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Genetic law and metabolomic analysis of long- and short-vine traits in

Cucurbita moschata

GUO Ming', CHENG Wenjie', DAI Sihui"?, HE Changzheng"’, TANG Binggian"*

(1. College of Horticulture, Hunan Agricultural University, Changsha 410128, Hunan, China; 2. Yuelushan Laboratory, Changsha
410082, Hunan, China)

Abstract: To elucidate the genetic and metabolic mechanisms underlying the differentiation of vine length traits in Chi-
nese pumpkin (Cucurbita moschata), this study utilized homozygous short vine and long vine inbred lines to construct an
F, segregating population. Field phenotypic analysis revealed that the segregation ratio of short vine to long vine plants in
F, population fita 3:1 (3* = 0.098 1, P=0.754), suggesting that the short vine trait may be controlled by a single dominant
nuclear gene. Morphologically, short vine materials were characterized by significantly shortened internodes, fewer
nodes, increased stem diameter and distorted main vine, whereas long vine materials exhibited longer internodes and a
greater number of nodes. Based on LC-MS / MS metabolomics analysis, a total of 1116 metabolites were identified at the
vine stage. A total of 297 differential metabolites were obtained by preliminary screening, 30 metabolites of which
showed highly significant difference between the two vine materials. The up-regulated metabolites were mainly organic
acids and their derivatives, along with organic oxygen compounds, while down-regulated metabolism were predominantly
phenylpropanoids, polyketides, and organic oxygen compounds. KEGG enrichment analysis indicated that the differential
accumulated metabolites were significantly enriched in metabolic pathways, including glycerophospholipid metabolism,
ABC transporter, plant secondary metabolite biosynthesis and amino acid biosynthesis. Notably, glycerophospholipid me-
tabolism and endogenous cannabinoid signal transduction may play a key role in the formation of different vine types. In
conclusion, the short vine trait of C. moschata is controlled by a single dominant nuclear gene, and its formation is closely
related to pathways such as glycerophospholipid metabolism and endogenous cannabinoid signal transduction. This trait

manifests as a resource reallocation pattern centered on “growth-defense”, characterized by enhanced cell wall thickening
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and secondary metabolism. These findings provide important targets and a theoretical basis for molecular breeding of

pumpkin short vine varieties.

Key words: Cucurbita moschata; Short vine; Vine trait; Genetic law; Metabolomics
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Note: A, C, E represents the phenotype of long vine material after planting 14, 30, 50 days, respectively; B, D, F represents the phenotype of
short vine material after planting 14, 30, 50 days, respectively; G, H represents the top and base internode of long vine material after planting 50
days, respectively; I represents the whole plant internode of short vine material after planting 50 days.

1 KEMEESRIAHREER

Fig. 1 Phenotype traits of long vine and short vine C. moschata
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Fig. 9 The heatmap of differential metabolites
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Table 3 Screening of differential metabolites
. N CHE

s W% e S

Name First-level classification of substances Formula  Fold change trends

4-O- M I 4 %7 5 PR R TR RN Py CisHisOs 436 1.96 ki Up

4-0O-Glucopyranosyl cinnamate Lipids and lipid-like molecules

# 5. m-Coumaric acid ENUEE VI HITES C,H;0; 5.42 2.10 ki Up
Phenylpropanoids and polyketides

A 53 %8 His Leu AR AT CHyN,O; 247 1.15 3 Up
Organic acids and derivatives

Fi[ 32 4% Ferulic acid HHUR L HATA) CoH,O,  4.80 1.86 i Up
Organic acids and derivatives

2-THil& 2-Propenoic acid HHLAID Organic oxygen compounds  CieHxQy  13.37 2,62 LA Up

2-FRdE-3-(2-FR L BRI P FEIESF CHO, 259 1.53 b Up

2-Hydroxy-3-(2-hydroxyacetoxy)propyl palmitate Lipids and lipid-like molecules

D-#H% % D-Histidine A IR B H AT CHN;0,  3.09 1.66 i Up
Organic acids and derivatives

L-FEA R L-Arginine HHUR & HATA) CH.N,O. 9.33 244 FiH Up
Organic acids and derivatives

A WEE Xylitol HHLAAD Organic oxygen compounds  CsH,Os  13.26 2.55 LA Up

L-R AP L-Asparagine BHUR & FHATAE) CHN,O; 13.71 2.61 i Up
Organic acids and derivatives

SRR Allantoic acid AHER B AT CHN,O;  16.95 272 i Up
Organic acids and derivatives

2- Z B B -2 Jii S - D- A Bl B AHLEAN) CHN.Os 243 1.15 Ll Up

2-Acetamido-2-Deoxy-f-D-glucosylamine Organic oxygen compounds

SIFE I Allothreonine AR S AT CHNO;  6.49 2.14 i Up
Organic acids and derivatives

D-1E4% % D-Norvaline HHUR K HATA) CH,NO, 487 198 i Up
Organic acids and derivatives

7-=J5-11,12,14- =% 7-Drimene-11,12,14-triol HHEM CisH:0:  9.88 242 i Up
Organic oxygen compounds

R Lt 4§}z Abiraterone i EESIESip C.H,NO 247 1.50 L Up
Lipids and lipid-like molecules

2-C1-CRIF[d][1,3] = % -5- 1 3 ) -2- ¥4 Jk-5- 4 AR AL AEY) CH,N,O5  7.95 225 LiEUp

4.5 - TH-WEME-4-5) -N-((1- B JE-TH-E g -2-52) Organic heterocyclic compounds

3D 2 Ik

2-(1-(Benzo[d][1,3]dioxol-5-ylmethyl)-2-hydroxy-5-

0x0-4,5-dihydro-1H-imidazol-4-y1)-N-((1-methyl-1H-

pyrrol-2-yDmethyDacetamide

beta-D-ML IR # ST, 6-[[G-Mi4A-3-0-[(2E)-3-(3.4- EE I HIGES CyHo0; 039 1.57 "Niff Down

TR EIRED - 1- AR -2-TA M- 1- 2L ] -alpha-L- ML TR Phenylpropanoids and polyketides

H b5 3E]-1a,1b,2,52,6,6a- 75 A~ 1a- (52 F ) 4840

(4.5 R IF[12-c]mt g -2-5)

beta-D-Glucopyranoside, 6-[[6-deoxy-3-O-[(2E)-3-

(3,4-dimethoxyphenyl)-1-ox0-2-propen-1-yl]-alpha-L-

mannopyranosyl]oxy]-1a,1b,2,5a,6,6a-hexahydro-1a-

(hydroxymethyl)oxireno[4,5]cyclopenta[1,2-c]pyran-2-yl

N-fidE 2% AEG(0-16:216:0) FEIESIF CsHeNO,  0.52 128 T Down
Lipids and lipid-like molecules

DH)-FA=HE D(+)-Melezitose HHLEAY) Organic oxygen compounds  CisHiOs  0.26 1.82 N Down

R IR 2% TR Trp Ser Tyr HHLEAY) Organic oxygen compounds  CHxN.Os  0.23 1.91 N Down

5-O- 3 245 B o] K e NSy ik e CxHx00  0.16 2.14 ki Up

5-O-Methylvisammioside Phenylpropanoids and polyketides

O-HIHE 2575 2 A O-Methylaloeresin A HHLAAD) Organic oxygen compounds  CuHiOn 021 1.06 T Down
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Table 3 (Continued)

. o Rt
HFR M — 22k R EREH VIP Metabolic
Name First-level classification of substances Formula  Fold change trends
¥4 = F Gal(alphal-6)Glc(alphal-2beta) Fruf HHLAAD Organic oxygen compounds  CisH»O,s 023 1.91 Fil Down
2-&@%?[1%% ﬁﬁ%‘%%*”%ﬁ@% C3H3:046 0.07 2.60 Tlﬁﬂ Down
2-Acetylacteoside Phenylpropanoids and polyketides
2-(4-HHEIRHD) 25 AR 2.3 3-[(3,4- “HAA R ED At KA ) Benzenoids CsHyNO, 0.55 1.26 i Down
SRR R
2- (4-Methylphenyl) -2-oxoethyl 3-[(3,4-dimethoxyphenyl)
carbonylamino]benzoate
3-(4-FRFEHHL)-3- AN 2E beta-D-ME I HI G HE T IEESIEN Vi CiHxOs 028 1.80 "Nl Down
3-(4-HydroxyphenyD)-3-oxopropyl beta-D-glucopyranoside Lipids and lipid-like molecules
BREFEMI C eI GBS CoHxN:0y 0.26 1.86 T Down
Trichodermamide C Phenylpropanoids and polyketides
/kﬁ*’ﬁ/k{:l\#% 'ﬁ’iﬂ’f\’f’t{:}% CyHi 0y 0.12 0.23 ‘Flﬁ] Down
Stachyose hydrate Organic oxygen compounds
R ARBEZRE HARMER ISR EY CsH»Ois 0.08 2.60 i Down
Occidentoside Lignans, neolignans and related compounds

fuZE 4 F] ko04148 Efferocytosis

[ W35 - HoAth 22780 k004136 Autophagy-other|
[ I - % B ko04138 Autophagy-yeast;

H 6% -2 4 ko04140 Autophagy-animal

[) 3% 3% ko04540 Gap junction

AL F2 Cellular processes

ABC #1325 1 k002010 ABC transporters

#1515 5 1@ % ko04071 Sphingolipid signaling pathway[ 1«

T HE I D {5 5l % ko04072 Phospholipase D signaling pathway[ls

cAMP {55 i % ko04024 cAMP signaling pathway/|?

T2 T PR I AR - 52 A4 AH HLVE ] k004080 Neuroactive ligand-receptor interaction[l®

9

5% {5 B AL 2E Environmental information processing

Z I -RNA W) 4 i ko00970 Aminoacyl-tRNA biosynthesis[Ts
i 1 4k 22 45 ko04122 Sulfur relay system):

HEAE B AL EE Genetic information processing

AR % ko01100 Metabolic pathways
WHAREI I £ B ko01110 Biosynthesis of secondary metabolites
H- il i A% 1 ko00564 Glycerophospholipid metabolism

AR RS A= 08 ko0 1120 Microbial metabolism in diverse environments
TR AR 1 4 4 5 B ko01060 Biosynthesis of plant secondary metabolites

9

10

10

R4 Metabolism

AT PRI K K {5 5 1% 5 ko04723 Retrograde endocannabinoid signaling[ s
B 46 5 001 ko04974 Protein digestion and absorption| s

e W Ak 5 9 IR ko04975 Fat digestion and absorption|

% L% RE 23 fitl ko04728 Dopaminergic synapsel =

HE s 41t = BB A FE (998 55 k004923 Regulation of lipolysis in adipocytes| =

A HL A S Organismal systems

0

20

40 80

FE# H Gene number

E 10 KEGG ERMERN GBI
Fig. 10 Differential metabolic pathways of KEGG annotation
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