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ABSTRACT 
 
One new mutant strain of chickpeas was used to understand the mode of 
inheritance of non-nodulation. A spontaneous non-nodulating mutant ICC19181 
was crossed with two different highly nodulated strains, that is, NDC 5-S-10 and 
NDC 4-20-4 and differential results were obtained in the F2 generation and 
backcross progenies. The former (ICC19181 X NDC 5-S-10)  showed 3:1 and the 
latter (ICC19181 X NDC 4-20-4)  showed 15: 1 segregation for Nod+: Nod-. The 
distribution of nodulated and non-nodulated progenies, that is, 1 Nod+: 1 Nod- 
and 3 Nod+: 1 Nod- in the backcross progenies of hybrids A and B, with 
ICC19181, respectively authenticate the results of the segregating populations. 
The latter suggests that two independent loci were involved in forming non-
nodulation phenotype. They are in complete dominance but the effect is epistatic 
to the others. NDC 5-S-10 is expected to be homozygous dominant in one gene 
but homozygous recessive in the other gene.  
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INTRODUCTION 
 
Many legume species usually form a complex symbiotic 
association with specific soil bacteria known as rhizobia 
(Rhizobium leguminoserum). This association constructs 
highly specialized organ, called the root nodule. Rhizobia 
live in these nodules and fix atmospheric nitrogen into a 
usable form for plants. Legume crops like chickpeas do not 
respond to high doses of nitrogen fertilizer as they mainly 
depend upon atmospheric nitrogen. Improving symbiotic 
nitrogen fixation ability in legume crops could be the most 
efficient way of improving yield (Nutman, 1969; Caldwell 
and Vest, 1977). This is also one of the main goals of recent 
agronomical studies to reduce consumption of artificial 
nitrogen fertilizer (Devine and Weber, 1977),  as synthetic 
nitrogen based fertilizers produced every year met only 
50% of the world’s requirement (WIPO, 2007). 

Symbiotic nitrogen fixation ability has been known to be 
influenced by three important factors that is, host 
genotypes, bacterial strains and environmental conditions. 
Genotypic variation for nodule formation ability (nodule 
number and nodule dry weight) and N2 fixation ability was 
reported in clover (Nutman, 1967), common bean 
(Phaseolus vulgaris L.) (Chavera and Graham, 1992; 
Montealegre et al., 1994), soybean (Videira et al., 2001), 

chickpea (Romdhane et al. 2007). Using diallel cross 
populations, it also has been shown that nodule formation 
ability is under polygenic control, in which non-additive 
gene action as well as, substantial additive effect was 
presented (Bhapker and Deshmukh, 1982).  

The response of cultivars to inoculation with different 
rhizobia strains also has been studied in several 
leguminous plants. Hungría and eves (1987) indicated that 
there is an interaction between Rhizobium strains and 
genotypes for plant growth and N content in the common 
bean. Interactions between Rhizobium strains and 
Phaseolus cultivars on N2 fixation were further 
investigated by Rodrígues-Nabarro et al. (1999). 
Differential response of chickpeas in nodulation to 
environmental conditions was also reported in high soil 
salinity (Saxsena and Rewari, 1992) and drought 
conditions (Romdhane et al., 2008). 

Considering these facts it should be proposed that 
breeding of host plants in combination with rhizobia 
strains might be requested for improving nitrogen fixation. 
In order to improve the nitrogen-fixing ability of legumes 
through breeding, understanding the genetic control that 
underlines   nodulation   is   required    (Wyne et al., 1981).  
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Table 1. Segregation of nodulation in parents, F1, F2 and back cross generations in two hybrid experiments. 

 

Generation† 
Parent or 
cross‡ 

 
Number of plants 

 
Expected 

ratio 
ϰ2 P 

Nod+ Nod- 

Hybrid A 
P1 ICC19181 

 

0 40 

 

-   
P2 NDC 5-S-10 40 0 -   
F1 P2 × P1 27 0 -   
F2 F1 84 25 3 : 1 0.14 0.68 – 0.70 
BC1(P1) P1 × F1 45 39 1 : 1 0.29 0.50 – 0.70 
BC1(P2) P2 × F1 48 0 -   

Hybrid B 
P1 ICC19181 

 

0 40 

 

-   
P2 NDC 4-20-4 40 0 -   
F1 P2 × P1 30 0 -   
F2 F1 105 12 15 : 1 2.55 0.15 – 0.20 
BC1(P1) P1 × F1 53 26 3 : 1 2.22 0.15 – 0.20 
BC1(P2) P2 × F1 59 0 -   

 

†P1 and P2: Parents. F1: first filial generation. F2: second filial generation. BC1: first backcross generation. ‡The parents in right side 
serve as female and that in the left hand side as male.  

 
 
Mutants showing aberrant responses to inoculation with 
Rhizobium in chickpea were first isolated by selection 
following γ-irradiation mutagenesis (Davis et al., 1985). 
Some of these mutants showed temperature sensitive 
expression of nodulation. When root temperature was 
controlled under greenhouse conditions, some mutants 
produced effective nodules at 24ºC, but nodulation was 
strongly suppressed or eliminated at 29ºC. These aberrant 
phenotypes or “ineffective” nodulation was shown to be 
controlled by single recessive genes, that is, rn1, rn2 and 
rn3 (Davis et al., 1986).  

Additional recessive mutant genes, which are non-allelic 
to the previously reported genes, were identified for 
ineffective nodulation mutants and assigned as rn4 and 
rn5 (Davis et al., 1988). However, recessive epsitatic 
relationship was observed between these two genes. 
Beside these studies, Rupela and Sudarshana (1986) 
identified spontaneous non-nodulating mutants in 
chickpea. 

The mode of inheritance of these strains was studied by 
Singh et al. (1992) and a single recessive gene controlling 
non-nodulating trait was identified. Because this gene is 
not allelic to the other genes identified in the induced 
mutation studies, they assigned the symbol rn6 to this 
mutant. Singh and Rupela (1998) reported three additional 
non-nodulating genotypes from the three different morphs 
that originated in India, that is, Annigeri,  (ICC4918), Rabat 
(ICC 4993) and K850 (ICC 5003) through pure line 
selection. In these mutants, one new recessive mutant 
gene (rn8) was identified, which might be the first mutant 
gene in Kabuli genotypes. 

This study was conducted to get a clearer understanding 
of the genetics of nodulation in chickpea. The specific 
objective was to determine the inheritance of nodulation 
for two chickpea crosses using ICC9181 (non-nodulated) 
as   female   paren t in   both   the   crosses  and  applying R. 

 
 

leguminoserum strain Cl2 as seed inoculant. 
 
 
MATERIALS AND METHODS 
 
ICC19181 is one of the four spontaneous non-nodulating 
mutants of Desi chickpea genotype sent from ICRISAT. 
Two highly nodulated Desi chickpea genotypes, that is, 
NDC 5-S-10 and NDC 4-20-4 were selected among the bulk 
of 49 chickpea genotypes in a field experiment conducted 
during 2006 to 2007 at The University of Agriculture 
Peshawar (UAP) Pakistan (Gul et al., 2014). NDC 5-S-10 is 
an inbred strain developed from a cross between JG74 × 
ICC12071 at write Nuclear Institute for Food and 
Agriculture (NIFA), while, genotype NDC 4-20-4 was 
derived from irradiated parent C-44. The selected 
genotypes were raised and crossed for F1 during 2007 to 
2008 at the University of Agriculture, Peshawar, Pakistan. 
F2 populations and backcrosses were developed at NIFA 
during 2008 to 2009. Table 1 shows the mating scheme.  

The parental genotypes, F1, F2 and backcross 
populations were raised in pots (22 cm-diameter pots 
filled with 4.5 kg soil with 50% sand and 50% clay) during 
2009 in a net house at the UAP, Pakistan. The inoculation 
slurry was prepared by adding 40 g of R. leguminosarum 
culture of CPL2 in 300 ml of 5% sugar solution. The whole 
inoculation procedure was completed in the shade. Three 
seeds were sown per pot, no fertilizer was applied to the 
soil and water was applied when required. Data for 
nodulation was recorded after six weeks of planting. For 
examining nodulation, plants were gently uprooted from 
pots and the soil removed by dipping the plant roots thrice 
in tap water tub to completely clean roots from soil 
particles. All the plants of different genotypes were 
carefully scored for presence/absence of root nodules by 
spreading the roots in trays filled with water. Data for the  
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presence/absence of nodules were obtained from 120 
plants of parental genotypes (40 plant for each parent), 57 
plants of F1 (27 of hybrid A and 30 of hybrid B), 226 F2 
(109 of hybrid A and 117 of hybrid B) and 263 
backcrossed (84 of hybrid A and 79 of hybrid B) plants. 
The Chi-square (χ2) test using Yates correction to adjust 
small population size was done to test the goodness of fit 
for appropriate genetic hypotheses (Yates, 1934).  
 
 
RESULTS AND DISCUSSION 
 
Results revealed that both parents NDC 5-S-10 and NDC 4-
20-4 produced normal nodulation, while the third parent 
ICC19181 lacked nodules (Table 1). All the F1 plants of 
hybrid A (NDC 5-S-10 × ICC 19181) as well as hybrid B 
(NDC 4-20-4 × ICC19181) showed normal nodulation 
indicating dominant effect for nodulation in these 
genotypes. In NDC 5-S-10 × ICC 19181, segregation in F2 
population showed a good fit to the 3:1 ratio for Nod+ and 
Nod- phenotypes. This is the expected ratio when Nod- 

phenotype is controlled by a single recessive gene. In 
backcross populations, the progenies of BC1 (P1) showed a 
good fit to the expected 1 Nod+: 1 Nod-; however, all 
progenies were Nod+ when F1 populations of hybrid-A 
were crossed with the nodulated parent (BC1 (P2)). These 
ratios confirmed that the single mutant gene affects 
nodulation in the recessive homozygotes. In the hybrid-B, 
F2 populations were most appropriately segregated in 15:1 
ratio for Nod+ and Nod- phenotypes (P > 0.15). In 
backcross populations, the (BC1 (P1)) progenies were 
segregated in 3:1 ratio P > 0.15 for N+ and N-, respectively, 
however, all the progenies were nodulated when F1 
population of hybrid-B were crossed with P2 (NDC 4-20-
4).  

Results indicated that Nod- phenotype in the parent 
strain ICC19181 was controlled by duplicated mutant 
genes and segregate independently. These results further 
revealed that operation of dominant epistasis occurred 
between duplicated loci. This is explained as follows: 
suppose these loci to be M and N, the genotypes of 
ICC19181 and NDC 4-20-4 must be mmnn and MMNN, 
respectively. Segregation in F2 in hybrid B are then, 9 M-N-: 
3 M-nn: 3 mmN-: 1 mmnn if there are no linkages. This will 
show 15 Nod+: 1 Nod- ratio if either of the genes are 
dominant and epistatic to the other. The 3:1 segregating 
ratio in the F2s in cross A is understood if the genotype of 
NDC 5-S-10 is MMnn (or mmNN). So far, all the reported 
mutants for non-nodulation are recessive.  

Furthermore, in all the duplicated gene actions up to 
now reported, either recessive homozygotes is epistatic to 
the effect of the other gene (that is, M-nnand mmN- 
genotypes are both non-nodulated and segregate in 9 
Nod+: 7 Nod-in F2). This is the first case of dominant 
epistasis in chickpea for non-nodulating phenotypes. The 
probable underlying mechanism controlling the phenotype 
might be due to two mutations that occurred 

independently in the duplicated pathway to produce 
necessary products for nodulation. 

During the development of root nodules, legumes 
expressed a set of nodule-specific host polypeptides 
referred to as “nodulins” (Spaink et al., 1998). More than 
20 of such polypeptides other than leghemoglobin were 
expected to be expressed in nodules (Legocki and Verma, 
1980). These may include proteins responsible for the 
maintenance of nodule structure and enzymes necessary 
for the specific assimilation of reduced nitrogen (Fuller et 
al., 1983). The mutations in the present materials might 
have occurred in some of the pathways to produce 
nodulins. Our mutations could be provided for the 
molecular studies of the symbiotic interaction of 
rhizobium and legumes. 

Reports of some other scientist’s research studies in 
legumes, also authenticate our findings like Gallo-Meager 
et al. (2010) who proposed a three gene model for 
nodulation and suggest that three genes control 
nodulation at three independent loci, with nodulation 
being the product of the two genes and inhibited by a third 
gene when it is dominant and the other are homozygous 
recessive. One Soybean two dominant alleles were 
observed to control promiscuous nodulation (Gwata et al., 
2005). Two duplicate recessive genes that controlled non-
nodulation in groundnut were also reported by Nigam et 
al. (1982). Dutta and Reddy (1988) also reported duplicate 
gene action as well as, single recessive gene controlled 
non-nodulation in peanut. They stated that duplicate gene 
action as well as, single recessive gene controlled non-
nodulation in Peanuts.  
 
 
Conclusion 
 
In this study, we investigated the mode of inheritance of 
another spontaneous non-nodulating mutant, ICC19181 
and found duplicated gene action for controlling the trait. 
This is the first report for the mutants that show dominant 
epistasis. 
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