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Abstract: [Objective]Norisoprenoids are considered as the main components that contribute to grape
varietal aroma and eventually determine the flavor quality of grapes and wines, due to their extremely
low perception threshold and pleasant floral fruit characteristics. These compounds can be generated by
direct degradation of carotenoids, and exist as both free-form and glycosidically-bound form. Sunlight
is the most important environmental factor for plant growth and development and affects the accumula-
tion of norisoprenoids in grape berries. However, deficient or excessive sunlight will probably cause
negative effects on the accumulation of norisoprenoids. Xinjiang is a vital region of grape and wine pro-
duction in China, and the climate of this region is characterized by long sunshine time, strong solar in-
tensity, little rainfall and large temperature difference between day and night, which appears to be un-

suitable for the accumulation of volatile compounds such as norisoprenoids. However, the effect of vine
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shading on norisoprenoids production under this particular climate remains to be poorly understood.
The present study aimed at assessing the impact of vine shading on norisoprenoid concentration and the
expression of related genes in Vitis vinifera ‘ Cabernet Sauvignon’ grape berries. The outcome provides
a theoretical support and practical reference for improving the quality of grape and wine in the regions
with the similar climate condition of Xinjiang. [Methods]The vine shading treatments were conducted
in the vineyard of the Rhyme manor located in Changji county, Xinjiang. All the grapevines were plant-
ed in 1999 and were managed from north to south. The row and vine spacing was 2.5 mx1.0 m, and
each vine was allowed to bear approximately 10 to 15 berry clusters. According to the shading level, the
shading treatments with black shading nets were divided into Net 1 (reducing about 50% of sunlight in-
tensity around the cluster) and Net 2 (reducing about 20% of sunlight intensity around the cluster).
Shading nets were set up 10 cm above grapevine canopy at pre-veraison (Q1 and Q2) and post-veraison
(H1 and H2), and the shading treatments lasted till harvest. Non-shading grapevines were taken as the
control. The randomized block design was adopted, and all the treatments were carried out with three bi-
ological replicates corresponding to three independent blocks. The free and glycosidically-bound noriso-
prenoids in grape berries were qualitatively and quantitatively analyzed using the head space- solid
phase microextraction combined with gas chromatogram- mass spectrometry technology (HSPM-GC/
MS). The expression amount of the genes related to norisoprenoid biosynthesis was measured by Real-
time g-PCR using SYBR green method on an ABI 7300 Real-Time System. The differences in the nor-
isoprenoid accumulation and the transcript abundances were compared between the shaded and control
grape berries. [Results] The sunlight intensity around the clusters was decreased significantly by shad-
ing treatment, but the mean temperature and relative humidity were hardly affected. As a consequence,
all the four vine shading treatments markedly reduced total soluble solid content, but had little impact
on titratable acid level in ripe berries. A total of 11 nisoprenoid components were detected, comprising
11 glycosidically-bound components and 7 free-form ones. Both Q1 and H1 treatments significantly in-
creased the total content of norisoprenoids, among which S-damascenonet was raised largely. By con-
trast, Q2 and H2 treatments had no obvious change compared to the control. The analysis of Ortho Par-
tial Least Squares-Discriminate Analysis (OPLS-DA) revealed that the Q1 and Q2 treatments mainly in-
fluenced the components such as 6-methyl-5-hepten-2-one, (E)- f-damascenone and (Z2)- f-damasce-
none, while the H1 and H2 treatments more altered the components like TPB and TDN. Additionally,
the Pearson’ s correlations between the production of metabolites and the expression abundance of the
related genes were analyzed. The results indicated that the expression level of VvPSY2 was positively
correlated with the concentrations of f-cyclocitral, geranylacetone and (E)- f-ionone, whereas the ex-
pression of VvCCDI1, VvCCD4a and VvCCD4b were negatively associated with the concentrations of
most norisoprenoid components. Moreover, there was a low Pearson’s correlation coefficient between
VvPSY1 expression and norisoprenoid production. Q1 and H1 treatments significantly down-regulated
the expression of VvPSY1 and VvCCDI, while VvCCD4a and VvCCD4b were up-regulated significant-
ly by Q2 and H2 treatments at ripe stage.[Conclusion]In the grape-producing regions with strong sun-
shine and little rainfall, moderate shading that reduces sunshine intensity can improve the aroma quality
of grapes and wines.
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Fig. 1 Effect of vine shading treatments on the microclimate of fruiting zone

R, B3RS 58 2 i, il R AE J5 2~3 d. fr
A SR Y5147 DA Ji DU < SHE BB B T -2 J2 P9 AR AR
b R R DL S R R R T, A A
SR SKF AT B HCR 267 SR 552 500 KL, 8T IR
Fo Iz [RS8 = s R i BE L S0 R T340 R
Bl 5E , Fe A FH R 0E R 5 FE T -80 °C UK A H R

1£, AEHAR 4
1.3 #EERLIBUAIEIRGEN

A )5 0] E IR A Rl S S
SERPINGE o DN ZE BT R SR o R B LA S0 R
K H RN A1, vl Ve T2 P 1 208 B2
11 (PAL-2, ATAGO, H A& AR 5O HEAT I 52 , AT 3 52 1R



5123 Te o b5 AN AR R R e R S I S I M S U B R 5 1491

BRI BRI 2 v (LU A BT AT I € , B4
FE AR 2 DN EARTAT
14 FHERIBFSYERSH

A SRS A TR RIS I 25 118 Wen 251
THEHAT .

ek 7 I s o 8 R A2 M A ARk 6 3 T 1Y
R € 3% 26 1 T 12 AL & W OR B 4 BOR BT 15 2
NISTI1 47 s A 2 RN R « B R 5 28
PSRRI 5 P Al b BRI JE SRR EERRRE 1541
AN TR, S ST 2 SR S GRS VR B2 1%) B S B b
#E 2, X1 A AR 1A S A AR L B AR

E M 22 47 € B, TR A BRI &S R AR 2
SE R ARAL B SR - HORE 3T 0 A A A S B PR o A
LT ER
15 EERIBRFX-BEXEBERRIEZEN
DI

] 5 TSI P DR B R DR 3RO A M 2 R NS
[ iE AT

K DR R IR HE N € B2 MR F 22T, ACT= Ct
CHRERED-Ct(N S LD ; WS HE NN 'wGAPDH.
VwUbiquitin 1 VvActin; B 5T Bt F 1 51 9 15 51 WL 3%
1.

=
r-;“;

%1 T RT-PCR #5145

Table 1 Primers used for quantification of transcripts by means of real time quantitative PCR
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Fig. 2 Effect of vine shading treatments on total soluble solids and titratable acids in developing grape berries
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Table 2 Detectable norisoprenoid components in 'Cabernet Sauvignon' grape berries

7 g P At
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2,2,6-= HIFEIACUH 2, 2, 6-trimethylcyclohexanone, TCH 1331 N N
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(E)-1-(2,3,6-trimethylphenyl)buta-1,3-diene, TPB 1 850 nd N
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2 -p-48 % 21 (E)-p-lonone 1959 nd N

T end A HY IR ACEAT IR -

Note: nd. means not detected.
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Fig. 3 Effect of vine shading treatments on accumulation of norisoprenoids in developing

‘ Cabernet Sauvignon’ grape berries
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Fig. 4 OPLS-DA of the norisoprenoids in ‘Cabernet Sauvignon’ grapes under four vine shading treatments
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Table 3 The pearson’ s correlation coefficients between the relative expression level of the key enzyme genes and
the total amount of each of the norisoprenoid compounds under shading treatment

VvPSYI VvPSY2 VwCCDI VwCCD4a VwCCD4b
6-H %E-5-Pi)ds-2-li] 6-methyl-5-Hepten-2-one, MHO -0.137 0.241 0.219 -0.346* -0.289
a-% *~ 1 a-Tonone 0.105 -0.046 0.033 0.208 0.113
FFE A 6, 10-dimethyl-5, 9-Undecadien-2-one -0.187 0.519%* 0.177 -0.340% —-0.467%*
(E)-B-4% [ (E)-B-Tonone -0.188 0.538%* 0.010 -0.357* -0.525%*
M Total -0.080 0.477%%* -0.577%* -0.037 -0.062

RO RAH MR B 25 K (p < 0.01); *FRoRAH G HEIL B 25 KF (p < 0.05) .

Note: ** indicates that the correlation is extremely significant (p < 0.01); * indicates that the correlation reaches a significant level (p < 0.05).
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Fig. 6 Effect of shading treatments on the expression of enzyme genes related to synthesis of norisoprenoids in grapes
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