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Abstract: In this experiment, Vitis “shuangfeng” is used as the test materials to study gene
expressed modes of 12 enzyme genes involved in the biosynthesis of phenolic compounds from
skin in different growth time by real time quantitative reverse transcription-polymerase chain
reaction (RT-PCR), and the relative expression of gene was calculated by 2*“'value. The results
showed the expressed patterns of genes were different from 2 weeks to maturity after flowering.
The expressed level of PAL, CHS3, F3H2, UFGT, OMT and GST showed an upward trend. The
expressed level of CHI1, DFR and LDOX showed a downward trend from 2 to 8 weeks after
flowering, then began upward, and the highest expression level was in maturity. The expressed
level of ANR, LAR1 and LAR2 showed a downward trend to maturity in fruit growth time.

1. Introduction

Studying the differences in gene expression of cells or individuals at different developmental
stages or in different growth conditions is an important part of studying molecular regulation. The
main methods to study the differences in gene expression are Northern blotting, dot blotting,
differential display (DD-PCR), oligonucleotide microarrays, cDNA arrays and real-time
guantitative [RT-PCR]. Real-time fluorescence quantitative PCR is a nucleic acid quantification
technique developed on the basis of ordinary PCR qualitative technology. It uses the change of
fluorescence signal to detect the change of amplification products in each cycle of PCR
amplification reaction in real time. Through the Ct value and the standard curve Analysis
Quantitatively analyze the starting template. It has the characteristics of high sensitivity, specificity
and reliability, selectivity to DNA template, multiple reaction, high automation, no pollution,
real-time and accuracy. At present, it is widely used in the differential expression of gene and
transgene in crops Research, such as GMO testing. In this study, we used real-time fluorescence
quantitative PCR to study the effects of phenylalanine ammonia-lyase (PAL), chalcone synthase
(CHS3), chalcone Isomerase (CHI1), flavonoid 3'-hydroxylase (F3H2), flavanone 4-reductase
(DFR), leucovorin dioxygenase (LDOX), glucose-flavonoid 3-O (UFGT), O-methyltransferase
(OMT), glutathione S-transferase (GST) and anthocyanidin reductase (ANR) In the pericarp
expression differences, by calculating the 2-AACt value to determine the relative expression of
genes in different periods, in order to further study the grape phenolics biosynthesis to provide
reference and reference.

2. Materials and Methods

Mountain grape varieties Shuangfeng. The sampling time was 2 weeks, 4 weeks, 6 weeks after
anthesis, 8 weeks after anthesis, the color changing period (all coloration less than 5%), 10%
coloration, 50% coloration, all coloration, maturity period 9 times, 1,2,3,4,5,6,7,8,9. Select the same
growing 5 to 10 as a block, a total of 3 blocks. From each group, select the results of the growth of
robust branches, ear size, direction consistent with the 10 ears, from the selection of 100
disease-free fruit, hand-separated peel, liquid nitrogen quick-frozen, -80 °C cryopreservation, spare.

Grape peel RNA extraction reference temperature Pengfei CTAB method [2].

According to the full-length sequences of Gene Bank PAL, CHS3, CHI1, F3H2, DFR, LDOX,
OMT, UFGT, GST, ANR, 18S rRNA and KyActinl, PCR amplification primers were designed by
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Primer 5.0 (see Table 1), KyActinl gene primers. 18S rRNA, KyActinl gene as an internal control,
the test results were processed. The PCR reaction was performed on an OPTION 2 fluorescence
quantitative PCR machine.

Table 1. Primer sequences of real time quantitative RT-PCR

Gene name Sequence of pnimer Expected size of NCBI
PCRproducts Accession number
AL antisnse 5 CACCOAGCGGAAGAACCS & 1030p ABD158T0
CHSs A 5 TCGGCTGAGGAAGGGCTGAA 3' 1520
5' GGCAAGTAAAGTGGAAACAG 3’ P AB0G6274
Sense . ,
Fari A 5 TCATCCGCACCACACCATG 3 157
5' AGTTGGCGTCGTGGGTGC 3 P DQ787856
SN 5 GCCTCCGTTGCTGCTCAGTT
FH ANISENSE . AGAAGAGGTGGACGGAGCAAATC 132bp AB113261
Sense ,
Sense . ,
Sense . ,
Sense
UEGT Anticonse 5 GGGATGGTAATGGCTGTGG 3 152bp AFOO03T2

5 ACATGGGTGGAGAGTGAGTT 3’

Sense 5' CCATAAGCAAACCCTAAACCS
omT Antisense 5 TGAACAAATTCTTGGCATCA 3' 128bp BQ796057

s amme IACTISCTOMCCACCACGA S
scL Ase 5 GAGTTTAGTTCTCGTCCC 3 1820p N TUS084S
5 GCGCCCATAAAAGCAAAC 3
CHH a5 GAAACGACGACGAGATTG 19209 AFS48370
g, STEmGMMCIERC Sy e
Sense . .
RS Antisense g gg%ﬁﬁgﬁ;ﬁ%@%?:c 33, 185bp AF274281
Sense . .
wr A ST S
Sense . ,
Sense
KyActinl Antisense 5 GATTCTGGTGATG GTGTGAGT 3’ 168bp AB073011

5" GACAATTTCCCGTTCAGCAGT 3’
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By calculating the 2-AACt value to determine the relative gene expression in different periods
[3]. After eliminating the background fluorescence of SYBR Green I, the best Ct value was
determined. The average Ct values (including the target gene and the internal standard gene) of 3
replicates for each reaction were averaged. The difference (ACt value) between the mean Ct value
of the target gene and the average Ct value of the internal standard genes 18S rRNA and KyActinl
was calculated by subtracting the ACt of the control sample (fifth period) from the ACt value of
each test sample There is a linear relationship between the ACt value of each template and the
logarithm of the initial copy number of the template. The more the initial copy number, the smaller
the Ct value. Therefore, the relative expression level of the gene at different times was determined
by 2-AACt value.

3. Results and Analysis

2EsrRNA
1BsrRNA

Fig 1. Agarose gel electrophoreis of total RNA from skin of Vitis.

The extracted total RNA was digested with RQ1 RNase-Free DNase to eliminate possible DNA
contamination. Total RNA was tested for concentration and purity by UV spectrophotometer and
1% agarose gel electrophoresis. As shown in Fig 1, the total RNA extracted was measured for its
UV absorbance by a nucleic acid analyzer with an OD260 / 280 of more than 1.98 and an OD260 /
230 of more than 2.00, indicating that the purity of the obtained RNA was high and that 1% agarose
gel electrophoresis The results showed that the bands of 28srRNA and 18s rRNA were clear and the
brightness ratio was close to 2: 1. There was no genomic DNA, indicating that the total RNA was
not degraded completely and its purity and integrity were in accordance with gqRT-PCR.

The gRT-PCR technique was used to analyze the expression of 12 enzymes in the peel of
grapevine. As can be seen from Fig 2, PAL was down-regulated before turning 2 weeks after
flowering, the expression decreased, and the expression level was the lowest at 8 weeks after
flowering, Expression, with the deepening of fruit coloring, enhanced expression, color to mature
expression level difference was not significant, the highest expression level when the fruit mature.
Chalcone synthase (CHS3) was downregulated before 2 weeks after flowering, the expression
decreased, and the expression was lowest at 8 weeks after flowering. The expression of chalcone
synthase (CHS3) was up-regulated after transfection. With the deepening of fruit coloration,
Enhanced expression, the highest level of expression when the fruit is mature. The chalcone
isomerase (CHI1) expression decreased from 2 weeks to 8 weeks after anthesis, and reached its
peak at 8 weeks after anthesis. The expression was up-regulated from 2 weeks to 4 weeks after
anthesis, and down-regulated from 6 weeks to 8 weeks after anthesis. Tricolor to maturity as
up-regulated expression, mature expression of the highest. The expression of flavanone
3-hydroxylase (F3H2) decreased from the second week to the eighth week after anthesis, and
increased from 8 weeks after anthesis to maturity, with the highest expression level at maturity. The
expression was up-regulated at 2 weeks after flowering, down-regulated at 4 weeks after flowering,
and turned up to mature at 4 weeks after flowering. Mature always showed an upward trend, rising
rapidly from 50% pigmentation maturity and highest expression in mature period. Flavonol
4-reductase (DFR) decreased from 2 weeks to 6 weeks after anthesis, and increased from 6 weeks to
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8 weeks after anthesis, and then decreased from 8 weeks after anthesis to color change to mature
expression Strengthen the expression level of the two weeks and the maturity after anthesis
basically the same. At 2 weeks to 4 weeks after flowering, the expression was up-regulated,
down-regulated at 6 weeks, and up-regulated at 8 weeks after flowering. After 2 weeks and 8 weeks
of flowering, the expression of colorless flower anthocyanidyl-dioxygenase (LDOX) showed a
decreasing trend, and then the expression began to strengthen, and the expression decreased after
50% staining. After 2 weeks to 4 weeks after flowering, the expression was strong and up-regulated,
down-regulated from 6 to 8 weeks after flowering, and turned up to mature after transformation.
The UDP-glucose-flavonoid 3-O-glucosyltransferase (UFGT) was down-regulated from 2 weeks
after anthesis to anthesis, and turned up to maturity and up-regulated. Before the color change is
always at a low level of expression, color to mature expression is on the rise, the strongest
expression at maturity. O-methyltransferase (OMT) is down-regulated before transfection, and
turned to mature to up-regulated expression. Before the color change is always at a low level of
expression, color to mature expression is on the rise, the strongest expression at maturity.
Glutathione S-transferase (GST) was down-regulated before transfection, and its expression level
was very low. It was up-regulated from color change to maturity, and the expression was
up-regulated. The expression was the strongest at maturity. Anthocyanidin reductase (ANR) was
up-regulated from 2 weeks after anthesis to decolorization stage, and the expression decreased. 2
weeks after anthesis to 6 drops quickly.
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Fig 2. Gene expression patterns of Vitis Skin in 9 of stages.

Note: The X-axes shows growth time points and Y-axes shows gene expression level.

4. Conclusions

In this study, real-time quantitative PCR was used to study the expression pattern of 10 enzyme
genes in the grapevine peel at different growth stages. PAL showed the strongest expression in
grape fruits at 2 weeks after anthesis, then decreased gradually and stabilized until the color
conversion period of fruits [4-5]. PAL activity rose sharply after maturity and decreased to Lower
level [6]. CHS is strongly expressed on mature peels of red cultivars, while weakly expressed or not
expressed on white cultivars [7-9]. During the development of red grape, CHS had the strongest
expression on the fruit two weeks after anthesis, decreased to the lowest level before the color
change and slowly increased after the transitional period [10-12]. During the fruit development of
red grape, CHI was mainly expressed on the pericarp of 2-4 weeks after anthesis, then its expression
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was weakened. With the enhancement of coloration of fruit, the expression of CHI was unchanged
at 4 weeks after anthesis. F3H2 was mainly expressed on the pericarp of 2-4 weeks after flowering
in the fruit development of red grape, then its expression was weakened, the color of the fruit was
up-regulated during the color-changing period and was down-regulated in the pericarp after the
color-changing period [14-15]. During the development of the red grape fruit, the DFRs were most
strongly expressed on the pericarps 2-4 weeks after anthesis, and then weakened, with the
enhancement of coloration of the fruit [16]. During the development of red grape fruit, LDOX was
the strongest on the pericarp of 2-4 weeks after anthesis, then weakened, with the enhancement of
coloration of the fruit [17-18]. Under natural conditions, UFGT was expressed only on the pericarp
of the red grapes during the color change period, not on the white cultivars and flesh, and was
up-regulated during the color-changing period, with enhanced expression of fruit ripening [19].
OMT was basically not expressed before the fruit was transferred, the expression was up-regulated
during the color change period, and the expression level on the colored peel was significantly higher
than that on the uncolored peel [18-20]. The expression of GST was up-regulated in the fruit of the
grape during the color change period. The expression of the fruit before the color change was very
low. After entering the color change period, the GST was transcribed in large quantities. The
expression of GST was higher in the flesh of the red-skinned red meat, almost no expression. Bogs
et al. Studied the expression of ANR in grapes. ANR was expressed in leaves, flowers and fruits,
and the proanthocyanidins also increased with the growth of leaves, flowers and fruits. However,
when the fruit matured, the ANR gene not expressed in the fruit, procyanidins no longer increase
[20].
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