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Abstract This study aimed to investigate the polymorphism of /zumol gene and its association with litter size in
sheep. The DNA sequences of [zumo1 gene in Small Tail Han sheep and Sunite sheep were amplified and sequenced
using PCR and direct sequencing. and then analyzed by BLAST. SNPs of Izumo1 gene were screened out by comparing
with the previous re-sequencing data of sheep in the laboratory. Sequenom MassARRAY® was used to genotype and
the distribution of genotype and allele frequencies of the SNP loci in each group was studied. The results showed: The
full lengths DNA sequence of /zumo1 gene were 3 385 bp in Small Tail Han sheep and 3 382 bp in Sunite sheep. Eight
SNP loci of lzumo1 gene were screened out. After preliminary screening, the SNP loci with no difference to those of
Small Tail Han sheep, Sunite sheep, Tan sheep, Suffolk sheep, Dorper sheep and Prairie Tibetan sheep were
excluded. Two loci, g.54412135A>G and g. 54412107C> A were finally selected. Polymorphism analysis showed
that: There were three genotypes of GG, GA and AA in g.54412135A>>G locus of Izumo1 gene in monotocous and
polytocous breeds, and G gene was the dominant allele; There were CC and CA genotypes in g. 54412107C > A
polytocous breeds. and CC, CA and AA genotypes in monotocous breeds. C gene was the dominant allele, the
genotype frequency and allele frequency of this locus were significantly different among high fecundity and low fecundity
sheep breeds (P<C0.01). Population genetic analysis showed that. The polymorphism information content (PIC) of
g.54412135A>>G polymorphism loci in six breeds belonged to low polymorphism (PIC<C0.25). The g.54412107C>A
polymorphism locus belonged to moderate polymorphism (0.25<CPIC<C0.5) in Dorper sheep and low polymorphism
(PIC<C0.25) in the other five breeds. However, there was no significant association between the different genotypes of
the lzumo1 gene g.54412135A>>G and the g.54412107C>>A loci and litter size from different parity of Small Tail Han
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sheep (P>>0.05) by the association analysis.
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Izumo J& % % Bk & H #8 K % (Immunoglobulin
superfamily, IgSF) iy A 527", Wi Tzumol 2
Tzumo Fe K G5 W ML 51 22— Tzumo FE I KT AT 4
AN G Bk Tzumol . Izumo?2 . Izumo3 Hl
Tzumod YA BRI N SmgE A3, “ Tzumo 5K 87,
Tzumol ~ 3 J& 5 AR 11, S 78 52 L b4 S M Rk

sheep; lzumoTl gene; cloning; polymorphism; SNP; litter size

Izumol 78 A /NVERYY B 4T S L sh
Yk B ik, Tzumod BV IEMEA . RS
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. W Tzumo 6 PG BUKE 13 45 ) B Az 7Y 59 B 46
Mo BeIEE B A AR FRIA ERAER
1. NEMFWEAH Tzumo, i P A ZE Tzumo
) 2 SERE TR B RS+ To ik 5 253 WA 19 € BRL O il
H . R R YR Trumol 50 T3 5 kG
O Rl A

HAT X F Tzumol A WF5R Z A 2L sh ¥
G SN TR SR RNl S B WTTE Ui
A 2E CR R R ED PSR BE D 40 Y Trumol B A
PO T RE . NS E G0N AR S G Rl R D 2
F ) Tzumol Fe[A A PRVE R IA 99. 9% . I 54 L BLAN
A Tzumol R[N BERIEYS . SR, [zumol KN FE
B R B 280 DL S AR AU B B AR DG
WEIE 7 AR A OG22 06 FIH AT I 1Y e B0 ) 4
N FELD Y Trumol &R W) LR » 28 PERG TN X 5
77 AU SRR 9 0 R DR o AR PR i 0 X ok
H 10 D4R A 99 SR BEAT T 4 H PF 20
JP kAR T REM RN Z S HEE. N5 Trumol
B 2B X577 BB R AR
PCR I 5 #2300 77 75 % /)N & 98 ¢ R 95 Je B¢ 2 Tzumol
FEH DNA SEAT 93 A1 )5, 9f 5 A 2R84 mr A 43
= H I R L X L FE 22 06 RN PR A SE AR o 0
14 SNP 37 5, 3 % FH Sequenom MassARRAY® $;
RIEAT Tzumol FH 53, AfF 55 H SNP {3 45 9 45 Ff
HE DR R AE 25 AR T 0 4 A DU AR AR 5 B0 A DG 1Y
ik SNPs 037 £, i 2 2 35t 1% 5 B A 55 52 L B 04 43
Fhric.

1 #H5RFE

1.1 #FRRF

HHE 760 HARRRTE 3 % ZE A & - 4 AL 45
AP EBOE SR I 2 2 AN FESE 380 H5 A
e R AL ;380 HUCHA 2R T R 43 I IR JE AR 100
HOMES 80 HLBR s 39 HL M 30 H L R
RUFR A 131 FD o Hopro /NRFEFOR [ LR A Fik 2
I /N BB EE R S 7 R LD AR AR R e i s g Ik A R
O] IR R R B S L I R T R
RAEBOVABRTAEA A MEF R A T EESm R T HE
A AR b 2 BE A BR A A B A v AR SRk A L
MR SC X b 5t B 2 Ol A BR 2 ) 5 5 A S ok
FI VG Y M B . X T A 4 S AT S ORI B
ZEAY PSRN 10 mL, %8 EDTA HiE b3 )5 4 C 14
.

2X Tag PCR Master Mix(MT201-01) 4 H dt
il iE i, TaKaRa LA Tag¢® with GC Buffer
(RR0O2AG) ,TaKaRa MiniBEST Agarose Gel DNA
Extraction Kit Ver. 4. 0 (9762). E. coli DH5«
Competent Cells (9057 ), pMD™ el18-T Vector
Cloning Kit (6011 ¥y H 5 /E9) T CRiZ) A IR
ARSI
1.2 DNA REUE &

Z 5L 41 DNA 2 B0 ) & (R A 4k
B BR A AL b 50 3BT 43 42 0 DNAL
Nanodrop 2000 Fil] DNA {4l i fvk )&, 1. 5% #)
TR R S v KRG ) HL 58
1.3 Sl¥igit 558

R4 4 2 Tzumol F& I £ J W 4 ¥ %1
(GenBank # 35 5 :NC_019471. 2), % /§ Primer
Premier 5. 0 A%t Tzumol 3K DNA £33 14
. Tzumol JEP DNA FHVEA, S 1 J7 ) Fp
IR I e o R o B it 4 s 1, 43 il
& P1.P2.P3 #I P4, 5149t 50 K — W ic A= Yy Ft
BARAR G . 515938 R Bk Sl 2k
W 1,

1.4 DNA F 3l 8

DL B M 3 41 DNA &, B LR i
SrBen g H iy 2L DNA ¥ 31,

fliJ TaKaRa 28 ] @R 5 LA Taq B AR 4T
PCR 4" 4% . HAR K B AR & 40 2 0. 25 pl. TaKaRa
LA Taq (5 U/pL), 10 pL 2 X GC Bulfer 1
(5 mmol/L Mg*" Plus),3 pL dNTP Mixture (4%
2.5 mmol/L).4. 25 L RNase-free ddH,0,0.5 L.
EWAI.0.5 uL F I 15 uL i DNA
B JA3T 20 WL RIEHER .

1.4.2 PCR R 42/

Tzumol 3£ .95 ‘CHIAS: 5 min; 95 ‘CARM: 30 s,
Ta i KR JEIR K 1 min, 72 ‘C #E{f 2 min, 35 &
372 CHEAf 8 min, JZ W45 W5 . PCR 7= ¥ #E 47
1.5 % i R A6 g P VKRS I BT A5 i BER /N S 8 B
Bk R T A TR R B s B )7 .
1.5 SNP i R0 iE

DNAMAN B 4F 17 22 5 Lo # o B 5 Y 2
DNA 731, 3 45 & Chromas 8 {4 Fb 14 16 [ 1) Wy F1
A TR A T o PR R L LA TR — L A [ B
LI 49 = 300 A5 S SNP i AL 0 A B 1 9
SNP {37 5 » % 7€ 7] 578 A ] LR AE
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F 1 233 Izumol FEE DNA ¥ 154

Table 1 Primers used for amplifying DNA of Izumol gene in sheep
51 2 JisB7 ¥ 31 (5'—>3") ¥4 B/ bp R kR B/ °C
Primer name Usage Primer sequence (5'—>3") Product size Annealing temperature
F. TCCGAGGGAGTGAGTCAGATAC
P1 BT 1 B 957 64
R:ACAGGTCAGTGTTGCGGAGT
‘ F.CCAGGACACAATCACGCCTCCA
P2 SrBUYIEER 2 B 970 64
R.GTCTAAGAATTGCGGAGGTGAGA
F. TGGCTCCAGTCTCCACCCTCTT
P3 BT 3 B , 973 60
R: TGAACTCCAGGCTCTGCAGACA
o F.GGTGCCAGACTCCCATCTTC
P4 SBLYIEE 4 B 1097 64

R: TAGCGTTCACCTTCTCGGGT

1.6 EERSE

XT it 18 3K A% ) H B &R BOSNP 7 g8, 38 i
Sequenom MassARRAY® ( Sequenom iPLEX™
assay, San Diego, CAYFER B R G X /NEFEF
PN S S SN TR SIS S N RE s S T
W DNA FE S 47T SNP 43 AU 38 55 20 BR 44 B AW 25 $
VEFR P AT . 00 AU 5 B I B AR W H AR A BR 2 )
FE I o
1.7 Zitah

F Popgene 32(version 3. 2) ¥4} #1 PIC-CALC
T2 X 3R A5 1) SNP 7 5 73 BU 25 g A7 ab 3L, 3135
&4 F He (Heterozygosity) . 2 & 15 B & &= PIC
( Polymorphism information content) 28, X
SPSS 18. 0 #AF R A K5 X 2 A Al i) 25 SNPs i
R DR TR SRR L DR B AT 25 e B AR I OF
577 BB AT AR OCHE S B o AH OGRS B A Dy

viu = p+ Genotype; + P, + S, + e;u

sy A AR GEAE 5 0 S BRI 8; Genotype,
R EE R BB 3 Py i BR RN 3 Se R 35 IR BN 5 €500
FBEDL IR 25 . E eyu AHE ST, IR A N (0, 6%)
I3

2 HRESH

2.1 [ni& DNA #4558

FIH NanoDrop 2000 #8 il & 43 ' 56 B i 1 3
I W 5 R Uk R TN /)N B8 9 S RN 3 JE R - 41 21 DNA
(R 2l 3 VR RN S22 M . RN 25 SR & s Dosonn/ Dasonn
FEAEERAE 1. 8~2. 0 Ju [l N . ¥k BE ¥ 7E 30 ng/pl LA

B IR A% T TR 2R
2.2 DNA FIIBER

HE I L vk 25 SR s PCR §7 3% () DNA A BE 4
e Hp— N 53O — 2 B Y SR R AF
(Do ffi ] DNAMAN #4530 Fr 453 21 ) DNA
R BT A PR, I8 3] 2 B dd 3 Tzumol £
N5 DNA P31, HF 738K Tzumol JEIH DNA
RKIFH R 3 326 bp, AL E 1415 B (19 /) B JEF
Tzumol 3K DNA 4K JF %] 3 385 bp, 71 JE £ F
Tzumol 3K DNA 4K 5% 3 382 bp, BLAST %%
RBRZH SRR IR Tzumol FEP] DNA JF 41
FAHLPE#R = T 9520, 5 NCBI %l e b 42 gt 1
Ff 58 #E IR F Tzumol 3 [H DNA J¥ % 4 [t : 7F

/N FE Small tail han sheep 732452 Sunile sheep

Pl P2 P3 P4 P1 P2 P3 P4 M

bp
2 000
1 000

750
500

250
100

M:DL2 000 DNA 4 FHabnic; P1~ P4. 43 3¢ Tzumol 3 A
DNA #5149,
M, DL2 000 DNA marker; Pl — P4, primers used for

amplifying DNA of Izumol gene in sheep.
B 1 Izumol EEFF| 5B G4 B ikE
Fig. 1 Electrophoresis of segmental amplification

products of Izumol gene
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Izumol P DNA J7 51 605 bp i & . /IN& FE £ F1 95
JEREE ol 2 th T 57 A1 55 bp B9 JF %1 (57 bp:
ACCCCCCACCCCCCCCGCGCAGATGAGGCCA-
CACTGGAAAAGGCATCCTGGAGTTTG ; 55 bp:
ACCCCCCACCCCCCGCGCAGATGAGGCCACA-
CTGGAAAAGGCATCCTGGAGTTTG),
2.3 SNP L mif & RO

FH 4 XF 519 53 56T /)N E 98 3 5 Je F E 1Y 60
AFE S HEAT B 09 ZE N F 5 R SNP 7 8 2, XF
PCR 9" 34 55 5 Pk 4 19 B — 255 1647 050 1) DU o 0 )
g P13 A T R 0 A8 5 T SNP G i b L4k 48 T 5 4
SNP i fi (g. 54409483A > G, g. 54410565A > G,

(a

=

(b)

g. 54411606C>A, g. 54411750 T >C, g. 54411792A
>G) (B 2), HAME G AT E A T I X 10 A48 2
fn R 99 AN AR AT 1) 4 5 DR 4 EE 0 ) 58l | O R
B3 Izumol FEH MY 5 4 3 4~ SNP % 48 i &5
(g. 54409033T> A, g. 54412107C> A, g. 54412135A
>G), AT B 8 AW AL W SNPs fi 45, 6 4
AT A 7 Ol o A LR AR 2 AT S
UTR, K A/GHHmMHiamz. A6 4 1
T/C ey 1 A5 C/A Wik 2 45 T/A Al
e 1A AFE G/CHi e M G/T Wi fe, H ey
B o5 AR I 3 9 SNPs 7 S Y 62. 5% . @i 4 5
37.5%.,

3 1 1 € . 8
EEEENEN ERRERRERDN AERERR AN EE EmEmER | IR =
TGGGTTG ACCGCAT TCATCGA GCCCCcCCcC GGAGACHA

A ) p /\

! ! ! ! 1
EEERENNEDN EEEREEDN EEiinnEs - ajn sl=Igi=sluls]
TGGATTG ACCACAT TCACCGA GCCT CCC GGAAACA

/\ﬂ/\/W\ et VI /'

g.54409483 A>G g.54410565A>G g. 54411606 C>T

g.54411750T>C

M

g. 54411792 A>G

& 2

B BB 5 A Izumol E[F SNP {if &

Fig. 2 Five SNPs of Izumol gene obtained by amplification

Izumol B FE SNP i 5 58 E = E MR KE

S
HR A 23 B BT AR A5 5580 % L3R 8 AN AL AT
T W e K AR 2 R AR AR AR T A R
2 5 By SNP i s HF B, & & 0 2 3K S8
g. 54412135A>G Fl g. 54412107C>A 2 i i,
Bt IR R A Trumol FE[H g. 54412135A>G
BLAE 2 6 MG A0 3 i B A7 GGLGA Fil AA
3APELIH A, g, 54412107C> A 7E £ 26 5 Fh b A2 7E
CC A CA 2 Flr e PR A9, 177 A B0 56 & Fp rh A2 7E CC
CA F AA 3 RPN AL (K 2), g.54412135A>G fif
FUTE /N FE 2 O = I RE Ji AU 5 o Rl AR AR GG
GA F1 AN 3 Fl 5L KB, 11 78 95 Je B¢ £ T A 7E GG il

2.4

GA 2 F 5L PR RS, 76 5% 48 s F FLAL A £ TP AU GG
1 Fp e A s g, 54412107C>> A E/N R JEE I JE e
L BF A B S B R S Rl AR 7E CC R CA
2 Fofr 3 DR R T A 0 S AURE 9 26 SRR R R A CCLCA
FOAA 3 Fp 3B (F 3), Tzumol FHH M
g. 54412107C=> A v 55 1) Jk PRI 78 451 5% 1 35k DR 01 6 7
HLZEMERRRE Y o 2R EE (P
0.01D),

FIH Popgen 32 #4483t 43 1 4 - Tzumol %
2 R4S SNP sy 2. 3 3 nl AL
6 APy g 54412135A>G £ KM EEBE A
T (PIO) 4B & TR 2 75 (PIC<C0. 25) s My £ /Y
g. 54412107C>A Z 8 8 T B £ 48 (0. 25<
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PIC<<O.5) . fEHAh 5 MF T HE THREZLS
(PIC<C0. 25) {U I JE FFE 1Y g. 54412135A>G 235

R2 ER.SERBFMM lumol EF 2 MIAMERBFERMEMERFERSHN

A7 5 Ak T 0 QR AR A% F fiF. 6 A 28 S T Rl Y
g. 54412107C>A L4507 15 Y AL F W AR IR AR A% 17

Table 2 Genotype and allele frequencies of two SNPs of Izumol gene in monotocous and polytocous sheep

EZ Lo iSRS tp AT EA% 35 Lo AL
R 7 K 46
(P 1)
i 5, L R A Genotype Genotype , S FE A Allele Allele P{E
Locus Genotype frequency in frequency in Allele frequency in frequency in P value
test
multiparous  uniparous multiparous  uniparous
(P value)
sheep sheep sheep sheep
GG 0. 88 0. 87 0.93 0.93
0.82
g. 54412135A>G GA 0.11 0.12 0.97 0.07 0.07
AA 0.01 0.01
CcC 0.92 0. 81 C 0. 96 0. 89
0. 00
g.54412107C>A 0.18 0.16 0. 00 A 0. 04 0.11
AA 0. 00 0.03
H:P<<0.01 RRERWEE.
Note: P<C0. 01 indicates extremely significant difference.
£3 6NBERMA Izumol EER 2 4 SNPs L g B EEEFEDH
Table 3 Genetic polymorphism information of Izumol gene two SNPs in six sheep breeds
E 230
FHEETEE LE S ks
DL A3 LRES Genotype frequency Allele B4 it AN A P {H
Allele Breed frequency PIC HE H R %K P value
NE
GG GA AA G A
/INBIEE 0.88 0.11 0.01 0.93 0.07 0.12 0.13 1.15 0.01
Small Tail Han sheep
e 0.8 0.17 0.03 0.89 0.11 0.18 0. 20 1. 25 0.04
Tan sheep
DN 0.89 0.11 0 0.94 0.06 0.10 0.10 1.12 0. 56
Sunite Sheep
8. 54412135A>G
B4 3 1 0 0 1 0 0 0 1 NA
Suffolk sheep
GR(EES 1 0 0 1 0 0 0 1 NA
Dorper sheep
B 2 0.89 0.09 0.02 0.93 0.07 0.12 0.13 1.15 0.04

Prairie Tibetan sheep




%10 BISCHESE . B E Tzumol FE 28 ML 5 77 S5 8O 40 #r 101
#°3(8)
S5 or L
3 [ A5 % ik P e
(VR A Genotype frequency Allele e A A PfE
Allele Breed frequency PIC HE He %K P value
NE
GG GA AA G A
/N IEF 0.96 0.04 0.96 0.04 0.07 0.08 1.08 0.42
Small Tail Han sheep
= 0.83 0.16 0.01 0.91 0.09 0.14 0.16 1.19 0. 81
Tan sheep
BV ES 0.97 0.03 0.98 0.02 0.03 0.03 1.03 0. 88
Sunite Sheep
g.54412107C> A

[ 0.66 0.34 0.83 0.17 0. 24 0.28 1. 40 0. 20
Suffolk sheep
PRI ES 0.15 0.50 0.35 0.40 0.60 0. 37 0.48 1.93 0. 84
Dorper sheep
R R 0.86 0.14 0.93 0.07 0.12 0.13 1.15 0. 65

Prairie Tibetan sheep

TE: P>>0. 05 Fe7R AL a3 7632 F op AL 0 AU AP AR P DR S s P<<0. 05 378 B 48 78 3% it Al v R AL 7 0 AUIR AR P AIDIR S

Note: P>>0. 05 indicates the locus was under Hardy-Weinberg equilibrium. P<C0. 05 indicates the locus was not under Hardy-Weinberg

equilibrium.

Tzumol FE[A g. 54412135A>G Fil g. 54412107C>
A S AR TR I R Y 55 /0N R 6 4 77 SE B0 SR R T 4t

FHEL. T 2 AR AR 5 /1 R 96 R )
U 2 B ] AT 25560 (P=0. 05) (& ),

R4 Izumol EE 2 M EFMANAREREENEEFFTRBBIXEKAN

Table 4 Association of differrent SNP genotypes of the Izumol gene with litter size in Small Tail Han sheep

N %1 o mamRA 5% 3 N
916 o 95 2 G e . %36 .
o Foh ok o ZRIME R —— ZRIHE
(= HE PR Y 18 K b 152 P 1 15 P& IR ATS
No. of No. of No. of the
Locus Genotype Litter size Litter size Litter size
the 1% the 2™ 31
. of the 1% ) of the 2™ . of the 31
parity parity parity
parity parity parity
AA 5 1.604+0. 35 5 2.20=£0. 39 2 4.00=%0.72
g. 54412135 A>G GA 39 2.21£0.13 41 2.46+0.13 20 2.9540.23
GG 296 2.16£0.05 326 2.237£0.05 108 2.8340.10
CcC 313 2.144£0.04 339 2.2640.05 119 2.8740.09
2. 54412107 C>A
CA 25 2.00£0.16 30 2.10£0.16 10 2.80=+0. 32
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3 itig

5
LR 50 14 A Sk DX AR O SR PR TR
AR 7 IX SNP i i /b, R Ah 8 5 1 S S
AR R AN Ry 9 AR X 1750, Ah g F X s
KA RS L > N DX, O A R R
AL BE 2 i A2 AR R ) PR L DT TS0 A 1 JS R T
S rag AR A% AR W BRI R A A A AR R R A
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o BURL

PR ARHUR AN A B R A BT A
W E RO J7 . & B T AR K )
LT 9(GDF9) BB & KA 1 15 (BMP15) Al
HIES KA HE A Z K IB(BMPRIB) 45 & 51 1) &
RO e 5 /N B FE SR HE I ALY
BMPRIB 3 FecB 22451 | ¥ F Tzumol & [,
ER—FhEs B, EEX A Y Z LT
K50 Al & HoA AR Y R A 5 0 i iU
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BIE AR 5 B R 0 7 SRR IR A A G . TR
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HE— 2L HE5E . Tzumol AE A B1 5T I fll 2 19 G B
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KA K AW rE T 2R/ NI e
W Tzumol ¥, 4 Izumol KW F KB T 8§ 4
SNPs i . H 1. Tzumol FEH Y g. 54412107C>
AL s PR R AR A 0 A5 o i DRI TE B & SR A R
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B (P>0.05),
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