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Regulation Mechanism of ABA Pathway Genes on

Anthocyanin Biosynthesis in Grape Skins
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Abstract: Present study use ‘Benibalado’ as the experimental material. In the early stage of véraison,
grape clusters were treated with 300 mg/L. ABA, water treated as control. The weight, titratable acid and
total soluble solids of grape berries at different development stages were determined. Meanwhile, we de-
tected the concentrations of total anthocyanins and endogenous hormone ABA in grape skins. The expres-
sion of ABA signaling pathway and anthocyanin biosynthesis related genes in skins of different develop-
ment stages were observed by qRT-PCR. Promoters of 6 anthocyanin biosynthesis related genes were
cloned by PCR, the cis-acting elements in these promoters were predicted to exploring the mechanism of
ABA promoted grape skin coloring and anthocyanin accumulation of ‘Benibalado’ grape at transcriptional

regulation level. The results showed that: (1) ABA treatment significantly increased the total soluble sol-
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id while decreased titratable acid of ‘Benibalado’ grape.

(2) ABA treatment significantly increased the an-

thocyanin content and endogenous ABA content in the skin of ‘Benibalado”’ berries. (3) After ABA treat-

ment, the expression levels of 9 ABA signaling pathway genes and 6 anthocyanin biosynthesis related

genes of ‘Benibalado’ grape skins were significantly increased. (4) The results of cis-acting element analy-

zing showed that the promoter sequences of above six anthocyanin biosynthesis related genes contained

several ABRE motif which were reported related to ABA signal response. In summary, the results sugges-

ted that 9 ABA signaling pathway genes may play important roles in grape skins coloring, two of them

(VvABFs) may directly works with the promoter sequence of anthocyanin biosynthesis related genes,

which are abundant of ABRE elements to positive regulate the transcription level of downstream genes and

eventually modulate the skins coloring and anthocyanin accumulation of grape.
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Table 1

Primer sequences of real-time fluorescence quantitative PCR

F PR e S R ) 24
Gene name and
transcription factor

IET 514

Forward primer(5'—>3")

B 514

Reverse primer(5'—3")

NCBI % 5% 5
Accession number

VoCHI CGTTATTTAATCGGTATACACC
VuDFR GTCACCAGCCGACCGTAGC
VolLDOX GAGTTGAGAGCTTGTCCAGCAGTGG
VoUFGT TGGTGGCTGACGCATTCAT
VvMYBAI1 TTATCGCAAGCCTCAGGACAG
VvMYBA2 AGACGGAAGTTGCACGAAGT
VoPYL1 CTCAGCCGGAGTTCCAAGAG
VuPP2C3 GCCAAAGATTCACCCACCTA
VuPP2C4 TGGGCTTTGGGATGTTATGT
VuPP2C8 AGTGTTTGATCCTGGCAAGC
VoPP2C9 TTAAAGCCCTTCGTGAGCTG
VoSnRK 2.1 CCTGCAAAGAGGATCACCAT
VoSnRK?2. 2 TTTTTGTGGCAAACCCAGAT
VvABF1 GCAACCTTCCATATACTC
VvABF2 ATCTACTCGCTGACCTTTGA

VvActin

TACAATTCCATCATGAAGTGTGATG

CTTCGGGGATATGGCTGCA

ACTTCTCAAAAATGATCCGGGG

GGACCACCTCGTCCTCAGACTCAAT

CCCCATCTCTGCTGCCATATC

TCCCAGAAGCCCACATCAA

AGGGAGTAGAGTATGAATGCAAGA

GAGTAGGGAGGAGCATTGGC

AGCCAAATGGATTCGATCAC

TGTGCAGGAGTCTCATCAGC

CCTGCGCATTCAGACACATA

GACACCACGTCCCACAGAC

GGTGCAATTCCCCGTAGTTA

CAGCTTCCTCCATCCATCAT

GGAGGATGTCATATTCTG

CAAATATCCACCAGCCACAA

TTAGAAGCACTTCCTGTGAACAATG

L.LOC100233078

LOC100233141

LOC100233142

LOC100233099

L.0OC100233098

L.OC100232838

LOC100267793

LOC 100241147

LOC109121390

L.OC100247958

LOC100255251

LOC100243594

LOC100232851

LOC100243434

LOC100232889

LOC100246825




34 TRIROK 45 - ABA 5 5 38 %08 7 20 58 B AL T 1 A2 90 45 1800 9 5 AL o A 5 409

®2 BIFRESI®EITFET

Table 2 Primer sequences of promoter clone

HE A 4

Gene name

LR

Forward primer(5'—>3")

FAE LY

; Y
Reverse primer(5 —>3")

NCBI % 3%
Accession number

VoCHI CGTTATTTAATCGGTATACACC
VuDFR GTCACCAGCCGACCGTAGC
VoL DOX TGTTTGCCACGTCCATTTCC
VoUFGT AACTTTTCGGTATCATGCG
VuMYBA1 GTCATTTGGGATACAGAACCGT
VoMYBA?2 ATTGCTGCCTCTATATTAAGCTCT

CTTCGGGGATATGGCTGCA
ACTTCTCAAAAATGATCCGGGG
ACTTGTTTTCCCTTCCCTTTCTCT
GGTTGGAATGGGGGATGTTAC
CCATGCACCCTTTCTAACTCCTA

CGAGTCAACTCAACACAAGAGA

L.OC100233078
1.OC100233141
L0OC100233142
L.0OC100233099
L.LOC100233098

LOC100232838
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Fig. 1

The fruit quality of ‘Benibalado’ grape after ABA treatment
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Fig. 2 The color difference and total anthocyanin content change in the skins of ‘Benibalado” grape after ABA treatment
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Fig. 3 The endogenous ABA content in skins of

‘Benibalado’ grape after ABA treatment
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Fig. 4 Expression of trancription factor and genes related to ABA signaling pathway in skins of ‘Benibalado’
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Table 3 Correlation between the content of ABA and

expression of genes related to ABA pathway and

anthocyanin biosynthesis in skins of ‘Benibalado’ grape

R R Bt sk R 1 Xf HR ABA 4b 3
Gene and transcription factor Control ABA treatment
VoPYL1 0.186 0.574"
VoPP2C3 —0.176 0.921""
VoPP2C4 0.779° " 0.842""
VoPP2CS8 —0.419 0.850" "
VoPP2CH 0. 346 0.789""
VoSnRK 2. 1 0.341 0.568"
VoSnRK 2. 2 —0.259 0.886" "
VvABF1 0.339 0.912" "
VvABF2 0. 406 0.946" "
VoCHI 0. 209 0.851"
VoDFR 0.417 0.842"
VoL DOX —0.234 0.840"
VoUFGT 0.707"" 0.862"
VvMYBAI 0.197 0.930"
VvMYBA2 0.513" 0.929" "

e x FREBFHEP<0.05), * * FRWEEF(P<0.0D
Note: * indicates significant (P << 0. 05), * * indicate ex-

tremely significant (P << 0.01)

x4 BEIFIRKXIERTHSNT

Table 4 Analysis of cis-acting elements of promoter
BT AR e e ABRE T i
Promoter name  Clone fragment length/bp  Number of ABRE
ProVoCHI 1 854 4
ProVuDFR 1580 3
ProVuol DOX 1757 4
ProVoUFGT 1515 2
ProVvMYBAI 1715 7
ProVvMYBA2 1179 5
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