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Abstract: Selection of suitable reference genes was a critical step in qRT-PCR analysis. In this study by
the method of qRT-PCR the mRNA levels of four candidate reference genes such as Actin RPS23
GAPDH and B-tubulin from Cryptolaemus montrouzieri Mulsant were assessed. The stability of above four
candidate reference genes in different developmental stages and different adult tissues of C. montrouzieri were
respectively ranked based on three softwares ( GeNorm NormFinder and BestKeeper) . The results showed
that through comprehensive analysis of above three softwares the mean rank values of the expression
stability of above four candidate reference genes were RPS23 (rank =1) > B~ubulin( rank =2.3) >
GAPDH( rank =3) > Actin( rank =3.7) from C. monirouzieri in different adult tissues and RPS23 ( rank =
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1.7) > Actin( rank =2) > GAPDH( rank =2.7) > B~ubulin( rank =3.7) from C. monirouzieri in different
developmental stages. The average rank values of the expression stability of above four candidate reference
genes were RPS23 (rank =1.3) > Actin( rank =2.8) =GAPDH (rank =2.8) >B~ubulin ( rank =3) in
both experimental condition groups. In conclusion RPS23 can be determined to be a stable reference gene
to be a single reference gene or cooperated reference gene in the gene expression of C. monirouzieri in
different developmental stages or different adult tissues as it has the highest stability in both experimental
conditions. The work done by this study provides methodological basis for further research on the expression
of functional genes from C. montrouzieri.
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Table 1 Four candidate reference genes and their primer sequences used in Real-time PCR analysis
(57-39) (‘bp)

Gene name Gene full name Accession number

Primer sequences Amplicon size

Actin

Actin — F: ACCCATGTAATACCTGTGGCTGAA

KU513758 99
Actin Actin — R: GTAATGTTGCGACCGGCAATAG
23 RPS23 - F: ACAAGGGCTGCTGGACTGAT
RPS23 KU513760 100
Ribosomalp rotein 23 RPS23 - R: CCTTCGGAGGAAAGGCTTCA
3-
GAPDH - F: TCCCATGTATGTCTGTGGTGTCA
GAPDH  Glyceraldehyde-3— KU513759 101
GAPDH - R: TGGTGGTGCAGGAAGCATTG
phosphate dehydrogenase
) - Tubulin - F: CACGGAAGGTACTTGACTGTTG
B — tubulin . AD124738. 1 . 108
Beta tubulin Tubulin — R: GCTGCTGTTCTTGTTTTGGATG
1.2.4 SYBR ® Premix Ex Tag™ 1l (2 x) 100 ng
SYBR® Premix Ex Tag™ 1l ( Tli RNaseH c¢DNA ROX Reference Dye II 1 x
Plus) qRT-PCR (10 pM) 0.8 pL
N 20 Lo 95°C 30 s 95C
o : 10 pL 10s 55C 10s 72°C20s 40
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Fig. 3 Average expression stability values and determination of the ideal number of reference genes for normalization of four

candidate reference genes in different developmental stages and different adult tissues from Cryptolaemus montrouziert
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Table 4 The ranking order of the expression stability values ( M) of four candidate reference genes by NormFinder

Different adult tissues Different developmental stages
Gone + (M +SE) + (M +SE)
M value + Standard error Stability rank M value + Standard error Stability rank

Actin 0.257 £0. 128 3 0.083 +£0. 151 2

RPS23 0.078 £0. 154 1 0.069 +£0. 175 1

GAPDH 0.343 0. 151 4 0.413 £0. 140 4
B-tubulin 0.116 £0. 124 2 0.330 £0. 123 3

5 4 BestKeeper

Table 5 Descriptive statistics of four candidate reference genes based on their cycle threshold values analyzed by BestKeeper

P
Gene Geometric Mean  Arithmetic mean Min Max SD CV R P value  Stability rank
Different adult tissues
Actin 26. 66 26. 68 24.75 28.00 1.01 0.038 0. 808 0. 001 4
RPS23 25.17 25.19 24.03 26.97 0.85 0.034 0. 988 0.001 1
GAPDH 21.28 21.30 20.40 23.00 0.83 0.039 0. 862 0. 001 2
B-tubulin 21.55 21.58 20.47 23.56 0.91 0.042 0.974 0. 001 3
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Table 6 Overall stability rank of four candidate reference genes in all experimental conditions

Different adult tissues

Different developmental stages

Gene Mean rank Mean rank  Average rank
GeNorm  NormFinder BestKeeper GeNorm  NormFinder BestKeeper
Actin 4 3 4 3.7 2 2 2 2 2.8
RPS23 1 1 1 1 1 1 3 1.7 1.3
GAPDH 3 4 2 3 3 4 1 2.7 2.8
B-ubulin 2 2 3 2.3 4 3 4 3.7 3
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