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SKIP R RIR ¥ 301531514, RT-PCR 3813 3] — Bt 1 350 bp (1L 3 SKIP 3 F ik 751, 15 H g &
T XA G 449 AN EIEBR I E A . @i F ) Blast WA RS K E WA, &K I 1L SKIP 544 SKIP
BB AR B 1 (99.52 %) . I FH A W45 B 2 23 SKIP 2K 11 #9346 78 B, # SKIP 2 (143 T & 9 52 ku, %
HL AR 5,18, 5 B BHUR (1Y i 7K DX 3o R S R UL I 5 I Tl R 8 45 A o R 57 A 4TI S5 (60.9 %6 R4 i A% (26.1 %)
o, (AR SR I I B UE T SKIP 1 40 i %E A, I & B T A0 A AZ b i SKIP £ B L A0 A 43 fb o 72 rh 5 3% 3
YN B . 3 A D 2 LA BRI 2 1L 2 9 DNA TR I F . & B SKIP W& F 2 A —4k G/A %78, FI ] PCR-
RELP J7 36 X 2R >CORR 30 2 11 2 F2 A0 2% 28 J5 A0 ok 47 3 M 3 280, IR 56 36 20 A 2 B I B 0 7 R 22 25 M 7
(SNP) 5 Hi 2B Ok i ik B LG5 R L B v S kbR S oG L SR 38 TR G SR R B IEHE,

IR AT A (I3 BRI L R U R W s A MR BUILAM L

FESES S827 XERARIRED A
WLEF 4 () %0 B R0 R /N 42 5% ) 5K & 1) IR 1
AR WLEF 440 B AE B A wr sk © e 28U, ol s UL 2 B Y 43
fhE R P 45 . UL 2 6l ( SKIP) 76 B 8% WL &
Fik L Z UL S F MyoD #% s gt % A
LA i 1) 43 Ak & 45 45 E B R s E Y . 2 b
(A B /R SKIP 3 5 NLEF 4t % B % VTH ¢
SKIP 374 Rk /N BB RRAE 2 80 H H L&
JBe d Sk LB dk S BN AR S T s B R A
P 3 TR A 2 0 X 38t £ 40 A 52 i A G IR Y
QTL, 4n % WLZF 4 20 B L R T i B 42 2 AR 44 5
WM SKIP FEPR NI 248 7] i 3 52 K 1 <X gl
1 F2 ARHE R 0 1 f K WL B AR 22 00 IR R
SKIP fERFEHEH MBI AEK LT EZMREREN,
H RIS A & F SKIP XF 1L 24 K MR 52 m il AF 58
il . WFFEILE SKIP R 28 B HS LA
KAERA S, % T WA SKIP 7R 1L ENLAAE K A
VRN Tl A K R B R A B L,

Yo H 1. 2017-05-10
HEeTH . BHR A KRB ST EIE (31402051)

XNERS

1000-2421(2017)06-0083-06

SKIP %6 /& M Ljuin & 7 A b & ¥, SKIP
TERSMIE e 7K A i g e LEE-3 . 4, 5- =B R (P1-3, 4,
5-P3) MR NS BENLEE-4,5- W2 (P1-4,5-P2) i 5 i
WML , R B 25 %€ o 5 LB WEFR G . T SKIP 1
&Y PI-3,4,5-P3 & PISK-AKT {55 145 — (51,
FEANGES E IGFLIGF2 %A KW T r/EM,
R R E 204 SKIP fE b 7 16 19 85 PR 9 24 ) 5 A
TP 5 0T i & 2 0 M ) 2 0 R S RO R R A
JE RIS O SKIP 24 A Rl B /N BRURSE 78 2 37
PRI, AT WA IR 2 SKIP 765 85 WL & & A4
TG AR LR 4 B B LR B R L, B2 A
20 M K S SKIP X B UL 431k Y 18 5 AL, H A
AN TR A W A v 35 A 22 RE M GG O . AS IR e
T SKIP HEW, %% T B3 FRAE, 78 UL
20 i 43 Ak 1 2o B 0L 2% 3 SKIP v & 19 5% 8%, 9F LU
5| 2k b Gz 2 L) F0AS i b ORR 382 12 A B
FEXTE BT SKIP L 24851 B o1l f 4R K

e B RIFR A, PRI . S EBRENS T B M. E-mail: phenixxq@163.com
BEEH: BRI TS0 MER . HEREF TS %, Email: 13807104106@163.com



84 o Rl K

o

vl %36 &

PR A 52 080 LT A il A S ) oA 4 2 7 1 E
22 1R M HE A

1 RS

I BRI &

BRI T I A 22 F Rt H i) A6 4 Aol B
FRR I . BRI L E (r =10) AR A
(n=10) ) 5 I 41 DNAs #f A< 15 . FH T i
SKIP 2350, s 318 H R X R R 1
FFR2RILFEMAERKIL R, ERICFEARE. 1A K
it & (birth weight/BW ., kg) , Wi #31K i & (weaning
weight/ WW, kg) , li4E KK (body length/BL,cm) ,
AE & & (body height/BH, cm) s i 4F Mg [l (chest
circumference/CHC, cm) , i 4 4 [ (cannon circ-
umference/CC,em) . Il FE A< W 5 2 b &8 45
—80 CArfiti. DNA MAFURIY 1 mL I 3 4250,

1.1

IR B B E R E R 50 ng/pl.
12 3Bl4i&it PCRy EMEREH B
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nw_005392976. 1) [alJA Ay EST MFEH 4 A B, 3T
HAE W EE YL, &5 %X SKIP-F
¢SKIP-R(F D ¥ #1L 3 SKIP # ¢DNA J¥ 41,
MG 22 W) 7 1) LE X 2 48 0 O 57 )7 51, 1521 9 X 5]
Yy B L SE SKIP 4189 DNA JF 8] (R 1.
DNA #5175 5 ] Mutation Surveyor ™v4.0.4 %%
A

PCR F1 RT-PCR # J¥ @1 F: 94 °C i 48 %
4 min,#RJ5 94 °C45 s, B KIRJE 45 s LK 72 °C 90 s
FEFR 35 W, e 72 ‘CHEMH 10 min, FASBIP5TTIR
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Table 1 Sequences of primers used in this study
L] F51(5'-3D) B R/ C 7 B K/N/bp

Primers Sequence(5'-3") Temperature Position Size
¢SKIP-F GGTACCGCCACCATGGAGGCCATGAG 7 i iy [X. 1 350
¢SKIP-R CTCGAGTCAGATCTGTGGCTGGGCTTCAT Coding sequence

SKIP-F1 CAGGACCGGCGAGGTTCAA 62 BEF-NEF 1 399
SKIP-R1 CGCCGAAGTGGGAAAGAGC Promoter-intron 1

SKIP-F2 GGCTTCCCTTCTCAGCATA 56 NEF1-3 650
SKIP-R2 AACTGGGGTTTGGGTCTTT Intron 1-3

SKIP-F3 CCAGATTGCCTCATTTGGC 5 W& T 34 683
SKIP-R3 GGCAGGTGGCAGTTGATGA Intron 3-4

SKIP-F4 CTTCCTGCCCACCTACCAG NET 4R T 6 )
SKIP-R4 ATCCGAAAGTTCATGTCTCCA o9 Intron 4- exon 6 837
SKIP-F5 TTGGAGACATGAACTTTCGG 5o BT 6-HNET T 087
SKIP-R5 GGCTGGATCTAGTCCTGCTC Exon 6 - exon 7

SKIP-F6 ATTGCCTTTCCTCCCAGGT W& T 7-8 _
SKIP-R6 CTGTGTCAGACTCAGCCAAGG 58 Intron 7-8 036
SKIP-F7 GTACACCATCAGTGACCATAAGCC ATAGCAT- 61 AT 8- T 9 1214
SKIP-R7 TATCTGCCTCCTCCC Exon 8- intron 9
SKIP-F8 TCCTACAGGTGGGGCTGCG 5 W&+ 9-11 139
SKIP-R8 TGCATTGCAGGCGGATTCT Intron 9-11
SKIP-F9 TGCCCTTGCCCCTTCCACT 5 N 11-3"JE /X 623
SKIP-R9 AGACCCTCTGCCCACCCCTC Intron 11 -3'UTR

B 20 uL & SNP fi i PCR % H 10 U
Bgl I (MBI Fermentas)7E 37 CiHfk 4 h J5 . 7E 2%
{14) T i W 5 P ARG DT 7 ) TR AL 5 D £
1.3 EWEEESW

%R Y R 4 0T i R AR Y T
BT 240 5 o T 00 325 B DX RRAR 5 O il 43 551
TEL A Compute pI/Mw (http://au.expasy.org/
tools/pi_tool.html) , ProtScale (http://au.expasy.
org/tools/protscale. html), PSORT II Chttp://
psort.nibb. ac. jp/form2. html), TMpred Chttp://

www.ch.embnet.org/software/ TMPRED form.ht-
mlD) Fl SignalP Server (http://genome.cbs.dtu.dk/
services/SignalP-2.0/) s ¥, Clustal W i 3 it
TEHBRFI X, MEGA 4 IR ERZE LT
M, CD-Search (http: //www.ncbi. nlm. nih. gov/ Struc-
ture/ cdd/ cdd.shtmD F 2R 1R 51 25 FH B9 PR SF 45 A 3k
14 SFitZFomAMERCES

FHIERE R 0T 5 45 0 3 PR, i AT A
1 - i CHWED & 56 1 T 11 580 512 B 56 R 3 A 5 40
MR AR 22 . SPSS 19 Y — B £k TR A 20
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FRL 4 FR 08 CC. 53 4, WW 38 B Ry 43 B 4 R
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15 ZHREEESE

LA C2C12 UhED I A £ B ATCC 2
A (no.CRL-1772) . #H M A= K 35 5% & & 7€ DMEM
B 32 (Invitrogen 2 8D B AN 1096 (R T /IR RO By
4= 1L 3% . 100 U/mL % % & M 100 g/mL % R
(Invitrogen A H]) . AMMAE S 2% D17 ) DMEM
W (Invitrogen) ¥5 32 06 M LA
16 BEXHK

B C2C12 4 (1 10" 40 i) B5 - 7E 6 3% A I
BRI 10 Y0 MY R A T B 2 V0 S Il 1 8 R L Ry
WiET k. mBE A PBS ¥k 2 kL m 3.7% H
P [ 22 15 min, f3H 0.2% Triton X-100 &% Ab Bf
5 min,#8 5 H PBS ¥k 1 3. F SKIP £ b F& it i
(GeneTex) M F 2 h J5, I EHRIC ZHi sk FITC #3
IC Y IR IK (Sigma) I E 1 h 1 26 b i s
LAY .

2 HRESH

W3 SKIP HE =

ETHF EST BIER RN FIESRE. 519
%} SKIP-F F1 ¢SKIP-R §"3 7 1 350 bp i JF 4
(B D ALE T 4t 449 A& 1R 1 58 % 4 55 X )7
5, 3% NCBI # B HomoloGene %4 4% JZE, 1L
SKIP [ A (448 D& IR 24F (416 42 FE IR ) A4
(416 AEEERD 1Y R UE L 2Kt/ R (468 4
GHEIR) FUE (450 A2 JE 1) 1y [a] 5 6 DN 2 0, 3
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F NCBI w53l & A5 19 1 3 3 R 2 90 850808 T2 L 4%
MR F 5 BLAST WX & ¥, SKIP 51 19 54
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Fig.1 RT-PCR amplification result of SKIP gene
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IR L SKIP 5 HALEHESI I R E L F
KREAMETREKEW (B 2), RELE /TR
/W SKIP 548 % (99.52%) .4 (97.84 %) Fl g
(89.76 %0) W SE 4 X R, 5 A (78.1200) . /MK
(74.16 %) K 3% (55.9 %) BSR4 K RETIE

89; Ll 2E C. hircus
100[L 4% = O. aries
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1 C. lupus
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Fig.2 The phylogenetic tree of caprine SKIP protein
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SKIP %) 0 & (1055 43 F 5 & A1 pl {5 2 50k
52.0 ku H1 5.18, &AL & 76 ¥ b Z ] {1 <F 1 PR 3l g
B LI S-Wi R 0 TR i (COGS5411) Z5 M 38 (| 3) .
ProtScale 2 7 i 2% 7K 43 M & B SKIP # H & A i
YA B 7K DX 38 e K 3 KRN K (B 43 3 2,278
M1—2.922, PSORT 11 F2 /5 19 3. 41 ff 2 437 15030 43 Hr
FE R ER A 2R T T 40 AR T (R 60.9 %)
A AT A R T (REE R 26.1 Y0) AR T AR
AT A B 1 28 CRE 32 53 3 8.7 00 F1 4.3%0) . TM-
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pred TS5 (49 55 5 CTMD K IR T 22 B, SKIP & 7E & TM B, SignalP 3.0 #9435 5 KM & 7w, % £ Ik
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Fig.3 Prediction for conserved domain of caprine SKIP protein
24 ZEHMERNFXEKS T 270 bp) » GA(680 bp,410 bp Fl 270 bp) Fl AA (680
PO B R SKIP W& F 2 19 290 bp 464 bp) (F 4B) . SKIP ) % i Bk K 43 43 & W], P /K 1
LA G/A R (B AN 51 Bgl | BEVIA i 9B S RRRICR LR AEX M 2485, K290 T
A8, FIH] PCR-RFLP J5iE %4 & A7 Bgl | Ay s iy 5537 3 DA A1 < F1 0 Jeh -3t A1 44 F 65 C(HWED 42 50 P
B AT g R4 T 3 MR GG (410 bp I fEL. 2 AR AR SNP 24545 it -3t A7 A% P 4
A

B
370 380 GA GG GA GG GG GG GG GG M GG AA GG
TCCAGGCCAGG

MM\A e

B 4 W SKIP EE # SNP il FF B (A) & PCR-Bgl I -RFLP E F 4> 2 ik B (B)
Fig.4 SNP detected in caprine SKIP gene,as shown by sequencing chromatograms (A) and PCR-Bgl | -RFLP analysis (B)
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Table 2 Allele frequency differences between different breeds at the caprine SKIP SNP locus

o o H R Y A B A R R AR A RS P A
fn A o < .
Genotype Allele frequency Hardy-Weinberg
Breeds Number
GG GA AA G A test P value
PR 112 Boer goat 36 10 20 3 0.606 1 0.393 9 0.122 0
BRI 2 1L Macheng black goat 29 21 7 1 0.844 8 0.155 2 0.669 1

e 318 H /R X BRI 1L 2E F2 AR A4 AR (BH; P<0.05) B E ML (K 3., 5 AA %
A, HE4T SKIP 3 A 5 A4 KR 1 X8 e . & IR EG, GG R PR B 7R 456 1) BW.CHC ., CC Hl
B OSKIP ) G/A €78 5 W A ik i &8 (BW; P << BH, Z&fi%H G 1 F5 BW,CHC,CC # BH i
0.05) JE Il (CHC; P<C0.05) & [H (CC; P<C0.05) M3 INA X,
%3 ¥ SKIP £EE S 4 KR A EBES T

Table 3 Association analysis of caprine SKIP genotypes with growth traits

[N FEH T Genotype Py

Traits GG (N=208) GA (N=81) AA (N=29) P value
H 2 R &/ kg BW 2.47440.368a 2.73640.541a 1.92140.454b 0.032
Jlg il /em CHC 67.87045.114a 62.56345.621b 58.50049.192b 0.013
Bl /em CC 9.97640.934a 10.1260.676a 8.100=1.273b 0.021
B /em BH 63.130+2.245a 59.92043.026a 59.21642.693b 0.043

ARG A /N TR A (AR ES) [A) 22 5 5 3 (P<C0.05) , Notes: Least square mean values (= SE) with different let-

ters are significantly different with upper case superscripts at P<(0.05.
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Tjuin Z£0-5 45 i SKIP J2 UL A 40 i 43 1k 14 56 4
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W SKIP 7B 8RB R #EAEM . BER XL
() SKIP 0t 5% e 4 il . AR 5% o B 4K 45 T 1L =
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19 Sk, 545 11 5 A K ql.5-1.6 KT
&0 e B DR % XS AT R A T i R 52 L BRI 4
JEE ARSI QTL, i $13 1h £ SKIP
LD 9 B bR SC | 4 BT o & B 5 1l A AR R T
W EMER 1 AR S G/A P EMER G
HAeEKMEmRESMEC., 5 AA BEFAEH L, GG
SHBEA RO ERT R, X455 SKIP
JE 2 sh W A B LT 4 & R RS R — 3,
SKIP 3P 22345 5 HoAth AR 4 Mk fn B Bl L 45 1610 44
o 2 ] AFAE A DG  fE S Th SKIP AL7G %
7 B 2 T B — A 1 IR R B DL R B — i 1
R ED, FHSKIPHRSHFEBETAR, REX—
SNP fii S T 1L SKIP W% 2 W& 7, i fEA 2
25 5 AR BRE 22 AF 0 GE HE bR H 5 B0 28 748 b
F Il — AN ORI I 3E SR 2 9 F SNP
WA SKIP %5k T 456 00 8. F 30 SKIP
Tk,

% 182 SKIP 7 JIL P 41 id 53 Ak o it 5 2545 A
ARG HEAT T SKIP 76 L4 AL AT J5 Y 30 48 il
. FEARSTEWLAE b SKIP 5E {7 T 40 g 5t I 4 o

SKIP #£ C2C12 R L 48 B 4 4% B J5 B9 48 R &€ iz

Intracellular localization of SKIP in differentiating C2C12 myoblast cells
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P20 BB 4 ) B 984, SKIP ] fE it /K i P1-4,5-
P2 & PI-3,4,5-P3 #4 W L4 Al & ot B rh UL 3h & B
MM B EHE., 1E8 PISK (EY . PI-4,5-P2 A&
B EETA S EARENES S TS, PE3.4,
5-P3 fF°h PI3K-Akt {5 51 2 W5 —F 0, B =
AR N TS 00 L3 25 40 00 40 R, S BN
EF 2 5y il R AR 1 O B AR SE & B SKIP
AN WL 3h B 0 3 AT 2 AR O L UE 32 SKIP 2 5
B A3 Ak 3 7 v LBl AR A i SR

ARG 25 S AIE SC T 5 - UL BE % IR il SKIP 7E B
18 e b= I S R R R (S92 W S SR ITE oF T  B
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Isolation and identification of goat SKIP gene
and its association with growth traits
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Abstract In order to explore the effect of the goat SKIP gene on growth and development,and find
the molecular markers associated with growth trait in goats,primers were designed according to the ho-
mologous sequence of the bovine SKIP gene.A 1 350 bp expressed sequence of the goat SKIP gene was
amplified by RT-PCR, including the complete coding sequence, encoding 449 amino acids. Through se-
quence comparison and phylogenetic analysis,it was found that the SKIP sequences between goat and
sheep had the highest similarity (99.52%).Physical and chemical characteristics of the SKIP protein
were predicted by bioinformatic methods. The predicted SKIP protein has a calculated molecular weight
of 52.0 ku and a pl of 5.18, and contains a typical phosphatidylinositol 5-phosphate phosphatase
(COG5411) domain which is conserved among species. Most of the SKIP protein was located in the cyto-
plasm (60.9%) and nucleus (26.1%),which was verified by indirect immunofluorescence assay. Howev-
er,there was a dynamic transfer of SKIP from the nucleus to cytoplasm during myoblast differentiation.
A single-nucleotide polymorphism (SNP) G/A was detected in the second intron of the SKIP in the
Boer and Macheng Black goat breeds. PCR-RFLP was used to genotype this SNP in 318 F2 hybrids of
Boer xMacheng Black goats. The SNP was significantly associated with four traits including birth
weight,chest circumference, cannon circumference and body height.Allele G seemed to be associated with
fast-growth trait.

Keywords single nucleotide polymorphism; goat; SKIP; growth trait; myoblast differentiation
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