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Stability analysis of reference gene expression in granulosa
cells during porcine follicular development
HUO Yang’an,LI Xiaoxue,SUN Chen, LI Qifa, DU Xing"
(College of Animal Science and Technology , Nanjing Agricultural University, Nanjing 210095, China)

Abstract . [ Objectives ] The aim of this study was to analyze the expression stability of reference genes in porcine granulosa cells( GC)
during follicular development ,and to further screen effective reference genes( RG) for the identification of key regulatory genes and their
expression patterns. [ Methods ] Porcine preantral , antral ,mature and atretic follicles were isolated and classified based on morphological
observation with steroid hormone detection, and corresponding GC were collected. RT-qPCR was performed to detect the expression
levels of nine candidate RG, including glyceraldehyde-3-phosphate dehydrogenase ( GAPDH') , actin beta (ACTB) , tubulin alpha-1b
(TUBAIB) ,ATP synthase f1 (ATPSF1) , beta-2-microglobulin ( B2M) , ubiquitin C ( UBC) , hypoxanthine phosphoribosyltransferase 1
(HPRTI) ,ribosomal protein S3( RPS3) ,and eukaryotic translation elongation factor 1 alpha ( EEFIAI) ; ACt, geNorm, NormFinder,
BestKeeper and RefFinder algorithms were used to analyze the expression stability of candidate RG in porcine GC during follicle
development. [ Results ] The expression levels of candidate RG in porcine GC were significantly different,among which EEFIAI and
TUBAIB had higher expression levels,while HPRTI and UBC had lower expression levels. ACt,NormFinder and BestKeeper analysis
showed that RPS3 and ATP5F1 were the most stable RG,while GAPDH and HPRTI were found to be more stable by geNorm analysis.
Finally,the comprehensive weighted analysis by RefFinder showed that the stability of the candidate RG was ranked as follows : RPS3,
ATP5F1,HPRTI, EEFIAL, GAPDH, ACTB, TUBAIB, B2M and UBC. Furthermore, the expression patterns of fertility-associated
candidate genes( FSHR and NORFA ) during follicular development were analyzed with different RG as controls,,and results showed that the
stability of RG was important for accurate identification of the expression and patterns of target genes. [ Conclusions ] RPS3 and ATP5F1
with higher expression stability could be used as effective RG for subsequent studies on sow follicular development,which also provide a
theoretical basis for ideal RG selection to identify the key regulatory genes and their expression patterns during sow follicular development.
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FR TR A SR AV PRI B 5 — KR (B AFE AL IR FE 25 1 T BEREAE A 7 00 5 38 0l & ik W AT A
TE—E 2200 33X O Ry il 293 1 3308 A SR ¢ FRe (R R8T, 0B 4 B8 T 1R I8 JCATL ) 1A 7 e BT S0k B 4
JE RS B BEAE ) e R ARIRIIR DR | TR RE BETH 2R G W BEAS T RE SR, B9 K B fivizs (R HE B 5R
PRABIIE Ak ) T3 3ok 5 e B 5 R R e B A e IR P MRS UIE S B SRR 40 A g T R
FET | R BRI P F B P 2 R R R AL 1 R 58 A R, PRI, T B0 R e R b R
RS A A YRR . HAT, Sl sl P HOR S5 5 40 1A W2 T Bod S e G D e T
FRE TR 2 1Y E2EFFE 07, BRI B T ST 58 AR AR E Rk NS RE VR T IR

VR A A b2 Sz N 2 FAE 2R BRSO 5198 78 it PCR (reverse-transcript quantitative
PCR,RT-qPCR) J&—F7E cDNA JIKH) 20t 5 & Wl ek U0 389 S g o A v = A m B o e 5, I 36 F R
BN ZOCAE T2 1o A HARFE R % SOk 5 3R 08 F 58, R0 25 1 A 12 2k A AR ) 5 D RE Y F 5 07
LT RT-qPCR AT A BRI | SR s R 2t SRR 55 A st , (ARG 00 v f M b 52 3905 1 R R 5
M, A4 (HAS BR 20 2R A0 A5 R A 22 53 RINA SRS He Mk | S SRR DA B o i 56107 41
X ERFEIEPIE  Bustin 251l Johnson 71 43 542 1 I (AL T 2 T @ MERRPEEAT RT-qPCR 12086 ) F (G
FLR A5 B MEN] ( minimum information for publication of RT-qPCR expression, MIQE ) , H:H 25 51 X} 3 N 2
BE LA ) e PR A R4t IR EESK . NS BETRT, 4% 88 A ] (housekeeping gene ) , 2 4 PN 4E 435 L itk D) BE
[ — D | TR S 1E T HAE A vk a1 B RAFIY SR R R e DO R 2 T RT-qPCR %543
TP 2RI IR A P X BRAG IE AR FE P A 23K KF 2 AR N S R R FE AN [R) A B 2% 44 T B 4
ZARFFRER I RIRTEE M I AR AT IR W BRAE 1) A S B R AAATE R, RZHUA S 5L R I Rk AE
A RN RIS 3] S TRV ZH R A 2 B A g2 ot R DA B AR P MR 0 A [r) A 35 34 A i 3 A i
LA AN TR P9 2 5 A RS TE 2 X F AT DA i 2 k7K 7= AR B g ) DR RS Rk i N S
PRIAS T SRAHAER 1 bp AR P s B 2 OCH 2E

JLAE MIQE HENIFE I 7EHEAT RT-qPCR RS0 Fi 7 % P 238 K 1R E PEHEA 7 8 (H iy TG 2o 72 36
FERT, FRTOCA B8 AR 2 4 240 i 84 35 AR vh e 1 e al N S 3 RO 2 O 5 DA Jon 4 1)
ek B NS EEH (W GAPDH ACTB I TUBULIN %5) JT X5 . H T N AN A% R i & 7 i A v ot
KL A N FR A 2 B R R Ra e PR IF G 5D . R A BIFSE 345 9 A WL HLZESE O SR 4L Bfy —
EFERKE NS 3 ( GAPDH (ACTB . TUBAIB (ATP5F1 .B2M .HPRTI1 .UBC .RPS3 Fl EEFIAI) 1} 1
%%, F|FH ACt . geNorm . NormFinder , BestKeeper il RefFinder SRR SN EiRME e N S B ARS8 DR i
F bR B FRIRERE M, AT IR T UL AR R A A I A ML A AR o 4 I AR PR R SR
AR AR LB A

1 #HEFE

1.1 K

BEHLZEI 60 HARNL R 4F AREAHIT Y 180 H il e H M U i At K =044 38 Bl (VLR HE %
L) | JB S I ST BIR AL SN e B 58 3R T 37 °C % 10 g- L7 KR5S E WM 25 28 vl (PBS) |, Jf:
W= TR ASNRR B B B OP i 45 5 5390 RN 51 SLA50R 20 MR 45 s 25
1.2 BRia5 45 5 2 UP B Bk 4 i &

FIFH TR Az BEER K FI 75 % B WOHE B S SR 10 4 B B 20 27 s 02 28 R e 22 v, IS s R 4L 41
AT I Y5 22 W] B A% B 0T YL U8, Bt ol TR 0 R BB DI B3 22 4% B I 2 20310 B B I3t 25 B TR A 220
5% 55 25 [ B 3 I 7 WS [R) 7 B B A J D Y R AT S oy . ELAR DT IR S BRIk 18], b BT A
JHE R B B Y6 B i B IR AR AT ORI B Y63 HE B (17 B-estradiol , B, ) V& FE M ARMEFATLR 5 %5
SE T A 808 BT D0 9 390 A 3 Y JC €8, | BP9 960 S 35 T JC 100 A8 4 A DI PR e 5 R A L A 22 (>2 500 L") HL O
TV ME %/ 22 B8 EL(E, /P, index) AR (<2.0) o 4354 iR 280 % Ab T AN 6] & & i B9 Bt 441
1, 17 B9 Y0 BCHE S 0 IR, AR FH /0N B 200 A ) 7 40 232 S8 U Bty A 2 /g1 B9 9t 1 B 2 0K 40, T 5
SRR N S IR O R B R b R AR M AT S BE
1.3 ZHAES RNA BIIREVE R 5 (RT)

T EAE B AN ) % B 9 BB O 9 R VR A A A, SR Trizol 10751 B2 B AN i A RN, G805 — 57 AT Bk 4l

HE
s
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PRRIURL AN B RNA 2 5e 3Pk 40 B R B A I )5 T 5 S 96 s B T - 80 C 77, FIH PrimerSeript™
RT Master Mix kit (7 5UMERE/A 7)) Hl & AR cDNA , BRI FEUNTR - DL 500 ng 0k 4HHELE RNA NJEY,
JIIA 2 L 4% ¢DNA wiper Mix, {RA 515 BT 42 °C I 2 min, KBRFE A DNA , Bif5 7 134 SN AR 28 Ho
A 2 pL 5% HiSeript Il qRT Super Mix, {85 #1515 A7 R 5%, OV A54424 37 °C 15 min, 85 °C 55, WM&
cDNA ¥ BE I FI ] DEPC 7KK BT A7 1 Sl 1 28 [/ — 7K~ 5 T IS 22 RT-qPCR i35,
1.4 EE5|Migit 5T BEE NS

Wit NCBI H' GenBank $0HE AR5 5 9 M35 N 2 2L K 19 4 i IX 7 %71, F) ] Primer Premier 5.0 K {4
Wt g I e RV E A R A R A B, S5 B IEILER 1, DL cDNA AT PCR RN
VAR & :2XVazyme LAmp® Master Mix 5 plL,ddH,0 3.5 ML,J:\?@?FJII%% 0.5 pL,cDNA Az 0.5 wL,
W FRT A 98 °C 5 min;98 °C 30 5,60 °C 30 5,72 °C 1 min(40 MEHF) ;72 °C 5 min;4 CHELE, 174
2520 g+ L™ B BERHEE IS FL UK TR 2 BER BURAG 36 5 | 5 1 e — 1 | 20 i A A i 2 PP A 5 | e e
Y= aifb )5 d H pClone007 Versatile Simple Vector Kit( 75 5 R W4 BR2A 7 ) #E4T TA Fo ) 2
TR, PRBCR ST RESS fy A TR T AR BRA R . A5 4l ik i) BE 1 S 4 ok AT 10 555 el A
B M 6 SRR BE AbR IS AL 3R &5 1 40 S HEAT qPCR [V, 6 F QuantStudio 6 1 7 Flex &
GLERIAFELR AT I HEE IR B (cycle threshold , Ct) #EAT [HIH B R4, IR0 H7 5 908 WA 2R (E) L E =
( 10—1/510;,6_1 ) %ﬂ{j%ﬁ—f?%;%ﬂl R2[8—9] )

1 BENSEEEESIMER

Table 1 RT-qPCR primer information of the candidate reference genes

FEH Gene 5| ¥1F 51 Primer sequence(5'—3") P /bp  Product size £+ Slope

GAPDH F:GGACTCATGACCACGGTCCAT/R: TCAGATCCACAACCGACACGT 210 -3.490
ACTB F:ACGGTGCCCATCTACGAGG/R:AGGAAGGAGGGCTGGAAGA 318 -3.432

TUBAIB F:TGCCTGTTGTACCGTGGTGAC/R : CCAACCTCCTCGTAATCCTTCTC 362 -3.175

ATP5F1 F:AAGAACGCAGCCCTCCTC/R : CATAGGGTCCTGTCACTCC 181 -3.186
B2M F:CTCTCACTGTCTGGCCTGGAT/R : ACAGGTCTGACTGCTCCGC 184 -3.234

HPRTI F:GACCAGTCAACGGGCGAT/R: CAAGGGCATAGCCTACCACAA 259 -3.488
UBC F:CCCTCGTGCGGAATAGCCT/R : ATTGTCTCAGAGCCCGCTTC 108 -3.107
RPS3 F:CTGCGAGGTCGTGGTGTCT/R: TTGGGTTCCACAATGCTCAC 243 -3.169

EEFIAL F:CTGATTGTTGCTGCTGGTGT/R : TGGCTGTAGGGTGGCTCA 152 -3.157
FSHR F:GTTTATTAGTATCCTTGCCACCAC/R ; GCATCACAGCCTGCTCCA 222

NORFA F:AGGAACCTGCGTGGGAATC/R: CCGATCTCCCAGCATGAAA 213

1 : GAPDH . H i 3-B5MR I Z 3£ A Glyceraldehyde-3-phosphate dehydrogenase gene; ACTB : B-HLsH H IR Actin beta gene; TUBAIB
EEM a-1b FH Tubulin alpha-1b gene; ATP5F1I . ATP A il F1 R ATP synthase f1 gene; B2M; B2—1ﬂﬂ($ A A K Beta-2-
microglobulin gene ; HPRT1 ; X 3% LIS TR AZ 4 5 1 3£ Hypoxanthine phosphoribosyltransferase 1 gene; UBC .32 % C 3% Ubiquitin
C gene; RPS3 :AZFEIREE H S3 £ Ribosomal protein S3 gene; EEFIAL: HAZ B K H F 1o 3£ F Eukaryotic translation elongation
factor 1 alpha gene; FSHR . it SR 2 5Z (A £ A Follicle stimulating hormone receptor gene; NORFA ; B[y P8 #H 3¢ 41 4 5% RNA 3 [

Noncoding RNA involved in follicular atresia gene.

1.5 RT-qPCR ®:il NS ERE I FRLKF

W R FRAFAY cDNA iR e 2 7] — e I LA RIE Y, R AceQ® qPCR SYBR Green Master Mix
kit (P B MERE A A BRZA A ) 5 QuantStudio™ Real-Time PCR 2 f 40 HHAX, X 9 /i 35k P 25 3 R 78 4 O
AN & B BOBURL AN AR 9 2 18K F EAT E AR I . 10 wL B4R & : SYBR Green Mix 5 L, cDNA
1 uL, b Fi#E514145 0.2 WL, DEPC 7K 3.6 pL, SWFEF:95 C 5 min;95 °C 10 5,60 °C 30 s(40 MER) ;
95 °C 15 5360 °C 1 min;95 C 15 s, 5T RT-qPCR IV ARAFHY Ct (537 NS LRI RIAIKF- | Cr (EBR/NER
LR R K Pl . BT 3 MM, AR E A AT 3 I
1.6 RENSERERRERESESH

FF iRk RT-qPCR R W3R Ct 85y $IFH Ace™ \gel\lornrlmJ NormFinder!*" \BestKeepermJ PN
RefFinder! ™ ByE ek NS 3L i Rk fa g tE, Hid, geNorm %5 (htips :// genorm.cmgg.be/ ) ¥ Ct {E
FAR AN B3k o RIS TH AR e N S I RA AR E M M (B, M (B B/INRIR NS BE R SRR T e Ml
EE AT AT S S AB (V) IF LA V<0.15 SHFRHEDHAG NS LD fidi il &L, 25 V,/V,.,<0.15 I n Sh i
ENSIEEG 2 n+ 1 W EGE NS E R EL, NormFinder 5.7 (https : //moma. dk/normfinder-software )
W 2 A A A S5 20 N AR SR T N 2 3 R AR TEAEL( stability value, SV) 43T, {EAL BEFRAT — P HeaE N S 3
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- BestKeeper B ( https : //www. gene-quantification. com/bestkeeper. html ) Wi E e HR SR R
(coefficient of variation , CV) FIFRESR 22 (standard deviation, SD) PEM NS I A B F ik Fa E . RefFinder 55
12 (http ://blooge.cn/RefFinder/ ) FJ 3T FIRAN [R5 B PPN 25 R 3 — A0 ol A LA 4 (X N 2 6
R IA R AT SR B R4 . AR JUME (G) THR AT
1.7 1FERNSEREIRE I

R E N 2 BE TR R P , 14 2 MRS PR AN I R At PA) 2 5L RS X BRZEA T RT-qPCR ik
58, 4 1%k 1 SRR 40 6 2 35 R 62 B 38 38 2 AR R ( FSHR ) ) AR S 1 360 AT AR DGl 4 RNA SE A
(NORFA) ™ (23K K P BT IR — AR b L | 2565 S5 2 T & 6 0 D00 AS [) 2 A BB AU 440 B v 14 3R ik /K -
SRR, SR 270k B SRR AR 2R KT AR 3 AT REAS B T 3 IR T
1.8 HIEHW

K H SPSS 22.0 5 GraphPad Prism 8.3 #FX54 UP L & 7 4k A% A [A) 4 3k P9 2 3 R %) 2 o 5080 2R 1 7
BRI 25007

2 ZREHSMH

2.1 RENSEREES MR EMT BEESN

LS O S MUK A0 M cDNA SR, FIRIER 1 e S5 1 Yrxd 9 MRIEN S LN AT PCR 978, 974%™
W12t 20 g- L7 NS HE S HLUIAGI , £ RIS BN H— WM WS B S it H B R Bol B — B 45 e 1k
P (L 1-A) st 2 70 A A A0 E 5 | DA RE 7™ 22— 5 SV g (1 1-B) . dE— 00T

A S 8~ ~ 3
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by = g a = = Q 4 K
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Fig.1 Primer specificity analysis of the candidate reference genes
AERTGIYP B =4 (M, DL 2 000 43 #Ef: ) RT-qPCR primer amplification products (M: DL 2 000 marker) ;
B35 N 2 5L R 1 i 2k Melting curve of the candidate reference genes.
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Table 2 Validation information for RT-PCR primer of the candidate reference genes

B IR % PLE ZAL B YIRS % PLE B AL

Gene Amplification efficiency R? Gene Amplification efficiency R?
GAPDH 94.42 0.999 HPRTI 93.50 0.994

ACTB 95.33 0.997 UBC 109.85 0.996
TUBAIB 106.54 0.996 RPS3 106.79 0.995
ATP5F1 105.98 0.998 EEFIAI 107.40 0.996

B2M 103.81 0.995

22 BERASEREREKESREEXSHT
E 2 FT UL A NS B Cr T 16.29~27.30, HTEII AR & B W BN 2 3L R Rk K B AR
#5 . Hitp  EEFIAI T TUBAIB 75 9P 35500400 b 8 26 35 K SF488 58 CF 34 Cr (B350 16.27 F116.75) ,

Il UBC Fl HPRTI (3R AF-BAR (CFH Ce {5300 27.30 F124.33)
Rrh ) FA R AEAE2ZE R, Ll EEFIAI 5 RPS3 1EUP & B ik Ferp %3k
AR AR R BT, U ORI A R B

B2M W3k

A

Fig.2 Reference genes( RG) expression patterns in different stages of follicular granulosa cells
A JEERTURL Preantral follicles ; B.75 R Antral follicles ; C. BRI Mature follicles ; D. A8 BIHL Atretic follicles;
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R e, B2M MRS E e % A U e B2M 1% 8 Vi 5, GAPDH 18 5 1k F Al 5 e o vy o
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Fig.3 The stability of the RG expression analyzed by ACt method (SD value)
A JERTIIHL Preantral follicles ; B.AT I Antral follicles ; C. 8ZABI L Mature follicles ; D. HAiBIH Atretic follicles; E. T A #E7A All samples.
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WS 3 ARG e el AnlEl 4 Bis  ESETOR i s ACTB Ml UBC ) M {E /), R AR e M i
TUBAIB W) M iR, WA AR E MRk, [RIBE . A7 = ORrh GAPDH F HPRT1 ffs e Y4 &, T UBC
(RS P IR 5 B3 O 36 v TUBAIB Rl HPRTI Wi Fe s M 35 fie i, 10 B2M 1) RS P S5 I 5 P 480 0 vt v
TUBAIB F1 RPS3 W 35t i , I UBC WRRE A IRV & B #e v, GAPDH Fl HPRT1 Wfa e Yy
B, M UBC HIREEMERAR . 40, i geNorm X P2 HL K ol fdf A A T RO X 22 S oM R B v,/ V, {E
NF 0 15( & 4-F) , FAXHE U0 4 B 1 FEEST RT-qPCR 23 Hris B 2 AN B I BEF 7 )0 — AL X R
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Fig. 4 The stability of the RG expression analyzed based on the M value of geNorm method
A. JERT ORI Preantral follicles; B. B Antral follicles; C. UZABP Mature follicles; D. FH#iII Atretic follicles; E. T A #EA
All samples ; F. B X485+

M7 Pairwise variation analysis.
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2.3.3 NormFinder ##7 38 3 TAUE A (SV) B NormFinder 5% 70 M i 15 N S 5L IR R Ik Fa e 1, SV
(BB N SE RS e M AN 3 i ISR ORYH RPS3 1Y SV (B e/, & B AR M de &1, TUBAIB
() SV (K, F B HAR E A%, [R1BE G Ui b RPS3 M E M de i, UBC (1RFa R P AR ; LA on i
W EEFIAT WRSOE M i, UBC RS P AR AN EEFIAL WRS0E M i, UBC MF e PRIk,
BPE% B  RR A e  S 3 R AR 1 D s BIMIRAR YK O : RPS3 ATP5F1 HPRTI \EEFIAI .GAPDH ACTB |
TUBAIB .B2M .UBC, A RPS3 Fl ATPSF1 WS YRR & 1 UBC F B2M [RARE A,

%3 ET NormFinder iZT2EE(SV) NERARZREEEHZ

Table 3 Ranking of gene expression stability based on the expression stability value(SV)from NormFinder method

H4 RO Preantral follicles A UL Antral follicles iR #I Mature follicles FIGiDPII Atretic follicles  FAREA All samples
Rank LN Gene  FaE(E SV FEN Gene FRE(H SV FEMH Gene TAEME SV JEIH Gene FAEMH SV FEIH Gene FaE(H SV

1 RPS3 0.173 RPS3 0.136 EEFIAI 0.183 EEFIAI 0.137 RPS3 0.226
2 GAPDH 0.264 TUBAIB 0.446 RPS3 0.308 RPS3 0.328 ATP5F1 0.482
3 HPRTI 0.367 ATP5F1 0.487 ACTB 0.409 TUBAIB 0.461 EEFIAI 0.523
4 ATP5F1 0.404 HPRTI 0.559 ATP5F1 0.560 B2M 0.472 ACTB 0.543
5 B2M 0.588 ACTB 0.572 TUBAIB 0.600 ACTB 0.494 HPRTI 0.573
6 UBC 0.747 EEFIAI 0.631 HPRTI 0.936 GAPDH 0.568 GAPDH 0.596
7 ACTB 0.880 B2M 0.647 GAPDH 1.023 HPRTI 0.674 TUBAIB 0.836
8 EEFIAI 0.891 GAPDH 0.662 UBC 1.035 ATP5F1 0.675 B2M 1.067
9 TUBAIB 1.705 UBC 1.027 B2M 1.822 UBC 1.210 UBC 1.203

2.3.4 BestKeeper 47 FIHIET Ct (HITHEFREZE (SD) FIAE 5 2% (CV) BY BestKeeper 5.7 43 Hr 1 1
NS AERFIRTEE NV, AR N R B SE R E PR . ANk 4 Fom : JERT BRI b ATPSFI 1) SD i /)N %%
RS € M de s, EEFIAL W9 SD B S K, R W HAR E PRk, W) 38 A B 0Py b B2M AR P,
GAPDH HIFEEVERAR ; BUABR L RPS3 HIARE IR % , GAPDH % & Ve ; IOl b ATPSFI 1972
EVERGE , UBC MR EME R AR, A B AR v, 508 N 2 25 IR 3R A /KO PR ME 22 M 1Ly 0.45 ~ 122,78
S RBOEREN 2.49~5.16, Hrft RPS3 F ATPSFI Wk M8, 1T ACTB Hl UBC MR E IR,
Fx 4 ET BestKeeper i% SD 1 CV ERNERFRILREHH A
Table 4 Ranking of gene expression stability based on the SD and CV value from BestKeeper method

JERTOP Preantral follicles & BEUP#Y Antral follicles EAEPH Mature follicles A5 5P Atretic follicles FI A REAS All samples

iiﬁ( B b2 BRARE ER AR BRARE R FREZE BRAK KR RiEE BRAKR O EF RiEE TREAK
Gene SD cv Gene SD cv Gene SD cv Gene SD cv Gene SD Ccv
ATP5F1 0.16 0.75 B2M 025 1.31 RPS3  0.35 1.92 ATP5F1 0.53 2.60 RPS3  0.45 2.49
RPS3  0.33 1.83 RPS3 045 2.47 EEFIAI 0.55 3.37 TUBAIB 0.68 4.04 ATP5FI1  0.63 3.02
GAPDH 0.47 2.38 EEFIAI 0.63 3.87 ATP5F1 0.71 3.47 HPRTI 0.68 2.78 TUBAIB 0.69 4.14
HPRTI 0.49 1.98 UBC  0.69 2.48 B2M  0.78 3.90 RPS3  0.74 4.19 HPRTI 0.79 3.24

TUBAIB 0.75 4.33 TUBAIB 0.74 4.44 TUBAIB 0.94 5.72 GAPDH 0.81 4.23 EEFIAI 0.79 4.84
UBC  0.90 3.18 ATP5F1  0.80 3.83 ACTB  0.98 5.34 EEFIAI 1.05 6.43 GAPDH 0.86 4.41
B2M 094 4.90 ACTB  0.90 4.85 HPRTI 1.14 4.71 B2M  1.20 6.06 B2M 091 4.66
ACTB  0.99 5.38 HPRTI  0.93 3.84 UBC  1.18 4.41 ACTB 135 7.43 ACTB  1.03 5.61

EEFAIA 1.00 6.17 GAPDH 0.96 4.99 GAPDH 1.29 6.69 UBC  1.81 6.88 UBC 122 4.48

2.3.5 RefFinder %7 K RefFinder F3E %} R3S E@&i_wﬁ%%li%i_%%ﬁL TR AT,
SERNFR 5 s ERTER I R RPS3 WIALEE J LA 38R /)N, 3R AR MR i 57 s TUBA LB BIRLEE JL T #4800
K, FRWHAE MR AR, R AT 0P RPS3 A2 i, UBC h\mﬁﬂﬂfﬁ;ﬁﬁ?&ﬁﬂ@qﬂ EEFIAI Ba5E
PRI R, UBC Fa e M dse ik PR L b RPS3 FRoe R f &1 , UBC RO AR, MR NS LR IERE NI & & it
%5 RefFinder S &R
Table 5 RefFinder analysis results

O 0 N NN R W N -

H4  HEHTODIE Preantral follicles A G Antral follicles BT Mature follicles BB Atretic follicles P AR Al samples
Rank  J£[H Gene JUAI¥%L Geomean #:[H Gene JLA¥I%L Geomean #:[H Gene JLA¥%L Geomean #:[H Gene JLIH%L Geomean H:[H Gene JLIi[H%L Geomean

1 RPS3 1.93 RPS3 1.78 EEFIAI 1.78 RPS3 1.68 RPS3 1.41

2 GAPDH 2.78 TUBAIB 2.99 RPS3 2.21 TUBAIB 2.06 ATP5F1 2.21

3 ATPSF1 3.36 HPRTI 3.36 TUBAIB 2.66 EEFIAI 2.63 HPRTI 2.78

4 UBC 3.38 ATPSFI 3.57 ATPSF1 3.46 ATPSFI1 3.60 GAPDH 3.46

5 HPRTI 3.83 GAPDH 4.36 HPRTI 3.98 B2M 5.29 EEFIAI 4.74

6 ACTB 4.45 B2M 4.45 ACTB 4.28 HPRTI 5.38 TUBAIB 5.21

7 B2M 5.14 EEFIAI 5.42 B2M 7.35 GAPDH 5.73 ACTB 5.83

8 EEFIAL 6.45 ACTB 6.19 GAPDH 7.48 ACTB 6.32 B2M 7.74

9 TUBAIB 1.77 UBC 7.35 UBC 8.00 UBC 9.00 UBC 9.00
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TR s FeE M LA B S HE 24 AN BMIRAK YR O RPS3 ATPSF1 HPRTI  EEFIAL , GAPDH ,ACTB |
TUBAIB .B2M UBC, 1 RPS3 Fl ATPSF1 WFiRFaE Y m , T TR Ze4H0C RT-qPCR BH5E,
24 FENSEFRBEMERIE

T 2B UE AR I N S B8 R R RRUE 1, A3 IR R AR E MR A5 (RPS3 8 ATPSFI) FVEAK (B2M FiI
UBC) W55 N 2 3 RE R o B R 285 PR SC S 3L IR ( FSHR 5 NORFA ) 1856 5P il & B ik Rt vp i 2k 58
IR, G5 B Al e E PR N S L DR g X BR A, 2 A B A 3 DR A0 38 e 34— 3R HLAR SR R A/, i
il FIARTRE NS L R G BRI, 2 A~ B B SE R 9 Z kK2 = A g K AR S, L3R AR X 5 i ABIF9E 45 1
S E S BN, FCRRE NS IR B2M VE RS R, FSHR 767 1 B 6 1% S0 20 B rp S5 0 3% o0
FIK | FRIR KT AT U R A A Y 6.03 A%, B3 = TR e NS I K (RPS3 1 ATPSF1) VB A%
HEE Y FSHR 3Rk /KT 43 3R 5] 1.93 45 H1 1.90 £5 (K 5) iR 25 SR 3R WY 38 AR e i o8 2 B R Ry Xt
R, AT AT S5 v )35 DR Rk K S AS I B M | e AT Dl AN R 5 SR P A

101 51

FSHRAHX F357K -

FSHR relative expression level
S
T
NORFAARNS ik K-

NORFA relative expression level
(3]
T

0 1 1 1 | 0 1 1 1 |
ERTORIL A AR B JERTOIE  AEENE e AR
Preantral Antral Mature Atretic Preantral Antral Mature Atretic
follicles follicles follicles follicles follicles follicles follicles follicles
Y B B Follicular phase YA B B Follicular phase

-~ RPS3; - ATPSFI; -k- UBC; =% B2M
Bs5 BRENSERREERIE

Fig.5 Stability validation of the candidate reference genes
3 itie

HETA 7 BT F AR IE A (93 107K 15 A8 A RS GV S8 5 SCHE D REE X LA S M 231K 2T 1 i A= i
A B R R A S R S AL R ET R TR T e AR E PN SR I BEAT RT-qPCR 058 ] A7 ) f i 5k
PR R I A HER P, D) 2 T T B BOA R T A )7 S5 2 D WR T U, IS e BIAS [R) 5 b A [+
PUBEL 2 1 e i N S RUAR ) 20 L P 2 8 TR 3R ik et e M AE [R) AR TR L U A e SR 25 70
BEEDFFEIZ BRI E X AE TUA T8 1= G (SME IS AR ) RS A2 R Bt (S RU SR 4 ) (LA
B RGN BB LA L B 105 A0 ) LSRG 3 R AR B (75 i/ IR IR ) 55 2 Fh B 2 28 BE IR E
I AR P g SR AR MR T R G PO L SRS A 2, I R DL B B9 R o AR v R
2 P 2 B DR R R R M HEA TR ST (ARG, T X M R B2 B % B AR DG A A 5 2 3, e B4 O
WEFEREPRERINNSIEN ZCHE,

RZHNZ 3 P FRIBRE PER SR FE A T MRS 2~ 3 MOTIEEAT LRG0, th TRRA A RITELE
ST RURE N SRR B IR Y L ARG LR A 5 R HT IR I R R e N S B Y
FRIRFEMEIAT 0T, X B ACt 72 NormFinder F1 BestKeeper 515 43 7 45 SR —2bE & =, HB WA B F
geNorm FPHTZE AL 30T AR h T A =38 B AR, [R5 05 8 30 A e — 28 S i ), S B 43 #r
HERf I, I — 2 I T 458 Wi 1Y RefFinder SEIRAR I 3R 4 FiO ik HT 45 R B A RATHINIE R
iR 9 Mgk NS RN FBRENELE G HER . o RPS3 M B AL YRR A IS0 0 SC H ] 1 R TN
TERR ORI R T 1 R rh IR IB IR R , 3 5 A AE W 4y sl 7 ep A S 4 R — BT R AR BRI R A
e v A 2 L P P AT A B RO AR E o ARSI RPS3 2 5 i [H] 1 R ik P 2 S i 42
IR TR AL B HR IR O R IR E T ANTE R . ATPSFI VERZALIR ATP ARG G HE
P FHELERE R K A R v BAT B B A ARE I, I S ARV T 2 B8 T A0 M A A MUK AR T A
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HREAIF A R —3 " R ATP A B e e LREXT T4 R0 & 7 K T & AL 40 it 7 4 A 5 i RE
AP R ECEE T HATHESE & B ATPSFL 78 BT 051158 15 B < LT i 25 700 e b it 78 v 473 3 T 22 A
) B HRE TS R U0 I R TR o — T

TN ARG K IR UBC Fl B2M AERE UL R B i R i i RAF e YRR, UBC 2 4E 5 L 3h i 4n il
ZFZAKF IR RNz — BNz ZREA) 22 5RYE Rk 2 mr AR L&
PUSE O 2 B R v O AT A P I F AR KT K AR TRIZUAE AL 3 vl fiE S 3 UBC Fak Rk | FIRTBE R
UBC ¥ 7E# 117 RGBS I AT . B2M LN MERE A LA T AR R, S
SHUAZ R NI RE Y BT ABFST EB B2M LR A A R W A T A oA E
177 B 3 % 7 o R AR S R 1 i 5 B B D v BB i A B2M A AN RRE IR IR A A
I, T2 NN B 3L GAPDH ACTB F1 TUBA1B T34 900 % 75 1 B v il 26 18 B P Ak T w45 i 41K
K-, Hor GAPDH 15 R it B S 5 A FE B AR AR P9 A0 2 R QI A2 ) | DR o3 & 7 o A o ol e3R8
SRR RS TTREE S S GAPDH R Fk R e R R N 7E I 2, X S am AR e 45 SR —20 ™
ACTB 1 TUBA1B J&: 4 B 42 86 (A s B 20 R 437 M SIS 45 0 A e i P e o # rp 3508
ARl A R RN DR ASSE B PR VR R S 2R R R 003 e B e A b R 40 i AS AN R B A A A
B, HA A e, o] 7 HEBR IS A3 Ak o S RISR A0 A, X 0T RE S BON B 7R DNk B R R R AR
SEPEEARM IR AR5 3% B G 4 v 2L 2h i 0 kB AR G 98 AN TT E H {4 GAPDH (ACTB
TUBAIB YE NS HEA

AR B IR B AR TPOR R N S B R A 0k AR TR R 2 57, IR At TS [l 9 2 B R oy
AR S HARIE R R IR AP AR RS R . NI UEA B ST 50 B 45 R0 T SE e e A2 0 PR AN (W]
(NS L X I % B R vh FSURL AL FSHR FlI NORFA (325 K5 AR T 55, S5 R &
PR i Rk R g e B 36K (RPS3 A ATPSFI) Ish FSHR Fl NORFA B35 7KF-REZE 34 U0 K& B % ik
T, FE A BRI b A AR AT A P AR 2R T RE i BB UBC R B2M A S 3 I Al
FEHE ARG O L F R p R AL B S R R A5 R AN, BRILZ A, O T ket T REAR (A 22
S X R 45 A R, A AE R o e v i A U A T — A T U] RV AR A S At R A 24 4
it RNA FIHE LS eDNA VR EE Y — S0, vl o ORase 45 5 3R R o Mk N S 6 IR R 7 AR G 1 1 e 235 SR e
B B H A R AR R R REAR (] 23k K 1 22 5 3R B AR 00— (LA PR T s I PH IR 25 51 . 25 b rak
ARG RGYE T ISR 7 B BEBURL At Hh o8 S 5L DR ) 3RA A2 PR IESE RPS3 R ATPSFI AIAEN
FE A R NS R T 5 S8 Ot & ST, 58 25 Ry itk — 20 S e i O 1 D e 4 e TR S L 3k
IRBE PR LRI IR
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