HEDKFERE 2020 £ 7 B, 27(7): 759-770 ‘ )
Journal of Fishery Sciences of China R iﬁ X

DOI: 10.3724/SP.J.1118.2020.19295

L REFERT T SEEE PCR NS ERERIFIE

A", eh R, B, st AL AAFRS, mwt, e’
1. B EERFK= 54 arbe, Ll 201306;
2. A ARAT IR K A ) ZREVEAR PP I S S0 S, R EDK P RFERT IS B KT K =S AT, W1dE BN 430223

FE: LHPEEE & PCR (qQRT-PCR)ZHE R Rk W58 0 H 7 ik, i e 15 B8 (Acipenser dabryanus)FesE ik i M
SIEN, B UEIZYI RN KA qQRT-PCR 23 Hr &5 R E T M A LRl . ASBIFSE e B T3k IR 67 g L3 2 11 (B-actin) . SEAH
HF 1o (EF-1a). 3-Bi HuhmE B A M (GAPDH) . ZWHERE 1 L8 (RPLS). 18S % WA RNA (185 rRNA). BEIAME M
SR AW A WH(SDHA)F o 4 5 H (a-tubulin)3t 7 48 NS 5 RAE A EEILH, ] geNorm ,NormFinder
BestKeeper 1 RefFinder 4 8453 H3% 7 5328 35 [H 78 34 TG A0 AN W] 20 SURIAS 6]k 3 B IR G B P B iy R ik
FEPE . G5 HEREA, 7 Mk N S LA G 5 1 PCR S48 AT ARASRR S P 9 384 7= R AR A B S 303 . FE AN [ 41 40
o, R N S I R R P S BMRIBUE K EF-1o>-actin>SDHA>RPL8>18S rRNA>a-tubulin>GAPDH; TEAN[F %
BITWIRRE T, AR E NS5 N R e P h s BUE AR 2 EF-1a>p-actin>SDHA>a-tubulin>18S rRNA> GAPDH>RPLS;
ARG IS, kNS ERE R S 2K ITY N EF-10>RPLS>B-actin>SDHA>18S rRNA>o-tubu-
lin>GAPDH, ¥R & B B H1O0 H v, 83 9 2 36 B AR M vl & 20K BT 2 RPLS>EF-1a>SDHA>p-actin=a-
tubulin>18S rRNA>GAPDH, M, ik [REF AN FAL, KK E BRGNS R R Rk NS R EZ EF-1a,
AN & 7 01 5L 5 fa e Rk I N S B K2 RPLS . AWEIE B AE R4 5 K VBN R 41 2 R [R) & 7 B IR G B PE e 1
BEPH e ik 22 P ST AL RIS LA

KR IKIRE; JOLER PCR; WSHEN; faEtk

PESES: S917 kAR RD: A X EHE: 1005-8737-(2020)07-0759—12

FESEN R IB Mo, SR 9L E B PCR
(real-time quantitative PCR, qRT-PCR) L) H R &
L RESRPESR . EELMELF . SRR AR TS 20

iR AME &Y A WISDHAM o M EH
(o-tubulin)5 8 B 32 FI T qRT-PCR 347,
ARG, WSEHEMIZAEAFETR ., A~
1)z O B Aol K IR, sk FILHZL AR B T ¥ A R iRk kP
M, T2 MRS qRT-PCR 25 R ErftE, 6 SR, REMRERY, NSENMRLEIFAR
75 RNA JFift . cDNA 5SRACR | SIMEESvE 8, SRE ST AR & LA e R,

R R & R, T SRR 22,
PRI A R AT REVE, T2 5] AN S B BIXT 5L 50
BRI TR L AR E R Shrh, R R B S
HWAVFZ, £45 p N3N H (B-actin)  SEM A T 1o
(EF-1a). 3-BERRH M S8 (GAPDH) . M A
1 L8(RPLS). 18S KMk RNA (18S rRNA). 3%

It HER: 2019-10-14; 1&iT HEA: 2019-12-03.

T RIE QRT-PCR 45 R fERf M, 7EREE 51T,
oL Xt NS 5L K R IR AR e MEHE Y, I 615 31 5
NS RN A G

ik (K7 (Acipenser dabryanus) J& T #3I1E H
(Acipenseriformes) fid J& (Acipenser), F B 434 T
KT B, b A IR oK E et e,

EEWE: HR ARSI H (31802282); HEK ™ BHADFTE BE A BT L 55 #8150 H (2018JBF 10).
EZ BN RE(1992-), B, B, FBMNFEAIATE L F IS, E-mail: wumengbinst@163.com

BIE1EH: 2402, WI5EH. E-mail: lcj@yfi.ac.cn



760 Hh [ K R A

%27

PR S . KR TR . AR R A 45
PRI, 3k REG B AR B 2RI T %, S E RN
— R SRS A, B, A
PSINAN SNSRI NE 3 LN 11 LN 3/ LN
A g T PRSP ot ) L
HAR Z 055 I B B R Rk K- 1 4 #r o SR, B
NS 3 PR RSO M T T R SR AR 2D, ANCA W5 4G
TINZHEN B-actin, GAPDH Fl EF-1a 1ERUAK L
G 14 AR H SR RE 2 TP

AR LR REF R AR R ZHE . AR T
FiF 301 1) SR T AP i Ry S S B4 BE, AL qRT-PCR 4
R THEPR 7 AW EP (B-actin, EF-1a.
GAPDH. RPLS. 18S rRNA. SDHA F a-tubulin)
TE RS MR I R B, 454 geNorm™* |
NormFinder®*! | BestKeeper*/Fl RefFinder? %k {4
XF 7 ANWSER RS EIETT T ERA TR 4
Br, ik SsSB4 A B A
AL AS[R] A F s 3 R i 7R A i ) i PR
ST S HE R LA

1 #MEEFE

1.1 XEXH

SRR MR [ E KRR A B A T K
F 5 i R 560 37 G AL RN ), 4 N T2 FE (1)
IRIGEY, BEHR 2 ik [CHME ., M 3 B, fils
RIS A, AR, . L E L DE.
WA, 88 ik, TRk, SREAUE S, ARk
BN SR F AT 1, iR REF S N T %5
W], REE 3 4URETARGEAN S L B RHIR
i, Ay B RZ RG] . 2 Al . Zanill . R
LI 7Y7120% 15 I B2 118 1 IO 1 9 25 BTN 82
AU S5 4h, HUPERRAL T 1~V H 3k (R &G |
T4 3 R, Horp PR 1358 FC B AR A iR 40 51
(17.12+0.30) cm F1(0.03+0.01) kg; EAE 1T A K
#3 R I FIAR 5 3 1) 4 (65.70+3.21) em F1(1.91+
0.27) kg; PEAR I 13k [ EA K R E 23 50
(86.05+5.33) cm AR (5.34+0.41) kg; TER IV ]
Ik [REHAR A A E 53591 24 (124.0548.17) cm Fil{Ak
#(10.61+1.04) kg, Horb TIT 870 TV 393k PR A4 i
GG T ARBE . KA E T RNA later (Bio-

logical Industries, PA{a%1), 4 Cid#, RIFET
—80 CUKFEIRAE#
1.2 & RNA ZEUFA cDNA &5

By 30 mg HLUIRESIHE, $5 IR RNeasy” Plus
Mini Kit 3877 £(QIAGEN, 74 [)i5 B -FHE Bk (G5
HEUE RNA, 28 1.5%BENEHEGE I HL TR TILEL RNA
#yFisE, A NanoDrop™ Lite (Thermo Scientific,
5 [ R BRI 2 AR I RNA ¥ B8 Fnafi B, 5 i
RNA 7350 T-80 CykAi4- . $2HUA RNA
i I8 PrimeScript® RT reagent Kit With gDNA Eraser
(TaKaRa, H A% )i % 563870 & Ui B A3 20 B A il A
% cDNA, ¥4 81 cDNA 433 5 % T-20 C14
17, T J54L1 qRT-PCR,
1.3 1RiE NS EE 5| 9% T FaAR A fh & F14E

ARSI BEWCR I 7 NS AE R ik K
AR RIH S AN L E ARG . R SR ORI
e NS HE A, f14E -actin, EF-la. GAPDH .
RPLS. 18S rRNA. SDHA Fl o-tubulin, X 7
A P 2 5 I FE GenBank BUHE 22 10 A% 1 1R T
A, HILRE S 43 90 MH790260 . MH790258 .
MH790259, MG722843, FJ688019, MN750321,
MN750320, iz Primer Premier 5.0 {411t 5|
Y, 519)p s 1, FrA S R — i A
YIRS A BRA R AR, UL 11 A4 21 cDNA
AR AT PCRY Y, W48 1.5% 0 S IR WEEE
LKA 5 | e Sk, S REIRINT . B 11 AN IR
BRI 2% cDNA SFHERA, 15 Wl
ke 5 DBERE(L. 1/5. 1/25. 1/125. 1/625), DIH:
WRIHR ST qRT-PCR 4%, 2ilbrmeiiss, e
P HARCR A R
1.4 SERPPEEEE PCR ¥ 18

K H SYBR Green I 7263kl ik, i GG
1Y% QuantStudio6 Flex (Life Techonologies, 7/l
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4% PowerUp™ SYBR™ Green Master Mix ix;
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Tab.1 Primer sequences for the candidate reference genes

BIE BN SIYIFFI(5-3") PP /bp PG % R RE(RY)
primer name primer sequence product size efficiency coefficient
p-actin-F CCTTCTTGGGTATGGAATCTTGC 222 95.914 0.999
p-actin-R CAGAGTATTTACGCTCAGGTGGG
EF-la-F GCGTGGCATCACCATTGACATCT 148 100.462 0.997
EF-la-R GGCAACAATCAGCACAGCACAGT
GAPDH-F TGAAGGGTGGGGCTAAGCGTGT 219 97.792 0.998
GAPDH-R GTGTGGCTGTGTAGGCATGGACT
RPLS-F GAACATCCCTTCGGTGGTGGTA 134 99.124 0.996
RPLS8-R ACGGTCTTTGTTCCACGCAGTCT
18S rRNA-F CTGAGAAACGGCTACCACATC 118 103.420 0.996
18S rRNA-R CCAATTACAGGGCCTCGAAAGA
SDHA-F AGGAGGTGCTCGGCAGTTTCAC 176 105.867 0.998
SDHA-R TAAAGCCAGCCTCAGACAAACCAA
a-tubulin-F CTTGGTGCCCTACCCCCGTATC 231 101.294 0.998
a-tubulin-R ATGGTGGCAATAGCAGCGTTGA
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3N ER M 3 IRBEAREL
1.5 HERERASEERRESH
PBrEEANRE S ) CE S A B Microsoft Excel Al
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FEAE IR [REF it AN R 2L R TR & & iR A
FEELANON B0 R IR FRE Mk, TS B AR E N
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(E 1), VNS ISR TR . DI
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WS G PP R 95.914%~105.867%,
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it il N [R] ZH SURUA [R] & B I IR RS . R 58 %
UN B FRIR, THLFERE . 72 AN R 4121
[, 18S rRNA WyRIXEIAK, CHEKN 32.99,
X CAB N 27.90; EF-lo HIFRIA R, CAtH
/N 16.57, SEH CfE 19.81 (K 2), LEARIAE
B IRIE T, SDHA 3K EHAL, CAEHRKN
28.37, ¥ C N 26.38; f-actin HIF KB,
Cflf/N R 15.43, FH CfH 19.93 (K 2), TEA
i) % 7 I I s B b, SDHA (kB 4%, C i
AR H 26.73, V-3 CAH N 26.28; EF-10 13R85
W, Ct /NN 17.22, ¥ CfH 17.88 (I 2).
FEARTR & BRI OIS R, SDHA BY3FERER,
CAEI KN 25.68, ¥ CAH N 23.62; B-actin [
FkmE, CHE/NR 15.57, ¥ CAH 16.40
(&1 2),
23 RIENSEERMNRIEBEEDH
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RefFinder 4 MMM, 4081 7 AL NS SE H LR
ICEF I £ 25 H AR & B IR IG . RS 5 A& R
HFIRTROEE, T SR NS IR,
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Fig. 1 Melting curve for qRT-PCR of candidate reference genes

23.1 BRANSEEEARNALAMEREBENS | RPLS>EF-lo>p-actin>SDHA>GAPDH>a-tubulin>
M geNorm B{F/MHILE M, 7 MeEEN St 18S rRNA(KL 3), Horp RPLS Hififin 22 S A8 5 R %K
RS M EHT Y, GAPDH>a-tubulin> /b, BIRIKFREM A ® . RefFinder F A4S 7 4
RPLS8>18S rRNA>SDHA>-actin=EF-1a (€ 3), M i~ WREN S RIN K IEREVELE G HEIF o EF-1a>
BN, NBEHEREENSE, Kb EF-la M f-actin>SDHA>RPLS>18S rRNA> a-tubulin>GAPDH
B-actin B M /N, 16 FTA 3k 2L B ik (K 3). Ftt, M HAbfEE NS IA, EF-1a N1k
B M. N, AR TR 2 s ORI TIHBUREE Py S LN -

. AR RIAEREE N S I XT V(AR 232 EFEASEREAREABSHEERBRHURIER
K& 4), HILEDEE 2 ANSREEF-Ia 1 THETH geNorm BAFIHEHREKM, 7 4~k
B-actin) A RESAFIMEWI MO K I H Y. NormFinder ~ WERENMEEYE M (HHEF . 185 rRNA>
AP EE B, 7 ANk NS ) £k GAPDH>SDHA>RPL8>a-tubulin>f-actin=EF- Ia (||
Ve M HHERE N: GAPDH>a-tubulin>18S rRNA>  5), M fHBUN, WNWSEENRKIATEE b, Hop
RPL8>p-actin>SDHA>EF-1a (& 3), M/, W EF-la 1 B-actin ) M IR/, TR 5N 2 dk
SHEFERBEH S, Kb EF-lot MR/, WP RBREER&. 556, brfEfbE 7R 2
e A 5 N 2 3k b A R e M B o Best- AT s, INACK RSB i NS 5L X v
Keeper #{F EZMRIEIR UM 22(SD)YFIAE R REL  (EHEWAKR, HKEDHFE 2 HMNSEEH(EF-1a
(CV)IFMH e N SR Rk Ed:, HPSDMICVY Al p-actin) A fig ik B ERI R IE 89 H B (K 4),

/N, ULEH NS LR Fa 2 M . BestKeeper 44 NormFinder #{FHr4GREMH, 7 MEik NS4t
OINTERRM], 7T MRIENSIEREEEHT I N R AR EEEHEFE N 18S rRNA>RPLS>



57 RS I8 REISEH 5E6E I PCR S 3k Y i 1€ 763

351 REYLR different tissues 351 ARRIAEHYIHS different stages of embryo

30r % 30}

as] 2s] 1 -

Uzo-; % T == o‘zo—! i

15 15|

10} 10}

P S & S o O
N V) \° ) «a \~

¢ &S s@ 0&’* e Q S @ &

i NS HH candidate reference genes

35 [ AEEFRPHRES different stages of testis
30+

2| = &
dezT1 *

NS R candldate reference genes

35 [ ARK BRI different stages of ovary

30F

25; i i -
G20t

lsz-i!ii'

v'o’; @ ‘2‘ \) ?v
¢ ¢ S8 e@ ‘\} \@*
fREENSEE candldate reference genes

Kl 2 MR NS RN R R IK F R

Fig. 2 Expression levels of candidate reference genes

|§)
15+
10+
A0 9‘5 \3’ > ‘e‘}* W
& h
¢ T
R N Z A candidate reference genes
25 geNorm
S
2207
s
E‘I.S -
:‘3 1.0+
=
@o.s
H
2 9 ry
S O - o
P & PP
6?8 0‘\. Qg \%s‘ oY ‘Qﬂ’ ‘3
3 NZSHH candidate reference genes
o 25 BestKeeper
2 20}
3
o 1.5
3
S 10}
-
P 0.5}
7

0
» \), ‘6 ,& ’\0 \jb

1&:@ W%%E candidate reference genes

GRHA IR

FaE{E M stability value M

3.5, NormFinder

IR VR A
6?3 W %&s* ¢ Q{"o %9&@
1SN Z A candidate reference genes
% 8 RefFinder
s
%6-
) 4
2,
g
s 0
‘3‘ \\ PP o N
L E SF g

ﬁjﬁ W%%lﬂ candidate reference genes

B3 ik NS S DA A R ] 42U i A (ELHE T

Fig. 3 Stability value of candidate reference genes in different tissues of Acipenser dabryanus



764 K 7 R 2

%27 %

r RNEIZHLA different tissues

[m

v2/3 V34 V45 V5/6  V6/7
FENNSEEEN/ (n+1)

number of reference genes n/(nt+1)

S i I e
) w IS W

B AR BV
pairwise variation value V'
o

(=

03  REZHRHPIEH different stages of testis

1l

V23 V34 VA5 V56 V6/T
TEMNSEEE N/ (n+1)

number of reference genes n/(n+1)

BLX AL SEY
pairwise variation value V'

0.6 AFEEBEHMHA different stages of embryo

111

V2/3  V3/4 V45 V5/6  V6/T
TERH NS EEE N/ (n+1)

number of reference genes r/(nt+1)

e
~
T

T A8 S E Y
pairwise variation value V'
o o
[\S) w
T T

o
—_
T

(=]

o
W

r ARZEHPIINEL different stages of ovary

wlll

V2/3  V3/4 V45 V56 V6/T
TEMNNSEE B/ (n+1)

number of reference genes n/(n+1)

e e N
o w IS
T

Aex 2 REYV
pairwise variation value ¥
=4

[=

Kl 4 geNorm H{F 70T fidi NS & K KL H

Fig. 4 Analysis of the optimal number of reference genes by geNorm software
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Identification of reference genes for qRT-PCR in Dabry’s sturgeon,
Acipenser dabryanus
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Abstract: In order to identify the most stable reference gene for the real-time quantitative PCR (qRT-PCR) analy-
sis in Dabry’s sturgeon (Acipenser dabryanus), seven commonly used reference genes, including beta actin
(B-actin), elongation factor-1 (EF-Ia), glyceraldehyde 3-phosphate dehydrogenase (GAPDH), ribosomal protein
L8 (RPLS), 18S ribosomal RNA (/8S rRNA), succinate dehydrogenase complex subunit A (SDHA), and al-
pha-tubulin (a-tubulin) were selected as candidates. Their expression stability was evaluated in different adult
tissues, and in the tissue of embryos, testes, and ovaries during different developmental stages. We used geNorm,
NormFinder, BestKeeper, and RefFinder software to conduct the analyses. Results verified that optimal amplifica-
tion efficiency was obtained from the primers of these candidate genes. In adult tissues, the stability of these ref-
erence genes was as follows: EF-la>p-actin>SDHA>RPLSE>18S rRNA>a-tubulin>GAPDH; during different de-
velopmental stages of embryos, the stability of these reference genes was: EF-1a>f-actin>SDHA>a-tubulin>18S
rRNA>GAPDH>RPLS; during different developmental stages of testes, the stability of these reference genes was:
EF-10>RPL8>p-actin>SDHA>18S rRNA>a-tubulin>GAPDH, during different developmental stages of ovaries,
the stability of these reference genes was: RPL8>EF-1a>SDHA>f-actin=a-tubulin>18S rRNA>GAPDH. Overall,
the most stable reference gene in adult tissue, embryos, and testes was EF-1 a. For ovary tissue, we found RPLS to
be most stable. This study provides a useful basis for future work examining gene expression in Dabry’s sturgeon.

Key words: Acipenser dabryanus; qQRT-PCR; reference genes; stability
Corresponding author: LI Chuangju. E-mail: Icj@yfi.ac.cn



