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ABSTRACT

Mutations play an important role to induce new genes, creating variation. The present study deals with
inheritance of female sterilities in the induced mutants of the cultivated chickpea (Cicer arietinum L.) and its
progenitor (Cicer reticulatum Ladiz.). Air-dried seeds of Cicer species were irradiated with 200, 300 and 400
Gy gamma rays. Two induced mutations conferring open flower and determinate growth habit with small leaf
characteristics in the cultivated chickpea and its progenitor were discovered in M2 generation. These mutant
chickpeas were female sterile. Inheritance study showed that the female sterility in the induced mutants was
controlled by a single recessive gene (fs). The female sterility, determinate growth habit, open flower and small
leaf characteristics were first reported for C. reticulatum Ladiz. Results indicated that a joint segregation of
the female sterility, open flower, determinate growth habit and small leaf characteristics might be linked in
both of induced mutants of the cultivated chickpea and its progenitor. The new gene discovered on the sterility
in the induced mutants may be useful for gene mapping in Cicer species.
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et al., 2010; Wani, 2011). The aim of the present study is
to report inheritance of induced male and female sterilities
in the cultivated chickpea and its progenitor.

INTRODUCTION
The number of species in the genus Cicer L. has
reached up to 45 taxa with a new endemic perennial
species, C. uluderensis Donmez (van der Maesen et al.,
2007; Donmez, 2011), recently found in Southeast
Turkey. In the genus Cicer L., Cicer arietinum L. is only
cultivated species, with 2n = 16 chromosomes, and selfpollinated species due to its cleistogamic flowers (Cubero,
1987). The cultivated chickpea is a derivative from its
wild progenitor species, C. reticulatum Ladizinsky
(Zohary and Hopf, 2000; Toker, 2009). C. reticulatum
Ladiz. is originated from South-Eastern Turkey
(Ladizinsky and Adler, 1976), and it can easily be crossed
with the cultivated chickpea (Abbo et al., 2007). The
morphological variations in C. reticulatum Ladiz. are
narrower than those of the cultivated chickpeas
(Robertson et al., 1997).

MATERIALS AND METHODS
Air-dried seeds of two Cicer species including the
cultivated chickpea genotype namely 'macrosperma'
chickpeas, 'CA 2969' (Rubio et al., 2003), and a genotype
of C. reticulatum Ladiz 'AWC 612' (Toker, 2005; Toker et
al., 2007; Canci and Toker, 2009) were irradiated with
200, 300 and 400 Gy of gamma rays from a 60Co source in
Turkish Atomic Energy Agency (TAEK), Ankara, Turkey
(Toker et al., 2005). There were approximately 500 seeds
in each treatment level, after which they were stored at
4oC. The field was fertilized with N, P and K at a rate of
20 kg per ha prior to sowing. The irradiated seeds were
sown in plots with 45 cm row and 5 cm plant spacing at
Antalya location (30o 38’ E, 36o 53’ N, 32 m from sea
level) in the spring of 2005. Weed control was done by
hand during seedling stage. Additional irrigation was not
practiced because of sufficient rainfall.

Induced mutations are useful for genetic exploitation
of crop plants when the genetic variation is narrow. So far,
several morphological mutants have been found and
utilized in chickpea improvement as well as in linkage
studies (Dahiya et al., 1984; Pundir and Reddy, 1998;
Gaur and Gour, 2002; McNeil et al., 2007; Rajesh et al.,
2007; Salimath et al., 2007; Srinivasan et al., 2006; Wani
and Anis, 2008; Ali et al., 2010; Kharkwal et al., 2010; Si

The seeds from M1 generation were individually
harvested in the summer of 2005. M2 generation was
grown as single plant progenies in separate rows at the
same location in 2006. After germination, M2 plants were
78

carefully screened for all morphological mutations until
harvest. Putative mutants in M2 generation were isolated
and individually harvested. Furthermore, the sibs of
selected putative mutants were also harvested as single
plants. For observation of mutant and segregation ratios,
the selected mutants and their sibs were grown as M3
generation at the same location in the following year. The
normal and female sterile plants were counted in
segregating rows for M3 generation. The mode of
inheritance was performed using chi-square (χ2) test
according to the formula: χ2 = Σ(O-E)2/E, where O and E
are observed and expected values, respectively (Toker et
al., 2012b).

RESULTS AND DISCUSSION
The mutants selected from 'CA 2969' and 'AWC 612'
was similar to each other for some respects. They had
lesser number of stamens than those of parents, and both
were female sterile bearing no stigma. Also, flowers in
these mutants were open as shown in Figure 1.
Furthermore, these mutants were determinate growth
habit, while their parents were indeterminate growth habit
(Table 1). The sterile mutant selected from 'CA 2969' and
'AWC 612' had smaller leaf with 4-7 leaflets than those of
parents (Table 1).

Table 1. Characteristics of the mutants and their parent in Cicer species
Characteristics
Flower color
Flower shape
Flower per peduncle
Stamens
Stigma
Leaflet per leaf
Leaf shape
Growth habit

C. arietinum L.
CA 2969
Mutant
White
White
Normal
Open
2
3-6
9+1
<10
Yes
Absent
16-18
4-7
Normal
Normal
Indeterminate
Determinate

C. reticulatum Ladiz.
AWC 612
Mutant
Pink
Pink
Normal
Open
1
1
9+1
<10
Yes
Absent
14-16
4-7
Normal
Normal
Indeterminate
Determinate

Although flowers of the mutants were pollinated by
hand, no pods were obtained from the crosses between the
induced female sterile mutants (♂) and their parents (♀).
Apparently pollen fertilities were deficient confirmed by
with negative pollen staining (data not shown).
In M1 generation, some morphological mutants were
observed in plots. In M2 generation, there were two female
sterile mutants in plots. The ratio of the fertile sibs to the
sterile mutants were 20:4 in 'CA 2969' and 17:3 in 'AWC
612' in M2 generation, respectively (Table 2). The mutant
plants in M2 rows had no pods and seeds due to female
sterility, whereas normal sibs were fertile. Therefore, only
fertile sibs were sown in M3 generation. In M3 generation,
the ratios of the fertile sibs to the mutants in 'CA 2969'
and 'AWC 612' 'were recorded as 121:35 and 110:39,
respectively (Table 2). Chi-square analysis of data from
these mutants indicated that segregation ratios fit well to
the ratio of 3:1 (i.e. 3 fertile sibs: 1 sterile mutant).
Therefore, all these mutations described here were
governed by a single recessive gene.

Figure 1. Female sterile mutants with open flower, small leaf
and determinate growth habit in C. arietinum L. (a and c) and in
C. reticulatum Ladiz. (b and d).
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Table 2. Inheritance of induced sterility in Cicer species
M2
Parents
CA 2969
AWC 612

No. of filials

F: S*

24
20

20:4
17:3

Observed
F: S*
121:35
110:39

M3
Expected
F: S*
3:1
3:1

χ2
0.5
0.1

P
0.90-0.75
0.90-0.95

* F and S are the induced fertile sibs and the induced sterile mutant, respectively.

The nomenclature guidelines proposed by Muehlbauer
and Singh (1987) were used for gene symbols. The gene
symbol fs was designed for the induced female sterility in
'CA 2969' and 'AWC 612'. A similar study on inheritance
of the induced sterility was reported by Ashri (1968) in
peanut (Arachis hypogeae L.). van Rheenen et al. (1994)
found a sterile mutant in the cultivated chickpea. Although
male sterility in the cultivated chickpea has been reported
in different studies (Sethi 1979; Muehlbauer and Singh,
1987), the sterility has not been used as sustainable so far.

The results indicated that there was a parallelism for
the induced sterility between the cultivated chickpeas and
C. reticulatum Ladiz., since both had the same mutation.
The known genes related to determinate growth habit and
small leaf was also induced in the cultivated chickpea and
C. reticulatum Ladiz. Although the induced female
sterility in the cultivated chickpeas and C. reticulatum
Ladiz. is undesirable, this new gene can be useful for gene
mapping.
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After Muehlbauer and Singh (1987), many induced
and some spontaneous genes in the cultivated chickpea
and its progenitor were identified (Dahiya et al., 1984;
Pundir and Reddy, 1998; Gaur and Gour, 2002; McNeil et
al., 2007; Rajesh et al., 2007; Salimath et al., 2007;
Srinivasan et al., 2006; Wani and Anis, 2008; Ali et al.,
2010; Kharkwal et al., 2010; Si et al., 2010; Wani, 2011;
Toker et al., 2012a). Pundir and Reddy (1998) isolated
mutant having few leaflets. Open flower was also reported
as a useful trait in the cultivated chickpea because it will
reduce the time needed for cross pollinations (Pundir ve
Reddy, 1998). van Rheenen et al. (1994) isolated an
induced mutant chickpea having indeterminate growth
habit. The symbol cd was designed for the allele
conditioning for determinancy and Dt for the allele
expressing the determinate trait (van Rheenen et al.,
1994). To our knowledge, the mutant having open flower
and determinate growth habit with small leaf is the first
report in C. reticulatum Ladiz. (Figure 1 and Table 1). The
mutant selected in ‘CA 2969’ was identical with the
mutants reported by van Rheenen et al. (1994) and Pundir
and Reddy (1998). These results suggested that the same
loci could be induced again and also it was more inducible
than the others.
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