Frog ID Metamorphosis Bleed 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.
XI TCRaCF2 F TCRaC 5’-TCAATGTATCGCCTCAAAG-3’ SMYRLK 53
XI TCRaCR2 R TCRaC 5’-CATTCCACAGGACTGAAC-3’ SSVLWN 54
XI TCRACF F TCR&C 5’-CACTGAAGCCTCAACAAGGTG-3' ALKPQQG 61
XI TCRACR R TCR&C 5’-GATGCTTGGCTAGGCACTG-3’ QCLAKH 60
XITCRbF1 F TCRBC 5’-CGAACTGACCATGGCTACT-3’ DPWLL 58
XITCRbR1 R TCRBC 5’-CTCATTCTTGGTGAGGCTGA-3’ QPHQEV 58
XIB2MF1 F B.M 5’-AACATTAGTCCCCCGGTGG-3' NISPPVV 60
XIB2ZMR1 R B.M 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
0. 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 +191 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 +0.32 331 +6.65 0.42 +0.40 2.17 45.52
C. CYTOPHAGIA
0. 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
0. 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
0. 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



http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=201174
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http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=200644
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1117
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Deferribacteraceae
P. FIRMICUTES

C. BACILLI

0. BACILLALES

Bacillaceae

Sphingomonadaceae

Thermoactinomycetaceae

O. LACTOBACILLALES
Aerococcaceae
Carnobacteriaceae
Enterococcaceae
Lactobacillaceae
Paenibacillaceae
Staphylococcaceae
Streptococcaceae

C. CLOSTRIDIA

O. CLOSTRIDIALES
Catabacteriaceae
Clostridiaceae
Eubacteriaceae
Graciibacteraceae
Lachnospiraceae
Oscillospiraceae
Ruminococcaceae
Peptococcaceae
Peptostreptococcaceae
Syntrophomonadaceae

(o}

THERMOANAEROBACTERALES
Thermoanaerobacteraceae

C. ERYSIPELOTRICHI

O. ERYSIPELOTRICHALES
Erysipelotrichaceae

C. NEGATIVICUTES

0. SELENOMONADALES
Veillonellaceae

P. PROTEOBACTERIA

C. ALPHAPROTEOBACTERIA

0. CAULOBACTERALES
Caulobacteraceae

0. RHIZOBIALES
Bradyrhizobiaceae

Hyphomicrobiaceae

0.04

0.53

0.09

0.00

0.00

0.15

0.02

0.06

0.00

0.05

0.03

0.01

69.57

0.20

0.00

0.12

0.01

0.19

0.01

0.03

0.00

0.00

0.08

0.37

0.05

0.00

+0.06

+0.42

+0.13

+0.00

+0.00

+0.16

+0.04

+0.14

+0.01

+0.06

+0.05

+0.02

+25.71

+0.21

+0.00

+0.11

+0.01

+0.24

+0.02

+0.03

+0.00

+0.00

+1.09

+0.14

+0.50

+0.02

+0.10

+0.01

0.27

0.46

0.00

0.01

0.00

0.07

0.03

0.01

0.02

0.03

0.08

75.63

1.68

0.00

0.02

1.35

0.11

0.01

0.04

0.00

0.66

0.05

0.52

0.00

0.06

0.00

+0.35

+0.45

+0.00

+0.03

+0.01

+0.09

+0.04

+0.01

+0.02

+0.03

+0.10

+0.11

+20.75

+1.79

+0.01

+0.42

+0.05

+1.37

+0.18

+0.01

+0.10

+0.00

+0.69

+0.07

+0.89

+0.00

+0.13

+0.01

0.17

0.26

0.00

0.00

0.00

0.06

0.00

0.00

0.01

0.00

0.06

0.15

54.45

2.26

0.00

0.37

0.04

2.36

0.07

0.01

0.00

0.01

0.14

0.64

0.05

0.00

+0.19

+0.15

+0.00

+0.00

+0.00

+0.08

+0.01

+0.00

+0.02

+0.00

+0.06

+0.14

+22.38

+2.10

+0.00

+0.38

+0.07

+1.75

+0.09

+0.02

+0.00

+0.02

+2.63

+0.12

+0.75

+0.02

+0.13

+0.01

0.20

0.48

0.03

0.00

0.00

0.02

0.00

0.01

0.04

0.06

0.04

68.33

114

0.00

0.02

1.12

0.03

0.02

0.00

0.00

0.09

0.57

0.01

0.10

0.00

10.21

+0.45

+0.08

+0.00

+0.00

+0.15

+0.03

+0.01

+0.01

+0.05

+0.08

+0.05

+20.65

+1.51

+0.01

+0.40

+0.04

+1.31

+0.05

+0.02

+0.00

+0.01

+1.00

+0.12

+0.62

+0.02

+0.15

+0.00

0.12

0.36

0.03

0.01

0.00

0.07

0.01

0.04

0.02

0.02

0.11

64.76

161

0.00

0.18

0.03

1.48

0.09

0.02

0.03

0.00

0.09

0.45

0.00

0.01

0.01

+0.27

+0.25

+0.08

+0.02

+0.01

+0.07

+0.03

+0.12

+0.02

+0.02

+0.07

+0.15

+25.81

+2.02

+0.00

+0.23

+0.06

+1.77

+0.16

+0.02

+0.09

+0.01

+2.16

+0.10

+0.80

+0.00

+0.01

+0.01
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Rhizobiaceae

O. RICKETTSIALES
Anaplasmataceae

0. RHODOBACTERALES
Rhodobacteraceae

0. RHODOSPIRILLALES
Fusobacteriaceae

0. Sphingomonadales
Planococcaceae

C. BETAPROTEOBACTERIA
O. BURKHOLDERIALES
Alcaligenaceae
Burkholderiaceae
Comamonadaceae
Oxalobacteraceae

O. GALLIONELLALES
Gallionellaceae

0. HYDROGENOPHILALES
Hydrogenophilaceae

O. NEISSERIALES
Neisseriaceae

0. NITROSOMONADALES
Nitrosomonadaceae

C. DELTAPROTEOBACTERIA
O. BDELLOVIBRIONALES
Bdellovibrionaceae

O. DESULFOVIBRIONALES
Desulfovibrionaceae
Geobacteraceae

0. DESULFUROMONADALES
Pelobacteraceae

C. GAMMAPROTEOBACTERIA
0. AEROMONADALES
Aeromonadaceae

O. ALTEROMONADALES
Shewanellaceae

0. CHROMATIALES
Chromatiaceae

O. ENTEROBACTERIALES
Enterobacteriaceae

0. PSEUDOMONADALES
Moraxellaceae

Pseudomonadaceae

0.16

0.00

0.01

0.02

0.01

0.13

0.18

0.00

0.01

0.09

0.00

0.00

0.12

0.00

0.00

0.18

0.03

0.12

7.67

0.38

0.09

+0.25

+0.01

+0.02

+0.02

+0.02

+0.16

+0.17

+0.09

+0.00

+0.01

+0.16

+0.00

+0.01

+0.25

+0.00

+0.00

+0.20

+0.04

10.26

+13.77

+0.56

+0.09

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.00

0.00

0.00

0.02

0.00

0.02

0.01

0.00

0.01

0.00

0.00

0.01

0.01

+0.00

+0.01

+0.00

+0.00

+0.00

+0.00

+0.04

+0.01

+0.00

+0.00

+0.05

+0.01

+0.04

+2.32

+0.02

+0.00

+0.01

+0.00

+0.00

+4.75

+0.01

+0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.01

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.01

+0.00

+0.00

+0.00

+0.00

+0.00

+0.00

+0.00

+0.02

+0.01

+0.03

+0.00

+0.02

+0.02

13.56

+0.01

+0.01

+0.00

+0.00

+0.00

+4.21

+0.01

+0.02

0.04

0.00

0.00

0.00

0.01

0.03

0.02

0.01

0.00

0.00

0.02

0.01

0.02

0.00

0.00

0.05

0.01

0.01

6.36

0.01

0.04

+0.12

+0.01

+0.00

+0.01

+0.02

+0.07

+0.03

+0.02

+0.00

+0.01

+0.04

+0.01

+0.03

+2.81

+0.00

+0.00

+0.14

+0.03

+0.02

+11.54

+0.03

+0.07

0.07

0.00

0.01

0.00

0.06

0.12

0.03

0.00

0.01

0.06

0.00

0.01

0.01

0.00

0.07

0.00

0.07

0.25

0.04

+0.19

+0.01

+0.02

+0.02

+0.00

+0.14

+0.16

+0.07

+0.01

+0.02

+0.14

+0.00

+0.02

+2.99

+0.02

+0.01

+0.14

+0.01

+0.22

+3.55

+0.48

+0.07
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http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=72274

O. VIBRIONALES
Vibrionaceae
0. XANTHOMONADALES
Xanthomonadaceae

P. SPIROCHAETES

C. SPIROCHAETIA
0. SPIROCHAETALES
Spirochaetaceae

P. SYNERGISTETES

C. SYNERGISTIA
0. SYNERGISTALES
Synergistaceae

P. TENERICUTES

C. MOLLICUTES
0. ACHOLEPLASMATALES
Acholeplasmataceae

0. ENTOMOPLASMATALES
Spiroplasmataceae

0. MYCOPLASMATALES
Mycoplasmataceae
P. VERRUCOMICROBIA

C. OPITUTAE

Opitutaceae

O. PUNICEICOCCALES
Puniceicoccaceae

C. VERRUCOMICROBIAE

0. VERRUCOMICROBIALES

Verrucomicrobiaceae

0.04

0.00

0.22

0.03

0.04

0.01

0.00

0.00

+0.06

+0.10

+0.00

+0.32

+0.06

+0.09

+0.01

+0.02

+0.00

+0.01

0.00

0.01

0.00

5.77

0.08

0.19

0.00

0.00

0.01

0.01

+0.00

+0.02

+0.01

18.19

+0.09

+0.29

+0.00

+0.00

+0.02

+0.02

0.00

0.00

0.05

1.74

0.13

0.12

0.00

0.00

0.08

+0.00

+0.00

+0.09

+1.14

+0.19

+0.14

+0.13

+0.00

+0.00

+0.16

0.01

0.01

0.01

1.95

0.07

0.07

0.00

0.00

0.00

0.01

+0.03

+0.02

+0.01

+2.06

+0.08

+0.09

+0.01

+0.01

+0.01

+0.02

0.02

0.03

0.03

3.21

0.09

0.17

0.00

0.00

0.05

+0.05

+0.08

+0.08

+7.07

+0.16

+0.26

+0.10

+0.00

+0.00

+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 hame species tree abbreviation Ig C domains accesion #
zebrafish Danio rerio T zebrafish 1gT 3 AAT67446.1
rainbow trout Oncorhynchus mykiss T trout 1gT 4 AAWG66981.1
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 CA082107.1
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 Pelodiscus sinensis M turtle IgM 4 ACU45376.1
turtle
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 1gY/G 4 S00390
Australian echidna Tachyglossus aculeatus M echidna IgM 4 AAN33013.1
A echidna IgA 3 AAN33012.1
G echidna 1gG 3 AAMG61760.1
E echidna IgE 4 AAM45140.1
platypus Ornithorhynchus anatinus M platypus IgM 4 AA037747.1
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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.
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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 pheasant -ETVAESRVGVTESEWEAGVTFSCLVDG==—---- EMRNTSKRMECGLEPLDP-VDITVRVIPPSFVD-1FTTKSAKLTCRVSNMANVEGL ---EVSWWKE
M turkey -ETVAESRVEVTEGEWDSGVIFSCLVDG-=—--- EMRNTSKRMECGLDPIAQ-PDITVLAIPPSFVD-1FASKSARLTCRVSNMGNVESL ---EVSWWKE
M quail -QTVTQSKVEVTESEWDSGVVFSCLVDG==—=-- EMRNTSKRMECGLDTPDP-AE I SVRVFPPSFVD- 1 FLSKTAKLKCRVSNMANVDGL ---EVSWWKE
M chicken -EVVAESRISVTESEWDTGATFSCVVEG-=—--- EMRNTSKRMECGLEPVVQ-QDIAIRVITPSFVD-1FISKSATLTCRVSNMVNADGL---EVSWWKE
M echidna -AYQLSSSLTVSDTDWFKATDFTCVVEHP--NTHF IEMRNASYKCGGGQSGS---1KVSTTPPSFAS-1FTTKSAKLECLVTGMSTSDSL---STVWVQY
M platypus -TYQLSSSLTVSDTDWFKATDFTCVVEHP--KTHF IEMRNASYKCAGVPSSS---1KISTTPPSFAG-IFTTKSAKLVCSVTGMSTSDSL---SIVWTQY
M opossum -TYFLQSSLTINESDWLSQSTFTCRVDHL--NAQF--QKNVSSSCAISTDSP---1EAFAIPPSFAS-1FVTKSAKLTCVVTNLPTYDSL---SISWTRK
M mouse QTYKVISTLTISEIDWLNLNVYTCRVDHR--GLTF--LKNVSSTCAASPSTD---ILTFTIPPSFAD-IFLSKSANLTCLVSNLATYETL---NISWASQ
M human TTYKVTSTLTIKESDWLGQSMFTCRVDHR--GLTF--QQNASSMCVPDQDTA---IRVFAIPPSFAS-IFLTKSTKLTCLVTDLTTYDSV---TISWTRQ
X axolotl GLFSATSRLSVLQGEWNQGTLYSCDVTHAATNASIMAN I SKCAEPCSLS——---~- IAVSLLPPPFEE-LYLTHSGHLTCLATNIKTTQS---FEIVWTRD
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GTYSSSSQLRILKGMWNKGTQYSCIVTHTSSNTTTIANISQCTEQCHDN-=—--- LQVYPLTPTFHD-LYFSRNAKVTCLVSSMKTIEN---FDISWERE

DTFSTTSTANITQLEWKEGKTYTCQVIHQG--STVERNATKCRGCG—=——=—~ NAVHVETIPPSFAD-I1FLTKSAKLTCRISNIPDEQDLEELNVTWIRA
KKATQWSQVNVSRQSWDQGAEFSCRVSHTSLKEP IVESISTYCTSAGP—==—-- KLEVTLLPPSLED-LY ISQNASVTCVATN--APQD---LKFSWSRS
GGVKQWSRVNVSRTAWNSGKVFKCRVTNG--GLEGEAT ISNGCEAP-=—=——-— SLEVSLLPPSPEE-LFVSHNATVTCVVSNVETPGG---VSISWKRS
EGVKQWSRVNVTRTAWNGGKVFGCRVTAGASGEAVTATISNGCEAAP - —=———— KLDVSLLPPSLEE-LFISHNATVTCVVSNVETPGG---VSISWKRS
GCVSQWSRVNVSRDQWEAGKVFSCQVDD-=—--- VVASVSSGCEGP--=—=——- SMDVSIHPPSIEE-LFVTHNATITCIATNVETPKD---LSIEWTGS
SGVTQWSRVNVTRKSWEGGAQFGCRVTHGALKEPVTATVSTDCDATP - —=——-- QLQVSLLPPTLEE-LLVSHNATVTCVVSNAAAADG---VSVSWSRS
——————————————————————————————————— KNPG-VCPDPCPT-------VSVSLLPPSLDS-LFLDKGANLTCELTGVANVQG---ANFSWSAP
—————————————————————————————————————— VPQCCKCSP---—=--====KVLLHPPSLEG-LFLGKGANLTCVLKGLVDPRE---TTFTWTRP
——————————————————————————————————— SNCGCECCSNCPS-------VSVSLHPPSLES-LFLDKGANLTCELTGVSNVKG---VNFSWS-P
———————————————————————————————————— PR---PCDCPS-------GVHVSLSGPSLES-LLLGIGANLTCTLSGIKNSNG---ATFTWVHD
——————————————————————————————————— PPP-—-PITIPS-=----CQPSLSLQRPALED-LLLGSDASITCTLNGLRNPEG---AAFTWEPS
——————————————————————————————————— TPPTPSPSTPPTPSPSC-CHPRLSLHRPALED-LLLGSEANLTCTLTGLRDASG---VTFTWTPS
GTFSTTSQVNISKSDWILGERYTCKVDHPATNTSLHDS IRNCPESP----SG-VQLKVSMIPPKAKD-LYVTKQPSIVCQVTKMESADG—---- LSITWK
GTFSTTSQINVTKSDWASGDKYTCKVEHPATSSRAEDT IHNCADSQ----TP-YQPKVFLIAPKARD-LY IANQPVVICKITKMENSDS ——--- LSVTWK
DTFSSRSKVSVPKEDWNSGDSYTCKVTHPASHTKTEASTKKCDD-=—--- TA-1TPKVDVLPPSPKD-LLVTKEAKVYCVISRMTSTDD----~- LTVQWS
—————————————————————————————————————————————————————— TPKTSIMP== = m e e e

RTFSTHSNASVSQEDFMQDKMY TCRVSHPGTGTTEEDYARKCKDVP---TTT-SSILVFTVPPSPEE-LYVGQSPKVTCLVVNLPNDA---DLRVVWSRE
YTFSTTSSANISQADWLEGT 1Y TCKVTHAGSQTTMRARAKKCEDDS-T-SQC-DG I1'YVYLKSPTPND-LYLNRDPKVSCVVGNLESE---EGLKVSWSRD
DTFSTTSTANVTQIDWKEGKTYTCQV IHQG-~HKVEKHATKCRGDSGN-CTA-NG IKVS I LPPTPAD-LYMNGEPRL I CVVTGLESN---VGMKVRWSKE
KTYMATSQTNVSREDWKAGKAFTCRVKHPATGGTAQGHARFCPGSGA--QSC-SP1Q1FVVPPSPGS-LY IRQDAKVHCLVVNLPSDA---SLSISWTRE
STYSFSSRLNVSKEDWKEGKSYTCRVKHPGTSTVVEDHARACSTP----HSC-SPIQLYAIPPSPGE-LY 1 GLDAKLKCLVV-FSQRF---QPQPHWDQE
STYSFSSRLNVSKDDWKEGKSFTCRVKHPGTATVVEDHARACSGPT---QSC-SP1QVYAIPPSPGE-LY I GLDAKLKCLVVNLPSDS---SLSLTWTRE
STYSVTSRVNVSKSDWSEGKSFTCQVKHPGTGSVVEDHVRGCEGST---QTC-GP 1QVFLLPPSPGD-LY 1GLDAKIRCLVYNLPSKA---SLSITWSRD
STYSLSSRVNVSGTDWREGKSYSCRVRHPATNTVVEDHVKGCPDGA---QSC-SP IQLYAIPPSPGE-LY ISLDAKLRCLVVNLPSDS---SLSVTWTRE
GKFSAYSEFN I TQGEWLTGKTFTCSVRHMASKKD 1QDYARSCKD I ——-~NL 1 -QNLKVSVSPPNPTD-LF IARTPSLTCLVASLP-DSEG IK--LQWIHK
RSFSSHSEVN I TQDQWLSGKTFTCQVTHLADKKTYQDSARKCADS--~--DPR-G- 1 TVFLTPPSPTD-LY I SKTPKLTCL 1 I1DLV-STEGME--VTWSRE
RSFSSHSEVN I TQEQWLTGQTFTCQVTHLTDHKTYQDSARKCADS- - --DPR-G- INVFLTPPSPRD-LYLSKSPKLSCLVVDLV-NTNGLE--VTWSRE
QTFSLQSEVN I TQGQWMSSNTYTCHVKHNG--S I FEDSAQKCSDT----DPR-G- I SAY I LPPTPQD-LFVKKVPT 1GCL 1VDLA-SAENVK--VTWSRE
QTFSLQSELNITQGQWTSLKTYTCQVTHNG--S1YRDNAQKCSDT----DPR-G- I SAYLSPPSAFD-LYVSKAPVLTCLVVDLA-SAENVK--VSWTRE
----------------------------------- HGP-1PPSCP----SPG-G-PAVF I FPPKPKDFLSVTGTPKVTCVVVDLGFEDKDENPVVTWYQG
----------------------------------- PGPSNPPHCP - - --NPG-S-AAVF I FPPKPKDFLSVAGTPKVTCVVVDLGFEDKDESPVVTWYQG
----------------------------------- PRFPGSNSCP----VLC-G-PAVFLVPPRPKDLLSEGGKPK I I CVATGLRDEEKDAR--VKWYKN
------------------------------------ CPCCKCNTV----DAG-G-PSVFVFPPNPQDVLKLSRSPKVTCMVVDVS-DASGVQ-- I TWFKG
----------------------------------- CKPC- ICTVP----EVS----SVF I FPPKPKDVLT I TLTPKVTCVVVD I SKDDPEVQ--FSWFVD
----------------------------------- THTCPPCPAP----ELL-GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVK--FNWYVD

NGLHTALSLYKLNEIVIPNTEYTCEVSHRG--=—-~- KTFHKTONFT—===—-- AKFRLMLKPPMVRE-MFINNRIVLQAVVSGDLSTAVK-===—-- EAS
GLYSGSSLLKVINSDWNNKVKYSCVVEHQG---ETISKTTSKTEP—==—=——=——- LTVTLNPPRVRE-VFLDNQAVLECVITATDONTVS---GTNITWH
310 320 330 340 350 360 370 380 390 400

D-TKEV-LKTEMSVPILHNNGTYSAKG--TATVCADQWAAGHKFACKVLHQ-DLAGPSTAYLQKKNGNPPKPPTIVVYPPTSEEIALKE--SVTLTCLVE
D-TNEV-LKTEITNP IFHDNATLSVMG--1ATVCADQWDAHHKFVCKVLHQ-DLAEQRVLSLQKPNGNQRRKPSVY 1 YPPPSEELALKE--TAT IVCLMR
SGTQEIPLKTELGDATYSDNRTYSVKG--TTTVCADEWNN-DKFVCKVEHT-ELASMKEVFLFKEKG-EYNTPSVYVFPPPLEELSKRE--TATLTCLVK
DG-SELKTSVGD-PKVQSNG-RFSVDA--TTSVCADEWERGDKYTCKVAHP-ERIFPLKKTLTKEPVTNSHAPSVY I FPPPSEQLALRE--AATVTCLVK
DG-KPLKTTLGD-RKVQGNG-RFTVDA--TTSVCADEWERGDEYTCIVSHP-DLIFPIKNTFRKQPVTDSRAPAVYVFPPPAEQLALRE--AATVTCLVK
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PGHKILNTEYGK-PTDQGNG-MQY IDA--TATVCATEWRSGQTFSCKVNFPGALPKPVEKKLRKT ISGIPHTPSVYVLPPPSDQLTLRE--SATLTCLVK
SDKKTLETTTGQ-AKEQENRELVFVDA--TATICAEEWEKGDTYTCTVKHR-LLATTEVKSLKKQNGGSHSAPAVYVLPPPSEQLALQE--TATPTCLIK
DG-QKLETKTMP-RVLQANS-LYGVEG--VASVCADEWNKEEVYTCKVSHP-ELLFPVEEKLQKATERDAKPPALYVFPPPPEQLNAHE--TATVTCLAK
SG-AKLETAVGQ-RVLONNG-LYTVEA--VASVCADEWDRGEDYVCKVNHH-ELLFPVEERLKKTEAGNARPPKVYVFPPPTEQLNNRQ--SVSVTCMAQ
TG-GKLETAVGQ-RVLQSNG-FYMVEA--VASVCADEWDRGEDYVCKVNHH-ELFFPVEERLRKMEARNAPPPKVYLFPPPQEQFNDRQ--SFRVPCMVQ
KG-GRMETSVGQ-KVLQSNG-FYMVEA--TTSVCVDEWDGGDAYVCRVNHP-ELLFPVEERMKKTEARNARPPSIS1YPPPSDQQPGLQ--RLSITCMIQ
KG-GKLETALGK-RVLQSNG-LYTVDG--VATVCASEWDGGDGYVCKVNHP-DLLFPMEEKMRKTKASNARPPSVYVFPPPTEQLNGNQ--RLSVTCMAQ
DG-KELATKTTV-SKIQPDG-TFSAKG--EASVCAEDWQSGKRFTCTVSHA-DLPAPQSSHISKQKEVNLHSPSVY I FPPASDQLSLRE--SVTLSCLVK
EG-KELTTKTSV-SKIQPDG-TFSATG--EASVCAEDWQSGKRFTCTVSHA-DLPAPQSAY I SKQKEVNLHSPAVYVLPPASDQLSLRE--SATLSCLVK
DG-QLLKTKVKV-FSSHPNG-TFTAEG--EATVCAEEWNSGEAFKCIVTHS-DHPVPLKKE I FKPQEVDLHAPSVYLLRPNPEELSLRE--SATVTCMMK
SG-EPLETKIKI-MESHPNG-TFSAKG--VASVCVEDWNNRKEFVCTVTHR-DLPSPQKKF I SKPNEVHKHPPAVYLLPPAREQLNLRE--SATVTCLVK
NG-EAVKTHTNI-SESHPNA-TFSAVG--EASICEDDWNSGERFTCTVTHT-DLPSPLKQT ISRPKGVALHRPDVYLLPPAREQLNLRE--SATITCLVT
TAGPL--NVVTDDPQLNDNGTYSVTS---RLAVCAEEWI SGEKFTCTVKHQ-DLPSPVKVD IMKRKDGSARAPQVYLLPPSPEELALQE--MVTLFCY 1K
KAGNL--EFVTEDPVLHDNGTYSVAS---1LSVCAEDWESGDKFSCTVRSQ-DLPSPVKKT IFKQNEGTPKAPDVYLLPPSAQELIQQE--MVTLTCFVT
SDNKELETVIGQPKQQENSELLFVEA---TATVCKEEWDSGDTFKCKVTLP-LLPTAVIKTLKKVHGGTPRAPAVYVLPPPSEQLALQ--ETATLTCLLK
EG-TA-LDVVTGEPQKQENGLYRLTS---VLKICAEEWNSGESFTCGVAGP-EIQGSVTKSVQKDLAVSVQAPSVYVFPPPAEELARQE--TATLTCLAS
SG-AG-LD-VSQTEDRQADGRYTVRS---FLRVCVEEWNGGEEFEC-AVGV-EEGEEVKKS IRKDLDSPLHAPSVY IFPPPAEELSLQE--TATLTCMAT
SG-AG-LTSVRRRTDRRTGVTPSGAPRSIVLRVCVEEWNGGETFEC-AVGV-D-GDEVKKS IKKDLDSPLHAPSVYVFPPPAEELSLQE--TATLTCLAT
NNQMG-LD-VGRNEELQANGLYRVVG---TLRVCVEDWNGGESFGC-TVSY-G-EEQVKRS IKKDLDSPVRPPSVYVFPPPPEELALQE--TATLTCMAT
SG-GG-LD-VSQTEDRQADGRYTVRS---FLRVCAEEWNGGETFGC-SVRE-EGVVVAEESIRKETDTPLHAPSVYVFPPPAEELSLQE--TATLTCMAS
PSVTA--KPVRGPAVRDGQGKYTITS---TLEVCTDEWMQGHSFSCTVTHP-ELREPITKTIAKTSGPLIR-PAVHLLPPTSEELALNE--MATLTCLVR
NGDPS--QATTGNPVEEEDGTYSLAS---VLEICAEEWHQRDKFTCTVTHP-KMS-PITQT ITKPPGPLNR-PEVHLLAPSTEELALNE--MATLTCLVR
LSGTA--RPVDGPAVKDDKGKYTITS---TLEVCTDEWMRGDKYTCTVSHP-ELPKPVTKT I TKVSGPLFR-PEVHLLAPTAEELALNE--LATLTCLVR
TAQASTLRP I1QGAPEQDSNGKYRVSS---VLEICTEEWLRGDTFSCTVSHS-EIET-TTKT I YKPKVPQIP-PQIYLLAPSADEQALNE--MVSITCLVR
TGKD----AVQKKAAQNSCGCYSVSS---VLPGCAERWNSGASFKCTVTHP-ESGT-LTGTIAKVTVNTFP-PQVHLLPPPSEELALNE--LLSLTCLVR
SGKS----AVQGPPERDLCGCYSVSS---VLPGCAEPWNHGKTFTCTAAYP-ESKTPLTATLSK-SGNTFR-PEVHLLPPPSEELALNE--LVTLTCLAR
QEDGSPLVGLPHETEVLPDGTLGADS---TLTITTDAWKQGSAFSCKVEHP-DLSSPVTRT IRKPKE-REIGPSMYLFPPHQHELDQH--ELVSLTCLVK
RREGPEEAAVISEQY IDSDGTFTAMS-—-YLNITKNEWERGDEFTCKVKHF-DLPFPLSRSVSKPTG-RSFAPTMYVFAPHEMELANY --DFVSLTCLVK
RSDGKKALAFDSAPEKAYDGTFTVKS---TLKISPGDWENKKQFNCKVVHP-DLPSPIEKSIQKSQD-PGTEPTITLLPPSDDELRND---FISLICMLK
——————————————————————————————————— GNNTN-=========——— e ——————_TKPSI FLYSPRTKELEKDASSL 1S 1 ICLVK
K-TGPLSPEPLTLTEQHNR-TFTASS---SLPIFTRDWEDGEKYSCKVEHS-ELPTP I I KS1SKKQG-KMSPPSVYLLRPHPDELSSNG-DSVSLTCLVR
KKA-SLDPKPMSVSEELNG-TYTVVS---ALPILTREWDSEETFTCTVEYP-GVPTP IVKKITKLKG-KVTTPSVYLFRPHREEL IFQSHSQLTLTCLVK
KPG-TLNPEPLEPAQDSDG-TFTLKS---PL11SKQDWLAGEIYTCTLEHS-SGIAPYSKTIAKKTG-KRTQAQVYLFRPHNEELKSR-DPNVSITCLVQ
K-SGALRPDPMVLTEHFNG-TFTASS---SLAISTQDWLAGERFTCTVQHE-DLPVPLGKSIAKHAG-KVTAPY IFTFPPHAEELSLA---EVTLTCLVR
K-SGIFLPDPRFFQEHFNG-TYSASS---SVPISTQDWLAGESFTCTVQHE-ELPLPLTRSVYRHPG-PSPALLISPFPPPPEEFSQS---PLILGCLAR
K-SGALRPDPMVLQEHFNG-TYSASS---AVPISTQDWLAGERFTCTVQHE-ELPLPLSRSVYRHTG-PSTAPQIFPFPPHPEELSQS---RVTLGCLVR
KQHGHLRPDPLILQEHYNG-TYSASS---SVPISTQDWLAGERFSCTVQHD-ELPQPVVKGIKKETG-PSTPPHIYPLPPNPEELSLP---YVTLTCLAR
K-SGNLRPDPMVLQEHFNG-TYSASS---AVPVSTQDWLSGERFTCTVQHE-ELPLPLSKSVYRNTG-PTTPPL1YPFAPHPEELSLS---RVTLSCLVR
-GIERPA--SPIKIMKQPDGTFSAES---TLSITLPEWMEGESFTCKVQHP-DSPSIVEKAISKPLG-KSLAPVVYVFPPHMDELAQKD--TLSLTCLAK
SGTPLSA--ESFEEQKQFNGTMSFIS---TVPVNIQDWNEGESYTCRVAHP-DLPSP I IKTVTKLPG-KRLAPEVYAFPPHQAEVSHGD--SLSLTCLIR
SGTPLSS--ESFEEQKHFNGTMSFIS---TVPVTVQDWVEGELYTCSVTHP-DLPAPVVRTVTKSPG-KRLAPEVYALSPPQEEVDLGG--SVSLTCLVK
SGGPVNP--SSLVVKEQYNGTFTVTS---HLPVNTDDWIEGDTYTCRLESP-DMPVPLIRT ISKAPG-KRLAPEVYMLPPSPEET--GT--TRTVTCLIR
SGGTVSP--SSPVVKEQYNGTVTITS---TLPVQTDDWVEGETYTCHLEHP-DLPFPLIRT ISKAPG-KRIAPEVYMFPPSEEEK--GN--TVSLTCLIR
DKELPKSGSVEPPPKEQRNGTYRFVS---EREVSSKDWLDQKVFKCKVQHK-NFPSPVIKT ISHTAG-TRKAPEAYVYSPHRDELN-KD--TFRPSCMIL
DKELPKTRMLEPPPKEQRNGTYRFVS---ERDVSSKDWLDQKVFKCKVQHK-NFPSP ITKS ISHTAG-TRKAPEAYVFPPHRDEMN-KN--SVSITCLVL
GTLFPNSQNAQTSSDT IWNGT-RVSS---KLSVTPEDWKSDAEFRCEVEHK-LFPTSLKKATSHDKNTERKTPEAY IFSPHTEELS-KE--SVSITCLVK
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EEEVSSP--KLT-QKKLNNGTFQVVS---NLPVVHQEWLKGTSYTCKVNTS-ELPVVERKT ISHTKG-ERKKPDI'YVFGPHPDELKQKD--DVSITCLVT
DVEVHTA--QTQPREEQFNSTFRSVS---ELP IMHQDWLNGKEFKCRVNSA-AFPAP IEKT I SKTKG-RPKAPQVY T IPPPKEQMA-KD--KVSLTCMIT
GVEVHNA--KTKPREEQYNSTYRVVS---VLTVLHQDWLNGKEYKCKVSNK-ALPAP IEKT I SKAKG-QPREPQVYTLPPSRDELT-KN--QVSLTCLVK
VSCKMDNVP INSVSQENESQHVKITYN====VPVDTTKWFENGGKVTCTTRDT-LNNKD IKQE 1 YFNKG-DGQEPSVKMYKP--DDISTKQ---1SYVCEVS
VNGKKQTDH IDLKP IESKGNLNSRVS—--TLT IDQTKWTNVNKVQCSAMKS-GEDTPVIQDISFTKGSEAPSVSVHILP--EEDTKKDG--DVTLVCLVV

410 420 430 440 450 460 470 480 490 500
SRRl CRRRl EEETY EEREY PERR PREE] ERrE) EEPEY EEEEY PRSI EEER FEEE] PEPE) EEEES PEERY PEER PEPE] EEREY BEPES BER |
GYNPCDVFVKWLVSGTQDPGLEYVNTKPVEEVG----ATGSSS--CFLYSKLKVPESEWSQ-GTVYTCVVGHEALSLQVLOQKSID-====—==—=————-
GYHPCDLFVRWLENSQOLQKQDYVNTKQAEEVDP---TTGQKS--CFMYSMLKIPAAQWTA-GNTYTCVVGHEALPLQITQKSID-=—====—==—————
GFSPSEITFVKWLHKNEAVPKQNY INTSINDELL ----PKGQKSGKFFLYSLHT IDIKDWDA-GDSFSCVVGHESLPLOLTQRSID-====—==—=————-
GFNPPDLFIKWLSNGEELNASEY INTKPILE-—=—=——- SSQPPLYFAYSMLN INEQEWNA-GNTYTCLVGHEKLPLQVTQRTVD-======—==————=
GYNPPDLFIKWLSNGEEVISSKY INTVSIPE-—=————- LGQSKLYFSYSSLSISEQEWNA-GNTYTCLVGHEKLPLQVTQRTVD-=======—=————-
NFNPADLFMKWLHNDQPVSSLHYFNSEPQPE--—=——-- SKQSEGYFAYSMLN INEQDWSA-GDSFTCVVGHETLPENTTQKTID=======—=—=————=
SFYPGDFFVKWLQDGEPVPVSEYFTSGPIQE-—=————- SKSPERYFAYSILNINEQDWNS-GARLTCVVGHEALPLOQMTQKTVD-=========————-
GFNPPDLFIRWLRNGEPLPASSYVTMPPVAE-—-—-—--- SQLARSYFTYSALSVATEDWGA-GNVFTCLVGHERLPLQVAQKSYD-=—====—=—=————=
GFNPPQFFVRWLKNGQTLPQSQSVTSSPMAE-—-————- SPENESYVAYSLLRVGAEEWGA-GNVYTCVVGHEALELQLLQKSVDKASGKASAVNVSLVL
GFNPPQFFFRGLRNGESLPQTHSVPSSPMVE-—-——--- SPEKEFFVAYSVLRVGGEEWGA-GNITYPWGGGQEVLEFQLVOKSVDKASGKAGAVNFSLVL
GFNPPDYFVRWLRNGEPLPQSHWLTTTPLNQGE--—--- DPINESYVAYSLLKVGAEEWGA-GNVYSCLVGHEALPLQLAQKSVDKASGKSSAVNVSLVL
GFNPPHLFVRWMRNGEPLPQSQSVTSAPMAE-—-————- NPENESYVAYSVLGVGAEEWGA-GNVYTCLVGHEALPLQLAQKSVDRASG-—=—==—=——-
AFSPADVMVQWLHKGQPVPQDKYTVSAPVPE-=—=—=—-- PQSPNLHFAYSILTVAEEEWSA-GDSFTCIVVHEALPLYVMERTVD-====—==—=————-
SFSPADVMVQWLHKGQPVPQDKYTVSAPMPE-—=————- PQSPNLYFAYSTLTVAEEEWSA-GDSFTCVVVHEALPLYVMERTVD-=—==—=—==—————-
DFSPPDVFVQWMHKGQP IPSEKYVTSSPHQD-—-=—--- PQKGGRYFSYSILTVSEAQWNS-GDPFTCVVAHEALPLSSTERTVD-====—==—=————-
GFSPADISVQWLQRGQLLPQEKYVTSAPMPE-—-—-—--- PGAPGFYFTHSILTVTEEEWNS-GETYTCVVGHEALPHLVTERTVD-====—==——————-
GFSPADVFVQWMQRGQPLSPEKYVTSAPMPE-—=——-—- PQAPGRYFAHSILTVSEEEWNT-GETYTCVA-HEALPNRVTERTVDKSTGKPTLYNVSLVM
GFNPPDTLVKWLAKGKEVDFGSYATTSPLPSLTGGSY —=====—-- YRYSSLQVPAAEWTK-GDAFTCVVGHEA-LPMNLAQKSID-====—==—=————
GFNPKEIFIQWMQGGVSISEDKFINTVPMKSDGEQTY == =====-- F1YSKLATPAAKWNQ-GDVFTCVVGHEA-LPLYITQQSID-—=======—=——-
GFYPEEFFVKWLRNDEPVGDSEFFTSRPVQES-==—=——- KTPERYFTSSTINVNEQDWNS-GDHYTCVVGHEAL-PLQTTOKTVD-====—==—=————
GFRPRDILVTWTQQDRPVASGSFSTFGPQEGEAGLFS—==—==—=—- VYSKLSVAAAEWQR-GDVFACVVGHDG-IPLNFVQKSLD--===—= === ————
SFLPSSILLTWTQQNRPVSTONYLNFGPVK-DGEFFS—====—=——- 1'YSKLV I PVSDWQR-GDVFGCVVGHDG I IPLNF 1QKN IDKSAGKASHVNVSVV
SFFPSSILLTWTHQNRPVSPONYLNFGPVK-DGDFFS—=====—=—- LYSKLVIPVSDWQN-GDVFGCVVGHDG-VPLNF IQKS I DKSAGKASHVNVSVV
SFLPSSILITWVHQNQPVSTONYLNFGPVQ-DGGSYS—-=—=————- AYSKLVVPASDWLR-GDVYGCVVGHDG-IPLGF 1QKSLDKSAGKASHVNVSVV
SFLPSSILLTWTQQNQPISPONYLIFGPEK-DGDFYS—==—=—=——- LYSKLKVSVEDWQR-GDVFGCVVGHDG-IPLNFIHKRID-======—=————-
GFSPRELLVKWMKGGQEVPRTDYVTGTPQQEISEGSP—-——--- TFFLYSTLRVQTSSWKS-GENFSCVVGHES-LPLNFTQKTFD-=========———-
GFNPPDLLVKWLKGGQEVSQTDYVTSSPQREASEGSAS——--—- TFFLYSTLRVPTSEWKE-GENYSCVVGHEA-LPLNFTQKTID--===—==—=———-
GFSPKELMVKWLKGGQEVPRKDYVTGSPQREVSEGSA-—-————- TFFLYSTLRVQTSTWKE-GENFSCVVGHES-LPLNFTQKTFD-=========———-
GFSPEDVFIRWLKGSEELPKKDY I TSNPYPEP-KSTS—==—--- TYMVSSILQVQSTDWKN-ENKYSCVVGHEA-LPLNFTQQTID-====—====———-
AFNPKEVLVRWLHGNEELSPESYLVFEPLKEPGEGAT = ===—-- TYLVTSVLRVSAETWKQ-GDQYSCMVGHEA-LPMNFTOKTID--=—====—=———-
GFSPKDVLVRWLQGSQELPREKYLTWASRQEPSQGTT—====-~- TFAVTSILRVAAEDWKK-GDTFSCMVGHEA-LPLAFTQKTID-=======—=———-
GFSPPDIYVQWKHRNTVLPDNSSRNTALVLESGTN====-- GPDTYFMYSLLTISKSNWEN-RDTYSCIAFHSALPKNQMORSl —=—===—===—=—————~
SFSPDDIY IQWKQGKSV IPSDKYVSMEPRQEAGTA=-=—--- GLGTYFSYSMLT 1QKSDWDK-RETFTCVAAHSAVPKNLMTRRI === =—=—==——————
NFRPQDIYVFWKKDGVTLEEDYYMTTTPVLEEE-=—=————- EEGFISFSKLTIARSDWMR-GATYSCIAAHNTISQ-—=—==—=————— = ——
GFYPKNVNVTWQONGSPMNASQVLNSEPQLNNGS—==—--- GDNTYAMFSMITISKD—-===—= === === e e e e e e e
GYYPAEISVKWMENHESQTSMKPVTTSSMKE - —=——-—~ GDGDSTYFLYSKLPVDKTSWNN-GVTYTCMVIHEALKPLKFTQRNI-======—==—————
NLNPKDVSVQWLKDNNALTEDNHITT-PVLKD====—--- SIEDSYFVYSKLLISRADWDR-GSSYTCMVIHEGL-AMKFTOQRTVE-====—==—=————
GFNPEDISITKWLENHNAVAGNNHVTT-QVQMD—==—=——- SDQDSFFVYSKLTVPKANWND-GHSFTCHVVHEGF-SMKYTQRTIE-====—=—=—=————



Y duck GFQPEHVEVQWLRNHNSVPAAEFVTTPPLKE------- PNGDG-TFFLYSKMTVPKASWQG-GVSYACMVVHEGL-PMRFTQR=-=———————————————
Y pheasant GFPPRDME IRGFRDPRNVPTFKFVTTSFLPEKRSGNANPGREGETYFVYSKMSVEPSGWRG-ATVYPCMVVQEAL-PMRF 1 QPPWQKQLGK—-—————-—-

Y turkey GFRPRDIEIRWLRDHRNVPTTDFVP I SFFPEERSRNGGPGREGETYFVYSKMSVEATSWRG-GTVFPCMVVQEAL-PMRFTQRTGQKQAGK—————————
Y quail GFRPRDIEIRWLRDHRAVPSTSYVTTSVLPEVTSGNGGNGSDGKTYFVYSQMRVEVGEWRR-GTSYACMAVHEAL-PMRFSQRTLQKMPGK—————————
Y chicken GFRPRDIEIRWLRDHRAVPATEFVTTAVLPEERTANG-AGGDGDTFFVYSKMSVETAKWNG-GTVFACMAVHEAL-PMRFSQRTL-——————————————
Y/0 platypus SFFPADIAVQWLHNDEDVEEDHFSVTKPQKDL-—————-- TGQGTFFLYSKLD IQKSNWKR=GDSFTC === == — = —— oo
E platypus GFYPENISVRWLLDNKPLPTEHYRTTKPLKDQ-—-—-——- GPDPAYFLYSRLAVNKSTWEQ-GNVYTCQVVHEALP-SRNTERKFQHTSGN-———————-
E echidna GFYPRDVSVLWLLNNEELPTERYQTSKPLKDQ---—-——- GPDPAYFLYSRLAVNRSDWEV-STSYTCQVVHEALP-SRKTERKFQHPSGN—=——————-
E opossum GFYPSEISVQWLFNNEEDHTGHHTTTRPQKDH-————-—- GTDPSFFLYSRMLVNKS IWEK-GNLVTCRVVHEALPGSRTLEKSLHYSAGN-~——————-
E brushtail  AFYPADITVQWLRDNKDDHTGHHTTTRPHKDH-—————-- GPDPSFFLYSRMVVNRSHWQE-GHTFTCRVVHEALPGTRTLDKSLHYSTGN-=——————-
G echidna DFYPESITVEWLQDDKPVPEADYASTLPQMH-—-——=——-—~ GSTFFMYSKLDVQKADWQR-GRAYSCSVKHEALPQKFLQKTV—=————————— oo
Gl platypus  DFYPDAIAIDWQHNDRPVPEGDYATTLPOKN-=--——————- GNSYFLYSKLTVQKTEWNQ-GGSFTCSVRHEALPQKFLQKTV === —————— oo —
G2 platypus  GFLPODISIAWQHKGKEMKEEEYSTTPPQYR-——-——-———- NGSYFLYSKLTVTKKDWET-GESFSCLVYHDS == === == —m e e
G opossum NFFPEDVV IEWQKNNNPESEDKYYTTPTTRE---———————- KSTYFFYSKL1VKKRDWDN-QNSYTCVVLHEAFPNQISQRT I ————————————————
G mouse DFFPEDITVEWQWNGQPA-ENYKNTQP IMNT-—————————- NGSYFVYSKLNVQKSNWEA-GNTFTCSVLHEGLHNHHTEKSL-—=———==————=————
G human GFYPSDIAVEWESNGQPE-NNYKTTPPVLDS---——-——--~ DGSFFLYSKLTVDKSRWQQ-GNVFSCSVMHEALHNHY TQKSL - == ———————— - ————
T zebrafish  SPNLGDVY IMWKVNNTFTEGKSSDPIQQQGSTS-————————————- VVSILTISKKEFENPETTINCAVVHANMKDTASPLLKST——=———————————
T trout SPSLCDVY IMWKEDSGEYQEGVTSPPQKTKKG-——————————- NYFVTSVFTTTKDKWDT-NVLFTCAVKHAGSDNSTS = m e e e e

Qiﬁ,vfot. . Supplemental Figure 3. Amino acid alignment of constant regions of

::(i)ger T vertebrate immunoglobulins used in Figure 6 phylogeny. Sequences

turfle ————————— (database accession numbers in Supplemental Table 3) were aligned using
anole -~
gecko = ———————e Clustal in MEGA then manually adjusted based on cysteine residues in

f,'ﬁg‘;sant ADSAAACYN paralogous domains. That alignment was used for the dendrogram and

turkey ADSVAPCF- T : I
quail DSASACY_ exported to Bioedit for creation of this figure.
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Amphibian (X. tropicalis) V-D-J \YEXD) X Y n

Reptile (A. carolinensis) V-D-J M+D * Y
Bird (A. platyrhynchos) V-D-J \Y/ A Y
Monotreme (0. anatinus) v-D-) -V vo {HE Y-
Marsupial (M. domestica) V-D-J M EjAm
Eutheria (H. sapiens) v-0-) -V - IGTE | A

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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