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Effects of light intensity on associated enzyme activity and
gene expression during callus formation of Vitis vinifera
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Abstract: We analyzed the best light intensity for callus induction and maintenance in Vitis vinifera and explored the
mechanism of grape callus browning. Tender stem segments of grape cultivar “gold finger” were used to study the effects
of different light intensities (0, 500, 1 000, 1 500, 2 000, 2 500, 3 000 and 4 000 Lx) on the induction rate, browning rate
and associated enzyme activity and gene expression during Vitis vinifera callus formation. The callus induction rate under
0, 500, 1 000 and 1 500 Lx was more than 92%, significantly higher than in other treatments (P < 0.05). A lower browning
rate and better callus growth were also observed during subculture under 1 000 and 1 500 Lx treatments. We found that
chlorogenic acid, caffeic acid, p-hydroxybenzoic acid and coumaric acid contents were correlated with the browning rate of
callus, among which chlorogenic acid content was positively correlated with the browning rate (P < 0.05). Peroxidase
(POD) and polyphenol oxidase (PPO) activities were negatively correlated with the browning rate of callus (P < 0.01). The
POD, PPO and phenylalanine ammonialyase (PAL) expression levels were positively correlated with the browning rate at
P < 0.05 or P < 0.01. An appropriate light intensity for the tissue culture of Vitis vinifera was 1 000—1 500 Lx, higher or
lower light intensities significantly impaired normal callus growth.

Keywords: Vitis vinifera, callus, light intensity, induction rate, browning rate, enzyme activity, gene expression
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Table 1 Primer sequence of Real-Time PCR

Target gene Primer name Primer sequence (5'-3)

Actin Actin-F  CCCCATGCTATCCTTCG
Actin-R  AGGCAGCTCATAGTTCTTCTC
POD POD-F  AGTTGGCTGGAGTTGTTGCT
POD-R  GTGATCGCATCCTTTGGTGG
PPO PPO-F CCTTGAGCACGTCCCACATA
PPO-R  GGCGTGGTGACCGAAGAATA
PAL PAL-F GTGTCACCACTGGGTTTGGT

PAL-R  GTGGCATGACTCTGTTCCGT
Actin: beta-actin; POD: peroxidase; PPO: polyphenol
oxidase; PAL: Phenylalanine ammonialyase.
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Fig. 1 Effects of different light intensity on callus induction. (A) 0 Lx light intensity. (B) 500 Lx light intensity. (C)
1 000 Lx light intensity. (D) 1 500 Lx light intensity. (E) 2 000 Lx light intensity. (F) 2 500 Lx light intensity. (G) 3 000 Lx
light intensity. (H) 4 000 Lx light intensity.

*2 AREABBEXNEGESHIE
Table 2 Effects of different light intensity on callus induction

Light intensity (Lx) Induction rate (%)  Browning rate (%) Growth status
0 92.69+3.02a 2.56+1.97¢ Milky-white, dense granular, growing general
500 96.82+2.34a 3.05+1.52¢ Light-yellow, dense granular, growing general
1 000 95.35+1.25a 5.2342.72¢ Yellow-green, dense granular, growing well
1 500 98.69+1.56a 3.56+1.92¢ Light-green, dense granular, growing well
2 000 78.15+4.22b 38.67+4.04d Brown, loose granular, growing worse
2 500 80.32+3.61b 47.49+£3.39¢ White, loose granular, growing worse
3000 53.32+5.63¢ 77.81+1.29b Brown, snow-like, growing worse
4 000 32.93+4.31d 93.22+4.01a Brown, snow-like, growing worse

Values in the table are X + s error. Different lowercases within a array means significant difference (P<0.05).

B2 AREAEREETHAMGEAERKR
Fig. 2 Callus growing under different light intensity. Differences of 0—1 500 Lx callus growing with no
significance.
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F#3 ARABEETRGBRMNEKREFR
Table 3 The growth of subculture under different light intensity

Light intensity (Lx) Browning rate (%) Growth status
0 8.50+1.05¢e Milky-white, dense granular, growing general
500 10.06+1.37e Light-yellow, dense granular, growing general
1 000 8.82+1.54e Light-yellow, dense granular, growing well
1 500 8.15+1.52¢ Yellow-green, dense granular, growing well
2 000 23.69+3.19d Yellow-green, dense granular, growing general
2 500 43.56£2.02¢ Brown, loose granular, growing general
3 000 80.24+2.66b Brown, loose granular, growing worse
4 000 98.44+1.89a Dark-brown, loose granular, growing worse

Values in the table are X + s error. Different lowercases within a array means significant difference (P<0.05).
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7 standard solution (A) and Chromatograms of samples
(B). 1: gallic acid; 2: coumaric acid; 3: catechol; 4:
P-hydroxybenzoic acid; 5: impurities; 6: chlorogenic
5 acid; 7: caffeic acid; 8: ferulic acid.
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Table 4 Content of phenolic substances in callus under different light conditions

Phenolic compound L sty (L)

(mg/g) 0 500 1 000 1 500 2000 2500 3000 4000
Coumaricacid  0.5040.0213bc 0.37+40.0750d 0.4120.0382bcd  0.70+0.0961a  0.53+0.0025b  0.4740.0596bc 0.41-0.0244bcd  0.35+0.0103d
g:i‘g'd“”‘ybe“z"ic 15+0.1778c  1.16£0.6661c  149+40.3341bc  3.63£2.0931a  2.74+0.0025b 1.47+0.5973c  1.29+0.4365¢ 0.97+0.2470d
Chlorogenicacid ~ 1.19404041c  125402511c  0.60+0.2300d  0.36£0.0529d 0.87+0.1758d 1.3140.2000c 5.18+1.0200b  19.58+2.2156a
Caffeic acid 365:0.1905a 2.6040.104b  223+0799c  2.0740372c  2.1140.135c  2.32+0.0058c  2.74+0.2511b 2.25+0.2543¢
Ferulic acid 122402342d  1.02+0.1813¢  1.86+04947bed  2.52+0.1331a  2.39+0.5140a 2.11+0.0577ab 1.52+0.07683bcd  1.36+0.2070cd

Values in the table are X £ s error. Different lowercases within a array means significant difference (P<0.05).
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Fig. 4 Effects of different light intensities on POD
(A), PPO (B) and PAL (C) activities. Different capital
and small letters mean significance at 0.01 and 0.05
levels.
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®5 AGHEABTESHEMHRERIEZSMEXMEDIH
Table 5 Correlation analysis with browning rate of callus, enzyme activity and expression

Factor X1 X2 X3 Factor X1 X4 X5 Factor X1 X6 X7
X1 1.000 X1 1.000 X1 1.000
X2 -0.894"  1.000 X4 0.850™  1.000 X6 = 1.000
X3 0.765" = 1.000 X5 0919 0944 1.000 X7 0812 - 1.000

X1: browning rate; X2: activity of POD; X3: expression of POD; X4: activity of PPO; X5: expression of PPO; X6: activity
of PAL; X7: expression of PAL. **: correlation is significant at the 0.01 level, *: correlation is significant at the 0.05 level.
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1 500 Lx
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