRVGPPGPSGN 
AGPPGPPGPVGKEGGKGPRGETGPAGRPGEVGPPGPPGPAGEKGSPGADGPAGSPGTPGP 
QGIAGQRGVVGLPGQRGERGFPGLPGPSGEPGKQGPSGSSGERGPPGPMGPPGLAGPPGE 
SGREGSPGAEGSPGRDGAPGAKGDRGETGPAGPPGAPGAPGAPGPVGPAGKNGDRGETGP 
AGPAGPIGPAGARGPAGPQGPRGDKGETGEQGDRGIKGHRGFSGLQGPPGSPGSPGEQGP 
SGASGPAGPRGPPGSAGSPGKDGLNGLPGPIGPPGPRGRTGDSGPAGPPGPPGPPGPPGP 
PSGGYDFSFLPQPPQEKSQDGGRYYRADDANVVRDRDLEVDTTLKSLSQQIENIRSPEGS 
RKNPARTCRDLKMCHSDWKSGEYWIDPNQGCNLDAIKVYCNMETGQTCVFPTQPSVPQKN 
WYISPNPKEKKHVWFGESMTDGFPFEYGSE-GSDPADVAIQLTFLRLMSTEASQNITYHC 
KNSVAYMDQQTGNLKKALLLQGSNEIELRGEGNSRFTYSTLVDGCTSHTGTWGKTVIEYK 
TTKTSRLPIIDVAPLDIGAPDQEFG--LDIGPACFV-MLSFVDTRTLLLLAVTSCLATCQ 
Y-----LQSGSVRKGPTGDRG---PRGQRGPAGPRGRDGVDGPMGPPGPPGSPGPPGSPA 
PPGLTGNFAAQYS-DKGVSSGPGPMGLMGPRGPPGAVGAPGPQGFQGPAGEPGEPGQTGP 
AGPRGPAGSPGKAGEDGHPGKPGRPGERGVVGPQGARGFPGTPGLPGFKGVKGHSGMDGL 
KGQPGAQGVKGEPGAPGENGTPGQAGARGLPGERGRVGAPGPAGARGSDGSVGPVGPAGP 
IGSAGPPGFPGAPGPKGELGPVGNPGPAGPAGPRGEVGLPGLSGPVGPPGNPGTNGLTGA 
KGATGLPGVAGAPGLPGPRGIPGPAGAAGATGARGLVGEPGPAGSKGESGNKGEPGSVGA 
QGPPGPSGEEGKRGSPGEAGSAGPAGPPGLRGSPGSRGLPGADGRAGVMGPPGNRGSTGP 
AGIRGPNGDAGRPGEPGLMGPRGLPGSPGNVGPSGKEGPVGLPGIDGRPGPIGPAGPRGE 
AGNIGFPGPKGPSGDPGKPGERGHPGLAGARGAPGPDGNNGAQGPPGPQGVQGGKGEQGP 
AGPPGFQGLPGPSGTTGEVGKPGERGLPGEFGLPGPAGPRGERGTPGESGAAGPSGPIGS 
RGPSGAPGPDGNKGEAGAVGAPGSAGASGPGGLPGERGAAGIPGGKGEKGETGLRGDTGN 
TGRDGARGIPGAVGAPGPAGASGDRGEAGAAGPSGPAGPRGSPGERGEVGPAGPNGFAGP 
AGAAGQPGAKGEKGTKGPKGENGIVGPTGSVGAAGPSGPNGPPGPVGSRGDGGPPGMTGF 
PGAAGRTGPPGPSGIAGPPGPPGAAGKEGIRGPRGDQGPVGRTGETGASGPPGFVGEKGP 
SGEPGTAGAPGTAGPQGLLGAPGILGLPGSRGERGLPGIAGALGEPGPLGISGPPGARGP 
PGAVGSPGVNGAPGEAGRDGNPGSDGPPGRDGQPGHKGERGYPGSIGPTGAAGAPGPHGS 
VGPAGKHGNRGEPGPAGSVGPVGAVGPRGPSGPQGIRGDKGEPGDKGHRGLPGLKGYSGL 
QGLPGLAGLHGDQGAPGPVGPAGPRGPAGPSGPVGKDGRSGQPGPVGPAGVRGSQGSQGP 
AGPPGPPGPPGPPGVSGGGYDF--GFEGDFYRADQPRSQPSLRPKDYEVDATLKSLNNQI 
ETLLTPEGSRKNPARTCRDLRLSHPEWNS-DYYWIDPNQGCTMDAIKVYCDFSTGETCIQ 
AQPVNTPAKNSY--SRAQANKHVWLGETINGGSQFEYNVEGVSSKEMATQLAFMRLLANR 
ASQNITYHCKNSIAYLDEETGSLNKAVLLQGSNDVELVAEGNSRFTYSVLVDGCSKKTNE 
WGKTIIEYKTNKPSRLPFLDIAPLDIGGADQEFRVEVGPVCFK 
>Rattus 
MFSFVDLRLLLLLGATALLTHGQE---------DIPEVSCIHNGLRVPNGETWKPDVCLI 
CICHNGTAVCDGVLCKEDL-DCPNPQKREGECCPFCPEEYVSP-DAEVIGVEGPKGDPGP 
QGPRGPVGPPGQDGIPGQPGLPGPPGPPGPPGPPGLGGNFASQMSYGYD----EKSAG-V 
SVPGPMGPSGPRGLPGPPGAPGPQGFQGPPGEPGEPGAS----GPMGPRGPPGPPGKNGD 
DGEAGKPGRPGERGPPGPQGARGLPGTAGLPGMKGHRGFSGLDGAKGDTGPAGPKGEPGS 
PGENGAPGQMGPRGLPGERGRPGPPGSAGARGNDGAVGAAGPPGPTGPTGPPGFPGAAGA 
KGEAGPQGARGSEGPQGVRGEPGPPGPAGAAGPAGNPGADGQPGAKGANGAPGIAGAPGF 
PGARGPSGPQGPSGAPGPKGNSGEPGAPGNKGDTGAKGEPGPAGVQGPPGPAGEEGKRGA 
RGEPGPSGLPGPPGERGGPGSRGFPGADGVAGPKGPAGERGSPGPAGPKGSPGEAGRPGE 
AGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPAGPPGARGQAGVMGFPGPKGTAGE 
PGKAGERGVPGPPGAVGPAGKDGEAGAQGAPGPAGPAGERGEQGPAGSPGFQGLPGPAGP 
PGEAGKPGEQGVPGDLGAPGPSGARGERGFPGERGVQGPPGPAGPRGNNGAPGNDGAKGD 
TGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDRGDAGPKGADGSPGKDGVRGLTGPIGP 
PGPAGAPGDKGETGPSGPAGPTGARGAPGDRGEPGPPGPAGFAGPPGADGQPGAKGEPGD 
TGVKGDAGPPGPAGPAGPPGPIGNVGAPGPKGSRGAAGPPGATGFPGAAGRVGPPGPSGN 
AGPPGPPGPVGKEGGKGPRGETGPAGRPGEVGPPGPPGPAGEKGSPGADGPAGSPGTPGP 
QGIAGQRGVVGLPGQRGERGFPGLPGPSGEPGKQGPSGASGERGPPGPMGPPGLAGPPGE 
SGREGSPGAEGSPGRDGAPGAKGDRGETGPAGPPGAPGAPGAPGPVGPAGKNGDRGETGP 
AGPAGPIGPAGARGPAGPQGPRGDKGETGEQGDRGIKGHRGFSGLQGPPGSPGSPGEQGP 
SGASGPAGPRGPPGSAGSPGKDGLNGLPGPIGPPGPRGRTGDSGPAGPPGPPGPPGPPGP 
PSGGYDFSFLPQPPQEKSQDGGRYYRADDANVVRDRDLEVDTTLKSLSQQIENIRSPEGS 
RKNPARTCRDLKMCHSDWKSGEYWIDPNQGCNLDAIKVYCNMETGQTCVFPTQPSVPQKN 
WYISPNPKEKKHVWFGESMTDGFQFEYGSE-GSDPADVAIQLTFLRLMSTEASQNITYHC 
KNSVAYMDQQTGNLKKSLLLQGSNEIELRGEGNSRFTYSTLVDGCTSHTGTWGKTVIEYK 
TTKTSRLPIIDVAPLDIGAPDQEFG--MDIGPACFV-MLSFVDTRTLLLLAVTSCLATCQ 



 
 

C-----WRGGH----PDLNRGKLHPSFHRGASGPRGRDGVDGPVGPPGPPGAPGPPGPPG 
PPGLTGNFAAQYS-DKGVSAGPGPMGLMGPRGPPGAVGAPGPQGFQGPAGEPGEPGQTGP 
AGSRGPAGPPGKAGEDGHPGKPGRPGERGVVGPQGARGFPGTPGLPGFKGIRGHNGLDGL 
KGQPGAQGVKGEPGAPGENGTPGQAGARGLPGERGRVGAPGPAGARGSDGSVGPVGPAGP 
IGSAGPPGFPGAPGPKGELGPVGNPGPAGPAGPRGEAGLPGLSGPVGPPGNPGANGLTGA 
KGATGLPGVAGAPGLPGPRGIPGPVGAAGATGPRGLVGEPGPAGSKGETGNKGEPGSAGA 
QGPPGPSGEEGKRGSPGEPGSAGPAGPPGLRGSPGSRGLPGADGRAGVMGPPGNRGSTGP 
AGVRGPNGDAGRPGEPGLMGPRGLPGSPGNVGPAGKEGPVGLPGIDGRPGPIGPAGPRGE 
AGNIGFPGPKGPSGDPGKPGEKGHPGLAGARGAPGPDGNNGAQGPPGPQGVQGGKGEQGP 
AGPPGFQGLPGPSGTAGEVGKPGERGLPGEFGLPGPAGPRGERGPPGESGAAGPSGPIGS 
RGPSGAPGPDGNKGEAGAVGAPGSAGASGPGGLPGERGAAGIPGGKGEKGETGLRGEIGN 
PGRDGARGAPGAIGAPGPAGASGDRGEAGAAGPSGPAGPRGSPGERGEVGPAGPNGFAGP 
AGSAGQPGAKGEKGTKGPKGENGIVGPTGPVGAAGPSGPNGPPGPAGSRGDGGPPGMTGF 
PGAAGRTGPPGPSGITGPPGPPGAAGKEGIRGPRGDQGPVGRTGEIGASGPPGFAGEKGP 
SGEPGTTGPPGTAGPQGLLGAPGILGLPGSRGERGLPGIAGALGEPGPLGIAGPPGARGP 
PGAVGSPGVNGAPGEAGRDGNPGSDGPPGRDGQPGHKGERGYPGNIGPTGAAGAPGPHGS 
VGPAGKHGNRGEPGPAGSVGPVGAVGPRGPSGPQGIRGDKGEPGDKGARGLPGLKGHNGL 
QGLPGLAGLHGDQGAPGPVGPAGPRGPAGPSGPIGKDGRSGHPGPVGPAGVRGSQGSQGP 
AGPPGPPGPPGPPGVSGGGYDF--GFEGDFYRADQPRSQPSLRPKDYEVDATLKSLNNQI 
ETLLTPEGSRKNPARTCRDLRLSHPEWKS-DYYWIDPNQGCTMDAIKVYCDFSTGETCIQ 
AQPVNTPAKNAY--SRAQANKHVWLGETINGGSQFEYNAEGVSSKEMATQLAFMRLLANR 
ASQNITYHCKNSIAYLDEETGRLNKAVILQGSNDVELVAEGNSRFTYTVLVDGCSKKTNE 
WDKTIIEYKTNKPSRLPFLDIAPLDIGGTNQEFRVEVGPVCFK 



 
 

 
Supporting Online Material Appendix 2: Alligator Sequence Data by LC/MS/MS 
 
Protein Name Sequence 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  DGLNGLPGPIGPPGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  EGAPGAEGAPGRDGAAGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAPGDRGEPGPPGPAGFAGPPGADGQPGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAPGPPGAVGAAGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GATGAPGIAGAPGFPGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDTGAKGEPGPAGVQGPPGPAGEEGKR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGPAGVPGPAGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGPAGVQGPPGPAGEEGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGPAGVQGPPGPAGEEGKR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGPPGPAGFAGPPGADGQPGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGSPGENGAPGQMGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GFPGLPGPSGEPGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GLTGPIGPPGPAGAPGDK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GLTGSPGSPGPDGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPAGPPGKNGDDGEAGKPGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPAGPPGKNGDDGEAGKPGRPGQR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPPGPMGPPGLAGPPGEAGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPSGPQGPSGAPGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GQAGVMGFPGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GRPGPSGPAGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSAGPPGATGFPGAAGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GVQGPPGPQGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGEQGPSGASGPAGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGNAGAPGPAGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPAGVQGPPGPAGEEGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  QGPPGEPGEPGASGPMGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  SAGVTVPGPMGPAGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  SGPQGPSGAPGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  TGPPGPAGQDGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  DGEAGAQGAPGPAGPAGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  EGSPGAEGSPGRDGAPGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEAGPSGPAGPTGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GFSGLQGPPGSPGSPGEQGPSGASGPAGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GLTGPIGPPGPAGAPGDKGEAGPSGPAGPTGAR
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPPGPMGPPGLAGPPGESGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPPGSAGSPGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSPGADGPAGSPGTPGPQGIAGQR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GETGPAGRSGEPGPAGPPGPSGEK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSTGESGRPGEPGLPGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  SGEPGPAGPPGPSGEK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  DGVNGLPGPIGPPGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GQSGVMGFPGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GFSGLQGPPGPPGSPGEQGPSGASGPAGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSPGADGPAGAPGTPGPQGIAGQR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GFSGLDGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSPGALGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPPGPAGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEQGPSGASGPAGPRGPPGSAGAPGK 



 
 

Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPPGLAGPPGESGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  ALLLQGSNEIEIR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  ALLLQGSNEIELR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAPGPAGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GVVGLPGQR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAAGEPGKPGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGADGIAGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPSGPAGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGSPGEQGPSGASGPAGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDPGPQGPRGPVGPPGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSPGPAGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  QGPSGSSGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GLPGTAGLPGMK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GHRGFSGLQGPPGSPGSPGEQGPSGASGPAGP
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPSGPQGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDKGETGEQGDR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPAGPAGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSEGPQGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPPGPPGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GFPGERGVQGPPGPAGPRGNNGAP 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGPAGVQGPPGPAGEEGKRGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPAGPQGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GNDGAVGAAGPPGPTGPTGPPGFPGAAGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GRPGAPGPAGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  SAGISVPGPMGPMGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GETGPAGPAGPIGP 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GETGPAGRPGEPGPAGPPGPPGEK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDAGPPGPAGPTGAPGPAGZVGAPGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GNDGAPGAAGPPGPTGPAGPP 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  EGAPGAEGAPGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPPGPQGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDTGPAGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAAGLPGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  ALLLQGANEIEIR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GETGPAGPPGAPGAPGAPGPVGPAGKSGDR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPTGPAGPPGFPGAVGAKGEAGPQGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GNNGEPGAQGNKGEPGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  EGSPGSEGAPGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDAGPAGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GGPGSRGFPGADGVAGPKGPAGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GLTGSPGSPGPDGKTGPAGAAGQDGHPGPP 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDRGETGPAGPPGAPGAPGAPGPVGPAGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPPGSAGSPGKDGLNGLPGPIGPPGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGPAGPPGPAGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPSGEPGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAPGPQGPAGAPGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  SAGVSVPGPMGPSGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GANGAPGNDGAKGDAGAPGAPGNEGPPGLEGMP
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  AGPPGADGQPGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEAGPQGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAPGPAGPKGS 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GKRGFPGLPGPSGEPGKQGPSGASGER 



 
 

Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEGGPSGPAGPTGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSVGPAGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGAPGPAGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEAGPSGPPGPTGARGAPGDRGEAGP 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  AGAPGDKGEAGPSGPAGPTGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GANGAPGNDGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDNGPAGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GFPGADGISGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSPGSDGPAGAPGIPGPQGIAGQR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPIGPPGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GNDGATGAAGPPGPTGPAGPPGFPGAVGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  TGPPGPAGQDGRPGPPGPPGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GESGPSGPAGPTGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPSGPQGARGL 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAAGEPGKS 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GFSGLQGPPGP 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  AVLLQGSNEIEIR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAPGPAGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GESGDAGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAAGLPGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGSPGENGTPGQMGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEAGAAGAPGGRGPPGLQGMPGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GLTGPIGPPGPAGAPGDKGEAGPSGPPGPTGAR
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAPGPVGPAGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEAGEQGERGMK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPQGIAGQR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDPGPQGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAAGPPGATGFPGAAGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGPAGVQGPPGPSGEEGKR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGSPGPDGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDTGPRGPRGPAGPPGRDGIPGQPGLPGP 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGPAGVQGPPGPSGEEGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAAGRVGPPGPSGNAGPPGPPGPAGKEGGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDAGPAGPKGEPGSP 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GETGPAGPAGPIGPAGARGPAGPQGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GGPGSRGFPGADGVAGPKGPSGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GANGAPGIAGAPGFPGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  SLLLQGSNEIELR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  NGDRGETGPAGPAGPAGPSGVR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAAGEPGKSGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAAGEPGKAGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGPVGVQGPPGPAGEEGKR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSTGESGRPGEPGL 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDAGAPGAPGSQGAPGL 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSEGPQGSR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSEGPQGVR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GGPGSRGFPGSDGASGPKGAPGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GQAGVMGFPGPKGTAGEPGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GAAGEPGKA 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GQPGPAGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  DGAPGAKGDR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPAGPPGPSGEK 



 
 

Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  IGNVGAPGPKGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPPGLAGPPGEAGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GVQGPPGPAGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  EGAPGAEGSPGRDGSPGAKGDR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEAGPPGPAGPTGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  QGPSGASGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEAGPSGPPGPTGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPSGPQGPSGPPGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGATGVQGPPGPAGEEGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  EGGKGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGFQGLPGPAGPPGEAGKPGEQGV 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSPGPAGPKGS 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPSGPAGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGAAGRLGPPGPSGNAGPPGPPGPGGKEGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GLTGPIGPPGPSGAPGDK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GATGSPGIAGAPGFPGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDAGAPGAPGSQGAPGLQGMPGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GVQGPPGPAGPRGANGAPGNDGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GNSGEPGAPGNKGDTGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPIGPPGPRGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GIKGHRGFSGLQGPPGPPGSPGEQGPSGASGP 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GLPGPPGKNGDDGESGKPGRPGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  EGSPGAEGSPGRDGAPGAKGDR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDAGAPGAPGNEGPPGLEGMPGER 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEAGPPGPAGPTGARGAPGDR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGPPGPAGAAGPAGNPGADGQPGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GETGPQGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GSPGADGPIGAPGTPGPQGIAGQR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDAGPQGSR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGATGVQGPPGPAGEEGKR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GNVGAPGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEPGSPGENGAPGQMGPRGLPGERGRP 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GNNGEPGAQGNK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPAGERGSPGPAGPK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GDRGDAGPKGADGSPGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPAGPPGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGERGGQGPAGAQGPR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPSGAPGDKGEGGPSGPAGPTGAR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  IGPPGPRGR 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GEAGPPGPAGPTGARGAPGDRGEPGP 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GHRGFSGLQGP 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  PGPAGVQGPPGPSGEEGK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  QGVRGEPGPPGPAGAAGPAGNPGADGQPGAK 
Collagen alpha-1(I) chain precursor (Alpha-1 type I collagen)  GPPGAVGPAGK 
Collagen alpha-2(I) chain precursor (Alpha-2 type I collagen)  GLPGESGAVGPVGPIGSR 
 
 


