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Abstract: The aim of this study was to analyze the association of UCP2 gene polymorphisms and
haplotypes with feed conversion ratio(FCR) and growth traits in beef cattle. In this study, 118
Simmental were used, four SNPs of UCP2 gene (G118A,C161T,C215G,C305T) were genetyped
by PCR-RFLP in Simmental to investigate the associations of SNPs and haplotypes with FCR and
growth traits. The results showed that G118 A, C161T and C305T were significantly associated
with FCR (P <C0. 05). Compared with the individuals with homozygote, the values of FCR of
individuals with the heterozygote were significantly higher. However, the difference between the
individuals with homozygotes were not significant. The locus C161T and C305T had an major
affect on heart girth and circumference of abdomen. Among the phenotypes which were signifi-
cantly different, individuals with TT genotype had a significantly higher average value than that
of individuals with AA genotype. Association analysis of haplotypes indicated similar results with
that of SNPs. Considered the FCR, ADG and body size traits, it was suggested that the TT geno-
type at locus C161T and C305T of UCP2 gene were important candidate molecular markers for

improving growth traits.
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Table 1 The information of primers used by PCR in the study
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Tsc 1
F: TGTCAACTGTGCTGAGCTGGT Bgl 1
UCP?2 ) ) 65 481
R: CAGGGCAGAGTTCATGTATCTCG Hinf 1
TspE 1
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Fig. 1 RFLP map of four SNPs for UCP2 gene

G118A (GA)

l A

Cy C G
A
CI61T (CT)

C GA STZC
A

C215G (CG)

T y G G G
A

C305T (CT)

C215G {31 5 1A 1t i 7 v BT AR 21 CG 2 (R

CI61T (TT)

CGACTTCA
A

C215G (CC)

ATCGG GGG
A
C305T (CC)

FEH T 7E56 305 M IR & T—C 28748, It
AL ROR R I E K. 2B HEESE
(PIC) WAL, B C215G i &40, HoAx 3 AN f s ¥ kb
THEZE.

C161T{ 5 (481 bp/360 bp/161 bp)

cC M
bp

500
200

C305T{iz4 (481 bp/305 bp/216 bp)

G118A (GG)

A
) A

cC T CCCAC
A
CI161T (CC)

]
CGA GT CA
A

C215G (GG)

;f'\\
A TTGG GG
A
C305T (TT)
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Fig. 2 UCP2 gene SNPs sequencing
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Table 2 Allele and genotype frequencies of the polymorphisms in intron2 of UCP2 gene in Simmental
MEE/ S A PR R A A0 EANESETES
17 5 Locus PIC
Number Genotype frequency Allele frequency
G118A GG (84) 0.71 GA(22) 0.19 AA(12) 0.10 G 0.8051 A 0.194 9 0.26
118 C161T TT (77) 0.65 TC(31) 0.26 CC (10) 0.09 T 0.7839 C0.216 1 0.28
C215G GG (100) 0.85 GC(9) 0.075 CC(9) 0.075 G 0.887 5 Co0.1125 0.18
C305T TT (60) 0.51 TC(48) 0.41 CC(10) 0.08 T 0.745 8 C0.254 2 0.31

2.3 UCP2 EE L= PCR-RFLPs 45 4K
TR B9 4B K 4 #

2.3.1 UCP2 3£ H % {7 i PCR-RFLPs £ & 1 5
Tk Ak # (FCR) F1F-# H 19 4K B & (ADG) 1Y #H
K53 B Xf UCP2 HeH 4 A7 5 5 FCR
ADG 47 KRB HT 45 R L3 3. 4 e S s

A%, G118A.C161T Ml C305T {7 4 5 FCR #%
A (P<C0.01) , 24 & M FCR {4 B 3
B Fai e R A G NMRZRESFARE, X34
fi 5 ADG B H26 (P<<0. 05) , i Zg & 4~k H
NG Rl R N R N NSRS G SR 87
i — 3

B C215G LLAk, Higy 3 M55 FCR fil ADG # i8

x3 U2 ER R EEHMHESERKERHBEXE
Table 3 Associations of UCP2 gene polymorphisms with growth traits

F ERIN G118A C161T C215G C305T
Age Trait AA GA GG CC CT TT CcC CG GG CC CT TT
R 7.00+ 9.59+ 7.48+ 7.74+ 9.55+& 7.52+ 7.82+ 7.95+& 7.97+t 7.37F£ 9.41%& 7.52%
FC
0. 454 2.408 0. 264 0.42° 1. 60" 0. 457 0. 56 2.10 0.47 0.27A 1.198 0.45%
A 1.20+ 0.97+ 1.154+ 1.324+ 0.99+ 1.194+ 1.13+ 1.15+ 1.124+ 1.14+ 0.91+ 1.19+
DG
0.08* 0. 08" 0.02% 0.03* 0. 06" 0. 06" 0.03 0.13 0.06 0.03" 0. 05" 0. 06"
A% /cm 126.754126.594125. 464125, 164+126. 234129, 304125, 56+127. 89+126. 44+125. 37+126. 26+ 126. 30+
Withers height 0. 69 1. 01 0.51 0.53% 0. 81 0. 80" 0. 46 1.42 0. 88 0. 65 0. 60 0. 80
15 H i N [l / em 184.03+184.82+183.96+183.454185.424189.00+184. 224183, 674184, 67+183. 734184, 38+ 189. 00+
15-month.  Heart girth  1.91  1.43  0.80  0.84* 1.13% 2.04® 0.71  2.47  2.25 1.0l 0.88 2, 04b
old B /om _ |
221.33+£219.73+£220. 064219, 554220, 134224, 30£220. 02£220. 44+221.564+219. 83+=219. 57+ 224. 30+
Circumference
1. 87 1.55 0.78 0. 83% 1. 22 2.01° 0.71 2.43 2.09 0. 94* 1. 00* 2.02b
of abdomen
K&/ em 119.92+117.95+117. 65+117.504118. 554122, 50+117. 674+119. 134+119. 89+117. 104+118. 72+ 119. 50+
Withers height 1. 26 0. 87 0.51 0.52% 0.73% 1,57 0. 46 0. 83 1.70 0.55 0.67 1.57
12 A% Bl / cm 172. 754169, 144170, 104+169. 404+169. 62+175. 50+169. 76 =167, 38 +175. 004+169. 63+169. 25+ 175. 50+
12-month.  Heart girth  2.65  1.36  0.86  0.86* 1.30° 2.84> 0.74  3.08  3.12  0.99* 1.05*° 2. 84b
old JEL IRl / cm _
198.504+197. 244199, 724198. 694199, 78 +206. 104199, 25+198. 134+205. 224+199. 36 +198. 56+ 207. 10+
Circumference
3.22° 1. 64" 1. 00 1.014 1.54%  3.63°8 0. 88 3.26 3.94 1.20* 1.16° 3.63b
of abdomen
K%/ em 105. 754104, 904104, 864+104. 604105. 774+105. 604104, 96+104. 624+107. 89+104. 66+105. 29+ 107. 60+
Withers height 1.76 1.29 0.49 0.57* 0. 75 2.130 0.48 1. 80 2. 36 0. 64 0. 66 2.13
8 A T/ cm 142. 754142, 674141, 584141, 304145, 204147, 804+141. 83+139. 254140, 67+141.45+141. 71+ 147. 80+
Smonth.  Heart girth  3.38  1.80  0.95 1.00° 1.46® 3.61° 0.85 3.10  4.04 1.20° 1.10°  3.61
old JELH/ cm .
181.75+180.81+180.50+179. 634182, 204186. 304180. 61+179. 25+185. 44+180. 334180. 44+ 186. 30+
Circumference
3.97 2.34 1.11 1.21* 1. 62 4. 67" 0.98 5.01 0.13 1. 45 0. 25% 4, 67"

of abdomen
FCR. fRHEIEF; ADG. P35 H B T . 2 TP 3UE 0“7 ¥ E £ AR kiR,
S 2 (P<<0.05), 6 A

FCR. Feed conversion ratio; ADG. Average daily gain. The data in table are showed as “mean+SE”. a,b. Means with different superscripts

R KE FHE RN T 3% (P<0. 0D , RFRI/NG AR R 22

are significantly different (P<C0.05); A,B. Means with different superscripts are significantly different (P<Z0.01). The same as Table6
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BIEHB,FTFREEK,

2.3.2 UCP2 ¥ A& fi PCR-RFLPs Z &5
A RO R B A 56 4 43 B 2 3 AT, UCP2 3

CI61T i s xF 15,12 F1 8 H % i 1A &5 L g [l A i
FEL P AR 52 ) B 3 (P <C0. 05) , Jorfr T JE PR LA f
(1A A v W L i L 349 1 25 v CC 38 PR A1k
C305T o7 s %t 15,12 A1 8 J % i) M [l A0 i [l 2 bk
S IR 2 (P<C0. 05), Horpr TT 3k P52 1 g [l 0 15
FE & KT CC R A, M Ah, @ 1 4 #r & BH.
GLI8A {7 5 Foxt 12 F % i 1Bl 52 o (@ 25 . % 15 A1 8
& W PRI PEBR A 0 5 R . 33X AT BB R R A
RN R PR IR 22 K
2.4 BERISH

FIH HAPLOVIEWA4, 2 % { % 74 [ 8% /% 4
UCP2 JEH iy 4 4~ SNPs {7 25 BT T2 B 19 B A B 5
LD #4550 #1 . Z5H BoR 783X 4 4> SNPs i g1 142
WE] 1 AR, 3. LD R, C215G
5 C305T fi s hb T B % EBURAE (v =0.95),

4T PHASE #8945 #t 3 W], G118A,
C161T.C215G . C305T i i 76 VG [ ] 3 IRk 4 BE Kk
ey 10 PRI A PR KT 10009 s
R 7 (R O, BER1(GCCO) 2 T2y A
B RE T1%0, T — AR R R R D T
HEAT B A b s FLa IORE AR 5 K F 3 11 i A
A BT AT 1-1.1-2.1-3.1-6 . 1-7 F1 8-8 Hafi 7

x4 UCP2EEE 2 NS FRBRFESN
Table 4 Frequencies of the haplotype in intron2 of UCP2 gene

AT ERMARIEAT KRBT 2R ILE 5.

G53136178A
€53136224T
C53136278G -,
C53136288T

Block1(0 kb)

B 3 UCP2 E[RF SNPs 2z [8] & $i & F & (LD) 5 47
Fig. 3 The LD analysis for SNPs of UCP2 gene

2.4.1 UCP2 N 5% R 2H & 5 1) b §% 4k 5
(FCR) I ¥ H 3 14 it 5 (ADG) 4 A1 56 % 43 #r

X UCP2 SN 4 A5 R4l &5 FCR f1 ADG 1)
KA HT L2 6, £ BAERA] A %) FCR fil ADG (1)
S —30, Horp 1-1,1-6.,8-8 2H-4 R e 31 18 5 1%
F1-2.1-3 F1 1-7 44 (P<<0.05),1-1,1-6 1 8-8 44
HIG R S 4 W3 T 12,13 1 1-7 i3 (P<
0.05),1ff 1-1.1-6 M 8&-8 A2 A5 1-2.1-3 1 1-7 4
H 2R RE(P>0.05),

BAfE TS5 Haplotype number B ZE A Haplotype

BAfE AR R Haplotype frequency

Fr#fEiR Standard error

1 GCCC
2 GCCT
3 GTCC
4 GTCT
5 GTGT
6 ACCC
7 ACCT
8 ATCC
9 ATCT
10 ATGT

0.710 342 0.003 165
0.052 833 0.002 161
0.000 141 0.000 806
0. 043 287 0.002 055
0. 009 354 0.000 613
0.010 945 0.003 192
0.032 450 0.002 212
0.000 189 0. 000 926
0. 046 039 0.002 104

0.094 339 0. 000 062
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2.4.2 UCP2 3 [H B 1 4 4 5 W RO IR A9 40 56
P43 Hr XfUCP2 SEH AR R4 A5 15,12 A1 8

JIU4 0 1 e e LRI T 46 R RO R 2 A7 SR Bk 43 B
AT, 8-8 FLA% RY2H A 0 2% I N [ AN IS L A G

DL+ 1 HTAE -5 8 IR AR PRI A5 /N RN D ) iR
EH K.

Zi b AR R A G A R AR R S o AT A B
AR 8-8 A3 NI R B T, BT AR R B

LA A T A S R T A SRS R A (P < AR ) A R BT RN AT AR RO AR S X 5 A A
0.05), 88 TR A HAE 12 k& L RAH SR EE R — 3
x5 BEMNAGSI
Table 5 The statistics for haplotype
i H PfERIZH 4 Haplotype combination
Item 1-1 1-2 1-3 1-4 1-6 1-7 1-8 5-7 5-8 8-8
FEA &L No. 63 14 13 2 10 13 1 1 1 9
H A BAE RISH 3 Frequency 0.534 0.117 0.110 0.017 0.085 0.110 0.008 0.008 0.008 0.076
Fo UCP2 HEERERSERKERHNEXBEST
Table 6 Association of UCP2 haplotype with growth traits
20 4 B f% A Haplotype combination
A Age AR Trait
1-1 1-2 1-3 1-6 1-7 8-8
FCR 7.68+ 9.39+ 9.53+ 7.41+ 9.59+ 7.61+
i 0.93° 4,09 1.53 1.94° 1.87" 1.58"
1.14+ 0.97+ 0.92+ 1.12+ 0.92+ 1.15+
ADG
0.03* 0.09° 0.09° 0. 14* 0.14° 0.07*
15 A K& /em 125. 18+ 125. 30+ 125. 00+ 125. 14+ 126. 75+ 126. 44+
o 54
15 b Withers height 0.68 0.91 1.34 1. 56 1.99 0. 88
- th-
mon Wq Fl/em 183.644+ 183,00+  188.254 181,43+  183.88+  188.67-+
old
Heart girth 1.05% 1.76" 2. 54% 1. 88" 2.13° 2.25°
M Bl /cm 219. 45+ 219. 60+ 223.66+ 216. 14+ 224,75+ 224,56+
Circumference of abdomen 0.98" 1.54* 2.51® 3. 26° 2.71% 2.11°
K& /em 116. 88+ 117.78+ 117. 14+ 117. 29+ 118. 13+ 119. 89+
12 4 i Withers height 0.57* 1. 86" 1.28" 1.55% 1.85" 1.70"
¢ Mg Bl / cm 169. 67+ 174. 11+ 169.57+ 167, 43+ 169. 50+ 175. 00+
12-month-
1 Heart girth 1.03* 2.09% 3. 89" 1.70° 1.63° 3.12°
© 6 [l /cm 194. 17+ 196. 98+ 204. 71+ 194. 00+ 205. 25+ 205. 22+
Circumference of abdomen 1. 24* 2.34° 3,41 2.28° 2. 40 3. 94"
K75 /em 104. 56+ 105. 90+ 104. 75+ 103. 17+ 106. 38+ 107. 89+
8 H i Withers height 4. 89 3. 87 2.82 6. 30 6.07 7.07
g ?h M6 [l / cm 141. 40+ 146. 80+ 147,754+ 139.00£ 140. 504 147. 674+
-month-
d Heart girth 9. 14° 5.82%® 9. 25 8. 32° 7.83° 12.11°
© & Bl /cm 179. 96+ 185. 70+ 178. 65+ 177.17+ 184. 92+ 185. 44+
Circumference of abdomen 10. 91* 6. 60" 8. 40° 8. 08" 9. 74* 15. 40"
8 5T e R A LAY L I R DR AR T e A B
3 i AR T O E BT T e] 45 R IR AR R DR AL 2

FEBUIR IR A A7 Tk KO I R Ay 2 pg ke TR AR — FOE KA F b BB AL S B A
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UCP2 K C161T F1 C305T {7 4 5 [N 2k () ) ek 7
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Ak RN 25 H 0 A 5 a5 35 BhM 3 R oG, H Al
EMEBE R EN T RGN, X5 UCP2 BN
A A 45 Ty T e FEAIL R A i — B

Bk FCR #il ADG &b, A WF T2 25 4 38 43 A RME AR
HEATEEA 30T R R 2 52w A A (R RO B KB IR
—HU AL X 15,12 8 i A | g [l
A R BR 23 B AT 40, 467 45 C161T Fi C305T & %+
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AL LA B — SNP 37 g % PR 32 47 4 T AT i 32 %)
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