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Abstract 

 

For biochemical traits improvement, presence of variability has primary significance in plant breeding. Data of various 

seed biochemical constituents in 77 wheat genotypes were analysed for correlation and agglomerative hierarchical clustering 

to choose varieties and characters for future breeding program. Correlation analysis revealed significant positive relationship 

of catalase (CAT) with reducing sugars (RS), total soluble sugars (TSS), and total soluble proteins (TSP) while negative 

association with total phenolic content (TPC), protease and ascorbic acid (AsA). Peroxidase (POD) activity displayed highly 

significant positive correlation with superoxide dismutase (SOD), TPC, protease and AsA but showed negative correlation 

with malondialdehyde (MDA) content. Cluster analysis clustered all genotypes into four different groups. The D2 statistics 

confirmed highest distance between cluster- II and cluster-III whereas maximum similarity was found in cluster-III as well 

as cluster-IV. Hence, it is suggested that crosses between genotypes of cluster-II and cluster-III with those of cluster-III and 

cluster-IV may be chosen for wheat breeding program and for superior genotypes selection in subsequent population. 
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Introduction 

 

Triticum aestivum L. (bread wheat),  is the most 

significant cereal crop in the world and because of its 

multidimensional usage and nutritional importance, it is 

primary food for greater than one third of the population 

in the world including Pakistan (Asif et al., 2005; 

Rehman et al., 2013). Pakistan is the eighth major wheat 

producer (Uddin et al., 2015), with a total production of 

25.195 million tonnes from an area of 8,740 thousand 

hectares under cultivation (Economic survey of Pakistan 

2018-2019). It is famous as the ‘King of cereals’ owing 

to its production, acreage as well as the discernable 

place in international food grain trade (Afridi & Khalil, 

2007; Rehman et al., 2013). Due to rapid rise in human 

population, world demand for wheat is estimated to be 

much elevated in near future but the wheat production 

resources are expected to be considerably lower. The 

challenge of food security is perilous in the developing 

countries as compared to developed world while wheat 

is the central crop for ensuring food constancy 

particularly in Pakistan. Pakistan population increasing 

at a rate of 2.4 % per year is expected to be 212.82 

million in 2030 which demand an increase in its 

production correspondingly (Economic survey of 

Pakistan 2017-2018). 

Wheat holds antioxidation property against the 

significant bio-molecules like DNA, membrane lipids and 

proteins. It deters the super oxide anion (O2.-) and 

oxidation of low density lipoprotein (LDL) cholesterol in 

humans (Yu et al., 2005; Sedej et al., 2011). 

Environmental conditions like average daily radiation of 

sun, hour’s number and growing area as well as genotype 

of wheat are the key features which influence the 

percentage of scavenging of antioxidants found in the 

grains of whole wheat. A wide range of bioactive 

compounds are responsible for rendering antioxidant 

ability which include phytic acids, phenolic acids, 

tocopherols, carotenoids, tocotrienols, flavonoids and 

phytosterols. Antioxidant capacity differs in respect of 

wheat genotypes and  biologically active compounds for 

instance phenolic acids, carotenoids and anthocyanins and 

tocopherols (Rao et al., 2013). 

Enhancement of germplasm and genetic variability is 

crucial for consistent and viable production of food crops. 

For productive estimation and use of germplasm, extent 

of existing genetic divergence measurement is of ultimate 

importance (Zubair et al., 2007). Primary objective of any 

breeding program is the production of high yielding and 

disease resistant genotypes with wider adaptation and 

these diverse goals can merely be attained in the presence 

of sufficient genetic diversity and variability. When the 

patterns of genetic variation in a community are 

recognized, the efficiency of genetic gain through random 

selection can be excelled. Varieties with wider genetic 

base can withstand disease stress more effectively and are 

more adaptive to exacting agro-climatic conditions 

(Uddin et al., 2015). 

Greater the genetically different parents, more will be 

the probabilities of attaining greater heterotic 

manifestation in F1s and broad range of variation in 

dividing population (Shekhawat et al., 2001). For 

developing new population, the study of genetic 

difference can help in the genotypes selection to be 

employed in breeding programs because it evaluates the 

extent of diversity present among selected genotypes 

(Khan et al., 2019). Various genetic divergence studies 

have been administered on diverse species of crops 

depending upon qualitative and quantitative traits so as to 

select genetically distant parentages for hybridization 

(Singh & Salgotra, 2014). 



ANAM KHALID ET AL., 1282 

The use of multivariate statistical algorithms is a 

crucial approach for classifying germplasm besides 

analysing genetic relationships amongst breeding 

material. The most frequently practiced algorithms for 

this objective are principal component analysis, canonical 

variable analysis and clustering methods. Clustering is a 

multivariate analysis which employs grouping of traits 

otherwise genotypes information for classifying a 

population into main clusters on the basis of similarities 

(Jaynes et al., 2003; Ghaed Rahimi & Heidari, 2014).The 

cluster analysis is a suitable method to find out  family 

relations i.e. to figure out  the wideness of genetic affinity 

or genotypes distance from one another (Mishra et al., 

2015). The D2 statistic usage (Mahalanobis, 1936) is one 

of the most significant biometrical methods in order to 

estimate genetic difference existent in a population. 

Clustering and correlation have also been previously 

reported in tomato as well as wheat for genetic diversity 

assessment (Khodadadi et al., 2011; Ajmal et al., 2013; 

Iqbal et al., 2014). Selection of parents based on the 

extent of genetic divergence has been successfully utilised 

in different crop species (Gashaw et al., 2007). 

Evaluating the whole wheat grains for health 

advantages and potential bioactive constituents can help 

in developing functional diet based on grain. The current 

study was directed to classify the accessible germplasm 

into separate clusters/groups based on genetic variation 

amongst their seed biochemical attributes using 

agglomerative hierarchical clustering. 

 

Material and Methods 
 

Seventy seven wheat genotypes as reported earlier 

(Khalid & Hameed, 2017) belonging to diverse 

geographical origin were collected for testing antioxidant 

activity. Seeds of wheat genotypes (0.2 g) were extracted 

in 2 ml (50 mM) potassium phosphate buffer (pH 7.4). 

Samples were centrifuged at 14,462 ×g for 10 min at 4°C. 

The supernatant was parted and employed for the 

evaluation of diverse enzymatic activities like catalase 

(CAT) (Chance & Maehly, 1955), superoxide dismutase 

(SOD) (Giannopolitis & Ries, 1977), peroxidase (POD) 

(Beers & Sizer, 1952), ascorbate peroxidase (APX) (Dixit 

et al., 2001) and other biochemical attributes i.e. 

malondialdehyde content (MDA) (Heath and Packer, 

1968 and Dhindsa et al., 1981), alpha amylase activity 

(Varavinit et al., 2002), esterase (Van Asperen, 1962), 

protease (Drapeau, 1974), total oxidant status (TOS) 

(Erel, 2005), total phenolic content (TPC) (Ainsworth & 

Gillespie, 2007), Ascorbic acid (AsA) (Mindlin and 

Bulter, 1937), non-reducing sugars (NRS), reducing 

sugars (Lever, 1972; Miller, 1972), total soluble sugars 

(Dubois et al., 1951), Albumins, Globulins, salt soluble 

protein (SSP) and total soluble protein (TSP) (Bradford, 

1976). Data for different seed quality and nutritive 

parameters were recorded. 

Finally, data was subjected to analysis of variance 

and genetic divergence was computed through cluster 

analysis via agglomerative hierarchical clustering through 

computer software Microsoft Excel along with XLSTAT 

Version 2012.1.02, Copyright Addinsoft 1995-2012 

(http://www.xlstat.com). 

Results 
 

Order of correlations/associations amid traits: 

Analysis of variance showed substantial genotypic mean 

square values for entire characters presenting importance 

of genetic divergence (Table 1) to be utilized for wheat 

enhancement. Simple values of correlation coefficient 

revealed remarkable associations to plan breeding 

approach (Table 2). Significantly positive correlation 

was revealed by CAT with RS, TSS and TSP. However, 

it had significantly negative association with TPC, 

protease and AsA. POD activity showed highly 

significant and positive relationship with SOD, TPC, 

protease and AsA however, displayed extremely 

significant negative association with MDA. APX, alpha 

amylase and NRS had positive correlation with TSS. 

Nevertheless, APX showed significantly negative 

association with MDA while NRS revealed significant 

negative correlation with RS. SOD had significantly 

positive correlation with SSP. Esterase and albumin 

revealed insignificant correlation with entire traits in the 

current study. 

Protease and ascorbic acid revealed significant 

positive correlation with TOS. Significantly positive 

correlation was shown by TPC with POD and AsA 

however, it had significant negative association with 

CAT, TSS and TSP. Protease and AsA showed 

significant positive correlation with POD while it 

showed significantly negative correlation with CAT. 

The RS had significantly positive association with CAT 

and significantly negative correlation with NRS whereas 

TSS showed significantly positive correlation with CAT, 

APX, alpha amylase and NRS. It had significant 

negative association with TPC and AsA. Globulin 

showed highly positive correlation with SSP however; 

SSP had significant positive correlation with SOD and 

globulins. Total soluble proteins showed significantly 

positive correlation with CAT and negative correlation 

with TPC and AsA. 
 

Cluster analysis: Genotypes grouping on the basis of 

studied traits are shown in (Fig. 1). Cluster analysis 

assembled 77 wheat genotypes into 4 groups as 

presented in (Table 3). Cluster-I encompassed 46 

genotypes followed by 21, 3 and 7 genotypes 

correspondingly in cluster-II, III in addition to cluster-

IV. Cluster-I showed least diversity for all the traits. 

Cluster-II comprised of genotypes with higher esterase, 

AsA, NRS. The genotypes in cluster-III encompasses 

large albumin, globulin, POD, SOD, TPC, TOS, while 

the genotypes in cluster-IV possessed larger CAT and 

APX, MDA, alpha amylase, RS, NRS, TSS, SSP and 

TSP. In cluster analysis, diverse biochemical traits 

average values regarding wheat genotypes have been 

presented in (Table 4). 

Pairwise Mahalanobis distances (D2 statistics) are 

shown in (Table 5). Cluster-IV genotypes illustrated 

maximum divergence against cluster-III genotypes. 

Though, least variation was detected between cluster II 

and III due to minimum value of genetic diversity. 

http://www.xlstat.com)./
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Fig. 1. Tree diagram based on eighteen traits for different wheat genotypes. 
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Table 5. D2 statistics among different clusters. 

 Cluster I Cluster II Cluster III Cluster IV 

Cluster I 0    

Cluster II 9358.863 0   

Cluster III 32666.431 24090.824 0  

Cluster IV 14540.792 16713.304 39203.136 0 

 

Discussion 
 

Correlation studies provide information on the nature 

and extent of relationship between any two sets of 

metric/quantitative characters. From this, it might be likely 

to generate genetic advancement in one trait by selecting 

the other pair (Baloch et al., 2014). In present study, 

significantly positive correlation was revealed by CAT with 

RS, TSS and TSP. POD activity showed greatly significant 

and positive association with SOD, TPC, protease and 

AsA. SOD had significantly positive correlation with SSP. 

Protease and ascorbic acid revealed significant positive 

correlation with TOS. Significantly positive correlation was 

shown by TPC with POD and AsA. Protease and AsA 

showed significant positive correlation with POD. The RS 

had significantly positive association with CAT. TSS 

showed significantly positive correlation with CAT, APX, 

alpha amylase and NRS. Globulin showed highly positive 

correlation with SSP however; SSP had significant positive 

correlation with SOD and globulins. Total soluble proteins 

showed significantly positive correlation with CAT. 

Presence of significant correlations for POD, TPC, protease 

and AsA reflects that increase in either of these traits will 

results in an increase of other characters. Hence, these 

qualitative and nutritive traits can be employed for the 

selection of superior wheat genotypes in breeding program 

which renders an excellent opportunity to assemble 

desirable characters. 

Cluster analysis could be considered as an effective 

tool to classify germplasm which provides consistent 

foundation in the selection of base material to design 

breeding tactics in future (Susic et al., 1999; Jin et al., 

2006). Cluster analysis grouped 77 wheat genotypes into 

4 clusters. According to Pairwise Mahalanobis distances 

(D2 statistics), cluster-IV genotypes demonstrated 

maximum divergence against cluster-III genotypes. 

Though, the authors are the view that during the selection 

of base material, one should beware of breeding 

techniques besides genetic constraints to acquire likely 

genetic least diversity for all the traits. Outcomes of 

current study showed that multivariate analysis aids in 

placing the genotypes in various clusters. 

 

Conclusion 

 

Hence, it is suggested that cluster III and IV 

genotypes are complementary for maximal biochemical 

parameters and can be chosen for hybridization to 

establish potential hybrids in subsequent generation. 
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