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Haplotypes and Copy Number Variation of Genome in Chromosome 16 and Their

Association with IgG Level in Chickens
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Abstract: This study was performed to examine the haplotypes and copy number variation (CNV)
of genome in chromosome 16 of Beijing-You chicken and their association with IgG level. A total
of 995 chickens were genotyped using 60 K Beadchip and IgG level were measured at 80 d in ser-
um. PennCNV, Haploview 4.1 and PHASE 2. 0 were used to analyze CNV, linkage disequilibri-
um (LD) and haplotypes. The results represent two CNVs and two Blocks. In Blockl, three
haplotypes and six diplotypes were observed where IgG level of HIH2 was 1. 45 times as H3H3
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(P<C0. 05). In Block2, nine haplotypes and nine normal diplotypes were analyzed. but no significant
difference were identified (P=>0. 05). Detection of copy number variations at GGA16 (201 882-299 166
bp)was 1. 25 times as that of the duplication of this region (P<C0.05). Eight SNPs markers were
chosen for analysis. The SNP markers Gga_rs16057310, Gga_rs15788237 and Gga_rs15788101
were significantly differed in IgG level among genotypes (P <C0. 05). In all, Blockl, CNV2
(201 882-299 166 bp) and SNPs Gga_rs16057310, Gga_rs15788101, Gga_rs15788237 may be in-
fluenced on IgG level. The genes in these regions such as CD1b, TRIM27,ZNF692 and MHC

could be related with chicken immunity function.

Key words: chicken; GGA16; CNV; haplotypes and diplotypes; IgG

U B MRS R I T 20 fiEal 30 4R, 2
M RX BRI R Z — . st R 2 2
ASEE MR 3 R 82 (Quantitative trait locus, QTL)
Pl BOEE 2013 4F 4 H 20 H A 383 4> 585K
e QTL g fi, Herp GGA16(0~1 000) 5~
2 PR s B, W B & (Inflammatory bowel dis-
ease, 1BD) . 43 2 21 20 g BT /K % BE (Sheep red blood
cell, SRBC) , I§ Z ## (Lipopolysaccharides, LPS) , #f
W 7 (New-castle disease virus, NDV) & %,
GGA16(130 782~430 782 bp) XK 5Hi ¥ 1 TR »
SRBC #iJ5iA1 K. AR A i T2 bR e A il 3=
2H A A B R 2 A ¥ (Major histocompability
complex, MHC) & [N fi7 5 9 B A5 B, A B 5 o v
WP PE A &, B, J. Dorshorst 250 fF 57 £ B
MHC 5% SRBC $77 (43 B A & . 5k & 5 72 AL 50l
X4 FE PR 2H SG IR A A v R B 9 AN 5 1eG 3 ORI 1)
SNP, 45547 5 4~ SNP 7€ 16 S Y fafk B, 4k,
X. F. Wang 55 FF5E R B, 39 16 5 Qe fk FAF7E
2 A4 0L B A % X 3, (Copy number variation,
CNV) .73 i 2 T %F 45 45 1 J& A (Zine finger pro-
tein, 200 114 bp 4b) F1 MHC £ 5 4b (HLA class 1
antigen, 270 019 bp 4b) . H UL UL, 38 16 5 YL o {4
FEAES 2 S e VIR 8 25 AH O 1 sy B2 728 S DX 08, X
XRERE A ERE X,

CNVs Jeff 5 5 40 2 2% Fp 41 A LG . B P 4 vk
RTET 1 kb i) DNA J Bedfi A 2R B0 1Y, S H
HARZS G AT W B A8 5 A AL (Inver-
sion) FIF-f 557 (Balanced translocation) =Y H %%
JAE T 478 A Il R i R R PR AR BRI T R AR
Z NG F PRI AN 20 BEARAE L 1 78 2% 30 095 v 2
G CNV G BB REHE LW
WFFE C 2 M LA AH 5 B 1 SC IR AF 58 3k Ak 5 20

[;J/I\—Eﬁ[é.ll 12]

ABEFERI ARG 60 K SNP A X 3R 7 16 =
Qe IRAFAER 30 4 SNPs pRic A7 545 5L 95 D1 %K
A8 5 S FE ROy Hr s 5 L6 1eG & 2 17 Rk
i« DU ARG S35 1) 9 AL A7 i b FLAge i L PR S XS 4t
A AR > TR bR

1 #MRltERE
1.1 KIe4 4

HHTAC 5T 38 S b ok A o E RO R B b
IR R R AR P g A L 995 L T 80 H g
KR AL 2 63,1 45 ACD U %E . B/ S 05l 4 3 A
4 DNA, T —20 CLRAF. 55 1 0y FH T 45 i v A6 )
TG ik i .

1.2 ik

LA DNA B $2 IR B4 - i o KL 13-4 05 ik
PR $2 B W & 41 DNA, % T TE ., Nano-
Drop™ 73 6% BE 1T A DNA i fg . SNP Al K 53
®I, 995 4~ DNA #£ % fin 4 Kk DNA LandMarks 2>
AR NG 60 K SNP 3 5] 73 #1ES Fr i 47 70 B, A
M3 57 636 4~ SNPs Fric .

CNV HEM] . F] 42 2% B AF Pennenv #E47 CNV
I S IZARAE T B S R B SRR AL, A 5 5 0
Ji (Log R ratio, LRR) 45 #f £k 19 55 7 3 4 38 1 (B
allele frequency, BAF) . %5 ic 8] i BE 85 A& B £8 {if k&
[&] B B 44 471 28 (Population frequency of the B al-
lele, PBF)  HfEWT it CNVE 3 B RS- i | 4% A
S 8T s K Haploview 4. 1 # 44 %F 30 4~ SNPs #ric
HEAT 3 WA V- 15 73 A7 R ] PHASE 2. 0 X 5 4% Y
Pt A7 g AL 3 A . 1gG & = r & L 3K 38 [ RD
28wV P ELISA A IR & I 4% 12700 6 150 B gk
1o
1.3 HE\ESHitHH

* [ Haploview 4.1 } PHASE 2. 0 B4 41t
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Hor Y N REAR B R e ARG
BE DR RY (8 DB A5 B RURS B B8N AR s e Ry B BL

W

2 & B
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AR R R D EE R ER KNS
SCHRAT M ) L4 AE 56 [ D[ B 1 R /N T B L
T LD RIRNEA RN, R R 7 >
0.33 F|D"[=>0. 8 A VE R X 2 fric i) & iR -
AR R BIBR A FF & Hardy-Weinberg - 1)
SNP i i, 3 BN P45 R A& 1,20 A KRR 2 4L

AL F BN T A 2DHE BLBCFE AR R S | DX
100,7°>>0. 33, 16 S Yk (6 471 ~424 347 bp)
P FEAG I B 30 4~ SNPs i s - B1J2 A/G RAE, X
FLHEAT 8 AN -1 40 T, 25 R R B 2 AR T
(Block) (J&] 1) ,Block1(59 984~73 717 bp) 1% Gga_
rs15788237 #1 GGaluGA111757 SNP {v /& ., Block2
(102 256 ~138 076 bp) 175 Gga_rs15788124, Gga_
rs15788101, GGaluGA111779, Gga_rs14096739, Gga _
rs15788030 SNP {3 i ,

BRI 1T(Block ) FRIL A B 3 MEAMEII (R D,
Bl AALVAG.GG B, GG BRI I e i 4 0. 646 4, B
7 2(Block2) fp3t e BE 9 il BA5 Y JH: e B T
HI11 $5% 5 0. 728 4, H8 IR Z A EK 4 0. 160 3,
H6 . H12 #ii% & K43 5 4 0. 001 5,0. 000 5, Haplov-
iew 4.1 % PHASE 2. 0 #{FGE i B4 20 A % J 4 4
ZER—2
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Blockl P3E43 3 F s A5 RUF 6 FjXUF Y, v e
f5# H2 1gG 2 & H3 1 1. 06 f%, 22 57 8 % (P<
0.05), W5 2, AAHA S A HIH2 1gG f . 5
HAAE 2% 5 B (P<C0. 05), L3 3, A spfE
R RS B i3 25 R R B, Gga_rs15788237 X 1gG
Ea A NS
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Analysis of blocks with 30 SNPs markers in GGA16 of Beijing-You chickens

Block2 P3E& B 9 Fi B A% BU AT 9 Fh# WL XLA%
R AR HT J& H (1 1. 18 £ (H 2 F A B 2 (P>
0.05), WL 2, WUAHHY 25 55 PR 7Y 1] 22 57 0 b 25 (P>
0.05.%% 3). HCESBALE A XUAE A i, 25 SRR & BL
BEH 1gG &7 SNP {7 4 {2 Gga_rs15788124 ,
Gga_rs15788101 ,Gga_rs14096739,Gga_rs1578803 AJ
REXT IS 1gG & 38 S A VA2 .
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Table 1 Result of haplotypes and frequency
PRt AL s Fric AL s
(27 31 Y % ~r 751 i 2
Blockl #f;s Marker B Block2 #f5) Marker B
Haplotype Frequency Haplotype Frequency
7 8 11 12 13 14 15
H1 A A 0.168 6 H4 G A G A 0.0531
H2 A G 0.185 0 H5 G A 5 0.020 6
H3 G G 0. 646 4 H6 G G 0.001 5
- - - - H7 A A G G 0.016 0
- - - - HS8 A A G G G 0.160 3
- - - - H9 A A A G 0.014 4
- - - - H10 A A A ¥ 0.005 2
- - - - H11 A G G 0.728 4
- - - - H12 A G A G G 0. 000 5

7. Gga_rs15788237;8. GGaluGA111757;11. Gga_rs15788124;12. Gga_rs15788101;13. GGaluGA111779;

15. Gga_rs15788030

x2

BEEE IgG RERER

Table 2 Result of the association with haplotypes

14. Gga_rs14096739;

ng « pl

1

HAER] Haplotype N PIH 4R R Mean®=SE | H%A! Haplotype N4 n  ¥{H TR MeandSE
H1 253 547.33 + 15.86" H4 88 605.19+56.76

H2 295 564.29 + 14. 85° H5 33 520.83437.94

H3 709 533.28 £ 6.32" H7 21 609. 80+36. 04

- - - HS 231 595.12+19.79

- - - H9 24 518.96+28.78

- - - H10 8 571.75429.93

- - - HI11 765 589. 22430. 40

[ 51 80408 I A 500 A 5 3R 22 5t B 3% (P<<0..05) . T[]

Column data marked with different superscripts mean significant difference (P<Z0.05). The same as below

®3 MEE5I1gC XBKER

Table 3 Result of the association with diplotypes ng + pl7!

BAE B Diplotype ANE 0 YI{H 5 #EIR Mean=+SE A% A Diplotype AN n Yi{E £ A5 iR MeandSE
H1H2 66 725.78+88. 36" H8HS 24 674.24+77. 30
H1H1 21 631. 66475, 39% H8HI11 181 625.78+30. 94
H2H2 32 624. 4454, 60 HI10H11 8 571.75+29.93
H1H3 172 553. 14423, 34% H4HS 13 528.16+33.82
H2H3 170 553. 94420, 88" H9HI11 18 521.76+35. 36
H3H3 371 500. 3+9. 50° H7HI11 12 511.23+49.77
- - - H11H11 460 500.17+£8.17
- - - H5HI11 22 492, 27432.85
- - - H4HI11 59 485, 95420. 07
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2.3 CNVs & CNVRs LB &

FIIH] Pennenv B4 %5 4 58l CNV 47 #E D
16 16 5 g (0 fk b e AG I 2] 2 A4~ 48 D A &, AP
CNV1(6 471~59 984 bp)F1 CNV2(201 882~299 166
bp) 43 HLEFRE A R ANE WAL, CNV2 f£7E 6 FiAs 7,
5 1gG BB (£ 4),CNV (201 882~253 412

F4 IgCGECONV2 XBLER
Table 4 Result of the association with CNV2

bp) AR AL 1gG 5 B fie s o 577,35 ng » pl 7t 2 HHY
TR 1,48 £, 22 5 .2 (P<<0. 05), CNV(201 882~
299 166 bp) Bl 1gG & e fd 4 560. 82 ng « ul ',
IEH AR Z R 526,35 ng » pL ", 43 ) 2 18 fm A
M) 1.25.1. 17 i, 22 5 W % (P<C0. 05) . ULBHi% X
[E] 28 S 2 ) TgG i & A 5200

1

ng « pl

CNV [X_[a] /bp Start-End CN JJkZ& CN State ANEE n {8 + 3 UEiR Mean+ SE
201 882~253 412 B e 122 577. 35433, 90°
201 882~299 166 ok 48 518.814-32. 56
201 882~299 166 il 13 493. 61420, 41
CNVs 201 882~253 412 Hom 13 389.86+18. 40"
220 950~299 166 i 24 433.434-17. 82"
239 168~299 166 o 7 505. 57435, 77
HoAt EH# 604 535.5348. 96®
201 882~299 166 Bk 170 560. 824-26. 03"
CNVRs Ho A EH 598 526.354-7. 86"
201 882~299 166 1 73 448, 23410. 40°

2.4 BASNP REE IgG XEKH

Z: BB R XA R A3 A Bk Y A Sk R A ¢
B Ay A A B 8 A~ SNP 7 i "l g 5 TgG & i A7 5 %
X SNP A S 17 B 3 B 9F 5 1eG & s k47 0
B (38 5) . 45 0 KA A Gga_rs16057310 AG
RAFER RIS AA B 1.2 f5, 2R B #H (P<
0.05),Gga_rs15788237 AA 25758 JL[H B J& AG Y
M) 1,27 £, GG B 1.4 £, 22 5% 8.3 (P<<0. 05),
Gga_rs15788101 fif 5 AA 8748 FL A B 2 AG iy
1.15 % .02 GG BIfy 1. 27 f5 . 2 53 5.3 (P<<0. 05)
HoAth, SNP 7 i e PR Y 22 1] 22 53 A8 B 3 (P=>0. 05) .

3 3 i

ABE T L I3 B 16 5 e R K 2 ) SNP
1 AR R R DR R R A7 AE 148 DR 5 5 1eG e
KT L2570 16 5 Y AR5 TeG WK E Y%
Ao BRI BB BUAR G 73 (Haplotype asso-
ciation analysis) 5 SNP Fric 7 Hr A L B A G334
AR AT AT R PRl e A DX B 23 A T EL A ) Ak 5
SR 2k RS X i ESR N NP i

PLIR AP A SNP 5 PR ST 7 #r vh A7 72 /9 A 2
T SEAE X XS VILDLR 5 R 5% 8 1 o3 B & 30
PR M R R R Y VILDLR 3 [H 58 A8 X 25 8 1
A . A. Meirhaeghe 2%} PPARy 3% 5’
3 DX RIS 2 DX AT B 2 A O B A 43
BAEAETE—E X 2™, Y. F. Sun 2 %5 Jb 50 X9
A0 P SR OG 4 Ak e Bk R R AT T A Y O3 H
R BLBAAG R L B> SNP B R 58 I i i ik R 5 ) 4
PR AR DG o A B Y R PR e B TR A
PE DR S 2R e A B L AH S PR B ) O R R
AR

WFE R W] 16 5 e (o 18 S 55y 52 9 HL 5 950
BUIME Y ARG R 16 S Yk FAEAE 2
S CNV, B CNV1(6 471 ~59 984 bp) 1 CNV2
(201 882 ~299 166 bp),X. F. Wang & Hf55 3
B, e 48 45 # JL I (Zine finger protein, 200 114 bp)
A1 MHC f37 5 4k (HLA class T antigen, 270 019 bp)
f77E CNV, X 88 CNV X Il BR CNV1 b, 35 8 5
gL, Hdp CNV2(201 882~299 166 bp) 5
IgG & & 2 A5G, 1% X IA] Bk 2% ) B 2 A F) T 1M i
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o 1gG & & b, PR X ) 5 2 KR P AT Re A A
IeG R X afe it 1gG Wiz . FEHALY 1gG Kk
IR KB LA S Gga_rs16057310, Gga_rs15788237,
Gga_rs15788101 4872 W] fE X LI o 1gG Hiik & &=
A5 om, Hop {7 & Gga _ rs16057310, Gga _
rs15788237 fii F CNV1(6 471~59 984 bp) H, f itk

x5 SNPEREHE IgC XBEAMER
Table 5 Result of the association with SNP genotype

AL AL CNVI AT CNV2 28 52500 1gG B I
AP AE A . CNVL X Ja] B & 7 B 2t
CD1b,CNV2 [X 3k [} i & & i B % B TRIM27
(Tripartite motif-containing 27) JEE¥8 &5/ 2K 1 692
(Zinc protein, ZNF692) MHC {3 5 4.

1

ng « pl

SNP i 5 SNP marker i & /bp Position FLH B Genotype NECn PIH R UEIR Mean+ SE
AA 635 532.25 + 26.71°
Gga_rs16057310 6 471
AG 203 637.32426.43"
AA 121 771.09486. 36°
Gga_rs15788237 59 984 AG 360 607. 66+36.02"
GG 374 550.58 + 44,58
AA 708 526.96+7.92°
Gga_rs15788124 102 256
AG 110 528.11£23.10°
AA 68 631.83443.61°
Gga_rs15788101 110 880 AG 301 548.39413. 54"
GG 472 498, 1747, 48°
AG 82 525.12427.29°
Gga_rs14096739 130 754
GG 739 526.97E£7.77°
AA 12 452.41429.52°
Gga_rs15788030 138 076 AG 141 524.67+18.58"
GG 650 533.15+£8.21°
AA 459 535. 47+ 36°
Gga_rsGA111792 164 922 AG 317 667.66+51.49°
GG 72 634. 95439, 38°
AA 554 535.06+30. 10°
Gga_rs14738106 253 412 AG 253 587.46+21.03"
GG 44 661. 955, 22°

N. Ly %" fF 55 2 B CDL J& — Fp bt 5 &2 3
TR e R e R bR T A A NKT 41 ffd
RERFETEM . 5KV TRIM27 5T &K
FE A X H 25 NF-B Fl IFN 25405 b G 1Y 5 2
O L R AR MR . MHC 254 50 o 2
AE4r . BB XIF Y KR (Rip-Y) . B Xt B-
F, BL fl B-G BEHFHAW . BG EFXEFFAHER . bF

FEARW] B XA 2 55 57 v (MD) L 1 A
K Ak MHC 538 SRBC 7t 4 J8 47 5
DR abe ok 4 5 P T 3l o 5 A Ty 5[] 4% 5 0, 3
IeG &8 T IRAMIE .

ZNF692 W RE H LS 5 1eG Pk RIL . PRI
FEAE B R W I HBsAg A TeG 72 CHO 4i s
B R B SN A& Zn® WA FT TeG HTik
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Ko BHREMEA TS 1 AAERZSAEE TR/
SR . AR R EEHR 25 1 160(ZNF160)
A ¥ SWA80 4 il vh TLR4 3 P iy 22 3625, Z.
Y. Gou ZEUUHF 5T A L XK P BE 1R 45 B 1 493
(ZNF493) Al i TLRA 3 T 5% Wi 35 470 U0 1] IG
(S. enteritidis) INEE ST o

4 &

KT K, X 16 5 4L 4 /& Blockl, CNV2
(201 882~299 166 bp) 51 7 o 1eG Hifh & & B %
%, H o SNP fif 5 Gga _ rs16057310, Gga _
rs15788237 ,Gga_rs15788101 fii T+ CD1b, TRIM27 ,
ZNF692 J¢ MHC [t i, X2 SNPs 0] 1y 5% M
IgG P& B 4r F AR ic 3k 26 5 X 76 XS B g
rhoE 3 SR RT L IR D e i B A

S 30K
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