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Abstract: Quantitative real-time PCR (qRT-PCR) has been widely used in gene expression analysis with quantitative
accuracy, high sensitivity and good repeat ability. The stability of the reference genes is very important to accurate analy-
sis of the target genes expression. Anther tissues from pollen mother cells stage (PMC) , tetrad stage (TET) and mature
pollen stage (MP) of Caulokaempferia coenobialis (Zingiberaceae) were used to select reference genes. According to the
developing anther transcriptome expression profile data and traditional reference genes reported, Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) , Malate dehydrogenase (MDH) , alpha tubulin3 ( TUA3) , beta tubulin7 (TUBT) and
Actin6 (ACT6) were selected as candidate reference genes for qRT-PCR analysis. The expression stability of five candi-
date reference genes during the anther development was comprehensive analysis by BestKeeper, geNorm and Normfinder
software. The results showed that the expression of MDH and TUBT were the most stable, and the ACT6 was the
worst. The expression patterns of GBE1 during anther development was obtained based on MDH and TUBT as reference
gene respectively. And the expression stability of MDH and TUB7 was further verified by correlation coefficient analysis
(Pearson) with the anther transcriptome expression profile data. The results showed that MDH and TUB7 could serve as
qRT-PCR reference gene to analyse the gene expression pattern related to anther developing in C. coenobialis. The study
would provide research fundamental data for molecular mechanism research of anther development in C. coenobialis, and

reference for the selection of reference genes in other Zingiberaceae species during anther development.
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Note: 1-3. Pollen mother cell stage; 4—6. Tetrad stage; 7-9. Mature pollen stage.
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Agarose gel electrophoresis of total RNA from three anther developmental stages of Caulokaempferia coenobialis
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Table 1  Description of candidate reference genes, primer sequences, product length and PCR efficiency
R bl 22 N -
A i R A Dot g PR ety Comeion soficient S
(bp) (%) (R*) (k)
ACT6 FP: CCGACACCAAAACCCTCCAA 290 77.8 0.889 -4.001
RP: CGCATTCTCCTATCTCCGCC
GAPDH FP. GGCAACGAGTTCCACATCCT 120 109.9 0.998 -3.105
RP. TACTTTCCGCCTCCATTCGC
MDH FP. CAGCAAAACGATGAGGCGAC 96 107.2 0.992 -3.16
RP: ATTCTCCCGTCTCAATGGCG
TUA3 FP: GTGATGTCGTGCCCAAGGA 123 104.3 0.997 -3.224
RP. CAGATGGCGGCTGGTAGTTTA
TUB7 FP: GAGACGAGGTGGAAGGCTGA 238 102 0.992 -3.275

RP: TGGACTGTGATGTGTCGTGTAG

27 Z [a], Hth AcT6 1 TUBT WY % ik & 1%,
GAPDH [k e,
24 RIENSERRIEREMEST
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Fig. 3 Ct value of five candidate reference genes
in different anther developmental stages
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Table 2 Expression stability of five candidate reference

genes according to BestKeeper

H [ 44 R

TUBT  MDH GAPDH TUA3  ACT6
Gene name
RCR S 25.03  24.47 19.48  22.08  25.24
Geo Mean [ Ct]
FHCF YA 25.04  24.48 19.50  22.10  25.28
Ar Mean [ Ct]
B/ME 24.15 2376 18.44  20.80  23.56
Min. [ Ct]
KAl 26.11 2531  20.64  24.00 27.57
Max.[ Ct]
b2 0.31 0.42 0.70 0.75 1.17
SD [ + Ct]
T tEHE# 1 2 3 4 5

Stability rank

AFREM R ACT6,, 5 MEEN SR R iBRE
PEH UK ) MDH/ TUBT>GAPDH>TUA3>ACT6 (1§ 4.
A) ., AL, geNorm B PFIA AT LLGE 2 15548 % N =
SR B AR STV, R BT Bl NS R R
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Fig. 6 Expression patterns of GBE1 in different anther development stages and correlation

coefficients among the expression patterns
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