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Abstract: [ Objective] This experiment was to
20180320 select the best reference gene for quantitative
T , PCR under different concentrations of hexabro-
mocyclododecane treatments, which will accu-
. (GKLMC- rately calibrate the expression of objective genes
201308) . oy and lay a foundation for further study on molec-
LMC-201310) (201504413 ) ular toxicology research and development of mo-
% : (1966—). . . lecular biomarkers. [ Methods) The expression
. E-mail : gxybing@ tom. com. level of four candidate genes (18S rRNA .B -

actin . GAPDH .o - tubulin) on different tissues
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of Polymesoda erosa under different concentrations of hexabromocyclododecane treatments
were monitored by using qRT-PCR technologysand the expression data obtained from qRT-
PCR was analyzed with different software,such as BestKeeper,geNorm, NormFinder to se-
lect the best reference gene suitable for real-time PCR.[Results]The results showed that after
being stressed by different concentrations of HBCD, the order of candidate genes expression
in gill and hepatopancreas was: 8 -actin =a - tubulin > GAPDH >>18S rRNA. [Conclusion]
The qRT-PCR results can be calibrated using two reference genes (f-actin sa -tubulin) alone
or in combination.
Key words: Polymesoda erosa , hexabromocyclododecane,reference genes, stability analysis
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. , N PCR o
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1.3 qRT-PCR wl, 25 plL, qRT-PCR
:95°C 30 5,95°C 5 s,60°C 30
GAPDH .3 - actin .a- tubulin \18S rRNA , ss40 . Bio-Rad Miniop-
Primer 5 « D, tion PCR o
. 1.4
1 qRT-PCR 18S rRNA B - actin GAPDH .
Table 1 The information of primers sequences and products a -tubulin Ct R
lengths for qRT-PCR BestKeeper.geNorm.NormFinder
Reference Primer sequences Products ’ geNorm,
gene (5'-3") length(bp) NormFinder Ct Q
F: AATACGGAAAGAGGCGGA- ( )
GAPDH AAAC 87
R: TCAACAGCGTGCCCATACC o
F: ACAGGGAAGCCAAGATGG
B -actin AA 132 2
R: TTGCCGACAGAATGCAGA- h
AG
2.1 qRT-PCR
F: ATGCCTGCTGGGAGCTGTA
a- tubulin R:CCCCGTCTCGCTAAAGAA- 119
TG
) C 2,
F:GTACCAGGAGACCAGCTT- 1
< CACA ’
18S rRNA A A < A 98
R: TTCACCACTTCAACTCAC-
TCTTCC 94. 4%~105.2% » 0.990~0. 996,
PCR PCR o
SYBR® Premix Ex Taq™ [I (Tli RNaseH Plus) ¢ D :
(RR820A) . : SYBR® Tm ’
Premix Ex Taq [[ (2X)12.5 uL, ( PCR ’
0.4 mmol/L) 1 uL, cDNA 2 °
1 qRT-PCR

Fig.1 The melting curve of qRT-PCR of reference genes for Polymesoda erosa
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2 E (2.0 )
Table 2 Amplification efficiency of reference genes for Poly- (std dev) . (CV)
mesoda erosa ) i
R I A |
GAPDH 97.1 0.991 ) ,
B - actin 104.5 0.996 , ,
a- tubulin 94.4 0.990 i
18S rRNA 105.2 0.992 (std dev) (CV) ,
) o
2.2 C 3 , a-
2.2.1 BestKeeper tubulin B -actin ,
BestKeeper Pfaffl ™ 2003 a - tubulin > B - actin > GAPDH > 18S rRNA,
Excel . BestKeeper B -actin . a - tubulin R

Ct

3  BestKeeper HBCD

b

Table 3 Gene expression stability of reference genes of Polymesoda erosa under different concentrations of HBCD as calculated by

BestKeeper
GAPDH B -actin o- tubulin 18S rRNA
Parameter
Gill Hepatopancreas Gill Hepatopancreas Gill Hepatopancreas Gill Hepatopancreas
Geo mean[ CP] 34.63 35.12 25.96 26.95 24.82 22.34 32.98 33.90
Ar mean[ CP] 34.63 35.13 25.96 26.95 24.82 22.34 32.99 33.91
Min[ CP] 33.83 34.12 25.26 26.56 24.06 22.00 31.99 33.15
Max| CP] 35.18 35.95 26.38 27.2 25.27 22.62 34.08 35.12
Std dev[ & CP] 0.4 0.57 0.31 0.21 0.29 0.20 0.48 0.59
CV [% CP] 1.16 1.61 1.18 0.76 1.18 0.90 1.47 1.74
Correlation 0.878 0.892 0.809 0.281 0.678 0.720 0.203 0.869
coefficient (1)
2.2.2 geNorm geNorm s
geNorm  Vandesompele 1 2002 Ct ., geNorm
excel . M . M s
geNorm 2 , °
2 .
207, geNorm >
[(21] BestKeeper B - actin = a - tubulin > GAPDH > 18S
rRNA ,M M
Ct ,geNorm ’ ’
] HBCD
Ct Q. . :
Q=E~% E B -actin
: - ’

s ANCq = Cq min — Cq qumpte (Cq in

Cqg , ANCq

Do

a - tubulin,
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Fig.2 Gene expression stability values (M) of refer-

ence genes of Polymesoda erosa under different concentra-

tions of HBCD as calculated by geNorm

Vo)
3 o Vi 0.2, 0.2 \%
n o
2, HBCD
B- actin/a -
tubulin o
2.2.3 NormFinder
NormFinder Andersen " 2004
) Excel
. BestKeeper
Ct »Norm-
Finder Ct
Q. .
Ct e
y=kx+0b , Ct
(X = —

b)/k) Q. Q

NormFinder , Ct
. NormFinder
(Arbitrary stability value)
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o

[22]

3  geNorm HBCD

Fig. 3  Pairwise variations V of reference genes of
Polymesoda erosa under different concentrations of HBCD

as calculated by geNorm

4 : ‘8 -

actin a -tubulin ,
B -actin > a - tubulin > GAPDH > 18S rRNA ,
B -actin a - tubulin o
4 NormFinder HBCD

Table 4 Gene expression stability of the candidate reference
genes of Polymesoda erosa under different concentrations of

HBCD as calculated by NormFinder

Stability value(s)

Body part

GAPDH  B-actin  o-tubulin 18S rRNA

Gill 0.046 0.035 0.043 0.084

0.050 0.042 0.043 0.093
Hepatopancreas
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BestKeeper, geNorm, GAPDH .EF1-q ; Bai (20
NormFinder , RefFinder, BestKeeper,geNorm  NormFinder
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3 6 ,
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, RNA ;Mauriz =~ ="
) RNA , ( Pecten maximus ) 7 s
RNA , Ndufa7. Rpsa. EFla , 18S
cDNA , rRNA Ndufa7. GAPDH ,
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o geNorm OsHV-1
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N s oyster 14 s
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