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Evaluation of the stability of reference genes in adult female
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Abstract [Objectives] To identify a stable reference gene in adult Mythimna separata under a near-zero magnetic field in
order to provide a way of assessing the accuracy of quantitative analysis of target gene expression in this species. [Methods]
M. separata were raised under a near-zero magnetic field generated by a Helmholtz coil, with a control group raised under a
geomagnetic field. 10 reference genes were chosen and evaluated, including B-actin (5-Actin), B-tubulin (5-TUB), TATA box
binding protein (7BP), elongation factor (EF-/a), olealdehyde- 3-phosphate dehydrogenase (GAPDH), 18S RNA ribosome
(18S rRNA), 28S ribosome RNA (28S rRNA), cGMP-dependent protein kinase (PKG), ribosomal protein L12 (RPLI2) and
adenosine triphosphatase (47Pase). RT-PCR technology was used to determine the expression level of these genes in newly
emerged females raised under either the near-zero magnetic, or geomagnetic, fields, and four reference screening analysis

software packages, geNorm, NormFinder, BestKeeper and RefFinder, were used to evaluate the stability of reference genes in
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each group. [Results] p-Actin and 18S were ranked the most stable by NormFinder, and S-Actin and PKG by geNorm and

BestKeeper. RefFinder analysis indicates that the most stable internal reference genes under the two different magnetic field

treatments were the f-Actin, 18S and the PKG, genes. f-TUB and TBP were the most unstable expression reference genes.

Further analysis using geNorm software indicates that it is best to use two reference genes. [Conclusion] The most stable

reference genes for adult female M. separata under different magnetic field intensities were identified, providing a foundation

for the accurate quantification of the transcription of key genes involved in the magnetic reception mechanism in this species.

Key words near-zero magnetic field; geomagnetic field; Mythimna separata; reference gene; quantitive real-time PCR
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Table 1 Primer sequences of reference genes

AE=-e
Reference gene

E 54 50-3

Forword primer

a5 50-3

Reverse primer

Actin AACTTCCCGACGGTCAAGTCAT TGTTGGCGTACAAGTCCTTACG
EFla AAGAAATCTGCCCGCGGTAT TGCGGTTTAGCGATGGAAGT
185 rRNA GGAAGGATTGACAGATTAACA GCTCCACCAACTAAGAAC

288 rRNA GCAGCGGAACCGTTTCAATA ATGGAACTCGAACGCTCAGG
p-TUB CTCGCTGAAGAAGGTGTTGAA CGGTAATGCCTGCTGGGAA
TBP GGCACTACAACAAGCACATGG CTCGTGGCCGTACCATTCTG
GAPDH AAAATCTCCGTCCTCTCCGA ACCTTCTTGGCACCACCCT
PKG TTACCGGCTCACCACCTTTC CTCTGTGATGCCACCTCGTT
RPLI2 ACGTTTGATTGCAGTTCGCC TTAGGCGGCATTGTGCTGTA
ATPase ACCTGCTTGTTATGATTGAT TTCCAGTCCTACCTTCAC
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Fig. 1 Transcript expression levels of eleven candidate
reference genes in male adults of Mythimna separata

p-Actin: B-NIEh&EA; B-TUB: B-EEMN; TBP:
TATA G455 %A ; EF-la: ZEMHF; GAPDH: i
W -3-BEMR L A M ; 18S: 18S MK rRNA; 285 : 28S
Kbl RNA; PKG: cGMP KT FI%ES; RPLI2:

WA ZEH L12; ATPase: B =HEMRME .
p-Actin: p-Actin; -TUB: B-tubulin; TBP: TATA box
binding protein; EF-Ia: Elongation factor 1 alpha; GAPDH:
Olealdehyde-3-phosphate dehydrogenase; /8S: 18S ribosome
rRNA; 28S: 28S ribosome RNA; PKG: cGMP-dependent
protein kinase, RPL12: Ribosomal protein L12;
ATPase: Adenosine triphosphatase.
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% 2 7 geNorm, BestKeeper,NormFinder #1 RefFinder £ #i#i i AP R NS EERE 4
Table 2 The expression stability of the candidate reference genes in female adults of
Mythimna separata by geNorm, BestKeeper, NormFinder and RefFinder

5 geNorm Normfinder BestKeeper RefFinder
ﬁink FA FasE (A FEA FasEH A it 22 FA TeE(H
Gene  Stability value ~ Gene  Stablility value Gene Standard deviation Gene Stability value
1 PKG 0.260 188 0.178 B-Actin 0.144 p-Actin 1.41
2 B-Actin 0.260 B-Actin 0.183 PKG 0.158 18§ 2.00
3 ATPase 0.276 ATPase 0.220 RPLI2 0.177 PKG 2.51
4 188 0.287 EF-la 0.253 188 0.180 ATPase 3.41
5 288 0.305 PKG 0.261 ATPase 1.189 RPLI2 5.05
6 RPLI2 0.321 RPLI2 0.286 GAPDH 0.250 EF-la 5.79
7 EF-la 0.336 288 0.302 288 0.262 288 6.44
8 GAPDH 0.358 GAPDH 0.347 EF-la 0.302 GAPDH 7.44
9 p-TUB 0.382 p-TUB 0.377 p-TUB 0.381 p-TUB 9.00
10 TBP 0.401 TBP 0.394 TBP 0.403 TBP 10.00
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AR 5 4N Variation

B2 FH geNorm RHEHIEENS
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Fig. 2 Average pairwise variation (V) analysis of
candidate reference genes by geNorm
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