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Transcriptome Analysis of the Netted Mutant in Watermelon

WANG Zhigiang, DU Huiying, LI Cheng,GUO Song, TIAN Mei, YANG Wanbang, YU Rong
(Institute of Horticulture, Ningxia Academy of Agriculture and Forestry Sciences , Yinchuan 750002)

Abstract: In order to explore the genetic basis of netted rind in watermelon, segregated population was
constructed by hybridization between the inbred line (TD) that with striped rind and the mutant line (WT) that
with netted rind. The segregation patterns in F,, BC,P, and BC,P, populations showed that the striped rind is
controlled by a single dominant gene. Transcriptome sequencing and differential expression analysis were
conducted for TD and WT rind at different developmental stages. A total of 57 differentially expressed genes
(DEGs) were identified between the two genotypes, primarily enriched in seven metabolic pathways, including
photosynthesis, alkaloid biosynthesis, and amino acid metabolism. Further exploration of hub genes through
weighted gene co-expression network analysis (WGCNA) revealed those related to biotic stress resistance in the
netted mutant. Key genes encoding CIGS, cystatin 5, UDP-glucosyltransferase, vinorine synthase, and
chlorophyll a-b binding protein were identified as potential determinants of the netted rind. qRT-PCR was applied
to validate partial DEGs. This study provides new germplasm resources for watermelon breeding with various
rind patterns, and offers a theoretical basis for elucidating the molecular regulatory mechanisms underlying the
formation of the rind patterns in watermelon.
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Table 1 Primer information in this study

B IR
HL7E 2 IFAI(5-3) )
Primer name primer sequence(5-3")
™
Actin-F GTCACACCCTGGGAATTG 60
Actin-R CGCCAATAAGACCACCAA

Cla97C06G126770-F  TTCCAGTTACGGTCACAGA 60

Cla97C06G126770-R ~ TGATAAGCACGGACAGACT
Cla97C06G127330-F CGTACAAGAATGTGGTGGTT 60
Cla97C06G127330-R  TCAGAATCTCGTTGGAAGGA
Cla97C06G122150-F  AGTCTCCACTAACCTCCAA 60
Cla97C06G122150-R  TTCATTCACTACGCCCAAA
Cla97C11G213310-F  TAGAGGATTGGGAGGGAAAT 60
Cla97C11G213310-R  CACCCGAAATCGTTCTCATA
CA97C08G154390-F GCGGAAGCATTTGGATTG 60

CA97C08G154390-R  TTCGGTGACAGGCAATAG

1 MERETEWT(E)AFLEZRETD(H)
AT EE
Fig1 Comparison between netted mutant watermelon
WT (left) and striped inbred line watermelon TD (right)
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A: RNA processing and modification [0~0%]
B: Chromatin structure and dynamics [2~0.23%]

C: Energy production and conversion [30~3.49%]

D: Cell cycle control, cell division, chromosome partitioning [21~2.44%]

E: Amino acid transport and metabolism [51~5.94%]

F: Nucleotide transport and metabolism [10~1.16%]

G: Carbohydrate transport and metabolism [103~11.99%]

H: Coenzyme transport and metabolism [34~3.96%]

I: Lipid transport and metabolism [72~8.38%]

J: Translation, ribosomal structure and biogenesis [32~3.73%]

K: Transcription [10~1.16%]

L: Replication, recombination and repair [14~1.63%]

M: Cell wallimembrane/envelope biogenesis [78~9.08%]

N: Cell motiity [14~1.63%]

0 Postiranslational modification, protein turnover, chaperones [65~7.57%]
P: Inorganic ion transport and metabolism [33~3.84%]

Q: Secondary metabolites biosynthesis, transport and catabolism [57~6.64%]
R: General function prediction only [85~9.9%]

S: Function unknown [12~1.4%]

T: Signal transduction mechanisms [88~10.24%]

U: Intracellular trafficking, secretion, and vesicular transport [6~0.7%]

V: Defense mechanisms [38~4.42%]

W Extracellular structures [1~0.12%]

X: Mobilome: prophages, transposons [0~0%]

Y: Nuclear structure [0~0%]

........................ z.0 [3~0.35%]
ABCDEFGHI JKLMNOPQRSTUVWXYZ
s
Function class
C 10, WEm EREEEE DEGs L1670 D
W PR All genes 16729
| Valine, leucine and isoleucine degradation .
J | Phenylpropanoid biosynthesis [ ]
9 167 b B
810 £ Y Steroid biosynthesis
5 111 1672 ]
e, ‘ o % Plant hormone signal transduction
2% | bai
K 9 I ‘ | § 2 Pentose and glucuronate interconversions { L]
e . 2 g value
g , i i “ 6 HE Plant-pathogen interaction 1,00
é | | 167 & Propanoate metabolism
1 0.75
| Stilbenoid, diarylheptanoid and gingerol biosynthesis { .
0.50
‘ Flavonoid biosynthesis o
1
o The Phagosome | . 0i25
Amino sugar and nucleotide sugar metabolism [ 0
. . 258
Inositol hate metabol .
Inositol phosphate metabolism o
MAPK signaling pathway - plant { @ ® 20
Circadian rhythm - plant . P
alpha-Linolenic acid metabolism . ® 0
Starch and sucrose metabolism { @
Glutathione metabolism .
Glycine, serine and threonine metabolism .
Benzoxazinoid biosynthesis {
Fructose and mannose metabolism .
12 16 20 24
AT
":#1°%1.1 74 Biological process 4211/ Cellular component 75710 Molecular function Rich_factor

AR T W B2e kN 35 UK B BT R B W B 22 e B B R Y COG TERE C: BT R A W Bk 22 e B BE IR ) GO 15
D Py R 17 B Be 22 5 R IS NI KEGG B 46
A':Venn diagram of DEGs at different developmental stages; B: COG annotation of all DEGs across developmental stages; C: GO annotation of all

DEGs across developmental stages; D:KEGG enrichment analysis of all DEGs across developmental stages
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Fig. 2 Statistical analysis and functional annotation of DEGs related to fruit development
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A: RNA processing and modification [0~0%]
B: Chromatin structure and dynamics [0~0%]

D: Cell cycle control, cell
E: Amino acid transport a
F: Nucleotide transport and metabolism [0~0%]

3 G: Carbohydrate transport and metabolism [3~18.75%

H: Coenzyme transport and metabolism [1~6.25%]

I: Lipid transport and metabolism [2~12.5%]

J: Translation, ribosomal structure and biogenesis [0~0%]

K: Transcription [0~0%]

L: Replication, recombination and repair [0~0%]

M: Cell wallimembranefenvelope biogenesis [0~0%]

N: Cell motilty (0~0%]

O Posttransiational modification, protein turnover, chaperones [2~12.5%]
P: Inorganic ion transport and metabolism [0~0%]

Q: Secondary metabolites biosynthesis, transport and catabolism [4~25%]
R: General function prediction only [1~6.25%]

S: Function unknown [0~0%]

T: Signal transduction mechanisms [1~6.25%]

U: Intracellular trafficking, secretion, and vesicular transport [0~0%]

V: Defense mechanisms [0~0%]

W: Extracellular structures [0~0%]

X: Mobilome: prophages, transposons [0~0%]

partitioning [0~0%]

7
Frequency

Y: Nuclear structure [0~0%]

........... A o e Y A 2: Cytoskeleton [0~0%]
ABCDEFGHIJKLMNOPQRSTUVWXYZ
SfEs%
Function class
Photosynthesis - antenna proteins [ ]
beta-Alanine metabolism [ ]
Isoquinoline alkaloid biosynthesis 1 [ ) qfE
Tropane, piperidine and pyridine alkaloid biosynthesis { ® q value
1.00
Phenylalanine metabolism o

Tyrosine metabolism o 0.75
Glycine, serine and threonine metabolism o 0.50
Arginine biosynthesis | . 0.25

itol (GPl)}-anchor bi i . 0

Pentose phosphate pathway 1
5 1E:
Carotenoid biosynthesis { Count
Alanine, asparate and glutamate metabolism . . 1.00
Fructose and mannose metabolism . ® 125
Cyanoamino acid metabolism - ® 150
Glycolysis / Gluconeogenesis |+ @ 175
Amino sugar and nucleotide sugar metabolism @ 200
Biosynthesis of amino acids{ -
Starch and sucrose metabolism { -
Plant hormone signal transduction { -
o 20 40 60
WERT
Rich_factor

AR 2E 5020 22 e Rk B R o LR B 22 5 RIKFEI A COG IR ; C: 22 Rk FE N ) GO TERE s D 22 57 3R IAFEIH 1 KEGG £
A': Venn plots of different subgroups of DEGs; B:COG annotation of DEGs; C:GO annotation of DEGs; D: The KEGG enrichment of DEGs
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Fig. 3 Statistical analysis and functional annotation of DEGs related with stripe
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