
Frog ID Spawn Thx Metamorphosis Bleed Immunizations 
 

Sacrifice/ 
Harvest 

056.262.321 8/10/09 - 9/10/09 to 10/10/09  7/28/11 - 10/7/11 

056.263.571 2/10/09 - 3/10/09 to 4/10/09  8/25/11 - 10/7/11 

056.271.011 8/10/09 - 9/10/09 to 10/10/09  8/25/11 - 10/7/11 

056.282.258 10/2/10 10/13/10 11/2/10 to 12/2/10 5/26/11 - 10/7/11 

056.280.606 10/2/10 10/13/10 11/2/10 to 12/2/10  5/26/11 - 10/7/11 

056.277.339 5/6/10 5/17/10 6/6/10 to 7/6/10  5/26/11 - 10/7/11 

056.106.606 8/10/09 - 9/10/09 to 10/10/10 6/6/11 5/3/11, 5/10/11, 5/17/11 6/7/11 

056.259.055 6/3/09 - 7/3/09 to 8/3/09 6/6/11 5/3/11, 5/10/11, 5/17/11 6/7/11 

040.080.063 9/8/09 9/18/09 10/8/09 to 11/8/09 6/6/11 5/3/11, 5/10/11, 5/17/11 6/7/11 

040.080.105 9/8/09 9/18/09 10/8/09 to 11/8/09 6/6/11 5/3/11, 5/10/11, 5/17/11 6/7/11 

040.593.882 8/10/09 - 9/10/09 to 10/10/10 6/6/11 5/3/11, 5/10/11, 5/17/11 6/7/11 

056.105.865 8/10/09 - 9/10/09 to 10/10/10 6/6/11 5/3/11, 5/10/11, 5/17/11 6/7/11 

040.065.593 9/8/09 9/18/09 9/10/09 to 10/10/10 6/6/11 5/3/11, 5/10/11, 5/17/11 6/7/11 

048.531.048 9/8/09 9/18/09 9/10/09 to 10/10/10 6/6/11 5/3/11, 5/10/11, 5/17/11 6/7/11 

Supplemental Table 1. Timeline of frog manipulations. After sacrifice, nucleic acid was prepared from non-immunized frog gut 
contents and lymphocytes were harvested for culture from immunized frogs. Only the last three digits of frog microchip numbers are 
used in other figures and text. 



Supplemental Table 2. Primers used in PCR.    

Primer Name For/Rev                   Domain Sequence Priming Site Anneal Temp. 

      
Xl TCRaCF2 F TCRαC 5’-TCAATGTATCGCCTCAAAG-3’                    SMYRLK 53 
Xl TCRaCR2              R TCRαC 5’-CATTCCACAGGACTGAAC-3’                     SSVLWN 54 
Xl TCRdCF              F TCRδC 5’-CACTGAAGCCTCAACAAGGTG-3’ ALKPQQG 61 
Xl TCRdCR    R TCRδC 5’-GATGCTTGGCTAGGCACTG-3’ QCLAKH 60 
XlTCRbF1 F TCRβC 5’-CGAACTGACCATGGCTACT-3’ DPWLL 58 
XlTCRbR1       R TCRβC 5’-CTCATTCTTGGTGAGGCTGA-3’ QPHQEV 58 
XlB2MF1 F β2M 5’-AACATTAGTCCCCCGGTGG-3’ NISPPVV 60 
XlB2MR1                   R β2M 5’-GGGAGACCACACATTCCACT-3’ VECVVSH 60 
530F F rRNAV4 5’-GTGCCAGCMGCNGCGG-3’  60 
1100R R rRNAV6 5’-GGGTTNCGNTCGTTR-3’  60 
     
      
      
     

      
     
     

      

 



Families STO +/-     SMI        +/-   LIN  +/-       NOR        +/-         THX       +/- 

P. ACTINOBACTERIA               

 C. ACTINOBACTERIA               

  O. ACTINOMYCETALES               

   Actinomycetaceae 0.00 ±0.00  0.00 ±0.00  0.00 ±0.01  0.00 ±0.00  0.00 ±0.01 

   Corynebacteriaceae 0.00 ±0.00  0.00 ±0.01  0.00 ±0.00  0.00 ±0.00  0.00 ±0.01 

   Microbacteriaceae 0.00 ±0.00  0.00 ±0.01  0.00 ±0.00  0.00 ±0.01  0.00   ±0.00 

   Nocardioidaceae 0.00 ±0.00  0.01 ±0.03  0.00 ±0.00  0.00 ±0.00  0.01 ±0.02 

   Scytonemataceae 0.01 ±0.02  0.00 ±0.00  0.00 ±0.00  0.01 ±0.02  0.00 ±0.00 

  O. LENTISPHAERALES               

    Victivallaceae 0.01 ±0.01  0.01 ±0.01  0.00 ±0.00  0.00 ±0.01  0.00 ±0.01 

P. ARMATIMONADETES               

 C. ARMATIMONADALES               

   Armatimonadaceae (OP10) 0.04 ±0.10  0.00 ±0.00  0.00 ±0.00  0.03 ±0.09  0.00 ±0.00 

P. BACTEROIDETES               

 C. BACTEROIDIA               

  O. BACTEROIDALES               

   Marinilabiaceae 0.03 ±0.05  0.00 ±0.00  0.38 ±0.90  0.02 ±0.03  0.26 ±0.73 

   Noctuoidea 0.00 ±0.01  0.01 ±0.02  0.01 ±0.02  0.01 ±0.02  0.01 ±0.01 

   Porphyromonadaceae 
 

1.22 ±1.27  1.30 ±1.91  3.71 ±2.43  2.29 ±2.20  1.87 ±2.24 

   Prevotellaceae 0.01 ±0.02  0.00 ±0.00  0.05 ±0.07  0.01 ±0.02  0.03 ±0.06 

   Rikenellaceae 0.28 ±0.40  0.28 ±0.32  3.31 ±6.65  0.42 ±0.40  2.17 ±5.52 

 C. CYTOPHAGIA               

  O.  CYTOPHAGALES               

   Cytophagaceae 0.09 ±0.14  0.00 ±0.01  0.01 ±0.02  0.01 ±0.03  0.05 ±0.11 

   Flexibacteraceae 0.05 ±0.05  1.00 ±1.54  0.82 ±1.49  0.29 ±0.62    0.95 ±1.62 

  O. FLAVOBACTERIALES               

   Flavobacteriaceae 7.44 ±12.42  0.01 ±0.03  0.08 ±0.07  0.80 ±2.03  4.22 ±10.63 

 C. FLAVOBACTERIIA               

  O. FLAVOBACTERIALES               

   Cryomorphaceae 0.00 ±0.00  0.00 ±0.00  0.01 ±0.01  0.00 ±0.00  0.01 ±0.01 

P. CYANOBACTERIA               

  O.  NOSTOCALES               

   Nostocaceae 0.77 ±1.14  0.00 ±0.00  0.00 ±0.00  0.24 ±0.66  0.27 ±0.82 

  O. OSCILLATORIALES               

   Oscillatoriaceae 1.02 ±1.49  0.01 ±0.02  0.00 ±0.00  0.32 ±0.86  0.36 ±1.07 

   Pseudanabaena 0.00 ±0.01  0.00 ±0.00  0.00 ±0.00  0.00 ±0.01  0.00 ±0.00 

  O. SYNECHOCOCCALES               

   Synechococcaceae 0.00 ±0.00  0.01 ±0.02  0.00 ±0.00  0.00 ±0.01  0.00 ±0.00 

P. DEFERRIBACTERES               

 C.  DEFERRIBACTERES                

  O. DEFERRIBACTERALES               
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   Deferribacteraceae 0.04 ±0.06  0.27 ±0.35  0.17 ±0.19  0.20 ±0.21  0.12 ±0.27 

 P. FIRMICUTES               

  C. BACILLI               

   O. BACILLALES               

    Bacillaceae 0.53 ±0.42  0.46 ±0.45  0.26 ±0.15  0.48 ±0.45  0.36 ±0.25 

    Sphingomonadaceae 0.09 ±0.13  0.00 ±0.00  0.00 ±0.00    0.03 ±0.08  0.03 ±0.08 

    Thermoactinomycetaceae 0.00 ±0.00  0.01 ±0.03  0.00 ±0.00  0.00 ±0.00  0.01 ±0.02 

   O.  LACTOBACILLALES               

    Aerococcaceae 0.00 ±0.00  0.00 ±0.01  0.00 ±0.00  0.00 ±0.00  0.00 ±0.01 

    Carnobacteriaceae 0.15 ±0.16  0.07 ±0.09  0.06 ±0.08  0.11 ±0.15  0.07 ±0.07 

    Enterococcaceae 0.02 ±0.04  0.03 ±0.04  0.00 ±0.01  0.02 ±0.03  0.01 ±0.03 

    Lactobacillaceae 0.06 ±0.14  0.01 ±0.01  0.00 ±0.00  0.00 ±0.01  0.04 ±0.12 

    Paenibacillaceae 0.00 ±0.01  0.02 ±0.02  0.01 ±0.02  0.01 ±0.01  0.02 ±0.02 

    Staphylococcaceae 0.05 ±0.06  0.03 ±0.03  0.00 ±0.00  0.04 ±0.05  0.02 ±0.02 

    Streptococcaceae    0.03 ±0.05  0.10 ±0.10  0.06 ±0.06  0.06 ±0.08  0.07 ±0.07 

  C. CLOSTRIDIA               

   O. CLOSTRIDIALES               

    Catabacteriaceae 0.01 ±0.02  0.08 ±0.11  0.15 ±0.14  0.04 ±0.05  0.11 ±0.15 

    Clostridiaceae 69.57 ±25.71  75.63 ±20.75  54.45 ±22.38  68.33 ±20.65  64.76 ±25.81 

    Eubacteriaceae 0.20 ±0.21  1.68 ±1.79  2.26 ±2.10  1.14 ±1.51  1.61 ±2.02 

    Graciibacteraceae 0.00 ±0.00  0.00 ±0.01  0.00 ±0.00  0.00 ±0.01  0.00 ±0.00 

    Lachnospiraceae 0.12 ±0.11  0.36 ±0.42  0.37 ±0.38  0.38 ±0.40  0.18 ±0.23 

    Oscillospiraceae 0.01 ±0.01  0.02 ±0.05  0.04 ±0.07  0.02 ±0.04  0.03 ±0.06 

    Ruminococcaceae 0.19 ±0.24  1.35 ±1.37  2.36 ±1.75  1.12 ±1.31  1.48 ±1.77 

    Peptococcaceae 0.01 ±0.02  0.11 ±0.18  0.07 ±0.09  0.03 ±0.05  0.09 ±0.16 

    Peptostreptococcaceae 0.03 ±0.03  0.01 ±0.01  0.01 ±0.02  0.02 ±0.02  0.02 ±0.02 

    Syntrophomonadaceae 0.00 ±0.00  0.04 ±0.10  0.00 ±0.00  0.00 ±0.00  0.03 ±0.09 

   O. 
THERMOANAEROBACTERALES 

              

    Thermoanaerobacteraceae 0.00 ±0.00  0.00 ±0.00  0.01 ±0.02  0.00 ±0.01  0.00 ±0.01 

  C. ERYSIPELOTRICHI               

   O. ERYSIPELOTRICHALES               

    Erysipelotrichaceae 1.07 ±1.09  0.66 ±0.69  1.78 ±2.63  0.92 ±1.00  1.42 ±2.16 

  C. NEGATIVICUTES               

   O. SELENOMONADALES               

    Veillonellaceae 0.08 ±0.14  0.05 ±0.07  0.14 ±0.12  0.09 ±0.12  0.09 ±0.10 

P. PROTEOBACTERIA               

 C. ALPHAPROTEOBACTERIA 0.37 ±0.50  0.52 ±0.89  0.64 ±0.75  0.57 ±0.62  0.45 ±0.80 

   O. CAULOBACTERALES               

    Caulobacteraceae 0.01 ±0.02  0.00 ±0.00  0.01 ±0.02  0.01 ±0.02  0.00 ±0.00 

   O. RHIZOBIALES               

    Bradyrhizobiaceae 0.05 ±0.10  0.06 ±0.13  0.05 ±0.13  0.10 ±0.15  0.01 ±0.01 

    Hyphomicrobiaceae 0.00 ±0.01  0.00 ±0.01  0.00 ±0.01  0.00 ±0.00  0.01 ±0.01 
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    Rhizobiaceae 0.16 ±0.25  0.00 ±0.00  0.00 ±0.00  0.04 ±0.12  0.07 ±0.19 

   O. RICKETTSIALES               

    Anaplasmataceae 0.00 ±0.01  0.00 ±0.01  0.00 ±0.00  0.00 ±0.01  0.00 ±0.01 

  O. RHODOBACTERALES               

   Rhodobacteraceae 0.01 ±0.02  0.00 ±0.00  0.00 ±0.00  0.00 ±0.00  0.01 ±0.02 

  O. RHODOSPIRILLALES               

   Fusobacteriaceae               

  O. Sphingomonadales               

   Planococcaceae 0.02 ±0.02  0.00 ±0.00  0.00 ±0.00  0.00 ±0.01  0.01 ±0.02 

 C. BETAPROTEOBACTERIA               

  O. BURKHOLDERIALES               

   Alcaligenaceae 0.01 ±0.02  0.00 ±0.00  0.00 ±0.00  0.01 ±0.02  0.00 ±0.00 

   Burkholderiaceae 0.13 ±0.16  0.00 ±0.00  0.00 ±0.00  0.03 ±0.07  0.06 ±0.14 

   Comamonadaceae 0.18 ±0.17  0.02 ±0.04  0.00 ±0.00  0.02 ±0.03  0.12 ±0.16 

   Oxalobacteraceae 0.04 ±0.09  0.00 ±0.01  0.01 ±0.02  0.01 ±0.02  0.03 ±0.07 

  O. GALLIONELLALES               

   Gallionellaceae 0.00 ±0.00  0.00 ±0.00  0.00 ±0.01  0.00 ±0.00  0.00 ±0.01 

  O. HYDROGENOPHILALES               

   Hydrogenophilaceae 0.01 ±0.01  0.00 ±0.00  0.01 ±0.03  0.00 ±0.01  0.01 ±0.02 

  O. NEISSERIALES               

   Neisseriaceae 0.09 ±0.16  0.02 ±0.05  0.00 ±0.00  0.02 ±0.04  0.06 ±0.14 

  O. NITROSOMONADALES               

   Nitrosomonadaceae 0.00 ±0.00  0.00 ±0.01  0.01 ±0.02  0.01 ±0.01  0.00 ±0.00 

 C. DELTAPROTEOBACTERIA               

  O. BDELLOVIBRIONALES               

   Bdellovibrionaceae 0.00 ±0.01  0.02 ±0.04  0.01 ±0.02  0.02 ±0.03  0.01 ±0.02 

  O. DESULFOVIBRIONALES               

   Desulfovibrionaceae 0.12 ±0.25  1.34 ±2.32  3.88 ±3.56    1.74 ±2.81  1.82 ±2.99 

   Geobacteraceae 0.00 ±0.00  0.01 ±0.02  0.00 ±0.01  0.00 ±0.00  0.01 ±0.02 

  O. DESULFUROMONADALES               

   Pelobacteraceae 0.00 ±0.00  0.00 ±0.00  0.00 ±0.01  0.00 ±0.00  0.00 ±0.01 

 C. GAMMAPROTEOBACTERIA               

  O. AEROMONADALES               

   Aeromonadaceae 0.18 ±0.20  0.01 ±0.01  0.00 ±0.00  0.05 ±0.14  0.07 ±0.14 

  O. ALTEROMONADALES               

   Shewanellaceae 0.03 ±0.04  0.00 ±0.00  0.00 ±0.00  0.01 ±0.03  0.00 ±0.01 

  O. CHROMATIALES               

   Chromatiaceae 0.12 ±0.26  0.00 ±0.00  0.00 ±0.00  0.01 ±0.02  0.07 ±0.22 

  O. ENTEROBACTERIALES               

   Enterobacteriaceae 7.67 ±13.77  1.98 ±4.75  1.86 ±4.21  6.36 ±11.54  1.31 ±3.55 

  O. PSEUDOMONADALES               

   Moraxellaceae 0.38 ±0.56  0.01 ±0.01  0.00 ±0.01  0.01 ±0.03  0.25 ±0.48 

   Pseudomonadaceae 0.09 ±0.09  0.01 ±0.02  0.01 ±0.02  0.04 ±0.07  0.04 ±0.07 
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  O. VIBRIONALES               

   Vibrionaceae 0.04 ±0.06  0.00 ±0.00  0.00 ±0.00  0.01 ±0.03  0.02 ±0.05 

  O. XANTHOMONADALES               

   Xanthomonadaceae 0.05 ±0.10  0.01 ±0.02  0.00 ±0.00  0.01 ±0.02  0.03 ±0.08 

P. SPIROCHAETES               

 C. SPIROCHAETIA               

  O. SPIROCHAETALES               

   Spirochaetaceae 0.00 ±0.00  0.00 ±0.01  0.05 ±0.09  0.01 ±0.01  0.03 ±0.08 

P. SYNERGISTETES               

 C. SYNERGISTIA               

  O. SYNERGISTALES                

   Synergistaceae 
 

0.22 ±0.32  5.77 ±8.19  1.74 ±1.14  1.95 ±2.06  3.21 ±7.07 

P. TENERICUTES               

 C. MOLLICUTES               

  O. ACHOLEPLASMATALES               

    Acholeplasmataceae 0.03 ±0.06  0.08 ±0.09  0.13 ±0.19  0.07 ±0.08  0.09 ±0.16 

  O. ENTOMOPLASMATALES 
 

              

   Spiroplasmataceae 
 

0.04 ±0.09  0.19 ±0.29  0.12 ±0.14  0.07 ±0.09  0.17 ±0.26 

  O. MYCOPLASMATALES               

   Mycoplasmataceae 0.01 ±0.01  0.00 ±0.00  0.05 ±0.13  0.00 ±0.01  0.04 ±0.10 

P. VERRUCOMICROBIA               

  C. OPITUTAE                

    Opitutaceae 0.01 ±0.02  0.00 ±0.00  0.00 ±0.00  0.00 ±0.01  0.00 ±0.00 

   O. PUNICEICOCCALES               

    Puniceicoccaceae 0.00 ±0.00  0.01 ±0.02  0.00 ±0.00  0.00 ±0.01  0.00 ±0.00 

  C. VERRUCOMICROBIAE               

   O. VERRUCOMICROBIALES               

    Verrucomicrobiaceae 0.00 ±0.01  0.01 ±0.02  0.08 ±0.16  0.01 ±0.02  0.05 ±0.13 

 

Supplemental Table 3. Percentage of 16S rRNA gene clones belonging to bacterial families. Averages 
+/- standard deviation of samples from stomach, small intestine, large intestine, normal (thymus intact) 
and thymectomized frogs. 
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common name species tree abbreviation Ig C domains accesion # 

zebrafish Danio rerio T zebrafish IgT 3 AAT67446.1 
rainbow trout Oncorhynchus mykiss T trout IgT 4 AAW66981.1 

Iberian ribbed newt Pleurodeles waltl M newt IgM 4 CAE02685 
  Y newt IgY 4 CAE02686 

Mexican axolotl  Ambystoma mexicanum M axolotl IgM 4 A46532 
  X axolotl IgX 4 CAO82107.1 
  Y axolotl IgY 4 X69492 

African clawed frog Xenopus laevis M frog IgM 4 AAH84123 
  X frog IgX 4 S03186 
  Y frog IgY 4 AAH97629 

African clawed frog Xenopus (Silurana) tropicalis F frog IgF 2 MGC108125 
red-eared slider Trachemys scripta elegans M slider IgM 4 AAB03838 

Chinese soft-shelled 
turtle 

Pelodiscus sinensis M turtle IgM 4 ACU45376.1 

  Y turtle IgY 4 ACU45374.1 
green anole Anolis carolinensis M anole IgM 4 ABV66128 

  Y anole IgY 4 ABV66132 
leopard gecko Eublepharis macularius M gecko IgM 4 ABY74510.1 

  A gecko IgX/A 4 ABG72684.1 
  Y gecko IgY 4 ACF60235.1 

duck Anas platyrhynchos M duck IgM 4 AAA68605.1 
  A duck IgA 4 AAA68606.1 
  Y duck IgY 4 CAA46322.1 

common pheasant Phasianus colchicus M pheasant IgM 4 PMID 20398946 
  A pheasant IgA 4 PMID 20398946 
  Y pheasant IgY 4 PMID 20398946 

turkey Meleagris gallopavo M turkey IgM 4 PMID 20398946 
  A turkey IgA 4 PMID 20398946 
  Y turkey IgY 4 PMID 20398946 

quail Coturnix japonica M quail IgM 4 PMID 20398946 
  A quail IgA 4 PMID 20398946 
  Y quail IgY 4 PMID 20398946 

chicken Gallus gallus M chicken IgM 4 P01875 
  A chicken IgA 4 AAB22614.2 

  Y chicken IgY/G 4 S00390 

Australian echidna Tachyglossus aculeatus M echidna IgM 4 AAN33013.1 

  A echidna IgA 3 AAN33012.1 

  G echidna IgG 3 AAM61760.1 

  E echidna IgE 4 AAM45140.1 

platypus Ornithorhynchus anatinus M platypus IgM 4 AAO37747.1 



  A1 platypus IgA1 3 AAL17700.1 
  A2 platypus IgA2 3 AAL17701.1 
  Y platypus IgY/O 4 ACD31541   
  G1 platypus IgG1 3 AAL17703.1 
  G2 platypus IgG2 3 AAL17704.1 
  E platypus IgE 4 AAL17702.1 

gray short-tailed 
opossum 

Monodelphus domestica M opossum IgM 4 AAD24482.1 

  A opossum IgA 3 AAC48835.1 
  G opossum IgG 3 AAC79675.1 
  E opossum IgE 4 AAC79674.1 

brushtail opossum Trichosurus vulpecula E brushtail IgE 4 AAF80357.1 
mouse Mus musculus M mouse IgM 4 AAB59651.1 

  A mouse IgA 3 AAB59662.1 
  G mouse IgG 3 AAB59656 

human Homo sapiens M human IgM 4 CAA33070    
  A1 human IgA 3 AAC82528.1 
  G1 human IgG1 3 AAC82527.1 

 

Supplemental Table 4. Comparative Ig C regions used for phylogenetic analysis of the relationship 
between IgX and IgA. Pheasant, turkey and quail sequences were described in Choi et al. (Veterinary 
Immunology ad Immunopathology 136: 248-256, 2010) and were kindly supplied by Dr. Jae Yong Han. 



Supplemental Figure 1. Site of flora 
sampling from Xenopus laevis 
gastrointestinal tract. Resected 
alimentary canal from adult X. 
laevis fed one day before tissue 
harvest. Red arrows show the three 
sites where luminal contents were 
harvested. 
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Supplemental Figure 2. Total cell counts from tissue harvests. After sacrifice, lymphocytes were isolated from spleen and intestine 
as described in Methods. Total cells isolated from each immunized frog are shown, identified by surgery status and immunization 
route. 
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M newt        -----------APSVFPLIG----CGASSDPVVIGCLAKD-FLPDSATFTWNDKNNSSFTSG-LANFPSIMTN-SFYTASSKVQVTSESWKNKDS--YYC  
M axolotl     -----------APSVYPLIS----CGASLDPVVIGCLAKG-FLPDSVTFDWTDKNNASFSAG-VAKLPSVTTG-GLYSASTRVKVPSESWKNRDP--YYC  
M frog        -----------PPSLFPLIS----CGESMDPVTIGCLAKD-FLPETISFTWGDKNNASYSTG-LKSYKPVMQSSGSYSASSQVNVASAVWDKMEP--FYC  
M slider      -------ASPAAPSLFPLYP-SCGTDTSQDPIALGCLAKD-FLPETIEFNWSDNKNPNITDG-VKKFPSVLNTVGTYSATTQLLVPAS--KAQTI--FYC  
M turtle      -----------APDLFPLFP-SCGFDPSQDPVVLGCLAKD-FLPDSITFSWRD-KTSNLTNA-MKNYPSTLNTVGTYSTVTQLSLSAS--KAEGI--FYC  
M anole       -----------APVLFPLIP-IGSGDGEN--IAIGCLAKD-FLPDSITFAWNDPKNATIDDSNIKTFPSISDASGTFMASSQTAVSVTDWKARSA--FYC  
M gecko       ------------------------TDSNE--ITIGCMAKD-FLPDSLTLSWQKPNNDSLEADKIKRFPSINNPTGTFIASSAATVPTSQWDAFKP--FYC  
M duck        ------------PTLFPLLS-CSSSSSSSSLYAVGCVAVG-HVPAGVTFSWTDVTNATVATT--IVNFPEARGPGGNWAASRLELPLQEGKGRQP--FYC  
M pheasant    -----GSSSPSAPVLYPLVP-CSPSAS---LYTIGCAAFN-FQPNTISFSWFDSSNRSVTAL--DFGSTFSSGRG-YRATSRLQMTQTEGKEKQP--FRC  
M turkey      -----GSTSATAPVLFPLVP-CSPSAT---LYTVGCAAFN-FQPNTISFSWADSSNRSVTAL--NFGSVITSGRG-YRATSRLQMTQTEGKERQP--FRC  
M quail       -----GSSSPSPPRLFPLVP-CSPSPS---LYAIGCAAFD-FRPSSISFRWTDNDNETLPAS--DFNPIQAPDMT-YKAVSSFRMTQTEGKSRQP--FRC  
M chicken     ------------PRLFPLVL-CSPSDS---VYTVGCAAFD-FQPSSIAFTWFDSNNSSVSGM--DVIPKVISGPP-YRAVSRIQMNQSEGKEKQP--FRC  
M echidna     ------------------------SLNQESSLAVGCLAKN-FLPNSITLSWDFKNKTTVGTEKFINYPTVLSGQT-YSTTSQMTISATEVMMGQDDFVFC  
M platypus    -----------APLLFPLVPSCGDSLNQESSLAVGCLAKN-FLPNSITLSWDFKNRTTVGTEKFINYPTVLSGQA-YSTTSQLMISATEVMMGQDDYVFC  
M opossum     -----------APNLFSLSP-CLNSGVQNAPVAVGCLAKD-FLPDSINFSWTYQNQSAISHTDLKIFPSQMSGPT-YTATSQVILPALDVLQDS--YLVC  
M mouse       ------------PNVFPLVS-CESPLSDKNLVAMGCLARD-FLPSTISFTWNYQNNTEVIQG-IRTFPTLRTGGK-YLATSQVLLSPKSILEGSDEYLVC  
M human       -------GSASAPTLFPLVS-CENSPSDTSSVAVGCLAQD-FLPDSITFSWKYKNNSDISS--TRGFPSVLRGGK-YAATSQVLLPSKDVMQGTDEHVVC  
X axolotl     -----------APTVFPLIPCCVDRGS-TSPLTLGCLMSGYLP-EPVNVTWTSGSTV----SSVRTPSSAYNAASGLHMRSSQITVPAGSWITG--KYTC  
X frog        -----------APSVFPLIPCCDNVDF-NDSVTMGCLVTGYMA-DPLDIQWNDGSIT----TGIKTMRPVLSDVDGLYTLSSQLTILASEWKNS--TYKC  
A gecko       -----------APSVFPLCPCCQDP---TSNKTMGCLITG-YFPEPATVQWNSG--A--ITSGIQNFPAVRQSSSGTYTFTSQLTVPASSLHSQ--TFQC  
A duck        ------------PTAYPLVT-TTACED-GSNVTIGCLVTDFFP-EPVTVTWVSGVTG----DQLTFPAVQN--GASYYTVSSQLTVPASSYDGQ--NFQC  
A pheasant    -------VPESGPTLYPLTPYCSHVEG-DTNVTIGFLVTSFIP-PPVSVTCATVGS-----PVETTLPVVT--SGGYYSLTTAVTLPLEEACHT--ELTC  
A turkey      -------VPATGPTLYQLLPVPSDCDN-DANVTIGFLVTSFIP-PPVTVTWTTGGSPAG--PALTSLPVLT--SDGYYSFTTALTLPVEETCS---EFTC  
A quail       -------DPASGPTLYPLLPPPSECS---DNVTIGCLVTSFIP-PPVTISWTITGSSLDPTSATTSLPVQT--SGGTYSQTTALVVPMEEVKEG--RFTC  
A chicken     ------------PTLYQLLPLPSDCP--DPNVTIGCLVTSFLP-PPVTVTWTTGGAADA--TAVTSLPVAT--TGGTYSLTTALTVPREQLQGN--EFVC  
A echidna     -------ATKTTPTVFPLSAYQSNSE---DPVSIGCLVTGYFP-EPVEVTWN-NQNKDG--STARTFPAVL-ESSGYYVLSSLLVLPADQCPES--KAYQ  
A1 platypus   ---------------FPLETCSSENQ---DPVVVACLVKGIFP-MPGVVYWDSDQAS----SFTRTYNSIQ-STGGSFSFVSQLTMLSSQCPLE--KEFH  
A2 platypus   -----------APTIFPLNAYGSNSE---EQVSIGCLVRGYFP-EPVEVTWG-NQAS----SAVRTYPAVL-ESNGYYLVSSMLTLPANQCPDD--KTYQ  
A opossum     -----------SPTVFPMSLCDSRTG---DSVALGCLAQGFFP-EPVTLSWNYNGSE----GTVRSYPAML--SGNTYLQTSVLDLPANQCP----EAYK  
A mouse       ------------PTIYPLTLPPVLCS---DPVIIGCLIHDYFPFGTMNVTWGKSGKD----ITTVNFPPAL-ASGGRYTMSSQLTLPAVECPEG--ESVK  
A1 human      -----------SPKVFPLSLCSTQPD---GNVVIACLVQGFFPQEPLSVTWSESGQG----VTARNFPPSQDASGDLYTTSSQLTLPATQCLAG--KSVT  
Y newt        ----------SKPSVYPLVSCCG-AES-STNVDIGCLATG-YLPEPVTVAWDQN-GS--ITSGIRTFPAVRHKGSSHYSLSSVLSVSSADWKTK--TYKC  
Y axolotl     -----------KPSVFPLVPCCG-STP-DTNVSIGCLVTG-YLGEPVEVSWKAG-ST--TMPGGKTFPAAQQQAT-ALSTSSQIRIPAYEWGTN--SYSC  
Y frog        -----------APSVFPLRPCCGSSSS-DSHVTIGCLSTG-FLPAPVDVKWNS--GS--ITSGLKNFPAVLQQSG-LFASSSQLTIPLSDWKAKK-SFEC  
F frog        -----------APSVFPLKPCC--SSS-NEIATIGCFASG-FLPQPVNIQWKSSSGS--ITSGIKNFPAVAQQSG-YFASSSQLTIPISRWNSE--SFTC  
Y turtle      -----------APSVFPLTSCPGEAT--TSQVTFGCLVKG-YFPEPVTVQWTP------NTSGVKDYPSVLQTSSGLYSLSSQVTVSDSSWEDN--TYHC  
Y anole       TFLAVTSATPTAPAVFPLTPCCQDLSA-ASEVRLGCLVTG-YFPDPVTVQWNSG--A--ISTGIRTFPAVLQSSSGHYTLSSQLTVPVSSWNTE--NFQC  
Y gecko       -----------APAVFPLSPCCEDTSS-ASQVTMGCLISG-YFPEPATVQWNSG--A--LSSGIQNFPSLLQSSSGHYIFSSQLTVPGSSWQSQ--NFEC  
Y duck        -----------APSVFPISSCCGSTQ--Q-QPVVGCLATG-YIPGPVTFSWS-------GASGATSVTVPETHGVGPHKRASFLRPPHAGAGD---FFTC  
Y pheasant    ------ARPTSSPQLYPLSACCSDSS--L-PAAVGCLVSPSSSSSSVSWEGV-------GGSDMAAIVS------GSPKRLSFVRLTAGEKRK---SFVC  
Y turkey      ------AGPTGSPQLYPLSACCSGSS--L-PPAVGCLVSP-SVPSAVTWDGT-------GSSEVSWFGS------GSSKKLSFVRLTAGEKRM---SFVC  
Y quail       ----------ARPQLFPLSACCSSS-----PISLGCLVSP-SVPSSITWSGP-------RGSEPGSAIL------DPQRKLGFIRLRDGDKGE---KFEC  
Y chicken     ------ASPTSPPRLYPLSACCSDSA--V-PPAVGCLLSP-SSAGGISWEGS-------GGTAVAGRVS------GTPVKLSFVRLSPGEKRK---SFVC  
Y/O platypus  -----------APSVFPLTPSCEEVE--LSEVTLGCLVTG-YSPDPVKVDWSPS--F--YNSKAQTYPSILHP-TGLYSLSSKITVPAYNWHNK--VYTC  



E platypus    -----------APSVFPLVPCCDGTD--SSAVTLGCLVTG-YIPEPVTVRWNSG--D--LVKGVTTFPSVFDSQSGLYTMSSQVTVSQESWQSQ--TFTC  
E echidna     -----------APSVFPLVPCCDGTD--SSVVTLGCLVAD-YIPEPVVVRWNSG--D--LVKGVTTLPSVWDSRSGLYTTSSHVTVSQDSWQSQ--TFTC  
E opossum     -----------APSVFPLMSCCDSNS--GGKAFLGCLATG-YFPESVTINWNSE--V--LDEIITNFPATYDPTSGRYTTTSQLTVSDLS--DQ--EFTC  
E brushtail   --------TSTAPSVFPLVSGCDPNF--ESLSFLGCLVSG-YFPEPVTVSWNPE--V--LDGIITTFPAAYDSTSGLYTTTSQLAISDGS--SQ--EFTC  
G echidna     -----------PPSVFPLTPSCKEEH--LSQVAVGCLVTG-YSPEPLNIDWSPA--A--FSSSSKNFPAALQS-TGLYTRSSQLTVPADKWQSE--SFTC  
G1 platypus   --------------IFPLTPSCKEEE--LSEVTVGCLVTG-YSPQPVHVKWSPP--A--FSSSSKTFPAVLQS-GGLYTLSSQITLPTEKWRSE--SVTC  
G2 platypus   -----------SPTVYPLIPSRKEKN--LSQVTLGCLVTG-YFPEPVSIKWSPE--T--FSSNSKTFPAILQP-SGLYTLSSQITVPEDNWCGE--LFTC  
G opossum     -----------APSVFPLVSSCGQET--QAQMALGCLVTS-YFPEPVTVTWNSG--T--TTSGIQTYPSVLQP-SGLYTLTSQLTIPADSWSSQ--SYTC  
G mouse       -----------PPSVYPLAPGSAAQT--NSMVTLGCLVKG-YFPEPVTVTWNSG--S--LSSGVHTFPAVLES--DLYTLSSSVTVPSSPRPSE--TVTC  
G human       ------------PSVFPLAPSSKSTS--GGTAALGCLVKD-YFPEPVTVSWNSG--A--LTSGVHTFPAVLQS-SGLYSLSSVVTVPSSSLGTQ--TYIC  
T zebrafish   -------ETLTAPVVFKMSQCSSSTDS----LIIGCLASE-FSPDSVNFRWSSN---------GNEMKNVTQHSTANNLKFSYITITKKQRYQS--DIMC  
T trout       ---------------LTLMNCGIPSND---IYILGCVAKG-FSPSSHTFQWTDASGK--ALTDFVQYPAVQ--SGETYTGVSQLRVAKNVWENSK-SFRC  
 
                      110       120       130       140       150       160       170       180       190       200          
              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
M newt        KVTHSALGQPVTKKLEMRVQRVSQPT------------VTLHSPIKEDLG-NNNAT--IVCICRGFYPLPISIKWLQNGKDVTLGSRTEQPVADSEG---  
M axolotl     KVTHPSLGQPLTKKVQFSVQRISKPT------------VTLHAPAREDII-NNNAT--IVCICRGFHPQPISIKWMKNGKDVTSGIYTEEPVADTAG---  
M frog        NAKHLDTIKSVELKKDIEPK-FEKPV------------VSIHPPSKDALALNESLF--IVCLATNFTPKHIVIKWLKNGIQTTEGVRVEEPVEDKKE---  
M slider      LAEHPNGNKKIEIP--PACTGE-P-------------RMNIFPPAKDQFLEPNKTS-TITCSVTDLCSPTATFSWLKDGVKDSSEVVVGSKT--------  
M turtle      KAKHPNGEKETTLPAFPPCSPEKS-------------IMNIYPPARDQFLEPYKNS-SITCIVKNVCGSTLTFKWLKDGVLVKTDEVTDSKT--------  
M anole       KAKHPSGDREIAVRACSPMGCLT--------------DMAVRAPPVKAFSSAYLNA-TITCEALRLDTQRTTLKWYRNEELLDSGFETTKPTLNSQG---  
M gecko       KAEHASTTKVARVVRQTPMVPIEP-------------TIIIRVPPLEDFLGPYLNA-SLLCKADHLYTEKTTISWMKNGQVVISGITTTAPIRQNSG---  
M duck        RAAHPRGNPVVLAVSNPG---SSQPTA---------PVLSIHPPSREDFEGPYRNS-SLLCRVRGPR-GLTPVTWLKNGAPVTAGTVTAGSRTDGTG---  
M pheasant    RAAHPRGN-AELILGNPGSPPYPP-SP---------LLLTIHPPSREDFEGPFRNA-SILCQTRGRH-RPTEVTWYKNGVAIPGSGVT--VANAGT----  
M turkey      RATHPQGN-AEITVTNSG--PLPP-TP---------LLLTIHPPSREDFEGPFRNA-SVLCQTRGRR-QPKAVTWYKNGVSIPGGVTT--VAKAGT----  
M quail       RATHPRGN-AELIIENPG--STPSNTP---------IQVTIHPPSRDDFDGPFRNA-TVLCQTKGNR-KPKQVNWYKNGSPVIGSNVQYWTGTVGT----  
M chicken     RAAHPRGN-VEVSVMNPGPIPTPNGIP---------LFVTMHPPSREDFEGPFRNA-SILCQTRGRR-RPTEVTWYKNGSPVAAAATT--ATTVGP----  
M echidna     KAKHAAGNKEIQVPIRVNPPSRPN--------------VSLHIPTREEFLGPELEG-TIICQAKHFSPKEISLKWLKNGELLKDGFITEGPTLEGSK---  
M platypus    KAKHAVGNKEIRVPLRVAQPSRPN--------------VSLHIPTREEFLGPELEG-TIICQAKHFNPKEISLKWLKNGELLNGGFTTEGPTLDGSK---  
M opossum     KASHLNSNKQVQVSLPDTTSSSPN--------------VTVYIPPRDAFSNSGLRKSKLICQVTDFRPREIKLTWLREGRPVSSGFSTGQVLPDGSG---  
M mouse       KIHYGGKNRDLHVPIPAVAEMNPN--------------VNVFVPPRDGFSGPAPRKSKLICEATNFTPKPITVSWLKDGKLVESGFTTDPVTIENKGSTP  
M human       KVQHPNGNKEKNVPLPVIAELPPK--------------VSVFVPPRDGFFG-NPRKSKLICQATGFSPRQIQVSWLREGKQVGSGVTTDQVQAEAKESGP  
X axolotl     SVEHEYTGLKQEKTVA-VTPCTPPSVK---AVLSSSCDAPQLRRNRSAPKNSRISAVDLICLISDYYPSHLQVQWLANGKP----SSLSASVPSPSKGEN  
X frog        KVVHNYTNTKQEKSLK-VLPCMAPHVQ---LFLQSPCMSDAISRAQHENIN---ATLDLLCIINNFYHGQIKVKWLVNGKQD---VSAEASVPTPSKTED  
A gecko       NVEHAATSTRINKQIEAC-------------SQET---PDVRLLHSSCNRNSDDATIQLVCLISGFYPSTVTVNWLVDGQSG---MLPAHTEDPKKDASG  
A duck        KVTHAPTSTSLSEDIT--GECCTP------FIPTVKLLSYPTQEDPENRVLLVCLIEGLQGSNAQVEWLINQQVQE-----------LEEDNYSCSECSN  
A pheasant    RAQHEATGANVVETIRGEDVCPVPNPP---VTPKVTLLSDPTQDDPERRVLLLCLVEDLQSASAKIQWLVDEEDLN-----------PESEESGCSDCSG  
A turkey      RAQHQATGADVSRSIT--DACCVS-------PPKVTLLSDPTQEDPERRVLLLCLVEELQSATAKIQWLVDGEDLN-----------PESEDAGCSDCSD  
A quail       RAQHPATKTDVTETIE--DICLQCP-----TTPKVTLLSDPTQDDPDHRVLLLCMAEGLQSAGAEIQWDLNGAEGT----------IEREDSTTCSDCTD  
A chicken     RAQHAATGADVKETIGGDGVCPIF-------TSKVTLLSDPTQEDPERRVLLVCLVEGLPSAGAAIQWLQDNEEMTP---------APESDESGCSDCTE  
A echidna     CKVNHY-GSSRTANVD----CKR-----------------------------------------------------------------------------  
A1 platypus   CTAIYN-NLKATANVT----CPP-----------------------------------------------------------------------------  
A2 platypus   CNVKHY-DSSKTANVK----CRSPV---------------------------------------------------------------------------  
A opossum     CGAKHY-DTSVDANVP----CPVP----------------------------------------------------------------------------  
A mouse       CSVQHDSNPVQELDVN----CSGPT---------------------------------------------------------------------------  
A1 human      CHVKHYTNPSQDVTVP----CPVPS---------------------------------------------------------------------------  



Y newt        LVKHEPTNTNTDKTVSS-AVC-----------KTATSKPAVQVLQSSCDDLDGNGSIELICLVSGYSPDKIKVQWLRNGETT----FLPAYTSPSIKGRE  
Y axolotl     SVKHKPTSTEIHKTITS-AEC-----------KKATSKPSVQVLQSSCADTDGNGSIELVCLISGYTPDNIQVRWLVNDKMA----PIQGQTSPPQKDGQ  
Y frog        NVEHKPTSTKVTQKIECQDEP-----------EPEPIKPTVEILQGPCASSE---SVELLCLITGYAPSEIKVQWLLNGQVT----EISPSNSKPCKEEN  
F frog        TVTHGSTSTPVTSELKG----------------------------------------------------------------------------TSCNR--  
Y turtle      TVKHEPTSSSITKEIP---------------KSSTPQPPTVQVYHSS-CKLTPG-TIDLLCHVSGFYPTPVTVEWLVDGESG---VLHGETAPATRDAGG  
Y anole       KVIHAPTSSTIEQRIERC-------------VTHSPVAPDVRLLHSSCSPRSTDASIELVCILSNFYPKEVSVEWLIGGKSG---LLPSYTEPPRQDAVG  
Y gecko       NVEHASTNTTISKEIEAC-------------LMHEPVTPEVLLLHSSCNRNTDNATIQLVCLISGFYPRTVKVNWLVNRQLA---ILPAHTENPRKDATG  
Y duck        SVNHQATRTSLTQNVEGCVA-----------GGEP-TPPEVQVLHSSVCSTLGDDSVELLCVITGFSPPPVEVEWLVDGAPA---HLVATMTRPQREAGS  
Y pheasant    SVKDQRSGGVIRKEVQVCRV-----------PPTPYSAPEVQVLHASSCTASSGDSVELLCLVTGFSPAQIELEWLVDGMRG---LVVASNTPVVREG--  
Y turkey      SVRDPRSGGAVRKEVQVCRV-----------SPTPPSAPEVQVLHGSSCAASRGGSVELLCLVTGFSPAQIELEWLVDGIRG---LLVASDSPVVREG--  
Y quail       RVTAPPSGEVLRKEVPACLG-----------SSLTPLAPEVQLVHSSSCSPSNRETVELICLVTGFSPPELQIDWLIDGRKAGP-TFPAIRGPMVREEGE  
Y chicken     SAAP--GGALLKKEVQVCRV-----------DPVPPVAPEVQVLHASSCTPSQSESVELLCLVTGFSPASAEVEWLVDGVGG---LLVASQSPAVRSG--  
Y/O platypus  KVTHTPTNTIISGNVVAPAPPTPQTTTPVVTPAMKSPPAVRVVHSSCLPNGDAEATIQLLCLISDFSPAKIEVKWLEDDEEQ---DGFY--VSESKRENN  
E platypus    NVEQMATKTKINTEVYSDCS----------KDP--IPPTVKLLHSSCDPRGDSQASIELLCLITGYSPAGIQVDWLVDGQKA---ENLFPYTAPPKREGN  
E echidna     NVEQTAIKTKINTEVYSDCS----------REP--IPPTVKLFHSSCDPRGDSQATIELLCVITGYSPAGILVDWLVDGQKA---ENLFPYTAPPKREGN  
E opossum     SVDHLPTSTKIKKTLSLPEC----------GPVTIIPPTVKLFHSSCDPRGDAHSTIQLLCLVSGFSPAKVHVTWLVDGQEA---ENLFPYTTRPKREGG  
E brushtail   SVDHLPTSTKIEKHVSTGPT----------KNGPVIPPTVKLFHSSCDPRGDAHSTIQLLCLVSGFSPARVKVTWLVDGQEA---ENLFPYTTRPKREGS  
G echidna     NVEHPASKTKIARKVE------------------------------------------------------------------------------------  
G1 platypus   NVEHPASKTKIDKKVE------------------------------------------------------------------------------------  
G2 platypus   SVEHPATQKNTQKTVG------------------------------------------------------------------------------------  
G opossum     NVAHPATSTKIDKKIEATTTT-------------------------------------------------------------------------------  
G mouse       NVAHPASSTKVDKKIVPRDCG-------------------------------------------------------------------------------  
G human       NVNHKPSNTKVDKKVEPKSCDK------------------------------------------------------------------------------  
T zebrafish   TADHPSKTVNETFSTAP---------------------------TLSLVLVPTEKNTFAMCVIEDFYTENITVRWKENNIYK------QSQTNLEYKLNM  
T trout       SVDHPGGAKTAVINKPVP-----------------------KSRTVSLLSAPIGTTQYLMCMIEDFTSETVKVTWKKND------MEVEAQTPTLGKRPS  
 
                      210       220       230       240       250       260       270       280       290       300          
              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
M newt        -NFDVTSWLDVTPGEWNKNSLYSCVVDHEASKFWITKNISKSLSCDDSTTAP-ATIAVFTVPPTFQD-IFESKSAKLTCIVTNMASAENLN---ITWSRE  
M axolotl     -NFDVTSLLNIEPMDWNMDTVYSCVVDQTASKFWNTRNMSKSMLCD-AQVGP-VKVTAFTVAPTFED-MFESKSANVTCIVTNMGTIEGFN---ITWSRE  
M frog        -VYETTSYLSITRKEWDLDTLYSCVVEHAESGSLQEKNMSKSLMCD-TPITP-TSIQVITIPPSLES-IFEKKSATLTCLVSNMANSEDLRS--ISWYKK  
M slider      ----LISRLTVSERDWEAGRVYSCKVESK--NFSDMRNTSKSFECGLIDDCS-PEIDALLIXPNFAD-IYIRKSAILTCRVINMQSTEGL---NVIWTKE  
M turtle      ----FHSHLTVTEKEWDGGHKYSCRVEGK--NFSDSRNTSKVFECGEID-CP-QGITVQLIPPTFAD-IYIRKSATLTCRVGNMQSTEGL---NVTWSKK  
M anole       -CYNMRSKLIVTKEDWLSGVKFYCEVQNF--KYNNTLVISLYDVCPDSGPCNGDDIRVETIAPTYAD-IYQTSSAKLTCRISNIPYGQELTELNVTWTQE  
M gecko       --FSIISELTVTKKDWYADTEFSCQVQNE--KFNEIRNVSKVSVCEGGGECN-VRIRVETIPPSFND-IYLTKSATLTCRISNIPFGEDL-ALNVTWTRA  
M duck        -AYVTDSWLSVTEAEWDAGTVYTCQADG------EMRNSSKSLECGLDKPDS-SDIAVRVLPPSFVD-IFNEKVAKLTCKVSNLPTVEGL---VISWLKE  
M pheasant    -ETVAESRVGVTESEWEAGVTFSCLVDG------EMRNTSKRMECGLEPLDP-VDITVRVIPPSFVD-IFTTKSAKLTCRVSNMANVEGL---EVSWWKE  
M turkey      -ETVAESRVEVTEGEWDSGVIFSCLVDG------EMRNTSKRMECGLDPIAQ-PDITVLAIPPSFVD-IFASKSARLTCRVSNMGNVESL---EVSWWKE  
M quail       -QTVTQSKVEVTESEWDSGVVFSCLVDG------EMRNTSKRMECGLDTPDP-AEISVRVFPPSFVD-IFLSKTAKLKCRVSNMANVDGL---EVSWWKE  
M chicken     -EVVAESRISVTESEWDTGATFSCVVEG------EMRNTSKRMECGLEPVVQ-QDIAIRVITPSFVD-IFISKSATLTCRVSNMVNADGL---EVSWWKE  
M echidna     -AYQLSSSLTVSDTDWFKATDFTCVVEHP--NTHFIEMRNASYKCGGGQSGS---IKVSTTPPSFAS-IFTTKSAKLECLVTGMSTSDSL---SIVWVQY  
M platypus    -TYQLSSSLTVSDTDWFKATDFTCVVEHP--KTHFIEMRNASYKCAGVPSSS---IKISTTPPSFAG-IFTTKSAKLVCSVTGMSTSDSL---SIVWTQY  
M opossum     -TYFLQSSLTINESDWLSQSTFTCRVDHL--NAQF--QKNVSSSCAISTDSP---IEAFAIPPSFAS-IFVTKSAKLTCVVTNLPTYDSL---SISWTRK  
M mouse       QTYKVISTLTISEIDWLNLNVYTCRVDHR--GLTF--LKNVSSTCAASPSTD---ILTFTIPPSFAD-IFLSKSANLTCLVSNLATYETL---NISWASQ  
M human       TTYKVTSTLTIKESDWLGQSMFTCRVDHR--GLTF--QQNASSMCVPDQDTA---IRVFAIPPSFAS-IFLTKSTKLTCLVTDLTTYDSV---TISWTRQ  
X axolotl     GLFSATSRLSVLQGEWNQGTLYSCDVTHAATNASIMANISKCAEPCSLS------IAVSLLPPPFEE-LYLTHSGHLTCLATNIKTTQS---FEIVWTRD  



X frog        GTYSSSSQLRILKGMWNKGTQYSCIVTHTSSNTTTIANISQCTEQCHDN------LQVYPLTPTFHD-LYFSRNAKVTCLVSSMKTIEN---FDISWERE  
A gecko       DTFSTTSTANITQLEWKEGKTYTCQVIHQG--STVERNATKCRGCG-------NAVHVETIPPSFAD-IFLTKSAKLTCRISNIPDEQDLEELNVTWIRA  
A duck        KKATQWSQVNVSRQSWDQGAEFSCRVSHTSLKEPIVESISTYCTSAGP------KLEVTLLPPSLED-LYISQNASVTCVATN--APQD---LKFSWSRS  
A pheasant    GGVKQWSRVNVSRTAWNSGKVFKCRVTNG--GLEGEATISNGCEAP--------SLEVSLLPPSPEE-LFVSHNATVTCVVSNVETPGG---VSISWKRS  
A turkey      EGVKQWSRVNVTRTAWNGGKVFGCRVTAGASGEAVTATISNGCEAAP-------KLDVSLLPPSLEE-LFISHNATVTCVVSNVETPGG---VSISWKRS  
A quail       GCVSQWSRVNVSRDQWEAGKVFSCQVDD------VVASVSSGCEGP--------SMDVSIHPPSIEE-LFVTHNATITCIATNVETPKD---LSIEWTGS  
A chicken     SGVTQWSRVNVTRKSWEGGAQFGCRVTHGALKEPVTATVSTDCDATP-------QLQVSLLPPTLEE-LLVSHNATVTCVVSNAAAADG---VSVSWSRS  
A echidna     -----------------------------------KNPG-VCPDPCPT-------VSVSLLPPSLDS-LFLDKGANLTCELTGVANVQG---ANFSWSAP  
A1 platypus   --------------------------------------VPQCCKCSP---------KVLLHPPSLEG-LFLGKGANLTCVLKGLVDPRE---TTFTWTRP  
A2 platypus   -----------------------------------SNCGCECCSNCPS-------VSVSLHPPSLES-LFLDKGANLTCELTGVSNVKG---VNFSWS-P  
A opossum     ------------------------------------PR---PCDCPS-------GVHVSLSGPSLES-LLLGIGANLTCTLSGIKNSNG---ATFTWVHD  
A mouse       -----------------------------------PPP---PITIPS------CQPSLSLQRPALED-LLLGSDASITCTLNGLRNPEG---AAFTWEPS  
A1 human      -----------------------------------TPPTPSPSTPPTPSPSC-CHPRLSLHRPALED-LLLGSEANLTCTLTGLRDASG---VTFTWTPS  
Y newt        GTFSTTSQVNISKSDWILGERYTCKVDHPATNTSLHDSIRNCPESP----SG-VQLKVSMIPPKAKD-LYVTKQPSIVCQVTKMESADG-----LSITWK  
Y axolotl     GTFSTTSQINVTKSDWASGDKYTCKVEHPATSSRAEDTIHNCADSQ----TP-YQPKVFLIAPKARD-LYIANQPVVICKITKMENSDS-----LSVTWK  
Y frog        DTFSSRSKVSVPKEDWNSGDSYTCKVTHPASHTKTEASTKKCDD------TA-ITPKVDVLPPSPKD-LLVTKEAKVYCVISRMTSTDD-----LTVQWS  
F frog        ------------------------------------------------------TPKTSIMP--------------------------------------  
Y turtle      RTFSTHSNASVSQEDFMQDKMYTCRVSHPGTGTTEEDYARKCKDVP---TTT-SSILVFTVPPSPEE-LYVGQSPKVTCLVVNLPNDA---DLRVVWSRE  
Y anole       YTFSTTSSANISQADWLEGTIYTCKVTHAGSQTTMRARAKKCEDDS-T-SQC-DGIYVYLKSPTPND-LYLNRDPKVSCVVGNLESE---EGLKVSWSRD  
Y gecko       DTFSTTSTANVTQIDWKEGKTYTCQVIHQG--HKVEKHATKCRGDSGN-CTA-NGIKVSILPPTPAD-LYMNGEPRLICVVTGLESN---VGMKVRWSKE  
Y duck        KTYMATSQTNVSREDWKAGKAFTCRVKHPATGGTAQGHARFCPGSGA--QSC-SPIQIFVVPPSPGS-LYIRQDAKVHCLVVNLPSDA---SLSISWTRE  
Y pheasant    STYSFSSRLNVSKEDWKEGKSYTCRVKHPGTSTVVEDHARACSTP----HSC-SPIQLYAIPPSPGE-LYIGLDAKLKCLVV-FSQRF---QPQPHWDQE  
Y turkey      STYSFSSRLNVSKDDWKEGKSFTCRVKHPGTATVVEDHARACSGPT---QSC-SPIQVYAIPPSPGE-LYIGLDAKLKCLVVNLPSDS---SLSLTWTRE  
Y quail       STYSVTSRVNVSKSDWSEGKSFTCQVKHPGTGSVVEDHVRGCEGST---QTC-GPIQVFLLPPSPGD-LYIGLDAKIRCLVYNLPSKA---SLSITWSRD  
Y chicken     STYSLSSRVNVSGTDWREGKSYSCRVRHPATNTVVEDHVKGCPDGA---QSC-SPIQLYAIPPSPGE-LYISLDAKLRCLVVNLPSDS---SLSVTWTRE  
Y/O platypus  GKFSAYSEFNITQGEWLTGKTFTCSVRHMASKKDIQDYARSCKDI----NLI-QNLKVSVSPPNPTD-LFIARTPSLTCLVASLP-DSEGIK--LQWIHK  
E platypus    RSFSSHSEVNITQDQWLSGKTFTCQVTHLADKKTYQDSARKCADS----DPR-G-ITVFLTPPSPTD-LYISKTPKLTCLIIDLV-STEGME--VTWSRE  
E echidna     RSFSSHSEVNITQEQWLTGQTFTCQVTHLTDHKTYQDSARKCADS----DPR-G-INVFLTPPSPRD-LYLSKSPKLSCLVVDLV-NTNGLE--VTWSRE  
E opossum     QTFSLQSEVNITQGQWMSSNTYTCHVKHNG--SIFEDSAQKCSDT----DPR-G-ISAYILPPTPQD-LFVKKVPTIGCLIVDLA-SAENVK--VTWSRE  
E brushtail   QTFSLQSELNITQGQWTSLKTYTCQVTHNG--SIYRDNAQKCSDT----DPR-G-ISAYLSPPSAFD-LYVSKAPVLTCLVVDLA-SAENVK--VSWTRE  
G echidna     -----------------------------------HGP-IPPSCP----SPG-G-PAVFIFPPKPKDFLSVTGTPKVTCVVVDLGFEDKDENPVVTWYQG  
G1 platypus   -----------------------------------PGPSNPPHCP----NPG-S-AAVFIFPPKPKDFLSVAGTPKVTCVVVDLGFEDKDESPVVTWYQG  
G2 platypus   -----------------------------------PRFPGSNSCP----VLC-G-PAVFLVPPRPKDLLSEGGKPKIICVATGLRDEEKDAR--VKWYKN  
G opossum     ------------------------------------CPCCKCNTV----DAG-G-PSVFVFPPNPQDVLKLSRSPKVTCMVVDVS-DASGVQ--ITWFKG  
G mouse       -----------------------------------CKPC-ICTVP----EVS----SVFIFPPKPKDVLTITLTPKVTCVVVDISKDDPEVQ--FSWFVD  
G human       -----------------------------------THTCPPCPAP----ELL-GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVK--FNWYVD  
T zebrafish   NGLHTALSLYKLNEIVIPNTEYTCEVSHRG------KTFHKTQNFT-------AKFRLMLKPPMVRE-MFINNRIVLQAVVSGDLSTAVK-------EAS  
T trout       GLYSGSSLLKVINSDWNNKVKYSCVVEHQG---ETISKTTSKTEP----------LTVTLNPPRVRE-VFLDNQAVLECVITATDQNTVS---GTNITWH  
 
                      310       320       330       340       350       360       370       380       390       400          
              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
M newt        D-TKEV-LKTEMSVPILHNNGTYSAKG--TATVCADQWAAGHKFACKVLHQ-DLAGPSTAYLQKKNGNPPKPPTIVVYPPTSEEIALKE--SVTLTCLVE  
M axolotl     D-TNEV-LKTEITNPIFHDNATLSVMG--IATVCADQWDAHHKFVCKVLHQ-DLAEQRVLSLQKPNGNQRRKPSVYIYPPPSEELALKE--TATIVCLMR  
M frog        SGTQEIPLKTELGDAIYSDNRTYSVKG--TTTVCADEWNN-DKFVCKVEHT-ELASMKEVFLFKEKG-EYNTPSVYVFPPPLEELSKRE--TATLTCLVK  
M slider      DG-SELKTSVGD-PKVQSNG-RFSVDA--TTSVCADEWERGDKYTCKVAHP-ERIFPLKKTLTKEPVTNSHAPSVYIFPPPSEQLALRE--AATVTCLVK  
M turtle      DG-KPLKTTLGD-RKVQGNG-RFTVDA--TTSVCADEWERGDEYTCIVSHP-DLIFPIKNTFRKQPVTDSRAPAVYVFPPPAEQLALRE--AATVTCLVK  



M anole       PGHKILNTEYGK-PTDQGNG-MQYIDA--TATVCATEWRSGQTFSCKVNFPGALPKPVEKKLRKTISGIPHTPSVYVLPPPSDQLTLRE--SATLTCLVK  
M gecko       SDKKTLETTTGQ-AKEQENRELVFVDA--TATICAEEWEKGDTYTCTVKHR-LLATTEVKSLKKQNGGSHSAPAVYVLPPPSEQLALQE--TATPTCLIK  
M duck        DG-QKLETKTMP-RVLQANS-LYGVEG--VASVCADEWNKEEVYTCKVSHP-ELLFPVEEKLQKATERDAKPPALYVFPPPPEQLNAHE--TATVTCLAK  
M pheasant    SG-AKLETAVGQ-RVLQNNG-LYTVEA--VASVCADEWDRGEDYVCKVNHH-ELLFPVEERLKKTEAGNARPPKVYVFPPPTEQLNNRQ--SVSVTCMAQ  
M turkey      TG-GKLETAVGQ-RVLQSNG-FYMVEA--VASVCADEWDRGEDYVCKVNHH-ELFFPVEERLRKMEARNAPPPKVYLFPPPQEQFNDRQ--SFRVPCMVQ  
M quail       KG-GRMETSVGQ-KVLQSNG-FYMVEA--TTSVCVDEWDGGDAYVCRVNHP-ELLFPVEERMKKTEARNARPPSISIYPPPSDQQPGLQ--RLSITCMIQ  
M chicken     KG-GKLETALGK-RVLQSNG-LYTVDG--VATVCASEWDGGDGYVCKVNHP-DLLFPMEEKMRKTKASNARPPSVYVFPPPTEQLNGNQ--RLSVTCMAQ  
M echidna     DG-KELATKTTV-SKIQPDG-TFSAKG--EASVCAEDWQSGKRFTCTVSHA-DLPAPQSSHISKQKEVNLHSPSVYIFPPASDQLSLRE--SVTLSCLVK  
M platypus    EG-KELTTKTSV-SKIQPDG-TFSATG--EASVCAEDWQSGKRFTCTVSHA-DLPAPQSAYISKQKEVNLHSPAVYVLPPASDQLSLRE--SATLSCLVK  
M opossum     DG-QLLKTKVKV-FSSHPNG-TFTAEG--EATVCAEEWNSGEAFKCIVTHS-DHPVPLKKEIFKPQEVDLHAPSVYLLRPNPEELSLRE--SATVTCMMK  
M mouse       SG-EPLETKIKI-MESHPNG-TFSAKG--VASVCVEDWNNRKEFVCTVTHR-DLPSPQKKFISKPNEVHKHPPAVYLLPPAREQLNLRE--SATVTCLVK  
M human       NG-EAVKTHTNI-SESHPNA-TFSAVG--EASICEDDWNSGERFTCTVTHT-DLPSPLKQTISRPKGVALHRPDVYLLPPAREQLNLRE--SATITCLVT  
X axolotl     TAGPL--NVVTDDPQLNDNGTYSVTS---RLAVCAEEWISGEKFTCTVKHQ-DLPSPVKVDIMKRKDGSARAPQVYLLPPSPEELALQE--MVTLFCYIK  
X frog        KAGNL--EFVTEDPVLHDNGTYSVAS---ILSVCAEDWESGDKFSCTVRSQ-DLPSPVKKTIFKQNEGTPKAPDVYLLPPSAQELIQQE--MVTLTCFVT  
A gecko       SDNKELETVIGQPKQQENSELLFVEA---TATVCKEEWDSGDTFKCKVTLP-LLPTAVIKTLKKVHGGTPRAPAVYVLPPPSEQLALQ--ETATLTCLLK  
A duck        EG-TA-LDVVTGEPQKQENGLYRLTS---VLKICAEEWNSGESFTCGVAGP-EIQGSVTKSVQKDLAVSVQAPSVYVFPPPAEELARQE--TATLTCLAS  
A pheasant    SG-AG-LD-VSQTEDRQADGRYTVRS---FLRVCVEEWNGGEEFEC-AVGV-EEGEEVKKSIRKDLDSPLHAPSVYIFPPPAEELSLQE--TATLTCMAT  
A turkey      SG-AG-LTSVRRRTDRRTGVTPSGAPRSIVLRVCVEEWNGGETFEC-AVGV-D-GDEVKKSIKKDLDSPLHAPSVYVFPPPAEELSLQE--TATLTCLAT  
A quail       NNQMG-LD-VGRNEELQANGLYRVVG---TLRVCVEDWNGGESFGC-TVSY-G-EEQVKRSIKKDLDSPVRPPSVYVFPPPPEELALQE--TATLTCMAT  
A chicken     SG-GG-LD-VSQTEDRQADGRYTVRS---FLRVCAEEWNGGETFGC-SVRE-EGVVVAEESIRKETDTPLHAPSVYVFPPPAEELSLQE--TATLTCMAS  
A echidna     PSVTA--KPVRGPAVRDGQGKYTITS---TLEVCTDEWMQGHSFSCTVTHP-ELREPITKTIAKTSGPLIR-PAVHLLPPTSEELALNE--MATLTCLVR  
A1 platypus   NGDPS--QATTGNPVEEEDGTYSLAS---VLEICAEEWHQRDKFTCTVTHP-KMS-PITQTITKPPGPLNR-PEVHLLAPSTEELALNE--MATLTCLVR  
A2 platypus   LSGTA--RPVDGPAVKDDKGKYTITS---TLEVCTDEWMRGDKYTCTVSHP-ELPKPVTKTITKVSGPLFR-PEVHLLAPTAEELALNE--LATLTCLVR  
A opossum     TAQASTLRPIQGAPEQDSNGKYRVSS---VLEICTEEWLRGDTFSCTVSHS-EIET-TTKTIYKPKVPQIP-PQIYLLAPSADEQALNE--MVSITCLVR  
A mouse       TGKD----AVQKKAAQNSCGCYSVSS---VLPGCAERWNSGASFKCTVTHP-ESGT-LTGTIAKVTVNTFP-PQVHLLPPPSEELALNE--LLSLTCLVR  
A1 human      SGKS----AVQGPPERDLCGCYSVSS---VLPGCAEPWNHGKTFTCTAAYP-ESKTPLTATLSK-SGNTFR-PEVHLLPPPSEELALNE--LVTLTCLAR  
Y newt        QEDGSPLVGLPHETEVLPDGTLGADS---TLTITTDAWKQGSAFSCKVEHP-DLSSPVTRTIRKPKE-REIGPSMYLFPPHQHELDQH--ELVSLTCLVK  
Y axolotl     RREGPEEAAVISEQYIDSDGTFTAMS---YLNITKNEWERGDEFTCKVKHF-DLPFPLSRSVSKPTG-RSFAPTMYVFAPHEMELANY--DFVSLTCLVK  
Y frog        RSDGKKALAFDSAPEKAYDGTFTVKS---TLKISPGDWENKKQFNCKVVHP-DLPSPIEKSIQKSQD-PGTEPTITLLPPSDDELRND---FISLICMLK  
F frog        -----------------------------------GNNTN------------------------------TKPSIFLYSPRTKELEKDASSLISIICLVK  
Y turtle      K-TGPLSPEPLTLTEQHNR-TFTASS---SLPIFTRDWEDGEKYSCKVEHS-ELPTPIIKSISKKQG-KMSPPSVYLLRPHPDELSSNG-DSVSLTCLVR  
Y anole       KKA-SLDPKPMSVSEELNG-TYTVVS---ALPILTREWDSEETFTCTVEYP-GVPTPIVKKITKLKG-KVTTPSVYLFRPHREELIFQSHSQLTLTCLVK  
Y gecko       KPG-TLNPEPLEPAQDSDG-TFTLKS---PLIISKQDWLAGEIYTCTLEHS-SGIAPYSKTIAKKTG-KRTQAQVYLFRPHNEELKSR-DPNVSITCLVQ  
Y duck        K-SGALRPDPMVLTEHFNG-TFTASS---SLAISTQDWLAGERFTCTVQHE-DLPVPLGKSIAKHAG-KVTAPYIFTFPPHAEELSLA---EVTLTCLVR  
Y pheasant    K-SGIFLPDPRFFQEHFNG-TYSASS---SVPISTQDWLAGESFTCTVQHE-ELPLPLTRSVYRHPG-PSPALLISPFPPPPEEFSQS---PLILGCLAR  
Y turkey      K-SGALRPDPMVLQEHFNG-TYSASS---AVPISTQDWLAGERFTCTVQHE-ELPLPLSRSVYRHTG-PSTAPQIFPFPPHPEELSQS---RVTLGCLVR  
Y quail       KQHGHLRPDPLILQEHYNG-TYSASS---SVPISTQDWLAGERFSCTVQHD-ELPQPVVKGIKKETG-PSTPPHIYPLPPNPEELSLP---YVTLTCLAR  
Y chicken     K-SGNLRPDPMVLQEHFNG-TYSASS---AVPVSTQDWLSGERFTCTVQHE-ELPLPLSKSVYRNTG-PTTPPLIYPFAPHPEELSLS---RVTLSCLVR  
Y/O platypus  -GIERPA--SPIKIMKQPDGTFSAES---TLSITLPEWMEGESFTCKVQHP-DSPSIVEKAISKPLG-KSLAPVVYVFPPHMDELAQKD--TLSLTCLAK  
E platypus    SGTPLSA--ESFEEQKQFNGTMSFIS---TVPVNIQDWNEGESYTCRVAHP-DLPSPIIKTVTKLPG-KRLAPEVYAFPPHQAEVSHGD--SLSLTCLIR  
E echidna     SGTPLSS--ESFEEQKHFNGTMSFIS---TVPVTVQDWVEGELYTCSVTHP-DLPAPVVRTVTKSPG-KRLAPEVYALSPPQEEVDLGG--SVSLTCLVK  
E opossum     SGGPVNP--SSLVVKEQYNGTFTVTS---HLPVNTDDWIEGDTYTCRLESP-DMPVPLIRTISKAPG-KRLAPEVYMLPPSPEET--GT--TRTVTCLIR  
E brushtail   SGGTVSP--SSPVVKEQYNGTVTITS---TLPVQTDDWVEGETYTCHLEHP-DLPFPLIRTISKAPG-KRIAPEVYMFPPSEEEK--GN--TVSLTCLIR  
G echidna     DKELPKSGSVEPPPKEQRNGTYRFVS---EREVSSKDWLDQKVFKCKVQHK-NFPSPVIKTISHTAG-TRKAPEAYVYSPHRDELN-KD--TFRPSCMIL  
G1 platypus   DKELPKTRMLEPPPKEQRNGTYRFVS---ERDVSSKDWLDQKVFKCKVQHK-NFPSPITKSISHTAG-TRKAPEAYVFPPHRDEMN-KN--SVSITCLVL  
G2 platypus   GTLFPNSQNAQTSSDTIWNGT-RVSS---KLSVTPEDWKSDAEFRCEVEHK-LFPTSLKKAISHDKNTERKTPEAYIFSPHTEELS-KE--SVSITCLVK  



G opossum     EEEVSSP--KLT-QKKLNNGTFQVVS---NLPVVHQEWLKGTSYTCKVNTS-ELPVVERKTISHTKG-ERKKPDIYVFGPHPDELKQKD--DVSITCLVT  
G mouse       DVEVHTA--QTQPREEQFNSTFRSVS---ELPIMHQDWLNGKEFKCRVNSA-AFPAPIEKTISKTKG-RPKAPQVYTIPPPKEQMA-KD--KVSLTCMIT  
G human       GVEVHNA--KTKPREEQYNSTYRVVS---VLTVLHQDWLNGKEYKCKVSNK-ALPAPIEKTISKAKG-QPREPQVYTLPPSRDELT-KN--QVSLTCLVK  
T zebrafish   VSCKMDNVPINSVSQENESQHVKIYN----VPVDTTKWFNGGKVTCTTRDT-LNNKDIKQEIYFNKG-DGQEPSVKMYKP--DDISTKQ---ISYVCEVS  
T trout       VNGKKQTDHIDLKPIESKGNLNSRVS---TLTIDQTKWTNVNKVQCSAMKS-GEDTPVIQDISFTKGSEAPSVSVHILP--EEDTKKDG--DVTLVCLVV  
 
                      410       420       430       440       450       460       470       480       490       500          
              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
M newt        GYNPCDVFVKWLVSGTQDPGLEYVNTKPVEEVG----ATGSSS--CFLYSKLKVPESEWSQ-GTVYTCVVGHEALSLQVLQKSID---------------  
M axolotl     GYHPCDLFVRWLENSQQLQKQDYVNTKQAEEVDP---TTGQKS--CFMYSMLKIPAAQWTA-GNTYTCVVGHEALPLQITQKSID---------------  
M frog        GFSPSEIFVKWLHKNEAVPKQNYINTSINDELL----PKGQKSGKFFLYSLHTIDIKDWDA-GDSFSCVVGHESLPLQLTQRSID---------------  
M slider      GFNPPDLFIKWLSNGEELNASEYINTKPILE--------SSQPPLYFAYSMLNINEQEWNA-GNTYTCLVGHEKLPLQVTQRTVD---------------  
M turtle      GYNPPDLFIKWLSNGEEVISSKYINTVSIPE--------LGQSKLYFSYSSLSISEQEWNA-GNTYTCLVGHEKLPLQVTQRTVD---------------  
M anole       NFNPADLFMKWLHNDQPVSSLHYFNSEPQPE--------SKQSEGYFAYSMLNINEQDWSA-GDSFTCVVGHETLPFNTTQKTID---------------  
M gecko       SFYPGDFFVKWLQDGEPVPVSEYFTSGPIQE--------SKSPERYFAYSILNINEQDWNS-GARLTCVVGHEALPLQMTQKTVD---------------  
M duck        GFNPPDLFIRWLRNGEPLPASSYVTMPPVAE--------SQLARSYFTYSALSVATEDWGA-GNVFTCLVGHERLPLQVAQKSVD---------------  
M pheasant    GFNPPQFFVRWLKNGQTLPQSQSVTSSPMAE--------SPENESYVAYSLLRVGAEEWGA-GNVYTCVVGHEALELQLLQKSVDKASGKASAVNVSLVL  
M turkey      GFNPPQFFFRGLRNGESLPQTHSVPSSPMVE--------SPEKEFFVAYSVLRVGGEEWGA-GNIYPWGGGQEVLEFQLVQKSVDKASGKAGAVNFSLVL  
M quail       GFNPPDYFVRWLRNGEPLPQSHWLTTTPLNQGE------DPINESYVAYSLLKVGAEEWGA-GNVYSCLVGHEALPLQLAQKSVDKASGKSSAVNVSLVL  
M chicken     GFNPPHLFVRWMRNGEPLPQSQSVTSAPMAE--------NPENESYVAYSVLGVGAEEWGA-GNVYTCLVGHEALPLQLAQKSVDRASG-----------  
M echidna     AFSPADVMVQWLHKGQPVPQDKYTVSAPVPE--------PQSPNLHFAYSILTVAEEEWSA-GDSFTCIVVHEALPLYVMERTVD---------------  
M platypus    SFSPADVMVQWLHKGQPVPQDKYTVSAPMPE--------PQSPNLYFAYSTLTVAEEEWSA-GDSFTCVVVHEALPLYVMERTVD---------------  
M opossum     DFSPPDVFVQWMHKGQPIPSEKYVTSSPHQD--------PQKGGRYFSYSILTVSEAQWNS-GDPFTCVVAHEALPLSSTERTVD---------------  
M mouse       GFSPADISVQWLQRGQLLPQEKYVTSAPMPE--------PGAPGFYFTHSILTVTEEEWNS-GETYTCVVGHEALPHLVTERTVD---------------  
M human       GFSPADVFVQWMQRGQPLSPEKYVTSAPMPE--------PQAPGRYFAHSILTVSEEEWNT-GETYTCVA-HEALPNRVTERTVDKSTGKPTLYNVSLVM  
X axolotl     GFNPPDTLVKWLAKGKEVDFGSYATTSPLPSLTGGSY---------YRYSSLQVPAAEWTK-GDAFTCVVGHEA-LPMNLAQKSID--------------  
X frog        GFNPKEIFIQWMQGGVSISEDKFINTVPMKSDGEQTY---------FIYSKLAIPAAKWNQ-GDVFTCVVGHEA-LPLYITQQSID--------------  
A gecko       GFYPEEFFVKWLRNDEPVGDSEFFTSRPVQES--------KTPERYFTSSTINVNEQDWNS-GDHYTCVVGHEAL-PLQTTQKTVD--------------  
A duck        GFRPRDILVTWTQQDRPVASGSFSTFGPQEGEAGLFS----------VYSKLSVAAAEWQR-GDVFACVVGHDG-IPLNFVQKSLD--------------  
A pheasant    SFLPSSILLTWTQQNRPVSTQNYLNFGPVK-DGEFFS----------IYSKLVIPVSDWQR-GDVFGCVVGHDGIIPLNFIQKNIDKSAGKASHVNVSVV  
A turkey      SFFPSSILLTWTHQNRPVSPQNYLNFGPVK-DGDFFS----------LYSKLVIPVSDWQN-GDVFGCVVGHDG-VPLNFIQKSIDKSAGKASHVNVSVV  
A quail       SFLPSSILITWVHQNQPVSTQNYLNFGPVQ-DGGSYS----------AYSKLVVPASDWLR-GDVYGCVVGHDG-IPLGFIQKSLDKSAGKASHVNVSVV  
A chicken     SFLPSSILLTWTQQNQPISPQNYLIFGPEK-DGDFYS----------LYSKLKVSVEDWQR-GDVFGCVVGHDG-IPLNFIHKRID--------------  
A echidna     GFSPRELLVKWMKGGQEVPRTDYVTGTPQQEISEGSP-------TFFLYSTLRVQTSSWKS-GENFSCVVGHES-LPLNFTQKTFD--------------  
A1 platypus   GFNPPDLLVKWLKGGQEVSQTDYVTSSPQREASEGSAS------TFFLYSTLRVPTSEWKE-GENYSCVVGHEA-LPLNFTQKTID--------------  
A2 platypus   GFSPKELMVKWLKGGQEVPRKDYVTGSPQREVSEGSA-------TFFLYSTLRVQTSTWKE-GENFSCVVGHES-LPLNFTQKTFD--------------  
A opossum     GFSPEDVFIRWLKGSEELPKKDYITSNPYPEP-KSTS-------TYMVSSILQVQSTDWKN-ENKYSCVVGHEA-LPLNFTQQTID--------------  
A mouse       AFNPKEVLVRWLHGNEELSPESYLVFEPLKEPGEGAT-------TYLVTSVLRVSAETWKQ-GDQYSCMVGHEA-LPMNFTQKTID--------------  
A1 human      GFSPKDVLVRWLQGSQELPREKYLTWASRQEPSQGTT-------TFAVTSILRVAAEDWKK-GDTFSCMVGHEA-LPLAFTQKTID--------------  
Y newt        GFSPPDIYVQWKHRNTVLPDNSSRNTALVLESGTN------GPDTYFMYSLLTISKSNWEN-RDTYSCIAFHSALPKNQMQRSI----------------  
Y axolotl     SFSPDDIYIQWKQGKSVIPSDKYVSMEPRQEAGTA------GLGTYFSYSMLTIQKSDWDK-RETFTCVAAHSAVPKNLMTRRI----------------  
Y frog        NFRPQDIYVFWKKDGVTLEEDYYMTTTPVLEEE---------EEGFISFSKLTIARSDWMR-GATYSCIAAHNTISQ-----------------------  
F frog        GFYPKNVNVTWQQNGSPMNASQVLNSEPQLNNGS-------GDNTYAMFSMITISKD-------------------------------------------  
Y turtle      GYYPAEISVKWMENHESQTSMKPVTTSSMKE--------GDGDSTYFLYSKLPVDKTSWNN-GVTYTCMVIHEALKPLKFTQRNI---------------  
Y anole       NLNPKDVSVQWLKDNNALTEDNHITT-PVLKD--------SIEDSYFVYSKLLISRADWDR-GSSYTCMVIHEGL-AMKFTQRTVE--------------  
Y gecko       GFNPEDISIKWLENHNAVAGNNHVTT-QVQMD--------SDQDSFFVYSKLTVPKANWND-GHSFTCHVVHEGF-SMKYTQRTIE--------------  



Y duck        GFQPEHVEVQWLRNHNSVPAAEFVTTPPLKE-------PNGDG-TFFLYSKMTVPKASWQG-GVSYACMVVHEGL-PMRFTQR-----------------  
Y pheasant    GFPPRDMEIRGFRDPRNVPTFKFVTTSFLPEKRSGNANPGREGETYFVYSKMSVEPSGWRG-ATVYPCMVVQEAL-PMRFIQPPWQKQLGK---------  
Y turkey      GFRPRDIEIRWLRDHRNVPTTDFVPISFFPEERSRNGGPGREGETYFVYSKMSVEATSWRG-GTVFPCMVVQEAL-PMRFTQRTGQKQAGK---------  
Y quail       GFRPRDIEIRWLRDHRAVPSTSYVTTSVLPEVTSGNGGNGSDGKTYFVYSQMRVEVGEWRR-GTSYACMAVHEAL-PMRFSQRTLQKMPGK---------  
Y chicken     GFRPRDIEIRWLRDHRAVPATEFVTTAVLPEERTANG-AGGDGDTFFVYSKMSVETAKWNG-GTVFACMAVHEAL-PMRFSQRTL---------------  
Y/O platypus  SFFPADIAVQWLHNDEDVEEDHFSVTKPQKDL--------TGQGTFFLYSKLDIQKSNWKR-GDSFTC--------------------------------  
E platypus    GFYPENISVRWLLDNKPLPTEHYRTTKPLKDQ--------GPDPAYFLYSRLAVNKSTWEQ-GNVYTCQVVHEALP-SRNTERKFQHTSGN---------  
E echidna     GFYPRDVSVLWLLNNEELPTERYQTSKPLKDQ--------GPDPAYFLYSRLAVNRSDWEV-STSYTCQVVHEALP-SRKTERKFQHPSGN---------  
E opossum     GFYPSEISVQWLFNNEEDHTGHHTTTRPQKDH--------GTDPSFFLYSRMLVNKSIWEK-GNLVTCRVVHEALPGSRTLEKSLHYSAGN---------  
E brushtail   AFYPADITVQWLRDNKDDHTGHHTTTRPHKDH--------GPDPSFFLYSRMVVNRSHWQE-GHTFTCRVVHEALPGTRTLDKSLHYSTGN---------  
G echidna     DFYPESITVEWLQDDKPVPEADYASTLPQMH-----------GSTFFMYSKLDVQKADWQR-GRAYSCSVKHEALPQKFLQKTV----------------  
G1 platypus   DFYPDAIAIDWQHNDRPVPEGDYATTLPQKN-----------GNSYFLYSKLTVQKTEWNQ-GGSFTCSVRHEALPQKFLQKTV----------------  
G2 platypus   GFLPQDISIAWQHKGKEMKEEEYSTTPPQYR-----------NGSYFLYSKLTVTKKDWET-GESFSCLVYHDS--------------------------  
G opossum     NFFPEDVVIEWQKNNNPESEDKYYTTPTTRE-----------KSTYFFYSKLIVKKRDWDN-QNSYTCVVLHEAFPNQISQRTI----------------  
G mouse       DFFPEDITVEWQWNGQPA-ENYKNTQPIMNT-----------NGSYFVYSKLNVQKSNWEA-GNTFTCSVLHEGLHNHHTEKSL----------------  
G human       GFYPSDIAVEWESNGQPE-NNYKTTPPVLDS-----------DGSFFLYSKLTVDKSRWQQ-GNVFSCSVMHEALHNHYTQKSL----------------  
T zebrafish   SPNLGDVYIMWKVNNTFTEGKSSDPIQQQGSTS--------------VVSILTISKKEFENPETTINCAVVHANMKDTASPLLKST--------------  
T trout       SPSLCDVYIMWKEDSGEYQEGVTSPPQKTKKG------------NYFVTSVFTTTKDKWDT-NVLFTCAVKHAGSDNSTS--------------------  
 
                     
              ....|.... 
M newt        ---------  
M axolotl     ---------  
M frog        ---------  
M slider      ---------  
M turtle      ---------  
M anole       ---------  
M gecko       ---------  
M duck        ---------  
M pheasant    ADSAAACYN  
M turkey      ADSVAPCF-  
M quail       ADSASACY-  
M chicken     ---------  
M echidna     ---------  
M platypus    ---------  
M opossum     ---------  
M mouse       ---------  
M human       SDTAGTCY-  
X axolotl     ---------  
X frog        ---------  
A gecko       ---------  
A duck        ---------  
A pheasant    LSDSDVTCY  
A turkey      LSDSDVTCY  
A quail       LADSEVSCY  
A chicken     ---------  

Supplemental Figure 3. Amino acid alignment of constant regions of 
vertebrate immunoglobulins used in Figure 6 phylogeny. Sequences 
(database accession numbers in Supplemental Table 3) were aligned using 
Clustal in MEGA then manually adjusted based on cysteine residues in 
paralogous domains. That alignment was used for the dendrogram and 
exported to Bioedit for creation of this figure. 



A echidna     ---------  
A1 platypus   ---------  
A2 platypus   ---------  
A opossum     ---------  
A mouse       ---------  
A1 human      ---------  
Y newt        ---------  
Y axolotl     ---------  
Y frog        ---------  
F frog        ---------  
Y turtle      ---------  
Y anole       ---------  
Y gecko       ---------  
Y duck        ---------  
Y pheasant    ---------  
Y turkey      ---------  
Y quail       ---------  
Y chicken     ---------  
Y/O platypus  ---------  
E platypus    ---------  
E echidna     ---------  
E opossum     ---------  
E brushtail   ---------  
G echidna     ---------  
G1 platypus   ---------  
G2 platypus   ---------  
G opossum     ---------  
G mouse       ---------  
G human       ---------  
T zebrafish   ---------  
T trout       ---------  
 



Supplemental Figure 4. Genomic synteny of IgX is consistent with its giving rise to IgA. Genomic 
assemblies and published genomic studies of the IgH locus were used to compare the position of the 
constant genes of IgX of amphibians with IgA of birds and mammals.  The asterisk denotes that IgA is 
present in some reptiles such as the leopard gecko though genomic data is lacking. 
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