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Cloning and Stability Analysis of Reference Genes for Expression Studies
by Quantitative Real-Time PCR in Litchi
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(1 Physiological Laboratory for South China Fruits College of Horticulture South China Agricultural University
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Abstract: The full dength sequences of B-Actin GAPDH and 18S rRNA which are frequently used as ref-
erence genes in qPCR analysis were obtained from the pericarp of litchi ( Litchi chinensis Sonn. cv. Feizix—
iao) by gene cloning and sequencing. Their sequence lengths were 1 273 1 368 and 1 712 bp respec—
tively. Sequence analysis showed that the cloned sequences had very high similarity with other species.
Furthermore the stability of six genes including B-Actin glyceraldehyde-3-phosphate dehydrogenase
( GAPDH) 18S rRNA ubiquitin( UBQ) elongation factor ( eEF) and 25S rRNA was determined in li-
tchi pericarp under different developmental stages and regulator treatments in this study. Three different
analytic calculation methods including geNorm NormFinder and BestKeeper were compared. Among the
six genes tested B-Actin appeared to be the most stable single gene under three different calculation

methods.
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3
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ormimaer estheeper RNA . ( ). DNase I ( TaKaRa )
DNA 15g-L"'
RT-¢PCR
) RNA . 2
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. g  RNA MLV Reverse Transcriptase kit( In—
B- ( B-Actin) . 3- (GAP-
vitrogen ) cDNA (
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( eEF) 0%,
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Liichi chinensis Sonn.
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11
DH 185 rRNA 3 18 5 rRNA
; UBQ.eEF  25S- 3 (D
rRNA 3 qRT-PCR
6 DNAMAN NCBI
geNorm  NormFinder
1
Tab.1 The primers sequences used in cloning the fulldength of reference genes
(5—3") (5 —37)
B-Actin LeActin ATGGCCGATGCTGAGGACATTC TCAGAAGCACTTCCTGTGGACAATG
GAPDH LeGAPDH TCTCACTCTCTCAGGAATCATGG CAAGACCGTTGACTGAACCAT
18S rRNA Lc18S rRNA TCGGACGGTTTTGTGGTGA CCTTCCTTGGATGTG GTAGCC
1.4 gqRT-PCR 1.5 Real-Time PCR
Real-Time PCR ABI 7500 Real-Time PCR
qRT-PCR )
System Real-Time PCR Master
B-ActinnGAPDH  18S rRNA .
» Mix( TOYOBO Japan) 20 pl;
UBQ.eEF  25S rRNA .
] ) 150 € 605,95 C 60s 95 °C 15s 56 C
c¢DNA Primer Premier 5. 0 6

qPCR  ( 2)

20 s 72 C 35 s 40 ; 55~95%C
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2
Tab.2  The primer sequences of selected reference genes used in RT-qPCR analysis
(5—3) (5—3)
B-Actin QLcActin AGTTTGGTTGATGTGGGAGAC TGGCTGAACCCGAGATGAT
GAPDH QLcGAPDH GACAGCAGGTCAAGTATCT GAAGCAGCCAAGCGACTT
UBQ QLcUBQ AAAGCTCCGACACCATTGAC ATCCTCAAGCTGCTTTCCAG
eEF QLceEF TTTCACTCTTGGTGTGAAGCAGAT GACTTCCTTCACGATTTCATCGTAA
18S rRNA QLc18S ATTACCCAATCCTGACACGG AACCCAAAGTCCAACTACGAG
25S rRNA QLc25S ATAACCGCATCAGGTCTCCAAG CCTCAGAGCCAATCCTTTTCC
1.6
GeNorm.NormFinder  BestKeeper 3 2
Microsoft Office Excel 6 2.1
cDNA B-Actin GAPDH 18S—-
3 . rRNA3 ( 1).
2000 bp —» 2000 bp — 2000 bp 1716 bp
1000 bp — L d—1273bp 1000bp— 2000 bp
M: DNA marker DL2000; 1: B-Actin ; 2: GAPDH ; 3:18S rRNA
1 B-Actin.GAPDH  18S rRNA
Fig. 1  Cloning of B-Actin GAPDH and 18S rRNA genes from litchi
B-Actin, GAPDH 18S rRNA NCBI
1 273.1 368 1 716 LeActin Pop—-
bp LeActin.LeGAPDH  Lcl8S rRNA ulus trichocarpa Arabidopsis thaliana
GeneBank HQ615689. 98% ; LcGAPDH Di—
JF759907  JF759906. mocarpus longan 98%
2.2 74% ; Lc18S rRNA
DNAMAN LeActin Aesculus pavia
(ORF) 1134 bp 377 96% ( ‘ N
; LecGAPDH ORF 1008 bp 336 ’ LcActin . LeGAPDH
3
Tab.3 Similarities based on nucleotide sequences for reference genes isolated from litchi
1% 1%
LeActin AAA80356. 1/Actin2 98 ABO043670. 1/Actin / 99
LcGAPDH AF348583. 1 /At1g79530 74 FJ694011. 1/GAPDH.1/ 98
Lc18S rRNA AY056114. 1 /A2g16590 96 AF206838. 1/18S rRNA/ 99
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Fig.2  Average expression stability values of six reference genes

in the pericarp of litchi
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Fig.3  Determination of the proper number of six reference genes

for normalization in the pericarp of litchi

4 NormFinder
Tab.4 The expression stability values of selected reference

genes calculated by the NormFinder software

LeActin” 0. 024
LcGAPDH 0.055
LcUBQ 0.038
LeeEF 0. 044
Lc18S rRNA 0. 092
Lc25S rRNA 0.124

1) LeActin AR A RESAR.
2.3.3 ) BestKeeper #+ 5 W Ak F 69442 Best—

Keeper
BestKeeper ( Ct

) . LeActin,
LeeEF.Lc25S rfRNA  Lel8S rRNA

0.93 LecGAPDH LcUBQ
0. 86;
4 Lc25S rRNA Lel8S rRNA
LeActin
LceEF
LcActin LceEF ( 5.

5 BestKeeper
Tab.5 The stability of selected reference genes calculated

by BestKeeper software

(r) 1%
LeActin 0.938 0.29 1.39
LcGAPDH 0.843 0.98 4.37
LcUBQ 0. 860 0. 44 2.06
LceEF 0. 960 0.77 2.33
Lc18S tRNA  0.966 0. 88 7.57
Lc25S tRNA 0.977 1.13 8. 86
3
PCR
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