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Abstract: The stability of reference gene strongly impacts the results of real time quantitative PCR( RT-
qPCR) . The stability of reference gene was analyzed by GeNorm, normFinder and RefFinder in larvae during
metamorphosis or under TR RNAi. EIFSA, OAZ1, YB1, RPL3, RPS9 and ACT were choosed as candidate refer-
ence genes. The C, of candidate reference gene was calculated to evaluate its stability by the three softwares.
The stability of EIFSA was the highest and ranked the 1st during metamorphosis, which means EIF5A is a good
reference gene during metamorphosis, However, its stability decreased in larvae under TR RNAi. On the contra-
ry, RPS9 had a worst stability of the six candidate reference genes during metamorphosis, and had a best stabil-
ity in larvae under TR RNAi. Only ACT had a good stability and its stability ranked 2nd in metamorphosis and
TR RNAIi. This mean that ACT is a universal reference gene. The stabilities of other genes also had dramatic

changes between metamorphosis and TR RNAi. These results meanthat a gene’s stability has a strong tie with
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the treatment of samples. In order to ensure accurate results of RT-qPCR, each reference gene should be ana-
lyzed in a specific experiment.

Keywords: Haliotis diversicolor; reference gene; stability; metamorphosis; TR RNAi
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S E R PCR (real time quantitative PCR) J&7E PCR /R R I AZERERA | i ad I 2e e 155
S 5554k R S ST PCR AN HERR , AT LIARTS PCR 3R AT BB . B BERS 7843 F ] PCR
1o R AP ER ARG TN H AR A KO, B2 T3 kg b, PSR E & PCR HEAT3E P 0 3%
KRS, FES RNA PUF5R | i Ml i SRl A5 X SE i) & PCR 25 SR E K, b T3R5 H
PREEIR LSRRI, AT B 2 3k N AT RS IE AR AL Rk, BN SR BB A
JEFCI SCHT E it PCR AT BRI R K M B R R 2 — BRI S B N 2 321050 2% A 52 )
REFEREAM R B e ik, RITERFIANER . RIRANAE . RRA & BB Reta e ik, —BIANE
FAEEH GRS rhAsE ik, IrDA—208 L L3I 8 1 (ACT) | 18S A% BH{K RNA (18S rRNA) |
28S MR RNA (285 rRNA) I 3-WiR H M I U ( GAPDH ) 555 VE NS HE K], SR 48k A AT 5
T, XUHE NS ERE 2R AR | REF B ASFARAARm, HRAEEE Rah
JIARR . Chen %2 i e 4K SR R BB B (KGRI R AL B) 1 4 DR E SR
(YB1, OAZ1 . EIFSA Fl RPL3) #BAER WAIN SR, WL, FRANSEERE eSS AR
Bt BMNS IR,

[ R Ve T EHESh P —AF 0 A 16 s B TR AR ATG B AP B, L&)y HGE ) AR S R E A7
PUARSS R AR ZS I PR 7 T el s, O 5 AR R RENR . R R gy RO BP0 5 DRI AE T By
BAEE, BAIBRPERNERES BN, BT s AR SRR 2 —" ) 1ok, ARSI
MEEBWEZE SR, HIET R, AR S RS S i R A ;= i — AN SCHEERTY B oA K =Rk
NG SR NAEZ —, BT, SRS TR CRA T2, ik 528 A AH I R B O
FEPRFEAR S R A D RE T R A AR 9 (A B a7, AR SR S 3 PR A e 2 B i LA AR A i S Rk ok
A, WL A ThBER IR F R RNAL, 76X S5, SEibE i PCR 2R ENFR FBL, NS
LR F R AR R R R A i PCROVERE M BN EZ —

H el & 8 AR S B rp NS 3 R B PR B-actin, 18S rRNA B 28S rRNA 55, A WX}
WS RN R PR, AR SCIIXT 2428 ( Haliotis diversicolor) 78 251 J5 M 4l B RNAL i #E 1T NS
SR BB E TETEAY . DR IR B B B AR A5 B B AT R LA A =i B2, BT AAR SCHK I Chen %60
FITFELE S, WHLT EIFSA. OAZ1, YB1 Fl RPL3 VEMAEBESEH , BLAh, ACT F1 RPS9 TEHIA IR 4141
T EA B m SRR v, 26 I LA S 28 0 A0 i 40 A XT3 B S JE RS R R, DR B 4R e 3
K, ASGEXT 6 A~NSHE e YT Tk, A B ae gl d AR S s SR b He R S04

1 #RETE
1.1 ZHIZFFRESEHERIKE

TEICHE R & B0 . AR TSI i A o A4 30 K (52K 4.5 ~5.0 em) YENESE, FFFIT
0.5 ~1 h /&, 7PMEREI BTN SZ ZANMRIRST (200 ~300 mW - h/L) B, FE(T £3 CHZER
R, SFO TSR HERUS , WO BRI R HA% R HITE 20 ~ 100 A>/mL, [FIRFISCHENS T, PRIERE]SBR
TR 3 ~5 MR, sk, fizs5a . 2055 30 min PEOR—W, JRTE BB T Al
SEFIRDL, MR E MR E R P kiR 23.7 ~28.5 °C, R/ 32.8 ~34.5, A K B IBI0MEE
A, AR R R ST A I (veliger , VE) | ZBZBHW A HIE 2R (creeping period , CR)
VIR IG HIHESMD (juvenile, JU) FE&, WEGEEEAT -80 CHREH,
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1.2 %M RNAi iRIE

4 80% &y A BRHR 25 AP 2 AE CR, FH 200 H 28 W AR BLi B4l i, IR 0.2 wm 23 S8 7K
Yedh a3 vk, P g KCRE &l B BE R AL R 100 N/mlL, SRJGH 10 mL & 4h Hud g K T 15 ml it
Brh ME S N3 A, BAS A, —AHIMARRBEIER 2K (TR) dsRNA, CHf H 20 T 1 v 2 R 3% Ry
5 pe/mL, YERIREA; —41MA GFP dsRNA, [RIFER LT Rk BN 5 we/mL, 1E R BAPEXT f#
Wy A WAL, ERaEXTIRA, B2 h 5, Bah B 2 1 L AR A e ak s
HIRpR T, TERAR TP ARZEEE 3R 10 h, LI X BRZH RH 9 i 2 58 iR 2, Mo fe g e, W AU R
&, AT -80 CHEH,

1.3 Zfifgh) HIZRITFE S RNA BUREUR ¢DNA £—8 &K

BUZAFT 80 °CUKA A 2= (6 B 2 BURE 50 mg, PREEE FE A 1 mL Trizol i3I vk _EARAF
1 2.0 mL B0, vK EAIK B TOPRLRER Y, JF4& B Trizol 3070 1542 UEL RNA, RNA DITE
JH RNase free KIF/KEHAR, XT TR RNA B, 53 012R FH 5 A0 00 60 B B A BN 0 B I Fl Uk ik
ARG RNA UM E | 4L M se#& v, 31/ Dnase T AP G TG 420 ¢DNA 25— 585096 1,

B2 wg 4 Dnase I AbFRAYE RNA, HFEHLSIY) (2 pL, 10 mmol/L) £ M - MLV ¥ 5% 55 il & A
cDNA Z—5E, —20 CIEAFH L,

1.4 dsRNA #1%

Zetaffl TR W BE (521 ~1056 bp, KT023066) 435|514 dsTR - FT7 1 dsTR - R (&% dsTR - F
FdsTR - RT7) LA cDNA 55— ZRBEAE MBI, ¥ 38 5 VR M ARG B sf il [RIAE Sk (a2 3R 1 657 bp
B H B 43 3 1 dsGFP — FT7 Fil dsGFP — R (8% dsGFP — F Il dsGFP — RT7) L) cDNA 5 — 54/ WA
M, P YRR NG AR, fF BB E RS B, P ARINE, FH T7 RNA RE W (Promega) #EAT
B SIE ICF4E RNA (ssRNA) . IR A [A]—3E A 7 B IE 4% ssRNA S5 5 1R A 7F & NaCl 400 mmol/L,
Tris — C1 10 mmol/LEYZEWE (pH=7.4) H, £75 C . 65 CHI25 CHIFH 15 min, LA dsRNA,

£ 1 dJdsRNA &R BETHS#

Tab. 1 Oligonucleotide primers used in dsRNA generation

514 PR Elk7E2 ) BEIH 44 P RS s
Primer name Nucleotide sequence(5’ =3") Gene name Accession No. Purpose
dsTR - F ACAGGTCGCTGATAGCAGATATTTGTG TR KT023066 dsRNA generation
TAATACGACTCACTATAGGG .
dsTR - FT7 ACAGGTCGCTGATAGCAGATATITCTG TR KT023066 dsRNA generation
dsTR - R GCAATGTAACGCTTGTATGCTCCC TR KT023066 dsRNA generation
TAATACGACTCACTATAGGG .
dsTR - RT7 CCAATGTAACGCTTGTATGCTCCC TR KT023066 dsRNA generation
dsGFP - F CGACGTAAACGGCCACAAGT GFP pEGFP - N1 dsRNA generation
TAATACGACTCACTATAGGG .
dsGFP - FT7 CGACGTAAACGGCCACAAGT GFP pEGFP — N1 dsRNA generation
dsGFP - R TTCTTGTACAGCTCGTCCATGC GFP pEGFP - N1 dsRNA generation
dsGFP - RT7 TAATACGACTCACTATAGGG GFp pEGFP - N1 dsRNA generation

TTCTTGTACAGCTCGTCCATGC

1.5 EEEHEE PCR RMERREH

K20 pl TBfAF : SYBR Green PCR Master Mix 10 wL, 1ER 5144 1 pl (10 pmol/L),
cDNA BifR (100 FEHFER) 9 wL, SR LightCycler © 480 SEHE & PCR X, F5E95 CAEHE S min;
SRIGLL 95 CAEME 10 s, 58 CiRK 105, 72 CHEM 10 s, Sy | AMEIR, #4745 . TR 48 2k 58
JE, AT R IMA T, A OREEXTE B I R R — ) BRI S AT, A

http : /xuebaobangong. jmu. edu. cn/zkb



- 94 - R (ARBIERD) 523 %

FERAg 3 IS, R Z ot R S o e, HARR A BIMEXS B CORISEAR ) 2 5 R AR B9
5%, M1.2% (B8 BUSHHEER B RIS K E RS I, [, EERmAAEs]
V) — BRARAARRE SR 1 2 4
1.6 Sl 1B kR A fh ki Ie

FIYP AR (E) BT RN, E=10"""9  2fibrfEZnt, ¥ cDNA 5 —8ERRE K
BEAT 5 MRS, AR 5 DB R R, AN 3 NEE, K EIFSA. 0AZ1, YB1, RPL3,
RPS9 . ACT 6 MMk NS IL R 52 i PCR S A4 18 305 R R v f 2R A OG R 8k
1.7 ASERREEESSHT

£ PCR %&}: SHRAFET T C, {E, K GeNorm . normFinder 1 RefFinder 5 & % A4 40 #r

TE O I 4y AR 2 = ASBHPT AT RNAG SEIG 2514 F 6 M N S R A KA Fa e, GeNorm ., normfind-
er 11 M {H (average expression stability values) AUIFREAR N, M = 2724 |

R M AEXT #5518 N 2 L R 1) e iR e M AT VR AHE Y, M (EB/INER R e, 2R e
RefFinder 224 GeNorm F1 Normfinder B0 #1 7775, B4 B 1 7 45 200 N S 5L K 36 18 1 B e 1 HE
2RI EIURERME, BB A E R AR, 28 EO N RIS I P S TR 0 R AR

2 FR
2.1 1&ERNSERE PCR ¥ 18

A 3 X Ao s B BB AR AT qRT — PCR K5, RAS Mk N S 2 I A" 380K E 7E 95.32% ~
103.21% Z[0], MEZRE RPZEALIEHE M 0. 9893 ~0.9997 (WL 2), HiAfmeihL bt Bk sk

*2 FABRENSER.SIWFFIR PCR ¥ 8% E
Tab.2 Candidate reference genes,their specific primers and PCR amplification efficiency used in this study

PR B Prafsior MR

K 45 5 (5" =3’ )
%Qﬁ Bl %@% o sk= @I%J?ﬁj <5 3) KE Rate of Correlation
Gene . Nucleotide Length of e .

. Gene name Accession No. N7 amplification coeffieient
abbreviation sequence amplified X
/bp E R

Eukaryotic translation initi-
EIF5A  ation factor 5A JN997410 E: %%égigé?g&%%%%ﬁ%?%TgT 158 101.00  0.9997
HZBIERRE T 5A ;

Y — box protein 1 F:AAGTTCTAGCAACGAGGGTCA
Y - AR | IN997407 141 99.89  0.998 3

VBl R:GGTATTTCTTTGGGTTGTTCTTC

Ornithine decarboxy-
. F:GAACTCCTTGGCACATCAGAC
0AZ1 laseantizyme 1 FJ809756 R.TCAGGAAGAATGCCAGAAGGT 141 98.76  0.997 6

B S IR AR W 1
S 3y OGN s
o S s DOCCEIOORGT s s
ACT E:EJ‘%% o EF587284. 1 ;’ﬁiﬁ&éﬁ%ﬁg\c@ﬁiﬁCCT 240 103.21  0.9937
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JH B0 B W 5 M H UK A 4 B PCR
Py, A5R (WK 1) R 6
fBE1E N 2 B DR 9 1 4 B 5 T — 2
BA G 1Y) SRR S 1
2.2 HHMEETSLENSERRGE

& Bl GeNorm %4 M3 4E AC, 54
FIARAST MAE ., M (R B/ B PR 3 38 AR
E, RZBARGE, K2 5w, a4 0
4l AR R H M= A R (VE,
CR. JU)., [E¥EPBILH EIFSA Ml ACT ~ YBl  OAZI EIFSA RPS9  RPL3 ACT

250 bp
100 bp

(M EEN (M =0.182), HAKH E1 #E#@&EENSEEN PCR I HLER
HFE o e ; Fig.1 PCR products of candidate reference

ijj;mirf; Ei;;sg iy M A (0.732) genes in H. diversicolor
BN, T8 LZE o 0.8

normFinder {4 & AC, 15 0.7 0.723
M AE, S, TR R g 06
BAR = A E W A, M OfE E D 05
EIFSA (0.091) , OAZ1 RZ (0.097) , . s

=~ 04

ACT. YB1 M1 RPL3 W) M {E7F 0.281 & = 0220 0.265
0.633 ZJil, FikHME RPSO (1.268) . 2 0.182 0.182 g

RefFinder BCPF 7 /R Kok, 02 I I I
ﬂl i Z% A i 7 S o 2L 01 - -
J\JIXW/%E/J%Q‘.@%EO Eﬂ:@@ﬂ EIFSA  ACT O0OAZ1 YB1 RPL3 RPS9

PRAR =AY, EERNSEE Y O
(N R EIFSA (1.316) . 0AZ1 B2 GeNorm RUAH e ATH=MBRENSER

ACT HUYBL 9 M fiAE 2.213 ? 2. 828 Fig.2 Gene expression stability of six reference genes calculated
ZI8], RPL3 A1 RPSO 1 M HX K (47 by GeNorm in VE .CR and JU in H. diversicolor larvae

M5 A6) .,

HRAE 3 PRSI HEZ TR U395, FiX 6 N IERETLE A HES, S5 R 3, 3 Pl ff
X} EIFSA, YB1, RPL3 Fl RPSO HE# 24—, HA GeNorm X OAZ1 F ACT () HE4 5 H AR AF A
—3, ZIEHA U5, 150X 6 A HE R 7E AR A5 B rp AR e 1k i 2K R EIFSA > ACT >
OAZ1 > YB1 > RPL3 > RPS9 .

®3 FEHHHATTHN o N SEEENREIREES T

Tab.3 The expression stability ranking of six reference genes in the stage of metamorphose in H. diversicolor larvae

HEH 4 PR PEHEA Rank of stability HE4 TLATTT K8
Gene abbreviation GeNorm NormFinder RefFinder Geometric mean of rank

EIFSA 1 1 " oo

ACT 1 3 3 2.08

0AZ1 3 2 ) 229

YB1 4 4 4 4.00

RPL3 5 5 5 5.00

RPS9 6 6 6 6.00

2.3 #fatizhh RNAI SEASERGELER
GeNorm *J 6 ™ HE[H7E RNAI T4 52 40 rh £a g PETPAG UL 3. RPS9 FI ACT 9 M B 5/, #6 K
http : /xuebaobangong. jmu. edu. cn/zkb
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0.041, F2E M m; YBl, RPL3, EIF5A 0.40

M OAZL 19 M fH 53 51k 0.211, 0.255, 0.35 0313 ‘=
0.313 F10.347, L 0.255

NormFinder 25 B9 2 PE AT 3 47 AY 3% 0.25 0.211
55 GeNorm — %, #BJ2 RPS9. AT FI | S 020 I I I

YBI, H M fH 4 %) 0.021, 0.021 Al = o5

0.272, EIF5A, OAZ1 Fl RPL3 1) M {H 134 8:5) 0.041 0.041

o, A3 0.344 . 0.347 F10.353, (LA , H 1

/NS GeNorm 4 T A [A], RPS9 ACT YB1 RPL3 EIFSA 0AZ1
RefFinder [F]FE ] E RPS9 hyfa i M fi B 3 GeNorm 244 #7 RNAI &4 T BG4

RIENSERPRIEREN

Fig.3 Gene expression stability of six reference genes calculated
by GeNorm in CR in H. diversicolorlarvae in the case of RNAI

G, HoM (E /N (1.316); ACT
BEME Rz, H M {E 5 1.682; EIF5A.
YB1, RPL3 Fl OAZ1 W& 5E PR IR AKX,
H M AERIKIGE I, 43514 2.991 , 3.568 . 4.681 F15.477,

TR 3 AN IX 6 AN FERIZE RNA, ARSI RS A HER J U348, 25 R R4, 3 Rkt
XF RPSO FVACT WyHE#—2L, Zrii 755 1 M%E 2 ;10 YB1, EIFSA, RPL3 Fl OAZ1 (RHE44 V- 2%k
RV € PNA

F4 RNAI £HTREMHETTHEENSERNRABELHE

Tab.4 The expression stability ranking of six reference genes in the period of metamorphose in
H. diversicolor larvae in the case of RNAI

FEH 4 E FaEMHER Rank of stability HE TUARTSE 28
Gene abbreviation GeNorm NormFinder RefFinder Geometric mean of rank

RPS9 1 1 1 1.00

ACT 1 2 2 1.59

YB1 3 3 4 3.30
EIFSA 5 4 3 3.91

RPL3 4 6 5 4.93

0AZ1 6 5 6 5.65

3 it

IEF AL ATy s e, b TFESATIRER e i, S5 i g i AR A e A QY
FHOCEEPR IR LU AR o B LAZ BB LT NS BRI 2 53X 2 D R B I ot
1E /N BT XU S BE (Paralichihys olivaceus) ' R &% (Bombyx mori) ' WF 3 B I
(Patinopecten yessoensis) 13]%&??1?\]72%%%%%6}1‘}?5@%%#3, ACT . 18SrRNA. 28SrRNA. GAD-
PH (HMEE -3 - SRR EE) 525 MM A AR FEat Qg B, B0 BA B R e Tk

gl dB AR — R E AR, ARERA AL, s, AR AE, SRR A
arE, el WHALRGSE, WSREIE L, TEARSBY BebL A By JER 43 A S 2 G 5 3 A4 % A
T, Mgt E R, BRSO, e A te b . R, 225 A0 25 i 457 g
A SR R R e T iE w R2s , IO IR N S EE A AN BB IS JE 4E B PCR I 2EK

T U 6 M BRI kgl B #) R4 BRI HESR 3 BBy KAt EE, A
EIFSA FhFass, X RWITEMAN RS EIFSA [ A1E N & PCR NS N, mife T30 TR 19
TOUT, RPS9 FRikfehase o AFEAR PN T7 A H AR B 0 M AR TR, B PR T [R) — 2080 18
Pras Rmse A 225, t, ASCRH T 2080k i WS BRI R R E 1, IFR R 09 LR 25

http : /xuebaobangong. jmu. edu. cn/zkb



42 4 SRENAT, 55 2RO UK TR T T NS I <97 -

AHAREERAR, SRERE NS SN 4 IFT M S e S 3 R e e 1

EIFSA, BVEZANMRBIZERIG T SA, & B2 WA 5 2 e 1) —Flv N PR A, T 27
THEEAYRS AR, HPEHEASERTE, 25 TEARGR ™ Sfkia!" | i
B TV RIREEMRANEYT, HET, EIFSA WThAREMFST B4 h TR AR & & A A K & E
YEFHZ3HT, Chen 25058 3 55 S F6K38 0 Mk oy EIFSA M BR 24 2 50 8 4h B BE ek M xR, &
HSYERNSHEN, ARG R -8, MARAE EIFSA TN KL T BIPENHGE, HAPR LN
A= B TR E W FRIEAKF, R DIAE R DA S BN S, R E KRR B T
PR AR R R B R ik 22 577 KW EIFSA KK R 55 5 YR AR A Py efad BRAR G

MR S9 (RPS9) IR ZAEE T A 1 Whh i, BAEERSE, EEA DNA BE . A
TRBHIPR IR | R B SR R M S AL R DI BE . RPSO 13RI ACERFFEARRXT b 76 A kLR ER
ek B AR IR R A kK A B 2R L ARG R B2 AR A R R RPS9 AURRAE
PEIE: 6 MBI P22 00—, T Chen 457 Fe 2% (0 101 % 35 B BB PN S 3L R e v, VA 42 51
N AW A, 1 RNAD TR K5, R RRE R &, XR TR T4 # Xt
RPSY MFRIRFEMmHD . AR SCHEIL B R TR TP W AR dsRNA SREZINRY . R T AR IE 2 85 1Y
dsRNA FEA L UKD, A58 R FH 0 Ak B 5 0 37 1 12 BV B, 3K 4 X6 &y HL 118 £ 928 0 90 I B85 e
BARRS TR, AR N AR R o T R AE o T 28 R R FE VR R, o TRl
B A 28 i T I 2 g e A R 51, X AT RBSR IE R K B AR ST AT RNAD TR WS SRR
PER A BRI, A, 78 RNAD TR (IR BE S T4 dsRNA &, MREE S T 40
PP R I R R TR B X 4l H 7 RSN T BB N S R R T R A AR SR AL

B FLARI SEBGVETTXT 53T I 265 () SE M R 2 AN TR) o LR A Aol X 52 65 Xof G 1 7 380 S g U A7 7 25
5o FW—WNSEENERRRE &M T fRRetE S 248k, Wik, AR SCETE S Y& 7 PCR
WFFEFE R R R AR, T EXT NS IE TPl , ik ol T B R N S 3 DR UERT
FEERM T 5,

ACT B— A HMNS IR, FEIEH ZF M TR T, REtHEZ A0 T55 0, ARG AR
WITFIE R ACT TESR R IR YL I BB AT IS 2 T AME M BB NS0, Zhang 5 L 7E 4 6F Fp A5 H 2B
MIgs g, eah, JRES SN ACT TE S B A& B R ifE N RIE NS, SR DLZE YL AL B
ACT IS RGE NS Ik, ACT WTfERE—E TR NS REA, nl UE S —A 38 5
WS,

YBl B —MEREGEN, 5 1T, Wi, 5l mRNA 5948 DNA 18 5 %5 2 Fh 40 i 27 1o
T2V Chen 45 fHF 72 45 S5 26 2R 00 BIHE DL R R BE 0 & B i rh, Ik N s e e v T Hitb
B, RN E E PCR WS IEH . (HR AR B Bean ia gk B KRR e, 5 e R & & B Bean
K H P s A 2 AR, X T RE R A S R N AR E R 22 RN, 0421 JB T S &R
I FR B S , A a4 ) 1 IR 0 A2 A R A AN 40 L P 22 B K S, DA T 8 0 i A A R A g
OAZ1 TEZRGENEIHE DL BB, BA Bl e e vk, (HURAKT EIFSA F1 YB1V), iASCEE BV 0421
B FEMALT EIFSA R YBL Wi Z 0], RPL3 JERMEAR 1 60S WAL AL oo, EH AN A
BRI FRARRENED (ARG A AR S B BRI RNA T4 TR I f, B 25 Chen %1
PIRFFEZE SRR . OAZL Fl RPL3 R Pk ) 22 S R A T B2 A8 A PR 5 A . A SC RNA T4 TR 46 T
AMEL, WL YBL, OAZ1 Fl RPL3 FoE YRS Z 25, A0 RPS9 FaiE

[ &% ik ]
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