
Supplemental data, Table I. Identification of BAC clones carrying nurse shark IgM heavy chain genes by subfamily (Group).

Group 1 plate address Group 3 plate address Group 5 plare address

B4 078G19 D1 214G21 C2 113G13
G5 367D16 F4 350G3 B7 080I3
B6 080D10 D5 265A13
F6 354D16 F7 354F3 Group 7+8 plate address

A7 031M3 A11 055A21 F5 352J19
A8 031M4 A12 055A22 D7 269E20
D8 269O10

Group 2 plate address Group 4 plate address 2 Loci plate address

G2A, V1 A1 009F6 B3 075N10
F1 323F7 B1 060K19
G6 368M21 D2 219M8
C9 157A9 C3 124H21
G9 370J21 D3 241N2 C-Only plate address Group
E10 312E1 F3 344N19 A10 053N16 G1
G2A, V2 H3 406E11 D10 273J10 G1
F2 338E17 H4 406E12 C1 111K3 G2C
G2 364B20 B5 079P8 A4 019J22 G4
G4 365B19 C5 129I8 H11 411K9 G4
A9 049M15 E5 299E14 B10 099K21 G5
B9 099B16 C6 130L3 H2 399C2 G2B
H9 408F7 D6 266E5
E11 314P9 E6 299F14
G2B, V3 H6 406H11
E1 295L7 E7 301K11
E2 295L8 H7 408A17
G3 364N19 E8 301K12
C4 129F19 G8 370F16
A6 031H4 H8 408B17
C7 148I2 C10 176D23
H10 411H9 F10 359B6
F11 359D24 B11 100O14
F12 362N22 C11 194M2

G11 392F4
C12 196O2
D12 293A21
E12 319N8
H12 413F5



Supplemental data Figure 1. Alignment of nurse shark H chain sequences. The VH gene segment, exons CH1, CH2, CH3, CH4 (including tailpiece) are
aligned. The positions causing gaps (one codon in FR1, positions in the 5’ region of CH2 in lower case and shaded) are not included in the phylogenetic
analyses.

VH gene segment
G4B3 GTGTCCAGTCGGAG---GTTACTTTGACTCAACCAGAGGCAGAGAACAGCCAACCTGGAGGCTCGCTGACACTTACCTGTAAAACTAGCGGGTTCGATCTTAGCAGCTACTATATGGGTT 117
G4B2 GTGTCCAGTCGGAG---GTTACTTTGACTCAACCAGAGGCAGAGAACAGCCAACCTGGAGGCTCGCTGACACTTACCTGTAAAACTAGCGGGTTCGATCTTAGCAGCTACTATATGGGTT 117
G4E2 GTGTCCAGTCGGAG---GTTACTTTGACTCAACCAGAGGCAGAGAACAGCCAACCTGGAGGCTCGCTGACACTTACCTGTAAAACTAGCGGGTTCGATCTTAGCAGCTACTATATGGGTT 117
G4S5 GTGTCCAGTCGGAG---GTTACTTTCACTCAACCAGAGGCAGAGAACAGCCAACCTGGAGGCTCGCTGAGACTTTCCTGTGAAACTAGCGGGTTCAATCTTGGCAACACCCGGATGGTTT 117
G3 GTGTCCAGTCGGAG---GTTACTTTGATTCAACCAGAGGCAGGGAACAGCCAACCTGGAGGCTCCCTGAAACTGACCTGTAAAACCAGCGGGTTCAATCTTGGCAACACCTGGATGGGTT 117
G2A GTGTCCAGTCGGAGgagGTTACTTTGATTCAACCAGAGGCAGAGAACGGCCATCCTGGAGGTTCCATGAGACTGACCTGTAAAACCAGCGGGTTCGATCTTGACAGCTATGCCATGAGTT 120
G2B GTGTCCAGTCGGAGgagGTTACTTTGATCCAACCAGAGGCAGAGAACGGCCATCCTGGAGGTTCCTTGAGACTGACCTGTAAAACCAGCGGGTTCGATCTTGACAGCTATACCATGAGTT 120
G5 GTGTCCAGTCGGAA---GTTACTTTGATTCAACCAGAGGCAGAGACCGGCCATCCTGGAGGCTCCCTGAGTCTGACCTGTAAAACCAGTGGGTTCAATCTTGGCAGCTCCTCCATGTATT 117
G1 GTGTCCAATCGCAA---ATTATTTTGACTCAAAAAGTGGCAGAAACTGGCCGGCCTGGAGGCACCCTAACACTGACCTGTAAAACCAGCGGGTTCAATCTTGGCAACGACTGGATGCAAT 117

G4B3 GGGTCCGCCAGGTTCCCGGACAGGGTCTGGAGTGGTTGGTTAGCTACTATAGTTCATCGAGCAATTACTATGCGCCAGCGATTAAAGGTCGATTTACTGCGTCCAAAGACACTTCAAACA 237
G4B2 GGGTCCGCCAGGTTCCCGGACAGGGTCTGGAGTGGTTGGTTAGCTACTATAGTTCATCGAGCAATTACTATGCGCCAGCGATTAAAGGTCGATTTACTGCGTCCAAAGACACTTCAAACA 237
G4E2 GGGTCCGCCAGGTTCCCGGACAGGGTCTGGAGTGGTTGGTTACCTACTATAGTTCATCGAACAATTACTATGCGCCAGCGATTAAAGATCGATTTACTGCGTCCAAAGACACTTCAAGCA 237
G4S5 GGGTCCGCCAGGTTCCCGGACAGGGTCTGGAGTGGTTGGTTAGCTACTATACTTCATCGAACAATTACTATGCGCCAGCGATTAAAGATCGATTTACTGCGTCCAAAGACACTTCAAACA 237
G3 GGGTCCGACAGGTTCCCGGACAGGGTCTGGAGTGTTTGGTTACCTACTATAGTTCATCGAGCAACTACTATGCGCCAGAGATTAAAGGTCGATTTACTGCATCCAAAGACACTTCAAACA 237
G2A GGGTCCGACAGGTTCCCGGACAGGGGCTGGAGTGGATAGTTTACTCCTATGGTTCATATAGCAATGACTATGCGCCAGCGATTAAAGATCGATTTACTGCGTCCATAGACACTTCAAACA 240
G2B GGGTCCGACAGGTTCCCGGACAGGGGCTGGAGTGGATAGTTTACTACTATGCTTCATATAGCAATGACTATGCGCCAGCGATTAAAGATCGATTTACTGCGTCCAAAGACACTTCAAACA 240
G5 GGATCCGACAGGTTCCCGGACAGGGGCTGGAGTGGATAGTTTACTACTATAGTTCATCGAGCAATAACTATGCGCCAGCGATTAAAGATCGATTTACTGCGTCCAAAGACACTTCAAACA 237
G1 GGATCCGACAAGTTCCAGGACAGGGCCTGGAGTGGCTGCTTGAATACAAAAGTTCGTCGAGCAATAACTATGCCCCAGGGGTTAAGGCCCGATTTACTGCGTCCAAAGACACTTCGAACA 237

                                                                 CH1
G4B3 ACATCTTCGCGTTGGAAATGAAGAGACTGAAGATCGAAGACACCGCCATCTATTACTGTGCAAGAGAC/GTGACACCGTCTTCCCCGACACTTTATGGTCTCGTCTCCTCCTGCGTGCAAC 357
G4B2 ACATCTTCGCGTTGGAAATGAAGAGACTGAAGATCGAAGACACCGCCATCTATTACTGTGCAAGAGAC/GTGACACCGTCTTCCCCGACACTTTATGGTCTCGTCTCCTCCTGCGTGCAAC 357
G4E2 ACATCTTCGCGTTGGAAATGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTGCAAGAGAC/GTGACACCGTCTTCCCCGACACTTTATGGTCTCGTCTCCTCCTGCGAGCAAC 357
G4S5 ACATCTTCGCGTTGGAAATGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTGCAAGAGAC/GTGACACCGTCTTCCCCGACACTTTATGGTCTCGTCTCCTCCTGCGAGCAAC 357
G3  ACATCTTCGCGTTGGAAATGACGAGGCTTAAGATCGAAGACACCGCCATCTATTACTGTACAACAGAC/GTGACACCGTCTTCCCCGACACTTTATGGTCTAGTCTCCTCCTGCGGGCAAC 357
G2A ATATCTTCGCGTTGGAAATGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTGCAAGAGAC/GTGACACCGTCTTCCCCGACGCTTTATGGTCTCGTCTCCTCCTGTCAGCAAC 360
G2B ATATCTTCGCGTTGGAAATGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTGCAAGAGAC/GTGACACCGTCTTCCCCGACGCTTTATGGTCTAGTCTCCGCCTGTCAGCAAC 360
G5 ACATCTTCGCATTGGAAATGAGGAGCGTGAAGATCGACGACACCGCCATCTATTACTGTGCAACAGAT/GCAACACCGTCTTCTCCGACACTTTATGGCTTAGTCTCCTCCTGTCAGCAAG 357
G1 ACATCTTCGCGTTGGAAATGAAGAACCTGAAGATCGAAGACACCGCCATCTATTACTGTGCAAAAAGC/GTGACAACATCTTCTCCCATACTTTATGGCCTGGTCTCCTCCTGTCAGCAAC 357

G4B3 ACAGCACTGACGGTTCTGTGATTTTTGGTTGTTTGGCGATGGACTACTCCCCCGACGCCACCAGTGTGACCTGGAAGAAAGGTGGGAAGCCCTTCACGACTGGATTTATGACATACCCAT 477
G4B2 ACAGCACTGACGGTTCTGTGATTTTTGGTTGTTTGGCGATGGACTACTCCCCCGACGCCACCAGTGTGACCTGGAAGAAAGGTGGGAAGCCCTTCACGACTGGATTTATGACATACCCAT 477
G4E2 ACAGCACTGACGGTTCTGTGATTTTTGGTTGTTTGGCGATGGACTACTCCCCTGACGCCACCAGTGTGACCTGGAAGAAAGGTGGGAAGCCCTTCACGGCTGGATTTATGACATACCCAT 477
G4S5 ACAGCACTGACGGTTCTGTGATTTTTGGTTGTTTGGCGATGGACTACTCCCCCGACGCCACCAGTGTGACCTGGAAGAAAGGTGGGAAGCCCTTCACGACTGGATTTATGACATACCCAT 477
G3  ACAGCACTGACGGTTCTGTGATTTTTGGTTGTTTGGCGATGGACTATTCCCCTGATGCCACCAGTGTGACCTGGAAGAAACATGGGGAGCCGATCACGACTGGATTTATGACATACCCAT 477
G2A AGACCAATGACGGTTCTGTGATTTTTGGTTGTTTGGCGATGGACTACTCCCCTGACACCACCAGTGTGACCTGGAAGAAACGTGGGGAGCCGATCACGACTGGAATTAAGACATACCCAT 480
G2B AGAACAATGAAGGTTCTGTGATTTTTGGTTGTTTGGCGATGGACTACTCCCCTGACACCACCAGTGTGACCTGGAAGAAACATGGGGAGCTGATCACGACTGGAATTAAGACATACCCAT 480
G5 GCAACATTGACGGTTCTGTGATCTATGGTTGCTTGGCGATGGACTATTCCCCCGACGTCGCCAGTGTGACCTGGAAGAAACATGGGCAGCTGATCACGACTGGAGTTCAGACGTACCCAT 477
G1 ACAACACCGATGGTTCTGTGATCTTTGGTTGCTTGGCAATGGGCTATTCCCCTGACGTCACTAAGGTGACCTGGAAGAAAGGTGGGAAGCCGATCTCGACTGGATTGAAGACTTACCCAT 477

G4B3 CGGTGAGAAGCAAGAAGGGAACTTACACCCTGAGCAGTCAGTTAGCGGTCATCGAGTCAGAGGCAGAATGCCCAGAAATTACCTGTGAGGTTCGACACAGCGGTTCCGACAAGAGCACTG 597
G4B2 CGGTGAGAAGCAAGAAGGGAACTTACACCCTGAGCAGTCAGTTAGCGGTCATCGAGTCAGAGGCAGAATGCCCAGAAATTACCTGTGAGGTTCGACACAGCGGTTCCGACAAGAGCACTG 597
G4E2 CGGTGAGAAGCAAGAAGGGAACTTACACCCTGAGCAGTCAGTTAGCGGTCACCGAGTCAGAGGCAGAATGCAGAGAAATTATCTGCGAGGTTCGACACAGCGGTTCCGACAAGAGCACTG 597
G4S5 CGGTGAGAAGCAAGAAAGGAACTTACACCCTGAGCAGTCAGTTAGCAGTCACCGAGTCAGAGGCAGAATGCCCAGAAATTACCTGTGAGGTTCGACACAGCGGTTCCGACAAGAGCACTG 597
G3 CGGTGCGAAACAAGAAGGGAACTTACACCCTGAGCAGCCAGTTAGCCATCAACGAGCCAGATGCGGAATGCAGCCAAATCTCCTGTGAGGTTCGACACAGTGGGTCCGACAAGAGCACTG 597
G2A CGGTGAGAAACAAGAAGGGAACTTACACCCTGAGCAGCCAGTTAGCCCTCAACGAGCCAGATGCGGAATGCAGCCAAATCTCCTGTGAGGTTCGACACAGCGGGTCCGACAAGAGCACTG 600
G2B CGGTGAGAAACAAGAAGGGAACTTTCACGCTGAGCAGCCAGTTAGCCCTCAACGAGCCAGATGCGGTATGCAGCCAAATCTCCTGTGAGGTTCGACATAGCGGGTCCGACAAGAGCACTG 600
G5 CGGTGAGAAACAAGAAAGGAACTTACACGCTGAGCAGCCAGTTAGCCCTCATCGAGTCAGACGCGGAATGTGACCAAATATCCTGTGAGGTTCGACACAGCGGGTCCGACAAGAGCACTG 597
G1 CAGTGAGAAACAAGAAGGGAACTTACACCCTGAGCAGCCAGTTAACCGTGACTGAGTCAGAAGTGGAATGCAGGAAAATCTACTGTGAAGTTCAACACGAAGGGTCAGAGAAGAGCGTTG 597



          CH2
G4B3 GAATGCCAT/gtcaaatcggt---GTCAGTCCAACTCTTCTCCTAACTGTGAGTTCCAGTGAAGAAATCGAGAGCAAAAAAGTTGCGACGATCGTCTGTTCAATCTTGGACTTCAATCCAA 714
G4B2 GAATGCCAT/gtccaccagataagGTCACTCCAACTCTTCTCCTAACTGTGAGTTCCAGTGAAGAAATCGAGAGCAAAAAAGTTGCGACGATCGTCTGTTCAATCTTGGACTTCAATCCAA 717
G4E2 GAATGCCAT/gtcaattaaatggtGTCACTCCAACTCTTCTCCTCACTGTGAGTTCCCGTGAAGAAATCGAGAGCAAAAAAGTTGCGACGATCGTCTGTTCAATCTTGGACTTCAATCCAA 717
G4S5 GAATGCCAT/gtccaccagataagGTCACTCCAACTCTTCTCCTAACTGTGAGTTCCAGTGAAGAAATCGAGAGCAAAAAAGTTGCGACGATCGTCTGTTCAATCTTGGACTTCAATCCAA 717
G3 GAATGCCAT/gcaaaccagattacGTCCCTCCAAGTTTTCTCCTAACTGTGAGTTCCAGTGAAGAAATCGAGAGCAAAAAAGTTGCGACGATCGTCTGTTCAATCTTTGACTTCAATCCAA 717
G2A GAATGCCAT/gtggaaacggt---GACCCTCCGACTGTTCTCCTAACTGTGAGTTCCAGTGAAGAAATCGAGAGCATAAAATTTGCAACCATCGTCTGTTCAATCATTGACTTCCATTCAA 717
G2B GAATGCCAT/gtcgaatcgat---GGCCCTCCAACTGTTCTCCTAACTGTGAGTTCCAGTGAAGAAATCGAGATCATAAAATTTGCAACCATCGTCTGTTCAATCATTGACTTCCATTCAA 717
G5 GAATGCCAT/gtc---ctgat---GGCTTTCCGACTGCTCTCCTAACTGTAAGTTCCAGTGAAGAAATCGAGAGCAGAAAATTTGCAATCATCGTCTGTTCAATCAGTGACTTCCACTCAA 711
G1 GAATGCCAT/gtccaattatt---GTCCATCCAACTCTTCTCCTAACTGTGAGTTCCAGCGAAGAAATTACAAACAGCAAATTTGCAACCATCGTCTGTTCAATCATCGATTTCCAACCAA 714

G4B3 GAAAATCTCCGTGATTTGGTTGAAGAATGGAAAACAGGTGAATTCTGGTACCTTCACTTTTCCCGTGTGTGAAGCGAATGGAAACTTCTCAACGACCAGTCAGCTGAGAGTCCCTTATC 834
G4B2 GAAAATCTCCGTGATTTGGTTGAAGAATGGAAAACAGGTGAATTCTGGTACCTTCACTTCTCCCGTGTGTGAAGCGAATGGAAACTTCTCAACGACCAGTCAGCTGAGAGTCCCTTATC 837
G4E2 GAAAATCTCCGTGATTTGGTTGAAGAATGGAAAACAGGTGAATTCTGGTACCTTCACTTCTCCCGTGTGTGAAGCGAATGGAAACTTCTCAACGACCAGTCAGCTGAGAGTCCCTTATC 837
G4S5 GAAAATCTCCGTGATTTGGTTGAAGAATGGAAAACAGGTGAATTCTGGTACCTTCACTTCTCCCGTGTGTGAAGCGAATGGAAACTTCTCAACGACCAGTCAGCTGAGAGTCCCTTATC 837
G3  GAAAATCTCCGTGATTTGGTTGAAGAATGGAAAACAGATGAATTCTGGTACCTTCACTTCTCCCGTGTGTGAAGCGAATGGAAACTTCTCAACGACCAGTCAGCTGAGAGTTCCTTATA 837
G2A GTCAATCTCCGTCAATTGGTTGAAGAACGGAGGAAGTGTGCATTCTGACATCTTAACTTCTCCCGTGTGTGAAGTGAATGGAAGCTTCTCAGCGACCAGTCGCCTAAGAGTCCCTTATG 837
G2B GTCAATCTCCGTCAATTGGTTGAAGAACGGAGGACGTGTGCATTCTGACATCCTAACTTCTCCCGTGTGTGAAGCGAATGGAAGCTTCTCAGCGACCAGTCGCCTGAGAGTCCCTTATG 837
G5 GTCAATCTCCGTGACTTGGTTGAAGAACGGACGAAGCGTGGATTCTGGCATCTTCACTTCTCCCGTGTGTGAAGCGAATGGGAACTTCTCAGTGACCAGTCGCCTGAGAGTCCCTTATG 831
G1 GTCAATCTCAGTGACTTGGTTGAAGAATGGACAATCCGTGGATTCTGGCTTCTTCACCTCTCCTGCGTATGAAACGAACAAGAACTTCTCAGTGACCAGTTGGCTGAGAGTCCCTTATA 834

                                                                                      CH3
G4B3 GTGAATGGTTCGACAGAGCAGTCTATACATGCCAGGTCGATCATGAAGGGGTCATTCAAAGTCAGAACATCACCGGACCTCAGG/TTTCGGAGTGCCGTGATTACACAGCTAAAATACTAC 954
G4B2 GTGAATGGTTCGACAGAGCAGTCTATACATGCCAGGTCGATCATGAAGGGGTCATTCAAAGTCAGAACATCACCGGACCTCAGG/TTTCGGAGTGCCGTGATTACACAGCTAAAATACTAC 957
G4E2 GTGAATGGTTCGACAGAGCAGTCTATACATGCCAGGTCGATCATGAAGGGTTCATTCAAAGTCAGAACATCACCGGACCTCAGG/TTTCGGAGTGCCGTGATTACACAGCTAAAATACTAC 957
G4S5 GTGAATGGTTCGACAGAGCAGTCTATACATGCCAGGTCGATCATGAAGGGGTCATTCAAAGTCAGAACATCACCGGACCTCAGG/TTTCGGAGTGCCGTGATTACACAGCTAAAATACTAC 957
G3 GTGAATGGTTCGACAGAGCAGTCTATACATGCCAGGTCGATCATGAAGGGGTCATTCAAAGTCAGAACATCACCGGACCGCAGG/TTTCGGAGTGCCGTGATTACACAGCTAAAATACTAC 957
G2A CTGAATGGTTCGACAAAGCAGTCTATACATGCCAGGTCACTTATGATGGGGACGTTCAAAGTTGGAACATCACTGGACCTCAGG/TTTCCGAGTGCCATGGTTACACAGCCAAAATACTAC 957
G2B CTGAATGGTTCGACAAAGCAGTCTATACATGCCAGGTCCATTATGATGGGGTCACTCAAAGTTGGAACATCACTGGACCTCAGG/TTTCCGAGTGCCATGGTTACACAGCCAAAATACGAC 957
G5 CTGAATGGTTCGACAGAGCAGTCTATACATGCCAGGTCAAGTATAAAGAGGTCATTCAAAGTTGGAACATCACCGGACCTCAGG/TTTCCGAGTGCCATGGTTACACAGCTAAAATACTAC 951
G1 GTGAATGGTTCAACAGTGCAGTCTATACTTGCCAGGTCACCCATGAAGGGCTCATTCAAAGTCGAAACATCACCGGATTCCAGG/TTACCGAGTGCCGTGATTACACAGTTAAAATACTAC 954

G4B3 CGCCACCAGTTGAACAGGTCTTACTGGAGGCGACGGTGACGTTAACCTGCGTTGTGTACAATCTTCATTTTGAAGCCAACTTCACCTGGATACACGACAAGAAGACTCTGAAATCAGAGA 1074
G4B2 CGCCACCAGTTGAACAGGTCTTACTGGAGGCGACGGTGACGTTAACCTGCGTTGTGTACAATCTTCATTTTGAAGCCAACTTCACCTGGATACACGACAAGAAGACTCTGAAATCAGAGA 1077
G4E2 CGCCACCAGTTGAACAGGTCTTACTGGAGGCGACGGTGACGTTAACCTGCGTTGTGTACAATCTTCATTTTGAAGCCAACTTCACCTGGATACACGACAAGAAGACTCTGAAATCAGAGA 1077
G4S5 CGCCACCAGTTGAACAGGTCTTACTGGAGGCGACGGTGACGTTAACCTGCGTTGTGTACAATCTTCATTTTGAAGCCAACTTCACCTGGATACACGACAAGAAGACTCTGAAATCAGAGA 1077
G3 CGCCACCAGTTGAACAGGTCTTACTGGAGGCGACGGTGACGTTAACCTGCGTTGTGTACAATCTTCATTTTGAAGCCAACTTCACCTGGATACACGACAAGAAGACTCTGAAATCAGAGA 1077
G2A CACCACCAGTCGAACAGGTCCTGTTAGAGGCGACGGTGACATTAACTTGTGTCGTGTCCAATCTTCATTCTGGAGTCAACTTCACCTGGATGCAAGGCAAGAAGACTCTGAAATCAGAGA 1077
G2B CACCATCAGTCGAACAGGTCCTATTGGAGGCGACGGTGACGTTAACCTGTGTTGTGTCCAATCTTCACTCTGGAGTCAACTTCACCTGGATGCAAGGCGAGAAGACTCTGAAATCAGAGA 1077
G5 CACCACCAGTCGAACAGGTCTTACTGGAGGCGACAGTGACATTAACCTGTGTTGTGTCCAATCTTCATTCTGGAGTCAACTTCACCTGGTTACAAGACGAGAAGACTCTGAAATCAGAGA 1071
G1 CGCCGCCAATTGAACAGGTCTTACTGGAGGCGACGGTGACGTTGACCTGTGTTGTATCCAGTCTTCCTTTTGGAGTCAACGTCACCTGGACACAGGAAAATAAGCCTCTGAAATCAGAGA 1074

G4B3 TTGTTGACCAGTCCGGAGAGCATTCCGAAGGTGTGATCAGCAAGTTAGATATTTCTACTGAAGCCTGGCTGAGTGGGGATAAATTTGAATGCGTGGTGAACAATCAGTATTTACCGACTC 1194
G4B2 TTGTTGACCAGTCCGGAGAGCATTCCGAAGGTGTGATCAGCAAGTTAGATATTTCTACTGAAGCCTGGCTGAGTGGGGATAAATTTGAATGCGTGGTGAACAATCAGTATTTACCGACTC 1197
G4E2 TTGTTGACCAGTCCGGAGAGCATTCCGAAGGTGTGATCAGCAAGTTAGATATTTCTACTGAAGCCTGGCTGAGTGGGGATAAATTTGAATGCGTGGTGAACAATCAGTATTTACCGACTC 1197
G4S5 TTGTTGACCAGTCCGGAGAGCATTCCGAAGGTGTGATCAGCAAGTTAGATATTTCTACTGAAGCCTGGCTGAGTGGGGATAAATTTGAATGCGTGGTGAACAATCAGTATTTACCGACTC 1197
G3 TTGTTGACCAGTCCGGAGAGCATTCCGAAGGTGTGATCAGCAAGTTAGATACTTCTACTGAAGCCTGGCTGAGTGGGGATAAATTTGAATGCGTAGTGAACAATCAGTATTTACCGACTC 1197
G2A TTGCTCACGACTCCGGAGAGCATTCCGATGGTACGATCAGCAAGTTAGATATTTCGACTGAATCCTGGCTGAGTGAGGTTGTTTTCGACTGCGTGGTGAATCATCAGTATCTACCGACTC 1197
G2B TTGCTCACGATTCCGGAGAGCATTCCGATGGTGCGATCAGCAAATTAGATATTTCGACTGAAGCCTGGCTGAGTGAGGTTGTTTTCGAATGCGTAGTGAATCATCAGTATCTGCCGACTC 1197
G5 TTGCTCACGACTCTGGAGAGCATTCCGATGGTGCGATCAGCAAATTGGATATTTCTACTGAAGCCTGGCTGAGTGAGGTTGTTTTCGAATGCGTGGTGAATCATCAGTATCTACCGACTC 1191
G1 TTGCTGACCAAGCCGGAGAGGATCCCGACAGCGTGATCAGCAAATTGGACATTTCTACTGAAGCCTGGCTGAGTGGGGTTTCTTTCTACTGCGTGGTGAACCATCAGCATCTACCGACTC 1194



                                CH4
G4B3 CACTGAGAAACTCCATCCACAAAGAGAAAT/TGGTAAATCCGCTGGAACCATCGGTGTCCGTCCTCCTGCCAGCGACAGAAGAAGTCTCCGCACAGAGGTTTGTTTCGCTCACCTGTTTAG 1314
G4B2 CACTGAGAAACTCCATCCACAAAGAGAAAT/TGGTAAATCCGCTGGAACCATCGGTGTCCGTCCTCCTGCCAGCGACAGAAGAAGTCTCCGCACAGAGGTTTGTTTCGCTCACCTGTTTAG 1317
G4E2 CACTGAGAAACTCCATCCACAAAGAGAAAT/TGGTAAATCCGCTGGAACCATCGGTGTCCGTCCTCCTGCCAGCGACAGAAGAAGTCTCCGCACAGAGGTTTGTTTCGCTCACCTGTTTAG 1317
G4S5 CACTGAGAAACTCCATCCACAAAGAGAAAT/TGGTAAATCCGCTGGAACCATCGGTGTCCGTCCTCCTGCCAGCGACAGAAGAAGTCTCCGCACAGAGGTTTGTTTCGCTCACCTGTTTAG 1317
G3 CACTGAGAGACTCCATCCACAAGGAGAAAT/TGGTAAATCCGCTGGAGCCATCGGTGTCCATCCTCCTGCCAACGACAGAAGAAGTCTCCGCACAGAGGTTTGTTTCGCTCACCTGTTTAG 1317
G2A CTCTGAGAGACTCCATACACAAGGAGACAA/TTAAAAATCCACTGGAGCCATCAGTGTCTGTCCTACTGCCAACAACAGAAGAACTCTCCGCGCAGAGGTTTGTTTCCCTTACCTGTTTGG 1317
G2B CTCTGAGAGACTCCATCCACAAGGAGACAA/TTGAAAATCCACTGGAGCCATCGGTGTCTGTCCTCCTGCCAACGACAGAAGAACTCTCCGCGCAGAGGTTTGTTTCCCTTACCTGTTTAG 1317
G5 CTCTGAGAGACTCCATCCACAAGGAGAGAA/TTGAAAATCCACTGGAGCCATCGGTGTCTGTCCTCCTGCCAACGACAGAAGAACTCTCCGCGCAGAGGTTTCTTTCCCTTACCTGTTTAG 1311
G1 CTCTCAGAGACTCCATCCACAAGGAGAAAC/CAATAAATCCATTGGAGCCATCAGTGTCTGTCCTCTTGCCACCGACGGAAGAAGTCTCCACTCAGAGGTTTGTCTCCCTCACTTGTTTCG 1314

G4B3 TGAGAGGTTTCAGGCCCCGAGAGATCTTTGTCAAGTGGACAACCAACGACAAGCCGGTTAATCCCACTAACTATAAGAACACCGAGGTGACGGCAGAGAGCGATAACACCTCCTTCTTCT 1434
G4B2 TGAGAGGTTTCAGGCCCCGAGAGATCTTTGTCAAGTGGACAACCAACGACAAGCCGGTTAATCCCACTAACTATAAGAACACCGAGGTGACGGCAGAGAGCGATAACACCTCCTTCTTCT 1437
G4E2 TGAGAGGTTTCAGGCCCCGAGAGATCTTTGTCAAGTGGACAACCAACGACAAGCCGGTTAATCCCACTAACTATAAGAACACCGAGGTGACGGCAGAGAGCGATAACACCTCCTTCTTCT 1437
G4S5 TGAGAGGTTTCAGGCCCCGAGAGATCTTTGTCAAGTGGACAACCAACGACAAGCCGGTTAATCCCACTAACTATAAGAACACCGAGGTGACGGCAGAGAGCGATAACACCTCCTTCTTCT 1437
G3 TGAGAGGTTTCAGGCCCCGAGAGATCTTTGTCAAGTGGACAACCAACGACAAGCTGGTTAATCCCACTAACTATAAGAACACCGAGGTGACGGCAGAGAGCGGTAACACCTCCTTCTTCT 1437
G2A TGAGAGGTTTCAGGCCCCGAGAGATCTTTGTCAAGTGGACAACCAACGACAAGCCGGTTAATCCCAGTAACTACAAGAACACCGAAGTGACGGCAGAGAGCGACAACACCTCCTTCTTCT 1437
G2B TGAGAGGTTTCAGGCCCCGAGAGATCTTTGTCAAGTGGACAACCAACGACAAGCCGGTTAATCCCAGTAACTACAAGAACACCGAAGTGACGGCAGAGAGCGACAACACCTCCTTCTTCT 1437
G5 TGAGAGGTTTCAGGCCCCGAGAGATCTTTGTCAAGTGGACAACCAACGACAAGCCGGTTAATCCCAGTAACTACAAGAACACCGAAGTGACGGCAGAGAGCGACAACACCTCCTTCTTCT 1431
G1 TGAGAGGTTTCTCCCCGCGTGAGATCTTCGTCAAGTGGACAAACAATGATAAGCCGGTGAATCCCAGTAATTACAAGAACACCGAGGTGACGGCACAGAGCGACAACGCCTCCTTTTTCA 1434

G4B3 TGTACAGCCTATTGTCCATTGCTGCGGAGGAGTGGGCCAGCGGTGCTTCTTACTCCTGTGTGGTGGGACATGAAGCGATTCCTTTGAAGATCATCAACAGAACCATGGATAAATCCAGCG 1554
G4B2 TGTACAGCCTATTGTCCATTGCTGCGGAGGAGTGGGCCAGCGGTGCTTCTTACTCCTGTGTGGTGGGACATGAAGCGATTCCTTTGAAGATCATCAACAGAACCGTGGATAAATCCAGCG 1557
G4E2 TGTACAGCCTATTGTCCATTGCTGCGGAGGAGTGGGCCAGCGGTGCTTCTTACTCCTGTGTGGTGGGACATGAAGCGATTCCTTTGAAGATCATCAACAGAACCGTGGATAAATCCAGCG 1557
G4S5 TGTACAGCCTATTGTCCATTGCTGCGGAGGAGTGGGCCAGCGGTGCTTCTTACTCCTGTGTGGTGGGACATGAAGCGATTCCTTTGAAGATCATCAACAGAACCGTGGATAAATCCAGCG 1557
G3 TGTACAGCCTATTATCCATTGCTGCGGAGGAGTGGGCCAGCGGTGCTTCTTACTCCTGTGTGGTGGGACATGAAGCGATTCCTTTGAAGATCATCAACAGAACGGTTGATAAATCCAGTG 1557
G2A TGTACAGCCTGTTATCCATTGCAGCGGAGGAGTGGGCCAGCGGTGCTTCTTACTCCTGTGTGGTGGGACATGAAGCGATTCCATTGAAGATCATCAACAGAACGGTTGATAAATCCAGCG 1557
G2B TGTACAGCCTGTTATCCATTGCAGCGGAGGAGTGGGCCAGCGGTGCTTCTTACTCCTGTGTGGTGGGACATGAAGCGATTCCATTGAAGATCATCAACAGAACGGTTGATAAATCCAGCG 1557
G5 TGTACAGCCTGTTATCCATTGCAGCGGAGGAGTGGGCCAGCGGTGCTTCTTACTCCTGTGTGGTGGGACATGAAGCGATTCCATTGAAGATCATCAACAGAACGGTTGATAAATCCAGCG 1551
G1 TGTACAGCCTGTTATCCATTGCTGCGGAGGAGTGGGCCAGCGGTGCTTCTTACTCCTGTGTGGTGGGACATGAAGCGATTCCATTGAAGATCATTAACAGAACAGTTGACAAATCCAGCG 1554

Tailpiece
G4B3 GTAAACCGAGTTTTGTGAATATTTCACTTGCACTGATGGACACCATTAATTCATGCCAA 1613
G4B2 GTAAACCGAGTTTTGTGAATATTTCACTTGCACTGATGGACACCATTAATTCATGCCAA 1616
G4E2 GTAAACCGAGTTTTGTGAATATTTCACTTGCACTGATGGACACCATTAATTCATGCCAA 1616
G4S5 GTAAACCGAGTTTTGTGAATATTTCACTTGCACTGATGGACACCATTAATTCATGCCAA 1616
G3 GTAAACCGAGTTTTGTGAATATTTCGCTTGCACTGATGGACACCATTAATTCATGCCAA 1616
G2A GTAAACCGAGTTTTGTGAATATTTCACTTGCACTGATGGACACCATTAATTCATGCCAA 1616
G2B GTAAACCGAGTTTTGTGAATATTTCACTTGCACTGATGGACACCATTAATTCATGCCAA 1616
G5 GTAAACCGAGTTTTGTGAATATTTCACTTGCACTGATGGACACCATTAATTCATGCCAA 1610
G1 GTAAACCAAGTTTTGTAAACATTTCACTTGCACTGATGGACACCATTAATTCATGCCAA 1613



  VH
   FR1                            CDR1 FR2           CDR2            FR3
G2A   EEVTLIQPEAENGHPGGSMRLTCKTSGFDLDSYAMSWVRQVPGQGLEWIVYSYGSYSNDYAPAIKDRFTASIDTSNNIFALEMKSLKIEDTAIYYCARD
G2B   EEVTLIQPEAENGHPGGSLRLTCKTSGFDLDSYTMSWVRQVPGQGLEWIVYYYASYSNDYAPAIKDRFTASKDTSNNIFALEMKSLKIEDTAIYYCARD
G5    EITLIQPEAETGHPGGSLSLTCKTSGFNLGSSSMYWIRQVPGQGLEWIVYYYSSSSNNYAPAIKDRFTASKDTSNNIFALEMRSVKIDDTAIYYCATD
G4B3    EVTLTQPEAENSQPGGSLTLTCKTSGFDLSSYYMGWVRQVPGQGLEWLVSYYSSSSNYYAPAIKGRFTASKDTSNNIFALEMKRLKIEDTAIYYCARD
G4B2    EVTLTQPEAENSQPGGSLTLTCKTSGFDLSSYYMGWVRQVPGQGLEWLVSYYSSSSNYYAPAIKGRFTASKDTSNNIFALEMKRLKIEDTAIYYCARD
G4E2    EVTLTQPEAENSQPGGSLTLTCKTSGFDLSSYYMGWVRQVPGQGLEWLVTYYSSSNNYYAPAIKDRFTASKDTSSNIFALEMKSLKIEDTAIYYCARD
G4S5    EVTFTQPEAENSQPGGSLRLSCETSGFNLGNTRMVWVRQVPGQGLEWLVSYYTSSNNYYAPAIKDRFTASKDTSNNIFALEMKSLKIEDTAIYYCARD
G3     EVTLIQPEAGNSQPGGSLKLTCKTSGFNLGNTWMGWVRQVPGQGLECLVTYYSSSSNYYAPEIKGRFTASKDTSNNIFALEMTRLKIEDTAIYYCTTD
G1    QIILTQKVAETGRPGGTLTLTCKTSGFNLGNDWMQWIRQVPGQGLEWLLEYKSSSSNNYAPGVKARFTASKDTSNNIFALEMKNLKIEDTAIYYCAKS
     :: : *  * ..:***:: *:*:****:*..  * *:********* ::    * .* *** :* ***** ***.*******  :**:*******: .

  CH1
       x x x             x x x x       y y y y        x            x x x x x         y y y     y  y

G2A   VTPSSPTLYGLVSSCQQQTNDGSVIFGCLAMDYSPDTTSVTWKKRGEPITTGIKTYPSVRNKKGTYTLSSQLALNEPDAECSQISCEVRHSGSDKSTGMP
G2B   VTPSSPTLYGLVSACQQQNNEGSVIFGCLAMDYSPDTTSVTWKKHGELITTGIKTYPSVRNKKGTFTLSSQLALNEPDAVCSQISCEVRHSGSDKSTGMP
G5   ATPSSPTLYGLVSSCQQGNIDGSVIYGCLAMDYSPDVASVTWKKHGQLITTGVQTYPSVRNKKGTYTLSSQLALIESDAECDQISCEVRHSGSDKSTGMP
G4B3   VTPSSPTLYGLVSSCVQHSTDGSVIFGCLAMDYSPDATSVTWKKGGKPFTTGFMTYPSVRSKKGTYTLSSQLAVIESEAECPEITCEVRHSGSDKSTGMP
G4B2   VTPSSPTLYGLVSSCVQHSTDGSVIFGCLAMDYSPDATSVTWKKGGKPFTTGFMTYPSVRSKKGTYTLSSQLAVIESEAECPEITCEVRHSGSDKSTGMP
G4E2   VTPSSPTLYGLVSSCEQHSTDGSVIFGCLAMDYSPDATSVTWKKGGKPFTAGFMTYPSVRSKKGTYTLSSQLAVTESEAECREIICEVRHSGSDKSTGMP
G4S5   VTPSSPTLYGLVSSCEQHSTDGSVIFGCLAMDYSPDATSVTWKKGGKPFTTGFMTYPSVRSKKGTYTLSSQLAVTESEAECPEITCEVRHSGSDKSTGMP
G3   VTPSSPTLYGLVSSCGQHSTDGSVIFGCLAMDYSPDATSVTWKKHGEPITTGFMTYPSVRNKKGTYTLSSQLAINEPDAECSQISCEVRHSGSDKSTGMP
G1   VTTSSPILYGLVSSCQQHNTDGSVIFGCLAMGYSPDVTKVTWKKGGKPISTGLKTYPSVRNKKGTYTLSSQLTVTESEVECRKIYCEVQHEGSEKSVGMP

  .*.*** ******:* * . :****:*****.****.:.***** *: :::*. ******.****:******:: *.:. * :* ***:*.**:**.***

CH2
         x x x           x x x x       y y y          x             x x x            y y y     y    y

G2A CGNG-DPPTVLLTVSSSEEIESIKFATIVCSIIDFHSKSISVNWLKNGGSVHSDILTSPVCEVNGSFSATSRLRVPYAEWFDKAVYTCQVTYDGDVQSWNITGPQ
G2B CRID-GPPTVLLTVSSSEEIEIIKFATIVCSIIDFHSKSISVNWLKNGGRVHSDILTSPVCEANGSFSATSRLRVPYAEWFDKAVYTCQVHYDGVTQSWNITGPQ
G5 CP-D-GFPTALLTVSSSEEIESRKFAIIVCSISDFHSKSISVTWLKNGRSVDSGIFTSPVCEANGNFSVTSRLRVPYAEWFDRAVYTCQVKYKEVIQSWNITGPQ
G4B3 CQIG-VSPTLLLTVSSSEEIESKKVATIVCSILDFNPKKISVIWLKNGKQVNSGTFTFPVCEANGNFSTTSQLRVPYREWFDRAVYTCQVDHEGVIQSQNITGPQ
G4B2 CPPDKVTPTLLLTVSSSEEIESKKVATIVCSILDFNPKKISVIWLKNGKQVNSGTFTSPVCEANGNFSTTSQLRVPYREWFDRAVYTCQVDHEGVIQSQNITGPQ
G4E2 CQLNGVTPTLLLTVSSREEIESKKVATIVCSILDFNPKKISVIWLKNGKQVNSGTFTSPVCEANGNFSTTSQLRVPYREWFDRAVYTCQVDHEGFIQSQNITGPQ
G4S5 CPPDKVTPTLLLTVSSSEEIESKKVATIVCSILDFNPKKISVIWLKNGKQVNSGTFTSPVCEANGNFSTTSQLRVPYREWFDRAVYTCQVDHEGVIQSQNITGPQ
G3 CKPDYVPPSFLLTVSSSEEIESKKVATIVCSIFDFNPKKISVIWLKNGKQMNSGTFTSPVCEANGNFSTTSQLRVPYSEWFDRAVYTCQVDHEGVIQSQNITGPQ
G1 CPII-VHPTLLLTVSSSEEITNSKFATIVCSIIDFQPKSISVTWLKNGQSVDSGFFTSPAYETNKNFSVTSWLRVPYSEWFNSAVYTCQVTHEGLIQSRNITGFQ
  *      *: ****** ***   *.* ***** **:.*.*** *****  :.*. :* *. *.* .**.** ***** ***: ******* :.   ** **** *



 CH3
G2A  VSECHGYTAKILPPPVEQVLLEATVTLTCVVSNLHSGVNFTWMQGKKTLKSEIAHDSGEHSDGTISKLDISTESWLSEVVFDCVVNHQYLPTPLRDSIHKET
G2B  VSECHGYTAKIRPPSVEQVLLEATVTLTCVVSNLHSGVNFTWMQGEKTLKSEIAHDSGEHSDGAISKLDISTEAWLSEVVFECVVNHQYLPTPLRDSIHKET
G5  VSECHGYTAKILPPPVEQVLLEATVTLTCVVSNLHSGVNFTWLQDEKTLKSEIAHDSGEHSDGAISKLDISTEAWLSEVVFECVVNHQYLPTPLRDSIHKER
G4B3  VSECRDYTAKILPPPVEQVLLEATVTLTCVVYNLHFEANFTWIHDKKTLKSEIVDQSGEHSEGVISKLDISTEAWLSGDKFECVVNNQYLPTPLRNSIHKEK
G4B2  VSECRDYTAKILPPPVEQVLLEATVTLTCVVYNLHFEANFTWIHDKKTLKSEIVDQSGEHSEGVISKLDISTEAWLSGDKFECVVNNQYLPTPLRNSIHKEK
G4E2  VSECRDYTAKILPPPVEQVLLEATVTLTCVVYNLHFEANFTWIHDKKTLKSEIVDQSGEHSEGVISKLDISTEAWLSGDKFECVVNNQYLPTPLRNSIHKEK
G4S5  VSECRDYTAKILPPPVEQVLLEATVTLTCVVYNLHFEANFTWIHDKKTLKSEIVDQSGEHSEGVISKLDISTEAWLSGDKFECVVNNQYLPTPLRNSIHKEK
G3  VSECRDYTAKILPPPVEQVLLEATVTLTCVVYNLHFEANFTWIHDKKTLKSEIVDQSGEHSEGVISKLDTSTEAWLSGDKFECVVNNQYLPTPLRDSIHKEK
G1  VTECRDYTVKILPPPIEQVLLEATVTLTCVVSSLPFGVNVTWTQENKPLKSEIADQAGEDPDSVISKLDISTEAWLSGVSFYCVVNHQHLPTPLRDSIHKEK
       *:**:.**.** **.:*************** .*   .*.** : :*.*****..::**..:..***** ***:***   * ****:*:******:*****

 CH4 and tailpiece
G2A  IKNPLEPSVSVLLPTTEELSAQRFVSLTCLVRGFRPREIFVKWTTNDKPVNPSNYKNTEVTAESDNTSFFLYSLLSIAAEEWASGASYSCVVGHEAIPLKIINRTVDKSS
G2B  IENPLEPSVSVLLPTTEELSAQRFVSLTCLVRGFRPREIFVKWTTNDKPVNPSNYKNTEVTAESDNTSFFLYSLLSIAAEEWASGASYSCVVGHEAIPLKIINRTVDKSS
G5  IENPLEPSVSVLLPTTEELSAQRFLSLTCLVRGFRPREIFVKWTTNDKPVNPSNYKNTEVTAESDNTSFFLYSLLSIAAEEWASGASYSCVVGHEAIPLKIINRTVDKSS
G4B3  LVNPLEPSVSVLLPATEEVSAQRFVSLTCLVRGFRPREIFVKWTTNDKPVNPTNYKNTEVTAESDNTSFFLYSLLSIAAEEWASGASYSCVVGHEAIPLKIINRTVDKSS
G4B2  LVNPLEPSVSVLLPATEEVSAQRFVSLTCLVRGFRPREIFVKWTTNDKPVNPTNYKNTEVTAESDNTSFFLYSLLSIAAEEWASGASYSCVVGHEAIPLKIINRTVDKSS
G4E2  LVNPLEPSVSVLLPATEEVSAQRFVSLTCLVRGFRPREIFVKWTTNDKPVNPTNYKNTEVTAESDNTSFFLYSLLSIAAEEWASGASYSCVVGHEAIPLKIINRTVDKSS
G4S5  LVNPLEPSVSVLLPATEEVSAQRFVSLTCLVRGFRPREIFVKWTTNDKPVNPTNYKNTEVTAESDNTSFFLYSLLSIAAEEWASGASYSCVVGHEAIPLKIINRTVDKSS
G3  LVNPLEPSVSILLPTTEEVSAQRFVSLTCLVRGFRPREIFVKWTTNDKLVNPTNYKNTEVTAESGNTSFFLYSLLSIAAEEWASGASYSCVVGHEAIPLKIINRTVDKSS
G1  PINPLEPSVSVLLPPTEEVSTQRFVSLTCFVRGFSPREIFVKWTNNDKPVNPSNYKNTEVTAQSDNASFFMYSLLSIAAEEWASGASYSCVVGHEAIPLKIINRTVDKSS
        ********:***.***:*:***:****:**** *********.*** ***:*********:*.*:***:***************************************

G2A GKPSFVNISLALMDTINSCQ
G2B GKPSFVNISLALMDTINSCQ
G5 GKPSFVNISLALMDTINSCQ
G4B3 GKPSFVNISLALMDTINSCQ
G4B2 GKPSFVNISLALMDTINSCQ
G4E2 GKPSFVNISLALMDTINSCQ
G4S5 GKPSFVNISLALMDTINSCQ
G3 GKPSFVNISLALMDTINSCQ
G1 GKPSFVNISLALMDTINSCQ
     ********************

Supplemental Figure 1b. Alignment of nurse shark H chain amino acid sequences. The nine active IgM H chains are aligned and
organized as domains VH, CH1-CH4. The cysteines involved in intradomain bonding are in black. All others are highlighted in
green. Positions highlighted in yellow are those that contain more than two substitutions. The letters x and y over positions
in CH1 and CH2 indicate amino acids whose sidechains point to the interior; the beta strands (underlined and indicating x
face or y face) are assigned by equivalent positions to the model for Human (Gal) IgM from Beale and Feinstein (ref. 36).




