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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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(1. College of Animal Science and Technology , Northeast Agricultural University , Harbin 150030,
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 DLX3 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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, , , 1498 67.8
3'UTR of DLX3 gene R: AGCTGGCTTCGTTCCCGTCCC
F. ACTTACAGCAGCAGCCGCCTCAAC
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F. AACCTCTCACGAAGGAACCC
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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
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SNP1 3'UTR MRS, T/C c. "118T > C
SNP2 3'UTR B . T/C c. "228T > C
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Fig. 2 SNP genotyping of SNP1-SNP4 by PCR-RFLP
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Table 3 Genitic diversity in the 3’ UTR of DLX3 gene in Chinese Merino sheep

SNP iz i, ZHERER LG 7 A5 a4 A AV R 2 A
SNP site PIC Heterozygosity Homozygosity B LR For
SNP1 0.345 7 0.416 3 0.583 7 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 JEE£75,0.25<<PIC<<0.5 HHELE,PIC<0.25 HIRE LS
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

© 2 Strain PR EET S S EA IS AR R B &
Super fine wool strain Prolific wool strain A strain B strain
SNPL.P=2.9X10"*
THZ MR SNP2:P=7.5X10 "
Prolific wool strain SNP3.P=3.3X10""
SNP4.P=5.7X10"*
SNP1.:P=6.5X10"* SNP1.P=5.7X10""°
AR SNP2.P=09.2X10 " 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
SNPL1.:P=1.9X10"* SNP1.P=0. 14 SNP1:P=1.9X10"° SNP1.P=3.3X10 "
SIEZ IS 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"° SNP3.P=1.5X10""
SNP4.P=1.9X10"* SNP4.P=0.11 SNP4.P=1.9X10"" SNP4.P=3.3X10" "
x6 BUARRBRFAMNBEFEREMERERNZ (P E)

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

PR Trait SNP1 SNP2 SNP3 SNP4 HifER Haplotype
B4k FH AL Average wool fiber diameter 0.605 5 0.674 5 0.799 5 0.603 7 0.334 1
M E AR 2% Fineness SD 0.8871  0.9545  0.9329  0.8695 0.214 7
0 JF B L Coefficient of variation of fibre diameter 0.895 9 0.669 2 0. 860 6 0.896 1 0.547 7
7T Sticky sweating 0.882 0 0.943 3 0.837 1 0.848 5 —
i B Wool curvature 0.0341* 0.0106" 0.0242° 0.0392" 0.034 97
75 E 1 Fleece weight 0.484 8 0.508 1 0.335 8 0.484 8 0.388 1
FHRKE Wool fibre length 0.959 4 0.704 4 0.880 7 0.966 7 0.423 5
B HT A B B Body weight before shearing 0.746 4 0.753 5 0.834 0 0.746 4 0.783 1
BT J5 /K i B Body weight after shearing 0.420 1 0.581 5 0.450 5 0.420 1 0.930 3
CLFRIRE B (P<C0.05) s —. RBREGEZRE
*. Represents the difference is significant(P<C0. 05); ——. Represents no result
| . —heu | |
@l . B i BErEAR SNP] SNP2 SNP} SNP4
< .
B 1o} ‘ ’ ’
"ost
SNIPI I SNIPZ I SNIP3 I SNIP4 I ‘ ‘
=—C c G - FAEIYT (66.6%)
------ T T A D HAFFIEI2 (29.9%)
=T c A D FAEII3 (2.7%)

x R SNPs, y iR —log(P {0 . H K P
The z-axis indicates SNP ID and y-axis indicates —log(P value).

values more than 0. 80

3 DLX3EE 3 UIR X SNPs (I XBEN T R B SR
Fig. 3 Single marker association analysis and haplotype construction of SNPs of 3'UTR in DLX3 gene

WA ER A EAT 0.8

The shadow boxes in the right graph indicate
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Table 7 The influence of different genotypes of SNP1-SNP4 on wool curvature (Least square means= standard errors)

SNP {5 SNP site FL KA Genotype

M B Wool curvature

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

11

12.2940. 10°
12.5740. 11®
12.86+0. 20"
12.2740. 10°
12.6340.11°
12.94+0. 22"
12.8840. 20°
12.5940. 11°
12.2940.10"
12.8740. 20°
12.5740. 11®

12.3040. 10"

i) — SNP i g, 4 [ 51 B8 & A A [R)JE Bp 5 8 320 28 5 W 38 (P<0. 05) , &% A AH AR B3 7 B 3R 22 R A i3 (P>>0. 05)

a. b

*8 AFBRGEENBEXELHE
TAREIR)

Table 8 The influence of different haplotypes on wool curva-

IR (RN RME

ture (Least square means= standard errors)

HfE R Haplotype %:ih BF Wool curvature

CCGlI 12.39+0. 06
TCAD 12.2640.29"
TTAD 12.7140. 09"

[R5 5 Je & A AR B Ar 7B R 22 57 18 3% (P<<0. 05) , B
b FHE M R R m 25 7 K B 3 (P>0. 05)

@ Means within a row with different superscripts differ

significantly (P<Z0. 05)

3 3 8

AR, DLX3 JEH RS ERLEET
Hh ) E R M A 2 . B ETEA Y DLX3
WA 3'UTR K AP T 5 4~ SNPs, Jf:%f Hdr iy 4 4
PEAT THEFE . WFFE8n 3% 4 4~ SNPs 78K 5 #f 14
THZSFELEGTREEPEZE0.25<<PIC<0.5),
T WX LB AL AR iC RE AF R AL AL S R E B a . HiX
L6 SNPs P78 245 BEAE AR /N T 0.5 3% R W 45 i it
FEIR I AR B 3 G A SN, PR A EMEE
FEES /IR MG H — 5 # & SNP4 7 K,

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

SNP2 f5e/)h HEW X 7 8 5 56 il & (19 T8 B2 J5 30 1Y
BCR FRFIA G . For {328 FEALIC B B A W HE R
2 AT 7 T A R B OG AR 8 PR T S S R A T i 35t
5310 F2 B . SNP2 FiI SNP3 1y For i Lt SNP1 FI
SNP4 fifi K . 2 B SNP2 ,SNP3 7E {56 B 44 1) a8t 1%
I AL TEBE AR A W . 4 4> SNPs 7 5 76 5 A4S iR 56 7
& ¥4 F Hardy-Weinberg E-4 (P=>0. 05) , X 32
Ml Z S r S s e S 2 EML, ik 4 4
SNPs 7£4% fh R R R E] T ab 2 AN FE R, I
H3X 4 4~ SNPs 76 [ b 7 8] (1) 45 437 5 [R50 S5 R A7
TEM B35 2% 5 (P<<0. 01), 3X 2 B v [ 25 1) 003
F B AR A A5 F ) 22 1k

WE5E T & B 40 B R a S50 56 IR Oy I
BEIR LT AE A 4 A R b A SRR LA
I A0 E 5 R 5 H A 4 A4S0 R AR R AL By
HAaELEW S Z 25, AF/NEHF 5%, DLX3
FE DA A B 8 AL A0 B % 0 O T A
P B DLX3 3R 5 B & 25 il B 4F 4 il
PIARSE 1 B H AT Ik R A DLX3 5 A %t
AL B K R E M B AR AR R DG Hi 3
TN/ BB F 52 285 5 LA B FRATT A9 SNPAG A A
ST GE R E N DLX3 HHESEERAE
If R R R R P AR L AT RE R Y R R A TP



366 )

H

E o 43 %

R EEEN, FNETHAENRSHMNRZ
[B) %) 0.3 26 7 BB HE I SE AL B A ab AT RE S 40 F
FE/BI IR A C,

PR L, iX 4 > SNPs fTE A B R VB
MZMa R AWMR B RRPHEE S T 3 FA [ 5
PRI, T 76 PR 22 16 2R T A R 2 R S R
Drouilhet 2™ 7y [ Lacaune 439 & 8, DLX3
B 3'UTR b —A> 5 2 58 28 A7 7 A AL A M 25 53
i s 37 5 Lacaune 43 £ W HEOH 2 R 7 750G ¢, R
B IRATAE P EE 2 R A0 o A G I 2 1 R (RS
(9 4 A~ SNPs 16 £ G BER FIEE 2 6 BE i b 77 76 4% 5
TS XN DLX3 JE [ b ] 58 2 [ 56 A1 41
2 N6 PEAR A bR 0 2 N Bl ) e 3 A, SNP1 ~ SNP4
AR g [ 3 M 0 22 B R 08 % R IR VR AE
FHric.

AWF I AR A AT A B, &
FRIA IR H A D E R RIEE B R AT 7E
GE ko3 M K X 56 3 0 A S AL AR (A Ah L L 7 J5 S
TR HT WA FIER RN . R R
W], DLX3 [ 3"UTR (1 By 5 A5 T 5 4 2
FEMGMBEMAL, GMENEFXFEENRIEZ
— BTG5 4 T A AU KA A AR K L FE R
A7 RN AE R B T AR R AR W R HE R bR . &
M2 BT B K IE R R 5T ORUZ 45 0 B 2 A K1Y JE 1)
PERT R B B s R AR K N B A 4
JR B LAY i DLX3 RS B RA T WEE
BV, BFFEUE S, A ZE TDO 25 & 4E 1) 3 2% A
JeHF DLX3 SR A 51 M5 Hol A 2% B AL 45
ANEEMN G M. W IRATHED 248 - DLX3 SN AJ
ReE A4 F B M EROE R SR C RN, R
N AR X & A5 #h AL A AR S A 9T E AT 1 AH 4k it
ERY EWNE RV I E ST W i e C DB S
HZEL Bk B 53 F 8 35 I 40 I 2 JE At R
SEA B LR, EE A DL X3 3k & 75 o 52
BB TR 0 RO T 38 T A — R
5%

FE 5 o A R, L s ) DLX3 3£ W 3" UTR
XA 8 B R S L X TR 5 DLX3 JER Y 37
UTR XZEMFLEY DLX3 3L () 32k st k1%
TR, HAT.EHRPF 3'UTR FE &M 50 &5
motifs, X motifs F I mRNA &, 41
5 O A B R s R A, DLX3 36 3" UTR
X DB TCAF 7 A 8w, AR WF 5T & B SNPs #4148

FEAE T X LT A motifs 1, miRNA & — 23R 4
/N RNA 737, Bl —REEN RAFERE T, 2
e G R F R DY, 3'UTR 4 & miRNA
(245 5 AR AL 20, miRNA S5 45 67 i 19 58 72 g 8
S miRNA X 3L P 36 3k, 3 Sork R iy e Az,
DLX3 A 3'"UTR X A77E £ 4 miRNA {454 i
SOARTFTE R B 4 A~ SNPs 7 552 T £ 4> miRNA
441K, ABFZEHEN DLX3 3£ 3'UTR X 13X
4 4~ SNPs i /5 7] 2 5% M) miRNA 5 DLX3 [
3'UTR X254 T 51 DLX3 5 K 38 4%
HE T 3 B SR A 22 A

S A B B BN 1972 TR LR
ERBCECHmERM ZHAZANE RN EFEE
sl JAH G BE IR SR 4R A T R AP i A Rt . ik
SEHP RN ST EENEFREARERER L,
ARBFTEHG DLX3 B AR 0 40 2 8 Fh i — > ik 3
P 3"UTR X kAT 2 250 e SR MR 4 M 53X b v
] 56 R 002 A B PRI S0 5 1 1 2 TR A 1
BB AL TS JF A S DLX3 P i 2 RE A
FEBE T Bl

4 & g

A FE R E 56 R LR GRr s 2 B 7)) DL X3 3k
3'UTR X #1778 B 0 % 40 A 3L & 80 5 A4
SNPs i g . *FH 4 4> SNPs {7 g3 19 6 I 45 2R %
1,45 SNP i o5 76 3 A~ 0 B 4K 3 4 F Hardy-
Weinberg iR 45, CBE A Hr g REH] L X 4 4>
SNPs Je HE A% B R X 2 B 45 i A B 2 52 m, 52
/v DLX3 K& ] BB 2 52 i 3 B 45 il MR iy 323K
H .
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