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Reference Gene Selection of Real-time Quantitative PCR
in Cymbidium Hybrid
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Abstract To provide reference genes for the studies of gene function expression and regulation, sequence
of Chi8S rRNA, Ch28S rRNA, ChACT, ChTUA, ChTUB, ChUBQ, ChEF-1a and ChrpoB genes were cloned by RT-
PCR using the leaf of Cymbidium Golden EIf ‘Sun-dust’ as materials, Real-time quantitative PCR (qPCR) analyses
were employed to determine the primer amplification efficiency and their relative quantities for each gene in leaves

of ten different Cymbidium hybrid cultivars, geNorm, NormFinder and BestKeeper software programs were used
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to analyze the expression stability of each candidate gene and the expression pattern of CAPDS in different parts of

the flower organs was analyzed to verify the reference genes selected in this study. The RT-PCR and qPCR results
showed that the length of each candidate gene fragments were 171 bp, 148 bp, 183 bp, 146 bp, 130 bp, 147 bp, 203 bp
and 139 bp, while the primer efficiencies were 1.94, 2.19, 1.88, 1.99, 2.12, 2.20, 2.11 and 1.98, respectively. The
evaluation results of three software programs showed that ChACT was the optimal reference gene from the different
cultivars, ChACT, ChTUB, ChUBQ and ChEF-1a were the optimal reference genes from the different parts of the

flower organs, but, for all the samples in the experiment, the most stable internal gene was ChTUB. The results

indicated that different reference gene was required in different test conditions. Analysis results of the relative

expression level for ChPDS confirmed the reliability of the reference genes selected, the relative expression of
ChPDS using ChUBQ, ChEF-1a, ChTUB, ChACT, the combination of CAUBQ and ChEF-1a for normalization was

petal>labellum>gynandrium.
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Table 1 The primers and qPCR efficiencies of candidate reference genes in Cymbidium hybrid

FEIA S5 K (bp) MR FHL e

Gene Primer sequence Size (bp) R’ Amplification efficiency

Chi18§rRNA  5'-CCT GAG AGA CGG CTA CCA CAT-3' 171 0.996 1.94
5'-CAC CAG ACT TGC CCT CCA-3’

Ch28§ rRNA  5'-TCG CTC CGT GCC AAC TCA ATC-3' 148 0.997 2.19
5'-AGC TTT CAC CCA CCC CTC GTT GC-3'

ChACT 5'-GGG TGC TTA TGT TGG TGA TG-3' 183 0.998 1.88
5'-TTC AGA GGG GCT TCA GTA AGG-3'

ChTUA 5'-AAG CCATTT ACG ACATCT GCC-3' 146 0.991 1.99
5'-GAA CTC AGT TAC GTC CAC G-3'

ChTUB 5'-GGT TCT TAT GGA TCT GGA GCC TG-3' 130 0.999 2.12
5'-GTA GTG TCC CTT GGC CCA GTT-3'

ChUBQ 5'-TCC TCC GAC ACG ATT GAC AAC-3’ 147 0.996 2.20
5'-AAG CGT CGA TTC CTT CTG G-3'

ChEF-la 5'-CGA CAA TGT GGG ATT CAA CGT G-3' 203 0.997 2.11
5'-CGA ACTT GAC GGC GAT GTG-3'

ChrpoB 5'-AAA AGG GAC AAA TTC TAG CGG ACG-3’ 139 0.999 1.98

5'-GAC CAG ACG TTC GCT AAT TAG TAC T-3'
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1) 48 5E . ChPDSH: R 318 EiE 51 ¥ 4 5'-GAT
GCT GGT CAC AAA CCT ATA TTG-3', FiiEg|¥1h:
5'-GTT CCT TCC ACT GCA GAC GAT CAT T-3', #”
37479184 bp, AN RIS R E N2
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[ 4% RN — 8. B0 45 B 7€ GenBank B4 i
tpr 47 75 £k Blast, 45 R B, X84 A BT 41 5
GenBank {38 i i Ly (000 S P9 2 3 IR 340 4 6

M: DL2000 marker; 1~8: 537 AChI8S rRNA. ChACT. ChTUB. ChUBQ-
Ch28S rRNA. ChTUA. ChEFI1aHIChrpoBR:H B &4 14774y,
M: DL2000 marker; 1-8: products of Chl8S rRNA, ChACT, ChTUB,
ChUBQ, Ch28S rRNA, ChTUA, ChEF1a and ChrpoB gene fragments.
Bl ZX=ASEERERTZE
Fig.1 Cloning of reference gene in Cymbidium hybrid
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Fig.2 The expression levels of reference genes in leaves of different varieties and different parts of

the flower organs in Cymbidium hybrid
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Table 2 Expression stability values (M) of candidate reference genes in Cymbidium hybrid as calculated by geNorm

FREEE N AN 7 it A TEds B AR AL

iy All samples Different varieties Different flower parts

Rank Gene Stability value Gene Stability value Gene Stability value
1 ChTUB 0.738 ChACT 0.313 ChUBQ 0.044
2 ChEF-la 0.738 ChUBQ 0.313 ChEF-1a 0.044
3 ChUBQ 0.953 ChTUB 0.642 ChTUB 0.237
4 Ch28S rRNA 1.160 ChEF-1a 0.998 Ch28S rRNA 0.356
5 ChACT 1.291 Ch28S rRNA 1.231 ChACT 0.397
6 Ch18S rRNA 1.496 ChTUA 1.440 ChTUA 0.595
7 ChTUA 1.574 Chl18S rRNA 1.478 Chl18S rRNA 0.731
8 ChrpoB 1.873 ChrpoB 1.564 ChrpoB 1.649
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Table 3 Expression stability values (M) of candidate reference genes in Cymbidium hybrid as calculated by NormFinder

ZIRERE S AN [ it A et B A AL
7y All samples Different varieties Different flower parts
Rank Gene Stability value Gene Stability value Gene Stability value
1 ChTUB 0.404 ChACT 0.297 ChACT 0.114
2 ChACT 0.430 ChTUB 0.420 ChUBQ 0.158
3 Chi18S rRNA 0.621 ChUBQ 0.564 ChEF-la 0.198
4 Ch28S rRNA 0.628 Ch28S rRNA 0.571 ChTUB 0.241
5 ChTUA 0.789 Chl8S rRNA 0.678 ChTUA 0.274
6 ChEF-la 0.855 ChTUA 0.753 Ch28S rRNA 0.329
7 ChUBQ 0.872 ChEF-la 0.899 Chl8S rRNA 0.494
8 ChrpoB 1.162 ChrpoB 0.933 ChrpoB 1.115
4 BestKeeperIX AR ZIZERN S EENRE LS

Table 4 The stability parameters of candidate reference genes in Cymbidium hybrid as calculated by BestKeeper

A R R I L5 B AR L
i All samples Different varieties Different flower parts
Rank Correlation  Standard Correlation - Standard Correlation  Standard

Gene coefficient deviation Gene coefficient deviation Gene coefficient deviation
1 ChACT 0.925 0.618 ChACT 0.872 0.656 ChTUB 0.972 0.130
2 ChTUA 0.826 0.978 ChTUB 0.865 0.616 ChEF-1la 0.891 0.209
3 ChTUB 0.771 0.689 ChUBQ 0.815 0.758 ChUBQ 0.852 0.204
4 Chi18S rRNA 0.740 0.819 Ch28S rRNA ~ 0.725 0.748 ChACT 0.671 0.052
5 ChrpoB 0.589 1.491 ChTUA 0.709 1.052 ChrpoB 0.554 1.709
6 Ch28S rRNA 0.556 0.783 ChEF-1la 0.668 1.190 Chl18SrRNA 0.426 0.807
7 ChEF-la 0.525 1.166 Chl8S¥RNA  0.571 0.831 Ch28S rRNA  0.399 0.509
8 ChUBQ 0.390 1.089 ChrpoB 0.182 0.998 ChTUA 0.395 0.625

RS INMRBEESTRENSERNEEASER
Table 5 Aggregated result of optimal and worst reference genes by three softwares
A R A LB BRI L

IR All samples Different varieties Different flower parts

Analysis Software  Optimal reference ~ Worst reference

Optimal reference

Worst reference Optimal reference ~ Worst reference

gene gene gene gene gene gene
geNorm ChTUB, ChEF-1a ~ ChrpoB ChACT, ChUBQ ChrpoB ChUBQ, ChEF-la  ChrpoB
Normfinder ChTUB ChrpoB ChACT ChrpoB ChACT ChrpoB
BestKeeper ChACT ChUBQ ChACT ChrpoB ChTUB ChTUA
Commom gene ChTUB ChrpoB ChACT ChrpoB None ChrpoB

WS N ChTUB, R g AR N ChrpoB . FEIERE I A b AR ik B v, R Y

2.5 ASEFEREMRRIE

N TSI B 9 2% IR A 1 N 2k TR (¥ AR E 1 A
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ChrpoBfE Ry 2[R, W 712 22 = A6 38 B A [
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ChUBQM ChEF-1a% R H £ 3T 4% 1E ) ChPDSH: [l

RN IR Bk, SEAE TR A R A B AR 1T BA
Fe e PR B 22 1) Chrpo BFE DR 3E 4T K% IE B, ChPDSH: [A]
HFRIABE AR A T o, BEAT A B A R 2k =l T
T B AR RIS B

3 Wit
B 43 1) P 2 35 IR 2 452 7 S2qPCR 43 W HE
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Fig.3 The relative expression levels of CAPDS in different parts of the flower organs using different reference genes or

reference gene combination for normalization in Cymbidium hybrid
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