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Identification and Analysis of Cucumber CsTONI Gene
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CHANG Jing-shu', ZHAO Li-li', REN Zhong-hai'", WANG Li-na"
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Abstract: Cucumber, as a widely cultivated vegetable crop globally, holds an important position not only in the field of diet
but also becomes one of the hotspots in agricultural research due to its unique growth characteristics and rich nutritional
value. TON1 (TONNEAUI) is a critical cytoskeleton-associated protein that plays a central role in determining the cell
division plane, morphogenesis, and regulating the organ size and shape. However, the function of its homolog, CsTON! in
cucumber remains largely unknown. This study This study identifies and analyzes the cucumber CsTONI1 gene, revealing
that there is only one CsTONI1 gene in cucumber, located on chromosome 5; the gene possesses a genomic sequence of 6
989 bp, with a coding sequence (CDS) of 798 bp that is organized into 8 exons. The CsTON1 protein is composed of 265
amino acid residues with a molecular weight of approximately 29.7 kDa. Bioinformatics analysis reveals that the CsTON1
protein has an unstable structure, contains multiple phosphorylation sites, and random coils dominate its secondary structure.
Phylogenetic tree and multiple sequence alignment analyses indicate that CsSTON1 is most closely related to Bh-TON1 from
Benincasa hispida and most distantly related to PpTON1 from Physcomitrella patens. CsTON1 is highly conserved,
harboring eight conserved motifs (M1-M8) and three conserved domains, namely TOF, LisH, and PLL. RNA-seq and
qRT-PCR results demonstrate that CsTONI is ubiquitously expressed in all cucumber tissues, with the highest expression

level in the fruit. Furthermore, CsTONI responds to salt stress and high temperature stress, as well as infections by
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powdery mildew and downy mildew pathogens. The findings of this study provide a reference basis for further functional

analysis of the CSTON1 gene in cucumber.

Keywords: Cucumber; TONI gene; bioinformatics analysis; abiotic stress; biotic stress
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Fig. 1 Gene structure analysis of cucumber CsTON1
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Table 1 Identification and physicochemical properties of cucumber CsTON1
UARGRE N DA CDSKJE SHERRICE Tk ity =g i RERE
B BRT LR , ST o TR
Chromosomal Amino Molecular Aliphatic o
Gene 1D Gene length p Instability
location length length weight index )
index
CsTON1  CsaV3_5G026080 5 6989 265 29698.11  5.68 68.87 54.26

CsTON1 H1 20 Fha LR AL Bl Horbr, AR
o & A (Leu, 11.7%) 5 k2 22 & 8 (Ser,
11.3%) FE R R (Arg, 9.1%) 5 2K LR R & & ;e ik
(Cys, 1.1%) , KA &2 (Phe) Fl & B2 (Trp) ¥ N
1.5% (& 2) o IX Pl 2 5 R 20 A A5 X T 5% il
CsTONI £ 451 5 e, N e SR D Re it 7o 4
T S A

*2CSTONI EENEEBRSE
Table 2 Amino acid content of CsTON1 protein

HIERR 45 Kkt JEIKH 43 He/%
Amino acid  Abbreviation Number Mol
Ala A 16 6.0
Arg R 24 9.1
Asn N 12 4.5
Asp D 21 7.9
Cys C 3 1.1
Gln Q 6 2.3
Glu E 22 8.3
Gly G 21 7.9
His H 5 1.9
Ile I 5 1.9
Leu L 31 11.7
Lys K 14 53
Met M 3.4
Phe F 4 1.5
Pro P 12 4.5
Ser S 30 11.3
Thr T 10 3.8
Trp \ 4 1.5
Val v 34
Tyr Y 7 2.6
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Fig. 2 Analysis of evolutionary relationships of TON1 proteins in different species
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Table 3 Secondary structure analysis of CsTON1

protein
e |
CsTONI1
Secondary structure
a-BRE
32.08%
Alpha helix
p-IrE
0.00%
Beta turn
JEHLIE
66.42%
Random coil
T
1.51%

Extended strand
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PpTONI X &H MI-M3 57 (4.

H DNAMAN % ff Xf /N 57 fi &%
(Physcomitrella patens) ~ R 7 (Ginkgo biloba) -

3 CsTON1 ZE B = REEHTUNREY
Fig. 3 Tertiary structure prediction model of CsTON1
protein
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#®oOM
lycopersicum) « K [ 3¢ (Brassica rapa) « ¥ JR
(Cucumis sativus) « #{ft JX (Cucumis melo) « P4 JK
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% JK (Benincasa hispida) J% Vi & 7 (Cu curbita
pepo) X 14N AN[F W) Fi 1) 28 B R 7 A1 kAT LLXT
45 KW TON1 & A e R s B AR 1, B
B =AM G5 K18, - TOF 45 #4358 . LisH 45 /4 5 Fl
PLL Z5#43 (F& 5) . X 15 W] TON1 7E#EAL 1 72
e BEORST , HANFEP M o i TONT 8 B A R B A
FRAL A2 D e
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Fig. 4 Analysis of conserved motifs of TON1 in different species
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B FRLL T OKDSWKS LKEESIS.E: 118
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BrTON1 P 1 SS.N 118
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Fig. 5 Analysis of conserved domains of TON1 protein
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Fig. 6 Phosphorylation site prediction of CsTON1 protein
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Fig. 7 Analysis of cis-acting elements in the promoter of CsTON1
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Fig. 9 Expression patterns of CsTONI gene in response to abiotic stresses
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