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EF-la. GAPDH. PPIA Fll PP24 53N, B R ENE
Y3 AN M A= A T o) ) MR L PR 3 T R R TR KO
TN R WBN, I RRTEAWIR LT 24 4
FHAER B BoRE R IR, A Yang 55(2020)#F 52 R,
B HE N 1) R IR T E M2 2 B DRI 2H 222 S 1 52
W), FEAN[E A g RN YA —3, Hik, &
X R E PR RS RN SR, A B TR
qRT-PCR 45 3R 1 HERA M

L5 R T A8 B 1 24X (Osteichthyes) . #77E H
(Perciformes) . % B} (Carangidae) . il % J&§
(Pseudocaranx), S 124K I 2510 £ 28 (R I 45,
2015). A T R AR W) BT IR T R R B e 5
FARTE R, AR BAIELE R G0 R #6570 £ W2
FIRAL 258 (Wang et al, 2022), LABEAFUL65 Jy %f 42
SR IA & 7 1 L I = 115 A S & 2 NS A L N 25
RO SRR IEAE ) I PR . T A3l i N S 3
PRI T Ji vt 4L 65 53 1 A W) 2 R 9T (R 6t o ASBIF 5 DA
BOF IS SR 5, R T A 028 qRT-PCR |~
ZAERE 9 NNSEERE, X HAESH B0 h Rk e
PESEATPEO 20T, LI Ay 8ty 40065 ) (8 25 DXL A s AL
FE gL E NS, N2 m RS
TR SIS oA W Fst R e SRR R S

1 #REFE
1.1 SCIEH

PSR B R K IE S A R ] 97 5
Yo BEHUREE S 3 B, PRHE A(1 488.72+135.95) ¢,
A KM (36.27+0.63) em, fiEIIF 20 BIEBUH: 10 A~4H4
TN ST 1N 77N = SN SN I B =3[ RS 1 S
PBS ZZ i ok, RBRIUB R Ah 25454140, & F
WRAE, VAR ARATRE, BEE
—80 CHBACIR VKA P ARAF, TG LR RNA I,

1.2 Fik

1.2.1 RNA#MR5 cDNA 4% B LLI{ATFM 3 B2
BAFS 10 ML 30 mg, SMaEIRE . A1, fifi
A TaKaRa RNAiso Plus (54 %) it 51 4 1) £ B
RNA, BRI T @it 1% 5
I PR RS T 42 B RNA A il ) 52 #4941 ] Nano300
T A G BETH ()R I i f . RNA VR FE 5 20
EO "é‘ RNA E/'j OD260 nm/280 nm & OD260 nm/OD230 nm {E
BITE 1.8~2.2 Z 0], RWIFTEE RNA 4l fZ 4 .
{ifi Ff] TaKaRa PrimeScript™ RT Reagent Kit with
gDNA Eraser (FEAYNIEHRELT RNA HE s

cDNA, H /A% B e sk E Ui 5847 . 1% cDNA
BB F-20 CIAEE
1.2.2 314kt Fedn e W &AM R A R 2H 1Y
OB T S AL B (Wang et al, 2022), FIFHTEL T
H Primer5 %11 9 NS FEH (B-actin RPL13 \EF-1a.,
GAPDH. HPRT. PPIA. f2M. TUB il PP24) (3% 1),
7 B AR R AR R A IR J A

¥ 1201531 B BT L85 10 41410 cDNA
FES S TR A 11 3 HeldE AT 7 A B R R (1/3
1/9. 1/27. 1/81., 1/243. 1/729. 1/2187), VI M
W EfT qRT-PCR, ##briEfisk, HERK R* A
0.952~0.999; P HIZLER N 94.4%~104.6% (£ 1), £F
A qRT-PCR 250555 [ MY BEK
123 ZEHEXZETPCR ¥ 1217458 cDNA
Fii B 5 A5 AR A, 1 ABI 7500 520+ %6 % € H# PCR
{¥ (Applied Biosystems, & )17 14 {# ] TaKaRa
TB Green™ Premix Ex Tag™ 11 (54907 & c il
SRR, SUWAK 2R : Premix Ex Tag 11 (2%) 10 uL, ROX
reference dye II (50%) 0.4 uL, 10 pmol/L I F#5|4
% 0.8 uL, 25 ng cDNA #itf, I ZEKAMNE 2 20 pL,
FF A 8 AETE UK 4T, qRT-PCR ¥ 1FEF: 95 CH
AR 30 s 5 R AMEH ; 95 CAETE 55, 60 Tk 34 s,
WEEZOEIE S, 2t 40 NMER; JFiET TR 2 b
TP 95 CZA8PE 15 s, 60 ‘CHasE 60 s, L) 0.05 C/s
MR L THE) 95 °C, e MAE S AR, 95 CTHa
E15s, 60 CiBA 15s. BRI 3 M HAREE,
IR R
1.2.4 ALK RAEZ RN £5 7500 System SDS
B A (Applied Biosystems, 32 [E)AbFE qRT-PCR 455,
3NN S LG BE (C) o 1t A 3K : Cg=Crxlog(2)/
loge (i, E JEEAT Y Y HROR K45 FE 5
qRT-PCR 135 f) Ct (%5 HM Cq 18 .

FRAE 4 FPAS R A9 5505 1000 P 2 3 R 1) ek R e
4 , f14% BestKeeper .NormFinder . geNorm fil RefFinder
iRy, BestKeeper 4 Ct {ELINAS S REL(CV)FIERIE 2
(SD)PEAl 2 HE K B R a8 A2 € M (Pfaffl er al, 2004),
*FF NormFinder F1 geNorm, F|FAZL Q=2C"mi"'c"5*'“v'°i‘|‘
BARH O MH(CGmin HIEFTEREM TN Cq 18
Csampie NIERTEF KA HY Cq (). NormFinder
I A—A~ ANOV 5 i) 5 8 S 3153 O {20 PN A 4 ] A
S, JF MR AR E E (SV) X N S JE I B AT HE
(Andersen et al, 2004), geNorm i#iid O HiTH NS
FE DA 1] — 43 A7 v A 5 1 i A HG Al 356 P 7 7 3
JERT A% S ok iff o ik PRl 6 R B R {1 M(Vandesompele
et al, 2002),
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Tab.1 Primer sequences for the 9 reference genes and test gene
BLAH BEIN 24 R R 51 WAL 7 57 7N PHROR KR
Gene Annotation of gene Primer sequence (5'~3") Product size /bp Efficiency/% R?
B-actin  Beta actin F: GCTGTGCTATGTGGCTCTGG 202 97.465 0.999
R: GATGCTGTTGTAGGCGGTCT
RPLI3 Ribosomal protein L13 F: CATCTCTGTTGACCCCCG 134 95.344 0.996
R: TGCTGTCTCCCTTCTTGG
EF-lo.  Elongation factor 1 alpha F: CCACCGAGCCCCCTTAC 129 95.679 0.994
R: TGTCTCCGTGCCATCCA
GAPDH Glyceraldehyde-3-phosphate F: CTCTTCCCCACTCACA 126 98.569 0.996
dehydrogenase R: TCACCAGACGACCGAT
HPRT Hypoxanthine phosphoribosyl F: AGGAGATGGGGGGGCAC 123 103.742 0.994
transferase R: TCATTGGGATGGAGCGG
PPI4  Peptidylprolyl isomerase A F: TACCTTCCTTCCCTTCCCAC 214 95.153 0.959
R: AACGACAACAACAACACGCC
B2M Beta 2-microglobulin F: CAACAGATTCCCCACAAC 128 94.394 0.998
R: CTAAATGACAAGCAGCCC
TUB Beta tubulin F: CTCTGTTAGGTCTGGTCC 254 104.570 0.952
R: ACTCCTCCCTGATTTTGC
PP24  Serine/threonine-protein F: TTAGGCGTTATCGGTTG 205 95.413 0.986
phosphatase2A catalytic subunit R: AGTGTCCTGACTTGGTT
myodl Myoblast determination protein 1 F: CACGACAACGGCTTCTACCCT 225 99.354 0.990

R: CTCTGTGCTGATCCGCTCTAC

2245 Fr T. 2. RefFinder (https://www.heartcure.com.
au/for-researchers/)fR 95 JL{n] *F- ¥ {H (GM) X} § 2 3
AR E PRI AT 43 1T (Xie et al, 2011),

125 AALAKRRAZHEIE F] FH qQRT-PCR 43 #7
BN 8 H 3 myod I 1E¥HT BB 2L, AL 2 4>
WAL | 82 N EENLAAL Y RIBENR, 519
Btk 1.2.2 (3 1), qRT-PCRI SR 1.2.3, 7E
I L3R 2 A B 45 2 B A8 B AR RPLI3
EF-la, MFEMEBZEMIP2IM . B-actinfl GAPDH4Y i
KNS IR BIER T, Xmyodl TERl—AHLIH B
X IR HEAT 22 SR A0TSR A N SRR E
PEFIATSEME:

1.2.6 #HEHI A M2 AR R KA
AT AN Ak (Livak er al, 2001), FHFYI(E+hrifE2
(Mean=SD)# /i, f#i ] SPSS %4 (84 K & )7 2257
Hr(one-way ANOVA)FI 7 6 Sk 1722 7 b PR 49

2 #R

21 NSERREFE

qRT-PCR 1 Cr {7 E 4 e Wt R () ik 1
Ct ER/NSGizIEH RSB FILR A, E 1 FF
N, 9 NNSEEEEHT ST A LU0 Cr E
T 20.85~32.92, FRikF MR EMIRHE PR R

RPLI3> EF-la >B2M> B-actin> PPIA> HPRT> TUB>
PP24> GAPDH, ./, RPLI3 WY Cr{lif/N, ¥
B SE DR 1) 26 38 = B2 45 0 s GAPDH ) F-3 CHiE e K,
Vb B BE PR 1) 223k 2 B eI

40
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25| Q
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e ‘3’ Y* ‘bl Q \}v (\ k“ & D
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qRT-PCR #:ll (1) Ct 1

Fig.1 Ct values of 9 reference genes in different
tissues of P. dentex by qRT-PCR
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The box represents the concentrated range of Ct values, the
horizontal line in the box represents the median, the upper
and lower sides of the box respectively represent the
upper/lower quartiles, and the upper and lower ends of the
box respectively indicate the maximum/minimum value.

CHH Ct value
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2.2.1 BestKeeper % #f BestKeeper i i 118 b
1 22 (SD) A AZ 5 R EL(CV) K S e N 2 58 N i A
PEo Hrr, SDEREIABRE(E 2 #i4) R 1.0, KT
ZAE BIIA A 2 155852 (Pfaffl et al, 2004); CV {H I
ZIHNAEARFAL P B FRIRKZFRE . SD HA
CV H 5 RN M e R A . BestKeeper 73
Bras R an &l 2 o, HAS e v s BUIRAK IR : EF-1a
(SD=0.72; CV=3.29)>RPL13 (SD=0.78; CV=3.69)>PP2A4
(SD=0.81; CV=2.49) >PPI4 (SD=0.95; CV=3.41) >
HPRT (SD=1.20; CV=4.03) > 2M (SD=1.42; CV=6.51)
> TUB (SD=1.43; CV=451) > GAPDH (SD= 1.74;
CV=5.48) > f-actin (SD=1.81; CV=7.20); 7 4 {3
) SD {H/NT 1.0, W] EF-1a. RPL13, PP24 1 PPIA
FEATE RS 10 DARIH A PRI BONTRE

20
1.8¢
1.6+
1.4+
1.2+
1.0}
0.8+
0.6 — L

- 1 1 '{ 1 1 :5 0‘
FH Gene

Bl 2 BestKeeper 4387 9 A~ S 3L H G bR i 2%

Fig.2 Analysis of standard deviation of
9 reference genes by BestKeeper

BEZAER SD MEh 1.0 BN BI{E, S0 mAEER
RIBTEMEEN, 20 iURRBATRER SN
The horizontal line indicates the BestKeeper cut-off value of
1.0, solid point indicates stable reference genes, and hollow
point indicates unstable reference genes.

NG
Standard deviation

2.2.2 NormFinder 4 #7 NormFinder 3% T 4H[a] J5
254N 211 stability value (SV), 11 SV {H K
/N5 NS5 AR E P & M 5 (Andersen et al,
2004), NormFinder Z3#r&5 3R NE 3 Wi, 9 MHS
i IR BT 005 AN [) 21 20307 ) B T HE 4% DA v 31
AR . RPLI3 (SV=0.525) >EF-la (SV=0.595) >
HPRT (SV=0.904) > TUB (SV=0.946) > PP24
(SV=1.077) >PPI4 (SV=1.284) > B2M (SV=1.775) >
GAPDH (SV=2.521) > p-actin (SV=2.563), Ht,
RPLI3, EFIA W) SV {E#HENT, HAH LA I A Y
SV EHEAR, ULBHIX 2 AN SEEH IR e PR
2.2.3 geNorm 4 #7 g geNorm T HANS
5 RUAR X T T A At 30003 X 8 366 DA g ol %o A8 Sk A 7
3hTe I BT NS FRRE N M E, &8

3.0
o 2.5F
@g 20F
He st
BZ 0}
wn

05}
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Fig.3 Analysis of stability value of 9 reference
genes by NormFinder

HEBR e AR E NS L, 19 21 F A N S 3L R 1973
FiktaEM: M {E(Vandesompele et al, 2002), MZEiH
B ANFRE IR T 0, AR 2R IR A2 T A 1 o BE 1A
WATHEY , A ERGER 2 N ERE LS, DI e %
A EE NS . geNorm 43 #H7175 2 A N S 4k
K Rk fae M M EZ R (K 4A), R 9 AN
S AR PEHEA N = BIMIAR IR )& . RPLI3=EF-10.>
p-actin >GAPDH >PP24 >TUB >PPIA >HPRT >f2M
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Fig.4 Average expression stabilities of 9 reference genes (A)
and the pairwise variation (B) analyzed by geNorm
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LS qQRT-PCR 5 3 K i 16 M 36 1E 111

W VI FIEFE 0150 25 Viyey<0.15, n N
SEN IR R IE B RN RIE /R, 2, T
n+1 ASHER T IE, Bl 4B 45 Box, A
BN AE 5 R EL Ve YN T FHE 0.15, BUMATE £
MR NSHEAXT VAE AR, Bk, 2 W35
KI(RPL13 F EF-1o)BK-E A, Ak BIALIE H 195
RIFR|EK,

2.2.4 RefFinder 4 #r RefFinder %§ geNorm .
NormFinder, BestKeeper 3 FBE AT 8500, N
BAASFEP A3 LA Y AR, 275 LU FHER NS T
(2 K Fa 2 P (Xie et al, 2011). RefFinder 4345 4 i
AN, A HE AR E PR LR HEAS B BRI A RPLI3
(GM=1) > EF-1a(GM=1.86) > PP2A(GM=2.71)>HPRT
(GM=4.23) >PPIA(GM=4.73) >TUB(GM=6.24) >B2M
(GM=6.74) >B-actin(GM=8.24) >GAPDH(GM=8.74).
Hrh, RPLI3 M EF-lo WFRAFE VAT
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"
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& 5

PR E VRS RPLI3 A EF-l1o, MAREVER 22
B2M . B-actin Fl GAPDH 43 5| NS EE, 2 H s
I myod] 1 # AT IS AL LU AI X 38, T A
[F) P9 2 56 R 5 NS5 1 T LA X 3R 8 7K 7 1 25 S v 4
B, LASS TR B A 0000 25 SR ) AT Sk o S5 2R A 5 R,
TERASR S A RPL13 F1 EF-10. 5 qRT-PCR N2
LRI, myod 1 HePRAE AT L5 (1) [7] — 2 2L (AR X
FEAKOER T 2 5 (K 5 IRIKEATEAE); (HL
B2M, B-actin 1 GAPDH N WS IEH I, 1L 54!
H A R KR B E R R (S KK
TEAE). SRR, Hphslik A RPLI3 Fl EF-1a
VE R Hl BB AN R SO N R IR NS L, BR IR E
qRT-PCR %% 5 () v aff M Fnm 55 1

3 itie
3.1 gRT-PCR IS EEAMIEHNEX

4R, qQRT-PCR JE Al HE R R B E T 7%, H
RASZIRIE N D RE LA T DB SEBG B o 22 B9

HD

3
H—§‘35-B .
Gy
%5 200 |
Ny 25r
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Q) g 150}
#® = 1201
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g 0
c &0 > o
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AT NS S G 0T myod 1 TEFHT ISR HILA) . PRALB). B (C). (D) 4 ML I M kK-

Fig.5 Relative expression level of myod! in slow-twitch muscle (A), fast-twitch muscle (B),
kidney (C) and gill (D) of P. dentex using different reference genes or combinations

* KR T 3 (P<0.05), **FR 25 8 3E (P<0.01),
* shows the significant difference (P<0.05), and ** shows the highly significant difference (P<0.01).
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2 PR BOR H R IR A AN SZ W58 554 19 52 i) BLAE AR
[FIZ0 20 2 M1 K22 %3k (Zhang et al, 2005), REA% M it
fb QRT-PCR X 2 w2455 . {H Yang %5(2020)WF 58 &
W, A NSRRI R B SZ B YR AR H S
AN B B B LA RO R BB 2 i s, PRI, A
ST A IR RN SR T AR 1 Bk H ] —Fh A 5 A
i 18S rRNA & F 8 (Oryzias latipes). A FE H4F
(Exopalaemon carinicauda) ¥ N BL A /) N = %k
(Zhang et al, 2007; BEAESE, 2017), {HAES 8 R J7 il
(Takifugu flavidus) . 5 B H ) (Carassius auratus
gibelio). = fHRNT 85 (Oncorhynchus mykiss) . & 1055
Py b v HUASE G = %8, 20205 BBRESE, 2020,
JRIRHESE, 2022; A ER S A, 2009). HAT, BT KM —
FANZZ LR RS20 | BESETE i A Rl R 2H 210400 B vh
FRAEFR E F2 8 M HLAE N S L H (Bruge er al, 2011), A
I, fE qRT-PCR SCHGZ I, B3 HFE Wk ik H45
HAYIRERRE RIX N S HL gl AR 0y B,

32 MESEREMREMITN

qRT-PCR NS H & BEAEA R A ZUh B
—JEPRSFIE B4 A DA, 38 O S AN [ 1Y
HAU M REIE R E Ik . AW RS 9 M T
FREK N SHEN, RS 62 10 48U
LRGN, 1B 4 MR T AR e v . 45 R oK,
4 PRI 25 R A HE R SR AR — B0, B RPLI3 AN
EF-la TEHFIIS AN RII T AR EM ., H
e, 5 AR 5 DNSIENE CV EVEF 3.94~
15.36 (JpGeEsE, 2022)4H e, A5 BestKeeper 73t
9 MHZSEEH 2.49~7.20 19 CV {EFEFIEAR; AR
NormFinder 43 #r 9 WS E KW SV {H i [H
0.525~2.563, 5 =AHIRUTEE(IRIRMEAE, 2022), K[
fi(Acipenser dabryanus) (AR, 2020) 1457 45 R
et [WBF, RPLI3. EF-lo FEEHF LSRR 418U
FIRFEBGE T, FFEHEBNS R P& CRIE R
S, 20060) . A WFFEERB, RPLI3 TR B¢ B
(Cromileptes altivelis) /A [a] % ¥ 4% B 1 2 # #if
(Oxygymnocypris stewarti)"F 9% % & b =ik e fa 2 1Y
WZHE[H (Chen et al, 2021; FMNEERLS, 2019); EF-la
RO, HEEE(Monopterus albus) ., ik K ER Ik iR
ERN B R (McCurley et al, 2008; Hu et al, 2014;
A, 2020), [FIEE, 4 PR T 30 HoAl 7 4S9
ZHEN MR E R, (BHF 2R A 225, X0]
fIE 2 N 2 5 DR A M 0 A () 7 (Ward. et al,
2015).

L2 NS IH R R EE/S P Jrim, Bustin %5
(2009) FE IS AE — o X6 35 PR 2 35 2 1t A S BORIRH =
R ST P e BRGHE ELRY 2 SRR R NS 3R R TR R XL
PS4 BE T ME A b o M B % 35 R FE R W] 412U A
X ek, P LI AE R ARE AR, AU AL A
Xf IR G R A FEVE (RIS, 2022), AAFFEALIIE
SET RG] RPLI3 FI EF-1a WiANINSIE, 455
FLA S i R M R

33 ASEREREMTMERHBIE

R T HE— 28 B0 UFARE AL T 45 S 0 MER I, ARAIF A
FIH myod 1 FE T HUBSIE L . PLL, B . BESEALHEN
(R AR 238 EAT AR [6] 9 2 36 R 5 A S50 T I AR G
KT o myod] JEHHESH IR ML & & 1 3=
PAEEIEN Z —, XS LAY TR WA i S s E
Lh GAPDH } W Z 5 B myod 1 7EH LK 5B)HEAS TG
ik, S¥eA M H RPLI3 Ml EF-1a NS 3k
B myod1 EZEAEPAL A Fe 38 1 45 AR S, i
SR myodl FEAEF BN I8 1B L (FLAE AR 55,
2020 M7 & 5 VA B-actin NS FEHE, myodl 1£'S
(F sCyFIE (1 sDYh R Rk, 5 myodl 7EAENLIA
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Abstract
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Quantitative real-time polymerase chain reaction (qQRT-PCR) is one of the most widely

used molecular techniques, often implemented to allow for the detection and quantitation of gene

expression because of its high sensitivity, specificity, and reproducibility. However, reliable and

comparable relative quantitative results using qRT-PCR require the application of appropriate

reference genes in order to eliminate non-biological variations caused by initial RNA templates,

efficiency of cDNA synthesis, and laboratory procedures. However, previous studies have reported

that the stability of many reference genes may vary across species, tissue types, cell lines,

developmental stages, and experimental treatments, yielding inaccurate or incorrect gene expression

results. Therefore, the selection and validation of stable reference genes for different tissues from a

specific species are especially important for obtaining accurate target gene expression results. The

striped jack, Pseudocaranx dentex, belonging to the order Perciformes and family Carangidae, is a

pelagic migratory fish with high nutritional value. This fish has already received extensive attention

in global aquaculture production and is regarded as a candidate species for far-reaching marine

aquaculture in China. Given this, there are currently a large number of fairly extensive molecular
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biology and genetics studies of P. dentex underway, which in turn have increased the demand for
quantitative gene expression analysis by qRT-PCR in these animals. However, few studies have
evaluated the reference genes for this species. Thus, the objective of this study was to identify
suitable reference genes in different tissues of P. dentex, in an effort to provide the necessary tools to
support subsequent gene expression pattern analysis.

We evaluated nine commonly used reference genes, including beta actin (f-actin), ribosomal
protein L13 (RPL13), elongation factor 1 alpha (EF-1a), glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), hypoxanthine phosphoribosyl transferase (HPRT), peptidylprolyl isomerase A (PPIA),
beta 2-microglobulin (f2M), beta tubulin (7TUB), and serine/threonine-protein phosphatase 2A
catalytic subunit (PP2A4) using qRT-PCR analysis across various P. dentex tissues. These evaluations
included the study of their expression stability across ten tissues, including the brain, gill, heart,
intestine, kidney, liver, spleen, stomach, slow-twitch muscle, and fast-twitch muscle, from three adult
individuals of P. dentex using four independent methods, namely BestKeeper, NormFinder, geNorm,
and RefFinder. These results were then validated in the qRT-PCR profiling of the myoblast
determination protein 1 (myodl) gene in both muscle (slow-twitch and fast-twitch muscles) and
non-muscle tissues (kidney and gills) using the various recommended reference genes or their
combinations.

Expression analysis showed that RPL/3 was the most highly expressed gene in these samples,
followed by EF-la, f2M, p-actin, PPIA, HPRT, TUB, and PP2A, whereas GAPDH was the most
weakly expressed across all ten P. dentex tissues. In addition, all nine candidate reference genes
exhibited relatively inconsistent variations in Ct value across various tissues, with the BestKeeper
stability assay, which uses standard deviation (SD) and coefficient of variation (CV) to score the
candidates, suggesting that these genes could be ordered from most stable to least stable as follows:
EF-la> RPLI13 > PP24 > PPIA >HPRT > 2M > TUB > GAPDH > p-actin. NormFinder suggested
that the ranking was best described as follows: RPLI3 > EF-1a> HPRT > TUB > PP2A > PPIA > 2M
> GAPDH > f-actin. Evaluations using geNorm, which is based on the idea that the lower the
expression stability value (M), the better the stability of gene expression, suggested that the
expression stability of these genes is best described as follows: RPLI3 = EF-1a > f-actin > GAPDH
> PP2A > TUB > PPIA > HPRT > 2M. Finally, RefFinder analysis showed that the comprehensive
stability ranking of each gene was RPL13 > EF-1a > PP24A > HPRT > PPIA > TUB > 2M > S-actin >
GAPDH. In addition, all of the paired coefficients of variation, V,.+1), reference genes had little
effect on the 7 value. The combination of the two best reference genes is a valid normalization
strategy, and the results can be used to correct the expression levels of various target genes. Given
this, we can conclude that RPL13 and EF-1a are the two best reference genes for adult tissues. These
outcomes were then validated in a myodl expression assay in the slow-twitch muscle, fast-twitch
muscle, kidney, and gills. These experiments revealed no significant differences in relative outcomes
when using RPL13, EF-1a, and their combination as reference genes, whereas significant differences
were identified when using the three least stable genes f2M, fS-actin and GAPDH. This result
confirmed that stability evaluation using the four methods was both necessary and effective.

Based on our evaluations, we recommend that RPLI3, EF-1a, and their combination are the ideal
reference gene combinations for all previously evaluated adult tissue types in P. dentex, as verified by
four individual algorithms. The results of this study provide the basis for improved standardization of
gRT-PCR and transcriptomic evaluations in this species, which in turn should support more accurate
evaluation of functional genes and provide technical support for the comprehensive and systematic
molecular evaluation of more mature P. dentex samples.
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