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Preliminary study on the regulation of lateral branch growth and devel-

opment in melon by gibberellin
Zhang Lin, Lai Jun, Wang Jiayu, Sun Yu, Kong Kexin, L0 Yuanzuo

(College of Horticulture Science and Technology, Hebei Normal University of Science & Technology/Hebei Key Laboratory of Specialty
Germplasm Resources Exploration and Innovative Utilization of Horticulture Crops, Qinhuangdao 066600, Hebei, China)

Abstract: This study primarily investigated the regulation of gibberellin (GA;) at different concentrations on the growth
and development of lateral branch in melon and the underlying molecular mechanisms. GA; treatments were applied at
concentrations of 0, 50, and 100 mg - L*. Combined with phenotypic observation, transcriptome sequencing, and gRT-PCR
validation, the effects of different GA; concentrations on lateral branch development were preliminarily analyzed. The re-
sults showed that treatment with 100 mg - L™* GA; significantly promoted lateral branch elongation, while 50 mg- L™ GA;
was more favorable for lateral bud germination. Transcriptome analysis revealed that three key enzyme genes in the gib-
berellin biosynthesis pathway were up-regulated, indicating that GA:-50 specifically activates pathways such as terpenoid
biosynthesis and plant hormone signal transduction. In contrast, GAs- 100 significantly enriched pathways including
MAPK signaling as well as starch and sucrose metabolism. qPCR results further showed that key genes such as CmBRC1
and CmGA20x1 exhibited distinct expression trends in response to changes in GA; concentration, while GA signaling-re-
lated genes such as CmDELLA and CmGID1 displayed differential expression responses to different GA; concentrations.
In summary, GA; modulates hormone signaling, metabolic reprogramming, and transcriptional regulation in a concentra-
tion-dependent manner to influence lateral branch development in melon, specifically manifesting as low concentrations
promoting lateral bud germination, whereas high concentrations preferentially enhance lateral branch elongation. This
study provides a theoretical basis for the genetic regulation of branching traits in melon and the application of gibberellin
in agricultural production.
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Table 1 Primers used in gRT-PCR analysis
GIRVER S Mety: 1k RS
Primer name Forward primer(5’' - 3" Reverse primer(5’ - 3")
gCmBCR1 AAGGAACAAGTACAACAAC GCTATGATTGTTGTAGGGC
gCmPIN1 TGCACAACCCAATAATGCT ACCAACTTTCTCTGTTCCT
qCmIPT3 CGATCCCGCTAGAGATTAT ATGCTTCCTCTGCTTCTTT
gCmGA20x1 TCAATACAAAACCCCAACT AATCTTTAACCCTTCTGCC
gCmGA3x1 CCTAAACGTATGTGGTCGG AGGGTAGGAGTTGAATTGA
gCmGA200x1 TTCTCCGCTGACGAATCCT ATACTCTCCTCCTACTCCA
gCmKO AAGAAGCCTCACAAGACAT ACTCATAGCAACCATACAC
gCmKS GCCACTCTCTTATCCACAT AACCAAAGCATCCACATTC
gCmCPS AAATGCTGAACACATGCCT AGCTTTTCCCAATCCAAAC
gCmGID1 ATGATGGCTGGAACTAATC ATTCTACAAAGCAGACTCG
gCmSLY1 GAAGATGGGGAAGAAACCT AGATCGGAGTTGTTGGTTG
gCmDELLA TGGTCTTTCTCATCTTGCT AGGGTCGTAATCAATGGAA
gCmactin TGCCCAGAAGTTCTATTCCAGC CATAGTTGAACCACCACTGAGGAC
1200 -
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Fig. 1 Side branch length at each node position in melon plants after 14 days of treatment with different
concentrations of gibberellin
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Table 2 Summary of the sequencing data generated for RNA-Seq
FEA JR 1 TR P4 B ap:s 55 X R 020/% 030/% GC %
Sample Raw reads/bp Clean reads/bp ~ Mapped reads/%  Unique mapped reads/% GC content/%
CK-1 6 039 892 186 5911 157 219 94.15 98.11 98.62 96.23 40.95
CK-2 6913 541 644 6 766 600 615 94.98 98.06 98.66 96.32 41.33
CK-3 6 020 291 480 5889 376 454 92.91 97.87 98.63 96.24 41.39
GA3-50-1 5874 334 276 5 795 866 504 97.37 98.07 98.99 97.09 43.47
GA3-50-2 5878 639 890 5797 588 904 95.80 98.12 98.86 96.74 43.12
GA3-50-3 5930023 076 5855 290 634 97.03 98.12 99.00 97.10 43.26
GA3-100-1 6 249 199 326 6 150 870 429 94.79 98.20 98.85 96.81 42.42
GA3-100-2 5603 996 258 5537 707 124 95.90 98.01 98.99 97.06 42.05
GA3-100-3 5488 311 836 5410 749 623 95.43 98.18 98.89 96.87 42.82
A B
20
30
15
@ 20 Control : CK § Control : CK
= Treat: GAs-50 = Treat: GA:-100
> Down(1222) +10 Down(815)
o NoDiff(18 880) o NoDiff(19 549)
JE} UP(1399) JE} UP(911)
S 10 38
| | 5
0 0
-5 0 5 -10 -5 0 5
—log.(Fold change) —log.(Fold change)
C D
Group
Group oup
4
GAs-50 4 Group
) CK g 8,&3 100
1
0 0
-1
- -2
-3
A2 Y il v N =T

v e e R

& & & K
> > >
& & &
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Qf’)
&F &F X
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S

Q

TE:A. CK vs GA-50 72 57 F ik [K] K 111 18] B. CK vs GAG-100 2 5 KL [ K1l 4 ; C. CK vs GA-50 72 5 4 ik 2k [K] ik B B SR B A1

D. CK vs GA:-100 % 53R 1A HE K R IA

Note: A. Volcano plot of differentially expressed genes in CK vs GA:-50; B. Volcano plot of differentially expressed genes in CK vs GA;-100;

C. Clustering heatmap of differentially expressed gene expression levels in CK vs GAs-50; D. Clustering heatmap of differentially expressed gene ex-
pression levels in CK vs GA;-100.
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Fig. 2 Analysis of differentially expressed genes in axillary buds of melon treated with different
concentrations of gibberellin



AR

5B S SRR R IRIEEIEE KR E PIER T

X ISR 5T

41 it }% Nucleus

JEJF/NE Stromule

N Jt Z4; | Photosystem |

411 P A5 45 K49 Intracellular anatomical structure
TORC1 & %1/ TORC1 complex

TOR & & f& TOR complex

Yt Z 4 Photosystem

J6 &4 1 Photosystem |1

. BER 1A Amyloplast
R FE AR Chloroplast thylakoid
LS5 T4 Transcription regulator activity
6 [F 7 i 7% DNA-binding transcription factor activity
DP-7i] 41 Bl 2L 6 F2 g 5 14 UPD-glucosyltransferase activity
2 e H K AU 38 i 5 1 Glutathione oxidoreductase activity
J& {7k Secondaryactive transmembrane transporter activity
FAJIN%URE T 7% Monooxygenase activity

. AEEE Lyase activity

24 TE T Ammonia-lyase activity
) 15 U Antiporter activity
] R B R RS 1 Glycosgltransferase activity

15 # % & Phloem development

N  DNA 4 # 5t DNA-templated transcription

_ . DNA Hifig # 5% 4% Regulation of DNA-templated transcription
Wi AR AR 5% 55 1 4% Regulation of nucleic acid-templated transcription
RNA 444 i F2 4% Regulation of RNA biosynthetic process

R AU 57 Nucleic acid-templated transcription

UAEAR L Secondary metabolic process

_ RNA EY)& pid 72 RNA biosynthetic process

RNA {2 i/ 9% Regulation of RNA metabolic process
B2 & i B Cellular biosynthetic process

%
4
R HNEEN

-

z

Y £ 4 | Photosystem |
Jt: 2 ¢ Photosystem
JE /N Stromule
Chloroplast thylakoid membrane
{415 Plastid thylakoid membrane
St 455 Photosynthetic membrane
i 15 I [ Chloroplast tyiakaid

T ZRAR K Chloroplast thylakoi
JFARJS 52 14 Plastid thylakoid
. ~ AR 1l Photosystem 11
5% R 715 £ DNA-binding transcription factor activity
SL T3 £ Transcription regulator activity
region binding
lla ic acid binding
& Sequence—gsg)ecqflc ouble-stranded DNA binding
g’fi Protein dimerization activity
. i 5 Pyruvate decarboxylase activity
Bitg/ 0 S8 BT Ribulose-1, 5-bisphosphate Carboxylase/orygenase activity
SR g% M S-adenosylmethionine-dependent methyltransferase activity
XEE DNA 457 Double-stranded DNA binding
A Phloem development
m or xylem histogenesis
& 4F i . Response to radiation
Y B Response to light stimulus
ht harvesting
[ transcription
|1 . Response to stimulus
o . Response to auxin
Photosynthesis , light harvesting in photosystem |
AR 5% Nucleic acid-templated transcription

Y

ES

TR

oy

X 455 Transcription cis—re.gulator?/
Transcription regulatory region nucle
.

L

LA
0 1 S A E 2 414 AL Phlel

ﬁ‘ﬁ%{’ﬁ)ﬂ-ﬁ‘ﬁﬁ Photosxnthesis.lig

NA-template

A E R
ﬁ‘t%{’ﬁﬁ%-ﬁ'ﬁ%éﬁ%éﬁ?g i
A

414153 Cellular component
7> I Molecular function
A5t B2 Biological process

o

2 4
—log., (P-value)

(o]

44 43 Cellular component
4T hfi& Molecular function
A=) 72 Biological process

o
N
~
o

—log., (P-value)

1:A. CK vs GAs-50 Zb 3R IV ZF HAL 11 GO ‘& £ 43 #1 5 B. CK vs GAs-100 b2 T &t IR 2 #B 21K GO ‘& 4R 43 #r o
Note: A. GO enrichment analysis of axillary buds in melon under CK vs GA:-50 treatment; B. GO enrichment analysis of axillary buds in melon

under CK vs GA;-100 treatment.

B3 AEIKREFRBERLETEHMKFIBLMN GO BEEIH
Fig. 3 GO enrichment analysis of axillary buds in melon treated with different concentrations of gibberellin
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Note: A. KEGG enrichment analysis of axillary buds in melon under CK vs GA:-50 treatment; B. KEGG enrichment analysis of axillary buds in

melon under CK vs GA:-100 treatment.
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Fig. 4 KEGG enrichment analysis of axillary buds in melon treated with different concentrations of gibberellin
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225 EZREAZHFAT N SERLEHT,E
AN 1 A & I A2 e s R 4 B LR 3 4
Mo ARWFFAE GA-50 AbFRZH T % 5 5] 140 N £ F:
TR T, 7 GA-100 AbFRZ % e 3] 131 A
ERRIEFEFHR T W R T BN TR IGEA
# bHLH (26) .ERF (18) .C2H2(16) \MYB (15) /I
NAC(13)%. H,bHLH.ERF Al C2H2 FK R 1E 2
Pl B A0 2R R IR B3 & 4R, RIIX KR TE
K w G T PP REZ L REE- .

T IE R TT I, GRAS F % A 7E 2 AN b B
M RPfaE FAERE. 5350, MIKC_MADS %
JRAE GA:-100 Kb B R 3R I HH 45 7 P 1) K AR T 1
(9 AR AR N D, B SR B R R 2 r] Re il
PO %R SR N R E SR s,
MYB 5% i [ 32 1 455 30 2 905 94 2 AH R 1 AR 1L - 7
GA:-50 AL B b DL B 8 32, T 7E GAs-100 Ak B rh
PLUR AR E

DL bS5 SRR, R B R R TR & & i
FERT R S 2 AN Bl i : bHLH A1 ERF X% mT B
250G 5 5HEGE SRS, MYB fl NAC K%
AT RE A R AR AR I 2, T MIKC_MADS 5 &
Al BE SR 2E o AE AL A, X e SN Tl
iR 2, L F 2 AR R E#U A KR E
ORTE
226 AT ZE NI REE RS A IR,
AH FCIEH H AT S RE 1 12 AN 5 R8N )
FH 5 1) G B B0 KL (K] 336 1T qRT-PCR BRilF . #5413
PN IR ) GO ER B E FE T RERE
) & B (gibberellin biosynthetic process) , 1, #§
CmGA30x1 (MELO3C023378) . CmGA200x1 (ME-
LO3C005397) . CmKO (MELO3C016719) . CmKS
(MELO3C012592) . CmCPS (MELO3C014392) , 7
& 5 R A% ¥ (gibberellin catabolic process) , il
CmGA20x1 (MELO3C002735) , L J¢ 7 & % 15 5 #%
5 (gibberellic acid mediated signaling pathway) , 1
CmGID1 (MELO3C015362) . CmDELLA (ME-
LO3C005298) . CmSLY1(MELO3C016791) %% ; 3F H.
KEGG B & £ Tt B RS 5 i AM & K
FHEBEES RSB, EHFROEA SR
1B LL B, CmGA3ox1 Al CmCPS 45 3 [K 3R 1A 1
Z B, U BH X S 5 [N 6 iR B 2R A B A L B SR i
B, 5K, ARG 5@ CEERS,
CmBRC1 (MELO3C017286) il CmGA3ox1 ] % it
B GAs ¥ i Ty 1T 52 1) 2 25 F0 1], 22 0L H SR ) 67

WA, 52 &2, CmDELLA A1 CmGID1
£ GA Kb B J5 Rk B, Hor CmDELLA fERH
(50 mg- L") i 3 58y 5 2%, 17 CmGID1 R i 4%
AU . 5 28 G BoAE G ] CmCPS. CmKO #
CmKS ¥J57 GA, IE[7) 4% , (HEAR IR B AL T {2 idk
1EFHEE N H s o

T ax st B HEN GA, 7] RSB A [F R 5 i4
R ET A & G - — 7 s #0 ] CmBRC1 45
A3 AN ] AT - A0 8 28 A ik R R A A K
1 2 5 oy — 5 THT B I R B AR 1) T SR % GAGAR
RIS 5 B L R (1) R IE , W SEELS AN R R & B
BB A K 4% . X P 2 2 IR 2 PR 30K I 4%
IR 25 SR 43 AT GAG VA28 i TORR 2L & 37 1) 23 7 WL il 3
HtT BRI,

AR b Rk s A i v S, o % R AR
CK.GA:-50 fil GA:-100 Ak P[] {1t AH X 18 = kAT
TERBENELK. 4R & 5 ER,CmBRCL
X RRIKEAE A GA3 WK E R ML T CK, Hmik
AL B A AH O Rk B 2 KT CK; CmIPT3 AR 1A
E1E GA-50 43 KT CK, 7E GA3-100 AP
T CK,H = # ¥ 5 CK # 73 A & % ; CmCPS.
CmKO #1 CmKS A F ik & AE GA-50 4B T i
# I ; CmDELLA FHX} FRiA E1E GA-50 4bHE 5
T CK, 7£ GA-100 43 MK T CK, Z=# ¥ 5 CK
=3 AR ; CmGA20X1.CmGA20X1.CmGA30X1.
CmGID1 AH X 1A & 7E P Fl GAs AbHE T 35 12 K
T CK, H GA:-100 4 BEAH R IE AL T GA-50 AbHE
44 ; CmPINL AHXS FRIE B AE B Fh GA: (B T 35 8. 25
KT CK, GA;-100 Ab FE 2 41 5 2215 & 5 T GAs-50
AbFH s CmSLY1 AT Ik B AE Tl GA AL BE T 35 2
i AVAE GAS-100 AbFE R B3 5T CK.

3 ik E4R

MNE R T R, GA:-100 Ab FE 78 {2 1 U] A fif
KT RPN, gt RS RE R ERKE
8", SR80, 45 A #5315 qPCR i R 8L, Ik
W GA-50 7 (& 30 A 1 K 77 THT 250 5K B B 2
TEH AL F R, GA: & BRI OC B 2k K] CmCPS.
CmKS.CmKO &3 i, H GO & &/ Hr &~ i
AL I I I R S PR R IR R GAS T
TR S Zh I ZF 2 B RPN, 1 GA-100 H 5] 2
5 A R K ) N {EHS 3 35 TR (i CmGA20x 1
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<R CK7E 0.05 K P ER .
Note: * indicates a significant difference with CK at 0.05 level.
Fig. 5 Results of quantitative real-time PCR
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CmBRCL) t I isk & i il B ik ZE L 1 o, SR
A FE R AT g S B0 AR A AR M 2R L T B2
25 1 R 3

TEAS SR T, GA-50 A3 B 3 5 i
R15 5 S IEE (KEGG 7471) , 520 S@E HiE
T 31 S R 5K /N AR PIAE 3R R R I — 2, BB GA
5 B R AR IR B R M R AU - A, GAG-100
b PRI TR BOE HE MAPK {3 538 5K , I 5 35 f i
HoF A K Z M B (GO 4347 5 3R B MR FE GA, 1]
feim it 22 YAiE (cross-talk) A& L fis 5igft. B
4h, CMDELLA % R 7F GA-50 1 KX T+ &, X 5
Zhang S5EM7E AL RG ST R RO HE A RUAE 1F , B
DELLA JEEA 75 4 5700 27 1 5 -y i B OCEE T

EACHHA T 2T, GA-50 A3 % FifmE RS
i % Xl (CmCPS. CmKS. CmKO) A1 UDP-#j 7 # &
RS EES 1 (GO 43 H7) , 3R WA 75 8% 2wl d i i ik vk
A AR A A8 Qa4 P TR SIS B I Y 5D 1 B R
MEAE SR E . X5 Ni ZM7E X Jatro-
pha curcas) fll Zhuang %"t & £ 3 (Festuca arun-
dinacea) /1 {7 45 18 — 2, Zhuang &5 H A [R] ik
FE 1) 7 85 250 15 3 5 40 P iR AT - Th Wi A B Yk 2%
TMEEE ) oy BER B AGERR . Ni MR I GA e
SR RR AR T I 2 () T 2 A R R e SR
B INAMNJE W it GAs A1 GR24, 8 1 ¢ )¢ 5& # PCR %t
DR R R AT R 0 DA R 347 0L B st A A, 285 1
U, SL A GA TE I AE ) o0 F 7 A7 AE A2 X H.
B, GA iI LU i SL 115 557 5. k4, GA-100
T SEVE K 55 TR A U 4538 2 (KEGG 43T, 1t B
TR GA B AT [ 12 1 A 26 DR 1 PR A K Ty
1] 43 B o

W78 R I, CmBRCL JE K KA B 1E GA; WbFE R
FRek N, H B A R AR 1 a3, 3 — B E s
HAE A B ol 7 1 EZAEH X5 Agui-
lar-Martinez 740 Fd 7+ F1 Wang 550975 B I (1) i
F— 8, UESL BRCL 1E NHEA 2 Bl 5 18 2% 1) 70 B
MK A S 5 2 R B BEsl . B4k, o 25
R IALL R T I AL 4 2R IR T LAS ] DA 3 I %
MIE K. M5 Lo ZEM7E /K Hh 4R IE ) GA Hlidil 7
450 A F], HA 7T R B GA Wl ik DELLA &
1 SLR1 (1 F#f# , 53507 BE s

ARG A PR A s 4 ) gPCR BR1IE, &
G b ) B 1S TRV S 7 B 25 (G A XTI A A K
KERI . 25 LKW, KK E GA:(50 mg-L™)
WIS EOER RS R EYE RS S E %, U

[ {1 200 25 5 K 5 1 i GAG(100 mg - L) Bk
FUAR 300 A A, B AT g RS 5 0 5 AR i 35 L
S B R A% . o, CmBRC1. CmDELLA
CmGID1 &5 JE PR fE AN [ R FE N 20 H 2 R
K, HE 2R S GA T I AN [R] 7K T 1 1 45 W 4% 5
LI 53 = I S o N | S 1]\ S R E RN
(I8 A% 1 5 7 B F AR AR P2 P I N F SR A T S
WA .
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