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Screening of Reference Genes for qRT-PCR Analysis in Zingiber zerumet (L.)
Smith Female Reproductive Organ after Pollination

LIN Haochuan,ZHONG Chunmei,SUN Shulan*
( Guangdong Provincial Key Lab of Biotechnology for Plant Development, School of Life Science, South China Normal University, Guangzhou 510631, China)

Abstract: Screening of reference genes of pollinated Zingiber zerumes (L.) Smith female reproductive organ at de-
velopment process is crucial for analyzing the expression of key regulatory genes for Zingiber zerumet (L.) Smith a-
bortion. According to the transcriptome database of Z. zerumet Smith and researches on traditional reference genes,
we selected 10 relatively stable genes as candidate reference genes, including Actin-2 (ACT2) , Actin-7 (ACT7)
Beta tubulin-1 (TUBI) , Beta tubulin-5 (TUBS) , Alpha tubulin-3 (TUA3) , Ubiquitin (UBQ) , Glyceraldehyde-3-
phosphate dehydrogenase ( GAPDH ) , Elongation factor I-alpha ( EF-la), Cyclophilin ( CYP), and Histone
(H2A) , and analyzed their expression stability by qRT-PCR and three statistic programs: GeNorm, NormFinder
and BestKeeper. The results showed that GAPDH and UB(Q) are the most stable genes during the development
process of pollinated Z. zerumet Smith female reproductive organ. These two genes were suitable to be reference
genes, and it was more accurate for qRT-PCR normalization analysis using these two reference genes at the same
time. This work indicated that GAPDH and UBQ) are effective reference genes for qRT-PCR normalization analysis in
pollinated Z. zerumet Smith female reproductive organ at different development stages, which can be used for the
study of molecular mechanism of abortive in Z. zerumet Smith, and for the screening of reference genes in other Zin-
giber species.
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Figure 1 Agarose gel electrophoresis of total RNA from pollina-

ted Zingiber zerumet (L.) Smith female reproductive

organ at different development stages
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Table 1  Primer sequences and amplification parameter for candidate reference genes of Zingiber zerumet (1.) Smith derived from
qRT-CPR
B HH AR FIMF51(5'—3") Bk YRR/ % MXFREUR
ACT2 Actin-2 F-AAGGATGGCTGGAAGAGGACT -2.30 101.57 0.999 4
R-AGAGCTGGAAACTGCCAAGAC
ACT7 Actin-7 F-ACTTCCTTTCAGGTGGAGCC -2.22 106.31 0.991 5
R-CTAAGTGGCGGGTCGACAAT
TUBI Beta tubulin-1 F-AGCGAGCAGTTCACTCTGATG -2.38 96.83 0.995 8
R-GTCGCGTCTTGGTACTGCTG
TUBS Beta tubulin-5 F-ACATCCACCAGACACGAGGA -2.28 102.26 0.996 3
R-CCCAACAACTGATTTGCCGC
TUA3 Alpha twbulin-3 F-CTGCAGTTGTGGAGCCATACA -2.19 108.63 0.990 5
R-ATGTCGAGAGACCGCCTACA
UBQ Ubiquitin F-CGATCACTCTCGAGGTGGAG -2.30 101.25 0.999 1
R-TTCCGGCGAAGATAAGGCG
GAPDH Glyceraldehyde-3-phos- F-AATTTTCCGCACCCATTCGC -2.37 97.33 0.990 5
phate dehydrogenase R-ATCATTGACGGCGACGAGTT
EF-la Elongation factor 1-alpha F-CGACATTATCGCCAGGGAGAG -2.40 95.71 0.997 0
R-CCAGTTGGACGGGTTGAGAC
CYp Cyclophilin F-TGTGGAAGCTACTCCCCTTGT -2.24 105.39 0.998 4
R-AGCTGGCCGGATTGTTATGG
H2A Histone F-AGGCAGACAAAATCCAGCGA -2.29 102.07 0.995 7

R-CTTCCCTCGAATCGACCAGG
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Figure 2 qRT-PCR melting curves of 10 candidate reference genes
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Figure 3 C, values distribution of 10 candidate reference genes
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Figure 4 Expression stability of ten candidate reference genes( A) and the optimal numbers of reference genes ( B) analyzed by

GeNorm
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Table 2 Expression stability of ten candidate reference genes analyzed by BestKeeper

RN SN
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UBQ TUBS H2A GAPDH EF-la ACT7 TUA3 ACT2 CYP TUBI
GM[ CP] 21.58 25.67 26.74 21.23 22.75 26.56 24.31 23.28 24.23 26.75
AM[ CP] 21.59 25.68 26.75 21.25 22.78 26.59 24.33 23.31 24.27 26.78
Min[ CP] 20.63 24.76 25.51 20.18 21.40 24.36 23.15 21.74 22.68 25.26
Max[ CP ] 22.58 26.78 27.91 22.85 24.81 28.67 25.78 24.88 26.74 28.79
SD[ +CP ] 0.55 0.56 0.58 0.66 0.89 0.90 0.90 1.11 1.17 1.20
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1 GM : JLA[ - 185 AM 2 B80T Y9850 Minc: fie/ME s Max: B K8 SD AR 22 CP: BLAS S 4%

2.5 NSEREEMEWIE

Sy 3MdFH GAPDH F1 UBQ VRN BRI, W5
CLBRZEEN) o METE AL F A B K B AHSCH) A B2 g
JE I E VLA (A-type Cyclin-dependent Kinase 1, CD-
KAD) " i ik R AT 400, I0AiE s 2 AN B 5
X qRT-PCR 437 B B 5L RS 5. 4551

R, BILL GAPDH F UBQ A A 2 35 K Bisf T 45
Ff) CDKAIL 1) 32 ik A5 2K BOM W], CDKAT AE 2 3
24 h JRA¥ W E LI (K 6). LREE R,
GAPDH 1 UBQ i&i & AE W28y J5 ARl & & B £
BR 2 MEPE AR FE & B L PO E 8 PCR AR HEAL 73 T
NS L.



72 EHFRERFEFR(AEAHF R

% 49 %

231 [ CDKAI/GAPDH
[ CDKA1/UBO

2.0 F
0 ;s |
ﬁﬁ 1.5
®
B0l
=

0.5 F

0.0

CK 12 24
205 i E)/h
B 6 433k GAPDH 1 UBQ {EH WS K ik CDKAI ()3

AT

Figure 6 Expression pattern analysis of CDKAI using GAPDH

and UB(Q) as internal controls
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