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Table 1. Components of PCR reaction to verify pChICOD plasmid

(5l 9,500 ) ldo Slgo
Amount (ul) Materials
2 aeewsdly plasmid (25ngul )
2.5 PCR Buffer (10X
2 itz 2,15 MgCl (S0mM)
03 dNTP (10mM)
0.3 «s, 51 Forward primer (200ngpl")
0.3 cs, 551 Reverse primer (200ngul!)
0.3 Taq polymerase (Supl!)
17.3 byl jhas of Sterile water
25 =l o> Final volume
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Table 2. Used material to digest pChICOD plasmid
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Table 3. Materialsfor relegation of pChICOD plasmid
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Table4. primer sequences of coda-4, codA-5 and hpt genes

i o, ST

reverse Forward Primer
5" CGG TTA GCA GGG TGA AGT TCTCCT 3" 5" GGT GGG AAA GCG CGT TAC AAG 3" codA-+4
5" TGC GTC TTG CGG ATG TAGTCCT 3’ 5" GAT ACG CCG AAGCTGTTG ATGC 3" codA-5

5" GGG GCG TCG GTT TCC ACT ATCG 3’ 5" CGT TAT GTT TAT CGG CACTTIT G 3’ hpt
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Tableb. Components of PCR reaction using codA primers
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Amount (uLit) Materials
2 DNA (50ng/ul)
2.5 PCR Buffer (10X)
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Fig. 5. Regeneration of transgenic plantsafter co-cultivation. A: shoot induction; B: shoot elongation; C: root induction;
D: rooting; E: hardening; F: whole plant
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Fig. 8. Segregation of digested DNA using Hind-Ill and double digested DNA using Hind-IIl and Ndel enzymes from
putative transgenic plants, nontransgenic plant and plasmid
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Fig. 9. Southern bloting of 3 putative transgenic plantsindicated to integration of the codA genein plants
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Fig. 10. Existence of 565bp fragment in RT_PCR segregation verified transgenic plants
Left to right: 100bp size marker, plasmid, transgenic plants of A1-30, A1-35 and A2-17, nontransgenic plant, negative control
(in this group especial primer used to synthesis cDNA).

Following samples are plasmid, transgenic plants of A1-30, A1-35 and A2-17, nontransgenic plant, negative control and size
marker (in this group oligodT primer used to synthesis cDNA
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Fig. 11. Verification of T1 transgenic plantsby PCR
Primer of codA-4 amplified 393 bp fragment and primer of codA-5 amplified 565 bp fragment from codA gene
Left to right: size marker 100bp, nontransgenic plant, plasmid, T1 transgenic plants of A1-30-1, A1-30-2, A1-30-3, A1-30-4,
negative control (without DNA), plasmid, nontransgenic plant, plasmid, T1 transgenic plants of A1-30-1, A1-30-2, A1-30-3,
A1-30-4, nontransgenic plant and size marker 100bp

5245 655 an an o i 5,585 580 Jj (53, a5 RT-PCR jf solisusl L TL a3 15 oS s
RT-PCR ;5 A1-30-1 oL ladd g oo ooml i JSi S 0 e—olais! S5l 5IeDNA colw o

LS (nl ogaisy 5 oS canl Jlyo ol olad coe Clg 5 ol gl 6NNV Y ISt 59 o0 ooliiwl CODA-5
ool b ol )5 5 S92g 352 00y 9s b PCR 5l aslicil b b aglin ;5 1, 5301 lgica; CDNA 5l oolicul § pgo PCR
plosl Kidly ol 97 (s sl 003 005 PCR LS 5l esiizl sl GDNA 5l oslil b lojan PCR

ol ateinal oLS 0555 50 5 s b yaud §aals coauis

< < < {g%
o = =

. %28 2828 7 By g
1 g2 E2Ez2oa 29
y TE 323 TG G 9;3‘
- - = Tl g o

st 33882421222
s8) 222222227 7>

393 bp =E—--~ --.‘H

PCR ;5 ¢X1 ;ylge 4 DNA g CDNA j;l oslaiw! UPCR 0 suuiiod g antad dus lio -\Y JSCi
Fig. 12. Comparison between produced fragments using cDNA and DNA astemplate by PCR

e BRRPEON] - Sy Qyﬂ pll oy ..b.ll.: RT-PCR 30058 e pelei oo ;00 ol A 5590 10 Js
5% o 4550 55 GBS Sl sl b aalyS ol 4588 ol 5 egisy 5 0a b el oL 5
9123 GUAS (S g (S SLBURS & S s PCR jloolinul b 55 T1 lalS ogeaisn )l s sinw

Yo



IWAD 90 Ao T8 Loy Yl [ ot @b gad SO 3w i /... (35 JUiil 0,150 g 3 ¥ 53 ST

10.

11.

12.

13.

14.

15.

16.

17.

18.

xLw
Akcay, U.C., Mahmoudian, M., Kamci, H., Yucel, M., and Oktem, H.A. 2009. Agrobacterium
tumefaciens-mediated genetic transformation of a recalcitrant grain legume, lentil (Lens culinaris
Medik). Plant Cell Report 28: 407-417.
Alia, K., Hayashi H., Chen, T.H.H, and Murata, N. 1998a. Transformation with a gene for choline
oxidase enhances the cold tolerance of Arabidopsis during germination and early growth. Plant Cell
Environment 21: 232-239.
Alia, M., Hayashi H., Sakamoto A, and Murata, N. 1998b. Enhancement of the tolerance of Arabidopsis
to high temperatures by genetic engineering of the synthesis of betaine. Plant Journal 16: 155-161.
Bagheri, A., Ghasemi Omran, V., and Hatefi, S. 2012. Indirection in vitro regeneration of lentil (Lens
culinaris Medik.). Journal of Plant Molecular Breeding 1: 43-50.
Bohra, A., Pandey, M.K., Jha, U.C., Singh, B., Singh, I.P., Datta, D., Chaturvedi, S.K., Nadarajan, N.,
and Varshney, R.K. 2014. Genomics-assisted breeding in four major pulse crops of developing countries:
present status and prospects. Theoretical and Applied Genetics 127: 1263-1291.
Chowrira, G.M., Akella, V., and Lurquin, P.F. 1995. Electroporation-mediated gene transfer into intact
nodal meristems. In: Planta. Generating transgenic plants without in vitro tissue culture. Molecular
Biotechnology 3: 17-23.
Deshnium, P., Gombos, Z., Nishiyama, Y., and Murata, N. 1997. The action in vivo of glycine betaine
in enhancement of tolerance of Synechococcus sp. strain PCC 7942 to low temperature. Journal of
Bacteriology 179: 339-344.
Gulati, A., Schryer, P., and Mchughen, A. 2002. Production of fertile transgenic lentil (Lens culinaris
Medik.) plants using particle bombardment. In vitro Cellular and Development Biology-Plant 38: 316-
324.
Hayashi, H., Alia, M., Sakamoto, H., Nonaka, T.H.H., and Murata, N. 1997. Enhanced germination
under high-salt conditions of seeds of transgenic Arabidopsis with a bacterial gene (codA) for choline
oxidase; accumulation of glycinebetaine and enhanced tolerance to salt and cold stress. Plant Journal 12:
133-142.
Hayashi, H., Alia, M., Mustardy, P. Deshnium, M., and Murata, N. 1997. Transformation of Arabidopsis
thaliana with the codA gene for choline oxidase; accumulation of glycine betaine and enhanced tolerance
to salt and cold stress. Plant Journal 12: 133-142.
Hayashi, H, Alia, M., Sakamoto, A., Nonaka, H., Chen, T.H.H., and Murata, N. 1998. Enhanced
germination under high-salt conditions of seeds of transgenic Arabidopsis with a bacterial gene (codA)
for choline oxidase. Journal of Plant Research 111: 357-362.
Khatib, F., Makris, A., Yamaguchi-Shinozaki, K., Kumar, S., Sarker, A., Eroskine, W., and Baum, M.
2011. Expression of the DREBIA gene in lentil (Lens culinaris Medik. Subsp culinaris) transformed
with the Agrobacterium system. Crop Pasture Science 62: 488-495.
Maccarrone, M., Veldink, G.A., Finazzi, A.A., and Vliegenthart. J.F. 1995. Lentil root protoplasts: a
transient expression system suitable for co-electroporation of monoclonal antibodies and plasmid
molecules. Biochimica et Biophysica Acta 1243: 136-142.
Mahmoudian, M., Yucel, M., and Oktem, H.A. 2002. Transformation of lentil (Lens culinaris Medik.)
cotyledonary nodes by vacuum infiltration of Agrobacterium tumefaciens. Plant Molecular Biology
Reports 20: 251-257.
Oktem, H.A., Mahmoudian, M., Eyidodan, F., and, Yiicel. M. 1999. Gus gene delivery and expression
in lentil cotyledonary nodes using particle bombardment. Lens Newsletter 26: 3-6.
Porebski, S., Bailey, L.G., and Baum, B.R. 1997. Modification of a CTAB DNA extraction protocol for
plants containing high polysaccharide and polyphenol components. Plant Molecular Biology Reporter
15: 8-15.
Sakamoto, A., and Murata, N. 2001. The use of bacterial choline oxidase, a glycine betaine-synthesizing
enzyme, to create stress-resistant transgenic plants. Plant Physiology 125: 180-188.
Sakamoto, A., Valverde, R., Alia, T.H.H., and Murata, N. 2000. Transformation of Arabidopsis with the
codA gene for choline oxidase enhances freezing tolerance of plants. Plant Journal 22: 449-453,

Yys



1YA0 pgo dow Y3 ,leds Vol [t Qb’# 6‘“&32 @i [ o5 JUSI ]y K0n g (Y 95,13

19.

20.

21.

Saneoka, H., Nagasaka C., Hahn D.T., Yang W.J., Premachandra, G.S., Joly, R.J., and Rhodes, D. 1995.
Salt tolerance of glycinebetaine-deficient and -containing maize lines. Plant Physiology 107: 631-638.
Sarker, R.H., Biswas, A., Mustafa, B.M., Mahbub, S., and Hoque, M.I. 2003. Agrobacterium-mediated

transformation of lentil. Plant Tissue Culture 13: 1-12.
ZakerTavallaie, F., Ghareyazie, B., Bagheri, A., and Sharma, K.K. 2011. Lentil regeneration from
cotyledone explant bearing a small part of the embryo axis. Plant Tissue Culture and Biotechnology 21:

169-180.

Yyy



Iranian Jour nal of Pulses Research
Val. 7, No. 2, 2016, p. 215-229

Genetic transformation of Lentil (Lensculinaris M.) and production of
transgenic fertile plants

Zaker Tavallai€”, F., Ghareyazi€?, B., Bagheri®, A. & Sharma*, K K.

1. Assistant professor, Complex Higher Education of Shirvan, Iran
2. Agricultural Biotechnology Research Institute of Iran (ABRII)
3. Professor, Department of Biotechnology, College of Agriculture & Research Center for Plant Sciences,
Ferdowsi University of Mashhad, Iran; abagheri@um.ac.ir
4. International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)

Received: 19 January 2016
Accepted: 6 April 2016

DOI: 10.22067/ijpr.v7i2.53151

Introduction

Lentil is an important pulse crop in Iran. Lentil is a seed propagating, self-pollinating
crop originating from Near East. It is containing 27.5% -31.75% protein and it has high
level of iron, calcium, phosphor, thiamin, niacin, and some unusual amino acid as
hydroxyarnitin, hydroxyarginin and homo arginin. FAOSTAT reported that the world
production of lentils was 4,975,621 metric tons in 2013. Major producing countries are
India, Australia, Canada and Turkey. According to Iranian agricultural statistic (2014), area
of pulses cultivation estimated 770000 hectares and its 20.2% belong to Lentil. Important
abiotic stresses that affect lentil are cold, freezing, drought, heat and salinity. Highland and
cold temperatures areas are the main producer in Iran and production of lentil in these areas
is limited. So we need tolerant cultivars against cold and freezing stresses for sowing during
autumn. Glycine betaine (GB) accumulates in some plants under abiotic stress such as cold.
GB stabilizes the structures and activities of enzymes and protein complexes and maintains
the integrity of membranes against the damaging effects of excessive salt, cold, heat and
freezing. The codA gene from Arthrobacter globiformis bacteria encodes choline oxidase
enzyme that catalyzes synthesis of glycine betaine from choline. The efficiency of
biotechnology techniques, especially tissue culture and gene transformation is noticeable in
this aspect. The objective of this research is gene transformation of lentil using codA gene
to enhance its tolerance against abiotic stress especially cold tolerance.

Materials and Methods

Seeds of lentil (Lens culinaris Medik) variety of Gachsaran (ILL6212) collected from
Shiravan Agriculture Research center in Iran were used in this investigation.

Gene transformation of lentil was done using pChlCOD plasmid. This plasmid is
containing COdA gene. Gene transformation was done by Agrobacterium tumefaciens using
Cotyledon with slight part of Embryo Axes explant after shooting for cu-cultivation. Co-
cultivation and following selection and regeneration was done according to Zaker Tavallaie
et al, (2011) protocol. The plasmid was containing one intron of rice that it eliminated
before cu-cultivation. Three weeks after transferring seedling to glasshouse DNA was
extracted from leaves samples using modified CTAB protocol. Existence of COdA gene was
investigated by PCR reaction using cCOdA-4 and codA-5 primers. Putative transgenic plants
were verified by dot blotting also. To determine integration of the gene into transgenic lentil
southern blotting also was done. RT-PCR after RNA extraction from leaves sample from
mature plants was done to investigate transcription of COdA gene. We collected some seeds
from putative transgenic plants and after cultivation in glasshouse T1 plants were obtained.
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YYA



1YA0 pgo dow Y3 ,leds Vol [t Qb’# 6‘“&32 @i [ o5 JUSI ]y K0n g (Y 95,13

PCR, RT-PCR experiments on investigate existence of COdA gene and dot blotting was done
on T1 transgenic plant.

Results and Discussion

The existence of COdA gene into TO putative transgenic plants was confirmed by PCR
and dot blotting. Integration of COJA gene into genome was revealed by Southern blotting
and transcription of the gene confirmed by RT-PCR assay, respectively. The existence of
gene into T1 plants and its transcription was also confirmed using PCR and RT-PCR.
Considering the availability transgenic seeds, it is possible to perform further bioassay
experiments regarding to enhancement of tolerance of transgenic plants against abiotic
stress especially cold stress.

Conclusion

Gene transformation of lentil by Agrobacterium using codA gene was achieved
successfully. After co-cultivation, regeneration of transgenic shoots including shoot
induction, shoot elongation, root induction, hardening and growth in glasshouse to rich to
mature plants was done successfully according to Zaker Tavallaie €t al, (2011) protocol.
Hygromycine was used as selection agent in selection media. TO transgenic plants verified
using PCR, Dot blotting, Southern blotting and RT-PCR. T1 transgenic plants also
confirmed by PCR and RT-PCR. It is necessary to achieve all bio assays about tolerance of
transgenic plants against abiotic stress. Also we will investigate inheritance of treat in
following generation of T1 plants. Also we will do other necessary investigation such as
biosafety experiments. We hope the transgenic plants will be tolerant against abiotic
stresses such as cold and freezing.

Key words: CodA gene, Lentil (Lens culinaris M.), Regeneration, Transgenic plants
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