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Transcriptomic and metabolomic analysis of the effects of grafting stocks

on the quality of greenhouse watermelon

YANG Wanbang', WANG Xiaoyuan®, YU Rong', GUO Song', YUE Zhen', DU Huiying', TIAN Mei'

(1. Research Institute of Horticulture, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750002, Ningxia, China;
2. Ningxia Hui Autonomous Region Agricultural Technology Extension General Station, Yinchuan 750001, Ningxia, China)

Abstract: To clarify the effects of different types of rootstocks on the quality of watermelon cultivated in greenhouse and
screen suitable rootstocks for watermelon cultivation in Ningxia facilities, Ningmei 2 (NM2) watermelon was used as
scion, and Ningzhen 2 (pumpkin, NZ2), Qianggen (gourd, QG), Ningzhen 3 (wild watermelon, NZ)as rootstocks, to in-
vestigate post-grafting changes in watermelon quality. By combining transcriptomic and metabolomic analyses, the in-
fluence of the three rootstock types on watermelon quality was compared. The results showed that different rootstock
types significantly affected gene expression, physiological and biochemical properties, and fruit quality of watermelon cul-
tivated in greenhouse. Among them, NZ2 grafting increased the central soluble solids content by 0.2 percentage points,
and the vitamin C content by 2.7%. It also significantly influenced protein processing pathways, potentially enhancing
quality by bolstering natural defense mechanisms. QG grafting had the most significant influence on gene expression and
metabolite changes but resulted in slightly inferior fruit quality. NZ3 grafted watermelon exhibited the highest crude fiber
content, 65.79% higher than that of NM2. The application of transcriptomic and metabolomic techniques to study the
changes of fruit quality after grafting provides a theoretical basis for scientific screening of rootstocks and improving the
quality of grafted watermelon. Through comprehensive analysis, the pumpkin rootstock NZ2 was considered as a suitable
rootstock variety.

Key words: Watermelon; Grafting rootstock; Transcriptome; Metabolome; Quality
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Pumpkin-type rootstock Ningzhen 2 (NZ2) White-seed pumpkin, hybrid Research Institute of Horticulture, Ningxia
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Academy of Agriculture and Forestry Sciences
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Fig. 1 The impact of different rootstock grafting on watermelon fruit quality
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Fig. 2 Transcriptomic analysis of gene expression differences in watermelon fruit following grafting with various rootstocks

.19.



X ISR 5T

ox

LG

38 %

A

KEGG pathway enrichment

DNA replication

Ubiquinone and other terpenoid-quinone biosynthesis{
Amino sugar and nucleotide sugar metabolism{ «
Phenylalanine metabolism{

Arginine biosynthesis

SNARE interactions in vesicular transport.

Cysteine and methionine metabolism |

ABC transporters

Butanoate metabolism{

Glutathione metabolism:

Pathway

Flavonoid biosynthesis

Phagosome

Pentose and glucuronate interconversions;
Alanine, aspartate and glutamate metabolismy
Biosynthesis of various secondary metabolites-part3:
Nitrogen metabolism;

Diterpenoid biosynthesis:
Photosynthesis - antenna proteins

Phenylpropanoid biosynthesis.

Protein processing in endoplasmic reticulum

B

0.05

Rich

KEGG pathway enrichment

0.10

Valine, leucine and isoleucine degradation
Fatty acid degradation

Alpha-Linolenic acid metabolism
Phenylalanine metabolism

N-Glycan biosynthesis

Fatty acid biosynthesis

Phenylpropanoid biosynthesis{ o

Pentose and glucuronate interconversions{ o
Propanoate metabolism

ABC transporters

Pathway

Steroid biosynthesis

Diterpenoid biosynthesis

Thiamine metabolism

Biosynthesis of unsaturated fatty acids
Photosynthesis - antenna proteins
Selenocompound metabolism
Monobactam biosynthesis

Terpenoid backbone biosynthesis

Sulfur metabolism

Plant hormone signal transduction [ J

0.025

C

0.050

0.075
Rich
KEGG pathway enrichment

0.100

0.125

Valine, leucine and isoleucine degradation
Fatty acid degradation

alpha-Linolenic acid metabolism
Phenylalanine metabolism

N-Glycan biosynthesis |

Fatty acid biosynthesis

Phenylpropanoid biosynthesis{ o

Pentose and glucuronate interconversions{ o
Propanoate metabolism

ABC transporters.

Pathway

Steroid biosynthesis {

Diterpenoid biosynthesis

Thiamine metabolism

Biosynthesis of unsaturated fatty acids
Photosynthesis - antenna proteins
Selenocompound metabolism
Monobactam biosynthesis.

Terpenoid backbane biosynthesis.
Sulfur metabolism

Plant hormone signal transduction o

0.025

0.050

0.075
Rich

0.100

0.125

Ioioo

Oxidoreductase activity, acting on peroxide as acc-

GO enrichment

Cellular oxidant detoxification
Antioxidant activity-

Cofactor catabolic process:

Catabolic process; @

Response to oxidative stress.

Response to chemical; @

Structural constituent of cell wall

Carbohydrate metabolic process{ @

Term

Cofactor binding{ ®
Hydrogen peroxide metabolic process

Antibiotic catabolic process-

Cellular catabolic process! @

Hydrogen peroxide catabolic process:

Peroxidase activity:
Tetrapyrrole binding
Response to toxic substance]
Antibiotic metabolic process-

Drug metabolic process

Drug catabolic process:

FDR
w100
0.75

0.50
0.25
0.00
Number
e 5
®10

oI5
020

0.05 0.10 0.15
Rich

GO enrichment

0.20

0.25

Regulatory region nucleic acid binding.
Transcription regulatory region sequence-specific
Microtubule cytoskeleton

Chaperone binding

Endonuclease activity, active with either ribo- or
Transmembrane transport

Ribonuclease T2 activity
Endoribonucleaseactivity, producing3'-phosphomon
Positive regulation of transcription by RNA polyme
Voltage-gated calcium ahannel activity
Urcidoglycclate hydrolasc activity:

DNA catabolic process, endonucleolytic
Voltage-gated cation channel activity

Metal ion transport

Microtubule-based movement

Movement of cell or subcellular component:
Cellular response to auxin stimulus
Auxin-activated signaling pathway

Voltage-gated channel activity

Voltage-gated ion channel activity

FDR
w 1.00

Number
.y
L
o2
06

0.00

0.25 0.50

Rich

0.75

GO enrichment

1.00

Response to hormone

Response to organic substance

Polyamine biosynthetic process:
Polyamine metabolic process

DNA replication initiation:

DNA binding

Amine metabolic process

Cellular amine metabolic process:

Cellular biogenic amine metabolic process
Transferase activity, transferring nitrogenous gro
Transaminase activity

Talcium ion binding

Response to chemical |

Transmembrane transport:
Sequence-specific DNA binding
Membrane

Cellular response to phosphate starvation:
Response to drug

Integral component of membrane

Intrinsic component of membrane:

FDR
o 1.00
0.75

0.50
0.25
0.00

Number

0.1 0.2 0.3

Rich

0.4 0.5

AL B AR (NZ2)vs H I FVERINM2) : B. BFAERUAE A (NZ3)vs HIEHEPEININM2) ; C. #7 BUAG A (QGIvs H 4T ININM2)
Note: A. Pumpkin-type rootstock (NZ2) vs Self-grafted watermelon (NM2); B. Wild-type rootstock (NZ3) vs Self-grafted watermelon (NM2);
C. Gourd-type rootstock (QG) vs Self-grafted watermelon(NM2).
3 TEMAFERANINGEREE KEGG BEESEESFM GO IEEN T

Fig. 3 Differential KEGG pathway enrichment and GO functional analysis of functional genes in watermelon after

« 20 -

grafting with different rootstocks



%8 Wi I8, 58 SRR AN Vit PG I it 5 5 ) 14 4 3 21 2 5 AR A 2 2

X B&HF 5T

A B Volcano plot
Statistic of differently expressed metabolite 4
Regulation 3
~
NZ2 vs NM2 BUp o
'Down = 9
= 1.3 7-Trimethyluric acid
S 3 "
S
< 2 oo
g | e
—
20 40 60 [ ..9
Metabolite count
c 1
Group
15 l NZ2 [ ]
ey mams o smanoy ssswoquone |10 M N »
U e s
aloha hydrorymlhyt ergosta 7 24(241) ien-Jbsta-ol 0.0
Uittty o 0) -0.3
e I*l.O
-1.5 0
-5 0 5 10
*logz (FC)
D
35 eyt 2 gL st Pathways in cancer .
ey
oserin 3 ghcosy (152} galacosido Cysteine and methionine metabolism: ®
ol s
e Regulation of lipolysis in adipocytes- .
Phenylalanine metabolism ]
Cell cycle- yeast .
Valine, leucine and isoleucine biosynthesis{
e eyt Styrene degradation .
146 iano-3,17-dono cAMP signaling pathway{
Human papillomavirus infection
e e ey nosamine
Renal cell carcinoma .
Hydrory-1(3pyridiny)-1 butanone Rheumatoid arthritis .
i
. e 2 ceoniae Prion disease .
5 Do many 3 uany) ehanetionte
B e y mediator lation of TRP channels! o
g;‘%‘x:wm,wzmww aner C5-Branched dibasic acid metabolism .
e i Bacterial chemotaxis
NOD-like receptor signaling pathway
Leishmaniasis | 3
Human cytomegalovirus infection] 3
215 done Glutathione metabolism{ @
Xylene degradation .
0.1 0.2 0.3 0.4 0.5
Impact
257 Dy 2.6 ciadeny-3 a1 aphbouinons
@ - q T 9@ @
4 4 Q o (=] (=]
S8 8 2 2 2
Z % 2z z z z Corticosterone
E

Cswc\e -yeast

Phosphate

5-Methyithioadenosine

Homocysteine

® L-C‘stalhionine
Cysteine and me(h.nelabolrsm

2-Ketobutyric acid

Valine, leucine and iso@\e biosynthesis

D-Citramalate

Regulation of lipoly’ adipocytes

Human papillomayjgs infection

Prostaglandin E2

Pathways m.r

Malic acid

Renal cell carcinoma

3-Hydroxyoctanoic acid

cAMPQ)Iing pathway

size
@ !
0:
L B
47Hy.droxynonenal
. 4

Log:(FC)
|
1

0

-1
Styvigradation l =2

Oxopent-4-enoate

Phenylacetaldehyde

Phenylalanine‘leism

D-Phenyllactic acid

Regulation

p value
0.02
0.04
0.06

Hits
-1

(1 X]
PN

A ZR RSB, Z AR KL &L C. 22 AR IR D. 22 3 I I & 45007 s E. 22 53 3 A QI % 109 2% )«
Note: A. Statistics of differentially expressed metabolites; B. Volcano plot of differentially expressed metabolites; C. Heatmap of differentially

expressed metabolites; D. Metabolic pathway enrichment analysis of differentially expressed metabolites; E. Metabolic pathway network of differen-

tially expressed metabolites.
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Fig. 4 Effects of pumpkin-type rootstock (NZ2) grafting on watermelon metabolite expression
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Fig. 5 Effects of wild-type rootstock (NZ3) grafting on watermelon metabolite expression
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Fig. 6 Effects of gourd-type rootstock (QG) grafting on watermelon metabolite expression
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