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Supplementary Figure S1 Nucleotide and deduced amino acid sequences of duck 

D and J gene segments, J segments (A), D and J segments (B), D and 

Jsegments (C), J segments, and D and J segments in the TCR2 locus (E).  
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Supplementary Figure S2 Amino acid sequence alignments of the duck V genes, 

V segments (A), V segments (B), V segments (C) and V segments (D). Only 

functional genes and in-frame pseudogenes are shown. The FRs and CDRs were 

described according to the IMGT unique numbering for the V-REGION. Canonical 

cysteines and tryptophans are shaded. The pseudogenes are indicated by “p”. 

 

 

  



 



 

 

 

Supplementary Figure S3 Southern blotting detection of duck genomic DNA 

using the TCR C and V specific probes, C and V (A), C and V (B), C and 

V(C), C and V (D), and C2 and VH (E). The probes used are indicated below 

each panel. The restriction enzymes used are indicated above each panel. The DNA 

marker is shown on the left. 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

Supplementary Figure S4 Dotplot analyses of the V regions of TCR, TCR 

and TCR. Approximate V segment locations are shown on each axis. Functional V 

segments, pseudogenes and non-TCR genes are marked as in Fig. 1. (A) The V 



region of TCR locus. (B) The incomplete V region of TCR locus. Lines 

parallel to the main diagonal reflect the homology unit containing one V2 and one 

V3 segment. (C) The Vregion of TCRlocus. The repeated unit of ~ 4 kb length 

composed of V segments from V2 and V3 subgroups. (D) The Vregion of 

TCRlocus. The 5’ duplicated region corresponds to V3 subgroup. One PRSS2 gene 

and one V1 segment formed a homology unit, which has three copies. Lines 

perpendicular to the main diagonal reflect the PRSS2 gene and V1 segment with an 

opposite transcriptional orientation to the relevant C region. (E) The Vregion of 

TCRlocus. (F) The J-C region of TCR locus. Except the well-conserved first exon 

of two Cb genes, no homologous regions containing coding sequences were found in 

J-C region of TCRb locus. The solid black region on the diagonal reflects an ~400 bp 

area of short tandem repeats. 
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Supplementary Figure S5 Combinatorial and junctional diversity of duck TCR genes expressed in the thymus, TCR (A), TCR (B), 

TCR (C), TCR (D) and TCR2 (E). The nucleotide sequences of the V(D)J junctions of all unique TCR clones are shown. The germline 

sequences of the 3’-end of the V, D and J segments are shown above the cDNA clones and in bold. Conserved sequences of the germline V and J 

segments are underlined. Nucleotides shaded in the junctions are putative P nucleotides. Gaps are indicated by dashes. The CDR3 is defined as 

the region between the J region–encoded FGXG motif and the nearest preceding V region–encoded cysteine, as described in the IMGT unique 

numbering for V-DOMAIN. The number on the right-hand side of each cDNA clone indicates the nucleotide length of the CDR3 region. The 

asterisk indicates nonfunctional transcripts.  



 

 

 

Supplementary Figure S6 CDR3 length distributions of duck TCR cDNA clones, TCR (A), TCR (B), TCR (C) and TCR (D). The 

x-axis shows the amino-acid length of CDR3, and the y-axis indicates the percentages of CDR3 sequences with the indicated lengths. 

 



Supplementary Table S1 Primer Sequences  

Name Sequence Purpose 

TRBF 5’-CAGATGGGTCTCCCGTAGAA-3’ 
BAC screening for TCR locus 

TRBR 5’-CCCACCACTGTGAATGTGAG-3’ 

TRGF 5’-ATGGTCTGGTGGCAGTAAGG-3’ 
BAC screening for TCR locus 

TRGR 5’- TGGCCATGGATTGTTCTGTA-3’ 

TRAF 5’-CAAATATGCAGCCTTGCTGA-3’ 
BAC screening for TCR locus 

TRAR 5’-TTCCTCCTTCCTCTCCCAAT-3’ 

TRAF2 5’-GGGATGCACTTCAACCAGAT-3’ 
BAC screening for the overlap clone 

TRAR2 5’-CCCTGTGCAAACCCTAGAAA-3’ 

TRD2F 5’-GCAGGCATTTCTTTCTCTCG-3’ 
BAC screening for TCR locus 

TRD2R 5’-ACCCAAATTGTCTGCACTCC-3’ 

NotI-d(T)18 5’-AACTGGAAGAATTCGCGGCCGCAGGAATTTTTTTTTTTTTTTTTT-3’ - 

RT-P1 5’-AACTGGAAGAATTCGCGGCC-3’ - 

RT-P2 5’-AAGAATTCGCGGCCGCAGGAA-3’ - 

Cb3F1 5’-CCCCGACACCCTCAATTTAG-3’ 3’RACE for C (1
st
 round RCR) 

Cb3F2 5’-AAGGGGTGGGTACAGATGAG-3’ 3’RACE for C (nested RCR) 

Cg3F1 5’-TCTGCATTGTCATTTTAAAG-3’ 3’RACE for C (1
st
 round RCR) 

Cg3F2 5’-GAGCGGATGTTCTACATTTC-3’ 3’RACE for C (nested RCR) 

Ca3F1 5’-CACCACGGAGCTGAACACTG-3’ 3’RACE for C (1
st
 round RCR) 

Ca3F2 5’-CTGACAGCGCCTTGTTCTTC-3’ 3’RACE for C (nested RCR) 

Cd3F1 5’-CTTGTTTGGCAAGGAACTTC-3’ 3’RACE for C (1
st
 round RCR) 

Cd3F2 5’-TTTGCAACACCACAGACATC-3’ 3’RACE for C (nested RCR) 

C2d3F1 5’-TGGAGAAGCCTGCAATGTTC-3’ 3’RACE for C2 (1
st
 round RCR) 

C2d3F2 5’-TTTGCTGCAGCCCCTGAAGG-3’ 3’RACE for C (nested RCR) 



B1gsp1 5’-CTTTCCCACAGAGAATAAG-3’ 5’RACE for TCR1 (reverse transcription) 

B2gsp1 5’-CAAAATGAGCATGATGTACA-3’ 5’RACE for TCR2 (reverse transcription) 

Bgsp2 5’-TCGACTGGTCAGTGAATAAG-3’ 5’RACE for both TCR1 and 2 (1
st
 round RCR) 

Bgsp3 5’-TGTGGAAGTCTCATCTGTAC-3’ 5’RACE for both TCR1 and 2 (nested RCR) 

Ggsp1 5’-TGGGGAGTTTAAAATTCTC-3’ 5’RACE for TCR (reverse transcription) 

Ggsp2 5’-GTGCTGACTGAGTACTTATC-3’ 5’RACE for TCR (1
st
 round RCR) 

Ggsp3 5’-TGCAGGATTTCAGAGTTCTC-3’ 5’RACE for TCR (nested RCR) 

Agsp1 5’-CCCAGCTGTGTGAAAGACAG-3’ 5’RACE for TCR (reverse transcription) 

Agsp2 5’-ATCCCTGTTACACAGACAGT-3’ 5’RACE for TCR (1
st
 round RCR) 

Agsp3 5’-TGCTTCCTGTTTATTCTCAG-3’ 5’RACE for TCR (nested RCR) 

Dgsp1 5’-TGGCTGGAAAATTTTTGTTC-3’ 5’RACE for TCR (reverse transcription) 

Dgsp2 5’-CACATTCACCACTTTAATAG-3’ 5’RACE for TCR (1
st
 round RCR) 

Dgsp3 5’-GTCCCCTCTGATGTCATAAC-3’ 5’RACE for TCR (nested RCR) 

CbpF 5’-TTTTCCCCATCAAAGCAAGA-3’ 
Southern blotting probe for C 

CbpR 5’-AGCATCACCATAGATGAATC-3’ 

Vb3pF 5’-AACAGTCGCCAGACACAGTC-3’ 
Southern blotting probe for V 

Vb3pR 5’-GCACTTTCAGCACAGTAATA-3’ 

Vb2pF 5’-AATCACCAGGCACAGTTGTC-3’ 
Southern blotting probe for V 

Vb2pR 5’-GTGCCTGAGTCATTAAGTAG-3’ 

CgpF 5’-GCAGACGAAGCATAAAGATC-3’ 
Southern blotting probe for C 

CgpR 5’-ATGGGGAGTTTAAAATTCTC-3’ 

Vg1pF 5’-ACACGTCTGCAATGTCATTT-3’ 
Southern blotting probe for V 

Vg1pR 5’-GTAGGCACAGTAGTAGATAG-3’ 

Vg6pF 5’-TGCGCGGATCGACTGCCACT-3’ 
Southern blotting probe for VVI 

Vg6pR 5’-CCCAGTAAGCACAGTAATAG-3’ 



CapF 5’-CAGGCTGACCACTAAAGATG-3’ 
Southern blotting probe for C 

CapR 5’-CATCCCTGTTACACAGACAG-3’ 

Va1pF 5’-TCACCCAGGAAGAAGGACAAG-3’ 
Southern blotting probe for VI 

Va1pR 5’-GTACAAGGCGCTGTCAGAAAG-3’ 

Va3pF 5’-CAGCCTTGTTGGCACTGTCAG-3’ 
Southern blotting probe for V 

Va3pR 5’-GAGAAGCACCTGGGAGTTCTC-3’ 

CdpF 5’-CTGGCCCAGAAGTTGTTCTG-3’ 
Southern blotting probe for C 

CdpR 5’-CCACCACCTTTTCTGATGAC-3’ 

Vd2pF 5’-GGCAGGCGTTTGGGCTCAGAG-3’ 
Southern blotting probe for V 

Vd2pR 5’-GAGCTCAGGGACAGAGAAGAC-3’ 

Vd5pF 5’-CGCAGCCAAGGATTGTGGAG-3’ 
Southern blotting probe for VV 

Vd5pR 5’-GCCATGCAAAAGCAGAAATG-3’ 

D2cpF 5’-CCAAGCAGACAAGAATATTC-3’ 
Southern blotting probe for C 

D2cpR 5’-TTGCAAACTTTCACTGTCAC-3’ 

D2vpF 5’-TTTGCTGCAGCCCCTGAAGG-3’ 
Southern blotting probe for VH 

D2vpR 5’-TCCAAGTTCTCAATCTTTAG-3’ 

EF1a1F 5’-GAGCCACCTTACAGCCAGAAGAGATA-3’ 
Quantitative real-time PCR for EF1a1 

EF1a1R 5’-GATTGGCACAAAAGCTACAGTGTCTG-3’ 

TRAqF 5’-CCTTCGGTCTACAGGCTGAC-3’ 
Quantitative real-time PCR for TCR 

TRAqR 5’-TGTTTCCACCTCCACAACAG-3’ 

TRBqF 5’-AAGAGCAAAGCCACACTGGT-3’ 
Quantitative real-time PCR for TCR 

TRBqR 5’-CCCTTCTGTCCTCTCAGCAC-3’ 

TRGqF 5’-CTGGAAACAGCACCGTTTTT-3’ 
Quantitative real-time PCR for TCR 

TRGqR 5’-GGGAGCTTAGCTGGAGTCCT-3’ 

TRDqF 5’-GCAAATGTTTGCAACACCAC-3’ Quantitative real-time PCR for TCR 



TRDqR 5’-TTTTTGCCAGCAGGACTCTT-3’ 

TRD2qF 5’-TTGGCAAGGACATTCTACCC-3’ 
Quantitative real-time PCR for TCR 

TRD2qR 5’-CCCCTTTGCATCTGGTTTTA-3’ 

TRD2VH 5’-TGGAGAAGCCTGCAATGTTC-3’ 
Junctional diversity of TCR2 transcripts 

TRD2C 5’-TGGGACTCAAAGTTCTACAG-3’ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table S2 Accession numbers for sequences used in phylogenetic analyses 

Figure Accession number 

Fig. 3A 

Human: A22: DQ097920, A17: DQ097914, A6: X58747, A27: DQ341447, A35: DQ097935, A25: DQ097923, A30: X58768, A34: DQ097934, A10: 

DQ097904, A21: U50404, A24: M17661, A20: X70305, A41: DQ097943, A36-D7: X61070,  A23-D6: D13071, A29-D5: M17664, A1.1: X04939, 

A14: S51029, A19: Z46641, A38-D8: D13074, D1: AY357942, A9.2: X57531, A40: DQ097942, A16: DQ097913, A3: X57534, A8.4: D13077, A4: 

M17663, A26.1: L06886, A2: DQ097917, D2: S24406, D3: M23326 

Mouse: A4: L47342, A13: M38102, A21-D12: M94080, A11: DQ340292, A10: X57397, A5.4: M38681, A3.1: X02967, A14.3: L77149, A7: X56719, 

A1: M22604, AVD16D: M16118, D2.2: M37280, A15-D6: M37599, A6: M34200, A12.3: M38680, A9: M33586, A17: X60319, A2: X03760, D4: 

M23545, D5: X12729 

Cow：013: D90013, 015: D90015, 012: D90012, 011: D90011, D113: D16113, D116: D16116, 014: D90014, 017: D90017, 016: D90016 

Sheep: A622: M55622, D3S2: Z12996, D5: Z12995, A35: U78035, D2: AJ005904, D4: AJ005906, D6: AJ005908, D7: AJ809501, D1S1: Z12989 

Rabbit: D5: D38121, D1: D26555, A885: M12885, D4: D38120  

Chicken: A2: Scaffold AADN03011072.1:23-316, A1: 27:807845-808144, D1: 27:428976-429278 

Finch: 066: 27:3077771-3078064, 164: 27:3067882-3068181, 500: 27:3048926-3049222, 516: 27:3033229-3033528, 495: 27:3054225-3054501, 497: 

27:3051398-3051700 

Parrot: A3: AGAI01023412, A1: AGAI01024880, A2: AGAI01025999, D5: AGAI01011509, D4: AGAI01044297, D6: AGAI01045807 

Grouse: GW705681 

Turkey: A03: ADDD01149483, A02: ADDD01152688, A01: ADDD01150225, D5: ADDD01052097, D4: ADDD01147795 

Fig. 3B 
Human：B12.1：X07224, B14: X06154, B11.3：X58797, B2: M64351, B21.1: L27608, B23: L27614, B13: U03115, B5: U03115, B9: M27380, B15: 

U03115, B3.1: U07977, B7.2：U07975, B19: U48260, B6.9: X61447, B10.3: U17047, B25.1: L27610, B27: U66061, B24.1: L27612, B28: U08314, 



B30: L06893, B20.1: X72719, B29.1: M13847, B4.3: X58812 

Mouse：B16: L29434, B14: AE000664, B3: AE000663, B21: X16691, B24: M61184, B23: X59150, B26: K02548, B12: M30881, B17: AE000664, B4: 

X56725, B19: AJ249821, B13.3: M15616, B10: X16694, B29: X00696, B31: X03277, B20: M11859, B30: X16695, B1: X01642 

Rabbit：B8: BAA04245, B11: BAA04248, B9: BAA04246, B7S1: BAA04241, B1: AAA31472, B5: BAA04239, B10: BAA04247, B2: M13895, B6: 

BAA04240   

Cow：B125: PQ0061, B129: PQ0065, B126: PQ0062, B122: JQ0473, B123: PQ0060, B124: PQ0059 

Sheep：B8S1: AAB88433, B6S1: AAB88431, B10S1: AAB88434, B1S5: AAB88425, B22S1: AAB88440, B7S1: AAB88432, B17S1: AAB88439, 

B13S1: PQ0068, B12S1: AAB88435, B15S1: AAB88438, B3S1: AAB88427, B2S1: AAB88426, B4S1: AAB88430 

Chicken：B2: EF554773, B2S2: AAA62753, B1S1: B36198, B1: M37798 

Axolotl: B3: L29423, B2: L33269, B1.1: L33258, B5: L33337, B6: L33400, B7.1: L33723, B11: AF324475, B4: L29422, B13: AF324477, B10: 

AF324474, B12: AF324476, B8: L33786, B9: L33787 

Frog：B1S1: U60425, B9: U60431, B2: U60427, B3: U60432, B4: U60428, B6: U60434, B8: U60435, B5: U60424, B7: U60430, B10: U75994 

Fig. 3C 

Human：G2: M13429, G9: M27335 , G3: S60779, G4: S60780 

Mouse：G6: M13338, G7: AF037352, G1: Z22847, G3: AF037352, G4: M13336 

Cow：G5S6: D16129, G5S16: D16133, G5S11: D16126, G5S7: D16130, G1S1: D16119, G1S3: D16131, G6: AY560834, G3S2: U73187, G3S1: 

U73186, G4S1: U73188 

Sheep：G5S2: Z13006, G5S1: Z13005, G1S1: Z12998, G2S2: Z13000, G2S1: Z12999, G2S3: Z13001, G2S4: Z13002, G6S1: Z13007, G4S1: Z13004, 

G3S1: Z13003 

Opossum：G2: 6:283928450-283928153, G1.1: 6:283942345-283942040, G1.2: 6:283934927-283934623, G1.3: 6:283921739-283921428, G1.4: 

6:283915397-283915042, G1.5: 6:283907901-283907590, G4: 6:283884333-283884026, G3.1: 6:283888100-283887792, G3.2: 



6:283879394-283879086 

Rabbit：G1S4: D38139, G1S1: D38135, G1S3: D38138, G1S2: D38137, G2S1: D38142 

Platypus：G1.1: AAY82100, G1.2: AAY82093, G1.3: AAY82109, G3.1: AAY82120, G3.2: AAY82094, G2.3: AAY82114, G2.1: AAY82119, G2.2: 

AAY82110 

Chicken：G1S5: U78213, G1S4: U78212, G1S8: U78216, G1S3: U78210, G2S8: U78226, G2S7: U78225, G2S9: U78227, G3S4: U78231, G3S8: 

U78235, G3S3: U78230 

Frog：G1: AF440824, G13: AF440826, G8: AF440827 , G14: AF440822 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table S3 Similarity ranges of new TRV genes identified from cDNA analysis to genomic sequences in each of the 

subgroups 

New genes identified from cDNA analysis Range 

TRAV 

Vα1.2 87.4% ~ 96.8% 

Vα1.3 86.8% ~ 96.5% 

Vα1.4 87.5% ~ 96.8% 

Vα1.5 87.5% ~ 96.9% 

Vα2.5 80.6% ~ 96.5% 

Vα2.6 77.8% ~ 96.5% 

Vα2.7 78.9% ~ 95.4% 

Vα2.8p 79.4% ~ 91.8% 

Vα2.9 79.9% ~ 95.7% 

Vα2.10 79.2% ~ 93.3% 

Vα2.11 77.8% ~ 96.5% 

Vα2.12 81.0% ~ 91.8% 

Vα2.13 79.2% ~ 96.1% 

Vα2.14 78.4% ~ 94.7% 

Vα2.15 81.2% ~ 94.7% 

Vα2.16 80.6% ~ 91.8% 

Vα2.17 81.9% ~ 96.4% 

Vα2.18 81.4% ~ 96.4% 

Vα2.19 81.6% ~ 93.3% 

Vα2.20 80.9% ~ 93.6% 

Vα3.5 81.2% ~ 94.6% 

Vα3.6 79.3% ~ 94.3% 



Vα3.7 76.4% ~ 95.3% 

Vα3.8 79.7% ~ 93.2% 

Vα3.9 78.6% ~ 95.7% 

Vα3.10 76.4% ~ 95.7% 

Vα3.11p 80.1% ~ 93.2% 

Vα3.12 79.3% ~ 94.6% 

Vα3.13 79.3% ~ 96.8% 

Vα3.14 77.2% ~ 96.8% 

Vα3.15 80.6% ~ 91.8% 

Vα3.16 79.1% ~ 97.1% 

Vα3.17 80.1% ~ 95.3% 

Vα3.18 77.2% ~ 95.3% 

Vα3.19 79.3% ~ 96.8% 

Vα3.20 78.3% ~ 96.8% 

Vα3.21 80.4% ~ 96.8% 

Vα3.22 81.2% ~ 92.1% 

Vα3.23 80.1% ~ 93.9% 

Vα3.24 80.1% ~ 96.8% 

TRDV 

Vδ2.15 77.4% ~ 94.1% 

Vδ2.16 76.9% ~ 95.2% 

Vδ2.17 78.5% ~ 96.0% 

Vδ2.18 75.4% ~ 89.6% 

Vδ2.19 76.2% ~ 93.2% 

Vδ2.20 75.1% ~ 91.8% 



 

 
TRBV 

Vβ3.6 91.8% ~ 95.0% 

Vβ3.7 91.4% ~ 95.3% 

TRGV 
Vγ1.6 81.0% ~ 93.3% 

Vγ3.4 78.9% ~ 89.6% 


