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ABSTRACT: Chickpea is a good source of protein and carbohydrate among crop plants. There are some
agronomic and economically important traits could be improved by transgenic and transplastomic research
in this field crop. Despite the high yield potential of chickpea (over 4000 Kg.ha-1) transgenic breeding is going
to develop new cultivars against biotic and abiotic stresses as well as modern industrial usages. To do this by
transplastomic approach chickpea specific plastidial vector is an essential need which is pursued in this work.
The nucleotide sequence of chickpea organellar genome of plastid was used for determining the rbcL regional
to design specific primer set using on line Primer blast software. Total genomic DNA was extracted from
seedling leaves and used for PCR reaction as template. Expected length of amplified rbcL fragment was
confirmed by agarose gel electrophoresis. The fragment extracted from agarose gel (0.8 %) using the gel
purification and extraction kits and used for the T/A cloning. White blue screening used for recovering
recombinant colonies followed by colony PCR, restriction analysis, sequencing and bioinformatic studies.
Obtained results showed the hight similarity of cicer with trifolium by 95% and low similarity with vicia by
81%.
Keywords: chickpea, Cicer arietinum L, cloning, plastidial vector, rbcL
INTRODUCTION
Chickpea (Cicer arietinum L.) is one of the oldest and
most widely consumed legumes in the world due to
relatively high protein content and wide adaptability as
a food grain. It is the second most widely grown
legume in the world (FAO, 2008).
Its protein quality is better than other legumes such as
pigeon pea, black gram and green gram. Chickpea has
significant amounts of all the essential amino acids
except sulfur containing types, which can be
complemented by adding cereals to daily diet. Chickpea
has several potential health benefits and in combination
with other pulses and cereals, it could have beneficial
effects on some of the important human diseases like
cardiovascular, type 2 diabetes, digestive diseases and
some cancers. Overall, chickpea is an important pulse
crop with a diverse array of potential nutritional and
health benefits (Kaur and Singh, 2005).
There is a growing demand for chickpea due to its
nutritional value. In the semi-arid tropics chickpea is an
important component of the diets of those individuals
who cannot afford animal proteins or those who are
vegetarian by choice. Chickpea is a good source of
carbohydrates and protein, together constituting about

80% of the total dry seed mass in comparison to other
pulses. Chickpea is cholesterol free and a good source
of dietary fiber, vitamins and minerals. Chickpea is
grown in many parts of the world and yields a total of
about 9.8 M t from an area of 11.1 M ha (FAO STAT
2009). Among the major chickpea producer countries,
India, Pakistan, Turkey and Iran, has the most growing
areas (Anonymous 2011). Despite the high yield
potential of chickpea of over 4000 kg ha-1 (Singh 1987;
Singh 1990), the actual yields are significantly lower
which is considered to be due to biotic and abiotic
stresses (Singh 1993). The protein quality of chickpea
is better than other legumes like pigeon pea, black gram
and green gram (Kaur and Singh, 2005). According to
the size, shape and color of the seeds, two types of
chickpea are usually acknowledged. Kabuli chickpea is
large seeded with salmon white testa, is grown mainly
in the Mediterranean area, central Asia and America
and Desi chickpea is small seeded with a light brown
testa, is cultivated mostly in India and east Africa
(Rincon et al., 1998). Chloroplast genetic engineering
has got a number of merits over nuclear transformation
in higher plants (Mata et al. 2010).
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These advantages are targeted gene integration, high
level heterologous protein expression and the feasibility
of expressing multiple proteins from polycistronic
mRNAs (Maliga, 2002; Bock, 2007; Kittiwongwattana
et al., 2007). It is also important that in the majority of
flowering plants including major crops, inheritance of
the plastid genome is through the maternal parent
(Corriveau and Coleman, 1988), and transmission of
plastids through pollen is very rare (Ruf et al., 2007;
Svab and Maliga, 2007). Since the accomplishment of
genetic transformation of chloroplast from 25 years ago
(Boyton et al., 1988., Svab et al., 1990), several reports
are published in producing value-added vaccines,
antigens and biopharmaceuticals via plant or alga as
bioreactors (Daniell et al. 2005, 2009; Specht et al.
2010). The most prominent is that plastid transgene
expression can be remarkably high and the desired
recombinant protein may represent up to 70% of leaf
total soluble protein (Daniell et al., 2009; Oey et al.,
2009a; Ruhlman et al., 2010).The plastid
transformation vectors are developed through
restriction and ligation of excised chloroplast DNA
fragment using plasmid DNA in such a manner that it
flanks the foreign genes so that the integration of
gene(s) of interest and selectable marker gene is
inserted at a precise and predetermined location in the
plastome through homologous recombination. For this
purpose, the plastid expression vectors usually
possessed left and right flanking sequences each with
about 1-2 kb in size from the plastid genome. Insertion
of foreign DNA in intergenic regions of the plastid
genome had been accomplished at 16 sites (Maliga,
2004). In the present study, we cloned the rbcL region
to use it as flanking region for plastidial vectors in
Cicer arietinum.
MATERIALS AND METHODS
A. Plant material
Kabuli chickpea seeds were planted in pots and were
grown up at 26ºC temperature with a 16L/8D
photoperiod for 15 days.
B. DNA extraction
To prepare high quality total genomic DNA, plants
were incubated in a dark place for 24 hours for the full
breakdown of cellular starch content. The total DNA
was extracted from leaf sample at 2-3 leaves stage
using CTAB (Saghaei et al, 1984) method. Quality,
quantity and concentration of the extracted DNA were
evaluated by 0.8% agarose gel electrophoresis using
DNA Weight Marker (SinaClon Co.)
C. Designing the primers
The
specific
primers
GAGCTCAATTTTCAAAGTCAACCCAGT-3'
R:AAGCTTAAA

(F:
and
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CGGTCTCTCCAACGCAT) were designed according
to genome of plastid from Cicer arietinum (accession
number: EU 835853.1) by the online software of
Primer-Blast. The cleavage sites of HindIII and sacI
were embedded in the 5' end of the forward and reverse
primers to ensure the further sub cloning procedure.
D. PCR amplification and Bacterial Transformation
Total genomic DNA was used as a template for
amplification of target fragment in the concentration of
5 ng/μl. The PCR program consisted of an in initial
denaturing at 94 °C for 5 min, continued by 35 cycles
of 94°C for 60s, 59°C for 30s and 72°C for 60s, with a
final extension step at 72°C for 2 min. The 1235 bps
target amplificant was eluted from agarose gel using gel
extraction kit (Bioneer, South Korea) and used at
concentration of 38ng/μl in ligation reaction with
pTG19-T vector by T4 DNA ligase at molar ratio of 1:3
vector to insert at 4°C for 24 hours. The recombinant
colonies were verified by colony PCR, restriction
digestion and sequencing at the end.
Plasmid transformation into DH5 alpha E. coli
competent cells was done using heat shock method. To
do this, the bacteria were freshly grown overnight at
37°Cin LB agar plates containing ampicillin, x-gal, and
IPTG. Cells transformed with pTG vector containing
recombinant DNA will produce white colonies; cells
transformed with non recombinant plasmids (i.e. only
the vector) grow into blue colonies. To perform a
colony PCR, small piece of a single white colony was
used as template DNA containing target and the PCR
product was electrophoresed in 0.8 % agarose gel. After
the first confirmation step, single white colonies were
inoculated into 10 mL LB/ampicillin (100μg mL-1)
broth medium. The overnight broth culture was
harvested by centrifuged at 130,000 rpm for 2 min and
supernatant was discarded. Plasmid extraction was
performed using Bioneer Plasmid Kit (Bioneer, South
Korea). Restriction enzyme digestion was performed to
determine the presence of the insert and final
confirmation of rbcL fragment was carried out using
automated sequencing facilities (Bioneer, South Korea).
RESULTS AND DISCUSSION
After overnight incubation of transformed competent
bacterial cells on the LB agar containing 100 μg°mL-1
ampicillin, the white and blue colonies were appeared
on IPTG/X-gal agar plate (Fig. 1). Blue colonies were
the false and lack inserts and may either get in framed
filled of lacZα by any artifact PCR product or company
product fails while white colonies contained almost the
right insert.
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As a control in transformation process, competent
Escherichia coli DH5α without insert was spread on
ampicillin agar plate containing 100μg mL-1 and
showed no colony growth after overnight incubation.
For each transformation reaction, 5 white colonies
were randomly chosen from the LB agar plate and
subjected to PCR-colony analysis. Coloneis
screening of rbcL gene region from Cicer arietinum
by PCR using specific primer gives the band size
~1235 bp. Restriction analysis of recombinant
plasmids was done with restriction enzyme EcoRI
(Fig. 2). Obtained sequencing results were analyzed
using bioinformatic software (Fig. 5).

Fig. 1. White-blue screening of bacterial
tranformants on the LB agar/amp. Overnight growth
of Escherichia coli DH5alpha colonies after
transformation with pTG-19 plasmid vector at 37°C.

Fig. 2. Colony PCR for white colonies. Screening of
white clones by PCR using specific primer for
fragment size of ~1235bps. M, 1 Kb DNA Ladder
(Fermentas).
Two types of colonies were observed as white and
blue colonies on medium containing IPTG and X-gal.
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Fig. 3. Schematic presentation of Ligation reaction.
The pTG19-T is a linear-type vector which takes a
circular form after ligation.

Fig. 4. Restriction analysis of recombinant plasmid.
I) Linearized plasmid DNA with EcoRI, II) Uncut
plasmid. M) DNA size marker 1Kb (Fermentas).
All of analysis done by colony PCR, cutting enzymes
and sequencing showed that the rbcL gene region has
been successfully cloned from Cicer arietinum L.
with high similarity to trifolium and low similarity to
vicia by 95% and 81% respectively among species of
Cicer arietinum, (EU835853.1), Trifolium strictum
(K J788292.1), Lathyrus palustris (HM029366.1),
Pisum sativum (HM029370.1), Vicia faba
(KF042344.1),
Glycine
max
(DQ317523.1),
Eucalyptus umbra (KC180778.1) and Fragaria
vesca, (KC507757.1.).
The nutritional importance of chickpea is based on its
high protein content of 25.3-28.9% (Hulse, 1991)
which is being used more and more as an alternative
protein source for the human food and animal feed.
Genetic improvement of this crop by selection and
hybridization led to introduce high yield cultivars that
can grow and provide economic yield under salinity
stress conditions to minimize the repercussions of the
salinity (Ashraf and McNeilly, 2004).
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Since chickpea (Cicer arietinum L.) is one of the oldest
and most widely consumed legumes in the world with a
wide adaptability potential to arid and semi-arid
regions, any transgenic improvement could be useful in
achieving new goals and aims in this crop. Along with
this strategy, transplastomic approach could be
attempted based on cloned flanking fragments from
chickpea which considered as a frequently reported
region from other species (Maliga, 2002; Bock, 2007).
The plastid transformation offered a good platform of
foreign gene expression in higher plants.
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Chloroplast genetic engineering offers several
advantages for improving agronomic traits of crops
(Daniell et al. 2005) as well as producing value-added
vaccines, antigens and biopharmaceuticals via plant or
alga as bioreactors (Daniell et al. 2009; Specht et al.
2010). The most prominent is that plastid transgene
expression can be remarkably high and the desired
recombinant protein may represent up to 70% of leaf
protein (Daniell et al., 2009; Oey et al., 2009a;
Ruhlman et al., 2010).

Fig. 5. Blastn results showing 96% similarity with Cicer arietinum.
Table 1: Pair Blast of Cicer arietinum rbcL with some other species.

TrbcL
LrbcL
PrbcL
VrbcL
GrbcL
ErbcL

LrbcL
94

PrbcL
94
97

VrbcL
95
97
95

GrbcL
89
87
87
87

ErbcL
92
86
85
85
94

CrbcL
90
88
87
85
84
81

CrbcL(Cicer arietinum), EU835853.1; TrbcL (Trifolium strictum), K J788292.1; LrbcL (Lathyrus palustris), HM029366.1;
PrbcL (Pisum sativum), HM029370.1; VrbcL (Vicia faba), KF042344.1; GrbcL (Glycine max) DQ317523.1; ErbcL (Eucalyptus
umbra), KC180778.1; FrbcL (Fragaria vesca) KC507757.1.

ACKNOWLEDGEMENT
We thank to Department of Plant Breeding and
Biotechnology, University of Tabriz
for financial
supports in this research work.
REFERENCES
Zielazinska, M., Wyszkowska, J. (2005). Cadmium in
soil environment. Post. Nauk Rol. 6, 75.
Anil, D. and Goldschmidt-Clermont, M. (2011). The
chloroplast transformation toolbox: selectable
markers
and
marker
removal.
Plant
Biotechnology Journal, 9: 540-553.
Ashraf, M.,McNeilly, T., (2004). Salinity tolerance in
Brassica oilseeds. Crit. Rev. Plant Sci., 23: 157174.
Bock, R. (2007). Plastid biotechnology: prospects for
herbicide and insect resistance, metabolic

engineering and molecular farming. Current
Opinion in Biotechnology, 18: 100-106.
Boynton, J.E., Gillham, N.W., Harris, E.H., Hosler,
J.P., Johnson, .M., Jones, A.R., RandolphAnderson, B.L., Robertson, D., Klein, T.M. and
Shark, K.B. (1988). Chloroplast transformation
in Chlamydomonas with high velocity micro
projectiles. Science, 240: 1534-1538.
Chabaud, M., Passiatore, J.E., Cannon, F. and
Buchanan-Wollaston, V. (1988). Parameters
affecting the frequency of kanamycin resistant
alfalfa obtained by Agrobacterium tumefaciens
mediated transformation. Plant Cell Reports, 7:
512-516.
Corriveau J.L., Coleman AW. (1988). Rapid screening
method to detect potential bi-parental
inheritance of plastid DNA and results for over
200 angiosperm species. Amer. J. Bot., 75:
1443-1458.

Kolikand and Kohnehrouz
Daniell, H., Lee, S.B., Grevich, J., Saski, C., QuesadaVargas, T., Guda, C., Tomkins, J. and Jansen,
R. K. (2006). Complete choloroplast genome
sequence bulbocastanum Solanum lycopersicum
and comparative analyses with other Solanacae
genomes. Theoretical Applied Genetics, 112:
1503-1518.
Daniell, H., Chebolu, S., Kumar, S., Singleton, M., and
Falconer, R. (2005a). Chloroplast-derived
vaccine antigens and other therapeutic proteins.
Vaccine, 23: 1779-1783.
Daniell, H., Datta, R., Varma, S., Gray, S., and Lee,
S.B. (1998). Containment of herbicide
resistance through genetic engineering of the
chloroplast genome. Nat. in Biotechnol., 16:
345-348.
Daniell, H., Kumar, S., and Dufourmantel, N. (2005b).
Break through in chloroplast genetic
engineering of agronomically important crops.
Trends in Biotechnology., 23: 238?245.
FAO STAT. (2009). Food and Agriculture
Organization of the United Nations.FAO
Production Year Book.Rome, Italy: FAO.
http://apps.fao.org.
Gould, S.B., Waller, R.F. and McFadden, G.I. (2008).
Plastid evolution. Annual Review in Plant
Biology, 59: 491-517.
Grevich, J. and Daniell, H. (2006). Chloroplast genetic
engineering: recent advances and future
perspective. Critical Review in Plant Science,
24: 83-107.
Huan-Huan, W., Wei-Bo, Y. and Zan-Min, H. (2009).
Advances in chloroplast engineering. Journal of
Genetics and Genomics, 36: 387-398.
Hulse, J.H., (1991). Nature, composition and utilization
of grain legumes. In: Patencheru, A.P. (Ed.),
Uses of Tropical Legumes. Proceedings of a
Consultants
Meeting,
27-30
March
1989.ICRISAT Center, ICRISAT, India, pp.
502-524.
Internet: Food and Agriculture Organization of United
Nations (2008). Economic and social
department.
Available
from FAOSTAT
statistical database agriculture. Rome, Italy.
Downloaded
from
http://faostat.fao.org/site/613/default.aspx#ancor
.
Kaur, M. and Singh, N. (2005). Studies on functional,
thermal and pasting properties of flours from
different chickpea (Cicer arietinum L.)
cultivars. Food Chemistry, 91: 403-411.
Kumar, S., Dhingra, A., and Daniell, H. (2004).
Plastid-expressed
betaine
aldehyde
dehydrogenase gene in carrot cultured cells,

1603

roots, and leaves confer enhanced salt
tolerance. Plant Physiology, 136: 2843-2854.
Quesada-Vargas, T., Ruiz, O.N. and Daniell, H. (2005).
Characterization of heterologous multi gene
operons in transgenic chloroplasts: transcription,
processing, and translation. Plant Physiology,
138: 1746-1762.
Ruhlman, T., Verma, D., Samson, N. and Daniell, H.
(2010). The role of heterologous chloroplast
sequence elements in transgene integration and
expression. Plant Physiology, 152: 2088-2104.
Saghai Maroof, M.A., Biyashev, R.M., Yang, G.P.,
Zhang, Q. and. Allard, R.W. (1994).
Extraordinarily polymorphic micro satellite
DNA in barley: Species diversity, chromosomal
locations and population dynamics. Proceeding
of National Academy of Sciences USA, 7: 54665470.
Saski C., Lee S.B., Daniell H., Wood T.C., Tomkins J.,
Kim H.G., Jansen R.K. (2005). Complete
chloroplast genome sequence of Glycine max
and comparative analyses with other legume
genomes. Plant Molecular Biology, 59: 309322.
Singh K.B. (1987). Chickpea breeding. In Saxena M,
C., Singh K.B. (eds) The Chickpea. CAB
International, Wallingford, pp. 127-162.
Singh K.B. (1990). Prospects of developing new
genetic material and breeding methodologies for
chickpea improvement. In: Saxena M.C.,
Cubero J.I., Wery J. (eds) Present Status and
Future Prospects of Chickpea Crop Production
and Improvement in the Mediterranean
Countries. Options Méditerranéennes-SérieSéminaries-no 9-CIHEAM, Paris, pp. 43-50.
Singh K.B. (1993). Problems and prospects of stress
resistant breeding in chickpea. In Singh K.B.,
Saxena M.C. (eds) Breeding for Stress
Tolerance in Cool-Season Food Legumes. John
Wiley and Sons, Chichester, pp. 17-35.
Specht, E., Miyake-Stoner, S. and Mayfield, S. (2010).
Micro-algae come of age as a platform for
recombinant protein production. Biotechnology
Letters, 32: 1373-1383.
Svab, Z., Hajdukiewicz, P. and Maliga, P. (1990).
Stable transformation of plastids in higher
plants. Proceedings of National Academy of
Sciences USA, 87: 8526-8530.
Rincon, F., Beatriz, M. and Ibanez, M.V. (1998).
Proximate composition and antinutritive
substances in chickpea (Cicer arietinum L.) as
affected by the biotype factor. Journal of
Science of Food and Agriculture, 78: 382-388.

Kolikand and Kohnehrouz
Verma, D. and Daniell, H. (2007). Chloroplast vector
system for biotechnology application. Plant
Physiology, 145: 1129-1143.
Zhang Q., Liu Y., Sodmergen, (2003). Examination of
the cytoplasmic DNA in male reproductive cells
to determine the potential for cytoplasmic
inheritance in 295 angiosperm species. Plant
Cell Physiol., 44: 941-951.

1604

Zhengyi, W. Yanzhi, L. Chunjing, L. Yunpeng, W.,
Qin'an, C., Yingshan, D. and Shaochen, X.
(2011). Transformation of alfalfa chloroplasts
and expression of green fluorescent protein a
forage crop. Biotechnology Letters, 33: 24872494.

