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Validation of reference genes for quantitative real-time PCR in Bupleurum chinese
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Abstract: Objective To identify stable reference genes in different growth stages and different organs of Bupleurum chinese
Methods All Ct values of 18 candidate internal reference genes were obtained by real-time quantitative PCR. Three software
(Bestkeeper, NormFinder, and GeNorm) based on different algorithms were used to analyze the stability of the internal reference gene.
The Pearson correlation coefficient was also analyzed. Results The Ct values of all candidate genes were relatively broad. ADF1b,
ADF5, ADF?7, elF2b, and ACT2 were the most stable reference genes, whereas the gene of e/F6 was the least stable of the reference
gene. The results of three softwares showed significant correlation. Conclusion Real-time fluorescence quantitative PCR combined
with three different algorithms for the screening and validation of the reference gene of B. chinese is feasible. The homogenization of
the target gene by the reference genes of the present study is helpful to improve the accuracy and reliability of gene expression
analysis in molecular genetic research of B. chinese.
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Table 1 Oligonucleotide sequences of 18 candidate reference genes

FER LR SIFY (5°—3) NS SIFH (5°—>3)
UBC6 (F) ACCACTCTTTTTACTTTTTGTTCAT elF2a (F) CAGACTGAGTTGGGTTCTTGTTA
UBC6 (R) TCCACAACTTTTACTATATCCAGATG elF2a (R) TCTGATACTGTTGCCTCTATTCCT
UBCI13 (F) CGATGGTGGACTATTTGGGTA elF2b (F) TAATGGGAGCAACTGACCTGT
UBC13 (R) GGCTTTTCTGCTGGTTTGGT elF2b (R) TGGGCAGCAAAGATTGGTAG
ACT7 (F) TCTCTGTGTCTCATATTCTCTCTTTC elF3 (F) ACTACGAGGAGGCTGAAAGGT
ACT7 (R) TTCACCATTCCAGTTCCATTG elF3 (R) GTTTACCGAGCAGTTTGTGGA
ADFla (F) TGCAAGCAACTGATCCAACA UBC4 (F) ACCAGCCATCGCTTCATCAC
ADFla (R) TACAAGAATAACAAGCCCGACA UBC4 (R) CCCAATCCATCAGACCCACT
ADF1b (F) CGGCATCTGGTATGGCTG elF4 (F) AGACCATTGAACAGCATCCA
ADF1b (R) CAGGCAGTGAAATCCTCATAGC elF4 (R) GAAATGAAATCTACACTAACAACCC
ADF7 (F) TGGGGTTGAGGGCACTTG ADF5 (F) CGAGTTCCCTCTTGAATCTGTC
ADF7 (R) GACAACATACTACAAGTTCGCCAT ADF5 (R) TGAGGATTTCACTGCCTGTCTA
ACT1 (F) GTCAAGTGCCCTCAACCCC ACT2 (F) TGCCCGATGGTCAAGTTAT
ACT1 (R) TGATGTTATTAGAAGTCGTGCCAA ACT2 (R) GCAGCTTCCATTCCAATCA
ACT4 (F) CCAGAATCAAGCACAATACCAG elF6 (F) GTTCAGGCGCAAGGCTTT

ACT4 (R) ACCCAAAAGCAAACAGAGAAAA elF6 (R) CTGCAACCGGGTCATTCA

EF1b (F) TCCTTCTTGTCAACAGCCTTAAT EFla (F) CAACATGATTGAGAGGTCTAGCA
EF1b (R) AATGGTGATTCTGGGATGGTT EFla (R) GAAGAGGGAGACGAAGAGGTT
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Table 2 Fluorescence quantitative PCR reaction system
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2 X TransStart® Green qPCRSuperMix UDG 5.0
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Table 3 Expression stability of 18 candidate genes under
GeNorm software analysis
Ha ENARE ME | 2 ERAK MA{E
1 ADF1b 0.301 10 ACT1 0.705

2 ADF5 0.301 11 UBC4 0.721
3 ADF7 0.421 12 ADFla 0.753
4 elF2b 0.436 13 elF4 0.778
5 ACT2 0.506 14 UBC13 0.856
6 elF2a 0.598 15 UBC6 0.915
7 ACT7 0.625 16 EF1b 0.956
8 elF3 0.662 17 ACT4 1.098
9 EFla 0.693 18 elF6 1.201
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LB IE DA 1 {F 2 (BRI RN, %
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NormFinder A4 AR (K 4D, Frfikes
N EGE N 5 AW S ADF7.ADF1b. elF2b.
ADF5 fIl ACT2. RUEMH N 0.237~0.349, %451
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Table 4 Expression of 18 candidate genes in NormFinder

software analysis

i WA REfE | HEY NS R
1 ADF7 0237 | 10  eIF4 0.484
2 ADFlb 0305 | 11  EFla 0.513
3 elF2b 0327 | 12 UBCI3  0.521
4 ADF5 0346 | 13 UBC4 0.531
5 ACT2 0349 | 14  ADFla  0.628
6 ACT7 0367 | 15  UBC6 0.631
7 eIF3 0411 | 16  ACT4 0.804
8 elF2a 0444 | 17  EFlb 0.828
9 ACTI 0416 | 18  eIF6 0.927
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Table 5 Expression of 18 candidate genes in Bestkeeper

software analysis

iy JERAFR CVESD |%i'5 JERAFK CVESD
I ADF7 3.18+058| 10  elF2a 5454085
2 ADFIb 3.76+0.61| 11  UBC4  4.94+0.89
3 ADF5 4204069 12 ACTl  4.07+0.89
4  elF2b 335+071| 13 ADFla 4714092
5  UBCI3 434+074| 14  elF4  377+1.02
6 ACT7 3.98+073| 15 ACT4  4.13+1.04
7 elF3  3.94+080| 16 UBC6  9.52+1.04
8  ACT2 427+081| 17  elF6  11.39+1.06
9  EFla  483+084| 18 EFlb  1.76+1.71
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coefficient analysis (Bestkeeper, NormFinder and GeNorm)

Stable ranking results in Pearson correlation
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