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Figure S1. Switch frequency in individual sharks.

Panel A. Switched Ig in shark pups. Left. RNA was isolated from non-immunized pups AQ, LA, TH, and EC and immunized sharks JS (HEL) and GR (Ebola virus).

First strand cDNA was primed with a universal CH2 primer (CH2-3’) and PCR was performed with G2A/B-specific reverse primer (G2CH2R) and universal forward primer
(V1-5) for 30 cycles. The PCR products were incubated with (+) and without BstEll (0) and electrophoresed.The filter was incubated with a probe detecting only the VH,
and the lane between 8 and 9 shows marks for the hybridizing PCR fragments sized ~777 bp, ~647 bp, and ~322 bp. Right. Predicted PCR products and results of their
cleavage with BstEIl. Non switched G2B (green) contains no BstEll sites whereas non switched G2A (blue) contains one in JH segment and one in Cp2 (arrows).
Digestion with BstEll generates a ~322 bp G2A band and ~777 bp G2B band detected by vh probe (as underlined). The ~647 bp band found in adults but not in pups
indicates few G2 sequences are switched (or mutated) in very young animals.

Panel B. Frequency of switching to G2A alone or to G2B alone.Left. RNA was isolated from non-immunized neonate AQ (lane 1-3), and adult 33 (4-6) and from
immunized sharks GR (lane 7-9), JS (lane 10-12), and PI (lane 13-15). The organ source was spleen in all cases except shark-33 epigonal organ. First strand cDNA
was primed with G2A or G2B-specific oligonucleotide (G2A-C2a, G2B-C2a) and PCR was performed respectively with G2A or G2B-specific reverse primers (G2A-C2b,
G2B-C2b) and universal forward primers (V1-5) for 35 cycles. The PCR products were standardized for uniform signal intensity to vh probe and these adjusted amounts
were incubated with (+) and without BstEIl (0) and electrophoresed. The G2B PCR products were also incubated without BstEll, but are not shown. The filter was
hybridized with a probe detecting only the VH. Right. Predicted PCR products and results of their cleavage with BstEIl. Non-switched G2B (green) contains no BstEll
sites whereas non switched G2A (blue) contains one in JH segment (lighter shade) and one in Cu2. Digestion with BstEll generates a ~322 bp band with G2A and

~777 bp G2B detected by vh probe in non switched sequences. Left. The ~647 bp band in lanes 5, 8, 11, and 14 indicates the absence of the BstEll site in the JH of
G2A, either a mutation or non-G2A VDJ (tan) that is from G2B, G3, or G4 (see Figure 3, lack of BstEll sites). Right. A ~322 bp band appearing in lanes 3, 6, 9, 12 or

15 would have indicated a non-G2B VDJ that is from G2A, G1 or G5 (see Figure 3, presence of BstEll sites). The BstEll fragment detectable by the probe is underlined.

Panel C-E. Switching to G5 constant region. C. RNA was isolated from neonate AQ (lane 1, 2), adults 33 (3, 4), GR (5, 6), and JS (7, 8). First strand cDNA was primed
with G5C region primer (G5C2) and PCR was performed universal forward primers (V1-5) and G5 C region primer (G5CH1R) for 40 cycles. The PCR products were
incubated with and without Bam HI for one hour and electrophoresed. The filter was hybridized with a probe detecting only the VH. Arrows in lanes 4, 6 and 8 indicate
sequences not cleaved by Bam HI, the ~600 bp fragments that isolated and cloned. D. G5 PCR products digested with Bam HI. Digestion of non-rearranged (GL G5)
transcript in shark-AQ is depicted at the top. Rearranged sequences were cleaved into ~503 bp and 97 bp fragments. G5 with mutated Bam HI sites or non-G5 VDJ
(switched) did not cleave and these were isolated (arrows) by gel extraction and cloned into pGEM. E. Tabulation of results for switch to G5 C region from three individuals.
After BamHI digestion the 600 bp resistant fragments were cloned and analyzed. Of the portion that was negative for the BamHI site on re-screening, some sequences
proved to be mutants and others non-G5 (switched) VDJ. In the neonate AQ the 600 bp fragment that remained after Bam HI digestion proved to be almost entirely
non-rearranged. Accession numbers of switched sequences from JS are (GQ359852, GQ359856, GQ359858, GQ282627) and from GR

are (GQ359826-GQ359831, GQ359848-GQ359851).



I LvDJ II

First strand synthesis

PCR

—« G2A-C2a (G2A specific)
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GAL-> ~ GACH1B
G5L2 > — G5CHIR
I. G4A VDJ to G5 C region
Clone VH flank JH CH
G4A TGTGCAAGAGAC ACTACTTTGATAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG TGACACCGTCTTCC
G4G5-39 TGTGCC CGGGGGGCAACTGGGGGAGC CTTTGAAAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
104 TGTGCC CGGGGGGCAACTGGGGGAGC CTTTGAAAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
G4G5-33  TGTGCA CAAGTATCTAATGAGTACCCCCGAACAAGTATTTCGGGA TTTGATAACTGGGGACAAGGAACCATGGTGACTGTAGCTTACG ACACCGTCTTC
G4G5-3*  TGTACAAGA CGTTCGCACGAGTATTCAGTTCGGCTTGATACTAAGTGGGACCCCCTT TTTGATAACTGGGGTGAAGGAACCATGGTCACTGTGAGCTTAG ACACCGTCTTC
G4G5-66 TGTGTA CTAGAGACGACTGGGGGAGTTCCGGGGG ACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
G4G5-17* TGTCAAAG TCACCGATACTACAGTAGGCAGGGGACGCTCCGAGACACT TGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
G4G5-4 TGTGCAAG GGCGCCATACAGTAGGTACAGACTGGGCC ACTTTGATAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
118* TGTGTAACA CGGTACTACAACCGTGGCTGGGGCCCTCGATCA TTTGATAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
38 TGTGC TCGGACCGTATGGCCCC ATAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
108 TGTGCAT CATCTAGCCACAGGGGT TTCGATAACTGGGGAAAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
119 TGTGCAAG GCAGAAAGGTAGACTCACTGGGGGACCTCCG GATAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
111 TGTACAAGAG GCCGACTACCCCAATCACTGGGTGTT TTTGATAACTGGGGACAAGGAACCATGGTGACTGTCGCTTTAG ACACCGTCTTC
105 TGTG TCTCCGATACGCGATATCCACGACTGGCGCCTGG CTACTTTGATATTTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
37 TGTGCAA TCTCGGTGACTACAGTCACGCACCTGGGCTGCT ACTACTTTGATAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
84 TGTACAAG CCGCCATCCCTTCCGGGGGTGG TTTGATAACTGGGGACAAGGAACCGTGGTGACTGTGACTTTAG ACACCGTCTTC
86 TGTGCAAGA TCGGTACAGCGCCTCAGGTATACCGCCA ATAATTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
61* TGTGTAAGGGA GGGTACTACATACTTGGGCATATATT ATAACTGGGGAGCAGGAACAATGGTGACTGTTGCTTTAG ACACCGTCTTC
53 TGTACAAG GCGCGGGACATCTTTCACCCGGG ACTACTTTGATCTCTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
G5 TGTGCAACAGAT ACTACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG ACACCGTCTTC
II. G4CG VDJ to G5 C region
Clone VH flank JH CH
G4CG TGTGCAAGAGAC ACGAATTCGCTAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG TGACACCGTCTTCC
G4G5-81 TGTGCAA TATCTAGCCACAGGGGT TTCGATAACTGGGGAAAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
151 TGTGCAA CAGCTAGCCACAGGGGT TTCGATGTCTGGGGAAAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
G4G5-88 TGTGCA GTAAGAATCGGACGCCCG TTCGCTAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
G4G5-76 TGTACA GTAAAGATCGGACGGAGG TTCGCTGACTGGGGACAAGGAACCATGGTGACTGTGACCGAGG ACACCGTCTTC
G4G5-46 TGTGCAAGAGAC CGAGTCGGTACGATGCCAACCTGGGGGGCCGAGAGAGCG GAATTCGCTAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
114 TGTGCA TTAGTCTGGTCAGTGGGTGGATATACGGTAC AATTCGCCTCCTGGGGACAAGGAACCATGGTGACTGTTCGTTTAG ACACCGTCTTC
146 TGTGCA GAAAGCCGCAGGGGTGG ATTCGCTAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
150 TGTG TCGTCAAGCTCGGACGGAGT TTCGCTGACTGGGGACAAGGAACCATGGTGACAGTGACTTTAG ACACCGTCTTC
16 TGTGCAAGA CTCATAGAGTCGGTGGCCCGGAGGGAGGG ATTCGGTAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
98 TGTGCAAGA ATGTCTACAGTGTGGGCTTACACGG ACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
36 TGTACAA AGACGGGGAGCCCGCCAAAG TACTTTCCTTACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
G5 TGTGCAACAGAT ACTACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG ACACCGTCTTC
IIT. G1 VDJ to G5 C region
Clone VH flank JH CH
Gl TGTGCAAAAAGC GCTATCTTGATCACTGGGGACAAGGGACCATGGTGACCGTGACTGCAG TGACAACATCTTCT
G1G5-3 TGTGTAA ACCCTATTCGGGGTAGGGTGGATCG TCTTGATCACTGGGGCGAAGGGACCATGGTGACCGTTGCTGCAG ACACCGTCTTCT
G1G5-7 TGTGCAA AATGTAGGCTAAGTGGGGCTGAG TATCTTGCGCACTGGGGACATGGGACCAAGGTGACCGTGACTGCAG ACACCGTCTTCT
G5 TGTGCAACAGAT ACTACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG ACACCGTCTTCT
IV. G2A VDJ to G5 C region
Clone VH flank JH CH
G2A TGTGCAAGAGAC ACTATTTTGATTACTGGGGACAAGGGACCATGGTGACCGTGACTTTAG TGACACCGTCTTCC
G2G5-F27 TGTGCAAGAGAC TCGTATGCTGACGGTAG TTTTGATTACTGGGGACAAGGGACCATGGTGACCGTGACTTTAG ACACCGTCTTC
G2G5-B9 TGTGCAAGAGAC TCGTATGCTGACGGTAG TTTTGATTACTGGGGACAAGGGACCATGGTGACCGTGACTTTAG ACACCGTCTTC
G2G5-C6 TGTGCAAGAGAC TCGTATGCTGACGGTAG TTTTGATTACTGGGGACAAGGGACCATGGTGACCGTGACTTTAG ACACCGTCTTC
G2G5-34 TGTGCAAGAGA GAGGCCAGTAGGGCGGTGGTATTT TTTTGATTACTGGGGACGCGGGACCATGGTAACCGTGACTTTAG ACACCGTCTTC
G5 TGTGCAACAGAT ACTACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG ACACCGTCTTC
V. G2B VDJ to G5 C region
Clone VH flank JH CH
G2B TGTGCAAGAGAC ACTATTTTGGTTACTGGGGACAAGGGACCATGGTGACAGTGACTTTAG TGACACCGTCTTCC
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VI.

Gl VDJ to G2A C region

Clone VH flank JH CH

Gl TGTGCAAAAAGC GCTATCTTGATCACTGGGGACAAGGGACCATGGTGACCGTGACTGCAG TGACAACATCTTCT
G1G2-1 TGTACAA GACAGCTAGCCTGGCTTGGCCGGGCT TATCTTGATCACTGGGGACAAGGGACCATGGTGACCGTGACTGCAG TGACAIQITCTTCC
G2A TGTGCAAGAGAC ACTATTTTGATTACTGGGGACAAGGGACCATGGTGACCGTGACTTTAG TGACAECGTCTTCC
VII. G1 VDJ to G2B C region

Clone VH flank JH CH

Gl TGTGCAAAAAGC GCTATCTTGATCACTGGGGACAAGGGACCATGGTGACCGTGACTGCAG TGACAACATCTTCT
G1G2-19 TGTGCAAAA CTCCGCACGGTTGGACCACCCCTGGATTGGAC TCTTGATCACTGGGGACAAGGGACCATGGTGACCGTTTCTGCAG TGACACCGTCTTCC
G1G2-16 TGTACGGAAA CACATGGGGGCGTGCGCTGGGCTTA TGATCACTGGGGACAAGGGACCATGGTGACCGTGACTGCAG TGACALCGTCTTCC
G2B TGTGCAAGAGAC ACTATTTTGGTTACTGGGGACAAGGGACCATGGTGACAGTGACTTTAG TGACAECGTCTTCC
VIII. G5 VDJ to G2A C region

Clone VH flank JH CH

G5 TGTGCAACAGAT ACTACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG CAACACCGTCTTCT
G5G2-13 TGTGCAAC CGCATACTACAGCGGGCCCATACCG TCCGGGAACTGGGGACAAGGAACCATGGTGTTCGTGACTACAG ACACCGTCTTC
G5G2-16 TGTGCAAC GCCTCCCGTGGGCGGGGGCAGGGACGCCGTAAC TTACTGGGGACAAGGAACCATGGTGACCGTGACGACAG ACACCGTCTTC
G5G2-17 TGTGCAAC TCTCGTCTGGGGACTACTCCTATATG ACTACTCCGGCCTGTGGGGACAAGGAACCATGGTGACCGTGACCACAG ACACCGTCTTC
G5G2-31 TGTGCAACA CGAATAAGTGGCGGGGCGTACTTGACGGGA TCCGGTTGCTGGGGAGGAGGAACCATGGTGACCGTGACTACAG ACACCGTCTTC
G5G2-33 TGTGGGCGAG TGGGGGTATACTTGGAGGG CGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG ACACCGTCTTC
G5G2-9 TGTGCCACA CATGAACGGTACTTCAGTGAGACATTCGTGGCCCTGGCGAAAC ACTACTCCGGCGACTGGGGACAAGGAACCATGGTGACCGTGACTACAG ACACCGTCTTC
G2A TGTGCAAGAGAC ACTATTTTGATTACTGGGGACAAGGGACCATGGTGACCGTGACTTTAG ACACCGTCTTC
IX. G5 VDJ to G2B C region

Clone VH flank JH CH

G5 TGTGCAACAGAT ACTACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG CAACACCGTCTTCT
G5G2-21 TGTGCAAC GGCGGCTTCAGAGGGTTCCTGGACGG CCGTTTACTGGGGAGCAGGAACCATGGTGACCGTGACTACAG IACACCGTCTTC
G2B TGTGCAAGAGAC ACTATTTTGGTTACTGGGGACAAGGGACCATGGTGACAGTGACTTTAG ACACCGTCTTC
X. G5 VDJ to G4CG C region

Clone VH flank JH CH

G5 TGTGCAACAGAT ACTACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG CAACACCGTCTTCT
G5G4-698 TGTGCAAC TTTTCGACCGIABACGCTTGGAG CCGCTTACTGGGGAGGAGGAACCAAGGTGACCGTGACCACAG ACACCGTCTTC
G5G4-38f GGTGTAAAAGAT GTGGGTGGGCGGTTTTCACAAAG ACTGGGGACACCGAACCATGGTGACCGTGACGTCAG ACACCGTCTTC
G5G4-142AGGTGTAAAAGAT  GTTGGTGGGCGGTTTTCACAAAG ACTGGGGACACCGAACCATGGTGACCGTGACGTCAG ACACCGTCTTC
G4CG TGTGCAAGAGAC ACGAATTCGCTAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC
XI. G5 VDJ to G4A C region

Clone VH flank JH CH

G5 TGTGCAACAGAT ACTACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG CAACACCGTCTTCT
65641370 GGTGCAAC CCACGATCCCGTTTACTCAGCCTATACTTGCCCGT CTAGGTTTACTGGGGAAAAGGAACCATGGTGACCGTGACCACAG ins;spliced to
G5G4-39 TGTGCAACAGA CGGGCGCAACCGCT ACTACTCCGCTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG ACACCGTCTTC
G5G4-68 TGTGCAACA CTGGGAACGTGGA ACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG ACACCGTCTTC
G5G4-81 TGTGGAAC TCGGATCAACGCGAATTACTTGGG CGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG ACACCGTCTTC
G4A TGTGCAAGAGAC ACTACTTTGATAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG ACACCGTCTTC

Figure S2. CDR3 and J/C junctions of switched VDJ.
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Top, RT-PCR was performed to raise switched Ig sequences from several adults (GR, JS, PI). The first strand primers are listed, with the approximate positions below
the H chain transcript. For PCR, the forward primer was in the leader or VH FR1 and the reverse in the C region. Only the CDR3 and J/C splice are shown below; some
sequences were entered into GenBank, as indicated.

Bottom, I-Xl, sequences are compared to the IgH subfamily (identities highlighted in yellow in VDJ and C in pink). Mutations are marked in blue; red indicates non-
productive sequences. Sequences shown as sharing CDR3 differ in mutations throughout VDJ. Sets I-XI: [I] G4A VDJ-G5 C region. First strand primed with G5-specific
G5C2. (A) PCR with universal V1-5 and specific GSCH1R. Fragments of ~600 bp were digested with BamHI; non-digested fragments were cloned into pGEM and
analyzed. (B) Direct PCR was done with combination G4L and G5CH1R. [II] G4CG VDJ-G5 C region. See legend to I. [lll] G1 VDJ to G5 C region. Direct PCR primer V-1
and G5CH1R. [IV] G2A VDJ to G5 C region. See legened to I. [V] G2B VDJ to G5 C region. See legend to I. [VI] G1 VDJ to G2A C region. First strand primed with
G2A-C2a. Direct PCR primers V-1 and G2A-C2b [VII] G1 VDJ to G2B C region. First strand primed with G2B-C2a. Direct PCR with primers V-1 and G2B-C2b. [VIII] G5
VDJ to G2A C region. First strand primed with G2A-C2a. Direct PCR with G5L2 and G2A-C2b, expected size ~840 bp. [IX] G5 VDJ to G2B C region. First strand
primed with G2B-C2a. Direct PCR with G5L2 and G2B-C2b, expected size about 840 bp. [X] G5 VDJ to G4CG C region. First strand primed with G4CH1A. Direct PCR
with G5L2 and G4CH1B, expected size ~552 bp. [XI] G5 VDJ to G4A C region.



A. Non-productive G5 VD] with G4 C region

G5

G5G4-142

G5G4-38

G4CG

G5

G5G4-142
G5G4-38

G4CG

G5

G5G4-142
G5G4-38

G4CG

G5

G5G4-142
G5G4-38

G4CG

B.

G2B
all
G2A

G2B
158
304
164
215
218
G2A

G2B
158
304
164
215
218
G2A

G2B
158
304
164
215
218
G2A

G2B
158
304
164
215
218
G2A

Leader VH
ATGATGACGTCAACAATTTTTCTCAGTTTGTTGCTGGCTTTATTACCCTGTGTCCAGTCGGAGATTACTTTGATTCAACCAGAGGCAGAGACCGGCCATCCTGGAGGCTCCCTGAGTC

———————————————————————————— TGTTGCTGGCTTTATTACCCTGTETECAGTCGGAGATTACTTTGATTC- - - - -GAGGCAGAGACCGGCCATCCTGGAGGCTCCCTGAGTC
1GGAGATTACTTTGATTGg

———————————————————————————— TGTTGCTGGCTTTATTACCCTGTETECAGTCGGAGATTACTTTGATTC - - - --GAGGCAGAGACCGGCCATCCTGGAGGCTCCCTGEGTC
1GGAGATTACTTTGATTgg
ATGACTACGTCGACGATTTTTCTCAGTTTGTTTCTGACTTTCTTATCCCGTGTCCAGTCGGAGGTTACTTTGACTCAACCAGAGGCAGAGAACAGCCAACCTGGAGGCTCGCTGACAC
CDR1 CDR2

TGACCTGTAAAACCAGTGGGTTCAATCTTGGCAGCTCCTCCATGTATTGGATCCGACAGGTTCCCGGACAGGGGCTGGAGTGGATAGTTTACTACTATAGTTCATCGAGCAATAACTA
TGACCTGTAAAACCAGTGGGTTCAATCTTGGCAGETCCTCCATGTATCGGATCCGACAGGTTCCCGGACAGGGGCTGGAGTGGATAGTTTACTACTATAGTTCAatGtaCAATcgCgA
TGACCTGTAAAACCAGTGGGTTCAATCTTGGCAGETCCTCCATGTATCGGATCCGACAGGTTCCCGGACAGGGGCTGGAGTGGATAGTTTACTACTATAGTTCAatGtaCAATAACGA
TTACCTGTAAAACTAGCGGGTTCGATCTTAGCAGCTACTATATGGGTTGGGTCCGCCAGGTTCCCGGACAGGGTCTGGAGTGGTTGGTTAGCTACTATAGTTCATCGAGCAATTACTA
W/R S/M,S/Y  N/R,Y/E

Y/D

TGCGCCAGCGATTAAAGATCGATTTACTGCGTCCAAAGACACTTCAAACAACATCTTCGCATTGGAAATGAGGAGCGTGAAGATCGACGACACCGCCATCTATTACTGTGCAACAGAT

a6CGgg------------ TCGATTTACTGCGTCCAAAGACACGTCAAACAACATCTTCaCATTGGAACGGAGGAGCGTGAAGATCGACGACACCGCCATCTAgegCgGTGEAAGAGAT

€GCGgg------------ TCGATTTACTGCGTCCAAAGACACGTCAAACAACATCTTCaCATTGGAACGGAGGAGCGTGAAGATCGACGACACCGCCATCTAgegCgGTGEAAGAGAT

TGCGCCAGCGATTAAAGGTCGATTTACTGCGTCCAAAGACACTTCAAACAACATCTTCGCGTTGGAAATGAAGAGACTGAAGATCGAAGACACCGCCATCTATTACTGTGCAAGAGAC

P/G AT M/R Y/* Y/R C/G AN T/K

D1 D2 JH C region

ATACTACAGTGGGT ACATACTTGGGTGG ACTACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG CAACACCGTCTTCTCCGACACTTTA
GTEGG TGGGEGG TTTTCACAAAG ------------ ACTGGGGACACCGAACCATGGTGACCGTGACGECAG TGACACCGTCTTCECCGACACTTTA
GTGGG TGGGEGG TTTTCACAAAG ------------ ACTGGGGACACEGAACCATGGTGACCGTGACGECAG TGACACCGTCTTCECCGACACTTTA

ATACTACAGTGGGT ACATACTGGGGTAG ACGAATTCGCTAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG TGACACCGTCTTCECCGACACTTTA

Five related cDNAs from phage library, G2B VD] with G2A C region

GL

GL

GL

GL

GL

GL

GL

GL

GL

GL

Leader
AGAACCTTCTCTCCCAGGATACCAGA ATGACTACGATGATCATTTTTCTCAGTTTGTTACTGACTTTCTTATCCTGTGAGTCTTTATTCTTTAAGTTTCTATTTGTTATTTCCCTAGTGTTAG
AGAACCTTCTCTCCCAGGATACCAGA ATGACTACGATGATCATTTTTCTCAGTTTGTTACTGACTTTCTTATCCT - - - - == === === m oo mm oo e
AGAACATTCTCTCCCAGGATACCAGA ATGACGACGATGATAATTTTTCTCAGTTTGTTACTGAATTTCTTATCCTGTGAGTCTTTATTCTTTAAGTTTCTATTTGTTATTTCCCCAGTGTTAG

VH
TCTaCCTCTGGAATGTAAAATATTCAGCAATCAGATAATCAGTAAAAATtGTCATGTTTTTGCTTTATTTCTGAAGGTGTCCAGTCGGAGGAGGTTACTTTGATCCAACCAGAGGCAGAGAACGG
GTGTCCAGTCGGAGGAGGTTACTTTGATCCAACCAGAGGCAGACAACGG
GTGTCCAGTCGGAGGAGGTTACTTTGATCCAACCAGAGGCAGACAACGG
GTGTCCAGTCGGAGGAGGTTACTTTGATCCAACCAGAGGCAGAGAACGG
GTGTCCAGTCGGAGGAGGTTACTTTGATCCAACCAGAGGCAGAGAACGG
GTGTCCAGTCGGAGGAGGTTACTTTGATCCAACCAGAGGCAGAGAACGG
TCTCCCTCTGGAATGTAAAATATTCAGCAATCAGATAATCAGTAAAAATGGTCATGTTTTTGCTTTATTTCTGAAGGTGTCCAGTCGGAGGAGGTTACTTTGATTCAACCAGAGGCAGAGAACGG

E/D
CDR1 CDR2

CCATCCTGGAGGTTCCTTGAGACTGACCTGTAAAACCAGCGGGTTCGATCTTGACAGCTATACCATGAGTTGGGTCCGACAGGTTCCCGGACAGGGGCTGGAGTGGATAGTTTACTACTATGCTT
CCATCCTGGAGGTTCETTGAGACTGACCTGTAAAACCAGCGGGTTCGATCTTGACAGITATACCATGTATTGGGTCCGACAGGTTCCCGGACAGGGECTGGAGTGGATAGTTAATTACTEgagTT
CCATCCTGGAGGTTCCTTGAGACTGACCTGTAAAACCAGCGGGTTCGATCTTGACAGITATACCATGTATTGGGTCCGACAGGTTCCCGGACAGGGECTGGAGTGGETAGTTAATTACTEgagTT
CCATCCTGGAGGTTCCTTGAGACTGACCTGTAAAACCAGCGGGTTGGATCTTGACAGIT@gACCATGTATTGGGTCCGACAGGTTCCCGGACAGGGECTGGAGTGGATAGTTAATTACTEgagTT
CCATCCTGGAGGTTCCTTGAGACTGACETGTAAAACCAGCGGGTTCGATCTTGGGAGITATACCATGTATTGGGTCCGACAGGTTCCCGGACAGGGECTGGAGTGGATAGTTAATTACAatgGaTT
CCATCCTGGAGGTTCCTTGAGACTGACCTGTAAAACCAGCGGGTTCGATCTTGACAGITATCaCATGTATTGGGTCCGACAGGTTCCCGGACAGGGGCTGGAGTGGATAGTTAATTACTATACTT
CCATCCTGGAGGTTCCATGAGACTGACCTGTAAAACCAGCGGGTTCGATCTTGACAGCTATGCCATGAGTTGGGTCCGACAGGTTCCCGGACAGGGGCTGGAGTGGATAGTTTACTACTATGGTT

F/L D/G Y/W,T/H S/Y /L Y/N Y/L,A/S

Y/M,A/D

AT

CATATAGCAATGACTATGCGCCAGCGATTAAAGATCGATTTACTGCGTCCAAAGACACTTCAAACAATATCTTCGCGTTGGAAATGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGT
CATCGGTAGTTGCGTATGCGCCAGCGATTAAGGATCGATTTACTGCGTCCAAAGACACTTCAACCAATACETTCGCGTTGGAAATGAAGAACCTGAAGATCGAAGACECCGCCAAGTATTACTGT
CATCGGTgGTTGCGTATGCGCCAGCGATTAAGGATCGATTTACTGCGTCCAAAGACACTTCAAACAATATCTTCGCGTTGGAAATGAAGAACCTGAAGATCGAAGACECCGCCAAGTATTACTGT

TAGTTGCGTAT AGCGATTAAGGATCGATTTACTGCGTCCAAAGACACTTCAAGCAATATETTCGCGTTGGAAATGAAGAACCTGAAGATCGAAGACECCGCCAAGTATTACTGT
CATCGaTAGTTGCGTATGCGCCAGCGATTAAGGATCGATTTACTGCGTCCAAAGACACTTCAAGEAATATCTTCGCETTGGAAATGAAGAACCTGAAGATCGAAGACECCGCCAAGTATTACTGE
CATCGGTAGTTGCGTATGCGCCAGCGATTAAGGATCGATTTACTGCGTCCAAAGACACTTCAAGCAATATCTTCGCGTTGGAAATGAAGAACCTGAAGATCGAAGACACCGCCAAGTATTACTGT
CATATAGCAATGACTATGCGCCAGCGATTAAAGATCGATTTACTGCGTCCATAGACACTTCAAACAATATCTTCGCGTTGGAAATGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGT

Y/S,S/V,N/V,D/A N/S L/F V/F H/L  H/Q,L/V V/A
S/T N/T
JH C Region
GCAAGAGAC ACTATTTTGGTTACTGGGGACAAGGGACCATGGTGACAGTGACTTTAG TGACACCGTCTTCCCCGACGCTTTATGGTCTAGTCTCCG
GCA------ GCTGAACACCGGACGGACTGGGC  ---------- TTACTGGGGACAAGGGACCATGGTGACAGTGACTTTEG TGACACCGTCTTCCCCGACGCTTTATGGTCTEGTCTCCR
GCA------ GCTGAACACCGGACGGACTGGGC  ---------- TTACTGGGGACAAGGGACCATGGTGACAGTGACAgTtG TGACACCGTCTTCCCCGACGCTTTATGGTCTEGTCTCCR
GCA------ GCTGAACACCGGACGGACTGGGC  ---------- TTACTGGGGACAAGGGACCATGGTGACAGTGACGGTEG TGACACCGTCTTCCCCGACGCTTTATGGTCTEGTCTCCR
GCA------ GCTGAGGGTCGGACGGACTGGGC  ---------- TTACTGGGGAGAAGGGACCATGGTGACAGTGACTTTAG TGACACCGTCTTCCCCGACGCTTTATGGTCTEGTCTCCR
GCA------ GCTGAGGATCGGACGGACTGGGC  ---------- TTggTGGGGACAAGGGACCATGGTGACAGTGACTTTAG TGACACCGTCTTCCCCGACGCTTTATGGTCTEGTCTCCR
GCAAGAGAC ACTATTTTGATTACTGGGGACAAGGGACCATGGTGACCGTGACTTTAG TGACACCGTCTTCCCCGACGCTTTATGGTCTEGTCTCCH
R/N,T/V/D Y/W Q/E L/F

L/v

Fig. S3. Clonally related, switched Ig sequences.

A. Non-productive G5 VDJ switched to G4CG C region. G5 VDJ switched to G4 C region were amplified from shark-GR cDNA with subfamily-
specific primers directed to the G5 leader (G5L2) and G4 C region (G4CH1B). Two out-of-frame VDJ were related, sharing a common
CDR3; clones G4G5-142 and -38 shared a deletion (dashes) and duplication (arrow and sequence) in FR1, a deletion in CDR2 (gapped with
dashes) and multiple mutations. The VDJ are out-of-frame, but mutations that would have otherwise lead to amino acid substitutions are

indicated from CDR1 to FR3. Asterisk in Y/* indicates mutation tyrosine to stop codon. Accession numbers JQ272819-20.

B. Five switched sequences isolated from the shark-GR epigonal organ cDNA library. Five cDNAs sharing one CDR3 are compared with
reference GL sequences from G2A and G2B. See Fig. 2B legend. Mutant nucleotides common to all five cDNAs are in upper case; when
there is more than one change at a position, the second is marked in gray. Mutations leading to amino acid substitutions are indicated

beneath codons.



0 1 2 3 4 5 6 kb

LVDT | 1 ] 1 ] ] ] ] | 1 ] 1 | CH1

-I « OMGS, 551 bp (4-series) -

¢ G512, 557 bp (I-series) } first-strand priming
¢« OMG, 651 bp (6-series)

e <€ G4L/G5I1 (PCR product 900 bp)
B. Insertion (I58, I41)
CDR3 JH 1
G4CG ACGAATTCGCTAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG GTAAGAACCTTGAATGTTTT ------- CA gQAACCGTTATATTTGTTTTAACTGCATATT 53
158 CCCCCATACTGCGACT TTCGCTAACTGGGGACATGGAACCATGGTGACTGTGACTTCGG GTAAGAACCTTGAATGTTTTGCGA CAACCGCGA (€4 CGT 60
141 CCCCCATACTGCGAGG TTCGCTAACTGGGGACATGGAACCATGGTGACAGTTAGTGAGG GTAAGAACCTTGAATGTTTTGTGA CAACCGCGA c GGTCG CGT 60
G5 ACTACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG GTAAGAAAATCAAACAT------- AACCGGTA ATT 53
C. “Deletion”-insertion (I68, 6-42)
CDR3 JH 1 !
G4CG ACGAATTCGCTAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG GTAAGAACCTTGAATGTTTTCAGCAACCGTTATATTTGTTTTAACTGCATATTAATTTGAGTAATTCATGATTCAAA 77
168 GGGAAGCCGGGGTGAG TTCGCTAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG GTAAGAGCCTTGCCTGTTTTCACTAACCGTTATATTTCATTGGA---------- AGGGGGGTAATTCATG 67
6-42  GGGAAGCCGGGGTGAG TTCGCTAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG GTAAGAGCCTTGAATGTTTTCAGCAACCGTTATATTTCATTGGA---------- AGGGGGGTAACACATGGTTTCCA 67
G5 ACTACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG GTAAGAAAATCAAACATTCTTAGCAACCGGTATCTTTATTTTAATTATTTATTGATGTGAGTAATTCATG 77
D. “Deletion” (4-5, I3-8, I3-52, I3-96)
(I 1 !
G4A GTAAGAACCTTGAATGTTTTCAGCAACCGTTATA------ TTTGTTTTAACTGTATATTAATTTG // CCTTTTCTGCAAAGTAATTATAAAATCCATTTACGCCTCAGCAAATAAGTAAACTGCTGG 179
4-5 GTAAGAACCTTGACGGTTTTCAGCAA=CGAGATAAGGTGGTATACTGATATCGTATAT - -~ -—=  ——mommmmommoomoemm e CGTGACCGTCTCAGCAAC CAGTGCTGE 94
G5 GTAAGAAAATCAAACATTCTTAGCAACCGGTATC------ TTTATTTTAATTATTTATTGATGTG // ATTTTTCTGCAAAGTGATTAG AAGECTCAGCAAA GCTGE 179
(1D CDR3 JH
G4A TGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTGCAAGAGAC ACTACTTTGATAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG
4-5 TGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTCAAAG---- TCACCGATACTACAGCAGACCGGGGACGCTCCGAGACACT —------------- TGGGGACAAGGAACCATGGTGACTGTGTCTTTAG
13-8  TGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTCACGG---- TCACCGATACTACAGTAGACTGGGGACGCTCCGAGACACT —------------- TGGGGGCAAGGAACCATGGTGACTGTGACTTTAG
13-52  TGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTCAAAG---- TCACCGATACTACAGTAGGCAGGGGACGCTCCGAGACACT —------------- TGGGGACAAGGAACCATGGTGACTGTGACTTTAG
13-96  TGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTCAAAG---- TCACCGATACTACAGTAGGCAGGGGACGCTCCGAGACACT -------------- TGGGGACAAGGAACCATGGTGACTGTGACTTTAG
1 (duplication) |
G4A GTAAGAACCTTGAATGTTTTC AAAGTAATTATAAAATCCATTTACGCCTCAGCAAATAAGTAAACTGCTGG 179
4-5 GTAAGAACCTTGACGGTTTTC c GACCGRCTCAGCAACTGARTGCAGTGCTGE 94
I3-8  GTAAGAACCTTGAATGTTTTCACCTTGAAACCTTTCAGCA-CCGTTATA-GGGTTCTATAGTATTATCGTATAT------—-=  ——————=—o=——-CCCTCGT—--------- CCACACAGGGACTATGCTGE 99
13-52  GTAAGAACTTTGAATGTTTTC---------------AGCA-GCGTTATACAGGTGGTATAGGGATATCGTATAT--------=  ———----- CTCAGCAAC C. GCTGE 95
13-96  GTAAGAACTTTGAATGTTAGC CTCAGCAA C GCTGE 96
G5 GTAAGAAAATCAAACATTCTT-- === == =mm = AGCAACCGGTATC------- TTTATTTTAATTATTTATTGATGTGAG // GTCTCAGCAAA GCTGE 179
E. “Deletion” (4-7)
1 !
G4A GTAAGAACCTTGAATGTTTTCAGCAACCGTTATATTTGTTTTAACTGTATATTAATTTGAGTA // GTGAGAGATTCAGTTATTCGGCGTTTCTCTCATTTTTATCAG-ATGGAAAGACAGTTTG 236
4-7 GTAAGAATCTTGACCTCTTTCAGCAACCGTTACGGCGGTTTTAACTGTATATTAATTTGA--=  —--m--mmmmmomm e GG CAcTC CEGEAGC CfGEGTG 103
G5 GTAAGAAAATCAAACATTCTTAGCAACCGGTATCTTTATTTTAATTATTTATTGATGTGAGTA // CTGAGGGATTCAGCTGETCGG CACTC CCACATGG CIGEGTG 237
F. “Deletion”-insertion (4-70)
1 |
G4A GTAAGAACCTTGAATGTTTTCAGCAACCGTTATATTTGTTTTAACTGTATATTAATTTGAGTAATTCATGATTCAAATGAAACTCGAATTCTGCGCTGTGTTTAGTTTGGTTCCAATTGC 120
4-70  GTAAGAACCTCTAATGTTTTCAGCAAACGTTAGGTTTGCTTTAACTGTETA GAGTAACTCTTAGGTGGGTGGTAGGGC -~ - -~ - -~ - == === === m = TTCA 94
G5 GTAAGAAAATCAAACATTCTTAGCAACCGGTATCTTTATTTTAATTATTTA GAGTAATTCATGAGTTCAATGAAACTCAAATTCTGTGCTGAGTTTAGTTTGG TTGA 120
G. “Deletion”-insertion (I7)
1 |
G4A GTAATTCATGATTCAAATGAAACTCGAATTCTGCGCTGTGTTTAGTTTGGTTCCAATIGCCTT // CAAACATTAAGAATTTAAAAGTGTTTAAAA---——-- AAA----AACAAAATATGCTAAAAT 384
17 GTTCCTCATGATTCAAACGACACTCCCATTCTGCGCTGTGTTTAGTTTGGTTCCAACTGCC--  ----ACGTAACCTTTT. CAAAATATGCTAAAAT 179
G5 GTAATTCATGAGTTCAATGAAACTCAAATTCTGTGCTGAGTTTAGTTTGGTTAGAATTGATTT // GAAACGTTAAGAATTT CAAAATATGCTAAAAT 399
H. “Deletion”-insertion (I16)
1 !
G4A GTAAGAACCTTGAATGTTTTCAGCAACCGTTATATTTGTTTTAACTGTATATTAATTTGA // CTTTTCTGCAAAGTAATTATAAAATCCATTTACGCCTCAGCAAATAAGTAAACTGCTGGT 180
116 GTAAGAACCG -~ === === === = m = m o m oo m o emememooon oo AAAGCTATT, CTCAGCAAA GCCCTT 61
G5 GTAAGAAAATCAAACATTCTTAGCAACCGGTATCTTTATTTTAATTATTTATTGATGTGA // TTTTTCTGCAAAGTGATTAGAACEETC GECTCAGCAAA GCTGCT 180
I. “Deletion”-insertion (I29)
1 |
G4A GTAAGAACCTTGAATGTTTTCAGCAACCGTTATATTTGTTTTAA // AGATGGAAAGACAGTTTGGCTGGTTTAATTAAAG----AAAAATGTCTGAAACAGTATGACGTTTCAACAATGATTAA 292
129 GTAAGAACCTTGAATGTTTTTAGCAACCGTTATATT---=---=  ——-omo GACTGGGGAGTCTGGGGTEATAGAT C -ARTATGATG CATTGETTTA 105
G5 GTAAGAAAATCAAACATTCTTAGCAACCGGTATCTTTATTTTAA // ACATGGGCATACTGCGTGICTGG C -ATATGATG CATTGETTAA 296



J. “Deletion”, homology? (I36)

181 homology
G4A GAGAGATTCAGTTATTCGGCGTTTCTCTCATTTTTATC-AGATGGAAAGACAGTTTGGCT // ----------- AAAAACAAAATATGCTAAAATATTATTGTCAATTTCTTCAAT 405

136 GAGAGATTCAGTTATTCGGCGTTTCTCTCAT----------------mmmmmmmmmmmoe ooomooooo oo AACTACAAGCTATGCTAGAATATCATT CTECTTGGAT 253
G5 GAGGGATTCAGCTGCTCGGTATTTCACTCTTTTTTTCCCACATGGGCATACTGCGTGTCT // TACTGCCAAATATTGACAAAATATGCTAAAATATCATT] TTECTTGAAT 420

K. “Deletion”-insertion (I69)

1 |
G4CG  GTAAGAACCTTGAATGTTTTCAGCAACCGTTATATTTGTTTTAACTGCATATTAATTTGAGTAATTCATGATTCAAATGAAACTCGAATTCTGCGCTGTGTTTAGTTTGGTTCCAATTGC 120
169 GTAAGAACCTTGAACGTCETCAGCAATCGTEE-~~ === ===~ === == == m oo mm oo TCTGRGCTGAGTATCTTTTGGTTAGAATTGA 63
G5 GTAAGAAAATCAAACATTCTTAGCAACCGGTATCTTTATTTTAATTATTTATTGATGTGAGTAATTCATGAGTTCAATGAAACTCAAATTCTGREGCTGAGTTTAGTTTGGTTAGAATTGA 120
L. “Deletion”-insertion (I117)
1 |
G4CG  GTAAGAACCTTGAATGTTTTCAGCAACCGTTATATTTGTTTTAACTGCATATTAATTTGAGTAATTCATGATTCAAATGAAACTCGAATTC // TCATTT-TTATCAGATGGAAAGACAGTTTGGCT 239
1117  GTAAGGA==TTGAATGTTTTCAGCAACCGTTAT=TTTGTTTTAACTGCATATTAATTTGAGTAATTCATGATTCGAGTGAATCTCGA----  ----GCACC TGG CGEGTGRCT 113
G5 GTAAGAAAATCAAACATTCTTAGCAACCGGTATCTTTATTTTAATTATTTATTGATGTGAGTAATTCATGAGTTCAATGAAACTCAAATTC // TCTTTTTTT] TGG CTGEGTGRCT 240
M. Insertion (I148)
1 |
G4A GTAAGAACCTTGAATGTTTTCAGCAACCGTTATATTTGT-TTTAACTGTATATTAATTTGAGTAATTCATGATTCA- - -~ ----- AATGAAACTCGAATTCTGCGCTGTGTTTAGTTTGG 110
1148  GTAAGAACCTTGAATGTTAAGAGCAACCGTTATCTTTGCCTTTAACTATATATTAATTTGAGTAATTCATGAGTCAGGGACCCCGAAAGAGGAGCAAGCTCTGTFACTGAGTTTAGTTTGG 120
G5 GTAAGAAAATCAAACATTCTTAGCAACCGGTATCTTTAT-TTTAATTATTTATTGATGTGAGTAATTCATGAGTTC--------- AATGAAACTCAAATTCTGTGCTGAGTTTAGTTTGG 110

N. “Duplication”-insertion (I53)

D 1

G4A GTAAGAACCTTGAATGTTTTCAGCAACCGTTATATTTGTTTTAACTGTATA-TTAATTTGAGTAATTCATGATTCAAATGAAACTCGAATTCTGCGCTGTGTTTAGTTTGGTTCCAATTG 119
153 GTAAGAACCTTGAATGTTTTCAGCAACCGTTATATTTGTTTTAACTGACTAATTAATTTGAGTAATTCATGATTCAAATGAAACTCGAATTCTGCGCTGTGTTTAGTTTGGTTCCAATTG 120
G5 GTAAGAAAATCAAACATTCTTAGCAACCGGTATCTTTATTTTAATTATTTA-TTGATGTGAGTAATTCATGAGTTCAATGAAACTCAAATTCTGTGCTGAGTTTAGTTTGGTTAGAATTG 119

G4A CCTTTTCTGCAAAGTAATTATAAAATCCATTTACGCCTCAGCAAATAAGTAAACTGCTGGTGAGAGATTCAGTTATTCGGCGTTTCTCTCATTTTTATC-AGATGGAAAGACAGTTTGGC 238
153 CCTTTTCTGCAAAGTAATTATAAAATCCATTTACGCCTCAGCAAATAAGTAAACTTACGGTGAGAGATTCAGTTATTCGGCGTTTCTCTCATTTTTATC-AGATGGAAAAACAGTTTGGC 239
G5 ATTTTTCTGCAAAGTGATTAGAACCCTCGTTTAAGTCTCAGCAAATGAATGAAGTGCTGCTGAGGGATTCAGCTGCTCGGTATTTCACTCTTTTTTTCCCACATGGGCATACTGCGTGTC 239
fsee G5 at 169 bp (below)
|
G4A TGGTTTAATTAAAG- - - -AAAAATGCCTGAAACAGTATGACGTTTCAACAATGATTAATGCCAGTGACACCCAATATCTCCGAGTAT 322  AAGTAAACTGCTGGTGAGAGATTCAGTTATTCGGCG 201
153 TGGTTTAATTAAAG- - - -AAAAATGTCTGAAACAGTATGACGTTTAAACAATGATTAATGCCAGTGACACCCAATAGGCACTGC--- 319 ———TmTGCTAITGAGGCTTTCAGITITCGGI 352
G5 TGGTTTCATTGAAACACCGAAAACCTCTTAGA-ATTATGATGAATAAACATTGTTTAATATCTGTGACACCCCATTTCTGCGAGTTT 326  GAAT) TGCTGETGAGGGATTCAGETGETCGG 201

(II) switch junction: !

G4A ATGACGTTTCAACAATGATTAATGCCAGTGACACCCAATATCTCCGAGTATTAGTATCGACAACAAACATTAAGAATTTAA 351
153 ATGACG'I‘I'TAAACAATGATTAATGCCAGTGACACCCAATAGGCACTGCTmTGCTAITGAGGCTTTCAGITITCGGI 352
G5 TTTTTCTGCAAAGTGATTAGAACCCTCGTTTAAGTCTCAGCAAATGAAT) TGCTGETGAGGGATTCAGETGETCGG 201

0. “Duplication”-insertion (I22)

(o

G4A GTA-AGAACCTTGAATGTTTTCAGCAACCGTTATATTTGTTTTAACTG------------- TATATTAATTTGAGTAATTCATGATTCAAATGAAACTCGAATTCTGCGCTGTGTTTAGTTTGGTTCC 114
122 GTAGAGACCCTTGAATGTTTTCAGCAATTGTTATATTTGTTTTAACTGCTCCGCGAAACTGTATATTATTTTGAGTAATTCATAGCAATAATGAAACTCGAATTCTGCGCTGTGTTTAGTTTGGTTCC 128
G5 GTA-AGAAAATCAAACATTCTTAGCAACCGGTATCTTTATTTTAATTA----———-——-—-—- TTTATTGATGTGAGTAATTCATGAGTTCAATGAAACTCAAATTCTGTGCTGAGTTTAGTTTGGTTAG 114

fsee G5 at 28 bp (below)
|

G4A AATTGCCTTTTCTGCAAAGTAATTATAAAATCCATTTACGCCTCAGCAAATAAGTAAACTGCTGGTGAGAGATTCAGTTATTCGGCG 201  --TATATTAA-TTTGAGTAATTCATGATTCAAA 77
122 AACTGCCTTTTCTGCAAAGTAATTATAAAATCCATTCACGCCTCC-CAAATAGACATACTGCTGGTTAGAGATTCAGTTATCGC--- 211 ----TATT| TGAGTAATTGTTGAGTTCAC 240
G5 AATTGATTTTTCTGCAAAGTGATTAGAACCCTCGTTTAAGTCTCAGCAAATGAATGAAGTGCTGCTGAGGGATTCAGCTGCTCGGTA 201 --TTTATTGA-TGTGAGTAATTCATGAGT] 77

(II) switch junction: !

G4A AATTGCCTTTTCTGCAAAGTAATTATAAAATCCATTTACGCCTCAGCAAATAAGTAAACTGCTGGTGAGAGATTCAGTTATTCGGCGGCGTTTCTCTCATTTTTATCAGATGG 224
122 AACTGCCTTTTCTGCAAAGTAATTATAAAATCCATTCACGCCTCCC—AAATAGACATACTGCTGGTTAGAGATTCAGTTATCGCTATTMTGAGTAATTGTTG:ITlﬁ 240
G5 GTAAGAAAATCAAACATTCTTAGCAACCGGTATCTTTATTTTAATTATTTATTGA-TGTGAGTAATTCATGAGT 77

P. Homology (I167)
1 or

G4A GTAAGAACCTTGAATGTTTTCAGCAACCGTTATATTTGTTTTAACTGTATATTAATTTGAGTAATTCATGATTCAAATGAAACTCG-AATTCTGCGCTG // ATATCTCCGAGTATTAGTATCGACAACAAACA 339

1167  GTAAGAACCTTGAATGTTTTCAGCAACCCTTATATTTGTTTTAACTGTATATTACTTTGAGTAATTCATGATTCAAATGAAACTCGTATTTCTGCGA--  —-------- AGTITTAGIﬁTIGACﬁﬁIiﬁﬁCI 120

G5 GTAAGAAAATCAAACATTCTTAGCAACCGGTATCTTTATTTTAATTATTTATTGATGTGAGTAATTCATGAGTTCAATGAAACTCA-AATTCTGTGCTG // ATTTCTGCGAGTITTAGGATAGAC G 343

Switch area shaded
G4A GTAAGAACCTTGAATGTTTTCAGCAACCGTTATATTTGTTTTAACTGTATATTAATTTGAGTAATTCATGATTCAAATGAAACTCG--AATTCTGCGCTGTGTTTAGTTTGGTTCCAATTG 119
1167 GTAAGAACCTTGAATGTTTTCAGCAACCCTTATATTTGTTTTAACTGTATATTACTTTGAGTAATTCATGATTCAAATGAAACTCGT-ATTTCTGCGAAGTTTTAGGATAGAC GAACG 120
G5 ATAAACATTGTTTAATAGGTTTCATTGAAACACCGAAAACCTCTTAGAATTATGATGAATAAACATTGTTTAATATCTGTGACACCCCATTTCTGCG-AGTITTAGGATAGAC CG 343

Figure S4. Switch junctions.

Top, diagram of primers used (separately) for first strand cDNA and their locations along the J-C intron (position 1 is first position after
JH). Spleen (OMG5, G5I2) and epigonal organ (OMG) RNA from shark-GR were used. PCR primer pair G4L/G5I1 amplify fragments of about
~900 bp and G4 VDJ joined to G5 intron were obtained. Only the switch junction is shown for most of the sequences.



Bottom, alignments with G4 and G5. Positions shared with G4 highlighted in yellow, shared with G5 in pink, mutations in blue. The intron
positions are numbered in all sequences. Arrow indicates where the G4A sequence identity ceases; hotspot motifs RGYW/WRCY are
underlined in its vicinity or that of G5. Sequences were entered into Genbank, Accession numbers JQ272797-JQ272818.

B. Two sequences, 158 and 141, that share CDR3 are compared to G4 and G5. B. 158, 141. Two sequences share CDR3 (as indicated), some
mutations (in blue) and switch point at position 20.

C. 168, 6-42. Two sequences share CDR3 (as indicated), some mutations (in blue), and switch point at position 41. Slashes indicate
reference sequence not shown, portion deleted in cDNA clone.

D. 4-5, I13-8, 13-52, 13-96. I. The switch junction of 4-5 is shown, position 52 (arrow). Il. The 13-series was obtained using first strand
primer G5I4 at 1202 bp in the G5 J-C intron and PCR with G4L and G5I3 (at 1098 bp) to generate fragments of ~1498 bp. Three
sequences shared CDR3 and switch point with 4-5. The duplication in 13-8 is marked.

E. 4-7. Switch point at position 60.

F. 4-70. Switch point marked by 1 bp deletion after position 48.

G. I7. Switch point at position 62, followed by large “deletion” and 3 bp insertion.

H. 116. Switch point at position 9, followed by “deletion” and 1 bp insertion before joining with G5 sequence.

I. 129. Switch point at position 36, followed by large “deletion. The 9 bp insertion is most likely a duplication of the adjacent GTCTGGGGT.
J. 136. Switch point at position 211, followed by large deletion. An alternative interpretation is the joining occurred through homology
between G4A and G5 (underlined); the deletion and mutations would have occurred after switching.

K. 169. Switch point at position 30, “deletion” with 2 bp insertion.

L. Switch point at position 87, followed by large “deletion” and 5 bp insertion.

M. Switch point at position 76, followed by 9 bp insertion and extensive downstream changes.

N. 153. I. Switch point in G4A sequence is at position 311 but is taken up at position 169 in G5, generating a “duplication”, as if unequal
crossingover had taken place. Il. The actual I53 sequence is aligned with the disparate regions of G4A and G5 to show insertion of 8 bp at
the switch point before the sequence continues as G5.

0. 122. I. Switch point in G4A sequences is at position 195 but is taken up at position 28 in G5 generating a “duplication”. Il. 122 is aligned
with the disparate regions of G4A and G5 to show insertion of 3 bp CGC before 122 continues as G5. P. [167.

P. 1167. The switch junction of 1167 includes 9 bp of sequence that is shared between G4A (86-95) and G5 (311-319) that may be
involved in homology pairing.
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Leader VH
GR-G4A ATGACTACGTCGACGATTTTTCTCAGTTTGTTTCTGACTTTCTTATCCCGTGTCCAGTCGGAGGTTACTTTGACTCAACCAGAGGCAGAGAACAGCCAACCTGGAGGCTCGCTGACAC
4-7 TTCTGACTTTCTTATCCCGTGTCCAGTCGGAGGTTACTTTGACTCAACCAGAGGCAGAGAACAGCCAACCTGGAGEGTCGCTGACAC
G4G5-3 TGACTCAACCAGAGGCAGAGAACAGCCAACCTGGAGEGTCGCTGACAC
4-5 TTCTGACTTTCTTATCCCGTGTCCAGTCGGAGGTTACTTTGACTCAACCAGAGGCAGAGAACAGCCAGGCTGGEGGETCGCTGACAC
G4G5-17 TGACTCAACCAGAGGCAGAGAACAGCCAGGCTGGAGGCTCGCTGACAC
G5 ATGATGACGTCAACAATTTTTCTCAGTTTGTTGCTGGCTTTATTACCCTGTGTCCAGTCGGAGATTACTTTGATTCAACCAGAGGCAGAGACCGGCCATCCTGGAGGCTCCCTGAGTC

CDR1 CDR2
GR-G4A TTACCTGTAAAACTAGCGGGTTCGATCTTAGCAGCTACTATATGGGTTGGGTCCGCCAGGTTCCCGGACAGGGTCTGGAGTGGTTGGTTACCTACTATAGTTCATCGAACAATTACTA
4-7 TTACGTGTAAAACTAGCGGGTTCGATCTTAGCAGCTACTATATGGGTTGGGTCCGCCAGGTTCCCGGACAGGGTCTGGAGTGGTTGGTTACCTACTATAGTTCATCGAACAATTACTA
G4G5-3 TTACGTGTAAAACTAGCGGGTTCGATCTTAGCAGCTACTATATGGGTTGGGTCCGCCAGGTTCCCGGACAGGGTCTGGAGTGGTTGGTTACCTACTATAGTTCATCGAACAATTACTA
4-5 TTACCTGTAAAACTAGCGGGTTCGATCTTACGCtgAGTATATGACCTGGGTCCGCCAGGTTCCCGGACAGGGTCTGGAGTGGTTGGTTACCTACTCTAGEGCATAGEACAATTACTA
G4G5-17  TTACCTGTAAAACTAGCGGGTTCGATCTTtaCgetgAaTATATGACCTGGGTCCGCCAGGTTCCCGGACAGGGTCTGGAGTGGTTGGTTACCTACTCTACTTCATAgCACAATTACTA
G5 TGACCTGTAAAACCAGTGGGTTCAATCTTGGCAGCTCCTCCATGTATTGGATCCGACAGGTTCCCGGACAGGGGCTGGAGTGGATAGTTTACTACTATAGTTCATCGAGCAATAACTA
GR-G4A TGCGCCAGCGATTAAAGATCGATTTACTGCGTCCAAAGACACTTCAAGCAACATCTTCGCGTTGGAAATGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTGCAAGAGAC
4-7 TGEGCCAGCCATTAAAGGTCGATTTACTGCGTCCAAAGACACTTCAAGCAACATCTTCGCGTTGAAAATGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTACAAGA---
G4G5-3 TGEGCCAGCCATTAAAGGTCGATTTACTGCGTCCAAAGACACTTCAAGCAACATCTTTGCGTTGAAAATGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTACAAGA---
4-5 TGCGCCAGCGATTAAAGATCGATTTACTGCGTCCAAAGACACTTCAAGCAACATCTTCGCGTTGGAAATGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTCAAAG----
G4G5-17  TGCGCCAGCGATTAAAGATCGATTTACTGCGTCCAAAGACACTTCAAGCAACATCTTTGCGTTGGAAATGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGTCAAAG----
G5 TGCGCCAGCGATTAAAGATCGATTTACTGCGTCCAAAGACACTTCAAACAACATCTTCGCATTGGAAATGAGGAGCGTGAAGATCGACGACACCGCCATCTATTACTGTGCAACAGAT
JH

GR-G4A ACTACTTTGATAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG
4-7 CGTTCGCACGAGTATTCAGTTCGGCTTGATACTAAGTGGGACCCCCTT  ——-—- TTTGATAACTGGGGEGAAGGAACCATGGTCACTGTGAGETTAG
G4G5-3 CGTTCGCACGAGTATTCAGTTCGGCTTGATACTAAGTGGGACCCCCTT  ——-—- TTTGATAACTGGGGEGAAGGAACCATGGTCACTGTGAGETTAG
4-5 TCACCGATACTACAGEAGACEGGGGACGCTCCGA  —mmmmmmm GACACETGGGGACAAGGAACCATGGTGACTGTGECTTTAG
G4G5-17 TCACCGATACTACAGTAGGCAGGGGACGCTCCGA — —mmmmmme GACACETGGGGACAAGGAACCATGGTGACTGTGACTTTAG
G5 ACTACTCCGGTTACTGGGGACAAGGAACCATGGTGACCGTGACTACAG

J-C Intron
GR-G4A GTAAGAACCTTGAATGTTTTCAGCAACCGTTATA------ TTTGTTTTAACTGTATATTAATTTGAGTAATTCATGATTCAAATGAAACTCGAATTCTGCGCTGTGTTTAGTTTGGTT
4-7 GTAAGAAECTTGACCECTTTCAGCAACCGTTACG------ GCgGTTTTAACTGTATATTAATTTG gEAgcd
4-5 GTAAGAACCTTGACGGTTTTCAGCAASCGAgATAaggtggTaTacTgatAtcGTATATERGIGGIgacc c a

C region

G4A TGACACCGTCTTCCCCGACACTTTATGGTCTCGTCTCCTCCTGCGAGCAACACAGCACTGACGGTTCTGTGATTTTTGGTTGTTTGGCGATGGACTACTCCCCTGACGCCACCAGTGT
G4G5-3 ACACCGTCTTCICCGACACTTTATGG GTCTCCTCCTGREAGCAAGGCAACARTGACGGTTCTGTGA TGGTTGETTGGCGATGGACTARTCCCCEGACGICECCAGTGT
G4G5-17 ACACCGTCTTCICCGACACTTTATGG GTCTCCTCCTGREAGCAAGGCAACARTGACGGTTCTGTGA TGGTTGETTGGCGATGGACTARTCCCCEGACGICECCAGTGT

CABC Ci

G5 ACACCGTCTTCHCCGACACTTTATGG GTCTCCTCCTGREAGCA, TGACGGTTCTGTGA TGGTTGETTGGCGATGGACTARTCCCCEGACGHCECCAGTGT

Fig.S5.Clonally related VDJ are flanked with switched intron or spliced to switched C region. Top, Diagram depicts
the two kinds of sequences, VDJ flanked with intron (clones 4-7,4-5) and VDJ spliced to C region (G4G5-3,-17).
Yellow indicates G4 origin, pink G5. Bottom, Alignment of sequences with G4A and G5. Somatic mutations are
highlighted in blue. See legend to Fig. 2.



A.

105S
246W
oW
20W
40W
Ww-2
G2A

105S
246W

20W
40W
Ww-2
G2A

105S
246W
oW
20W
40W
Ww-2
G2A

105S
246W
oW
20W
40W
Ww-2
G2A

(o]

G4CG
c57

G4CG
c57

G4CG
c57

G4CG
c57
31-7

G4CG
c57
31-7

G4CG
c57
31-7

G4CG
c57
31-7

G4CG
c57
31-7

G4CG
c57
31-7

G4CG
c57
31-7

G4CG
c57
31-7

G4CG
c57
31-7

IgW VD] and IgM C region

Leader VH
ACTCTGCATCTGCTTCCACACGGCG ATGGGGATTGCTCCTAATCTCTGTGTCCTCCTGGTCTGTCTGACAG---GTGTCTGGTCTGAG---ATCACGCTGACCCAGCCCGAGTCAGTTGTGAA
ACTCTGCATCTGCTTCCACACGGCG ATGGGGATTGCTCCTAATCTCTGTGTCCTCCTGGTCTGTCTGACAG---GTGTCTGGTCTGAG---ATCACGCTGACCCAGCCCGAGTCAGTTGTGAA
ACTCTGCATCTGCTTCCACACGGCG ATGGGGATTGCTCCTAATCTCTGTGTCCTCCTGGTCTGTCTGACAG---GTGTCTGGTCTGAG---ATCACGCTGACCCAGCCCGAGTCAGTTGTGAA
ACTCTGCATCTGCTTCCACACGGCG ATGGGGATTGCTCCTAATCTCTGTGTCCTCCTGGTCTGTCTGACAG---GTGTCTGGTCTGAG---ATCACGCTGACCCAGCCCGAGTCAGTTGTGAA
ACTCTGCATCTGCTTCCACACGGCG ATGGGGATTGCTCCTAATCTCTGTGTCCTCCTGGTCTGTCTGACAG---GTGTCTGGTCTGAG---ATCACGCTGACCCAGCCCGAGTCAGTTGTGAA
ACTCTGCATCTGCTTCCACACGGCG ATGGGGATTGCTCCTAATCTCTGTGTCCTCCTGGTCTGTCTGACAG---GTGTCTGGTCTGAG---ATCACGCTGACCCAGCCCGAGTCAGETGTGAA
ATTCTCTCCCAGGATACCAGA ATGACGACGATGATAATTTTTCTCAGTTTGTTACTGAATTTCTTATCCTGTGAGTGTCCAGTCGGAGGAGGTTACTTTGATTCAACCAGAGGCAGAGAACGG

CDR1 CDR2
AAAGCCAGGAGAGTCTCACAGACTGACCTGTACAGTGAGTGGGTTCAGCCTCAGCAGCAACAGCATGCACTGGGTGAGACAGGCCCCCGGGAAAGGCCTGGAATGGTTAGCAGCCATAGCTAGTT
AAAGCCAGGAGAGTCTCACAGACTGACCTGTACAGTGACTGGGTTCAGCCTCAGCAGCAACAGCATGCACTGGGTGAGACAGGCCCCCGGGAAAGGCCTGGALTGGTTAGCgaCCATAGGTAcga
AAAGCCAGGAGAGTCTCACAGACTGACCTGTACAGTECGTGGGEECAGCCTCAGCAGCALAGGEGTGTACTGGGTGAGACAGGCCCCCGGGAAAGGCCTGGAATGGTTAGCAGEEE TgttTAGEg
AAAGCCAGGAGAGTCTCACAGACTGACCTGTACAGTECGTGGGTTCAGCCTCAGCAGCACCGGEGTETAETGGGTGAGACAGGCCCCCGGGAAAGGCCTGGAATGGTTAGCAGCagagttTAGeg
AAAGCCAGGAGAGTCTCACAGACTGACCTGTACAGTGAGTGGGTTCAGCCTtcaaAGCggCGGCATGTACTGGGTGAGACAGECCCCCGGGAAAGGCCTaagATGGTTAGGCaCCATAGGAAGTT
AAAGCCAGGAGAGTCTCACAGACTGACCTGTACAGTGAGTGGGTTCAGCCTtcaagGCacaGGCATGTACTGGGTGACACAGECCCCCGGGAAAGGCCTGAgATGGTTAGCAGCCATAGEAAGTT
CCATCCTGGAGGTTCCATGAGACTGACCTGTAAAACCAGCGGGTTCGATCTTGACAGCTATGCCATGAGTTGGGTCCGACAGGTTCCCGGACAGGGGCTGGAGTGGATAGTTTACTACTATGGTT

CAGGTAGCAAGTACTACGCTCCAGCAGTTCGAGACCGTTTCGAAATTTCCAAGGACAGCGAC-ACAGTATAT----- CTGCAGGTGACGAGTCTGAGAGTGGACGACACCGCCATCTATTACTGT

CAGGagtCAAGTACCACGCTCCAaCEETTCGAGACCGTTTCGAAATTTCCAGGGACACCGAC-ACACTATAT----- CTcCAGGTGACAAGTCTGAGAGTGGACGACACCGCCATCTATTARTGT
GAGGCCGCAAGTACTACGCTCCAaCAGTTgegGgCCGgeTCGAAATTTCGAAGGACACGGGC-ACAATATAT ----- CTGCAGGTGACGAGTCTGAGAGTGGACGACACCGCCATCTATTARTGT
GAGGCCGCAAGTACTACGCTCCAaCAGETaatGgCCGTTTCGAAATTTCCAAGGACAGCGAC-ACAGTACET----- CTGCAGGTGACGAGTCTGAGAGTGGACGACACCGCCATCTATTARTGT
CAGGTAatAAGTACTACGAcCCAGCAGTTCGAGACCGTTTCGAAATTTCCAAGGACACGGAC-ACAGTATAT----- CTGCAGGTGACGcaaCTAaAGAGTGGACGACACCGCCATCTATTACTGT
CAGGTAAgAAGTACTACGAcCCAGCAGTTCGAGACCGTTTCGAAATTTCCAAGGACACGGAC-ACAGTATAT----- CTGCAGGTGECGeaaCTaAGAGTGGACGACACCGCCATCTATTACTGT
CATATAGCAATGACTATGCGCCAGCGATTAAAGATCGATTTACTGCGTCCATAGACACTTCAAACAATATCTTCGCGTTGGAAATGAAGAGCCTGAAGATCGAAGACACCGCCATCTATTACTGT
JH C region
GCGAGT CGGTGGGCGT ACTACTGGGGGAGTGGAACCTTTCTGGAAGTGACTTCAG TTGCCCAGTCTGCACCATCAGTCTACATCTCTAATCCTTCGTGTGACATGAACT
GCGGGT AATGGTACGTTGGGCGT CTGGGGGAGTGGAACCTTTCTGGGAGTEECTTCAG T CCGTCTAC C CATCATGT!
GTGAGT CATGGGTGGGGGGCG AACTGGGGGAGTGGAACCTTTCTGGAGGTEACTTCAG T C GTCTIC CC T CATCATGT!
GTGAGT CATGGATGGGGGGCG TACTGGGGGAGTGGAACCTTTCTGGAAGTCACTTCAG T CCGTCTAC CC T CATCATGT!
aCGAGT TTACAA TACTGGGGGAGTGGAACCTTTCTGGAAGTGACTTCAG T C GTCTC U CATCATGT!
aCGAGT TTGCGA TACTGGGGGGATGGAACCTEECTGGAAGTGACETCAG TGACACEGTCTIC T CCTCETGT
GCAAGAGAC ACTATTTTGATTACTGGGGACAAGGGACCATGGTGACCGTGACTTTAG TGACACEGTCTHC U CETCETGT

IgM VD] and IgW C region

Leader VH
ATGACTACGTCGACGATTTTTCTCAGTTTGTTTCTGACTTTCTTATCCCGTGTCCAGTCGGAGGTTACTTTGACTCAACCAGAGGCAGAGAACAGCCAACCTGGAGGCTCGCTGACAC
ATGACTACGTCGACGATTTTTCTCAGTTTGTTTCTGACTTTCTTATCCCGTGTCCAGTCGGAGGTTACTTTGACTCAGECAGAGGCAGAGAACAGCCAAAGTGGAGGCTCGCTGACAC

CDR1 CDR2
TTACCTGTAAAACTAGCGGGTTCGATCTTAGCAGCTACTATATGGGTTGGGTCCGCCAGGTTCCCGGACAGGGTCTGGAGTGGTTGGTTAGCTACTATAGTTCATCGAGCAATTACTA
TTACCTGTAAAACTAGCGGGTTCGATTTTAGCAGECACTGgATGGEGTGGGTCCGCCAGGTTCCCGGACGGGGTCTGGACTGGTTGACTAGETACTATAGTTCAgaGtctAAgTACTA

TGCGCCAGCGATTAAAGGTCGATTTACTGCGTCCAAAGACACTTCAAACAACATCTTCGCGTTGGAAATGAAGAGACTGAAGATCGAAGACACCGCCATCTATTACTGTGCAAGAGAC
TGCGCCAGCGATTAAAGGTCGATTTAagGCGTCCAAAGACACCTCAAACAAEATCTTCGCGTTGGAAATGAACAGACTGAAGETCGAAGACACCGCCATGTATTACTGTGCEAGAGAC

D1 D2 JH CH1
ATACTACAGTGGGT ~ ACATACTGGGGTAG ACGAATTCGCTAACTGGGGACAAGGAACCATGGTGACTGTGACTTTAG TGACACCGTCTTCCCCGACACTTTATGGTCTC
TCGCCGGGT GGGTGGGCCC ---AATTCGECgACTGGGGACACGGAACCATGGTGACTGTGACTTTAG ATGTCCAGATCAAACCTTCAGTTTATCTTTCC

AAGCGAACCTTTCTGGAAGTGACTTCAG ATGTCCAGATCAAACCTTCAGTTTATCTTTCC

GTCTCCTCCTGCGTGCAACACAGCACTGACGGTTCTGTGATTTTTGGTTGTTTGGCGATGGACTACTCCCCCGACGCCACCAGTGTGACCTGGAAGAAAGGTGGGAAGCCCTTCACGA
AGTACTTCCTGTGACACAAGCTCCAATCAAGATAAGATCAGCCTCCTCTGTCTGGTCAAGGATTTCCAGCCCAGGAACATCCAACAGACATGGTCCAGCAACAATAAAGAGATCACAA
AGTACTTCCTGTGACACAAGCTCCAATCAAGATAAGATCAGCCTCCTCTGTCTGGTCAAGGATTTCCAGCCCAGGAACATCCAACAGACATGGTCCAGCAACAATAAAGAGATCACAA

CTGGATTTATGACATACCCATCGGTGAGAAGCAAGAAGGGAACTTACACCCTGAGCAGTCAGTTAGCGGTCATCGAGTCAGAGGCAGAATGCCCAGAAATTACCTGTGAGGTTCGACAC

CTGGATTCAATAAGTATCCAGCAATCTTGGGGCAAAATATGAAGTACACAATGAGCAGTGTGCTCACTGTCTCTGCGTCAGATTGGAATGCGAACAAGGTCTACCACTGCAAGGCGGGC

CTGGATTCAATAAGTATCCAGCAATCTTGGGGCAAAATATGAAGTACACAATGAGCAGTGTGCTCACTGTCTCTGCGTCAGATTGGAATGCGAACAAGGTCTACCACTGCAAGGCGGGC
CH2

AGCGGTTCCGACAAGAGCACTGGAATGCCAT - === === === === === mmmmm oo oo oo oo - GTCCACCAGATAAGGTCACTCCAACTCTTCTCCTAACTGTGAGTTCCAGTGAAGA

TACAAGGCAAATGAAGTGGTGGAAGCTGTGATCACAAAGCCTTCGCCTCCACGTCAGCCTCAATCTCCCCAGGTCTTCTCTGTTGTTCCATCCTGGGAGATGGTCTACAATCAAACTAC

TACAAGGCAAATGAAGTGGTGGAAGCTGTGATCACAAAGCCTTCGCCTCCACGTCAGCCTCAATCTCCCCAGGTCTTCTCTGTTGTTCCATCCTGGGAGATGGTCTACAATCAAACTAC

AATCGAGAGCAAAAAAGTTGCGACGATCGTCTGTTCAATCTTGGACTTCAATCCAAAGAAAATCTCCGTGATTTGGTTGAAGAATGGAAAACAGGTGAATTCTGGTACCTTCACTTCTC
TGCTGCCCTGGGGTGCATACTATCTGGATTCTATCCTGACAGTGTACAGGTTTCCTGGTTTAAAGCCGGAGTGCCAATCTCCCAATCGGGTGCCAAACTCCCTTCCACCAAGGGAAAAG
TGCTGCCCTGGGGTGCATACTATCTGGATTCTATCCTGACAGTGTACAGGTTTCCTGGTTTAAAGCCGGAGTGCCAATCTCCCAATCGGGTGCCAAACTCCCTTCCACCAAGGGAAAAG

CCGTGTGTGAA-GCGAATGGAAACTTCTCAACGACCAGTCAGCTGAGAGTCCCTTATCGTGAATGGTTCGACAGAGCAGTCTATACATGCCAGGTCGATCATGAAGGGGTCATTCAAAG
GTGATACATTT-GAAACAGTCTCTTATCTGACTGTACAGGTGGCGGATTGGAAAAAAGGGGATGAATTCACTTGCGCAGTGTCCCATGAGCCGACAAGCTTCAGGACCAGGATCAACAT
GTGATACATTTNGAAACAGTCTCTTATCTGACTGTACAGGTGGCGGATTGGAAAAAAGGGGATGAATTCACTTGCGCAGTGTCCCATGAGCCGACAAGCTTCAGGACCAGGATCAACAT

TCAGAACATCACCGGACCTCAG ==~ == === = === == == o o oo o o oo
GAAGTATCGAGAGGAAATGACTGTCTTTCTCCAAAATCCTTCAATCAAAGAGCTTTGGATCAACAAGACCGCAACCCTGGTGTGTACAGCAGTGTGTTCTGATTCCAGCCGGGTCCGGE
GAAGTATCGAGAGGAAATGACTGTCTTTCTCCAAAATCCTTCAATCAAAGAGCTTTGGATCAACAAGACCGCAACCCTGGTGTGTACAGCAGTGTGTTCTGATTCCAGCCGGGTCCGGE

TCACCTGGAAAGTAAATGGG-AGACAGAGAAGTAAAGGGGTTACAGCTCAGCCACAGAGAGAGGAAGGCACCCAATACATCGTCGTCAGCCAACTCCGAACCACAGCAGCGGAGTGGGA
TCACCTGGAAAGTAAATGGGGAGACAGAGAAGTAAAGGGGTTACAGCTCAGCCACAGAGAGAGGAAGGCACCCAATACATCGTCGTCAGCCAACTCCGAACCACAGCAGCGGAGTGGGA

GAGTGGGGTAGAGTTTGTGTGTTCTGCTCAAAGTGGTCCCTCATCCTCACCAGTGTCAAAGCGGTCAAGGAGTGTAAAAGTTCTGCAAAAAAGTCCCGAGGTCAGACTGCTGCCTCCAC
GAGTGGGGTAGAGTTTGTGTGTTCTGCTCAAAGTGGTCCCTCATCCTCACCAGTGTCAAAGCGGTCAAGGAGTGTAAAAGTTCTGCAAAAAAGTCCCGAGGTCAGACTGCTGCCTCCAC



GACG =

c57 CGGCCCAAGAGACCAAGAATCAGAGCAGAGTTACACTCGAGTGTGTAATCACTGGATTCTACCCAGACCTCATACAGGTCTCCTGGGAGAAGGATAGCAGCCTGATCTCCTCCAATACC
31-7 CGGCCCAAGAGACCAAGAATCAGAGCAGAGTTACACTCGAGTGTGTAATCACTGGATTCTACCCAGACCTCATACAGGTCTCCTGGGAGAAGGATAGCAGCCTGATCTCCTCCAATACC
[ R ettt et e D it
c57 CGTGCTGGCCTCACTGCTCTGGAGCAGACGGGGACATTCAGTGTCaGGCACTACCTGACTGTGAGCACAGAGGAGTGGAGGAAAGGTTCAGTCTTCACCTGTGTAGTGTCTCATCCACC
31-7 CGTGCTGGCCTCACTGCTCTGGAGCAGACGGGGACATTCAGTGTCaGGCACTACCTGACTGTGAGCACAGAGGAGTGGAGGAAAGGTTCAGTCTTCACCTGTGTAGTGTCTCATCCACC
CH3
G4CG  mm e GTTTCGGAGTGCCGTGATTACACAGCTAAAATACTACCGCCACCAGTTGAACAGGTCTTACTGG
c57 ATCCAACTTTACCAGCAGTAAGGAGGTGAAGAATGTTCAAGATGAATGTTTGGACACTGGAATCTCAGTCACCTTAAGCAAGCCTCCATTTGCAGAGATCTGGAGGAACAGAACAGCAA
31-7 ATCCAACTTTACCAGCAGTAAGGAGGTGAAGAATGTTCAAGATGAATGTTTGGACACTGGAATCTCAGTCACCTTAAGCAAGCCTCCATTTGCAGAGATCTGGAGGAACAGAACAGCAA
G4CG AGGCGACGGTGACGTTAACCTGCGTTGTGTACAATCTTCATTTTGAAGCCAACTTCACCTGGATACACGACAAGAAGACTCTGAAATCAGAGATTGTTGACCAGTCCGGAGAGCATTCC
c57 CCATTCTGTGTGAGGTACTTTACCGTGATTTAGAGGGAGTCAGGGTAACCTGGAAAGTGGATGGAATCATGAGACAAGATGGAGTGAAGACCCAGGGTCCCAAGAAAAGTGGACATAAA
31-7 CCATTCTGTGTGAGGTACTTTACCGTGATTTAGAGGGAGTCAGGGTAACCTGGAAAGTGGATGGAATCATGAGACAAGATGGAGTGAAGACCCAGGGTCCCAAGAAAAGTGGACATAAA
G4CG GAAGGTGTGATCAGCAAGTTAGATATTTCTACTGAAGCCTGGCTGAGTGGGGATAAATTTGAATGCGTGGTGAACAATCAGTATTTACCGACTCCACTGAGAAACTCCATCCACAAAGA
c57 GAGATCATCTTCAGTAGACTGACAGTCCCTGCTGCAGAGTGGGAGAGTGGGGTCGAGTATATGTGTTTGGTGGAGGACAAAAATTTGCCAACACCAGAGAAGAGGTTCATCAGGAAATC
31-7 GAGATCATCTTCAGTAGACTGACAGTCCCTGCTGCAGAGTGGGAGAGTGGGGTCGAGTATATGTGTTTGGTGGAGGACAAAAATTTGCCAACACCAGAGAAGAGGTTCATCAGGAAATC
CH4
G4CG GAAATTGGTAAATCCGCTGGAACCATCGGTGTCCGTCCTCCTGCCAGCGACAGAAGAAGTCTCCGCACAGAGGTTTGTTTCGCTCACCTGTTTAGTGAGAGGTTTCAGGCCCCGAGAGA
c57 CCAAGATGATATTAAGACTCACCCTCAAGTCTACCTCCTGCCCCCTTCACCGGATGAGATGGAGACTGCTCATACTGCGACCCTGGTTTGCCTGGTCACTGGATTCTCTCCCGTAGATA
31-7 CCAAGATGATATTAAGACTCACCCTCAAGTCTACCTCCTGCCCCCTTCACCGGATGAGATGGAGACTGCTCATACTGCGACCCTGGTTTGCCTGGTCACTGGATTCTCTCCCGTAGATA
G4CG TCTTTGTCAAGTGGACAACCAACGACAAGCCGGTTAATCCCACTAACTATAAGAACACCGAGGTGACGGCAGAGAGCGATAACACCTCCTTCTTCTTGTACAGCCTATTGTCCATTGCT
c57 TCGATCTGGCTTGGATGGCCAATGATACCCTTCTGAAGACAGGGTTCATTCA---TCAGCCAGTGACTGAGGATGGCAGAGGAGGCTGGAACTCAGG---CAGTCGCCTGACGGTCTCT
31-7 TCGATCTGGCTTGGATGGCCAATGATACCCTTCTGAAGACAGGGTTCATTCA---TCAGCCAGTGACTGAGGATGGCAGAGGAGGCTGGAACTCAGG---CAGTCGCCTGACGGTCTCT
Tailpiece

G4CG GCGGAGGAGTGGGCCAGCGGTGCTTCTTACTCCTGTGTGGTGGGACATGAAGCGATTCCTTTGAAGATCATCAACAGAACCGTGGATAAATCCAGCGGTAAACCGAGTTTTGTGAATAT
c57 ACAGAGGAGTGGGACAGCGGCACCACATACTCCTGTGTGGTGGGACATGAGTCAGTCACAACAAATGTATTCAGAAGCATCAATAAATATCACAGCAAACCCAACCTGGTTAATGTCTC
31-7 ACAGAGGAGTGGGACAGCGGCACCACATACTCCTGTGTGGTGGGACATGAGTCAGTCACAACAAATGTATTCAGAAGCATCAATAAATATCACAGCAAACCCAACCTGGTTAATGTCTC
G4CG TTCACTTGCACTGATGGACACCATTAATTCATGCCAA

c57 ACTTGTTTTGACTGAAAGTTTTAACTCCTGTTCA---

31-7 ACTTGTTTTGACTGAAAGTTTTAACTCCTGTTCA---

Figure S6. A. IgW VDJ and IgM C region. Five cDNA sequences isolated from shark-GR epigonal library (Table 2) are
compared with an IgW H chain ¢cDNA (top, 105S; accession number AY609244) and IgM G2A H chain (bottom).
Identities in VDJ highlighted in yellow, those in C region in pink; presumed mutations are in lower case and marked in
blue. All cDNA were full-length and identical in C region sequence to the secreted form of G2A. Accession numbers
JQ272792-96.

B. IgM VDJ and IgW C region. Clone ¢57 from shark-GR cDNA library is aligned with the IgM G4CG H chain sequence in
the VH. Mutations are in lower case and highlighted in blue. Identities between G4CG and ¢57 JH highlighted in yellow.
The C region of ¢57 (1961 bp, Accession number JN802117) is almost identical to that of clone 3 1-7 (AY524280), an
IgW H chain sequence with a partial JH (as shown). The C region has been identified as belonging to the G5 subfamily of
Igw genes (unpublished results). There are two gapping mismatches between 3 1-7 and c57 (shaded in 3 1-7), but the
sequence of ¢57 has been confirmed and can be read through to its end. The C region is labeled CH1-4 according to the
G4CG H chain sequence. The IgW sequences have two additional domains.





