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Polymorphism in 3'UTR of DLX3 Gene and Its Association with Wool Quality Traits

in Chinese Merino Sheep
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China; 2. Institute of Animal Husbandry and Veterinary , Xinjiang Academy of Agricultural
and Reclamation Science, Shihezi 832000 ,China)

Abstract: This experiment was designed to study the effects of polymorphism of DL X3 gene on
wool quality and growth traits in sheep. Five strains of Chinese Merino (Xinjiang Junken Type)
sheep were used in the present study. The polymorphism in 3’ untranslated region (UTR) of
DL X3 gene was detected and identified using DNA sequencing, and SNP genotyping was per-
formed by PCR-RFLP analysis. Allele frequencies were analyzed by Chi-square test. Haplotypes
were constructed by linkage disequilibrium analysis. The association between the SNPs and hap-
lotypes and wool quality and growth traits were assessed by JMP4. 0 software, respectively. The
result showed that the allele frequencies for these four SNPs were significantly different among
the five Chinese sheep strains (P<C0. 01). The genotype distribution in super fine wool strain
were different from that in the other four strains, and the genotype distribution in two prolificacy
strains were significantly different from that in other three no-prolificacy strains (P <C0. 01);
Association analysis displayed that the four SNPs and their haplotypes had consistently significant
effect on wool curvature (P<C0. 05), but no significant effect on other traits (P>>0. 05). The
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result indicate that polymorphisms of 3'UTR of DLX3 gene are significantly correlated with wool

curvature in Chinese Merino (Xinjiang Junken Type) sheep, and these SNPs can be used in

molecular MAS for wool quality traits.
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Table 1 The primer sequences, annealing temperature and product size
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DLX3 %A 3'UTR KX
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R: CCCAGTCTCACGGTCCAATGTCTTT
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Fig. 1 The polymorphic sites in the 3'UTR of DLX3 gene
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Table 2 The positions and names of SNPs in the 3'UTR of sheep DLX3 gene

% 145 Site {ii & Position A5 5 A Variation type fir 44 Name
SNP1 3'UTR 558 . T/C c. *118T > C
SNP2 3'UTR HAEEA . T/C c. *228T > C
SNP3 3'UTR HERTA/G c. “688A > G
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Table 3 Genitic diversity in the 3’ UTR of DLX3 gene in Chinese Merino sheep

SNP {37 £ ZHER T fLmide G D7 2l R YiSE A e i
SNP site PIC Heterozygosity Homozygosity MR For
SNP1 0.345 7 0.416 3 0.5837 0. 387

SNP2 0.331 6 0.389 5 0.610 5 0.395

SNP3 0.343 3 0.408 7 0.591 3 0. 399

SNP4 0.345 9 0.417 6 0.582 4 0. 385

PIC>0.5 R £45,0.25<PIC<0.5 AHE L. PIC<0.25 AIRE L
PIC>0.5 means high diversity, 0. 25<PIC<C0. 5 means moderate diversity, PIC<(0. 25 means low diversity
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Table S Multiple comparisons of individual genotypes of SNP1 to SNP4 among these five different strains
% Strain A B R EHZ k& A & B il &
Super fine wool strain Prolific wool strain A strain B strain
SNP1.:P=2.9X10""
TBHZI AR SNP2.P=7.5Xx10""
Prolific wool strain SNP3:P=3.3X10 %
SNP4.P=5.7X10""
SNP1:P=6.5X10"" SNP1:P=5.7X10"°
AR SNP2:P=9.2X10"" SNP2.P=6.9X10""
A strain SNP3:P=2.9X10" " SNP3.P=3.7X10 ¢
SNP4.P=6.5x10"* SNP4.P=7.8X10°
SNP1.P=5.9X10"° SNP1.P=2.3X10"" SNP1.P=0.12
B A SNP2.P=5.1X10"" SNP2.:P=8.5X10"" SNP2.P=0.15
B strain SNP3:P=1.5X10"° SNP3:P=2.5X10"% SNP3.P=0. 20
SNP4.P=5.9X10"° SNP4.P=3,9X10 SNP4.P=0.12
SNP1.P=1.9X10 * SNP1.P=0. 14 SNP1.:P=1.9X10"7 SNP1.P=3.3X10 "
RIEEZIEITES SNP2:P=1.1X10"% SNP2.P=0. 30 SNP2:P=3.2X10"° SNP2:P=4.3X10""
Prolific meat strain SNP3:P=8.1X10 % SNP3.P=0. 22 SNP3.:P=2.3X10"7 SNP3:P=1.5X10""
SNP4.P=1.9X10"* SNP4.P=0.11 SNP4.P=1.9X10"7 SNP4.P=3.3X10 "

*6

BEHARBEREWMAFFERRMERK KO IE(P E)

Table 6 The influence of individual SNPs and haplotypes on sheep wool quality and growth traits(P value)

PEAR Trait SNP1 SNP2 SNP3 SNP4 HifEm Haplotype
L4 4E 1% Average wool fiber diameter 0.605 5 0.674 5 0.799 5 0.603 7 0.3341
Y B bR fE 2 Fineness SD 0.887 1 0.9545  0.9329  0.8695 0.214 7
40 B # Coefficient of variation of fibre diameter 0.895 9 0.669 2 0. 860 6 0.896 1 0.547 7
Wi Sticky sweating 0.882 0 0.943 3 0.837 1 0.848 5 —
#:th B Wool curvature 0.034 1* 0.0106* 0.024 2* 0.039 2~ 0.034 9%
75 &1 Fleece weight 0.484 8 0.508 1 0.3358 0.484 8 0.3881
EHIRKE Wool fibre length 0.959 4 0.704 4 0.880 7 0.966 7 0.423 5
BT i B Body weight before shearing 0.746 4 0.753 5 0.834 0 0.746 4 0.783 1
3T J5 K JFi & Body weight after shearing 0.420 1 0.581 5 0.450 5 0.420 1 0.930 3
* L FRIRE L (P<<0.05) ;—. fRFREEF 4

%

. Represents the difference is significant(P<Z0.05); —.
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Fig. 3 Single marker association analysis and haplotype construction of SNPs of 3'UTR in DLX3 gene
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Table 7 The influence of different genotypes of SNP1-SNP4 on wool curvature (Least square means= standard errors)

SNP {ii /5 SNP site FEH R Genotype

i Wool curvature

cC
SNP1 TC
TT
CcC
SNP2 TC
TT
AA
SNP3 AG
GG
DD
SNP4 1D

11

12.2940. 10°
12.574+0. 11
12.86+0. 20"
12.27+0. 10
12.63£0.11°
12.9440. 22"
12.88+0. 20°
12.594+0. 11°
12.29-+0. 10"
12.87+0. 20°
12.5740.11*

12.3040. 10

7] — SNP iz g P [7) 71 K080 & A A [ A bR 2 B R 22 53 1 3 (P<C0. 05) , & A AR [F) JH A1 5 B 387K 22 5 AN |3 (P>>0. 05)

as b

R8 AEARBERNBEFFEFESHENE M (RN _RHE
THREIR)
Table 8 The influence of different haplotypes on wool curva-

ture (Least square means=standard errors)

2R Haplotype i B Wool curvature

CCGI 12.39=+0. 06°
TCAD 12,2640, 29*
TTAD 12.7140.09"

[R5 B Je & A A R R AR 7 0 R oR 22 5 B3 (P<C0. 05) ./
B 7 B A ) 7R 22 52 AR .3 (P>0. 05)

“b  Means within a row with different superscripts differ

significantly (P<Z0. 05)

3 W i

PAEK . DLX3 RN UHAERG & BR LT LT
R LA T A TR, A RS DLX3
P 3"UTR X &L T 5 4~ SNPs, J:-xf Hh iy 4 4
AT THESE . WF9E BoR . 3X 4 4> SNPs 78 i 50 i K
T EAFEREREDELE . 25<<PIC<0.5),
F R AL AR L RE S IR LA A M fE B . X
28 SNPs [0 s 2 A BE AR/ T 0.5, 35X F W 4547 45
FEIR B0 B AR [B) ) 845 78 S A /N DL B S
fEE& & T R % — 8 # 2 SNP4 e K,

. Means within a row with different superscript differ significantly (P<Z0. 05)

SNP2 f5e/y . HE D 3X AT RE 5 2 A R 008 B 5 J5 1 1
R FPRAIAT OC . For {8 2278 BE AL A 1A WA 14
2 AT F 18] AH B OG FR L B R Ik S R AR ] Y 35
153 A T B . SNP2 Fl SNP3 Y For fi lb SNP1 Fl
SNP4 fiii K W] SNP2 ., SNP3 7 izt 3 B 44 o 14 35 1%
AR EE AT B . 4 1 SNPs v 5 76 52 A~ i 06 B
R Hr 440 F Hardy-Weinberg S (P>>0. 05) , X 3
W 2B S maa R R EME o4
SNPs 745 i 2 P RS T ab 2 NS A IR
H3X 4 A4~ SNPs 7E A [R] & 2 (8] (14 55 457 5 P4 5 47 A7
TEM B 2 F (P<0. 01) . 3X 3 W] o [ 35 1) 00 5
RN S AEAE A AL S5 R Y 25 R

9% o & BRAE G A0 6 A R a S5 07 6 R R 1 4
FER L AR Ll 4 A R b AR R A IR
I HABNTE S RS H AL 4 A 2 7 R R A A 13
AW B EZES . NM/NRBFRE R, DLX3
BE 7R PR 1 6 4 A0 RN B % R I O T A R
YEH . R DLX3 &K 5 B & 25 fl B 47 4 T8 il %
PIARSE s B H AT R 1k R WA DLX3 &KX
B KR E R B R AE G A DG i, 3
FHF/IN B F 58 25 5% A B FRATT i) SNPAG: i A AH
KT REE N DLX3 HER LB RET
o A R RE K AR L BT RE R S e S B R T



366 = g om

z2)

B % 413 %

R EZIEA , RS TEAEMN RS HAAGRZ
[ 1 . 5 2 5 2B HE DN S5 62 BE 1A a b AT RE S 47
FBWAEERA L,

W h L B, 3X 4 4> SNPs TR 4 E M &R .6
MZMhm AR AR B &R L T 3 AR [E 5
RIRL, AR R 22 6 A 3R A0 R 2 ol i PR A
Drouilhet 2 72 3 E Lacaune (% % 3, DLX3
B 3'UTR b —A> 5 1 58 748 A A7 76 AR 6L A fi 25 43
fii . It 5 Lacaune 43 3¢ (9 HE G0 R F0 AR 8O G, R
B FRATTAE v [ 36 ) LA o R ARG B 324 A AEAS
1Y 4 4~ SNPs 76 Z i e 1R FEE 2 16 B AR b A7 A
FER, XK DLX3 K] g2 1 58 1)
F 2 i PR IR B R 90 A B 2 RE 4 I L SNP1~ SNP4
AT g e [ S A 00 22 e PR e 6 A S S AR TR TR 0
FHRic.

ARG AR I AR A AT A B, 2
R R D R REE R R IR 7
GEt oy B PR 58 B W 4 A B ATLRE A4 A B A AR )
CH TP B BE RN . R TR R
B, DLX3 $E[H 3"UTR Ay 507 5 1 B A5 LA 55 45
FEREIEMX, BM2HTFFEEBRREZ
— B G5 L R AU XS A AR R e A R R
A RN T T T AR R R A HE SRR . B
i BT B R IE Bl R BT RUZ 45 0 R 2 AR K 1 SR )
PEBT R RS B R AR R A KR B A
JE B FE B AE A L DLX3 R B A T I E
FER™, WFFEIE L. A2 TDO Z5 4 E 19 3 2% N
JEH T DLX3 B 2828 51 0 L I R 2 20 4 5%
ANEBREGM . B FRATHEN 48 F DLX3 H K af
REJ2 15 BBl B EROCE N aibRic BL N . R
B N A0 xF B & A it AL 4 AR DG AIF 5T 2E AT 2ok AH 4K 4
ERYEWNESSOE Y AT ik SR AL (P CIl: PSS
MZELD  BRIEW ) 3§98 735 B 4 M 27 it s R
SEA B R, BE B DL X3 JE R 2 15 R 5 iR
FBEM R FROEN B A — S IEA
5t

P850 b R W AL 3 DLX3 5 3'UTR
DX ELAT W BB 0 A S, X B R % DLX3 Ny 3
UTR X 7EMFLsh ¥ DLX3 3 K ) 2 3k I8 28 b & 1%
FEAEMH . BEi. 73K 3'UTR 2 & 50 4 Fp
motifs, X2 motifs 3= B % mRNA Fa & M. W40
5 37 A B B PR AR A, DLX3 36 3" UTR
X D RE TT 1 43 s A BF 98 A LY SNPs ¥R

FAEF XL DA motifs H1, miRNA J&—29E 4
i/ RNA 73 7 e — K\ R R EER T 5
SR R E R P, 3'UTR W & miRNA
1 45 A FIAE 07 5, miRNA 45 A 7 4110 28 48 e g
my miRNA X8 5 R 26 3k, S 8ob R sl Az
DLX3 %K 3'UTR X477 £ 4> miRNA {454 (7
SO ARBESE R B 4 4~ SNPs i i T £ 4> miRNA
BIGE A X, ARBFSEHEN DLX3 55 3" UTR X Y%
4 > SNPs {7 &5 1] fie 2 52 M miRNA 5 DLX3 J A
3'UTR X Y254 W51 #2 DLX3 3 [K 5 M Ar
T 3 B AH SRR 1 22 4K

SR S R B O 1972 AR TR 4R R E
LMW ECHBERAD ZH RN BN EFREE
sl O AE DG DR A R SR AR AL T R A R A R, AR
SRR E R ERAEEMEEF R A EEE X,
ABEFER DLX3 K AE b 4 F 5 R i — A4~ e 38 gk
Xt 3"UTR X i A7 22 &5k & S Bk 43 #p» 1X o v
] 56 R W00 = A 6 B RN B8 45 Fh 7 1] 1) 5k TR A 12 4l
BB AL TR, b 48 3E DLX3 LA Y D) sEiF
FEE T 5

4 & &

AHIF 5 T H ] 26 A A Gl i 42 B A DLX3
3"UTR X k47 v B I ¥ 40 A, 32 & B 5 A4
SNPs i s, % H A 4 A4~ SNPs 7 5 19 K6 1 45 51 2
W, 4% SNP {3 o5 76 A 0 B AR b 35 4 7 Hardy-
Weinberg - R &, QBRIP4 R EH . X 4 4
SNPs S H 8 f% 71 #0 % 2 B 45 il B A7 & 5, 42
/v DLX3 H XA GE U2 52 i = & 4 il PR R 32 3%
FH .
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