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Abstract: In order to well investigate the eco-toxicity of nitrite on molluscs, a suitable housekeeper gene was nee—
ded for further analysis to qualify the toxicity-related genes. In the present study, the clam Ruditapes philippinarum
was used as the target mollusc and cDNAs templates were got from gill tissue RNA of R. philippinarum after nitrite
exposure. Six candidate genes were assayed in terms of their expression stabilities by geNorm and NormFinder

softwares, followed by a comprehensive weighting comparison. GeNorm analysis indicated that the stability order

(41876135); (108-10000318)
(19779 E-mail: wanay1977@ 126.com
* ( Corresponding author) E-mail: wanay1977@ 126.com

# ( Co-corresponding author) ~E-mail: lvjiasencong@aliyun.com



154

14

for the six genes were Actin>CyPA>EF1a>Ubi>185>Tubu. However, a little different order was suggested by the

Normfinder software, Actin>Ubi>CyPA>EF1a>185>Tubu. After a comprehensive weighting comparison, the final

stability order of the six genes was Actin>CyPA>Ubi>EF1a>185>Tubu. So, the Actin gene was the most suitable

reference gene to qualify target genes for their expression levels in the clam R. philippinarum after nitrite expo—

sure.
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Gel electrophoresis of total RNA samples from the gill tissues of R. philippinarum in the control and nitrite-exposed groups

Note: C1-12 represented samples from the control groups; N1-12 represented samples from the nitrite-exposed groups.
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Fig. 2 Melting curves of 6 candidate reference genes from R. philippinarum
1 geNorm 6
Table 1 Stability values of 6 candidate reference genes calculated by geNorm
Normalisation
185 Actin Tubu EFla Ubi CyPA
Samples factor (M)
Cl1 2.36E-01 1.83E-01 3.53E-01 2.51E-01 1.73E-01 4.25E-01 0.8223
C2 1.16E-01 1.50E-01 7.75E-01 1.98E-01 1.98E-01 5.36E-01 0.8245
C3 5.13E-01 438E-01 1.00E+00 6.89E-01 1.00E+00 4.96E-01 2.0952
1day-1 1.34E-01 4.03E-01 5.10E-01 4.75E-01 1.25E-01 5.27E-01 0.9916
1day2 1.00E+00 1.00E+00 3.08E-01 1.00E+00 5.04E-01 1.00E+00 2.3559
1day-3 2.58E-01 1.98E-01 1.76E-01 2.52E-01 2.21E-01 248E-01 0.7182
7day-1 1.56E-01 1.00E-01 7.75E-02 2.18E-01 1.87E-01 1.42E-01 0.4449
7day-2 2.55E-01 4.04E-01 8.00E-01 5.66E-01 4.93E-01 3.81E-01 1.4589
7day-3 4.33E-01 2.19E-01 1.77E-01 8.58E-02 1.51E-01 3.04E-01 0.6465
M<15 1.066 0.829 1.195 0.938 0.948 0.882
:C1.C2.C3 1.2.3 ; 1day- . 1day-2. 1day-3 1 1.2.3 ; 7day-\7day-2.7day-3
7 1.2.3 o

Note: C1, C2, C3 stand for control 1, control 2, control 3; 1day-, 1day—2, 1day-3 stand for sample 1, sample 2, sample 3 exposed to nitrite for 1 day;
7day-, 7day-2, 7day-3 stand for samplel, sample 2, sample 3 exposed to nitrite for 7 days.
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Table 3 Comprehensive weighting comparison of reference genes’ stability
geNorm( ) NormFinder( ) ( )
Gene GeNorm (Score) NormFinder (Score) Comprehensive Weighting Ranking (Score )
18S 5 5 5(10)
Actin 1 1 1)
Tubu 6 6 6 (12)
EFla 3 4 4
Ubi 4 2 3 (6)
CyPA 2 3 2(5)




14

158
o Bai [ (Hyriopsis cum— 7,
ingii) Ubi~ Rpl18
EFlq; (Pinctada geNorm  NormFinder
fucata)!'
(Chlamys farrer)"™ Su "
(Polymesoda erosa)™ Ac- geNorm  NormFinder
tino 0] . 6
(Patinopecten yessoensis) Actin  CyPA Actin o
NN N N geNorm
o qRT_ Vn/Vn+1(<015 )
PCR geNorm 0.15
6 Actin °
. 0.15 - VitV
0.15
o Li Y
(19.21-22] Actm 90% V/L/V/LH 015
qRT-PCR A
23] 6
Actin o Penning 10
i [10] 6
EFlao
qRT-PCR VilViu 0.15 w (Lyco—
ris) N 1ol
el o Vn/Vn+1
0.15 V.V, <0.15.
geNorm~ NormFinder BestKeeper VitV 0.15
[192425] geNorm (19779
Vandesompele ~ **'2002 Ex-
cell VBA M (19769
M
ViV 0.15
V./V..<0.15 ( References) :
n ;  V/V.>015 (n+ [1] .2014
1) . NormFinder  Andersen 92004 [EB/OL]. (2017-06-06) [2019-04=20]. http://www. cnemc. cn/
jcbg/zgjahyhjzlgb/201706/W020181008686377029520. pdf
[2] . 2015
geNorm
u M [EB/OL]. (2017-06-05) [2019-0420]. http://www.
cnemc. cn/jcbg/zgjahyhjzlgh/201706/t20170605 _ 647011.
M o
shtml
[3] . 2016

[EB/OL]. (2018-06-19) [2019-04-20]. http://www.cnemc.



PCR 159

[4]

[5]

[6]

[7]

[8]

[11]

[12]

[13]

cn/jebg/zgjahyhjzlgb/201806/P020181010532795202154. pdf
Soucek D J, Dickinson A. Acute toxicity of nitrate and ni—
trite to sensitive freshwater insects, mollusks and a crusta—
cean [J]. Archives of Environmental Contamination and
Toxicology, 2012, 62(2): 233242

71 , 2016, 44(8): 115-
117
Zhang X S, Ning J H, Chang Y Q, et al. Acute toxicity of
ammonia nitrogen and nitrite to Modiolus modiolus [J].
Journal of Anhui Agricultural Sciences, 2016, 44(8): 115-
117 (in Chinese)

[31. , 2014, 27(6): 88-92
Guo Z H, Wang Q Y. Study on the toxicity of nitrite nitro—
gen to Babylonia areolata [J]. Marine Fisheries Research,
2014, 27(6): 88-92 (in Chinese)
71 , 2011, 7(2): 4248

Luo J, Chen J H, Liu C W. Study on tolerance of Hemifu—
sus tuba juvenile at to nitrite [J]. South China Fisheries

Science, 2011, 7(2): 4248 (in Chinese)

s

7. , 2001, 28(4): 157-160,
162
1. , 2006, 11(2):
44
. , 2017, 12
(2): 182-190

Cao T F, Cong M, Li Z Y, et al. Selection of reference
genes for quantitative realtime RT-PCR in Ruditapes
philippinarum exposed to ammonia nitrogen [J]. Asian
Journal of Ecotoxicology, 2017, 12(2): 182-190 (in Chi-
nese)
Livak K J, Schmittgent T D. Analysis of relative gene ex—
pression data using realtime quantitative PCR and the 2(-
Delta Delta C(T)) method [J]. Methods, 2001, 25(4): 402—
408
Su J G, Zhang R F, Dong J, et al. Evaluation of internal—
control genes for qRT-PCR normalization in tissues and
cell culture for antiviral studies of grass carp (Ctenopha—
ryngodon idella) [J]. Fish & Shellfish Immunology, 2011,
30(3): 830835

[J]. , 2007, 34(5):
546-550
Zhang Y J, Zhu Z F, Lu R, et al. Selection of control

(14]

[15]

(18]

[19]

(20]

(21]

[22]

genes in transcription analysis of gene expression [J]. Pro—
gress in Biochemistry and Biophysics, 2007, 34(5): 546—
550 (in Chinese)
Andersen C L, Jensen J L, @mtoft T F. Normalization of
real-time quantitative reverse transcription-PCR data: A
model-based variance estimation approach to identify
genes suited for normalization applied to bladder and co—
lon cancer data sets [J]. Cancer Research, 2004, 64(15):
5245-5250
Gutierrez L, Mauriat M, Guenin S, et al. The lack of a
systemic validation of reference genes: A serious pitfall
undervalued in reverse transcription-polymerase chain re—
action (RT-PCR) analysis in plants [J]. Plant Biotechnolo—
gy Journal, 2008, 6(6): 609-618
Bai Z, Lin J, Ma K, et al. Identification of housekeeping
genes suitable for gene expression analysis in the pearl
mussel, Hyriopsis cumingii, during biomineralization [J].
Molecular Genetics and Genomics, 2014, 289(4): 717-725
. PCR
[I1. , 2013, 9(6): 33-40.
Wang Q, He M X. Stability comparison of reference genes
of Pinctada fucata by realtime qPCR [J]. South China
Fisheries Science, 2013, 9(6): 33-40 (in Chinese)

s

1. , 2013, 8(4): 616-622
Liu Y, Wang S Y, Gao Q, et al. Study on the expression
stability of reference genes in Chlamys farrer [J]. Asian
Journal of Ecotoxicology, 2013, 8(4): 616-622 (in Chi-

nese)

PCR 1.
(3): 350356
Mo Z Y, Chen Z Q, Liao S M, et al. Reference gene selec—

tion for QRT-PCR in mangrove mud clam (Polymesoda

, 2015, 22

erosa) under PCBs stress [J]. Guangxi Sciences, 2015, 22
(3): 350356 (in Chinese)

PCR [71.
603-608

Bao X B, Liu W D, Jiang B, et al. Expression stability of

, 2011, 30(10):

reference genes for quantitative PCR in Japanese scallop
Patinopecten yessoensis [J]. Fisheries Science, 2011, 30
(10): 603-608 (in Chinese)

Barbler R D, Harmer D W, Coleman R A, et al. GAPDH
as a housekeeping gene: Analysis of GAPDH mRNA ex—
pression in a panel of 72 human tissues [J]. Physiological
Genomics, 2005, 21(3): 389395

Kozera B, Rapacz M. Reference genes in real-time PCR



160

14

[23]

[24]

[25]

[26]

[27]

[J]. Journal of Applied Genetics, 2013, 54(4): 391406

, . RT-PCR
[J]. , 2005, 23(5): 393395
PCR [J].

, 2015, 38(5): 787-795
Zeng W T, Chai C Y, Dou D L. Selection and validation
of reference genes for quantitative RT-PCR analysis in
soybean [J]. Journal of Nanjing Agricultural University,
2015, 38(5): 787-795 (in Chinese)
PCR 1.
1441
Hu N N, Guo H Q, Li X L, et al. Selection of reference

, 2017, 34(7): 1434

genes for quantitative realtime PCR of Leymus chinensis
in different tissues [J]. Praracultural Science, 2017, 34(7):
1434-1441 (in Chinese)

Vandesompele J, Preter K D, Pattyn F, et al. Accurate nor—
malization of realtime quantitative RT-PCR data by geo—
metric averaging of multiple internal control geness [J].
Genome Biology, 2002, 3(7): research 0034.1-0034.11

geNorm~ NormFinder

> s >

(28]

(29]

[30]

BestKeeper [J].
, 2017(5): 278-281

WuJ Y, He B, Du Y J, et al. Analysis method of system—

atically evaluating stability of reference genes using

geNorm, NormFinder and BestKeeper [J]. Modern Agri-

cultural Science and Technology, 2017 (5): 278281 (in

Chinese)

LiY L,Ye F, Hu Y, et al. Identification of suitable refer—

ence genes for gene expression studies of human serous

ovarian cancer by real-time polymerase chain reaction [J].

Analytical Biochemistry, 2009, 394(1): 110-116

Penning L C, Vrieling H E, Brinkhof B, et al. A validation

of 10 feline reference genes for gene expression measure—

ments in snap-frozen tissues [J]. Veterinary Immunology

and Immunopathology, 2007, 120(34): 212222

PCR [I1.

1138

Jiang T T, Gao Y H, Tong Z K. Selection of reference

, 2015, 42(6): 1129

genes for quantitative real-time PCR in Lycoris [J]. Acta
Horticulturae Sinica, 2015, 42(6): 1129-1138 (in Chinese)
*



