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X FEA R IMPDH ;9 o0 #r 5 22 57 KA
hESES S829.9 XEIRESD A
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KEMHIN AR, 5 TE N — 20 S i U0 5L /M
O 2k 2 4 43 R 4 AL 4 A R 0 B BR
Wy B PR KR B ) s M fE B
Bl 1) PR KRN D 5L Ty B8 08 AL B 1 TR T AR B it
L

IS A9 26 B W o I ey A TR Ot AR il (TML-
PDH) 720 1. 3 W) 59 58 4= K & & 10 ) 20 i ek 54
Oy B R EEAE Y . IMPDH & A 4 I3 e
Mk B B 72 10 OC B Bl L 7E NAD 9 PR 58 R Ik
WIS i A R (IMP) & fb & A 95 12 08 4% 1 1R
(XMP) 75 fm W BE 0 AR 368 i % b . IMPDH J2 f#
A B WA A TR 1 B B g, 3 PR 5 S g g
WA R e B T RE A7 A A N ok Ab, IMPDH
S 240 L PR P A ST 0 0 P ) L 3 P S 4 B
VR A AR G R I AT DU IR 9T SR AR B
Mg E s . IMPDH %%y IMPDH 3
R gk % . IMPDH 47 B F 7 & . IMPDH T i1
IMPDH I , 4350 B 7 T 4 4K 7 AL fa gk 3 iy 5
B IMPDHI 1 IMPDH?2 4%, A 84 % 1 [ I
PE RN AL HL 43 BT i 3428 56 ku, e 514 A4
BRI IR LA N . TE S TS 1 LR, TM -
PDH 3N F£ AW 8 FyE" . IMPDH T 254 #
F3k T A 40, T IMPDH 1 2635 T 3 43 40 il
5 40 A 8 R R A A e

Hay T IMPDH 3 H /Y B 9% & 2 7
ANER KBRSt S TR A 1 R L
&, IMPDH 7£ %) ik 4k b 48 X R 57 . (B L 77 7
P 22 . Rl AR B 5T LLAE 4 B 55 40 4R F
FEA G, R RT-PCR $ R s f£13 8] IMPDH J
P51 i A5 B2 X FE 4 IMPDH %&
PRLRE AE 25 47 43 A7, AL 52 B 2 58 RT-PCR A
IMPDH FHAEA R % 8 By B0 48 24 9 S 2L
(#3822 5 M PEOGE B qRT-PCR 43 #r IMP-
DH A AT 25 MFE 4 B0 S 20 ZUR ] 36 sl Y
Fik, WEoE 4SRN IMPDH 3 X 16 48 25 50
B U A K R ATHEDRAIL ] i A 4 2 A 2
At H A SR HE L O HE ST A RORT HE Y o AR
i i 5 B9 7 BE A T 03 A A 1Y 3t A IR R B

BARAGEENS LM,
1 #M#E 7

1.1 FERXFEXE
TRIZOL i Wy B Invitrogen 2\ ), I ¥ 5%
KA G H Ferments 24 A ; Tag DNA 5 4 [ 1

H R T s pMD-20T 2K Fl 2 X SYBR Green
premix 1 H TAKARA 72\ 7 ; & 3% % DH5a
DNA F Bl gfifbid 7] & 3 AXYGEN 23 A
Pt sE B PCR AL 33 PCR X L A ¥k A L Bt G
BERE AR Z Ge ¥ A 55 [ Bio-Rad 23w 5 & # 12
HRELHLIE A Eppendorf 22 W) 514 i 4k T A
TRE B B ) A BR 2 7 A .
1.2 R zh4

FE A= 2H SR i R B T I AR 5 VL IX &
24, i 2h ) R B 1 25 VR AR RESE A L BB S
J& VA W FIAR RS AR R . 3 R4 2 4 .3 %R 6
BRI L, BLAk LR K AR o R
£33 AR .6 Ao ARG EE A8, B
ARt PBS 3 Uk Ja A W AURE Al [l
S R
1.3 B RNAKRIRERER

FIH Trizol i 7] & & H 5N 55 20 210 A Y &
RNA., 1/ RNase-free ffj DNase [ £b3H, DL £
DNA 754, RNA A Ji & fl % & 18 i3 Nanodrop
ND-1000 &z Y6 B A260 nm/A280 nm 47
S SR G 15 g/ L BB W B A R K UE AT G
W, W2 pL(1 g/LO)RNA,0.5 uL M-MLV 3 #%
M. 0. 5 pL oligo (dT) 18, 2 L Buffer, &
ddH, O % 10 L, JZ % 5%H cDNA,
1.4 44 IMPDH EER=ESNE

DUSE O 8L 41 41 cDNA A, 518 K IM-
PDH-p(& D ¥ 8K R Ky 25 oL, WY 44 7 Bt
J5 1623 bp, R 4494 CHAZYE 5 ming 94 C
5P 1 min, 57 CiB kK 1 min,72 C #E{H145 s,35
MER 72 CHEAR 7 min, A PCR Y4 10
g/ L Byt i 5 JU P UK UL 2 T 4 45 S L Axygen
%) B8 J2 [l U 0] & Il i 2k PCR 7= 9, BGE it 4l
iy PCR ™95 5o B 2k Ak pMD-20T #1734 3,
ek DHb5a JRAZ S 4 M . 2=/ BRI 3 > FHME ik
263k PCR %5E 5 B PR se Bk A28 T/AEY TR
L OBt A1 BR A B EATI0)F .
1.5 44 IMPDH EEEMEBREST

% H ORF Finder 75 48 F2 % 0 & 4L 4F IMP-
DH J PR T ) 52 4E 5 #) Hf MEGA F1 DNAMAN
6. 0 FRAFIEAT 3 50 [R) U5 A 2 BT A8 2 &R 8 dE LA
NCBI i i) 5 [ A ¥ D) B 45 #4 Chttp: //www. nc-
bi. nlm. nih. gov/structure/cdd/wrpsb. cgi) ; F|
TEL A ExPASy 43 B i 4 55 B 7 9 4 5 19 2R
FH S5 P 810 110 25 H 8 R 0 1 o 5 B Ak 5 s
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REAZ 55 0 ] Hopfield #l SWISSMODEL ##f4y 1.7 qRT-PCR E£4#7 IMPDH % [ 7£ Ip & i%

S HUI 2 RN = R A5 R RIE

1.6 SERfEEZE RT-PCR #&7l IMPDH EE&E R L IMPDH R4, LS K HE N GAP-

BAEEMBEEFINEAAPHRIE DH 24381 H 3 B 0 AH X &5 K P, SR H
FEmE &= RT-PCR f&l IMPDH X} A SYBR Green [ 7¢ )t & qRT-PCR 43 #1 B 4F =%

FEARTE & B W BUE A i LR 5L K i 4T O 55 41 41 MR- S3E S b (9 IMPDH 2 mRNA A %t

IR . B[R] I B3I LB 8 (3 A #% .6 A RINFE., A RN EE 3 .20 pl R A
WA 9 ) RIS [A] 4 0% (9 AR = R B AE R &R0 10 ul 2XSYBR Green premix. b, T iF54)
PREE (2.3 M6 JHZ)HHL ., B RNA IR 4% 0.8 ul (10 pmol/mL) . #i4k 2 L L& ddH, O
BesElA“1. 37 IMPDH 1 GAPDH #:[H PCR Y 6.4 pl. W &N 95 pC 30 5395 ul 10 s;
WK RN 25 L. RBL 4k : 2 X Tag Master Mix 55 C 10 5,72 C 10 s, 3£ 40 A fEFR, 65~95 C
12.5 L. IMPDH-q 1 GAPDH-q L. #3514 4k 0.5 CEif 1 . H P M. 7
(10 pmol/L) 4% 1 pL.cDNA 1 pL,ddH. O Nz Hras 5 i ih 20 0F i Uk % 52 PCR ™7, &5
25 Lo JRLAPE 94 C 5 mins94 C 30 5355 C SRR 20220 ik BEAT M X E 0 A H A9 2R
30 5372 C 30 335 MEH;72 CHIEM 5 min,  mRNA FREKF-.
®1 319F5IR PCR KA &4

Table 1 Primer sequences and PCR reaction conditions

E2 ) EE7 2] TR B /bp iRk B/ C RS
Name Primer sequences Product size Annealing temperature Accession No.
TS A A (AT
mppHp L3 G et s 1623 57 NM_001034416
=1 S “ N ST !
wipig Er 9 CITTOCCTTCTTGOTACGCTG 1 5 s
= S S < < ~ ~ ol
GAPDH-q F: 5'- CCACGAGAAGTATAACAACA -3 120 55 EU195062. 1

R: 5'- GTCATAAGTCCCTCCACGAT -3’

IE:p & RT-PCR.q i3k aRT-PCR;F JIE LHES1 9. R R SLHES |9

Note: p and q represent RT-PCR and qRT-PCR, respectively; F and R represent forward and reverse primer, respectively.

1.8 Zit5H4H 1538 i T>G . AR T M AEMREERE,
FrAAMNMi RS ELEL 3R, R ¥E4 IMPDH B 38 55 L 88430 5l 5. 69, 43 F it

SPSS 19. 0 B4 43 7l 56 B 4% . mRNA A X} & 2K 55.7 ku,

KFE AR A ANOVA J5 22 43 BT fil Tukey” s

LSD 5, BT A 45 R 24 P<T0. 05 Wik Ry 22 5 i

-2 P<<0. 01 WAy 22 S b i 35 . %dl 249 o) ]
2000 bp

“SEBE AR MEIR” (mean - SEM) 367K, 1623 bp
1000 bp
2 HERE W 750 bp
500 bp
2.1 44 IMPDH £ E 5 5451E —_—

25 By I W B S LUK K U, PCR 97 15 45 31 5 13 100 bp
WIR/N—F B B (R 1) 1 — 2 10 5 5630 45 31
1623 bp W44 IMPDH 3 H E %), Hf ORF
91545 bp. 4t 514 A EIEBR R L. 8 I B F
Xt A B, 484 IMPDH e R 5 BF4E 4 (XM

M. DNA #f Xf 43 F Ji & #5 #fi DL2000  DNA marker
DL2000; 1. 25 (A %HIR4]  Negative control; 2~4., PCR ¥ 3 7= ¥

PCR amplification product

005909361 2) 47 7 >l Ak f) 22 57 » MU 55 35 M1 % AS S IMPDH £E K RT-PCR &R
fii T—C. % 46 i C—>T .5 898 fii A—C.5; 1064 Fig.1 RT-PCR amplification of IMPDH

7 G—>T . % 1283 fii T—>C. % 1532 (iG> AR gene from yak ovary
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2.2 IMPDH ERZEHWEhEES
or g R Bon, 4 IMPDH RN 5 8BHE4
BA MBS W RE B M 99, 4%), H ik H ¥4

x2 REEMEAMYHE IMPDH E R F 3 RIESE S
Table 2 Homologous of nucleotide of yak

IMPDH gene with other species

(99.0%) (% 2). HAW B5R,.9E4 IMPDH 3 S oI, R
RIAE #E b 72 i B 57 . DNAMAN Fl MEGA BFHE4 Bos mutus XM_005909361. 2 99. 4
BTG T R B R SR S IR AR RIBE AR () R Bostaurus M= Q010388 g9,
%%i%%jﬂ?ﬁﬁa’fiﬂ:lﬁ]#ﬁ{%%*iv E‘JEX%‘ K4 Bubalus bubalis XM_006053231. 1 98.7
ﬁf%@%%%?&% iﬁfﬁ ( [gl 2) . ExPASy $k ﬁ:XﬂL H2E Oois aries XM_004018474. 3 97.3

N — = ey Camelus ferus NM_006174141. 2 93.6
¥e2F IMPDH [ 50K I FINAE R R RN K 0 !

57’}&—2 233 o j(% J(j?bﬁ 9 799 ‘#ﬁgﬁﬁt‘l, ¥  Sus scrofa XM_003132201. 4 93.0
i - 099, B AR 16 : ok A W Felis catus XM_003982210. 3 93.1
R 1 TR R R PSR LTI R A B 5 T 245 2R B o Equus caballus XM_001494550.4  92.9
7~ IMPDH gﬁﬁ% B‘Jﬁ IJI_I %%Hﬁ%ﬁg ° :—&%Mg B Macaca mulatta XM_015130953. 1 90.5
i £ B 5 oR L 42 IMPDH HETE 41. 83% o A Homo sapiens NM_000884. 2 90.5
IR, 12, 45% B4, 28. 99 %0 JC ML I £ il 45 4% B Mus musculus NM_011830. 3 88. 0
1—/‘3(@ 3) . EQ éﬁ*@ﬁ?ﬂw 2:'!': ﬁ#ﬁ%iﬁ:g&éﬁ JERS  Gallus gallus NM_001030601. 1 79. 6
1:@ E’\Jﬂﬂﬂﬂ ( Fi[ 1) Bt Danio rerio NM_201464. 1 74.4

gg) ¥ Bos mutus
99 | ¥4 Bos grummiens
1
00 B4 Bos taurus
100 .
K4 Bubalus bubalis
71 % F Ovis aries
88 ¥ Sus scrofa
99 RIE Camelus ferus
4, Equus caballus
91
56 i Felis catus
100 I: A Homo sapiens
100 ¥ Macaca mulatta
N Mus musculus
R3S Gallus gallus
502 ¥ 5 Danio rerio
L~ 1
2 $E4 IMPDH L& 43 #7
Fig.2 Yak IMPDH evolutionary tree analysis
| I |
0 100 200 300 400 500

K i A2k F o 12 E  Blue lines represent o-helix, Z¢ (i 2 {0 % B—ﬂfﬁ

Purple lines represent random coil, T {f, 2k {1 3¢ 4 fifi 4
B 3 %4 IMPDH &

Fig. 3 Predicted secondary structure of

Green lines represent B-sheet, R XAV s WIIEST ]

Red lines represent extended strand

B Fr 5 — R g5 4
amino acid sequence of yak IMPDH
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4 H4 IMPDH S E 8 F 5 = % & Tl
Fig. 4 Predicted tertiary structure of amino

acid sequence of yak IMPDH
2.3 IMPDH R AW F RiEiL
Sz A RT-PCR 45 5 7k , IMPDH 3
TEHE 27 0P 58 2H 200 638 7 B BEHE 4 i 19 AR 8 1Y
WK E EFEE AR RS R REA RIL B E S
THaJLE (& 5) H R 3 2 Fl 6 & 44 ] 22 7 A
.
2.4 IMPDH EEERE4PEFPHRIE
it — WY IMPDH KK 5 09 53 3l op

[ A
2 4000} g
P z
;?:;3000- 2
©2000F §
iglooo- ﬂﬁl
E 0 ‘/ 4/ 1 J E
0 10 20 30 40
B H Cycles
1.20 a
HFE 1.0 | I
%5
KB 0.80 |
L
PE
Z 5 0.60 L
=
&z
Em 0.40 |
Q‘S
=%
SR 020 f
S
0

1400
1200 | B
1000

ﬁiiﬁ/ 4T RFU

N/ —

1I~3 WGB3 Al .6 A 9 A4, 4~6 JGER
WH2 4.3 % 6 % A4 0 G 4

ovaries of 3-month, 6-month and 9-month yak fetal,

Line 1 — 3 represents
line 4 — 6
represents the ovaries of 2-year, 3-year and 6-year of adult yak,
respectively

B 5 RT-PCR&NARERLE &

YE4 G E IMPDH mRNA Ri%Z 2

Fig.5 RT-PCR analysis of yak IMPDH mRNA

expression in yak fetal and adults ovaries

of different developmental stages

(2R 1B . L GAPDH N2 B BEAT 52 9% 6
Eﬁﬂ‘ﬁ my‘ﬁxaglﬂ‘]?fiﬂiﬂ%%nk@ﬁﬁﬂﬂ%%ﬂl’ﬂ
o BEREW L IMPDH fEFEA U0 91 01 58 b 3238
EE%%?%IFEHFE‘Jéﬂdiﬁ;ﬁiﬁ;ﬁ&ﬁﬁiﬁ;ﬁiﬁﬁ
(P<C0.05) , H i 7E4E 4 20K T i 39 114 B9 5 20 41
Hh KRR S IR R S 4140k IMPDH K
Rk Z R (P<<0.0D),

800
600
400

90 95
BE/CT Temperature

E—

Follicular phase

ALY IE IR L BB 2R C. 3Rk KPR IR LR TR 5% B (a-o) 3R 22 57 12 3 (P<C0. 05)

AR H
Red body phase Luteal phase

A, B and C represent amplification curve,

melting curve and histogram of expression, respectively; different letters show significant difference (P<Z0. 05)

B 6 4%E4 IMPDH EEFH qRT-PCR &R
Fig. 6 qRT-PCR results of IMPDH gene from yak ovary
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3 it ik

IMPDH J& A= ¥y {7 P W 04 A% 1 1% 149 DA Sk A= )
B A R 11 O B I A Ry R R A R A
AU A AR PR R S . H AT B R Y
IMPDH A Wil 8, H b 11 2 d5 5 2 DA i 96 40
g S R Y A e xR AR 4 A Y A A LR
AR R R L =R T R A B ER BRI U 1A
rhr B Sk L IMPDH i L Y B k8 X 17
e, & GTP 2 S 1 g 42 A0 BIR o il 5 3 — S g 4K
T NAD™ (200, X5 20 i 33 52 431k #4952 i+ 43
F N IMPDH BR il 5 504 8% R 1 A ) A
A%, HAT BH W 40 B D BE 4 DNA & il . RNA &
B RVE S 5 . 1 BRI 1A 41 A JE 30 A I L 40
A Ae AR T 41 . IMPDH & 4 & 5 R
P BIAFHE B K 22 53 {78 I 7L 3 9 P <F 1 4
T A R R R VR R Ak 89 0, (H 7E 4 B 2
IE) H A AE /N B TR IR AN R 23 043 AR 1k 38 7R TIF 52
XRh 22 S

IMPDH £ 5 %5 a4 00l & B X %
PR & 23 72 . IMPDH 9 BF 5 35 5 48 v 75 #
P AN R RE 40 0, 56 F IMPDH 78
T L 20 4 B9 L0 2 b i) o R R B b . AR5 LA
YEA- ARG X 4, 45 4 R IMPDH 76 W 2L s )
GREL A I ik, HAE R i Rk e, R A
IMPDH X e A= K & B A — & 5 0, 7] 5E 5 P
AN M T RHEOE AT 56 . VR Sh P i s RE T 32
TP T I A L I R &2 & . ISRl
LMAEREE SRAE - ETRE . BUFHEE
Y B — A R R A TS DT IR R B L AR
FE R IE i 5B A . XA AR A
T Fe g B S DL R A A A R R AR i 2 AR KA
TR EILFE S5 Y BE 20 M 45 . IMP-
DH i i M Sk A R 72 5 B 40 1 1) A K 2 7 AR
Pk EAE AT o T BN LT S 5 HE
TR G & 7 R o 25 R 4 o R L IR B 5T
Y4 B TE shh IMPDH 3 1 235, WHIF 98 H
AR EE SRR REREAEER X,

IMPDH X B 2 i) HE 59 K 5P +F 41 A s 4% 53 24
BHF BA mEAEA . niiplsh P op A 8 L7 K
HHASHIW HEIR AR EF AP, LF
A EEIIE T LR F SO HE O . A K 4 OB i
HOE A AR Ak . 22 B0 W e L TG OF I 0 G
BT 90 PA] 4 R O RE AR N cGMP K- 5

- . cGMP J& H A2 Fh B B 400 6 D K% B9 760 B S5k
20 A ) e AR A O i R R
21 J8 Y F) 44 DR BK A2 4K 2 (NPR2) ¥ GTP B4k Ky
cGMP, AT #7 #l PDE3A (% 15 ¥ . 5 2 0 &5 40 g
B SR T GTP S M ILFF —
iz (IMP) 7E IMPDH Bg/EH &, & — R EY
E RN R Y, IMP & A IR 04 AR 15 i 42 A
HPRT #MRR A% o e 2005 R 8 BE WS B b i ok . F
FER I FE /N BN BE 20 i 52 A A b g TMP i 3= 22
R IE Sk A g4 . IMPDH 7 B £ 41 i sk
B0 S BH A v R A XY TR A A oY & B AR
JH IMPDH 0 6 7] Wk w4 57 52 18 13 2 6 175 3 /)N
ML A DL B R S O BE A0 B AR g 2, T RE 2
F T 33 S 00 ) ) DA L s 5 53 24 20 T A0 HE B 1) P 9
VB AT 52 i B4 200 Jf0 7y J5ic 2 A0 AR 5 0 X
sezk BB, IMPDH H A 4 45 59 1 41 i 95 5 o
SLREA 1) Ty BE A 0 2 0 A U 1 R B L Y
WHPEE W cGMP By~ 4, Wi, 4 ¢ IMPDH i
J BT 55 B I B 290 it 24 5 ok 5 4 284 B s VR R AL A
AR — B WA

ARG BRI 43 IMPDH B[R 784
A G AR R I R R A W i Ak O
58 IMPDH 7E B 10 % & 1 HE BR AL i 25 5 5
filt o R A 5K 2 B IMPDH S — il 55 0 1 0l
FLah W) gl At R DI A G AR W . AR SR 4
RFW L. IMPDH 2 544 ET - E 0
15 2k F2 v A WY Y Gk KL W 2D HE IMP-
DH 7E4E4RHEID R & B IG5 IR & IK G 1Y
REBRPREEZEWEYIEN. WA TS5 E
A AR B R S [ AR R A TR YT G
2 R, AR AL H AT R .
BT IR A ST . & T IMPDH A
A N EL 0 S R B0 R s T TR P A O
FEAF Bh M AR A TRl — 1548

4 &

AHF5E FH RT-PCR B 2 52 F& 4E 4+ IMP-
DH 3K CDS ¥ 41, I & Bl iz 3 K 7 51 5 241 21
BRI, RILEW.IMPDH K2 5%
A GRS AU AR KR B ROR G R T O S TR
B AT RE AR B A B R KRB A E S
W5 A HE G BN 43 AL B R AR T A B R
5% IMPDH 7£ 51 & & 5 HE 90 b (49 4E HIHL 1] 24
7 FE Al
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Cloning., Bioinformatics Analysis and Differential Expression
of IMPDH Gene in Yak Ovary at Different Stages

XIONG Xianrong', LAN Daoliang”, HU Jiajia', LI Jian' and ZI Xiangdong'

(1. College of Life Science and Technology, Southwest University for Nationalities, Chengdu 610041, China;

2. Institute of Qinghai-Tibetan Plateau Research, Southwest University for Nationalities, Chengdu 610041, China)

Abstract The aim of this study is to obtain the information about sequence structure and bioinformat-
ics analysis of yak IMPDH gene, analysis of sequential expression in ovarian tissue. It could provide
information for further study of mechanism of ovarian development and ovulation. Yak IMPDH ¢cDNA
was cloned using reverse transcription polymerase chain reaction (RT-PCR) . the sequences character-
istics were analyzed, and IMPDH gene expression in ovary were examined by real time fluorescence
quantitative PCR (qRT-PCR) at different stages of development and reproductive cycle. The study
obtained a complete cDNA sequences of 1 623 bp of IMPDH gene of yak with a deduced protein,
which were consisted of 514 amino acids that are highly homologous with other species. The sequence
similarity of IMPDH between yak and wild yak was 99. 4%, this indicated that IMPDH gene was
conservative during evolution. The result of RT-PCR indicated that the expression of yak IMPDH in-
creased with the increase of age. The IMPDH gene in ovarian follicular phase was the strongest ex-
pression at other stages, and significantly higher than that of the red body phase. These results sug-
gested that IMPDH gene was probably related to the ovarian development, and there was a signifi-
cantly expressed pattern during ovarian activity. These indicated that IMPDH played an important
role during the reproductive cycle, and made a foundation for the further study of the function of IM-
PDH gene in yak.

Key words Yak;Cloning; IMPDH ; Sequence analysis; Differential expression
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