5 ikE REPOATS

Z. ZEMRFEA R FELE EE PCR A5 E K /Y THik
REE

HOomh2e oK &Y RERYL & RN A &N EEe

(1. PEBER T D EBERE KR A G, T EBARE SSRGS E AR E
TR SRV Y LI, LR H Y 266071; 2. SRS E AR S ERLKE Wty s
HEE ARSI E, IR HF 5 266237; 3. FEBLABE RS, bRt 100049; 4. FH SR K2, LA H5
266061)

HE: 2K EF2ERMA T AR AR GEAZKFEMRE, AALKBAE ST RBaGHT E T F
PCR R AW A B £ A K F BACH) —FF 5T ik, XshE xt 124k F 69 1 AL B #4776 b A 3R 4R5E
TSR . KBFR A AR Fn Z AR T SRALA AR 204 Ay ot %, VASBST R B R 2 S F ik oA
KA B 18S rRNA. B-IL3h & @ & B (B-actin), P-2-# K F @ L B (b2m ), 3-BE B H b 8L A5 4 B (gapdh),
AR E G L17T A B (rpll7), a-#%% & @ L B (a-tub), AP B F-1-0 2 B (efl-a) 232 & 45 5B & B (ubc-e)
AR E PRGN, 23T F AT K I 18S IRNA Av a-tub ¢ KX F 80 = Z 4RI 0 4 235
E2F, AARGERLAEASERLEZR FA 2 S F A EAINRA a-tub ¥R XL, =454k
Fermnz g LEFnER, ARARGRAIASER LR, ET 8 AR i fe 45K 69 i 2 18],
X KRR A Y EARFMRER. oL R EEB T HA Normfinder 5474948 REIN, efl-a R Z &
AT T G ZAZAR GG WL Ao ZASAR 0 LA Z R S B AR £ F e 4 E 509 M AR R, a-tub. ubc-e. rpll7.
B-actin RAEIF —H M kT HABR, WAL E RE AT —F AT F E O ER; efl-a. rpll7
RESHM T, ZAFRBARZ AR KL EFHIRESGNALR, factin A LR KL
FMEAEER, TR RFSMET—F M T EOER. KR AT 8 A2 R o Z 45K F —
M ARKRANEFERT Ao,

KEIE: KT, 2R T e, NAKR; LA,
FhE S ES: Q78; Q17 RRFRIRED: A X E %S 1000-3096(2021)09-0048-10
DOI: 10.11759/hykx20210408001

MppdE . ARARE . e, B, gL
LA T A A AR AR AT 5 BE DY A e IR xR AR G
HAT REUZ & ShB B RIR | il E e
1Y S IR i R R 2B (qPCR) B T A
e PR 2K KT AR BT rh Y, A AR R 4
XS R AR DT i, N R R T S A R E
Jiik o ARRIZ T2 B 2R R I, Hoh—
A T (18 TR 28 A0SR ARG S B Ol 7 vk R I TR
S SN aAE R IN B RE ol TR E R R H
0 ik PR 3R R TR S AR AL N 2 A L B, X i
SR e BN IR 2 LR DR A AR ) A [R) A i A S A
Al R[] HAT R AT g/ AR 4K

ZAGATE T e — ™ AR RE N B B Rl 5 1
HAYRE SIS, IR 2 AR a2

KA, IF B IE R Y 3R 5P & A s |
g SR 7KV 1R ] R R 5 I A W P A, Sk LR T
1R P e K R TR, 25 R S EUE Y R AL
ARBl SRR TE R, LS = AR, HAER
FIRIKF BEAR ) AR AR, X P BLG AR 5l it
MR BRI Z AN, A AR e s Al i g 3
ARoE4 AR T, B = A5 AR AR R R Y
FORBE G H AT AR TR, A A6 R — R R
SARRARIE A IR 22 5, LR R — A R AN [

WieHid H 4 2021-04-08; &[] A 1: 2021-05-14
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HAZMMERLES . A5 E M4 (Squalius al-
burnoides)fVERE T, vasa . B-WL8h & I EEH (B-actin) |
EWEIRE L8 JEH (rpl8) A 3-M 1R H i s it ity 5k
Pl (gapdh) I RKXBK A T— BB H Y, TifE =A%
RN (Carassius auratus)™®, B F 5 & #ME AT 00,
BRILN B-WLBhE A 4] 223k i 5 AR A L)
XRPG ARG, TR A8V = A e &
AR IR B IR KT A b ZASARER W] g & A AR 1 .
BRI, 7E 2 A5 PR 1 AR DG 5% v i 07 8 5 3 7 9 T
Z AR, A RE HERA RN AH 5C JE R R aR K AR 1k o

FBE(Paralichthys olivaceus) &= b J5 5 [E A1
H AR VH 15 b X B 22 () TR K SR A e 0 02 . AN TR Bt
FEX T 20 AR A AR IR DL RS A I A
[F], 3 A LG S A bR DRI 28 0L A AL 5 A 1) O
NI o BARTEF B = AR RS T AR R Z A R 25 5 3R
TRFEDR, Al 0 A0 1 5 3 119 2 b R PR R 6 A G R 1A
HEATARAEA A TE, AT 45 SR AT 58 . 0 18S A%Hk
& RNA(18S rRNA)#E A Ay Je & 3k M0 RS e i JE AL,
11 5 AE A% R o 6F IR i & 8 Ik B2 A 8] B B 3% i
AKOF AR R B, TEARSIE T, MR S
18S rRNA W24k, FFLLE NS 250 Hofly )iz fdi FH Y
7 MRS BN I T T A BBl AR
(B-actin) . B-2-TBREE FIBEDR (b2m) . 3-WR H- MBIt
AL (gapdh) . BWEREH L17 BEH(pll7). o-
S B VS (o-tub) . IEAR R F-1-0 £ (ef1-0) . 1Z
KRG BRI (ubc-e) o L5 BT ix LU FE PR 7R A6 —
ARG AR JIL PR G 20 2 e 358 d AR A RIS 2
AR E M, IR AE N NIES LER, 1T
Gy HTEH VR R B A OCHE I A 6 A5 AR =A%
PR IRy 22 5, ATITHRTE G AR s xih 20 2L 6
BHRE MR,

1 MEEF=E
1.1 #5%
RE SR 4R T v [ R 25 B 1 VR RF 5 B 35 9 1 &0y £,

F1 HERAZESIMMERTIFEE PCRTASIY
Tab. 1

TR AR R A 3 4%, Hidh AR R G R
JRE AR 95.5. 101, 91 g, =A% BEAY IR IR 4
T2 63.5.65.5. 54 go BRIEEIE RANLAFIR T 200 pL
Trizol(Invitrogen, 3 [E)H, JF7E-80 CIKFEI-AF A
ZffH,

1.2 % RNA K

Fic B Trizol 2551 feff FH 150 W £ BORE i 1 A8 RNA L
IS, F Thermo NanoDrop 2000 #7366 E
T E RNA Ve, i FH-5 38 AW 8 A i RS T H:
SEREPE
1.3 ZFPCR

% M PrimeScript RT reagent Kit with gDNA
Eraser (Takara, HZA)i{H & Y16 M cDNA 28
—4%, fENE & PCR YRR % It SYBR®Premix Ex
Tag™II (Tli RNaseH Plus)izt il £ vd B 45 i & & &
PCR WK Z, {# ] Applied Biosystems 7300 Fast
Real-Time PCR # 14{%(Life Technologies, 3% [E)i#t17.
PCR FW AR, FEFZE 95 CAPE 30 s;
SRIG I 95 CAEME 5's, 60 ‘CiRk 20 s, 35 MG, fr
AHFESFERTES 3 K, B Ct¥ME,

HHE ZHONG 455, fE# % 18S rRNA R
P4 7 38 T, e hE 18S rRNA Y SEEI4H
Bt(5191°M 18S rRNA-G-F F1 18S rRNA-G-R)(F 1),
## PCR 15 A B iE #4 8) Peasy-T3 ik (2X&4WY
FARA R A, 3820 W05 560 U SR AT A I8 B
JRL. M2 R o SR U & R o 2l A=
B A BRAFHRIUF KL, F Thermo NanoDrop 2000
T A OGO BE T S vk BE, SRS e R — 2 1Y L )
(5%10'~5x 10%) i B E MBAR AT QPCR J I o LA AT
5 DB R AR AR, Ct A bR, Zxhilbniithdk . L
RAFHYAS L4 cDNA Jfbiti, 17 qPCR iz,
PEARAE M2 DL S AS B R BR AR & C (B, PITHRS 2)
FEAR Y 18S TRNA $5 DR, DL A5y 3Rk RO it
HET S A

Primers for genomic cloning and real-time quantitative PCR

HH 19 W F41(5"-3") R 55 &
18S rRNA 18S rRNA-G-F GCATGGCCGTTCTTAGTTGG EF126037 SR AP 1
18S rRNA-G-R TCAACGCGAGCTTATGACCC EF126037
18S rRNAL 18S rRNA-F GGTCTGTGATGCCCTTAGATGTC gPCR
18S rRNA-R AGTGGGGTTCAGCGGGTTAC AB029337
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HH 519 SIYIF 5 (57-3) B SiSIIREs &
gapdht"” GAPDH-F CAACGGCGACACTCACTCCTC gPCR
GAPDH-R TCGCAGACACGGTTGCTGTAG AF220552
rpl1 7119 rpL17-F CCACGGTCGTATCAACCCTTAC gPCR
rpL17-R TCTGAGCGACCTCCTCCTCTG AU050297
o-tub!'” o-Tub-F TGACATCACAAACGCCTGCTTC gPCR
a-Tub-R GCACCACATCTCCACGGTACAG AB240552
EFI-ol'" EF1-0-F AGCCAGAAGCGTTTTGAGGAG gPCR
EFl-a-R AGATGGGGACGAAAGCAACAC AU050388
ubc-E!' UbcE-F TTACTGTCCATTTCCCCACTGAC gPCR
UbcE-R GACCACTGCGACCTCAAGATG AF433657
b2m!% B2M-F ACCCCAAAGGAGGATGATGAG qPCR
B2M-R TCTTCTTCACCTCCTCCAGACTG HQ386788.1
B-actin''! actin-F CACTGCTGCCTCCTCCTCCT gqPCR
actin-R TCTGGACAACGGAACCTCTC

T X T A B-WLBh B 11 5 PR (B-actin) . 3-BiR T
T A 3 ) (gapdh) . BEBEIRE 1 L17 JEH
(rpl17). o-fE B S B (a-tub) . FEMFE F-1-a FEFH
(efl-0) . B-2-TEREE 13 K (b2m) FNZ 25 25 & Tl 36 X
(ubc-e) %5 7 AMFEHEGI PR 1), WLL 18S rRNA Ky
WS, LI E S PCR %, 2 i E H
AHXTT 18S rRNA Rk i 9 f5 L, PR PE AR i Hh 4k )
% F 18S rRNA 11y Ct{HI15H 152 18S rRNA #11
B, Pron A A rda e EE LR, IR DL AR R AL
YU s A R T B A H
1.4 BB

B T 4o %) i AT RIAE W OT L, 5%
ZHONG Z5UOV LIVAK. M gk, FIH 272 5 ik
PEATF IR AR E I THI, X R AT 5 3k 1 e SR
Graph Pad Prism 6.01 #AT/EE], JFAIH 2% (un-
paired t-test) AT AN [l A 14 22 [H] B R 38 K 110 25 57 I
K3 7 2250 I R R 3R 3R 1 A2 E P (one way ANOVA);
Ak, WiEE NormFinder! 5 i 20 #r 3k K e 1A Fa
P, DIRBUREI NS,

2 #XR
21 F AR ZAER AL A B
18S rRNA #) & &

Y 2 %k ZF 68 A% A 0 = A 4 4 L 1 A B o
18S rRNA #AT T 46%) & it oA, ARIEPRfEM &5
T AMREE, DR IRAEEAT T RAAE
Bt (& 1), R RIS 6T A5 AR = A5 R AR

IZHZTH, 18S rRNA 1Y F B FEA [ Z 0] 1) 22 57
JEARTFRAY . 45 18S rRNA 8 A 6 = 5 AR — A5 AR AL
PIE Y 22 78 4 F5 DL, (HIAT 1 351 (P=0.024 7)
(F Ya); 1 HEAE 28 8 = A5 AR A% 14 i 1] 114 2 57 7%
A W EYE(P=0.055 7).

2.2 FER AR ZARALA Fe il R A
A B Ctiaey ot

Ct A2 S WL R Rk 5 09— R g g, LAl
B, LRIk BTG A TRI A i ] f) B0 22 S i
ZIN, A T R PR 1 R 3K A 2 S/ o A S e R
ubc-e. efl-a. rpll7. a-tub. gapdh. b2m F1 B-actin
) CtE AT (8] 2), R BVEANTTEA R A5 b i 22 AR
/N, A RE R B H ubc-e I b2m B Ct i i,
1E 26 DL L Wi ubc-e. gapdh () Ct{HAE 26 U I,
1 AT AR B Ct {ESE AT LUK B gapdh Rt b2m (1
Ct (ETEA RIS B R Z ] 22 57 850K

2.3 LA SR 4 T AR MR EAEHK

YE# LA 18S IRNA/E NS AL [H, 38 1 A X o
XFHA 7 AL R BT T 0, A A
FEfh 18S rRNA 46X Fe ik AT 5 45 S (1 238
i, B A DA AR R L PR G Y Rk AR R
e, XA R R R AT TR BT, 25 kM
10 a-tub (HFRIRTE A G = A5 NLA A AR LA Z
A 25 (F 3)(P=0.007 2), HAh 6 PR AYFE
RV B2 5 MU SE R 2R R 7 I B — A%
A A A AR i 2 ) A R 25 (R 4)
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(b)

FE AR AR . BNZHZ 18S rRNA F3RIA 22 57
The fold change of 18S rRNA in the muscle and brain of diploid and triploid olive flounder

DIFERFE A B AR RALA (G FB BTN 1, 2 22 5 (P < 0.01); a. ALA(n=3); b. Mi(n=3); 2n-M. —FFHFGENLIA; 2n-B. R4 6%

3n-M. AR EEALA; 3n0-B. A RN

The expression quantity in dipliod was set as 1, **. very significantly difference (P < 0.01); a. muscle (#=3); b. brain (n=3); 2n-M. muscle of
diploid olive flounder; 2n-B. brain of diploid olive flounder; 3n-M. muscle of triploid olive flounder; 3n-B.brain of triploid olive flounder
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Fig. 2 Ct value of different genes in the muscle and brain of diploid and triploid olive flounder

B, REIZER; V. Ct{E; a. MU (n=3); b. Mii(n=3); c. NFEARILA; d. AEAAME; 2n-M. AT GENLA; 2n-B. 54 67 ik ;

3n-M. ZAGACFEEILA; 3n-B. = A5 IACT 6T

*2n-B
= 3n-B

A 2n-3B
% 3n-1B
% 3n-2B
e 3n-3B
¢ 2n-1B
= 2n-2B

X axis. different genes; Y axis. Ct value; a. muscle (#=3); b. brain (n=3); c. muscle of different individuals; d. brain of different individuals; 2n-M.
muscle of diploid olive flounder; 2n-B. brain of diploid olive flounder; 3n-M. muscle of triploid olive flounder; 3n-B. brain of triploid olive floun-

der
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Fig. 3 The fold change of different genes in muscle of diploid and triploid olive flounder using absolute quantification method

* A R(P<0.05)

a. ubc-e (P=0.520 7); b. ef1-a (P=0.811 0); c. rp/17 (P=0.579 6); d. a-tub (P=0.015 2); e. gapdh (P=0.182 7); f. b2m (P=0.696 0); g. f-actin

(P=0.651 8); *. Significant difference (P<0.05)

1.5 15 15
ﬁﬁ ot 1 ﬁ% (R0 i Elor T
= N o I & -
4 0.5 M oos 4 0.5
0.0 0.0 : 0.0 s
g ¥ W o W o
AR i AFEPERY AFEPERY
(a) (b) ©
1.5 25 1.5 15
2.0
RN a— B T 1o T Bl T
105 (1)2 L i wost| | 1 05
0.0 - 0.0 ' 0.0 ' i 0.0 .
o o i ¥ g > g o
AN A B AN R 1 i AN 1 A AR i
(d) (©) (H (2

Pl 4 26 060 5 B 5 VR T AN [ R R A A 68— % AR o = A A i v R 5 5 1 22 5
Fig. 4 The fold change of different genes in brain of diploid and triploid olive flounder using absolute quantification method
a. ubc-e (P=0.653 8); b. efl-a (P=0.848 2); c. rpl17 (P=0.951 7); d. a-tub (P=0.772 7); e. gapdh (P=0.490 4); f. b2m (P=0.114 3); g. p-actin

(P=0.714 4)

A2 T AR R E R
MG ZHONG 45 UOVE 2 61 JI Jif 399 1A 2 2k R i
M EE, FEF R 274 ko Hofth 7 A Y
FAR AT T oAU L AR UL AR
PR Oy L E, XA R IR R AT T R IR AR

24

52

AT, G5B RI a-tub 1 F2IKTE T BE =A% 1R
TAEARNLA Z 8] (P=0.032 5)A . FH 2= 5%, Hith 64
HE DN ) 3R 08 AT W 2 25 S (TR 5), T T A A IR AR
T8 = A5 R AR P RIR A B EES
(K 6).
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Fig. 5 The fold change of different genes in muscle of diploid and triploid olive flounder using 272 method
a. ubc-e (P=0.547 4); b. efl-a (P=0.940 0); c. rp/17 (P=0.531 4); d. a-tub (P=0.032 5); e. gapdh (P=0.155 4); f. b2m (P=0.7445); g. f-actin

1
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Fig. 6 The fold change of different genes in brain of diploid and triploid olive flounder using 272 method
a. ubc-e (P=0.758 9); b. efl-a (P=0.973 8); c. rpl17 (P=0.8339); d. a-tub (P=0.8669); e. gapdh (P=0.528 8); f. b2m (P=0.120 5); g. f-actin

(P=0.833 0)

2.5 T = AFRFe ZAZARILA Fofim F R
A B R EARE M A
YEEXT 18S IRNA | ubc-e. efl-a. rpll7. o-tub .
gapdh . b2m R B-actin FEA RIS BAS RS LAY
FRG b Y IR AT TARREME AT (B 7. A 8),
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FIFHEE PR 48 DT RIAEEUR KN, TEA P
PRl P e PR e 5k 1 B R IR B M 22 (] Ta),
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rpll7. B-actin, 18S rRNA K2, gapdh. b2m ik
AARIE R R . et 2 A FRBOE R A 8 i

53



HEIRkE REPOATS

8 -
o,
=
e
0 \%g & & \\'\ &» » A &
N & Q¥ @Q © S
NGBS

(@)

m mﬂ@g$@

0 1 1 1 1
@ S B (A MY
\ N{QO & (Q\ & %OQ o %&c\

-2l RS
®)

B 7 TR PR 28 S AR = A5 R LA b 2R3 r AR e M 2 i
Fig. 7 The stability of expression of different genes in muscle of diploid and triploid olive flounder

a. AL TTR P P DU, A AT A MR, HEBITE AR IR B A R E S 1(P=0.235 7); b, JHI 27 CUr AR R Ak AR, AT

KRR AE M43 HT (P=0.221 6)

a. The stability of expression was analyzed through gene copies number. The expression quantity in dipliod was set as 1 (P=0.235 7); b. The

stability of expression was analyzed through A

method (P=0.221 6)
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Fig. 8 The stability of expression of different genes in brain of diploid and triploid olive flounder
a. Sk THRSERE DURE, SMHT A A MORE e, USSP 1E A bR SRR Bk TEE N 1(P=0.043 3); b. JT1 2 8T Ur ik RAg Fas L, it

1T ER R E P 431 (P=0.044 1)

a. The stability of expression was analyzed through gene copies number. The expression quantity in dipliod was set as 1 (P=0.043 3); b. The

stability of expression was analyzed through 27AC[mteth0d (P=0.044 1)

R R (K 7o), WL o Se i R ek RS e PR
V2R, a-tub Tk BALIR B e/, ubc-e. efl-a
W2, rpll7. B-actin. 18S rRNA #IK 2, gapdh. b2m
%) 25 T M e oK

THA R R DLEIGHEA T R IA A5 800 40 R (K] 8a),
i I R R R A R E PE A T2 R, (H efT-a.
rpll7. B-actin WWZEALTRIE £/ N, ubc-e . o-tub IRZ, B
b2m. gapdh 3R, 18S IRNA Fik HZRA IR B k.
i 2 A IR AT R AR T R W (] 8 b);

G T 3 B PR SRR B RRUE R ETEE R, efl-a.
P-actin, rpll7 FEiRW IR /N, ubc-e. o-tub YK
Z., gapdh. b2m ¥R Z, 18S rRNA Fik 1748 { i
K

FIH NormFinder! 2%t LA AR H 18S rRNA
ubc-e. efl-a. rpll7. a-tub. gapdh. b2m F B-actin
AR E PEHEAT T 200, 4558 SR LA s e Tk B i
RIS rpll 7. B-actin (2 2), efl-o IRZ, ubc-e BIRZ;
i R S M B A B ef - rpl1 7, B-actin IRZ.(3 3).
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x2 AHEEREREMESHF

Tab.2 Gene expression stability analysis in muscle

] FaEME
ubc-e 0.288
efl-a 0.122
rpll7 0.092
o-tub 0.400
gapdh 1.025
b2m 2.017
p-actin 0.092
18S rRNA 0.848

®3 RPEEREREMESHF

Tab.3 Gene expression stability analysis in brain

BLH Fa sl

ubc-e 0.078

efl-a 0.025

rpll7 0.025

o-tub 0.322

gapdh 0.472

b2m 1.016

[-actin 0.039

18S rRNA 0.695

3 W

ARG EL X A B A A WL A R R 4 2
()P 2 L R HEAT T ik, L SO0 22 810 R XoF S s i
PCR BGE BN S

VE& R IA 4%t e ks 22 5 Al
— WS EE R 2 5 R IAE TR EE R ) 22 AR/, 1
i e P S IR, FH 246 6 5 2 0 D0 3 S S e
THEBR RGN, FARIERN S B R IA AT
AHABR SN, AL R A E M NS, [HHE
AT IR LB AR, T A A bR v i S — R A i
FEA BRI L, R . A 270 R I T A 2
TG 272 R (B RS 2 R 5 A ) R
H L3 B 3 B e ot o) s Sk 1R B, T LG 7 O R N S 0
PR, il 2729 AR ) i i ik T
a7 7

FE WL A3 5 48 %0 7 B 40 B &K BR, 18S rRNA FiI
a-tub W FRIBTE A OF A5 = A5k G 5 3k 22
S, AR BEEER, X5 AR a
B-actin W) F kB T AERMNEA 2 7R -5,
BB T R AN imE 270 A ik R &

M, HAH a-tub BZFRIXAET B = AR AR A ILA
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Abstract: Polyploidy induction is a breeding method to produce new genotypes, with the double of chromosomes,
the expression level of its genes changes. Relative real-time quantitative PCR is an efficient method to detect the
changes of gene expression levels. In order to screen the internal reference genes suitable for diploid and triploid
tissues, this study analyzed the expression and stability of 18s rRNA, S-actin (f-actin), -2-microglobulin (b2m), 3-
Glyceraldehyde phosphate dehydrogenase (gapdh), ribosomal protein L17 (rpll7), a-tubulin (a-tub), elongation
factor-1-a (efl-a), ubiquitin conjugating enzyme (ubc-e) in muscle and brain of diploid and triploid olive flounder.
The results of absolute quantitative PCR found that the expression of 18S rRNA and a-tub were significantly dif-
ferent in muscle between the triploid and diploid flounder, while only the expression of a-tub was significantly dif-

272 method was used and the expression of the rest genes were no significantly different. The expres-

ferent when
sion of most genes in brain were not significantly different between the triploid and diploid flounder. So, there was
a dose compensation effect. The comprehensive results of gene stability analysis and Normfinder analysis showed
that ef7-a might be suitable internal reference genes in the muscle of olive flounder during qPCR analysis, a-tub .

ubc-e. rpll7. f-actin met one requirement of them, while the rest genes were not suitable. In the brain, ef7-a, rpli7
might be suitable reference genes, f-actin only met the requirement of gene stability, while the others were not

suitable. This study laid a foundation for the analysis of the differential gene expression between diploid and trip-

loid olive flounder.
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