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Association of six genes including KDR polymorphisms with growth
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Abstract: Six SNPs identified by GWAS of chicken's abdominal fat trait were detected by PCR-RFLP in
fourteenth generation population of the chicken divergently selected for abdominal fat content of Northeast
Agricultural University (NEAUHLFG14) and Arbor Acres (AA population) commercial random population, and
the association between the SNPs and growth, and body composition traits were performed. The results showed
that rs14483313 locating in the KDR gene significantly affected the AFW and AFP (P<0.05), and rs13548811
residing in the TUSC3 gene affected the later body weight traits in NEAUHLFG14. GGaluGA263078 in the
EXOC1 gene was significantly associated with BW?7 in both the NEAUHLFG14 and AA population (P<0.05). In
addition, the loci residing in TUSC3, PPAT, EXOC1 and KIAA1211 were significantly associated with VLDL in
the NEAUHLFG14 (P<0.05). Based upon the resuts in the present study, it is suggested that the six genes studied
could influnce abdominal fat traits in chickens, but whether these loci are causal mutations or not needs to be
confirmed further.

Key words: chicken; abdominal fat; SNPs; KDR

6 rs14483313
GWAS 60 K SNP I
2012-04-27
863 (2011TAA100301 2010AA10A102 CXTO006
1986- E-mail: wuxianwen23@163. com

E-mail: lihui@neau. edu. cn



.40 - 43
a type III receptor tyrosine kinase, KDR/ Flk I/ 1
VEGF-2 rs13548811
3 Tumor suppressor candidate 3, TUSC3 1.1
GGaluGA262999
Phosphoribosyl pyrophosphate amidotransferase, PPAT 14 NEAUHLFG14
GGaluGA263078 1 Exocyst 612 320 292 AA
complex component 1, EXOC1 GGaluGA 176566 386
v—myb 2 7
v—myb myeloblastosis viral oncogene homolog (avian)— EDTA- Na2 : DNA TE
like 2, MYBL2 rs14482748 KIAA 1211 =20 C 13 57 Body
weight, BW Carcass weight, CW
11 Abdominal fat weight, AFW Abdominal fat
6 percent, AFP / Liver weight,
14 AA SNPs LW Heart weight, HW Spleen
6 weight  SpW Testicle weight, TeW
Very low density lipoproteins , VLDL
1.2
1
®1 S4FF
Table 1 Primer seaquences
5-3° bp
Loci Primer sequences (5°-3") Product Length

F TGTGAAAGTGTATCTCAAAGGAA

1314483313 SNP1 R AAGCAACCAGGCACCAAA 244
F AAAACTCCGCTCCCTC
rs13548811 SNP2 R CGATAATGCTGTTCACTCAC 602
F GTTCCAAAGTATCGCAAAT
GGaluGA262999 SNP3 R OACACACCACCCAACCT 392
F CCTTACTAACAATAGAAAACT
GGaluGA263078 SNP4 R ARAACCCAAACCAACCTC 196
e . F ATATCTCTGCAACCTGGTGTAC
GGaluGA176566 SNP3) R ACTCTGTAAAGCACACTGCTG 200
X F CTGTAAGCAAGGCATAA
1514482748 SNP6 R TGTGAATAAAGGTGGTT 238
F: MEREMS|Y, RIBRRESY.
Note: F= Forward primer, R= Reverse primer.
14 AA
PCR
www.genome.ucsc.edu Primer 5.0 6 25 ul. 50 ng-pg DNA 1 pL 10x
PCR Buffer 2.5 pI. 10 mmol -+ L' dNTP 2 pL. 10
1 pmol - 1™ 0.5 uL. 5 U-pL" TagDNA
1.3 0.25 uL 18.25 . PCR
PCR-RFLP 94 °C 5 min
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94°C 30s 72°C 20s 2 NEB
72 °C 5 min 20 L
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Table 2 Conditions of PCR, PCR-RFLP

Loci Anneal conditions Cycle number Enzymes Electrophoresis conditions
SNP1 55°C30s 30 Tspr | 16%PAGE 220V 3h
SNP2 60 C 30 s 25 Sna B 1 3% 150 V 30 min
SNP3 60 °C 30 s 26 Beg | 2% 150 V 20 min
SNP4 51°C30s 28 Aju 1 16%PAGE 180V 3h
SNP5 63 °C30s 32 Bsp1407 1 14% PAGE 220V 2h
SNP6 53°C30s 32 Alu 1 14% PAGE 220V 2h
1.4 D F
BW, 7
@ AA e
@ JMP4.0 SAS 2000
Y=u+G+L+G*L+F (L)+D(F, L)+BWy+e @® SAS9.1.3
Y=u+G+S+G*S+F+D(F)+BWo+e @
Y w G
L G*L
F L D 2
F,L S 2.1 PCR-RFLP
G*S F 1
TC TT TT CC TT TC B TC TC TC CC TT TC
s H F' -
211 bp—>

c cC TC CC CC CC TT TC TT C€C TC TT

2000 bp—»
1000 {)p—b
b= «—392bp 196 bp—»
il
250 bp—» 292 bp 171 bp"

TC TC TT CC TC F AG AG AA AG AG GG
lmﬁll I - 5 e AHE
158 bpaﬁ 165 bp—»
- e
T i FI* i

1 PCR-RFLP
Fig. 1 PCR-RFLP patterns
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DNA
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PCR
RFLP
PCR 3 SNP2 SNP4  SNP5
1 1 A-E
cC C
NEAUHLF 14
GG

P<0.01

CcC

SNP1

SNP3

3
Table 3 Comparisons of frequencies of genotype and allele in two lines of chicken divergently selected for abdominal fat
content
X X
Loci Strains Genotype frequency(numbers of Individual) P Allele frequency P
CC TC TT C T
SNP1 0(0) 0(0) 1(319) 575.92 0 1 840.16
0.65(189) 0.32(94) 0.03(9) (P<0.01) 0.81 0.19 (P<0.01)
TT TC CC T C
SNP2 0.14(45) 0.42(134) 0.44(140) 159.51 0.35 0.65 159.51
0.49(144) 0.44(128) 0.07(20) (P<0.01) 0.73 0.27 (P<0.01)
CC TC TT C T
SNP3 0(0) 0(0) 1(319) 549.94 0 1 664.22
0.45(130) 0.50(146) 0.05(16) (P<0.01) 0.70 0.30 (P<0.01)
CC TC TT C T
SNP4 0.44(141) 0.43(136) 0.13(42) 196.55 0.43 0.57 226.87
0.02(7) 0.41(118) 0.57(167) (P<0.01) 0.21 0.79 (P<0.01)
CC TC TT C T
SNP5 0.32(101) 0.54(174) 0.14(44) 174.19 0.49 0.41 181.66
0.03(10) 0.35(102) 0.62(179) (P<0.01) 0.21 0.79 (P<0.01)
AA AG GG A G
SNP6 0.02(5) 0.29(92) 0.69(221) 299.23 0.17 0.83 356.55
0.45(131) 0.49(142) 0.06(18) (P<0.01) 0.70 0.30 (P<0.01)
23 6 TT
0.05
14 SNP2 NEAUHLFG14 BW,
AA HW  VLDL P<0.05 VLDL
P CC TC
4 5 0.05 HW TT TC TT
SNP1 NEAUHLFG14 P<0.05 SpW
AFW AFP CW LW P<0.05 P<0.05
cC CT TC TT P<0.05
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4 14 AA
Table 4 Effects of six polymorphism on growth and body composition traits in NEAUHLFG14 and Arbor Acres AA
commercial random population
P P value
Traits SNP1 SNP2 SNP3 SNP4 SNP5 SNP6
Gl14 AA Gl4 AA Gl14 AA Gl14 AA Gl4 AA Gl4 AA
g AFW 0.0149 NS NS NS NS NS NS NS NS NS NS NS
% AFP 0.0191 NS NS NS NS NS NS NS NS NS NS NS
1 g BW, NS NS NS NS NS NS NS NS NS NS NS 0.0145
3 g BW; NS NS NS NS NS NS NS NS NS 0.0187 NS NS
5 g BW; NS NS NS NS NS NS NS NS NS NS NS NS
7 g BW;, NS NS 0.0312 NS NS NS 0.0296  0.0259 NS NS NS NS
g CW 0.0442 NS NS NS NS NS 0.0468 NS NS NS NS NS
g LW 0.0445 NS NS NS NS 0.0066 NS NS NS NS NS 0.0081
g HW NS NS 0.0096 NS NS NS 0.0163 NS NS NS NS NS
g SpW NS NS NS 0.0447 NS NS NS 0.0484 0.0018 NS NS NS
g TeW NS NS NS NS NS NS NS NS NS NS NS NS
VLDL nmol - 1 NS NS 0.0305 NS <0.0001 NS 0.0002 NS NS NS 0.0026 NS
NS  P>0.05
Note: NS denote P>0.05.
5 14
Table 5 Multiple comparisons among least—squares means with different genotypes in NEAUHLFG14
Genotype
Loci Generation Traits cC TC TT
Gl4 AFW ¢ 66.67+2.67a 68.53+2.78a 55.09+2.45h
AFP % 0.03+0.00a 0.03+0.00a 0.03+0.00b
SN CW ¢ 2020.86x11.16a 2020.96+12.03a 1 969.77+10.18b
LW g 55.44£1.69a 56.28+1.78a 48.58+1.54b
Gl4 BW; ¢ 2223.66+27.27a 2195.14+14.14a 2 143.88+19.49b
HW ¢ 9.81+0.19b 10.42+0.11a 10.36+0.14a
SN2 VLDL 0.27+0.01a 0.26+0.01a 0.24+0.01b
AA SpW g 3.54+0.12a 3.29+0.10b 3.19+0.15b
SNP3 Gl4 VLDL 0.17 +0.02b 0.19+0.02b 0.32+0.02a
AA LW ¢ 54.70+2.12ab 57.94+0.86a 54.99+0.72b
G14 VLDL 0.33+0.02a 0.25+0.01b 0.25+0.01b
BW; ¢ 2256.11+44.36a 2192.55+15.43a 2 141.79£21.16b
CW ¢ 2 063.44+44.56a 1 993.48+15.02ab 1 951.50+20.76b
SN HW ¢ 11.18+0.29a 10.31+0.10b 10.31+0.14b
AA BW: g 2 675.27£27.23b 2706.07+£27.21b 2 842.61+£56.72a
SpW g 3.48+0.11a 3.29+0.11ab 3.01+0.19b
Gl4 SpW g 3.91+0.17a 3.38+0.08b 3.22+0.10b
SNP5 AA BW; g 578.57+12.11b 608.43+9.65ab 628.78+13.02a
AA AG GG
Gl4 VLDL 0.25+0.02b 0.25+0.01b 0.30+0.013a
SNP6 AA BW, g 119.29+2.03a 113.97+1.42b 114.79+1.82b
LW g 57.68+1.03a 56.29+0.60a 53.85+0.87b
(P<0.05)

Note: Different letters within a column mean significant difference (P<0.05).
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SNP3 NEAUHLFG14  VLDL
P<0.05 TT
TC CC P<0.05 AA
LW P<0.05 TC
TT P<0.05
SNP4 NEAUHLFG14  BW;
CW HW VLDL P<0.05 CC
VLDL  HW TC TT P<
0.05 CC TC BW; TT
P<0.05 CC CW TT
P<0.05 AA BW;
SpW P<0.05 TT BW;
TC CC P<0.05 CC
SpW TT P<0.05
SNP5 NEAUHLFG14  SpW
P<0.05 cC TC
TT P<0.05 AA
BW; P<0.05 TT
cC P<0.05
SNP6 NEAUHLFG14  VLDL
P<0.05 GG AA
AG P<0.05 AA
BW, LW P<0.05 AA
BW, AG GG P<0.05 AA AG
LW GG P<0.05
3
rs14483313 KDR KDR
Fik 1  VEGF-2 2
Vascular endothelial growth factor-2, VEGF-2
1
2l
Bl
VEGF “
i3]
[6-9]
rs14483313 SNP1
AA
14

AFW  AFP P<0.05
GWAS 11
NEAUHLFG14
TT T

TT AFW AFP
P<0.01 T

CcC

TT

rs13548811 SNP2
14
3~7 35
P 0.0736  0.0637 4
7 P<0.05 CC
7 TT P<0.05 CC

CcC

GGaluGA263078 SNP4 7
NEAUHLFG14 AA
BW7 P<

0.05

11
NEAUHLFG14 AA

11
14

AA

6 4 SNP2  SNP3
SNP6 NEAUHLFG14  VLDL
P<0.05 VLDL

VLDL

SNP4

0.4168  0.3576" VLDL
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