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(1. JTREFERZFR 2R T RE BRI 5% E TREARVI .G
IRAKT YR E N SRR E SRR R L 524088;
2. PR AR KOS E R R TP BT 530001)

HE LB %Kt E & PCR(QRT-PCR)ZH X LA XA A UM T EZ —, aMAEHNNSEHE, &
R S W3 B Rk S Ry KL ARBE T DA F 45 (Clarias fuscus) i 9F K3 %, & Al gRT-PCR # A
A Y 13 AMEZE L F (actbl . actb2. efla. eeflb2. rpll3a. rpll3. ccdcl24. cfll. nm23. eif3g.
rapla. ikbkg 1 ywhab)TE #H FEMRA B K TN B & F AR P LR LLFEN, HF A
BestKeeper. GeNorm, NormFinder ## RefFinder % AT R A R ek, U EHFEHEERAF
MARALFRERANASER, ERET, 13 MEENSEFETE PCR I MHTREHR
My, EERAFELE M B, BRERKARZWEIF Y actb2>rpll3>actbI>cflI>rapla>
efla>rpll 3a>ikbkg>eif3g>nm23>eef1b2>ywhab>ccdc124, ik & 1 B 4 8+ Fa 2 IR T 4 actb2>rpll 3>
cflI>rapla>efla>rpll 3a>ikbkg>eif3g>nm23>actb1>eefl b2>ywhab>ccdc124., Wi Ja , ¥R 2 AT — 8
actb2 Fa rplI3 1E A EE A S ERH, 94 zp3. atp2b3. slcl3a5 F0 parp8 = F 78 # ¥ &5 b . R P
WA KA E, ERI-FUEL, Macth2 A NEE, HMEEERZEFEALRAKFEREETES
AER, HZAPNERN, acth2 ZETHENASERATAHEHATFEMERAELF AL RELER
18] 2 b 2 ) Rk FRAE B BT 5
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(H NPT o WFE BN il B B 25 2 (R BB 3
45, 2010), Az BHAE(ESCIRAE, 2012; 25 MH4E, 2013b;
VBTEE, 2014), FREEE (AT, 2010; BRIBEREE,
2020). BEAEEGRESEAE, 2012b; FhiBSE, 2012)LA K
FEH Y 2R (MREMESE, 2023)55 RIT THFSE, MIHEFR X
Yy R P P 5 3 A 6 3k B Y 43T ML AE 9 4
HET R AP R

SERY % A2 1 PCR A% AR (qQRT-PCR)SZ I T X & [A]
M PCR P A6 0 380 S e e AGr i) A S8, PR AT 3%
R | TR AR S, O AR S
RIEWMAM T HZ —(rheted, 2022), SR, fEfn
RIWEGEH, 2B AR qRT-PCR 255 (1) HE
P, U0 RNA Jiht, Se8k . #R8CR S % 5N
PEPESE, BB MARE iR B EE, F 2R E
FHRS A 23K 19 N 5 35k R K s A0 0 35 PR 1) 28 3R 50000 o
TERAERIESE T, WL gapdh (H S -3-T R i &
fitf) . 18S rRNA (18S /NI I BN WA R) . RPLI3
(AR L13)SE RSN, kS H R H
tE AL, HORRZ SRR, SR R EEZ
SN SIS AF DL R Fh RIS s, 24K & LI
TRIEYFMHNSERA, FHik, FHREENHNSENR
% X E % (Yang et al, 2020).

HAT, 7ECABIiGE b, W98 & e B
fFh ERE A p-actin T RAE Ay lH -k P8 255 T
IR IR T (FMR S, 2012; 25 HR4E, 2013a), [
EONNE = SR iR S Y A N A RS
IR EMERUMERPEEAT RGO ITAL . DRI, A S2E6 DL
FE GRS, G5 A WA Pk e N . —J2
KETF O RRWHAATEDFINS IR, 2k
T2 == W T PR IR AS IR & IR Skl p RRE
IR IR, AT ILGRE 13 DS, F)
JH BestKeeper. GeNorm, NormFinder F1 RefFinder {4
M 13 Ak P S BE R Bk TE A R S Tl AN
[ & B W B f A A4 2] qRT-PCR FIN S LA,
VI 5 SL D e 5L R o $ A e nT SR N S 3L

1 SR
1.1 KIewr#t

Sl B TRV TR 2R IR K R B S I 3
Mo Zead MS-222 FREESS , Ao HCIl . T, IV RS 8
A, M, IVEAGREL; [Wmk, Bob s, ILe . &
k. REEL. BREL . KL FRE. RAE. ERE. . O
fF . HREEAE 13 AL, BT 3 M EARE
2, G—IEHL-80 CIAAE, FTIE4%E RNA $2HL,

1.2 2 RNA HI3ZEXF1 cDNA BIE R

TRIZOL JE42H A i AN [R 2 SV R P
BRE BRI, MANVEDAYLE RNA, it 1%3RhH
EERCHLTKPEAL & RNA 52384, Jf#H NanoDrop2000C
(Thermo Scientific)il] 72 & RNA ¥ EE 4L, & RNA
) 260 nm/280 nm Kb FY I L FLAEIIAE 1.8~2.1 Z [H]
() FE b T IS 22 S 5 o it P i o I 4 YRR 5 — i
cDNA G HiAF & At X e YHARFRA A),
BB RNA S8 53 cDNA, 258 1R & B 44 cDNA
AT . B cDNA FE i E T-20 C KA -7 H

1.3 5|¥i%it

AR IF 58 DA JHE Al ) ol 8 2R PR 2 5 IR R S 6 2 A
HCER PR T 13 MR NSIEH, Hrp, 6 Mk
PURIE T B & R HABAR T YA NS - Lsh & A
Bl (actin beta 1, actbl). WLZhEEH B2 (actin beta 2,
acth2), EHBIPFIEK AT lal (eukaryotic translation
elongation factor 1 alpha 1, efla). ELA%EHIFIEK KT
1B1 (eukaryotic translation elongation factor 1 beta 2,
eeflb2). EMiAM 1 L13a (ribosomal protein L13a,
rpll3a) W HEARZE H L13 (ribosomal protein L13, rpl13)
(Huggett et al, 2005; Wang ef al, 2012; Chen et al, 2017,
Zhang et al, 2019; K%, 2018), 7 4NFE A kPR T 52
B W T PR RN R R I R A (R
CRA008348) g E R Ik ARV LN = 25 i 1R e 45 44
B 2 H 124 (coiled-coil domain containing 124,
cedel24). 249VE H (cofilin 1, ofl1). A% ZWEBR I 3
(nucleoside diphosphate kinase 3, nm23). EL#HHiEE
IR 3 WA G (eukaryotic translation initiation factor 3
subunit G, eif3g). RAS #X & H-la (RAS-related
protein-la, rapla) . B F «b JHEFR IR v 100547
(inhibitor of nuclear factor kappa B kinase regulatory
subunit gamma, ikbkg) & Z R 3- 5N 4 it/ (L 24 R 5-
AN A B UG fL X B (tyrosine 3-monooxygenase/

tryptophan 5-monooxygenase activation protein beta,
ywhab) . FEHIFEEEEN L (Tian et al, 2023)1 53 51K HL
AR 13 AMEEFE A H YA, #87E qRT-PCR 514
BT EEN, R A Primer Premier 6.0 331 13 X %¢
SRR RGIMEE ), mTMAET AYREARA
Ao

14 {&EANSERE qRT-PCR #1H

fdi ] LightCycler480 SZif5E i PCR X, iRy
PREDOEE R PRI & UET PCR P78 DL T fih
ANTR] B P A R T A SRS B cDNA TR A
AR, LLFAR R 13 %15 #)#547 qRT-PCR. qRT-PCR
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Tab.1 Candidate internal reference gene primer

BLA 19751 PR 1B R EE S

Gene Primer sequence(5'~3") Product size/bp T/ C Amplification efficiency/%

actbl F: AGGCTGGATTCGCTGGAGATGAT 180 60 113.52
R: TGGTGACAATACCGTGCTCAATGG

actb2 F: TGAAGGACATCCGCCGTGGTAA 158 60 113.70
R: GGCAATGTGAGCAGTGTGACAGT

efla F: GTCGTCTCGCCGCTATTGTGT 134 60 110.06
R: CCTCTTACGCAGGAAAGCCAAGT

eeflb?2 F: TCTGTATGCCAACACTGTGCTGTC 191 60 344.52
R: ACATCTGCTGGAAGGTGGAGAGG

rpll3a F: ACCATCGGCATCGCTGTTGAC 156 60 104.39
R: TATCTCCTCCACAGTGCTGTCTCC

rpll3 F: CAACAAGAGGAGGAGGATGACGAT 152 60 108.19
R: AGAAGGATGGAGGATTTGGCGATT

cedel? F: AGCAGAGGAAGGATGAGAAGGAGA 144 60 273.85

4 R: TCTGAGCCCGTGTCACTTTGTTC

cfll F: TGTCCAGATGCTGCCGCCTAA 198 60 113.52
R: ACTTGCCACTCGTGCTTGATACC

nm23 F: AGTTCTTGCAGGCGTCTGAGGA 171 60 340.64
R: GGTTCGTCTCTCCCAGCATCAC

eif3g F: TCCTTGACACAGCAGGCACAGA 180 60 414.40
R: CCACCAGAATCATCGGCACATCTT

rapla F: GCTGATGACAATGCTACGATCCG 199 60 108.18
R: ACACTCCTGCGATGGCTCTG

ikbkg F: CAACCTGCCAATCCTCGCCAAG 156 60 297.93
R: CTCGCCTTCATCTCAGCACAGAA

ywhab F: CCGTTCTTCCTGGCGTGTCATC 111 60 282.61

R: TCTTGCAGCTCAGTCTCGATCTTG

R Z (10 pL): 2xPerfectStart Green qPCR SuperMix
5uL. Nuclease-free 7K 3 uL. cDNA 4 1 L. 12
51445 0.5 uL, qQRT-PCR F£/%: 95 CHZEE 2 min;
95 ‘CAs M 30s, 57 ‘CiBk 30s, 72 ‘CHEfH 20 s, 45 4
A ; a4 CHRAT

PCR /)4 5af& ¥ f5, H DNASTAR-Lasergene
V6 FRAFA AT P25 5 W AN TR ZH 21 cDNA TR 10 4%,
B WERBURA, S 4 5 R 7 K, 158 8 A
FABEHY ¢cDNA, I LA AR , % [ LightCycler 480
SIS 28 R SO i P S i IR A A v i e 38
FWARZ . 2xSYBR PreMix Ex Tag (TliRNaseH Plus)
8uL, FF#EFI4#(10 pmol/L)%% 0.5 uL, cDNA 1 pL;
SRR : 50 C 1208595 °C 305s;95°C 10, 60 C
60 s, 40 MG, WHEDOLIFS; MEfithZ 95 °C 305,
65 °C 1 min, 95°C 1 s, MIEIRUEMLLER, KA
121 cDNA i 200 %, Xf A FF 1T qRT-PCR

P, BAFERESE 3R, OVAIR R AR L
1.5 SLIGEIEAIEF ST

g 4 MR TR 5 (BestKeeper . NormFinder
geNorm F1 RefFinder #528) i N 2 B A (1) R A Fa
4. BestKeeper 4l C, {H I 55 REL(CV)FIbR 2
(SD)PEAl 2 FE K B FR 8 A2 M (Pfaffl e al, 2004),
%}F NormFinder I geNorm, /A=, @=2Camin-Casample
HHERH] O (H(Comin HFERTERE S T E/N CofH;
Cosample HFEHRTEMLHE MR C, i), NormFinder
FIA—A ANOV [ RO O {41 N Rl ] 25
5, IR IERCE(E (S V)X NS 2L 317 HEF (Andersen
et al, 2004), geNorm 38 3 715 P 2 5E AR X F [7]— 43
B e A B 1 i A At PR A S 38 0o A8 Sl R
BR R IR EMER A M. 55507 T H RefFinder
(https://www.heartcure.com.au/for-researchers/) , 2 3&
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JUAT - BI{E (GM) X N 2 56 P RS E PR EAT 20 B, %
13 AL A 2 DX ARG SE PR HEAT PG, DT 0 32

TEW T B BRAS 5] 6 7 B BRI A £ A [ 4 2 v e 3
X E NS 2RI

1.6 WSERREMEEIE

SRy it — 2 B UE AR N S B R AR 1, SRR
PES AT A5 AT R BE VR A e ) S 561, BB
HH AN R A B I A sk 4 A 22 SRR
H(zp3. atp2b3. sicl3a5 F parp8), it qRT-PCR
R H 3R GR K-, O 5 5 SR 2l 22 S 5 PR 4 R R A7 X
b, DATPAL 25 55 30k 1t m EAf M o

bp M 1 2 3 4 5
2000

1000
750
500

250
100

2 &R
21 EE5YWEREHRN
kNS H 514 PCR ¥ 15, Hnl3kfgsp—

[ PCR =4, Tonl¥) —BUHAER: D (& 1),
PSR B, qRT-PCR & 1 52 b ofi: i 28 70 #r
A, HAERE R EH M 0.83~1.00 (A[H4L),
0.88~1.00 (A [FIHIIPENR)(GR 2), #74G qRT-PCR 545
X1 EER . T 13 AMERE N S 3
filR 4R, VE(E (TN —{H, ¥ ik EE LT,
1k S (B 2), qRT-PCR Z5RMEM T 5L, 1T H]
FRIBREMEHT .

7 8 9 10 11 12 13

Bl 1 13 @ik N SEE A PCR ¥ 3-8

Fig.1 PCR amplification products by 13 candidate internal reference genes

M: DL 2000 DNA Marker; 1: actbl; 2: actb2; 3: efla; 4: rpli3a; 5: rpll3; 6: eef1b2; 7: ccdcl24; 8: cfll;
9: nm23; 10: rapla; 11: eif3g; 12: ikbkg; 13: ywhab

x2 BMRENSEERIELR

Tab.2  Verification results of 13 candidate internal reference genes

2 AL R A

Correlation coefficient of

AT st S 1 A A S 2

Correlation coefficient of

ANEHAL C A

C, values of different

AR C(E

C, values of different stages of

Gene different tissues R differ(cltnt stages of g‘z’“adal tissues gonadal development
evelopment R
actbl 0.90 1.00 20.86 18.22
actb2 1.00 1.00 17.16 16.68
efla 0.99 0.99 19.22 19.59
eeflb2 0.90 0.97 20.94 20.53
rpll3a 0.99 0.99 19.34 19.91
rpll3 0.99 1.00 17.49 18.10
cedel24 0.83 0.96 21.28 21.54
cfll 0.99 0.99 17.93 18.79
nm23 0.91 0.99 20.49 20.23
eif3g 0.92 0.99 20.14 20.11
rapla 0.99 0.99 18.77 19.33
ikbkg 0.95 0.99 19.60 20.03
ywhab 0.89 0.88 20.99 21.13

22 ASEEREFEE

qRT-PCR 1Y C fH 7] WL RIAFERE, C
E R/ NG IR IR F R R A, 3k 2 s,

i 13 MASENEARNFAL T C EN
17.16~21.28, FEMEMEARRBTIVERRE C, (N 16.68~
21.54, HHr, actb2 1) CAHAEAN R ZH L5 MERFEAS [m] i
HAMERE RN, AR SRR RS .
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A A
0.05 7 ikbkg  0.04 nm23 005 ywhab 0.05 rapla 004 rapl13a
. 0.04 ‘ 003l 0.04 . 004 . 0.03
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> 0L . O] TN
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B2 13 AMdk N 2 BL R i it 42 40 B
Fig.2 Melting curve analysis of 13 candidate internal reference genes
3 - .
-=— RRIAHR
2.3 1& Wﬁglﬁl& I'iﬁ*ﬁ' Different tissues
-~ AR AT B
2.3.1 Bestkeeper S5 M4 R BestKeeper 74T 2 Different developmental
ZERANE 3 s, fE A AR EHS T, FRE g Sl stages of male and female
TEMWMIK A actbl (SD=0.08; CV=3.84)>actb2 (SD=0.13; g
o
CV=1.73)=efla (SD=0.13; CV=2.59) > rpl13 (SD=0.16; :§
CV=1.97) > ywhab (SD=0.22; CV=6.00) > eefib2 =
(SD=1.76; CV=5.66) > rpli3a (SD=1.90; CV=2.83) > » ot
nm23 (SD=1.91; CV=3.64) > eif3g (SD=1.92; CV=3.46) E
> ccdel24 (SD=2.07; CV=6.09) > rapla (SD=2.11; ®
CV=2.38) >cfll (SD=2.14; CV=2.11) >ikbkg (SD=2.66; d
CV=3.13), actbl. acth2. efla. rpl13 Fl ywhab5 4 -r I . . .
" N - & > °o b( \ %
LB SD /N 1.0, B LRI 13 AR IF 4L S 0 &\"\‘“’ &“’&” Wi S

AP RINBNFRE

FE -G MEAE M RN R &R B R, DR e P
KIKH actb2 (SD=0.01; CV=1.73) > rpli3 (SD=0.07;
CV=1.97) > efla (SD=0.09; CV=2.67) > rpll3a
(SD=0.09; CV=3.01) >actbl (SD=0.10; CV=2.01) >

ywhab (SD=0.24; CV=5.78) > cflI (SD=0.79; CV=2.35)

> rapla (SD=0.86; CV=2.49) > eeflh2 (SD=0.95;
CV=5.51) > eif3g (SD=0.98; CV=3.56) > ccdcl24
(SD=1.00; CV=5.90) > ikbkg (SD=1.01; CV=3.23) >
nm23 (SD=1.04; CV=3.70). A 10 KK SD fH/h
F 1.0, 5 actb2 .rpli3 . efla.rpll3a.actbl . ywhab .
cfll. rapla. eeflb2 F eif3g Fk K 7E M B A [F] &
AR RBREE .

F K Gene
B 3 BestKeeper 43 H7 /N [7] 2 23 R e i A [7]
K B Ak N 23k TR Rk R E
Fig.3 BestKeeper analysis of the expression stability of

candidate reference genes in different tissues and different
developmental stages of male and female gonads

2.3.2 NormFinder 3k 5 #7145 R NormFinder %K
PR R AN IR 4 FoR, e TR [ 2180,

13 MEEBE N 2 B A AR 8 MR R actb2 (SV=0.04) =
1pl13 (SV=0.04) > acthl (SV=0.17) > rpli3a (SV=0.32) >
ywhab (SV=0.37) > nm23 (SV=0.47)> rapla (SV=0.47) >
cfll (SV=0.47) > eif3g (SV=0.62) > efla (SV=0.65) >
cede124(SV=0.71)>ikbkg (SV=0.73) > eefIh2 (SV=0.84).,
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WEREE B TR R BRI, 13 MRk NS RN E
PER N acth2 (SV=0.04) = actb] (SV=0.04) > rpli3
(SV=0.07) > efla (SV=0.12) > rpll3a (SV=0.22) > cfl1
(SV=0.31) > ywhab (SV=0.37) > rapla (SV=0.47) >
nm23 (SV=0.47) > eif3g (SV=0.62) > ccdci24 (SV=
0.71) > ikbkg (SV=0.73) > eef1b2 (SV=0.75), FHf,
acth2 . rpll3 3EH 5 acth2. actbl FEFH SV {H 435
PR NCIEEEARST iRy o N il -a= N Bt e el = S X
FHE SV EML, BPRE M L AL s, [R] A ] e
223 eef1h2 FEN MR E MR 25

09 r-a- R4

08 - Different tissues /'
Sl WRRRAZENE .
07 F Different developmental %

stages of male and female //

=4
[=)}
T

=4
W
T

o /_ |

FaE(H Stability value (SV)
o
»

03

0.2

0.1

ol % . L ,
%El Gene 0

Kl 4 NormFinder 737 AN [i] Z2H ZURIHfE A 1 fij
ANTR) K B I 40 1 A 2 ik DR R R
Fig.4 NormFinder analysis of the expression stability of

candidate reference genes in different tissues and different
developmental stages of male and female gonads

233 geNorm H A% R TEM] T A [F] 2H 2
Hr, 13 Mgk NSRRI RRE TR 5 R, Kk
N acth2 (M=0.07) =rpl13 (M=0.07)>rpll3a (M=0.17) >
actbl (M=0.26) > efla (M=0.39) > ccdc124 (M=0.47) >
ywhab (M=0.50) > rapla (M=0.64) > eif3g (M=0.72) >
nm23 (M=0.76) > eefl1b2 (M=0.80) > ikbkg (M=0.84) >
cfll (M=0.89), H:H1, actb2 Fl rpl13 FEH Y M {E /N,
HIELFRCE s, KA rpli3a. actbl M efla,
cfl1 FEHFFRE 2= .

W PR RS ) 5 7 I 4 b 13 i N Sk I Y
R E MR N actb] (M=0.08)=rpl13 (M=0.08) > acth2
(M=0.10) > efla (M=0.13) > rpll3a (M=0.16) > cfl]
(M=0.21) > ywhab (M=0.47)= ccdci24 (M=0.47) >
rapla (M=0.64) > eif3g (M=0.72) > nm23 (M=0.76) >
eeflb2 (M=0.80) > ikbkg (M=0.84), H:, acthl Fl
rpll 3 FEPIH) M BB/, HIE R E M m, HX
M oactb2, efla M rpli3a, ikbkg FFFfaE MR,

10r o AN[EIZH4A Different tissues

HERRAR K F BB
Different developmental stages of . /.

r male and female

< o o
B =)} oo
T T

SRR E M
Average expression stability M

S
NS
T

/

/
—

0 s N\\f’%\ﬁacm\é\gcﬂﬁv 10 o?‘é‘@%«@f&" L)
H:H Gene
K5 GeNorm ZpHr AN ZH SURIMEMEME SRS TR R &
30 B 1 9 2 R TR 3R R R (L
Fig.5 GeNorm analysis of the expression stability of

candidate reference genes in different tissues and different
developmental stages of male and female gonads

2.4 RefFinder %7

i FH RefF inder X Bestkeeper ,geNorm ,NormFinder
3 PR G AT, SE WECRIHES NS Y
%%M%ﬂfré(xle et al,2011), RefFinder 73745 F4nE 6
JIE7R , TERH il B A0 AN [ 20 23 4 25 PR AR R PRI R
acth? (GM=1.73) > rpl13 (GM=1.97) > ¢fll (GM=2.11) >
rapla (GM=2.38) > efla (GM=2.59) > rpll3a (GM=2.83)
>ikbkg (GM=3.13) >eif3g (GM=3.46) > nm23 (GM=3.64)
> actbl (GM=3.84) > eeflb2 (GM=5.66)

= RFEHA
Different tissues
PERRTAL R BBEL T
Different developmental
stages of male and female

N N
T

JUTE-{E Geometric mean (GM)
[ 8]

’1» \ D aod oV b‘
50 & @r\\ \\% ‘?:\‘@ ) ,g\‘oﬂﬁo o
Elﬂ Gene
6 RefFinder 4347 A 7] 2 ZURIME MEdE B R & &
IS0 114 o 1 1A 25 5k DR 3k J LA - 241
Fig.6 RefFinder analysis of geometric means of candidate

endogenous gene expression in different tissues and at
different developmental periods in male and female gonads
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>ywhab (GM=6.00) >ccdcl24 (GM=6.09), acthb2 RIZ=
IR E AR o TE T Tl M B RS [] 2 38 I 30145 L TR
HIFAENE N actb2 (GM=1.73) > rpl13 (GM=1.97) > actb]
(GM=2.01) > ¢fIl (GM=2.35) > rapla (GM=2.49) > efla
(GM=2.67) >rpl13a(GM=3.01) > ikbkg (GM=3.23) >eif3g
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Abstract

used molecular techniques, which allows the detection and quantification of gene expression due to its

Quantitative real-time polymerase chain reaction (QRT-PCR) is one of the most widely

high sensitivity, specificity, and reproducibility. To increase the reliability of the experimental results,
internal reference genes are used to normalize the data. However, previous studies have shown that the
stability of internal reference genes is influenced by experimental conditions and interspecies variations,
and no universal internal reference genes have been identified for all species. Therefore, suitable
internal reference genes must be identified for each species. The Hong Kong catfish (Clarias fuscus)
has strong adaptability, high nutritional value, and tender flesh, and it was first introduced to large-scale
aquaculture in the Guangdong and Guangxi provinces in the early 1970s. Currently, it is a key
aquaculture species in the Guangdong-Guangxi region and one of the freshwater economic fish cultured
in southern China. Thus, fairly extensive molecular biology and genetics studies of C. fuscus have been
conducted, which in turn has increased the demand for quantitative gene expression analysis by
gRT-PCR in these animals. Consequently, there is a growing demand for quantitative gene expression
analysis by qRT-PCR in C. fuscus for various molecular biology and genetics studies. However, few
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studies have evaluated the internal reference genes for this species. Therefore, we aimed to identify
suitable internal reference genes in different tissues and different stages of gonadal development of
males and females to provide the necessary tools to support subsequent gene expression pattern
analysis.

In this study, we examined the expression of 13 internal reference genes (actbl, actb2, efla, eef1b2,
rpli3a, rpli3, ccdcl24, cfll, nm23, eif3g, rapla, ikbkg, and ywhab) in different stages of gonadal
development and different tissues of adult fish of C. fuscus. We used four software tools, namely
BestKeeper, GeNorm, NormFinder, and RefFinder, to evaluate the expression stability of the internal
reference genes. BestKeeper software evaluates the stability of internal reference genes by calculating
the standard deviation (SD) and coefficient of variation (CV). The results showed that in different
tissues of adult fish, the stability ranking of these genes was as follows: actbl > actb2 =efla > rpli3 >
ywhab > eeflb2 > rpli3a > nm23 > eif3g > ccdc124 > rapla > cfll > ikbkg. In different stages of male
and female gonadal development, the stability ranking of these genes was as follows: acth2 > rpll3 >
efla>rpli3a> actbl > ywhab > cfll > rapla > eeflb2 > eif3g > ccdcl24 > ikbkg > nm23. NormFinder
suggested that the best stability ranking was as follows: acth2=rpll3 > actbl > rpll3a > ywhab > nm23
> rapla > cfll > eif3g > efla > ccdci124 > ikbkg > eefib2 in different tissues of adult fish and
actb2=actbl > rpll3 > efla > rpll3a > cfll > ywhab > rapla > nm23 > eif3g > ccdc124 > ikbkg > eef1b2
in different stages of male and female gonadal development. The geNorm screens for the most stable
internal reference genes by comparing the stability value (M) of each internal reference gene. It indicated
that the final stability ranking in different tissues was actb2=rpli13 > rpli3a > actbl > efla > ccdc124 >
ywhab >rapla > eif3g > nm23 > eeflb2 > ikbkg > cfll, and actbl=rpll3 > actb2 > efla > rpll3a > cfll >
ywhab > ccdcl24 > rapla > eif3g > nm23 > eeflb2 > ikbkg in different stages of male and female gonadal
development. Finally, RefFinder analysis integrated the results of the other three software tools and
showed that the comprehensive stability ranking of each gene in different tissues was actb2 > rpli3 > cfl1
>rapla> efla > rpll3a > ikbkg > eif3g > nm23 > actbl > eef1b2 > ywhab > ccdcl24. In different stages
of male and female gonadal development, the comprehensive stability ranking was actb2 > rpli3 > actbl
>cfll > rapla> efla > rpll3a > ikbkg > eif3g > nm23 > eeflb2 > ywhab > ccdc124. Given this, we can
conclude that acth? is the best internal reference gene for C. fuscus. To validate the accuracy of the
results, we selected acth2? and rpll3 as internal reference genes and compared their expression levels
with those of four genes (zp3, atp2b3, sicl3a5 and parp8) from transcriptome RNA-seq data. The fold
changes in the expression levels were closer to the transcriptome data when using acth? than when
using rp/13, indicating that actb2 is more stable than rpl/3.

This study demonstrated that actb2 showed good stability among the 13 internal reference genes
and could be used as an internal reference gene for different stages of gonadal development and
different tissues of adult fish in C. fuscus. The results can provide technical support for the subsequent
research on the functional gene expression patterns of C. fuscus and are expected to be applicable to
other catfish species.
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