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ABSTRACT: To develop genetic improvement strategies to modulate raffinose family 

oligosaccharides (RFO) concentration in chickpea (Cicer arietinum L.) seeds, we 

analyzed RFO and their precursor concentration in 171 chickpea genotypes from 

diverse geographical origins. The genotypes were grown in replicated trials over two 

years in field (Patancheru, India) and Greenhouse (Saskatoon, Canada).  Analysis of 

variance revealed significant impact of genotype, environment and their interaction on 

RFO concentration in chickpea seeds. Total RFO concentration ranged from 1.58 to 

5.31 and 2.11 to 5.83 mmol/100 g in desi and kabuli genotypes, respectively. Sucrose 

(0.60-3.59 g/100 g) and stachyose (0.18-2.38 g/100 g) were distinguished as major 

soluble sugar and RFO, respectively. Correlation analysis revealed a significant positive 

correlation between substrate and product concentration in RFO biosynthesis. In 

chickpea seeds, raffinose, stachyose and verbascose showed a moderate broad sense 

heritability (0.25-0.56) suggesting use of multi-location trials based approach in 

chickpea seed quality improvement programs.  
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INTRODUCTION 

Chickpea (Cicer arietinum L.) is the second most important pulse crop after dry 

beans cultivated over 11.98 million hectare area with a total production of 1.09 million 

tonnes around the world during 2010.1,2 Chickpea is broadly classified into two clusters, 

(a) Kabuli type (white flower and large, cream-colored seeds) is usually grown in 

temperate regions, whereas (b) desi type (purple flower and small, dark, angular seeds) 

is mainly produced in semi-arid tropical regions of the world.3,4 Chickpea seeds make 

an important nutritional contribution to the population of developing countries as they 

are excellent source of carbohydrate (40-59%), protein (13.5-31.7%), vitamins and 

minerals. In addition, chickpea seed constituents like PUFA (polyunsaturated fatty acid), 

saturated fatty acid (<1%) and dietary fibers (about 10%) have been associated with 

several beneficial health-promoting properties.5 Hence, chickpea is considered as part 

of a health promoting diet.6 However, presence of some anti-nutritional factors like 

raffinose family oligosaccharides (RFO) or α-galactosides reduce chickpea’s 

acceptability in food products particularly in western countries.7 In legume seeds, total 

α-galactosides vary from 0.4 to 16.1% of dry matter and in chickpea seeds range from 

2.0 to 7.6%.8 Raffinose is the first member of this family followed by stachyose and 

verbascose.9 Some alternative RFO like lychnose and manninotriose have been 
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recently reported from Caryophyllacean10 and Lamiaceae11 plants, respectively but their 

presence in chickpea seeds has not yet been reported. RFO represent a class of 

soluble but non-reducing and non-structural oligosaccharides having α (1→6) linkage 

between sucrose and galactosyl subunit.12 Therefore, these sugars are indigestible in 

human and monogastric animals as they lack α-galactosidase a hydrolyzing enzyme 

responsible for RFO breakdown.13,14 Consequently, RFO escape digestion and 

absorption in small intestine but large intestinal microflora metabolize RFO and produce 

carbon dioxide, hydrogen, and small quantities of methane causing flatulence, diarrhea 

and stomach discomfort in humans.15-17 As RFO act as substrate for intestinal bacteria 

they are also considered as prebiotics. These oligosaccharides also participate in 

important plant processes such as desiccation during seed maturation, carbon source in 

early stages of germination, translocation of photo-assimilates and abiotic stress 

tolerance.8,18-20 Utilization of RFO may also support the growth of root nodulating 

bacteria (e.g. Rhizobium meliloti) in the rhizosphere of legume plants thus helping in 

nitrogen fixation.21 Therefore, to increase the acceptability of chickpea in human and 

animal diet, RFO concentration needs to be reduced without affecting their physiological 

role in plants and beneficial effect on human health. Different treatments such as 

soaking, enzyme treatment and gamma radiation exposure can be used to reduce RFO 

in legume seeds.22-24 Exposure to such mechanical and chemical treatments can 

reduce the nutritional quality of seeds. Therefore, it is desirable to develop genetic 

strategies to reduce RFO concentration in chickpea seeds. In this study we show that 

there is natural variation in RFO concentration in chickpea seeds. Both genotype and 

environment affect accumulation of RFO concentration in chickpea seeds.   
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MATERIALS AND METHODS 

 Plant material and growing conditions.  A set of 171 chickpea genotypes (116 

desi and 55 kabuli type, supporting information Table 1 and 2) was selected from 

genebank of ICRISAT (International Crops Research Institute for the Semi-Arid Tropics, 

Patancheru, India) based on geographic origin. These genotypes represented eight 

different geographic regions including chickpea’s center of origin and center of diversity 

(Table 1). These genotypes were grown in field as well as in greenhouse conditions in 

two biological replications. The field trials were conducted at ICRISAT (17°53’ N 

latitude, 78°27’ E longitude and 545 m altitude, Patancheru, India) for two seasons: 

2008-2009 and 2009-2010 (from October to mid-March). For 2008-2009, mean daily 

minimum and maximum temperature was 15.0 and 31.1 °C, respectively. The average 

bright sunshine hours were 8.9 with approximately 352.1 µM m-2 sec-1 of solar radiation. 

The daily mean minimum and maximum temperatures during 2009-2010 were 16.2 and 

30.0 °C, respectively along with average 8.1 h of bright sunshine and approximately 

333.4 µM m-2 sec-1 of solar radiation. These genotypes were also grown in controlled 

greenhouse (GH) conditions at the University of Saskatchewan (52°07’ N latitude, 

106°38’ W longitude and 481.5 m altitude, Saskatoon, SK, Canada) from March to July, 

2010. In greenhouse, the average daily minimum and maximum temperatures were 18 

and 23 °C with 18 h photoperiod and 385 µM m-2 s-1 of photosynthetically active 

radiation. 

 Total RFO determination. Total RFO concentration in chickpea seed meal (500 ± 5 

mg) was determined by stepwise enzymatic hydrolysis of complex RFO into D-
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galactose, D-fructose and D-glucose molecules using α-galactosidase (from Aspergillus 

niger) and invertase (from yeast) using a commercial assay kit (Megazyme International 

Ireland Ltd, Wicklow, Ireland). The resulting D-glucose concentration was determined 

using glucose oxidase/peroxidase reagent (GOPOD) that produced a red colored 

quinoneimine whose concentration was determined at A510 nm using spectrophotometer 

(DU® 800, Beckman Coulter Inc., Fullerton, CA, USA). This method determined all 

oligosaccharides including raffinose, stachyose and verbascose concentration as a 

group. Total RFO concentration was calculated on molar basis as one mole of each 

oligosaccharide contains one mole of D-glucose.  

 HPAEC-PAD analysis of chickpea seeds’ soluble sugars. Soluble sugars from 

chickpea seed meal (500 ± 5 mg) were extracted using method described by Frias et 

al.25, Sanchez-Mata et al.26 with some modifications.27 For quantification of each 

member of raffinose family, a recently optimized analytical method was followed using 

high performance anion exchange chromatography [Ion chromatography system (ICS 

5000), Thermo Fisher Scientific, Stevens Point, WI, USA] coupled with disposable gold 

electrode, Ag/AgCl reference electrode and CarboPac PA100 (4 x 250 mm) analytical 

column (unpublished). Raffinose (16.1 min), stachyose (17.0 min) and verbascose (19.5 

min) were determined along with myo-inositol (1.7 min), galactinol (2.0 min), glucose 

(7.4 min), fructose (8.8 min) and sucrose (10.8 min) within 20 min of run time.   

 Data and statistical analysis. Box plot analysis was employed to represent 

variation among geographical regions for selected seed constituents (Fig. 1 and 2). 

Shannon-Weaver diversity index (SDI) was calculated to analyze the diversity present in 
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each geographical region (Table 2 and 3). For both SDI and box plot analysis, pooled 

data from all three growing environments was used.   

General linear model was applied to calculate analysis of variance (ANOVA) 

using MINITAB 14 statistical software (Minitab Inc., State College, PA, USA). MSS 

(mean sum of squares) from ANOVA were utilized to calculate heritability (h2).28 To 

determine Shannon-Weaver diversity index (SDI), following formula was used.29 

 

 

 Where, n represents total number of phenotypic classes and Pi is the proportion of 

total number of entries in the ith class. Phenotypic classes were prepared by using 

MINITAB 14 statistical software. 

 

 RESULTS AND DISCUSSION 

 Diversity pattern among geographical regions. On the basis of their origin, 

desi and kabuli genotypes were grouped into seven geographical regions. In desi 

genotypes, South Asian region showed highest diversity index (0.33-0.87) for all the 

selected seed constituents, as this region has maximum representation (68 genotypes 

contributing about 59% to total desi genotypes) in the germplasm collection (Fig. 1). 

Consequently, South Asian genotypes showed the highest variation in seed 

constituents and it ranged from 0.01-0.10, 0.03-0.31, 0.03-0.42, 0.01-0.05, 0.60-2.93, 

0.09-1.19, 0.18-2.36 and 0.01-0.13 g/100 g for myo-inositol, galactinol, glucose, 

fructose, sucrose, raffinose, stachyose and verbascose with an average value of 0.05, 

0.17, 0.22, 0.01, 1.72, 0.74, 1.33 and 0.06 g/100 g of chickpea seed meal, respectively 

SDI = ( ─ ∑ P
i
  ×  log
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i
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(Fig. 1). Southwest Asia is one of chickpea’s primary centers of origin whereas Sub 

Saharan Africa contained genotypes from Ethiopia considered as secondary center of 

genetic diversity for chickpea. Therefore, second highest SDI for all the traits were 

expressed by genotypes either from Southwest Asia or Sub Saharan Africa. SDI ranged 

from 0.29-0.76, 0.13-0.68, 0.15-0.68, 0.27-0.68 and 0.23-0.51 for Southwest Asia, Sub 

Saharan Africa, North Africa, Europe and Meso America, respectively. This germplasm 

collection represented no desi genotype from South America whereas only one and four 

from North America.   

 In kabuli genotypes, South Asian region showed highest SDI for most chickpea seed 

constituents, such as fructose (0.67), raffinose (0.86), stachyose (0.89), verbascose 

(0.89) and total RFO (0.92). In South Asian genotypes, concentrations of fructose, 

raffinose, stachyose, verbascose and total RFO varied from 0.01-0.05, 0.48-1.13, 0.80-

2.28, 0.02-0.12 and 2.27-5.83 g/100 g with mean values of 0.01, 0.79, 1.46, 0.07 and 

3.96 g/100 g (mmol/100 g for total RFO) of chickpea seed meal, respectively (Fig. 2). 

Highest SDI for myo-inositol (0.88) and sucrose (0.77) was observed for North African 

genotypes with concentrations ranging from 0.02-0.09 and 1.29-3.59 g/100 g with a 

mean value of 0.05 and 2.41 g/100 g of chickpea seed meal, respectively. Galactinol 

concentration ranged from 0.05-0.30 g/100 g in European genotypes with a mean 

concentration of 0.17 g/100 g of chickpea seed meal that resulted in highest SDI of 0.89 

among all geographical regions. However, highest SDI for glucose (0.75) was 

calculated for Southwest Asian genotypes with concentrations ranging from 0.11-0.31 

g/100 g with a mean value of 0.21 g/100 g of chickpea seed meal. South Asian 

genotypes had the highest representation in the germplasm collection sharing about 
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32.7% of total kabuli genotypes followed by genotypes from Southwest Asia (20%), 

North Africa (18.2%), Europe (14.5%) and Sub Saharan Africa (9%), respectively. On 

the basis of SDI, these genotypes were conjointly considered as a diverse collection 

and used further to study variation in chickpea seed constituents. 

 Impact of genotype and environment influencing seed constituents’ 

concentration. Analysis of variance (ANOVA) showed significant effect (P ≤ 0.001) of 

genotype (G) and growing environment (E) on concentration of myo-inositol, galactinol, 

glucose, fructose, sucrose, raffinose, stachyose, verbascose and total RFO in both desi 

and kabuli genotypes. The interaction between genotype and growing environment 

(G×E) also exhibited significant effect (P ≤ 0.001) on these seed constituents (Table 4). 

These results concur with the conclusions of Kumar et al.14 showing significant effect (P 

≤ 0.05) of genotype × location on sucrose, raffinose and stachyose concentration in 

seven soybean genotypes. Recently, Tahir et al.27 reported significant (P ≤ 0.0001) 

effect of cultivar, environment and their interaction on glucose, sucrose and RFO 

concentration in lentil seeds.  

 Variation for selected seed constituents in desi and kabuli genotypes. HPAEC-

PAD analysis revealed the highest concentration of sucrose among soluble sugars in 

chickpea seeds. Stachyose was the predominant RFO found in chickpea seeds 

followed by raffinose whereas verbascose was present only as a small fraction. 

Previously, Frias et al.30; El-Adawy31; Aguilera et al.32; Berrios et al.33 also reported 

stachyose as a major RFO in chickpea seeds. In desi type (Fig. 3), genotypes grown in 

GH showed significantly lower (P ≤ 0.001) total RFO concentration (1.58-4.67 mmol/100 

g) compared to genotypes grown in field conditions during 2009 (1.88-5.31 mmol/100 g) 
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and 2010 (2.80-4.95 mmol/100 g). GH grown genotypes had total RFO with a mean 

concentration of 3.32 mmol/100 g, whereas in field 2009 and 2010 it was 4.09 and 3.66 

mmol/100 g, respectively. Similar pattern of total RFO was observed in kabuli type (Fig. 

4) showing lower concentration (2.11-4.56 mmol/100 g) in GH grown genotypes than 

that in field-grown during 2009 (3.46-5.83 mmol/100 g) and 2010 (3.01-5.35 mmol/100 

g). 

Individual RFO members also accumulated at significantly lower concentration in GH 

grown genotypes than their field grown counterparts. In GH grown desi type, raffinose 

(0.27-0.95 g/100 g), stachyose (0.43-1.86 g/100 g) and verbascose (0.01-0.11 g/100 g) 

had a mean value of 0.68, 1.15 and 0.05 g/100 g, respectively (Fig. 3). Genotypes 

grown in field during 2009 had average value of 0.85, 1.57 and 0.07 g/100 g for 

raffinose, stachyose and verbascose with a range of 0.09-1.10, 0.18-2.36 and 0.02-0.11 

g/100 g, respectively whereas, genotypes grown in field during 2010 showed variation 

from 0.40 to 1.19, 0.78 to 1.99 and 0.01 to 0.13 g/100 g for raffinose, stachyose and 

verbascose with mean value of 0.75, 1.35 and 0.06 g/100 g, respectively (Fig. 3). Kabuli 

type chickpea genotypes followed the same pattern for variation among RFO members. 

In GH grown kabuli type, raffinose (0.27-0.95 g/100 g), stachyose (0.40-1.65 g/100 g) 

and verbascose (0.01-0.11 g/100 g) showed a mean value of 0.66, 1.12, and 0.05 g/100 

g, respectively (Fig. 4). Kabuli genotypes grown in field during 2009 contained raffinose, 

stachyose and verbascose with mean values of 0.94, 1.79 and 0.08 g/100 g that ranged 

from 0.69-1.17, 1.31-2.38 and 0.05-0.13 g/100 g, respectively. However, genotypes 

grown in field during 2010 ranged from 0.58 to 1.08, 1.06 to 2.17 and 0.04 to 0.12 g/100 

g for raffinose, stachyose and verbascose with mean values of 0.84, 1.59 and 0.08 
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g/100 g, respectively (Fig. 4). Lower concentration of RFO in controlled growing 

environment (GH with less temperature variation, longer photoperiod and higher 

photosynthetically active radiation) supports physiological roles of these 

oligosaccharides in providing tolerance against abiotic stresses.8,34 RFO act as reactive 

oxygen species scavengers, signaling molecules and osmo-protectants thus providing 

protection against oxidative, freezing, salinity and drought stress.35-40  

In desi genotypes, sucrose concentration varied from 0.84 to 2.84 g/100 g in GH 

grown genotypes with a mean value of 1.79 g/100 g, whereas in field grown genotypes 

it ranged from 0.60-2.93 g/100 g and 0.81-2.64 g/100 g during 2009 and 2010 having 

average values of 1.87 and 1.52 g/100 g, respectively. However, sucrose varied from 

1.05 to 3.33, 1.33 to 3.59 and 1.07 to 2.94 g/100 g in kabuli genotypes grown in GH and 

field conditions (2009 and 2010) with mean values of 2.11, 2.62 and 2.03 g/100 g, 

respectively. Higher sucrose concentration can be due to its role as universal molecule 

to transport carbon and a substrate for raffinose biosynthesis.41-43 Sosulski et al.44 

estimated sucrose content in hull free chickpea seeds with mean value of 2.69 g/100 g 

that was about 32% of total sugars and highest among soluble sugars. Later, Xiaoli et 

al.45 reported the amount of sucrose, raffinose, stachyose and verbascose in seeds of 

19 chickpea cultivars varied from 1.80 to 5.22, 0.46 to 0.92, 1.60 to 3.10 and 0.27 to 

0.70 g/100 g, respectively. The variations for important chickpea seeds’ constituents 

described in the present study concur with the range reported in previous studies 

conducted by Sanchez-Mata et al.46; Frias et al.30, Alajaji and El-Adawy23; Aguilera et 

al.32; Berrios et al.33 concluding varying range of mean values for sucrose, raffinose and 

stachyose from 0.79 to 3.53, 0.32 to 1.45 and 0.74 to 2.56 g/100 g, respectively.  
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Other minor components of chickpea seeds, such as myo-inositol, galactinol, 

glucose and fructose were also determined. In desi type (Fig. 3), myo-inositol and 

galactinol ranged from 0.01 to 0.10 and 0.03 to 0.37 g/100 g with a mean value 0.05 

and 0.17 g/100 g, respectively. Similarly, myo-inositol in kabuli type (Fig. 4) varied from 

0.02 to 0.10 g/100 g but with relatively higher mean value of 0.03 g/100 g. Kabuli 

genotypes showed variation from 0.05 to 0.32 g/100 g for galactinol having a mean 

concentration of 0.1 g/100 g. Desi and kabuli genotypes showed variation from 0.03 to 

0.42 and 0.11 to 0.34 g/100 g for glucose concentration with an average of 0.22 and 

0.10 g/100 g, respectively. Whereas, fructose concentration varied from 0.001 to 0.03 

and 0.003 to 0.07 g/100 g in desi and kabuli genotypes with a mean value of 0.01 and 

0.006 g/100 g, respectively (Fig. 3 and 4). Sosulski et al.44; Jukanti et al.4 also reported 

low concentration of galactinol in chickpea seeds with a mean value of 0.50 and 0.39% 

of chickpea seed dry matter, respectively. These results correspond to the 

concentrations of glucose (0.05-0.10% of dry matter) and fructose (0.1-0.3% of dry 

matter) in chickpea seeds reported earlier.32,33  

 Correlation among chickpea seed components. Total RFO showed a positive 

correlation with raffinose (r = 0.85/0.89), stachyose (r = 0.91/0.92) and verbascose (r = 

0.60/0.69) in chickpea genotypes (desi/kabuli) significant at P ≤ 0.001. Raffinose, 

stachyose and verbascose were collectively determined during total RFO assay; hence 

resulted correlation confirmed the accuracy and precision of HPAEC-PAD method for 

the concentration of RFO members with enzymatic assay for total RFO determination.  

 Myo-inositol was significantly (P ≤ 0.001) and positively correlated with galactinol (r = 

0.64/0.68), glucose (r = 0.39/0.47), sucrose (r = 0.36/0.68), raffinose (r = 0.40/0.42), 
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stachyose (r = 0.50/0.44) and verbascose (r = 0.49/0.47) in desi/kabuli genotypes. 

Galactinol also showed a significant (P ≤ 0.001) positive correlation with raffinose (r = 

0.39/0.55), stachyose (r = 0.53/0.64) and verbascose (r = 0.40/0.49) in chickpea 

genotypes (desi/kabuli). In desi genotypes, sucrose was positively correlated with 

raffinose (r = 0.15; P ≤ 0.001), stachyose (r = 0.09; P ≤ 0.05) and verbascose (r = 0.18; 

P ≤ 0.001) whereas in kabuli types, sucrose showed positive correlation with raffinose (r 

= 0.41), stachyose (r = 0.35) and verbascose (r = 0.41) significant at P ≤ 0.001. In 

previous studies also, sucrose showed a significant positive correlation with raffinose 

and stachyose concentration in soybean seeds.47,48  

 A significant positive correlation was observed between substrate and product 

concentrations in RFO biosynthetic pathway in chickpea seeds. The first committed step 

in RFO biosynthesis is galactinol formation in which myo-inositol and UDP-galactose act 

as substrates. Further, galactinol in conjunction with sucrose, raffinose and stachyose 

participates in the biosynthesis of raffinose, stachyose and verbascose, respectively. 

Correlation analysis suggested substrate concentration as one of the main regulating 

factors for varying RFO concentration in different chickpea genotypes. The other 

regulatory factors might be expression of genes encoding RFO biosynthetic enzymes 

and/or their activities that still need to be studied. Such studies would be utilized to 

identify the key step of RFO biosynthesis. Like in case of Brassica napus49, antisense 

technology was used to down-regulate galactinol synthase that resulted into substantial 

reduction in galactinol and stachyose concentration in mature transgenic seeds. Such 

transgenic approaches can also be followed in chickpea to develop varieties with 

reduced RFO concentration.  
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 Heritability of important chickpea seed constituents. Significant impact of 

environment and genotype × environment on the performance of a particular genotype 

suggests complex genetic regulation of traits.48,50 Broad sense heritability (h2) was 

estimated on the basis of the pooled ANOVA of genotypes grown in field and 

greenhouse environments (Table 4). Ayele51 described high, medium and low 

heritability as ≥0.6, 0.3-0.6 and <0.3, respectively. The h2 of important chickpea seed 

constituent was estimated with a maximum of 0.61 for total RFO and a minimum of 0.05 

for fructose in desi genotypes whereas h2 in kabuli genotypes showed a minimum of 

0.02 for glucose and a maximum of 0.53 for sucrose. The results for h2 are in 

agreement with the heritability range reported for sucrose (0.43 - 0.87), raffinose (0.42-

0.56) and stachyose (0.30-0.74) in soybean seeds.48,52,53 McPhee et al.50 also estimated 

narrow sense heritability for sucrose, raffinose and stachyose in common bean seeds 

with a value of 0.22, 0.54 and 0.44, respectively.  

Present study revealed significant impact of genotype (G), environment (E) and G × 

E on concentration of raffinose family oligosaccharides suggesting their complex 

genetic regulation in chickpea seeds. Sucrose and stachyose were identified as 

predominant soluble sugar and RFO in chickpea seeds. A significant positive correlation 

was observed between substrate and product concentration in RFO biosynthetic 

pathway. Among all the genotypes screened, some were identified having low RFO 

concentration. Desi genotypes ICCV 07115, ICCV 07116 and ICCV 07117 showed the 

lowest total RFO (1.58-2.46 mmol/100 g), raffinose (0.27 – 0.52 g/100 g) and stachyose 

(0.43-1.05 g/100 g) in field as well as GH growing environments. Accession ICC 16528 

performed stably in different environmental conditions and it is one of the kabuli 



15 

 

genotypes with low total RFO (2.11-3.84 mmol/100 g), raffinose (0.39-0.74 g/100 g), 

stachyose (0.90-1.46 g/100 g) and verbascose (0.02-0.06 g/100 g). These genotypes 

can be utilized in chickpea improvement programs to develop cultivars with reduced 

RFO concentration. Moderate heritability of RFO trait suggested the use of multi-

location trials based approach while using germplasms for chickpea improvement 

programs. 

 

Funding Sources 

Saskatchewan Pulse Growers (SPG) and Natural Sciences and Engineering Research 

Council (NSERC – CRDPJ collaborative research program), Canada Research Chairs 

Program and Agriculture and Agri-Food Canada Internationalization program is 

acknowledged for financial assistance.  The core research grant of International Crops 

Research Institute for Semi Arid Tropics (ICRISAT) a CGIAR institute is acknowledged 

for germplasm development and field experiments. 

 

 

Supporting Information 

Details of desi and kabuli type chickpeas used in the study.  This information is 

available free of charge via the Internet at http: //pubs.acs.org



16 

 

REFERENCES 

1. FAO STAT. 2010. http://faostat.fao.org/site/567/DesktopDefault.aspx (Accessed on 

November 19, 2012).  

2. Upadhyaya,  H. D.; Thudi, M.; Dronavalli, N.; Gujaria, N.; Singh, S.; Sharma, S.; 

Varshney, R. K. Genomic tools and germplasm diversity for chickpea improvement. 

Plant Genet. Resour. 2011, 9, 45-58.  

3. Cobos, M. J.; Rubio, J.; Fernández-Romero, M. D.; Garza, R.; Moreno, M. T.; Millán, T.; 

Gil, J. Genetic analysis of seed size, yield and days to flowering in a chickpea 

recombinant inbred line population derived from a Kabuli × Desi cross. Ann. Appl. 

Biol. 2007, 151, 33-42.  

4. Jukanti, A. K.; Gaur, P. M.; Gowda, C. L. L.; Chibbar, R. N. Nutritional quality and health 

benefits of chickpea (Cicer arietinum L.): a review. Br. J. Nutr. 2012, 108, S11-S26.  

5. Veenstra, J. M.; Duncan, A. M.; Cryne, C. N.; Deschambault, B. R.; Boye, J. I.; Benali, 

M.; Marcotte, M.; Tosh, S. M.; Farnworth, E. R.; Wright, A. J. Effect of pulse 

consumption on perceived flatulence and gastrointestinal function in healthy males. 

Food Res. Int. 2010, 43, 553-559.  

6. Yust, M. d. M.; Millán-Linares, M. d. C.; Alcaide-Hidalgo, J. M.; Millán, F.; Pedroche, J. 

Hypocholesterolaemic and antioxidant activities of chickpea (Cicer arietinum L.) 

protein hydrolysates. J. Sci. Food Agric. 2012, 92, 1994-2001.  

7. Alonso, B. O.; Rovir, R. F.; Vegas, C. A.; Pedrosa, M. M. The role of pulses in the 

present-day diet. Act. diet. 2010, 14, 72-76.  

8. Martinez-Villaluenga, C.; Frias, J.; Vidal-Valverde, C. Alpha-galactosides: antinutritional 

factors or functional ingredients? Crit. Rev. Food Sci. Nutr. 2008, 48, 301-316.  

http://faostat.fao.org/site/567/DesktopDefault.aspx


17 

 

9. Sprenger, N.; Keller, F. Allocation of raffinose family oligosaccharides to transport and 

storage pools in Ajuga reptans: the roles of two distinct galactinol synthases. Plant 

J. 2000, 21, 249-258.  

10. Vanhaecke, M.; Dyubankova, N.; Lescrinier, E.; Van den Ende, W. Metabolism of 

galactosyl-oligosaccharides in Stellaria media – Discovery of stellariose synthase, a 

novel type of galactosyltransferase. Phytochemistry 2010, 71, 1095-1103. 

11. Dos Santos, R.; Vergauwen, R.; Pacolet, P.; Lescrinier, E.; Van den Ende, W. 

Manninotriose is a major carbohydrate in red deadnettle (Lamium purpureum, 

Lamiaceae). Ann. Bot. 2013, 111, 385-393. 

12. Tapernoux-Luthi, E.; Bohm, A.; Keller, F. Cloning, functional expression, and 

characterization of the raffinose oligosaccharide chain elongation enzyme, 

galactan:galactan galactosyltransferase, from common bugle leaves. Plant Physiol. 

2004, 134, 1377-1387.  

13. Reddy, N. R.; Pierson, M. D.; Sathe, S. K.; Salunkhe, D. K. Chemical, nutritional and 

physiological aspects of dry bean carbohydrates - a review. Food Chem. 1984, 13, 

25-68.  

14. Kumar, V.; Rani, A.; Goyal, L.; Dixit, A. K.; Manjaya, J. G.; Dev, J.; Swamy, M. Sucrose 

and raffinose family oligosaccharides (RFOs) in soybean seeds as influenced by 

genotype and growing location. J. Agric. Food Chem. 2010, 58, 5081-5085.  

15. Saunders, D. R.; Wiggins, H. S. Conservation of mannitol, lactulose, and raffinose by the 

human colon. Am. J. Physiol. Gastrointest. Liver Physiol. 1981, 241, G397-402.  

16. Naczk, M.; Amarowicz, R.; Shahidi, F. Alpha-Galactosides of sucrose in foods: 

composition, flatulence-causing effects, and removal. In Antinutrients and 

Phytochemicals in Food; Shahidi, F., Eds.; ACS Publications: Washington, DC 

(USA), 1997; 8, 127-151.  



18 

 

17. Swennen, K.; Courtin, C. M.; Delcour, J. A. Non-digestible oligosaccharides with 

prebiotic properties. Crit. Rev. Food Sci. Nutr. 2006, 46, 459-471.  

18. Pukacka, S.; Ratajczak, E.; Kalemba, E. Non-reducing sugar levels in beech (Fagus 

sylvatica) seeds as related to withstanding desiccation and storage. J. Plant Physiol. 

2009, 166, 1381-1390.  

19. Blöchl, A.; Peterbauer, T.; Hofmann, J.; Richter, A. Enzymatic breakdown of raffinose 

oligosaccharides in pea seeds. Planta 2008, 228, 99-110.  

20. Turgeon, R. Phloem loading and plasmodesmata. Trends Plant Sci. 1996, 1, 418-423.  

21. Gage, D. J.; Long, S. R. α-Galactoside uptake in Rhizobium meliloti: isolation and 

characterization of agpA, a gene encoding a periplasmic binding protein required for 

melibiose and Raffinose utilization. J. Bacteriol. 1998, 180, 5739–5748. 

22. Girigowda, K.; Prashanth, S. J.; Mulimani, V. H. Oligosaccharins of black gram (Vigna 

mungo L.) as affected by processing methods. Plant Food Hum. Nutr. 2005, 60, 

173-180.  

23. Alajaji, S. A.; El-Adawy, T. A. Nutritional composition of chickpea (Cicer arietinum L.) as 

affected by microwave cooking and other traditional cooking methods. J. Food 

Compos. Anal. 2006, 19, 806-812.  

24. Han, I. H.; Baik, B. K. Oligosaccharide content and composition of legumes and their 

reduction by soaking, cooking, ultrasound, and high hydrostatic pressure. Cereal 

Chem. 2006, 83, 428-433.  

25. Frias, J.; Vidal-Valverde, C.; Basks, A.; Arthur, A. E.; Hedley, C. An assessment of 

variation for nutritional and non-nutritional carbohydrates in lentil seeds (Lens 

culinaris). Plant Breed. 1994, 113, 170-173. 

26. Sanchez-Mata, M. C.; Penuela-Teruel, M. J.; Camara-Hurtado, M.; Diez-Marques, C.; 

Torija-Isasa, M. E. Determination of mono-, di-, and oligosaccharides in legumes by 



19 

 

high-performance liquid chromatography using an amino-bonded silica column. J. 

Agric. Food Chem. 1998, 46, 3648-3652. 

27. Tahir, M.; Vandenberg, A.; Chibbar, R. N. Influence of environment on seed soluble 

carbohydrates in selected lentil cultivars. J. Food Compos. Anal. 2011, 24, 596-602. 

28. Singh, M.; Ceccarelli, S.; Hamblin, J. Estimation of heritability from varietal trials data. 

Theor. Appl. Genet. 1993, 86, 437-441. 

29. Bhattacharjee, R.; Khairwal, I. S.; Bramel, P. J.; Reddy, K. N. Establishment of a pearl 

millet [Pennisetum glaucum (L.) R. Br.] core collection based on geographical 

distribution and quantitative traits. Euphytica 2007, 155, 35-45. 

30. Frias, J.; Vidal-Valverde, C.; Sotomayor, C.; Diaz-Pollan, C.; Urbano, G. Influence of 

processing on available carbohydrate content and antinutritional factors of 

chickpeas. Eur. Food Res. Technol. 2000, 210, 340-345.  

31. El-Adawy, T. A. Nutritional composition and antinutritional factors of chickpeas (Cicer 

arietinum L.) undergoing different cooking methods and germination. Plant Food 

Hum. Nutr. 2002, 57, 83-97. 

32. Aguilera, Y.; Martín-Cabrejas, M. A.; Benítez, V.; Mollá, E.; López-Andréu, F. J.; 

Esteban, R. M. Changes in carbohydrate fraction during dehydration process of 

common legumes. J. Food Compos. Anal. 2009, 22, 678-683. 

33. Berrios, J. De J.; Morales, P.; Cámara, M.; Sánchez-Mata, M. C. Carbohydrate 

composition of raw and extruded pulse flours. Food Res. Int. 2010, 43, 531-536. 

34. Krasensky, J.; Jonak, C. Drought, salt, and temperature stress-induced metabolic 

rearrangements and regulatory networks. J. Exp. Bot. 2012, 63, 1593-1608.  

35. Taji, T.; Ohsumi, C.; Iuchi, S.; Seki, M.; Kasuga, M.; Kobayashi, M.; Yamaguchi-

Shinozaki, K.; Shinozaki, K. Important roles of drought- and cold-inducible genes for 



20 

 

galactinol synthase in stress tolerance in Arabidopsis thaliana. Plant J. 2002, 29, 

417-426.  

36. Peters, S.; Mundree, S. G.; Thomson, J. A.; Farrant, J. M.; Keller, F. Protection 

mechanisms in the resurrection plant Xerophyta viscosa (Baker): Both sucrose and 

raffinose family oligosaccharides (RFOs) accumulate in leaves in response to water 

deficit. J. Exp. Bot. 2007, 58, 1947-1956.  

37. Guy, C.; Kaplan, F.; Kopka, J.; Selbig, J.; Hincha, D. K. Metabolomics of temperature 

stress. Physiol. Plant. 2008, 132, 220-235. 

38. Nishizawa, A.; Yabuta, Y.; Shigeoka, S. Galactinol and raffinose constitute a novel 

function to protect plants from oxidative damage. Plant Physiol. 2008, 147, 1251-

1263.  

39. Van den Ende, W.; Valluru, R. Sucrose, sucrosyl oligosaccharides, and oxidative stress: 

scavenging and salvaging? J. Exp. Bot. 2009, 60, 9-18. 

40. Bolouri-Moghaddam, M.; Le Roy, K.; Xiang, L.; Rolland, F.; Van den Ende, W. Sugar 

signalling and antioxidant network connections in plant cells. FEBS J. 2010, 277, 

2022-2037.  

41. Shiratake, K. Genetics of sucrose transporter in plants. Genes Genom. Genomics 2007, 

1, 73-80. 

42. Kuhn, C.; Grof, C. P. L. Sucrose transporters of higher plants. Curr. Opin. Plant Biol. 

2010, 13, 288-298. 

43. Peterbauer, T.; Richter, A. Biochemistry and physiology of raffinose family 

oligosaccharides and galactosyl cyclitols in seeds. Seed Sci. Res. 2001, 11, 185-

197.  

44. Sosulski, F. W.; Elkowicz, L.; Reichert, R. D. Oligosaccharides in eleven legumes and 

their air-classified protein and starch fractions. J. Food. Sci. 1982, 47, 498-502. 



21 

 

45. Xiaoli, X.; Liyi, Y.; Shuang, H.; Wei, L.; Yi, S.; Hao, M.; Jusong, Z.; Xiaoxiong, Z. 

Determination of oligosaccharide contents in 19 cultivars of chickpea (Cicer 

arietinum L.) seeds by high performance liquid chromatography. Food Chem. 2008, 

111, 215-219. 

46. Sanchez-Mata, M. C.; Camara-Hurtado, M.; Diez-Marques, C. Effect of domestic 

processes and water hardness on soluble sugars content of chickpeas (Cicer 

arietinum L.). Food Chem. 1999, 65, 331-338. 

47. Hartwig, E. E.; Kuo, T. M.; Kenty, M. M. Seed protein and its relationship to soluble 

sugars in soybean. Crop Sci. 1997, 37, 770-773. 

48. Cicek, M. S.; Chen, P.; Saghai Maroof, M. A.; Buss, G. R. Interrelationships among 

agronomic and seed quality traits in an interspecific soybean recombinant inbred 

population. Crop Sci. 2006, 46, 1253-1259. 

49. Bock, C.; Ray, H.; Georges, F. Down-regulation of galactinol synthesis in oilseed 

Brassica napus leads to significant reduction of antinutritional oligosaccharides. 

Botany 2009, 87, 597-603. 

50. McPhee, K. E. Genetic analysis of raffinose family oligosaccharides in common bean. J. 

Amer. Soc. Hort. Sci. 2002, 127, 376-382. 

51. Ayele, A. G. Heritability and genetic advance in recombinant inbred lines for drought 

tolerance and other related traits in sorghum (Sorghum bicolor). C. J. Agric. Sci. 

2011, 5, 1-9. 

52. Mebrahtu, T.; Mohamed, A. Genetic variation for green pod yield and quality among 

vegetable soybean genotypes. J. Crop Improv. 2006, 16, 113-130. 

53. Jaureguy, L. M.; Chen, P.; Scaboo, A. M. Heritability and correlations among food-grade 

traits in soybean. Plant Breed. 2011, 130, 647-652 

 



22 

 

Table 1. Geographical origin of chickpea genotypes used in the study 

Region 

  
No. of Genotypes 

 

  
Desi 

 
 Kabuli 

 
1. Europe 

 

 
10  8 

2. Meso America 
 

 4  1 

3. North Africa 
 

 9  10 

4. North America 
 

 1  0 

5. South America 
 

 0  2 

6. South Asia 
 

 68  18 

7. Southwest Asia 
 

 13  11 

8. Sub Saharan Africa 
 

 11  5 
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Table 2. Shannon-Weaver diversity index (SDI) of selected chickpea seed constituents 

in  different geographical regions for desi genotypes 

 

 

 

 

 

 

 
 

SDI as per geographical region 
 

 
Seed 

constituents 
 

Europe 
Meso 

America 
North 
Africa 

South 
Asia 

Southwest 
Asia 

Sub Saharan 
Africa 

 
Myo-inositol 
 

 
0.59 

 
0.29 

 
0.61 

 
0.76 

 
0.62 

 
0.38 

Galactinol 
 

0.58 0.26 0.43 0.75 0.46 0.67 

Glucose 
 

0.51 0.50 0.68 0.85 0.76 0.68 

Fructose 
 

0.27 0.23 0.15 0.33 0.29 0.13 

Sucrose 
 

0.68 0.51 0.64 0.80 0.56 0.68 

Raffinose 
 

0.54 0.21 0.48 0.74 0.68 0.62 

Stachyose 
 

0.56 0.38 0.64 0.68 0.67 0.46 

Verbascose 
 

0.57 0.39 0.64 0.87 0.56 0.62 

Total RFO 
 

0.61 0.42 0.67 0.74 0.69 0.66 
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Table 3. Shannon-Weaver diversity index (SDI) of selected chickpea seed constituents 

in different geographical regions for kabuli genotypes 

  
SDI as per geographical region 

 

 
Seed 

constituents 
 

Europe 
South 

America 
North 
Africa 

South 
Asia 

Southwest 
Asia 

Sub Saharan 
Africa 

 
Myo-inositol 
 

 
0.64 

 
0.33 

 
0.88 

 
0.68 

 
0.80 

 
0.46 

Galactinol 
 

0.89 0.36 0.87 0.75 0.86 0.35 

Glucose 
 

0.63 0.32 0.54 0.65 0.75 0.43 

Fructose 
 

0.62 0.36 0.33 0.67 0.58 0.00 

Sucrose 
 

0.71 0.32 0.77 0.66 0.73 0.61 

Raffinose 
 

0.60 0.32 0.71 0.86 0.82 0.61 

Stachyose 
 

0.60 0.33 0.65 0.89 0.80 0.51 

Verbascose 
 

0.62 0.36 0.73 0.89 0.78 0.35 

Total RFO 
 

0.65 0.30 0.70 0.92 0.56 0.41 
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Table 4. Analysis of variance and heritability of chickpea selected seed constituents 

 
Seed 

constituents 

 Mean sum of squares 

 Heritability 
(h

2
)  Genotype (G)  Environment (E)  Replication  G × E 

Desi Myo-inositol  3.3 × 10
-4
***  7.5 × 10

-2
***  5.7 × 10

-6 
ns  2.4 × 10

-4
***  0.10 

 Galactinol  5.8 × 10
-3
***  0.5***  1.8 × 10

-3
 ns  1.5 × 10

-3
***  0.55 

 Glucose  5.2 × 10
-3
***  0.2***  4.4 × 10

-5
 ns  3.2 × 10

-3
***  0.16 

 Fructose  1.5 × 10
-4
***  1.8 × 10

-3
***  2.8 × 10

-5
 ns  1.2 × 10

-4
***  0.05 

 Sucrose  0.4***  7.2***  2.8 × 10
-4
 ns

 
 0.1***  0.37 

 Raffinose  0.1***  1.3***  6.0 × 10
-4
 ns  1.0 × 10

-2
***  0.56 

 Stachyose  0.2***  10.3***  7.1 × 10
-4
 ns  4.6 × 10

-2
  0.52 

 Verbascose  8.0 × 10
-4
***  3.7 × 10

-2
***  1.4 × 10

-4
 ns  3.7 × 10

-4
***  0.25 

 Total RFO  1.3***  35.4***  4.2 × 10
-2
 ns  0.2***  0.61 

            

Kabuli Myo-inositol  3.8 × 10
-4
***  4.0 × 10

-2
***  7.0 × 10

-7
 ns  2.7 × 10

-4
***  0.10 

 Galactinol  6.2 × 10
-3
***  0.3***  1.2 × 10

-3
 ns  2.5 × 10

-3
***  0.31  

 Glucose  3.5 × 10
-3
***  0.1***  1.6 × 10

-4
 ns  3.3 × 10

-3
***  0.02 

 Fructose  5.4 × 10
-5
***  1.1 × 10

-4
***  1.5 × 10

-5
 ns  4.1 × 10

-5
***  0.07 

 Sucrose  0.8  10.1***  7.9 × 10
-3
 ns

 
 0.2***  0.53 

 Raffinose  5.5 × 10
-2
***  2.2***  2.4 × 10

-3
 ns  1.8 × 10

-2
***  0.39 

 Stachyose  0.2***  13.2***  3.2 × 10
-3
 ns  6.0 × 10

-2
***  0.39 

 Verbascose  9.5 × 10
-4
***  4.1 × 10

-2
***  3.1 × 10

-5
 ns  2.9 × 10

-4
***  0.39 

 Total RFO  1.1***  47.1***  0.4 × 10
-3
 ns  0.3***  0.45 

*** significant at P ≤ 0.001; ns = non-significant 
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Table 5. Correlation among chickpea selected seed constituents in desi and kabuli 

genotypes 

 
 

 
Myo-inositol 
 

 
Galactinol 

 
Glucose 

 
Fructose 

 
Sucrose 

 
Raffinose 

 
Stachyose 

 
Verbascose 

 
Desi 

        

 
Galactinol 

 
0.64*** 

 
 

      

 
Glucose 

 
0.39*** 

 
0.00 ns 

      

 
Fructose 

 
-0.03 ns 

 
0.07 ns 

 
0.01 ns 

     

 
Sucrose 

 
0.36*** 

 
0.03 ns 

 
0.56*** 

 
-0.07 ns 

    

 
Raffinose 

 
0.40*** 

 
0.39*** 

 
0.12** 

 
0.07 ns 

 
0.15*** 

   

 
Stachyose 

 
0.50*** 

 
0.53*** 

 
-0.01ns 

 
0.07 ns 

 
0.09* 

 
0.78*** 

  

 
Verbascose 

 
0.49*** 

 
0.40*** 

 
-0.03ns 

 
0.08 ns 

 
0.18*** 

 
0.50*** 

 
0.64*** 

 

 
Total RFO 

 
0.46*** 

 
0.47*** 

 
-0.01ns 

 
0.04 ns 

 
0.08* 

 
0.85*** 

 
0.91*** 

 
0.60*** 

         
 
Kabuli 

        

 
Galactinol 

 
0.68*** 

 
 

      

 
Glucose 

 
0.47*** 

 
0.12* 

      

 
Fructose 

 
0.04 ns 

 
0.15** 

 
-0.01 ns 

     

 
Sucrose 

 
0.33*** 

 
0.23*** 

 
0.39*** 

 
-0.08 ns 

    

 
Raffinose 

 
0.42*** 

 
0.55*** 

 
0.11 ns 

 
0.05 ns 

 
0.41*** 

   

 
Stachyose 

 
0.44*** 

 
0.64*** 

 
0.01 ns 

 
0.07 ns 

 
0.35*** 

 
0.89*** 

  

 
Verbascose 

 
0.47*** 

 
0.49*** 

 
0.09 ns 

 
0.05 ns 

 
0.41*** 

 
0.66*** 

 
0.72*** 

 

 
Total RFO 
 

 
0.44*** 

 
0.62*** 

 
0.01 ns 

 
0.06 ns 

 
0.33*** 

 
0.89*** 

 
0.92*** 

 
0.69*** 

***, ** and * are significant at P ≤ 0.001, P ≤ 0.01 and P ≤ 0.05, respectively; ns = non-significant 
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 Figure 1. Box plot analysis for desi genotypes showing variation for selected 

chickpea seed constituents in different geographical regions using pooled data from 

different growing environments. Upper and lower error bars represent the lowest and 

highest concentration. Black and grey boxes indicate third and second quartile whereas 

middle line shows the median of the dataset. 
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Figure 2. Box plot analysis for kabuli genotypes showing variation for selected chickpea 

seed constituents in different geographical regions using pooled data from different 

growing environments. Upper and lower error bars represent the lowest and highest 

concentration. Black and grey boxes indicate third and second quartile whereas middle 

line shows the median of the dataset. 
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Figure 3. Box plot analysis for selected chickpea seed constituents of desi genotypes in 

different growing environments. Genotypes grown in field during 2008-2009 and 2009-

2010 are represented as F 2009 and F2010, respectively whereas G 2010 represents 

greenhouse genotypes grown in 2010. Upper and lower error bars represent the lowest 

and highest concentration. Black and grey boxes indicate third and second quartile 

whereas middle line shows the median of the dataset. 
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Figure 4. Box plot analysis for selected chickpea seed constituents of kabuli genotypes 

in different growing environments. Genotypes grown in field during 2008-2009 and 

2009-2010 are represented as F 2009 and F2010, respectively whereas G 2010 

represents greenhouse genotypes grown in 2010. Upper and lower error bars represent 

the lowest and highest concentration. Black and grey boxes indicate third and second 

quartile whereas middle line shows the median of the dataset. 
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Figure for web 
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Supporting Table 1. Details of desi genotypes studied 

ICC No. Region Country  Biological Status 
Botanical 
Types 

ICC 6293 Europe Italy Traditional cultivar/Landrace Desi 

ICC 7192 Europe Hungary Traditional cultivar/Landrace Desi 

ICC 7669 Europe Greece Traditional cultivar/Landrace Desi 

ICC 8474 Europe Spain Traditional cultivar/Landrace Desi 

ICC 11903 Europe Germany Traditional cultivar/Landrace Desi 

ICC 14177 Europe Germany Traditional cultivar/Landrace Desi 

ICC 14179 Europe Germany Traditional cultivar/Landrace Desi 

ICC 14183 Europe Germany Traditional cultivar/Landrace Desi 

ICC 14456 Europe 
Yogoslavia 
(Former) 

Traditional cultivar/Landrace Desi 

ICC 16835 Europe France Traditional cultivar/Landrace Desi 

ICC 995 MesoAmerica Mexico Traditional cultivar/Landrace Desi 

ICC 988 MesoAmerica Mexico Traditional cultivar/Landrace Desi 

ICC 5566 MesoAmerica Mexico Traditional cultivar/Landrace Desi 

ICC 9557 MesoAmerica Mexico Traditional cultivar/Landrace Desi 

ICC 1017 NorthAfrica Egypt Traditional cultivar/Landrace Desi 

ICC 1025 NorthAfrica Algeria Traditional cultivar/Landrace Desi 

ICC 3335 NorthAfrica Cyprus Traditional cultivar/Landrace Desi 

ICC 3336 NorthAfrica Cyprus Traditional cultivar/Landrace Desi 

ICC 3429 NorthAfrica Egypt Traditional cultivar/Landrace Desi 

ICC 8943 NorthAfrica Egypt Traditional cultivar/Landrace Desi 

ICC 9562 NorthAfrica Algeria Traditional cultivar/Landrace Desi 

ICC 9567 NorthAfrica Israel Traditional cultivar/Landrace Desi 

ICC 15536 NorthAfrica Morocco Traditional cultivar/Landrace Desi 

ICC 16343 NorthAmerica USA Breeding/Research material Desi 

ICC 4951 SouthAsia India Breeding/Research material Desi 

ICC 4918 SouthAsia India Advanced/Improved cultivar Desi 

ICC 506-EB SouthAsia India Traditional cultivar/Landrace Desi 

ICC 16382 SouthAsia India Advanced/Improved cultivar Desi 

ICC 1431 SouthAsia India Traditional cultivar/Landrace Desi 

ICC 4991 SouthAsia India Advanced/Improved cultivar Desi 

ICCV 04516 SouthAsia India Breeding line developed at ICRISAT Desi 

ICC 982 SouthAsia Sri Lanka Traditional cultivar/Landrace Desi 

ICC 1471 SouthAsia India Traditional cultivar/Landrace Desi 

ICC 2204 SouthAsia Sri Lanka Traditional cultivar/Landrace Desi 

ICC 4933 SouthAsia Sri Lanka Traditional cultivar/Landrace Desi 

ICC 5186 SouthAsia India Traditional cultivar/Landrace Desi 

ICC 5384 SouthAsia India Traditional cultivar/Landrace Desi 
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ICC No. Region Country  Biological Status 
Botanical 
Types 

ICC 5794 SouthAsia India Breeding/Research material Desi 

ICC 5912 SouthAsia India Traditional cultivar/Landrace Desi 

ICC 8166 SouthAsia India Traditional cultivar/Landrace Desi 

ICC 8397 SouthAsia India Breeding/Research material Desi 

ICC 10134 SouthAsia India Traditional cultivar/Landrace Desi 

ICC 12169 SouthAsia Nepal Traditional cultivar/Landrace Desi 

ICC 12184 SouthAsia Nepal Traditional cultivar/Landrace Desi 

ICC 12289 SouthAsia Nepal Traditional cultivar/Landrace Desi 

ICC 12312 SouthAsia India Traditional cultivar/Landrace Desi 

ICC 12511 SouthAsia India Breeding/Research material Desi 

ICC 14315 SouthAsia india Breeding/Research material Desi 

ICC 14406 SouthAsia India Breeding/Research material Desi 

ICC 14497 SouthAsia Bangladesh Traditional cultivar/Landrace Desi 

ICC 14575 SouthAsia Bangladesh Traditional cultivar/Landrace Desi 

ICC 14592 SouthAsia Bangladesh Traditional cultivar/Landrace Desi 

ICC 14674 SouthAsia India Traditional cultivar/Landrace Desi 

ICC 16141 SouthAsia Mynamar Traditional cultivar/Landrace Desi 

ICC 16173 SouthAsia Mynamar Traditional cultivar/Landrace Desi 

ICC 16181 SouthAsia Myanmar Traditional cultivar/Landrace Desi 

ICC 16219 SouthAsia Mynamar Traditional cultivar/Landrace Desi 

ICCC 37 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCL 81248 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCL 83149 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCL 87207 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 88202 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 89314 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 90201 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 92809 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 92944 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 93952 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 93954 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 94954 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 96836 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCX 820065 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 97105 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 96030 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 07102 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 07104 SouthAsia India Breeding line developed at ICRISAT Desi 
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ICC No. Region Country  Biological Status 
Botanical 
Types 

ICCV 07105 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 07108 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 07109 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 07110 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 07113 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 07115 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 07116 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 07117 SouthAsia India Breeding line developed at ICRISAT Desi 

ICC 283 SouthAsia India Traditional cultivar/Landrace Desi 

ICC 1882 SouthAsia India Traditional cultivar/Landrace Desi 

ICC 4958 SouthAsia India Advanced/Improved cultivar Desi 

ICCV 94916-4 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 94916-8 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 98901 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 98902 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 98903 SouthAsia India Breeding line developed at ICRISAT Desi 

ICCV 98904 SouthAsia India Breeding line developed at ICRISAT Desi 

ICC 1026 SouthwestAsia Iraq Traditional cultivar/Landrace Desi 

ICC 2234 SouthwestAsia Iraq Traditional cultivar/Landrace Desi 

ICC 2935 SouthwestAsia Iran Traditional cultivar/Landrace Desi 

ICC 3485 SouthwestAsia Jordan Traditional cultivar/Landrace Desi 

ICC 3867 SouthwestAsia Iran Traditional cultivar/Landrace Desi 

ICC 3935 SouthwestAsia Iran Traditional cultivar/Landrace Desi 

ICC 4482 SouthwestAsia Turkey Traditional cultivar/Landrace Desi 

ICC 4902 SouthwestAsia Turkey Traditional cultivar/Landrace Desi 

ICC 6152 SouthwestAsia Jordan Traditional cultivar/Landrace Desi 

ICC 9125 SouthwestAsia Iran Traditional cultivar/Landrace Desi 

ICC 10090 SouthwestAsia Iran Traditional cultivar/Landrace Desi 

ICC 10600 SouthwestAsia Pakistan Traditional cultivar/Landrace Desi 

ICC 16436 SouthwestAsia Pakistan Traditional cultivar/Landrace Desi 

ICC 1163 SubSaharanAfrica Nigeria Traditional cultivar/Landrace Desi 

ICC 11886 SubSaharanAfrica Sudan Traditional cultivar/Landrace Desi 

ICC 12123 SubSaharanAfrica Malawi Traditional cultivar/Landrace Desi 

ICC 12554 SubSaharanAfrica Ethiopia Traditional cultivar/Landrace Desi 

ICC 12620 SubSaharanAfrica Ethiopia Traditional cultivar/Landrace Desi 

ICC 12787 SubSaharanAfrica Ethiopia Traditional cultivar/Landrace Desi 

ICC 13941 SubSaharanAfrica Ethiopia Traditional cultivar/Landrace Desi 

ICC 14176 SubSaharanAfrica Ethiopia Traditional cultivar/Landrace Desi 
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ICC No. Region Country  Biological Status 
Botanical 
Types 

ICC 16298 SubSaharanAfrica Malawi Traditional cultivar/Landrace Desi 

ICC 16833 SubSaharanAfrica Uganda Traditional cultivar/Landrace Desi 

ICC 17083 SubSaharanAfrica Tanzania Traditional cultivar/Landrace Desi 
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Supporting Table 2. Details of kabuli genotypes studied 

ICC No. Region Country  Biological Status 
Botanical 
Types 

ICC 6263 Europe Russian Federation Traditional cultivar/Landrace Kabuli 

ICC 4861 Europe Yogoslavia (Former) Traditional cultivar/Landrace Kabuli 

ICC 6231 Europe Spain Traditional cultivar/Landrace Kabuli 

ICC 7263 Europe France Traditional cultivar/Landrace Kabuli 

ICC 7570 Europe Bulgaria Traditional cultivar/Landrace Kabuli 

ICC 16774 Europe Portugal Traditional cultivar/Landrace Kabuli 

ICC 16820 Europe Portugal Traditional cultivar/Landrace Kabuli 

ICC 8261 Europe Turkey Traditional cultivar/Landrace Kabuli 

ICC 17109 MesoAmerica Mexico Breeding line developed at ICRISAT Kabuli 

ICC 5116 NorthAfrica Israel Traditional cultivar/Landrace Kabuli 

ICC 6334 NorthAfrica Egypt Traditional cultivar/Landrace Kabuli 

ICC 7292 NorthAfrica Tunisia Traditional cultivar/Landrace Kabuli 

ICC 7294 NorthAfrica Tunisia Traditional cultivar/Landrace Kabuli 

ICC 7298 NorthAfrica Tunisia Traditional cultivar/Landrace Kabuli 

ICC 8527 NorthAfrica Algeria Traditional cultivar/Landrace Kabuli 

ICC 11553 NorthAfrica Egypt Traditional cultivar/Landrace Kabuli 

ICC 15367 NorthAfrica Morocco Traditional cultivar/Landrace Kabuli 

ICC 15380 NorthAfrica Morocco Traditional cultivar/Landrace Kabuli 

ICC 15388 NorthAfrica Morocco Traditional cultivar/Landrace Kabuli 

ICC 6283 SouthAmerica Peru Traditional cultivar/Landrace Kabuli 

ICC 11795 SouthAmerica Chile Traditional cultivar/Landrace Kabuli 

ICCV 2 SouthAsia India Advanced/Improved cultivar Kabuli 

ICCV 05530 SouthAsia India Breeding line developed at ICRISAT Kabuli 

ICC 4969 SouthAsia India Advanced/Improved cultivar Kabuli 

ICC 5270 SouthAsia India Breeding/Research material Kabuli 

ICC 14533 SouthAsia Bangladesh Traditional cultivar/Landrace Kabuli 

ICC 16216 SouthAsia Mynamar Traditional cultivar/Landrace Kabuli 

ICCV 3 SouthAsia India Breeding line developed at ICRISAT Kabuli 

ICCV 91302 SouthAsia India Breeding line developed at ICRISAT Kabuli 

ICCV 93512 SouthAsia India Breeding line developed at ICRISAT Kabuli 

ICCV 95311 SouthAsia India Breeding line developed at ICRISAT Kabuli 

ICCV 95332 SouthAsia India Breeding line developed at ICRISAT Kabuli 

ICCV 06301 SouthAsia India Breeding line developed at ICRISAT Kabuli 

ICCV 06302 SouthAsia India Breeding line developed at ICRISAT Kabuli 

ICCV 06306 SouthAsia India Breeding line developed at ICRISAT Kabuli 

ICCV 07304 SouthAsia India Breeding line developed at ICRISAT Kabuli 

ICCV 07311 SouthAsia India Breeding line developed at ICRISAT Kabuli 
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ICC No. Region Country  Biological Status 
Botanical 
Types 

ICCV 07312 SouthAsia India Breeding line developed at ICRISAT Kabuli 

ICCV 07313 SouthAsia India Breeding line developed at ICRISAT Kabuli 

ICCV 07118 Southwest Asia Iran Traditional cultivar/Landrace Kabuli 

ICC 6169 SouthwestAsia Iraq Traditional cultivar/Landrace Kabuli 

ICC 6969 SouthwestAsia Iran Traditional cultivar/Landrace Kabuli 

ICC 7241 SouthwestAsia Lebanon Traditional cultivar/Landrace Kabuli 

ICC 8273 SouthwestAsia Lebanon Traditional cultivar/Landrace Kabuli 

ICC 10674 SouthwestAsia Turkey Traditional cultivar/Landrace Kabuli 

ICC 15779 SouthwestAsia Syria Traditional cultivar/Landrace Kabuli 

ICC 15807 SouthwestAsia Syria Traditional cultivar/Landrace Kabuli 

ICC 16453 SouthwestAsia Pakistan Traditional cultivar/Landrace Kabuli 

ICC 16528 SouthwestAsia Pakistan Traditional cultivar/Landrace Kabuli 

ICC 16626 SouthwestAsia Pakistan Traditional cultivar/Landrace Kabuli 

ICC 1164 SubSaharanAfrica Nigeria Traditional cultivar/Landrace Kabuli 

ICC 11901 SubSaharanAfrica Sudan Traditional cultivar/Landrace Kabuli 

ICC 12121 SubSaharanAfrica Malawi Traditional cultivar/Landrace Kabuli 

ICC 14913 SubSaharanAfrica Sudan Traditional cultivar/Landrace Kabuli 

ICCV 89509 SubSaharanAfrica Sudan Breeding line Kabuli 

 


