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Genome-wide association of wool length and yield of Chinese
Merino sheep (Xinjiang type)
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Abstract: [Objective)] This study explored the association and genetic markers of wool length and yield
in Chinese Merino sheep (Xinjiang type) and revealed related genetic mechanism. [Method] Wool length
and yield (quality of tainted wool) of 366 Chinese Merino sheep (Xinjiang type) at the ages of 16 months
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(yearling) and 30 months (adult) were analyzed. Wool length and yield of yearling and adult sheep were
analyzed by GWAS using Illumina OvineNP50 BeadChip including 54 241 SNP sites. Single-locus regres-
sion, permutation, Ovisaries Annotation Release 100 and Sheep QTLdb were used for statistical analysis,
gene annotation and SNP verification. [Result] The average values of wool traits in the experimental sheep
population were in the normal range and the maximum and minimum values were in accordance with the re-
quirements of normal analysis, which were suitable for genome-wide association analysis. A total of 44 798
SNPs were isolated from sheep with 672 to 5 150 SNPs on each chromosome and distance between SNPs of
49.97 kb to 65. 59 kb. Twenty-one SNPs related to wool traits were found with 4 SNPs of s65179. 1,
OAR25_10510703.1,0AR3_112640501.1 and s56106.1 in KIF16 B,RYR2,ANAPC1 and DPP6 genes,re-
spectively. Other SNP annotations were near FIBIN, HSD17B11 and PIAS1. QTL analysis showed that
OAR25_10510703. 1 was mapped to two QTLs related to fiber length and one QTL related to wool quality.
OAR7_15117952. 1 was mapped to one QTL related to fiber length and one QTL related to primary fiber
diameter variation,indicating that these two SNPs had significant effects on wool length and yield. [Conclu-
sion] Twenty-one SNPs associated with wool length and yield were identified in Chinese Merino sheep
(Xinjiang type). This study provides a theoretical basis for revealing the genetic structure of fiber length
and wool yield traits in Chinese Merino sheep.

Key words: Chinese Merino sheep (Xinjiang type) ; genome-wide; wool traits;wool weight; wool length

FEMRCMEE R BAERE ENRT MR B AR R R R,

MAgHE, EEHYEY EENEFT R, 28
EMATER R, FENERSBRE BN K
BRI E A K R Y R R A o e G,
FEBWAERKETEDS T KT L 32 AH G Rk 1 4
i, RN (1 5 A8 3 5 ) S T 1 AR G, DT 3 B
BRI 225 . N IBHA% 2% A B2 40 BT T i 55 o B 1k
R fREEN ZEEBHF 0 FE M XED
TR RN o T SRR 1) 4 2 AR IR B P )RR 0 T
( http://www. animalgenome. org/cgi-bin/QTLdb/
OA/index) #1, 4 54 4% PR 3L K] & (quantita-
tive trait locus, QTL) 5EFMERMEE, A QTL
R AR DX ) A A, AR ME P R i 2 52 ) B AR R AR 1
RN . R TEAR E I E R E ST 38 D) R S
BE R A K42 8 B 22 5 5 B 1 R DDA G 19 B 1
12 22 257k (single nucleotide polymorphism,SNP) {if
R FFEXE SNP i A7 5 oA RS A 09 QTL & 47, Lh=F & X
T B R AT R ) A

H AL T 5 il 5 SNP $7 AR 19 4 5 [H 4 G B 4y
#T (genome-wide association studies, GWAS) , IF {F
WARAZGE iy QTL 43 01 17 B g 5 58 O 114 i R) A 1 ¢
AR O ¥E GWAS BT T 48 f 5 4
PrMER Y QTL @ g™ IR 7E 2445 2 W Rl
% — b 2E B MR Gk L R R QTLI M, o
26 M I A R R B A B A, I E A E
K8 oy o dnam A R BRI BOR ARORL 4 A

) S 0= i i 280Dy 88 KR SIE 56 M) 005 01 7 56t 240
FEFLsCH B SR R AR 2
T = 2 B ah B H AT A G B S A
CRr gt 80 2 B AR A e 2L IR QTL B9 F 5% 1 R L
HRIE . I AT E T E SR A Gl 3 AL
JA% (16 A FIAAE (30 A M EBRKES™E
OSBRI GWAS % 5E 2 B MR 146 2k 5L
PR QTL o7 i o & A28 28 [ 58 A1) 100 = COffr i 89
B MOIR K H A M L DR UL Y T T 5 AL AR S
N HFRRACA N E R 2 TR

1R

L1 REFHABIEFBHRMNE

0 R AR R TR i L 3 Rl S 7 14 e L S
WA i S8 28 %0 & M EE 2009 — 2012 4F H AR /Y
366 HJH % HEF (33 HAFEM) . eG4 4 H A
)11 A rha) R UK A AR SR AR 45 A i 7 4R
i HoA R[] (& 20) N SR . WIRCREEAE 18 ik
PR 22 3R 08 K i B 2 2R 0N RS J7 i
FTECA . S5 I AR S AR IR B R iE B LR R Y
Az P R A S A (R VDG o I R %
(16 AW MAAE (30 I 87 B AT 1 AR
CRLAE ™ B A 7 B i [F] IR AR PR SR AL ) B A
FHAE LI = I 2 B KR L IR R B2 ZURE A IR
RAFFE



% 8 3]

TROBTI 45 b [ SR I CRTER B o T K L 45 7 5 ik 10 4 e TR 2 G TR 0 A 3

1.2 X383 DNA g SNP 4 &

K H LR Wy /A7 J7 1 4 R H 2 2L R 2
DNA, #]H Hlumina OvineSNP50 BeadChip 1 %
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K single-locus [\ 15 77 ¥ , i i PLINK #x 4
AT B MR FE A OCH A BRI .
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EE N H BPE E (P H) BLZR : Ovis_aries_v3. 1, ht-
tp://www. livestockgenomics. csiro. au/sheep/
oarv3/Qarv3. 150kSNP. position. gff3) f7 # 17 SNP
RIE B EN . &5, FflH NCBI H #) Ovisaries An-
notation Release 100 T. H. (http://www. ncbi. nlm.
nih. gov/projects /mapview/map_search. cgi? tax-
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RIEFFEEROE IR ES T

M 1A, JJ % FEEBREFIYER 10,17
em, AR FEFE B K P MEE 9. 84 em, JH % F 77
EETH N 3. 84 kg/H, B8 T AEFE W 4. 45
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(EEKFE 5.0~20.0 cm, P2 FE & 2. 0~10.0
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2.1

F1 HREEMNWFEGEE FEHROERESIT
Table 1 Descriptive statistics of wool traits of Chinese Merino sheep (Xinjiang type)
LA M A i Jrik B R
Wool trait Minimum Maximum Mean . Standard error
deviation
A% EE BRI em 7.50 16. 00 10.17 1.11 0.058
Yearling wool length
AR EEBRKE/cm B -
Adult wool length 7.50 12.50 9.84 1.17 0.073
SN e =R
AL E R (kg + HTD) 2.30 5.70 3.84 0. 62 0.032
Yearling wool weight
A 2 =3 =
AR S B AL ke » D) 2.70 7.00 1.45 0.68 0.043

Adult wool weight

2.2 RIWFERFEA SNP gk
% 2 m] 20, DG 56 2 B A o L 07 1B 1 44 798

A~ SNP, & 4 YL {6 4K | i SNP &N 672~5 150
A~,SNP [a] (Y BEES 4y 49. 97~65.59 kb
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F2 HEEMNQNEGFEEOEFRNASNP ELEE LN G TEHES

Table 2 Distribution and average distance of SNP on chromosomes in Chinese Merino sheep (Xinjiang type)

P URES SNP %5 5 B/ kb PRI SNP # 5 TR kD
Chromosome Number of SNP Average distance Chromosome Number of SNP Average distance
1 5150 53.52 14 991 63.29
2 4 817 51.69 15 1458 55.5
3 4 317 51.95 16 1379 52.01
4 2 378 50. 15 17 1248 57.92
5 2 063 52.3 18 1228 55.87
6 2 297 50. 95 19 1 085 55.73
7 1939 51.61 20 960 53.31
8 1815 49.97 21 779 64.28
9 1 870 50. 66 22 934 54.42
10 1626 53.17 23 984 63. 34
11 1 006 61.88 25 872 52.03
12 1473 83.7 26 672 65.59
13 1457 57.02 &3] Total 44 798
2.3 RWFSNP EFXFEMRMEEFAXEKESNT A 145,65 16 SROMKKA 21,3 FRAK
RERFRER H3A.10 SYetaikA 4 4. 21 4 SNP .4 4

B 1 RIZE 3 AP ARG ARG I th 21 S5 236 SNP T AT RESE A v, 17 4~ SNP A T & 1)
ERE R TR R FH G SNP, i /8 14 5% BEFERI B
otk B i 1.2.4.7.8.12.13,14,15.25 S e fafk

—lg (P)

—lg (P)

—lg (P)

—lg (P)

§ O 10 1112 13 14 15 16 17 18 19202122 232526
e 4 4K Chromosome
A S EEEBRKE B MY E/mEE:CRFELETRKE;D. AEFE =B, FEP AR L E K20 B

A. Yearling wool length;B. Yearling wool weight;C. Adult wool length;D. Adult wool weight.

The horizontal line indicates the genome-wise significance
BT i [ SE RIS GBI AL SNP 5 56 36 PR 09 42 58 IR 20 DGk 43 BT 22 v i 4 [
Fig.1 Manhattan mapping of genome wide association analysis of SNP correlating with wool traits in

Chinese Merino sheep (Xinjiang type)

R 3. FHEPE,H 540 SNP 5FF PR B E A X, Hop 2 A~ (OAR2 26198532, 1,
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OARI5_61161801. 1) 5 3 F < B AH ¢, 3 4~ (OARG6 _
111912224, 1. OAR7 _ 15117952. 1. OAR1 _
258037376. 1) Hr= B HAA K X 5 4> SNP By 7 F A
P F 9 162~143 316 bp,

XFFRAE A 16 4> SNP 5 MR B E M
X  Hio 6 4> (s47682. 1, OARIO0 _ 39377612, 1,
$65179. 1,OARI10_39573000. 1.,s55268. 1, OAR3
117652254, D 5B KEFE R FMIE, 6 H~(OAR25
10510703. 1. OARI6 _ 31063637. 1., OAR3 _
112640501, 1, s56106. 1, OAR10 _ 48636475. 1,
OARS_ 61789156, 1) 5= £ & B & M L. 4 41

(OAR16_5481579. 1,s63900. 1.,s24607. 1, OAR12_
63817292. 1) 5 3 B K JE M B i 1y I 35 A K.
$65179. 1, OAR25 10510703. 1, OAR3 112640501. 1
Fl s56106. 1 4 A~ SNP 43 Ji| 7 T~ 3K 2y 2 11 5 B 1 A
16b(kinesin family member 16B, KIF16B) . | ] i
E MK 2 (ryanodine receptor 2, RYR2) . Ji 1 4& i3k
&4 W 4 1 (anaphase promoting complex subunit
1, ANAPC1) Fi1 — ik £ ik i 6 (dipeptidyl peptidase
6. DPP6)HE [ N . JF ELIX 4 4> SNP fif B 3 {0 T [
G iy X

F3 PEEMNWEGFFREEOSNP EXEHRNLERAXEIMERERITRER
Table 3 Genome wide association analysis and gene annotation of SNP correlating with wool traits of
Chinese Merino sheep (Xinjiang type)
SNP £ 3 ) 5 BE 56 K
B %féi’ﬁif PURGRIN SNP 4 %E]{i{f% NeariEl func?i]xi?gfnzbn;: SNP P
Wool trait crritical Vah;c Chromosome SNP name chr(;mosomc HH 4 ﬂE%/bp P-value
Name Distance
FEEEE 1.31X10°6 2 OARZ 26198532.1 25 419 602 DIRAS? —62 347 829X 107
Yearling wool length 15 OAR15 61161801, 1 55 775 345 FIBIN —72 888 8. 54X 107
14 s47682. 1 11 483 752 IRF8 136 159 1.76 X107
10 OAR10_39377612. 1 38 514 341 LOC101120503 —191 809 3.05X10°7
13 $65179. 1 9 747 346 KIF16B A3 Within 3.29X10°7
‘ 10 OAR10_39573000. 1 38 695 825 LOC101120503 —10 325 5.48 X107
:ﬁ?}lﬁfaﬁeﬁfb 1.01X10°6 16 OAR16_5481579. 1 5353 230 BOD1 —5 605 5.87X10°7
6 $55268. 1 35970 708 HERC3 —33 353 6.09X10 7
3 $63900. 1 103 885 427 LOC101114947 4 911 6.67 X107
10 $24607. 1 14 370 213 CCDC122 —46 874 8. 11X10 7
12 OAR12_63817292. 1 57 390 091 SEC16B —15 067 9.63 X107
3 OAR3_117652254.1 110 467 014 ATXN7L3B 62 264 1.10X10°6
‘ L 6 OAR6_111912224.1 101 836 998 HSD17B11 —9 162 7.15X10°°?
Yeaﬁifgﬁz:)iﬂéiight 1.01X10°6 7 OAR7_15117952. 1 14 684 152 PIAS1 —25 919 5.52X10°8
1 OAR1_258037376.1 238 662 515 TRNAGUCC —143 316 4.28X1077
12 OAR12_63817292. 1 57 390 091 SEC16B —15 067 4,59X1078
25 OAR25_10510703. 1 10 467 020 RYR2 A3 Within 9,11X10°8
16 OAR16_31063637. 1 28 690 585 EMB —1 946 1.11X10°7
5 10 $24607. 1 14 370 213 CCDC122 —46 874 5.10X10°7
Ac)ljfl?:jléogl‘ fzziht 1.61X10°6 3 OAR3_112640501.1 105 894 007 ANAPC1 3 Within 5.28X10°7
3 $63900. 1 103 885 427 LOC101114947 4911 9,83X10°7
4 $56106. 1 116 041 296 DPP6 A Within 1.09X10°6
16 OAR16_5481579. 1 5353 230 BOD1 —5 605 1.10X10°°¢
10 OAR10_48636475. 1 47 873 163 LOC101122531 —39 920 1.18 X106
8 OAR8_61789156. 1 57 670 137 TAAR9 —37 1.56X10 6

I E M RR SNP A T D) A6 T e S8 SNP (i T Db A6 Bl

Note; Positive values indicates that SNP is in downstream of the functional gene,and negative values indicate that SNP is in upstream of the functional gene.

2.4 BRWFFEHREZHEXSNP EEHMFEEY
KX QTL By LB
mEATUAED. 54 F QTLdb i A 51
SNP i F O i 1Y 5 F B 4 4E K B f ™= B = A ¢
7 QTL 43 5l J& $63900. 1 ,OAR3_112640501. 1,
OAR7 _ 15117952. 1. OAR15 _ 61161801. 1 Fi
OAR25_10510703. 1, £ 2 4 SNP f T BB M 5

Y AR EM B QTL . 4 5l 2 s55268. 1 il
OAR6_111912224. 1, OAR25_10510703. 1 f T 5
75 B EAEM QTL #1,0AR12_63817292. 1 fii T
5 E VY HMEMEHN QTL . OAR25 _
10510703. 1 i &) 2 5L 4E K B AH G QTL
(ID 2y 14016 1 12919) F1 1 A~ 5 V5 B i & AH 5C 1Y
QTL(ID 3 12913) ,OAR7_15117952. 1 E i %] 1 4~
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P K MR QTLAD Yy 14015 )l 1 54
G 41 4 AR 5 R BOM G QTLAD y 14020) , 4%

RFWIIX 2 A0 P E SR O D F B K
JEFN B BA BEVEE.

F4 HEEMNQNEGEE)FEEHRBEHEX SNP S

Table 4 SNP analysis of significant correlations between wool traits in Chinese Merino sheep (Xinjiang type)

PSERYN QTL % i i QTL X3 SNP {7 45,
Chromosome QTL ID Trait QTL region SNP site
3 14014 2] 4 K BF Fiber length 1184 337—106 724 194 $63900.1,0AR3_112640501. 1
6 14017 2 4 A2 Y9 Mean fiber diameter 119 691—117 031 472 $55268.1,0AR6_111912224. 1
7 14015 24K ¥ Fiber length 2 456 803—100 079 507 OAR7_15117952. 1
7 14020 ;Qiij%%j?iléfe%&coefﬁ(tient of variance 2456 803100 079 507 OART_I511T7952.1
15 12917 2f 4K BF Fiber length 47 404 449—80 923 592 OARI15 61161801. 1
25 14016 21 4 K- B Fiber length 2 644 076—41 816 072 OAR25_10510703. 1
25 12913 75 B i it Greasy wool weight 2 644 076—21 914 832 OAR25_10510703. 1
25 12919 24 K B Fiber length 2 644 076 —14 583 117 OAR25_10510703. 1
12 13967 75 B H 5 Average daily gain 54 436 322—71 472 198 OAR12_63817292. 1
s W B A7 D M G $28 HSD17B11 1] g8 i 1 52

AR GWAS O 2 BUH 3 ) & Fl sl 42 4 55
K AE T2 A% E T GWAS RO S 7E 4 F
FRIT 24 50RO R TRTE B R A G
(38 AL A8 S T BRI T GWAS iy [E 52
FIE Cor i ) 2 B MR SNP 5 B v R 2
A2 A A Ilumina OvineSNP50 BeadChip #7155 &
O R X e S R A0 A O s 280 AR B9 2 B K
EEHIT T GWAS 387, N EER ALK T %0 ) 21
A EVE SNP i 5. FRRVLFEBT RS FBRZ
V1) 77 6 A1 PR 38t A% AR DG 0, AN A 28 2
BUAT 2 25 B MR AE S Al ST MR E AT 40 A O R R B
W& 7 £ S 1) SNP, R W42 5] SNP (1) Z 30 3
% R BB R E WA R B ) g & 4%
AN TRV s AN B — isf 19 AR SRR 48 1647 3845 43 7 o R
A DLAZ R S R 5 1 R A L X R AT
TER T T ROR AR Ay B S R AT 0 AT .

WF5E B, FIBIN J& B I 1 Jig 6 2F 'k & T b
(g —Fh o3 s PR 725 FE 5 HE 3 b, FIBIN 1] 9 45
5 LB R B 2T A Al M T8 S & . AR IR BT
WER 21 A W E P SNP i A B, OARIS _
61161801, 1 o s 5 JH % 3 F B 2F 4 JiE i 35 40 G
HEMBFEBI4KE QTLAD:12917) . i% A7 A7
T FIBIN JEPIR T . ixX 4278 FIBIN B[N n] G & 5
M 2 B MR A BT RE L . W oE R B L MR
] T = O NI N 1 O (VA £ - O [
HSD17B11 J2 i il 45 5 i » 76 i v = AR b R 5 &
EYfe . HAErxF HSDI7BI1 & & 43 M B
B R WA S . ARHEIE A R R, AR
HSD17B11 XK OAR6_111912224. 1 fi 5 5 J&

M) 3R R AR T 4 R B AR K

AW L. A 16 4~ SNP 5 E TR T
FRC P 2 T Y A4k 13 A s65179. 1 L85
S YE K R A G, & AL s AL T KIF16B [
KIF16B 7 o g I 5 % & 4 K I+ (epidermal
growth factor, EGF) | £ 4 4 K K + (fiber growth
factor, FGF) fil Wnt {8 5@ & A &, 1 EGF.FGF
M Wt {553 B POE V7R F B B R T ML 4k
K&\ ZEMEA . Wang &5 &8, d [H 3£
Pl (CERBOKIFI6B WiffE 54 4 B 7 &
# (coefficient of variation of fiber diameter, FDCV) i
FHAH L) SNP, 3x & W] 3% 5L X AT BE A7 76 2 3t 3
G, AWSEUEN] . RYR2 5 B2 Ik # BOE i A0 6 4 40
JEL A AR 22 ABESE & 3. OAR25_10510703. 1
LA T RYR2 B K v, 5 25 4 K s & i it 12
FAH, X8 RYR2 n] GE 2 b [ 56 H) 4 = Cpi i
DX BAHEREMFEBENEERIERR,

ARG T H R 56 R 00 GRr st A 19 3 B K B2 A
FEEREMHAT T GWAS 53 i 1 2] T AH 5% %
I SNP A7 g, R iZ il Fh i - i & Mt e 4840 T 6
PR A 2D A e X RT B DY O A B 4R R B AR A
72 B IR 1354 2 R B E T AR
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