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M, IR S ST #(Seylla paramamosain)
(A8 ik Feflas UPQIE NN S HE R, (H AR
AL 18S IRNAMeflafE NS, [ M, 78
HEAT H L DR 5 570 A v, AN [R] IR SE R 2% 1R
22 [A] — S5 SR A AN [F) A R 75 B AT N S R
e . H R 2 I BRIE BE AT LI E EEPCR I T
B rkiE g " R NS RERERERRE . %
T, AR SR T 2 R IE B B-actin. 168
rRNAMI12S rRNAfRE 519, A A S 3%
BACE(CHE)! . GeNorm!™'. NormFinder! 'l
BestKeeper' " PUR 5 VE 400 T KM e T % 251 )
FIBFENE, Wik it NS EE R, it —
BIF S0 2R By oA 22 BRI R R o< B I 36 AT A 3k
BEE LA

1 MR5ERE

1.1 K

Z J B IE B (Moina macrocopa) X H 1L 7548 K
JR TN s X AB 5K A, 75 A sza0 == 285 = AR B0 B
A= B B 5, HABURFE IR B GB/T 13266—91 1 %
5}%[18]0
1.2 WHE

REPLIBRHRRE  EEERRN R &
(1) — H &2l i, 73 7 B 2 88 A AN R E K80
0.25. 0.75. 1.25. 1.7512.25 mg/L) KM 1, 7K
BAEHFEQ25:1)°C, S B8 E=16h:8h. 1%
FEEAEA R . EREY e iR A0 B 5, R A7 0 1) 2
PR JE . FIDEPC/KIE M. Wids £ &K 4, Fr
0.1 gB TIRAT3HEA 1 mL Trizol ) ERNAFE 1)
EPEH, T-80°CIRAF. SLIRE 3K, FIR2AFAT.

B RNAZEUFIcDNAS R A TrizoliE! "4z
U RNA, 28555 ik Ao 66 B TR IS RN AT
JfiiE . F|HS5xAll-In-One RT MasterMixi 7l & (4
TLABMZ A4 B RNA & licDNA T & T-20°C
RAE&H .

St IS EEMNT ERPCRZY4E
£ MNCBIEE 23R 1F 2 FIRRIG R =AW S5
[Ap-actin. 16S rRNAFI12S rRNAJCDSF 41,
A A Primer 3BT TREFEMESIIGEE D BIA
[) 94 85 255 Ty Ak FLRE i () DN A 25 50 VR & W A B,
P48 2 N4 A 94 °C TAS M 3min, 94°C A 14:30s,
60°CiE *k30s, 72°C ZEfH 1min, 35/MGHR, 72°C ZE A
8min. F4PCRY M ¥)4% i SanPreptt :ADNAJK 5]
R TR (iR TR 77 vk b AT Wi e TR, 7331
=AML IPCR I AR HE S, F 73 6 BE A
DRRAE SR FE, IR A FIII P (A T,

*1 ZRERSERRSIHFT

Tab. 1 Primer sequences of candidate reference genes

JL |12
DT NCBUAS g4y cvence (53 ESequence
Gene Access No. 7 HSequence ( ) lx equence
ength (bp)
TGATCTTGCGGCTTTGGT
P-actin AJ292554.1 TGTGCCGTGCTCAATTG 215
GGTAT
16S TGAAGGCTGGTATGAAT
RNA IN657695.1 GGATGTCGCCCCAACAA 186
AAGTCT
125 GGAGAGTGACGGGCGAT
RNA AY163661.1 ATGTTCAGGTCAAGGTG 168
CAGCTT
AAGAGTTCGGGCGTCCA
HR3 FJ755466.1 TGGCATCGGTTGCGGTT 142
GA
B EEPCRITH 2 EvaGreen 2xqP-

CR MasterMix it 7 & (L ABM A ] $2 44) i B 13,
A B = AN R R i 3 IR R 10" — 10765 b
HEVR IR AR, R ABI 75005 52 S PCR R 5t
X =N S 5L R AT SER B EPCR AT . RO AA
ZON15 uL, M2 50°C 2min, 94°C 10min; 407
13 95°C 15s, 60°C 1min. HAEIEIRCoE A% UL
Bk EbRAE 26 .

P o4 2 1 57 JE e bR AR VA R R L, T
o DL

P2 TUH/nL=6.02x 10" (copies/mol) x F bz ¥k i
(g/uL)/ 3431 (g/mol)

Horp: 3557 EMW g/mol)=H &£ (bp) x
660 (D/bp)

CL¥E DUEC X BB AR bR, CHE AR, il
VEFR#ERNZL o

DAAS R4 B 2R M J 38 1) 22 4 i c DN A
IRERR, o = AN S B RIA E 15 Rt B s 152
¥3(Hormone receptor 3, HR3)#% M UL I 5 125K
HPCR. HR3E:FTEZ JIBIG R T AN R IA &
(R AR T: R=2,

HiRLIES o M) FH B T W e P DK
AN ERNAF &AM AN S HEK B 1) BOEAT R, B
1345 5 R FISPSS 17.08 i3k 47 B[R 35 07 22 70 it
(One-Way-ANOVA), X FWaller-Duncanit174F S
B I6, S 2 7 (P<0.05) I SRR B ds, 4k 4
K H Tukey HSDAG 3% PR 2H £ < 18 ) G it 2 2% 5+
Fr 15 45 3R -~ 2 fH £ b5 4 1R 22 R 78 (Mean+SD) o
GeNormiR#EM (V35K kFa 8 I K/ AT R €
P LL e, MAE R /N FasE PERR AT . NormFinderfi 4
BEHNSEES € )75 N SR R B e
1, SN R E R, BestKeeper] T+t
BN 2 kDR 3R T8 R 1 AN IR 3R kK1 AR
Geo mean (JUF3J%0) . SD (hrifEAE 7 R E0) ik /N



182 KA E W R 44 %

e kbt
2 R

2.1 RERNAREWNAASEREBK R A 1

B 1R IR, 7EAS [RIR B 1) 2R b 15 2 AR IS
P RNAFE 5 2570 TE T, JCPEf%, 28S rRNAH18S
rRNAFIZEE HAE E D 101, 8 mARigh BB R %
FE b Asgo/Argo MEIITE2.0 2 47, 1t BH 22 0 47 A 13 i
RNARR e 8 H A i, nf AT 5 225050 . AN
TR AT M S R T cDNAZE R A, 40 39 18
T B-actin. 16S rRNAFI12S rRNA] H IIDNA A B,
B R s B VK AT R = AN S R 4 S T
FAR/N—5, H o — i (8 2), i Ll 25 51
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Fig. 1 Agarose gel electrophoresis of total RNA extracted from
M. macrocopa
M. DL2000 Maker; 0. % fB4H; 1. ZEFYRE0.25 mg/L; 2. K
F£0.75 mg/L; 3. ZEM A E1.25 mg/L; 4. KM EE1.75 mg/L; 5.
KR E2.25 mg/L
M. DL2000 Maker; 0. control; 1. phenol concentration 0.25 mg/L;
2. phenol concentration 0.75 mg/L; 3. phenol concentration 1.25 mg/
L; 4. phenol concentration 1.75 mg/L; 5. phenol concentration
2.25 mg/L
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Fig. 2 PCR products of candidate reference genes
M. DL500 Marker; 1. f-actin; 2. 16S tRNA; 3. 12S rRNA

IR . IXRIA® NS B H #2560 1B, 519
A BT B R 5, T DUR T )5 2258 i) 2 S PCR
5.
2.2 EAPEEPCROHT

Kl 3 Np-actin. 16S rRNAFI12S rRNA ="
S B IR bR A 2%, M55 R BR 4 80,996,
0.998#10.995, £ ¢ R Uf, W EEMEm . SRy 1
MEAEIT.43%—105.54% (£ 2), FFE L E&E
PCRXJF MARCR AR o 25N 9 S 35 DR 1 44 At
LA HE R R 50, B EE S, 2]
P R R AR B e T . R B S E S PCR
SRR 5 S P4 A R, A R

A. f-actin
40

35
30
25 r

y=-3.232x+42.14
R*=0.996

Ct value

Log staring quantity

B. 16S rRNA

y=-3.385x +50.92
R>=0.998

Ct value

4 5 6 7 8 9 10 11
Log staring quantity

C. I12S rRNA

y=-3.196x + 39.06
R?>=0.995

Ct value

4 5 6 7 8 9 10 11
Log staring quantity

I3 f5iE A 2 2 DT o o B 2

Fig. 3 Standard curve equation of the candidate reference genes

®2 ZAANSEEREXRRLYENR
Tab. 2 Correlation coefficient and amplification efficiency of

three internal reference genes

HKGene  AIXRHR (%) Y IWMEE (%)  ##a

P-actin 99.60 103.89 -3.232
16S rRNA 99.80 97.43 -3.385
12S rRNA 99.50 105.54 -3.196
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23 REERRTENREMESH

A& EEEHERPRRIEKFECHE) K 4
A EC B CHE 1 7 1L VP AG 25 fige ik N 2 BE DR E 7
FEAR R KN o 25 FEIRA R AWK E T
f-actin. 16S TRNAFI12S rRNA IR IET 5 E %
S (B-actin, P=0.163; 16S rRNA, P=0.490; 125
rRNA, P=0.165), & =/NF: K 0] DLE N 2 H 4

NERE N Z B, I B = AN B A AR O
16S rRNA>12S rRNA>f-actin.
ASEERGeNorm 3 18 5F]HIGeNorm

A LE I MAE A 2 R BN SR T, 25 R B RFE R
By e T, = AN S B RITE 2 4R I % b R A e
5E M BME A A 16S IRNA=B-actin>128
rRNA,

MEEEKNormFinders3 7 fi]NormFinder
A. f-actin
29 P=0.163
27
2 25
S 23 p ab ab 2 5
¥ 21 a
19
17 : : : - -
0 0.25 0.75 1.25 1.75 225
Ry B Phenol concentration (mg/L)
B. 16S rRNA
29 P=0.490
27
825
E 23 a ab a
© oo a a a
19
17 : : - - s
0 0.25 0.75 1.25 1.75 2.25
ZEER B Phenol concentration (mg/L)
C. 12S rRNA
29 P=0.165
27
225 .
E 23 a a a a
© 21
19
17

0 0.25 0.75 1.25 1.75 2.25
ZEEpIR B Phenol concentration (mg/L)

K4 SKEIE T 2 RIS R ik A SRR SRR K (Crf)
Fig. 4 Transcript levels of candidate reference genes of M.
macrocopa exposed to phenol
SRR R B AL R 2H 2 () A B 3 I 2 S, AHE AT
fHEARIE IR ZE R
Groups without same letters represent the significant differences
(P<0.05). Data were presented as meantstandard error values

AT N S IR AR T (STEDIEAT 70 W (3R 3), 75
Wy iE R, = AN SRR TE 2 R R A e
P i BUR AR N 16S rRNA>B-actin>12S rRNA .

A& EE ) Bestkeeper 73 7 Bestkeeperf
PREN S8 RN N SRR E T E R . %

BAFERAIANISDIE KT 10, 23 H e sE T
%o MR 4TI DUE H, 2K e T~ 2 I RR IE R
16S IRNAFISD. Geo Mean. CV. MinflMax7E =
NS G HE TN, f-actinfISDIRZ., 12S IRNAFY
SDIEHK, FTPA =AW S 2 R TE 2 fI I R R IE
FoE Pt i 2K BT R 16S tRNA>B-actin>12S
RNA, #16S rRNANZRIA FefaiE BN S 5E 1
REPALIB R 2RI RHRIBFTIE AW
FLIEPE HR3HE PR VPl 34 72 1 N 2 58 R0 40 i H 1)
BRI FRIA E R . W 6N, B KK

1.28
1.26 +
1.24
1.22 +
1.20
1.18
1.16
1.14
1.12
1.10

value)

TR ARENE (MIE)

Average expression stability (M

12S rRNA p-actin 16S rRNA

5 GeNorm# 173 {51 N 2 22 [A| R 72 1k

Fig. 5 Stability of candidate reference genes analyzed by GeNorm

# 3 NormFinderf X {7 HiiEIE NS EEFREM
Tab. 3 Stability of candidate reference genes analyzed by

NormFinder
WZ(SH) WSO NBOH) g
SEOGAF Rl Reference  Reference  Reference B&T;Fl;eﬂrin %s
Material gene gene gene stable sene
(S value) (S value) (S value) g
R
%Ef}ﬂ? p-actin 16SrRNA  12S rRNA 16S TRNA
macrocopa (0.676) (0.448) (0.697)

2 4 BestkeeperfX A HIFIEN S ERTRE M
Tab. 4 Stability of candidate reference genes analyzed by

Bestkeeper
" e FE R
B ; 168 128 ihfsf;b
Parameter B-actin rRNA rRNA
gene
Geo mean
(] 22.170 20.801 21.787
Ar Mean
(] 22.197 20.809 21.816
Min [Cf] 20.089 19.949 19.993 16S rRNA
Max [Ct] 24.925 22.373 23.407
Stddev [+Cr]  0.734 0.462 0.994
CV[% Ct) 3.305 2.222 4.650
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0 0.25 0.75 1.25 1.75 2.25
ZE M B Phenol concentration (mg/L)

HR3¥ER ik

HR3 gene expression

N
[T SN
T T

6 ANFEREERIZRM AT, £ AR EHRIFX T 168
rRNARIFRIEAZ L

Fig. 6 The effect of phenol exposure on the HR3 level of M.
macrocopa

AN ) < B b PR 2 TR 8535 M 22 7 (P<0.05), il -1
BIE+bR R ZE KRR

If there was not any same letter between any two experimental
groups, it represented the significance (P<0.05). Data were
presented as meantstandard error values

FERI T, 2 R WE T HR3 mRNA K& # T
B TEZREYIKEE1.75812.25 mg/LA, HR3 mRNA]
Pk B WAL T X0 B ZH (P<0.05).
3 iTig

SB) E EPCREGA B s e . i dEAf 1
0 R APRE BN e s KT s N B A i DR R IA 1A AR
Tridz —, BRI N 2 3 R B R S B g sk b 22
FEREAT H bR B DR (R A ) 58 &5 B b, AR N S 4
PRI AT DL B PR AS [R5 AR 51 2 RN A G2 B 5 41 J
Feeaas bR ZE, DRt O o N S AR RN
B AR NN SN 2 B 45 L v 5
PEPN 2L Gk N SRR TR E SR AT A B, R
J& PR e AR e FRAK 1) N 2 5 D, s — 2P 1
SRR E

AWFLIE NS B R IE KT CHE . Ge-
Norm. NormFinderf1Bestkeeper /U~ H 115 #1 77
1% B-actin. 168 IRNAFI12S rRNAZE K T F25E
PESHT . CHE 53 #r 45 B s 2K W i 3a 22 ) 4R %
ZAN SR R FE E T ~16S rRNA>12S
rRNA>B-actin, GeNorm*K £} 73 #r (1 K € E 45 R A
16S rRNA=p-actin>12S rRNA, NormFinder ] £}
[F]Bestkeeper {473 AT 45 T — 25, F2 e M N 16S
rRNA>B-actin>12S tRNA. [X 7€ 16S rRNATE
R 8 T 2 AR R SN g B PCRIOE N 2
FER o AEEA Bk — 2 TR T g R B
R OB R F HR3ZE AR PEAL 16S tRNATE AN 2
FERIXS 4 b B AR ZE R AR RIS & . WF TR, A5
s AR KR B i FE R B s e e ),

HR3ZFZIEME AN, FEHIARAGE 1E 5 5 ot 2 1 7%,
HE G4 hFer-, AR I, B RmK
Mt s, HR3HE R Rk B3 N (P<0.05), 5
Tao ™ 45 B — 5. BiE T 16S rRNAT LLJE R
Ty i3 T 22 ) G v S 8 EPCRIT N S 24 o

HHr, /£ KA (Daphnia magna). &ARE
(Daphnia pulex). %% (Daphnia carinata). 17K
% (Tigriopus japonicus) A S ik th T AEAS ]
SIS T RS RARE RN SRR, B
g B R, WS E K B-actinfE h R R T B (Daph-
nia similoides sinensis)q:‘?%:‘@ﬁ%%m], T 7 [ 28
W A R e MR 22 18S rRNAZE SRk o
fefae £ia, mE KB b R iz, 1ER
F=T HB KA B AR FH I, & $8B-actin
gapdhE Ny e N 2 L KR VAl B AR 22 I HR3 1 3=
BEWEY, AT H16S IRNANEB I E R £
RIRRIE R OE N S HE R, 5 R, SRIEFEN 4
A=, RN S L RAEA R M 5 4600 1)
EAYE. B, FEADN 8 853t H Rk R ) Rk I,
NS R 7+ B

VY Fh J7 X =AY N 2 58 R ) AR08 T o BT I
CHE 177 14 25 A HoAth = Fp 05 V5 38 5 45 A —
By, XM 22 R 0 SRR AT R A AT I v 2 SR AN —
it R AHE IR S E EPCREL A, R
DO Fo s FH PN 22 25k DRI A 14 43 ATV 9 17 2K 1 o
N ZRIRRIE R B-actiny 16S IRNAFI12S rRNA =4
BRI IR R e T, #5E 1 16S iRNAYE AR E i
T Z R B RR SC ) EPCRINEIFEN SRR . N
Jia 85 22 J BRI IR AH DG L TR 1 s B Rk i it 1
ZERG .

g

SR = 2RI, KA XIYR
22 VAN 44 25 22 0T A K B0 B ol -t S5 0F 52 565 1) 945 18
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REFERENCE GENE SELECTION FOR QUANTITATIVE REAL-TIME PCR
NORMALIZATION IN MOINA MACROCOPA EXPOSED TO PHENOL

WANG Qian, LIU Wen-Xiu, GAO Fei and WANG Lan
(School of Life Science, Shanxi University, Taiyuan 030006, China)

Abstract: To search suitable reference genes for normalization of quantitative Real-Time PCR (qRT-PCR) in Moina
macrocopa, we tested three reference genes of S-actin, 16S rRNA and 12S rRNA by using four analysis methods:
(1) expression level of the genes (cycle threshold value); (2) GeNorm; (3) NormFinder; and (4) BestKeeper. The resu-
Its showed that the Ct values of the f-actin, 16S rRNA and 12S rRNA genes remained unchanged in M. macrocopa
treated with different concentrations of phenol, and the order of the stability was 16S rRNA>12S rRNA>p-actin. Ge-
Norm analysis revealed that the order of the stability was 16S rRNA=f-actin>12S rRNA. Both NormFinder and Best-
keeper software analysis demonstrated that the order of the stability was 16S rRNA>f-actin>12S rRNA. These results
indicated that 16S rRNA was the best-fit reference gene for qRT-PCR in M. macrocopa, at least under phenol treat-
ment, which provide useful information for future functional investigations of target gene expressions in M. macrocopa
in response to environmental stress.

Key words: Moina macrocopa; Quantitative Real-Time PCR; Reference gene; Phenol


http://dx.doi.org/10.3969/j.issn.1674-7968.2013.11.006
http://dx.doi.org/10.3969/j.issn.1674-7968.2013.11.006
http://dx.doi.org/10.3969/j.issn.1008-0864.2009.06.006
http://dx.doi.org/10.3969/j.issn.1008-0864.2009.06.006
http://dx.doi.org/10.3969/j.issn.1674-7968.2013.11.006
http://dx.doi.org/10.3969/j.issn.1674-7968.2013.11.006
http://dx.doi.org/10.3969/j.issn.1674-7968.2013.11.006
http://dx.doi.org/10.3969/j.issn.1674-7968.2013.11.006
http://dx.doi.org/10.3969/j.issn.1008-0864.2009.06.006
http://dx.doi.org/10.3969/j.issn.1008-0864.2009.06.006
http://dx.doi.org/10.3969/j.issn.1008-0864.2009.06.006
http://dx.doi.org/10.3969/j.issn.1008-0864.2009.06.006

