Cm_ighut
1 |[GCAACACAAGAAGCCCCGAAGTCCCTGTTTCCCGTGTGGCAGTGCGGCTCGTCCCCTGAT 60
A T Q E A P K S L F P V W Q C G S s P D

61 GGTTTTGTCACTCTGGGCTGCGTCACCCGCGACTTGGCAACCCCTGATGGACTGAGCTAC 120
G F V T L G C V TR DUL AT P D G L S Y

121 GTTTGGAAGGATGCGAGCGGCACCGCGCTGACTACTAACGTTGTACAATACCCGGCGGTG 180
vV w K DA S G T AULTTNV V Q Y P A V

181 ATCGAGGGCGGAAAGTACTCCTCAGTGAGTCAGGCGCGCGTCAGTGCTAACGACTGGAAC 240
I E G G K ¥ s s v S 0 A RV S A N D W N

241 GCGAACAAGAAGTTCACTTGCGAAGTCACTAATCCCCGGGGAACGAAAACGGCAGAGCTG 300
A N K K F T C E V TN P R G T K T A E L

Cm_ighu2
301 AAAAAGCCAFTTGTGCCCGACATCCCTGCAAAATCTCTGCTTCTAACAGCTCCGAGCCAA 360
K K PfV V P DI P A K S L L L T A P S OQ

361 ACAGAATTAGAAAATGGAACAGCTACCTTCATCTGCTTAGCTTCAGAATTTTCACCTAAA 420
T E L E N G T A T F I C L A S E F S P K

421 ACGTCCACATTTAAGTGGACCCGTGGAGGAACAAGCATCGATAATAAGGCCAAAGACCCC 480
T S T F K W T R G G T S I D N K A K D P

481 ATTTTAATCGCGGGAAAACCTACTTACAGTTCCTTTAGTATTTTGGTACTCACTGCTGCC 540
I L. I A G K P T Y S S F s I L VvV L T A A

541 GAATGGACTGGCTCAACTTCTCCAGTTAAGTGCGAGTTCCAGCAGAAGTCACAGACTCTG 600
E W T G SsS T s P V K C E F Q Q K S 0 T L

Ccm_ighu3
601 TCCAAGGAGGCAAGTTATFATTATGTGACCCGGGAGCAGCCAACAATTACAATAATCCCA 660
S K EA S Y|/H YV T REOQUPTTITTI I P

661 CCTTCCAACAATGACATGCTTATCAAAAGATCTGGCGACCTCGTGTGCAAGGCTGAAGGA 720
P S N NDMUL I K R S G DL V C K A E G

721 CCATTGGGTTTCACTGGAATTAAGTGGGTTGCTAACGGTAAAGAGGTTGTTTCCCTATCT 780
P L G F T G I K WV A NGI K E V V S L S

781 GAAAAAGTTGTGTCTACGAAGGCAGCGATCTCACTCACCACCTCAATCTCTTACGAAGAG 840
E XK vv S T K A A I S L T T S I S Y E E

841 TGGCATAAGGGCATGAAATTTACCTGTGAGGTGCATCATTCCTCATTTGCTCAGGGGTTT 900
W H K G M K F T C E V H H S S F A QO G F

—»Cm_ighutm1

901 ATAACAGAAGTCTACAAAAGAGAAAATTATGCCTTAACATTTGTATTTCTCTTCCTCATC 960
I T E VvV ¥ K R E N|Y A L T F V F L F L I

—»Cm_ighutm2

961 ACCCTGTTCTACAGCATCGGGGTGACTGTTATCAAGGTGAAATGGGAAACAACTAATGGA 1020
T L F ¥ S I G Vv T|v I K V K W E T T N G

1021 ACGATTTTGATTTTCTCTCTGTTTTTTTTTTCTTCAGTATAAGTTTGTTTGTTTTGTTTT 1080
T I L I F S L F F F S S VvV *

1081 TTTTATTTTAGTGTTCTGAGTTACCCTTTCTGTATCATCTAGAAGATCTCTACATCACGG 1140
1141 CAAATACTTTTGGACATTTAAATGTTGGACATTTTTTTCATGCATTTACTCAAATCTCAA 1200
1201 ATAAATGTCTTACAAAGTATGCAAATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 1260
1261 AAA 1263

Supplementary Fig. 1. Nucleotide and translated amino acid sequences of the membrane-
bound IgM constant domain of the bighead catfish (Cm_mlgM 1.1, GenBank accession number
MN934742) and hybrid catfish (hybrid:Cm_mlIgM 1.1, GenBank accession number MN934751).
The sequence was consisted of three CH and two TM domains: Cu1-Cpu2-Cu3-TM1-TM2. The
atypical polyadenylation signal (AATTAAA) in the 3'-UTR was bold.



Cm_ighut
1 |GCAACACAAGAAGCCCCGAAGTCCCTGTTTCCCGTGTGGCAGTGCGGCTCGTCCCCTGAT
A
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Supplementary Fig. 2. Nucleotide and translated amino acid sequences of the
membrane-bound IgM constant domain of the bighead catfish (Cm_mIgM 1.2, GenBank
accession number MN934743). The sequence was consisted of three CH and two TM
domains: Cu1-Cu2-Cu3-TM1-TM2. The atypical polyadenylation signal (AATTAAA) in the

T  E A P K S L F P V W QO C G S S P D

GGTTTTGTCACTCTGGGCTGCGTCACCCGCGACTTGGCAACCCCTGATGGACTGAGCTAC
G F VTLG CVTIRDILATU®PDGUL S Y

GTTTGGAAGGATGCGAGCGGCACCGCGCTGACTACTAACGTTGTACAATACCCGGCGGTG
vV W K DA S G T AL T TNV V QY P A V

ATCGAGGGCGGAAAGTACTCCTCAGTGAGTCAGGCGCGCGTCAGTGCTAACGACTGGAAC
I E G G K Y s s v s 0 A RV S A ND W N

GCGAACAAGAAGTTCACTTGCGAAGTCACTAATCCCCGGGGAACGAAAACGGCAGAGCTG
A N K K F T C E VvV TN P R G T K T A E L

Cm_ighu2
AAAAAGCCAFTTGTGCCCGACATCCCTGCAAAATCTCTGCTTCTAACAGCTCCGAGCCAA
K K plV Vv P DI P A K S L L L T A P S O

ACAGAATTAGAAAATGGAACAGCTACCTTCATCTGCTTAGCTTCAGAATTTTCACCTAAA
T E L E N G T A T F I €C L A S E F S P K

ACGTCCACATTTAAGTGGACCCGTGGAGGAACAAGCATCGATAATAAGGCCAAAGACCCC
T s T F K W T R G G T S I D N K A K D P

ATTTTAATCGCGGGAAAACCTACTTACAGTTCCTTTAGTATTTTGGTACTCACTGCTGCC
I L. T A G K P T Y S S F S I L VvV L T A A

GAATGGACTGGCTCAACTTCTCCAGTTAAGTGCGAGTTCCAGCAGAAGTCACAGACTCTG
E W T G S T S P V K CE F Q Q K S O T L

Cm_ighu3
TCCAAGGAGGCAAGTTA#CATTATGTGACCCGGGAGCAGCCAACAATTACAATAATCCCA
S K E A S Y|/H Y v T R E Q P T I T I I P

CCTTCCAACAATGACATGCTTATCAAAAGATCTGGCGACCTCGTGTGCAAGGCTGAAGGA
P S N NDMUL I K R S G D L V C K A E G

CCATTGGGTTTCACTGGAATTAAGTGGGTTGCTAACGGTAAAGAGGTTGTTTCCCTATCT
P L G F T G I K WV ANGI K E V V S L S

GAAAAAGTTGTGTCTACGAAGGCAGCGATCTCACTCACCACCTCAATCTCTTACGAAGAG
E XK vv SsS T KA ATI S L T T S I S Y E E

TGGCATAAGGGCATGAAATTTACCTGTGAGGTGCATCATTCCTCATTTGCTCAGGGGTTT
W H K G M K F T C E V H H S S F A Q G F
—» Cm_ighutm1
ATAACAGAAGTCTACAAAAGAGAAAATITATGCCTTAACATTTGTATTTCTCTTCCTCATC
I T E VvV Y K R E N|IlY A L T F V F L F L I
—» Cm_ighutm2
ACCCTGTTCTACAGCATCGGGGTGACTIGTTATCAAGGTGAAATGGGAAACAACTAATGGA
T L F Y S I G v T|Iv I K V K W E T T N G

ACGATTTTGATTTTCTCTCTGTTTTTTTTTTCTTCAGTATAAGTTTGTTTGTTTTGTTTT
T I L I F S L F F F S S V *

TTTTATTTTAGTGTTCTGAGTTACCCTTTCTGTATCATCTAGAAGATCTCTACATCACGG
CAAATACTTTTGGACATTTAAATGTTGGACATTTTTTTCATGCATTTACTCAAATCTCAA
ATAAATATTTGACAAAAATATGCAATTAAAAGTCTAATTGTTTTCTGTATCTTTATTTGA
ATTATAGTCAGCCTTAAAGTATAGTGTTTATGTTATTAGCTTATATTACATGTCTATATT
TTATTAGTTTTTAATAAATGTCTTACAAAAATATGCGAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAA

3'-UTR was bold.
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Cm_ighut
1 |GCAACACAAGAAGCCCCGAAGTCCCTGTTTCCCGTGTGGCAGTGCGGCTCGTCCCCTGAT
A
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Supplementary Fig. 3. Nucleotide and translated amino acid sequences of the
membrane-bound IgM constant domain of the bighead catfish (Cm_mlgM 1.3, GenBank
accession number MN934744). The sequence was consisted of three CH and two TM
domains: Cu1-Cp2-Cu3-TM1-TM2. The atypical polyadenylation signal (AATTAAA) in the

T Q E A P K S L F P V W Q C G S S P D

GGTTTTGTCACTCTGGGCTGCGTCACCCGCGACTTGGCAACCCCTGATGGACTGAGCTAC
G F VTL G C Vv T™R D L A T P D G L S Y

GTTTGGAAGGATGCGAGCGGCACCGCGCTGACTACTAACGTTGTACAATACCCGGCGGTG
v w K DA S GTATULTTNV V Q Y P A V

ATCGAGGGCGGAAAGTACTCCTCAGTGAGTCAGGCGCGCGTCAGTGCTAACGACTGGAAC
I E G G K ¥ s s v s Q0 A RV S A N D W N

GCGAACAAGAAGTTCACTTGCGAAGTCACTAATCCCCGGGGAACGAAAACGGCAGAGCTG
A N K K F T ¢ E V. T N P R G T K T A E L

Cm_ighu2
AAAAAGCCAETTGTGCCCGACATCCCTGCAAAATCTCTGCTTCTAACAGCTCCGAGCCAA
K K pPlV V P DI P A K S 5L L L T AP S OQ

ACAGAATTAGAAAATGGAACAGCTACCTTCATCTGCTTAGCTTCAGAATTTTCACCTAAA
T E L E N G T A T F I C L A S E F S P K

ACGTCCACATTTAAGTGGACCCGTGGAGGAACAAGCATCGATAATAAGGCCAAAGACCCC
T S T F K W T R G G T S I D N K A K D P

ATTTTAATCGCGGGAAAACCTACTTACAGTTCCTTTAGTATTTTGGTACTCACTGCTGCC
I L. I A G K P T Y S S F S I L V L T A A

GAATGGACTGGCTCAACTTCTCCAGTTAAGTGCGAGTTCCAGCAGAAGTCACAGACTCTG
E wWw T G S T S P V K C E F Q 0 K s Q0 T L

Cm_ighu3
TCCAAGGAGGCAAGTTA%CATTATGTGACCCGGGAGCAGCCAACAATTACAATAATCCCA
S K E A S YIH YV T R E QP T I TTI I P

CCTTCCAACAATGACATGCTTATCAAAAGATCTGGCGACCTCGTGTGCAAGGCTGAAGGA
P sSs N N DMUL I K R S G DL V C K A E G

CCATTGGGTTTCACTGGAATTAAGTGGGTTGCTAACGGTAAAGAGGTTGTTTCCCTATCT
P L G F T G I K WV ANGI K E V V S L S

GAAAAAGTTGTGTCTACGAAGGCAGCGATCTCACTCACCACCTCAATCTCTTACGAAGAG
E K vv s T K AATI S L T T S I S Y E E

TGGCATAAGGGCATGAAATTTACCTGTGAGGTGCATCATTCCTCATTTGCTCAGGGGTTT
W H K G M K F T C E V H H s §S F A Q G F
Cm_ighutm1
ATAACAGAAGTCTACAAAAGAGAAAATITATGCCTTAACATTTGTATTTCTCTTCCTCATC
I T E VvV Y K R E NIY A L T F V F L F L I
—»Cm_ighutm?2
ACCCTGTTCTACAGCATCGGGGTGACTGTTATCAAGGTGAAATGGGAAACAACTAATGGA
T L F ¥ S I G v TIlv I K V K W E T T N G

ACGATTTTGATTTTCTCTCTGTTTTTTTTTTCTTCAGTATAAGTTTGTTTGTTTTGTTTT
T I L I F S L F F F S S V *

TTTTATTTTAGTGTTCTGAGTTACCCTTTCTGTATCATCTAGAAGATCTCTACATCACGG
CAAATACTTTTGGACATTTAAATGTTGGACATTTTTTTCATGCATTTACTCAAATCTCAA
ATAAATATTTGACAAAAATATGCAATTAAAAGTCTAATTGTTTTCTGTATCTTTATTTGA
ATTATAGTCAGCCTTAAAGTATAGTGTTTATGTTATTAGCTTATATTACATGTCTATATT
TTATTAGTTTTTAATAAAATTATTAAGACGTTTCGATGACAGTAGTGTTTCTCTCAGTTT
GCTGTTGAAACATAGTAAAACTATTGAGTTATATTATTTATTGATCTTTTTAGCTAATAG
ATGTAGAGATCCTGGTGCTGACCAACCTTTTCTACAATGAGACAGAACTTGATGATGACA
ACGTGGCAACCACTGCCTTAACATTTGTATTTCTCTTCCTCATCACCCTGTTCTACAGCA
TCGGGGTGACTGTTATCAAGGTGAAATGAGAAACAATAAATGCAATTAAAAGTCAAAAAA
AAAAAAAAAAAAAAAAAAAAA

3'-UTR was bold.
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Cm_ighut
1 |GCAACACAAGAAGCCCCGAAGTCCCTGTTTCCCGTGTGGCAGTGCGGCTCGTCCCCTGAT
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T Q E A P K S L F P V W Q C G S s P D

GGTTTTGTCACTCTGGGCTGCGTCACCCGCGACTTGGCAACCCCTGATGGACTGAGCTAC
G F VT L G C V T R DL A T P D G L S Y

GTTTGGAAGGATGCGAGCGGCACCGCGCTGACTACTAACGTTGTACAATACCCGGCGGTG
vV w K DA S G TAUL TTNV V Q Y P A V

ATCGAGGGCGGAAAGTACTCCTCAGTGAGTCAGGCGCGCGTCAGTGCTAACGACTGGAAC
I E G G K Y s s vs QAU RV S A NDWN

GCGAACAAGAAGTTCACTTGCGAAGTCACTAATCCCCGGGGAACGAAAACGGCAGAGCTG
A N K K F T C E V. T N P R G T K T A E L

Cm_ighp2
AAAAAGCCAFTTGTGCCCGACATCCCTGCAAAATCTCTGCTTCTAACAGCTCCGAGCCAA
K K P|Vv Vv P DI P A K S L L L T AP S Q

ACAGAATTAGAAAATGGAACAGCTACCTTCATCTGCTTAGCTTCAGAATTTTCACCTAAA
T E L E N G T A T F I C L A S E F S P K

ACGTCCACATTTAAGTGGACCCGTGGAGGAACAAGCATCGATAATAAGGCCAAAGACCCC
T S T F K W T R G G T S I D N K A K D P

ATTTTAATCGCGGGAAAACCTACTTACAGTTCCTTTAGTATTTTGGTACTCACTGCTGCC
I L. I A G K P T Y S S F s I L VvV L T A A

GAATGGACTGGCTCAACTTCTCCAGTTAAGTGCGAGTTCCAGCAGAAGTCACAGACTCTG
E W TG S T S P V K C E F Q0 Q K S Q T L

Cm_ighu3
TCCAAGGAGGCAAGTTATFATTATGTGACCCGGGAGCAGCCAACAATTACAATAATCCCA
S K E A S Y|/H Y VvV T™U RE Q P T I T I I P

CCTTCCAACAATGACATGCTTATCAAAAGATCTGGCGACCTCGTGTGCAAGGCTGAAGGA
P S N ND ML I K R S G D L V C K A E G

CCATTGGGTTTCACTGGAATTAAGTGGGTTGCTAACGGTAAAGAGGTTGTTTCCCTATCT
P L G F T G I K WV ANGI KE V V S L S

GAAAAAGTTGTGTCTACGAAGGCAGCGATCTCACTCACCACCTCAATCTCTTACGAAGAG
E K vv s T KA ATI S L TT S I S Y E E

TGGCATAAGGGCATGAAATTTACCTGTGAGGTGCATCATTCCTCATTTGCTCAGGGGTTT
W H K G M K F T CE V HH S S F A Q G F

Cm_ighu4
ATAACAGAAGTCTACAAAAGAGAAAATFGCCGAACGCCTAACTGCCCAGGGGTTTTCTTG
I T E v Y K R E N|G R T P N C P G V F L

CTCCCGCCACCAGAGAGCTCAAATGGGGATTTGAAGACCCTGACTTGCTATATAAAAAAC
L P P P E S S N G DL K T UL T C Y I K N

TTTTACCCTAAGGAGGTTGCTGTGTCTTGGCTTATTGGTGATAAACAAGTGGACAATGAG
F Yy P K E V AV S WL I G D K Q V D N E

AGCATCACTAAAGTTATTGAGAAAAATGGCAACTTTTCAGCATACAGTCAGCTGATTGTC
s I T K v I E K N G N F S A Y S Q L I V

AATCAGGACTCCTGGGGAAATGGCACAGAGTTCACCTGCAATGTTTATCATGAGTCCATC
N 0 DS W G NGTEF TCNV Y HE S I

ATGGATAATCTTCGCCACCTTTCCAGAACCATTACTGGCACTTCAAATCCACCCTCCATA
M D NL R HL S R T I T G T S N P P S I
—»Cm_ighutm1
GTGAATCTCAGCCTAAATGTTCCCCAAAACTGCCCAAATCCTGGTCTGTATGCCTTAACA
vV ~N L S L NV P Q N C P N P G L|Y A L T
—»Cm_ighutm2
TTTGTATTTCTCTTCCTCATCACCCTGTTCTACAGCATCGGGGTGACTGTTATCAAGGTG
F VF L F L I T L F Y s I G V TIV I K V

AAATGGGAAACAACTAATGGAACGATTTTGATTTTCTCTCTGTTTTTTTTTTCTTCAGTA
K w E T TNG T I L I F S L F F F S S V

TAAGTTTGTTTGTTTTGTTTTTTTTATTTTAGTGTTCTGAGTTACCCTTTCTGTATCATC

*

TAGAAGATCTCTACATCACGGCAAATACTTTTGGACATTTAAATGTTGGACATTTTTTTC
ATGCATTTACTCAAATCTCAAATAAATATTTGACAAAAATATGCAATTAAAAGTCTAATT
GTTTTCTGTATCTTTATTTGAATTATAGTCAGCCTTAAAGTATAGTGTTTATGTTATTAG
CTTATATTACATGTCTATATTTTATTAGTTTTTAATAAAATTATTAAGACGTTTCGATGA
CAGTAGTGTTTCTCTCAGTTTGCTGTTGAAACATAGTAAAACTATTGAGTTATATTATTT
ATTGATCTTTTTAGCTAATAGATGTAGAGATCCTGGTGCTGACCAACCTTTTCTACAATG
AGACAGAACTTGATGATGACAACGTGGCAACCACTGCCTTAACATTTGTATTTCTCTTCC
TCATCACCCTGTTCTACAGCATCGGGGTGACTGTTATCAAGGTGAAATGAGAAACAATAA
ATGCAATTAAAAGTCAAAAAAAAAAAAAAAAAAAAAAAAAAA
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Supplementary Fig. 4. Nucleotide and translated amino acid sequences of the
membrane-bound IgM constant domain of the bighead catfish (Cm_miIgM 2, GenBank
accession number MN934745). The sequence was consisted of three CH and two TM
domains: Cu1-Cp2-Cu3-Cp4-TM1-TM2. The atypical polyadenylation signal (AATTAAA)
in the 3'-UTR was bold.



cm_ighy1
1 |GCAACACAAGAAGCCCCGAAGTCCCTGTTTCCCGTGTGGCAGTGCGGCTCGTCCCCTGAT
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Supplementary Fig. 5. Nucleotide and translated amino acid sequences of the
membrane-bound IgM constant domain of the bighead catfish (Cm_miIgM 3, GenBank
accession number MN934746). The sequence was consisted of seven CH and two TM
domains: Cp1-Cd2-Cd3-Cd4-Cd5-Cu2-Cp3-TM1-TM2. The atypical polyadenylation

T Q EA P K 8§ L F P V W OQOCG S s P D

GGTTTTGTCACTCTGGGCTGCGTCACCCGCGACTTGGCAACCCCTGATGGACTGAGCTAC
G F Vv TULG CUVTRUDTILA ATU®PUDGTUL S Y

GTTTGGAAGGATGCGAGCGGCACCGCGCTGACTACTAACGTTGTACAATACCCGGCGGTG
vV WK DAS G TATLTTNUV V Q Y P A V

ATCGAGGGCGGAAAGTACTCCTCAGTGAGTCAGGCGCGCGTCAGTGCTAACGACTGGAAC
I EG G K Y S s VS Q ARV S ANUDWN

GCGAACAAGAAGTTCACTTGCGAAGTCACTAATCCCCGGGGAACGAAAACGGCAGAGCTG
A N K XK F T ¢C EV T NP R G T X T A E L

Cm_ight2
AAAAAGCC}WEAAGTGAATGTGACTTCGCCCAGCATCAGCATCAGCACAAGCTTCGACACA
K K P vV NVTSP SIS I S TS F DT

ACAACTAACGATACTAATCTGATTTGCTGGTTGGATGGTTTTAGCCCTAAAGCGATTAAT
T T NDTNTULICWZILDGF S P KA I N

GTTACTTGGGGAGCGGGT: GGGACT! AAATTCAAAAATGAG! AT
V T W GA G KK GTETZ RTZ KTFIZEKNTETE N K

AAGTTTGCCATGCTGAGCCAAATCAGCATAAATGCAGAGCAATGGAAAGAAGGCAAAGAG
K F AMIL S Q I s I NAETUOQTWTZ KE G KE

Cm_ighs3
TTCACCTGCAGCGCCACACACAAGTCTAAAACCTA#;GTCAAACATGGAGCATTTGTAAA
F T C S A THK S K T Y|[S QT WS I CK

GGCCATCTAAATTCTGAACCACGGATACGTCTGGAGAAACCTGCTCTCAGGTCCATATTG
G HL NS E PR IRTILETZ KTPATLT RSTITL

ACAGATACACGTGTAACAGTCTCCTGTGTTGTTGAAACTGTGTTCCAGCCTAAAGTTTTA
T DTRV TV S CVVETVTFQPI KUVTL

TGGCTTGTAGATGGAAGCACAAAATCTGACACAGACATTATCAGTGAGAGTCAAGGCGAG
WL VDGSTZ XKSDTHDTITISE S G E

TCCACTGTTAGCAAACTGACTATTTCTGTAGAAGACTGGACAAAATCAAACACAATAACC
S TV s KLTTISUVETDUWTZ KT SNTTIT

TGCAGGGCCGAACATCCATTGTTGAGATCTTCTAGATGTTCATTCAAAACTACAGAAACT
C RAEHZPTLTLU RS SRTCST FZ KTTET

GTGCAGAAACGTCCTACAGTGGAGATCAGAAGGAGTCTTGAAGACGTAGGGAAGAGAGAC
V Q K RPTVETIRTIBRSTILETDTVGZKTRD

AGTGCAGTGCTGGAGTGTGCTGCAAGCGGTCTGCCTCCTGGTGAACTCTCTGTCACCTTC
S AVLECAASGTLU®PU®PGETLSVTTF

CAGGCCAATAATGTGAATTTTCCAGAAGCTCAGTATGTTAATCTACCAAAAGGCCAGGAC
Q ANNUVNTFPEA AQYVNTLZPIZEKGOQTD

ACACTAGTTGCACTTTTCACTATTCCTGGAACACACCGAACCGAACAGCATCGCTTCACT
T L VAL F T I P G THURTEQHRTFT

TGTGAGATTCAGACAAGCCGTTCCTTAAAATGGAGGTCCAATTTTATAGGAAACCTTTTT
¢C EI Q TS R SLKWRSNTFTIGNTLTF

Cm_igh4
AGTGATCCTTTAGTGGAACTTTCAGTTGTATCCAGTGAAGATAAATCTGCATCAACCGCA
s D P|L VEL S V VS s EDIK S A ST A

CAAAAACTTCTTTGCTATGGAACTGGCCTTAACCCAGAGATCAAGTGGCTCCCCGAATCT
Q K L L ¢CY GTGULNUPETIZKWTLPE S

GTGGGAAATAATAAAAGTGAAGTAACAATGAATGAAGATGGACGTGTGAAGGTGTCCAGC
vV G N N K S EVTMNDNET DGRV K V s §

GAGCTTTCAGTTACAGAACAAGAGTGGAACCGTGGAACTACATTCACCTGCCAAGTCAGT
EL S VTEJGQEWNDNRGTTTFTCQ V S

Cm_ighod
GATCAGGGTCGTCTCAACACTGTCCAGAAGAGCATCAGTTTTTGTGC. TCACTCqCAGAT
D QGRULNTV QK S I S F CA T P D

CATGCTCGGAGTGCAC. TTACCTTTTGGGTCCCTCCATCAGTAATATGCCAGAGGAG
H AR SAQV Y LILGU?P S I S NMMPE E

GATCCTGTCTCTGTCACATGTCTGCTGTTGGGCCATAGGCTCCAGGACTTCTCAGTTAAT
D PVs VT CLULTULGHZ RTILIO QDT F S VN
TGCAAAGTAGGGACCGACAATTTGTCTTCAAATGTGATCAAAACTGAAATCCACGGCAAT
C KV GGTDNU LS SNV IKTETIHSGN

GGAACAGAGAATGTTCAAAGGGTTATAAGGGTTCCAGCTGAAAAGTGGAAAAACCATGAA
T E NV Q RV I RV PAETZ KTWIZ KNHE

Cm_ighu2
AATGTTTCC'I‘GTGAGGTGAAACACCCCTGCFTTGTGCCCGACATCCCTGCAAAATCTCTG
N Vs CEVZEKHTPTC|VVPDTIZPATZKSTL

CTTCTAACAGCTCCGAGCCAAACAGAATTAGAAAATGGAACAGCTACCTTCATCTGCTTA
L L TAUPSQTETLENGTA ATTF I CL

GCTTCAGAATTTTCACCTAAAACGTCCACATTTAAGTGGACCCGTGGAGGAACAAGCATC
A S E F s P KT s T F K WTIRG G T s I

GATAATAAGGCCAAAGACCCCATTTTAATCGC CTACTTACAGTTCCTTTAGT
D NKAZKDUPTITLTIA AGT KT PTY S S F §

ATTTTGGTACTCACTGCTGCCGAATGGACTGGCTCAACTTCTCCAGTTAAGTGCGAGTTC
L VL T AAEWTGS TS P V KCEF

Cm_ighu3
CAGCAGAAGTCACAGACTCTGTCCAAGGAGGCAAGTTATEATTATGTGACCCGGGAGCAG
QO Q K S QTTLSZKTEHA AS S Y Y VT R E Q

CCAACAATTACAATAATCCCACCTTCCAACAATGACATGCTTATCAAAAGATCTGGCGAC
P T I T I I PP S NNDMTLTII KU RS G D

CTCGTGTGCAAGGCTGAAGGACCATTGGGTTTCACTGGAATTAAGTGGGTTGCTAACGGT
L V C

TTGTTTCCCTATCT! TGTGTCTACGAAGGCAGCGATCTCACTCACC
K EV VS L S EZXKUV VS TI KA AATISTLT

ACCTCAATCTCTTACGAAGAGTGGCATAAGGGCATGAAATTTACCTGTGAGGTGCATCAT
T S I S Y E E W H K G MK F T CE V H H

Cm_ighytm1
TCCTCATTTGCTCAGGGGTTTATAACAGAAGTCTACAAAAGAGAAAATEATGCCTTAACA
S S FAQGVFITEUVYKREN|IY AL T

Cm_ighptm2
TTTGTATTTCTCTTCCTCATCACCCTGTTCTACAGCATCGGGGTGACTTGTTATCAAGGTG
FVFLTFTZLTITTLTFYSTIGV T I K V

AAATGGGAAACAACTAATGGAACGATTTTGATTTTCTCTCTGTTTTTTTTTTCTTCAGTA
K WETTWNGTTITLITF S L FTFTF S SV

TAAGTTTGTTTGTTTTGTTTTTTTTATTTTAGTGTTCTGAGTTACCCTTTCTGTATCATC

*
TAGAAGATCTCTACATCACGGCAAATACTTTTGGACATTTAAATGTTGGACATTTTTTT
ATGCATTTACTCAAATCTCAAATAAATGTCTTACAAAGTATGCAAAT.
AAAAAAAAAAAAAAAAAAAAAAAA

signal (AATTAAA) in the 3'-UTR was bold.
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Cm_ighut
1 |GCAACACAAGAAGCCCCGAAGTCCCTGTTTCCCGTGTGGCAGTGCGGCTCGTCCCCTGAT 60
A T Q E A P K 8§ L F P V W Q C G s s P D

61 GGTTTTGTCACTCTGGGCTGCGTCACCCGCGACTTGGCAACCCCTGATGGACTGAGCTAC 120
G F VTLGCVTIRDI LA AT®PUDGTUL S Y

121 GTTTGGAAGGATGCGAGCGGCACCGCGCTGACTACTAACGTTGTACAATACCCGGCGGTG 180
v w K DA S G TATULTTNV V Q Y P A V

181 ATCGAGGGCGGAAAGTACTCCTCAGTGAGTCAGGCGCGCGTCAGTGCTAACGACTGGAAC 240
I E G G K Y S s v sS 0 ARV S A NDWN

241 GCGAACAAGAAGTTCACTTGCGAAGTCACTAATCCCCGGGGAACGAAAACGGCAGAGCTG 300
A N K K F T C E VvV TN P R G T K T A E L

Cm_ighu2
301 AAAAAGCCAETTGTGCCCGACATCCCTGCAAAATCTCTGCTTCTAACAGCTCCGAGCCAA 360
K K plv v P D I P A K S L L L T A P S Q

361 ACAGAATTAGAAAATGGAACAGCTACCTTCATCTGCTTAGCTTCAGAATTTTCACCTAAA 420
T E L E N G T A T F I C L A S E F S P K

421 ACGTCCACATTTAAGTGGACCCGTGGAGGAACAAGCATCGATAATAAGGCCAAAGACCCC 480
T S T F K W T R G G T s I D N K A K D P

481 ATTTTAATCGCGGGAAAACCTACTTACAGTTCCTTTAGTATTTTGGTACTCACTGCTGCC 540
I L. I A GK P T Y S S F S I L V L T A A

541 GAATGGACTGGCTCAACTTCTCCAGTTAAGTGCGAGTTCCAGCAGAAGTCACAGACTCTG 600
E w T G S T S P VvV K C E F Q Q K S Q T L

Cm_ighu3
601 TCCAAGGAGGCAAGTTA#CATTATGTGACCCGGGAGCAGCCAACAATTACAATAATCCCA 660
S K E A S YIH Y v TR R E Q P T I T I I P

661 CCTTCCAACAATGACATGCTTATCAAAAGATCTGGCGACCTCGTGTGCAAGGCTGAAGGA 720
P S N NDMUL I K R S G DL V C K A E G

721 CCATTGGGTTTCACTGGAATTAAGTGGGTTGCTAACGGTAAAGAGGTTGTTTCCCTATCT 780
P L G F T G I K WV ANGIKE V V S L S

781 GAAAAAGTTGTGTCTACGAAGGCAGCGATCTCACTCACCACCTCAATCTCTTACGAAGAG 840
E K v v s T K AA I S L TT S I S Y E E

841 TGGCATAAGGGCATGAAATTTACCTGTGAGGTGCATCATTCCTCATTTGCTCAGGGGTTT 900
W H K G M K F T C E V H H S S F A Q G F
Cm_ighu4
901 ATAACAGAAGTCTACAAAAGAGAAAATGGCCGAACGCCTAACTGCCCAGGGGTTTTCTTG 960
I T E VY K R E NIG R T P N C P G V F L

961 CTCCCGCCACCAGAGAGCTCAAATGGGGATTTGAAGACCCTGACTTGCTATATAAAAAAC 1020
L P P P E S S N GDU LK TTU L TCY I K N

1021 TTTTACCCTAAGGAGGTTGCTGTGTCTTGGCTTATTGGTGATAAACAAGTGGACAATGAG 1080
F Yy pP K E V AV S W UL I G D K Q V D N E

1081 AGCATCACTAAAGTTATTGAGAAAAATGGCAACTTTTCAGCATACAGTCAGCTGATTGTC 1140
s I T K v I E K N G N F S A Y S Q L I V

1141 AATCAGGACTCCTGGGGAAATGGCACAGAGTTCACCTGCAATGTTTATCATGAGTCCATC 1200
N @ DS WGNGTEF T C N V Y HE S I

1201 ATGGATAATCTTCGCCACCTTTCCAGAACCATTACTGGCACTTCAAATCCACCCTCCATA 1260
M D NL R HUL S R TI TG T S N P P S I

1261 GTGAATCTCAGCCTAAATGTTCCCCAAAACTGCCCAAATCCTGGTCTGTAAGATGTAGAG 1320
vV N L S L NV P Q N CP NP G L *

1321 ATCCTGGTGCTGACCAACCTTTTCTACAATGAGACAGAACTTGATGATGACAACGTGGCA 1380
1381 ACCACTGCCTTAACATTTGTATTTCTCTTCCTCATCACCCTGTTCTACAGCATCGGGGTG 1440
1441 ACTGTTATCAAGGTGAAATGAGAAACAACTAATGGAACGATTTTGATTTTCTCTCTGTTT 1500
1501 TTTTTTTCTTCAGTATAATGTTCTGAGTTACCCTTTCTGTTAAACTATCTTCTCTTAGCT 1560
1561 ACTTTCCATGTATTTTATATCTGTAAATACTTTTTTGTCATTTAAATGTTGGATTTTTTT 1620
1621 TTCATGCTTTTACTCAAATCTCAAATAAATGTCAAACATAGTAAAACATTTATCAGATAA 1680
1681 TGTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 1714

Supplementary Fig. 6. Nucleotide and translated amino acid sequences of the secreted
IgM constant domain of the bighead catfish (Cm_sIlgM 1, GenBank accession number
MN934747). The sequence was consisted of three CH and two TM domains: Cu1-Cu2-
Cp3-Cp4. The atypical polyadenylation signal (AATTAAA) in the 3'-UTR was bold.



Cg_ighut
1 |GCAACGCAAGAAGCCCCGAAGTCTCTGTTTCCCGTGTGGCAGTGCGGCTCGTCCCCTGAT 60
A T Q E A P K S L F P V W O C G S s P D

61 GGTTTCGTCACTCTGGGCTGCCTCACCCGCGACTTGGCAACCGGCGATGGACTGAGCTAC 120
G F VT L GCUL T RDTI LA ATGUDGUL S Y

121 GTTTGGAAGGATGCGAGCGGCACCGCGCTGACTACCGTTGTACAATACCCGGCAGTGCTG 180
v w K DA S G T AUL T T V V Q Y P A V L

181 GACAACGGAAAGTACTCCTCAGTGAGTCAGGCGCGCGTCACTGCTACCGAGTGGGACGCG 240
b N G K Y S S VS QA RV TATE W D A

241 AACAAGCCGTTCACTTGCCAAGTCACTAATTCCATTGGAACCGCAACGGCGAACGTGCAA 300
N K P F T C Q VvV T N S I G T A AT A N V Q

Cg_ighu2
301 AAACCACCTFTCGTCATCCCAGCAAAATCTCTGCTTCTAACAGCTCCGAGCCAAACAGAA 360
XK p P|L V I P A K S L L L T A P S Q T E

361 ATAGACAATGGAACAGCTACCTTCATCTGCTTAGCTTCAGAATTTTCACCTAAAACGCAC 420
I b N G T A TVF I C L A S EF S P K T H

421 ACATTTAAGTGGACCCGTGAAAAGACAAGCCTCGATAGTAAGGCAAAAGCCCCAATTTTA 480
T F K W T R E K T S L D S K A K A P I L

481 ATCCCGGGACAAAAAATTTACAGTGCCTTAAGCATTTTGGAACTCACTGCCAGCGAATGG 540
I p G 0 K I Y S A L S I L E5L T A S E W

541 ATGGGCTCAACTTCTCCAGTTAAGTGTGAGTTCCAGCACAAGGAACAGACTCTGTCCCAG 600
M G s T S p VvV K C E F Q H K E Q T L S Q

Cg_ighu3
601 GAAGCAAGTCATGGGACATGTGAGGAGCAGCCAAAAATGACAATAAGTCCACCTTCCAAT 660
E A S H G T|IC E E Q P K M T I 8§ P P S N

661 GGCATTCTTATCAATAGATCTGCTGATATTGTGTGCAAGGCTGAAGGACCAATGGGTTTC 720
G I L I N R S A DI V C K A E G P M G F

721 ACCGCCATTAAATGGGTTGTTAACGGTAAAGAGGTTGCTTCCCTACCTCAAAGCGATGTG 780
T A I K WV VvV NG K E V A S L P Q S D V

781 TCTTCGAAGACAGCGATCTCACTCACCACCACAATCTCTTATGAAGAGTGGCATACTGGC 840
s s K T A I s L T T TTI S Y E E W H T G

841 ACCAAATTTACCTGTGAGGTGTATCATTCAGCATTAGCTCAGGGATTTATACAAGAAGAC 900
T K F T C E V. Y H S A L A Q G F I Q E D

Cg_ighutm1
901 TACCAAAGAGTAAACFZ?E&%%%AACATTTGTATTTCTCTTCCTCATCACTCTGTTCTAC 960
Y O R V N|]Y A L T F V F L F L I T L F Y

Cg_ighutm2
961 AGCATCGGGGTGGTGAAATGGGAAACAACTAATGGAACGATTTTGATTTTCTCTCTGTTT 1020
s I G VvV|]v K W E T TN G T I L I F S L F

1021 TTTTTTTCTTCTTCAGTATAAAGCTGATGCCGGGTTACTACATTGAGACAGAAACTGATG 1080
F F S S S V

1081 ATGAAAACGTGGCAAACACTGCCTTAACATTTGTATTTCTCTTCCTCATCACTCTGTTCT 1140

1141 ACAGCATCGGGGTGACTGTTATCAAGGTGAAATAATAAACATTAAAAGCCAAAAAAAAAA 1200

1201 1219

Supplementary Fig. 7. Nucleotide and translated amino acid sequences of the
membrane-bound IgM constant domain of the north African catfish (Cg_migM 1.1,
GenBank accession number MN934748). The sequence was consisted of three CH and
two TM domains: Cu1-Cu2-Cu3-TM1-TM2. The atypical polyadenylation signal
(AATTAAA) in the 3'-UTR was bold.



Cg_ighut
1 |GCAACGCAAGAAGCCCCGAAGTCTCTGTTTCCCGTGTGGCAGTGCGGCTCGTCCCCTGAT 60
A T Q E A P K S L F P V W Q C G S s P D

61 GGTTTCGTCACTCTGGGCTGCCTCACCCGCGACTTGGCAACCGGCGATGGACTGAGCTAC 120
G F VT L G C L TR DU LATGD G L S Y

121 GTTTGGAAGGATGCGAGCGGCACCGCGCTGACTACCGTTGTACAATACCCGGCAGTGCTG 180
vV w K DA S G TAULTTT V V QY P A V L

181 GACAACGGAAAGTACTCCTCAGTGAGTCAGGCGCGCGTCACTGCTACCGAGTGGGACGCG 240
D NG K Y s s v sS Q A RV TATE W D A

241 AACAAGCCGTTCACTTGCCAAGTCACTAATTCCATTGGAACCGCAACGGCGAACGTGCAA 300
N K P F T C Q VvV TN S I G T A T A N V Q

Cg_ighu2
301 AAACCACCTFTCGTCATCCCAGCAAAATCTCTGCTTCTAACAGCTCCGAGCCAAACAGAA 360
K p PIL V I P A K S L L L T A P S Q T E

361 ATAGACAATGGAACAGCTACCTTCATCTGCTTAGCTTCAGAATTTTCACCTAAAACGCAC 420
I1 b N G T ATV F I C L A S EF S P K T H

421 ACATTTAAGTGGACCCGTGAAAAGACAAGCCTCGATAGTAAGGCAAAAGCCCCAATTTTA 480
T F K W T R E K T S L D S K A K A P I L

481 ATCCCGGGACAAAAAATTTACAGTGCCTTAAGCATTTTGGAACTCACTGCCAGCGAATGG 540
I P G Q9 K I Y s A L S I 5L EL TA A S E W

541 ATGGGCTCAACTTCTCCAGTTAAGTGTGAGTTCCAGCACAAGGAACAGACTCTGTCCCAG 600
M G S T s p Vv K C E F 0 H K E Q T L S Q

Cg_ighu3
601 GAAGCAAGTCATGGGACAFGTGAGGAGCAGCCAAAAATGACAATAAGTCCACCTTCCAAT 660
E A S H G TIC E E Q P KM T I S P P S N

661 GGCATTCTTATCAATAGATCTGCTGATATTGTGTGCAAGGCTGAAGGACCAATGGGTTTC 720
G I L. I N R S A D I V C K A E G P M G F

721 ACCGCCATTAAATGGGTTGTTAACGGTAAAGAGGTTGCTTCCCTACCTCAAAGCGATGTG 780
T A I K W V v N G K E V A S L P Q S D V

781 TCTTCGAAGACAGCGATCTCACTCACCACCACAATCTCTTATGAAGAGTGGCATACTGGC 840
s s K T aAaTI s L TTTTI S Y EE W H T G

841 ACCAAATTTACCTGTGAGGTGTATCATTCAGCATTAGCTCAGGGATTTATACAAGAAGAC 900
T K F T C E V Y H S A L A Q G F I Q E D

Cg_ighutm1
901 TACCAAAGAGTAAACTATGCCTTAACATTTGTATTTCTCTTCCTCATCACTCTGTTCTAC 960
Y O R V NIY A L T F V F L F L I T L F Y
Cg_ighutm2
961 AGCATCGGGGTGEGTGAAATGGGAAACAACTAATGGAACGATTTTGATTTTCTCTCTGTTT 1020
s I G viv K w E T T NG T I L I F S L F

1021 TTTTTTTCTTCTTCAGTATAAAGCTGATGCCGGGTTACTACATTGAGACAGAAACTGATG 1080
F F S s S VvV *
1081 ATGAAAACGTGGCAAACACTGCCTTAACATTTGTATTTCTCTTCCTCATCACTCTGTTCT 1140
1141 ACAGCATCGGGGTGACTGTTATCAAGGTGAAATAATAAACATAAACAACTGATGGAATGA 1200
1201 GTTCGATCTTCTCTCTGTTTCGCCAGTATAATGTTCTGAGTTAAACTTTCTGTTAAACTA 1260
1261 TCTTGTCTCAGCTACTTTTCATGTGTTTTATATCTGTAAATACTTTTTGTCATTTAAATG 1320
1321 TTGATTTCTTTTCATGCTTTTACTCAAATCTCAAATAAATGCAATTAAAAGCCAAAAAAA 1380
1381 AAAAAAAAAAAAAAAAAAAAAA 1402

Supplementary Fig. 8. Nucleotide and translated amino acid sequences of the
membrane-bound IgM constant domain of the north African catfish (Cg_migM 1.2,
GenBank accession number MN934749). The sequence was consisted of three CH and
two TM domains: Cu1-Cp2-Cu3-TM1-TM2. The atypical polyadenylation signal
(AATTAAA) in the 3'-UTR was bold.



Cg_ighut
1 |GCAACGCAAGAAGCCCCGAAGTCTCTGTTTCCCGTGTGGCAGTGCGGCTCGTCCCCTGAT
A

61
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301

361
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961
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1081

1141
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T Q E A P K S L F P V W Q C G S S P D

GGTTTCGTCACTCTGGGCTGCCTCACCCGCGACTTGGCAACCGGCGATGGACTGAGCTAC
G F vTULGO CULT RDILATGDGUL S Y

GTTTGGAAGGATGCGAGCGGCACCGCGCTGACTACCGTTGTACAATACCCGGCAGTGCTG
vV wW XK DA S G T AL T T V V Q Y P A V L

GACAACGGAAAGTACTCCTCAGTGAGTCAGGCGCGCGTCACTGCTACCGAGTGGGACGCG
D N G K Y § S Vs Q ARV TATE W D A

AACAAGCCGTTCACTTGCCAAGTCACTAATTCCATTGGAACCGCAACGGCGAACGTGCAA
N K P F T C Q v T™N S I G T A T A N V Q
—»Cg_ighu2
AAACCACCTCTCGTCATCCCAGCAAAATCTCTGCTTCTAACAGCTCCGAGCCAAACAGAA
K p P|/IL VI P A K S L L L T AUP S Q T E

ATAGACAATGGAACAGCTACCTTCATCTGCTTAGCTTCAGAATTTTCACCTAAAACGCAC
1 b N G T AT F I CL A S EF S P KT H

ACATTTAAGTGGACCCGTGAAAAGACAAGCCTCGATAGTAAGGCAAAAGCCCCAATTTTA
T F K W T R E K T S L D S K A K A P I L

ATCCCGGGACAAAAAATTTACAGTGCCTTAAGCATTTTGGAACTCACTGCCAGCGAATGG
I P G Q K I Y s AL s I L E L T A S E W

ATGGGCTCAACTTCTCCAGTTAAGTGTGAGTTCCAGCACAAGGAACAGACTCTGTCCCAG
M G S T s P V K C E F Q H K E Q T L S Q

Cg_ighu3
GAAGCAAGTCATGGGACAFGTGAGGAGCAGCCAAAAATGACAATAAGTCCACCTTCCAAT
E A S H G T|IC E E Q P K M T I S P P S N

GGCATTCTTATCAATAGATCTGCTGATATTGTGTGCAAGGCTGAAGGACCAATGGGTTTC
G I L I N R S A DI V C K A E G P M G F

ACCGCCATTAAATGGGTTGTTAACGGTAAAGAGGTTGCTTCCCTACCTCAAAGCGATGTG
T A I K W V VvV N G K E V A S L P Q s D V

TCTTCGAAGACAGCGATCTCACTCACCACCACAATCTCTTATGAAGAGTGGCATACTGGC
s S K T A I s L T T TTI S Y E E W H T G

ACCAAATTTACCTGTGAGGTGTATCATTCAGCATTAGCTCAGGGATTTATACAAGAAGAC
T K F T ¢C E VvV Y H S A L A Q G F I Q E D
Cg_ighu4
TACCAAAGAGTAAACGGCCAAACGCAATGCCCAGAGCTTTTCTTGCTCCCTCCACCAGAG
Y 0 R V N|IG Q T o C P E L F L L P P P E

AGCTCAAAGGGGGATTCAATGACCCTGACTTGCTATATTAAGGACTTCTACCCTAAGGAG
s S K G bDbs M TULTT CY I KD F Y P K E

GTTGCTGTGTCTTGGCTTGTTGGTGATAAACTAGTGGACAATGAGAGCACTGTTAAAGTT
vV AV s WL V GD K L VDNE S T V K V

ATTGAGAAAAATGGCATCTTTTCAGCATACAGTCAGCTAATTGTCGATAGGGCAGACTGG
I E K N G I F S A Y S Q L I VvV D R A D W

GAAAATGGCACTGTGTTCACCTGCAATGTTTATCATGAGTCCATCGTAGAGAGTGTGCGC
E N G T V F T C N V Y HE S I V E S V R

CACCTTTCTAGATCCGTTGCTGGTAATTCAAATCCACCCTCCGTAGTGAATCTCAGCTTA
H L S R S v A G N S N P P S V V N L S L

AATGTTCCCCAAAACTGCCCAAATGCTCTGTAAAGCTGATGCCGGGTTACTACATTGAGA
N VvV P Q N C P N A L *

CAGAAACTGATGATGAAAACGTGGCAAACACTGCCTTAACATTTGTATTTCTCTTCCTCA
TCACTCTGTTCTACAGCATCGGGGTGACTGTTATCAAGGTGAAATAATAAATGCAATTAA
AAGCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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Supplementary Fig. 9. Nucleotide and translated amino acid sequences of the secreted
IgM constant domain of the north African catfish (Cm_sigM 1.1, GenBank accession
number MN934750) and hybrid catfish (hybrid:Cg_slgM 1.1, GenBank accession number
MN934752). The sequence was consisted of four CH domains: Cu1-Cu2-Cu3-Cp4. The
atypical polyadenylation signal (AATTAAA) in the 3'-UTR was bold.



1 GCAACgIT\ggXGAAGCCCCGAAGTCCCTGTTTCCCGTGTGGCAGTGCGGCTCGTCCCCTGAT 60 3661 gagatcctggtgctgaccaaccttttctacaatgagacagaacttgatgatgacaacgtg 3720
T Q E A P K S L F PV WOQT CG S S P D 3721 gcaaccactgccttaacatttgtatttctcttecctcatcaccctgttctacagcatcggg 3780
61 GGTTTTGTCACTCTGGGCTGCGTCACCCGCGACTTGGCAACCCCTGATGGACTGAGCTAC 120 3781 gtgactgttatcaaggtgaaatgagaaacaactaatggaacgattttgattttctctetg 3840
G F V T L, G C V T R DLATUPUDGTIL S Y 3841 ttttttttttcttcagtataatgttctgagttaccctttctgttaaactatcttctctta 3900
121 GTTTGGAAGGATGCGAGCGGCACCGCGCTGACTACTAACGTTGTACAATACCCGGCGGTG 180 ggg} EitzitttCCitgtattttatit:tgta:atacttttttgtcatttaaitgttggatttt 23 gg
W K DA S G T A T N V V Q P AV catgc actcaaatctcaaataaaaaaaaatgaagaaagataataataaaca
181 ATCGAGGGCGGAAAGTACTCCTCAGTGAGTCAGGCGCGCGTCAGTGCTAACGACTGGAAC 240 4021 ttaagtattttaaataagataacagagaatgatctaaagctccccccacaatctgacaat 4080
I E G G K Y s v A RV S A ND W N 4081 gtgtgtatgtgtctgtttgcattcatgtattacttttgtcaagctttatttgttgectectg 4140
241 GCGAACAAGAAGTTCACTTGCGAAGTCACTAATCCCCGGGGAACGAAAACGGCAGAGCTG 300 4141  tgttagttaaacttcaatattttcattaaggttgcaatggcttagtttaatagtgtttta 4200
A N K K F T C E V T™DNUZPT RTGT E KTO ATE L 4201 tctccagcaagccaagacatttagcacctctggtaatgtagagagtttttttctaccectt 4260
301 AAAAAGCCAgtaggcgaaaaatacctcaaaacaccattttgtgtgattttcaaataagca 360 2%2} ttzttttcatgzcagggttizcgatitaatgttiictaaa:aacaztaczccaaagcttt 2§§g
K K P catactagaaatcgacttattgggctacaccaattagccataacataaatgccacaaaac
361 gtaaaagtcgtttggttcattttattctgtcccttttacgaataaacatgaaaataattg 420 4381 attaacagtgattgcttatcaattttataccagtaaactggtgacagggtcatgtgcace 4440
421 caccttaaggcgcagtgccgaagatttaatatttacttaaaatgtaattaaaaatacata 480 4441 caaggctcaaaggccagcccatctggtccaatcccaaagaaaagocaatctagcagaaat 4500
481 accttgatggtgcctccctattgataagagaatgtacaggttatactgtgcttagtttac 540 4501 tgctgaaaaacaccagaacacctagtgcagcacatcctgcacatgtgcacaaagggatct 4560
541 tgaaactgactgtgtcaggtgcatttgatattatggtcaatgcatagtacccaagaaatc 600 4561 acaattatgggcataatgttttgtgttgcaatgttatgtctgattggtgtaatcccatga 4620
601 aaatagtaatacatttgcttaaacaaataaaaattaaaaactacacttaaacatttataa 660 4621 gagggagtgctgatgtgctggatatcagcatggctgtgatacaatcatagtcatgagggt 4680
721 attaagtgaagtttctttaaagctccattatttaaatagaagggttaaaaaccaacagta 780 4681 gcagctggagctgacaaccaagﬁg%&ﬁgcacccaacagttagtgtatttaacaggtaatt 4740
781 tcactacacacacacacacacacacacacacacacacacacacacacacacacacataga 840 4741 ttgggatggaaatccag| ATGCCf&AACATTTGTATTTCTCTTCCTCATCACCCTGTTCT 4800
841 tgtgttagagtggcactaatcagactgtttcagacaatcagaaaaataaaagattcaaat 900 Yy A L T F V F L F L I T L F
901 aaagtactgtttatcctcagaaccctgagtggacatatacttgtagatgtttaaaacttt 960 4801 $CAGCATCGgthattggattgaaaggaagttttgtaaaatttttcacccaacctccctt 4860
961 ctaatattttgtggtaatcttcttcttagctatatgtttaagctaattacagtctcagtg 1020
1021 tgagcattattctttgggaaaatgatgcaaatgacatgaaattagacggtaagcagaate 1080 4861 caaagatttttgattgaggttgatttcaattggctgaaatgaatcctcatgttcccagaa 4920
4921 tcatactttcacaatttgatcctgatgaatcacatagtcaacctagaatatgcctgtgge 4980
1081 aatatctgcagtagttttaatcactttaagttgtttaaataaaaaaaggaatgctgcagg 1140 1981 atcagagaagasaaaaatccattqcotaaaataat tgttttggecacacqgetgtt 5040
1141 tcttatcacactgagacagtctgctttggccattaaaaaggctgactaaaattttataat 1200 gagaag g 99999tg g9 ggetg
1201 toccaaaaagggaatcocggtgaatcacecctgggaaatatttaatgtaaagagtcaage 1260 5041 taatcccaattctttgttgcattgtgtttggaaataggtgtaatttctaactgtgagttt 5100
1261 attttaaaatccaaagcttatttactctctgtactctttctctgcaaatgctaaacaaag 1320 5101 ttatgatacaacttcacaaatcattattgactaattgctcacagactettaagtatttty 5160
1321 tott tttttttact ttat titt totatt tatottat 1380 5161 ctcatttaaattcagactgaaaatggaaactttttgaagcagcaggacaggcagagtatt 5220
cctgttgee actgaggettatgac cacatgtgttgccacagtatgtta 5221 tatatttggtgtaaagtcttcatatacagaaatttcccaaactgatagaaacatatattc 5280
1381 taaaatacactcaaatgtttgctgtggcaaaaacagtaataagtttgactagtaatatat 1440 5281 ttttaaatttcatgttacactgtaacaattggtcaaaagcatttaataaggggatttcta 5340
1441 tataatttaaggtgttctcagtatagaatttctccttatccctgctcaaaacctgctcta 1500 5341 taacagcagctctgacaataattttagctctataactttataagttataaaggtttttag 5400
1501 tacatgccatttgtttacccataattattttagtatagaatacaacatgatgggttctgt 1560 5401 taccacacagttagtaagtcactatcttttaactgcaaagaagagaaaaaagggaagata 5460
1561 tataggagaaatagcaataatcaagttggaagtgttatattacacttatgccacaccagt 1620 5461 atgagagtactgttttttatatatatgataaatgacattgttttgtggatatcctacatg 5520
1621 ttgctgatgtacaatatttcatttgtcttgaagttgtgaaaaaaaaaattatacaactaa 1680 5521 tactgtaaccataaatgtttaaaaaggttacaattgggaattaaattgctataagagaac 5580
1681 caatatgttactgagaaaaattaaaaccagttctttcatacaagttaaaacattgcctcc 1740 5581 gaaaacacttcaggaggtcctgttatagaataaagactatagaataaagattaaacaatt 5640
1741  tcacaaaatctccacaatattaatgaccaaaaatgtgtttatattactagactttagtgt 1800 5641 cactaataaacaaattacactctgttacttctagtattaattatagagtgatattaatta 5700
1801 ggactatatagtatatatatatacttgtgtaaatttttactacagaaattatatcatccc 1860 5701 taatatattccctacattaattatagattaatacaaagaataccatatagttaaaaattg 5760
1861 aactgcataagaattttacgatactctggtataaatttagatattatgaggtataaaaat 1920 5761 gttttctaatcaaatgtaattgtccactttacttactatactgtactgtactatactatt 5820
1921 agcatttttgtggtctaaatatactgtggcaacacattctatttctaatacctgcetatge 1980 5821 gttgtttgacttaatgttttaaataagtatgctccaaataaaatgattttgatgtgtcat 5880
1981 ctattgctgctgcatatggatctgtttgtttgttttgea GTTGTGS&EGACATCCCTGC 2040 5881 tgaggataaaagtaaatttaatgaattaagaataagggaaaatatattttaagctttgac 5940
v v e DI P A 5941 aatatacgatcgactggtttcatgcaaataataaataccttgaaaaagtcagatatattg 6000
2041 AAAATCTCTGCTTCTAACAGCTCCGAGCCAAACAGAATTAGAAAATGGAACAGCTACCTT 2100 6001 tgcgttggattttgttttattaatggcaagaaacttaaatcatattaaatattttgttct 6060
KSsSLLLTA®PSOQTTETLENSGTATTF 6061 acaacaaaatatatgtctaattcatcacctaatcagctgtttgtttgttttgtttttttt 6120
2101 CATCTGCTTAGCTTCAGAATTTTCACCTAAAACGTCCACATTTAAGTGGACCCGTGGAGG 2160 Cm_ighjitm2
I ¢c L ASTETF ST®PIE KTSTTFTEXKTWTTRTG G 6121 attttagtgttctgagttaccctttctgtatcatctagaagatctctacatcacggcag 6180
2161 AACAAGCATCGATAATAAGGCCAAAGACCCCATTTTAATCGCGGGAAAACCTACTTACAG 2220 6181 TGACTGTTATCAAGGTGAAATGGGAAACAACTAATGGAACGATTTTGATTTTCTCTCTGT 6240
rs I D NXAKD®PILTIASGEI RT®PTY § 6241 ¥TT¥TT¥TTCTT§AG¥AT§A SttEttz tgttNttSttzttIttgt It zt i Ltt 6300
2221 TTCCTTTAGTATTTTGGTACTCACTGCTGCCGAATGGACTGGCTCAACTTCTCCAGTTAA 2280 Fop o E g oy T AgtTgTEEgtttg attttagtgttetgag
S F §$ I L VLT AH-AMEWTSG ST S P V K 6301 accctttctgtatcatctagaagatctctacatcacggcaaatacttttggacatttaaa 6360
2281 GTGCGAGTTCCAGCAGAAGTCACAGACTCTGTCCAAGGAGGCAAGTTATgtatgtattaa 2340 6361 tgttggacatttttttcatgcatttactcaaatctcaaataaatatttgacaaaaatatg 6420
C E F K S Q T L S KEA A S Y 6421 caattaaaagtctaattgttttctgtatctttatttgaattatagtcagccttaaagtat 6480
2341 gttattctacttagtttttatgtaggaaaatttctgtaacagcatttgactttttcttac 2400 6481 agtgtttatgttattagcttatattacatgtctatattttattagtttttaataaaatta 6540
2401 accatagtataagacactgtttttaatcaaagagtacaaaatactcgttaaatcttgtaa 2460 6541 ttaagacgtttcgatgacagtagtgtttctctcagtttgctgttgaaacatagtaaaact 6600
2461 actgaaatttgatgtacttatttggcctttaatttgaatgaaatagcagtgatgttatat 2520 6601 attgagttatattatttattgatctttttagctaatagatgtagagatcctggtgctgac 6660
2521 gattattttattgctatgtgcattaaaactcaggtactttttctatattgtacatacaca 2580 6661 caaccttttctacaatgagacagaacttgatgatgacaacgtggcaaccactgccttaac 6720
2581 gtttctttaatgtaataattcatttgtttctctaaaaacttatttctacaccttcttcac 2640 6721 atttgtatttctcttcctcatcaccctgttctacagcatcggggtgactgttatcaaggt 6780
2641 agcactatgtgacccggagcagccaacaattéﬁg?%ﬁ?tcccacctccaacaatgacatg 2700 6781 gaaatgagaaacaataaa 6798
2701 cttcaaaaaattccgggattttccacad ATTATé&GACCCGGGAGCAGCCAACAATTAC 2760
H Y Vv TRE QP T I T
2761 AATAATCCCACCTTCCAACAATGACATGCTTATCAAAAGATCTGGCGACCTCGTGTGCAA 2820
I I P P S N NDMMTL I K R S vV C K
2821 GGCTGAAGGACCATTGGGTTTCACTGGAATTAAGTGGGTTGCTAACGGTAAAGAGGTTGT 2880
A E G P L G F T G w v N G K E V V
2881 TTCCCTATCTGAAAAAGTTGTGTCTACGAAGGCAGCGATCTCACTCACCACCTCAATCTC 2940
S L S E K vV VvVvs T KA AATISTL TT S I S
2941 TTACGAAGAGTGGCATAAGGGCATGAAATTTACCTGTGAGGTGCATCATTCCTCATTTGC 3000
Y E E W H K G M K F T C E V H H S F A
3001 TCAGGGGTTTATAACAGAAGTCTACAAAAGAGAAAATgtaggaaacgtgtttactatttc 3060
Q G F I T E V Y K R E N
3061 tacatatacttgcttttaatttgcatgagaaagctatatgaactttttaaaaaaagtaga 3120
3121 aaatcacattttatatccaatgctactgaaatgttaaagctttttttgttgttgtttact 3180
3181 tgtgaccaatgttcccaaacatacaaaaacaiggiﬁﬁgagaaggaaactgatcatgtttt 3240
3241 gttgttaactatgatttcatgttcatagGGCCGAACGCCTAACTGCCCAGGGGTTTTCTT 3300
R T P N P V F L
3301 GCTCCCGCCACCAGAGAGCTCAAATGGGGATTTGAAGACCCTGACTTGCTATATAAAAAA 3360
L P P P E S G DL K TUL T OC Y I K N
3361 CTTTTACCCTAAGGAGGTTGCTGTGTCTTGGCTTATTGGTGATAAACAAGTGGACAATGA 3420
F Y P K E V AV Ss WL I G D K Q V D N E
3421 GAGCATCACTAAAGTTATTGAGAAAAATGGCAACTTTTCAGCATACAGTCAGCTGATTGT 3480
I T KV I EKNGNUVF S A Y s QL I V
3481 CAATCAGGACTCCTGGGGAAATGGCACAGAGTTCACCTGCAATGTTTATCATGAGTCCAT 3540
N Q DS WGNGTEF T CNUV Y HE S I
3541 CATGGATAATCTTCGCCACCTTTCCAGAACCATTACTGGCACTTCAAATCCACCCTCCAT 3600
M D NLRHUL S R T I TG T S N P P S I
3601 AGTGAATCTCAGCCTAAATGTTCCCCAAAACTGCCCAAATCCTGGTCTGTAAgtgatgta 3660

V N L S L NV P Q N CP N P G L *

Supplementary Fig. 10. Complete nucleotide and translated amino acid sequences of the ighy gene
of the bighead catfish and their hybrid catfish (GenBank accession number MZ559374 and MZ559376,
respectively). The atypical polyadenylation signals (AATTAAA) in the 3'-UTR were bold.



Cg_ighut
1 |GCAACGCAAGAAGCCCCGAAGTCTCTGTTTCCCGTGTGGCAGTGCGGCTCGTCCCCTGAT
A

61

121

181

241

301

361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101

2161
2221
2281
2341
2401
2461
2521
2581
2641

2701
2761

2821
2881
2941
3001
3061
3121

3181
3241

3301
3361

3421

T Q E A P K S L F P V W C G s s P D
GGTTTCGTCACTCTGGGCTGCCTCACCCGCGACTTGGCAACCGGCGATGGACTGAGCTAC
G F VTULGCULTIRUDILATGDG L S Y
GTTTGGAAGGATGCGAGCGGCACCGCGCTGACTACCGTTGTACAATACCCGGCAGTGCTG
vV W K DA S G TAULTTV V Q Y P A V L
GACAACGGAAAGTACTCCTCAGTGAGTCAGGCGCGCGTCACTGCTACCGAGTGGGACGCG
D NG K Y S s Vs QAU RV TATE W D A
AACAAGCCGTTCACTTGCCAAGTCACTAATTCCATTGGAACCGCAACGGCGAACGTGCAA
N K P F T CQ VTN S I GTATA ANV Q
AAACCACCTgtgaaaaatactacaaaacataattttgtgtgtcttttccaaataagcagt

K P P
gaaagtcgtgtattattatatgtaaatattgacatatactcacacacgaacacacagaca
ctctcagggaagaaaaatgttaccaaacttttcttgcceccttggtgaggeccaagcatttg
attcattttattctgtaccttttacgaggaaacatgaaaataattgcaccttaaggccca
gtgccgtatatttaaatatttactctaaaagccaattaaaaatatgtaactttaaaacga
agcaatcgatgcatcttcaaataacaagagaatgtacagtttagactgtgcctagattac
tgatacagactgtggcaggtgcatttgatgcaatggtcaattaatttattatagattate
catagtaaacaagcaattaaatagtaatacatttgcttcaactaacaaaaattaaacatt
acactttaccattcatgatacttttaactttaattgtacaatatctgaatgttttattca
acacagtttaagcttacattaagtacattttctgtaaaggtacttcatttaaaaaagaag
agttaaaaccaacagtaagtaatgtatcatgatagataggggtggtagagtggcactaat
cagacggtttcagagaatcagagaaatcaaaaattcaaatacaacagtgtttttccttaa
agacctgagtggacataaactttaccaaatatttggtggtaatctctttcttagctacat
gtttaagcctattagcttatcagtctctgtgtgagcataatttttttgggaaaatgatge
aaatgacatgaaatcagacagtaagcaaaattcaatgtctgccattagtttttacttett
ttaagtccctttaaaaaaaaaaaaaaaaagaatgctgcatgtctaatcacactgagacca
gtctgctttggccattaaaatgtctgactaaaagttgattattcctaaaaaggctatcca
gttgaatcagcactggaatattttatgtcaagcattttaaaatccaaagtttatttactc
tctgtactctttctctgeccaatgectgaacaaagegtgtttetttttttactgaggettat
gactttttgcatgtgttgccacagtatgttatcagaatacactcaaatgtttgctgtgge
aaaaacagtaataagttagattttacagactagttatttaacttgttcccagtatagaat
ttttactttatccatgctcaaaacctactctatacttgacatttgtttacccataattat
tttattatagaatacaacatgatgggttctgttatagaaaaaatagctataatcaagttg
ttgaataatgtgaaatgttttattataattatgccacatcagtttgctgatataaaatat
taaatttgtcttgaagttaaaaaatgtaaatatatacaactaccaatattttactgagaa
gatttaaaaccagttctttcgtacaagttaaaatattgcctcctcacaaaaaaaaacaaa
aaaaaaactctgcaatattaatgcctttggaatttagtttgataaataactacacattta
aaaaatgtgtttgtattactagatttatattatgtatacaggtacttgtgtaaattgtta
aaatagaaataatatcatatcaactgcataagaattttatggcactctgatataaattca
gatataataagttataaaaaggcatttttgtggtcttaatatactgtggcaacacatttt
atttctaaactgcagtacctgctgtgecctattgectgectgegatatggatectgtgtgtttyg

Cg_ighy:
ttttgcaagctgagca#cECGgCATCCCAGCAAAATCTCTGCTTCTAACAGCTCCGAGCC

I P A K S L L L T A P S
AAACAGAAATAGACAATGGAACAGCTACCTTCATCTGCTTAGCTTCAGAATTTTCACCTA
Q T E I D NG T ATV FTI CULA S EF S P
AAACGCACACATTTAAGTGGACCCGTGAAAAGACAAGCCTCGATAGTAAGGCAAAAGCCC
K T H T F KW TR EI KT S L D S K A K A
CAATTTTAATCCCGGGACAAAAAATTTACAGTGCCTTAAGCATTTTGGAACTCACTGCCA
P I L I P G Q K I Y s A L s I L E L T A
GCGAATGGATGGGCTCAACTTCTCCAGTTAAGTGTGAGTTCCAGCACAAGGAACAGACTC
S EWM G S T s P V K CE F Q HKE QT
TGTCCCAGGAAGCAAGTCATGGGACAgtatgtattaagttattctacttaggttttatga
L S Q EA S H G T
ctatgattatttttttacaaatgaaaatttctttaacagcatttgacttcagtgttattc
ttacaccatagtataagttactgtttttaatgaaacaatacaaagtaattgttaaatctt
gtactcaaattaaatgtaataatttgttctttcatttgaatgaaatggtaatgatgtatt
attattttactgtaatgtgcaataaaattcaggtatttttccagattgtaaattcacagt
ttctttﬁfttacacaaaatatttgtttcttgataaacttatttctacaccttctttacag
TGTGAGGAGCAGCCAAAAATGACAATAAGTCCACCTTCCAATGGCATTCTTATCAATAGA

C E EQ P K M TTI S P P S NG I L I N
TCTGCTGATATTGTGTGCAAGGCTGAAGGACCAATGGGTTTCACCGCCATTAAATGGGTT

I

GTTAACGGTAAAGAGGTTGCTTCCCTACCTCAAAGCGATGTGTCTTCGAAGACAGCGATC
vV NG K E V A s L P Q s D V s S K T A

TCACTCACCACCACAATCTCTTATGAAGAGTGGCATACTGGCACCAAATTTACCTGTGAG
s L. T T T I S Y E E W H TG T K F T C E
GTGTATCATTCAGCATTAGCTCAGGGATTTATACAAGAAGACTACCAAAGAGTAAACgta
vV Y H S AL A Q G F I Q E D Y Q R V N

ggaatcgtgtttactttttctacatattcttgcttttaatttgcatgagaaagcttaaaa
aaaagcagaaaatcacatttttatatccagtgctactgaaattatatggaattattatat
gttaaagctttttttgttgttgtttacttgtgaccaatgttcccaaacgtacaaaaacaa

tttaagagaaagaaactgatcatgctttgttgttaactatgattttatgttcata GCC

AAACGCAATGCCCAGAGCTTTTCTTGCTCCCTCCACCAGAGAGCTCAAAGGGGGATTCAA
Q T o C P EL F L L P P P E S S K G D s
TGACCCTGACTTGCTATATTAAGGACTTCTACCCTAAGGAGGTTGCTGTGTCTTGGCTTG
M T L T C Y I K D F Y P KE VAV S WL

60

120
180
240
300
360

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160

2220
2280
2340
2400
2460
2520
2580
2640
2700

2760
2820

2880
2940
3000
3060
3120
3180

3240
3300

“4560

3420

3480

3481

3541

3601

3661

3721

3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921

4981

5041

5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121

6181
6241

6301

6361
6421
6481
6541
6601

TTGGTGATAAACTAGTGGACAATGAGAGCACTGTTAAAGTTATTGAGAAAAATGGCATCT 3540
vV G D KL VDNZES TV KV I E KNG I
TTTCAGCATACAGTCAGCTAATTGTCGATAGGGCAGACTGGGAAAATGGCACTGTGTTCA 3600
F s A Y S g L. I VDR AUDWWENGT V F
CCTGCAATGTTTATCATGAGTCCATCGTAGAGAGTGTGCGCCACCTTTCTAGATCCGTTG 3660
T ¢C N VY HE S I V ES VU RHIL S R S V
CTGGTAATTCAAATCCACCCTCCGTAGTGAATCTCAGCTTAAATGTTCCCCAAAACTGCC 3720
A G N S NP P S V VNTL S L NV P Q N C
CAAATGCTCTGTAAgtagctgatgccgggttactacattgagacagaaactgatgatgaa 3780
P N A L *
aacgtggcaaacactgccttaacatttgtatttctecttcctcatcactectgttctacage 3840
atcggggtgactgttatcaaggtgaaataataaacataaacaactgatggaatgagttcg 3900
atcttctctctgtttcgeccagtataatgttctgagttaaactttctgttaaactatecttg 3960
tctcagctacttttcatgtgttttatatctgtaaatactttttgtcatttaaatgttgat 4020
ttcttttcatgcttttactcaaatctcaaataaataaaaaaatgtaagaaagacaaacct 4080
tggtataaaacattaagtattttacatatgataacagagaatgctctaaagcttccccca 4140
caatctgacaatgtgtgtatgtgtctgtttgcattcctgtaatatttttgtcaagcttta 4200
tttgttgctctgtgttagttacatttcaatattttcattaaggttgcaatgtcttagttt 4260
aatactgttttatctcaagcaagccaagacattcagcacctctggtaatgtagagaattt 4320
tttctaccttcttccatgaaaggttgagggttatcaatatcatgtgtacctaagtgacac 4380
caaagctttcatactagaaactgacctattgagctacaccaattagtcataacattaacg 4440
ccacaaaacattaccacattaacaatgattggttattaatttttaccagtaaactggtga 4500
cagggtcatgtgcacccacggctcaaaggccagctcatctggtccaatcccacagaaaag 4560
ccaatgtagcacaaattgctgaaaaaagtaaatgctggccatgatagacccccgaacace 4620
cagtgcagcacatcctgtacatggcgctctgecggagecctaaggctactgacccagectet 4680
agacttcccaggtctcaatagaaccaagcatccaaggaatgccccagacaaacaggccca 4740
atccatcaaggccctaccccacaaaccacagcacacaaatgaatctggtgggtcccccat 4800
tccaggtatcacatcacaaaactccgaaggtcatgggcctgaaggggccaaaacttccca 4860
tgtggtcttaaaagggatcttcaccaattatggggcaaaaaggttttttggttttaaagt 4920
tattggccggaaagggggggaatccccctttaaaaggggttgattcccgqgttttttccc 4980
ttggggccgceas TATGCCTTAACATTTGTATTTCTCTTCCTCATCACTCTGTTCTACAGC 5040
Yy AL TV F V F L F L I T UL F Y S
ATCGGGgtaagtctgttatcaaggtgagaactgatcccagtaaacataaaccgggtgaat 5100
I
tcaggaacaaaaaaatgtggtgtgcaaacacagatgtttagttccaattctgtgaggtct 5160
tgttgcattgtgtatgggattgctcttacatttaacattaaacatagctgtaatttctaa 5220
cagtaatttttttaatgaaaaaacttcaccaatttattaattgacttcacttattgataa 5280
ataattcacagacttaattatttgcttattttaatttagacagaaaattaaaactttttt 5340
gagatggcagggcaggccaattccatgttccaaaatcactataagaaatggtaaaatcca 5400
attgggtaaagggatttaggaagaggatttctataacagcagctctgacaataatctttg 5460
ctatatagctctatcaattagaaaggtttttagtattacatatttagtaagtcactaatt 5520
ttcaacttcaaagcagagaaaaggggggtgatgacaggagtcctgtttatgtttgtgttt 5580
ttattatatatgacatctgtagatgtggatattgtaaccataaatgtttaaaaaggttac 5640
agttggaaatcctttgctaattgctatactacaatataaataaaacatttcaggaggtge 5700
cgttatagaataaatatagaataaaaatatatagaatacataaatcacttataaacataa 5760
aatcttaagtttttctaaactttgttagttatactgttcattatagaattatataaatta 5820
taatattttctctacattaattatagaccaatacaaagaacaccatatatttaaagattg 5880
catttttaatcaaatgtaattgtcaattttacttattgtactgttcataaaatgttgett 5940
gacccaatgttttaaataagtatgctgcaaataaaataattttaatttgtagttggggat 6000
aaaagtaaatgtttttaataaaaaataaaaaacaaggaaaatatattttaagcttaacag 6060
aatataatagacaggtttcatgcacatgtacagtaaatagtaaatacattggaaaagtca 6120
gaaatgtattgtgtgttttgtattttgtttatttaatggcaggaaaactctgacaatgtgh 6;80
Tghytm:
taaattcaaaaactgtcccaatatatttgaattcaccataaaaaagagagatta%E%G%é p6240
GAAATGGGAAACAACTAATGGAACGATTTTGATTTTCTCTCTGTTTTTTTTTTCTTCTTC 6300
K w E T TNGT I L I F S L F F F S s S
AGTATAAgtagctgatgccgggttactacattgagacagaaactgatgatgaaaacgtgg 6360
v *
caaacactgccttaacatttgtatttctcttectcatcactectgttctacagcatcgggg 6420
tgactgttatcaaggtgaaataataaacataaacaactgatggaatgagttcgatcttct 6480
ctctgtttcgccagtataatgttctgagttaaactttctgttaaactatcttgtctcage 6540
tacttttcatgtgttttatatctgtaaatactttttgtcatttaaatgttgatttetttt 6600
catgcttttactcaaatctcaaataaatgcaataaaagcc 6641

Supplementary Fig. 11. Complete nucleotide and translated amino acid sequences of the ighuy gene
of the bighead catfish and their hybrid catfish (GenBank accession number MZ559375 and MZ559377,
respectively). The atypical polyadenylation signals (AATTAAA) in the 3'-UTR were bold.



VH Number VH DH JH

VH 51 GCA AAA GAGGTTTACGGT TAC TTT GAC TAC
VH 33 GCA AGA TCTCGGGAATTGGGT GCT TTT GAC TAC
VH 6 GCA AGA TACGGGGAATTGGGT GCT TTT GAC TAC
VH 92 GCT CGG GGCTACGGT GCT TTT GAC TAC
VH 94 GCC AGA GAAGTGGGGGGCTTCGGT GCT TTT GAC TAC
VH 50 GCA AGT ACGGCCCCCGGT GCT TTT GAC TAC
VH 48 GCT AGA GAGGGATACCGGGGTGGGGGT GCT TTT GAC TAC
VH 75 GCG CGC TGGAGCAGCTCCCTTTACTAC GGC TTT GAC TAC
VH 29 GCA AGA AGCAGCTGGGCC GGC TTT GAC TAC
VH 100 GCA CGT CGGATAGCAGCTGGGATCTAC GGC TTT GAC TAC
VH 65 GCG CGA CAGTCAGATAGCAGCTGGGGTCCC GGC TTT GAC TAC
VH 79 GCT CGT CGCATGAGGGATAGCAGCTGG TAC TTT GAC TAC
VH 45 GCA AAG TTGGATAGCAGCTCG TCC TTT GAC TAC
VH 10 GCA AGT TACATCCCTGGGGGGGTATAC GGC TTT GAC TAC
VH 27 GCA AGA CACGGTGGGGGG GGC TTT GAC TAC
VH 49 GCA AAA GGTGGGGTGGGGGGG TAC TTT GAC TAC
VH 61 GCA AGA TGGGGGGGTACC TAC TTC GAC TAC
VH 9 GCA AGA TATCCGGGATTACC TAC TTC GAC TAC
VH 81 GCC CGT AAAAATAACTACGGCGCCGATAATACC TAC TTC GAC TAC
VH 63 GCA CGA GACGGGAACTAC TAC TTT GAC AAC
VH 46 GCA AAG TACATAGGGTCTGGAGCC TAC TTT GAC TAC
VH 18 GCA AGA TACCACCCGGGGATAT TAC TTT TAC TAC
VH 32 GCA AGA TACCACCCGGGGATAT TAC TTT GCC TAC
VH 68 GCA CGG GAATACCCGGGTGGATAC GGC TTT GAC TAC
VH 91 GCT CGT ACCCGGTATAGCTATGGCTATTCCTAC GGC TTT GAC TAC
VH 83 GCC CGA GAGATAACCGGGGGCGGATCTCACTAC GGC TTT GAC TAC
VH 12 GCA AGA GAGGCAGGG GCT TTT GAC TAC
VH 43 GCA AGA GAGTATTGGGGTAATGGT GCT TTT GAC TAC
VH 85 GCC CGA GATTGGGGTAATAGCCACAAT GCT TTT GAC TAC
VH 53 GCA AGA TACGCGGTAGCTGGTATACAT GCT TTT GAC TAC
VH 76 GCA CGC CAGGGTAGCTGGTATTAT GCT TTT GAC TAC
VH 21 GCA AGA TCTCGAGGTTAC GGC TTT GAC TAC
VH 4 GCA AGA TACCGAGGTTAC GGC TTT GAC TAC
VH 41 GCA AGA GATTATAGCTATGGTAGTGACGAC TAC TTT GAC TAC
VH 14 GCA AGA GAGTACGCGGCAGGGTATAAT TAC TTT GAC TAC
VH 23 GCA AGA GCGGGAGAT TAC TTT GAC TAC
VH 88 GCC AGA GCGGGGCCTACGTACGGCGAT TAC TTT GAC TAC
VH 52 GCA AGA GCTCCCGGATGGACT GCT TTT GAC TAC
VH 7 GCA AGA GGGICCGGATGGACT GCT TTT GAC TAC
VH 35 GCA AGA GGGAGCACCGGT TAC TTT GAC TAC
VH 36 GCA AGA GGGAGCCCGGCCGGT TAC TTT GAC TAC
VH 34 GCA AGA GAACATTATAGCTCCAAT GCT TTT GAC TAC
VH 17 GCA AGA GAATATTATAACTACGACGGT GCT TTT GAC TAC

Supplementary Fig. 12. Partial nucleotide sequences and Vu-Dr-Jn junction diversity of
the VH domain of IgM heavy chain in bighead catfish. Core DH nucleotides are
highlighted in yellow. Palindromic sequences or P-nucleotide are underlined with red.
The N-diversity or N-nucleotides are non-highlighted letters which essentially observed at
the VH-DH-JH junctions. The partial sequences are from a hundred unique
nonredundant clones of VH domain, NCBI accession number sets are ordered from
MNO34442 to MN934541, respectively. Core DH segments were predicted using online
tools, IgBLAST (https://www.ncbi.nlm.nih.gov/projects/igblast/), IMGT/HighV-QUEST
(http://www.imgt.org/IMGT_vquest/input), VDJsolver 1.0 Server (http://www.cbs.dtu.dk/
services/VDJsolver/).
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VH Number VH DH JH

VH 6 GCA AAG TACATAGGGTCTGGAGCC TAC TIT GCC TAC
VH 6 GCA AAA CCGCTCGGCTACGCTGAC TAC TIT GAC TAC
VH 8 GCA AGG ACCGATGAC TAC TTT GAC TAC
VH 22 GCA AGC CCGTGGGGTAGTGGGGAC TAC TIT GAC TAC
VH 43 GCA AAG TACAGGGACCATAGCCACCGGTACGAC TAC TIT GAC TAC
VH 29 GCG CGA GGTTATACCCGGGTGGGGGACTACGGT TAC TIT GAC TAC
VH 71 GCC CGT CGGGTAGTGGGATACTACGT TAC TIT GAC TAC
VH 31 GCT CGG GAACCGGTTAGCTATGGTAGTGCTACC TAC TIT GAC TAC
VH 72 GCA CGC AGAACGTATAGCTCTGTCTATCACGGT GCT TTT GAC TAC
VH 75 GCC CGA GTCGACTATAGCTCTGTCTATTCCTACAAT GCT TTT GAC TAC
VH 14 GCA AAG TACCGGGATGGATACGGT GCT TTT GAC TAC
VH 44 GCA AGA GACTGGAICGACGGT GCT TTT GAC TAC
VH 53 GCC CGG GAGATCAGTCCTGGTGTCACC TAC TTC GAC TAC
VH 86 GCA AGA GACCGGGGTAGTGGTGAG TAC TTC GAC TAC
VH 28 GCA AAG TTGGATAGCAGCTCG TCC TIT GAC TAC
VH 94 GCA CGC TACGGGAGCTGGAGCAGCCGC TAC TTT GAC TAC
VH 54 GGC AGG CGAGCTGGAGCTGGC TAC TIT GAC TAC
VH 67 GCT CGT CGCATGAGGGATAGCAGCTGGAGT TAC TIT GAC TAC
VH 100 GCT CGT TTCCCAGCTGGAGGC TAC TTC GAC TAC
VH 19 GCA AGC CTTTATGGTAGCTACGCCGGCTAC TAC TIT GAC TAC
VH 33 GCG CGC AACATACATGGTAGC TAC TIT GAC TAC
VH 76 GCG CGC AACATCCGTAGA TAC TTT GAC TAC
VH 19 GCA AGC CTTTATGGTAGCTACGCCGGCTAC TAC TTT GAC TAC
VH 33 GCG CGC AACATACATGGTAGC TAC TTT GAC TAC
VH 76 GCG CGC AACATCCGTAGA TAC TTT GAC TAC
VH 66 GCA AGA TACGAACGTTACGGGGGG GCT TTT CAC TAC
VH 90 GCA AGA CACTATATACCCGGAAC GGC TTT CAC TAC
VH 63 GCG CGA GAGAGGCAAGAGGGGCAGCCAC  GGC TTT CAC TAC
VH 73 GCT GTC TATTACTGCGTTCGCTACATGAGG GGC TTT CAC TAC
VH 36 GCA AAA GGACATCCATATAGCTGGAGC AGC TTT CCC TAC
VH 7 GCA AGA GTCGGGCTCTACTAC GGC TTT GAC TAC
VH 18 GCA AGA GTCGGGCTCTACTAC GGC TTT GAC TAC
VH 35 GCA AGA GGCCGGTATAGTGGCTATAACTATGGT TTC TIT GAC TTC
VH 48 GCA AGA GGCCGGTATCCTGGCTATCCCTATGGT TTC TTT GAC TAC
VH 87 GCA AGA TACAGGTATAGTGGCTATGGTGAGGGT GCT TTC GAC TAC
VH 84 GCC AGA GAGTACTCGGGT CGG TTT GAC TAC
VH 1 GCA AAG TACATAGGGTCTGGAGCC TAC TIT GAC TAC

Supplementary Fig. 13. Partial nucleotide sequences and Vu-Dr-JH junction diversity of
the VH domain of IgM heavy chain in north African catfish. Core DH nucleotides are
highlighted in yellow. Palindromic sequences or P-nucleotide are underlined with red.
The N-diversity or N-nucleotides are non-highlighted letters which essentially observed at
the VH-DH-JH junctions. The partial sequences are from a hundred unique
nonredundant clones of VH domain, NCBI accession number sets are ordered from
MN934542 to MN934641, respectively. Core DH segments were predicted using online
tools, IgBLAST (https://www.ncbi.nlm.nih.gov/projects/igblast/), IMGT/HighV-QUEST
(http://www.imgt.org/IMGT_vquest/input), VDJsolver 1.0 Server (http://www.cbs.dtu.dk/
services/VDJsolver/).
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VH Number VH DH JH

VH 21 GCA AGG TTGTATAACTCTGGCTATGGTGCCGTCTAC GGC TTT GAC TAC
VH 95 GCG CGA CAGTCAGATAGCAGCTGGGGTCCC GGC TTT GAC TAC
VH 67 GCA AGA GGAGAAAACGAAATCACTACGCCTACC TAC TTC GAC TAC
VH 71 GCA AGA TATCCGGGATTACC TAC TTC GAC TAC
VH 37 GCA AGA ACGGGGGTGGCC TAC TTC GAC TAC
VH 94 GCC CGG GAGATCAGTAGTGGTGTCACC TAC TTC GAC TAC
VH 22 GCA AAA TACTATAACTACGCC TAC TTC GAC TAC
VH 06 GCG GGA GAGGGGGCTCCTACC TAC TTC GAC TAC
VH 18 GCC AAA GGTGGTTATACT TAC TTC GAC TAC
VH 12 GCA ATG TATAGTTTTGGC GTC TTC GAC TAC
VH 24 GTC CGG GGACTTGACTAC GTC TTC GAC TAC
VH 34 GCG AGT ACGGCCCCCGGT GGT TTT GAC TAC
VH 25 GGA AAA GGACAATATGGGGGGTCCGAC TAC TTT GAC TAC
VH 15 GGA AGA TGCCCCTATTGGGGTAGTAGTGAT TAC TTT GAT TAC
VH 13 GCA AGA ACCGCTGGACCAGCTCTC CCT TTT GAC TAC
VH 39 GCC AGA CATTTGACGTATCTGGGTCC GTC TTT GAC TAC
VH 88 GCC CGA GAGATAACCGGGGGCGGATCTCACTAC GGC TTT GAC TAC
VH 26 GCA AGA GGCCGGTATAGTGGCTATAACTATGGTGCC TTC TTT GAC TTC
VH 85 GCA AGA GAGTACGCGGCAGGGTATAAT TAC TTT GAC TAC
VH 43 GCA AGA GAGTACGCGGCAGGGTATAAT TAC TTT GAC TAC
VH 42 GCA AGA GAGTACGCGGCAGGGTATTAT TAC TTT CAC TAC
VH 07 GCA AGA GCGGGAGAT TAC TTT GAC TAC
VH 30 GCA CGA GAGGGAGAT TAC TTT GAC TAC
VH 36 GCA GTA GAGACCCCGGGGTAT TAC TTT GAC TAC
VH 02 ACC CGA CTGGCTGGGGGGGATGAT TAC TTT GAC TAC
VH 01 GCA GAA AATACGGGTCACGAA TAC TTT GAC TAC
VH 60 GCA AGA GGCCGTCGGGAA TAC TTT GAC TAC
VH 27 GCA AGA GAACTATGGATCTGGTATTTGA GAC TTT GGC TAC
VH 11 GCA AGA GTCGGTATAATGGCGTACGGT GCT TTT GAC TAC
VH 17 GCA AGA GTCGGTATAATGGCGTACGGT GCT TTT GAC TAC
VH 33 GCC AGA GAGTATAGCTCTGTCTATGGTGCCCTCAAT GCT TTT GAC TAC
VH 38 GCA AGA GATACCACTGTATAGCTCTGTCTATGGTGCTACGGT GCT TTT GAC TAC
VH 98 GCA CGG GAATACCCGGGTGGATAC GGC TTT GAC TAC
VH 09 GCG AAA CCTCTAACTATGCGGTAC GGC TTT GAC TAC
VH 28 GCA AGA GAGAGGGACAAT GCT TTT GAC TAC
VH 86 GCA AGA GAACATTATAGCTCCAAT GCT TTT GAC TAC
VH 04 GCA AGA CTGGGGTAC GCT TTT GAC TAC
VH 16 GCA AGA CTCGCTCATTCGGGTAGTGGTTAT ACT TTT GAC TAC
VH 05 GCA AAA TTAACAGCTAAT GCT TTT GAC TAC
VH 80 GCA AGA TACGCGGTAGCTGGTATACAT GCT TTT GAC TAC
VH 29 GCA AGA GACGCAGGTGGAGCAGGGGTG GTC TTT GAC TAC
VH 44 GCA AGA TACGAACGTTACGGGGGG GCT TTT GCC TAC

Supplementary Fig. 14. Partial nucleotide sequences and Vu-Dn-JH junction diversity of
the VH domain of IgM heavy chain in hybrid catfish. Core DH nucleotides are highlighted
in yellow. Palindromic sequences or P-nucleotide are underlined with red. The N-diversity
or N-nucleotides are non-highlighted letters which essentially observed at the VH-DH-JH
junctions. The partial sequences are from a hundred unique nonredundant clones of VH
domain, NCBI accession number sets are ordered from MN934642 to MN934741,
respectively. Core DH segments were predicted using online tools, IgBLAST (https://
www.ncbi.nlm.nih.gov/projects/igblast/), IMGT/HighV-QUEST (http://www.imgt.org/
IMGT_vquest/input), VDJsolver 1.0 Server (http://www.cbs.dtu.dk/services/VDJsolver/).
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ighu-CH14 1 2 3 4 5 6

Bighead catfish 1 - 100.00 82.35 82.35 72.55 38.61
L Their hybrid (mIgMH) 2 100.00 - 82.35 82.35 72.55 38.61
African catfish 3 82.35 82.35 - 100.00 66.67 38.61
Their hybrid (slgMH) 4 82.35 82.35 100.00 - 66.67 38.61
Channel catfish 5 72.55 72.55 66.67 66.67 - 47.52
Zebrafish 6 38.61 38.61 38.61 38.61 47.52 -
non-ighy exons 1 2 3
= Bighead catfish 1 - 57.73 34.63
e Channel catfish (IgDH) 2 57.73 - 36.49
— Zebrafish (IgDH) 3 34.63 36.49 -
ighu-CH2 1 2 3 4 5 6
Bighead catfish 1 - 100.00 77.23 77.23 57.84 36.89
L Their hybrid (migMH) 2 100.00 - 77.23 77.23 57.84 36.89
African catfish 3 77.23 77.23 - 100.00 57.28 33.98
Their hybrid (slgMH) 4 77.23 77.23 100.00 - 57.28 33.98
Channel catfish 5 57.84 57.84 57.28 57.28 - 34.62
Zebrafish 6 36.89 36.89 33.98 33.98 34.62 -
ighu-CHs 1 2 3 4 5 6
Bighead catfish 1 - 100.00 69.70 69.70 45.92 32.99
L Their hybrid (mIgMH) 2 100.00 - 69.70 69.70 45.92 32.99
African catfish 3 69.70 69.70 - 100.00 43.75 25.00
Their hybrid (slgMH) 4 69.70 69.70 100.00 - 43.75 25.00
Channel catfish 5 45.92 45.92 43.75 43.75 - 30.85
Zebrafish 6 32.99 32.99 25.00 25.00 30.85 -
ighu-CHa 1 2 3 4 5 6
Bighead catfish 1 - 100.00 74.40 74.40 54.03 43.22
L Their hybrid (mIgMH) 2 100.00 - 74.40 74.40 54.03 43.22
African catfish 3 74.40 74.40 - 100.00 57.72 44.07
Their hybrid (slgMH) 4 74.40 74.40 100.00 - 57.72 44.07
Channel catfish 5 54.03 54.03 57.72 57.72 - 42.62
Zebrafish 6 43.22 43.22 44.07 44.07 42.62 -
ighpy-TM 1 2 3 4 5 6
Bighead catfish 1 - 100.00 97.50 - 84.00 76.00
L Their hybrid (migMH) 2 100.00 - 97.50 - 84.00 76.00
African catfish 3 97.50 97.50 - - 85.71 80.95
Their hybrid (slgMH) 4 - - - - - -
Channel catfish 5 84.00 85.71 85.71 - - 72.00
Zebrafish 6 76.00 80.95 80.95 - 72.00 -
Overall ighy-CH1-CH2-CH3-CH4 1 2 3 4 5 6
Bighead catfish 1 - 100.00 75.81 75.81 57.48 38.44
L Their hybrid (mIgMH) 2 100.00 - 75.81 75.81 57.48 38.44
African catfish 3 75.81 75.81 - 100.00 56.97 36.34
Their hybrid (slgMH) 4 75.81 75.81 100.00 - 56.97 36.34
Channel catfish 5 57.48 57.48 56.97 56.97 - 39.95
Zebrafish [ 38.44 38.44 36.34 36.34 39.95 -

Supplementary Table 1. Similarity of amino acid sequences of the ighy gene of the bighead catfish,
north African catfish, hybrid catfish, channel catfish and zebrafish. Percent sequence similarity of ighu
gene determined using MATGAT version 2.0 software.



