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Effect of water stress on fruit quality and organic acid synthesis gene

expression of Beihong grape
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Abstract: (Obj ective] Water stress refers to the phenomenon in which the normal physiological function of
plants is disrupted due to inadequate or excessive soil water. This condition is mainly categorized as waterlogging
stress and drought stress. In response to the imperative for developing water-saving agriculture, effective control of
soil water content has been employed to impact plant growth, fruit quality, fruit physiological indicators, and fruit
gene expression. Beihong grape is a novel variety characterized by cold resistance and disease resistance that was
initially selected in 1965. It is well-suited for cultivation in northern regions and exhibits strong cold resistance.
The aim of this study was to examine the effects of water stress on grape fruit quality and elucidate the pattern of
organic acid accumulation in grapes under different soil water content conditions. [ Methods IThe nine-year-old
Eurasian grape Beihong was chosen as the experimental material. T1 (soil relative water content 65%~80%,
waterlogging stress), T2 (soil relative water content 40%~55%, drought stress), and CK (soil relative water content

55%~65%, control) were established on the 18th day after flowering. The basic quality (100 grain weight, soluble
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solids, titrable acids, total phenols, tannins, anthocyanins) and accumulation of organic acids in grape fruits were
measured. Real-time fluorescence quantitative PCR was utilized to detect the expression of genes related to
organic acid synthesis. [ Results ] Under water stress treatment, 100 grain mass of grapes decreased with the
decrease of soil water content. On the whole, T2 treatment resulted in a significant decrease in 100 grain mass of
grapes, while T1 treatment increased 100 grain mass of grapes. The soluble solids content increased gradually with
grape ripening, and T2 treatment was significantly higher than other treatments, while T1 treatment was not
conducive to the accumulation of soluble solids. Under T1 treatment, the titrable acid content of grapes was lower
from the fruit expansion stage to the early stage of fruit color transformation, and T1 treatment resulted in fruit
volume increase and acid concentration dilution. However, from the later stage of fruit color transformation to the
mature stage, the titrable acid content in T1 was significantly higher than that under other treatments, and drought
stress was significantly lower than that under other treatments, indicating that moderate water stress could reduce
the acid content of grapes and accelerate berry ripening. Thereby improving fruit quality. The contents of total
phenol and tannin in fruits showed a similar trend. At the initial stage of treatment, the contents of total phenol and
tannin were higher under drought stress, but decreased with the progress of treatment. This indicates that
short-term drought stress is beneficial to the accumulation of total phenol and tannin in fruits, while long-term
drought stress is not. Anthocyanins in grapes showed a trend of single-peak increase. At 105 days after flowering,
the content of anthocyanins in T2 was the highest, while the content of anthocyanins in T1 treatment was always
significantly lower than that in CK and T1 treatments. Anthocyanins are compounds formed by the interaction of
anthocyanins and glycogroups, and water stress promoted the accumulation of sugars, thus affecting the
accumulation of anthocyanins.The contents of malic acid and citric acid increased first and then decreased, and
malic acid and citric acid reached their highest values on 45 days after flowering. The effects of water stress on
malic acid and citric acid were similar to those of tartaric acid. With the increase of treatment time, the content of
malic acid and citric acid decreased significantly under drought stress, and water stress promoted the accumulation
of malic acid and citric acid before the color transformation stage. Different degrees of water stress could regulate
the malic acid anion channel and the activity of malic acid moving protein on the membrane, thus affecting the
transport of malic acid. Water stress affected genes related to organic acid synthesis in grape. The expression
levels of VVIDH and VvPEPC were higher at 45 to 65 days after flowering, while the contents of tartaric acid,
malic acid and citric acid were higher at this stage, which was closely related to the accumulation of organic acids
in the early stage of color transformation. The expression levels of VvCS and VVMDH in grapes were higher from
85 to 105 days after flowering. Overall, T1 treatment could induce the expression of genes related to organic acid
synthesis, while T2 treatment inhibited the expression of genes related to organic acid synthesis at the later stage of
treatment. [ Conclusion ] Soil water stress affected fruit quality and organic acid content. Drought stress
treatment with 40% to 55% soil water content after color transformation significantly reduced 100 grain weight
and titrable acid content, and drought stress treatment with 40% to 55% soil water content at fruit maturity
significantly reduced organic acid content. Drought stress can improve the fruit quality of Beihong grape to some

extent, and affect the expression of genes related to organic acid accumulation and synthesis.
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Table 1 Experiment design
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T2 40%~55% S
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Gene name Forward primer sequence (5'-3") Reverse primer sequence(5'-3") Acession number
VVIDH CGCTCAGTGTCGGCATCCATG AGCACGAGCAGCCAGCATTG NM_001280954.1

VVPEPC GGCGACCCATACTTGAAACAGAGAC ATCCGCTTCAGTGTGTATGCTTGG XM_002280533.4



VVMDH GCCTTACCCGACTTGACCATAACAG AGGTGGAGACAGTTGCATGATTGAC XM_010663028.2
Vves TGTGGTGGACGAGTGTGGAGAG ATGCCCAAACCCAGGAACAACC XM_002271415.3

VVEF CAAGAGAAACCATCCCTAGCTG TCAATCTGTCTAGGAAAGGAAG AF176496
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Figure 1 Effects of water stress on the 100 grain weight of BH grape berries
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Fig 2 Effects of water stress on soluble solid contents of BH grape berries
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Fig 3 Effects of water stress on the titratable acid contents of BH grape berries
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Fig 4 Effects of water stress on the total phenolic contents of BH grape berries
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Fig 5 Effects of water stress on tannin contents of BH grape berries
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Fig 6 Effects of water stress on the total anthocyanin contents of BH grape berries
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Table 3 Organic acid content of BH grapes under water stress
sl i WRRE (D b3 WA (gL WRE (gL R (gL
Varieties Days after anthesis Treatment Tartaric acid Malic acid Citric acid
CK 10.800.15 ¢ 9.48+£0.91 ¢ 0.38+0.10 a
25 T1 11.87+0.53 a 10.72+0.14 b 0.22+0.01 b

T2 11.34+£0.26 b 13.42+0.36 a 0.25+0.01 b




CK 11.24+0.10 b 17.55+0.75 a 1.00+0.04 a

45 T1 13.13£0.07 a 11.20+0.36 ¢ 0.75+0.03 b
T2 11.07+0.19 ¢ 17.09+£0.26 b 0.96+0.05 a

CK 8.97+0.05 ¢ 12.91£0.05 b 0.73+0.01 a

BH 65 T1 9.89+0.15 a 12.56+0.38 ¢ 0.75+0.03 a
T2 9.04+0.06 b 14.54+0.32 a 0.71£0.03 b

CK 5.53+0.05 a 3.44+0.04 ¢ 0.52+0.01 a

85 T1 5.10+0.10 b 4.96+0.13 a 0.60+0.10 a
T2 4.72+0.06 ¢ 4.22+0.05 b 0.38+0.01 b

CK 3.2740.14 b 1.56+0.01 a 0.29+0.01 b

105 T1 3.38+0.02 a 1.55+0.09 a 0.35+0.03 a
T2 2.93+0.07 ¢ 1.39+0.03 b 0.28+0.01 b
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Fig 7 Effects of water stresson the expression of organic acid synthesis-related genes in BH grape
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