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Transcriptome and expression analysis of gibberellin- related genes in

large-fruit type bud mutant of Zhuosexiang grape

GUO Yuqi', GOU Zhengxi', ZOU Liren’, BAI Ruiwen’, YAN Ke’, QI Xiaoguang’, WEN Jinghui’,
WANG Sigi’, WANG Siyang’, SHEN Hailin™
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cultural Sciences, Gongzhuling 136100, Jilin, China; *College of Agricultural, Yanbian University, Yanji 133002, Jilin, China)

Abstract: [Objective] The study aimed to explore the difference of morphological structure affecting
large- fruit type grape bud mutant, and the relationship between gibberellins (GAs) and large-fruit type
grape bud mutant. Mutants of fruit trees can produce new traits so they can be used foe variety selec-
tion. GAs play key role in regulating cell elongation and promoting fruit enlargement. The increase of
endogenous GAs content is positively correlated with the size of fruit and the number of peel cells.
[Methods)] Zhuosexiang grape and its large-fruit type bud mutant were used as experimental materials.

Through the determination of fruit transcriptome at 15 days after flowering and the qRT-PCR expres-
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sion analysis of gibberellin-related genes VvKO, V'vGA20x2, VvGA20x4 and VvGA3o0x4, combined with
the measurement of fruit size and morphology at 15 days after flowering and at fruit maturity stage, the
paraffin section was made to compare the peel thickness, and the enzyme activity of the screened GAs
enzyme was detected. The correlation analysis of the vertical and horizontal diameters of the fruits, the
key genes VvKO, V'wGA20x2, VvGA20x4 and VvGA3o0x4, and the screened GAs enzyme activity was in-
vetigated. [Results] The results showed that the fruit grains and ears of the large-fruit type bud mutant
of Zhuosexiang were significantly higher than those of at 15 days after flowering and fruit maturity.
There were some differences in peel morphological structure between the two test materials at 15 days
after flowering and fruit maturity. At 15 days after flowering, the epidermal cells of the large-fruit type
bud mutant were three layers, and the epidermal cells of the Zhuosexiang were only one layer. There
was no significant difference in the morphology of subepidermal cells between the two, both were irreg-
ularly oval, and there was no significant difference in peel thickness between the two. At fruit maturity
stage, the peel thickness of large-fruit type bud mutant grapes was significantly larger than that of Zhuo-
sexiang, and the corky epidermal cells were thicker (black area). The subepidermal cells of the large-
fruit type bud mutant were larger and mostly irregularly vesicular, while the subepidermal cells of the
Zhuosexiang were smaller and mostly conical or long spindle-shaped. At 15 days after flowering, the
flesh cells of Zhuosexiang were irregular oval, and the flesh cells of the large- fruit type bud mutant
were irregular oval. The subepidermal cells of the large-fruit type bud mutant were larger and mostly ir-
regularly vesicular, while the subepidermal cells of the Zhuosexiang were relatively smaller and mostly
conical or long spindle-shaped. At the mature stage, the flesh cells of Zhuosexiang were irregularly
oval, and the flesh cells of large-fruit type bud mutant were irregularly vesicle-shaped. The transcrip-
tome sequencing results of the young fruits at 15 days after flowering showed that the number of differ-
entially expressed genes was 2242, with 1167 up-regulated genes and 1075 down-regulated genes. In or-
der to explore the biological functions and properties of differentially expressed genes between Zhuo-
sexiang and its large-fruit type bud mutant, GO enrichment analysis was performed on differentially ex-
pressed genes between Zhuosexiang and large-fruit type bud mutant. The results showed that differen-
tially expressed genes (DEGs) were mainly annotated into three functional groups: the first was biologi-
cal process, which was enriched in phosphorylation, regulation of DNA-templated transcription and pro-
tein phosphorylation; the second was biological process, which was enriched in phosphorylation and
regulation of DNA-templated transcription and protein phosphorylation. The second is the cell compo-
nent, and the more enriched is the membrane-related gene; the third is molecular function, which is en-
riched in enzyme activity and binding- related genes. The results of KEGG enrichment showed that
there were more differential genes in the following pathways: 59 genes were up-regulated and 33 genes
were down-regulated in the biosynthesis of secondary metabolites pathway; there were 16 up-regulated
genes and 3 down-regulated genes in the biosynthesis of amino acids pathway. There were 9 up-regulat-
ed genes and 0 down-regulated genes in the carbon fixation by Calvin cycle pathway. Phagosome path-
way up-regulated 11 genes and down-regulated 0; Glycolysis/Gluconeogenesis pathway up-regulated
12 genes, down-regulated 0; Phenylpropanoid biosynthesis pathway up-regulated 10 genes and down-
regulated 4 genes. GAs is an important factor for grape fruit enlargement. In order to study the relation-
ship between GAs and the mutant of Zhuosexiang, the expression of four gibberellin-related genes was
analyzed by qRT-PCR. The results showed that the expression levels of V'vKO, VvGA3ox4, VvGA20x4
and VvGA20x2 genes in Zhuosexiang were significantly higher than those in large-fruit type bud mutant
(P<<0.05), which were 2.33 times, 5.13 times, 30.67 times and 751 times higher than those in large-fruit
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type bud mutant. GA20x enzyme is an important enzyme for the degradation of GAs in plants. In order
to further clarify the role of GA20x gene in the large-fruit type bud mutant, the GA20x enzyme activity
in young fruit at 15 days after flowering was determined. The results showed that the GA20x enzyme
activity in the young fruit of Zhuosexiang and large-fruit type bud mutant were 17.58 U-g"' and 13.54
U - g'. The GA20x enzyme activity in the fruit of Zhuosexiang was 1.3 times as high as that of large-
fruit type bud mutant, which was significantly higher than that of large-fruit type bud mutant (P<<0.05).
The correlation analysis between four key differential genes, one enzyme activity and fruit longitudinal
and transverse diameter was carried out. The VvGA20x2, V'vGA30x4 and GA20x enzyme, VvGA20x4
and JvGA3ox4, fruit transverse diameter and longitudinal diameter were significantly and positively
correlated, and the V'vGA20x2, VvGA20x4, VvGA3ox4 and GA20x enzyme were significantly and nega-
tively correlated with fruit longitudinal and transverse diameter. The VvGA20x4, VvGA3ox4 and
wGA20x2, V'vGA20x4 and GA20x were significantly positively correlated. The results showed that the
GA2o0x enzyme activity of VvGA20x2, V'vGA20x4 and VvGA3ox4 increased when the expression of the
three genes was up-regulated, thereby inhibiting the increase of the vertical and horizontal diameters of
the fruit. The contents of common GA;, GAs and GA; in the young fruit of large-fruit type bud mutant
were significantly higher than those of Zhuosexiang. [Conclusion] There were significant differences
in pericarp morphological structure between the two test materials. The number of epidermal cell layers
of large-fruit type bud mutant was more at 15 days after flowering. During the ripening period, the peel
of large-fruit type bud mutant grape was thicker, and the cork-like epidermal cells were thicker, and the
subepidermal cells were larger and mostly irregularly vesicle-like, while the subepidermal cells of Zhuo-
sexiang were smaller and mostly conical or long spindle-shaped. The number of significantly different
genes between the two was 2242, involving multiple membrane-related genes, transcription factors and
enzyme activity genes, of which the number of membrane-related differential genes was the largest. In
terms of metabolic pathways, there were many differentially expressed genes involved in amino acid
biosynthesis, amphetamine biosynthesis, biosynthesis of secondary metabolites, Calvin cycle carbon fix-
ation, phagosome and glycolysis/glucose production. The expression levels of the VvKO, V'vGA2o0x2,
VvGA20x4 and VvGA3ox4 genes in Zhuosexiang grape were significantly higher than those in large-
fruit type bud mutant, especially the V'vGA20x2 and VvGA20x4, and their corresponding GA20x en-
zyme activities were also significantly higher than those in large-fruit type bud mutant. The correlation
analysis results were also consistent with the research results, indicating that gibberellin-related genes
were important factors affecting the development of Zhuosexiang grape large-fruit type bud mutant.

Key words: Grape; Large-fruit type bud mutant; Transcriptome; Gibberellin; Gene expression
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Fig. 1 The fruit of Zhuosexiang and its large-fruit type
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Table 1 Primer sequence and target gene fragment size
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Table 2 Determination of fruit morphology of Zhuosexiang and its large-fruit type bud mutant
165 15 d 15 days after flowering % FAHH Mature stage
Rk Bk Az B F Bz SRR 1 e g i
Test material : . . . . R TR
Vertical diameter/ Transverse diameter/ Vertical diameter/ Transverse .
. Length/cm Width/cm
cm cm cm diameter/cm
# 6% Zhuosexiang 1.19+0.12 b 0.83+£0.08 b 1.77+0.15 b 1.35+£0.16 b 10.83+£1.03b  5.51£1.01 b
KR AR 1.43£0.10 a 1.07+0.06 a 2.04£0.14 a 1.72+0.12 a 1425+1.43a 8.32+0.82a

Large-fruit type bud mutant

AN R R E R 3 (P<0.05).

Note: Different small letters indicate significant difference at P<<0.05.

ARG —E 2R (K 2) . fE)a 15 d, KRR
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.

10 pm
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Y reads FIT & ELAG 20 ) M 97.41%.96.67%+97.32% Al
97.48%+97.33%97.00% , GC & & 4 7l N 45.50% «
46.50%45.50%41145.50%45.50%-46.50%. LA L4k
TR 7 E s 5t R e, AT T a4 Hr e
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AW DR RN JE 1 ¥ = R 3RO B R 3 4T GO
KEGG & %70 #. GO & S45 K WKl 3, > i fh 31

A BOFEMLG 15d RETIF B B OFRANR LT 7 C RRBZFRIER 15d RETIF D, KRBZFR AR LI R BETS

KAHEHCH 100 £5(10%10) 6

A. Peel slices of 15 days after colored scented flowers; B. Peel slices of mature period of coloring aroma; C. Peel section of large-fruit type bud mu-

tant 15 days after flowering; D. Large-fruit type bud mutant mature peel section. The magnification of the microscope is 100 times (10x10).
2 HEBREARBEFTRERAREEEILL

Fig. 2 Comparison of pericarp thickness of Zhuosexiang grape and its large-fruit type mutant
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Fig. 3 Sample GO enrichment classification
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Differentially expressed genes

5 qRT-PCRIAEECERHEARBFT 4 NESEHEXEAREE
Fig. 5 The expression levels of four gibberellin-related genes in the Zhuosexiang grape
and its large-fruit type bud mutant by qRT-PCR

DRI 1) 2 38 B 35 Wl 2 KT R AR AL 27 A2 (P<<0.05) , 431l
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VYvGA20x2 B R 323K & 53 1 9 1419 10, V'wGA20x4
TR R IE & 7 71N 9461 1 5354, VwGA30x4 HEH 3%
LA 1L AF0AS, & A VvKO VvGA20x2
VvGA20x4 1 VvGA3ox4 5 R 1) K14 &35 W 25 KT
KRBZEAZ(P<0.05) , 4 s 2H I 7 1) 25k DR 3Rk i 3
53 e B8 W WGA2ox FEK T B8 N E (O F
] AR R R R AR () B R A
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H X TEJG 15 d % 5 A 19 GA20x BifF i 14 328 470 %€ .
SREDRY, EOFMRREEFLLY RN
GA2ox Mgy e 5~ 17.58 f113.54 U- g, H o FHF R
S GA20x BTG PE R 5 T KR A 42 (P<0.05) .
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Fig. 6 The expression levels of four gibberellin-related
genes in the Zhuosexiang grape and its large-fruit type bud

mutant in transcriptome sequencing
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Fig.7 GA2ox enzyme activity of Zhuosexiang grape and
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Fig.8 Common gibberellin content of Zhuosexiang grape

and its large-fruit type bud mutant

BIRES THEAEP<0.05.
2.7 XM

W 3 FR , 4 e 22 S R R Rk i 1 P S
PEAESE 15 d%*ﬁé}}\ﬁﬁé\%%kﬂ& 30 WAR
REuBEZERZ AAMEXKME. WwGA2ox- 2,
VwGA3ox-4 315 B 5 GA20x BTG M, 'wGA20x-4 5
VWGA3ox-4 1K &, B4 L HTEE 5 R K

®3 REYPEREXED

Table 3 Correlation analysis of vertical and horizontal diameter of fruit grain

GA2ox & TE  FURiAE Fokidfife AR ILFH
VWKO VvGA20x-2 VvGA20x-4 VvGA3ox-4 GA20x enzyme Vertical

GA, % & GAF & GA T &

Transverse K& % GA, GA, GA,

activity diameter diameter Length Width content content content
VYwKO 1.000
VYwGA20x-2 0.431 1.000
VvGA20x-4 0.782  0.879* 1.000
VvGA3ox-4 0.800 0.883* 0.984**  1.000
GA2ox FifgiitE  0.549 0.971*%*  0.890* 0.930%*  1.000
GAZ2o0x enzyme
activity
R -0.713 -0.859*  -0.883*  —0.926%* —0.924** 1.000
Vertical diameter
FhiER -0.257 —0.656 —0.453 -0.558 -0.742 0.799 1.000
Transverse
diameter
AR E Length —0.741 —0.920%*  -0.987*%  —0.994%%  —0.947** 0.922%%  0.567 1.000
WEHTEE Width —0.786 —0.886%  —0.981%%  —0.994%%  —(0.927%* 0.902*  0.521 0.987%* 1.000
GA & & -0.718 -0.269 -0.639 -0.539 -0.243 0.397  -0.155 0.531  0.509 1.000
GA; content
GA & & -0.794 -0.834%*  -0917*  -0.967** —0.922%* 0.963**  0.701 0.955%% 0.941%* 0.457  1.000
GA, content
GA, & -0.777 -0.898*  -0.985%*% —0.998** —(.937** 0.912*%  0.541 0.995%% 0.998%* 0.518  0.953** 1.000

GA; content

TE AR 0.01 AR CRID B SZFEAR . AE 0.05 /KF GUID B2 A%
Note: **. Significant correlation at the 0.01 level (bilateral); *. Significant correlation at the 0.05 level (bilateral).
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L, R R R RIS S GAL AR, Bl
K5 % GAL S5 GA, & & 35 B W 2 IEH G,
wGA3o0x-4 1k & . GA20x B PE 5 BRI 1%,
VvGA20x-2 VvGA20x-4 VvGA3ox-4 3215 & . GA20x
g 5 REEK T, 'vGA20x-4 VvGA30x-4 Fih & |
GA2ox Wi i& Ve 5 AR UL, Y'wGA3ox-4 R 15 &
GA20x i % 5 GAL & & , V'wGA20x-2 VvGA30x-4
FIE T GA20x B 1E5 GA & B B R UM 5%
VvGA20x- 4~ VwGA3ox- 4 5 VwGA20x- 2 R 1X = ,
VWGA20x-4 F ik B 5 GA2ox B & 1 , BAH % ¥ L GA,
TR RN R D E EHG B E . R
£ .GAGA, & B 5 GA20x-2 Fikh &, BRNE
RHYEE 5 1wGA20x-4 Ik &, RKAE .GALH
GA, & & 2 W 3 U ¢ . MR4E CL Lo B,
VvGA20x-2 VvGA20x-4 VvGA3ox-4 =Fp R K i
FIE BT GA20x B M3 &, FF K GAS.GALGA &
&, dE i A SRR R R A TR K

3o i

TR SRR KN 5 41 B i R /N 2 DA 50,
P JEEER T LR R T AR R SR e AL IR Sk B A
WY, 25 SR 3R B K 3 e A4 SR PR 4 M A ) T AR J K
TRRER . PR TR, SRR E A,
JE TR ) B ALK R 2R 2 A4 1) SR A 20 B B I R K T
IR AL A0 RS R, KR 2 ) TR R 20 P
JE BV PR R $ A4 K 1.03 1 o [l el 45754 i 41 0K
BERE S R R 2R A S AT LU R I, R SR 2R AR 1)
H AR 2 T4R40 . Harada 2521 55 K B, S5 5
ST AH 38 A RE D A 5K 1O RR FE AT DAL [R] 5
Wi S IR 2 K/ o AR A B T 3R B, SRS 4
M 5 R KNSR RA K 5 B PRI A
JE IR A AL AR S R R R B, E S R R )
i AL IR AT I A e B 2 AR IR S 1,08 £ o AR
R R AL SEARIE AL I 15 dAN SR 4 Z 82 T &
T 5 BRI SR 17 41 A SR R 0 B AR R R T3

SRR B B AR AT 40 4 2L R0
Jei S 4 MR K S AR AR, RE AR A B 4T i
AR FEBEREZ L RO A ER R
[FAY =4 Bz A oy Fe S i F vp 23 SC HL B, 5 s
RERREY ., RICHEIE AR, 5 H ZR
BN ZRs/ABA WWHR A K. RSt ABA
LRI il W S s M R B S 82 8 A P

(R Ne22s26 A A A 2 L 3SR AR A 2l 2 AR
W, &%F POS1.YABBY.SUN.OVATE .FAS.LC - WOX.
CRC. WUSCHEL (WUS) + CLAVATA (CLV) . SIAS2.
SITKN3 S5 HE PR 3E4T 7 AR CHIF FL 00, IR S 1 IX S J
BRI SR SE R RN IR AT AR o AR Al A
AR TL, B4 %58 H FAsfw2.2 fw3.2 Fl WUS
SRR DAL 38 X 4 B o) R EOR T o A E U SR
T TR SRS RN e MR 30 5
KR 7 9388, R AR B A S B Ak, IR
A K Z i 8 L DR MdAux/TAA2 %3 B R s KN
FEXT SR SRR FAT %A F i B R
FAS 1 LC N2 5 B AR Ak A= AR A 0 6 Bk
(LK ; POST WUSCLV N i i & 15 5
() k1 ¢ % A ; YABBY. WOX. CRC. SIAS2+ SITKN3
Mdux/IA42 27 51 53 185G B AL EE 1) 4% 5% K7 ; SUN
OVATE N B AR I o AL, & (L7
%) M KRR ZEAE G 15 d R 22 7 R IA LR B
T 22 REAF DL [R] I S R R P A, JHG o i
MK ZE IR I % . AEYIIER AN AH DG HE [ (1)
Feik BA EEAE DY, X 5% 140 i 0 BE 2% 4y
T RBEA] 5 s BB A E  R R AEY &
B R AR P2 0 1 AR R R R ST A ] sk 7
W A I B 157 e e B B AR L LN R R E R R E
R 2, LA KNG EY & OB 2 56 55 3
&, H AR UE R S 590 20D 72 . 7E4H 4 Ak
VR, B S A S o R 45 G A M 2 R T
[ o GRA ZECIDLRG SRAL R H K R 2R A8 Ay b b AT
oy M, RO AR S R R AR R | 55%
(EZAFE K TRUHSFE BT FE 41 AR
Wk R A E AP AR R A A RO R S
11.9% {555 5 15 3.57% ; Huang 251 D) 75 4 55 {45
%) S F ORISR AR R AT e s L O B, R B 32 B
7 SRR R IX WA HE R K R R F (ARP) |
NAC #x K (TOHO M E B HEE . 5 LR
AR, A T A AR R 5 36.07% , A T FE
5 33.79% , & EALFE R IR BV G B 2R R G AE D)
B B AR RARY P2 ) () A2 ) B RSORIVRE T2 e /880 6 B A
(R s R B S IR TR R AL HE 2 N A DG SR R L 5k
DR 7 LA B A G Bl M 2 TR 45
TR 2 BE AR I 4R B AR CY, YR GA B & 5 R
BRSSO/ VR R A M B ORGSR ER
RN ERILEEFAL TR, FERRHE
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%A 3R Gl 5 6 385 42 ) « CPS (ent-copalyl diphos-
phate synthase) ; H1 & B2 3R (AR - L2 #2 1@ —
GA12) : KO (ent-kaurene oxidase) ; 5 14 ik 5§
(GA12 — 15 ME GA4/GAD) . 7R85 R A E B 11 1%
OB 1 GA TR7KF, &t = 2R 0B I (GA20x i -
GA3ox i - GA200x B ) 2h 25 4%, H o GA3ox l |
GA200x il 77 il i i 7= A e 20 1S VE ) GA VL &
B GA RS =s PE GA BI7KF, GA20x B ff i
PE GA BUHT 4 2R 35 BEARTE 1 GA KPR, F Rk
SRR, &) Vv GA20x2 X EAE RSP RIE,
Vv GA20x4 £ BAE RSLRI i RIK, Vv GA3ox4 £
BLEAC B G R i RIE s KO TE AN 4 1)
ARIE. AL GA20x] F1 GA3ox1 Fik & TR
SRSZHE KW, Totk A W B WA 1vGA20x2 15 |
THHEIERR & F Y, B il GA20x 1 13 263K 52 40 0
D R SAR N FHYR N IR R R
%  GA2ox1. VwKO. VvGA20x2. VvGA2ox4 Fi
WGA3ox4 S Z H . KRB, EOFKF
VKO~ VvGA20x2 VvGA20x4 Fl VvGA3ox4 (3R IE &
BER T RRBEA, 1'wGA20x2 FI V'vGA20x4 1137
BB AN KRR ZEAR 1 751.00 5 F1 30.67 £, Bkt
N7 ) GA20x EALHEEIE M0 B3 i T R R A 2R AR g
T G5 5 R DR 0K 25 AR B o

IR 7 2-FALEF (GA20xs) /& — Fh 2- AR —
T A4 A58 ek OU T L » 1T 3 28- PR A I B AR A LA
TG T 1R 75 87 2R B L AT AR RIS 5 VvGA20x 5L R AR
VAR R 9 TE AR R A BT R ¥R AR
FH™, A 7 S FL R IR B 2R AR 4004 R AH DG % 3 b
R H VWGA20x2 VvGA20x4 F1 VvGA30x4 ik =
5 GA2ox A ACHEE I ME 2 B2 IEM G, 3 N R R IE
B E S R B AR R DG, KRR
AR iy WA B R GASWGALFI GA, & &34 12
ERXTEHEORE. HBRTRAKREFDL, H6FKF
VvGA20x2 F VvGA20x4 1) 15 K IEHE 58 T GA20x A
EEREPE, AR T AR R o=, (R SR T R R A
LEAR N, X 5 FLOR PpGA20xs 1L R IE™ . A
1SR RMGA20x2 W B R IEFINGA S E S
BRI R R, A REE, ERIE
GA20x2 MR MR AE K BURSER E - JaEWHHA
FK W, iR IE DcGA20x2 3 2 ¥ T Kurodagosun.
AL AL EHE b iEE GAs IR, 2k
TR K o ] 20 4T 9O7E 2 L U A 4 B (it 9 R B,

WGA20x-2 (EBA RIK B WIRIE BB, -
RHETER T, GA20x2 B K D REXS 77 55 3R T 1R 4%
HA 2 B IhRg, HBARAE T Re 590 LIRS
PR A K,

4 4 @

TR E7 FOBI S IR AU P ) R IR AR A R
FRIR SRS IRAZ , P JEAH S R 3R 0E , (R4
A ORI AR (R R SRS S RS 7 A 2%
Fo TREFRMKIERE VKO VvGA20x2. VvGA20x4 Al
VvGA3ox4 NFEWE 07 1 &) R SR B B B E .
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