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Flavane-3-Alcohol Synthase Activity and Related Gene Expression

in Grape ‘Chardonnay’ Fruit

SHA Xiaorong, ZHANG Ping, WANG Yunxia, BO Hubai, MA Ying, JIN Lei"

(Agricultural College of Ningxia University, Yinchuan 750000, China)

Abstract: In order to explore the relationship between the accumulation of flavane-3-ol and the expression
of synthesis-related enzymes and key genes in wine grape fruit, this study analyzed the white grape variety
Chardonnay grown in Donglu of Helan Mountain with colorimetric method, high performance liquid chro-
matography (HPLC) and fluorescence quantitative PCR (FQ-PCR). The accumulation rule of flavane-3-ol
monomer and the changes of related enzyme activities and related gene expression patterns during biosyn-

thesis of grape fruit were studied. The results showed that: (1) during the whole fruit development peri-
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od, the contents of gallic catechin (GC) and epicatechin gallate (ECG) of flavane-3-ol were much higher
than those of catechin (CAT) and epicatechin (EC). The contents of ECG and EC increased at first and
then decreased with the development of fruit, and reached the maximum at 50 days after anthesis, which
were 47. 69 mg/g and 42. 73 mg/g, respectively, while the contents of GC and CAT decreased at first and
then increased, and then decreased gradually with fruit ripening. (2) The activities of flavane-3-alcohol bi-
osynthesis related enzymes PAL and ANS in grape fruits increased at first and then decreased with the de-
velopment of fruit. The activities of F3H, F3'H and CHI peaked at 20 days after anthesis (June 13), and
then decreased rapidly, while the activity of DFR increased at first and then decreased, increased again at
50 days after anthesis, and then decreased gradually with fruit ripening. (3) The expression of structural
genes PAL and ANS related to flavane-3-ol biosynthesis was up-regulated at first and then down-regulated
with the development of fruit, which was consistent with the change trend of ECG and EC contents, while
the expression of F3H , F3'H and CHI was down-regulated at first and then up-regulated. The expres-
sion of DFR was up-regulated at first, then down-regulated, and then up-regulated again with fruit ripe-
ning. (4) Correlation analysis showed that the activities of F3H, F3'H and ANS were positively correlated
with the content of GC. The expression of F3H and F3'H genes was positively correlated with the con-
tents of GC and CAT, and the expression of ANS and PAL genes was positively correlated with the con-
tents of ECG and GC. It was found that the synthase and gene expression related to flavane-3-ol biosynthe-
sis affected the accumulation of flavane-3-ol compounds in grape fruit, which further affected the sensory
quality of grape wine.

Key words: Chardonnay; synthase activity; flave-3-ols; qRT-PCR; gene expression
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Table 1 Linear equations and correlation coefficients of four flavane-3-ols
&<y’ L8R 1 ] ER ey MK REGH
Compound Retention time Linear equation Correlation coefficient
BEFILAE Gallic catechin(GC) 10. 762 y=4E+072—103702 0.994 3
FILAKE BB THRER Epicatechin gallate(ECG) 29.111 y=6E+06x+430958 0.995 8
JLZE % Catechin(CAT) 16. 262 y=2E+06x+97300 0.999 6
# JLZE & Epicatechin(EC) 20.510 y=5E+06x—73573 0.997 7
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isolation Kit #E47, H AR B S WL UL 45,
1.5.2 cDNABIAER M Reverse Transcription
System Kit {7 & U , & 7 SRR 20 pl B
MR NAKZR ., B 4ETE DEPC A3 (9 PCR 4
JMAE RNA 2 pL, A 50 pmol/L Oligo(dT15)
1.5 pL,Z8 ¥ 10 min F 70 “CK ¥, 37 BRI vk 2
min, B0, B E IR T IR, IRIRIMA 4 pL
15xRT ZZ i .1 p1L RNA 01 77 (Rnasin, 20 p/
pL) .2 pL ANTPs(200 pmol/L) .1 pLAMYV 2% 5%
fitf .8. 5 pL. DEPC &L #UK FoKin b, IR B0,
BRI TR, 42 CIRWE 1 h, 99 T 5
min, K 55 S, ST BRI VKYS 5 min, —20 CAEAE .
1.5.3 PCR5|#i&it M4 Gene Bank RN
M fifk = Wl (PAL) A /K B 53 A i (CHD LB A i 3-8
LB (F3H) . A K H R4 JF 5 (DFR) (675 R A
fitf (ANS) i 3'- 2 (L (F3' H) B & K P
5, K Primer 5.0 i1 PCR §" 34 5|9 (5|9 ¢ 51
W3R 2, At ERHEY R BRA R G . HE#
Actin FEFAE RS, 0P 56 25 B AT AR ik AL b 2,
1.6 HIESH

B2 F bR 3 KT 45 5 DL 4 £ bR
PRV IR B Ab BER ] Excel 2010, #]F SPSS19. 0
B #4775 2253 B C(ANOVA) , Duncan £ & A5
AT 2R B FEMER K (P <0, 05), H A ZE KA X
FIRH R 2% 238 H Pearson #H M4 #r
RPN R A A= RO Al RS RRE X S AW
BEP Rk B R A S OC & s Hl Excel 2010 4 3E1T

*2 ELHKAEEE PCR 5| #FF

Table 2 Primer sequences of real-time fluorescence quantitative PCR

YK E
Product length/bp

R RS

Gene accession number

Bk 2]

. ! I
Primer sequence (5 —>3")

LN 4 B

Gene name

WS Actin TCCTTGCCTTGCGTCATCTAT (F)

Internal reference gene CACCAATCACTCTCCTGCTACAA(R) 125 AB073011

RN R R LN PAL CCGCTGAACTGGGGAATG(F) )
Phenylalanine ammonia lyase gene CACCGAGCCGAACAACCG(R) 914 VIT_8s0040g01710

AR B S AR R CHIT CAGGCAACTCCATTCTTTTC(F) 216 TC51784

Chalcone isomerase gene TTCTCTATCACTGCATTCCC(R) ”

HHE RO MMRERN ANS TCCCCAGCCTGAATTGG(F) 789 EF192468. 1
Anthocyanin synthase gene ACCCACTTGCCCTCATAGAAAA(R) ‘ " :
WREE 3B AL F3H ATGTGGTCAACATCCACAAT(F) 402 GUS585858. 1

Flavanone 3-hydroxylase gene TTAGGCCAAAATCTGGTCAA(R) IE9E90.
W 3R ALEGREE F3'H ATGATGGCCCAAGCCCAACA(F) 564 DQ298196. 1
Flavonoid 3-hydroxylase gene TTACTTCCCGAAAACTTGGG(R) o e
AR IE R EG SN DFR ATGGAACTTCAGAAACAAAA(F) -

502 X75964

Dihydroflavonoid reductase gene TCAAATGGTATTCTTCCCGG(R)
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i ¢ 3 A1, BR 0 T A A SR LR RS R B
B -3 B AL AW GCLECG & 8 K 43 I 18] i 25
T CAT.EC &, H,GC FMERL L FEZ
WREFmEIE TGRS 10 A7 H 3) H A
W (40. 02 mg/g) 3T 5 H AR BHHAAAE B % 22 =,
605 90 d (8 H 22 H) o g i w8 2w A 7
91. 85% ; ECG Wy & 76 R 50 & B W1 B AR A I 21, 7F
FEJ5 50 d(7 H 13) i H B f% = B (47. 69 mg/g) If
HHAbR 25 B E MR S RS TR, AR
90 d(8 H 22 H) I A I AH , e I AE b 5 w1 3
FEAR T 53.87% ;s CAT & i S 52 - 19 22 fk
G AEAE T 50 d(7 A 13 H) B H B g
(18.68 mg/g) . I 5 HAMI WA L 22 7 B % EC &
AR B TG Bk L R FEAEAE JS 50 d(7
A 13 B ik KAE (42,73 mg/g) - lAES 40 d(7 A
3SEOHEIN T 2019 A% H e AR{H Hh BAEFE S 20 d(6
H 13 H).fUH 2.69 mg/g.
2.2 ‘BEMRILZELRBRIERI-BENER
HXEEENTL

B E-3-WE 2B ) A M G PALLF3H . F3'H.
CHI.DFR I ANS i P 22 25 2R (B 2) & W], PAL
FIANS I P A8 fb ok 3585 oy — 80, 3 e T e R R
R ry A, BAEAE)R 30 d(6 A 23) H Bl i KAH
If5 HAb R A AE B 35 25 5 F3SH F3 H L CHI i 1
HOAEALST 20 d(6 A 13) H B f K AR L 1 S5 45 Bl 95 7

TUHE FEAR L DL AR R 20 d 2 BE LN R N & AR
(9 S BT s DER 36 M 2 7 & J5 B AIR, ZE 4L 5 50 d
(7 A 13RIt S R S GBIk . i,
2% T AH G BTG PETE 8/2~8/22 11 ] #% A 4 45 15 fi 1%
K, BB EES,
2.3 ‘B RILELRIERIBEDEK
HXEENRIEHE

CEE A A AL ST -3 AR ) A G
FEHM RIS R (B D BR EHERLET
T, PAL JANS SE IR (% 3235 16 GUAH L, ¥ 02 7
R KAIWI6/13~6/23) i, HRM A B E E
TH#a# G EAE)T 30 d6 A 23 HO ik #H e i, bi)s
FEIE KT KR T R, AR 5T O A 2 R I
KA F3H (CHI JEPERE Y R e iR 5 1R A
A RS R AR TR B W N, CHIT JE PR AH X 3%
ISEAEAE)S 90 d(8 H 22 H) ik $l e KAH, i F3H
FE B AR FRIA AR R LA KW (6 7 13) B A &
AR, I3 o FH AR F3'H L 2635 K V-1
SRS A R AR T I T B SR S R A T
A RA S ER T AR BIN R KMEE H 13 H);
DFR PR By 3R I8 7K PPl S 5628 5 0 W 35 56 o,
1T 5 R 32 S 25 0 AR S B PR A AR A
LA FRAEBARAK T
24 ‘BEM RILZELRIERIBEEESE
MERBXEEEMEXEARIENHEXE

H 3% 4 A DL, © B 20 7 2 AR S v B b - 3
A GC &5 CHI.DFR 3 [H A Xt 1k 50 74
%,5 F3H . F3'H 3 HNF£IKLHIEHK; ECG & &
5 ANS PAL BRI N IEAH G AHC R BN

R3 ‘BEMRXXEIBPERIBEUSYNSETL

Table 3 Content changes of flavane-3-ols of Chardonnay during fruit development

WICH /B BETILERGO FILRRBE THE(ECG) JLEFE(CATD) FILZER(EO
Date(Month/day) Gallic catechin/(mg/g) Epicatechin gallate/(mg/g) Catechin/(mg/g) Epicatechin/(mg/g)

6/13 35.60+1.56b ND 13.85+0. 14b 2.69+0. 37d
6/23 32.88+1.07b ND 4.00+£0. 78d 3.97+0. 38d
7/3 40.02+2. 88a 43.9040. 35b ND 19.5240. 54bc
7/13 19.57+1. 20c 47.6940. 24a 18.68+1.13a 42.7340. 83a
7/23 16. 56+ 1. 04cd 39.3540. 98¢ 9.50+£0. 34c 23.67+1.24b
8/2 14.02+1.01d 34.83740. 35d 9.18+0. 26¢ 3.58+0. 15d
8/12 12.90-+2. 08d 45.2640.22b 10. 0740. 66¢ ND
8/22 3.26740.08e 22.0040. 48e 8.98+0. 55¢ 7.1340.39cd

T ND 78 RAGI ) L A [6] /NG T bk 2 7R 6] — 9y J5A A o 40 22 57 {35 (P <<0. 05) , T[4

Note: ND means not detected. Different lowercase letters indicate significant differences of the same substance in different periods. The

same as below
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Fig. 2 Changes in the activities of enzymes related to flavane-3-ol biosynthesis during the growth

and development of grape fruit
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Fig. 3 Relative expression of flavane-3-ols biosynthesis gene in grape fruit during the fruit development
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Table 4 Correlation coefficient between the content of flavane-3-ol and the activities of synthesis-related
enzymes and the expression of related genes
Jehi AA G HE PRI £ 35 5 Expression of related genes HHOCHEIEPE Activity of synthesis-related enzymes
Index F3H CHI DFR ANS F3'H PAL F3H CHI DFR ANS F3'H PAL
F3H 0.89" 0.13 0.27 0.717 0.80" 0.46 1
CHI 0.93" 0.18 0.23 0.65 0.83" 0.41 0.97"" 1
DFR  —0.01 —0.18 0.89" 0.78" —0.21 0.88"" 0.22 0.14 1
ANS 0. 50 0. 04 0.83" 0.98" 0.32 0.94"" 0.69 0.62 0.83" 1
F3'H 0.89" 0.13 0. 27 0.71" 0.80" 0. 46 1.00™" 0.97" 0.22 0. 69 1
PAL 0.08 —0.12 0.85" 0.84"" —0.07 0.95"" 0. 34 0.23 0.95"" 0.90"" 0. 34 1
GC 0. 36 —0. 36 —0.33 0. 66 0.22 0. 54 0.71" 0. 54 0. 54 0.72" 0.71 0. 64
EC —0.41 —0.60 —0.43 —0.48 —0.42 —0.38 —0.25 —0.21 —0.10 —0.38 —0.25 —0.27
ECG —0.73 —0.78 —0.32 0. 25 —0.71 0. 34 0. 46 0.53 0.59 0. 50 0. 46 0. 56
CAT 0. 26 —0.32 —0. 44 —0.24 0.17 —0. 44 0. 26 0. 36 —0.31 —0.23 0. 26 —0.47

T x RIRMRMETE 0. 05 KTV ERBER . x x RIARMCMELE 0. 01 K LR 3% 1)

Note: * indicates that the correlation is significant at 0. 05 level, and * * indicates that the correlation is extremely significant at

0. 01 level
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