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Reference Gene Selection for qRT-PCR in Mangrove
Mud Clam (Polymesoda erosa )Under PCBs Stress
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Abstract: [ Objective] To select the suitable reference genes in the mangrove mud clam
( Polymesoda erosa ) exposed to polychlorinated biphenyls (PCBs) by using quantitative real-
time PCR (qRT-PCR), which will be conducive to further research in molecular toxicology.
[Methods) 3 - actin , 18S rRNA , GAPDH and a - tubulin were chosen as four candidate refer-
ence genes to test their expressed level in different tissues (mantle, gill, adductor muscle and
hepatopancreas ) of the mangrove mud clam
under PCBs stress by using qRT-PCR method.

The expression stability of these candidate refer-
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I A TKC1966) . 50 BF g B £ M ks @nalysis showed that 8-actin was the most stable
expressed gene among the four candidate refer-

ence genes were analyzed and evaluated with
three software - based approaches ( geNorm,
NormFinder and BestKeeper). [Results]geNorm
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ence genes. NormFinder analysis found that f3 -
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actin was the most stable expressed gene in mantle, gill, and hepatopancreas, but in adductor

muscle tissue, B-actin (0.454) was slightly less stable than a - tubulin (0. 425) and ranked as

the second. BestKeeper analysis showed that 8 - actin was the most stable expressed gene in

mantle and gill tissues, whereas GAPDH was the most stable expressed gene and f3 - actin was

ranked as the second in adductor muscle and hepatopancreas tissues. [Conclusion] 3 - actin can

be used as a reference gene for mangrove mud clam under PCBs stress.

Key words: Polymesoda erosa » quantitative real-time PCR,reference genes,polychlorinated bi-

phenyls stress
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Table 1  The primer sequences of candidate reference genes

used in qRT-PCR analysis
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I8STRNA - R T TCACCACTTCAACTCACTCTTCC 98
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Fig. 1 Agarose electrophoresis for total RNA extracted
from different tissues
1. A FENL; 2. AP E ;3. 8854, JF B ; M : Marker,
1. Adductor muscle;2. Mantle; 3. Gill; 4. Hepatopancreas
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Fig. 2 The melting curve of qRT-PCR amplification of

candidate reference genes
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Table 2 Amplification efficiency of candidate reference genes of

quantifying primers

H PIBE D HRRECA)
Gene Amplification efficiency Correlation coefficient
B-actin 101. 2 0.990
18S rRNA 107. 4 0.995
GAPDH 98. 6 0.997
o- tubulin 93.8 0.994

R3 BREASEEN CtE

Table 3 Ct values of candidate reference genes

A pat shrm s AL PRRR
. - - Adductor Hepatop-
Gene Group Mantle Gill
muscle ancreas
B-actin Mpift Stress  24.83  24.19 24.15 29. 27

XIH8 Control  26.44  24.57 29. 66 26.61

18S rRNA il Stress  20. 48 22.88 20. 06 28.83
Xt ## Control 24.18  20.92  25.83 25.06
GAPDH Wrif Stress  29.38  24.01 26. 48 27.30
XF I8 Control  27. 20 27.47 27. 86 25.47
a- tubulin il Stress  23. 36 26. 48 23.14 29.33

%t B Control 28.40 24,83 29. 14 25. 40

2.4 HSEEMZE

4G NormFinder #4443 #7145 3R (3% 4) , 7€ PCBs
30 25 R 1B B A S R B R AL A h B -
actin W) FRIXFEEVE B AP M A R WMA L B - actin
(0. 45D BETAR T o= tubulin (0. 425 HEHE2 47,
x4 RIENSEERZREMRER NormFinder 5347
Table 4 Expression stability of candidate reference genes ana-

lyzed by Norm Finder

e 4152 Al JHF T it
i
% S ﬁ'“ Adductor Hepatop-
Gene Mantle Gill
muscle ancreas
B-actin 0.133 0.177 0.454 0.189
18S rRNA 0.694 0.636 0.555 0. 307
GAPDH 1. 801 1.494 1.308 0.531
a- tubulin 1. 159 0.572 0.425 0. 326

geNorm A4 3 #7145 5 W R . 76 PCBs Wil 457
T 20 RE AN R DA S LRI 21 2 4% i e P B 3
Rk fa E M HER B 8- actin/ a- tubulin = 18S
"RNA > GAPDH fEMF MR AL Z B- actin/18S
"RNA > a- tubulin > GAPDH , WL W A&
JiEE B8 PH SE LRI T BERR L2, B - actin M FRIE AR
E(E 3,

BestKeeper {450 H1 45 5 & . 78 PCBs 38 4%
PFF o A 3k ) 2 5 DR 7R 20 W M A0 22 55 B8 P 5 LA
JEE AR 20 2 rh 2R Gk i AR e M HE Y 43 0 R B - actin >
GAPDH > 18SrRNA > a- tubulin . - actin > a-
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tubulin > 185 rRNA > GAPDH .GAPDH > 3 -
actin > a- tubulin >> 18S rRNA fl GAPDH > 3 -
actin > 18S rRNA > a- tubulin , HME JEFNY 2H 21
B - actin 33K B AR E . ERR RN P 5 UL 2H 21
GAPDH FIXFEE M (R 5,
geNorm Ml NormFinder 44 #7125 B 58—
2.4 7
2.2 1
2.0 A
1.8 1
1.6 A
1.4 1
1.2 1
1.0 1
0.8 T T T
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actin HINZIHENH
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0.5 1
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GAPDH 18SrRNA p-actin/a-tubulin
B A Fa 8 Least stable €—> £ s¥Most stable

- R IR AR s MR
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Fig. 3 Expression stability of candidate reference genes by geNorm analyzed

x5 BRENSERRILBEYEMN BestKeeper 34 2 17

Table 5 Expression stability of candidate reference genes analyzed by BestKeeper

K HR JUA] - 24 8 HARTVHE f/ME IEFN: ] T 1 2 A5 5 R AL

Gene tissues GeoMean(CP)  Ar Mean(CP) Min(CP) Max(CP) Std Dev(+=CP)  CV(%CP)
B- actin HMEE Mantle 25. 6 25.6 24. 8 26.5 0.8 3.1
il Gill 24.9 24.9 24.5 25.2 0.3 3.1
5% Wl Adductor muscle 26. 8 26.9 24.1 29.9 2.8 10.2
JiT B % Hepatopancreas 27.9 27.9 26.5 29. 4 1.3 4.8
18SrRNA  4MEJE Mantle 22.3 22.3 20. 4 24.3 1.8 8.3
8 Gill 21.9 21.9 20. 9 22.9 1.0 4.5
415l Adductor muscle 22.8 22.9 20.0 26.3 2.9 12.6
JF 1B % Hepatopancreas 26.9 26.9 24.9 28.9 1.9 7.0
GAPDH HNERE Mantle 28.3 28.3 27.2 31.4 1.2 4.2
il Gill 25.7 25.7 23.9 28.7 1.7 6.8
M 5e L Adductor muscle 27.2 27.2 26.2 28.1 0.7 2.5
JF 1B I* Hepatopancreas 26. 4 26. 4 25.3 27.6 0.9 3.5
a- tubulin AME I Mantle 25.8 25.9 23.3 28.8 2.5 9.7
il Gill 25.6 25.7 24,7 26.5 0.8 3.2
5%l Adductor muscle 26.0 26. 1 23.0 29.2 3.0 11.5
JIF JE i Hepatopancreas 27.3 27.4 25.3 29.6 2.0 7.2
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Xie ®VEEIF & 1Y % 2% 78 28 20 M 8 1F RefFinder (ht-

tp://www. leonxie. com/referencegene. php) AJ il 1
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4 Zig
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