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TAN Yizhou' ,DINGKAO Rengqing?, CHU Min',GUO Xian',MA Xiaoming',
BAO Pengjia' , YAN Ping' , LIANG Chunnian'

(1 Lanzhou Institute of Animal Husbandry and Veterinary Drug ,Chinese Academy of Agricultural Sciences ,
Lanzhou,Gansu 730050, China;2 Gannan Institute of Animal Science ,Gannan,Gansu 747000 ,China)

Abstract: [Objective] This study explored the polymorphisms of uncoupling protein 2 (UCP2) and
uncoupling protein 3 (UCP3) genes and their association with growth traits in Oula-type Tibetan sheep to
provide basis for future use of molecular marker-assisted breeding in improving growth traits. [Method] A

total of 239 adult Oula-type Tibetan sheep were selected, PCR product direct sequencing was used to detect
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the genetic polymorphism of UCP2 and UCP 3 genes,and the correlations with body weight, body height,
body slanting length and chest circumference were analyzed. [Result] Two SNPs loci of g. 52130414 C>T
and g. 52130584 G> A were screened on UCP2 gene of Oula-type Tibetan sheep,and g. 52130414 C>T
produced three genotypes of TT,CT and CC and g. 52130584 G>A produced AA, AG and GG. One SNP
site on UCP 3 was identified as g. 52157335 C>T,which produced three genotypes of CC,CT and TT. The
polymorphism analysis showed that the three SNPs sites were missense mutation sites,in moderate poly-
morphism and conforming to the Hard-Weinberg balance (P >>0. 05). Association analysis showed that
body weight of sheep with UCP2 gene g. 52130414 C>T locus TT genotype was significantly higher than
that of CT genotype (P<C0. 05) ,and body weight and body length of g. 52130584 G>A AA genotype were
significantly higher than those of AG and GG genotypes (P<(0. 01). Chest circumference of AA and GG
genotypes was significantly higher than that of AG genotypes (P<C0. 05). The weight of sheep with UCP3
gene g. 52157335 C>T CC genotype was significantly higher than that of CT genotype (P<C0. 05),and
chest circumference of TT genotype was significantly higher than that of CT genotype (P<C0. 05). Geno-
type combination analysis of three polymorphic loci found that the body weight of D5 type was significantly
higher than that of D1,D2 and D3 types (P<C0. 01). Body height of D5 was significantly higher than that of
D3 type (P<C0.05). Body oblique length of D5 type was also very significantly higher than that of D2 type
(P<C0.01) ,and significantly higher than those of D1,D3 and D4 types (P<C0. 05). [Conclusion) The poly-
morphisms of UCP2 and UCP 3 genes were related to partial growth traits of Oula-type Tibetan sheep,and
UCP2 and UCP 3 genes could be used as candidate genes for growth traits selection. D5 diplotype was the
dominant genotype and could be considered preferentially in breeding.
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EasyPure®Blood Genomic DNA Kit [fil ¥ % [H
#H DNA #HU 7] & .2 X EasyTaq® PCR SuperMix,
W A2 e HEARA R AL s A Fl ; NanoDrop
2000 2453600 BV PCR AL, 0 3 P88 KA /R
B P ED A BRA R DY Y-6C B 3k 4%, 14 [ Jb 5
A— AL s KEE Tanon2500 4= A 5 K5 ¥ I il
B RG.0 A Lifg REERHCA R AW .
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L 4] DNA $8 B 500 5, F Wbz 78 58 = 1 4 1 S
4] DNA HEA7 32 B, FH 258 51 43 6 ot B 3 A T JH: o
AW E B AHE DNA BT 1.5 mL BE.o08H,
—20 CUKFHPRATF 5 H
1.4 S|I¥EHE&EK

R4 GenBank 23 15 (4 i 5 UCP2 C& 55 R
NM  001280682. 1), UCP3 ( GenBank % 5 5 K
NM _001308581. 1) J ik 5 & F115 & » 4 5 XF UCP2
FEHEE 4,5,6 M7 A T LA K UCP3 LM 5 3,4 4k
T RE A N E T R IR R S (GR D, 5l
Y3k V9 2RV A YR A BR BT AT 2\ A
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Table 1 Primer sequence information in this study
R 19 F 5 (5'—>3") B AGRSE/C B /bp
Gene Primer sequence Annealing temperature Fragment length

F1: TCATCACCTTTCCCCTGGATACTGC

62.5 631
R1:GGGATGATACCACCTGCTCCTGAAG
F2. TCCTGTTCCTTGCTCTGTCCCAG
UCP2 63.1 777
R2: TGCCTCTGAGTCGTTTTGCCC
F3: ATGGGCAAAACGACTCAGAGGC 63. 0 635
. o)
R3: TAGAGGGGGAGAAAACACAGGTCAT
F1.GCTGACCTCCTCACCTTTCC 61.1 282
R1:AATCCGGGTAACGATGCTGG '
UCP3
F2:CGACTCCGTCAAGCAGTTCT
60. 4 314

R2: TTCCTCGTGATGTTGGGCAG

1.5 UCP2#UCP3 EE PCR¥HEREXSEM
T

PCR #" 34K & 10 uL:2 X EasyTaq® PCR Su-
perMix 5 L, DNA 47 (100 ng/pl)0.8 pL, B F
eG4 (10 pmol/L) 4% 0. 4 pL, Z8M K 3. 4 pl,
PCR P32 )% .94 CHIAEPE 5 min; 94 ‘CAR#E: 30 s,
ANTRNR KR BE (£ 1) FIR k30 s,72 CHEAH 30 5,35
MER ;72 CLAE AR 10 min, 4 CoKFE R A5 H .
¥ PCR P14 7 1) 26 74 22 SRR G A= Wy BH A PR 53
AR AR . {8 SeqMan 44 P 32 0 )7 Fr 15 45 5
J7 51 30 e B W a5, R MEGA 5.1 b 5
2% 7 S HEAT X L, 9020 1 8 L SNP i 45 7 DU
B 38 AR B B 6 RS SNP A s 9 4T 4
R, AR L AL G T B 4 BT O PR R R S
PR 285 B 1 (PIC) (PIC=>0. 54 & i
Z345:0. 5>PIC>0. 25 S £ £ & PIC<C0. 25 H
B2 ) W 28 & B (He) R AT % 45 3 3 [H 4L
(Ne) , 31 # 47 Hard-Weinberg ¥ (HWE) 1% i 14

W IV, o
1.6 HEBZRITSHH
FIH] SPSS 21. 0 th GLM # 84 i) B PR K J7 22 45
i (One-Way ANOVE) , 454 Duncan’s X A ] 3 [K
RIS R B A R IR AT 25 S S 35 Pk 40 By i 5 R
FHEF- M AR 227 RIR
2 RS0
2.1 BRFEFFE UCP2.UCP3 EEH) PCR # 1%
PLEKFE B F UCP2 . UCP 3 35 [H 2H DNA Jhy i
Wi 4T PCR 4 8, Fr 547 38 7= 1 1 20 35t i M 05
MK FEAT R, g5 SR aniE 1 filE 2 fras . IR L AT
HLUCP2 JEP S 4 4887415 2707 K/ 631 bp,
55,6 ST Sl KN R TTT bp 5 T AT
P3G 27 R/l 635 bp, HIE 2 W], UCP3 £
55 3 AN YA K/ 282 bp 5 4 b TP
Y2 R/ Ry 314 bp. § B 5 U H 450 R
N—F0 A B TR gl .
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100 bp

M. DL2000 DNA Marker;1~4. 45 4 #p 8 F;5~8. 45 5.6 b B F;9~12. 45 7 4p @ F
M. DL.2000 DNA Marker;1—4. Exon 4;5—38. Exons 5 and 6;9—12. Exon 7

1 BRPLIUGEE UCP2 F B PCR 33
Fig.1 PCR amplification of UCP2 genes of Oula-type Tibetan sheep

M 1 2 M 3 4

2000 bp 50000
p

1000 bp
750 bp

500 bp
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100 bp

1000 bp

282 bp 750 bp
500 bp

314 bp
250 bp

100 bp

M. DL2000 DNA Marker;1~2. 45 3 #h 8 F;3~4. 45 4 b B F
M. DL2000 DNA Marker;1—2. Exons 3;3—4. Exons 4

2 BRPC AL UCP3 £ [K iy PCR 3§71
Fig. 2 PCR amplification of UCP3 genes of Oula-type Tibetan sheep

BR i B E UCP2 . UCP3 2 HF PCR § 1= YIEAT Iy L PEAR 4 I P 4 SR E AT SNPs v 45 i Bk
%H’J B B SNPs i & 75 1% IR A3 B AT 25 SR UL 3 A 4,
3 3 X R i BURE 22 UCP2 . UCP3 #: A PCR =

ucpr2 2.52130414 C>T UCP2 2.52130584 G>A Ucer3 2.52157335C>T

K 3 RkhiEIGEE UCP2 F UCP 3 3 [H 5825 {07 5 1) I s 14 &1
Fig. 3 Sequence peak of UCP2 and UCP 3 mutation sites of Qula-type Tibetan sheep
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B 3_0-‘.§ 5 35 z " 3
g osf £ 30F 8501 A
w i mi BE | LW
o o B o 20p =8 40k
o 201 oo
g F 4 RE 20f R § g
ﬁ‘jg 15k §§ . ' < o 3.0F
m S m o L5k ‘E] <)
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Red is heterozygous;Blue and green are homozygous

[ 4

b F i 22 UCP2 K1 UCP 3 %1 (9 45 B 43 #r

Fig. 4 Genotyping analysis of UCP2 and UCP3 genes of Oula-type Tibetan sheep

K 3 W, £ UCP2 JE W B39 8 ™ W
g.52130414 C>T.g. 52130584 G>A Ml UCP3 %
BB 874 g. 52157335 C>T ¥ % L SNP fi i1,
R 0 P BE AN [ 2 R0 Y 0, fg B 4 AT D
g.52130414 C>T =4 7T CC.CT #1 TT 3 FhF A
#l,g. 52130584 G>A AT AAAG F1 GG 3 F
FEA, g 52157335 C>T y=4 7 CC.,CT #1 TT 3
ot 56 R 7Y
2.3 BREBIEEUCP2.UCP3 EFEEEZAN

T

XF BRRL AL S UCP2 , UCP3 K P i E /Y 3 4>
RAFL AT AL ZAE T SR (R 2R TE
UCP2 ¥ g. 52130414 C=>T 45 {7 j5 1 , 45 o J

C WA ENFEN CT R LI KA, 4l G
0.535, 24 G 0. 465, AR E N EE K% 1,87, £
SEREEN0.357, )8 T 28N 578 UCP2
FH g. 52130584 G=>A AR g, AR G oy
PEAAEN FE GG WL EL A 45 Bl 0. 643,
FEREN 0,357 AR E N FE K R 1. 554, Z8A4F
BEEN0.293, 8 T g Z 8004 /£ UCP3 JE[H
g. 52157335 C>T AR s v SB[ T Ry 3
NN, TT ML A, 45k 0,561, 244
FEHR 0. 439 HALSEAI LB 1. 784, Z 8 F B &
W O0.343, MR THEZEMMA. RGO KRR
4E M OR L 3 Ay SNPs v 5 ¥ 45 & Hard-Weinberg
A (HWED 38 B MK 35 (P>>0. 05)

xR2 REBEEUCP2.UCP3ERESSHABEEESELT
Table 2 Genetic polymorphism analysis of UCP2 and UCP3 in Oula-type Tibetan sheep
2 Allele JH A Genotype ai & A E HRENM(Ne) 28458 & & (PIO)
FE R SNPs {if i (Ho) (He) PR % Polymorphic
Gene SNPs site B3] BT E311] i 2 Homozy- Heterozy- Number of information
Type  Frequency Type  Frequency gosity gosity effective alleles content
T 0. 368 TT 0.142
2.52130414 C>T C 0.632 CT 0.452 0.535 0.465 1.87 0. 357
UCP2 CcC 0. 406
A 0.232 AA 0. 059
g.52130584 G>A G 0.768 AG 0. 347 0.643 0. 357 1.554 0.293
GG 0.594
C 0. 326 CcC 0.130
UCP3 g.52157335 C>T T 0.674 CT 0.393 0.561 0.439 1. 784 0.343
TT 0.477

2.4 BREIBIG¥E UCP2 #1 UCP3 £ & SNPs i &
ARERBESEKEROXBES T

W BR 7 ) e 5 UCP2 Ff1 UCP 3 H: R SNP fif i

A [) 5 DR 8 5 R o AR o A R R L 4 AN A=

KAHARAG AR AT R Mr . 5 R 03k 3 fin.

3AHL,UCP2 %A g. 52130414 C>T fu i TT 3

PRI R 5 3 T CT B AL (P<<0. 05);

g. 52130584 G=>A i 5 AA JE K R B & FARRHE
B FEE T AG Il GG EEP BRI (P<<0.01), AA FiI
GG F [ AU il [l 34 2 3% =5 T AG JEHE AL, UCP 3 3:[H
2. 52157335 C>T fii i CC B MIAF B R E S T
CT B A (P<C0. 05), TT 3 K 7Y i Fl 2 & = T
CT JEPH AL (P<C0. 05) , Hoax Az K MR A 45 5L A A
Z a2 SRR (P>0.05),
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Table 3 Association analysis of SNPs polymorphisms of UCP2 and UCP 3 genes with
growth traits of Oula-type Tibetan sheep
(o . AL/ /
2 SNPs fi S D PR B/ i /em PRI om Bl em
Gene SNPs site Genotype(Number) (kg + 3 1) Body height Body oblique Chest
o Body weight length circumference
TT34) 61.16+8.02 a 77.1844.47 a 76.09+3.65 a 100. 38+4.96 a
2.52130414 C>T CT(108) 58.13+7.36 b 75.6944.22 a 74,74+3.59 a 99.64+5.97 a
UCP2 CC97) 58.50+7.29 ab 76.45+4.08 a 75.00+3.89 a 100. 6445.57 a
AAC(1D) 65.09+7.11 A 77.86+4.94 a 77.79£3.14 A 102.2943.93 a
2.52130584 G>A AG(83) 57.69+7.13 B 75.8344.35 a 74.65+3.38 B 98.98+5.93 b
GG(142) 58.67+7.43 B 76.2744.06 a 74.99+3.88 B 100. 6245.57 a
CUED 61.2048.57a  76.97+4.88a 76.07£3.78a  100.33+5.54 ab
UCP3 g 52157335 C>T CT(94) 57.944+7.37b  75.67+4.31a 74.7843.49 a 99.1146.03 b
TT(114) 58.70-7.16 ab  76.46+3.93 a 74.9843.90a  100.97+5.29 a
1« (6] 3 B S5 AR AS TR/ 5268 R [R] — SNP A 5 AS [R) 3 R B 22 0] 22 57t 3 (P<<0. 05) W AR AN [R) K5 58 R [A] — SNP Az i A [ 5 R 7Y

Z IR 2 S i 3 (P<<0.0D),

Note: Different lowercase letters indicate significant difference between different genotypes for the same SNP(P<Z0. 05) ,and different cap-

ital letters indicate significant differences among different genotypes of the same SNP(P<C0.01).

2.5 BRABUGEE UCP2 1 UCP3 E & SNPs fi &
EEMAESEKERHOXBESH

A AR VIR O R H s S L AR R AT M AR

1M 2 22 A7 a5 G [ 4 A 25 510 8% 3 4 SNPs fi

SV B RS B HE AT 43 B . 25 2R kB UCP2 M

!

UCP3 () SNPs fi s 3R AU A 36 11 Fp, ROR A
BT E  HIBR b & AR SRR AR F 0,05 1 6 il
B P Ay 5 b DR RS 4 A 5 IR R g E AT A
KRG TR o BT S5 R LR 4,

RAEBEFUCP2FIUCPS ZXMUSERNBEASEEERERPREKSN

Table 4 Association analysis of UCP2 and UCP 3 polymorphic loci genotype combinations with

Oula-type Tibetan sheep growth traits

RUATRL CRLED BN Genotype R4/ (K75 /em R/ em Hg Bl / em
Diplotype 2.52130414 g. 52130584 g. 52157335 (kg + k™D - Body oblique Chest
(Number) C>T G>A C>T Body weight Body height length circumference

D1(93) CcC GG TT 58.4647.19 Bb  76.52+4.07 ab  75.01%3.89 ABb 100. 69=£5. 37
D2(62) CT AG CT 57.7147.32 Bb  76.0244.47 ab  74.6143.40 Bb 99.0346.12
D3(22) CT GG CT 58.1448.05 Bb  74.914+4.09 b 75.1843.89 ABb 99.0945.92
D4(19) CT GG TT 60.0347.22 ABb 76.21+3.38 ab 74.9544.21 ABb 102.42+4.94
D5(14) CT AA cC 65.09+7.11 Aa  77.86+4.94 a 77.7943.14 Aa 102.2943.93

T < [ — MR AN [R]85 PR B AR LE AN R /NE S B 3R 22 57 1R 35 (P<C0. 05) W R RS S8 3R0R 22 5 i i 3% (P<<0. 0

Note: Compared with different genotypes of the same character, different lowercase letters after the datas indicate significant difference

(P<C0. 05) ,different capital letters indicate extremely significant difference (P<Z0.01).

i 2% 4 T %0, D5 Y AR R 2 1A B A 3
F D1.D2.D3 #(P<0. 01) s D5 # [k 47 780 58 2 14 25
I 2 D3 #(P<C0. 05) ; D5 I [ Hr U 5 2 1K 2}
Kk BEe T D2 #I(P<0.0), AR E & T D1,
D3.D4 £ (P<C0. 05) ; £ XUA% # RR R ) 5 F iy Fil 2%
LSS NTE

3 97
KPR R AR 3 S AR K R B TS
kT RN S B &R R E TR, i

W O S 2 BF AR . AABETOR RN 2 5 S
Az R MR AT DGR 43 A T UL b T S R R A1 43

%

Fhm e DA 5 RR B S 1) 8RR AR G KR R R
Form ik H R E R X, BB E UCP2 A
UCP3 BT 15 S 3 tafk . 405l B 8 Fi1 7 A4b
BFHM. XT UCP2 M UCP3 3 . H i i 58 &
h L 2208 H 5 R PR Y 06 R e R A
FEE B A GBI SO A TR R B Br . © A X 45 3k
B, UCP2 fMUCP3 W5 & WLk ERK EF M
BR WU B A 56 . SR 4k 0 XV 00 8 R Y F
8RB UCP 2 3£ P 33K 5 14 38 A R B i i AL
B T AR 255 0 Bk 3R AN A 1] 38 R 4 R 4
UCP3 3 G5465A . T8162C o f #1743 7+ &
BGA F CC X A 25 52 mi AR g AR R S5 Rk
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RSO L 55 BRBLBU LS UCP 2 F UCP 3 &M 22 45 Pk B H 5 R MR i DG B 43 A 7

LI e B B A B 3 G B ; Kowalewska-Euczak
SRR TG AR LU 2 faf W3 G 4 UCP2 i UCP3
FEH 5 MR SR A R B, 2 R R R 3 5
W R FLIG A B AE AR A O B A X AE
N4 UCP2 M UCP3 FEH 5 A4 K MR 47 6 Bk
GIAT s I 2 FED A AE —Ab 5278, BN AE 1 B A 1Y)
KKk EHRA B E R m; Wang 5200 £ )1 4
UCP2 M UCP 3 J: K Z 28 VE 5 P B PR 2 47 & 8K 45
M AESE UCP2 A1 UCP 3 P 5 25 11 48 () P B Motk
UM,

AWEFELL UCP2 1 UCP 3 3 [ h i v 3L A L i
it DNA P #2005 3 % 239 Sk B AR WiCRL T8 58 2 #E 4T
i, 78 UCP2 345 5 4 i F L& B 2 4~ SNPs
S =S N 7O G N £ A 2 o 1 1 A A
g.52130414 C>T I g. 52130584 G > A, H
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