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Table 1 The sequences of primers used in real-time fluorescence quantitative PCR (Takos et al., 2006a, 2006b)

Target gene

Sequence No. Forward

Reverse

MYB1
LDOX
ANR
CHI
DFR
UFGT

DQ886414 5'-AGACCAATGTGATAAGACCTCAG-3'
AF117269 5-GAAGATCATCCTTAAGCCACTG-3'
AY830130 5-GCATCGAAGAAATATATGACCA-3'
X68978 5'- GCTACAAATGCGGTGATAGAA-3'
AF117268 5'- CAAGTACAGCTTGGAGGACAT-3'
AF117267 5-AAGGTCTCTCCAATGTACGAAT-3'

5'-AACCAAAAACTTGTGAAGAGTTC-3'
5-ATAATTTAGCACAACCCGCTTC-3'
5'-AATTTACGGTAAGCCAGACAAT-3'
5-CCTTGGTTTCCAATTTTTCAT-3'
5'-CCAAGCTGGTAAATGTAAAACA-3'
5'- AGGAGTTTGTTGACTTTGGACT-3'
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Figure 1  Effects of putrescine (Put) treatment on the total content and the ingredients of anthocyanin in apple skin

(A) The change of anthocyanin content in apple skin treated by Put; (B) The chromatogram of mixed standard anthocyanin samples;
(C) The chromatogram of anthocyanin in apple skin after 12 days of Put treatment; (D) The change of Cy-3-gal content in apple skin
treated by Put
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Figure 3  Analysis of the transcriptional level of the MYB1, UFGT, ANR, LDOX, DFR and CHI genes in apple skin treated by
putrescine (Put)

2
Table 2 Analysis of the significance of the difference of transcriptional levels of anthocyanin synthesis-related genes in apple
skin treated by putrescine

Sample MYB1 UFGT ANR LDOX DFR CHI
-20 15 d 632 e 729 d 30e 75597 ¢ 11976 d
1CK 4902 b 2638d 1487 d 435 d 100 243 ¢ 665 894 ¢
T 3086 ¢ 3482¢ 6311 a 4415 b 79362 ¢ 1234 330 b
3CK 3540 ¢ 5757 b 1233d 1356¢ 373 016 a 1382 205 ab
3T 7371a 739 a 4334 D 6102 a 165 475 b 1509 481 a
5CK 67d 285 e 1018d 24 e 29450 d 159 384 d
5T 245 d 126 e 1122d 54 e 6 285 d 102 003 d
12CK 112 d 207 e 2854c¢ 94 de 16 279 d 30685 d
12T 469 d 344 e 1599 d 2le 10 970 d 103 308 d
() CK ;T
P=0.05

Numbers in column of sample standed for the days after the bags were removed. CK standed for control treatment; T standed for
putrescine treatment. Different letters behind numerical values in the table showed the significance of difference by Duncans at
P=0.05
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Promotion Effect of Exogenous Putrescine on Anthocyanin Accumu-
lation in ‘Red Fuji’ Apple Fruits

Yi Tian, Qiang Wang, Liyi Zhang, Guodong Kang, Ling Yang, Hongmei Hao, Zhenying Yang, Peihua Cong*
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Abstract In order to explore the effect of exogenous putrescine (Put) on anthocyanin accumulation in apple skin, putrescine (50
mg-L~1) was applied to‘Red Fuji’ apple fruits immediately after bags were removed from fruit. Anthocyanin accumulation was
determined by spectrophotometer and high-performance liquid chromatography, and transcriptional levels of several anthocyanin
synthesis-related genesincluding MYB1 and genes encoding UDP-glycose: flavonoid 3-O-glycosyltransferase (UFGT), chalcone
isomerase (CHI), anthocyanidin reductase (ANR), leucoanthocyanidin dioxygenase (LDOX) and dihydroflavonol 4-reductase (DFR),
were determined by real-time fluorescence quantitative PCR. Anthocyanin content was significantly promoted with Put treatment,
to about 1.9-fold that with control treatment. Put treatment revealed cyanidin 3-arabinoside content, although low, which was not
revealed with control treatment. The transcriptional level of MYB1 was increased 1.6-fold with 1-day Put treatment and two-fold
with 3-day treatment. The changed transcriptional level of UFGT gene was similar to that of MYB1,; transcriptional levels of CHI,
ANR and LDOX were increased as well. The transcriptional level of LDOX was 10.2- and 3.8-fold after 1- and 3-day Put treatment,
respectively. Among six genes investigated in our study DFR was the only gene of which transcriptional level was inhibited with
Put treatment. The strong effect of inhibition was revealed with 3-day treatment that the transcriptional level of DFR with control

treatment was 2.3-fold of that with Put treatment.
Key words anthocyanin, Malus domestica Borkh. ‘Red Fuji’, putrescine, real-time fluorescence quantitative PCR, transcriptional level
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