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Fig.1 Samples of leaves of 'Maiyuanjinqiu' and

C. fargesii.""
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Table 1 Primer design for internal reference genes and

CIGES gene
E VSRS 5175 B KR
Gene Primer sequences (5'-3") Tm/C

CrUBC F: CCACTGTTTCGGCCAGTATT 60.0
R: GGGTGCCCTCCCATATAAGT 60.0
Cdctini ] F: TTCCCTGCTTCACTCGATCT 60.0
R: TTCCCGGATAACTGAGCATC 60.0
F: GGAATCACAGCCGAAGATGT 60.1
C/GADEH R: ACCTTGACCATGTCGTCTCC 60.0
CIEF-1 F: AGTTTACGCCGCTGTTTTCG 60.0
R: CAAGGTCGTCGTCATCATCG 60.0
CIPP2A F: GAGCAGTTGCACAGAATGGA 60.0
R: CCTGGCGAATTAGAAATGGA 60.0
F: AGCTTCCATTCTTTGCCTCA 60.0
CALDH R: TCCGAACAAAAGCAATACCC 59.9
Chudetin™ F: GATGATGCTCCAAGAGCTGT 60.0
R: TCCATATCATCCCAGTTGCT 60.0
C/GES F: GAGCTACCAAGGCACCTGAG 59.5
R: CTCCTTCCACCACCTGGATT 60.0
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Fig. 2 Total RNA electrophoresis of different leaf color
parts of 'Maiyuanjinqiu' and C.fargesii.
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Fig.3 PCR products of seven reference genes.
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Fig. 4 Real-time PCR melting curves of seven reference genes
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Fig. 5 Average Ct values of seven reference genes
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Table 2 Analysis of the expression stability of reference

genes in leaves by GeNorm

R AR PR RE RS E E T EHHT

Gene name M Stability rank
CfMADH 0.429 1
CfEF-1 0.442 2
CfGADPH 0.467 3
CfPP24 0.602 4
CfActinl 1 0.610 5
CfUBC 0.666 6
ChuActin 0.790 7

0.15
0.109

Bexd 22 5k
Pariwise variation

V2/3
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0.108

V5/6 Vo/7

6 GeNorm RSN REGHNSEELHE
Fig. 6 The number of the most suitable reference genes

analyzed by GeNorm software
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Finder 7345538 (% 3) /8. C/UBC. Chudctin, CIMADH - ]
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B DR I AN TR] B0 v A 19 2 s RS E E o3 il ol CIEF-1 0.095 3
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2.3.4 BestKeeper 4 # BestKeeper iR ChbuActin 0.520 7

ZE(CV) FkriEm2E (SD) SRS I 1)
FaEdE, CV I SD WM SEM R EE e, MW EBMRHE PRI 2 . Cfdetinll, CfMADH,
Hrp, SDEMBVAEE N 1.0, K TIZERINFER CfGADPH . CfEF-1. CbuActin, CfPP24. CfUBC,
AFa !, BestKeeper /MAT45 R (£ 4) Bis. 1F A CfActinl 1 1) CV #1 SD {HE/) (CV=0.80; SD=
TRWK S A2 Gk ik b, 7 SRS SD{EHI/N - 021), KRR MNEEE; CAUBCIH CV Al SD {H #ix
T 1.0, U RENRIEHBOARE, JFHRRE K (CVv=235; SD=0.62), HEKIEATE
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Table 4 BestKeeper software was used to analyze the expression stability of internal reference genes in
different leaf color sectors of Maiyuanjinqiu and C.fargesii.

B[R 44 P JUAP- S48 H{H HR/ME RKE PRz BEFS 4 Fa g PEHT

Gene name Geometric mean Mean Min Max SD (6)% Stability rank
CfActinl 1 26.46 26.46 26.08 26.82 0.21 0.80 1
CfMADH 24.69 24.69 24.33 25.01 0.27 1.10 2
CfGADPH 20.91 20.91 20.64 21.49 0.29 1.38 3
CfEF-1 23.81 23.81 23.36 2422 0.33 1.38 4
CbuActin 22.54 22.54 22.06 22.97 0.37 1.66 5
CfPP24 28.54 28.55 27.78 29.06 0.46 1.62 6
CfUBC 2631 26.32 25.48 27.19 0.62 2.35 7
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24 HNSEEREMSRIE Fig. 7 Stability ranking of seven genes by
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Fig. 8 The expression differences of CfGES among
different leaf color sectors of 'Maiyuanjinqiu'
and C. fargesii .
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Selection and Validation of Reference Genes for Leaf Color Phenotype
in 'Maiyuanjingiu', a Catalpa fargesii Variety, by qRT-PCR

YANG Ying-ying'?, ZHAO Lin-jiao™*, YANG Gui-juan®, ZHANG Yu*, FU Peng-yue™*,
HU Ji-wen?, LIU Ying*, WANG Nan®

(1. Biotechnology Research Center of China Three Gorges University, Yichang 443002, Hubei, China; 2. State Key Laboratory of Tree
Genetics and Breeding, Research Institute of Forestry, Chinese Academy of Forestry, Key Laboratory of Tree Breeding and Cultivation of
National Forestry and Grassland Administration, National Innovation Alliance of Catalpa bungei, Beijing 100091, China; 3. Faculty of
Forestry, Southwest Forestry University, Kunming 650224, Yunnan, China; 4. State Key Laboratory of Tree Genetics and Breeding,
Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] To select the housekeeping genes stably expressed in leaves in order to support the study of
the molecular mechanism of leaf color formation on 'Maiyuanjingiu', a Catalpa fargesii variety. [Method] The relat-
ive expression of seven candidate genes, including CfUBC, CfActinll, CfPP24, CfMADH, CfGADPH, CfEF-1 and
CbuActin were detected by real-time quantitative PCR (qRT-PCR) technology using leaves of different leaf color sec-
tors of 'Maiyuanjingiu' and the corresponding sectors of Catalpa fargesii Bur. The stability of the seven candidate ref-
erence genes was evaluated by using internal reference analysis software such as GeNorm, NormFinder and Best-
Keeper. Furthermore, the expression patterns of terpenoid biosynthesis related gene (CfGES) in the leaves of differ-
ent leaf color parts of 'Maiyuanjingiu' and the corresponding sectors of C. fargesii were analyzed respectively. The
results verified the stability evaluation results mentioned above. [Result] All the seven candidate reference genes can
be used as internal reference genes in the leaves of 'Maiyuanjingiu' and C. fargesii. The expression levels of CfMADH
and CfEF-1 were the most stable in different color tissues, followed by CfGADPH and CfActinl 1, while the CfUBC
was the worst. The stability of internal reference gene was verified by terpenoid biosynthesis related gene (CfGES). It
was found that the expressions of CfGES gene were consistent with the trend of transcriptome data, when CfEF-1 and
CfMADH genes were used as internal reference for qRT-PCR alone or in combination. [Conclusion] Using
CfMADH and CfEF-I individually or in combination to calibrate the gene expression levels of different leaf color
parts in 'Maiyuanjingiu' can greatly improve the reliability of experimental results.

Keywords: Catalpa fargesii; 'Maiyuanjingiu'; leaf; reference gene; qRT-PCR
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