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Abstract

Antimicrobial peptides display powerful antimicrobial activities against a large set of plant pathogens and
are a good alternative to conventional toxins. To transfer rT1 gene of Hibiscus sabdariffa to wheat,
Agrobacterium tumefaciens strain LBA4404 harboring the pB1121-rT1 plasmid was used. Mature embryo
explants of four wheat cultivars including the Saison, Bahar, Chamran and Arta after co-cultivated with
A. tumefaciens suspension were transferred to a selective callus medium containing 2 mg/l 2,4-D, 2 mg/I
Picloram, 50 mg/l Kanamycin and 500 mg/l Cefotaxime. Embryogenic calli were selected after growth in
a selective medium and then transferred to a regenerative medium containing 25 mg/l Kanamycin and 250
mg/l Cefotaxime. The presence and expression of rT1 gene at the transcriptional level in transgenic plants
were confirmed by PCR and RT-PCR methods respectively using specific primers. Based on the RT-PCR
results, the rT1 gene was expressed in transgenic wheat plants. In this study, out of 15 possible transgenic
plants, only 11 were transgenic. Among transgenic plants, five plants belonged to Saison cultivar with 1.6
transgenic percentage, four plants represented to the Bahar cultivar with 1.3 transgenic percentage and
two plants belonged to the Chamran cultivar with 0.6 transgenic percentage. No transgenic plant was
obtained for the Arta cultivar.

Keywords: Agrobacterium, Antimicrobial peptides, rT1 gene, RT-PCR, Transgenic wheat.
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Fig 1. Peptide sequence and 3-dimensional structure of
rosell rT1 peptide (PDB: 5GSF) (https://www.rcsb.org).
This peptide contains six cysteine amino acids to form
disulfide bridges.
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Table 1. Compositions of different culture media used in wheat transformation

Composition of culture medium

Name of culture medium

MS (Macro+ Micro+ Vitamin+ Sucrose+ Agar) +200 mg/l Casein

hydrolysate
MSE1 + 2 mg/l 2,4-D +2 mg/l Picloram

MSE2 + 500 mg/l Cefotaxime + 50 mg/l Kanamycin

MSE2 + 500 mg/l Cefotaxime + 50 mg/l Kanamycin

MSE2 + 25 mg/l Kanamycin+ 250 mg/l Cefotaxime
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Table 2. Primers used in PCR analysis for confirmation of presence and expression of rT1 gene in transgenic plants.

Amplified fragment (bp)

Primer sequence

Gene name
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Fig 2. Stages of culture, callus induction and regeneration of wheat plant from mature embryo explants. A) Mature embryos on
MS medium. B) Aerial shoot induction from embryogenic callus obtained from mature embryos. C) A close-up of a swollen
mature embryonic. D) Close-up of an embryogenic callus. E, F) Aerial shoot induction from embryogenic callus. J)

Regenerated seedlings transferred to root culture medium. H) Rooted seedlings transferred to soil. I) Adapting plants to natural
conditions.
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Table 3. Abundance of seedlings regenerated from mature embryo using Agrobacterium-mediated transformation

Transformation ~ Number of  Percentage = Percentage  Percentage of  Percentage  Number of  Agrobacterium  Cultivars

percentage transgenic of rooting of embryogenesis of callus mature strain
seedlings branching embryo
explants
1.6 5 27.2 54.5 55 66.6 300 LBA4404 Saison
1.3 4 21.11 444 60 50 300 LBA4404 Bahar
0.6 2 15 37.5 50 26.6 300 LBA4404 Chamran
0 0 0 40 16 20 300 LBA4404 Arta

.Mwuuxwﬁspb@pau@mgp Gl 3w a0 ol 5 ObLS o ) 2l 5 A ys®

axllas 350 pB ) o Slo aeglio —§ Jgir
Table 4. Comparison of the mean of the studied cultivars

Percentage  Embryogenic, Percentage Embryogenic  Percentage of  Embryogenic Callus- Callus Cultivars
of rooting branching of and branched embryogenesis callus forming formation
and rooted branching callus percentage
callus

0.35 A 5A 0.59 A 10 A 0.60 A 18.33 A 0.66 A 33.33A Saison
0.25 AB 316 A 049 A 6.66 AB 0.52 A 15 AB 0.50 A 25A Bahar
0.66 AB 0.33B 047 A 2.5BC 047 A 6.66 BC 0.26 B 33.13B Chamran

0B 0B 0.33A 0.8C 0.17B 1.66 C 0.20B 10B Arta

andllae 5550 pB,1 (WL yls 42 =0 Jgder
Table 5. Variance analysis of studied cultivars

Mean squares of ANOVA

Sources
Percentage of Embryogenic, Percentage = Embryogenic  Percentage of =~ Embryogenic  Percentage Callus Degrees of
embryogenic, branchingand  of branched and branching  embryogenic callus of callus formation of changes
branched and  rooted callus embryos callus callus formation freedom
rooted callus
%0.159 #%%34.153 0.071 #22102.778 #%20.214 #%2348.611 ##20.277 #%%693.0 3 Cultivar
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Fig 3. Electrophoresis of PCR product on 2% agarose gel using the rT1 gene specific primers for confirmation of gene
presence in the Saison, Bahar and Chamran cultivars. Wells 1 to 6 are related to the Saison, wells 7 to 13 represented the Bahar
and wells 14 and 15 corresponded to the Chamran cultivars. The presence of rT1 gene confirmed in the transgenic Saison
(wells 1, 2, 4, 5 and 6), in the transgenic Bahar (wells 7, 10, 12 and 13) and in the transgenic Chamran cultivars (wells 14 and
15). M: DNA marker, C*: positive control (vector containing the gene), w.t: non- transgenic control plant and H,O: negative
control.

gl 53 05 Ol S Aol el S r*‘f YA s o 55 5L i A o5l L ITL o5 ol Y 3,87 J5 s, RT-PCR a1 Jpass -8 JK2
Ol oy o35 ol 5 OLS 10 5V slaclalr 5 5l o35 ol 5 QLS VY5 )0V lacSalr 0 mlo o35 ol 5 0LS 0 5 Y O el 55 w535

Wil dals ol IWLE (s 50 0 g5l dendl) e J xS T DNA - J 350 Sl M b
Fig 4. Electrophoresis of PCR product on 2% agarose gel. The expression of the rT1 gene with a size of 81 bp was confirmed
at the transcription level in 8 transgenic wheat lines. Wells 1, 2 and 5 are related to the transgenic Saison cultivar, wells 7, 10

and 12 represented the transgenic Bahar cultivar and wells 14 and 15 corresponded to the transgenic Chamran cultivar. M:
DNA marker, C*: positive control (vector containing the gene), w.t: non- transgenic control plant.

Vo) Ll g 5l /Y o bl /0203l 0590 [ cown j (o 9 Sl (owrikigen -



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.9.6
http://gebsj.ir/article-1-423-fa.html

[ Downloaded from gebg.ir on 2025-10-30 ]

[ DOR: 20.1001.1.25885073.1401.11.1.9.6 ]

S Olas 5 glemallle

P8 53 5 sl ITL 05 by 5 JUisl e

Loy ot DNA & by ool bjbsl s s
syir 2l Obge Jshe nsiny Jab axb w g 8Ly S
das e B s JES Cad |y o 05 Ol s s
g5 e Ss Sl chle o5 S5 ST 4 5 (Aadel et al. 2018)
50k Sl (iSOl e codd SRSl 4 ged 5 ¢ Jul>

3 gl Aol 53 0580 e gl 25 (AES e 5 il Ll
Loy olS 4 0F Jsl Sl 534S Aies Jalse dlex
S sk« (Qayyum et al. 2011) dxs Jse pp SLs S
Sl s eslanad 5,50 Glas el o e 5 o S Lo sladny

e Oy slad e (555 dsdone e SIS 5 535
ik 4 SLLS s culis sl Eel o5 S LS gladsy
e Sl s Lk BT s Blen Jalse 3 s
ol @ el s bt e 5 S5 ST S,
Sl ol (‘-"-g)-’)lf&:j)‘d‘ﬁ or L;l;_.-I’Tl.,\.::ﬁ_s«;JUafa

Sl ek liolen ol IS Esl Azl 55
238 e QLS ple 5 pnS

&lw

Aadel H. Abdelwahd R. Udupa SM. Diria G. EI-Mouhtadi A.
Ahansal K. Gaboun F. Douira A. lragi D. 2018.
Agrobacterium-mediated  transformation of  mature
embryo tissues of bread wheat (Triticum aestivum L.)
genotypes. Cereal Research Communications. 46: 10-20.

Aboul-Maaty NAF. Oraby HAS. 2019. Extraction of high-
quality genomic DNA from different plant orders
applying a modified CTAB-based method. Bulletin of the
National Research Centre. 43: 1-10.

Ahmadpour R. Zare N. Asghari-Zakarta R. Sheikhzadeh P.
2018. Efficient in vitro somatic embryogenesis and plant
regeneration from mature and immature embryos of wheat
(Triticum aestivum L.). Brazilian Archives of Biology and
Technology. 59: 1-12.

Murat A. Hossien Pour A. Haliloglu K. Tosun M. 2016. Effect
of polyamines on somatic embryogenesis via mature
embryo in wheat. Turkish Journal of Biology. 40: 1178-
84.

s 4 OlS ;5 03 JUiml Olell, s el Slallas bl
ool &5 (ol SLlpe o ple il (il SIS OLaLS s
O35 p0les sls pdS w4 0 JaEl Sladllas 55 WLL i S
Sl eslizal Eels dla b plas 3 O 4 (oo 2 pde 5 0T A5
Turhan and Baser ) el o G iz il o3 glad yad
s s oler @l el el b ol 5 0Ll (2004
S5 oslize (651 5 Ol e Ol 0 smale) 2853l 3 eslial
35 eile O ganlos CBISEIE SR TA G Ol o COIEESERYA
Olge o pdS Wb i Sleslinad b sy 55 (7 doax)
Gl ol JiH1S dons VA il Obkly gl
shls ‘Mj;spbi\ SaS 4 Syl (Patnaik et al. 2006)
W0 3 oS w2l VLS sl s e s Shes
Sl 5 bl gad 31 (g3 5dome 3l g sl S )l e
3o BT 2153k 5 osllS A5 Ols w0 ol cpl S 5t
w55 (Kumar et al. 2013) 5,05 Koo 052 s S L s
Gl oL ClS s pdS Sk s LISLEE Llse S S
O gons s PN ol CL" el 5 5 (Knezevi¢ et al. 2008)
@by p s SUs ST aauls 0 05 JUl oy e 25k sl
655 0903 4 DNA axbs Gl 5 Jlanl LUl a5l (gdae

Lo h LS;-)L;- Qj )‘.,\.1[.:) S gd=s FESRERR 399 LQLJ):A

Nazarian-Firouzabadi F. Badr Haddad A. Sheikhian A. 2019.
Cloning and in planta expression of an omiganan
antimicrobial peptide in tobacco and potato plants to
control the growth of human bacterial pathogens. Yafteh.
20: 14-29.

Badr Haddad A. Nazarian Firouzabadi F. Ismaili A. Bagheri
H. 2017. Cloning and expression of an omiganan
pentahydrochloride (MBI226) antimicrobial peptide in
tobacco (Nicotiana tabacum) confers resist to bacterial
pathogens. Crop Biotechnology. 7: 1-13.

Béez-Magafia M. Diaz-Murillo V. Ldépez-Meza JE. Ochoa-
Zarzosa A. 2018. Immunomodulatory effects of thionin
Thi2. 1 from Arabidopsis thaliana on bovine mammary
epithelial cells. International Immunopharmacology. 57:
47-54.

Benderradji L. Brini F. Kellou K. Ykhlef N. Djekoun A.
Masmoudi K. Bouzerzour H. 2012. Callus induction.
proliferation. and plantlets regeneration of two bread
wheat (Triticum aestivum L.) genotypes under saline and

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


https://scholar.google.com/citations?user=XJawPNAAAAAJ&hl=en&oi=sra
https://yafte.lums.ac.ir/search.php?sid=1&slc_lang=en&author=Nazarian-Firouzabadi
https://yafte.lums.ac.ir/search.php?sid=1&slc_lang=en&author=Badr+Hadad
https://yafte.lums.ac.ir/search.php?sid=1&slc_lang=en&author=Sheikhian
https://yafte.lums.ac.ir/browse.php?mag_id=73&slc_lang=en&sid=1
https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.9.6
http://gebsj.ir/article-1-423-fa.html

[ Downloaded from gebg.ir on 2025-10-30 ]

[ DOR: 20.1001.1.25885073.1401.11.1.9.6 ]

S Olaas 5 guemadlae

P8 53 5 sl ITL 05 by 5 JUisl e

heat stress conditions. International Scholarly Research
Network. 2012: 1-8.

Borisjuk N. Kishchenko O. Eliby S. Schramm C. Anderson P.
Jatayev S. Kurishbayev A. Shavrukov Y. 2019. Genetic
modification for wheat improvement: from transgenesis to
genome editing. BioMed Research International. 2019: 1-
18.

Bouiamrine E. Diouri M. El-Halimi R. 2012. Somatic
embryogenesis and plant regeneration capacity from
mature and immature durum wheat embryos. International
Journal of Biosciences. 2: 29-39.

Campos ML. de Souza CM. de Oliveira KBS. Dias SC.
Franco OL. 2018. The role of antimicrobial peptides in
plant immunity. Journal of Experimental Botany. 69:
4997-5011.

Emamifar S. Shamsozoha A. Sohrabi SM. Mohammadi M.
Shahmohammadi M. 2021. Molecular characterization
and evaluation of the antibacterial activity of a plant
defensin peptide derived from a gene of oat (Avena sativa
L.). Phytochemistry. 181: 112586.

Hensel G. Marthe C. Kumlehn J. 2017. Agrobacterium-
mediated transformation of wheat using immature
embryos. Methods Molecular Biology. 1679: 129-139.

Jasdeep CP. Awvijit T. 2015. Genetic transformation and
transgenic wheat development: an overview. Clon
Transgen. 5: 1-2

Kam A. Loo S. Dutta B. Sze SK. Tam JP. 2019. Plant-derived
mitochondria-targeting cysteine-rich peptide modulates
cellular bioenergetics. Journal of Biological Chemistry.
294: 4000-4011.

Khademi M. Nazarian-Firouzabadi F. 2019. Expression and
antimicrobial activity analysis of dermaseptin Bl
recombinant peptides in tobacco transgenic plants. Plant
Genetic Researches. 6: 139-50.

KneZevi¢ D. Zecevi¢ V. Duki¢ N. Dodig D. 2008. Genetic and
phenotypic variability of grain mass per spike of winter
wheat genotypes (Triticum aestivum L.). Kragujevac
Journal of Science. 30: 131-136.

Kumar N. Gulati A. Bhattacharya A. 2013. L-glutamine and
L-glutamic acid facilitate successful Agrobacterium
infection of recalcitrant tea cultivars. Applied
Biochemistry and Biotechnology. 170: 1649-64.

Lantos C. Purgel S. Acs K. Lang6 B. Bona L. Boda K. Békés
F. Pauk J. 2019. Utilization of in vitro anther culture in
spelt wheat breeding. Plants (Basel). 8: 436-445.

Li J. Hu S. Jian W. Xie C. Yang X. 2021. Plant antimicrobial
peptides: structures. functions. and applications. Botanical
Studies. 62: 1-15.

Loo S. Kam A. Xiao T. Nguyen GKT. Liu CF. Tam JP. 2016.
Identification and characterization of roseltide. a knottin-
type neutrophil elastase inhibitor derived from Hibiscus
sabdariffa. Scientific Reports. 6: 1-16.

Marinaccio L. Stefanucci A. Scioli G. Della Valle A. Zengin
G. Cichelli A. Mollica A. 2022. Peptide human
neutrophil elastase inhibitors from natural sources: an

overview. International Journal of Molecular Sciences. 23:
2924-2936.

Ogihara Ya. Shigeo T. Hirokazu H. 2016. Advances in wheat
genetics: from genome to field. Proceedings of the 12th
International Wheat Genetics Symposium. Springer
Nature.10.1007.

Parmar SS. Sainger M. Chaudhary D. Jaiwal PK. 2012. Plant
regeneration from mature embryo of commercial Indian
bread wheat (Triticum aestivum L.) cultivars. Physiology
and Molecular Biology of Plants. 18: 177-183.

Patnaik D. Vishnudasan D. Khurana P. 2006. Agrobacterium-
mediated transformation of mature embryos of Triticum
aestivum and Triticum durum. Current Science. 91: 307-
317.

Qayyum A. Razzaq A. Ahmad M. Jenks MA. 2013. Water
stress causes differential effects on germination indices.
total soluble sugar and proline content in wheat (Triticum
aestivum  L.) genotypes. African Journal of
Biotechnology. 10: 14038-14045.

Robinson SD. Chhabra S. Belgi A. Chittoor B. Safavi-
Hemami H. Robinson AJ. Papenfuss AT. Purcell AW.
Norton RS. 2016. A naturally occurring peptide with an
elementary single disulfide-directed B-hairpin fold.
Structure. Structure. 24: 293-299.

Sahandi Khalifeh-Kandy A. Dehghan Nayeri F. 2021.
Bioinformatics design and cloning of Hibiscus sabdariffa
rT1 gene for construction of pBI121-rT1 recombinant
vector in order to expression in plants. Genetic
Engineering and Biosafety Journal. 10: 47-57.

Shwaiki LN. Lynch KM. Arendt EK. 2021. Future of
antimicrobial peptides derived from plants in food
application—A focus on synthetic peptides. Trends in Food
Science and Technology. 112: 312-324.

Spohn R. Daruka L. Lazar V. Martins A. Vidovics F. Grézal
G. Méhi O. Kintses B. Szamel M. Jangir PK. Csorgé B.
Gyoérkei A. Bodi Z. Farago A. Bodai L. Féldesi |. Kata
D. Mar¢ti G. Pap B. Wirth R. Papp B. Pal C. 2019.
Integrated evolutionary analysis reveals antimicrobial
peptides with limited resistance. Nature Communications.
10: 4538-4552.

Supartana P. Shimizu T. Nogawa M. Shioiri H. Nakajima T.
Haramoto N. Nozue M. Kojima M. 2006. Development
of simple and efficient in planta transformation method
for wheat (Triticum aestivum L.) using Agrobacterium
tumefaciens. Journal of Bioscience and
Bioengineering.102: 162-170.

Turhan H. Baser 1. 2004. Callus induction from mature embryo
of winter wheat (Triticum aestivum L.). Asian Journal of
Plant Science. 3: 17-19.

Wang G. Li X. Wang Z. 2016. APD3: the antimicrobial peptide
database as a tool for research and education. Nucleic
Acids Research. 44: D1087-D1093.

Vo) Ll g 5l /Y o bl /0203l 0590 [ cown j (o 9 Sl (owrikigen



https://www.jstor.org/stable/i24094114
https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.9.6
http://gebsj.ir/article-1-423-fa.html
http://www.tcpdf.org

