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Abstract:  Solanum lycopersicum phenylalanine ammonia-lyase 5 (SIPAL5) gene regulates the metabolism of phenolic
compounds. The study of transcription factors that regulate the expression of SIPAL5 gene is of great significance to elucidate
the regulatory mechanism underlying the biosynthesis of phenolic compounds in tomato fruit induced by UV-C irradiation.
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Here, yeast one-hybrid library of tomato fruit was constructed, and the yeast one-hybrid technology was used to screen the
transcription factors that regulate the expression of SIPAL5, the key gene related to the synthesis of phenolic compounds in
tomato fruit. As a result, a transcription factor, SIERF7, was obtained and sequenced, followed by the blast homology analysis.
Further experiments confirmed that SIERF7 interacted with the promoter of SIPAL5 gene. In addition, UV-C irradiation
significantly increased the expression level of SIERF7. These results indicate that SIERF7, which is regulated by UV-C
irradiation, might be involved in regulating the transcription of SIPALS5, which provided foundations for further studying the
regulation mechanism of the biosynthesis of phenolic compounds in tomato fruit induced by UV-C irradiation.
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Introduction

Plant growth, development and its response to
the environment are regulated by gene expression.
In addition, the gene expression is regulated by
transcription factors!l. Transcription factors could
activate or inhibit transcription by identifying
cis-acting elements in the promoter region of the
target genel?. The metabolism of phenolic
compounds is not only influenced by the related
genes, but also related to the regulation of
transcription factors®™. Transcription factors can
regulate the expression of genes encoding different
enzymes in the metabolic pathways of phenolic
compounds to regulate the metabolism of phenolic
compounds!*®). Studies have shown that the MYB
transcription factor family plays a crucial part in the
regulation of plant phenolic metabolism!®). Stracke
et al” have also confirmed that the MYB
transcription factors, MYB1l1l, MYB12 and
MYB111, of Arabidopsis thaliana can regulate the
genes involved in the biosynthesis of phenolic
compounds. In addition, UV-B irradiation can
induce the expression of MYB1 transcription factor
in carrot!”). Other studies have reported that ERF
and PAP1 can regulate the biosynthesis of phenolic
acids®!. In addition, the MYC2 transcription factor
of Salvia miltiorrhiza could also induce the
accumulation of phenolic compounds in Salvia
miltiorrhiza. Yang et al™ and Mohanty et al™
have found that bHLH transcription factor is
important in the synthesis of phenolic compounds.
Furthermore, the transcription factor LBD50 of
Salvia miltiorrhiza LBD can be induced by
jasmonic acid to regulate the metabolism of
phenolic compounds™?.

The wavelength range of UV-C is from 200 nm
to 275 nm. UV-C irradiation can destroy DNA and
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produce pyrimidine dimers to interrupt the
transcription and translation of DNA in
microorganismst*®. UV-C irradiation is an effective
method to improve the quality of fruits and
vegetables during storage!*”. UV-C irradiation can
cause cell damage and DNA damage at high doses,
while low dose treatment will bring a series of
beneficial physiological effects. For example, UV-C
irradiation can improve the sensory quality and
nutritional quality of fruits and vegetables, and
perfect the edible value of fruits and vegetables™> ™).
UV-C irradiation can cause DNA damage in
many organisms. When plants are exposed to UV-C
irradiation, they would induce the production of
UV-absorbing phenolic compounds to avoid the
harm of UV-C irradiation™®. Phenylalanine
ammonia-lyase (PAL) is a key enzyme in the
synthesis of phenolic compounds and plays an
important role in phenolic synthesis™™. PALS5 is the
most actively transcribed gene among various PAL
genes[zol, and our previous study has also shown
that the expression of SIPAL5 gene was significantly
up-regulated after UV-C irradiation. Especially,
UV-C irradiation could promote the biosynthesis of
phenolic compounds in tomato fruit via inducing the
expression of several genes related to the
biosynthesis of phenolic compounds, such as SIC4H,
SlaCL, SICHS2, SICHI, SIF3H and SIFLS™.
Therefore, this study was aimed at further exploring
the molecular mechanism underlying phenolic
accumulation induced by UV-C irradiation in
tomato fruit and at the identification of upstream
transcription factors regulating SIPAL5 gene
expression using the yeast one-hybrid method.

1 Materials and methods

1.1 Materials
Tomato fruit (Solanum lycopersicum, cv. Wanza
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15) were harvested at the pink stage from a commercial
greenhouse in Hefei, Anhui province, China.

Vectors used in this study were as follows:
pHIS2 vector, pGADT7 vector, pPGADS53m vector,
pHIS2-p53 vector, pPDNOR222 vector.

Competent cells used in this study were as
follows: E. coli DH5a competent cells, E. coli
DH10B competent cells, yeast Y187 competent
cells, yeast AH109 competent cells.

The information of main experimental reagents
were as follows: LB (Luria-Bertani) broth, LB
Nutrient Agar (Beijing Aoboxing Bio-tech Co., Ltd.,
China); SD/-Trp with agar, SD/-Trp-His with agar,
SD/-Trp-Leu with agar, SD/-Trp-Leu-His with agar,
3-AT (3-amino-1,2,4-triazole) (Beijing Coolaber
Technology Co., Ltd., China); Kanamycin (Beijing
Solarbio Technology Co., Ltd., China); PEG, LiAc
(Shanghai Weidi Biotechnology Co., Ltd., China);
Agarose B, Low EEO (Sangon Biotech (Shanghai)
Co., Ltd., China); DNA extraction kit, Gel recovery
kit, TIANprep Mini Plasmid Kit (Tiangen Biotech
(Beijing) Co., Ltd., China); DNA Ligation Kit
(BioLion Technology Co., Ltd., China); CloneMiner™
Il cDNA Library Construction Kit, FastTrack” MAG
Maxi mRNA lIsolation Kit, PureLink® HiPure Plasmid
Filter Midiprep Kit, BP Clonase® I enzyme mix,
LR Clonase” 1l Enzyme Mix (Life Technologies);
EcoR [, Sac [, TaKaRa MiniBEST Plant RNA
Extraction Kit, PrimeScript’ RT reagent Kit with
gDNA Eraser (Perfect Real Time), SYBR® Premix Ex
Taq" (TaKaRa, Dalian, China).

1.2 Promoter sequence analysis of SIPAL5
The 2.0 kb promoter sequence of the SIPAL5

Table 1 The primers used in this paper

(Gene ID: 101244220) was searched on NCBI. Then
the primers were designed with two enzyme cutting
sites of EcoR 1 and Sac I, and synthesized by
Sangon Biotech Co., Ltd., (China). The SIPAL5
primer sequences were shown in Table 1.

1.3 Construction of bait vectors

According to the SIPAL5 primer sequences,
using tomato genomic DNA as a template, the core
fragment of the SIPAL5 gene promoter region was
obtained by PCR amplification. The genomic DNA
of tomato fruit was extracted by plant DNA
extraction kit. The PCR procedure was as follows:
98 °C for 5 min, followed by 35 cycles of 30 s at
98 °C, 30 s at 55 °C, and 57 s at 72 °C, then 5 min
at 72 °C. After separated by 1% agarose with
Sub-Cell® GT Agarose Gel Electrophoresis Systems
(Sub-Cell® GT, Bio-Rad Laboratories, Inc.), the
target fragments were recovered by the gel recovery
kit. Then SIPAL5 gene promoter and pHIS2 vector
were digested at 37 °C overnight with EcoR 1
and Sac I and ligated with DNA Ligation Kit at
16 °C for 1 h to form a recombinant bait vector
pHIS2-SIPALS. The recombinant bait pHIS2-SIPALS
was transformed into E. coli DH50 competent cells
with Electroporator (TX ECM 630) at 2.0 kV for 3 s,
then the transformants were randomly picked and
inoculated in LB broth which contained kanamycin.
After incubated at 37 °C and 250 r/min for 16 h
with constant temperature cultivation oscillator
(HNY-200D, Tianjin Honour Instrument Co., Ltd.,
China), 1 pL of the bacterial solution was used for
PCR with pHIS2 vector universal primers. The
primer sequences were shown in Table 1.

Number Primer name Forward/Reverse primer (5'-3’)
1 SIPAL5 AAGAATTCTCCTTCTAGGGTTGGGTTGAGTTG
CCGAGCTCGACCAACAAAAAATGGTTTGATTTG
2 M13 GTTGTAAAACGACGGCCAG
CAGGAAACAGCTATGAC
3 pDONR222 GTAAAACGACGGCCAG
CAGGAAACAGCTATGAC
4 T7 TAATACGACTCACTATAGGG
ADR AGATGGTGCACGATGCACAG
5 SIERF7 GATAAGGTTCCGTGGAGTTCG

TGAAAGAGGAAGAAGCGATGT

% : 010-64807509
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Then the PCR products were identified by 1%
agarose gel electrophoresis and the cloning of
positive bands was sequenced. Then TIANprep Mini
Plasmid Kit was used to extract pHIS2-SIPALDS.

1.4 Transform the bait vectors to Y187 yeast
competent cells

Add 5 pL of plasmid, 5 pL of ssDNA, 240 pL
of 50% PEG and 36 pL of 1 mol/L LiAc to 50 pL of
yeast competent cells, then vibrate vigorously with
Vortex mixer (Vortex 3000, WIGGENS) for 1 min
until completely mixed. Then the mixture was
incubated in electric constant temperature water bath
(HH-2, Jiangsu Jincheng Guosheng Experiment
Instrument Factor) at 30 °C for 30 min and heat shock
at 42 °C for 25 min, and finally resuscitated in a water
bath at 30 °C for 1 h. After centrifuged with high
speed refrigerated centrifuge (Sorvall Legend Micro
21R, Thermo Fisher Scientific) at 4 000x g for 5 min,
the supernatant was discarded. The bacteria were
suspended with 200 uL sterile water and incubated in
SD/-Trp with agar medium at 30 °C for 34 d.

1.5 3-AT concentration screening

Because the protein of yeast itself may weakly
interact with the bait plasmid, resulting in the
appearance of false positive clones, the inhibitor 3-AT
should be used to inhibit this non-specific binding.
Yeast containing bait plasmids which were verified
correctly in 1.4 were plated and cultured on yeast
SD/-Trp-His  with agar medium with 3-AT
concentrations of 0, 25, 50, 75 and 100 mmol/L, and
the screening results were observed.

1.6 Construction of yeast one-hybrid library

The total RNA in tomato fruit was extracted
using CTAB method, and then the mRNA in the
extracted total RNA was isolated using FastTrack
MAG Maxi mRNA Isolation Kit. The primary library
was constructed using CloneMiner” 1  cDNA
Library Construction Kit. The cDNA and pDONR222
vector were recombined with BP Clonase® II
enzyme mix, and transformed into E. coli DH10B
competent cells, the transformed products were
cultured, glycerol bacteria were preserved, and the
quality of the primary library was identified.

Methods of identification of the primary library
capacity were as follows: 10 uL of the transformed
bacterial solution was diluted by 1 000 folds, 50 pL of
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it was taken out and coated on LB plate (containing
corresponding resistance) and counted after cultured at
37 °C for 12-16 h. The library capacity was calculated
using the following equations.

CFU/mL=Numbers of clones/50 pLx1 000

foldsx1x10° uL 1)
Library total CFU=CFU/mLxTotal volume of
library bacterial solution (mL) (2

Methods of identification of the average insert
length and the recombination rate were as follows:
24 clones were randomly selected for colony PCR
identification. The reaction solution used were as
follows: 0.3 uL of DNA polymerase (5 U/uL), 0.5 uL
of upstream primer and downstream primer
(20 pmol/L), respectively, 0.5 uL of dNTP
(20 mmol/L), 1.0 uL of 50 mmol/L MgCl,, 2.0 uL of
10x PCR Buffer, 15.2 uL of ddH,O, and the total
volume was 20 pL. The pDONR222 primer
sequences were shown in Table 1.

The PCR procedure was as follows: 94 °C for
5 min, followed by 35 cycles of 30 s at 94 °C, 30 s at
58 °C, and 2 min at 72 °C, then 5 min at 72 °C.

PureLink® HiPure Plasmid Filter Midiprep Kit
was used to extract the plasmid in the primary library
bacterial solution, and LR Clonase” 1l Enzyme Mix
was used to recombine the extracted plasmid with the
PGADT7-Rec2-DEST vector and transform into
AH109 yeast competent cells. After cultured, the
glycerol bacteria were preserved, and the quality of
the yeast one-hybrid library was identified.

Methods of identification of the yeast one-hybrid
were same as the primary library. The T7 and ADR
primer sequences were shown in Table 1.

The library quality was determined from three
aspects: the library capacity, the average insert length
and the recombination rate. The library capacity is the
number of all positive clones contained in the library.
For the cDNA library using E. coli as the host strain,
the larger the library size, the greater the total number
of cDNA fragments contained in the library. The
library capacity is a significant index to measure the
library quality, which reflects the integrity of the
mRNA in the samples. The average inserted fragment
length is the average of the fragment length of the
products obtained by random colony PCR, which
reflects the sequence integrity of the recombinant
cDNA fragments in the library. The fragments are long
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enough to reflect the natural structure of the gene as
much as possible, and it is easier to obtain the
complete sequence and functional information of the
target gene in the library. The recombination rate
reflects the positive rate of all clones in the library,
that is, the rate of clones containing recombination
cDNA fragments.

1.7 Yeast one-hybrid screening

The yeast transformants containing the correct
pHIS2-SIPALS bait vector were used to prepare
competent cells, and the yeast one-hybrid library
plasmid pGADT7-HKL330 was transferred into it,
and coated on SD/-Trp-Leu-His with agar plate
containing the optimal concentration of 3-AT for
3-4 d. At the same time, the pPGAD53m vector was
transferred into the yeast containing pHIS2 vector as a
negative control, and the pGAD53m vector was
transferred into the yeast containing pHIS2-p53 vector
as a positive control. In order to eliminate the
interference of the background growth clones, at the
third day of culture, the screen plate was photocopied
and cleaned with flannelette and continued to culture
for 7-14 d. The transformants were selected in batches
for further detection. After photocopying and cleaning,
the culture was continued for 7 d. 32 positive clones
transformants were selected from the screen plate and
cultured in SD/-Trp-Leu with agar medium for 2-3 d.
Then the 32 positive clones were diluted with sterile
water and cultured in the SD/-Trp-Leu medium and
SD/-Trp-Leu-His with 100 mmol/L 3-AT, respectively.
After incubated at 30 °C for 3-4 d, the results were
observed.

1.8 \Verification of interaction between SIPAL5
promoter fragment and SIERF7

The pGADT7-SIERF7 vector was constructed
and transferred into yeast competent cells
containing the correct pHIS2-SIPALS5 vector as a
verification group. Yeast cells containing only the
bait vector were used as blank control, the positive
and negative controls were the same as 1.4. After
transformed, transformants were cultured in
SD/-Trp-Leu. Afterwards, the transformants grown on
the SD/-Trp-Leu plates were diluted with sterile water
and seeded to SD/-Trp-Leu and SD/-Trp-Leu-His
mediums containing 75 mmol/L 3-AT, respectively.
Then the plates were cultured at 30 °C for 4 d, and
the transformation results were observed.

% : 010-64807509

1.9 Effect of UV-C
expression level of SIERF7

To find the expression of SIERF7 in tomato
fruit after UV-C radiation, the breaker tomato fruit
were irradiated with 4 kJ/m? UV-C and stored at
14 °C and 95% relative humidity for 35 d. Samples
were taken every 7 days to analyze the expression of
SIERF7 by real-time quantitative PCR. Total RNA
was extracted from breaker tomato fruit with TaKaRa
MiniBEST Plant RNA Extraction Kit according to
the instruction and cDNA was synthesized by
PrimeScript RT reagent Kit. Real-time quantitative
PCR was performed using the cDNA, and the SIERF7
primer sequences used were shown in Table 1.

Real-time quantitative PCR was performed
using SYBR® Premix Ex Taq" in Bio-Rad CFX96
Real-Time PCR Detection System (Bio-Rad, Hercules,
CA), and the methods of real-time quantitative PCR
were according to Liu et al??. Tomato fruit without
any treatment were used as the control group.

2 Results

irradiation on the

2.1 Construction of bait vectors

After transformed the recombinant bait
pHIS2-SIPALS into E. coli DH5a competent cells, the
transformants were randomly picked, inoculated in LB
broth medium containing kanamycin and incubated at
37 °C, 250 r/min for 16 h. 1 pL of the bacterial
solution was used for PCR with pHIS2 plasmid
primers, the agarose gel electrophoresis results
showed that a fragment of about 2.0 kb was amplified
(Fig. 1). The positive clone was confirmed to be
correct after sequenced. The results showed that
pHIS2-SIPALS was constructed correctly.

Fig. 1 Colony PCR of bait vector pHIS2-SIPALS5. Lane
1-6 were amplified products of bait vector pHIS2-SIPAL5
colonies selected randomly. “M” represents DNA marker.
The gel electrophoresis results showed that the fragment
size of pHIS2-SIPALS was about 2 kb. Therefore, the
construction of bait vector pHIS2-PALS5 was correct, which
can be used for follow-up experiments.

. cjb@im.ac.cn



2488 ISSN 1000-3061 CN 11-1998/Q :# 1.#22%#k ChinJ Biotech

2.2 Results of 3-AT concentration screening
3-AT is a competitive inhibitor of yeast HIS3
protein synthesis, which is used to inhibit the leakage
expression of HIS3 gene. As shown in Fig. 2, the
growth value of the positive control was lower than
that of the plate without 3-AT, and the growth rate
would decrease as the concentration of 3-AT
increased, but it was still significantly different
from the negative control. Because the HIS3 reporter
gene was not activated, the growth rate of negative
control on the 3-AT supplemented plate was
significantly reduced, and the higher the 3-AT
concentration, the fewer the number of transformants.
From the results of self-activation detection, the
transformants containing bait vectors could not be
inhibited significantly on 3-AT deficient plates with
25 mmol/L and 50 mmol/L respectively (the results
were not shown), while the growth of transformants
contained pHIS2-SIPALS bait was significantly

Self- V | ‘\r | ‘\{/V _ ‘
detection ‘!}"-:_;.—__ .
L AWA = 4
F9.9 S
conie
- -

s

Fig. 2 Screening of 3-AT concentration. The positive
control could grow normally on the plate with 3-AT
inhibitor due to the activation of HIS3 reporter gene, and
the number of transformants was the same as that without
3-AT, theoretically. However, the observed growth value of
the positive control was about 10% lower than that of the
plate without 3-AT, and the growth rate would decrease as
the concentration of 3-AT increased, but it was still
significantly different from the negative control. As the
HIS3 reporter gene was not activated in the negative control,
the growth of the negative control on the plate with 3-AT
was significantly reduced, and the higher the concentration
of 3-AT, the less the number of transformants.
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inhibited on the plates containing 75 mmol/L and
100 mmol/L 3-AT, and the growth ratio was
consistent with that of the negative control, which
indicated that the HIS3 reporter gene was not
activated. Therefore, the 3-AT concentration of the
library screening was determined to be 75 mmol/L.

2.3 Construction and quality identification of
primary library

The total RNA of tomato fruit that extracted by
CTAB method was detected by agarose gel
electrophoresis. The results showed that the bands
of 28S rRNA and 18S rRNA were clear (Fig. 3A),
and the brightness of 28S rRNA was about twice of
18S rRNA. The total RNA was of good quality and
without degradation and contamination, so it could
be used to construct cDNA library.

The result of colony growth on LB plate was
shown in Fig. 3B and 150 clones were grown.
According to the calculation formula, the primary
library capacity was above 10° CFU. Therefore, the
primary library quality reached the requirements. A
total of 24 clones were randomly selected for colony
PCR identification, the length of inserted fragments
was about 800-3 000 bp and the recombination rate
was 100% (Fig. 3C).

2.4 Construction and quality identification of
yeast one-hybrid library

The cDNA primary library plasmid was
transferred into the pGADT7-Rec2-DEST vector
and transformed into the AH109 yeast competent
cells. A total of 10 uL of transformed yeast cells
solution was diluted by 1 000 folds, and 50 pL of
them was taken out and 180 clones were grown on
LB medium (Fig. 4A). The yeast one-hybrid library
capacity was more than 10° CFU and the results in
Fig. 4B showed that the sizes of inserts were mainly
distributed between 800 and 3 000 bp, and presented
bright dispersive bands, indicating that the yeast
one-hybrid library was successfully constructed.

2.5 Yeast one-hybrid screening

The results in Fig. 5 showed that the positive
control could grow normally on the screening
medium without 3-AT and with 3-AT, while the
negative control could not activate the HIS3
reporter gene, so it could grow normally on the
screening medium without 3-AT, but could not grow
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Fig. 3 Detection of total RNA by agarose gel electrophoresis. It was shown that the bands of 28S rRNA and 18S rRNA were
clear, and the brightness of 28S rRNA was about twice of 18S rRNA (A). Identification of the primary library capacity.
Coating amount of bacterial liquid was 50 puL and 150 clones were grown on LB plate. The total number of colonies was
1.2x10" according to the calculation formula (B). Identification of the insert length of primary library. 24 clones were
randomly selected for colony PCR identification, the length of inserted fragments was about 800-3 000 bp and the
recombination rate was 100% (C).
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Fig. 4 Identification of the yeast one-hybrid capacity. Coating amount of bacterial liquid was 50 uL and 180 clones
were grown on LB plate. The total number of colonies was 1.44x10" according to the calculation formula (A).
Identification of the insert length of yeast one-hybrid capacity. The results showed that the insert segments were mainly
distributed between 800 and 3 000 bp, and presented bright dispersive bands (B).
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SD/-Trp-Leu

I e

SD/-Trp-Leu-His+100 mmol/L 3-AT

5 :;,ji v ;

Fig. 5 Detection of the activation of HIS3 reporter gene, “+” represents positive control and “~” represents negative
control. The 32 positive clones were diluted with sterile water and cultured in the SD/-Trp-Leu medium and
SD/-Trp-Leu-His with 100 mmol/L 3-AT, respectively. After incubated at 30 °C for 3-4 d, it was observed that 32 clones
and the positive control could grow normally on the screening medium without 3-AT and with 3-AT, while the negative
control could grow normally on the screening medium without 3-AT rather than on the screening medium without

histidine and with 3-AT.

on the screening medium without histidine and with
3-AT. Therefore, among the 32 initial positive
clones, the HIS3 reporter gene was activated, so the
32 clones could thrive on the screening medium with
3-AT. The above results showed that the 32 initial
positive clones could activate HIS3 reporter gene.

In order to identify the genes of the 32 positive
clones, all positive clones were cultured in liquid
medium SD/-Trp-Leu, and the yeast plasmid was
extracted thereafter. Then the extracted yeast
plasmids were transformed into the topl0
competent cells for amplification. The PCR
products were sequenced and analyzed by blasting
these sequences against the GenBank database. The
results showed that the 32 positive clones encoded
different proteins. The number and function of these
gene fragments were shown in Table 2, among
which two transcription factors SIERF7 and SIASR1
were speculated to bind the cis-acting elements of
SIPALS5 gene.

2.6 Verification of interaction between SIPAL5
promoter fragment and SIERF7

ERFs (Ethylene responsive factors) are
plant-specific transcription factors, which take a vital
part in regulating plant growth and development and
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stress response!?l. Given that Severo et al’® reported
that UV-C irradiation regulated the production of
ethylene by regulating the expression of ERF
transcription factor. Therefore, the yeast-one hybrid
was used to verify the interaction between the SIPAL5
gene promoter and transcription factor SIERF7. The
results were shown in Fig. 6. In SD/-Trp-Leu medium,
all the four transformants could grow normally. But in
SD/-Trp-Leu-His medium containing 75 mmol/L 3-AT,
only the positive control and the verification group
could grow normally. It indicated that the target gene
could be detected and the HIS3 reporter gene was
activated in the verification group. Therefore, SIERF7
protein could interact with the promoter of SIPAL5
gene.

2.7 Effect of UV-C irradiation on the expression
level of SIERF7

The relative expression of transcription factor
SIERF7 was examined in UV-C treated tomato fruit. It
was shown that UV-C irradiation significantly
increased the expression of SIERF7 on the 14th, 28th
and 35th days of storage (P<0.05), and at the end of
storage, the expression of SIERF7 increased by
31.59% in comparison with the control (Fig. 7).
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Table 2 Proteins interacting with SIPALS gene in tomato fruit

Number NCBI accession NCBI description
1 NM_001317970.1 Solanum lycopersicum cytochrome b6-f complex iron-sulfur subunit, chloroplastic
(LOC101243864)
2 XM_004232289.3 PREDICTED: Solanum lycopersicum 60S ribosomal protein L11-1 (LOC101262882)
3 NM_001310077.1 Solanum lycopersicum NEDD8-conjugating enzyme Ubc12 (LOC543810), mMRNA
4 XM_004248147.3 PREDICTED: Solanum lycopersicum 60S ribosomal protein L11-1 (LOC101246764)
5 XM_010314008.2 PREDICTED: Solanum lycopersicum uncharacterized LOC101260185
(LOC101260185)
6 XM_010320190.2 PREDICTED: Solanum lycopersicum threonine synthase, chloroplastic
(LOC101260521), transcript variant X1
NM_001252115.2 Solanum lycopersicum ethylene responsive factor (ERF7)
XM_004246033.3 PREDICTED: Solanum lycopersicum 40S ribosomal protein S6 (LOC101249290)
NM_001247015.2 Solanum lycopersicum GTP-binding protein (ypt2), transcript variant 1
10 XM_004235287.3 PREDICTED: Solanum lycopersicum trans-resveratrol di-O-methyltransferase-like
(LOC101263799)
11 XM_004245476.3 PREDICTED: Solanum lycopersicum uncharacterized LOC101259182
(LOC101259182)
12 XM_004232364.3 PREDICTED: Solanum lycopersicum protein N-lysine methyltransferase METTL21A
(LOC101260984)
13 XM_004236103.3 PREDICTED: Solanum lycopersicum pyridoxine/pyridoxamine 5’-phosphate oxidase 1,
chloroplastic (LOC101259228), transcript variant X4
14 XM_004229294.3 PREDICTED: Solanum lycopersicum citrate synthase, mitochondrial (LOC101249011)
15 NM_001308186.1 Solanum lycopersicum ACT domain-containing protein (LOC101267668), mRNA
16 BT013755.1 Lycopersicon esculentum clone 132621F
17 XM_004245874.3 PREDICTED: Solanum lycopersicum probable methyltransferase PMT21
(LOC101251208), transcript variant X4
18 NM_001247208.2 Solanum lycopersicum abscisic stress-ripening protein 1 (ASR1)
19 XM_004239709.3 PREDICTED: Solanum lycopersicum serine/arginine-rich splicing factor RS2Z32
(LOC101253688), transcript variant X2
20 XM_004245975.3 PREDICTED: Solanum lycopersicum uncharacterized LOC101256209
(LOC101256209), transcript variant X1
21 XM_004243154.3 PREDICTED: Solanum lycopersicum protein MEI2-like 2 (LOC101247235)
22 XM_004231965.3 PREDICTED: Solanum lycopersicum protein-lysine N-methyltransferase Mettl10
(LOC101263561)
23 NM_001306170.1 Solanum lycopersicum stromal ascorbate peroxidase 7 (APX7)
24 XM_010328872.1 PREDICTED: Solanum lycopersicum autophagy-related protein 8C (LOC101246095),
transcript variant X1
25 NM_001247385.2 Solanum lycopersicum pathogenesis-related leaf protein 6 (PR1b1)
26 NM_001247686.2 Solanum lycopersicum proteinase inhibitor I (ER1)
27 XM_004244122.3 PREDICTED: Solanum lycopersicum uncharacterized LOC101263228
(LOC101263228), transcript variant X2
28 XM_010319984.2 PREDICTED: Solanum lycopersicum uncharacterized LOC101255376
(LOC101255376)
29 NM_001347950.1 Solanum lycopersicum THO complex subunit 4A (LOC101262878)
30 NM_001247474.2 Solanum lycopersicum chitinase (CHI9)
31 XM_004237939.3 PREDICTED: Solanum lycopersicum AT-hook motif nuclear-localized protein 17
(LOC101252483)
32 NM_001312890.1 Solanum lycopersicum glucan endo-1,3-beta-glucosidase B (LOC101261650)
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SD/-Trp-Leu-His+
75 mmol/L 3-AT

SD/-Trp-Leu

Fig. 6 \erification of the interaction between SIERF7 and
SIPAL5 promoter, “1” represents blank control, “2”
represents verification group, “+” represents positive
control and “-” represents negative control. After
transformed, transformants were cultured in SD/-Trp-Leu
and SD/-Trp-Leu-His medium containing 75 mmol/L 3-AT,
respectively, it was observed that all the four transformants
could grow normally in SD/-Trp-Leu medium. But in
SD/-Trp-Leu-His medium containing 75 mmol/L 3-AT, only
the positive control and the verification group could grow
normally.
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Fig. 7 Effect of UV-C irradiation on expression of SIERF7
in postharvest tomato fruit. Results represent the expression
level of SIERF7 in UV-C treated group and control group at
different storage time. Error bars represent the standard
deviation of the mean of three replicates. Statistical
significance of the difference was confirmed according to
Duncan’s multiple range test at P<0.05 (*: P<0.05; s:
P<0.01).

3 Discussion

Yeast one-hybrid technology is of great
significance in the study of the interaction between
DNA and protein®®®. The underlying principle is that a

http://journals.im.ac.cn/cjbcn

transcription factor can interact with a cis-acting
element within the promoter of a target gene to
activate the expression of the related reporter genes.
The expression of the reporter gene often suggests the
interaction of a transcription factor in question with
the promoter of the targeted genel®®. Therefore,
through yeast one-hybrid, we can identify
transcription factors that regulate the expression of
related genes, and discover the molecular mechanisms
underlying gene expression. Yeast one-hybrid
technology is widely used to study the interaction
between DNA and protein. Some transcription factors
that regulate the expression of genes related to drought,
low temperature, salinity and hormones have been
isolated by yeast one-hybrid. For example, Tripathi et
al®! jsolated transcription factors that have essential
effect in drought signaling from the Arabidopsis
thaliana. Wang et al® discovered transcription
factors that play an important role in maize low
temperature stress response. Tominaga-Wada et al®’
concluded that R3 MYB transcription factor regulated
plant trichome and root-hair development of tomato
(Solanum lycopersicum). Yoshida et al®” found that
AREB1, AREB2, and ABF3 were upregulated by ABA.

Tomato  fruit contain  many bioactive
compounds beneficial to human health®. 1t is
widely used as a model system for studying fruit
development and  maturation  processes®2 %!,
Furthermore, tomato fruit has been confirmed to
contain higher levels of phenolic compounds**!.
UV-C irradiation is of great significance in the
regulation of plant  phenolic  compounds
metabolismt®*3. PALS5 is a key gene in the process
of phenolic compounds metabolism. Studies have
shown that PAL5 gene plays an important regulatory
role in plant abiotic stress response®®¥. Screening
the upstream transcriptional regulators of the key
gene SIPALS involved in the phenolic compounds
metabolism provided important information for
studying the mechanism of phenolic compounds
metabolism induced by UV-C. In this study, we
discovered that SIERF7 transcription factor, which
was upregulated by UV-C irradiation, was likely to
regulate the transcription of SIPAL5 gene. This
finding has contributed to the understanding of
metabolism mechanism underlying the UV-C induced
phenolic metabolism. Even so, the hypothesis still
needs further experimental confirmation.
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