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Abstract: Dipping treatment using gibberellic acid(GA) in grape fruits is an important way to promote fruit enlargement.
Study on the metabolic physiological changes of pedicel organs induced by exogenous GA during grape expansion can provide a
basis for scientific explanation of the collaborative development mechanism of pedicels and fruits after gibberellic acid treatment.
In this study, summer black variety(Vizis vinifera 1. X Vitis labrusca 1.) was used as the material. The grapes were treated by
dipping with 15 mg/1. and 0 mg/1. of GA at full flowering stage(FFS), and sampled twice on the 7th days(FFS15-1, FFS0-1)
and 20th days(FFS15-2, FFS0-2) after treatment. At the fruit expansion stage(FES), the grapes were treated twice with
25 mg/L of GA on the basis of the previous stage, and then sampled after 7 days(FES25). LC-MS was applied to detect,
identify, screen, and note significantly differential metabolites(SDM) and metabolic pathways of significant enrichment(MPSE).
The results showed that FFS15-1 exhibited 54 differential metabolites compared to FFS0-1, and there were 31 upregulated
SDMs, most of which had antioxidant activity. Among them, 4-coumaric acid participated in the phenylpropanoid biosynthesis
pathway, which could exacerbate lignin accumulation. There were 23 downregulated SDMs, mainly amino acids, and they
participated in the aminoacyl tRNA biosynthesis pathway, which was beneficial for nitrogen transport; compared to FFS0-2,
FFS15-2 upregulated 42 SDMs, mostly related to nitrogen transport and transformation, indicating a strong demand for nitrogen
in grapes during this period. Compared with FFS0-2, FES25 had 33 SDMs, significantly up—regulated Indole-3-acrylic acid and
Indole-4-carboxaldehyde, which played a role in growth regulation and might be the core metabolic product of exogenous GA
treatment on pedicels, directly promoting fruit expansion and fruit setting. Compared with FES15-2, FES25 only produced 9
SDMs, indicating that the metabolic characteristics between them were similar, and Trigonelline and(152)-9, 12, 13-trihydroxy-
15-octadecenoic acid were significantly down regulated, which could shorten the cell cycle, accelerate division of pedicel cells,
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and promote growth. From the late flowering stage to the early stage of grape expansion, after being treated with GA, the fruit

rapidly expanded. The transportation of metabolites Indole—3-acrylic acid and Indole-4-carboxylate to the fruit helped to improve

fruit setting rate. The significant downregulation of metabolites Trigonelline and(15Z)-9, 12, 13-Trihydroxy-15-octadecenoic

acid could accelerate organ development, which was consistent with the demand for fruit expansion during this period.
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(LC-MS); metabolic pathways; collaborative metabolic mechanism; fruit-expansion
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Fig. 4. the abscissa represented the replacement retention degree of the replacement test, the ordinate represented the value of R* or Q?, the dot rep-
resented the R? value obtained by the replacement test, the square dot represented the Q” value obtained by the replacement test, and the two dotted
lines represented the regression lines of R* and Q” respectively. The two points on the right corresponded to R* and Q of the original model. The R2
of the original model was close to 1, and the established model conforms to the real situation of the sample data; Q* was close to 1, indicating that if a
new sample was added to the model, an approximate distribution would be obtained
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Note: "/" indicated no KEGG pathway was enriched. The same as Tab.3.
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HE ¥ , Indole-3-acrylic acid, Proline, 2-Hydroxycin-
namic acid HE # {3 £ , & 2 4> 4b B ] fr H E A

SDMs. L-Tyrosine | Z 4 5 4 MPSEs, % B L~
Tyrosine /&% I 19 b 5 8 2 ALY

FES 255 FFS 15-2 4k B[] { i 1 94> SDMs,
Hor, 2T 989 SDMs /] I8 15 48 i 8 3 . 19 Y
SDMs H' 2- (4-Bromobenzyl) —3-sulfanylpropanoic
acid #) VIP fiz i o 2 4~ A4b B ) R & SR AT 7 1 5%
MPSEs, % B 24> &b 3 A RAE A L (£ 5) o
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%4 FES255FFS0-2HMERREYWE KEGGER
Tab.4 Differential metabolites and KEGG pathway of FES 25 vs FFS 0-2

AR P
(REARI/ SR e
Ry min Difference P Variai)lcx o KEGG Ui ik 12
Metabolite Retention multiple anabiep KEGG Pathway
. . jection im~-
time Log,FC
portance
| -3~ 4R Indole-3-acrylic acid 4.56 1.19 0.000 6 4.63 /
Y
&/  Proline 0.81 1.14 0.000 7 3.69 ko00330;ko00970
2-}H A KRR 2-Hydroxycinnamic acid 1.22 1.26 0.000 7 2.73 /
1,6- WM A Fructose 1,6-bisphosphate 0.80 2.05 0.008 4 1.90 /
B-D-MLm§# % B B-D-glucopyranose 8.91 1.09 0.002 5 1.84 /
(4R)-5-FFH-L-EM (4R)-5-Hydroxy-L-leucine 0.84 1.62 0.001 2 1.68 /
DL-WRAHER  DL-Pipecolinic acid 0.84 1.70 0.001 8 1.67 ko00310
DL-/R& R DL-Citrulline 0.77 1.31 0.023 4 1.66 ko00220
iR Glucoheptonic Acid 0.75 -1.09 0.022 3 1.60 /
3~ IEK LW 3-Aminoacetophenon 1.22 1.25 0.001 3 1.59 /
TEBE Sucrose 8.91 1.05 0.002 8 1.57 /
M| We-4-H [  Indole-4-carboxaldehyde 4.56 1.17 0.000 4 1.35 /
5[ Indole 4.56 1.13 0.001 0 1.31 ko00400
L-f& &R 1-Tyrosine 1.22 1.12 0.008 4 1.28 ko00970;ko00130;ko00350;
ko00400;ko00950
4-BUT @ 4-guanidinobutanal 0.75 1.36 0.012 1 1.27 ko00330
WA FE  Scutellarin 7.08 1.04 0.006 7 1.25 /
JRHFR  Urocanic acid 1.12 -1.86 0.009 2 1.24 /
Bk Thiourea 0.84 -1.65 0.002 4 1.22 /
H&m Glycine 8.75 1.46 0.031 4 1.06 /

*5 FES255FFS 152 =R KR5S KEGGERE
Tab.5 Differential metabolites and KEGG pathway of FES 25 vs FFS 15-2

< EL L B
5 A% 5

PRERIFE/ 2 A A o KEGG 1
eyl min Difference P Va 'éblex o Wi
Metabolite Retention multiple v anab e pr KEGG
. . jection impor-
time Log,FC Pathway
tance
2-(4-MAEFL) -3~ BN R 2-(4-Bromobenzyl)-3-sulfanylpropanoic acid 0.69 1.30 0.000 2 4.07 /
HiFT L Trigonelline 0.80 -1.05 0.002 3 2.01 /
W3- HL) —mifk®  Bis(3-chloropropyl)disulfide 0.68 1.55 0.000 0 1.53 /
2-((5-J8-1, 3-WEmE-2-36) Ik ) —2- S £ 3k (4-GUR UL ) B R 46 0.68 1.20 0.048 3 1.34 /
2-((5-Bromo-1, 3—thiazol-2-yl)amino)-2-oxoethyl(4—chlorophenoxy)acetate
H# e H il Glycerophosphoglycerol 0.77 1.03 0.000 8 1.16 /
N % Malonate 0.77 2.44 0.008 0 1.16 /
B4 RTE Hispidulin 5.58 1.16 0.000 2 1.13 /
KA % B R Glycylaspartate 8.60 2.22 0.000 0 1.10 /
(157)-9,12,13- =% 3-15-+ /i ie 9.91 -1.54 0.022 0 1.02 /

(157)-9,12,13-Trihydroxy—15-octadecenoic acid

3 %Ziw5iti

TR SR AR A A i . GA R
AR A AERETR IFE - 1TERKRES
AR, GAAEFH T 507 84 [/ s, 52 e 28 4 A4 K

114+

T AEAE K B B 7 W B - i 226 39 2 2 9 R
i 2 2Z S GA AL TS S 1 AERE AR A2 AL
Wk S e AE A AR By AR, 3 B R R 552 % 30 1]
AR R, X 8 7% AEAE 7 2R S22 K o i A A i
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31 BEHGARESRBEL

HFIEUESE, AMIE GA AP S MW 4 B PR
L RE 1 B 5, 3% 5 22 A A RLE 5T 00 4 R — B
AW S % B, B AL GA 4 R B S L FSS 15-1
5 FSS 0-1 18] | i) SDM th 2 % B A 4t A AL 1
P , 4 Catechin, Eriodictyol, (=) -Rhododendrin % ,
H B2 5 MR E 2R ko00941 4% i % & 4, iX
XS AERETE DA EEE L EIHE SDM H Pha-
seolic acid & —F R EL AR , BA B ik HEIR
A, HR 25 i 4-Coumaric acid 1 % 4 i 3
L8, H 215 ko00940 ., ko00130 i 4% , X 15 H: fib fff
FEGE R — B, B GA3 AL HLS AR TY 3 1 A A At
W R AR A o A R BT R B R Y AR A, i
7R AR Z 0 58 h A5 BIUE 217, BARTEAR 2% B oA
JoT 2R FE 2 AR B AT B S AT B 5 B R AR R AT RE
A A 25 A RO R A I e 7 Y DG B PR Y
SR GA AL PR 3 B i) = Z AR 0 . 3-Methoxy-
cinnamic acid 3 J& —F R FERR | {H & A4 o F ARHET
P, X ] HE 5 % SDM MBI K L b % A6 i Tsoorien-
tin 2-0O-(E) —-p—coumarate #1 Kaempferol 3-(6-p-
coumaryl-galactoside) % 4 %", FSS 15-1 5 FSS
0-1 8]~ 4 Y SDM F % & & 5 R , 1 4% Leucine
Valine. Threonine, 73 51 % 5 5.4.3 % MPSEs, L—-
tyrosine & A= T I H R # & A2 B A —RlHiE AR .
it & % B9 Aminoacyl-tRNA biosynthesis (ko0097)
TR AR AL A B PR IR A% O RN, B R AE 45 A K B
DLHIT 2 25005 A 3R A5 450 A0 BE &, 15 Ak S 0 ot 7 24 Tt
—tRNA & BB fb T SE 17 ARAF 5 2 Fh s 2k
AT 8 7T g %M T4 i Aminoacyl-tRNA .
#h, Leucine A1 Valine if Z 5 ko00280 i 12 , H
Valine [ 7= A= 1 AN TS RS B A, Leucine 43+ 14 i
PR 3 S AL R EEA TCA PRI IR AL 2
fift, 7= A ATPPY, I DL, e B K o 2 35 1R % i 5 o2
AT i R R R A K T % ) B R B R OK

20 d J5 ,FFS 15-2 5 FFS 0-2 [4] /) Leucine .
Valine U FRF22 F . LB Z M LA SDM A L-
Glutamine , L-Glutamic acid il L-Pyroglutamic acid
%%, L-Glutamine ] #i Bly P2 14 58 09 44 f 36 2 X5
ATP YA 1 oA A S 550 i 75 SR, i A8 A
2 215 v, L-Glutamine X} 2F i 4 B9 52 0 K F
GAP A | B 8 7 T 18] 19 508 i rh ol B G A
AP HE B FHEZHAFZMERLHE . L-Glutamic
acid 10 GA B ETAA , fish % A8 W) D8 57 A2 K Bir Bt 2]
A BE A K B B i Ak U O TR AR ) AR BE B B Ok 45 AR

™), L-Pyroglutamic acid W 7€ % [F] £k i & 224
L RUIE AP A AR BRI K Pk &,
L-Glutamic acid 5 9 4 MPSEs, ¥ & £ Fl & 3£ 1R
B9 A A F AL, I, L-Glutamic acid /2 I 3 B i
BR 9 SDM. SEBr A ™ v, BE AL T GA AR B 20 d
Jo T 2 A PR AR K B B, 2 A R T GA
Ak B ) O S8 B 4T, 0t 0T A 2 X AR ORI . X
IF 399 A8 A vh 5 AR AR OC 1Y SDM #5242 9 i i
FILRL R FEAE 2 AR AR Y 12 i D g .
32 RILWRKHGAREBESRFTHK

FES 25 #E47 1 R R M R 2 AL 3, T FFS
0-2 Hir JW A % K A 21, e AT ) s 81 9 SDM
Indole-3-acrylic acid ¥ VIP {H 5 K , BF 58 & 78 & Al
B L0 2 2 i 2 B R L0 2 R % 4k o il e 3-T9
945 TR R B2 AE P, BN O R — R R AR KR L X
A RE R AP IR GA i #F 8% B PR A KRy G E SDM,
XF 5 7 5w AR T 9T L I, A = R AE S ] GA,
o PACHGA, A A A 4 vh & 8 0 8 T, i 7
GA Bl Z 14 A4 v (0 SR 2 o 35 22 B AR, T X g
6] 42 % i) Indole—3-acrylic acid 4= Jilt , FF 11 52 1) £H 21
A K iz 2 ik & B, Indole—4-carboxaldehyde
82 B 78/ i i 58 E A trypto-
phan # 4-indolecarbaldehyde 5 4} F5# % % 2 & 41
S 2 G AR IR 9 R A T IR R G A Ak B[] 43
#T1, Tryptophan Fil 4-indolecarbaldehyde X} {ig 1 4] %3
AR HEEAER . %X 4l Fructose 1. 6-
bisphosphate 1 B~D-glucopyranose & # i , {H 4
B AR B AR R A . AN EERETEMY A K R T
il E HwEAEN L ROCAE B LY, I E
R Gz i W A FEAE T B 2 s s B R S8 L
] 20 55 GA AL 3R 5 A7 B FRE B R, GA X
XA 5 4 AR R 88 A 5 ) LB IR 4% R B, AR B
CHE R 380 A2 3325 R R 0 6 1) JF A 2o 90 401 1) R 2R
Proline™*", %%} kb 4H Proline . % LA, & 5%
W 4 19 ko00330 . ko00970 i 1% , 7 K % Proline 1%
HERIE B 0 T S T A A A R — B

FES 2547 TR AN K 2 AL B, FFS 15-
2 AT A SR AR B, B AT B9 SDM AL 94>, e,
2T A AT — SR AR IR AR B AR RS
B 4 A% R AR AR L. 19 19 SDMs Hh 2- (4-Bro-
mobenzyl) —3-sulfanylpropanoic acid 45 #4 55 Cyste-
ine AHBL, s AT B8 7E b7 48 300 45 A 48 Ab 08 it i AR vh &
FEAE FS 00 6 Ak 4 19 T B S N 1 o D &
e, DUVE Ry 25 1 J5T 8 W 445 1 1) e ) i G2 0
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(A P R0 AR BIFSEIA & B, Trigonelline &% F
P, O A B O T R A E R AT S B G2 g
JitL 5= 35, T A DNA &1, 32 i 4E K 41 i R 50
SDMs H1 ik & B, (157)-9, 12, 13- Trihydroxy—-15-
octadecenoic acid # & 4 i 3 T W, #F 50 IE %Y
FAFAE T T & 20 CBEER 4 vh , B dem Bt A Ak
TG Pk, AT 5 S 2R A I P O A R 4 B R I 0 G 1,
o e B 40 B S S0 455 0 HE G LIRS B DL SRS K
W GA Ab ¥R IR RE S, 4G SR PR 0% 4 ) 10 4
T AR S A 2 PR K B A% O LR

BEAE T 15 mg/L GA AL B RAR 7 d, 4B T 5
A 22 AU Y 2 B PUEARTE TR XA R TR
M 1. 4-Coumaric acid b 2 LRI 2S5
Phenylpropanoid biosynthesis i& 2 , X fig Jl Jil A Ji
RIS NI e 2450 . T 8 1 2 L R
KUY F 25 5 Aminoacyl tRNA biosynthesis i
BOAERTRREZ, I E e A KR4y
i FRE B ME 45 . 20 d J5 , Leucine , Valine 18 3§ {4 %
FRg N, B S S AR E
A G, 3 WTIZ I 30 2 4 A R0 U R W7 oR E %, T
L-Glutamic acid 25 9 QB iR 12, & X A~ I 9 5
L CNINEAMTIEY/

JSERE KW 25 mg/L GA AL SR A, 5ok
2 ATy A 35 A SRR AR L, AE A5 Y Indole—3-acrylic
acid . Indole-4-carboxaldehyde i 2 I ¥ , BE B #% ¢
HE S SR R AR L X ] B AN GA R FEAEHT
A=W o I I 2R RN 2 RO S ) o e
A e AR R M 22 R AR . FES 25
5 FFS 15-2 i) s 46 19 22 AU AU B9 4>, B
A A — 25 AR I A2 B BT A2 IR S5 3 (] 1 A
¢ AF A AL, {5 H: v Trigonelline #1(152)-9, 12, 13-
Trihydroxy-15-octadecenoic acid . 3 T~ ¥ , it 45 /4
2 JEL 39 R R K X & GATE FES Y &
SR IHLA
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