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Selection of tomato reference genes for qRT-PCR

JIANG Jing'*,  WANG Yin-lei’, ZHAO Li-ping’, ZHOU Rong’, LI Ya-ru’, ZHAO Tong-min’,
YU Wen-gui'?

(1.College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China; 2.Institute of Vegetable Crops, Jiangsu Academy of Agricultural Sci-
ences, Nanjing 210014, China)

Abstract:  In this study, the tomato seedlings treated under high and low temperature, salt stress, TYLCV white-
flies vaccination and the relative controls were used as plant materials, and the expression levels of eight commonly used
reference genes including actin(ACT) , glyceral-dehyde-3-phosphate dehydrogenase( GAPDH) , ubiquitin( UBI) , 18S ribo-
somal RNA(/8S) , transcription elongation factors( EF-1a) , B-larip( TUB) , expressed protein( EXP) and clathrin adaptor

complexes( CAC) in different samples were analyzed through the qRT-PCR. The genes with stable expression levels were i-

dentified using geNorm and NormFinder softwares. The
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the eight reference genes were inconsistent. On the whole,
the stability of UBI and ACT were equally high. In the
TYLCV vaccination, the stability of ACT was relatively
poor, so stably expressed TUB and GAPDH could be used
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Table 1 Primer sequences of tomato seedlings candidate reference gene by qRT-PCR

B £ R ] ST E)(5'—3") PR BN (bp) B

WLzh & 3 ACT CGGTGACCACTTTCCGATCT 62 [14]
TCCTCACCGTCAGCCATTTT

i -3 R A S GAPDH ACCACAAATTGCCTTGCTCCCTTG 110 [15]
ATCAACGGTCTTCTGAGTGGCTGT

T SR A A PR - L IR EF-la ATTGGAAATGGATATGCTCCA 100 [15]
TCCTTACCTGAACGCCTGTCA

B-IE R A TUB TTGGTTTTGCACCACTGACTTC 84 [14]
AAGCTCTGGCACTGTCAAAGC

HEAEFEEAE Y CAC CCTCCGTTGTGATGTAACTGG 173 [16]
ATTGGTGGAAAGTAACATCATCG

ZHREH UBI TCGTAAGGAGTGCCCTAATGCTGA 119 [15]
CAATCGCCTCCAGCCTTGTTGTAA

FIRE A EXP GCTAAGAACGCTGGACCTAATG 183 [16]
TGGGTGTGCCTTTCTGAATG

18S #Z A& RNA JE[H 18S GGGCATTCGTATTTCATAGTCAGA 98 [15]

GTTCTTGATTAATGAAAACATCCT

1.2.3 qRT-PCR & #7 LI B 5 155 19 cDNA 7=
YV RS2t i€ i PCR AYREIAR, BC ] 20 pl S BEAR AR
SYBR ® Premix Ex Taq ( TliRNaseH Plus,2x)10.0
wl,PCR IE 1514 (10 pmol/L) % 0.4 pl, ROX
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Fig.1 Melting curves of eight reference genes
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Fig.2 Expression stability values of reference genes calculated

by geNorm
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Fig.3 Expression stability values of reference genes calculated by geNorm
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Table 2 The pairwise variation of eight reference genes calculated by geNorm under different treatments

e X 22
szl
VZ/ 3 V3/4 I/4/5 VS/G V6/7 V7/ 8
R 0.109 0.109 0.097 0.093 0.078 0.070
=y 0.196 0.124 0.126 0.099 0.123 0.238
TYLCV $ff 0.106 0.078 0.075 0.104 0.088 0.100
hihia 0.158 0.172 0.155 0.173 0.177 0.207
popitst 0.110 0.104 0.091 0.084 0.093 0.178

2i 4 geNorm 1 NormFinder W Fl 4% 4 43 A 45
A, BIRTEAR R AL BRASAE T T BRI NS LA 1Y
T /N T 1.5, Blg E#ETT LIE S A S, (3
SEARBEIE AN AR A5 PRI 0 B oA AR e N 2R

AGIEN S I, FIANTE S TYLCV 9 8 1 40 R 1
PR Rb BT 8 M NS 3L e NS ik
K& TUB .GAPDH .UBI ,18S i AFasE , T ACT Fa &
PEALATT 425 % B (IR A K R 32 s B ) 4%
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Table 3 Stable values of reference genes analysed by NormFinder under different treatment conditions

- R Ab 1o A TYLCV HFphb 2 EINIBE R PO

H FasE(H HeF FasE(E HeF FaElE HeF FasE (H HeF FaE(E HeF
ACT 0.196 2 0.319 4 0.397 6 0.541 5 0.096 2
UBI 0.135 1 0.125 1 0.269 4 0.141 2 0.093 1
EF-la 0.280 3 0.290 3 0.200 3 0.085 1 0.280 5
185 0.343 7 0.326 5 0.543 8 0.779 6 0.980 8
EXP 0.291 4 1.312 8 0.402 7 1.132 8 0.410 6
TUB 0.313 6 0.482 6 0.107 1 0.453 4 0.180 4
CAC 0.377 8 0.667 7 0.287 5 0.340 3 0.496 7
GAPDH 0.310 5 0.131 2 0.196 2 0.782 7 0.151 3
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