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Table 1. The primer sequences for amplification of the MPI promoter, crylAb and actin genes
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Figure 1. A) Confirming the crylAb gene presence in transformed tomatoes. L: 100 bp ladder, lane 1-11:
transgenic samples, 12: positive control (pPZP122:MPI:crylAb plasmid) and 13: negative control (non-
gentamicin ,transgenic tomato). B) pPZP122:MPI:crylAb construct map. RB, right border; LB, left border; GmR
resistance gene; P, nopaline synthase promoter; T, nopaline terminator; MPI, Maize Proteinase Inhibitor
promoter; PEPC In 9, intron 9 of maize-phosphoenolpyruvate carboxylase gene. C) Confirming the crylAb gene
expression using RT-PCR. lane 1-4: a 160 bp fragment was amplified using designed primers, 5: negative
control and L: 100 bp ladder. D) Confirming the MPI promoter presence in transformed plants. L: 100 bp ladder.
lane 1-11: transformed samples, 12: negative control and 13: positive control.
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1- Anti-Cry1Ab polyclonal antibody
2- Hydrogen peroxidase
3- 3,3'-Diaminobenzidine
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Figure 2. A and B) Selection of gentamycin-resistance of transformed and non-transformed plants, respectively.
C) Analysis of crylAb gene in transformed plants using protein dot blot. 1: positive control (Bt-rice plant) and 4:
negative control (non -transgenic plant). 2-3 and 5-8: various T2 transgenic lines.
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Table 2. Transformation efficiency of tomato plants
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Table 3. Bioassay of transgenic tomato plants harboring the crylAb gene under control of the MPI promoter
against tomato leafminer (Tuta absoluta)
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Figure 3. Leaf area damage after tomato leafminer larva infestation. Values not labeled with the same letter are
significantly difference (P<0.05) in Duncan multiple range test
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Figure 4. Comparison of the catalase and peroxidase activities in the tested larva with a student’s T-test. 1 and 2:

alive larvae collected from non-transgenic and transgenic leaves. Error bars that represent based on Mean+SD.
** and *significant at 1% and 5% probability levels, respectively.

Oliis syl 5 OLS 5 Cry lasss, Jlass|
ol eon w0l esat 4 s Ol 53 ok
e 58 e Slasles =l lastls e
Behzadirad et al., ) <ol o35 OL&S 1 QLS -l 5l
2 1 sl s Cuslie ol ke ls (2009
Bl ol by sl o oasal s Spar S olalS
3S0es Jlsme A8 s 3l pl Cuenl 4 a5
e Sl Slyls a8 ae sl 5 QLS LS (J paes
CaldS Lis 4 Sl S Wlg e dies O 4

.Jﬁboiéaﬁu)'ldbja;;uﬁjé@;

A S
o> 3l qupu‘jBtﬁwt} OlS axw s
S Slids 5 b iSe i B ae Jals sl Sl
ST 5 S byl ol Lol Sl eslizal Jases
S sy slety Ol 53 (KB ax S gudS 5 e
SIS0 sl b 5l el IS Sl of J xS
W_j.h:m&})ﬂ&'w 6‘-“&5‘*;5&)‘ oalal
Ll ime ede dalsd 4 e Ol Gl
-°J':"> _)‘ oalaul -4\.1“):‘-;‘ QLQL; L" g_)j JL&;;\ ui‘fl"
w)‘jdugcﬁb—wl.b).} Mb&.&\sbu&s
MPI 5 L ok s Wl i cow erylAb O (sl

Slble byl 5 e el b oakaly s S W



WA/ Y o)led /& dl/ LS S5 slabass

References

Adeli, N. and Ghareyazie, B. (2013). Comparison between the impact of transgenic insect resistant
Crop plants and their traditional counterparts on human health and the environment. Genetic
Engineering and Biosafety Journal, 1: 1-28 (In Persian).

Amako, Y,. Yamamoto, T. and Nagai, H. (1994). Thel19Sn Mdssbauer effect in RMn6Sn6
compounds (R= Gd, Y). Hyperfine Interactions, 94: 1897-1901.

Angenon, G., Dillen, W. and Van Montagu, M. (1994). Antibiotic resistance markers for plant
transformation In: Plant Molecular Biology Manua (Geert Angenon, G., Dillen, W. and Montagu,
M.V., Eds), pp. 125-137, Springer, Chapman and Hall, London, UK.

Baniameri, V. and Cheraghian, A. (2011). The current status of Tuta absoluta in Iran In:
International Symposium on Management of Tuta absoluta, pp. 16-18, Agadir, MOR.

Behzadirad, M., Naghavi, M.R., Abbasi, A. and Dastmalchi, T. (2009). Phytoremediation, especial
solution of biotechnology in environmental protection. Journal of Biosafety, 2: 43-50.

Breitler, J.C., Cordero, M.J., Royer, M., Meynard, D., San Segundo, B. and Guiderdoni, E.
(2001). The— 689/+ 197 region of the maize protease inhibitor gene directs high level, wound-
inducible expression of the crylB gene which protects transgenic rice plants from stemborer attack.
Molecular Breeding, 7: 259-274.

Breitler, J.C., Vassal, J.M., Del-Mar-Catala, M., Meynard, D., Marfa, V., Melé, E., Royer, M.,
Murillo, 1., San Segundo, B. and Guiderdoni, E. (2004). Bt rice harbouring cry genes controlled
by a constitutive or wound-inducible promoter. protection and transgene expression under
Mediterranean field conditions. Plant Biotechnology Journal, 2: 417-430.

Campos, M.R., Rodrigues, A.R.S., Silva, W.M., Silva, T.B.M,, Silva, V.R.F., Guedes, R.N.C. and
Siqueira, H.A.A. (2014). Spinosad and the tomato borer Tuta absoluta: a bioinsecticide, an
invasive pest threat, and high insecticide resistance. PloS One, 9(8), (doi.org/10.1371/journal.pone
.0103235).

Cordero, M.J., Ravent6s, D. and Segundo, B. (1994). Expression of a maize proteinase inhibitor
gene is induced in response to wounding and fungal infection: systemic wound-response of a
monocot gene. The Plant Journal, 6: 141-150.

Dhindsa, R.S. and Matowe, W. (1981). Drought tolerance in two mosses: correlated with enzymatic
defence against lipid peroxidation. Journal of Experimental Botany, 32: 79-91.

Galdino, T.V.d.S., Picango, M.C., Morais, E.G.F.d., Silva, N.R ,.Silva, G.A.R.d. and Lopes, M.C.
(2011). Bioassay method for toxicity studies of insecticide formulations to Tuta absoluta (Meyrick,
1917). Ciéncia e Agrotecnologia, 35: 869-877.

Ghareyazie, B., Alinia, F., Menguito, C.A., Rubia, L.G., de Palma, J.M., Liwanag, E.A., Cohen,
M.B., Khush, G.S. and Bennett, J. (1997). Enhanced resistance to two stem borers in an aromatic
rice containing a synthetic crylA(b) gene. Molecular Breeding, 3: 401-414.

Hajdukiewicz, P., Svab, Z. and Maliga, P. (1994). The small, versatilepPZP family
ofAgrobacterium binary vectors for plant transformation. Plant Molecular Biology, 25: 989-994.
Hajiahmadi, Z., Shirzadian-Khorramabad, R., Kazemzad, M. and Sohani, M.M. (2017). In silico
analysis and transient expression of wound-inducible promoter MPI in tomato (Lycopersicon

esculentumMill. cv. CH). Plant Omics, 10: 118.

Y



O, Kes 5 kol o (MPI) (55 oy W1 oy b eryIAD 53 0L

Hayford, M.B., Medford, J.I., Hoffman, N.L., Rogers, S.G. and Klee, H.J. (1988). Development of
a plant transformation selection system based on expression of genes encoding gentamicin
acetyltransferases. Plant Physiology, 86: 1216-1222.

Heitz, T., Geoffroy, P., Fritig, B. and Legrand, M. (1999). The PR-6 family: proteinase inhibitors in
plant-microbe and plant-insect interactions In: Pathogenesis Related Proteins in Plants (Datta, SK.
and Muthukrishnan, S., Eds), 131-155, Chapman & Hall, Productivity Press, Auerbach
Publications, Florida, USA.

Jafari, M., Norouzi, P., Malboobi, M.A., Ghareyazie, B., Valizadeh, M., Mohammadi, S.A. and
Mousavi, M. (2009). Enhanced resistance to a lepidopteran pest in transgenic sugar beet plants
expressing synthetic crylAb gene. Euphytica, 165: 333-344.

Koiwa, H., Bressan, R.A. and Hasegawa, P.M. (1997) .Regulation of protease inhibitors and plant
defense. Trends in Plant Science, 2: 379-384.

Koziel, M.G., Beland, G.L., Bowman, C., Carozzi, N.B., Crenshaw, R., Crossland, L., Dawson,
J., Desai, N., Hill, M. and Kadwell, S. (1993). Field performance of elite transgenic maize plants
expressing an insecticidal protein derived from Bacillus thuringiensis. Nature Biotechnology, 11:
194-200.

Lietti, M.M., Botto, E. and Alzogaray, R.A. (2005). Insecticide resistance in argentine populations
of Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae). Neotropical Entomology, 34: 113-119.

Martinez-Valverde, 1., Periago, M.J., Provan, G. and Chesson, A. (2002). Phenolic compounds,
lycopene and antioxidant activity in commercial varieties of tomato (Lycopersicum esculentum).
Journal of the Science of Food and Agriculture, 82: 323-330.

Murray, M. and Thompson, W.F. (1980). Rapid isolation of high molecular weight plant DNA.
Nucleic Acids Research, 8; 4321-4326.

Pereira, R.R., Picanco, M.C., Santana, P.A., Moreira, S.S., Guedes, R.N. and Corréa, A.S.
(2014). Insecticide toxicity and walking response of three pirate bug predators of the tomato leaf
miner Tuta absoluta. Agricultural and Forest Entomology, 16: 293-301.

Ryan, C.A. (1990). Protease inhibitors in plants: genes for improving defenses against insects and
pathogens. Annual Review of Phytopathology, 28: 425-449.

Stotz, H.U., Kroymann, J. and Mitchell-Olds, T. (1999). Plant-insect interactions. Current Opinion
in Plant Biology, 2: 268-272.

Yasmeen, A., Mirza, B,. Inayatullah, S., Safdar, N., Jamil, M., Ali, S. and Choudhry, M.F.
(2009). In planta transformation of tomato. Plant Molecular Biology Reporter, 27: 20-28.

Yinghua, S., Yan, D., Jin, C., Jiaxi, W. and Jianwu, W. (2017). Responses of the cutworm
Spodoptera litura (Lepidoptera: noctuidae) to two Bt corn hybrids expressing CrylAb. Scientific
Reports, 7: 1-13.

Yuan, Y., Ke, X., Chen, F., Krogh, P.H. and Ge, F. (2011). Decrease in catalase activity of
Folsomia candida fed a Bt rice diet. Environmental Pollution, 159:3714-3720.

Zakerghoran, B., Memari, H.R., Ahmadi, D.N. and Siahmard, M. (2014). Cloning,
Transformation and Stable Expression of a Fusion of Human Interferon Gamma and bar Genes in
Tobacco Plant (Nicotiana tobaccum cv. xanthi). Plant Genetic Researches, 1: 27-36 (In Persian).



WA/ Y o led /¢ W/ LS K5 sl g
Zhang, S., Lian, Y., Liu, Y., Wang, X,, Liu, Y. and Wang, G. (2013). Characterization of a maize

Wipl promoter in transgenic plants. International Journal of Molecular Sciences, 14: 23872-
23892.

\o



Plant Genetic Researches, Vol. 4, No. 2, 2017

Expression of crylAb Driven by a Wound Inducible Promoter (MPI) in Tomato to
Enhance Resistance to Tuta absoluta

Zahra Hajiahmadi?, Reza Shirzadian-Khorramabad?”, Mahmood Kazemzad?
and Mohammad Mahdi Sohani*

1- Former Ph.D. Student, Department of Plant Biotechnology, Faculty of Agricultural
Sciences, University of Guilan, Rasht, Iran

2- Assistant Professor, Department of Biotechnology, Faculty of Agricultural Sciences,
University of Guilan, Rasht, Iran

3- Assistant Professor, Department of Energy, Materials and Energy Research Center, Karaj,
Iran

4- Associate Professor, Department of Biotechnology, Faculty of Agricultural Sciences,
University of Guilan, Rasht, Iran

(Received: August 24, 2017 — Accepted: November 14, 2017)

Abstract

Tomato leafminer (Tuta absoluta) is one of the important pests of tomato in Iran. It causes serve losses
to tomato yield between 50 to 100% in the world. The crylAb gene has been introduced into many
plant species, including maize resulting in protection of the maize plants against corn borer larvae. In
most studies, constitutive promoters such as CaMV35S were employed for genetic transformation;
however the constitutive expression of genes led to changes in plant metabolic pathways due to
permanent energy consumption in plants. Since, wound inducible promoter MPI (Maize Protease
Inhibitor) posses more efficiency and strength than CaMV35S promoter. Therefore, in the current
study, transgenic tomato (cv. Falat) plants harboring crylAb gene under control of the MPI promoter
were developed for the first time. The MPI promoter was isolated from maize and cloned into
pPZP122 expression vector replacing the CaMV35S promoter. The crylAb gene was isolated from
pCIB4427 and cloned in pPZP122:MPl:crylAb and the resulting construct was transformed into
Agrobacterium AGL1 strain using In planta approach. Initial selection of the transgenic plants was
carried out in media culture containing gentamicin. PCR analysis confirmed the presence of transgene
in gentamycin-resistance plants in the first and second generations by rate of 62.5% and 75.58%,
respectively. Protein dot blotting using anti-CrylAb polyclonal antibody confirmed the presence of
protein in the second generation of transgenic lines. Based on the result of Tuta bioassay, transgenic
plants demonstrated an enhanced resistance against Tuta. Thus, the wound inducible promoter MPI
can be used in genetic transformation of crop plants if insecticidal protein-encoding genes (such as
different types of cry) are used and therefore, it is important to be used when plants asked to express
only when are being attacked by insect pests.
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