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EFFECT OF NIGHTTIME SUPPLEMENTAL LIGHT
TREATMENT ON GRAPE ANTHOCYANIN AND ITS
TRANSCRIPTOMIC STUDY

ABSTRACT

Grapes (Vitis vinifera L.) as a fruit tree are widely planted in the world,
favored by the majority of people. The skin of the Vitis vinifera L. grape
berry is purple and thick, and the flesh is soft, sweet and juicy, which is
rich in dietary fiber, amino acids, trace minerals and other nutrients, etc.
The LED supplemental light treatment can regulate the functional
components and quality of grape berries, however, there are few reports on
whether the nighttime delayed supplemental light treatment can effectively
regulate the content of grape berries’ anthocyanosides and other functional
components and their quality. Therefore, in this experiment, we screened
out the optimal light source and the optimal duration of supplemental light
by applying delayed nighttime supplemental light treatment to the Giant
Peak grapes during the color transition period and using the no-nighttime
supplemental light treatment in the facility as the control. The molecular
mechanism of anthocyanin enrichment was also revealed by

transcriptomics analysis. The results were as follows:
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1. Using three kinds of LED light sources (white light, red light, and
blue light) on the giant peak grapes in the color change period of the night
delayed supplemental light treatment, compared to the facilities of the
night without supplemental light treatment as a control, found that
compared with the control group, the three kinds of supplemental light
treatment can significantly improve the content of the anthocyanin and
accelerate the degradation of melatonin; the effect on the weight of the fruit
and the longitudinal and transverse diameter of the fruit is not significant.
Blue light significantly increased the content of anthocyanosides, soluble
solids, reducing sugars, GABA, total polyphenols, and antioxidant capacity,
and decreased titratable acid, followed by white light; soluble solids were
significantly and positively correlated with reducing sugars (P<0.01),
anthocyanosides, and Asp; and anthocyanosides were significantly and
positively correlated with Asp (P<0.01), Phe, Leu, and His. All three light
qualities significantly increased the content of Asp, Thr, Met, Ile and Phe.
In addition, blue light significantly increased the levels of Ala, Cys, Val,
Lys, His, Arg and Pro. Therefore, the present study concluded that blue

light had the best regulatory effect on grape berries.

2. Grapes were treated with supplemental blue light for 3 hours, 6
hours, 9 hours and 12 hours at night, with no supplemental light treatment
at night as a control. Compared with the control group, the effects of

nighttime supplemental light treatments with different hours of blue light

VI
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on the weight and longitudinal and transverse diameters of grape berries,
as well as ABTS free radical scavenging capacity, were not significant;
however, they could significantly increase the functional components of
grape berries, such as soluble solids, reducing sugars, anthocyanosides,
total polyphenols, total flavonoids, GABA, and free amino acids, as well
as the scavenging capacity of DPPH free radicals, and they could
significantly reduce the pH value, total acid, and melatonin content. The
effect of blue light for 9 hours on soluble solids, reducing sugars, amino
acids, anthocyanins, total polyphenols, total flavonoids, and DPPH radical
scavenging capacity was optimal, followed by blue light for 6 hours.
Therefore, this study concluded that 9 hours had the best regulatory effect

on grape berries.

3. The RNA-seq data were analyzed by RNA-seq and the reliability
of the RNA-seq results was verified by Q-PCR. Under nighttime
supplemental light treatment, the key genes in the anthocyanin synthesis
pathway, PAL, CHS, DFR, GT, CFIP, VIT_ 1450068900920,
VIT_06s0009g02860, and VIT_ 0650004908150, were significantly up-
regulated, which resulted in the significant up-regulation of
phenylpropanoid biosynthesis, flavonoid, flavonoid, and flavanol
biosynthesis, anthocyanin biosynthesis pathway and other pathways were
significantly enriched, promoting the accumulation of anthocyanins. Blue

light can make PAL, CFIP, DFR and other genes significantly expressed
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in grape peel anthocyanin enrichment, which may be one of the reasons
why blue light is more effective than white light. Different duration of blue
light treatments resulted in significant expression of glycosidyltransferase
(GT), peroxidase, and genes  (VIT _09s0018901190 and
VIT_11s0037g00570). In addition, a large number of transcription factors
(e.g., bHLH, MYB, ERF, WRKY, C2H2, MY B-related, and NAC) were
found to be involved in light-regulated anthocyanin synthesis. These
results provide new insights into the regulation of anthocyanin

accumulation in grapevine by nighttime supplemental light.

KEY WORDS: different light qualities; duration of supplemental light;

grape; anthocyanin; transcriptomics
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R ide BE IR 0] BB 7E 61 45 5 645 5 1w RN A% 3o Hh R A S VR, R IR HE AT g
S50 SR E AL O RN 2N SR 7R . FulRAR i e s 4 e
RIMAEARIR S5 F N, B RER S R 0 3Rk, R (e e 1 AR & A
F I A 4 A B R A (R iR S 1 o LYK F s 2007 At 7 S [ 3
R R, ORI BT A BRI IR AR 2RI bR A & RN S 5 i
EPERESHET R RMERMREREE, HFRIEFET MYBL14 REIEH
TEH KA A . Zhang®™ il id RNA-seq KIS RAHIECHF IR RS
DNA HEALE . AT W RRISEX -5 A e T = S &I m, KA
ST 53 W R IR A e AP 1 KB B A6 ORI 75 31 AE & B 3 Fhig 12 5
5T eHE RN EM G, T RETPHEFT RS ES PALACL.CYP73A100.
CHS. CHI. F3H. DFR. ANS. 3GT %K i E MK, 5 MYB. bHLH A1 AP2/ERF
I DR L AR OGRS, SunBISESR L A 0 M kI LED W e Ab 33
TR =G U LR (i CHS) Rk, (2 T /NERE R R . X RIH
O BT B T S E Y AR KA R B SR TR M E R WM. Bz, B R
SRR AL BT Y& RN DAY R Z st gt iT 7R, SR, 0T
P IFIHE A 40 BE 3 2 A A 16 0 1 5 B R A AT U AT 008 . DRIk, st i skl
o BT HR AN R AL B A A6 L B i AELRITE R & 2 T E b TR R
bR AL P 5 07 T BT B LR S, R HERD 2R 5 8 i b ) R R S (V0 Al
FNISEARAE -

1.5 ARHFFEIANE K H R X

1.5.1 AN E

(1) KA 3R LED I8 (6. 406, W) XHEiL (i B s 41 k1T
[ ZE R FM AL ER,  DABEHE P9 A (RIS AR AR FRAE 0 I . PPl 3 Flt LED YU %
B A6 S B A A T RE S IR, R0 %k tH R AL LED S

(2) R ALH LED G A RBIAMEIR K (3h. 6hy 9h Al 12h) i i % it
ATRbER, DR TRIASIEAT AN AR AR At HE . PPATT 4 AN KO0 R A TR e &
AN AT RE RS AORE I, 074 Hh e PR 1Y) LED A BRT
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(3) L Fe AL A AN FDEHRATAS R AN G I AL BE AR AR o, 22T (10
K B AR BIAN DG BTAIAS [RIA G A A ] 5 R4 A A o P E E A SR R R,
AR TR ANFEDGFURIAS [FI A IGI K 75 5 8 4 76 60 & SR 1 0 T HL

1.5.2 AHHFEHIH K& X

% HAR S RS TR E, RN S KR 2 — o Ik bl 5 %) Jl
PRI HEE IR, AN, A TORFE) I TR SR, A O R IR
Koo SR NN St fr ot R TR R I 5, ] 3 267 ) ot o SR OB 5

EHBAPEN. PUEEE RIS SR JOE L TS 18 Ak o 0 1507
FZR IR WA CALEE, BB PR A A AL B AT AR S T, AR
X TR B T 38 T AN [R] 6 JFRTAS [ IR R 0 6 Ak 2R e i ve i 4 1 0 & s 1 412
WU I o DA A S o0 2 € TP [ 06 ] ] AT A [B] E IS A G AR 2,
LBt PN BRI AN AN G AR EEAE Juoxt B, G Y e DO IR A iR L AN e K I it #%
KA IR7R TACEH BRI AL XV & AR HEACRIE . R
AU R E S AL T D RENE & wh B EE S, s st B ik
MR e Al 1 B 2 BRI B Al
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5 2 T BUIRIANIRD G Jo Ak T e e A U BN R S i o Y

AL

2155

I E A AE BRI MR AR I, AEEERKCR TR R ANRKER. B
IR %) (Kyoho) JR7=F HA, FEFERE B, HpR R A gt Al
B R, BRI RAPUR. PUE. DU, B EENTER, R R
ORJE, RAKIMZH, B3 MEaLgE. QAR LET VIR TS5 2 A
EIRETEY PO, PR R A A T R R D RSy 2, HON SR R
RZ A, BIUNGUEAL . DUARE . R RIERAEYIRE . R TT . RO LB PR
TP, Btk B 0 T AR , P A SRS, ORI R IR G RV 2 TR Y
1RFE, EHIE 2B, LR e RS IR <5 B = 2 i w e . S8R
ARITAREL, B A B3 2 P 1 A8 ) SR S AR (0 55 K 2 O R4 S B &
(90, S AN 2 2 e USRS 14 b oA R AR R B 0 € A — 355, {7 67 SR iz it ORI 1 Jak e
IRIH . it N RO R R VR A B,V 9 0 T 7 R S o R SR A 2, R
FAN ARG 7525 7T DA S itk — fi] RETE).

AR, LED JGIR CAFEMAI A K KB MR 55 T ) 2 M -
KIS o 27 45 OS50 1o S [ 016 0 S Ak B s Ak SR 7 0 it T ) SR EAT TR AL, R A
FEOCRAMR T ER. FVATERE Y. nE TR RGBSR BT, RE
AR RS HIEOHEY & RIREIE S TR Z —, ASFDGI 58X %
REAET R G A R R, RS LED Seln st Aot &ae
S RS B, AL AN A LED ' vy 38 0 47 5 SR o o DA S AR A AR 0,
S G o A T VAR I T R R T e A R A AL, DB SR AT
SR e SR D R AR o e,

HAT, BUESERAMCRIIE R 3N, FAE. % S R4l i s R
EREAT T WIS, R AR EE 4 i AR KR B AN R B s T A R
BRI TR AN LD REMG INAE T R AR L, 200G RE B2 e i 4l R BB TR IR 15
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(991, 74 2 1 €00 ST 13 2o AN [R] 6 £ AR 1) SEE IR D' A RS SRS B, R 31 o £
O IR AN DS Th e A7) B SE MR BTE TR AT S0 o (AL, ASHIE 7 38 Y Bt AR
B 1 B0 A il B kL, JEIEBIIRIR A LED KT ER MG (1 75 925060 A0 T 4 14
(R EL WA A REAT AMIC AL B, PRAG 1 BEIAS R BTN G 16 &) SRS it AE T2
B EIRETE R GTRALRE SISO, D BAGE Tt o A RS i o S B A

2.2 MRS TR

2.2.1 SEGHh AT E AR

RIS TE 22 0 FE T 4 0 b 2 AR A AR M A R 2 ) 88 46 [l X 88 it A 33 76 47 K
WREAT (R4 118° 12'36"; Jb4h 31 °27'14"), X )@ T Haiig i 2= K i,
PR 16°C,  H IR 4 2000 /NEF, BERTE 1200 mm, JoRE #4245 K.
KK 82 m, HiE 10 m, #5510 mo A5 R 4] fnfh o 2015 AERFh I B
R, DLV AVEI A TR Y, WS 8 4, MM E 2.8mx25m, K
PEATIR] . LED #M6AT Bl @ IR A IR A Rl 3R, JTE K 1.2m.

2.2.2 S

AL Hr ol (NaOHD | B IR4N (Na2CO3) - WERNFREN . 7~ /K & AL4E (AICI3
6H20) . #HhER. HlE, L. ZIRM. WETERIHEMS (JIRE=98%) T
brdEdh (A =98%) . 3, 5- NI KR = LR, 25462234 IR A 7
ey, FiRE s THRA R ABTS, Flfi T A LRHE 347 B 2 7] ; DPPH,
i AR R R /A F]; PLANT MT ELISA KIT. PLANT GABA ELISA
KIT gkt ARG R A

2.2.3 SEIG AR AL
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*2-1 L

Table 2-1 Experimental equipment

WA SR RS CVRI I
B R LY1002 IR R A TR A A
HA AR TR LGJ-12 AEHUAR IR R A BR A A
RGO FEAIL ST-5280 S22 T AL A TR A
& R A R R B 0L D3024R AEHR IS B SRR A IR A 7
BEEARAX 1510 BRI RS A PR A T
AT W UV-5200 I A PR A
B PAL-1 HA ATAGO /A
Vi N PS810 o [ ey ) R AR TR PR A )
RILIR 7T T LA8080 HZ HITACHI 2]
R A R AR DW-60W151EU1 T SRR VKA A R A

2.2.4 SEETTIE
2.2.4.1 sEIGAMEALFE

G T & e 391 (2023 41 6 H 27 H)JTaR G, 25 %) B (2023 4 8 H
14 H) #ekik. BRERI(E. 4. #)6)EL4ME 6 h(20:00-7k H 2:00), #6
FNL AP KA 3 450nm F 650nm, K5 AHEAT LED T HRSH/E A i #bdT 2
PR E IR A2 30ecm, AREAAFAFIFEA 1 RET B, HiRR A EE R A 5
T BMOGIE 3 NES, S ATERNCHHEERS 5 RIEAT R, MNMEEERA 30
BUEIA, AN 10 FEET A R, AN B AR EAR 2 RiHi AT, R
B IR TR R RGO VR,  BUE -80 C VKA TRAT: -

2.2.4.2 B SR HUR I 2%
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AR X S UM TV E AT RETIAE 5, A V2 VRAE B 4 S A P B0 v VR T )%
Pl (LGI-10)EEGIR T 72 h, URTHEAHIE 28 AR . FREL 1g #i% T8 T 10ml
FREOELOE T, M 6 ml0.1%#h B FEVA W, A HI(20 °C, 20 min), IR
2 24h (4°C); E0x(4 °C,8000 r x20 min)Wir B 35k RN HE S 4R BUK -

2243 fetoH S ENE

SKH pH s ZE VRN E A At A e U0, R AR BG4 BN KCI 22
(PH=1)F1 NaAC ZZ 11 (PH=4.5), 4357 530 nm 1 700 nm A& W % FE

2.2.4.4 B2l EE

By B I E 2% Patricia SRV TS 2 L 25 w L RS REGE S
125 v L 10%48 bRE 75T 96 FLERH, ## & 10 708, HOA 1251 L 7.5%Na2CO3
W, WG 30 min, T 765 nm AL E OB . 45 R DL B TR 4 il AR
S E N

=

2.2.45 RS =N E

IR BN S % PEINADO U2 5t AT 18 0. B 50 u L FEdh 42
BT 96 FLBCH, A 20w L 0.5 moleL-1 NaNO2, ##& 5min, FHIA 20uL
0.3mol*L-1 AICl3, ' 6 min, FhIA 200 1L 0.5 mol+L-1 NaOH &, RA1)E
FE 15 min, 7E 510 nm AW E HWOGE . g5 LS T & ELhilbnEth 2R os .

2.2.4.6 WRERESERNE

B RS E XA ELISA il &lE, SilH&a (PLANT MT) Bt
(R AERIEE IR AT #ATEAE, 2HbrnEdhs.

2.2.4.7 v -2 TE(GABA) S = I E

GABA % & X H ELISA i) &ille, Sili& (PLANT GABA) KA
B CEEFHAERE AR AT SATEAE, 2HbrrEZk.

2.2.4.8 PLEALEE 1M E
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DPPH H HiZEiERRAE SIIE S Herald 2508 it 471555, B 30 L
FEWRT 96 FLARH, N 200 1 L DPPH AW, JREZSIEEEHEE 30 min, 7E 517 nm
AN 5 FLR AR

ABTS H HEE R HE 1000 2% Re 204 vt 471500, B 20 1 L £E 5
PRBURT 96 FLAR, I 200 1 L ABTS RS BIRIELE 734 nm AWOGAE A
0.71+0.02), JRZJ, BEGHE 30 min, £ 734 nm AbIEHIFOGE .

2.3 HfEibH

HAR Y LT ME £ hriEIR 2R R . KM IBM SPSS 25.0 A E4T HE 7oy
fiE FH AT Origin 2021 22 . Fi Ay Bt 2 AT = IR LR 1l

R 50

2.4.1 ARG S B ) A6 (U S R S

NFD G B A L S R AR B 2-1 iR, 3 OB RER KA &
TR &R, ERATRES, HaESEM 0.13 mg/g FH A =2 0.39 mg/g,
FCHI A BRI T, B e Xt IR 2.55 % 7F 95DAF B, (. 40, #tkt
M OH S E: Wh>408>H06; ££ 105DAF i, 6> H6> 400,

W E R SE TRV A O ENAEOE WSS, L8 T 1R &Y,
R R B i B BRI L o AR AR S A R O e B T
VVCHI. VWWCHS. VWWF3H2. VDFR. WLDOX. VVUFGT. VWMYBA1 %t
T BRI R ) 87K, et 1 AE T i . Naing £8P @ i #F A
[RGB AN FE 52, R BN G RESR i T AT G S IEE I PR R R
A, R EREEOTE S ENLE .
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e EHRARNG FRERR AR EEAE 0.05 K PAFEREER . FH.
Fig. 2.1 Changes in anthocyanin content of ‘Kyoho’ grapes with different light qualities

Note: The different lowercase letters in the graphs indicate significant differences between

treatments at the 0.05 level. The same as below.

2.4.2 AN[EDIGJTNT B 7 5 S 5 R 2 e
HHR 2-2 A] L, 7Efetaid iy, A& E M 12509 K 3] 13.209. H. 4.

WO AL BT 8 ) SR SE I E R, RN I TE R B M2 S o TR [ TR AL T
o B AR R N 14.6 A1 9.70 FHE 16.5 A 11.11, MR 6.38 1%
WAL E] 5,63, SXTIEMILL, WIAA 4. BN LA BRI —E M
Z5s WtRERF IR E A ETEMALE FEE S E. HE 2-2A B, fMEabEE
FE—ERRE Bitm T pH E, BEGMECRELr, rtike: MK 2-2B w4,
e ¥ 25 PR AR T 27 SR S R R P LS SR s 40 Y 1 81 2 T VA A e T i e R
BT IEAR R . /£ 95DAF, 4] J s ihal itk B R BN O >
6>, I ERE A E RN > 206> 0k, BERERIUNZOE> B> 1E

)

i
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J%; 7E 100DAF. 105DAF, & RsEHidims &8RN B> a)E>4004,

AN ZL 3 ] 5 [ P40 A B T i B 25 B8 ) ) G S 35 2 7

7/

<

=

R 2-2 ANFADGITUR I ] SR S R AR A

Table 2-2 Changes of different light quality on the fruit quality of ‘Kyoho’grapes

ZH b g payit Sh# A Wt
AETER] 95 DAF 14.60 £0.07¢ 15.35+0.21° 14.65£0.14>  15.85+0.212
el 100 DAF 1570 +0.07° 16.45+0.21% 1630 £0.14>  16.65+0.212
105DAF  16.50+0.35° 16.80+0.57° 16,70 £0.42>  17.50 +0.212
WJFEHE% 95 DAF 9.70 £0.05¢  10.04 +0.14° 10.56£0.01°  11.10+£0.27
100 DAF  10.52+0.01¢ 11.30+0.01° 10.82+0.03°  11.43+0.01°
105DAF  11.11£0.01¢  11.43+0.01° 11.31£0.01°  12.09 +0.022
HLHE (g) 95 DAF 12.50 £ 0.80°  10.80 + 1.60° 11.00 £ 1.00*  12.30 + 0.40°
100 DAF 1290+ 1.56* 11.13+1.15 1190+ 1.31* 1235+ 1.15
105DAF 1320+ 1.15* 1293 +1.05° 1220+ 1.56*  12.50 +0.87°
HM12(mm) 95DAF  27.96+0.56° 27.26+0.98 26.12+1.40°  27.69 +0.492
100 DAF  28.00+ 1.60*° 27.48+1.128 2630+0.812  28.12 + 1.46°
105 DAF  28.54+1.05* 28.18+1.212 27.89+ 1470  28.44+1.532
Fift(mm) 95DAF  26.99+1.63" 26.22 +0.86° 26.40+0.53%  27.32+1.14°
100 DAF  27.42+0.99* 27.18£0.97° 26.92+1.420  27.38+0.87
105DAF  2827+0.94* 27.71+1.29° 2717144  27.41£093°

1 RAPAFENG FRERORA R AL B AR 35 22 5 (P<<0.05, F[RD

HE RN EOCHEY), XOER . JtaRATR SR R B ORI K .
NI e 5] 6 267 SR S AR KR B B G et B kR A R R AR U SRR L
A5 2T DA 25 5 v e A RS st A E TR I, Zeid MDAk B REAEBE R
SCHE R, APIETERRY . wEVERE . RS RE BT, R Z0hhe
$i ey LW R ) RS (R SRR E L VR ANREAS, BRI W] DASR Al A R 02,
TOAAE A %) R B IR P A R AR ARG K RS S B T L&

15



S MW e e VAT

R EA R bS5 07 Th A W AE ], JCREE A& RS RS, KRB ELF, A
FIBTFCRBIL, BEDGAE B W & R SE R ST A M2 7 A $E REE R, HER
TG BOCETR R SGE JEUE S EARE L, B IR ) SR SR R U7 T A 24
F, 3 55k e AR ST 45 R — 30 AT Re s BT RS R T R SE A
BERE, A ) SR SE A IRIGR T AR A AL Rl IR T e A T AT o A A LB ) % P
%, FFREE BE S Rl A (V) IR 17 2208, (8RR 5 e A R R R IR & RS Bl S5 A O g
WEETT R, RO AR R

1 xfcK K
:////\' I'l_\\‘hitv_lipzhl f'{\'\‘h(iil\o light
N #IRed light #IRed 1ight
KRS #Blue light 74 a Hblue 1ight
4907 b .2 bdp.a Tab ab y 1, @ '
c 2 ¢ 2 722 0 m2n 64 SN T a a a
3.54 SN N AN Y a ab
a0 /\ A & *] //\ Z/7 N\
£ N AN = N | AE Z
£ o] NN 21N [N |\
o 7 = N5
N SN TN [\
154 9, = NN 7 NN
1.0 %§ ?\ : ] 7/§ : / i\\ 3 //§
0.5 %\§ A‘\ ! 2\\;§\ /i : //§ :
i 7 7NN
' ///\ Z : o | ISR N KR
0.0 /77, 2 ~ -} :
100DAF 10SDAF b0k e HERAS
A TG KM B el

2-2 AFEDEFO B % pH AR R FE 1221
Fig. 2-2 Changes in pH and total acidity of Jumbo grapes with different light quality

2.4.3 AN[RING Jions o UG e ) i 1 R R R 1 R S

R E O RE, HRSE S AR S EAERE R, Glu, Ala, Arg,
Pro J2& E A 45 (1 F ZE L RR (3R 2-3). FRATIHE BRI & i A kil 2 Tyr, o
it #EH Asp. Gly. Ala. Val. Phe. Pro f & & 1EiZ#Hi Tt &, Thr. Ser. Met. lle.
Leu fJ& RACIZHTAML, Glu. Cys. Lys. His. Arg [ &4b T 8h& PR .
#7716 95DAF I, G RE B 5 Thr. Glu. Gly & &, 2GR R EH 5 Asp.
Cys. Pro (& &, WtReEEIEE Asp. Glu. Gly. Cys. Val. lle. Phe. Pro [{]
B #MDEALFREAE 9O5DAF % 4 B9 Ser. Met. Lys. Arg & & 52 35 PR
7t 100DAF Itf, =Mt AEEIRE Thr. Ser. Ala. Cys. Met. His. Arg & &,
HGRESEE Glu. Gly. Phe. Lys HI& &, Z06MiEeHIaEfl Asp. Val. lle (5
BIFE, WOGIBREIR S Leu IS & . 78 105DAF I, =Rt i B e B 212 5 Asp.
Thr. Met. lle. Phe K& &, HIGREEFIRS Glu. Leu. His F& &, 206
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Je¥IBEME Ala. Cys. Val. Lys. His. Arg. Pro (& &ETHE, A®BME, a6
Heto J5 IR RERE & Sery Glu. Gly & & . 1E 95DAF B, =R K e
o R A RS R L IR I S B . 7E 100 A1 105DAF B, = Fpe b B REHE =
AILIRI A E, 100DAF I, #56>E0>4%; 105DAF I, 405> >

=
T

o o
o A

T B8 B IR A ] ) SR S (N L B TR, AR R R R S B

ER, LRI e E R BRI 8 B IR A SR 0, PR A A B R B (2
AR TR ER . NER. ZARMRARRERZERN & &, ABRE
S 1w T AR R R AR A AR B X AW T T DA AN AL PR 45
R—F, FATERIEC RN AR HE RN IR A 5 L3 E
TG B AR EE TSR, IR T ARG IR I AR iR 12182,

o

;

R 2-3 AFEDEFUT EIEH G R

FR & B

Table 2-3 Changes in amino acid content of ‘Kyoho’ grapes in different light qualities

i (8] AR PO ot A WOl
(mg-L")

95 DAF  Asp 46.72+0.62¢  52+1.18" 54.06+09°  51.12+0.78"
Thr 269.96+2.58° 297.37+547% 2523+4.6°  59.69 £4.35¢
Ser 8122+0.75%  67.51+1.51¢  68.55+1.59¢ 7681 +1.6°"
Glu 15289 +1.59° 16633 +3.86* 122.64+2.66¢ 167.77+2.79°
Gly 8.12+0.06°  944+021%  631+0249  8.67+0.19"
Ala 4253+3.94%  432.88+6.95% 3423+11.03° 438.69+7.62°
Cys 1.04+0.06°  0.86+0.14°  2.82+0.16%  3.48+0.16°
Val 27.19+027°  23.52+1.51¢  23.47+1.49¢  30.78 +1.74°
Met 743+0.05*  653+0.12°  488+0.12¢  6.03+03°
Ile 572+0.11°  423+022¢  427+026°  621+021%
Leu 1735+ 1.678  11.75+2.72%  153+293%  16.78+2.85%
Phe 2035+038° 24.73+1.18%  16.38+0.91¢  23.61 +1.25%
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(1] AR payit Sh# A Wt
(mg-L")

Lys 10.39+0.17*  8.66+0.32°¢ 7.99 +0.30 ¢ 9.71+0.29°
His 31.14+£0.33%®  2557+1.13¢  2921+1.13°> 31.49+1.17°2
Arg 71248 £5.582  520.99 £10.71¢ 637.98 +£10.32> 593.05+7.43 ¢
Pro 67.03+0.85¢  110.42+1.86* 73.1+1.96¢ 93.64 + 1.96°
MEHER  1884.30 1762.78 1661.55 1617.52

100DAF  Asp 5222+1.60° 5334+147°  62.59+0.94*  61.40+0.76°
Thr 53.49+£5.60¢  328.71+8.09° 288.32+7.83¢ 393.09+7.67°
Ser 61.71+1.409¢  81.98+1.71¢ 883+1.75" 106.13 +2.062
Glu 186.95+1.94% 19438+2.76* 168.08+£2.70¢ 188.48 +2.84"
Gly 11.39+£029%  12.84+0.472  10.66+£045°  12.06+0.39®
Ala 43828+9.799 564.36+10.49° 481.89+10.82¢ 517.97 +11.84"
Cys 326+0.11° 3.82+0.132 3.84+0.11%2 4.00+0.14°
Val 2827+0.72¢  29.69+139°  3249+146° 3742+1.5¢°
Met 526+031°¢ 7.74+021%  735+0.15° 7.90+0.17
Ile 5.17+0.18° 5.00+0.18° 7.12+0.55"Y 9.57 +0.47®
Leu 1570 £1.86% 1335+2.89¢  18.99+2.14°  23.80+2.002
Phe 31.70£0.52°  3596+0.71°  23.86+0.77°  24.39+0.52°¢
Lys 9.92 +0.33°¢ 11.97+0.3° 1048+033¢  12.86+0.30°
His 2557+1.559 3447+£145°¢  41.55+1.49°  4734+120°
Arg 44950 + 11.21° 695.77+6.43> 71126+7.6°  851.93 +11.062
Pro 133.48 £2.42% 13231£2.17* 100.8+£2.20°  7231+241°¢
DRI 1511.86 2205.67 2057.56 2370.65

105DAF  Asp 52.63+1.10¢  5930+0.57° 58.64+0.54>  6849+1.55%
Thr 5738+2449  301.83+£7.432 286.14+4.46° 7448+468°
Ser 77.35+0.55%  70.59+£2.12¢  81.93+2352  80.74+2.52%
Glu 151.46+1.47°¢ 168.08+2.19° 197.02+3.75* 151.39+233¢
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(1] AR payit Sh# A Wt
(mg-L")

Gly 11.54+£0.15>  9.76+£0.55¢ 13.97+049*  11.41+£0.34°
Ala 446.53 £5.10° 45855+ 6.45°¢ 552.62+7.37* 502.06+5.82°
Cys 1.13 £ 0.06 1.14 £ 0.08 ® 1.61 £0.18 2 1.83+0.17°2
Val 2836+0.56¢  28.84+0.77°  3336+0.82° 34.86+0.792
Met 6.11+0.18°¢ 6.84+0.30° 9.74+0.28 717 +£0.13°
Ile 5.32+0.354 6.40 + 0.50 © 7.34+0.42° 8.15+032¢°
Leu 1497+1.26% 19.42+248°*  17.49+248% 21.59+1.53°
Phe 232140744  37.68+0.72°  29.48+0.51°  4238+1.24%
Lys 1133+£0.33°  11.12+0.19¢  13.5+04]1°® 12.56 +0.38 ®
His 31.09+£1.09¢  3855+0.55°  36.82+0.76°  42.04+1.052
Arg 765.59 +£7.13¢  728.60+7.11¢  814.60+9.30° 869.85+9.70°
Pro 11471 +£1.55¢  104.12+1.879 144.14+1.73° 129.68 +2.44"
MR 1798.70 2042.61 2311.27 2053.98

2.4.4 RFEEFRX EUEH % GABA & R

HIFE 2-3 Al4n, M GABA & BAERETH, A FEE
REPE GABA M &E; ZI)6ME 95 F1 100DAF B xf HERBLH FIHIER, £
105DAF Il fE T 2% FOGERTIIC R 21, £ 105DAF N fe 25 (L it
GABA & B WENAES AR B R m A &

GABA {ERI R S IIERE FP 78 S5 500 1, HE 2 BPA S A i =1
REHAS R AR R =ik ) GABA Il Id S 6 & 1 F L HM S LA (ROS) 77 A
WS DR LR AE T B8N RS BOR IR A B B i 52 4 . 45 2R
& GABA LW UK AT AR, WOGALEEAESR R S5 PE £ GABA )& 8. Ol
R Ab R 2 2 A R OR IS K ik, M2t GABA IR R B4,
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Fig. 2-3 Changes in GABA content of ‘Kyoho’grapes with different light quality
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ROLAREIR ML A R

Py 0 5 5 4 e R R P SRS A e D RE e RS AR R . B A IRIE
e U BEATADCAREE, RIL TANERE R S A R S . XS
AT TS5 H— 2. Naing S AGE I BT AN RDGUEANAS [F % 5RO 3 R 5
Wi, RBLACREIR R PTAOCTE SIEED PEHE R R, BDGRESR i R )
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Fig. 2-4 Changes of total polyphenol and total flavonoid contents in ‘Kyoho’ grapes with

different light quality

2.4.6 AN [ TUNS I 4 4R PR 2R S R R

3 Mol i 0 AT R R R B ] 2-5 Fion . R EfEE Ut R, HARE R
()& B AL T —Ph S BRI HTIRAS , AN kb B 35 0 B AR T AR A & & . 7E 95DAF
I, B R A B N R R IUNA > A6 > Wk 7E 100DAF i, XAk 2
RO ENTREEIONEDE> B> 406; £E 106DAF I, #6>406>F.

R E S PO ERATAEY, AR T BIRR, 8 4 SR se b B2 A D Re 1t 8 77
5. BRI, e IR e A R P ] A 4R 2R R AR PR AR, X SR A AN
A TR AT HR N 2 A i N BRI — 45 SR A - W AN B TR AR AR SRR A R
[ 25 DR s RO R I P 2R, AT 5 BRI R R KT T e,
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Fig. 2-5 Changes in melatonin content of' Kyoho’grapes with different light qualities

2.4.7 N[EDGJFON B BT A R T 1

LA DPPH A1 ABTS H HIZEISFRAE SR VRO 3 B iR i &) fi A AL Be 1R
W, ARG RS, HHEALEE JIB WA, 3 RO AEIR R DPPH [ Hdt
TERRAE S (B 2-6 A) 5 AFEFIN ABTS [ H3EIE AL 1A fsfide /. HIFR
2% (K 2-6B) . £ 95DAF I, WiotAE R #igm DPPH H HZEIGIREET), AL
MLERIER AR 1£ 100DAF B, #6> 6 >20%; /£ 105DAF B i1
FOGIIE R T-4006.

DGR IR RER M LB EALRE /1, LED 78 IE 41 T sk M LAt g
JIE T EOCHEALEE, ABTS S & RIM R EAHAM, X ¥4 DPPH & &
A AL HAE PR, WA B E T ISR IR AR, B TR IR, R T
PUEALRE ST, DPPH [ Hi 2% 5 B 2 48 w80, X 5 R SOmit 7 (9 =Pk i e 2
w5 DPPH H LIS R AE /1, (EXF ABTS FIERE1E A B35 A 45 3 — 5. X7 fg
HAh e A B T RS MR R 5 A B (SOD) . i Ak Py il
(POD)FHi S AL A (CAT) WG L2 =, [ S e A Ak g 7388 ol
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Fig. 2-6 Changes in the antioxidant capacity of ‘Kyoho ’grapes with different light qualities
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Lys 5 Pro 1IEAH9% (P<<0.05) -

1 S AT A THRE R S BT ALRE ) B — E B DG . FRATTR BT
WiERR . Phe 55 DPPH M PER %, Phe 5 R LM, KT %P4 H
TR AN [F) G B AL B R S R IR RE ) SRR R R L 2 R B R 35 I
e, XEATIRF IS RA BT, XA B A BATE S AN b AR 2 2
R T, SESE EBUEIRE ) SR I B3 . X AT
IR 77 i 0T 25N U B SRR 0T R B Glu 5 e AN B R L Ui Ok, B
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Pro ¥ 2 IEAHR IS R — 2.
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Fig. 2-7 Correlation analysis of functional active substances and antioxidant capacity in

‘Kyoho ’grapes

2.5 Kz

ARFEN T AR LED T 46Xy B 0a e %) 5 58 D e a o3 A1 it 5T ) 520,
I B i R TR AN GG . SR 3 R0 LED JBIR (EDG. 4006, D) XH{Es%
1) BV AT AT R IR B I A AR, DAL P AR IR A AN AR ERAE S R, 43
Jll#E 95DAF. 100DAF. 105DAF HIFE AT /3. FEEB AL WU

(LD AFPEFAEET, A 4. ErfRERmtatnd s, s
R . ERGEFES, B S EM 0.13 mg/g BT 2] 0.39mglg, #5%
(P B SR B i, Fo v P A B ) 2,55 5 0T HRAAAH L, —Fhgh G Ab B sk
HERMABERMEIAEE, HAEEERS Asp. lle &35 fiAH%,

24



S MW e e VAT

(2) WOLRe R E R SR ERETEY) . E)5HE . GABA. B2 & & LA
RS, PRARATE R, Btk s VAL TEY) 56 E M (P<<0.01) \ fhEa .
Asp F EMIZE; T EMR S GABA. DPPH L& Ai>%; Phe 5 His. DPPH &
FIEMZE; fE@TF S Asp (P<<0.01) . Phe. Leu. His &3 IEAH3%,

(W H AR S B R A B2, £ 105DAF =Rt i 15 B 52 5 32 5 Asp.
Thr. Met. lle. Phe I &, HYGRERZFIES Glu. Leu. His & &, 206
6B R Ala, Cys, Val, Lys, His, Arg, Pro {14 & ; H Leu 5 Phe (P<<0.01) .
His, Cys 5 Val (P<<0.01) . Arg, Asp 5 Leu. His, Ala 5 Met. Lys, Lys 5
Pro 3% IEAHR

(4) ZGREE FH IR S B SRl SR, FICAIZEx n] i [
TR AT R BR M RE AN B 2 o BRATIWT FUIN T, o 0 0 180 it i 7] 6 78 0] 12EAT b
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Fig. 3-1 Effect of different duration of blue light on the content of anthocyanin in ‘Kyoho’ grapes
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Table 3-1 Influence of different duration of blue light on the quality of the berries of ‘Kyoho’ grapes

fla AbE AR E(g) Y\ 1%(mm) W44 (mm) EIFERES &% FETEE TR % PH A SR %
90DAF  XfHE  12.03 + 1.85% 2737 £+ 1.54* 2742 + 1.65* 10.00+0.01°¢ 12.05 £ 0.07°¢ 342 + 0.04¢ 725 + 0.22°?
W3 1223 £ 1.55° 27.87 = 1.66* 27.07 £ 0982 10.71+0.03bc 14.15+0.21° 345 + 0.03% 7.19 + 0.29%
W6 1237 £ 0.78* 27.87 + 0.81* 2730 £ 0372 10.90+£0.09% 14.35+0.07b 346 = 0.02% 7.06 + 0.11%
W9 1250 £ 131® 2745 + 0.68* 27.68 £ 097% 11.67+0.03*  14.95+0.072 3.5 £ 0.03° 7.00 £ 0.57°
W12 1253 +£ 093@ 2731 + 045° 27.66 £ 0.81* 10.85+0.09° 14.85+0.07a 3.6 £ 0.03° 7.00 £ 0.57°
95DAF W& 1233 + 0962 2738 £+ 0.98% 2791 £ 0842% 10.50+£0.03°¢ 14.45+0.64° 346 £ 0.03¢ 6.75 = 0.19*
W3 1253 + 1.10* 2745 £ 041° 27.78 £ 0.79% 10.95+£0.05> 15.60 +0.57 @ 349 + 0.03% 6.56 + 0.38%
W6 1260 £ 135% 2798 + 0.98* 27.58 + 0.77% 11.40+0.01*® 1597+0.61° 3.52 £ 0.05% 631 + 0.11°
W9 1283 + 1.26* 2813 £ 1.30° 27.79 £+ 1.18* 11.81+0.05%  16.60+0.142 3.56 £ 0.04% 631 + 0.11°
W12 12,77 £ 129 2791 + 1.14* 2770 £ 0.89* 11.09+0.04°> 1645+0.21% 3.61 £ 0.04* 631 + 0.11°
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T RIPAFNG FREORAFRLLEALE 0. 05 KCPAFFERE Z 7. i 3 VHDEISTE] 3h, i 6 YNGR 6h, B 9 ML [E oh,

NGB

IpfE) AbEE FIRH(g) 1% (mm) HE4% (mm) WIEES Y% ATEPEE TR % PH {H SR Y%

100DAF X[ 12.80 + 1302 28.18 & 1.19° 27.72 + 0922 10.68+0.02¢  15.00+0.71" 3.56 + 0.04° 6.38 + 0.38°
W3 1293 £ 1.40° 2819 + 1.04° 2778 &+ 090 11.22+0.03° 16.90+028°*  3.61 + 0.04° 6.00 = 0.38°2
W6 13.03 £ 145° 2823 + 1.14* 2779 &+ 0.79° 1141+0.01% 17.10+£085%  3.61 &+ 0.03°> 5.88 + 0.432
W9 1337 £ 1.99° 2835 + 145 2797 £+ 123° 12.01+0.02* 18.00+028*  3.61 & 0.04® 575 & 0.22°
W12 1273 £ 136° 2847 £ 1242 2753 £+ 0.72* 11.18+0.04° 17.00+0.14*  3.72 &+ 0.07® 5.88 & 0432

105DAF %[ 13.17 + 1.95° 2822 + 1492 28.09 + 1352 10.89+0.01¢ 16.50+0.57° 3.67 + 0.06° 6.00 + 0.38%
W3 1320 £ 147 2852 + 1.10° 27.89 &+ 0.98° 11.36+0.03% 17.15+021°  3.69 &+ 0.02® 5.75 + 022
W6 1323 £ 155 2827 + 1.17% 2777 + 120* 1149+0.05° 17.25+0.64%® 369 &+ 0.03° 5.63 + 0.19%®
#o 1350 £ 1.70* 28.09 + 1.16° 2828 + 093* 12.06+0.01* 1825+021° 3.81 + 0.03° 525 + 0.19°
12 1320 £ 1.65% 2795 + 142° 2770 + 1.132 11.44+0.02°> 17.15+£0.21° 3.64 £ 0.03° 588 + 022%
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Table 3-2 Effect of different duration of blue light on free amino acid content of ‘Kyoho’ grapes

i (] AER T & it W3 6 9 %12

90DAF Asp 67.51 £6.75° 66.68 +3.17" 70.19 +3.79 b 69.97 +3.80® 86.59 +2.48 @
Thr 166.23 £ 8.07 ¢ 174.34+9.254 359.34+10.52° 276.76 + 11.45° 234.41 £15.02 ¢
Ser 66.66 +2.30° 80.51+2.01" 9520 +3.312 66.79 +6.21 ¢ 95.40 + 4.78
Glu 225.59+4.954 213.40+3.51¢ 328.06 +5.06 276.07 £9.36 255.50 £ 10.50
Gly 5.12+0.41 < 6.61 041" 9.20 +0.70 448 £0.51 ¢ 5.85+0.80 b
Ala 359.44 +9.57 ¢ 389.52 +10.36¢ 641.84 +13.72 44239 +19.87° 450.49 £23.58
Cys 1.20 +0.20° 1.26 £0.15° 1.76 +£0.25 1.18 £0.22° 1.33+0.30
Val 17.13+2.13 ¢ 19.72 £2.15°¢ 28.23+2.81° 21.01 +£2.96 b 25.09 £ 2.40 2
Met 7.22+1.182 6.14 4+ 0.97 549 +1.27° 6.26 +0.84 2 5.46+0.76°
Ile 5.48 £0.58 b 579+0.30° 1245+2.71° 14.45 £3.37° 14.88 £2.97 2
Leu 17.53 +1.842 17.52+2.90 2 2034 +3.172 21.55+2.58¢@ 22.85+2.994
Phe 11.13+1.11°¢ 1827 +1.10° 25.52+230° 11.34+1.32¢ 18.76 £ 1.63 ®
Lys 9.07+£0.92° 14.18 +1.14 @ 11.49+1.50® 7.47+0.63 ¢ 1446 +1.41°
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I 1] BT H Xif R 3 6 W9 12

90DAF His 27.86+1.87°¢ 28.05+1.89¢ 38.05+2.30° 35.84+£2.24° 46.49 £3.69°?
Arg 1192.72 £ 15.70 ¢  1266.05 +34.77 ® 1107.70 £19.96 ¢ 1024.86 +25.02 © 1628.67 + 58.67°
Pro 66.49 + 4.49 < 76.56 +3.74 ¢ 101.65+9.502 62.5+3.834 88.09 + 10.06

95DAF Asp 57.50 +2.55° 54,71 £2.05¢ 58.03 £2.02° 5098 +2.73 ¢ 69.74 +4.60 ®
Thr 168.44+17.51° 203.58 +7.84 70.37 £10.16 4 219.2+13.962 134.55+13.85¢
Ser 76.69 £3.05 ¢ 87.98 £2.57" 68.22 +2.80 ¢ 106.1 £4.58* 92.60+£391°
Glu 234.08 £13.99° 282.34+9.74¢ 179.53 £9.51¢ 269.38 £9.03 * 264.87 +£5.60°
Gly 7.49 £0.50° 9.95+0.952 7.30+0.36° 9.56+0.962 10.05+1.01%
Ala 432.64 £22.454 576.19 £45.49" 514.31+23.72°¢ 475.92 £23.10% 701.71 £20.52 °
Cys 1.38+£0.20° 1.54+£0.18" 1.36 £0.23 " 1.41+020° 2.34+0.34%
Val 25.07+£2.96° 28.59 +£2.53 b¢ 2638 £3.12°¢ 32.33+£3.10° 39.31+3.05°
Met 743 £0.05% 6.44 +1.06 2 6.21 £0.21 % 5.80+0.82° 6.48 £0.96
Ile 572+0.11¢ 6.60 +1.27 b¢ 16.78 £2.85% 1521 £3.442 12.49 £4.78 @
Leu 17.35+1.67° 17.85+2.38" 23.61 £1.252 22.85+2.99? 22.87+2.81°2
Phe 20.42 +1.89%° 22.05+£2.04" 21.24+£1.95% 17.38 +£2.38°¢ 31.27+2.58%
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I 1] BT H Xif R W3 6 W9 12

95DAF Lys 10.27 £2.03 @ 11.39+1.77% 6.69 +1.84° 13.48 +£2.55°2 13.35+2.15%
His 32.19+3.83° 33.5+4.07°" 28.07+3.05" 50.27 +£3.232 49.5+3.67%
Arg 1038.8 £39.39 ¢ 1190.38 £90.33 ® 686.54 +85.97 ¢ 1361.88 £71.552 1434.11 £63.98°
Pro 85.33+5.05¢ 92.28 £4.10 102.43 £4.322 97.82 £5.13 b¢ 107.56 £ 5.502

100DAF Asp 46.59 £3.05° 75.33 £4.09 2 72.17+3.72° 77.32+£2.97? 76.60 +£3.43°
Thr 79.56 £9.45 ¢ 112.68 £10.18 ® 118.91+9.82° 122.53 +£10.5° 147.30 +£10.70 @
Ser 57.00 +£2.764 112.34+£2.07° 11123 £2.55° 120.48 £3.63 * 104.68 £4.38 ¢
Glu 246.48 +16.45°¢ 345.51 +£15.132 239.26 +13.75°¢ 305.29+£14.89° 328.63 £14.06
Gly 8.66 +0.64°¢ 12.08 £1.07 @ 10.17 £1.10%° 10.70 £1.12b¢ 13.54+£1.17°2
Ala 451.3+20.71¢ 809.90 £19.90 * 514.13£16.104 653.7+23.03¢ 742.25£41.69°
Cys 147+042¢ 3.27+0.382 1.72+0.62°¢ 2.97+0.31 % 227+022b
Val 21.9+481°¢ 36.44 +£4.74% 31.94+£2.12° 40.06 +3.46 ® 4234 +£4.11°
Met 526+0.312 6.27+0.812 6.39+0.672 59+0932 6.29+1.012
Ile 5.17+0.18" 9.27+0.70° 9.57+136% 10.91 £0.83 2 9.16 £1.11°2
Leu 1570+ 1.86" 2403+1.012 23.8+2.00* 21.70 £3.782 20.05+£3.052
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i (7] AEREE pagiGt W% 3 W6 %9 W12

100DAF Phe 21.50 + 1.41 b 22.99+1.43° 1942+ 1.44°¢ 20.61 +1.52%¢ 41.02+1.012
Lys 10.06 +2.00 ® 10.81 £2.06° 11.68 +1.85" 16.37 +1.30° 17.10 +2.06 *
His 26.48+2.94 ¢ 37.42+2454¢ 46.07 +2.06 56.78 £3.09° 64.03 £5.01 2
Arg 1073.03+£69.73¢  886.4 + 63.88°¢ 1243.07 + 42.65°¢ 1521.90 + 58.38 ® 1746.35 + 44.30 @
Pro 108.36 +6.91° 122.95 +7.49° 69.52 +9.02 126.28 + 10.86 184.06 + 14.17 *

105DAF Asp 52.13+1.85¢ 5121 +3.14¢ 68.49 + 1.552 65.62 + 5.04 @ 60.82 +2.50 b
Thr 56.71 +£2.98 131.58 +20.84 74.48 + 4.68 b¢ 77.90 +6.26® 63.58 = 7.00 b¢
Ser 77.68 +£0.77 © 86.48 +5.82°¢ 80.74+2.52¢ 131.04 + 5.00 @ 98.07 +7.35°
Glu 151.79 +2.8 ¢ 159.89 + 4.88¢ 151.39+2.33°¢ 3223+21.9® 254.45 +13.46 °
Gly 11.54+0.91°" 13.35+1.17° 11.41 £0.34° 16.19+1.18 18.14 £ 1.09
Ala 446.53 +5.10 ¢ 525.43 +25.3]1 ¢ 502.06 +5.82 ¢ 761.61 £38.44 2 632.33 £26.75°
Cys 1.17+£0.12° 420+0.61°2 1.83+£0.17 5.18+0.86° 422 +£048 2
Val 28.36 +0.56 ¢ 49.71 £4.99 @ 34.86+0.79 © 54.19+3.892 42.34+3.36°
Met 578 +0.69° 10.02 +£2.03 9.07+1.51° 10.52+0.822 8.81+£0.97°
Ile 498 +1.734 1536+1.26° 8.15+0.32°¢ 10.92 +1.34 " 8.48 £0.94 ¢
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I 1] BT H X e W3 6 W9 12
105DAF Leu 14.97+1.26°¢ 31.97+2.75% 30.92+1.96% 32.62+£2.38* 21.27+1.43"
Phe 23.21+0.744 4416 +4.002 37.68 £0.72° 41.42+3.26% 30.55+£3.16°¢
Lys 11.33+0.33¢ 2494 +£4.18°2 12.56 £0.38 ¢ 1776 £2.11° 20.32+£3.012
His 31.09+£1.094 56.96 +4.17% 42.04+1.05¢ 61.38+£5.45% 52.58 £5.00°
Arg 765.59 £7.13¢ 1424.83 £25.01® 869.85+9.70 ¢ 111470 £31.01 ¢ 1308.42 £47.85"
Pro 114.71 £1.55 108.74 +9.78 ¢ 129.68 +2.44 b¢ 172.85+9.64° 133.84£12.44"°
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3.4.4 AN [l IR ' VA ] A 2 oy S i B B Y 52

H11& 3-2A FJ 51, £ 90-105DAF H[a], i %] 11 5 2 My 25 5 e o5 6 ] 1) sl i
BEAEK - 72 LOSDAF B, A ] B K W5 ' Ab B B 12 2 4 w5 ) 4 S 2 By 1) 2 &2 . 76 90DAF
A1 100DAF I, #5006 oh REME L B 2 @& &R E e, hE 3-2B 7151, Br 7 #G
3h AEFRLLAL, BRI FARAS [F] K D A B e e e S R (Y & & . 7E 90-100DAF
I, B oh WA HUR Bl . WOt 6h s 78 105DAF I, #5% 12h 1AL FR AL
RA T 156 9h At 6h.

A

254

204 7

a
babeky

taadaielelet

BEEHE B (mg/g)

CHRHHAR

RS,

ot
e
s R i35
T T T T T T
95 DAF 100 DAF 105 DAF 90DAF QnDAF LOODAF L10SDAF
TFER R IRIACER it

K

Wt

B 3-2 AN 0T B 2] e 2 T (A) . e 5 (B) s
Fig. 3-2 Effects of different duration of blue light on total polyphenol (A) and total flavonoid

content (B) of ‘Kyoho’ grapes

3.4.5 7N [A] B K ' Xt 06 ] 2 R B K R A R )

HIE 3-3 AT RN, AR & RO AR T, BRI S EEW T, AN
B SR A A R TR, BRI ANGHIN i, HAR R R SRR EE . X
SRR AR N ARGE, BRI, £ 90 DAF I, % 3h fig i
FIRA AR RIS &, X T Be2 OB AC 2 (R 5 ) (0 AL, TR )

HRR R A A AR T R R T S BAE R AR A R R
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Fig. 3-3 Effect of different duration of blue light on melatonin content of ‘Kyoho’ grapes
3.4.6 AR X EIETH &) GABA & &I

I 3-4 TN, RAERASEFHE GABA MEESBTE. RIAAH
I DG AL P RE 2 3 1R = L GABA B & . ££ 90DAF I, #551 3h, #% 6h
MG 12h HRE B R Em A& . 7 95 DAF I, 56 oh BB &I, W% 6h
IRZ; 1 100-105 DAF K, HERINIE 12h> 1 9h> 1% 6h.
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Fig. 3-4 Effect of different duration of blue light on GABA content of ‘Kyoho’ grapes
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3.4.7 AN [N W et L 0A ] 46 LB AL E T (15 i

1 P 3-5A H 50, ERIBIAN RN RGBT, A T4 (I A &7 1Y) ABTS
H 35 B A IR R R R . #E 90-105 DAF a], AN K e A H# 5 fg
REVEEH % DPPH H HIIERREE Y7, HiiEt oh BB BUR B, 1556 6h ik
2 (B 3-5B); £ 90-100 DAF I}, ¥ 3h A1# % 12h %+ 3 DPPH H &R 68 )
PEERCRMIE; {E 105 DAF B, #55% 3h A5t 6h X3 DPPH A HiZLiE A
P ACRAR F BT 8% 12h.
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Fig. 3-5 Effect of different duration of blue light on ABTS radical scavenging capacity (A) and

DPPH radical scavenging capacity (B) of ‘Kyoho’ grapes

3.4 g

8] 2 P L R 7 DX K] D' AR A5 L T S 73 R R A R . TR
LED JtAE b 7e Yedi Be clog i w e & 1 SRR ooy 5 b i, P e Recics
TR BUBCR SR s ) AR SR W], 5 IEF IR, DG abE
S AR R (AR, R BRI T R A BT LR L, [RIIN H hn  al E
[ A RN RO S B A R B, HEDGR Sl AN U,
DA AL %) RS B IR A B AR AR R K SRS S B T B
R LIRS B S 5 T A R A, IR REAE A &) SRS R, AR LT, Al
FRIBIF T I Y I ) )Xo 1 ] 1) B B DA S A (R AN 25, (B B
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SRAAREER XA RER AN A F R ED G AE VVISALL VVISA2. VVAMY 1,
VvCWINV. Vv B GLU12 1 VvFK12 55 Ve MRS A QU AR DS 2L R B, 31X
e FIFEED] (VWCWINV) Be A0t A 2 R r M AT SR W, AT (i 1t vl
VA M BRI S ) AR ZR 109D,

JGALERBE . SR YR N R R IR I & 8. A TR, LED JGURAL B RE 2
FEREREZ AL TR S LR 1 E R G B SEA ( OR AR R Hb RE i
T B AR I BT LA SR FE RIS IR K5 F T R R SR % &, Pro.
Met. Thr. SEERANHEAREEN Y62 I URR ) s R, AT LED G B
LR TR AR ST B . WML EE, KILFR Glu A1 Asp 4b, FTAUF B AR
T 77 5 ' A B 11 7 SR rp #8 L 7E P R 20 b B () /K SR R 38 s 2 183, AT T )
TR AR N K DG B — E R ERE R @A A S A RIS R, XY
David 5N BB T — 2 Ak, FRATTRIHE T30 R I EE ) Oh R R 1
Ser. Glu. Gly. Cys #l Pro I & &, X ] e2 MO Bt 2 5 SR A1)
B RBER (40 TAT. RAS 1 DAHPS) 11, 31 {iedb il 88 Z L R (AR 2 112,
GABA & —MIEE A AR, BAT MR 2KV « G AL B B R nZg (35 il
R GABA & &8P, Zhang P GE AL B IR 1RO R R T Glu
1 GABA )& &, Park ZEM4AH 470nm [ 5L KOG AR R 2 (K K G Rl 230
RE R 1R = I A B IR A GABA 5 & . FRATAIHT L5 Dhakal 2583\ f 45
R, XAlfeZ LED JGiRRESR =2 2R I R Mg 25 K (GAD) s ik, e gk
GABA R,

EOCHF TR E R, RETEMEZMEERMER, LR BRI ER
JiUE AR AT AR AL, T HLBE s TR I 1A AR AL T A8, Song S5 IFERL (Y] f5 18
SR A FR B ARE A O T 8 P, [T 4 R P R | R RS A T 2R AR
FIhn. FATHHT TR IEDE oh fe B E R m M A R LT R BEZHALE
M) & &, X —45 15 Song SFHIANKIBI A —8. SH0X— 45 R R B AT e e
[ RN G R 2 e i 1A RAEM & SRR (PAL, CHS, DFR, GT, CFIP) %
i AR, TR B A R o A IR R FRAE DG AR T 2 1Y
%) RS AR T FOM S IR A KT, 3 Bl WE PR N e B [l (VVPAL L Vv4CL) |
U F K (VVCHS . VVCHI. VVF3'H. VVF3'S'H. VYUFGT) . 3 il i 4[5 (VVFLS )

X
b

=
o
S

|

Asp-
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RA B 35 R T (VWMYBALL VVMYBSb. VVMYBF1. VVHYS) [k,
XA RE R AN GAL B REAE & FLS BN S 2 Iy 1 SR A

HRBWE R MO ERATAEY), AR R IEEE DR . Guo FHETA
RIFFE TGRSR T B A R S G R R R S B H AT A (L-A %R N-
CTRMIER . ORGSR &EEE FE, XS5ROTFFRMEER 8. Mie
HHR R AE PR, IX AT RER TG AL EE AR T 518 I3 & & 2 IE A G 2
(VVSNAT1. VvTSH) FIRIEKFET,

G AR RERS IR SRS BT AE 1, LED #h 78 e B 461 N g btk fig 1
mT ARG, ABTS SERIH LR EL B, A ¥4 DPPH & &
BEAZHARHE, KX EARSCH TS R — 5 X0 R R RN R R s b 3
$&% 7 SOD. POD M CAT SFhua bl s, A H P b RE 3 5wl 18l,

3.5 Z5ip

A UG 26 Kb T € SN, 3 7R R A 70 W o K 18 R ' Ak 3 % 7 267 SR S (1)
HEMYREELLL ABTS H HIEERA IR AR, Hae R E 5 a4 1
SERTEETE . B2E . SIEE. GABA R 3 & I FR 2 T RE R4 UL ) DPPH H H
SERRAE D) WA A A AT PEE Y IC R RER S &, T pH BT E
Mo A PR, MR A LA W, HAh ot oh A ER AU R AT .
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84T F e b B S EE e T A&
J AL

4.1 ®i=E

P FEBAAAE T & B b, A ORI B Yo T 6 ) SR R e . Tkl
HIRRZHEES (WG, R, HE, ARSI PHE) Ay
# (I ABA, ETH, TAA, GA, CTK, BR)INE S, SZHEMH: s R 1 i dsitel, axat
AN A 8 TR 2 AT AR T A6 G AR o R R O P 10 A R R A A 6
AR SR, WX AR (PAL), B/REHG g (CHS), & /R 7 H4 8 (CHI),
WA BARE 4105 B (DFR), FEeli 3-F2 1L EF(F3H) FIpE L B (GT)P 2, 7238
SR E IR & A8 6 LR R A R A RS R 22 A 1
B AR A i SRR R S0t R 5 o Bt R B a5 T DL O 97 6 ] R B 32 VF 2 5 1Y)
2FE, EWSEHE AL SRR, BRI 2 R0 & R
SR AR SR 2 B A A WA . TE R AR FH N AN 7 ik
A DMB AR S A R R e e o, (ERE R R A5,

ARk, i LED MG AR BRI OH K& R C &y iz M H T & Ml
Y. Zhang 2R LED #F 5T T 406 AIE e xd A (A sem, RIS AT
DAPROE SR SR e T Rm AR R, 2060 BRAE B A O A R E A . 200
o6 (RBL) Ab HELRI 4 70 (UV-B) B T A7 5 p (1 3 R AL B D RITE 75 35
B RRET R, H UV-B AHE MR R, (bR AR T
& &, RBL fi@ A i AR SE T #5012, RBL Ab3X 4 &1 46 75 2 AR R A B i
AR, BL AL AR AW & S im0, TR A s R, et
HAET 2= LW A B R I K = T4kt e B, Wk R A R TR &
WH SRR BT, 6. BCMEOGE SIEH S B, B
WA R TR (o R 8,

HAT, WIEER NG TAEA S, PRLLR, #%E, AHEEYIR T e
TS AL, B R HEAT AN G AL B AT LRI AR SR B e I AR AE T R L 3
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IR BRI M A R TR R IR 2R, R, Sl R ekt R A 4)
i, RBLEDCI SRS B A8 (U & BAR m B DG IR, SR, 721
KMIT, A% AL T g, O AT BB AN C AR ER (K FE b AT R E . TR,
AR SCAE A ) e i R b R AT BRI AL B, FFREAT 1 e 4o, DAARAEAD
JCHESN T % R T 2 HIET R AR R B SR X R LR TR iy A X B )
KNG A IE T R A S R 7 1AL AR

4.2 MEHSIER
4.2.1 SEEGHE

RS AR . JREUES — 55 +h 95 DAF B RIXTHIR(ND). AYE(W). Dt
(B)ALFR A AT FE s AEHUEE = ® b 95 DAF B X R (CK). #)6 3h (B3). i
76 9 h (BO)ALHE (1) & K it o

4.2.2 SZHAT)

RNA 73 BiRF) & (24#18); SYBR TR & W GeHRAF &, 7l immMEsE
IR E R AT 1% sk, sigmaaldrich 52 5B R A F .
4.2.3 SEIG AR

F 4-1 SIS

Table 4-1 Experimental equipment

P& AT e I
AL Hiseq 4000 %[ Illumina 2 7
VI HTX Agilent 2100 % [ 2 R A TR A A
HTE B PCR X Cycler 480 % A AR AR A

4.3 SLETTE
4.3.1 i RNA $2HUF1 cDNA SCHE R 2

A RNA $2HUE H Agilent RNA Isolation Kit, @it Agilent 2100 447> #4%
PPl RNA L, AR A 6 THRT 1% B i B vt e Adr il o A 2ol i
Oligo(dT) ik & 4.5 RNA t#4 polyA Z5HIH mRNA, SR B 74 W77 58,
¢ mRNA 73 B L mRNA SRR, FH 6 BRAEBEAL 51 4730 i s il it
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cDNA. CFEMESERG, KA PCR I IHATSCE  BeE 4, 183 Agilent 2100
Bioanalyzer X SCFEHEAT AL, 50 SC PR S MR B S S A 200 B g AT Al

4.3.2 TSR AL e A HS 0 o A o

FTF Mumina PWFF 5, XX ZE AT UK Ui (Paired-end, PE)MF o 7E
FPRAR M JE IEH e, B — ek . (KR Reads F5 2 LKy, K Fastp
bR 3mSR B PR A, BT 5 o B B TR DR HE A ZRAE 99% AL B
(Q20)1) Reads, JFibHE& L JE. MFHIRFM GC F R/t dE, [35
ST EdE . R0, TR HISAT B -Kid 385 14 Reads Lhxf 2122 2 A
H b, SHEILEAAN Vitis_vinifera.12X.dna.toplevel.fa.
433 ZEFREIEF (DEG) 2 HrAITIREER

N TR AN [F DGR LR ' I T %6 5 6 2R B AL LT B9 AR Ak, JRA 0 Bk Rl ik
HKFEIPEAER T 7 FPKM 532, ATT— A FPKM>1 AR R Rk .
RiLERTEH G, RABRKERME (Pvalue) KIEXREE, WL
llog2FoldChange[>1 F P-value<0.05 2 K4 & X oh 72 5 3Rk 2 (K (DEGSs) . 1
R ifi 5 Pheatmap HfH00X0 B A ELECZH ) 22 3 L DR O DR SR AT il 3R AT X017 B 2K 73
B, MRAEECREGER, # 2RI RRIAE XA, R 2R R4,
[F]— N B R RIS AT, kAT 2 I AA (GO) M i R L R 5 B R 2H A
B B(KEGG) & 0 Kt — AN e B4 1 — MR AL, #3517 GSEA B0 .
1z S R (TRs) B TR R AR 5 R 2 s BT s 72 Plant TFDB ELEE, AT T
MF32] TFs LA K TFs i@ i 5055 B

4.3.4 SERF I E f PCR I (QRT-PCR)

N T ISR N S FF R SRAF I G R, BATERE T 6 N SR EH LS
KRIFEHZEAT T qRT-PCR 737, R mtEnl¥p s W3k 4-2. KM PCR R4t
1 SYBR TR & 7 Je YR 7 &k 4T 92 96 PCR I 40 MR BIRA
YraFs 8.2 il A4 RNase (1) dH20. 0.8l 547 (10 pmol/L) . 1 i cDNA FI
10 Pl 2X SYBR TR & e YRR &, SC30RH 3 MEWE S, L Actin 1E
XTI, IR 270 S A JE IR AT S AT
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R 4-2 Ky ARSI A

Table 4-2 Specific primer sequences

EIRZ RS 7 51(5'103")
VIT_13s50019g04460-F AGAGCAACACAACCAAGAT
VIT _13s50019g04460-R AATATGTCCACGGCTTCAG
VIT_06s0004g02620-F GGTATGCTCTTAGGACTTC
VIT_06s0004g02620-R TCTATGGACTTCGTTGATG
VIT_04s0079200690-F TGATGTGTATGAGCAGAG
VIT_04s50079g00690-R CTTCCTTCACCAAGTATCT
VIT_14s0068200930-F CGTTCTGAGCGAGTATGG
VIT 14s50068g00930-R TGCCTTTCCCTTCTTCAAT
VIT_04s0023g03370-F ATGGGAGGTTCAAGAATG
VIT _04s50023g03370-R TTGGAATGTTGCTATGGA
VIT_02s0033200390-F GGTTGAATAGATGCCTAA
VIT_02s50033g00390-R ATTGTGAAGCCTAATCAT

actin(nei)-F GACTACCTACAACTCCATCA

actin(nei)-R CCACCACTAAGCACAATG

4.4 SR 550
4.4.1 B H B 73 Al DEGs 73 Bt

N T AR FUAE I (0 S8 AN [R] D' S5 AN AN (7] ' F I K A 38500 4 267 SR B AR L
FRAENLE], SR mRNA WY 752504 7 H DEGs. HH# 4-3 A5, fEARFEDY
JRAFE 9 NIMFPREA, RAREAT-137 42 42978562 2l Fral, HALNF
FUHF38)  98%. BRI RAARIE 30 MBREEL H 5 B p S HU EAE (Q30 1H) 4
ATTE 94.45%~95.61% 2 [A] . H44fii% 7 51| 5 A B4 52 (#1612 % BRI 4H, ik e
SHFER A AT — M B2 5 (ME— P 81) A 37485798 >, XLEFHE
B ME — 9 F B B AL RN 95.71% . EAR IR KA, AR TR A
4428637756 M4l 751, FHATMFFFE At 98.04% . Q30 1H 7 Afi 1E
94.68%~95.55% ], ME— 75145 38717488.89 >, IX il A% 5 () Mk — ¢ 51 °F
BIENLHA 95.70%, XRUIFTEFEMSH IR A ML R EEn), LTS
SEA LI
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R 4-3 Fok B LT 45 2R

Table 4-3 Results of Transcriptome Data Comparison

A AP AEFES% Q30(%) ME—FPR R ME AR %

B 1 43488030 97.96 94.83 37994183 95.24
B2 45410030 97.89 94.79 39698777 95.70
B 3 38880602 97.60 94.97 33550985 95.31
ND 1 39121628 98.16 95.23 34567563 96.31
ND 2 40405514 98.04 95.20 35694022 96.39
ND 3 44996510 98.25 95.61 39146229 95.53
w_1 43271772 98.14 95.17 37838834 96.00
W_2 46294204 98.28 95.61 40123355 95.81
W 3 44938768 97.64 94.45 38758238 95.1
B3_1 45138092 98.08 95.23 39650742 95.82
B3 2 44586800 97.93 95.02 38900319 95.71
B3 3 41103084 98.03 95.02 35997771 95.67
B9 1 44198928 98.03 95.05 38695711 95.59
BY 2 40908384 97.94 94.90 35597812 95.63
B9 3 45087376 98.19 95.29 39374330 96.07
CK 1 45151360 98.24 95.38 39202137 95.63
CK 2 48469156 97.51 94.68 42610111 95.78
CK 3 43934218 98.38 95.55 38428467 95.41

FEARFFEFZ(N/W. N/B FT WiB)H, Bl 4-1 A AT A1, FRATISLGRE 2] 770,
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Figure 4-1 Statistical results and cluster analysis of the number of differentially expressed
genes (DEGs) under different treatments. (A) Histogram of statistical results of DEGs in different
light quality treatment groups; pink represents up-regulation, green represents down-regulation,
and purple represents the total number of DEGs; (B) Venn diagram of statistical results of DEGs
in different light quality treatment groups; (C) Heatmap of clustering of DEGs in different light
quality treatment groups; clustering was performed according to the RPKM value, and red
represents highly expressed genes, and green represents lowly expressed genes. (D) Histogram of

statistical results of DEGs in different light quality treatment groups; (E) Venn diagram of
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statistical results of DEGs in different light quality treatment groups; (F) Heat map of DEGs

clustering in different light quality treatment groups.
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Fig. 4-2 Trends in the distribution of differentially expressed genes in different light

gualities (A) and different durations (B)
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) . (D-F) 43518 N/W. N/B 1 W/B [l KEGG i /¥. HHER TR, &EEMEN
1. FDRBZIEZ, SO, FoREERENREE. 5B KR MUERER . i
FDR e /METHT 20 2 KEGG M Ef#EAT 7 .

Fig. 4-3 GO and KEGG analysis under DL treatments. (A—C) show the column graphs of GO
enrichment analysis for N/W, N/B, and W/B, respectively. We filtered the top 10 terms in CC, MF,
and BP, respectively, to show them. The red represents CC, the green represents MF, and the blue
represents BP. The horizontal coordinates are GO enriched Terms, and the vertical coordinates are
-log10 (p-value). (D-F) KEGG bubble plots for N/W, N/B, and W/B, respectively. The larger the
rich factor, the greater the degree of enrichment. The closer the FDR is to zero, the redder the
color becomes, indicating a more significant enrichment. The size of the circle represents the
number of genes. The top 20 KEGG pathways with the smallest FDR values were selected for
display.
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Fig. 4-4 GO and KEGG analysis under different time-length treatments. (A-C) Bar graphs of
CK/B3, CK/B9 and B3/B9 GO enrichment analysis, respectively. (D-F) KEGG bubble plots of
CK/B3, CK/B9 and B3/B9, respectively.
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Fig. 4-5 Plot of the results of GSEA enrichment analysis in each comparison group
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Fig. 4-6 The proportion and type of transcription factors in grape skins. (A) N/W, (B) N/B, (C)
B3/B9
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Figure 4-7 Q-PCR verification of differentially expressed genes

45 vt

AT P AR, RIR. T RRE 2R R R . 2T
TEAETT A R I — NI BB IR 3R, Be 5 SHEYIIL TS 2= AW & U 4
AR, R, FMGAREE Kyoho il 4 5 K 48 6 AR B 7E BARJE R IS ML ]
FEEERPNRET B AEARTTE, AT ‘Kyoho S RHEAT 1 4G AbHE,
HiE s A e 7 2R RIEIER .. WAV L RSB/ DL AbE T
DT b3 N5 H T 1000 Z4NF1 2000 £4 DEGs, XK BGi% S8 % F L
LZHFERRIL, XA A R AT R RMER . HEFEMEREES N
SAME: D ENREYSRRG, 2) KEREYERERRE; 3) HaHAK
&%, Wit GO, KEGG Il GSEA & AT, 52 HMA L& ik, 3 T A0 3
B2 (1) AP B B, 28 TR R AR, 2R TR 28I B W R A 0 BRI 75 3% (9 AR U %
(¥) DEGs s& Ly H AL 2 R K - b4, B3R 7, B4 ERFLbHLHNAC.WRKY .
MYB Fl MYB-related 2% 16 E A ME U™ 520 T TR R X EE i 42
AT R4 TFs,
4.5.1 ZRINER A G R 2R Y SR AR

FRNEAD) A S PAL. C4H Al 4CL fi#1k, PAL fALAAERR AEY) & K,

56



S MW e e VAT

H R HAB T 2= A KA E I BHTAE R, I B AR WAL T R A AR K1
E YA R B A RS AR S 2R P SRR AR T 3G 0 2 A B AR B R
Rl —0%8, FELT i SRS B kv, My A5 0 (0 R B0 3 v 2R T B i 4%
FERE SR )iz R, & 4-8 g KM, ERWNEEY G RUEET,
PAL(VIT_0650004902620. VIT_13s0019g04460) | iff, PAL(VIT_08s0040g01710)
B % N & 1tk B (VIT_07s0191g00050 . VIT 0650004901180 .
VIT_07s0191g00050. VIT_02s50012g00540. VIT_01s0010g00960) &3 Fiff, it 4
it ¥ (VIT_07s0129900360 . VIT 1850001906840 . VIT_14s0066g01850 -
VIT_02s0012g00540 .  VIT_08s0058g00990 .  VIT_06s0004g07770
VIT_08s0058900970. VIT_18s0001g01140) & 3 Fii; A2, oA ki
(VIT_02s0012900540) 7/ N/B + K i , {H 7 B3/B9 + L i ; &K &
DEGs(VIT_11s0037g00570)t7E B3/B9 H L, £ CK/B3 H ~iff. iXuiH PAL
F E A 1) 22 S5 BB R T 2R TR B A= ) 6 O R 1 B 4R, (R 21 R e AE 6
AR R o A0 FU I iR AT DRSO S WD BEE T, T AR AL i oA ] 2 2 SR
MIEE R, Zuab B AEdR = SOD A1 POD FiETE, HETAALEERIEIE 516
HOR M ok B, g A b ¥ B§ (VIT_02s0012900540) 1 & 1
DEGs(VIT_11s0037g00570) 1] fi& £E A [A] i+ [ 5 e AL F R $ ) 1 i S AL ¥ g 1)
TR, A R e R . PAL(VIT_08s0040g01710)fX £ # Y AL BRI R ifd
X ] e W R % B R B A R M E B . PAL(VIT_06s0004g02620 .
VIT 1350019904460, VIT_08s0040g01710)it% 5 N A MRS . KA AR I
R HF(VIT_08s0058901000) Al iz A ALl (VIT_05s0020903310) 7 g 15 H1 R i
g, RATE R T 25 KA WMAEDE KESTMB KA
DEGs(VIT_06s0004g08150 . VIT_11s0037g00570 . VIT_04s0044g00190 .
VIT_10s0003g05420 .  VIT_09s0018g01190 .  VIT 0250025902920 .
VIT_11s0052g01090 .  VIT_03s0063g00140 .  VIT_04s0023g02900 .
FRENERZ—.

Hn}

VIT_03s0038902030). X%t DEGs ] feth & S iZig#%
4.5.2 ZSTEMA . PR AN A 0 AP A R

FINE AL B e A B SR S TR SR R (Y AR A S AR T A, R A
R 1280 5 T ot e ) 2 B A B, 5 R TR 2 TR 4 A A G ¥ K 22 4 DEGs

57



S MW e e VAT

TELL A &) R PR SRk 30, fa A 4-8 wl, TERTEEAM A & BugEh, AH
P - % TR S ¥4 88 5 2 1 (CFIP: VIT_13s0067903820. VIT_13s0067g02870), XU4&,
B i 4 JE B (DFR:VIT_18s0001912800)7F #5 YA FE R 2% B, e T
TRFEZES, NS REF(CHS: VIT 0550136900260, VIT_1450068g00930)7E
WL e B I B3 FiR. DFR M SR EIA Y & e &, =ML
HRAEVE RN, HiZimRie 5 air s R e, ARy
A2 N I BAUR SeE T R A S CHS. DFR. CHI IR 2 54 k0%, Ik
ATBIRF 7R B e AT LU CFIP. DFR A1 CHS SR{EHHETF R R, MiEEH
el CHS kil 1746 2 1 & & . K A DEGs(VIT_09s0018901190 .
VIT_11s0037g00570){X £ B3/B9 1 1, 1X AT fie A2 AN [F] iy K 10 i 1 A PRS2 et il
WG OSSR A R AE G RNV S IR — o S R T B
A RS R B S AR G, XA A A A KR B AL Bl b ke B AR
FHTAOT B et A Ay A €5 RO T AR 5 T ARG A A € T AN FOB AR R
R DEGs(VIT_0650009g02970. VIT 0650009902860 VIT_0650009902840)7E A<
ANTE B A A0 58 B R 1) AR 0 g A P 3 B, R TE SR B 1 AR A b R
VIT_14s0068900920 A1 VIT_06s0009902860 F &7 N/W. N/B. CK/B9 1 B3/B9
Fits) Fifl. IXE DEGs 2Bt DL AT DT (1) &b PR i 3% A 2 85 (0 2R 0 45 1 5|
RCAE ELET AR R o BN R iR R 2o B v s R B A A (1 1 2 i, (H e RO TR
JE S 8/0 SRR AN AR T 2R IR R 142
453 TEH LY E L

AT IEYE oL BT ANS 1ER PR B O H RO E Bh e,
X R HERLE(GT, BZ1, 3AL &)W3 5, GT X LML XA B
CAR By IR B — € BVE T, Rk o (Rt LM pk R s st AR R T R AR R
(431, GT1 W] LU 4% ANS R3S AR 2 FOKAE (5 iy ik (e, S 4k 25 58
THE R R, B GT i LiHFE K E 7 S RS R AW & e,
WATHAE 5T 5 Wang 2% 1T A B9 BF 50— B . GT(VIT 1150052901630 -
VIT_16s0039902230. VIT_11s0052901600)7F 3 fili A1 3 i B () A W - & 45 i
& 1&, GT(VIT_11s0052g01630) /= N/W F1 B3/B9 H ¥y & & I i ,
GT(VIT_16s0039902230. VIT_11s0052g01600)%> 7I7E N/W F1 B3/B9 H & & K ik

58



S MW e e VAT

(] 4-8) . iX & B AL AL B AEE T 5 S GT(VIT_11s0052901630) 1) i 8 18 (4=
V& BUER R A, R ARG R . ORIt & R
ZRARES GT(VIT_16s0039902230. VIT_11s0052¢901600) ik 1 F ik A 55,
GT. CHI A EER-REE A MZFRIE KT K 2 B BTG S W R FE v B AR
KU, UV-B A ERRER T GT M3RIE, (kM BARIE T 3R AL Y
i B T A A 1

Blue light and different time
Phenylalanine 22 Cinnamic acid LM, p-coumaric acid —>Caffeic acid

‘White light 4CL

Phenylpropanoid Biosynthesis p-coumaroyl CoA
CHS
Flavonoid Biosynthesis
Naringenin chalcone

o Jomt
DFR . F3H . - FNS : :
Lo Dihydrokaempferol « Naringenin—— Apigenin N
F3'5'H
kit Dihydroquercetin 22 Eriodictyol = Fl.avone a1.1d [
z i F3SHy F3H Biosythesis
S L | DFR Dihydromyricetin
- v DFR
Leucopelargonidin ~ Leucocyanidin ~ Leucodelphinidin
o lANS lANS lA_NS_ . Anthocyanin
Pelargonidin Cyanidin Delphinidin = piocynthesis

| |
TR aT—
Bl 4-8 ST 3 O R I0H %) R AR R R 02 1 KEGG @B 73 it 7n e Bl il
vvi00360. vvi00940. vvi00941. vvi00942 H1 vvi00944 )il H AT K. 4 B a0 H
SMRE SRR R OE S TERR R RS B EE SR EARSE
SR R BT SR T AR AR KA G . FERIRIA R 2 57 P log2 (Fold
Change){li %R, H—EEFRER. BEE AR ZN LA REEARENIER, &
RN, AR B, F3'5'H, JKEEA 3,552 4klE: DFR, XUDjfe — S ML 5
fit}; BZ1, {6H & 3-O- WA MERLEE:; GT1, HHF R 53-O-MaMEREERE; PAL,
NERZNHE; TAM, RGUARERR 4-8 0% 4CL, 4-FER--CoA EHM: CHS, &
KW R CHIL, /R SFAORE: ANS, 165 £A MM F3H, MEE 3-Z4AAH:
FNS, #Hi#& i UGT75C1, {6 &R 3-O- AW 5-O-M& ML 3AT, 16
# 3-O-HIEMH 6"-O-ThEL RN .

Fig. 4-8 Analysis of the KEGG pathway with altered gene expression in grape skins associated

with anthocyanin synthesis. The schematic was made by integrating the pathways of vvi00360,

vvi00940, vvi00941, vvi00942 and vvi00944. Each solid black arrow represents an enzyme-
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catalyzed process. The boxes on a light-blue background represent phenylpropanoid biosynthesis;
the boxes with an orange background represent flavonoid biosynthesis; the box with the orange-
red background represents anthocyanin biosynthesis. The difference in gene expression is
expressed as the log2 (Fold Change) value, and the normalized values are shown on color scales.
The black background represents genes not significantly expressed in this comparison group, blue
indicates down-regulation, and red indicates up-regulation. F3'5'H, flavonoid 3',5'-hydroxylase;
DFR, bifunctional dihydroflavonol reductase; BZ1, anthocyanidin 3-O-glucosyltransferase; GT1
anthocyanidin 5,3-O-glucosyltransferase; PAL, phenylalanine ammonia-lyase; T4M, trans-
cinnamate 4-monooxygenase; 4CL, 4-coumarate--CoA ligase; CHS, chalcone synthase; CHI,
chalcone isomerase; ANS, anthocyanidin synthase; F3H, naringenin 3-dioxygenase; FNS, flavone
synthase; UGT75C1, anthocyanidin 3-O-glucoside 5-O-glucosyltransferase; 3AT, anthocyanidin

3-0-glucoside 6"-O-acyltransferase.

454 P OER R TFs
TFs 7876175 5 (08 41 5 R A8 (1 (A 807 T B A 2R (B 4-9).

TFs(bHLH. MYB. ERF. C2H2. MYB-related il NAC){E i & 24 IR IA % 7+
SR BB E KA G A K, B S HE AR FDCR K TR R R R R
I L ren B O T A DG IM48T MYBAL e 0 1 5 SR A 1) ANS2 J5 3, EFR23 11
bHLH93 #iF DFR H& [k 2 5 &1 R A e iy i 400, MYB 7] 5 bHLH #H
BAEH, {2t UFGT B3 HidtEAfed RAEY A M. NAC FTLLEL S MYB K
B T2 SR O A 2152, WRKYS 7 LA MYBAL AH HAE A il (2
SRFTER IR0 R AE T A P A e (O (KA S8 WRKY 2 B2 75 T4 A%,
WRKY75, ‘&4, M WRKYGQK -Gk 7711 C2H2-41 48 454491154, UV-B 7]
LA S WRKY71-L (3%, 38 5 MYBL F1 UFGT )5 3T 40 ELE e 3k 3¢
RAGHATHT EZNR RS, TR(bHLH. MYB. ERF. WRKY. C2H2. MYB-
related il NAC)7E DL Al DT AbHE R RIE, UilHIX L TRs mT LLYE % 4 R
B Hp At (R K

60



S MW e e VAT

— | DFR

Bl 4-9 FESERFRAET R A AR . BT ERR S0 =G AE B 615
REHEF - RAF RFRZBECHIESE, BEARRIEATHIE .
Fig. 4-9 Effect of transcription factors on enzymes associated with anthocyanin synthesis. Red
boxes represent enzymes associated with anthocyanin synthesis; ellipses represent transcription
factors; solid arrows indicate that the pathway has been demonstrated and dashed lines indicate
that it is uncertain.
4.6 418
FIF e B 4T 745 DL A1 DT 43R ‘Kyoho' Fi & # 2 16 H & ik

FRBEMIAEER, JFi8i Q-PCR KiE T RNA-seq 45 M 51 . 7ER A4k
JAIETR, HHRARIBET IR PAL. CHS. DFR. GT. CFIP. KAl
P (VIT 1450068900920, VIT_0650009902860. VIT_06s0004g08150) 3% |
W, MEORAERAEDD AR B R IR AR & R e RV A ISR
SEAQUH A % 1 W R, R e AR &R . SRR PAL(VIT_08s0040901710).
CFIP(VIT_13s0067g03820. VIT_13s0067g02870)F1 DFR(VIT_18s0001g12800) &
ERIL, XATRERWEOCIL G ‘Kyoho' %% 5 R A6 (5 F & 477 THI R A% 5 4
) R R 2 — . DT Ab PR GT(VIT_11s0052901600) . it % 1k 4 g .
VIT_09s0018901190. VIT_11s00379g00570 FiL&.#. ks, KI T KEM TFs
U1: bHLH. MYB. ERF. WRKY. C2H2. MYB-related f1 NAC 22 55 i#%
EFRIER. XEER AR ‘Kyoho' & REAHFTRMMEMS 5EHER
A B S R AR AL A MERE B

61



S MW e e VAT

55 4iRSREE

5.1 45ig

1. SR 3 A LED Jei (Ee. 406, #6) SHERL i B s 41 T %
) ZE B AP ARER, DL BRI AN A BV E T iR, RIS 0 IRALAR L, 3 Fib
WA F S RE R E R SR A AL AT S 2, TR R R, R sTE R
MR AN 2 . LR REFIR ST rEEEIEY . 5. GABA.
BE2mERUNGTRR ), BCAEER, BOGRZ: rIVETER e 5L 5 pk
(P<<0.0D) . fefair. Asp & IEAHIG; ety 5 Asp (P<<0.01) . Phe. Leu.
His 3% IEAHC. 3 FiOGIRE S 1= Asp. Thr,. Met. lle 1 Phe & &, It
Ah, WG FERE Ala. Cys. Val. Lys. His. Arg il Pro f{) & &

2. WIAIAMFEWE G 3hy 6hy Oh AT 12h X & BEATACHE, DA ) AN HEAT RN 64k
FRAE T HE o S BRZLAH B, 782 () AS [R5 B K AR b e Ak B %o 78 7 SR Sz ) B s

IEEA L ABTS H HEHEERBE /T A 25 (ERE I35 B8 Al ) SRS ml
LB IEJERE. fECH . B2 W . HIRA. GABA FI B & AR5 T RE Rk
7y VALK DPPH B HHZEIBRRAE S ; W (K pH E. SRR ERTE. Ll

oh XTRIVAVERTEY) . B JEME . &Il et . MZMy. SR, L& DPPH H
A VE B BE IR B AL, #5956 6h IR,

3. % RNA-seq #5041, il Q-PCR %iF 7 RNA-seq 44 % H A Al 4
Mo ARG T, HH R &8P CE A K PAL. CHS. DFR. GT.
CFIP. VIT_14s0068900920. VIT_06s0009g02860. VIT_06s0004g08150 43 [X| i,
LR, MORTEEYIA S SRR AR AR A R AR R A A R
WAL EEEE, RHEEOHNRR. HOLREM PAL. CFIP. DFR 52K
HIIL, TERE R AT B AT, X T RE AL W6 Tl o kR B A R A
Z o ANIE I O AL B AT BE 1 R8 BE (GT) . il AL 1
(VIT_09s0018g01190 #1 VIT_11s0037g00570)%ik B&. ok, KT KEAH
SAF(tn: bHLH. MYB. ERF. WRKY. C2H2. MYB-related 1 NAC 252 5

lém

62



S MW e e VAT

JCUREE TAECH 1 Ao 1X 845 RO BRI R 28 4 18 G AR RS A8 A

.
5.2 Al A

(1) M LED SGUEHEAT R AN AR, FIFHAFRDG(E. 20, 8O6) R
ERAT R E A OH S ER &N LED G,

(2) JEIEAFIEDE U R AL B, 15 BB CAE B S A K A =
AT R A AR .

(3) FIHFEsRA 2 o s e o H V& R 7> 7O, Dy i
B A SR LIS A

53 EBY¥

1 AR FEEETT A, 4. 3 =Fh LED JEIERXTH £ HATHN AR, FF4R
T T =GN R B A BT IR . AR AU R R 2 RN LED S
R B AL B IR . AR A LURIL B 21 LED SBIEAIALEER T fAS R R
o R A AR EL T I R AR AE

2. TEORIAR I RE R, BAN EEOGE TR & S e S BB, AR K

1 BRI CU T DORIT AT, 5 AT LEE e S v 3 2E 25 6] 1 A SRR T R AR Ak
TR, MR T RN AL B A6 (5 R

3. TERESRA M AT B, FRATRIL T K F 1) DEGs 1 TFs, iX4% DEGs
TFs iAo JE KA 3T RA VIR UER 7T, X T-19 2% DEGs 1 TF, Ja4:
A LB I WO R B BRI AR G ST R AV IRIERT AL . BEAh, FRATTTER
FER IR AR R I T 43 RN R A D A 2 TR o B3 Rk, W T IR e R R R A
HATE B AT AT RAEPEM THRELRAE - R, S 1 k25 B0 UF 1 A S J5E DA 1 Th
FRATT T DAIR ik i DA g o AN i DR 58 201 AR ) 2 T B, R N R 16 1 A R i R
AR Re e .

63



S MW e e VAT

275 3CHR

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Patrizia R, Ursula F, Claude J R, et al. Grapes and their derivatives in modulation
of cognitive decline: A critical review of epidemiological and randomized-
controlled trials in humans[J].Critical Reviews in Food Science and Nutrition,
2021, 61(4):566-576.

Unusan N. Proanthocyanidins in grape seeds: An updated review of their health
benefits and potential uses in the food industry[J]. Journal of Functional Foods,
2020, 67103861-103861.

Francesca C, Chiara L D, Luca R, et al. Phenolic profiles and anti-inflammatory
activities of sixteen table grape(Vitis vinifera L.)varieties[J].Food & Function, 2019,
10(4):1797-1807.

sMG, PhERC, PR, SE. 5 ANETE SR 22 HOGIR = FRESR L] R
BRI AR, 2025, 6(02):124-126.

Panagiotis K, Dimitra D, Thomas M. Recent applications of grapes and their
derivatives in dairy products[J]. Trends in Food Science & Technology, 2021,
114696-711.

fLAHh, Xt E, &%, S5 R RS K AN BROCHEOR % R Sk
RIS, S E RS, 2024, 44(01):58-61.

Xia E, Deng G, Guo Y, et al. Biological Activities of Polyphenols from Grapes[J].
International Journal of Molecular Sciences, 2010, 11(2):622.

Edurne E, Carmen M V, Iratxe L, et al. Study of Unpicked Grapes Valorization: A
Natural Source of Polyphenolic Compounds and Evaluation of Their Antioxidant
Capacity[J]. Resources, 2022, 11(3):33-33.

Stamer K D, Nizami A S, Lee Y F, et al. Whole grape alleviates inflammatory
arthritis through inhibition of tumor necrosis factor[J]. Journal of Functional Foods,

2017, 35458-465.

[10] Xue H, Jielong G, Manwen Y, et al. Grape Extract Activates Brown Adipose Tissue

Through Pathway Involving the Regulation of Gut Microbiota and Bile Acid[J].
Molecular Nutrition & Food Research,2020,64(10):¢2000149.

64



S MW e e VAT

[11] Yujing B, Ruifu Y. Human gut microbiota, nutrition and health[J]. Chinese Science
Bulletin, 2019, 64(3):260-271.

[12]Sarah Y B, Guillaume B, Héléne B D, et al. Neuroprotective benefits of grape seed
and skin extract in a mouse model of Parkinson’s disease[J]. Nutritional
Neuroscience, 2021, 24(3):197-211.

[13]Daniel G, Tiago M, loannis B, et al. Characterization of conventional, biodynamic,
and organic purple grape juices by chemical markers, antioxidant capacity, and
instrumental taste profile[J]. Journal of Food Science, 2015, 80(1):C55-65.

[14]Shu C, Zhang S, Li B, et al. Microorganism-mediated production of anthocyanins:
Current progress and future prospects[J]. Food Research International, 2025, 201:
115550.

[1514R M &, AR, LT AEYIE IR IR ]. &5 5. 2006, 22(6):
154-157.

[16]Li M, Sun L, Gu H, et al. Genome-wide characterization and analysis of bHLH
transcription factors related to anthocyanin biosynthesis in spine grapes(Vitis
vinifera L.)[J]. Scientific Reports, 2021, 11(1):114.

[17]Hélder N V M. Dietary polyglycosylated anthocyanins, the smart option? A
comprehensive review on their health benefits and technological applications[J].
Comprehensive Reviews in Food Science and Food Safety, 2022, 21(4):3096-3128.

[181WHZ N, $MIE, MEh L. HYETH =& A EER R Rt )], Lo
REAHT T, 2024, 28(06):493-502.

[19] Arapitsas P, Oliveira J, Mattivi F. Do white grapes really exist? Food Research
International. 2015, 69, 21-25.

[20]He Y J, Tang X, Peng Z H, et al. Anthocyanin-rich dark-colored berries: A
bibliometric analysis and review of natural ally in combating glucolipid metabolic
disorders[J]. Nutrition, 2025, 131: 112669.

[21]Xue H, Zha M, Tang Y, et al. Research Progress on the Extraction and Purification
of Anthocyanins and Their Interactions with Proteins[J]. Molecules (Basel,

Switzerland), 2024, 29(12):2815-2815.

65



S MW e e VAT

[22] Xue H K, Zhao J, Wang Y, et al. Factors affecting the stability of anthocyanins and
strategies for improving their stability: A review[J]. Food Chemistry: X, 2024,
24101883.

[23]Bo W M. Light Induced Regulation Pathway of Anthocyanin Biosynthesis in
Plants[J]. International Journal of Molecular Sciences, 2021, 22(20):11116-11116.

4] BKF, HHT, GERE, 5 AR T BRARAE G R Rk L
H5RZHEFHIRARDJ]. FELRIEE, 2025, 58(05):890-906.

[25] Kumar A A, Mishra P, Kumari K, Panigrahi K C. Environmental stress influencing
plant development and flowering. Front in Bioscience. 2012, 4, 1315-1324.

[26] Ayami Y, Daisuke Y, Kota H, et al. Effects of supplemental lighting during the
period of rapid fruit development on the growth, yield, and energy use efficiency
in strawberry plant production[J]. International Agrophysics, 2020, 34(2):233-239.

[27]Yu S, Chengyao J, Lihong G. Polychromatic Supplemental Lighting from
underneath Canopy Is More Effective to Enhance Tomato Plant Development by
Improving Leaf Photosynthesis and Stomatal Regulation[J]. Frontiers in Plant
Science, 2016, 71832.

[28]Goo H, Park K S. Comparison of Daily Integral Supplemental LED Lighting on
Photosynthesis, Growth, and Yield of Paprika[J]. Horticultural Science &
Technology 2024, 42(5): 561-574.

[29]David L, Katherine S, Youbin Z. Increasing Levels of Supplemental LED Light
Enhances the Rate Flower Development of Greenhouse-grown Cut Gerbera but
does not Affect Flower Size and Quality[J]. Agronomy, 2020, 10(9):1332-1332.

[30]Shi L, Kim S W. Shoot Growth and Physiological Disorder of Cut Rose 'Charming
Black' as Affected by Drought Stress during Nocturnal Supplemental Lighting[J].
Horticulture Environment and Biotechnology, 2014, 55(2):91-96.

[31]Koo J K, Hwang H S, Hwang S J, et al. Supplemental lighting and CO2 enrichment
on the growth, fruit quality, and yield of cucumber. Horticulture Environment and
Biotechnology, 2025, 66(1):77-85.

[32]Hwang S H, Hwang H J, Koo K J, et al. LEDs supplemental light treatment

66



S MW e e VAT

promotes flowering and increases yield of ‘Kuemsil’ strawberries[J]. Horticulture
Environment and Biotechnology, 2025, 66(1):1-11.

[33] Yang R M, Qiu C H, Zheng J F, et al. LED supplementary strategy based on hourly
light integral for improving the yield and quality of greenhouse strawberries[J].
International Journal of Agricultureal and Biological Engineering, 2024, 17(5): 96-
104.

[34] Saigo T, Wang T, Watanabe M, et al. Diversity of anthocyanin and proanthocyanin
biosynthesis in land plants[J]. Current Opinion in Plant Biology, 2020, 55, 93-99.

[35] Satitmunnaithum J, Abe I, Mitsuzuka R, et al. Night Blue-light Radiation Enhances
Anthocyanin Production in Purple Paprika 'Tequila' by Increasing Its Structural-
gene Expression during Fruit Growth[J]. Journal of the American Society for
Horticultural Science, 2024, 149(5): 294-301.

[36]Skowron E, Trojak M, Pacak I. Effects of UV-B and UV-C Spectrum
Supplementation on the Antioxidant Properties and Photosynthetic Activity of
Lettuce Cultivars[J]. International Journal of Molecular Sciences, 2024, 25(17):
9298-9298.

[37]Qin H, Xu Y, Liu B, et al. UV-A Supplement Improved Growth, Antioxidant
Capacity, and Anthocyanin Accumulation in Purple Lettuce (Lactuca satival.)[J].
Horticulturae, 2023, 9(6):634.

[38] Giulia L, Ermes P L, Anna D, et al. Modulation of VOC fingerprint and alteration
of physiological responses after supplemental LED light in green- and red-leafed
sweet basil (Ocimum basilicum L.)[J]. Scientia Horticulturae, 2023, 315, 111970.

[39]N4jera C, Ros M, Moreno A D, et al. Combined effect of an agro-industrial compost
and light spectra composition on yield and phytochemical profile in mizuna and
pak choi microgreens[J]. Heliyon, 2024, 10(4): €26390.

[40]Brenk V B J, Courbier S, Kleijweg L C, et al. Corrigendum: Paradise by the far-
red light: Far-red and red:blue ratios independently affect yield, pigments, and
carbohydrate production in lettuce, Lactuca sativa[J]. Frontiers in Plant Science,

2024, 151442349-1442349.

67



S MW e e VAT

[41]Song J, Zhang A, Gao F, et al. Post-veraison sunlight supplementation improved
the phenolic profile of Cabernet Gernischt (Vitis vinifera L.) grape and wine in a
temperate monsoon climate[J]. Journal of Food Composition and Analysis, 2024,
132106287.

[42] Awais A, Viviana C, Piero S, et al. Quality and physiological evaluation of tomato
subjected to different supplemental lighting systems[J]. Scientia Horticulturae,
2024, 323.

[43] Vishwanath P P, Bidaramali V, Lata S, et al. Transcriptomics: illuminating the
molecular landscape of vegetable crops: a review[J]. Journal of Plant Biochemistry
and Biotechnology, 2024, (prepublish):1-16.

[44]Ce C, Yining G, Lingli L. Opportunities and challenges in the application of single-
cell and spatial transcriptomics in plants [J]. Frontiers in Plant Science, 2023,
141185377-1185377.

[45]Rugia S I, Gul A K, Abass M A, et al. Plant transcriptomics and responses to
environmental stress: an overview[J]. Journal of Genetics, 2015, 94(3): 525-37.

[46]M J F M. The role of monovalent cation transporters in plant responses to salinity[J].
Journal of Experimental Botany, 2006, 57(5): 1137-47.

[47]Daniel K, Ma J J, Seisuke K, et al. Comparative transcriptomics reveals patterns of
selection in domesticated and wild tomato[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2013, 110(28): €2655-62.

[48] Geng-Qing H, Wen-Liang X, Si-Ying G, et al. Characterization of 19 novel cotton
FLA genes and their expression profiling in fiber development and in response to
phytohormones and salt stress[J]. Physiologia Plantarum, 2008, 134(2): 348-59.

[49]Luca V, Alberto F, Sara Z, et al. De novo transcriptome characterization of Vitis
vinifera cv. Corvina unveils varietal diversity[J]. BMC Genomics, 2013, 14(1): 41.

[50]Marianna F, Silvia S D, Sara Z, et al. The grapevine expression atlas reveals a deep
transcriptome shift driving the entire plant into a maturation program[J]. The Plant
Cell, 2012, 24(9): 3489-505.

[51] Serrano A, Espinoza C, Armijo G, et al. Omics Approaches for Understanding

68



S MW e e VAT

Grapevine Berry Development: Regulatory Networks Associated with Endogenous
Processes and Environmental Responses|[J]. Frontiers in Plant Science, 2017,81486.

[52]B LS A, AS L, C XT, et al. Transcriptome analysis reveal the putative genes
involved in light-induced anthocyanin accumulation in grape 'Red Globe'(V.
vinifera L.)[J]. Genes, 2023, 728.

[53]Fu D, Qi J, Su L, et al. Chalcone synthase 2 (BpCHS2), a structural gene, was
activated by low temperature to promote anthocyanin synthesis in Broussonetia
papyrifera to improve its cold tolerance[J]. Plant Physiology and Biochemistry:
PPB, 2025, 222109656.

[54]Li Y, Li M, Guo Z, et al. AoMYB114 transcription factor regulates anthocyanin
biosynthesis in the epidermis of tender asparagus stems[J]. Frontiers in Plant
Science, 2025, 161531574-1531574.

[55]Zhang P, Zhao Q, Song Y, et al. Identification of key genes controlling anthocyanin
biosynthesis in the fruits of a bud variety of Tarocco blood-orange[J]. BMC Plant
Biology, 2025, 25(1): 230.

[56]Shen B, Wu H, Xie X, et al. Comparative Transcriptomic Analyses of Anthocyanin
Biosynthesis Genes in Eggplant Under Low Temperature and Weak Light[J]. Plants,
2025,14(3): 478-478.

[57]Sun L, Li D, Ma C, et al. Transcriptomic Analysis of Wheat Under Multi LED
Light Conditions[J]. Plants, 2024, 14(1): 46-46.

[581X e, ShEN, Bk, 5. JUANH &) S AR B G SRR FE[)]. AET7 R, 2018(6):
4-6.

[59]Beata, O. Berry Phenolic Antioxidants—Implications for Human Health? Frontiers
in Pharmacology, 2018, 9, 78.

[60]Meng J, Ning P F, Xu T F, et al. Effect of Rain-Shelter Cultivation of Vitis vinifera
cv. Cabernet gernischet on the Phenolic Profile of Berry Skins and the Incidence of
Grape Diseases. Molecules, 2013, 18, 381-397.

[61]x0, SKRIVLL, XIg&E, 55. ARG URAN 60T 15t 21 1 BR8] 465 2R S o Jo 5 i
[1]. LI ARME 4R, 2021, 37(4): 949-956.

69



S MW e e VAT

[62] B KR, W BB, W ae ], 5. BCIAIRM 6N UG A %) 4 R Fr g 7 SOR S
FRHIEM D). FE 7 AR, 2019, 50(4): 781-787.

[631 4RI 2%, XKz, EHER, 55, AR DGR XS B Y Bk IR S it o S Iy )t
ERSZE]. PUAEEY R, 2023, 43(6): 979-987.

[64]Ma Z H, Li W F, Mao J, et al. Synthesis of light-inducible and light-independent
anthocyanins regulated by specific genes in grape ‘Marselan’ (V. vinifera L.)[J].
PeerJ, 2019, 7: e6521.

[65]Li C X, Chang S X, Khalil U R M, et al. Effect of irradiating the leaf abaxial surface
with supplemental light-emitting diode lights on grape photosynthesis[J].
Australian Journal of Grape and Wine Research, 2017, 23(1): 58-65.

[66] Gonzalvez A G, Martinez N L, Telle H H, et al. Monitoring LED-induced
carotenoid increase in grapes by Transmission Resonance Raman spectroscopy|[J].
Chemical Physics Letters, 2013, 559: 26-29.

[671 R, BRRES:, BT, 5. LDk LED ZEM MG HOGIR = 3N E B
S [T]. PEFEAO R 22224, 2020, 51(4): 402-409.

[68] 4L, FBMG W, sk, &5, BIE]AE P 9200 2 i 4 e AR K AR AR A TR
S, [ 5FE, 2018, 38(2): 7-11, 27.

[69]Rodyoung A, MasudaY, Tomiyama H, et al. Effects of light emitting diode
irradiation at night on abscisic acid metabolism and anthocyanin synthesis in
grapes in different growing seasons[J]. Plant Growth Regulation, 2016, 79(1): 39-
46.

[70] XS0, AN SR 07 R 42 %60 AL By S o B j S LML ARIE 72 [D]. Mz
PHAEARMAHRAE, 2017.

[71]Blanch G P, Gomez J M C, Delcastillo M L R. Exogenous salicylic acid improves
phenolic content and antioxidant activity in table grapes[J]. Plant Foods for Human
Nutrition, 2020, 75(2): 177-183.

[72]Peinado J, Lopez D L N, Moreno J, et al. Antioxidant activity of different phenolics
fractions isolated in must from Pedro Ximenez grapes at different stages of the oft-

vine drying process[J]. Food Chemistry, 2009, 114(3): 1050-1055.

70



S MW e e VAT

[73]Herald T J, Gadgil P, Tilley M. High-throughput micro plate assays for screening
flavonoid content and DPPH-scavenging activity in Sorghum bran and flour[J].
Journal Of The Science Of Food And Agriculture, 2012, 92(11): 2326-2331.

[74]Re R, Pellegrini N, Proteggente A, et al. Antioxidant activity applying an improved
ABTS radical cation decolorization assay[J]. Free Radical Biology and Medicine,
1999, 26(9/10): 1231-1237.

[75]Ai T N, Naing A H, Kim C K. Influences of different light sources and light/dark
cycles on anthocyanin accumulation and plant growth in Petunia[J]. Plant
Biotechnology Journal, 2016, 43(1): 119-124.

[76]HF 77, RIS, B5EHE, 5. FHOGHO M &) R SRR Lo JFOR AN [F] ) it
(P S2[T]. B T AL 2E 4R, 2021, 52(6): 1641-1647.

[77]3ksesh, XIRZ, £, & AFEDERAMNCHE R R EmEE R wE R
S BT FEM[I]. B AEAS R, 2017, 28(1): 115-126.

[78] 2= liE, RAEZE . XS IRt R 15 P Bk SR S RN 73 R R KIS i [0]. R
224, 2023, 40(10): 2183-2194.

[7O1FR-0UR, AXaa B, ARAIEE, 5. GBS KOu B 73 A 3R B AU i 1 (0 72
W[J]. WAL ), 2019, 31(7): 1079-1085.

[801 X L&, EINEL, FIFHE. AT LED ATXARSE K E A i ot & A 3 &
ZAM SRR, YRR, 2023, 51(21): 133-139.

[BLIFRHEH, IR/NA, GRIRSC. AN [RIHI AR E X ol 7 2R A1 6 R SE AL IR 15 BB
Wi[J]. o E AR, 2021, 40(3): 143-148.

[82]Zhou F H, Yue X Z, Xu DY, et al. LED irradiation delays postharvest senescence
in pakchoi by regulating amino acid metabolism[J]. Postharvest Biology and
Technology, 2022, 194: 112047.

[83] Dhakal R, Back K H. Metabolic alternation in the accumulation of free amino acids
and y-aminobutyric acid in postharvest mature green tomatoes following
irradiation with blue light[J]. Horticulture Environment and Biotechnology, 2014,
55(1): 36-41.

[84]Li X H, KimY B, Uddin M R, et al. Influence of light on the free amino acid content

71



S MW e e VAT

and y-aminobutyric acid synthesis in Brassica juncea seedlings[J]. Journal of
Agricultural and Food Chemistry, 2013, 61(36): 8624-8631.

[85] & fif, RMEZE, ik, & FOWIAMGALBN 6 % B A EEEL
L R[], ER Sk, 2022, 38(31): 55-59.

[86] BRI, KA CO2 WREF & WA LED #Mexf EagA K. Wl A= E i
S [D]. B8 TR K%, 2023.

[87]Guo S H, Xu T F, Shi T C, et al. Cluster bagging promotes melatonin biosynthesis
in the berry skins of Vitis vinifera cv. Cabernet Sauvignon and Carignan during
development and ripening[J]. Food Chemistry, 2020, 305: 125502.

[88] Zhang H, Wang L, Shi K, et al. Apple tree flowering is mediated by low level of
melatonin under the regulation of seasonal light signal[J]. Journal of Pineal
Research, 2019, 66(2): e12551.

[8915F 1, B2, X4k, %5, AF LED JeFX JF 0 2f A K. BIRMm
AFTEACER R[], E 3R, 2023(11): 56-62.

[901VFIE R, XUHT#N, HEAF), 25 UV-A X3 G v o & B A R PR I 2 I ).
TP A3 2ER, 2023, 59(7): 1370-1382.

[PIIART Ve, &8, HRTH, 5 Sl RER SR RER. MRS E
AT TR 2 [0]. 2228 E5E4k, 2021, 41(12): 1503-1511.

[92] X3, BT, TKEE, . J Ty B a5 MR MR i 2 VPO 1) B2 B IR ™
() RIRRFIEHT[T]. &k TR, 2023, 44(7): 287-293.

[93]Kandylis P, Dimitrellou D, Moschakis T. Recent applications of grapes and their
derivatives in dairy products. Trends in Food Science Technology, 2021, 114, 696-
711.

[94]Sridhar K, Charles, AL. Proximate, functional, and sensory properties of Kyoho
grape (Vitis labruscana) skin herbal infusions: Potential as sustainable novel
functional beverages. LWT-Food Science and Technology, 2021, 152, 112289.

[95]Zhou D D, Li J H, Xiong R G, Saimaiti A, et al. Bioactive Compounds, Health
Benefits and Food Applications of Grape. Foods, 2022, 11(18), 2755.

[961 B A, MarJi — M, MRERSC, 5. ZFAMGACEE AR AL FXT “FHOCHE” i

72



S MW e e VAT

AR E IS [J/OL]. e 77 SR, 1-10[2025-03-10].

[97]Zhang J X, Li W P, Zhang P, et al. Effect of Supplementary Light with Different
Wavelengths on Anthocyanin Composition, Sugar Accumulation and Volatile
Compound Profiles of Grapes. Foods, 2023, 12(22),4165.

[98]Lai C C, Pan H, Zhang J, et al. Light Quality Modulates Growth, Triggers
Differential Accumulation of Phenolic Compounds, and Changes the Total
Antioxidant Capacity in the Red Callus of Vitis davidii. Journal of Agricultural and
Food Chemistry, 2022, 70(41), 13264-13278.

[99]Biswal D P, Panigrahi K C S. Photoperiodic control of growth and reproduction in
non-flowering plants. Journal of Experimental Botany, 2025, 76(3):851-872.

[100] WuSF LiRG,BuC X, etal. Photoperiodic effect on growth, photosynthesis,
mineral elements, and metabolome of tomato seedlings in a plant factory[J]. Plants
(Basel), 2024, 13(22): 3119.

[101]  ALFSE, TV, e R SLAE S R BT FURE R [J/OL). bt 7T, 1-
14[2025-03-10].

[102] ZzpfE, skEME, HZEE, & WG W H W 2 Wi 77 5 5 B fE
0. &Mt STk, 2022, 43(14): 16-22.

[103] FhUK, R SCH:, SMEEE, S ASFEDG R I A g i AR B N A R T

gL RS [I]. YLPE A 4R, 2025, 37(02): 70-74.

[104]  Jb¥n, PAENGR, AREEIR, S ARG BN R Ja HE AR B (i e et
HAB R[], &Mt 5Tk, 2024, 45(22):1-8.

[105] T, F@¥E, sKHIr, & BRERERMMEXT o K B BRI RE R 0 S BT A AL fE
JIRIREm[T]. & i 5 R EE Tk, 2024, 50(08):114-120+129.

[106] Hu H Z, Huang T, Zhang N, et al. Interference of skeleton photoperiod in
circadian clock and photosynthetic efficiency of tea plant: in-depth analysis of
mathematical model.[J]. Horticulture Research, 2024, 11(10): uhae226.

[107] Zhou W, Xiao Y R, Yang X Y, et al. Clock protein LHY targets SNAT1 and
negatively regulates the biosynthesis of melatonin in Hypericum perforatum([J].

Science Advances, 2024, 10(38): eadq6505.

73



S MW e e VAT

[108] Li W P, Zheng T Y, Fang Y L, et al. Supplementary light with different
wavelengths improved the monoterpenes aroma and quality traits of 'Shine Muscat'
grape berries under facility cultivation[J]. Food Chemistry, 2025, 474:143255.

[109] Zhang P A, Suwen L, Zhongjie L, et al. Transcriptomic and Metabolomic
Profiling Reveals the Effect of LED Light Quality on Fruit Ripening and
Anthocyanin Accumulation in Cabernet Sauvignon Grape[J]. Frontiers in Nutrition,
2021, 8790697-790697.

[110] KimJ S. The effect of artificial lights on the growth and quality of hydroponic
cultivated barley (Hordeum vulgare L.) sprouts[J]. Journal of Plant Biotechnology,
2021, 48(1): 62-70.

[111] David T, Ménika G, Eva D, et al. Light intensity and spectrum affect
metabolism of glutathione and amino acids at transcriptional level[J]. PloS One,
2019, 14(12): e0227271.

[112] Tayebeh A, Leila S, R M S. Light emitting diodes improved the metabolism of
rosmarinic acid and amino acids at the transcriptional level in two genotypes of
Melissa officinalis L[J]. Functional plant biology: FPB, 2022, 49(12).

[113] Zhang L C,Du L C, Yu M, et al. Effects of pulsed light on germination and
gamma-aminobutyric acid synthesis in brown rice[J]. Journal of Food Science,
2022, 87(4): 1601-1609.

[114] Park E H, Chul K S. Effects of Various Wavelength on the Hardness and the
Free Amino Acid Contents of Soybean Sprouts[J]. Korean Journal of
Environmental Agriculture, 2011, 30(4): 402-408.

[115] AL-Quraan N A, AL-Akhras M A, Talaftha D Z. The influence of laser beam
and high light intensity on lentil (Lens culinaris) and wheat (Triticum aestivum)
seedlings growth and metabolism[J]. Plant Biosystems, 2022, 156(1): 95-115.

[116] Sun W, Yan Y, Muhammad Z, et al. Transcriptomic Analyses Reveal the
Mechanism by Which Different Light Qualities and Light Duration Induce
Anthocyanin Biosynthesis in ‘Kyoho’ Grapes[J]. Horticulturae, 2024, 10(8): 791-
791.

74



S MW e e VAT

[117] Shi T, Su Y, Lan Y, et al. The molecular basis of flavonoid biosynthesis
response to water, light, and temperature in grape berries[J]. Frontiers in Plant
Science, 2024, 151441893-1441893.

[118]  J%RsR, BAIE, Jrigde, 5. AW LED ZLO6H ANBN R4l i A K
SEMR ], SRR, 2024, 41(12): 2498-2511.

[119] AnJ.P,Zhang X W, Li H L, et al. The E3 ubiquitin ligases SINA1 and SINA2
integrate with the protein kinase CIPK20 to regulate the stability of RGL2a, a
positive regulator of anthocyanin biosynthesis[J]. New Phytologist, 2023, 239,
1332-1352.

[120] Song R F, Xiao Y H, Liu W.C, et al. ABA functions in low phosphate-induced
anthocyanin accumulation through the transcription factor ABIS in Arabidopsis[J].
Plant Cell Reports. 2024, 43, 55.

[121] Xu W], Christian D, Loic L. Transcriptional control of flavonoid biosynthesis
by MYB-bHLH-WDR complexes[J]. Trends in Plant Science, 2015, 20, 176—185.

[122] Liu MY, Zhu Q, Yang Y, et al. Light influences the effect of exogenous
ethylene on the phenolic composition of Cabernet sauvignon grapes[J]. Frontiers
in Plant Science, 2024, 15, 1356257.

[123] Zhang Y T, Jiang L Y, Li Y L, et al. Effect of Red and Blue Light on
Anthocyanin Accumulation and Differential Gene Expression in Strawberry
(Fragaria x ananassa) [J]. Molecules, 2018, 23, 820.

[124] Chen S, Wang X J, Cheng Y, et al. Effects of Supplemental Lighting on
Flavonoid and Anthocyanin Biosynthesis in Strawberry Flesh Revealed via
Metabolome and Transcriptome Co-Analysis[J]. Plants, 2024, 13, 1070.

[125] LeeJ H, Yong B K, Yoo H R, et al. Effect of Various LED Light Qualities,
Including Wide Red Spectrum-LED, on the Growth and Quality of Mini Red
Romaine Lettuce (cv. Breen) [J]. Plants, 2023, 12, 2056.

[126] ZhangJ X, Li W.P, Zhang P, et al. Effect of Supplementary Light with Different
Wavelengths on Anthocyanin Composition, Sugar Accumulation and Volatile

Compound Profiles of Grapes[J]. Foods, 2023, 12, 4165.

75



S MW e e VAT

[127] Nassarawa S S, Bao N, Zhang X, et al. Evaluation of light irradiation on
anthocyanins and energy metabolism of grape (Vitis vinifera L.) during storage[J].
Food Chemistry, 2023, 431, 137141.

[128] Hooks T, Sun L, Kong Y, et al. Short-Term Pre-Harvest Supplemental Lighting
with Different Light Emitting Diodes Improves Greenhouse Lettuce Quality[J].
Horticulturae, 2022, 8, 435.

[129] Lanoue J, Little C, Hao X. The Power of Far-Red Light at Night:
Photomorphogenic, Physiological, and Yield Response in Pepper During Dynamic
24 Hour Lighting[J]. Frontiers in Plant Science, 2022, 13, 857616.

[130] MaY, Ma X, Gao X, et al. Light Induced Regulation Pathway of Anthocyanin
Biosynthesis in Plants[J]. International Journal of Molecular Sciences, 2021, 22,
11116.

[131] Gao S W, Wang F, Zhang X Q, et al. Characterization of anthocyanin and
nonanthocyanidin phenolic compounds and/or their biosynthesis pathway in red-
fleshed ‘Kanghong’ grape berries and their wine[J]. Food Research International,
2022, 161, 111789.

[132] Siebeneichler T J, Crizel R L, Rombaldi C V, et al. Regulation of
phenylpropanoid biosynthesis in strawberry ripening: Molecular and hormonal
mechanisms[J]. Phytochemistry Reviews, 2024, in press.

[133] Cheng X H, Wang P P, Chen Q Y, et al. Enhancement of anthocyanin and
chromatic profiles in ‘Cabernet sauvignon’ (Vitis vinifera L.) by foliar nitrogen
fertilizer during veraison[J]. Journal of the Science of Food and Agriculture, 2022,
102, 383-395.

[134] Movahed N, Pastore C, Cellini A, et al. The grapevine vviprx31 peroxidase as
a candidate gene involved in anthocyanin degradation in ripening berries under
high temperature[J]. Journal of Plant Research, 2016, 129, 513-526.

[135] Wei Z W, Yang H Y, Shi J, et al. Effects of Different Light Wavelengths on
Fruit Quality and Gene Expression of Anthocyanin Biosynthesis in Blueberry
(Vaccinium corymbosm) [J]. Cells, 2023, 12, 1225.

76



S MW e e VAT

[136] Massonnet M, Fasoli M, Tornielli G B, et al. Ripening transcriptomic program
in red and white grapevine varieties correlates with berry skin anthocyanin
accumulation[J]. Plant Physiology, 2017, 174, 2376-2396.

[137] Ma S, Hu R, Ma J, et al. Integrative analysis of the metabolome and
transcriptome provides insights into the mechanisms of anthocyanins and
proanthocyanidins biosynthesis in trifolium repens[J]. Industrial Crops and
Products, 2022, 187, 115529.

[138] Vainio J, Mattila S, Abdou S M, et al. Petunia dihydroflavonol 4-reductase is
only a few amino acids away from producing orange pelargonidin-based
anthocyanins[J]. Frontiers in Plant Science, 2023, 14, 1227219.

[139] Zhou Y, Mumtaz M A, Zhang Y H, et al. Response of Anthocyanin
Accumulation in Pepper (Capsicum annuum) Fruit to Light Days[J]. International
Journal of Molecular Sciences, 2022, 23, 8357.

[140] WangY X, Zhou L J, Wang Y G, et al. Functional identification of a flavone
synthase and a flavonol synthase genes affecting flower color formation in
chrysanthemum morifolium[J]. Plant Physiology and Biochemistry, 2021, 166,
1109-1120.

[141] Mirza, R.; Robinson, R. Conversion of flavonols into anthocyanidins[J].
Nature, 1950, 166, 997.

[142] Dbski H, Wiczkowski W, Szawara N D, et al. Enhanced light intensity
increases flavonol and anthocyanin concentrations but reduces flavone levels in the
cotyledons of common buckwheat seedlings[J]. Cereal Research Communications,
2017, 45, 225-233.

[143] Clayton-Cuch D, Yu L, McDougal D, et al. Biochemical and in silico
characterization of glycosyltransferases from red sweet cherry (Prunus avium L.)
reveals their broad specificity toward phenolic substrates[J]. Food Chemistry:
Molecular Sciences, 2024, 8, 100193.

[144] LiH, LiY, Wang X, et al. Characterization of Glycosyltransferase Family 1

(GT1) and Their Potential Roles in Anthocyanin Biosynthesis in Maize[J]. Genes,

7



S MW e e VAT

2023, 14, 2099.

[145] Wang Y Y, Xiao Y Q, Sun Y T, et al. Two B-box proteins, PavBBX6/9,
positively regulate light-induced anthocyanin accumulation in sweet cherry[J].
Plant Physiology, 2023, 192, 2030-204S8.

[146] Bai Y, Jiang L T, Li Z, et al. Flavonoid Metabolism in Tetrastigma
hemsleyanum Diels et Gilg Based on Metabolome Analysis and Transcriptome
Sequencing[J]. Molecules, 2022, 28, 83.

[147] Ren C H, Cao Y L, Xing M Y, et al. Genome-wide analysis of UDP-
glycosyltransferase gene family and identification of members involved in
flavonoid glucosylation in Chinese bayberry (Morella rubra) [J]. Frontiers in Plant
Science, 2022, 13, 998985.

[148] SunR Z, Cheng G, Li Q, et al. Comparative physiological, metabolomic, and
transcriptomic analyses reveal developmental stage-dependent effects of cluster
bagging on phenolic metabolism in Cabernet sauvignon grape berries[J]. BMC
Plant Biology. 2019, 19, 583.

[149] Yin H N, Wang L, Xi Z M. Involvement of Anthocyanin Biosynthesis of
Cabernet sauvignon Grape Skins in Response to Field Screening and In Vitro
Culture Irradiating Infrared Radiation[J]. Journal of Agricultural and Food
Chemistry, 2022, 70, 12807-12818.

[150] Lu R, Song M, Wang Z, et al. Independent flavonoid and anthocyanin
biosynthesis in the flesh of a red-fleshed table grape revealed by metabolome and
transcriptome co-analysis[J]. BMC Plant Biology, 2023, 23, 361.

[151] Pang Q Q, Yu W B, Sadeghnezhad E, et al. Omic analysis of anthocyanin
synthesis in wine grape leaves under low-temperature[J]. Scientia Horticulturae,
2023, 307, 111483.

[152] SunQ,Jiang S H, Zhang T L, et al. Apple NAC transcription factor MdNAC52
regulates biosynthesis of anthocyanin and proanthocyanidin through MdMYB9
and MdAMYB11[J]. Plant Science. 2019, 289, 110286.

[153] Zhang Z, Chen C, Jiang CY, et al. VVWRKY positively regulates wounding-

78



S MW e e VAT

induced anthocyanin accumulation in grape by interplaying with VVMYBA1 and
promoting jasmonic acid biosynthesis[J]. Horticulture Research, 2024, 11, uhae083.
[154] Su M Y, Zuo W F, Wang Y C, et al. The WKRY transcription factor
MdWRKY 75 regulates anthocyanins accumulation in apples (Malus domestica) [J].
Functional Plant Biology, 2022, 49, 799—-809.
[155] Su M Y, Wang S, Li C X, et al. Ultraviolet-B-induced MdWRKY71-L
expression regulates anthocyanin synthesis in apple[J]. Environmental and

Experimental Botany, 2022, 201, 105000.

79



S MW e e VAT

T

[1]

[2]

[3]

[4]

[5]

A A R R A A AR L

Sun W, Yan Y, Zhang G, et al. Transcriptomic Analyses Reveal the Mechanism by
Which Different Light Qualities and Light Duration Induce Anthocyanin
Biosynthesis in  ‘Kyoho’  Grapes. Horticulturae 2024, 10, 791. (SCI =I[X,
IF=3.1)

Sun W, Yan Y, Zhang G, et al. Label-free and TMT-labeled Proteomics Methods
to Compare Differences on Normal and Attached Livers of Glyptosternum
maculatum. Current Proteomics 2024. (SCI PY[X, IF=0.5)

I, 05k, KE G, & BN DG BTN G AL B e € 30 5 %) R SE T g
J853 Kt BRI S BCRME R SR, 2025, 03. (CSCD 97 J i)
SRR, FME, SR, S — P AT v B IR 2 (1 7 ) B T8 R T 1)
&INES R, 2025, CREF|—C 528D

I, xiEF, KESR, 55 ITRAQ R H 5 4 5% 73 M 465 7= R R IRk 3 & 0
Z5. LI AL AR, GRIZ A E )

80



S MW e e VAT

B

ICE, ATERISEW T, LRRERs. FIETRN=F, AU,
AR o SR AR L ARG B (s B i AR, W SCIERS I i E e A%E, B
BOZE IS 350 H AR FRIREVE s PR B WOk I TR S 96 SR IO F) AN BB e 45, 12 3C
IR RN BIEE, SIHEMEI RIS, X ek, B ER,
FEJR v AN R, AEPRAR FROR e, AE A = AT T A BN Ty
BUENA BRI 7. IR T, BAIFE 2 BT A3 B

B, BRI E R A . O S ITERI B4y T 7RG
B9 EAEETE T RAW KNS, BTN MFHOEE . R m i
DRI K ] 560 8 A8 B R IE i B3R A LR B, AR IRAE D HE TS B KA1

BLO BT SOITAEAT, AR SR B SR TR ST AN
HEAE B ACSR G0 N A5 1), SR B B A ) SRR A o TR S = A [ ] 22 B L A
TIi07 BRI S UE, SORMIIFR R, R BOREE T i ik 1)
Jeste IR BRI A FAITIRSE NI . AR AL SRR T R AR R

Rl BRI SRS KN o IRATTEATE 26 AR RIS RF R A BRI R B 5 15 75,
PIAN R ISR PR NI O RIS . BB, —F) “UFaF 7 a4 R IR
Hizh 77

wJa, BB ERUEEES . 5103, SHHEMEIREC: Bt 5aC
Begh, BEREAR E O BERA R ER BTE ARG E 2.

FHARZK IR R BEB BU SR N AR RS S BB 2 30l i 2 40
LA 2 it 2, AT k2 5 A .

81



