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Abstract: [Objective] To compare the expression profiles of mRNA among ovarian stroma, large follicles and
small follicles of goat (Capra hircus), and lay a foundation for exploring the mechanism of follicular development.

[ Method] High-throughput sequencing technology was used to sequence the transcriptome of ovarian stroma,
large follicles and small follicles in Chuanzhong black goats during estrus. The expression profiles of mRNA were
detected by bioinformatics, and the differentially expressed genes were screened out. The GO and KEGG pathways
of differentially expressed genes were analyzed. Finally, five differentially expressed genes were randomly selected
and were verified by fluorescence quantitative PCR. [Result] The differentially expressed genes of ovarian
stroma vs large follicles, ovarian stroma vs small follicles and small follicles vs large follicles were 524, 180 and

403, respectively. Fifteen genes related to follicular development, such as INHA and TNFRSF19, were screened.
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They were mainly involved in endoplasmic reticulum protein processing, steroid biosynthesis, oocyte meiosis

signaling pathway and so on. Quantitative results were basically consistent with sequencing results verified by

gRT-PCR. [Conclusion] The gene expression profiles of ovarian stroma, large follicles and small follicles in

Chuanzhong black goats are different, and the gene expression patterns of small follicles and ovarian stroma are

relative more similar.
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Table 1 Gene primers for QRT-PCR detection

£H S HI(5'—3") 1K bp

Gene Primer sequence Product length

F: CCGAAGTTGTGCCTATTGC
CYPI941 101
R: GCTGGGACCTGGTATTGAG

F: CATGTGGGAAAAGTGGGGGA
INHBA 146
R: TCAAAGTGCAGCGTCTTCCT

F: CATTTATCTTCAACTGCTCCTA
KITLG 191
R: CCACCATCTCGCTTATCC

F: GTCTTCCTGTGCTCGCTCTTC
SERPI 268
R: CGATTATGGCTTCCGATTTCA

F: CCTTGTCCTTTGCCTTCAC
GPNMB 230
R: AAATCCACCAGGGAGTCGT

pacn F: TOCTICTAGGCGGACTGATT o6
A R TACAATCAAAGTCCTCGGCCAC
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SIAEAR ¢ KGR T 2 S T

2 BRGTH

2.1 NFBEEERE

VA 2 BT A4S 000 W0 P B0 28 0k o A o), )
Clean reads 47 Bl 3L & & 70 A7 AU i &= 0 i ¢
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Table 2 Quality control of sequencing data

R BROAUFFE AR % Q307/% B A X P AR 5 E /% Q30°%
Sample No. of clean reads Ratio of clean reads Sample No. of clean reads  Ratio of clean reads

O1 105 953 656 99.68 94.28 LF1 104 768 836 99.62 94.23
02 102 197 046 99.34 92.71 LF2 100 396 168 99.70 94.85
03 105 678 158 99.41 92.86 LF3 104 879 676 99.48 94.15
04 101 844 278 99.44 92.86 LF4 102 209 432 99.37 92.57
05 107 096 856 99.32 91.31 LF5 100 346 902 99.75 93.86
06 104 231 700 99.57 92.09 LF6 101 449 700 99.50 92.26
SF1 102014 414 99.69 94.88 SF4 105 756 846 99.19 91.52
SF2 102 993 890 99.45 94.24 SF5 103 645 956 99.58 93.79
SF3 106 653 668 99.77 94.11 SF6 106 529 902 99.45 92.38

1) O: 9P £ A& S ; LF: K9P ; SF: NP it; 2) A am 5 4 R 1£99.9% A L e s AT & & 4tk

1) O: Ovarian stroma; LF: Large follicle; SF: Small follicle; 2) Percentage of bases with base recognition accuracy above 99.9%
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Table 3 Top ten differentially expressed genes among different parts of ovary

BTRERY A R [ ER I

’ gy p | A ey o || ey p

Item Gene Item Gene Item Gene

OvsLF Eypg 1.69 3.45x10°¢|| OvsSF  gcrDI2 157 1.52x10°||LFvs SF Gr11 213 1.22x10°
IRF2BP2 124 5.84x107 CFD 143 3.02x10™ SLC25434 157 5.72x10°°
PNRCI 1.16 8.06x107 PTCH? —223 2.59x107 PRRT? 135 2.55x10°°
GPR21 1.06 6.22x10° GDF5 -1.84 1.99x10°° PPM1J 134 3.08x107°
TMEMI176B —1.86 127x10° GLII -1.48 3.80x10™* TNRC6C 124 221x10°
RDHI1 -1.50 1.84x10° EMIDI -132 4.01x10™ EFNB3 1.10 2.00x10°
MINOSI -137 6.17x10° MYCL -1.30 3.35x10° EFS 1.07 3.58x10°
MPDUI -1.09 1.09x10° DPEP3 126 147x107 ADGRLI 1.04 1.63x10°°
NMEI -1.06 1.01x107 DPEP2 123 1.68x107 KITLG -1.85 1.34x10°
ARL2BP -1.05 3.12x10° CNRIPI -120 1.81x10° TMEMI176B —-1.49 3.67x10°

1) O: 97 £ & s LF: X 97 :6; SF: N7 6;2) FCA ik £ FA5 4

1) O: Ovarian stroma; LF: Large follicle; SF: Small follicle; 2) FC: Expression fold-change

LF6 LF2 LF4 LF3 LF5 LF1 O1 02 O3 04 OS5 06 SF2 SF3 SF5 SF6 SF4 SF1
Ff i Sample
O: YR SLEL T LF: K URIE; SF: /NIRIE; BRI D ) i (R ik B sl R R 15 5
O: Ovarian stroma; LF: Large follicle; SF: Small follicle; Numbers by the legend are expression fold-changes for up- or down-regulated genes

1 RESREARIEEFFRIAEER R EE

Fig. 1 Cluster analysis of differentially expressed genes among different parts of ovary
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Table4 GO functional classification of partial differentially expressed genes in ovarian stroma vs large follicle

Sy %H REHH »
Category Term Gene count

A W)22 33 2 Biological process  RNAJN L2 RNA processing 5 2.70x107

M2 5> Cellular component  4Hfifd Cell 66 1.90x10°°
AR 2> Cell part 65 2.40x10°
41 P Intracellular 63 1.70x107
YU 385> Intracellular part 55 6.00x10°°
4L Cytoplasm 39 9.80x10™
IR P RS A 41 B2 Intracellular membrane-bounded organelle 36 2.50x107
JE 2k 4 i 4% Membrane-bounded organelle 36 2.50x1072
45354 Cytoplasmic part 28 2.80x10°

43 FIhBE Molecular function  flE{Li% ¥ Catalytic activity 51 8.20x10™
WEfRIZF 45 A Nucleotide phosphate binding 22 4.60x1072
A ER 45 A Nucleotide binding 22 4.60x107
RS HEEVE Transferase activity 21 1.50%10
PR HRE LR S B 1)) 12 2.70x107
Transferase activity (Transferring phosphorus-containing groups)
S WIS 1% Isomerase activity 5 2.00x107

x5 REER vs NINBRRN ERFTIEEEN GO IhEES 3

Table 5 GO functional classification of partial differentially expressed genes in ovarian stroma vs small follicle

S % H EN%H
Category Term Gene count
H:W%33 72 Biological process 4L AX#HI #2 Primary metabolic process 13 4.70x10
Y M X6} B2 S B2 Cellular response to stress 4 4.40x107
5> I 6E Molecular function /N3 F-454 Small molecule binding 12 2.30x107
WKL EPITTH %5 6 Carbohydrate derivative binding 11 2.50x10™*
R4, A Nucleotide binding 11 5.90x10™*
WERR 1% FF 45 A Nucleoside phosphate binding 11 5.90x10™*
WHER 455 Ribonucleoside binding 10 6.00x10™*
%4 454 Nucleoside binding 10 6.00x10™*
WERS A% = IR 455 Purine ribonucleoside triphosphate binding 10 6.00x10™*
W4 4% 45 & Purine nucleoside binding 10 6.00x10™*
WA 2% W 1% 7 45 & Purine ribonucleoside binding 10 6.00x10™*

MHEZ R 45 4 Ribonucleotide binding 10 6.70x10™

N
e
N
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TUH F T 10 47 1015 5 38 8% WL3& 7), 78 9 5L 2 i

vs KUPIE 22 3 KRBT KW K 55 Kl BE s
EHEAE 46 D (P<0.05), ALIEEALBERR 1h . AL
AR B A BN L ARG R SRE A
B, FEOP I vs /NOP 2 S RIS LR
Je 27 Fali, B3 EEIEEA 17 4 (P<0.05), £
5 20 P 5 3 AB R 1B 2 DNA S . 01 -RE4H 3
3% RNA B8 22 A5 (0 5 BEGH B A RS . 78
ANORYE vs K ORI 25 S ROA FE RV I 42 2508 %,
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Table 6 GO functional classification of partial differentially expressed genes in small follicle vs large follicle

N %H FHHHE
Category Term Gene count
EEY/ESuw YN FE Cellular process 73 3.40x107
Biological process HHIRRE AR BHLFE Organic cyclic compound metabolic process 31 1.70x10
HHAENA YL FE Organonitrogen compound metabolic process 17 3.80x107
AT FE Organophosphate metabolic process 10 1.60x107
FAET /N TR FE Nucleobase-containing small molecule metabolic process 9 3.50x107
WA A% WE A% X113 2 Purine ribonucleoside metabolic process 8 2.00x1072
N4 1% A FE Purine nucleoside metabolic process 8 2.00x107
FZHERZE QT 2 Ribonucleoside metabolic process 8 2.00x107
PEZ AT RE Glycosyl compound metabolic process 8 2.90x10?
AT FE Nucleoside metabolic process 8 2.90x107
i g 25 5 412N Intracellular 64 2.70x10°7°
Cellular component gy 5 Cytoplasm 35 2.80x102
M58 4 Cytoplasmic part 29 2.30x107
2k {7k Mitochondrion 14 9.20x10™*
£ hi #4543 Mitochondrial part 10 5.20x107
41 g #3/B% Organelle membrane 10 2.30x107
2RI Mitochondrial membrane 9 5.70x107
41 #3 LK Organelle envelope 9 9.00x10~°
2P ALK Mitochondrial envelope 9 9.00x10°
] Envelope 9 9.00x107°
S F ke R 1% ¥ 45 & Nucleoside phosphate binding 28 2.90x10°
Molecular function 4545 & Nucleotide binding 28 2.90x10°
WA 1% FFBR 45 A Purine nucleotide binding 25 2.10x10°
&A% 15 45 A Purine nucleoside binding 24 3.30x10°°
A A% = B IR 45 & Purine ribonucleoside triphosphate binding 24 3.30x10°
WA A% Wi 1% 1 45 A Purine ribonucleoside binding 24 3.30x10°°
¥ tF 454 Nucleoside binding 24 3.30x107
Wi Wi 15 45 4 Ribonucleoside binding 24 3.30x107
WEE & A% B A% TP R 45 & Purine ribonucleotide binding 24 4.10x107
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Table 7 KEGG metabolic pathway of partial differentially expressed genes in ovarian stroma, large follicle and small

follicle
mEY BN #H »
Item Pathway Count
OvsLF T8 4% Metabolic pathway 298 4.90x10™"7
A R4 B Antibiotic biosynthesis 79 1.30x107"
ASLBERR 1L Oxidative phosphorylation 77 1.10x1072
P9 5T % 2 [ 53 0 T. Protein processing in endoplasmic reticulum 70 1.00x10™
ZE T HIE /K AE Ubiquitin mediated proteolysis 34 6.30x107°
41 & A Cell cycle 32 7.30%x107°
FOIR BRI 2515 538 % Thyroid hormone signaling pathway 29 5.00x107°
FHEBRAE A Citrate cycle 17 2.20x107
NotchfZ 5 1## Notch signaling pathway 13 4.90x107
K [E WA A X Steroid biosynthesis 12 1.90x10™*
O vs SF JEIE 1 1&4% Pathway in cancer 28 3.20x107
2 3] Cell cycle 25 4.50x10”
i R4 B Antibiotic biosynthesis 17 4.00%107
RNA#%12 RNA transport 16 1.10x10?
WA 434§ Purine metabolism 15 3.70x107
i REAR 98T 7322 Oocyte meiosis 13 8.30x107°
BEIE AR Pyrimidine metabolism 11 1.30x1072
DNA & il DNA replication 9 2.30x10™
ZAE A5 B R BEZN A Progesterone-mediated oocyte maturation 9 4.30x107
HBCE S Mismatch repair 8 8.90x107
SF vs LF A& 12 Metabolic pathway 248 5.60x10™
S b BERZ 1L Oxidative phosphorylation 74 3.80x107"
P4 5 I & 9 5N L Protein processing in endoplasmic reticulum 67 6.00x10"
PUERMAEYE R Antibiotic biosynthesis 54 7.80x10™
ZE 3K A /KR Ubiquitin mediated proteolysis 40 2.90x10™*
FUIR % 255 5@ %% Thyroid hormone signaling pathway 32 1.40%x107
AMPK/E 5@ AMPK signaling pathway 32 8.70x107
S ABFA Proteasome 31 1.10x1077
Notch{ 5 J# % Notch signaling pathway 15 1.50x107
J5[E EE A& R Steroid biosynthesis 9 2.10x10

1) O: 97 £ L5 LF: K97 78; SF: M8
1) O: Ovarian stroma; LF: Large follicle; SF: Small follicle

BEFEEMERA 30 1 (P<0.05), GFFAMBER  CYPI9A1 F1 INHBA(YP S EJ5 vs KUNI). GPNMB

1 B AR PN R 1 O A (U IR vs /NIRL) KITLG A1 SFRPI(/NIRIE vs
2.5 EEHER qRT-PCR BIEHHr KERiE), #EAT qRT-PCR Hilk (] 2). XKLL )R

M3 HEFRERBRLE S DR, 2l RRESSIPERIEAR L WP R T
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Fig.2 Quantitative identification of differentially
expressed genes among different parts of ovary by
qRT-PCR

3 g

L2 P AT, DL R VR R T SRS 4 O, JF
NI R B 2 AHEOR Y o TETE B i ORI R,
YL R B A Z AT R RS, KB R gE; 7&
TE R Jis A4 B, B 2 - W W 2R, (R Bk DRV R B R
PHARE9 . 122 R BOBUR sh Y, 5 N R,
T 72 SR AN [ & B B A E AL, L = B0 1
AL

AHIE TR v 18 W AR, O 1 A R L
I OPEIL T KONV AN mRNA Ris sk
AT . 25 F 3 O S5 KOV AN By R
A AN [R], e G L TR /)N R Y Rk A8 20 B
FHIE, O] GE 2 KON TE 43 B8 PV T, &4 N 55358 57
d>1 cm H K IIIE O 50 55 R, (BT RE Gy, BF 5L
B SAH DB d<3 mm B/, AT I8 R O
HLIE RN/ G 900 117 32 R e TA A 20 R AR I o

T 72 e BE R Ay A, O S AR LB P R
TR E B BA S L R, ALFE TE K ORI F 1 4
HI R FL R F R R P450 Fk 19 WA R 1
(CYP19A41)s MGSTI BEX FK i\ APO ZX % MMP %X
Jti. CITED Z%J%. PRSS23. LRPS; 1E K Ui T i i)
ADAMTSI.SPARCLI. TNFRSF % Jti . fE5§!°
FAE T R 5 v, ) 2% 2 DR 53R A PR K BF R B
NG IR R AR, I A S iR ) A ) WA
YRS, SN ORI A . INHA A INHBA £ K
SR YRl BT, A BT O R A T R 4 ) A
FEA G ER . CYPI9AT ()i 63k 14 hn K 32Uk
G yE [ A B, (R HEIRIRR B o« B BEH AR
MGST1 54 AR AR AE 1A %, HmRiA ]
Ae R (i FEUR VR iR S B ) B 4F 0. BEX KR 2
X Jeto fAEBFE R K%k, BEX2 E/NIREAK R X, 5
LA T, A2 R BARE A T G1 B, AT i 4%

SR 24 3 BE AN R 0 R SR APOAL AEHR
g Rk, W RES S T IR R AR B I
U, B4 B & A B (Matrix metallopeptidase,
MMP) 57 — A 4 J £ 25 1 I 2 UK AR i X
TR, BE AT A5 M P AR 4 A0 R 5, T RES ORI AR AR R R
KA K s ADAMTS T B [H 5 5 I A 45 74 35
)53 2 5%, AE/N I R Rk A, R P2 A
YUHT BRI . SPARCLI /& SPARC K ti—
T, FE/N SR 3Rk, BE 40 P B AE G 3,
20 M3 55 . {2 IGFBPS. IGF 1. MMP9. PGRMC1
SR RIS R S HAE RS A — . B
IS, LEAHE T 22 JUBURLAH L )8 T bR 54 TNF
ZAKHB S (TNFRSF1B. TNFRSF19) £ K Bifsh |
S, 55— R T RGE I B 3 2 R AR

ik — A x) 22 S B R D e 20 A B, BF S JBT vs
KR, GFELEERT vs /NGRIEL /N ORI vs K ORI =3
B AR N IE S A AR R, Horb, OF SR vs K OPE.
/NORYE vs KONV R SEME IR %, HA Ko 2
[ 1) T R AR5 vs /N BRI B AR I R LD, 5
fi 2 2H 22 RAROR . U0BA AT RESE K ORI AR Y Dl e
BAFE . Uit B ERYARHIEZIN AR E
EERHIE, RS G MR % B 45 G A2 7 3 drh
AL A & A, (HAEOP S BT vs RO, R AT Y
GO % H &4 RNA i Tk #2. 405 403 P s
AT PESE, AT RE 2 R O K OV B BeAR sl 75 L
BT RS, R UPIE 5 R AL BT 2 18] ) 5 3 i B A
%o EOPEEE vs NI R ) GO 2% H A 4
LR AT AR AR A, W RE A R R /N B
BT WG K B W B o £E/NINIL vs KON A
1 GO 2% H A 2L FN 2 R A4 5 L 241 Ff 25 P9 5 45,
AIREAE RN BRI K B I 3 52 BB b AR Y 42

L5 O S8 5L TR B, A A BRI B AN S ] i AR )
AR S B B AE R IV i ARG A R UEH LA
e 2n ML HE P S AR T o 28 ] e A= P BRUAE O
TR E i AR FEYSY, 1 25 ] B bR
75 25 [ (Steroidogenic acute regulatory protein,
STAR) AT /13 fIF [F] A2 28 N Ao 1 Ay i, 8 425 25 Il
ME VR B B BT, S BV s 4 ORI
CYP19A1 (1) i, {8 12F 2 ) BE R T 18, 7 0 e ) 2
&R (Progesterone, P4) Fllff — i (Estradiol,
E2) MY, AT RER N R B I FER R,

TEONSEEL BT vs /NOMI T, ZREREENES
5 A A G AR A iRk, 7R/
B IR VEL A W B, 4 P T DNA ST i R s Al 73 4
X ME THEEOE, SA RIS R — 2 AT RE
FE/NSRIEEY B, SN BRI B B TS A0 S R



2 W

Fi g 4, A5 - T v R A L 5 B B R BRI S 31

KHE B

FE/NGIIE vs KON, 22 57 ik P B 1) IR
WA Tl NI RN L. AMPK {5 50
6 S [E B AP R Noteh {55 B 72357 Az
TGN A S AT T P A AR IE . PR AR B N
AR BRiR A5 5 E B ) 2 25 s 2, W RE 2 R v kil
NI, TR0 B A S, B AR BOR B R
P A 2, W A R e R 8 . AR AR B
BIEFE R R B, SR R (24 ) 5 A R 52 4
25, VA1 DA 200 B F) A 22 73 BB T, AT 410 6
YRt B B A RS O TR . SR TR
HIWT 7T A B, Noteh 15 5 38 B 1 5 4 I 3G 5E L 701 A0
R, 2590 BRI K /S

4 ZEip

G ELEE B K OF I, /NI Y 22 3 mRNA RIA
A AN A, A B SR 57 55 /)N B0 S AT . ol B
WRE S, IRAW X LR 7 mRNA £E 50 A
AR BB BUPE A & B S ASCNAEYIE R
FRE O EA R AL RIEN, NPz
1D RE B IE K HLAE R A Th A R it — 2
(A FE At .

Buft: Bt E Wy & et Ripie, Ry
B By 5 A4 FALM 4R

SE MK

[1] CUIH X, ZHAO S M, CHENG M L, et al. Cloning and
expression levels of genes relating to the ovulation rate of
the Yunling black goat[J]. Biol Reprod, 2009, 80(2): 219-
226.

[21 WANG X, ZOU P, HE Y, et al. Effect of luteinizing hor-
mone on goat theca cell apoptosis and steroidogenesis
through activation of the PI3K/AKT pathway[J]. Anim
Reprod Sci, 2018, 190: 108-118.

[31 YANG D, JIANG T, LIN P, et al. Knock-down of apop-
tosis inducing factor gene protects endoplasmic retic-
ulum stress-mediated goat granulosa cell apoptosis[J].
Theriogenology, 2017, 88: 89-97.

[4] ZIXD,LUJY,ZHOU H, et al. Comparative analysis of
ovarian transcriptomes between prolific and non-prolific
goat breeds via high-throughput sequencing[J]. Reprod
Domest Anim, 2018, 53(2): 344-351.

[51 LING YH, REN C H, GUO X F, et al. Identification and
characterization of microRNAs in the ovaries of multiple
and uniparous goats (Capra hircus) during follicular
phase[J]. BMC Genomics, 2014, 15: 339.

[6] TERENINA E, FABRE S, BONNET A, et al. Differen-
tially expressed genes and gene networks involved in pig
ovarian follicular atresia[J]. Physiol Genomics, 2017,
49(2): 67-80.

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

ZHANG J, LIU Y, YAO W, et al. Initiation of follicular
atresia: Gene networks during early atresia in pig
ovaries[J]. Reproduction, 2018, 156(1): 23-33.

WK, AT, SURGE, & RS I IR A B K
B OGSk PR J L3k 22 5 2 A (0], B A B A2
2018, 51(15): 187-195.

BMEK, At Wi, 4. PDF2 Al ODF1 #4131
Fp i 6 71 DR A T M SR R BRI D). B O B2 22 4R, 2018,
49(2): 300-309.

HATZIRODOS N, IRVING-RODGERS H F, HUM-
MITZSCH K, et al. Transcriptome profiling of granulosa
cells of bovine ovarian follicles during growth from small
to large antral sizes[J]. BMC Genomics, 2014, 15: 24.
REATE, MRFEMG, TSI, 5. SR/ IS T iR
0 2 SR AR 2 A [0]. TR AL 44, 2016, 32(4): 832-
842.

VLR, EA, & a#. AR DL & fl mtDNAD-
loop [X i £ % K 11 73 BT [J]. 2 Bkl &2, 2010,
38(27): 15052-15054.

YA, A 2 B, 2K, S WA )1 o BBl E GDFY.
BMPR-IB. GnRHR % [} % 354k o 3L 5 77 SR80 R Bk
AT [I]. BB B A ER, 2018(15): 106-110.

TNH4E. DBP B 1# DNB-S1 %% 3L 240 240 72 S Th g 3k
BRI [D]. PA /KT ARAbAROL KA, 2016.

XET5. 7T RNA-Seq HIEFAERE (Musa itinerans) R I
PR 72 St T8 B IR) 43 BT WL BTE 92 (D). 48 M 48 @R Ak R
%,2018.

FHgiE, ik, BME, & RIS HARES E A L
FI R [I]. 244 E 4, 2018(30): 18-20.

e, F8E, 2L, 55 L FERIGEH SR, 5t
JHE AR, 2017, 41(6): 27-29.

FOKEE, AR SRUR, FOMA, 5. S 1B AR 2 RS
KB FENERIBTEFE ). h E 3P FE, 2018, 38(6):
71-72.

F3, TH, AR, 55 AR A RIS KRG
MR T[], BB EEARE, 2018, 37(6): 1-3.

LI W, LI C, CHEN S, et al. Effect of inhibin A on prolif-
eration of porcine granulosa cells in vitro[J]. Theriogeno-
logy, 2018, 114: 136-142.

HATZIRODOS N, HUMMITZSCH K, IRVING-
RODGERS H F, et al. Transcriptome profiling of granu-
losa cells from bovine ovarian follicles during atresia[J].
BMC Genomics, 2014, 15: 40.

CHOI H, RYU K Y, ROH J. Kruppel-like factor 4 plays
arole in the luteal transition in steroidogenesis by down-
regulating Cypl19A1 expression[J]. Am J Physiol Endo-
crinol Metab, 2019, 316(6): E1071-E1080.

ROSEWELL K L, AL-ALEM L, ZAKERKISH F, et al.
Induction of proteinases in the human preovulatory
follicle of the menstrual cycle by human chorionic gon-
adotropin[J]. Fertil Steril, 2015, 103(3): 826-833.
OGIWARA K, TAKAHASHI T. Nuclear progestin re-
ceptor phosphorylation by Cdk9 is required for the ex-
pression of Mmpl5, a protease indispensable for ovula-
tion in medaka[J]. Cells, 2019, 8: 215. doi:
10.3390/cells8030215.


http://dx.doi.org/10.1095/biolreprod.108.069021
http://dx.doi.org/10.1016/j.anireprosci.2018.01.014
http://dx.doi.org/10.1016/j.anireprosci.2018.01.014
http://dx.doi.org/10.1016/j.theriogenology.2016.10.001
http://dx.doi.org/10.1111/rda.13111
http://dx.doi.org/10.1111/rda.13111
http://dx.doi.org/10.1186/1471-2164-15-339
http://dx.doi.org/10.1152/physiolgenomics.00069.2016
http://dx.doi.org/10.1530/REP-18-0058
http://dx.doi.org/10.1186/1471-2164-15-24
http://dx.doi.org/10.3969/j.issn.1000-4440.2016.04.019
http://dx.doi.org/10.3969/j.issn.0517-6611.2010.27.089
http://dx.doi.org/10.3969/j.issn.1007-1474.2017.06.009
http://dx.doi.org/10.3969/j.issn.1007-1474.2017.06.009
http://dx.doi.org/10.3969/j.issn.2095-3887.2018.06.022
http://dx.doi.org/10.3969/j.issn.1004-6704.2018.06.001
http://dx.doi.org/10.1016/j.theriogenology.2018.03.034
http://dx.doi.org/10.1016/j.theriogenology.2018.03.034
http://dx.doi.org/10.1186/1471-2164-15-40
http://dx.doi.org/10.1152/ajpendo.00238.2018
http://dx.doi.org/10.1152/ajpendo.00238.2018
http://dx.doi.org/10.1152/ajpendo.00238.2018
http://dx.doi.org/10.1016/j.fertnstert.2014.11.017
http://dx.doi.org/10.1095/biolreprod.108.069021
http://dx.doi.org/10.1016/j.anireprosci.2018.01.014
http://dx.doi.org/10.1016/j.anireprosci.2018.01.014
http://dx.doi.org/10.1016/j.theriogenology.2016.10.001
http://dx.doi.org/10.1111/rda.13111
http://dx.doi.org/10.1111/rda.13111
http://dx.doi.org/10.1186/1471-2164-15-339
http://dx.doi.org/10.1152/physiolgenomics.00069.2016
http://dx.doi.org/10.1530/REP-18-0058
http://dx.doi.org/10.1186/1471-2164-15-24
http://dx.doi.org/10.3969/j.issn.1000-4440.2016.04.019
http://dx.doi.org/10.3969/j.issn.0517-6611.2010.27.089
http://dx.doi.org/10.3969/j.issn.1007-1474.2017.06.009
http://dx.doi.org/10.3969/j.issn.1007-1474.2017.06.009
http://dx.doi.org/10.3969/j.issn.2095-3887.2018.06.022
http://dx.doi.org/10.3969/j.issn.1004-6704.2018.06.001
http://dx.doi.org/10.1016/j.theriogenology.2018.03.034
http://dx.doi.org/10.1016/j.theriogenology.2018.03.034
http://dx.doi.org/10.1186/1471-2164-15-40
http://dx.doi.org/10.1152/ajpendo.00238.2018
http://dx.doi.org/10.1152/ajpendo.00238.2018
http://dx.doi.org/10.1152/ajpendo.00238.2018
http://dx.doi.org/10.1016/j.fertnstert.2014.11.017

32 Horg RO K 2= 53R (http://xuebao.scau.edu.cn/zr) B 41 %
[25] MAZZONI G, SALLEH S M, FREUDE K, et al. Identi- 2017.
fication of potential biomarkers in donor cows for in vitro [39] BONNET A, LE CAO K A, SANCRISTOBAL M, et al.

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

embryo production by granulosa cell transcriptomics[J].
PLoS One, 2017, 12(4): ¢0175464.

DIAO H, XIAO S, LI R, et al. Distinct spatiotemporal
expression of serine proteases Prss23 and Prss35 in
periimplantation mouse uterus and dispensable function
of Prss35 in fertility[J]. PLoS One, 2013, 8(2): €56757.
HATZIRODOS N, HUMMITZSCH K, IRVING-
RODGERS H F, et al. Transcriptome comparisons identi-
fy new cell markers for theca interna and granulosa cells
from small and large antral ovarian follicles[J]. PLoS
One, 2015, 10(3): e0119800.

KIM K, BLOOM M S, FUJIMOTO V Y, et al. Variabil-
ity in follicular fluid high density lipoprotein particle
components measured in ipsilateral follicles[J]. J Assist
Reprod Genet, 2016, 33(3): 423-430.

SRIRAMAN V, SINHA M, RICHARDS J S. Progester-
one receptor-induced gene expression in primary mouse
granulosa cell cultures[J]. Biol Reprod, 2010, 82(2): 402-
412.

SAMIR M, GLISTER C, MATTAR D, et al. Follicular
expression of pro-inflammatory cytokines tumour necros-
is factor-alpha (TNFalpha), interleukin 6(IL6) and their
receptors in cattle: TNFalpha, IL6 and macrophages sup-
press thecal androgen production in vitro[J]. Reproduc-
tion, 2017, 154(1): 35-49.

MIAO X, LUO Q, ZHAO H, et al. Ovarian transcriptom-
ic study reveals the differential regulation of miRNAs
and IncRNAs related to fecundity in different sheep[J].
Sci Rep, 2016, 6: 35299.

ZHENG Z G, XU H, SUO S S, et al. The essential role of
H19 contributing to cisplatin resistance by regulating
glutathione metabolism in high-grade serous ovarian can-
cer[J]. Sci Rep, 2016, 6: 26093.

OJIMA F, SAITO Y, TSUCHIYA Y, et al. Runx3 regu-
lates folliculogenesis and steroidogenesis in granulosa
cells of immature mice[J]. Cell Tissue Res, 2019, 375(3):
743-754.

YAN Q, ZHENG D M, YU J S, et al. Comprehensive
analysis of miRNA-mRNA-IncRNA networks in non-
smoking and smoking patients with chronic obstructive
pulmonary disease[J]. Cell Physiol Biochem, 2018, 50:
1140-1153.

XIEL, YAO Z H, ZHANG Y, et al. Deep RNA sequen-
cing reveals the dynamic regulation of miRNA,
IncRNAs, and mRNAs in osteosarcoma tumorigenesis
and pulmonary metastasis[J]. Cell Death Dis, 2018, 9:
772.

] A, 12 PR SR A chi-miR-130b-5p AR [A)
FEFWFA[D]. EER: FUF K42, 2018.

Wi, Aurora B K SUMO &1t /N B BR Lk & AL
LA 1 A=A ) 52 B R AL FE D). i ek
AKEE, 2017.

FEE . CDC25C B AE B4 L 3 5 4h A i _F 5P
HLRTURLAH i o (1) 23K K DY BEESUE[D]. # M #H K2E,

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

In vivo gene expression in granulosa cells during pig ter-
minal follicular development[J]. Reproduction, 2008,
136(2): 211-224.

NADERI A, LIU J, BENNETT I C. BEX2 regulates mi-
tochondrial apoptosis and G1 cell cycle in breast
cancer[J]. Int J Cancer, 2010, 126(7): 1596-1610.
FRCBL, &, EHENY, 4. BEX2 5 INII/hSNF5 &
F A LA P R A 4 P o 39 v R T RE 5 52 (). a8,
2012, 34(6): 711-718.

KHAN D R, FOURNIER E, DUFORT I, et al. Meta-ana-
lysis of gene expression profiles in granulosa cells dur-
ing folliculogenesis[J]. Reproduction, 2016, 151(6):
R103-R110.

CLAESKENS A. ONGENAE N, NEEFS J M, et al. Hev-
in is down-regulated in many cancers and is a negative
regulator of cell growth and proliferation[J]. Br J Cancer,
2000, 82(6): 1123-1130.

BRar =, ZRBRIEHE CS F1 SDHB X §F §i%m £ 4) %
179 mtDNA [ 1F I 7 [D]. L b2 Koy,
2015.

MESTWERDT W. Follicular granulosa cells in relation-
ship to steroid biosynthesis in the periovulation phase[J].
Fortschr Med, 1977, 95(6): 361-365.

STOCCOD M, ZHAO A H, TUL N, et al. A brief his-
tory of the search for the protein(s) involved in the acute
regulation of steroidogenesis[J]. Mol Cell Endocrinol,
2017, 441: 7-16.

BT EERERER G R LR ERREN DT
HLHIBFFE[D]. 5EFH: 5T K2, 2018.

B X 55, B HE, S5 49 5F OF AL oar-mir-150 5
e P 75 88 [ P R RS P R 1 3 R R SR A ).
SN A AR 2R, 2018, 26(2): 234-245.

J& B 7% . Centromere protein F 7E /] B B 1F 40 i 9 20 7
R R IR & B SR R Dh BEWE FT[D]. WP AN Ry
PSR, 2017.

LA GSK-3p 1 F% /) B OF BEAR LSS — B Y R 5 R
G IR LA AT FE[D]. JEaT: o E ALK, 2018.
R, B, 2500, 55 ALY R B R 2 T L
LR []. #5 7B 7T, 2018, 40(4): 114-118.
G, SRFTH, BB 5, 8. PGRMCI 45 22 [ 41l
YR B A R AL 72 0], iR R 2, 2019, 30(1):
1-5.

LODDE V, PELUSO J J. A novel role for progesterone
and progesterone receptor membrane component 1 in reg-
ulating spindle microtubule stability during rat and hu-
man ovarian cell mitosis[J]. Biol Reprod, 2011, 84(4):
715-722.

JING J, JIANG X, CHEN I, et al. Notch signaling path-
way promotes the development of ovine ovarian follicu-
lar granulosa cells[J]. Anim Reprod Sci, 2017, 181: 69-
78.

[(RfEmiE £ #¢]


http://dx.doi.org/10.1371/journal.pone.0175464
http://dx.doi.org/10.1371/journal.pone.0056757
http://dx.doi.org/10.1371/journal.pone.0119800
http://dx.doi.org/10.1371/journal.pone.0119800
http://dx.doi.org/10.1007/s10815-016-0648-x
http://dx.doi.org/10.1007/s10815-016-0648-x
http://dx.doi.org/10.1095/biolreprod.109.077610
http://dx.doi.org/10.1530/REP-17-0053
http://dx.doi.org/10.1530/REP-17-0053
http://dx.doi.org/10.1038/srep35299
http://dx.doi.org/10.1038/srep26093
http://dx.doi.org/10.1007/s00441-018-2947-2
http://dx.doi.org/10.1159/000494541
http://dx.doi.org/10.1038/s41419-018-0813-5
http://dx.doi.org/10.1530/REP-07-0312
http://dx.doi.org/10.1530/REP-15-0594
http://dx.doi.org/10.1054/bjoc.1999.1051
http://dx.doi.org/10.1016/j.mce.2016.07.036
http://dx.doi.org/10.3969/j.issn.1003-6350.2019.01.001
http://dx.doi.org/10.1095/biolreprod.110.088385
http://dx.doi.org/10.1016/j.anireprosci.2017.03.017
http://dx.doi.org/10.1371/journal.pone.0175464
http://dx.doi.org/10.1371/journal.pone.0056757
http://dx.doi.org/10.1371/journal.pone.0119800
http://dx.doi.org/10.1371/journal.pone.0119800
http://dx.doi.org/10.1007/s10815-016-0648-x
http://dx.doi.org/10.1007/s10815-016-0648-x
http://dx.doi.org/10.1095/biolreprod.109.077610
http://dx.doi.org/10.1530/REP-17-0053
http://dx.doi.org/10.1530/REP-17-0053
http://dx.doi.org/10.1038/srep35299
http://dx.doi.org/10.1038/srep26093
http://dx.doi.org/10.1007/s00441-018-2947-2
http://dx.doi.org/10.1159/000494541
http://dx.doi.org/10.1038/s41419-018-0813-5
http://dx.doi.org/10.1530/REP-07-0312
http://dx.doi.org/10.1530/REP-15-0594
http://dx.doi.org/10.1054/bjoc.1999.1051
http://dx.doi.org/10.1016/j.mce.2016.07.036
http://dx.doi.org/10.3969/j.issn.1003-6350.2019.01.001
http://dx.doi.org/10.1095/biolreprod.110.088385
http://dx.doi.org/10.1016/j.anireprosci.2017.03.017
http://dx.doi.org/10.1371/journal.pone.0175464
http://dx.doi.org/10.1371/journal.pone.0056757
http://dx.doi.org/10.1371/journal.pone.0119800
http://dx.doi.org/10.1371/journal.pone.0119800
http://dx.doi.org/10.1007/s10815-016-0648-x
http://dx.doi.org/10.1007/s10815-016-0648-x
http://dx.doi.org/10.1095/biolreprod.109.077610
http://dx.doi.org/10.1530/REP-17-0053
http://dx.doi.org/10.1530/REP-17-0053
http://dx.doi.org/10.1038/srep35299
http://dx.doi.org/10.1038/srep26093
http://dx.doi.org/10.1007/s00441-018-2947-2
http://dx.doi.org/10.1159/000494541
http://dx.doi.org/10.1038/s41419-018-0813-5
http://dx.doi.org/10.1371/journal.pone.0175464
http://dx.doi.org/10.1371/journal.pone.0056757
http://dx.doi.org/10.1371/journal.pone.0119800
http://dx.doi.org/10.1371/journal.pone.0119800
http://dx.doi.org/10.1007/s10815-016-0648-x
http://dx.doi.org/10.1007/s10815-016-0648-x
http://dx.doi.org/10.1095/biolreprod.109.077610
http://dx.doi.org/10.1530/REP-17-0053
http://dx.doi.org/10.1530/REP-17-0053
http://dx.doi.org/10.1038/srep35299
http://dx.doi.org/10.1038/srep26093
http://dx.doi.org/10.1007/s00441-018-2947-2
http://dx.doi.org/10.1159/000494541
http://dx.doi.org/10.1038/s41419-018-0813-5
http://dx.doi.org/10.1530/REP-07-0312
http://dx.doi.org/10.1530/REP-15-0594
http://dx.doi.org/10.1054/bjoc.1999.1051
http://dx.doi.org/10.1016/j.mce.2016.07.036
http://dx.doi.org/10.3969/j.issn.1003-6350.2019.01.001
http://dx.doi.org/10.1095/biolreprod.110.088385
http://dx.doi.org/10.1016/j.anireprosci.2017.03.017
http://dx.doi.org/10.1530/REP-07-0312
http://dx.doi.org/10.1530/REP-15-0594
http://dx.doi.org/10.1054/bjoc.1999.1051
http://dx.doi.org/10.1016/j.mce.2016.07.036
http://dx.doi.org/10.3969/j.issn.1003-6350.2019.01.001
http://dx.doi.org/10.1095/biolreprod.110.088385
http://dx.doi.org/10.1016/j.anireprosci.2017.03.017

