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Abstract

Tomato is an important economic crop with nutritional and scientific value for study. Due to its
agronomic importance and the sensitivity to biotic and abiotic stresses, using new methods in breeding
this crop is necessary. In this study, the effects of some factors, such as pre-cultivation time (1, 2, 3 and 4
days), Agrobacterium concentration (OD6¢onm = 0.4, 0.6, 0.8, and 1), inoculation time (5, 10, 15 and 20
minutes), Acetosyringone concentration (0, 100, 150, and 200 uM), co-cultivation period (1, 2, 3 and 4
days) and different concentrations of the kanamycin (5, 10, 15 and 20 mg/l) on the transformation of a
local cultivar of tomato called Bonab, were evaluated. The maximum transformation efficiency was
obtained at the ODegoo= 0.6. Also, the highest transgenic plants were obtained in the 10 minutes of
inoculation and 2 days of co-cultivation. The presence of Acetosyringone had an increasing effect on the
tomato transformation, and the highest percentage of transformation was obtained at 150 M of
Acetosyringone. Finally, the presence of a Chitinase gene in the probable transgenic plants was confirmed
by PCR. The optimal conditions that were obtained in this study can be used to transfer target genes to
this tomato cultivar.
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Table 1. Compounds used in the culture medium

RTM RM CM PM GM
MS + + + + +
Sacaros (g/l) 30 30 30 30 30
Agar (g/l) 7 7 7 7 7
pH 5.6-5.8 5.6-5.8 6.5-5.8 5.6-5.8 5.6-5.8
acetosyringone (uM) - - 150 - -
BAP (mg/l) - 2 2 2 -
IAA (mg/l) 0.2 0.2 0.2 0.2 -
Cefotaxime (mg/l) 150 200 - - _
Kanamycin (mg/l) 10 10 - - _

Table 2. Primers used in this study
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Primer sequences Primers name
5’-GCTCTAGAGCTACGACGACAGCCAGC-3* | FchBD1
5’-GCTCTAGATTACGCCAGGCGGCCCAC-3’ RchBD
5’-GCGAACAGTTCATACAGAGTCT-3’ 35S
5’-CGCCTCCGTTGATATAAGCC-3’ CHIT42R
5’-ATGATTGTACATCCTTCACG-3’ VirGF
5>-TGCTGTTTTTATCAGTTGAG-3’ VirGR
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Figure 2. Determining the appropriate concentration of susceptibility of explants to the antibiotic kanamycin (5, 10, 15 and 20 mg/I)
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Figure 3. a) The effect of different pre-cultures (days) on the average number of regenerated shoots in transgenic explants b) The effect of different
concentrations (ODgqo) of Agrobacterium on the average number of regenerated shoots in transgenic explants, c) The effect of different inoculation times
(minutes) on the average number of regenerated shoots in transgenic explants, d) The effect of different times of co-cultivation (days) on the average number
of regenerated shoots in transgenic explants, €) The effect of different concentrations of acetosyringone (UM) on the average number of regenerated shoots in
transgenic explants “The common denominator indicates that there is no significant difference in the 5% probability level based on Duncan's test
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Figure 4. Various stages of regeneration of transgenic explants a) Germination of sterile seeds in the Germination Medium b) Regeneration of cotyledon
explants in selected Regeneration Medium c) Production of stems and leaves from cotyledon explants d) Rooting of elongated shoots in the Rooting Medium

e) Acclimated plantlet in the greenhouse f) Regenerated plant
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Figure 5. a) Electrophoretic pattern of PCR product of transgenic plants containing chitinase-chimeric gene using 35s and CHIT42R specific primers M:
Molecular marker (1 Kb DNA Ladder), 1: Positive control (the plasmid that is harboring chitinase gene), 2: Negative control (distilled water without DNA), 3:
Negative control (PCR product from non-transgenic plant), 4-9: transgenic plants. b) Analysis of transgenic plants by PCR technique using specific primers of
Agrobacterium VirG, M: Molecular marker (1 Kb DNA Ladder), 1-15: Electrophoretic pattern of PCR product of transgenic plants containing chitinase-
chimeric gene, P: PCR product related to agrobacteria as a positive control
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Figure 6. Electrophoretic pattern of PCR product of transgenic plants containing chitinase-chimeric gene using FchBD1 and RchBD specific primers, M:

Molecular marker (1 Kb DNA Ladder), 1: Positive control (PCR product of pBISM2), 2: Negative control (distilled water without DNA), 3: Negative control
(PCR product from non-transgenic plant), 4-9: transgenic plants

Vo) Ll g jles /Y o bl /0203l 0590 [ cow § (oo 9 Sl (oo -



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.4.1
http://gebsj.ir/article-1-414-fa.html

[ Downloaded from gebg.ir on 2025-07-13 ]

[ DOR: 20.1001.1.25885073.1401.11.1.4.1]

Oen 5 23 58

S a8 w3l 05 Il (53le angs

S S
SLES 03 sl ety J6 Ul e iash ol
Lo oS el Julse Sl P (K g S oS 4 et
Sy LS 2L O piite ok a4 s
ODgoo =+/1 wlals 53 Ko har 8 Sy (55 055, i S
5 oads Voomdls Oley ik 052Sks ST LBAGDS 4 ..
Vor olpen 4 juy 53 RASes 5 SIS Ly Ol O
slasY Sl olis s Jol 0K sl Ve S
Lol 5 JooSS JSse sl o 5 w52 gl a5

Chang YC, Baker B, Kleifeld O, Chet I. 1986. Increased
growth of plants in the presence of the biological control
agent Trichoderma harzianum. Plant Disease 70: 145.

Chen M, Lung S, Du Z, Chye M. 2014. Engineering plants to
tolerate abiotic stresses. Biocatalysis and Agricultural
Biotechnology 3(1): 81-87.

Cole JS, Zvenyika Z. 1986. Integrating Trichoderma harzianum
and triadimenol for the control of tobacco sore shin in
zimbabwe. Bull. Spec. CORESTA Symposium, Taormina,
p. 68,

Cortina C, Culiafiez-Macia AF. 2004. Tomato transformation
and transgenic plant production. Plant Cell, Tissue and

Organ Culture 76: 269-275.

Deeba F, Shakir HA, Irfan M, Khan M, Qazi Jl. 2022.
Utilization of Agro-Industrial Waste for Chitinase
Production by Locally Isolated Bacillus subtilis using
Response Surface Methodology. Pakistan Journal of
Zoology 54(2): 551-560.

Finch-Savage W, Clay H, Budge S. 2003. Biological control of
Sclerotinia pseudotuberosa and other fungi during moist
storage of quercus robur seeds. European Journal of Plant
Pathology 109: 615-624.

Gurusaravanan P, Vinoth S, Jayabalan N. 2020. An improved
Agrobacterium-mediated transformation method for cotton
(Gossypium hirsutum L. ‘KC3’) assisted by microinjection
and sonication. In Vitro Cellular & Developmental Biology-
Plant 56(1): 111-121.

Hassann N, El-shafey NM, Khodary SEDA, EIl- shabrawi
HATTEM, Badr A. 2021. Expression of OsDREB2A in

D5 S St kS 05 elal gl S5el
AU )y 5 (RChBD 5 FChBD1) «(ChBD) s 53 Kogisly
51 esliad LPCR a1 aslitad (5 mnd SUaS 03 s
SaS 03 L ol 0l 5l edd gl el Las5 DNA
Sl ges 35 1 5L S YY0 spu Wl 5 5e axkd (g e
izl Cote U5 Olge 4 (PBISM2) (s ad SLiS o5l
UK 55 s dals LS PCR a5 55 J 3 opl i

A

transgenic tomato improves drought tolerance. Romanian
Biotechnological Letters 26(6): 3145-3154.

Honda C, Ohkawa K, Kusano H, Teramura H, Shimada H.
2021. A simple method for in planta tomato transformation
by inoculating floral buds with a sticky Agrobacterium
tumefaciens suspension. Plant Biotechnology 38(1): 153-
156.

Jan SA, Ali GM, Ali S, Shah SH, Ahmad N. 2018. Genetic
improvement in tomato (Solanum lycopersicum) against salt
stress. Indian Journal Biotechnology 17:459.

Keshavareddy G, Kumar ARV, Ramu VS. 2018. Methods of
plant transformation-a review. International Journal of
Current Microbiology and Applied Sciences 7(7): 2656-
2668.

Lindsey DL, Barker R. 1976. Effect of certain fungi on dwarf
tomatoes grown under gnotobiotic condition.
Phytopathology 57: 1262-1263.

Lopez E, Proano K, Jadan M, Mihai R. 2015. Callus tissue
induction and analysis of GUS reporter gene expression in
tomato (Solanum lycopersicum L.) transformed with
Agrobacterium tumefaciens. Romanian Biotechnological
Letters 20(2): 10205.

Matroodi S, Motallebi M, Zamani M, Moradyar M. 2013.
Designing a new chitinase with more chitin binding and
antifungal activity. World Journal of Microbiology
Biotechnology 29:1517-1523.

Mehrizadeh V, Dorani E, Mohammadi SA, Ghareyazie B.
2021. Expression of recombinant human IFN-y protein in
soybean (Glycine max L.). Plant Cell, Tissue and Organ
Culture 146(1): 127-136.

VFe) Ll g 5l /Y o bl /0203l 0590 /(S j (S| 9 Sty (ot -


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.4.1
http://gebsj.ir/article-1-414-fa.html

[ Downloaded from gebg.ir on 2025-07-13 ]

[ DOR: 20.1001.1.25885073.1401.11.1.4.1]

Ql)&wjﬁzjf_,f

S a8 a5l 05 Ul (3le ange

Mishra S. 2018. Conditions for efficient transformation of
tomato (Lycopersicon esculentum M.) cultivars with cryla
(c) gene of Bacillus thuringiensis. Journal of Pharmacognosy
and Phytochemistry 7(2): 1772-1776.

Mohajel Kazemi E, Pazhouhandeh M, Jonoubi P, Kazemian
M. 2020. The optimization of gene transfer to tomato and
the study of expression possibility of salt-tolerance gene
(SOS3). Nova Biologica Reperta 7 (1): 76-84.

Osmani Z, Jin S, Mikami M, Endo M, Atarashi H, Fujino K,
Nakahara KS. 2019. CRISPR/Cas9-mediated editing of
genes encoding rgs-CaM-like proteins in transgenic potato
plants. In Antiviral Resistance in Plants. Humana, New
York, NY. 153-165pp.

Paramesh H, Fakrudin B, Kuruvinashetti MS. 2010. Genetic
transformation of a local variety of tomato using gus gene:
an efficient genetic transformation protocol for tomato.
Journal of Agricultural Technology 6: 87-97.

Raj SK, Singh R, Pandey SK, Singh BP. 2009. Agrobacterium
mediated tomato transformation and regeneration of
transgenic lines expressing tomato leaf curl virus coat
protein gene for resistance against TLCV infection.
Research Communication 88: 1674-1679.

Saghai-Maroof MA, Soliman KM, Jorgensen RA, Allard
RW. 1984. Ribosomal DNA spacer-length polymorphisms
in barley: Mendelian inheritance, chromosomal location, and
population dynamics. Proceedings of the National Academy
of Sciences of the United States of America 81: 8014-8018.

Secgin Z, Kavas M, Yildirim K. 2021. Optimization of
Agrobacterium-mediated transformation and regeneration
for CRISPR/Cas9 genome editing of commercial tomato
cultivars. Turkish Journal of Agriculture and Forestry 45(6):
704-716.

Senapati S. 2016. A Review on research progress on in vitro
regeneration and transformation of tomato. Annual Research
& Review in Biology 9(6): 1-9.

Sharma P, Kumar V, Ramesh V, Saravanan K, Deep S,
Sharma M, Mahesh S, Dinesh S. 2011. Biocontrol genes
from  Trichoderma  species. African Journal of
Biotechnology 10(86): 19898-19907.

Singareddy V, Sheri VR, Muddanuru T, Tatineni R, Jain
RK, Sankaraneni CR, Mulpuri S. 2018. Genetic
engineering of sunflower (Helianthus annuus L.) for
resistance to necrosis disease through deployment of the
TSV coat protein gene. Plant Cell Tissue and Organ Culture
135(2): 263-277.

Soare R, Maria D, Alexandru-loan A, Soare M. 2019. The
evolution of some nutritional parameters of the tomato fruit
during the harvesting stages. Horticultural Science 46(3):
132-137.

Stavridou E, Tzioutziou NA, Madesis P, Labrou NE, Nianiou-
Obeidat 1. 2019. Effect of different factors on regeneration
and transformation efficiency of tomato (Lycopersicum
esculentum) hybrids. Czech Journal of Genetics and Plant
Breeding 55(3): 120-127.

Sujatha M, Vijay S, Vasavi S, Veera Reddy P, Chander Rao
S. 2012. Agrobacterium-mediated transformation of
cotyledons of mature seeds of multiple genotypes of
sunflower (Helianthus annuus L.). Plant Cell Tissue and
Organ Culture 110: 275-287.

Tian PP, Lv YY, Wei S, Zhang SB, Zheng XT, Hu YS. 2022.
Antifungal activity of puroindoline protein from soft wheat
against grain molds and its potential as a biocontrol agent.
Letters in Applied Microbiology. 75(1):114-125.

Yasmeen A. 2009. An improved protocol for the regeneration
and transformation of tomato (cv Rio Grande). Acta
Physiologiae Plantarum 31:1271-1277.

Zsdgobn A, Vicente MH, Reartes DS, Peres LEP. 2017.
Understanding and improving water-use efficiency and
drought resistance in tomato. Achieving sustainable
cultivation of tomatoes. Burleigh Dodds Science Publishing,
p26.

Vo) Ll g jles /Y o bl /0203l 0590 [ cow § (oo 9 Sl (oo -



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.4.1
http://gebsj.ir/article-1-414-fa.html
http://www.tcpdf.org

