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Abstract 

Wheat is the major nutrient source worldwide and has a crucial place in agriculture and 

economy of Pakistan. Characterization of wheat genetic resource is imperative for breeders in 

developing databases helpful for parental selections as presence of variance has primary 

significance with respect to plant breeding. In this view, 77 wheat genotypes collected from 

different agro-climatic zones of country were characterized for seed biochemical and 

nutritional quality traits, distribution of glutenin subunits, allelic variations in Xuhw89 locus 

for grain protein content and yield parameters followed by cluster, principal component 

(PCA) and correlation analysis. Seed biochemical analysis, revealed a significant variation (p 

< 0.05) in genotypes for nutritional potential. Genotypic sources were identified for better 

antioxidant potential i.e. Pavon (APX), Pasban-90 (CAT), IQBAL-2000 (POD), Manthar-

2003 (SOD), Bhakkar-2000 (TPC), hydrolytic enzymes i.e. SH-2002 (amylase and ascorbic 

acid), Dharabi 2011 (esterase), NR-234 (protease), grain protein i.e. Faisalabad-2008 (salt 

soluble protein), TC-4928 (albumins), MEXI PAK (globulins) and sugars i.e. Saleem 2000, 

Punjab-96 (sugars and soluble protein). Dharabi-2011 with lowest amylase, MEKI-PAK with 

lowest reducing sugars and higher seed protien and AARI-2011 with lowest gluten have 

potential for health implications. Correlations in seed nutritional parameters were identified 

while genotypes were clustered in four groups with highest distance between cluster- II and 

III. However, genotypes grouped into five clusters based on yield related traits having 

maximum distance in cluster-II and IV with spike length as principal component of varibility. 

Based on divergence in single kernel characteristics, genotypes with highest protein 

(GA2002, 16.5%), moisture (Marvi, 16.5%), starch (9244, 11%), zeleny (AARI-2011, 

54.1%), gluten (2006, 44%), kernel weight (TC-4928, 41.6±9.5mg), kernel diameter (Sassui, 

2.91±0.32mm), hardness index (Punjab 201191±39%) were identified and grouped in five 

clusters. Kernel weight, diameter, moisture and starch content were principal components of 

variability. SDS-PAGE revealed 30 allelic combinations for high molecular weight glutenin 

subunits (HMW-GS) at Glu-1 loci involved in bread making quality. Maximum frequency of 

allele 1 was found in twenty nine genotypes at Glu-A1 locus while high proportion of subunit 

pairs 13+16 and 2+12 were detected in 33 and 32 genotypes at Glu-B1 as well as Glu-D1 

locus respectively. Few rare alleles were also detected. The quality scores ranged from 4-10, 

while highest quality score (10) was more frequent (36.36%). Analysis of microsatellite 

(functional SSR marker) Xuhw89 locus for grain protein content showed that 42% genotypes 

carry 126+130-bp allele with relatively higher salt soluble proteins and globulin while 

remaining possessed a 126-bp allele with higher total soluble protein and albumin. In 

conclusion, revealed divergence in seed biochemical and quality traits, allelic distribution for 

HMW-GS and Xuhw89 locus for grain protein content and yield parameters in Pakistani 

wheat germplasm followed by detailed cluster, PCA and association analysis will help 

breeders in selecting genotypes with desirable traits and designing the breeding program for 

crop improvement.  
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1 Introduction 

1.1 Overview 

Wheat is the most extensively cultivated cereal grain around the globe and holds 

crucial place in agriculture [1, 2]. It is a principal nutriment for thirty five percent of 

the world‘s populace and is propagated on seventy percent of the cultivated region in 

the world. In Pakistan, it covers seventy percent of Rabbi and thirty seven percent of 

entire cropped sector [3]. 

Internationally, wheat supplies approximately fifty five per cent of  

carbohydrates and twenty per cent of food calories consumed worldwide [4]. It beats 

every other single grain crop ( including rice, maize, etc.) in production plus acreage 

hence, is consequently, the most significant grain crop of entire planet grown across a 

broad range of climatic situations.  In 2020, wheat demand of world for is assumed to 

be forty  percent greater as compared to its amount in the late half of 1990‘s [5]. 

In 1999, wheat was cultivated in one hundred and twenty one states on two 

hundred and fifteen billion hectares signifying fifteen per cent of the cropped area in 

the world and above five hundred and eighty three billion tons of wheat was 

produced, which accounts for twenty per cent of the world food deliveries of whom 

seventeen per cent was merchandised in the global market [6]. 

Wheat is of supreme importance amongst the cereals mainly because of its 

grains which comprises protein with exclusive physical as well as chemical attributes. 

It encompasses other useful constituents for instance minerals (Cu, Mg, Zn, Fe and P), 

protein and vitamins such as riboflavin, thiamine, niacin and alpha tocopherol and is 

also a valuable source of carbohydrates. Though, wheat proteins have been found 

scarce in vital amino acids for example lysine as well as threonine [7]. 
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In Pakistan, nearly seventy per cent of the whole wheat produced is utilized in 

the form of unleavened flat bread famous as chapatti. The remaining thirty per cent is 

used for other products of bakery like, cookies, bread, cake and pastries [8]. Its 

production can  possibly be enhanced through the new and  improved varieties 

development which are able to produce superior yield and perform better under 

numerous agro-climatic stresses plus conditions [9]. It is a common pact that diversity 

of germplasm amongst best breeding material is an essential component in plant 

breeding [10]. 

1.1.1 Wheat Background 

Wheat was first cultivated approximately ten thousand years before as portion of 

‗Neolithic Revolution‘, which saw a change from hunting as well as collecting food to 

stable land management. Diploid i.e. genome AA, einkorn in addition to tetraploid  

i.e. genome AABB, emmer were the initially grown types of wheat and according to 

their hereditary relationship, these are coined from the south eastern regions of 

Turkey [11]. Cultivation expand to the Nearby East by almost nine thousand years 

beforewith the first appearance of hexaploid wheat [12]. The evolutionary and 

genome relationships between cultivated bread and durum wheats and related wild 

diploid grasses, showing examples of spikes and grain is shown in Figure 1.1. 

The prior grown forms of wheat were basically landraces from wild 

populations carefully chosen by farmers, probably because of their higher yield. 

Though, domestication was also linked with the genetic traits selection which has 

been detached from their wild ancesters, but two characters are of significant 

importance viz, spike shattering loss at maturity causes loss of seed at the time of 

harvest. It is a vital characteristic for certifying dissemination of seed in genuine 

populations and the non-shattering characteristic has been deduced through alterations 

at brittle rachis (Br) locus [13] and the alteration from husked to free-threshing nude 

forms, in whom the outer sterile husk attach firmly to the seeds. The unrestricted  
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configuration merge from a deviant on the Q locus that altered the influence of 

receding mutations at the pertinacious grain husk (Tg) locus [11, 14]. 

 

Figure 1-1 The evolutionary and genome relationships between cultivated bread 

and durum wheats and related wild diploid grasses, showing examples of spikes 

and grain [12] 

The haploid content of DNA regarding wheat‘s six set of chromosome 

(Triticum aestivum L. em Thell, 2n=42, AABBDD) exists almost 1.7 x 1010 base 

pair, approximately 100x greater than the genome of Arabidopsis, 40x that of rice and 

nearly 6x that of maize [12]. The larger portion of DNA sequence of bread wheat has 

coined from polyploidy plus substantial duplication, in which repetitive DNA 

sequences makes up the 80% of entire genome [15]. The typical chromosome of 

wheat is about eight hundred and ten MB, 25x greater as compared to usual 

chromosome of rice.  The developmental history of wheat is illustrated in Figure 1.2. 

At present, approximately ninety five per cent of wheat cultivated throughout 

the world is hexaploid bread wheat, residual five per cent is tetraploid durum wheat. 

The later is more adapted to the arid Mediterranean environment as compared to 

bread wheat and is frequently referred to as pasta wheat to manifest its ultimate 
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specific usage. Small quantity of other species of wheat viz, emmer, spelt and einkorn 

are yet cultivated within few areas involving Balkans, Spain, Turkey and the Indian 

subcontinent [12]. 

 

Figure 1-2 Evolutionary history of wheat [16] 

1.1.2 Taxonomic Classification 

Table 1.1 Classification of Tritium aestivum [17] 

Kingdom Plantae (Plants) 

Sub-kingdom Tracheobionta  (Vascular plants) 

Super division Spermatophyta  (Seed plants) 

Division Magnoliophyta  (Flowering plants) 

Class Liliopsida ( Monocotyledon) 

Subclass Commelinidae 

Order Cyperales 

Family Poaceae / Gramineae (grass family) 

Genus Triticum (wheat) 

Species Triticum aestivum (common wheat) 
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1.1.3 Types of Wheat 

The genus name for wheat i.e. Triticum, is derived from the Latin word‗tero‘ (I 

thresh). The recent name, Triticum aestivum, represents hexaploid bread wheat having 

genomes A, B and D differentiating it from tetraploid macaroni wheat which is, 

Triticum durum comprising genomes A besides B which is consumed predominantly 

for the production of pasta. Now a day, bread wheat (Triticum aestivum) is the most 

extensively grown wheat. It is a hexaploid type of free-threshing wheat (genome 

AABBDD). According to Nesbitt and Samuel, it has been stemmed from current 

hybridization between the diploid (DD) Aegilops tauschii var. strangulate and an 

allotetraploid wheat (AABB) and not more than 8,000 years ago [18]. 

Triticum. aestivum and Triticum. Durum consists of 7 chromosomes pair (2n 

=14). Wheat has been cultivated in the form of spring or winter crop. In extremely 

chilly areas, spring varieties of wheat have been propagated during spring so that it 

can grow as well as ripe rapidly and can be harvested before the arrival of autumn 

snowfall. Within more temperately chill areas, winter wheat are propagated prior to 

the onset of winter snowfall that otherwise cover the saplings, resulting in 

vernalization and allow quick growth when the snow thaws in the spring. In warm 

environments, peculiarity in spring and winter wheat exists nearly futile. The point of 

significant difference is the early or delayed maturity [19]. Wheat types have been 

frequently differentiated according to the endosperm texture, seed coat, dough 

strength, colour and planting season. These are concisely explained as under [20]. 

White and Red Wheat 

Red kinds of wheat usually have greater latency as compared to white kinds and 

hence have been preferred in environments favourable for before harvest germination. 

White wheats are suitable to  the regions which are arid in the course of ripening plus 

harvest as well as ideal for manufacturing  definite sorts of flat noodles in addition to 

bread [21]. 

Soft and Hard Wheat 

Variety or seed stability in hard as well as soft wheat,  is related to the resistance  that 

come upon when it is crushed [21]. 
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Weak and Strong Wheat 

Production of leavened bread is chiefly restricted to full sequence of  DNA which 

code for proteins required for making a strong and elastic dough appropiate for 

capturing the gas bubbles in the course of fermentation, hence letting the dough 

upsurge. Exclusive pliable attributes of dough prepared are principally the result of 

amount and type of gluten present. Varieties having high gliadin glutenin proportion 

are viscous and possess expansible doughs which are frequently appropriate for 

preparing cookies while the varieties with a small gliadin glutenin proportion possess 

greater strength and elasticity, which is ideal for bread making. Difference in alleles 

in the high molecular weight glutenins is nearly associated with excellence of bread 

making and ability of dough to withstand. Bread wheat varieties have three or five 

main high molecular weight glutenin subunits. Glu-D1 genes encodes two of these 

subunits, one otherwise two by Glu-B1, as well as none or one by Glu-A1 [21, 22]. 

Greater than fifty per cent of the differencein baking potentiality and  visco elastic 

attributes of dough, in wheat accessions from various states has been elucidated 

depending upon the composition of  high molecular weight  subunit of glutenin [21]. 

Spring and Winter Wheat 

These varieties have diversity with respect to their need for a frozen phase to 

accelerate otherwise, allow usual development on the way to reproductive growth. 

This need for vernalization has been vigorously affected by changes at the Vrn-1 

position (present on group 5 chromosomes long arms) viz, Vrn-B1, Vrn-A1 and Vrn-

D1 plus their superficial adjustment by negligible flower inducing genes [23]. Spring 

habit results from the dominant Vrn-la on any of three genomes of wheat, and the 

presence of recessive while winter habit results from alleles on Vrn-1b on complete 3 

genomes. Though, Vrn-1 genes  have a close association with the genes awarding  

resistance to cold [24] thus persists in winter [20]. Proportion of wheat development is 

largely determined by temperature, requirement for a cold phase,variety andplants 

responses to the corresponding lengths of dark and light periods during their 

development phase. As previously stated, winter wheat varieties maturation found to 

be accelerated subsequent to flowering process in plants i.e., low temperatures 

exposure, usually 3-10 °C for six to eight weeks. Growth has also been enhanced 

through long day disclosure. As the varieties differ in their response to vernalization, 

temperature and photoperiod, factors interaction extent, they vary continuously in 
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their maturation rate and hence contribute to the broader distribution and adaptation of 

wheat in the agriculture of world [20, 25]. 

1.1.4 Vegetative Growth 

Development of Wheat Seed 

Seeds of wheat requires a slight moisture of thirty five to forty five per cent of grain 

dry mass for the germination [21, 26]. In the course of propagation Figure 1.3, the 

adventitious side root outspreads earlier than coleoptile. Seminal roots generates in 

relation with the node of coleoptile. When coleoptile arises from soil its development 

halts and first true leaf propels through its end. Seedlings rely on nutrients and energy 

supplied through endosperm till its first leaf has been photo synthetically efficient 

[21].         

Root Growth 

More than one node can grow in the soil based upon sowing depth, all exhibiting roots 

[27]. Root axis grows on expected periods in association with shoot growth, and 

overall roots generated are linked with amount of leaves present on lateral branches as 

well as tillering extent [28]. Roots emerging from lateral branches usually spread once 

the tillers have developed three leaves. A variety‘s root development is analogous to 

its apex extension [21]. 

Leaf Growth 

After germination, the apex of vegetative shoot gives rise to secondary leaf primordia. 

Leaf primordial count can differ from seven to fifteen [21] and is influenced by light 

strength, nutritional level of plant, genotype and temperature. Temperature imparts 

asignificant effect on the emergence of leaf and expansion. Lowest temperature meant 

for the expansion of leaf is about zero degree centigrade, the optimal 28°C while the 

maximal larger as compared to 38°C [21]. 
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. 

Figure 1-3 Life cycle of wheat [29] 

 

Stem Development 

Elongation of stem overlaps with the growth of tillers, leaves, inflorescence and the 

roots [30]. Stem elongation initiates when maximum florets present on the evolving 

spike have introduced stamen‘s initial identifiable stage, which resembles nearly to 

the terminal spikelet development. Fourth internode having nine leavesis the first to 

extend in spring wheat whereas the stem lower internode remains short. Once an 

internode is extended partly to its ultimate extent, the internode over it starts to 

extend. This arrangement lasts till the elongation of stem is complete, generally close 

to anthesis. 

Peduncle is the last segment to extend. The wheat plant height extends from 

30 to 150 centi meter and is deduced by the variety and the propagating state. 

Alterations in plant stature is generally assigned to difference in dimension of 

internode and not to the internode number [21, 31]. 

Tiller Growth 

The first lateral branches to arise are formed amid coleoptile axils and the first true 

leaf. Generally, three interval between two successive leaves divide the leaf 

emergence and its subtended  tiller. In winter wheat, small numbers of tillers develop 

in winter or autumn if circumstances are moderate. The main shoot along with 
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initially developed tillers fulfil their growth and develop granules in spring and winter 

wheat [21]. 

1.1.5 Reproduction 

Wheat is principally intra floral pollinated crop. Though, outcrossing proportion is up 

to 10% or greater on the basis of the genotype, population density and environmental 

conditions. Cross fertilisation due to wind, depend greatly on physical aspects such as 

excessive humidity plus warm climate. Dry, warm climate give rise to an increased 

cross fertilisation rates i.e. 3.7% - 9.7% in comparison with insignificant cross 

fertilisation rates 0.1% under high moisture (http://www.ogtr.gov.au/internet/ 

ogtr/publishing.nsf/content/wheat3/$file/biologybreadwheat.pdfretrievedon30.4.2016) 

Poehlman, 1959 [32] stated that allogamy in wheat has been as great as one to two per 

cent. The flowering time and duration depends on geographical location. Sunny 

climate and temperature of as a minimum as eleven to thirteen degree centi grade are 

mandatory for blooming [33]. 

Spike Growth Prior to Anthesis 

The turn to propagative growth takes place intimately to the apical cupola elongation, 

once the core shoot possesses almost three complete leaves. Floret division initiates in 

the crucial portion of spike and continues both up and down equally as the spikelet 

induction completes. It creates a growth pyramid inside the prickle which continues 

throughout grain growth as well as anthesis. Terminal spikelet instigation indicates 

the completion of spikelet formation [34]. 

During pre-anthesis, various developmental phases synchronise with one 

another. Kirby & Appleyard,1983 [29] identified a difference of several weeks in 

numerous shoots instigation upon a plant,which is decreased to merely a limited days 

in the period of spike appearance. Likewise in spikelet, the variation in initiation 

period between the early two clusters in a fused flower might be over two days 

however, the difference of time period amongst these flowerets at meiosis is around 

six hours [35]. Once the pollen comprising stamen part elongates up to one milli 

meter and  is green, meiosis take place instantaneously in pistil and anthers [34]. The 

time duration of wheat flowers for which they remain open varied from 8 to 60 

minutes on the basis of environmental conditions and genotype [36].  

http://www.ogtr.gov.au/internet/%20ogtr/publishing.nsf/content/wheat3/$file/biologybreadwheat.pdf
http://www.ogtr.gov.au/internet/%20ogtr/publishing.nsf/content/wheat3/$file/biologybreadwheat.pdf
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Kernal Growth 

The ratio of  multiplication of the endosperm cell is affected due to water stress,  light 

intensity, genotype and temperature [37]. Accumulation of starch starts 1 to 2 

sennights following anthesis and begins a two to four sennight period of direct rise in 

dry mass of kernel [38]. The development along with ultimate mass of a single kernel, 

is determined by spikelet in addition to floret site, grains which are developed in 

proximal florets and middle spikelets are generally enormous [35, 38]. Once rain 

concurs with harvest, germination takes place. Seeds ripened in cold conditions  are 

more latent as compared to the seeds matured under warm environments [39] . 

1.1.6 Chemical Constituents of Tritcum aestivum 

The main chemical components inside wheat are given below. 

Vitamins and Minerals 

Vitamin B5, B1, B6, B3, B8, B2 and B12, K, E and A ascorbic acid, boran, dry 

ascorbic acid, iodine, sodium, carotene, group 2 metals of periodic table, magnesium, 

molybdenum, potassium,  zinc, aluminium, copper, phosphorus, sulphur, Iron and 

selenium. 

Enzymes 

Superoxide dismutase, protease, amylase, lipase, transhydrogenase, cytochrome 

oxidase 

Supplementary Constituents 

Amino acids for instance valine, asparagine, aspartic acid, alanine, glutamine, proline, 

methionine, glycine, phenylalanine, threonine, leucine, arginine, tryptophan, 

isoleucine, tyrosine, serine, histidine, andlysine, muco-polysaccharides, chlorophyll,  

P4D1 i.e. gluco-protein, bio-lavonoids such asapigenin, luteonin and quercitin, 

laetrile, indole complexes and choline i.e. amygdalin [40-42]. 

1.1.7 Nutritional Attributes of  Wheat 

Wheat grains and its products are significant constituents of our daily diet. Average 

wheat consumption is three hundred and eighteen for each person each day making up 

83 % of the overall cereal consumption.   
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Wheat contributes larger percentage of protein than energy to the nutritional 

requirement of an adult man. It can fulfil the daily requirement of niacin and thiamine 

alone. Larger part of the daily need of riboflavin and iron is fulfilled by the quantity 

of wheat accessible to an adult man Table 1.2. 

Table 1.2 Nutrients and Calories supplied by the wheat as % of suggested   

          daily allowance for adult man [43] 

% of RDA 

Calories(kcal) 

 

42 

Thaimin 

 

168 

Protein  

 

79 

Naicin 

 

95 

Riboflavin 

 

54 

     Iron 

 

56 

 

Wheat is predominantly considered as a source of proteins, vitamin, calories 

and minerals. It is comparable with different cereals in nutritional content. Its quantity 

of protein is greater as compared to sorghum, rice and maize and about equivalent to 

that of other cereals. Protein content is influenced by variety cultural conditions and 

environmental conditions such as type of soil temperature, moisture, availability of 

nitrogen and method of cultivation. Percentage of protein in wheat can be exploited to 

certain level by time of fertilizer application and fertilizer type.  

Dietary content of protein is estimated not simply through concentration of 

protein however, also via the amino acids equilibrium inside protein. During human 

digestion, protein is dilapidated into its constituent‘s portions, absorbed by blood 

stream and then assembles again to form diverse types of protein required by the body 

for growth, maintenance and repair. Eight amino acids are vital for humans as human 

body is unable to manufacture them and must take it from food. Wheat biological 

significance is set by limiting essential amino acids. These are the amino acids which 

become deficient due to the increased requirement of body. Lysine is the deficient 

amino acid in wheat. During the process of milling one third of the total protein is 

removed along with lysine as larger percentage of protein as well as lysine is present 

in bran and germ. There is an inverse relationship in quantity of protein in grain and 

quantity of lysine/gram of protein [43]. 

1.1.8 Grain Anatomy 

Wheat grain is divided into three main segments, all structurally also chemically 

distinguished from erstwhile. These are the germ also called as embryo, located at 
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single end of the grain in the form of tiny, yellow mound, simply differentiated from 

the rest of the kernel; the endosperm, which covers a larger part of the whole grain, 

and supplies nutrition to the developing plant as the kernel evolves; the external seed 

crust and cover lying underneath contains the cells of protein covering the whole 

kernel and protecting the embryo in addition to the endosperm on or after injury in the 

course of (latent phase) of the grain‘s subsistence. Relating to the unique roles of all 

three portions, a great difference exists in the chemical composition of the 

constituents making them and hence a broader variation is found in their nutritional 

value [44]. 

Wheat kernels are usually elliptical, though diverse wheat has kernels which 

vary from virtually long, trampled, slender and sphere shaped. Length and mass of the 

kernel has been found typically amid five or nine milli meter and thirty five or fifty 

milli gram. It contains a crinkle below lateral side and from here it was initially 

associated to the flower of wheat. Wheat kernel Figure 1.4 encompasses two to three 

per cent of germ, thirteen to seventeen per cent of bran and eighty to eighty five per 

cent of mealy endosperm (entire elements altered to dehydrated material) [45]. 

 

Figure 1-4 Chemical constituents in different parts of wheat grain [46]  

Fibre of wheat is made up of several layers of cells which, when the seed is 

dry, adhere so firmly to one another that they are removed by the milling process in 

comparatively large pieces. By shifting and other mechanical means much is obtained 

nearly free from embryo and endosperm. As the separation is never perfect, however, 

even the purest commercial bran always contains a little endosperm and possibly 
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traces of embryo [47]. Chemically, as well as structurally, bran differs greatly from 

the embryo and endosperm and consequently also in its nutritive value. The 

logitudinal and transverse section of wheat grain is as under Figure 1.5. 

 

Figure 1-5 Wheat grain structure in longitudinal and transverse section 

[48] 

Bran, also known as seed coat which is present on the external layers of wheat 

kernel is composed of numerous layers, is responsible for providing protection to the 

central portion of kernel. Seed coat is enriched with minerals as well as vitamins B. 

Bran is detached from the endosperm containing starchin the initial step of milling. 

The bran consists of fibre which is not soluble in water so as to prevent the kernel 

plus endosperm. It contains fifty three per cent of the cellulosic components. Wheat 

fibre has a complicated chemical configuration however it comprises, basically, 

pentosans together with cellulose, polymers founded on arabinose plus xylose firmly 

attached to the proteins. These elements are characteristic polymers found in the cells 

layers like, aleuronic layer and wheat cell wall. Carbohydrates and proteins both 
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signify sixteen per cent of bran‘s entire dry mass. The value of minerals is somewhat 

high i.e. 72 per cent.  

Two outer stratums of the grain which are the pericarp plus the seed cover are 

composed of inactive hollow cells. The internal bran sheets i.e. aleuronic sheet is 

packed with active contents of plant cell. This illustrates somewhat the elevated 

concentration of carbohydrate and protein in bran. Great variation exists in the 

particular amino acids level which is present in the flour as well as in aleurone layer.  

Level of proline plus glutamine is nearly 1/2, whereas arginine is triple and histidine, 

asparagine, lysine, alanine in addition glycine are twice as compared to the level in 

flour [49]. 

The endosperm forms about 84 per cent of the entire seed, the proportion 

varying with the plumpness of the grain. This part of the seed furnishes food for the 

growing embryo. Unlike the constituents of the embryo, those of the endosperm are 

relatively stable substances, designed by nature to remain unchanged until the 

germinating embryo draws on them for its first supply of food [47]. 

Endosperm is enclosed via the fused seed coat as well as pericarp. In external 

endosperm, aleuronic sheet holds a unique configuration. It is made up of sole sheet 

of cubical cells. Proteins along with enzymes are abundantly found in aleuronic sheet, 

perform a critical part in the course of propagation. The internal endosperm lacking 

aleuronic sheet is stated to be mealy endosperm.In contrast to the other parts of the 

seed the endosperm is characterized by its very high starch content which, with the 

protein, equals nearly 89 per cent of the whole [47]. The endosperm largely encloses 

food assets required for the seedlings development and is full of starch. Besides 

carbohydrates, the starchy endosperm has fifteen per cent of fats and thirteen per cent 

of proteins viz, glubulins, albumins, glutenins and gliadins. The amount of nutritional 

fibers and minerals is subtle; 0 or 5% and 1 or 5%, correspondingly [45]. 

Germ on one side of the kernel is enriched with twenty five per cent of 

proteins and eight to thirteen per cent of lipids.The level of mineral is relatively large 

(4 or 5%). Wheat germ is obtainable in the form of discrete entity as it is a significant 

reservoir of alpha tocopherol [44]. 
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1.1.9 Wheat Quality 

It includes two main characteristics i.e. external quality as well as internal quality. 

External quality involves freedom from foreign material and weather damage, type 

and purity of color. These aspects are employed to separate wheat into grade visually. 

Internal factors involve parameters such as density which is determined by evaluating 

test weight, chemical composition which includes protein content, moisture and 

processing potential which comprises milling quality, end use quality and enzyme 

activity [3]. 

1.1.10 Classification and Function of Wheat Proteins 

Protein is regarded as the most significant nutrient for animals and humans, as the 

name of its origin indicates (Greek proteios, for primary). The protein content varies 

amid ten to eighteen per cent of entire dry mass in wheat grain. Proteins determine the 

capability of wheat flour which can be dispensed into diverse foodstuffs. Wheat 

proteins has an important role incarbon dioxide retention, dough development and in 

baking quality owing to their quantitative qualitative and quantitative attributes [8]. 

Mature wheat grains enclose 8 – 20 per cent of proteins. Proteins in wheat display 

great intricacy and diverse collaboration with one another, hence rendering them hard 

to describe [50].  

Wheat proteins have been classified Figure 1.6 in accordance with their 

enforceability plus solubility in several diluents. Cataloguing was done on the basis of 

master work of Thomas. D. Osborne at the shift of the previous era. According to his 

method, serial withdrawal of crushed wheat kernels gives rise to protein portions as 

under: 

 Water soluble albumins 

 Globulins, not soluble in natural water however solvable in diluted solution of 

sodium chloride while 

 insoluble at high NaCl concentrations 

 Gliadins, solvable in seventy per cent ethnol 

 Glutenins, solvable in dilutedNaOH or acid solutions 

Albumins and globulins are the tiniest proteins of wheat. The partition of 

globulins plus albumins was not clear as originally recommended by Osborne. 
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Gliadins and glutenins represent complex proteins of high molecular weight. 

Maximum number of wheat kernels proteins which are physiologically active have 

been found in globulin as well as albumin sets. In mueslis, they are stored in the germ, 

seed coverings and aleuronic cells with a slightly little concentration in the starchy 

endosperm.The globulin as well as albumin fraction constitute nearly twenty five per 

cent of the entire kernel proteins [50]. 

Traditionally,  protein in wheat grains has been divided into prolamins plus 

non prolamins. The prolamins consist of gliadins in addition to glutenins, while the 

non-prolamins include salt and water soluble globulins. Albumin and globulin 

proteins concentrate during the initial phase of grain development after which those 

proteins content remains constantfrom 10–15 DAF onwards, the albumins in addition 

to globulins tends to accumulate in the emerging starchy endosperm from 10 to 15 

days after flowering, involving primarily trypsin inhibitors, α, β-amylase and triticins.  

Wheat flour quality characteristics depend upon the prolamins content and 

composition in endosperm whereas the role of albumins plus globulins for the 

development of flour quality is not defined as well as that of prolamins [45]. 

Albumins and globulins are primarily metabolic enzymes which have a role in 

numerous metabolic events during the course of grain filling, comprising starch 

synthesis, protein synthesis plus folding and energy metabolism. Storage proteins 

(gliadins and glutenins) constitute approximately seventy five per cent of the overall 

protein quantity. Wheat crop accumulate proteins in this way for seedling usage in 

time a head. They are usually found in starchy endosperm not in the germ or seed coat 

sheet. Wheat storage proteins are technically dynamic. They lack enzyme action, 

however perform a role in dough development like these proteins are able to hold gas, 

generating soft baked foodstuffs [45]. 

Albumins and wheat endosperm‘s globulin covers 20% - 25% of the entire 

grain proteins.  Globulins and albumins possess excellent amino acid equilibrium with 

respect to nutrition. Several such proteins (enzymes) are found occupied in metabolic 

actions [51]. 

.  
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Figure 1-6 Types of wheat proteins [51] 

Wheat is exclusive amongst the palatable kernels as its flour possess complex 

protein termed as gluten prepared as dough having viscous and elastic characteristics  

is essential for manufacturing the leavened bread. Gluten rheological characteristics 

are required not merely for bread manufacture, but for the broader range of foodstuffs 

as well which is only prepared by utilizing wheat like cookies, pastries, pocket breads, 

pasta, noodles and additional stuffs. The proteins of gluten involve monomeric and 

polymeric gliadins as well as glutenins. They are enriched with proline, glutamine, 

asparagine and arginine but nutritionally significant amino acids viz. tryptophan, 

lysine and methionine are present in small amount [52]. 

The gliadins representing 30%-40% of total proteins in  flour, are polymorphic 

blend of proteins solvable in seventy per cent alcohol, They are segregated into alpha, 

beta, gamma besides omega gliadins having a MWof 30-80 kilo Daltons as defined 

through sodium dodecyl sulphate poly acrylamide gel electrophoresis. The Mw of 

omega gliadins are in the range of 46-74 kilo Daltons, while the alpha, beta and 

gamma are low molecular weight gliadins ranging from 30-45 kDa by amino acid 

sequencing and SDS-PAGE [14]. The later methodology has revealed a close linkage 

between alpha and beta gliadins and thus these are frequently called alpha type 

gliadins [52]. 
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Gliadins are freely solvable in dilute alcohols, but not the glutenin polymers 

but its subunits have capability of being soluble analogous to the gliadins. The 

subunits of glutenin can be acquired through the glutenin treatment with a disulphide 

reducing agent for example β-mercapto-ethanol otherwise dithiothreitol. Gliadins and 

glutenin subunits both holds unexpectedly an increased glutamine and proline level. 

Hence, suggested to called these storing proteins ‗prolamins‘, displaying strong 

similarities with the most storage proteins in associated cereals for instance rye or 

barley. Residues of cysteine have an important part in the gliadins and glutenin 

subunits structures. These residues either have a role in disulphide bonds inside the 

similar or different polypeptide i.e. intra chain disulphide bonds or inter-chain 

disulphide bonds [52].  

Gliadins have showed an extremely varied fusion of monomeric form of 

gluten proteins. Three anatomically different gliadins like alpha, gamma and omega 

types, can be illustrated. Amino acid sequences evaluation has shown that α- and γ- 

gliadins are linked to the low molecular weight glutenin subunits. For that reason, 

they have been categorized as ‗prolamins enriched with sulphur‘. Residues of 

cysteines are situated at alpha type six remains of cysteine or gamma type eight 

remains of cysteine gliadins have been found at extremely preserved sites plus have a 

role in preserved intra chain bonds of disulphide. Conversly, cysteine residues are 

absent in ω-type gliadins and possess a very small amount of methionine. So, these 

gliadins have been termed as ‗sulfur-poor prolamins‘[52]. 

Polymers of glutenin are composed only of polypeptides related through 

disulfide bonds present between the molecules which accounts for approximately 

fourty five per cent of entire proteins inside kernel endosperm. Wheat protein consists 

of two types of subunits, the LMW 10,000-70,000 Da plus the HMW subunits of 

glutenin 80,000 to130,000 Da . Studies on glutenin genetics of wheat have showed the 

the presence of high molecular weight glutenin subunit genes on the 1A, 1B and 1D 

(extended chromosomes arm) at Glu-B1, Glu-D1 and Glu-A1 position 

correspondingly. Tightly linked genes (two) are found in each Glu-1 locus encoding x 

or y subunits types. In Triticum aestivum, the Glu-A1 loci encodes null (N) subunit 

and 1Ax, while the Glu-B1 locus commonly codes for 1Bx as well as 1By. 

Occasionally, Glu-B1 codes for 1Bx otherwise 1By subunits; whereas, the Glu-D1 

locus codes for 1Dx along with 1Dy subunits [52]. As a result, for hexaploid wheat, 
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three to five HMW-GS are usually produced by each genotype [52]. Electrophoretic 

studies have showed a significant alteration in mobility as well as number of HMW-G 

subunits in pasta and bread wheat. LMW-GS signifies around 1/3rd of entire protein in 

seeds and sixty percent of whole gluten protein [53]. The LMW-Slooks like gamma 

gliadins in sequence and consists of roughly 20- 30% of the whole proteins whereas 

the high molecular weight subunits constitute about 5-10% of the entire proteins [52]. 

Low molecular weight proteins abundant in cysteine might affect viscoelastic 

characteristics of dough by disulphide or sulfhydryl exchange reactions with proteins 

of gluten. Proteins capable of binding lipids can influence gluten-lipid proteins 

interactions so consequently, functionality of protein in gluten [54].  According to the 

evidence, stowage globulins polymeric in nature are related with little bread making 

functioning. In contrast with the nongluten proteins, gluten proteins are sparingly 

soluble in water or dilute salt solutions [52].  Low quantity of ionisable side chains 

amino acids, elevated amount of non-polar amino acids besides glutamine are the 

factors which contribute to the low solubility. The later holds agreater hydrogen 

bonding capability [55].  

Gluten Proteins and Wheat Flour’s Bread Making Act 

Proteins of gluten principally define the capability of wheat flour for making breads. 

Gluten proteins of wheat hold the uncommon characteristic of forming a viscous and 

elastic form following hydration. A gluten protein allow the formation of cohesive 

viscoelastic dough when mixed the flour with water and is able to retain gas produced 

in the process of fermentation or baking, forming bread‘s exposed form configuration 

after baking. Though the viscoelastic attributes of dough crucial for bread 

manufacture have been mainly regulated by means of the gluten proteins of wheat but 

the collaborations of the gluten protein medium with additional constituents of flour 

such as lipids in flour [56], arabinoxylans [57], proteins which lack gluten also have 

an influence on its viscoelastic characterstics. These properties of wheat gluten have 

been altered further through oxidants, proteases and reducing agents addition, that 

straight away modify the gluten proteins or via emulsifiers, lipids and hemicelluloses 

addition which alters gluten protein interactions. Bread manufacturing ability of 

wheat flour is directly associated with  quantity of protein content in flour. Therefore, 

an increased ‗amount‘ of proteins in gluten is crucial. Nevertheless, the direct 
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correlation amid breadmaking performance or protein content relies on  genotype of 

wheat, indicating the significance of wheat quality that ‗quality‘ of gluten protein is 

also significant [52].  

A sufficient equilibrium between viscoelasticity or potential is mandatory for 

excellent breadmaking. Inadequately flexible gluten will lead to decreased loaf bread 

size. Improved elasticity indicates an increased loaf volume, however, excessively 

elastic gluten inhibits the gas cells expansion [58] creating again a poor size of loaf. 

Glutenin polymers are responsible for strength and elasticity of dough [52]. The 

glutenin elasticity is thought to be influenced by flexible stretching of actively and 

more favourably folded conformation of glutenin. Belton [59] proposed that 

noncovalent interactions mediate the gluten elasticity primarily hydrogen bonds, 

inside as well as between single glutenin chains. Conversely, gliadins are plasticizers 

that deteriorate glutenin chains interaction [60] thus increasing the viscosity of dough. 

Therefore, the proportion of monomeric gliadin-polymeric glutenin defines the 

equilibrium between viscoelasticity of dough and consequently influences the gluten 

protein value. Today, it is usually thought that quality differences are strongly 

checked by alterations in quality of glutenin [52]. 

1.2 Divergence in Single Kernel Characteristics and Grain 

Nutritional Profiles of Wheat Genetic Resource from 

Pakistan and Association among Traits 

Approximately, 3 billion people all over the world are facing malnutrition problem 

because of micronutrients deficit. Balanced food comprising sufficient  

micronutrients, proteins and calories with little antinutritional constituents is required 

for the appropriate development and growth [61]. Pakistan, Australia, United States, 

European Union, Turkey, Canada, India, China, Russia and Ukraine are the main 

wheat producing countries, accounting for above eighty per cent of wheat production 

throughout the world. Pakistan is the eighth biggest producer of wheat contributing 

around 3.17 per cent of the world wheat production from 3.72 per cent of the wheat 

growing area [7]. Commercial importance of bread wheat might be deduced from 

vital and principal characters for its superior end use quality [62]. 

Genetic base is the main determinant for grain quality of wheat, but quality 

can also be affected by agro-ecological conditions and management practices [63]. 
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Pakistani wheat genotypes are cultivated over an extensive agroclimatic range and are 

estimated to have differences in quality as well as yield [7, 64].Wheat grains should 

be harvested at the moment of favourable grain maturity stage in order to attain its 

good quality. Reduction in kernel water concentrationup to 13-14% makes the grain 

fit for direct combining or storage as well. Inheritance governing tools offers the basis 

for configuring  genotypes with desirable genes [65]. So, it is necessary to understand 

the pattern of inheritance regarding the quality traits of wheat grain to improve the 

varieties on these aspects [65-67].  

Pakistan has been a food deficit country for long therefore, breeding efforts 

remained focused towards new varieties development with an improved yield 

potential and tolerant/resistant to rust diseases [7]. During this  former bidirectional 

breeding programme the potential for grain quality improvement in wheat germplasm 

stayed fallow [65]. Production was geared up to native market place, which is neither 

quality cognisant nor necessarily diversified to demand rigorous standards [7]. 

1.3 Estimation of Genetic Divergence in Wheat Genotypes 

Based on Agro-Morphological Traits through 

Agglomerative Hierarchical Clustering and Principal 

Component Analysis 

Wheat (Triticum aestivum L.) is the most prevalent edible crop of Pakistan whose 

products are utilized in various ways like chapattis, cakes, bread and cookies. It has 

been a primary food of the major civilizations since 8000 years and dominant over all 

crops in area in addition to production [68]. During 2015-16, it was cultivated on an 

area of 9260 thousand hectares with a production of 25.482 million tonnes 

contributing 9.9% of the value added in agriculture and 2.0 % of the GDP of Pakistan. 

(Economic survey of  Pakistan 2015-2016). 

Genetic divergence as well as improvement of germplasm is of prime 

importance for consistent and sustainable food crops production. Measurement of 

available genetic variability level is of great significance for effective utilization and 

evaluation of germplasm this would help to select parents for generating superior 

varieties [69, 70] with good nutritional quality. Larger the genetically diverse parents, 

greater will be the likelihood of achieving greater heterotic expression in first filial 

generation and broad range of differences in segregating population. Genetic 
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divergence studies can be helpful in the choice of genotypes to be employed in 

breeding strategies with the aim of developing new generation. Lots of studies have 

been performed on wide species of crops based on qualitative and quantitative traits 

so that genetically diverse parentages can be selected for hybridization [71].  

Multivariate statistical algorithms is an essential approach for investigating 

genetic associations among breeding material and classifying germplasm [68]. 

Amongst multivariate methods, cluster analysis and principal component analysis are 

desired tools for phenotypic description of genotypes and their clustering on the basis 

of similarity. Blend of these two strategies provides complete detail of traits which are 

critically responsible for genetic diversity in crops. Genotype by trait (GT) Biplot is 

an additional broadly used technique to show graphical alignment of accessions for 

reviewing inter-relationships amongst agro-morphological characters in several crops 

[72]. 

1.4 Seed Storage Protein Profiling of Triticum aestivum 

Wheat based cereals are significant source of protein throughout the world. Wild 

wheat has genetic characteristics which are employed to upgrade the wheat flour 

quality. In wild wheat comparatively high proportion of grain protein and its genetic 

variation makes it fascinating for the breeders of wheat [73]. 

Seed proteins are found in the form of polymers which consists of two and 

greater than two subunits having diverse molecular weights, connected via intra and 

inter disulphide bonds and molecular hydrogen [74].Wheat seed storage proteins are 

categorized in four types like, glutenins, albumins, globulins and gliadins. Gliadins-

glutenins collectively give rise to gluten, which holds distinct viscoelastic 

characteristics largely liable for the other technological attributes of dough involving 

the quality of bread making, made from the flour of wheat. Flour comprising  

increased  gluten‘s volume is normally of superior class as compared to flour having 

little amount of gluten [74].  

Likewise the composition of seed storage protein is a vital factor in the 

determination of dough‘s quality. Quality differences between selections are linked to 

allelic differences in the conformation of seed stowage proteins as deduced through 

gel electrophoresis [75], generally the indicator of the genotype is gluten-protein 
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pattern therefore, Macritchie et al., 1990; Bonfil et al., 1997 [54, 76] elucidated the 

benefit of utilizing the seed storage protein fingerprint without the confusing effect of 

growth surroundings to specify the potential for quality improvement. 

Quantitative and qualitative impact is defined with the absence of one band 

and presence of one novel band or when a visible change in the intensity of band is 

noticed respectively. Environmental states quantitatively influence the conformation 

of proteins stored in seeds of legumes or cereals. These circumstances consist of 

meteorological aspects like heat shock, precipitation and temperature [77], as well as 

native conditions for example, type and structure of soil, mineral nutrition and water 

content [78]. The seed storage protein production is controlled by nutrients 

accessibility, specially nitrogen as well as sulphur [76, 79]. 

Stowage protein is the technique to examine inherited diversity and to 

categorize plant genotypes [80]. It is broadly recommended that these configurations 

of bands can be a significant supplementary technique for the identification of 

cultivars. Protein electrophoresis is a potent tool for the recognition of genetic 

diversity and Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis is 

believed as consistent technology as seed storage protein are extremely independent 

of environmental instabilities. Sodium Dodecyl Sulphate Polyacrylamide Gel 

Electrophoresis is extremely cost-effective, easy and widely employed biochemical 

method for investigating the germplasm‘s genetic structure. Moreover, it optimizes 

the difference in germplasm collections. Deposition of particular protein and other 

substances for the storage of nutrients to great level has always been the distinctive 

events therefore, improvement of  seed storage protein has been given an increased 

attention throughout the world [81]. The profiling of proteins germplasm and 

utilization of inherited markers is extensively and efficiently employed for defining 

the evolutionary or taxonomic features of numerous crops [53]. Hence, profiles of 

proteins stored in the seeds can be valuable indicator for the identification and 

classification of cultivar, registration of new varieties, pedigree analysis and 

characterization of improved cultivated varieties thus it, can be used to enhance the 

efficacy of wheat breeding plans in the advancement of cultivar [53]. 

Bonfil et al.,1997 [76] examined the habitat influence, kind of soil and 

shortage of nitrogen, phosphorus, potassium and sulphur on the composition of  
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proteins stored in seeds of three varieties i.e. two T. aestivum and one T.durumplus 

nine wild wheat collections i.e. T. turgidum var. dicoccoides). Composition of seed 

storage protein genotypes was characterizedwith the help of SDS-PAGE and was 

found altered when propagated under varied mineral nutrient conditions, one 

genotype was found stable reflecting nearly patterns of protein under all growing 

conditions. In other genotypes and cultivars, little effect was found on seed storage 

proteins. Three primary quantitative variations in seeds in term of soil, effect a. The 

relative amounts of the HMW proteins b. The comparative protein extent in the series 

of forty five as well as sixty five kD c. Dispersal of the high molecular weight 

glutenin fractions and additional  sets of seed storage proteins. Soils also brought 

qualitative variations in the proteins synthesis to be accumulated in seeds, generally in 

the above mentioned kD proteins. These alterations have been detected each time 

when sulphur, nitrogen, phosphorus, potassium or magnesium deficiency was 

recognized.  

Gianibelli et al., 2001 [82] investigated the effect on with the removal of 

physical obstacles that trap proteins in bran tissues. Albumins or globulins are the 

largely found Osborne protein fractions and rich in asparagine or aspartic acid and 

lysine. Generally, albumins and globulins protein of bran possess a lower molecular 

weight. Prolamin has increased level of proline whereas glutamine or glutamic acid 

was found abundant in proteins with molecular wt. of thirty to fourty five kilo and 

approximately sixty six kilo representing gliadin adulteration by endosperm. Glutelin 

is rich in proline, glutamine or glutamic acid, glycine, its protein is of intermediatory 

and high molecular wt. while minor protein with molecular wt. less than thirty kilo. 

The high molecular wt. in series of eighty to one hundred and twenty kilo and lower 

molecular wt. around fourty five kilo molecular weight flour subunits of glutenins 

were also found in bran. 

Siddiqui & Naz, 2009 [83] evaluated the ten Pakistani registered wheat 

genotypes grain proteins for the assessment  of diversity on the basis of sodium 

dodecylsulphate polyacrylamide gel electrophoresis. UPGMA cluster analysis was 

used to evaluate the genetic diversity of protein fraction through dendrogram 

construction, used to calculate the coefficients of similarity amid these varieties. 

Highest similarity i.e. 95 percent was detected between Mehran-89 and Shahkar-95, 
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whereas the least similarity i.e. 16 percent was detected between Parwaz-94 and 

Abadgar-93. 

Zilic et al., 2011 [50] investigated the classical Osborne wheat protein 

fractions (globulins, albumins, glutenins and gliadins), using SDS-PAGE analysis in 

the five breads kernels of  T. aestivum L. and five durum wheat T. durum genotypes 

along with various  proteins from every four subunits of gliadin. Additionally, 

tryptophan and wet gluten content were also studied. SDS-PAGE analysis showed 

that genotype of bread wheat had a maximum amount of α + β + γ-gliadin subunits 

approximately 61.54 percent of extractable proteins than durum wheat having a 

concentration of 55.32 percent of extractable proteins. On the other hand ω-subunit 

was found in low concentration in both breads i.e. 0.50 to 2.53% of extractable 

proteins and durum 3.65 to 6.99% of separable proteins wheat genotypes. On the 

whole, durum wheat had considerably higher amounts of tryptophan and wet gluten 

than bread wheat.  

Kumar, 2012 [74] studied the impact of two herbicides on three wheat 

varieties (HUW 234, HUW 468 and HUW 533), individually and in combination. 

Seeds were developed for seventy two hours in various concentrations of herbicides 2, 

4-Dichlorophenoxy acetic acid as well as Isoproturon at regular temperature (25±2°C) 

and light condition of laboratory. The factors such as protein content, protein profile 

of seedlings and carbohydrate were evaluated to check the influence of two herbicides 

after treatment for seventy two hours and then matched with control. Results showed 

the reduction in carbohydrate and protein content when herbicides were used from 

lower towards higher concentrations. The analysis of protein bands through 

electrophoresis displayed the small molecular weight protein bands. So, both 

herbicides possessed an effect on wheat varieties parameters which was dependent on 

dose carbohydrate  

Pordel-Maragheh, 2013 [84] studied the storage protein pattern after 

electrophoresis of winter wheat lines. Data acquired from the measurement of 

quantitative characters was used to investigate the genetic diversity and classification 

of a set of promising wheat lines and control cultivars (Shahriar). The number of 9 

promising lines with 1 control cultivar (Shahriar) was studied in a completely 

randomized design of blocks with 2 replications. The trials were done in the 



1 Introduction 

26 
 

Biotechnology Laboratory, Islamic Azad University of Ardabil. Cluster analysis 

respectively placed genotypes in three groups using Ward's technique for farm data 

and by Unweighted Pair Group Method with Arithmetic Mean method for 

electrophoresis records based on the resemblance matrix of jacquard. Comparison of 

the cluster analysis groupsand electrophoresis records with cluster analysis of 

phenotypic data revealed ten varieties which were positionedin same groups. 

Grouping on the basis of morphological attributes and banding patterns of proteins 

was thirty five per cent together. 

Ashrafi Parchin & Shaban, 2014 [81] studied the effect of water deficiency on 

protein banding pattern and protein content of wheat genotypes. During early 

November, five genotypes of wheat were planted. Experiment was carried out in a 

factorial design with three replications. Two water use levels with and without 

irrigation and five wheat genotypes were factorialed in plots as random. SDS- 

polyacryl amide gels was used to perform proteins profiling of samples. Results 

indicated no effects on non irrigated treatments relating to protein banding pattern. 

Amongst the genotypes treatments, in non irrigated condition,  HAMAM-4 genotype 

had the maximum seed protein and in irrigated condition, KAUZ'S'/MACHETE 

genotype had the least seed protein.  

Khan & Farzana, 2014 [85] studied the initial responses of antioxidant 

enzymes in germinating wheat seeds defence against oxidative stress and the 

consequence of long-term stress on protein profiles and contents were also examined. 

Three genotypes viz. LU-26, Anmol-91 and Siren were analyzed. Under stress and 

optimal conditions, sodium dodecyl sulphate polyacrylamide gel electrophoresis 

profile of three genotypes revealed intermittent pattern. Genotypes Anmol-91  and 

LU-26 demonstrated greater variation in stress conditions concerning newly induced 

bands which were absent in control condition. Though, the genotype Siren revealed 

one new band at high and low temperature. these stress elements was found to have 

greater effect on wheat seedlings which results in novel bands and have a protective 

role against oxidative stress. 

 Jan et al., 2014 [86] studied the genetic variation in 15 local wheat varieties 

obtained from several zones of Bajaur agency (Pakistan) by biochemical classification 

through sodium dodecyl sulphate polyacrylamide gel electrophoresis. 12.25 percent 
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polyacrylamide gel was used to resolve the seed proteins. Seven bands have been 

noticed in entire 15 varieties. Amongst them four bands were monomorphic whereas 

three bands found to be polymorphic. Collected lines showed 44% of genetic 

variation. Cluster analysis revealed adequate level of genetic variation. 

1.5 Characterization of Pakistani Wheat Germplasm for 

High Molecular Weight Glutenin Subunits using SDS-

PAGE 

Wheat is the principal cereal crop globally with respect to utilization as well 

production. It is the main source of protein, dietary fibre and energy in human food.  

In Pakistan, it is the basic food which fulfils over sixty per cent of the overall 

necessities for protein and calories in normal daily life and is consumed in various 

forms, primarily as bread, chapatti, pizzas, macaroni, doughnuts, spaghetti, noodles 

and cakes [87]. Its complex genetic background is responsible for enormous diversity 

in processing and nutritional qualities among cultivars [88].  

Bread making quality of wheat is primarily influenced by its protein content 

and protein quality. Gluten proteins determine the wheat flour ability to be processed 

into variety of foods [89]. It makes up to 80%-85% of total flour protein and impart 

characteristics of extensibility and elasticity which are indispensable for wheat flours 

functionality and hence specify bread making quality [90]. The suitable equilibrium 

between these two attributes makes wheat gluten acceptable for bread making. 

Elasticity is defined as stretching capability determination when dough is subjected to 

a force. On the other hand, extensibility involves stretching in the direction to which 

force is applied [88].  

 The gliadins and glutenins encompass each about fifty per cent of gluten 

proteins [87]. On the basis of their molecular weight two types of glutenin subunits  

have been differentiated into high molecular weight glutenin subunit, HMWGSs (97-

136kDa) and low molecular weight subunits, LMWGSs (31-48 kDa) [89]. Wheat 

endosperm comprises of high molecular weight glutenin subunits (HMWGSs), which 

are primary grain storage protein comprises of only almost 12% of the total protein 

and has a crucial role in wheat gluten as a skeletal network [91]. 
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Studies have revealed that the HMW-GS have huge impact on the rheological 

characteristics of dough and bread making quality [92-95]. Rheological and bread-

making tests are arduous and need time in addition to large amount of samples. So, 

the flour attributes identification through fast and specific methods for each kind of 

product permits the cultivars selection with suitable characteristics for industrial usage 

in less time, certifying the adequacy and success of new cultivar [88].  

Sodium dodecyl sulphate poly acrylamide gel electrophoresis (SDS-PAGE) 

test is a classical technique employed for protein components separation. It enables 

the segregation of the gluten proteins subunits by identifying high molecular weight 

(HMW-GS) and low molecular weight (LMW-GS) glutenin subunits individually. 

Genes which encode HMW-GS are situated at Glu-A1, Glu-B1 and Glu-D1 position 

on the long arms of A1, B1, and D1 chromosomes, correspondingly [96], and those 

who encode the LMW-GS are present at Glu-A3, Glu-B3 and Glu-D3 position on the 

short arms of A1, B1, and D1 chromosomes, correspondingly. Every locus possesses 

two strongly associated paralogous genes coding two diverse forms of HMW-GS, viz. 

x and y type subunits [88]. 

1.6 Allelic Distribution at Microsatellite Xuhw89 Locus, A 

Functional SSR Marker for Grain Protein Content in 

Pakistani Wheat Germplasm 

Bread wheat (Triticum aestivum) is the principal cereal crop worldwide with annual 

production of about 700 million tons thus fulfilling 20% of overall calorie 

consumption throughout world [97, 98]. Protein is an essential nutrient for the 

survival of humans and animals. Proteins found especially in mature cereal grains are 

responsible for providing considerable amount of world‘s plant protein, and its 

proportion defines the nutritional quality in addition to end use characteristics of the 

grain [99]. It is fundamental constituent of cells as it supports immune as well as 

enzymatic responses besides muscle development and its malnutrition results in 

marasmusor kwashiorkor [100]. 

Grain protein content (GPC) partly governs the nutritional significance as well 

as the baking attributes of Triticum aestivum. A composite genetic system regulates 

this typical quantitative character and is influenced by environmental aspects as well 
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as management practices i.e. light intensity, nitrogen availability, water accessibility, 

and temperature [101].  

The Gpc-B1 allele for high grain protein content was initially recognized in 

wild emmer wheat Triticum turgidum ssp. dicoccoides accession FA15-3 known as 

DIC. Joppa and Cantrell (1990) developed of the DIC chromosomes substitution lines 

development in the cultivar ‗Langdon‘ (LDN) disclosed a locus for high grain protein 

content on chromosome 6B [102]. For the wheat varieties to be utilized in bread 

making, the high grain protein level greater than 12.5% is essential for augmenting 

export potential of wheat and for improved diet [98, 103].  

Grain protein content improvement and change in bread wheat storage 

proteins composition have been the main concern for plant breeders. The choice for 

enhanced kernel protein content or forelevated amount of few individual necessary 

amino acids/protein subunits though, is costly and laborious. Evolution of such 

molecular markers which enables indirect marker assisted selection (MAS) for grain 

protein content is a suitable substitute. This indirect MAS is of primary importancefor 

characters such as kernel protein content, which show increased genotype × 

environment interaction resulting in decreased heritability. In current studies, some 

molecular markers linked with grain protein content in tetraploid and hexaploid wheat 

have been recognized [104]. 

Classification of genetic variation and relatedness is a basic component in the 

improvement of crop strategies [105].  A lot of approaches are presently employed for 

genetic diversity analysis in germplasm breeding lines, accessions and segregating 

populations. These techniques were centred on parentage, morphological as well as 

agronomic performance and biochemical/molecular data. Morphological features used 

for the evaluation of genetic variation are frequently influenced by environmental 

conditions, whereas the molecular markers expression being the direct genes product 

remains uninfluenced. Moreover, by using molecular markers, various germplasm 

lines might be categorized in a small time period and reveal more precise genetic 

diversity [106]. Therefore, molecular markers provide comprehensive genetic 

resources characterization and offer a direct measure of genetic variability besides, go 

afar the indirect diversity measures based on geographic origin or agronomic 

attributes.  
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Microsatellites are simple sequence repeats (SSR) of 1 to 6 nucleotides. They 

are ample, distributed all over the genome and depict greater polymorphism level as 

compared to other genetic markers. These aspects together with their ease of detection 

have proved them valuable markers. Their automation potential and inheritance in a 

co-dominant mode are further benefits in comparison with other markers. SSR 

markers cover entire twenty one wheat chromosomes. They have been employed to 

classify genetic variability in wild relatives as well as in a seed bank pool of upgraded 

wheat germplasm [107, 108]. 

1.7 Role of Antioxidant System in Plant Defense 

Occurrence of reactive oxygen species was started with the introduction of molecular 

oxygen to the early reducing ambience of earth by O2- evolving photosynthetic 

organisms like undesirable by products around 2.7 billion years before [109]. 

Reactive species of oxygen are constantly generated by the aerobic metabolic 

processesthat are restricted to the diverse cellular part of plants, such as the 

mitochondria, apoplast, peroxisomes and chloroplast [110]. Under appropriate 

circumstances, reactive oxygen species are frequently being produced at basilar levels 

but they are not able to cause injury because different scavenging mechanisms of 

antioxidants [111]. According to the estimates, only one to two percent of the O2 

utilization by plant tissues can lead to the reactive oxygen species formation. 

Antioxidants are the defensive substances against the damage caused by atoms 

and molecules having unpaired electron in outer shell hence, are important for 

preserving optimal fitness. Whole grains, fruits and vegetables are the main origin of 

naturally occurring antioxidants [112]. Examples of antioxidants are, vitamins C, E 

and A, lycopene, phytate, β-carotene, phenolic acids, and phytoestrogens [113]. 

Maximum antioxidant compounds in a usual diet are obtained from plant origin and 

related to several compounds classes with a broad range of chemical and physical 

properties. Few compounds like, gallates possess strong antioxidant potential, 

whereas others are weak antioxidants for example, the monophenols. The chief 

attribute of antioxidant is the capability to scavenge highly reactive unpaired electron 

in valence shell. Extremely combative free radicals plus species of oxygen are present 

in biological network from a broad range of origins. Antioxidant compounds such as 

polyphenols, phenolic acids and flavonoids trap free radicals like hydro peroxide and 
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peroxide and hence stop the oxidative mechanisms which cause degenerative diseases 

[114]. Cereal grains are fine reservoir of antioxidants. Phenolic acid is the major 

substance that scavenges free radicals in cereal grains hence, are highly beneficial to 

human‘s fitness due to their lipid peroxidation obstruction, and anticancer activity 

[115] in cereals, phenolic compounds occur in soluble conjugated bound or free 

forms, here the bound type signifies the main phenolic acids fraction [114, 116]. 

Bread of wheat is viewed as a sound energy source and essential nutrient for humans. 

Florae have developed an effective enzymatic or non-enzymatic antioxidant 

network to defend their selves during oxidative stress and for sufficient variation of 

small levels of reactive oxygen species for cell signaling. Plants ROS foraging 

enzymes comprise glutathione reductase (GR), glutathione peroxidase (GPX), 

superoxide dismutase (SOD), ascorbate peroxidase (APX), monodehydroascorbate 

reductase (MDHAR), catalase (CAT), dehydroascorbate reductase (DHAR), 

peroxiredoxin (PRX) and glutathione S-transferase (GST). These enzymes exists in 

the cells of plants and work collectively to decontaminate ROS. Superoxide dismutase 

has a significant and leading part in converting O−
2 into H2O2. Catalase, ascorbate 

peroxidase and glutathione peroxidase then purify hydrogen peroxide. Ascorbate 

peoxidase needs a vitamin C and a glutathione regenerating cycle included DHAR, 

MDHAR and GR. GPX, PRX and GST decrease hydrogen peroxide and organic 

hydroperoxides via ascorbate independent thiol mediated pathways utilizing GSH, 

thioredoxin as nucleophile [117, 118]. In plant, non enzymatic substances which trap 

free radicals viz, carotenoids, GSH, flavonoids, ascorbic acid andtocopherols are 

critical for reactive oxygen specie homeostasis as well [119]. 

1.7.1 Classification of Natural Antioxidants 

Antioxidants in food system can be categorized by using different indicators. Food 

antioxidants can be natural or synthetic depending on the source and production 

methods. Natural antioxidants are the chain breakers that react with lipids radicals and 

alter these into further constant products. Antioxidants belonging to this category are 

mostly phenolic in nature and comprise antioxidants minerals such as manganese, 

selenium, iron, copper and zinc. Antioxidants vitamins like vitamin B, C and E, 

Phytochemicals for instance, flavonoids, Beta carotene, catechins, lycopene, 

carotenoids [120]. Synthetic antioxidants are phenolic compounds responsible for 
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stopping the chain reactions by capturing free radicals viz, butylated hydroxyanisole, 

and tertiary butyl hydroquinone [121]. 

1.7.2 Reactive Oxygen Species and Defense System 

Enzymatic antioxidants 

The enzymes confined to diverse compartments in cells and encompassing the 

antioxidant mechanism which comprises Ascorbate Peroxidase (APX), Superoxide 

Dismutase (SOD), Monodehydroascorbate reductase (MDHAR), Catalase (CAT), 

Glutathione Reductase (GR), Dehydroascorbate reductase (DHAR), and Guaiacol 

Peroxidase (GPX). 

Table 1.3 ROS scavenging and detoxifying enzyme [122] 

Enzyme EC number Reaction catalysed 

Superoxide dismutase 1.15.1.1 O2
.--

+ O2
.--

 + 2H2O2 + O2 

Catalase 1.11.16 2H2O2 ↔ O2 + 2H2O 

Glutathione peroxidase 1.11.1.12 2GSH + PUFA-OOH ↔ GSSG+ 

PUFA+2H2O 

Glutathione S-transferases 2.5.1.18 RX+GSH ↔HX +R-S-GSH* 

Phospholipid-hydroperoxide 

glutathione peroxidase 

1.11.1.19 2GSH + PUFA-OOH(H2O2) ↔ GSSG+2H2O
↑
 

Ascorbate peroxidase 1.11.1.11 AA + H2O2 ↔ DHA+2H2O 

Guaiacol type peroxidase 1.11.1.7 Donor +H2O2 ↔ DHA +2H2O 

Monodehydroascorbate 

reductase 

1.6.5.4 NADH+2MDHA ↔ NAD
+
 + 2AA 

Dehydroascorbate reductase 1.8.5.1 2GSH+DHA ↔ GSSG+AA 

Glutathione reductase 1.6.4.2 NADPH+GSSG↔NADP
+ 
+2GSH 

*R may be an aliphatic, aromatic or heterocyclic group; X may be a sulphate, nitrite or halide group  
↑
Reaction with H2O2 is slow 

 

Superoxide Dismutase (SOD) 

SOD (E.C.1.15.1.1) belongs to the metalloenzymes family present in every aerobic 

organism. Under ecological stresses, SOD is the first line of defense against damages 

caused by reactive oxygen species. The SOD enhance the O•−
2  removal  through 

dismutation into O2 and H2O2 which eliminates the likelihood of OH• formation 

through Haber and Weiss reaction. Superoxide dismutases are categorised into three 
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isoenzymes depending upon  the ion of metal which it ties, Mn-SOD, Fe-SOD and Cu 

or Zn SOD is situated in mitochondria, cytosol, peroxisomes and chloroplasts [123]. 

This enzyme is over expressed by abiotic stress situations [124]. 

Catalase (CAT) 

CAT (E.C.1.11.1.6) is a quaternary structure having four subunits and heam-

containing enzyme responsible for catalyzing the dismutation of hydrogen peroxide 

into water and oxygen. It has greater affinity for hydrogen peroxide, but lower 

particularity for organic peroxides R-O-O-R [123]. According to recent reports 

catalase is also present in other subcellular sections such as, the mitochondria, 

chloroplast and cytosol [125]. Stressful environments demand larger energy 

production and usage by cell. It is satisfied by enhanced catabolism that produces 

hydrogen peroxide. Catalase removes the hydrogen peroxide in an energy proficient 

way. 

Ascorbate Peroxidase (APX) 

APX (E.C.1.1.11.1), an essential constituent of the Ascorbate Glutathione cycle. APX 

does the same function in the chloroplast and cytosol just as the catalase performs the 

scavenging of hydrogen peroxide in peroxisome. Ascorbate peroxidase reduces 

hydrogen peroxide to water and dehydro ascorbate in the presence of ascorbic acid 

which acts as a reducing agent. 

The APX family consists of five isoforms depending upon various locations 

and amino acids i.e. cytosolic, chloroplastid, peroxisomal and mitochondrial [126]. 

Ascorbate peroxidase is broadly distributed and has an enhanced affinity for hydrogen 

peroxide than catalase, it is an effective scavenger of hydrogen peroxide at the time of 

stress. 

Monodehydroascorbate Reductase (MDHAR) 

MDHAR (E.C.1.6.5.4) regenerates amino acids from the MDHA which lasts only for 

short time, expending nicotinamide adenine dinucleotide phosphate-oxidase in the 

form of  a reducing representative, eventually refilling the amino acid pool of cell.It it 

is present along with the ascorbate peroxidase in peroxisomes and mitochondria 

[123]. MDHAR contain numerous isoenzymes restricted in glyoxysomes, chloroplast, 

peroxisomes, mitochondria and cytosol. 



1 Introduction 

34 
 

Dehydroascorbate Reductase (DHAR) 

DHAR (M.C.1.8.5.1) reduces dehydroascorbate to ascorbic acid utilizing reduced 

Glutathione as an electron donor [127] and regenerates ascorbic acid pool of the cell. 

It is important in ascorbic acid pool size regulation in both symplast and apoplast, 

hence, sustaining the redox state of the plant cell [128]. Seeds, roots, green and 

etiolated shoots are rich in DHAR. 

Glutathione Reductase (GR) 

GR (E.C.1.6.4.2), a flavoprotein oxidoreductase which utilises NADPH like a 

reductant for reducing GSSG to GSH. Reduced glutathione is consumed to generate 

again amino acid from Monodehydroascorbate reductase and Monodehydroascorbate 

reductase, which is transformed into its oxidized form (GSSG). GR, is a crucial 

enzyme of ASC-GSH cycle which enhance the formation of disulphide bond in 

glutathione disulphide to keep an increased ratio of GSH/GSSG in the cell. This is 

primarily present in chloroplasts with insignificant quantity taking place in cytosol 

and mitochondria. GSH (low molecular weight compound) acts as a reductant to 

prevent the oxidation of thiol groups low molecular weight compound and react with 

harmful reactive oxygen specie members like 1O2 and OH• [129]. 

Guaiacol Peroxidase (GPX) 

Guaiacol peroxidase (E.C.1.11.1.7) is a heam-comprising enzyme made up of fourty 

tofifty kDa monomers, which eradicate surplus hydrogen peroxide in the course of 

normal metabolism and stress. It plays an important part in the lignin biosynthesis in 

addition to defense against biotic strain by the degradation of indole acetic acid and 

exploiting hydrogen peroxide in the process. GPX chooses aromatic compounds such 

as pyragallol and guaiacol [130] as electron contributors. As guaiacol peroxidase is 

energetic inside the cell besides cell wall and outside the cell, so thought as a crucial 

enzyme in hydrogen peroxide elimination. 

Non-Enzymatic Antioxidants 

The non-enzymatic antioxidants have been divided into nutrient and metabolic 

antioxidants Table 1.4. Metabolic antioxidants (which belongs to antioxidants 

originating inside) are generated during breakdown in the body for instance, lipoid 

acid, melatonin, L-ariginine, bilirubin, uric acid, glutathione, coenzyme Q10, metal-

chelating proteins and transferrin [131]. Whereas nutrient antioxidants (belonging to 
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antioxidants originating externally) are not built by the body and must be 

obtainedfrom supplements or foods, likeascorbic acid and E (α-tocopherol), 

flavonoids, glutathione, carotenoids, trace metals viz, selenium, zinc and manganese, 

omega- 3 or omega-6 fatty acids, proline, phenolics [132]. They not only play a 

significant role in  development and progress of plants by changing processes in the 

cellslike mitosis, senescence, elongation of cell and cell death [133]. 

Table 1.4 Function and location of non enzymatic antioxidants [129] 

Non enzymatic 

Antioxidants 

Function Subcellular location 

Ascorbic acid (AA) Detoxify H2O2by action of 

Ascorbate peroxidase 

Cytosol, Peroxisome, 

chloroplast, Vacuole, 

mitochondria and apoplast 

Reduced Glutathione 

(GSH) 

Acts as detoxifying co-substrate for 

enzymes such as peroxidases, 

glutathione reductase and 

glutathione S-transferases 

Chloroplast, peroxisome, 

apoplast, cytosol, 

mitochondria and vacuole 

α- Tocopherol Detoxifies  as well as guards against 

and products of membrane lipid 

peroxidation 

Mostly in memebranes 

Carotenoids Satiates excess energy from 

photosystems, light harvesting 

complexes 

Chloroplast and other non-

green plastids 

Flavonoids Direct scavengers of H2O2, 
1
O2 and 

OH
•
 

Vacuole 

Proline Effective scavengers of OH and 
1
O2 

and prevent damages due to lipid 

peroxidation 

Cytosol, mitochondria and 

chloroplast 

 

Ascorbic Acid  

It is the extensively found and powerful antioxidant compound as it can give electrons 

to a broad series of enzymatic plus non enzymatic reactions. Most of the ascorbic acid 

in cells of plants is due to of Smirnoff-Wheeler path which is catalysed by L-

galactano-γ-lactone dehydrogenase in the mitochondria of plants. Ninety percent of 

the ascorbic acid pool is present in cytosol and apoplast, hence making it the principal 
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defense line against reactive oxygen species attack [134]. Oxidation of ascorbic acid 

occurs in two steps, starting with its oxidation into MDHA, dispropotionation to 

ascorbic acid and DHA occurs in the case when not reducedto ascorbate instantly. It 

reacts with O•−
2, H2O2, OH• and again generates vitamin E from tocopheroxyl 

radicaland hence, provides membrane protection against oxidative stress [135]. It 

guards and conserves the metal-binding enzymatic actions as well and reported to 

have a role in preventing photooxidation through pH facilitated variation of 

photosystem II action and decrease in its cellular constituents, related with the 

development of zeaxanthine [129]. 

Reduced Glutathione (GSH) 

Glutathione is a low molecular weight thiol peptide having three amino acid united 

through peptide bonds (γ-glutamyl-cysteinyl-glycine) present in nearly entire cellular 

sections in larger quantity such as apoplast, cytosol, mitochondria, chloroplasts 

vacuoles, endoplasmic reticulum and peroxisomes, It plays a vital role in various 

kinds of processes such as sulfate transport regulation, cell death and senescence, cell 

differentiation, cell growth or division, detoxification of xenobiotics, metabolites 

conjugation, enzymatic activity regulation, proteins and nucleotides synthesis, and 

genes expression which are sensitive to stress [136]. GSH traps OH•, O•−
2, H2O2 and 

1O2, and prevent the different biological molecules by reducing them in presence 

reactive oxygen specie presence producing GSSG as a byproduct. GSH also has a part 

in  phytochelatins formation through phyto-chelatin synthase [110], that assists in 

chelating ions of heavy metal and hence traps any other possible reservoir of reactive 

oxygen specie generation in plants [137]. Thus, the slight equilibrium amongst GSH 

as well as GSSG is required for sustaining the cell‘s oxidation reduction state. 

Vitamin E 

The α-tocopherol belonging to lipophilic antioxidants family are effective reactive 

oxygen specie and lipid radical scavengers rendering them crucial defenders and vital 

constituents of biological membrane. The α-tocopherol has the greatest free radical 

scavenging ability amongst the four isomers (α-, β-, γ-, δ-). The tocopherols are 

manufactured merely by photoautotrophic plants and therefore merely found in green 

tissues of plants. Tocopherol also helps in effective  scavenging of free radical 

suspending the chain propagation step in  LPO cycle [129]. 



1 Introduction 

37 
 

Carotenoids 

Carotenoids belonging to lipophilic antioxidants family are situated in the 

photosynthetic and non-photosynthetic plastids of plant tissues. They are present in 

plants and microorganisms. They are the part of group that contain light harvesting 

molecules which grasps light in the range of 450 to 570 nano meter and causes the 

energy tranfer to the molecules of chlorophyll. Carotenoids perform their antioxidant 

activity by defending the photosynthetic apparatus in four ways. Firstly, it reacts with 

lipid peroxidation products to terminate the sequential reactions then scavenge 1O2 

and generate heat as a byproduct.  It prevents the 1O2 formation through the reaction 

of3Chl* and excited chlorophyll (Chl*), and finally releasing the surplus energy of 

excitation, through xanthophyll cycle [129]. 

Flavonoids 

Flavonoids are extensively found in the kingdom plantae generally present in pollen 

grains leaves and organs of flowers.Flavonoids have been divided into four categories 

depending upon their structure, isoflavones, anthocyanins, and flavonols. They 

perform different tasks in seeds, flowers and fruits pigmentation involved in fertility 

of plants, pollen germination and defence against disease causing organisms in plants. 

Flavonoids are secondary reactive oxygen specie foraging system in plants [138]. 

They play a crucial part in trapping singlet oxygen hence reducing the injuries in the 

exterior covering of chloroplast membrane [139]. 

Proline 

Proline is considered as a potent antioxidant and has been extensively employed 

throughout the diverse kingdoms in the form of nonenzymatic antioxidant to thwart 

the harmful impacts of varied reactive oxygen specie members. Proline is 

manufactured by means of glutamic acid used like substrate, through pyrroline 

5carboxylate intermediate. This pathway is catalyzed via two enzymes in plants, ð1-

pyrroline-5-carboxylate synthetase and Pyrroline-5 carboxylate reductase. This is an 

effective hydroxyl and singlet scavenger and can stop the injuries due to LPO. Proline 

tends to accumulate in plants in huge quantity because of greater production or 

decreased mortification in stress conditions[140]. 
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1.7.3 Antioxidant Potential of Triticum aestivum 

Rogozhin et al.2001 [141] studied the change in peroxidase activity (POD) and 

antioxidant contents in wheat seeds during 24-hour swelling at 5○C (group 1) as well 

as 23○C (group 2). Both factors were 1.5x greater in first group seeds. In the similar 

seeds, POD in the seed coat and endosperm augmented by of 1.5 and 1.8 

correspondingly. Wheat seed catalytic constants of POD were also checked. In 

seedlings, lipid peroxidation rate was found increased by the increase in antioxidants 

content. POD activity was enhanced with the decrease in antioxidants content. Results 

revealed a reciprocal effect of low molecular antioxidants and peroxidase in wheat 

during germination of seeds.  

Liyana‐Pathirana & Shahidi, 2006 [142] investigated total antioxidant activity 

(TAA), total phenolic content (TPC) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

scavenging capacity of hard and soft winter wheat samples along with their milling 

fractions viz. germ,  bran and  flour. Soft wheat extracts revealed higher TAA and 

TPC than those of hard wheat extracts. The germ fraction has the highest TPC as 

compared to bran, whole grain and flour for both wheat types analyzed. The TAA of 

both types of wheat displayed analogous results. Free radical scavenging properties of 

whole grain and milling fractions of both soft and hard wheat samples were examined 

against DPPH radical. The flour and germ fractions exhibited the lowest and highest 

DPPH radical scavenging activity respectively amongst wheat fractions. Hence wheat 

phenolics can work as an effective antioxidant constituents as estimated through in 

vitro methods. 

Moore et al. 2006 [143] studied the relative influence of growing environment 

(E) and genotype (G) on the antioxidant properties of (hard winter) wheat bran and 

correlate these properties to growing environments. Twenty wheat varieties (bran 

sample) of hard winter cultivated in two sites were tested for their free radical 

foraging abilities against ABTS cation, DPPH and superoxide anion radicals, peroxyl 

(ORAC) and chelating properties, in addition to their phenolic acid compositions and 

total phenolics. Results indicated substantial differences for all antioxidant 

characteristics tested as well as multiple significant correlations between these 

features. A factorial designed analysis of variance indicated lager G effects as 

compared to E effects for DPPH radical foraging properties and chelating capacity , 

while E was considerably high than G for total phenolics and ABTS cat-ion radical 
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scavenging capacity. These results revealed that each antioxidant property of hard 

winter wheat bran is effected differently by growing conditions and genotype. 

Abozed et al. 2014 [144] two wheat varieties grown in Upper and Delta Egypt 

were evaluated for their total phenolic content as well as antioxidative action. Three 

solvent i.e. fifty per cent acetone, seventy per cent methanol and seventy per cent 

ethanol (v/v) were utilised for preparing the extracts of antioxidants using whole 

wheat and its bran portion. Antioxidative actions were examined employing DPPH 

radical scavenging activity plus total flavonoid content. Results revealed that the 

solvents extracted and genotypes of wheat considerably changed the total phenolics 

plus whole wheat or bran antioxidant activities while fifty per cent acetone has been 

suggested for the extraction of phenolic compounds from the tested bran or wheat. 

Data showed that fraction of bran was abundant in total phenolic content and had a 

great ability for scavenging free radicals as compared to whole wheat. Durum wheat 

genotype (Beni-suef-3) displayed increased total phenol content and antioxidant 

attributes in the section of bran compared to common genotype of wheat (Gemiza-9).  

 Li et al. 2015 [145] evaluated the influence of wheat variety, milling method 

and food processing on antioxidant characterstics. Black wheat variety (Heibaoshi 1) 

had the maximum total flavonoid content, total phenolic content and antioxidant 

activity i.e. 319.3 μg rutin equivalents g−1 and 659.8 μg gallic acid equivalents g−1) 

while light purple wheat variety (Shandongzimai 1) had the least total flavonoid 

content i.e. 236.2 μg rutin equivalents g−1 and antioxidant activity. Whole wheat flour 

and partially debranned grain flour had considerably greatertotal flavonoid contents, 

total phenolic contents and antioxidant activity as compared to refined flour i.e. P < 

0.05). Total flavonoid contents, total phenolic contents and antioxidant activity 

reduced in steamed bread however noodles had slightly greater total phenolic and 

flavonoid content. Antioxidant activities of steamed bread prepared from whole wheat 

flour,refined flour and moderately debranned grain flour were 23.5%, 31.6%, 21.1%, 

respectively than the corresponding flour values. Results proposed that partially 

debranned grain flour and black whole wheat flour are favourable to human health. 

Yu & Nanguet, 2013 [146] investigated the antioxidant properties of whole 

and refined wheat flour in order to document the effect of baking. Oxygen radical 

absorbance capacity (ORAC), total phenolic content (TPC) and 2,2-diphenyl-1-
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picrylhydrazyl (DPPH) radical scavenging activity were used to define the ethanol 

extractable phenolic compounds content. Whole wheat flour displayed considerably 

greater antioxidant activity in comparison with refined flour (p < 0.05). There was an 

important effect of the bread manufacturing procedure on the total phenolic content of 

whole wheat bread i.e. 1.50 to 1.65 mg/g and white bread i.e. 0.79 to 1.03 mg/g 

displaying an individual reduction of 28% as well as 33% of the levels observed in 

whole wheat and refined flour. Likewise, baking reduced DPPH radical scavenging 

capacity by 32 and 30%. ORAC values indicated that baking enhanced the antioxidant 

activities of refined flourandwhole wheat by 2.9 and 1.8 times, respectively. Bread 

and whole wheat flour were superior to bread and refined flour in in vitro antioxidant 

characteristics. 

Narwal et al. 2014 [147] evaluated the Indian wheat varieties cultivated under 

diverse agro climatic regions for their antioxidant ability. Different fractions of grains 

(flour, bran, shorts) and the whole meal were examined using ABTS and DPPH free 

radicals for their radical foraging activities. Greater variation was noticed in the 

antioxidant properties from diverse zones by means of DPPH assay. Irrespective of 

the procedure followed, the bran and whole meal of central zone genotypes indicated 

the highest and the north western plains region varieties displayed the least 

antioxidant activities. Effect of environment and genotype was observed on the 

antioxidant activity within each growing zone. Both bound and free phenolic 

compounds were taken out from the bran of varieties displaying different regions. 

Highly significant genotypic variation was noticed in the total phenolic content. 

Results showed that Indian varieties of wheat have high phenolic compounds content 

and good antioxidant activity. 

Durazzo et al. 2015 [148] investigated the antioxidant properties in whole 

flours and grains of some conventional Italian wheats. Results displayed that 

hydrolysable polyphenols are 85% of total polyphenols in grains and areresponsible 

for 95% of the total antioxidant properties, indicating that hydrolysable polyphenols 

are important proportion of polyphenols in cereals. The distinction between non-

extractable and extractable antioxidants was found to be of supreme importance for an 

adequate resolution of antioxidant potential in cereals. 



1 Introduction 

41 
 

1.8 Seed Biochemical Analysis Based Profiling of Diverse 

Wheat Genetic Resource from Pakistan 

Wheat is the major nutrient source worldwide as it provides greater than twenty 

percent of proteins as well as calories to the large number of individuals living 

predominantly in developing countries [149, 150]. Production of wheat is focused 

primarily in China, Russia, Turkey, Indian, Ukraine, Australia, United State and 

Pakistan, accounting for above 80 % of the global wheat production [7, 151, 152]. 

Pakistan is the eighth leading producer of wheat, accounting for almost 3.17 per cent 

of the wheat output in the world from 3.72 percent of the area under wheat cultivation 

[153]. In Pakistan, wheat is a principal food grain which has a crucial place in 

agriculture as well as economy [153, 154]. Besides the fundamental nutrients such as 

carbohydrates and proteins, wheat is an excellent source of wide range of 

phytochemicals, providing supplementary benefits regarding health. It is a very fine 

source of antioxidants and remarkable anti oxidative activity has been observed in 

wheat and wheat based foodstuffs [155, 156]. 

In order to retain normal biological functions and activities, an appropriate 

balance is required between antioxidants and free radicals. Free radicals are naturally 

generated within the body to accomplish several daily metabolic actions of cell but 

sometimes the extent of these free radicals increases because of intrinsic and extrinsic 

aspects causing discrepancy in the prevailing antioxidants. This escalation harms the 

molecules of cells mostly the DNA, protein and lipids of membrane that give rise to 

marked up occurrence of degenerative ailments for example brain abnormalities, 

cancer, arthritis, cataract and cardiac syndromes. Body of humans encloses various 

endogenous substances which scavenge free radicals; however, a significant portion is 

contributed through intake also. Whole grains, fruits and vegetables possess enormous 

kinds of phytochemicals and most of them are liable for the antioxidative action of 

these foodstuffs [147].  

Enzymatic antioxidants like superoxide dismutase (SOD), glutathione 

reductase (GR) and ascorbate peroxidase (APX), catalase (CAT) and peroxidase 

(POD) are capable of removing hydrogen peroxide, taking away free radicals and 

intermediates of oxygen in mitochondria along with chloroplast [157]. The non-

enzymatic antioxidants comprise two common classes i.e. antioxidants associated 
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with membrane which is lipid soluble such as alpha tocopherol and beta carotene and 

water soluble reducers like ascorbate, glutathione and phenolics [158]. The recent 

interest in the benefits of whole cereal grain with respect to health has encouraged 

breeders to rise the wheat antioxidants concentration [151]. 

1.9 Aims and Objectives 

Development and approval of new crop varieties is mainly focused on higher yeild.  

However, grain quality improvement has remained an un exploited area in most of 

crops including wheat. There is dire need for focusing the wheat breeding and 

improvement on nutritional quality especially in Pakistan. Keeping in view the above 

prospective, current study was designed with the following objectives. 

 Seed biochemical analysis based profiling of diverse wheat genetic resource 

from Pakistan and estimation of genetic divergence 

 Estimation of genetic divergence in wheat germplasm based on agro-

morphological traits 

 Assessment of genetic divergence in wheat germplasm based on seed kernel 

characteristics and nutritional quality traits 

 Analysis of divergence in wheat germplasm for high molecular weight 

glutenin subunits (HMW-GS) by SDS-PAGE and microsatellite (functional 

SSR marker) Xuhw89 locus for grain protein content  
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2 Materials and Methods 

2.1 Study 01: Seed Biochemical Analysis Based Profiling of 

Diverse Wheat Genetic Resource from Pakistan and 

Estimation of Genetic Divergence 

2.1.1 Plant Material Collection 

Wheat germplasm of seventy seven varieties harvested during the year 2015 were 

collected from various centres within each agro-climatic zone of Pakistan for testing 

the antioxidant activity (see in appendix). The samples were stored in labelled glass 

bottle to ensure preserve integrity. The analysis was carried out at Marker Assisted 

Breeding Lab-1 Plant Breeding and Genetics Division, Nuclear Institute for 

Agriculture and Biology (NIAB), Faisalabad, Pakistan. 

2.1.2 Evaluation of Antioxidant Enzyme Activities 

Seed Sample Extraction 

Wheat grains (0.2 g) were dry grinded and extracted in 2 ml (50mM) potassium 

phosphate buffer (pH 7.4) or in buffer specified in method. Samples were centrifuged 

at 14462xg for 10 min at 4°C. The supernatant was separated and used for the 

determination of different enzymatic and non-enzymatic activities. All the data was 

taken in triplicate. 

2.1.3 Enzymatic Antioxidants 

Ascorbate Peroxidase (APX) Activity 

For the estimation of APX activity, seeds were homogenized in a medium composed 

of 50mM potassium phosphate buffer (pH7.0). APX activity was measured using the 

method described by [159]. Assay buffer was prepared by mixing 200mM potassium 

phosphate buffer (pH7.0), 10mM ascorbic acid and 0.5M EDTA. For measurement of 

APX, the activity assay solution contained assay buffer made up of  10mM ascorbic 

acid,  0.5M EDTA and 200mM potassium phosphate buffer, H2O2 (1ml) and 
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supernatant 50µl. The oxidation rate of ascorbic acid was estimated by following the 

decrease in absorbance at 290nm after every 30 seconds  [160]. 

Catalase (CAT) Activity 

For the estimation of catalase activity, seeds were homogenized in a medium 

composed of 50mM potassium phosphate buffer (pH7.0) and 1mM dithiothreitol 

(DTT). Catalase (CAT) was estimated using the method described by [161]. For 

measurement of CAT activity, the assay solution contained 50mM phosphate buffer 

(pH 7.0), 59mM H2O2, and 0.1ml enzyme extract. The decrease in absorbance of the 

reaction solution at 240nm was recorded after every 20s. An absorbance change of 

0.01min-1 was defined as 1U of CAT activity. Enzyme activity was expressed on seed 

weight basis. 

Peroxidase (POD) Activity 

For the estimation of POD, seeds were homogenised in a medium composed of 50mM 

potassium phosphate buffer (pH 7.0), 0.1M EDTA and 1mM DTT. Activity of 

peroxidase (POD) was measured using the method of  [162] with some modification. 

For measurement of POD activity, the assay solution contained distilled water 

(545µl), 200mM phosphate buffer (pH 7.0), 200mM guaiacol, 400mM H2O2 and 15µl 

enzyme extract. The reaction was initiated after adding the enzyme extract. The 

increase in absorbance of the reaction solution at 470nm was recorded after every 20s. 

One unit of POD activity was defined as an absorbance change of 0.01min -1. Enzyme 

activity was expressed on seed weight basis. 

Superoxide Dismutase (SOD) Activity 

For the estimation of SOD activity, seeds were homogenized in a medium composed 

of 50mM potassium phosphate buffer (pH7.0), 0.1mM EDTA, and 1mM dithiothreitol 

(DTT) as described by [159]. The activity of SOD was assayed by measuring its 

ability to inhibit the photochemical reduction of nitroblue tetrazolium (NBT) 

following the method of [163]. One unit of SOD activity was defined as the amount of 

enzyme that caused 50% inhibition of photochemical reduction of NBT.  
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2.1.4 Non Enzymatic Antioxidants 

Total Phenolic Content (TPC) 

A micro colorimetric method as described by [164] was applied with some 

modifications for total phenolics content, in which Folin-Ciocalteau (F-C) reagent 

was used. For analysis, 0.5g seed samples were homogenized in 500µl ice cold 95% 

methanol using an ice cold mortar and pestle. The samples were then incubated at 

room temperature for 48 hours in the dark. The samples were then subjected to 

centrifugation at 14462xg for 5min at room temperature. The supernatant was 

removed and used for TPC measurement. A 100µl of supernatant was mixed with 

100µl of 10% (v/v) F-C reagent, vortex thoroughly and then 800µl of 700mM 

Na2CO3 was added. Samples were then incubated at room temperature for 1 hour. 

Blank corrected absorbance of samples was measured at 765nm. A standard curve 

was prepared using different concentration of gallic acid and a linear regression 

equation was calculated. Phenolic content (gallic acid equivalents) of samples was 

determined using linear regression equation. 

Ascorbic Acid 

For ascorbic acid determination, the 2, 6-dichloroindophenol (DCIP) method 

described by [165] which measures reduced ascorbic acid only was used. Briefly, 

each molecule of vitamin C converts a molecule of DCIP into a molecule of DCIPH2, 

and that conversion can be monitored as a decrease in the absorbance at 520nm. A 

standard curve was prepared using a series of known ascorbic acid concentrations. A 

simple linear regression equation was calculated to find the ascorbate concentration in 

unknown samples. 

2.1.5 Hydrolytic Enzymes 

Esterases Activity  

The α-esterases and β-esterases were determined according to the method of [166] 

using α–naphthyl acetate and β–naphthyl acetate as substrates, respectively. The 

reaction mixture consisted of substrate solution (30mM α or β–naphthyl acetate, 1% 

acetone and 0.04M phosphate buffer (pH 7) and enzyme extract. The mixture was 

incubated for exactly 15min at 27°C in dark and then 1ml of staining solution (1% 

Fast blue BB and 5% SDS mixed in ratio of 2:5) was added and incubated for 20min 
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at 27°C in dark. Amount of α- and β- naphthol produced was measured by recording 

the absorbance at 590nm. Using standard curve, enzyme activity was α or β naphthol 

produced in µM min-1 per g seed weight. 

Protease Activity 

For estimation of protease activity, seed samples were extracted in 50mM potassium 

phosphate buffer pH7.8. Protease activity was dictated by the casein digestion assay 

described by [167]. By this method one unit is that amount of enzyme, which releases 

acid soluble fragments equivalent to 0.001 A280 per minute at 37°C and pH7.8. 

Enzyme activity was expressed on seed weight basis. 

Alpha Amylase Activity 

The  alpha amylase activity of wheat seeds was determined by the modified method as 

reported by the [168]. 

2.1.6 Other Biochemical Parameters 

Total Oxidant Status (TOS) 

Total oxidant status was determined by using [169] formulated method which is based 

on the oxidation of ferrous ion to ferric ion by oxidants present in the sample in an 

acidic medium and the measurement of ferric ion by xylenol orange [170]. The assay 

mixture contained reagent R1, reagent R2 and sample extract. After 5min. the 

absorption was measured at 560nm by using spectrophotometer. A standard curve was 

prepared using hydrogen peroxide. The results were expressed in µM H2O2 equivalent 

per L. 

Malondialdehyde (MDA) Content 

The level of lipid peroxidation in the seed flour was measured in terms of 

malondialdehyde (MDA, a product of lipid peroxidation) content determined by the 

thiobarbituric acid (TBA) reaction using method of [171] with minor modifications as 

described by [172]. A 0.25g seed sample was homogenized in 0.1% TCA. The 

homogenate was centrifuged at 14462xg for 5min. To 1 m aliquot of the supernatant 

20% TCA containing 0.05% TBA were added. The mixture was heated at 95°C for 

30min and then quickly cooled in an ice-bath. After centrifuging at 14462xg for 10 

min, the absorbance of the supernatant at 532nm was read and the value for the non-
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specific absorption at 600nm was subtracted. The MDA content was calculated by 

using extinction coefficient of 155mM-1cm –1. 

Reducing Sugars (Sugar content)  

Level of reducing sugars in seeds was determined by the dinitrosalicylic acid method 

[173]. Total sugar contents were estimated by the phenol-sulphuric acid reagent 

method [174]. Non reducing sugars were calculated by the difference. 

2.1.7 Differential Protein Estimation 

Protein Content 

For protein estimation, seeds were homogenized in a medium composed of 50mM 

potassium phosphate buffer (pH7.0). Estimation of quantitative protein was executed 

by previously described method [175]. For protein estimation in samples, 5µl of 

supernatant and 0.1N NaCl were mixed with 1.0ml of Bradford dye and the mixture 

was allowed to stand for 5 minute to form a protein dye complex. Absorbance was 

calculated at 595nm by using spectrophotometer. 

Albumins 

The first protein extract was obtained by adding 10ml buffer A (0.01M Tris-HCl 

pH7.5) in 0.02g seed flour (obtained through dry grinding the seed samples). After 2h 

stirring at room temperature, the mixture was centrifuged at 4000g for 10min and the 

supernatant corresponding to the albumins fraction was recovered. The pellet was 

then washed with 10ml of buffer A, centrifuged, and the supernatant corresponding to 

the albumins fraction was recovered. The pellet was then washed with 10ml of buffer 

A, centrifuged, and the supernatant pooled with the previous one. This fraction was 

albumin extraction [175]. 

Globulins 

The pellet was mixed with 10ml of buffer B (0.01M Tris- HCl pH7.5, and 1M NaCl) 

and stirred for 2h before centrifuging at 4000g for 10min, also twice. This fraction 

was the globulin extraction [175]. 

Salt Soluble Proteins 

Seeds samples were dry grinded using pestle and mortar and 0.02g seed flour was 

added in 2.5ml of 0.15M potassium phosphate (pH 7.5), 2.5ml 5mM DTT and stirred 
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0.5h at room temperature before centrifuging at 2000g for 5min, three times extracted 

as before. The protein fraction obtained in the recovered supernatant was referred to 

as salt soluble protein [175]. 

2.1.8 Statistical Analysis 

All the data was reported as mean ± SD. Descriptive statistics was applied to analyse 

and organize the resulting data. Data were analysed using two-way ANOVA with 

replications. Significance of data was tested by analysis of variance and Tukey (HSD) 

Test at p<0.05 and where applicable at p<0.01 using XL-STAT software. For 

computing genetic divergence, data was also subjected to principal component 

analysis, correlation/ association and cluster analysis by agglomerative hierarchical 

clustering using computer software Microsoft Excel along with XLSTAT Version 

2012.1.02, Copyright Addinsoft 1995-2012 (http://www.xlstat.com. 

2.2 Study 02: Estimation of Genetic Divergence in Wheat 

Germplasm Based on Agro-Morphological Traits  

Wheat genotypes were sown at Nuclear Institute for Agriculture and Biology (NIAB), 

Faisalabad, Pakistan during the year 2015-16 and 2016-2017 following alpha lattice 

design with two replications split with 4 blocks having 20 plots per block. Agronomic 

practices were kept constant throughout the trail during growth period. The data for 

different traits viz, plant height (cm), spike length (cm), number of spikelet‘s per 

spike, grains per spike, 100 grain weight and grain yield (kg per hectare) were 

recorded. Finally, quantitative data were subjected to analysis of variance, cluster 

analysis by agglomerative hierarchical clustering, correlation and principal 

component analysis using computer software Microsoft Excel along with XLSTAT 

Version 2012.1.02, Copyright Addinsoft 1995-2012 (http://www.xlstat.com). 

 

http://www.xlstat.com/
http://www.xlstat.com/
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2.3 Study 03: Assessment of Genetic Divergence in Wheat 

Germplasm Based on Seed Kernel Characteristics and 

Nutritional Quality Traits 

2.3.1 Single Kernel Characterization 

Wheat germplasm of 77 varieties harvested during the year 2015 were multiplied in 

2016 and used to assess quality traits. Tests were conducted at Cereals Laboratory, 

Ayub Agricultural Research Institute Faisalabad for measuring grain physical 

characteristics through Single Kernel Characterization System (SKCS) which 

estimates kernel‘s weight, diameter, moisture and hardness index. Method involves 

the pouring of samples into access hopper of SKCS instrument which analysed 300 

kernels individually and recorded the results on a computer graph. 

2.3.2 Grain Nutritional Profile 

Grain nutritional profile which includes starch, gluten and protein content in addition 

to  zeleny sedimentation rate was computed by Kernelyzer (Omeg Analyzer G model) 

in which cleaned sample (approx. 600g) was filled in sample funnel and exposed to 

near infrared light of specific wavelength. Light penetrated into the sample molecules 

(partly absorbed and partly transmitted) which was then measured by a detection 

system. Amount of light absorbed by samples at different wavelength is directly 

proportional to concentration of chemical functional groups like C-H, N-H and O-H. 

2.3.3 Statistical Analysis 

Finally, data was subjected to analysis of variance and genetic divergence was 

computed through cluster analysis by agglomerative hierarchical clustering and 

principal component analysis using computer software Microsoft Excel along with 

XLSTAT Version 2012.1.02, Copyright Addinsoft 1995-2012 (http://www.xlstat.com). 
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2.4 Study 04: Analysis of Divergence in Wheat Germplasm 

for High Molecular Weight Glutenin Subunits (HMW-

GS) by SDS-PAGE and and Microsatellite (Functional 

SSR marker) Xuhw89 Locus for Grain Protein Content.   

2.4.1 Seed Protein Extraction 

For total proteins extraction, five single grain of each genotype were grounded in 50 

mM phosphate buffer (pH 7.8) and centrifuged in micro-centrifuge machine (Sigma 

1-14) for 10 min at 14,000 rpm. Supernatant was isolated and utilized for protein 

profiling. dye binding assay was  used to measure  amount of protein extracts as 

defined by [175]. Supernatant was mixed (4:1) with cracking solution (10 ml 

containing 1g SDS, 0.01g bromphenol blue, 2ml Mercaptoethanol, 1.5ml 0.5M tris, 

pH 6.8, 5g sucrose and 6.5 ml water) on vortex mixer and heated in a boiling water 

bath for five minutes to denature the proteins. 

2.4.2 Seed Protein Profiling 

Sodium dodecyl sulphate-polyacrylamide gels electrophoresis was used to perform  

samples protein profiling as described by [176]. Equal amount of samples were laden 

into 10% gels. Electrophoresis was conducted at continuous voltage (180 and 160 

volts). Eventually, gels were fixed in solution containing 10% acetic acid and 40% 

ethanol for fifteen minutes with persistent agitation on a shaker. After fixation, gel 

was washed with distilled water for fifteen minutes with altering water after every 

five minutes. Gels were then stained with coomassie blue G-250 dye and destained in 

water overnight.  

2.4.3 Gel Documentation and Analysis 

Lastly, gels were snapped using UVI-pro platinum gel documentation system (UVItec 

UK).  

2.4.4 Quality Scoring 

The HMW-glutenin subunits were identified using the previously suggested 

numbering system [177] Reference varieties namely, Gabo (2, 2*, 12, 17, 18), 

Holdfast (1, 5, 7, 8, 11) and Chinese-Spring (2, 7, 8, 12) were employed as standards 

[177] whereas quality scores were given by scoring system defined by [22]. Alleles 
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were consigned quality scores of 1 (low quality) to 4 (high quality) and separate 

scores for all allele existing in a variety were combined to render the total quality 

score for respective genotype. 

2.4.5 Statistical Analysis 

The produced data matrix was then statistically analyzed  using computer software 

Microsoft Excel along with XLSTAT Version 2012.1.02, Copyright Addinsoft 1995-

2012 (http://www.xlstat.com).  

2.4.6 DNA Extraction, PCR Amplification and Molecular   

          Marker Analysis 

Total genomic DNA was extracted from ten days old seedlings by the method of 

[178]. The quality and quantity of DNA was determined by spectrophotometer and 

agarose gel electrophoresis. The primer pair Xuhw 89 used for Polymerase Chain 

Reaction amplification whose sequence is as following, 

F: (TCTCCAAGAGGGGAGAGACA) R: (TTCCTCTACCCATGAATCTAGCA)  

was reported by [179]. PCR reactions were performed according to [180] in 25µl 

reaction with 0.4 µM each of the two primers. Amplifications were performed in a 

BioRad gradient thermal cycler. The amplification cycles consisted of 40 cycles with 

denaturation at 94 °C for 2 minute, annealing at 58 °C for 30 sec and extension at 72 

°C for 1 min. The final extension was done at 72 °C for 10 min. Amplification 

products were separated on non-denaturing 6% polyacrylamide gels and fragments 

were detected by ethidium bromide staining. DNA ladder of 50bp (Tiangen lot #. 

M1329,Cat #.MD108) was used. Gels were documented using UVI pro Platinum 1.1 

System and UVI Band Map software (UVItec Ltd., Cambridge, UK).  

2.4.7 Statistical Analysis 

The generated data matrix was statistically analyzed via XL STAT software and was 

evaluated using two-way ANOVA with replications. Significance of data was tested 

by analysis of variance and Tukey (HSD) test at p<0.05 and where applicable at 

p<0.01. 

 

 

http://www.xlstat.com/
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3 Results 

3.1 Study 01: Seed Biochemical Analysis Based Profilingof 

Diverse Wheat Genetic Resource from Pakistan and 

Estimation of Genetic Divergence 

3.1.1 Enzymatic Antioxidants 

Super Oxide Dismutase (SOD) Activity 

Genotypes were divided in three categories (low, medium and high) based on 

comparative values of different studied parameters Table 3.1. For superoxide 

dismutase activity in wheat seeds, significant variation was found among wheat 

genotypes and it was possible to categorize them in low, medium and high classes. 

Thirty eight genotypes were grouped in high category for SOD, in which the values 

ranged from 171 to 279 Units/g s. wt. Mean values for studied parameters are 

presented as Figure 3.1. Among these genotypes, highest SOD activity was found in 

Manthar-2003 (278.93 Units/g s. wt.). Sixteen genotypes with SOD activity ranging 

from 151-170 Units/g s. wt. were grouped as intermediate class. Twenty three 

genotypes were grouped in third category that is genotypes having comparatively low 

SOD activity. In this class, genotypes having SOD activity less than 150 Units/g s. wt. 

were grouped. Among these genotypes having comparatively low SOD activity, the 

lowest value (76.17 Units/g s. wt.) was observed in Punjab-2011.  

Catalase (CAT) Activity 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. For catalase activity in wheat seeds, significant 

variation was also found among wheat genotypes and it was possible to categorize 

them in low, medium and high classes. Four genotypes were grouped in high category 

for CAT, in which the values ranged from 368 to 634 Units/g s. wt. Mean values for 

catalase are presented as Figure 3.2. Among these genotypes, highest CAT activity 

was found in Pasban-90 (633.33 Units/g s. wt.). Thirty eight genotypes with CAT
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Table 3.1 Scale for categorization of wheat genotypes in low, medium and high value for different biochemical parameters  

Parameters Range of values 

Low Genotypes Medium Genotypes High Genotypes 

SOD (Units/g s. wt.)  150 Punjab-2011, Sassui-

2006,Nia Sunhari, 

Sarsabz,Fakhar-e- 

Sarhad, WL-711, 

Kohistan, NR-234, 

NARC-2011, PAVON 

151-170 Dharabi 2011, 2006, 

Punjab-96, 6544-6, 

Pasban-90, Suleman, 

Benazir-12, 9021, Marvi, 

Fareed -2006 

171-279 Zardana, PERWAZ, LU-26, 

Bakhtawar-1993, Mairaj -

2008,Nifa Lalma 2012, Nia 

Amber,Saleem-2000, 2156, 

Takbeer-2000 

CAT (Units/g s. wt.) 100 Nesser,  Watan-94, 

Bhittai-2004, Sassui-

2006, Khirman2006, 

Nia Amber, 2005, 

2006, Bhakkar-2000, 

Sindh-81 

101-367 TC-4928, Abadghar-93, 

NR-421, IQBAL-2000, 

Nifa Lalma 2012, MEXI 

PAK, Kohistan, Dharabi 

2011, GA-2002, Shafaq-

2006 

368-634 WL-711,  S-24, SA-75, 

Pasban-90 

APX (Units/g s. wt.) ≤

400 

NARC-2011, 9021, 

Benazir-12, Marvi, 

BARS-2009, 2006, 

AARI-2011, Punjab-

401-999 Pasban-90, Barani-83, 

Jauhar-78, Nia Sundar, 

SH-2002, Sassui-2006, 

Takbeer-2000,Zardana, 

1000-1427 Pari-73, WL-711, MEXI 

PAK, PERWAZ, PAVON 
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90, Abadghar-93, 

Kohistan 

Kiran- 95, Raskoh-2005 

POD (Units/g s. wt.) 9000 Punjab-90,  PAVON, 

SA-75, PERWAZ, 

Pasban-90, Pari-73, 

WL-711, Punjab-

2011, Nifa- Bathoor, 

Benazir-12 

9001-

19999 

Margalla-99, Zardana, 

Mehran-89, Faisalabad-

2008Sarsabz, Nia 

Sunhari, TC-4928, 

Takbeer-2000, Lasani-

2008,  2005 

20000-

42580 

6544-6, Tatara 1996, 

Chakwal-50, Bhakkar-2000,  

AARI-2011,UFAQ 2002, 

IQBAL-2000 

TPC (uM/g s. wt.) 9700 WL-711, Pasban-90, 

Punjab-90, Punjab-96, 

Pari-73, Nifa- 

Bathoor, S-24, 

Saleem-2000, SA-75, 

Barani-83 

9701-

20232 

Lasani-2008, 2006, 

Sitta,Khirman2006, 

Kiran- 95,Jauhar-78, 

Raskoh-2005,Fakhar-e- 

Sarhad, Mairaj -2008, 

Mehran-89 

20233-

25383 

PAVON, Inqulab-91,  Fareed 

-2006 Nia Sunhari, Bhittai-

2004,  2005, UFAQ 2002, 

Faisalabad-2008,AS-2002, 

9244 

AsA (µg/g s. wt.) 640 S-24, Pasban-90, 

Punjab-96, WL-711, 

SA-75, Punjab-90, 

Pari-73, Nifa- 

Bathoor, Millat -2011, 

641-681 Mehran-89, Bhittai-2004, 

Abadghar-93, Nia 

Sundar, Nia Sunhari, 

NR-421, Nifa Lalma 

2012, Margalla-99, 

682-713 Sehar-2006, Inqulab-91, 

Zardana,2156, Punjab-2011, 

Barani-83, NR-234, 

Khirman2006, Watan-94, 

Benazir-12 
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AARI-2011 Saleem-2000, 9021 

ESTR (µM/min/g s. wt.) 502 AS-2002, NR-234, 

UFAQ 2002, 9244, 

SH-2002, LU-26, 

Millat -2011, 

Margalla-99, WL-711, 

Inqulab-91   

503-707 Sitta, Kiran- 95, S-24, 

Sassui-2006, Bakhtawar-

1993, AARI-2011, 

Saleem-2000,  

PAVON, Nia Sunhari, 

Bhakkar-2000 

708-988 Punjab-96, Zardana, Raskoh-

2005Mehran-89, Pasban-90, 

Sarsabz, Fareed-2006, 2156, 

C-228, Faisalabad-2008 

PROT (Units/g s. wt.) 6000 SA-75, Pasban-90, 

MarviMehran-89, 

Galaxy-2013Punjab-

90, 9021, Bhakkar-

2000, Nifa- Bathoor, 

Zardana 

6001-8800 2005, Sitta, Watan-94, 

Takbeer-2000, TC-

4928,PAVON, LU-26, 

Pari-73, SH-2002,  

Punjab-96 

8801-11183 BARS-2009, Millat -2011, 

Nia Sunhari, 6544-6, IQBAL-

2000, Jauhar-78, Nia Amber, 

Chakwal-50, Suleman, NR-

234 

AA (mg/g s. wt.)  200 Dharabi 2011,  AARI-

2011, UFAQ 2002, 

Abadghar-93, 

AUQAB-2000, 

Jauhar-78, Nia 

Sunhari, Sassui-2006, 

201-280 Sarsabz, Margalla-99, 

Tatara 1996, SA-75, 

BARS-2009,LU-26, AS-

2002, MEXI 

PAKPunjab-90, C-228 

281-293 Takbeer-2000, Khirman2006, 

Punjab-96, Sindh-81, Galaxy-

2013,Pasban-90, Ujala-16, 

Benazir-12,Lasani-2008, NR-

421 
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Soghat-90, Sehar-

2006 

TOS (µM/g s. wt.) 250 NR-421, Punjab-

2011,Nia Sundar, 

Punjab-90, Takbeer-

2000,TC-4928, Ujala-

16, SA-75, 2005, 

Pasban-90 

251-291 2006, Kohistan, Punjab-

96,Pari-73, C-591, 

Manthar-2003, Soghat-

90, Nifa- Bathoor,Sehar-

2006, 9244 

290-390 Galaxy-2013, Tatara 1996, 

Zardana, Sarsabz, Barani-83, 

NR-234, C-228, Benazir-12, 

Mehran-89, Nifa Lalma 2012 

MDA (µM/g s. wt.) 500 PERWAZ, 

PAVON,Khirman200

6, Bakhtawar-1993, 

Sehar-2006, Pari-

732005, 6544-6, 

UFAQ 2002, AS-2002 

501- 600 MEXI PAK, AUQAB-

2000,Punjab-96, Shafaq-

2006  

Ujala-16, TC-4928, 

Raskoh-2005, Punjab-

2011, Mairaj -2008, 

AARI-2011 

601-679 SA-75, 9021, Takbeer-2000, 

Benazir-12, NARC-2011, 

Marvi, 

Nifa- Bathoor, Mehran-89, C-

228,2006 

RS (mg/g s. wt.) 4.9 MEXI PAK, Sehar-

2006, Dharabi 2011,  

Mehran-89,Ujala-16, 

Nifa Lalma 2012, 

5-8.9 Abadghar-93, Jauhar-

78,NR-234, NR-421, AS-

2002, Pari-73, Raskoh-

2005, Watan-94, Fakhar-

9-13 Nia Sundar, Fareed -2006 , 

LU-26, SA-75, PAVON, 

IQBAL-2000, Nia Sunhari, 

Manthar-2003, TC-4928, 
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UFAQ 2002, Saleem-

2000, 2005, Mairaj -

2008 

e- Sarhad, Marvi Sitta 

TSS (mg/g s. wt.) 11.9 Soghat-90, NR-234, 

Nifa Lalma 2012, 

AUQAB-2000, GA-

2002, Shafaq-2006, 

AS-2002, BARS-

2009, Mairaj -2008, 

Inqulab-91   

12-15.9 Tatara 1996, Punjab-

2011,Fakhar-e- Sarhad, 

Kohistan,Ujala-16, 

Fareed -2006,  C-228, 

IQBAL-2000, Jauhar-78, 

Manthar-2003 

16-

30 

Nesser, Benazir-12, Lasani-

2008, LU-26, Bakhtawar-

1993, Barani-83, Chakwal-

50,  Punjab-96, Suleman, 

Millat -2011 

NRS (mg/g s. wt ) 5.9 Manthar-2003, 

IQBAL-2000, Sitta, 

Fareed -2006 ,Shafaq-

2006 , TC-4928, NR-

234, PERWAZ, 

Lasani-2008 , 6544-6 

 

6-10.9 Inqulab-91, Nia Sundar, 

Fakhar-e- Sarhad, Sassui-

2006, Nifa- Bathoor, 

BARS-2009, Nifa Lalma 

2012, Tatara 1996, 

Jauhar-78, SH-2002 

11-

28 

Faisalabad-2008, 2005, 2006, 

PAVON, Barani-83, Benazir-

12, NR-421, Millat -2011, 

Pari-73,Suleman 

TSP (mg/g s. wt.) 298.0 MEXI PAK, Nesser, 

Sehar-2006, 2005, 

299-400 Fareed -2006, AARI-

2011, IQBAL-2000, 

401-487 Pasban-90, SA-75, WL-

711,Nifa- Bathoor,  Punjab-
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Manthar-2003, 

Benazir-12, Kohistan, 

Dharabi 2011, 

PAVON, Sitta 

Soghat-90, PERWAZ, 

Chakwal-50, Abadghar-

93, 2006, NARC-2011, 

Bhittai-2004 

90, S-24,Pari-73, Punjab-96 

ALB (mg/g s. wt.) 250 Manthar-2003, 

Shafaq-2006,  Galaxy-

2013, Bakhtawar-

1993, Nia Amber, LU-

26, SA-75, Punjab-

2011, Tatara 1996, 

Fareed -2006 

251-290 Lasani-2008, MEXI 

PAK, Sehar-2006, 

Pasban-90, Suleman, 

Nesser, PERWAZ, 

Chakwal-50, Marvi, 

2006 

291-353 Millat -2011, Dharabi 2011, 

Nia Sunhari, 2156, AS-2002, 

WL-711, Benazir-12, 

Takbeer-2000, PAVON, 

Punjab-96 

GLOB (mg/g s. wt.) 161 Nifa Lalma 2012, 

BARS-2009, Saleem-

2000, Sindh-81, GA-

2002, Sarsabz,  

PAVON, SH-2002, 

Khirman2006, 

Inqulab-91   

162-199.9 Nia Amber, Raskoh-

2005, Sassui-2006, 

Punjab-2011, Benazir-12, 

Nia Sundar, Margalla-99, 

PERWAZ,Mehran-89, 

NR-234 

200-253 AARI-2011, Soghat-90, Pari-

73, LU-26, WL-711, Watan-

94, Fakhar-e- Sarhad, Lasani-

2008,  Millat -2011, Tatara 

1996 

SSP (mg/g s. wt.) 70 Punjab-90, 6544-6, 71-110 2006, IQBAL-2000, 111-162 9244, Nifa Lalma 2012, SA-
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Shafaq-2006,  Saleem-

2000, NR-234, 

Sitta,Nia Sunhari, 

Barani-83,9021, S-24 

2156, Inqulab-91, 

Raskoh-2005, Kohistan, 

Nia Sundar, Punjab-

2011, Sindh-81, Pari-73 

75,C-591, Soghat-90, Jauhar-

78,Sehar-2006, Galaxy-2013, 

MEXI PAK, Millat -2011 
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Figure 3-1Mean values for superoxide dismutase activity in seeds of different 

wheat genotypes 
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Figure 3-2 Mean values for catalase activity in seeds of different wheat genotypes  
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activity ranging from 101-367 Units/g s. wt. were grouped as intermediate class. 

Thirty five genotypes were grouped in third category that is genotypes having 

comparatively low CAT activity. In this class, genotypes having CAT activity less 

than 100 Units/g s. wt. were grouped. Among these genotypes havingcomparatively 

low APX activity, the lowest value was observed in Nesser (46.67 Units/g s. wt.).  

Ascorbate Peroxidase (APX) Activity 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. For ascorbate peroxidase activity in wheat seeds, 

significant variation was found among wheat genotypes and it was possible to 

categorize them in low, medium and high classes. Five genotypes were grouped in 

high category for APX, in which the values ranged from 1000 to 1427 Units/g s. wt. 

Mean values for APX are presented as Figure 3.3. Among these genotypes highest 

APX activity was found in Pavon (1426.67 Units/g s. wt.). Forty nine genotypes with 

APX activity ranging from 401-999 Units/g s. wt. were grouped as intermediate class. 

Twenty three genotypes were grouped in third category, that is genotypes having 

comparatively low APX activity. In this class, genotypes having APX activity less 

than 400 Units/g s. wt. were grouped. Among these genotypes having comparatively 

low APX activity, the lowest value was observed in NARC-2011 (173.33 Units/g s. 

wt.).  

Peroxidase (POD) Activity 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. For peroxidase activity in wheat seeds, significant 

variation was found among wheat genotypes and it was possible to categorize them in 

low, medium and high classes. Seven genotypes were grouped in high category for 

POD, in which the values ranged from 20000 to 42580 Units/g s. wt. Mean values for 

POD are presented as Figure 3.4. Among these genotypes highest POD activity was 

found in IQBAL-2000 (42579.6 Units/g s. wt.). Twenty four genotypes with POD 

activity ranging from 9001-19999 Units/g s. wt. were grouped as intermediate class. 

Forty six genotypes were grouped in third category that is genotypes having 

comparatively low POD activity. In this class genotypes having POD activity less 

than 9000 Units/g s. wt. were grouped. Among these genotypes having comparatively 

low POD activity, the lowest value was observed in Punjab-90 (1642.8 Units/g s. wt.). 
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Figure 3-3 Mean values for ascorbate peroxidase activity in seeds of 

different wheat genotypes
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Figure 3-4 Mean values for peroxidase activity in seeds of different wheat 

genotypes 
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3.1.2 Non Enzymatic Antioxidants 

Total Phenolic Content (TPC) 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. For total phenolic content in wheat seeds, significant 

variation was found among wheat genotypes and it was possible to categorize them in 

low, medium and high classes. Fourteen genotypes were grouped in high category for 

TPC, in which the values ranged from 20233 to 25383 (µM/g s. wt.). Mean values for 

TPC are presented as Figure 3.5. Among these genotypes highest TPC was found in 

Bhakkar-2000 (25383.33 µM/g s. wt.). Fifty genotypes with TPC ranging from 9701-

20232 (µM/g s. wt.) were grouped as intermediate class. Thirteen genotypes were 

grouped in third category that is genotypes having comparatively low TPC. In this 

class genotypes having TPC less than 9700 (µM/g s. wt.) were grouped. Among these 

genotypes having comparatively low TPC, the lowest value was observed in WL-711 

(1200.0 µM/g s. wt.). 

Ascorbic Acid (AsA) Content 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. For ascorbic acid content in wheat seeds, significant 

variation was found among wheat genotypes and it was possible to categorize them in 

low, medium and high classes. Thirteen genotypes were grouped in high category for 

ascorbic acid content, in which the values ranged from 682 to 713 µg/g s. wt. Mean 

values for AsA are presented as Figure 3.6. Among these genotypes, highest ascorbic 

acid content was found in SH-2002 (713.0 µg/g s. wt.). Fifty genotypes with ascorbic 

acid content ranging from 641-681 µg/g s. wt. were grouped as intermediate class. 

Thirteen genotypes were grouped in third category that is genotypes having 

comparatively low ascorbic acid content. In this class genotypes having ascorbic acid 

content less than 640 µg/g s. wt. were grouped. Among these genotypes having 

comparatively low ascorbic acid content, the lowest value was observed in S-24 

(439.5µg/g s. wt.). 
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3.1.3 Hydrolytic Enzymes 

Esterase Activity 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. Seventeen genotypes were grouped in high category for 

esterase activity, in which the values ranged from 708 to 988 µM/min/g s. wt. Mean 

values for  
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Figure 3-5 Mean values for total phenolic content in seeds of different wheat 

genotypes
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Figure 3-6 Mean values for ascorbic acid content in seeds of different wheat 

genotypes
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esterase activity are presented as Figure 3.7. Among these genotypes highest esterase 

activity was found in Dharabi 2011 (987.80 µM/min/g s. wt.). Thirty genotypes with 

esterase activity ranging from 503-707 µM/min/g s. wt. were grouped as intermediate 

class. Thirty genotypes were grouped in third category that is genotypes having 

comparatively low esterase activity. In this class, genotypes having esterase activity 

less than 502 µM/min/g s. wt. were grouped.Among these genotypes having 

comparatively low esterase activity, the lowest value was observed in AS-2002 

(358.53 µM/min/g s. wt.).  

Protease Activity 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. For protease activity, in wheat seeds, significant 

variation was found among wheat genotypes and it was possible to categorize them in 

low, medium and high classes. Ten genotypes were grouped in high category for 

protease activity, in which the values ranged from 8801-11183 Units/g s. wt. Mean 

values for protease activity are presented as Figure 3.8. Among these genotypes, 

highest protease activity was found in NR-234 (11183.33 Units/g s. wt.). Fifty three 

genotypes with protease activity ranging from 6001-8800 Units/g s. wt. were grouped 

as intermediate class. Fourteen genotypes were grouped in third category that is 

genotypes having comparatively low protease activity. In this class genotypes having 

protease activity less than 6000 Units/g s. wt. were grouped. Among these genotypes 

having comparatively low protease activity, the lowest value was observed in SA-75 

(4023.33 Units/g s. wt.). 

Alpha amylase Activity 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. For alpha amylase activity in wheat seeds, significant 

variation was found among wheat genotypes and it was possible to categorize them in 

low, medium and high classes. Twelve genotypes were grouped in high category for 

α-amylase, in which the values ranged from 281 to 293 (mg/g s. wt.). Mean values for 

α-amylase activity are presented as Figure 3.9.  Among these genotypes highest α-

amylase activity was found in SH-2002 (292.70 mg/g s. wt.). Twenty eight genotypes 

with α-amylase activity ranging from 201-280 mg/g s. wt.) were grouped as 

intermediate class. Thirty seven genotypes were grouped in third category that is 
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genotypes having comparatively low α-amylase activity. In this class genotypes 

having α-amylase activity less than 200 mg/g s. wt. were grouped.  
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Figure 3-7 Mean values for esterase activity in seeds of different wheat genotypes
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Figure 3-8 Mean values for protease activity in seeds of different wheat 

genotypes 
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    Figure 3-9 Mean values for alpha amylase activity in seeds of different wheat 

genotypes 
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among these genotypes having comparatively low α-amylase activity, the lowest 

value was observed in Dharabi 2011 (112.58 mg/g s. wt.). 

3.1.4 Other Biochemical Parameters 

Total Oxidant Status (TOS) 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. For total oxidant status in wheat seeds, significant 

variation was foundamong wheat genotypes and it was possible to categorize them in 

low, medium and high classes. Seventeen genotypes were grouped in high category 

for TOS, in which the values ranged from 290 to 390 µM/g s. wt. Mean values for 

TOS are presented as Figure 3.10. Among these genotypes highest TOS was found in 

Faisalabad-2008 (390.0 µM/g s. wt.). Thirty genotypes with TOS ranging from 251-

291 µM/g s. wt. were grouped as intermediate class. Thirty genotypes were grouped 

in third category that is genotypes having comparatively low TOS. In this class 

genotypes having TOS less than 250 µM/g s. wt. were grouped. Among these 

genotypes having comparatively low TOS, the lowest value was observed in NR-421 

(241.0 µM/g s. wt.). 

Malondialdehyde (MDA) Content 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. For malondialdehyde content (µM/g s. wt.) in wheat 

seeds, significant variation was found among wheat genotypes and it was possible to 

categorize them in low, medium and high classes. Thirteen genotypes were grouped in 

high category for MDA, in which the values ranged from 601 to 679 µM/g s. wt. 

Mean values for MDA are presented as Figure 3.11. Among these genotypes highest 

MDA activity was found in Margalla-99 (679.23 µM/g s. wt.). Twenty eight 

genotypes with MDA activity ranging from 501- 600 µM/g s. wt. were grouped as 

intermediate class. Thirty six genotypes were grouped in third category that is 

genotypes having comparatively low POD activity. In this class genotypes having 

MDA activity less than 500 µM/g s. wt. were grouped. Among these genotypes 

having comparatively low MDA activity, the lowest value was observed in PERWAZ 

(167.23 µM/g s. wt.).  
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Reducing Sugars 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. Twelve genotypes were grouped in high category for 

reducing sugars, in which the values ranged from 9 to 13 mg/g s. wt. Mean values for 

reducing sugars are presented as Figure 3.12. Among these genotypes highest 

reducing sugars was found in Punjab-96 (12.68 mg/g s. wt.). Twenty four genotypes 

with reducing sugars ranging from 5-8.9 mg/g s. wt. were grouped as intermediate 

class. Forty one genotypes were grouped in third category that is genotypes having 

comparatively low reducing sugars. In this class genotypes having reducing sugars 

less than 4.9 mg/g s. wt. were grouped. Among these genotypes having comparatively 

low reducing sugars, the lowest value was observed in MEXI PAK (1.27 mg/g s. wt.). 
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Figure 3-10 Mean values for total oxidant status in seeds of different wheat 

genotypes
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Figure 3-11 Mean values for malondialdehyde content in seeds of different wheat 

genotypes
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Figure 3-12 Mean values for reducing sugars in seeds of different wheat 

genotypes 
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Total Soluble Sugars  

Genotypes were divided in three categories based on comparative values of different 

studied parameters (Table 2). For total soluble sugars in wheat seeds, significant 

variation was found among wheat genotypes and it was possible to categorize them in 

low, medium and high classes. Twenty four genotypes were grouped in high category 

for total soluble sugars, in which the values ranged from 16 to 30 mg/g s. wt.) Mean 

values for total soluble sugars are presented as Figure S13. Among these genotypes 

highest total soluble sugars was found in Saleem-2000 (29.86 mg/g s. wt.). Thirty 

three genotypes with total soluble sugars ranging from 12-15.9 mg/g s. wt. were 

grouped as intermediate class. Twenty genotypes were grouped in third category that 

is genotypes having comparatively low total soluble sugars. In this class genotypes 

having total soluble sugars less than 11.9 mg/g s. wt. were grouped. Among these 

genotypes having comparatively low total soluble sugars, the lowest value was 

observed in Soghat-90 (7.77 mg/g s. wt.). 

Non Reducing Sugars 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. For non-reducing sugars in wheat seeds, significant 

variation was found among wheat genotypes and it was possible to categorize them in 

low, medium and high classes. Twenty three genotypes were grouped in high category 

for non-reducing sugars, in which the values ranged from 11 to 28 mg/g s. wt. Mean 

values for non-reducing sugars are presented as Figure 3.14. Among these genotypes 

highest non reducing sugars was found in Saleem-2000 (27.33 mg/g s. wt.). Thirty 

five genotypes with non-reducing sugars ranging from 6-10.9 mg/g s. wt. were 

grouped as intermediate class. Nineteen genotypes were grouped in third category that 

is genotypes having comparatively low non reducing sugars. In this class, genotypes 

having non reducing sugars less than 5.9 mg/g s. wt. were grouped. Among these 

genotypes having comparatively low non reducing sugars, the lowest value was 

observed in Manthar-2003 (1.31mg/g s. wt.). 
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Figure 3-13 Mean values for total soluble sugars in seeds of different wheat 

genotypes
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Figure 3-14 Mean values for non reducing sugars in seeds of different wheat 

genotypes 
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3.1.5 Differential Protein Estimation 

Total Soluble Protein 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. Eight genotypes were grouped in high category for total 

soluble proteins, in which the values ranged from 401 to 487 mg/g s. wt. Mean values 

for total soluble proteins are presented as Figure 3.15. Among these genotypes highest 

total soluble proteins was found in Punjab-96 (487.33 mg/g s. wt.). Twenty nine 

genotypes with total soluble proteins ranging from 299-400 mg/g s. wt. were grouped 

as intermediate class. Forty genotypes were grouped in third category that is 

genotypes having comparatively low total soluble proteins. In this class, genotypes 

having total soluble proteins less than 298.0 mg/g s. wt. were grouped. Among these 

genotypes having comparatively low total soluble proteins, the lowest value was 

observed in MEXI PAK (68.67 mg/g s. wt.). 

Albumins  

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. Twenty one genotypes were grouped in high category 

for albumins, in which the values ranged from 291 to 353 mg/g s. wt. Mean values for 

albumins are presented as Figure 3.16.  Among these genotypes highest albumins was 

found in TC-4928 (352.89 mg/g s. wt.). Thirty three genotypes with albumins ranging 

from 251-290 mg/g s. wt. were grouped as intermediate class. Twenty three genotypes 

were grouped in third category that is genotypes having comparatively low albumins. 

In this class, genotypes having albumins less than 250 mg/g s. wt. were grouped. 

Among these genotypes having comparatively low albumins, the lowest value was 

observed in Manthar-2003 (199.56 mg/g s. wt.). 

Globulins 

Genotypes were divided in three categories based on comparative values of different 

studied parameters (Table 3.1). Eleven genotypes were grouped in high category for 

globulins, in which the values ranged from 200 to 253 mg/g s. wt. Mean values for 

globulins are presented as Figure 3.17. Among these genotypes highest globulins was 

found in MEXI PAK (252.67mg/g s. wt.). Thirty two genotypes with globulins 

ranging from 162 to 199.9 mg/g s. wt. were grouped as intermediate class. Thirty four 

genotypes were grouped in third category  
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Figure 3-15 Mean values for total soluble protein in seeds of different wheat 

genotypes
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Figure 3-16 Mean values for albumins in seeds of different wheat genotypes
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Figure 3-17 Mean values for globulins in seeds of different wheat genotypes 
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Figure 3-18 Mean values for salt soluble protein in seeds of different wheat 

genotypes 
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that is genotypes having comparatively low globulins. In this class, genotypes having 

globulins less than 161 mg/g s. wt. were grouped. Among these genotypes having 

comparatively low globulins, the lowest value was observed in Nifa Lalma 2012 

(112.44 mg/g s. wt.). 

Salt Soluble Protein 

Genotypes were divided in three categories based on comparative values of different 

studied parameters Table 3.1. Seventeen genotypes were grouped in high category for 

salt soluble proteins, in which the values ranged from 111 to 162 mg/g s. wt. Mean 

values for salt solubleproteins are presented as Figure 3.18. Among these genotypes 

highest salt soluble proteins was found in Faisalabad-2008 (162.44 mg/g s. wt.). Forty 

genotypes with salt soluble proteins ranging from 71-110 mg/g s. wt. were grouped as 

intermediate class. Twenty genotypes were grouped in third category that is genotypes 

having comparatively low salt soluble proteins. In this class, genotypes having salt 

soluble proteins less than 70 mg/g s. wt. were grouped. Among these genotypes 

having comparatively low salt soluble proteins, the lowest value was observed in 

Punjab-90 (61.33 mg/g s. wt.). 

3.1.6 Principal Component Analysis 

Data was subjected to principal component analysis. Out of the 18 principal 

components PC(s), seven viz. PC-1, PC-II, PC-III, PC-IV, PC-V, PC-VI, PC-VII had 

Eigenvalues >1 and contributed for 69.88% of total cumulative variability among 

different genotypes (Table 3.2). The contribution of PC-I towards variability was 

highest (20.35%) followed by PC-II, PC-III, PC-IV, PC-V, PC-VI, PC-VII which 

contributed 11.71% and 10.46%, 8.37%, 6.81%, 6.52% and 5.68% variability 

respectively. The biplot depicted overall association of wheat genotypes for 18 traits 

Figure 3.19. The first two principal components who contributed 32.06% towards 

total variance were plotted on PC-I x axis and PC-II on y-axis to detect the association 

between different clusters. The genotype by trait (G-T) biplot thus described 32.06 % 

of the total variation. In G-T biplot, a vector was drawn from origin to every trait 

which enables the visualization of inter-relationships among characters. 
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Table 3.2 Principal component analysis for different biochemical parameters in wheat genotypes 

  F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 

Eigenvalue 3.66 2.11 1.88 1.51 1.23 1.17 1.02 0.93 0.81 0.76 0.70 0.61 0.52 0.40 0.32 0.27 0.11 

Variability 
(%) 

20.35 11.71 10.46 8.37 6.81 6.52 5.68 5.19 4.48 4.21 3.89 3.39 2.90 2.19 1.78 1.48 0.62 

Cumulative 
% 

20.35 32.06 42.51 50.89 57.69 64.21 69.89 75.07 79.55 83.76 87.64 91.03 93.94 96.12 97.90 99.38 100.00 

Eigenvector: 

variables 
 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 

SOD 0.158 -0.193 0.116 -0.284 -0.353 0.277 -0.274 -0.066 0.153 0.444 -0.367 -0.275 0.136 -0.289 -0.166 -0.002 0.053 

CAT -0.407 -0.228 0.054 0.026 0.022 -0.196 -0.065 -0.046 0.154 0.106 -0.131 0.063 0.008 0.289 -0.185 0.701 0.263 

APX -0.053 -0.198 0.414 0.375 0.185 0.178 -0.235 -0.074 -0.215 0.129 0.047 -0.351 -0.027 0.100 0.557 0.075 -0.067 

POD 0.242 -0.235 0.186 -0.191 0.092 0.166 0.278 0.087 0.460 -0.293 -0.334 -0.032 0.055 0.486 0.147 -0.108 -0.103 

TPC 0.379 0.022 -0.069 0.011 0.239 0.141 -0.227 -0.045 0.111 -0.057 0.100 0.395 0.488 -0.204 0.130 0.418 -0.259 

AsA 0.455 0.132 0.023 0.057 -0.204 0.039 -0.165 0.018 0.032 -0.133 0.142 0.086 -0.104 0.098 0.171 0.053 0.776 

ESTR 0.032 -0.107 0.234 -0.286 0.058 -0.409 -0.206 0.566 0.264 -0.101 0.338 -0.237 -0.074 -0.228 0.051 0.054 -0.067 

PROT 0.255 -0.082 0.126 -0.111 0.064 -0.015 0.625 -0.169 -0.210 0.056 0.305 -0.410 0.257 -0.082 -0.170 0.238 0.097 

AA -0.146 0.290 -0.173 -0.105 -0.150 0.398 -0.052 -0.217 0.449 0.081 0.505 -0.193 -0.211 0.156 0.073 0.143 -0.165 

TOS 0.183 0.036 0.337 0.213 -0.174 -0.069 0.364 0.139 0.152 0.507 0.046 0.437 -0.336 -0.067 0.068 0.074 -0.139 
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SOD= superoxide dismutase; CAT= catalase; APX= ascorbate peroxidase; POD= peroxidase; TPC= total phenolic content;AsA= ascorbic acid;ESTR= esterase; PROT= protease; AA=Alpha amylase; TOS= total 

oxidant status; MDA= Malondialdehyde; RS= reducing sugars; TSS= total soluble sugars; NRS= non reducing sugars; TSP= total soluble protein;ALB= albumin; GLOB= globulin; SSP= salt  soluble protein 

 

 

MDA -0.131 0.251 -0.327 -0.347 0.044 0.003 0.165 0.361 -0.176 0.397 -0.109 -0.011 0.229 0.199 0.478 0.045 0.101 

RS -0.121 -0.304 -0.169 0.420 -0.322 0.187 0.062 0.377 0.078 0.017 0.226 0.018 0.377 0.096 -0.109 -0.144 0.036 

TSS  -0.296 0.257 0.410 0.046 -0.101 0.256 0.044 0.198 0.009 -0.102 0.063 0.116 0.348 -0.009 -0.134 -0.096 0.121 

NRS -0.191 0.405 0.462 -0.205 0.099 0.117 0.003 -0.046 -0.038 -0.100 -0.077 0.092 0.087 -0.064 -0.055 -0.001 0.086 

TSP -0.331 -0.274 -0.062 -0.049 0.125 -0.042 0.236 -0.282 0.357 -0.032 0.035 0.148 0.099 -0.483 0.372 -0.184 0.300 

ALB 0.028 -0.047 -0.127 0.100 0.662 0.432 0.027 0.318 0.067 0.161 -0.038 -0.046 -0.244 -0.130 -0.289 -0.015 0.224 

GLOB -0.101 -0.299 -0.012 -0.289 -0.265 0.413 0.113 0.184 -0.369 -0.348 0.021 0.185 -0.322 -0.188 0.141 0.270 -0.077 

SSP -0.016 -0.378 0.149 -0.389 0.155 0.021 -0.195 -0.187 -0.189 0.254 0.404 0.316 0.061 0.332 -0.126 -0.299 0.057 
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Figure 3-19 Bi-plot of wheat genotypes for first two principal components
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3.1.7 Patterns of Correlations/Associations among Traits 

Analysis of variance showed substantial genotypic mean square values for entire traits 

presenting worth of genetic divergence Table 3.3 to be utilized for wheat 

improvement. Simple values of correlation coefficient revealed remarkable 

associations to plan breeding approach Table 3.4. 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 displayed highly significant 

and positive correlation with SOD, TPC, protease and AsA but showed highly 

significant negative correlation 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 did not 

reveal any significant correlation with all 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 total soluble proteins and AsA. 

3.1.8 Cluster Analysis 

Clustering of genotypes based on studied traits is presented in Figure 3.20. Cluster 

analysis grouped 77 wheat genotypes into 4 clusters as shown in Table 3.5. Cluster-I 

comprised of 46 genotypes followed by 21, 3 and 7 genotypes respectively in cluster-

II, III and 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 
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cluster-IV possessed larger CAT and APX, MDA, alpha amylase, RS, NRS, TSS, 

SSP and TSP. Mean values of different biochemical traits of wheat genotypes in 

cluster analysis have been presented in Table 3.6. 

Pairwise Mahalanobis distances (D2 statistics) are presented in Table 3.7. 

Genotypes of cluster-IV elucidated maximum diversity against genotypes of cluster-

III. However, minimum differences were observed between cluster-II and cluster-III 

due to least value of genetic divergence.  
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Figure 3-20 Tree diagram based on eighteen traits for different wheat genotypes   
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Table 3.3 Analysis of variance for different biochemical parameters in wheat genotypes 

Significant at 0.0001% level of probability 
CAT= catalase; POD= peroxidase; APX= ascorbate peroxidase; SOD= superoxide dismutase; ESTR.= esterase; TOS= total phenolic content; PROT.= protease; AsA= ascorbic acid; NRS= non reducing sugras; RS= 

reducing sugars; TSS= total soluble sugars; ALB.= albumin; GLOB.= globulin; SSP= salt  soluble prot ein; TSP= total soluble prote

 

CAT POD APX MDA Alpha 

amylase 

SOD ESTR. TOS TPC PROT. AsA NRS RS TSS ALB. GLOB. SSSP TTSP 

R² 0.825 0.904 0.886 0.941 0.980 0.942 0.927 0.960 0.964 0.985 0.989 0.924 0.919 0.918 0.853 0.939 0.950 0.973 

F 9.555 19.167 15.679 32.258 101.802 33.096 25.770 48.254 53.508 129.629 183.781 24.566 22.897 22.574 11.792 30.913 38.621 71.818 

Pr 

> 

F 

< 

0.0001 

< 

0.0001 

< 

0.0001 

< 

0.0001 

< 

0.0001 

< 

0.0001 

< 

0.0001 
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0.0001 
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0.0001 
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0.0001 
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0.0001 
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0.0001 
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0.0001 
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0.0001 
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Table 3.4 Correlation matrix among different biochemical parameters in wheat genotypes 

CAT= catalase; POD= peroxidase; APX= ascorbate peroxidase; SOD= superoxide dismutase; ESTR.= esterase; TOS= total phenolic content; PROT.= protease; AsA= ascorbic acid; NRS= non-reducing sugras; RS= 

reducing sugars; TSS= total soluble sugars; ALB.= albumin; GLOB.= globulin; SSP= salt  soluble protein; TSP= total soluble proteins 

Variables  CAT POD APX MDA AA SOD ESTR. TOS TPC PROT. AsA NRS RS TSS ALB. GLOB. SSP TSP 

CAT 1                  

POD -0.208 1                 

APX 0.170 0.002 1                

MDA 0.028 -0.236 -0.425 1               

AA 0.018 -0.216 -0.196 0.218 1              

SOD -0.138 0.278 0.049 -0.076 -0.026 1             

ESTR. 0.064 0.162 0.007 -0.020 -0.184 0.070 1            

TOS -0.198 0.186 0.131 -0.200 -0.176 0.099 0.051 1           

TPC -0.535 0.279 -0.076 -0.153 -0.144 0.151 -0.018 0.098 1          

PROT.  -0.378 0.333 0.000 -0.105 -0.174 0.078 0.022 0.260 0.201 1         
AsA -0.725 0.287 -0.093 -0.250 -0.066 0.221 0.051 0.317 0.616 0.256 1        

NRS 0.104 -0.108 0.121 0.099 0.203 -0.106 0.072 0.056 -0.221 -0.109 -0.220 1       

RS 0.238 -0.088 0.148 -0.086 -0.003 -0.027 -0.088 0.003 -0.153 -0.144 -0.171 -0.479 1      

TTS 0.275 -0.180 0.235 0.054 0.228 -0.138 0.023 0.066 -0.351 -0.218 -0.362 0.814 0.121 1     

ALB. -0.097 0.118 0.142 0.097 0.030 -0.115 -0.069 -0.065 0.214 -0.014 -0.118 -0.091 0.028 -0.084 1    

GLOB. 0.113 0.122 -0.023 0.033 -0.011 0.181 -0.006 -0.159 -0.201 -0.005 -0.155 -0.054 0.216 0.082 -0.002 1   

SSP 0.187 0.128 0.143 -0.086 -0.128 0.228 0.211 -0.059 0.063 0.103 -0.137 -0.053 -0.080 -0.113 0.008 0.283 1  

TSP 0.568 0.056 0.029 -0.003 0.117 -0.146 -0.047 -0.202 -0.356 -0.153 -0.668 -0.009 0.195 0.119 0.001 0.175 0.193 1 
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Table 3.5 Distribution of wheat genotypes in different clusters 

 

 

 

 

 

Cluster Genotypes  

I PAVON, PERWAZ, MEXI PAK,  AS-2002, Manthar-2003, Fareed-2006 ,Inqulab-

91,  Dharabi 2011, Faisalabad-2008, Punjab-2011, Galaxy-2013, Ujala-16, Fakhar-

e- Sarhad, Takbeer-2000, Nifa Lalma 2012, Sindh-81, Soghat-90, Kiran-95, 

Bhittai-2004, Barani-83, Sassui-2006, Nia Amber, Nia Sunhari, Nia Sundar, 

Benazir-12, NARC-2011, Watan-94, Marvi, Abadghar-93, C-228, C-591, 2006, 

2005, 2156, Kohistan, 9021, TC-4928, 9244, Suleman NR-234, NR-421, Nesser , 

Raskoh-2005, SA-75 

II LU-26, Bhakkar-2000, SH-2002, Shafaq-2006, Mairaj-2008, Lasani-2008, Sehar-

2006, Chakwal-50, BARS-2009, Millat-2011, Bakhtawar-1993, Tatara 1996, 

Jauhar-78, Sarsabz, Khirman2006, 6544-6, Margalla-99, Sitta, Zardana, Mehran-

89, Saleem-2000 

III IQBAL-2000, UFAQ 2002, AARI-2011 

IV Punjab-90, Pasban-90, Nifa- Bathoor, Punjab-96, S-24, Pari-73, WL-711 
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Table 3.6 Mean values of different biochemical traits of wheat genotypes in cluster analysis  

Cluster CAT POD APX MDA alpha 

amylase 

SOD Estr.  TOS TPC Prot. AsA NRS RS TSS Alb. Glob. SSP TSP 

   1 121.01 6956.80 498.26 520.62 214.35 166.73 574.76 297.89 16180.07 7273.26 669.08 8.80 5.54 14.34 272.68 165.27 90.46 291.49 

   2 129.21 15763.06 476.19 480.57 230.65 182.78 615.88 310.31 13040.48 7692.86 678.09 10.33 5.03 15.35 259.38 170.22 94.02 308.46 

   3 144.44 39597.40 631.11 452.82 139.29 191.01 595.26 330.50 16438.89 8533.33 672.17 6.45 6.82 13.27 297.78 191.78 92.82 316.15 

   4 413.33 3161.91 668.57 529.99 240.72 146.69 547.32 258.27 2216.67 5904.29 479.43 12.28 7.33 19.61 279.08 180.73 99.16 459.75 

 

 

Table 3.7 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 



                                                                                         3 Results 

 

 

 
98 

3.2 Study 02: Estimation of Genetic Divergence in Wheat 

Genotypes Based on Agro-Morphological Traits  

3.2.1 Patterns of Correlations Among Traits 

Analysis of variance (ANOVA) indicated significant differences for all of the 

measured  traits of 77 wheat genotypes and these findings could be the result of 

enormous diversity among genotypes to be manipulated for wheat quantitative traits 

improvement Table 3.8. Simple correlation coefficient values revealed significant 

associations to design any breeding strategy Table 3.9. Plant height revealed 

significant positive correlation with spike length and spikelet‘s per spike and no 

relationship with yield. Spike length displayed highly significant and positive 

correlation with spikelet‘s per spike and grains per spike. Spikelet‘s per spike showed 

significant positive association with plant height and highly significant positive 

relationship with spike length and grains per spike. 100-grain weight showed 

insignificant correlation with all traits in current study. Yield (kg per hectare) had 

significantly positive correlation with Grains per spike. 

Table 3.8 Analysis of variance for diverse traits in wheat genotypes 

          Significant at 0.0001% level of probabilityPH=Plant Height, SL=Spike Length, SPS= Spikelet   Per Spike,  
GPS= Grain Per Spike, GW=Grain Weight, GY= Grain Yield 

 

Table 3.9 Correlation matrix amongst diverse agro-morphological 

parameters in   wheat genotypes  

     PH=Plant Height, SL=Spike Length, SPS= Spikelet   Per Spike, GPS= Grain Per Spike, GW=Grain Weight, GY= Grain Yield

 PH SL SPS GPS 100 GW GY 

R² 1.000 0.986 0.903 0.895 0.667 0.971 

F 2602.052 71.333 9.483 8.638 2.025 34.470 

Pr > F < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.001 < 0.0001 

Variables PH SL SPS GPS 100 GW GY 

PH 1      
SL 0.303 1     
SPS 0.390 0.741 1    
GPS 0.155 0.745 0.706 1   
100-GW 0.020 0.048 0.045 -0.101 1  
GY 0.016 0.221 0.187 0.236 0.105 1 
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3.2.2 Principal Component Analysis 

Out of 6 principal components (PCs), two i.e. PC-1, PC-II possessed Eigen values 

greater than one and contributed for 62.83% of entire accumulative variability 

amongst diverse genotypes Table 3.10. The contribution of PC-I towards variability 

was highest (44.82%) followed by PC-II which contributed 18.01% variability 

correspondingly. The PC-I revealed positive factor loadings for all characterisics 

which are exclusively related to yield and yield related components. PC-II indicated 

positive factor loading for 100-grain weight and grain yield (kg per hectare) while 

negative factor loading for plant height, spike length, spikelet per spike and grains per 

spike. 

Table 3.10 Principal component analysis for different agro-morphological      

           parameters in wheat genotypes  

 

The first two principal components which accounts for 62.83% towards overall 

variance were plotted on PC-I (x-axis) and PC-II (y-axis) to identify the relationship 

between diverse clusters Figure 3.21. It can be seen that 100- grain weight was 

significantly positive correlated with yield (kg per hectare) while plant height was 

significant positively correlated with spike length, spikelet‘s per spike, grains per 

spike. 

  F1 F2 F3 F4 F5 F6 

Eigenvalue 2.689 1.081 0.986 0.767 0.253 0.223 

Variability (%) 44.816 18.014 16.435 12.791 4.219 3.725 
Cumulative % 44.816 62.830 79.265 92.056 96.275 100.000 

 

Eigen vector: 

Variables 

  F1 F2 F3 F4 F5 F6 

PH 0.276 -0.151 0.706 0.588 -0.146 0.186 

SL 0.550 -0.008 -0.023 -0.194 -0.575 -0.573 

SPS 0.549 -0.044 0.097 -0.116 0.788 -0.229 

GPS 0.526 -0.114 -0.268 -0.228 -0.155 0.750 

100 GW 0.015 0.805 0.434 -0.376 -0.032 0.146 

GY 0.210 0.561 -0.480 0.639 0.029 -0.033 
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Figure 3-21 Bi-plot of wheat genotypes for first two principal components 
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3.2.3 Cluster Analysis 

Grouping of genotypes on the basis of examined characteristics is presented in Figure 

3.22. Cluster analysis assembled 77 genotypes of wheat into 5 clusters as shown in 

Table 3.11. Cluster-I comprised of 49 genotypes superseded by 18 and 8 genotypes 

respectively in cluster-II and cluster-V. However, MEXI PAK and Iqbal-2000 was 

capered as it falls in cluster-III and IV. Genotypes in cluster-I has high yield (kg per 

hectare). Similarly, cluster-II comprised of genotypes with greater 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-22 Dendrogram on the basis of six traits for diverse genotypes 
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Table 3.11 Distribution of wheat genotypes in different clusters  

Cluster Genotypes 

I PAVON, AUQAB-2000, UFAQ 2002, GA-2002, Bhakkar-2000, AS-2002, 

Manthar-2003, Fareed -2006, Shafaq-2006, Mairaj -2008, Lasani-2008, Inqulab-91, 

BARS-2009, Dharabi 2011, AARI-2011, Millat -2011, Punjab-2011, Galaxy-2013, 

Ujala-16, Bakhtawar-1993, Tatara 1996, Fakhar-e- Sarhad, Takbeer-2000, Sindh-

81, Sarsabz, Soghat-90, Kiran- 95, Bhittai-2004, Barani-83, Sassui-2006, Nia 

Sunhari, Nia Sundar, Benazir-12, NARC-2011,Watan-94, 2006, 9021, TC-4928, 

6544-6, 9244, NR-421, Sitta, Zardana, Raskoh-2005, Saleem-2000, Punjab-90, SA-

75, S-24, Pari-73 

II PERWAZ, LU-26, SH-2002, Chakwal-50, Faisalabad-2008, Nifa Lalma 

2012,Jauhar-78, Khirman2006, Marvi, C-228, Kohistan, NR-234, Margalla-99, 

Nesser, Mehran-89, Nifa- Bathoor, Punjab-96, WL-711 

III MEXI PAK 

IV IQBAL-2000 

V Sehar-2006, Nia Amber, Abadghar-93, C-591, 2005, 2156, Suleman, Pasban-90 

 

plant height and can be utilized for the improvement above mentioned trait. Cluster-

III comprised of merely one genotype (MEXI PAK) which varies significantly from 

other wheat genotypes as it showed least significance for almost all the traits while the 

only genotype in cluster-IV (Iqbal-2000) possessed higher plants with greater of spike 

length, spikelet‘s per spike and grains per spike. These genotypes may be employed 

as parents in breeding programs to evolve high yielding varieties of wheat. Mean 

values for various biochemical traits of wheat genotypes in cluster analysis have been 

presented in Table 3.12. 

Table 3.12 Mean values of different agro- morphological traits of wheat 

genotypes in cluster analysis  

Cluster PH SL SPS GPS 100 GW GY 

I 93.847 11.540 20.837 51.931 3.958 2693.000 

II 108.870 11.731 21.422 52.833 3.841 2119.024 

III 95.717 12.760 22.500 58.700 3.820 1332.162 

IV 104.467 12.860 23.000 62.800 3.533 1136.216 

V 98.906 10.646 19.488 45.113 4.045 1435.946 

PH=plant height; SL= spike length; SPS= spikelet‘sper spike; GPS= grains per spike; 100 GW= 100 grain 
                 weight; GY= grain yield 
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Pairwise Mahalanobis distances (D2 statistics) [181] are presented in Table 

3.13. Genotypes belonging to cluster-II revealed maximum variability against cluster-

IV genotypes. Though, least differences had been observed amid cluster-III and 

cluster-V due to minimum value of genetic divergence. 

Table 3.13 D2 statistics amongst diverse clusters 

 

3.3 Study 03: Assessment of Genetic Divergence in Wheat 

Germplasm based on Seed Kernel Characteristics and 

Nutritional Quality Traits 

3.3.1 Single Kernel Characteristics 

Kernel Weight 

Genotypes were divided in three groups based on comparative values of different 

studied parameters Table. 3.14. For kernel weight, measured by single kernel 

characterization system, significant variation was found among wheat genotypes and 

this made it possible to classify them in low, medium and high classes. Eighteen 

genotypes were grouped in high category for kernel weight, in which the values 

ranged from 33 mg to 42 mg. Among these genotypes highest kernel weight was 

found in TC-4928 (41.6±9.5mg). Forty one genotypes with kernel weight ranging 

from 30-32.9% were grouped as intermediate class. Eighteen genotypes were grouped 

in third category that is of comparatively low kernel weight. In this class genotypes 

having kernel weight less than 29.9 mg were grouped. Among these genotypes having 

comparatively low kernel weight, the lowest value was observed in GA2002 

(23.6±9.1mg). 

 

  Cluster I Cluster II ClusterIII Cluster IV Cluster V 

Cluster I 0     

Cluster II 574.174 0    

Cluster III 1360.858 786.995 0   

Cluster IV 1556.860 982.870 196.185 0  

Cluster V 1257.084 683.198 104.783 300.332 0 
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Kernel Diameter 

For kernel diameter, measured by single kernel characterization system, a low level of 

variation was found among wheat genotypes Table 3.14 as values ranged from 

2.59mm to 2.91mm. Among these genotypes highest kernel diameter was found in 

Sassui (2.91±0.32 mm) while the lowest value was observed in S-24 (2.59±0.34 mm) 

Kernel Moisture 

For kernel moisture, a little variation was found among wheat genotypes Table 3.14 

and values ranged from 10.6% to11.7%. Among tested genotypes, highest kernel 

moisture was found in AUQAB 2000 (11.7±0.4%), Mairaj 2000 (11.7±0.4%) and 

Barani-83 (11.7±0.3%) while the lowest value was observed in Pasban-90 

(10.6±0.3%). 

Hardness Index 

For hardness index, considerable variation was found among wheat genotypes and 

this made it possible to classify them in low, medium and high classes Table 3.14. 

Thirty two genotypes were grouped in high category for hardness index, in which the 

values ranged from 80% to 91%. Among these genotypes hardness index was found 

highest in Punjab 2011 (91±39%). Thirty seven genotypes with hardness index 

ranging from 70-79% were grouped as intermediate class. Eight genotypes were 

grouped in third category that is of comparatively low hardness index. In this class 

genotypes having hardness index less than 69% were grouped. Among these 

genotypes having comparatively low kernel hardness, the lowest value was observed 

in Nifa-Bathoor (47±17%). 

3.3.2 Grain Nutritional Profile 

Protein Content 

For protein content in wheat seeds measured by near infrared spectroscopy using 

Omeg Analyzer, no significant variation was found among wheat genotypes Table 

3.14 however, values ranged from 11.9% to 16.5%. Among these genotypes highest 

protein content was found in genotypes GA2002 (16.5%) and Marvi (16.5%) but the 

lowest value was observed in Inqulab-91 (11.9%). 
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Moisture Content 

Moisture content was found to be same, in all genotypes Table 3.14. Moisture content 

ranged from 10% to 11% with highest in advance line 9244 (11%) and lowest in 

genotype Bhittai2004 (10%). 

Starch Content 

Starch content varied significantly among wheat genotypes Table 3.14 and this made 

it possible to classify them in low, medium and high classes. Eighteen genotypes were 

grouped in high category for starch content, in which the values ranged from 52 to 

54.1%. Among these genotypes highest starch content was found in AARI 2011 

(54.1%). Thirty six genotypes with starch content ranging from 51-51.9% were 

grouped as intermediate class. Twenty three genotypes were grouped in third category 

that is of comparatively low starch content. In this class genotypes having starch 

content less than 50.9 % were grouped. Among these genotypes having comparatively 

low starch content, the lowest value was observed in TC-4928 (48.4%). 

Gluten Content 

Gluten content in wheat seeds was found variable among wheat genotypes Table 3.14 

and this made it possible to classify them in low, medium and high classes. Fifteen 

genotypes were grouped in high category for gluten content, in which the values 

ranged from 36 to 45%. Among these genotypes highest gluten content was found in 

advance line 2006 (44%). Forty eight genotypes with gluten content ranging from 30-

35.9% were grouped as intermediate class. Fourteen genotypes were grouped in third 

category that is of comparatively low gluten content. In this class genotypes having 

gluten content less than 29 % were grouped. Among these genotypes having 

comparatively low gluten content, the lowest value was observed in AARI2011 

(24%). 

Zeleny Sedimentation Rate 

For Zeleny sedimentation rate in wheat seeds significant variation was observed 

among wheat genotypes and this made it possible to classify them in low, medium 

and high classes Table 3.14. Fifteen genotypes were grouped in high category for 

zeleny sedimentation rate, in which the values ranged from 80 to 86%. Among these 

genotypes highest zeleny sedimentation rate was found in advance line 2006 (86%). 

Forty genotypes with zeleny sedimentation rate ranging from 70-79% were grouped 
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as intermediate class. Twenty two genotypes were grouped in third category that is of 

comparatively low zeleny sedimentation rate. In this class genotypes having zeleny 

sedimentation rate less than 69% were grouped. Among these genotypes having 

comparatively low zeleny sedimentation rate, the lowest value was observed in 9021 

(58%).
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Table 3.14  Scale for categorization of wheat genotypes in low, medium and high value for different quality parameters 

Single Kernel Characteristics 

Traits Low Genotypes Medium Genotypes High Genotypes 

Kernel weight (mg) 29.9 GA2002, S-24, 

Raskoh-2005,  
C-591, 2006, 
Punjab-90, 

Khirman2006, 
Kohistan, C-228, 

Sarsabz, Pasban-
90, AARI2011, 
Saleem 2000, 

Nia amber, millat 
2011, Soghat90, 

Marvi, Nia 
sundar 

30-32.9 Manthar 2003, SA-

75, Bhakkar2000, 
Punjab-96, Mairaj 
2000, Sindh-81, 

Sassui,Takbeer2000, 
Jauhar-78, 

Bakhtawar1993, 
Sitta, Nesser, 
Mehran-81, 

Bhittai2004, 
PARWAZ, SH-2002, 

Nia sunhari, Fareed 
2006 , Fakhare 
sarhad, Abadghar, 

NR-234, 2005, MEXI 
PAK, Margalla-99, 

WL-711, Pari-73, 
PAVON, BARS-
2009, Punjab2011, 

IQBAL2000, 9021, 
2156, Nifa- Bathoor, 

Sehar2006, 6544-6, 
Suleman, NR-421, 
Zardana, 

AUQAB2000, 
Tatara, Dharabi 2011 

33-42 NARC400, 9244, AS-2002, 

Faisalabad2008, Galaxy 2013, 
Shafaq2006,UFAQ2002, Chakwal-50, 
Benazir-12, Lasani2008, Barani-83, 

Kiran 95, Inqulab91, Niea lalma 2013, 
Watan-94,V-8203, LU-26, TC-4928 
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Kernel diameter (mm) NA  NA  NA NA 
Kernel moisture (%) NA  NA  NA NA 
Hardness index (%) 69 Nifa- Bathoor, 

GA2002, 
Benazir-12, Niea 

lalma, 2013, LU-
26, Takbeer2000, 
TC-4928, 2156 

70-79 Inqulab91, 

Bhittai2004, 
Kiran95,9244,Pu

njab-96, Galaxy 
2013,BARS200, 
Faisalabad2008, 

Sindh-81, 
Watan-94, 

Margalla-99, 
Sitta, 
AUQAB2000, 

Lasani2008, 
Sehar2006, 

AARI2011, 
V-8203, Barani-
83, 9021, 6544-6, 

SH-2002, Mairaj 
2000, Chakwal-

50, Nia sunhari, 
Marvi, Kohistan, 
millat 2011, 

PAVON, 
UFAQ2002, AS-

2002, Nesser, 
WL-711, 
Abadghar,, 2005, 

NR-234, Pari-73 

80-91 Bhakkar2000, Fareed 2006, Jauhar-78, 

Sarsabz, Sassui, Nia sundar, Suleman, 
NARC400, Pasban-90, Nia amber, C-

228, Shafaq2006 , Bakhtawar1993, 
2006, MEXI PAK, IQBAL2000, Tatara, 
Khirman2006, NR-421, Manthar 2003, 

Dharabi 2011, Fakhare sarhad, 
Soghat90, C-591, Raskoh-2005, 

Mehran-81, SA-75, PARWAZ, Punjab-
90, S-24, Saleem 2000, Punjab2011 

  



                                                                                         3 Results 

 

 
 

109 

                                                                       Grain Nutritional Profile 
Traits Low  Medium  High  

   Protein content (%) NA  NA  NA                  NA 

Moisture content (%) NA  NA  NA            NA 
   Starch content (%) 50.9 TC-4928, 

PARWAZ, 
Tatara, 
Dharabi 2011, 

2006, Fakhare 
sarhad, 

Soghat90, 
millat 2011, 
Jauhar-78, 

NARC400, 
Niea lalma 

2013, 
Marvi, AS-
2002, 

Punjab2011, 
Sarsabz, C-

228, Mehran-
81, 
Sassui, 

Bhittai2004, 
GA2002, 

Raskoh-2005, 
Mairaj 2000, 
Sehar2006, 

 

51-51.9 MEXI PAK, Pasban-90, 

Punjab-96, Lasani2008 , 
V-
8203,Bakhtawar1993,Sul

eman, Punjab90, 
PAVON,UFAQ2002,NR

-234, Pari-73, 
IQBAL2000, 
Faisalabad2008, 

Khirman2006,Nia 
amber,Nia sunhari, 

Abadghar,Sitta, SA-75,S-
24, Inqulab91,Watan-
94,6544-6, NR-421, 

Fareed 2006 , 
C591,Bhakkar 

2000, Shafaq2006,Nia 
sundar, 
Kohistan,Zardana,AUQA

B2000, Chakwal-50,SH-
2002, Margalla-99,  

52-54.1 BARS-2009, Galaxy 2013, 

Takbeer2000, Manthar 2003, 
Sindh-81, 2005,Nesser,Nifa- 
Bathoor, Kiran 95, Saleem 2000, 

WL-711,9244,LU-26,2156, 
902,Benazir-12, Barani-83, 

AARI2011 
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Gluten content (%) 29 AARI2011, 
Barani-

83,Galaxy 

2013, Benazir-
12,Sindh 

81,9021,9244,
NR-

234,Nesser,A

UQAB2000 
Kiran 95,Nia 

sundar,Watan-
94, Zardana 

30-35.9 LU-26, Takbeer2000, 
Marvi,WL-
711,PAVON, 

Bhakkar2000,Manthar 
2003, Faisalabad2008 

2156,Saleem 2000, 
SH-2002, Sehar2006, 
Bakhtawar1993,Jauhar

-78, 
Khirman2006,NARC4

00,2005,Suleman, 
Raskoh-2005,Nifa- 
Bathoor,IQBAL2000,S

hafaq2006, 
Lasani2008, 

millat2011,Punjab2011
,Sassui, Nia 
amber,Margalla-99, 

SA-75, S-24,MEXI 
PAK,UFAQ2002,Faree

d 2006, BARS-
2009,V-8203,Nia 
sunhari, C-

591,Kohistan, Sitta, 
Punjab-96, Chakwal-

50, Niea 
lalma2013,Sarsaz,Bhitt
ai2004, 

Abadghar,NR-421, 
Mehran-81,Pari-73 

36-45 Fakhare sarhad, 
6544-6, C-228, Punjab-90, 

Pasban-90, Soghat90, TC-4928, 

PARWAZ, Tatara, 2006 
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Zeleny (%) 69 9021, 9244, 
2156, 
AARI2011, 

Nia 
sundar,Barani-

83, 2005, 
Saleem 2000, 
Bhakkar2000, 

Manthar 2003, 
IQBAL2000, 

Shafaq2006, 
WL-711, 
PAVON, S-

24,LU-26, 
AUQAB2000, 

Chakwal-50, 
Galaxy 2013, 
Benazir-12, 

SA-75, Nifa- 
Bathoor 

70-79 Sehar2006, Sarsabz, 
Nesser, Sassui, Kohistan, 
NR-234, Zardana, 

Punjab-96, UFAQ2002, 
SH-2002, Fareed 2006 , 

Khirman2006, Margalla-
99 
BARS-2009, 

Faisalabad2008, 
Bakhtawar1993, Watan-

94, 
Abadghar, C-591, 
GA2002, Mairaj 

2000,millat 2011, 
Fakhare sarhad, 

Takbeer2000, Marvi, AS-
2002, Kiran 95, 
Bhittai2004, Suleman, 

Lasani2008 , 
Punjab2011, 

V-8203, Niea lalma 
2013,Jauhar-78, Sindh-
81,Nia amber, Nia 

sunhari 
C-228, Pari-73, Dharabi 

2011 

80-86 MEXI PAK, Inqulab91,  6544-6, 
Sitta,Raskoh-2005, Punjab-90, 
Soghat90, NARC400, NR-421, 

Mehran-81, Pasban-90, TC-4928, 
PARWAZ, Tatara 2006 
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3.3.3 Patterns of Correlations/Associations among Traits 

Simple correlation coefficient values revealed significant relationships which makes course of selection more effective to plan breeding strategy 

Table 3.15. 

Table 3.15 Correlation matrix among different quality parameters in wheat genotypes 

 

 

 

 

 

 

 

 

 

Variables Protein 

content 

(%) 

Moisture 

content 

(%) 

Starch 

content 

(%) 

Gluten 

content 

(%) 

Zeleny 

 

     (%) 

Hardness 

Index 

(%) 

Kernel 

weight 

(mg) 

Kernel 

moisture 

(%) 

Kernel 

diameter 

(mm) 

Protein content (%) 1         

Moisture content (%) -0.326 1        
Starch content (%) -0.541  0.257 1       

Gluten content (%) 0.453 -0.231 -0.743 1      
Zeleny (%) 0.400 -0.403 -0.727 0.697 1     
Hardness Index (%) 0.064 -0.177 -0.299 0.241 0.162 1    

Kernel Weight (mg) -0.112  0.229  0.044 -0.120 0.006 -0.276 1   
Kernel Moisture (%) -0.192  0.365  0.108 -0.085 -0.279 -0.143 0.214 1  

Kernel diameter (mm) 0.085  0.026 -0.101   0.005  0.145 -0.160 0.769 0.084 1 
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Protein content revealed significant positive correlation with gluten content and 

zeleny sedimentation rate. However, it has significant negative correlation with 

moisture and starch content. Moisture content showed significant positive correlation 

with starch content, kernel weight and kernel moisture whereas it showed significant 

negative correlation with protein, gluten and zeleny sedimentation rate. Significantly 

positive correlation was revealed by starch content with moisture content. However, it 

had significantly negative association with protein content, gluten content, zeleny 

sedimentation rate and hardness index. Gluten content showed significant positive 

association with protein content, zeleny sedimentation rate and hardness index while 

showed negative association with moisture and starch content. Zeleny sedimentation 

rate had significant positive correlation with protein and gluten content while it had 

negative correlation with moisture, starch and kernel moisture. Hardness index had 

significant positive association with gluten content whereas it had negative 

association with starch content and kernel weight. Kernel weight showed positive 

correlation with moisture content and kernel diameter however, it had negative 

correlation with hardness index.  Kernel moisture showed significant association with 

moisture content and negative association with zeleny sedimentation rate. Kernel 

diameter had significant positive association with kernel weight. 

3.3.4 Cluster Analysis 

Single kernel Characteristics 

Genotypes clustering on the basis of studied traits is shown in Figure 3.23. Cluster 

analysis assembled 77 genotypes of wheat into five clusters as shown in Table 3.16. 

Cluster-I encompassed 48 genotypes superseded by 4 and 23 genotypes 

correspondingly in cluster-II and cluster-III. 

GA-2002 and Nifa-bathoor has been eluded because it plunges in cluster-IV 

and cluster-V Table 3.17. Although, cluster analysis assembled genotypes together 

with larger phenotypic similarity, the groups had not necessarily included all the 

genotypes from identical origin. 

Cluster-I comprised of genotypes with large hardness index. Cluster-II 

comprised of genotypes with higher kernel weight and kernel diameter however, the  
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cluster-V genotypes possessed greater kernel moisture. Pairwise Mahalanobis 

distances (D2 statistics) are given in Table 3.18. Cluster-V genotypes revealed 

maximal divergence against cluster- IV genotypes whereas, least variances were 

detected between cluster-II as well as cluster-III due to minimum amount of genetic 

divergence
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Figure 3-23 Tree diagram based on four traits regarding  

  single kernel characteristics for different wheat genotypes  
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Table 3.16 Distribution of wheat genotypes regarding single kernel 

characteristics in different clusters 

Cluster Genotypes 

I PAVON, PARWAZ, MEXI PAK, IQBAL2000, Bhakkar2000 , SH-2002, Manthar 

2003, Fareed 2006, Shafaq2006, Mairaj 2000, Dharabi 2011, AARI2011millat 

2011, Punjab2011, Bakhtawar1993, Tatara, Fakhare sarhad, Jauhar-78, Sindh-81, 

Sarsabz, Soghat90, Sassui, Khirman2006, Nia amber, Nia sunhari, Nia sundar, 

NARC400, Marvi, Abadghar, C-228, C-591, 2006, 2005, Kohistan, Suleman, NR-

234, NR-421, Sitta, Nesser, Raskoh-2005, Mehran-81, Saleem 2000, Punjab-90, 

SA-75, Pasban-90, S-24, Pari-73, WL-711 

II LU-26, Niea lalma 2013, Benazir-12, TC-4928 

III AUQAB2000, UFAQ2002, AS-2002, Lasani2008, Inqulab91, Sehar2006, 

Chakwal-50, BARS-2009, Faisalabad2008 

Galaxy 2013, V-8203, Takbeer2000, Kiran 95, Bhittai2004, Barani-83, Watan-94, 

2156, 9021, 6544-6, 9244, Margalla-99, Zardana, Punjab-96 

IV GA2002 

V Nifa- Bathoor 

 

Table 3.17 Mean values of different quality traits regarding single kernel      

          characteristics of wheat genotypes in cluster analysis 

 

Table 3.18 D2 statistics among different clusters regarding grain 

nutritional profile 

  Cluster I Cluster II Cluster III Cluster IV Cluster V 

Cluster I 0     

Cluster II 19.676 0    

Cluster III 9.886 10.164 0   

Cluster IV 7.024 26.513 16.531 0  

Cluster V 6.965 16.413 6.566 11.799 0 

 

Clusters Hardness index 
(%) 

Kernel weight 
(mg) 

Kernel moisture 
(%) 

Kernel diameter 
(mm) 

1 81.542 30.540 11.148 2.715 

2 62.000 37.100 11.275 2.843 

3 73.522 33.017 11.248 2.764 

4 49.000 23.600 11.200 2.630 

5 47.000 32.500 11.500 2.690 
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Grain Nutritional Profile 

Genotypes clustering on the basis of examined traits is shown in Figure 3.24 . Cluster 

analysis clustered 77 genotypes of wheat into five clusters as shown in Table 3.19. 

Cluster-I included 15 genotypes superseded by 42, 5, 10 and 5 genotypes 

correspondingly in cluster-II cluster-III, cluster-IV and cluster-V. 

Although, cluster analysis assembled genotypes together with larger 

phenotypic similarity, the groups had not necessarily included all the genotypes from 

identical origin. Cluster-II comprised of genotypes with higher protein content, gluten 

content and zeleny sedimentation rate while Cluster-IV comprised of genotypes with 

maximum moisture content and starch content Table 3.20. Pairwise Mahalanobis 

distances (D2 statistics) are shown in Table 3.21. cluster-II genotypes revealed 

ultimate diversity against cluster- III genotypes whereas, low divergence were 

detected between cluster-IV and cluster-V due to least value of genetic divergence
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Figure 3-24 Tree diagram based on four traits regarding grain nutritional profile 

for different wheat genotypes 

 

 

 

 

AARI2011 
Barani-83 

2156 
9021 
9244 
2006 

Soghat90 
TC-4928 
PARWAZ 

Tatara 
Inqulab91   

Sarsabz 
Abadghar 
Kohistan 

Fareed 2006  
Punjab-96 

UFAQ2002 
Sassui 

BARS-2009 
C-591 

Sehar2006 
SH-2002 

Khirman2006 
Margalla-99 

GA2002 
Mairaj 2000 

Punjab-90 
C-228 

AS-2002 
Fakhare sarhad 

Bhittai2004 
Pari-73 
NR-421 

Niea lalma 2013 
6544-6 

Mehran-81 
Dharabi 2011  

Pasban-90 
Faisalabad2008 
Bakhtawar1993 

Suleman 
Lasani2008  

Nia amber 
millat 2011 

V-8203 
Nia sunhari 

Punjab2011 
MEXI PAK 

Sitta 
NARC400 
Jauhar-78 

Raskoh-2005 
Chakwal-50 
IQBAL2000 

Shafaq2006  
SA-75 

S-24 
PAVON 

Nifa- Bathoor 
AUQAB2000 

LU-26 
WL-711 

Nia sundar 
Bhakkar2000  

Manthar 2003 
2005 

Saleem 2000 
Benazir-12 

Galaxy 2013 
Nesser 

NR-234 
Zardana 

Marvi 
Sindh-81 

Takbeer2000 
Kiran 95 

Watan-94 

0.97613040.98113040.98613040.99113040.9961304

Similarity 

Dendrogram 



                                                                                         3 Results 

 

 

 
119 

Table 3.19 Distribution of wheat genotypes regarding grain nutritional 

profile in different clusters 

Cluster Genotypes  

I PAVON, LU-26, IQBAL2000, AUQAB2000, Bhakkar2000, Manthar 2003, 
Shafaq2006, Chakwal-50, Nia sundar, 2005, Saleem 2000, SA-75, Nifa- Bathoor, 
S-24, WL-711 

II PARWAZ, Tatara, Soghat90, 2006, TC-4928 
III MEXI PAK, UFAQ2002, GA2002, SH-2002, AS-2002, Fareed 2006, Mairaj 2000, 

Lasani2008, Inqulab91, Sehar2006, BARS-2009, Dharabi 2011, Faisalabad2008, 
millat 2011, Punjab2011, V-8203, Bakhtawar1993, Fakhare sarhad, Niea lalma 
2013 
Jauhar-78, Sarsabz, Bhittai2004, Sassui, Khirman2006, Nia amber, Nia sunhari, 
NARC400, Abadghar, C-228, C-591, Kohistan 
6544-6, Suleman, NR-421, Margalla-99, Sitta, Raskoh-2005, Mehran-81, Punjab-
90, Pasban-90, Punjab-96, Pari-73 

IV AARI2011, Barani-83, 2156, 9021, 9244 
V Galaxy 2013, Takbeer2000, Sindh-81, Kiran 95, Benazir-12, Watan-94, Marvi, 

NR-234, Nesser, Zardana 

 

Table 3.20 Mean values of different quality traits regarding grain 

nutritional profile of wheat genotypes in cluster analysis 

 

Clusters Protein  

content (%) 
Moisture  

content (%) 
Starch  

content (%) 
Gluten 

 content (%) 
Zeleny 

(%) 

1 15.620 10.520 51.913 31.533 67.133 

2 16.060 10.360 49.320 40.200 84.600 

3 15.938 10.407 50.938 34.119 76.619 

4 14.280 10.700 53.320 27.400 61.800 

5 15.440 10.420 51.900 28.500 73.400 

 

Table 3.21 D2 statistics among different clusters regarding grain 

nutritional profile 

  Cluster I Cluster II Cluster III Cluster IV Cluster V 

     Cluster I 0     

     Cluster II 20.614 0    

Cluster III 8.395 12.224 0   

Cluster IV 33.274 18.743 26.268 0  

     Cluster V 34.599 15.692 26.528 9.127 0 
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3.3.5 Principle Component Analysis 

Single Kernel Characteristics 

The data showed that out of 4 principal components (PCs), only one viz. PC-1 had 

Eigen values greater than one and contributed for 48.579% of total combined 

variability among diverse genotypes Table 3.22. The rest of three PCs elucidated 

minor (non-significant) variation hence, were not worth construing. The contribution 

of PC-I towards variability was highest (48.58%). The PC-I showed positive factor 

loadings for kernel weight, kernel diameter and kernel moisture while negative factor 

loading for hardness index. 

The first two principal components who contributed 73.48% towards total 

variance were plotted on PC-I x-axis and PC-II on y-axis to find out the association 

between different clusters Figure 3.25.  The biplot shows the association of 77 wheat 

genotypes for 4 traits. The genotype by trait (G-T) biplot with respect to mean 

performance of the wheat genotypes described the 73.48 % of the total variation of 

the consistent data. In this biplot, a vector is drawn from origin to each quality 

attribute which facilitates the visualization of inter-relationships among traits. The  

trait‘s vector length enables the verification of the magnitude of its influence [182] on 

quality. It can be seen that weight was positively correlated with diameter while 

hardness index was negatively correlated with all other traits. 

Table 3.22 Principal component analysis for different quality parameters 

regarding single kernel characteristics in wheat genotypes 

 

  F1 F2 F3 F4 

Eigen value 1.943 0.996 0.848 0.213 

Variability (%) 48.579 24.899 21.190 5.332 

Cumulative % 48.579 73.478 94.668 100.000 

Eigen vector: 

variables  

 F1 F2 F3 F4 

Hardness index (%) -0.337 -0.477 0.806 0.097 

Kernel weight (mg) 0.661 -0.181 0.082 0.723 

Kernel moisture (%) 0.256 0.769 0.576 -0.107 

Kernel diameter (mm) 0.619 -0.385 0.113 -0.675 
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Figure 3-25 Bi-plot of wheat genotypes for first two principal components 

regarding single kernel characterization system 
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Grain Nutritional Profile 

The data revealed, out of 5 principal components (PCs), only one viz. PC-1 possessed 

eigen values greater than one and contributed for 59.76% of total combined variation 

among diverse genotypes Table 3.23. The rest of four PCs elucidated minor (non-

significant) variation hence, were not worth construing. The contribution of PC-I 

towards variability was highest (59.76%). The PC-I showed positive factor loadings 

for moisture and starch content while negative factor loading for gluten content, 

zeleny sedimentation rate and protein content. 

The first two principal components who contributed 77.19% to total variance 

were presented on PC-I (x-axis) and PC-II ( y-axis) to find out the linkage between 

various clusters Figure 3.26.This biplot showed the association of 77 wheat genotypes 

for 5 traits. It can be seen that moisture content was found higher in eleven genotypes 

while starch content was higher in ten genotypes whereas, zeleny sedimentation rate, 

protein content and gluten content are negatively correlated with all other traits. 

 

Table 3.23 Principal component analysis for different quality parameters 

regarding grain nutritional profile in wheat genotypes 

 

 

 

 

  F1 F2 F3 F4 F5 

Eigenvalue 2.988 0.872 0.643 0.274 0.223 

Variability (%) 59.757 17.437 12.868 5.474 4.464 

Cumulative % 59.757 77.193 90.062 95.536 100.000 

Eigen vector: 

Variables 

  F1 F2 F3 F4 F5 

Protein content (%) -0.400 -0.155 0.870 -0.071 0.232 

Moisturecontent(%) 0.291 0.894 0.233 -0.179 0.170 

Starch content (%) 0.513 -0.263 0.003 0.259 0.775 

Gluten content (%) -0.492 0.321 -0.154 0.774 0.177 

Zeleny (%) -0.500 0.058 -0.407 -0.545 0.534 
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Figure 3-26 Bi-plot of wheat genotypes for first two principal components 

regarding grain nutritional profile 
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3.4 Study 04 : Analysis of Divergence in Wheat Germplasm 

for High Molecular Weight Glutenin Subunits (HMW-

GS) by SDS-PAGE and Microsatellite (Functional SSR 

marker) Xuhw89 Locus for Grain Protein Content 

The results revealed high level of polymorphism regarding HMW–GS  Figure 3.27 

(a), Figure 3.27 (b) and Figure 3.27 (c). Among the 77 genotypes studied, 74 were 

homogenous (96.10%) and 3 were heterogeneous (3.89%) for HMW-GS. Thirty 

distinct allelic combinations were identified Table 3.24. A total of thirteen Glu-1 

alleles, three at Glu- A1 locus, six at Glu-B1 locus whilefour at Glu-D1 locus were 

detected in estimated material. Three alleles (1, 2* and Null) were identified at Glu-

1A locus of A genome Table 3.24. The rate of occurrence of two active HMW-GS i.e. 

1, 2* besides one null type gene encoding no subunit were 37.66%, 35.06% and 26%, 

respectively Figure 3.28. Variation was found maximum for Glu-B1 locus in 

comparison with Glu-A1 and Glu-D1. The alleles analogous to 6 diverse types of 

subunits, 4 in subunit pairs . 
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Figure 3-27 (a) SDS-PAGE for HMW-GS in the experimental wheat genotypes 

Lane 1: Pavon,  lane 2: PARWAZ, lane 3: MEXI-PAK, lane 4: LU-26, lane 5:IQBAL 2000, lane 6:AUQAB 2000, lane 7:UFAQ 2002, lane 8: 

GA 2002, lane 9: Bhakkar 2000, lane 10:SH-2002, Lane 11:  AS -2002, lane 12: Manthar 2003, lane 13: Fareed 2006,  lane 14: Shafaq 2006, 

lane 15: Mairaj 2000, lane 16: Lasani 2008, lane 17:Inqulab 91, lane 18: Sehar 2006, lane 19: chakwal 50, lane 120: BARS-2009, lane 21:  

Dharabi 2011, lane 22: Faisalabad 2008, lane 23: AARI 2011, lane 24: Millat 2011, lane 25: Punjab 2011, lane 26: Galaxy 2013, lane 27: V-

8203, lane 28: Bhaktawar 1993, lane 29: Tatara, lane 30: Fakhr e Sarhad 

              1    2    3    4    5   6    7   8    9  10  11 12  13  14  15   
 

         16   17  18  19  20   21 22   23   24  25  26  27  28  29  30   
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Figure 3-27 (b) SDS-PAGE for HMW-GS in the experimental wheat genotypes 

lane 31:Takbeer 2000, lane 32:nia lalma 2013, lane 33:Jauhar 78, lane 34:Sindh-81, lane 35:Sarsabz, lane 36:Soghat 90, lane 37:Kiran 95, lane 

38:Bhittai 2004, lane 39:Barani 83, lane 40:sassui, lane 41:Khirman 2006, lane 42:nia amber, lane 43:nia sunhari, lane 44:nia sundar, lane 

45:Benazir-12, lane 46:NARC 400, lane 47:Watan -94, lane 48:Marvi, lane 49:Abadghar, lane 50:C-228, lane 51:C-591, lane 52:2006, lane 

53:2005, lane 54:2156, lane 55:Kohistan, lane 56:9021, lane 57:TC-4928, lane 58:  6544-6, lane 59: 9244, lane 60: Suleman

        31   32   33   34  35  36   37  38   39   40   41  42   43   44   45                        46   47   48   49   50   51   52   53   54   55   56   57  58  59    60     
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Figure 3-27 (c) SDS-PAGE for HMW-GS in the experimental wheat genotypes 

lane61:NR-234, lane62:NR-421, lane63:Margalla -99, lane64: sitta, lane65: Nesser, lane66: Zardana, lane67: Raskoh 2005, lane68:Mehran -81, 

lane69: Saleem 2000, lane70: Punjab 90, lane71: SA-75,   lane72: Pasban 90, lane73: Nifa-Bathoor, lane 74:Punjab 96, lane75: S-24, 

lane76:Pari-73, lane 77:WL-711 
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i.e., 13+16, 17+18, 7+9, 7+8 and 2 single/rare Glu-B1 subunits such as 7 and 20 in 

lesser proportions were also sorted out in all the genotypes Table 3.24. Frequency 

noted for prevalent locality 13+16 and 17+18 were 42.85% and 28.57% 

correspondingly Figure 3.29. 

Glu-D1 locus displayed alleles having the subunit pairs 5+10 and 2+12 as a 

prevailing combination encoding frequencies 55.84% and 41.55% respectively. The 

existence of single subunits viz. 10 with low frequencies and a subunit combination 

2+10 (3.89%) were also detected Figure 3.30. 

Results elaboration for the allelic difference quantification through wheat 

genomes exhibited full input of genome B (46%) persued by genome D (31%) as 

shown in Figure 3.31. 

Afterwards, respective scores of HMW -GS were combined to determine genotypes 

quality score in line with Payne et al., (1987) as shown in Table 3.24. The outcomes 

of quality
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Table 3.24 HMW-GS for bread making quality of wheat varieties in Pakistan 

Sr. 

No. 

Genotypes Allelic Combination Quality Score Total 

Glu-A1 Glu-B1 Glu-D1 Glu-A1 Glu-B1 Glu-D1 

1 PAVON, WL-711, Abadghar Null 17+18 5+10 1 3 4 8 
2 PARWAZ,  MEXI PAK,  AUQAB2000,  

Manthar 2003,  Inqulab91,  Kiran 95 
2* 17+18 2+12 3 3 2 8 

3 LU-26,  Bhittai2004,  Marvi 1 7+9 5+10 3 2 4 9 
4 IQBAL2000 1 17+18 2+12 3 3 2 8 
5 UFAQ2002, Mairaj 2000, Margalla-99,  

Pasban-90, Fareed2006 
2* 13+16 5+10 3 3 4 10 

6 GA2002 2* 20 5+10 3 1 4 8 
7 Bhakkar2000, Soghat90,  Khirman2006,  

Zardana, Niea lalma 2013 
2* 17+18 5+10 3 3 4 10 

8 SH-2002,  Shafaq2006 2* 7 +8 5+10 3 3 4 10 
9 AS-2002,  9021, TC-4928 Null 17+18 2+12 1 3 2 6 
10 Lasani2008,  Sehar2006,  Chakwal-50,  

BARS-2009, Faisalabad2008,  V-8203,  
Millat 2011,  Punjab2011,  Sassui, Nia 
sunhari, Nia sundar,  Benazir-12,  
Dharabi 2011 

1 13+16 5+10 3 3 4 10 

11 AARI2011, Galaxy 2013,  
Bakhtawar1993, Punjab-96 

Null 13+16 2+12 1 3 2 6 

12 Tatara Null 7+9 2+12 1 2 2 5 
13 Fakhare sarhad,  Jauhar-78  1 17+18 5+10 3 3 4 10 
14 Takbeer2000, Barani-83, Nia amber Null 13+16 5+10 1 3 4 8 
15 Sindh-81 2* 13+16 5+10 3 3 4 10 
16 Sarsabz 2* 17+18 2+10 3 3 2 8 
17 NARC400 2* 13+16 2+12 3 3 2 8 
18 Watan-94 Null 7 5+10 1 1 4 6 
19 C-228,  C-591 Null 20 2+12 1 1 2 4 
20 2005, 2006 Null 20 5+10 1 1 4 6 
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21 2156 2* 20 2+12 3 1 2 6 
22 Kohistan Null 7+9 5+10 1 2 4 7 
23 6544-6,  Punjab-90 1 20 2+12 3 1 2 6 
24 9244,  Suleman 2* 7 2+12 3 1 2 6 
25 NR-234,  NR-421,  Nesser,  Sitta,  

Raskoh-2005,  Pari-73 
1 13+16 2+12 3 3 2 8 

26 Mehran-81 1 7+8 2+12 3 3 2 8 
27 Saleem 2000 2* 7+9 5+10 3 2 4 9 
28 SA-75 1 20 2+12/10 3 1 2/? 6 
29 Nifa- Bathoor 1 13+16 2+12/10 3 3 2/? 8 
30 S-24 2* 17+18 2+12/10 3 3 2/? 8 
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Figure 3-28 Frequency of different alleles encoded by Glu-A1 

 

       

Figure 3-29 Frequency of different alleles encoded by Glu-B1 
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Figure 3-30 Frequency of different alleles encoded by Glu-D1 

 

 

Figure 3-31 Percentage contribution of wheat genomes to the allelic variability of 

HMW-GS 

  

 

score on the basis of HMW- GS composition amongst the genotypes and advance 

lines showed larger alteration with advance lines generally showing a low score. The 

score ranged from 4 to 10 with an average of 7. Twenty eight genotypes had the 

maximum quality score i.e. 10 (32.47%) and 24 gained a good quality score of 9 

(5.19%). Generally, a good quality score of 8 was more persistent (39.47%) in  

present analysis. An average quality score of 7 was stable in one genotype only. Other 

quality scores that were found less i.e., 6, 5 and 4, appeared in relatively lower 

proportions with 19.48%, 1.30% and 2.60%, respectively Figure 3.32.  
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Figure 3-32 Quality scores proportion fixed in Pakistani wheat      

             germplasm 

Molecular analysis of seventy seven Pakistani wheat genotypes revealed that Xuhw89 

was polymorphic marker and detected allelic variants of Gpc-B1gene in Pakistani 

wheat germplasm. All the samples successfully amplified the marker Xuhw89.The 

electrophoretic patterns of microsatellite locus Xuhw89 depicted that target band of 

126-bp was amplified in all tested genotypes, however, an additional band of 130-bp 

was also detected along with 126-bp band in 32 genotypes Figure 3.33 and Figure 

3.34. 
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Figure 3-33   Xuhw89 maker amplification showing the presence of different allelic variants in Pakistani wheat germplasm        

M= 50 bp DNA ladder, lane 1:Pavon, lane 2:PARWAZ, lane 3: MEXI-PAK, lane 4: LU-26, lane 5:IQBAL 2000, lane 6:AUQAB 2000, 
lane 7:UFAQ 2002, lane 8: GA2002,lane 9:Bhakkar2000, lane10: SH-2002, M= 50 bp DNA ladder, lane 11:  AS -2002, lane 12: 
Manthar 2003, lane 13: Fareed 2006,  lane 14: Shafaq 2006, lane 15: Mairaj 2000, lane 16:Lasani 2008, lane 17:Inqulab 91, lane 

18:Sehar 2006, lane19: chakwal50, lane 20: BARS-2009, lane 21:  Dharabi 2011, lane 22: Faisalabad 2008, lane 23: AARI 2011, lane 
24: Millat 2011, lane 25: Punjab 2011, lane 26: Galaxy 2013, lane 27: V-8203, lane 28:  Bhaktawar1993, lane 29: Tatara, lane 30: Fakhr 

e Sarhad, lane 31:Takbeer 2000, lane 32:  nia lalma 2013,  lane 33:Jauhar78, lane34: Sindh-81, lane 35:Sarsabz, lane 36:Soghat 90, lane 
37: Kiran 95, lane38:Bhittai2004, lane 39:Barani 83, lane 40: sassui. 

         M       E        1          2        3         4         5        6        7        8          9      10             M        11        12       13         14       15        16         17           18       19         20             
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Figure 3-34 Xuhw89 maker amplification showing the presence of different allelic variants in Pakistani wheat germplasm 

M= 50 bp DNA ladder, lane 41:Khirman 2006, lane 42: nia amber, lane 43:nia sunhari, lane 44:nia sundar, lane 45:Benazir-12, lane 
46:NARC 400, lane 47:Watan-94, lane48:Marvi, lane49:Abadghar, lane 50:C-228, lane 51:C-591, lane 52:2006, lane 53:2005, lane 
54:2156, lane 55:Kohistan, lane 56:9021, lane 57:TC-4928, lane 58: 6544-6, lane59: 9244, lane 60: Suleman, lane61: NR-234, lane62: 

NR-421, lane63: Margalla -99, lane64: sitta, lane65: Nesser, lane66: Zardana, lane67: Raskoh 2005, lane68:Mehran -81,  lane69: Saleem 
2000,  lane70: Punjab 90,  lane71: SA-75,  lane72: Pasban 90,  lane73: Nifa-Bathoor, lane 74:Punjab 96, lane75: S-24, lane76:Pari-73, 

lane 77:WL-711

M     41       42        43        44       45       46        47       48        49       50            M        51        52       53        54       55       56        57       58        59       60 

M    61     62   63    64    65   66   67   68    69     70   71     72    73    74   75     76   77 

50 bp 

100bp 

150bp       

150bp 
100bp 
50 bp

 

150bp 



3 Results 

 

 

136 
 

In total, two different alleles i.e. 126-bp and 130-bp were detected at the Xuhw89 

locus in tested wheat genotypes Table 3.25. 

  

Table 3.25 Name of genotypes and allele size at microsatellite locus Xuhw89 in 

Pakistani wheat varieties 

Sr. No. Genotypes Alleles (bp) 

1. PERWAZ, PAVON, LU-26, AUQAB-2000, 

Bhakkar-2000, AS-2002, SH-2002, Manthar-

2003, Shafaq-2006, Fareed -2006, Chakwal-50, 

BARS-2009, Sehar-2006, Dharabi 2011, 

Faisalabad-2008, AARI-2011, Millat -2011, 

Punjab-2011, Tatara 1996, Sindh-81, Soghat-90, 

Kiran-95, 2005, Nia Amber, Punjab-90, Nifa 

Lalma 2012, Jauhar-78, Barani-83, Sassui-2006, 

C-591, 2006, MEXI PAK 

126 + 130 

2. Margalla-99, Mehran-89, Pari-73, Saleem-2000, 

SA-75, Nesser, S-24, NR-421, Zardana, Raskoh-

2005, Pasban-90, Sitta, WL-711, Nifa- Bathoor, 

Punjab-96, 2156, Kohistan, 9021, TC-4928, 

6544-6, 9244, Suleman, NR-234, NARC-2011, 

Watan-94, Marvi, Abadghar-93, C-228, Benazir-

12, Nia Sunhari, Nia Sundar, IQBAL-2000, 

UFAQ 2002, Lasani-2008, Mairaj -2008, 

Inqulab-91, Galaxy-2013, Bakhtawar-1993, 

Fakhar-e- Sarhad, Ujala-16, Takbeer-2000, 

Sarsabz, Bhittai-2004, GA-2002, Khirman2006 

126 

 

After the identification of alleles, estimates of percentage distribution of protein 

content in different wheat genotypes specific alleles for the microsatellite locus 

Xuhw89 were calculated.Overall, 42% of tested wheat genotypes were found to carry 

126+130-bp allele Figure 3.37 while a 126-bp allele was detected in 58% of 

genotypes.  
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Figure 3-35 Percentage distribution of detected alleles for the microsatellite locus 

Xuhw89  in the Pakistani wheat genotypes 

Mean values for albumin Figure 3.36, globulin Figure 3.37, total soluble protein 

Figure 3.38 and salt soluble protein Figure 3.39 for genotypes having 126bp allele and 

126+130bp allele were calculated and compared. Results depicted that albumin was 

higher in genotypes with 126bp allele (260.33±5.48mg/g s. wt.) while globulin was 

found maximum in genotypes with 126+130bp allele (173.31±6.00mg/g s. wt.).  

Maximum total soluble protein as well as salt soluble protein was detected in 

genotypes with 126bp allele (316.40±11.35mg/g s. wt.) and 126+130bp allele 

(102.78±5.72mg/g s. wt.) respectively. 

 

Figure 3-36 Mean values for albumin in different wheat genotypes 
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Figure 3-37 Mean values for globulin in different wheat genotypes 

 

Figure 3-38 Mean values for total soluble protein in different wheat genotypes 

 

Figure 3-39 Mean values for salt soluble protein in different wheat genotypes 
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In genotypes with 126+130bp allele albumin ranged (127.33) from a minimum 

value of 199.56 to a maximum value of 326.89 while in genotypes with 126bp allele 

albumin ranged (130.67) from a minimum value of 222.22 to a maximum value of 

352.89 Table 3.26. 

In genotypes with 126+130bp allele globulin ranged (140.22) from a 

minimum value of 112.44 to a maximum value of 252.67 whereas in genotypes with 

126bp allele globulin ranged (100.0) from a minimum value of 126.67 to a maximum 

value of 226.67. Albumin and globulin revealed maximum difference in genotypes 

with 126bp allele and 126+130bp allele respectively. In genotypes with 126+130bp 

allele total soluble protein ranged (394.0) from a minimum value of 68.67 to a 

maximum value of 462.67 however, in genotypes with 126bp allele total soluble 

protein ranged (279.56) from a minimum value of 207.78 to 487.33. In genotypes 

with 126+130bp allele albumin ranged (127.33) from a minimum value of 199.56 to a 

maximum value of 326.89 while in genotypes with 126bp allele albumin ranged 

(130.67) from a minimum value of 222.22 to a maximum value of 352.89 Table 3.26.

 

Table 3.26 Descriptive statistics for differential wheat grain protein    

             contents in genotypes with different  Xuhw89 alleles 

SD= standard deviation, SE= standard error, TSP= total soluble protein, SSP= salt  soluble protein, A= allel 

 

Differential 

Proteins/Xuhw89 

locus 

Min. Max. Range Mean S.D Variation 

coefficient 

S.E 

Albumin| A-126+130 199.56 326.89 127.33 260.33 31.01 0.12 5.48 

Albumin | A-126 222.22 352.89 130.67 277.92 27.24 0.10 4.06 

Globulin| A-126+130 112.44 252.67 140.22 173.31 33.92 0.19 6.00 

Globulin| A-126 126.67 226.67 100.00 168.50 24.01 0.14 3.58 

TSP| A-126+130 68.67 462.66 394.00 301.28 72.48 0.24 12.81 

TSP | A-126 207.78 487.33 279.56 316.40 76.13 0.24 11.35 

SSP | A-126+130 61.33 162.44 101.11 102.78 32.33 0.31 5.72 

SSP | A-126 63.78 161.11  97.33 86.50 23.51 0.27 3.51 
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4 Discussion 

4.1 Study 01: Seed Biochemical Analysis Based Profiling of 

Diverse Wheat Genetic Resource from Pakistan and 

Estimation of Genetic Divergence 

Wheat is the most extensively cultivated cereal grain around the globe and holds 

crucial place in agriculture [1, 2]. It is a principal nutriment for thirty five percent of 

the world‘s populace. In Pakistan, it covers seventy percent  of Rabbi and thirty seven 

percent of entire cropped sector  [3]. A number of studies have reported the effect of 

genotype, growing conditions and interactions between the environment and the 

genotype on the antioxidant properties of wheat. While in the efforts for increasing 

yield and disease resistance, the quality attributes might have been compromised. In 

this study, efforts were made to explore the biochemical composition of different 

wheat varieties for food and nutritional purposes, as the breeding efforts remained 

focused on increasing yield and quality enhancements remained unexploited. For this 

purpose, wheat varieties were selected from several/diverse centres in each agro-

climatic zone of Pakistan for testing the grain biochemical composition and 

antioxidant potential. Detailed investigation on wheat seed biochemical profiling of 

Pakistani genotypes was missing so far. To our knowledge, for the first time Pakistani 

wheat genotypes have been categorized based on seed biochemical profiles. 

As investigated in present study, total varieties released during 1990‘s were 

thirty one while during 2000 and later on were thirty six whereas rest of the ten were 

advance lines. Ascorbate peroxidase (APX) enzyme is an essential component of the 

glutathione ascorbate cycle [117] and is involved in the detoxification of hydrogen 

peroxide. It is involved in the protection of plant cells from environmental stress 

[183]. It was found that 31% and 69.4% of the genotypes released during 2000 to 

onward have low and intermediate APX activity while 16.1% of the varieties released 

during 1990‘s showed highest APX activity. In general, APX activity was found 

highest in PAVON (1426.67 Units/g s. wt.).  
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Catalase catalyses the hydrogen peroxide conversion to water and oxygen with 

the help of cofactor iron or manganese [184]. Catalase is involved in oxidative 

reaction during bread making, bleaching of pigment and prevents the accretion of 

harmful hydrogen peroxide [185]. The expression of specific catalase isoenzymes is 

important and critical against oxidative stress induced by a given environmental stress 

[186]. Seed filling is allied with the high potential of the hydrogen peroxide 

detoxification machinery, primarily due to CAT  and APX activities [187]. In 42% of 

the genotypes released during the year 2000 and onward, least CAT activity was 

found while intermediate activity was detected in 61% of the genotypes which were 

released during the year 2000 and onward whereas 10% of the genotypes released 

during 1990‘s hold higher CAT activity. Overall, CAT activity was found highest in 

Pasban-90 (633.33 Units/g s. wt.). 

 Peroxidase (POD) aids in scavenging the reactive oxygen species which are 

responsible for cell oxidative injury [188]. Plant peroxidases have been used as 

biochemical markers for numerous types of abiotic as well as abiotic stresses because 

of their role in very imperative physiological processes, like control of growth by 

lignification, cross-linking of pectins and structural proteins in cell wall, catabolism of 

auxins [186]. Lowest POD activity was found in 71% of genotypes released during 

the year 1990 and onward while 42 % of the genotypes released during 2000 and 

onward showed intermediate POD activity, whereas POD activity was found highest 

in 14% of the genotypes released during 2000 and onwards. In general, highest POD 

activity was found in IQBAL-2000 (42579.6 Units/g s. wt.). 

Malondialdehdye is the ultimate result of oxidative degradation which causes 

alteration in membrane characteristic such as loss of enzyme activity [189]. 

Malondialdehdye signifies the level of damage to the plant cells [183]. Lipid 

peroxidation is main cause of seed injury in the course of storage and is responsible 

for initial biochemical alterations in seed which can be detected during storage. 

Increased content of MDA is associated with prolonged storage period and 

accelerating aging [190]. Least MDA content was found in 56% of the genotypes 

released during 2000 and onwards and intermediate content was shown by the 42% of 

genotypes released during 1990‘s whereas it was found highest in 16.1% of the 

genotypes released during 1990‘s and onward. In general, highest MDA activity was 

found in Margalla-99 (679.23 uM/g s. wt.). 
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Alpha amylase is involved in absorption properties, gassing power of dough 

and in final properties of bread [191]. Alpha amylase activity was low in 47.2% of 

genotypes released during 2000 and onwards while it was found intermediate in 65% 

of the genotypes released during 1990‘s. However, 22.2% of the genotypes showed 

highest alpha amylase activity. In general, highest alpha amylase activity was found in 

SH-2002 (292.70 mg/g s. wt.). 

 Superoxide dismutase enzymes act as antioxidant and protect the cellular 

components oxidation through reactive oxygen species [192]. In 32.2% of the 

genotypes released during 1990‘s, lowest SOD activity was found whereas 19.4% of 

the genotypes released during 2000 and onwards showed intermediate activity while it 

was found highest in 55.6% of the genotypes released during 2000 and onward. 

Overall, highest SOD activity was found in Manthar-2003 (278.93 Units/g s. wt.). 

Esterase activity was lower in 42% of the genotypes released during 1990‘s whereas 

56% of genotypes released during 2000 and onwards revealed intermediate activity. 

Highest esterase activity was found in 29.03% of the genotypes released during 

1990‘s. As a whole, highest esterase activity was found in Dharabi 2011 (987.80 

µM/min/g s. wt.). 

Total oxidant status (TOS) was lower or intermediate in 11.1%  and  28% of 

the genotypes respectively, released during 2000 and onward while it was found 

highest in 58.1% of the genotypes released during 1990‘s. In general, highest TOS 

was found in Faisalabad-2008 (390.0 µM/g s. wt.). 

 Wheat grains are rich in phenolic compounds with potential health benefits. 

Phenolic compounds also contribute directly to anti oxidative action [193]. Total 

phenolic content (TPC) was low in 23% of the genotypes released during 1990s, 

while 67% of the genotypes showed intermediate content, released during 2000 and 

highest phenolic content was found in 25% of the genotypes released during 2000.  

On the whole, highest TPC was found in Bhakkar-2000 (25383.33 µM/g s. wt.). In a 

previous finding, total phenolic content (709.8-860.0µM of gallic acid equiv/100 g of 

wheat) did not vary greatly in eleven tested wheat varieties [194]. In another study, 

significant effect of the bread-making process with the TPC of whole wheat bread 

(1.50–1.65 mg/g) was found while comparing five brands of whole and refined wheat 

flour [146]. Total phenolic acid content varied from 2,900 to 5,650 μg GAE/g in six 
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Indian wheat varieties [147]. All the bran extracts showed considerable total phenolic 

content (2.12–3.37 mg Gallic acid equivalent/g bran) while evaluating  bran‘s extract 

antioxidant potential from five genotypes of wheat native to Pakistan [195]. Although 

number of studies have described the phenolic content in wheat varieties, however, 

comparison of results is not possible in most of cases because diverse procedures for 

extraction as well as different solvents and evaluating methods have been used.  

Ascorbic acid interacts directly with superoxide anion radical and hydroxyl 

radical. It helps to minimize the consequences of lipid peroxidation [196]. Ascorbic 

acid acts as a plant growth modulator through hormone signalling. It has significant 

role in many physiological processes like seed germination, flowering, permeability 

of membrane, growth of seedlings, intake of ions into roots, respiration, 

photosynthesis, senescence, protein and  content of nucleic acid and enzymes 

activities for example peroxidase and superoxide dismutase [197]. Ascorbic acid 

content was found  low  in 36% of the genotypes released during 1990‘s. Intermediate 

content of ascorbic acid was found in 33.3% of the genotypes released during the year 

2000 and onwards and it was found highest in 58.3% genotypes. Overall, highest 

ascorbic acid content was found in SH-2002 (713.0 µg/g s. wt.). 

Proteolytic enzymes play an essential role in physiology as well as 

development of plants and work as a source of amino acids required for the 

production of novel proteins. [198]. Protease activity was lower in 19.4% of the 

genotypes released during the 1990‘s while intermediate in 69.4% of the genotypes 

released during 2000 and onward it was found highest in 17% of the genotypes 

released during 2000 and onwards.  In general, highest protease activity was found in 

NR-234 (11183.33 Units/g s. wt.). 

Total soluble sugars were lower in 31% of the genotypes released during 2000 

and above while they were found intermediate in 42 % of the genotypes released 

during 2000 and onwards. Highest total soluble sugars were detected in 45.2 % of the 

genotypes released during 1990‘s. In general, highest total soluble sugars were found 

in Saleem-2000 (29.86 mg/g s. wt.). Reducing sugars were found low in 58.3% of the 

genotypes released during 2000 and on wards whereas these were found intermediate  

in 36% of the genotypes released during 1990‘s and reducing sugars were higher in 
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17% of the genotypes released during 2000. On the whole, highest reducing sugars 

were found in Punjab-96 (12.68 mg/g s. wt.). 

Endosperm of wheat comprises about 20% to 25% albumins and globulins of 

total proteins. They are soluble in water, biologically active and have role in 

metabolism [199, 200]. Although they are functional proteins but have nutritional 

importance as well but also possess allergenic effects [201]. In a previous report, 

genotype Sindh-90 has been reported to contain the highest content of albumin i.e. 

22.4% and albumin besides globulin accounts for 23.78 to 27.26% of total proteins 

[201]. The grains quality can be estimated from percentage of protein which exists in 

them. Albumins and globulins act as nutrient reserves for the sprouting embryo and 

also help in protecting embryo from insects and pathogens prior to germination [202]. 

In our study, albumins were found low in 36.11% of the genotypes released during 

2000 and onwards while 48.4% of the genotypes released during 1990‘s showed 

intermediate albumins whereas highest albumins were detected in 31% of the 

genotypes released during 1990‘s. Overall, highest albumins were found in TC-4928 

(352.89 mg/g s. wt.). 

Globulins were found low and intermediate in 50% and 44.4% of the 

genotypes respectively, released during 2000 and onwards while detected to be 

highest in 36% of the genotypes released during 1990‘s. In general, highest globulins 

were found in MEXI PAK (252.67mg/g s. wt.). In a previous study on Pakistani 

wheat varieties, globulin protein was reported be approximately 3-7.0% and 9.15 to 

13.80% [7] whereas our results showed higher protein content with albumins and 

globulins representing about 25-35 % of the total protein and these findings are 

consistent with the previous one [199]. Many factors like fertilizers,  environmental 

and storage condition, soil and location etc can influence the seed protein content and 

cause variation in it [201]. 

Salt soluble protein were lower in 26% of the genotypes released during  

1990‘s  while these were found intermediate in 61.1% of the genotypes released 

during 2000 and on wards and 26% of the genotypes showed highest content of salt 

soluble protein. Overall, highest salt soluble proteins was found in Faisalabad-2008 

(162.44 mg/g f. wt.). 
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  Wheat seed storage proteins play a vital role in determining quality as dough 

extensibility and elasticity is because of them [203]. Total soluble proteins were found 

low to intermediate in 50% of the genotypes released during 2000 and onward while 

19.4% of the genotypes released during 1990‘s showed higher content of total soluble 

proteins. As a whole, highest total soluble proteins were found in Punjab-96 (487.33 

mg/g s. wt.). Present results are within range as reported in previously where storage 

proteins are almost 50% and 8-20% of the entire protein in mature grains of cereals 

(wheat) [201, 204]. Wheat proteins are also responsible for food related allergens as 

well as intolerances [203] therefore, it can be inferred from results that people 

suffering from wheat related sensitivity should avoid using wheat based food products 

rich in proteins . 

Non reducing sugars were lower in 28% of the genotypes released during 2000 

and onward whereas these were intermediate in 18% of the genotypes released during 

2000 and onward and 36% of the genotypes showed  highest content of non-reducing 

sugars. In general, highest non reducing sugar was found in Saleem-2000 (27.33 mg/g 

s. wt.). 

Highest TPC and POD activity was found in  genotypes IQBAL-2000 

(drought tolerant) [205] and BHAKKAR-2000  respectively, (salt tolerant) [206] and 

both varieties were released during 2000 by AZRI, Bhakkar  while highest amount of 

salt soluble protein was found in  genotype Faisalabad-2008 (drought tolerant) [205] 

released during 2008 by AARI, Faisalabad whereas reducing sugars and total soluble 

protein was found highest in genotype Punjab-96 (drought tolerant) [207] released 

during 1996 by AARI, Faisalabad. Genotype Saleem-2000 showed maximum TSS 

and NRS, released during 2001 by CCRI, Pirsabak whereas APX activity was found 

highest in PAVON released during 1978 by AARI, Faisalabad. However, Pasban-90 

(drought tolerant) [207] showed  highest CAT activity, released during the year 1991 

by AARI, Faisalabad while, highest activity of SOD was found in Manthar-2003 

(drought tolerant) [208] released during 2003 by RARI, Bahawalpur. Maximum 

esterase activity was found in Dharabi-2011 (drought tolerant) [209] released during 

2011 by BARI, Chakwal and protease activity was maximum in advance line NR-234 

from, NARC, Islamabad but MDA content was highest in Margalla-99 (drought and 

salt tolerant) [206, 208] released during 1999 by NARC, Islamabad. Highest alpha 

amylase activity and ascorbic acid was found in SH-2002 (drought tolerant) [205] 
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released during 2002 by AARI, Faisalabad. Albumin was highest in TC-4928 advance 

line from UAF whereas globulin was maximum in MEXI PAK released during 1965 

by AARI, Faisalabad. All these observations pointed out that highest values of studied 

parameters especially those related to stress response were observed in genotypes 

reported to be tolerant for stresses. It can be thus deduced that higher levels of these 

stress responsive attributes in seeds of these genotypes play some important role in 

stress tolerant phenotypes even at later growth stages.    

Principal component analysis reveals the chief contributor‘s significance to the overall 

variation at each differentiation axis. The Eigen values assist in defining the total 

factors which can be retained. Sum of the Eigen values is generally equivalent to the 

amount of variables [210]. Numerals with highest absolute value nearer to unity in the 

first principal component effects the grouping more in comparison to those with lesser 

absolute value nearer to zero [182, 210] which means the 1st principal component 

elucidates maximum variation in data in contrast to each subsequent component [68]. 

A vector is drawn from source to each trait which assists in visualizing the linkage 

among traits. The  vector length of character  defines the extent of its effect [182]. 

Eigen values helps in the retention of factor closer to unity. Characters having values 

nearer to unity or > 1 affects clustering more as compared to traits with values lesser 

than 1. Existence of positive and negative association trends between variables and 

components are inferred through positive and negative loadings [182]. 

 In present study, out of the 18 principal components PC(s), seven viz. PC-1, 

PC-II, PC-III, PC-IV, PC-V, PC-VI, PC-VII had Eigen values > 1 and contributed for 

69.88% of total cumulative variability among different genotypes. The contribution of 

PC-I towards variability was highest (20.35%). The PC-I showed positive factor 

loadings for  POD, SOD, esterase, TOS, TPC, Protease, AsA and albumin while PC-II 

indicated positive factor loading for MDA, alpha amylase, TOS, TPC, AsA, NRS and 

TSS. Usually, one variable is chosen from these recognized clusters depending on 

individual loadings [182]. Hence, AsA, a non-enzymatic antioxidant is the finest 

choice which has highest contribution to PC-I whereas NRS a carbohydrate, was the 

chief contributor to PC-II and NRS in PC-III. These results clearly showed that PC (s) 

analysis, in parallel to genetic resource characterization also pointed out particular 

traits of interest for designing breeding strategies.  
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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 [211]. In present 

study, significantly positive correlation was revealed by CAT with RS, TSS and TSP. 

Peroxidase activity revealed extremely significant and positive association with SOD, 

TPC, protease and AsA. Superoxide dismutase 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.. 

 Cluster analysis has been considered as an effective tool to classify 

germplasm which provides reliable foundation in the selection of base material to 

design breeding tactics in future [212, 213]. Cluster analysis grouped 77 wheat 

genotypes into 4 clusters. According to Pairwise Mahalanobis distances (D2 statistics) 

cluster-IV genotypes revealed maximum diversity against cluster-III genotypes. 

Though, the authors are of the view that during the course of base material selection, 

one should beware of breeding techniques and genetic constraints to acquire likely 

genetic least diversity for all the traits.  

Outcomes revealed  that these genotypic sources i.e. Pavon (APX), Pasban-90 

(CAT), IQBAL-2000 (POD), Manthar-2003 (SOD), Bhakkar-2000 (TPC), hydrolytic 

enzymes i.e. SH-2002 (amylase and ascorbic acid), Dharabi 2011 (esterase), NR-234 

(protease), grain protein i.e. Faisalabad-2008 (salt soluble protein), TC-4928 (albumins), 

MEXI PAK (globulins) and sugars i.e. Saleem 2000, Punjab-96 (sugars and soluble 

protein) sources have been identified for better antioxidant potential. Dharabi-2011 with 

lowest amylase, MEKI-PAK with lowest reducing sugars and higher seed protien and 

AARI-2011 with lowest gluten have potential for health implications. Correlations in seed 

nutritional parameters were identified while genotypes were clustered in four groups with 
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highest distance between cluster- II and III. Hence, current study showed that seed 

biochemical anaysis can assist in selecting superior wheat genotypes for breeding 

program which renders an excellent opportunity to assemble desirable characters. 

4.2 Study 02: Estimation of Genetic Divergence in Wheat 

Germplasm Based on Agro-Morphological Traits  

In current study, plant height revealed significant positive correlation with spike 

length and spikelet‘s per spike and no relationship with yield whereas Leilah & Al-

Khateeb, 2005 [214] showed a noteworthy positive association of plant height with 

grain yield. However, a significant negative phenotypic and genotypic correlation of 

plant height with yield per plant was stated by Ali et al., 2008 [215].  In previous 

studies, negative correlation  was found in plant height and grain yield Uddin et al., 

2015 [216]. Spike length displayed highly significant and positive correlation with 

spikelet‘s per spike and grains per spike. Baloch et al., 2014 [211] reported positive 

association of spike length with spikelet‘s per spike. Spikelet‘s per spike showed 

significant positive association with plant height and highly significant positive 

relationship with spike length and grains per spike. Significant and positive 

correlation of spikelet per spike with grains per spike have also been reported by 

Baloch et al., 2014 [211]. Spike length and spikelet‘s per spike had positive 

correlation with grains per spike and these results are in agreement with the findings 

of Ali et al., 2008 [215] whereas, 100-grain weight did not manifest any significant 

association with all characters in current study. Yield (kg per hectare) had 

significantly positive correlation with Grains per spike. This shows significance of 

grain yield in terms of increasing grain yield. Previously, Uddin et al., 2015 [216] 

reported negative correlation of grain yield with  plant height. The differences found 

with other  previous studies might be due to diverse agro-climatic circumstances such 

as availability of water by irrigation, structure of soil and genetically different lines 

employed in studies. 

 Presence of significant correlations of grain yield with grain per spike 

discloses that rise in any of the yield component can directly result in the up gradation 

of other character. Thus, it is supported that these are more effective variables and 

presence of these morphological traits can be used for any breeding program.  
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Out of 6 principal components (PCs), two i.e. PC-1, PC-II had Eigen values 

greater than one and contributed for 62.83% of total accumulative variation among 

diverse genotypes. The contribution of PC-I towards variability was highest (44.82%) 

followed by PC-II which contributed 18.01% variability correspondingly. The PC-I 

displayed positive factor loadings for entire traits which are exclusively related to 

yield and yield related components. PC-II indicated positive factor loading for 100-

grain weight and grain yield (kg per hectare) while negative factor loading for plant 

height, spike length, spikelet per spike and grains per spike. 

This is apparent that yield associated traits (SL, SPP and GPS) were those with 

maximum input to PC-I while 100 grain weight and yield (kg per hectare) were the 

principal contributors to PC-II. Therefore, both PC-I and PC-II could be referred as 

reproductive and vegetative axis. These findings clearly showed that PC (s) studies 

along with genetic resource characterization also underlined specific characters for 

doing the selection of interest meant for beneficial breeding purposes. 

The first 2 principal components who added 62.83% to  the total variability 

were represented on PC-I x-axis and on y-axis of PC-II to identify relationship 

between diverse clusters. It can be seen that 100-grain weight was significantly 

positively correlated with yield (kg per hectare) while plant height was significantly 

positively correlated with spike length, spikelet‘s per spike, grains per spike. 

Cluster-I consisted of 49 genotypes ensued by 18 and 8 genotypes 

correspondingly in cluster-II and V. Although, cluster analysis assembled genotypes 

together with larger phenotypic similarity, the groups had not necessarily included all 

the genotypes from identical origin. Zubair et al., (2007), Ahmad et al., (2008) and Ali 

et al., (2008) also described absence of relationship between agro-morphological 

origin and traits [68, 215, 217]. However, MEXI PAK and Iqbal-2000 was capered 

because it comes in cluster- III and cluster-IV. The genotypes in cluster-I has high 

yield (kg per hectare). Similarly, cluster-II comprised of genotypes with greater plant 

height and can be utilized for the improvement above mentioned trait. Cluster-III 

comprised of merely one genotype (MEXI PAK) which varies considerably from 

further wheat genotypes as it showed least significance for almost all the traits while 

the only genotype in cluster-IV (Iqbal-2000) possessed higher plants with greater of 
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spike length, spikelet‘s per spike and grains per spike. These genotypes may be 

employed as parents in breeding programs to evolve high yielding varieties of wheat. 

According to Pairwise Mahalanobis distances (D2 statistics) [181], cluster-II 

genotypes explicated maximal diversity against cluster-IV genotypes this might be 

caused by mixture of genotypes with diverse taxonomic characters assembled in these 

clusters. Though, least dissimilarity were detected between cluster-III and cluster-V 

owing to minimum value of genetic variance.  

Outcomes of current study revealed that genotypes have been grouped into five 

clusters based on yield related traits having maximum distance in cluster-II and IV with 

spike length as principal component of varibility. So, it is obvious that multivariate  

analysis can be considered as an effective way to classify germplasm and provides 

viable base for choosing base material to design imminent breeding approaches. 

4.3 Study 03: Assesment of Genetic Divergence in Wheat 

Germplasm Based on Seed Kernel Characteristics and 

Nutritional Quality Traits  

Wheat quality is based upon composition of soil and environmental conditions like 

rainfall, temperature and humidity [218]. Information about genetic divergence 

among adapted cultivars and elite breeding materials has substantial effect on the crop 

plants improvement and this knowledge can be effectively utilized for the 

management of germplasm as well as selection of genotypes for diverse breeding 

purposes. Though, it is essential to determine whether various diversity assessment 

methods offer similar evidence relating to the degree of deviation among genotypes of 

wheat [219]. 

Grain protein percentage is the main constituent of grain quality [7, 220]. It 

defines the quality, seedling vigour, grain yield and nutritional status of wheat flour 

[63]. Difference in protein composition and concentration remarkably alters the bread 

making quality.Weather, genetic makeup and prevailing growth conditions are chief 

aspects affecting protein content [218]. Kernel of wheat comprises of 10 to15% 

proteins which is usually found in the endosperm. Various protein in the mature 

kernel have either structural or metabolic part, yet the majority of proteins found in 

kernel are storage proteins which plays a vital part for germinating embryo in the 
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form of nitrogen reserves [220]. Protein content determination is of great importance 

as it is the main element in grading, blending and storage confirmation in the course 

of loading. Kernel of wheat comprises of 8 to17% proteins which is usually found in 

the endosperm [7]. In present study, highest protein content was found in GA2002 

and Marvi i.e. (16.5%) previously, the highest mean value from near infrared 

spectroscopy and Kjeldahl methods was (10.27%) for genotype Gandam-711 while 

the  wheat genotypes contained protein content in the range of 9.15%~10.27% [7]still 

in another study,  genotype HD-2687 revealed highest value of total protein content 

(12.83%) during the grain nutritional quality characterization [61].[218] reported the 

highest crude protein content of (12.45%) in Inqalab-91 yet another study done on 

selected wheat genotypes of Sindh, Pakistan showed highestprotein content in 

genotypes Anmol (15.42%), TJ-83 (15.2%) and Kiran-95 (14.60%) [220]. Our 

findings revealed high content in some other wheat genotypes, reason for this 

variation might be genetic and non-genetic factors (soil, storage and environmental 

conditions, fertilizers and location [221]. 

Moisture content is defined as amount of water stored in each wheat variety 

and is of utmost importance with respect to productivity [222]. In developmental 

stage of plant, moisture plays crucial role in the starch production and ensures 

endosperm filling out ensuing optimal milling. Elevated moisture content augments 

proteolytic in addition to lipolytic activities causing nutrients loss. It is an indicator of 

grain storability as well and may forecast profit margins in milling. Flour with less 

moisture content is more stable in the period of storage. Moisture content greater than 

14.5% fascinates bacteria, insects and molds [218]. Hence, it does not directly 

influence grain quality although it can decrease  grain‘s storage period with moisture 

content higher than suggested [218]. In current study, moisture content was found 

highest in  advance line 9244 (11%)  whereas in previous studies, highest level of 

moisture was shown by genotype Wafaq-01 (9.27%) [7] and (3.547 g per 100 grain ) 

in the same variety during the study of physiochemical traits of wheat genotypes in 

same or diverse ecological conditions of Pakistan [222] yet in another study, Inqalab-

91 showed greater content of moisture (10.23%) during the evaluation of physico-

chemical, functional and rheological attributes of wheat genotypes [218]. 

Starch is a principal component of maximum of the cereals and wheat is 

among one of them [223]. It provides most of the nutrients and enormous amount of 
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energy in human diet and is also a source of palatability. It sustains the flour viscosity 

to enhance the dough extensibility. It is an essential aspect for bakery items [61] and 

used to impart textural characteristics as well. It is also employed as thickening, 

moisture retention, adhesion, gelling, stabilizing and film forming ingredients besides 

preservative to sustain softness and moisture in bakery items [223]. In our study, 

highest starch content was found in AARI 2011 (54.1%) where same content was 

found highest in genotype HD-2687 (74.30%) during the assessment of grain 

nutritional quality [61]. 

Zeleny sedimentation test is comparatively economical, less time-consuming, 

requires less labour force, cheap and needs no extensive laboratory apparatus [224]. It 

is highly consistent technique for assessing quality besides quantity of wheat  protein 

and hence is a better indicator of bread making strength in wheat [224, 225]. Highest 

zeleny sedimentation rate was found in advance line 2006 (86%) in recent study, 

however in earlier study, genotype Inqalab-91 revealed higher SDS sedimentation test 

average value (30.32 ml) [218].Though lot of studies have been undertaken to 

describe the zeleny sedimentation rate in wheat genotypes, but, outcomes comparison 

is not likely in most of cases due to different procedures as well as different solvents 

and evaluating methods have been employed. 

Wheat genetic character is responsible for affecting qualitative features of 

gluten like wheat flour strength and gluten content [218]. Gluten is a form of protein 

which is composed of two major kinds of subunit monomeric gliadin plus polymeric 

glutinins. Both are the seed storage protein constituting 75 to 85% of entire grain 

protein. They don‘t have any enzymatic purpose however these proteins are 

technically active and can help in the dough development, manufacturing of baked 

foodstuffs like chapatti, cookies, cake and bread. The difference in concentration of 

glutenin effects chapatti making [220]. In current study, advance line 2006 (44%) 

showed highest gluten content. 

Kernel weight, is an indicator of  grain size as well as possible flour quantity 

in the kernel [21]. In our study, maximum kernel weight was detected in advance line 

TC-4928 (41.6±9.5mg) and kernel diameter was found highest in genotype Sassui 

(2.91±0.32mm) while highest kernel moisture was found in three genotypes i.e. 

AUQAB 2000 (11.7±0.4%), Mairaj 2000 (11.7±0.4%) and Barani-83 (11.7±0.3%). 
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The endosperm texture can be stated as a degree of the resistance to distortion 

or deformation [21]. Grain hardness/strength is significant grain quality trait whichhas 

an important part in the cereal grains processing besides the end-use quality of cereal 

grain foodstuffs like, breads and snacks [226]. Grain hardness is also responsible for  

plant protection against molds and insect attack [227]. In present study, hardness 

index was found maximum in genotype Punjab 2011 (91±39%). 

In present study, significantly positive correlation was revealed by protein 

content with gluten and zeleny sedimentation rate. Starch content displayed highly 

significant and positive correlation with moisture content. Gluten content had 

significantly positive correlation with protein content, zeleny sedimentation rate and 

hardness index. Protein content and gluten content revealed significant positive 

correlation with zeleny sedimentation rate. Significantly positive correlation was 

shown by hardness index with gluten content. Kernel moisture and kernel diameter 

showed significant positive correlation with kernel weight. Kernel moisture had 

significantly positive association with moisture content. Kernel diameter showed 

significantly positive correlation with kernel weight. Hence, the study of associations 

among these qualitative traits can be useful for the selection of superior wheat 

genotypes having group of desired characters by the breeders in breeding program. 

Cluster analysis grouped 77 wheat genotypes with respect to single kernel 

characterstics into 5 clusters. According to Pairwise Mahalanobis distances (D2 

statistics) cluster-V genotypes depicted utmost divergence against cluster-IV 

genotypes whereas, cluster analysis regarding grain nutritional profile grouped 77 

wheat genotypes into 5 clusters and Pairwise Mahalanobis distances (D2 statistics) 

showed that the genotypes of cluster-II elucidated maximum diversity against 

genotypes of cluster-III. It is obvious from present findings that cluster analysis might 

be considered as an effective tool to catalogue germplasm which offers consistent 

foundation in the base material selection to design breeding tactics in future [212, 

213]. Outcomes of current study showed that multivariate analysis assists in placing 

genotypes in numerous clusters depending upon PC(s) values. 

The contribution of PC-I regarding single kernel characteristics towards 

variability was highest (48.58%). It revealed positive factor loadings for kernel 

weight, kernel diameter and kernel moisture while the contribution of PC-I regarding 
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grain nutritional profile towards variability was highest (59.76%) and it showed 

positive factor loadings for moisture and starch content. 

Based on divergence in grain nutritional profile and single kernel characteristics, 

genotypes with highest protein (GA2002, 16.5%), moisture (Marvi, 16.5%), starch (9244, 

11%), zeleny (AARI-2011, 54.1%), gluten (2006, 44%), kernel weight (TC-4928, 

41.6±9.5mg), kernel diameter (Sassui, 2.91±0.32mm), hardness index (Punjab 

201191±39%) were identified and grouped in five clusters. Kernel weight, diameter, 

moisture and starch content were principal components of varibility. Hence, genotypes 

which have been ranked high in their respective parameter can be used by breeders to 

improve any required/desired trait. 

4.4 Study 04: Analysis of Divergence in Wheat Germplasm 

for High Molecular Weight Glutenin Subunits (HMW-

GS) by SDS-PAGE and Microsatellite (Functional SSR 

marker) Xuhw89 Locus for Grain Protein Content 

Wheat glutenin proteins, especially high molecular weight glutenin subunits 

accumulated in starchy endosperm have a vital part in defining the bread-baking 

characteristics and hence the nutritional quality of flour [87]. According to research, 

rate of differences among varieties in bread making capability may be due to 

variations in HMW-glutenin subunits conformation, and this makes it necessary to 

evaluate the variation in alleles of HMW-glutenin subunits structure responsible for 

bread making quality amongst wheat varieties of Pakistan [228]. 

In current study, HMW-glutenin subunits polymorphism was observed among 

Pakistani wheat varieties and has also been stated in the previous studies [229, 230]. 

Homogeneous and heterogeneous patterns of protein were detected in our genotypes 

concurring with the former studies [231-233]. This state of being diverse can be 

utilized in programs related to breeding for enhancing quality of bread making by 

selecting a glutenin phenotype having HMW-glutenin subunit configuration related to 

good quality. Thirty diverse combination of alleles with aggregate of thirteen Glu-1 

alleles illustrated not merely occurrence of allelic diversity in HMW-glutenin 

subunits, accountable for alterations in bread production attributes, moreover its 

possible  application for breeding genotypes in future.  
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Storage protein configuration is thought to be persistent part of cultivar due to 

direct genome expression therefore; it can help in identification of cultivar. Our 

results are in accordance with the previous studies [232-234]. 

In this study, three alleles i.e.1, 2* and Null were contributed by Glu-A1 locus 

of A genome with the prevalence of 1 subunit (37.7%) followed by subunit 2* (35.1) 

and Null (26%). In contrast to present findings, subunit 2* was found predominant 

with a percentage of 72.09% and 25% previously [230, 235] while Chaparzadeh et al., 

2008 [230] reported lack of subunit 1 in their genotypes. These variations might be 

the result of germplasm differences. The subunit 1 has good influence on the wheat 

quality; thus it may be introgressed into the genetic context of native genotypes to 

enhance their worth followed by constant breeding struggles as well as selection 

procedures [90, 228].  

Results obtained in this study coincide with findings of  Morgunov et al., 1990 

[236] they assessed few alleles which were null in Soviet wheat varieties. Yet, 

Nakamura, 2000 [237] reported high frequency of null allele i.e. 80.4% and 74.1% in 

Chinese and Japanese wheat varieties while highest frequency of 48.3% was reported 

by Popa et al., 2003 [233] in Romanian wheat varieties whereas frequency of Null 

allele was found dominant in French wheat i.e. 69.5% by Yan et al., 2007 [238]. 

Glu-B1 of genome B depicted greater polymorphism level by rendering 6 

dissimilar allelic variants. Earlier, Glu B1 locus has showed utmost glutenin 

polymorphism [229]. The most recurrent pattern associated with good bread making 

quality was of subunits 13+16 (42.85%) followed by 17+18 (28.57%). Formerly, 

lower frequencies (3.57%) of 13+16 subunits were reported in Iranian wheat cultivars 

and advanced breeding lines [239] whereas in another study, much lower frequency of 

0.7% and 0% in Chinese as well as Japanese wheat varieties [237] were found. Yet in 

another study low frequency of about 5% was detected in Pakistani wheat germplasm 

[228]. However, subunits 17+18 were most frequently encountered in hexaploid 

wheat landraces of Pakistan [240]. In another finding, the highest frequencies were 

observed for subunits 7 +9 (82.6%) [233], still another finding reported the highest 

frequencies (29%) and (91%) of subunits 7+8  in European wheat landraces and 

obsolete cultivars [241] as well as in Hand-Extended Noodles made from wheat flour 

[232]. 
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Single subunits or rare subunits of 7 and 20 were identified in our few 

genotypes as well. Sub unit 20 screened out in nine varieties (11.68%) is in agreement 

with the findings of Yan et al., 2007 [229] who had reported little proportion in their 

genotypes regarding above mentioned subunit. Contrary to our findings, Carrillo et 

al., 1995 [242] reported subunit 20 as most recurrent Glu-B1 allele. These 

subunitsscarcity is beneficial because of their poor bread-making quality [22, 243]. 

Glu-D1 site of genome D also revealed substantial polymorphism level. 

Alleles coding for subunits pair 5+10 as well as 2+12 were maximum persistent forms 

with a frequency of 55.8% and 41.6%. Subunit pairs 5+10 impart positive effect on 

bread making quality [90]. Our results are analogous to the findings of Nakamura, 

2000; Popa et al., 2003; Kang et al., 2007 [232, 233, 237] where examined genotypes 

possessed dominant frequencies of 5 + 10 and 2+12 subunits in numerous collections. 

In contrast to our results, Branlard et al., 2003; Chaparzadeh et al., 2008 [230, 238] 

stated lower frequency of subunit 5 + 10. One genotype in present study had 2+10 sub 

unit whose quality contribution is not known and is in accordance with the findings of 

Yan et al., 2007 [229]. 

Various genes in species genome are responsible for seed proteins and their 

study can offer valuable information regarding evolutionary associations and genome 

complexity in species [228, 244]. The division of allelic modifications into genomic 

input showed that B genome is responsible for genetic variation though maximum 

contribution towards quality is via D genome. 

Bread making quality is a composite attribute swayed through environment. 

Though, evaluation of bread-making quality potential is possible with the help of 

HMW-glutenin subunits in wheat genotypes [244]. Highest and good quality score of 

10,8 and 6 was found in tested genotypes. On the whole, our germplasm holds a good 

bread making potential as only one variety and  2 advance lines have a score of five or 

less. Our results varied from Schuster et al., 1997 [244] who proposed mostly poor 

bread manufacturing quality in tested genotypes. Genotypes with lower frequency of 

good quality score specify the varieties development without utilising the 

comprehensive information of glutenin subunits configuration and their role towards 

bread making quality. 
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To conclude, SDS-PAGE revealed 30 allelic combinations for HMW-GS at Glu-1 

loci involved in bread making quality. Maximum frequency of allele 1 was found in 

twenty nine genotypes at Glu-A1 locus while high proportion of subunit pairs 13+16 and 

2+12 were detected in 33 and 32 genotypes at Glu-B1 as well as Glu-D1 locus 

respectively. Few rare alleles were also detected. The quality scores ranged from 4-10, 

while highest quality score (10) was more frequent (36.36%).  Hence, genotypes having 

good quality subunits can be pooled via diverse breeding techniques in order to 

produce better quality wheat. 

Protein proportion in grain of bread wheat play a pivotal role in defining end 

use quality and holds a substantial role in human diet as high protein has been  stated 

to increase nutritive along with bread making quality [61]. Recently, the wheat quality 

has been a topic of discussion, as greater yield has made a trend towards decreased 

concentration of protein and this makes it necessary to identify alleles using molecular 

markers that affect grain protein content.To our knowledge, identification of allelic 

variants of Xuhw89 locus for Gpc-B1 gene in Pakistani wheat genetic resource has 

not been executed and for the first time genetic diversity of genotypes regarding 

above mentioned locus/gene have been performed. 

Albumin and globulin makes 20 to 25% of total protein in wheat endosperm. 

Both are water miscible, biologically active, holds allergenic effects and play essential 

part in metabolism as well as nutrition [199-201]. In general, albumin was found 

higher in genotypes with 126-bp allele (260.33±5.48mg/g s. wt.), but specifically 

found  maximum  in advance  line TC-4928 (352.89 mg/g s. wt.) with 126-bp allele, 

during current study. Maximum globulin was found in genotypes with 126+130-bp 

allele (173.31±6.00 mg/g s. wt.) on the whole, while it was found highest specifically 

in genotype MEXI PAK (252.67 mg/g s. wt.) with 126+130-bp allele.  

Wheat seed storage proteins are responsible for estimating quality as dough 

extensibility and elasticity of dough is due to them [203]. Over all, maximum total 

soluble protein was detected in genotypes with 126-bp allele (316.40±11.35) 

however, precisely, it was found maximum in Faisalabad-2008 (162.44mg/g s. wt.) 

with 126-bp allele. Highest salt soluble protein was identified in genotypes with 

126+130-bp allele (102.78±5.72) in general, but specifically it was found maximum 

in Punjab-96 (487.33 mg/g s. wt.) with 126+130-bp allele. Generally, 42% of tested 
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wheat genotypes were found to carry 126+130-bp allele while a 126-bp allele was 

detected in 58% of genotypes. 

In the end, analysis of microsatellite (functional SSR marker) Xuhw89 locus 

for grain protein content showed that 42% genotypes carry 126+130-bp allele with 

relatively higher salt soluble proteins and globulin while remaining possessed a 126-

bp allele with higher total soluble protein and albumin. Hence, recognition and 

exploitation of genetic resource having allele for Xuhw89 locus is vital for enhancing 

allelic divergence and possibility for cultivar improvement. 

Considerable variation for broad series of traits has been revealed by 

divergence analysis of collected germplasm. The wide range of diversity in 

phenotypic characters have proved  to be an effective tool in classifying germplasm 

and the acquired information can be of great interest to the plant breeders in plant 

species development with desired nutritional qualities. This will  also reduce the time 

required for screening from a large set of genetic population. 
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Conclusions 

Following conclusions were drawn based on current findings and critical literature 

review.  

 Significant variation in seed biochemical profile and nutritional potential was 

detected in wheat genotypes  

 Identified genotypic sources for  better antioxidant potential, hydrolytic 

enzymes, grain protein and sugars can be utilized in wheat improvement 

programs aimed at nutrition and quality enhancement 

 Dharabi-2011 with lowest amylase, MEKI-PAK with lowest reducing sugars 

and higher seed protien and AARI-2011 with lowest gluten have potential for 

health implications 

 Divergence in morphological traits especially spike length and single kernel 

characteristics (weight, diameter, moisture and starch) can be utilized for 

productivity enhancement   

 Based on allelic combinations for high molecular weight glutenin subunits 

(HMW-GS) at Glu-1 loci  (through SDS-PAGE) bread making quality scores 

ranged from 4-10, while highest quality score (10) was more frequent 

(36.36%) 

 Analysis of microsatellite (functional SSR marker) Xuhw89 locus for grain 

protein content showed that 42% genotypes carry 126+130-bp allele with 

relatively higher salt soluble proteins and globulin while remaining possessed 

a 126-bp allele with higher total soluble protein and albumin 

 Collectively, revealed divergence in seed biochemical and quality traits, allelic 

distribution for HMW-GS and Xuhw89 locus for grain protein content and 

yield parameters in Pakistani wheat germplasm followed by detailed cluster, 

PCA and association analysis will help breeders in selecting genotypes with 

desirable traits and designing the breeding program for crop improvement 
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  Appendix A 

Table 4.1 Wheat varieties used in this study 

Sr. No. Variety Year of Release Source Genotype 

Pedigree 

Sr. 

No. 

Variety Year of 

Release 

Source Genotype Pedigree  

1 PAVON 

 

1978 AARI, 
Faisalabad 

VCM//CNO/
7C/3/KAL/B

B 

16 INQULAB 91 1991 AARI, 
Faisalabad 

WL 711/CROW "S" 

2 PERWAZ 
 

1994 AARI, 
Faisalabad 

V5648/(SIB)
PARULA[16

04] 

17 SEHAR 2006 2006 AARI, 
Faisalabad 

CHILL/2*STAR/4/BOW//BU
C/PVN/3/2*VEE#10 

3 MEXI-PAK 1965 AARI, 
Faisalabad 

PJ/GB55 or 
PJ62/GB55 

18 CHAKWAL 50 2008 
 

BARI, 
Chakwal 

ATTILA/3/HUITLE/CARCO
MUN(CARC)//CHEN/(CHTO

)CHORLITO/4/ATILA 
4 LU-26 1976 UAF BLUESILV

ER/KHUSH
AL-69 

19 BARS 2009 2009 BARI, 
Chakwal 

―PFAU/SERI//BOW‖ 

5 IQBAL-2000 2000 AARI, 
Faisalabad 

BURGUS/S
ORT 12-

13//KAL/BB
/3/PAK 81 

20 DHARABI 
2011 

2011 BARI, 
Chakwal 

HXL7573/2*BAU//PASTOR 

6 AUQAB-2000 2000 AARI, 
Faisalabad 

CROW'S'/N
AC//BOW'S 

21 FAISALABAD 
2008 

2008 AARI, 
Faisalabad 

 

PBW65/2*Pastor 

7 UFAQ-2002 2002 AARI, 
Faisalabad 

V.84133/V8
3150 

22 AARI- 2011 2011 AARI, 
Faisalabad 

SH-88/90A-204//MH97 
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8 GA-2002 2002 BARI, 
Chakwal 

DWL5023/S
NB//SNB 

23 MILLAT 2011 2011 AARI, 
Faisalabad 

CHENAB2000/INQ-91 

9 BHAKKAR-
2000 

2000 AZRI, 
Bhakkar 

P102/PIMA//
F3.71/TRM/

3/PVN 

24 PUNJAB 2011 2011 AARI, 
Faisalabad 

AMSEL/ATTILA//INQ-
91/PEW'S' 

10 SH-2002 2002 AARI, 
Faisalabad 

INQALAB-
91/FINK'S' 

25 GALAXY 2013 2013 AARI, 
Faisalabad 

------ 

11 AS-2002 2002 AARI, 
Faisalabad 

KHP/D3170
8//CM74A37
0/3/CNO79/
4/RL6043/4*

NAC or 
KHP/D3170
8//CM74A37
0/3/CIANO7
9/4/RL6043/

*4NAC 

 
26 

V-8203/ 
Ujala 16 

2016 AARI, 
Faisalabad 

4777*2/5/CIANO67/8150//TO
BARI66/CIANO67/4/NOROE
STE66/3/12300//LERMAROJ

O64/8156/6/(SIB)TRIFON 

12 MANTHAR-
2003 

2003 RARI, 
Bahawalpu

r 

KAUZ//ALT
AR84/AOS 

27 BAKHTAWAR
-1993 

1993 NIFA, 
Peshawar 

KAUZ ―S‖ 

13 FAREED-2006 2006 RARI, 
Bahawalpu

r 

PT'S'/3/TOB/
LFN//BB/4/
BB/HD-832-
5//ON/5/G-

V/ALD'S'//H
PO 

28 TATARA 1996 1996 NIFA, 
Peshawar 

JUP/ALD'S'//KLT'S' 

 
 
 
   14 

 
 
 

SHAFAQ 2006 

 
 
 

2006 

 
 
 

AARI, 
Faisalabad 

 
 
 

LU26/HD21
790/2*INQA

 
 
 

29 

 
 
 

FAKHR-E-
SARIAD 

 
 
 

1998 

 
 
 

NIFA, 
Peshawar 

 
 
 

PFAU'S'/SERI//BOW'S' 
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LAB 91 
15 MAIRAJ 

2008 
 

2008 RARI, 
Bahalpur 

PIAMONTE
SINTA/3/TO
BARI66/LIL
IFEN//BLUE
BIRD/4/BL
UEBIRD/H

D-
8325//OLES
EN/5/GAVI
LAN,MEX/(
SIB)ALOND
RA//(SIB)H
OOPOESPA
RROW/INIA
//V.7394/WL
711/13/BAU

S 

30 TAKBEER 
2000 

2000 NIFA, 
Peshawar 

ATTILLA 

31 LASANI 2008 2008 AARI, 
Faisalabad 

PFAU/SERI/
/BOW 

45 NIFA LALMA 
2012 

2012 NIFA, 
Peshawar 

--- 

32 JAUHAR-78 
 

1979 
 

NIA, 
Tando jam 

(M)NAYAB; 
PENJAMO-
62/GABO-
55//GABO-

66/3/TEZAO
S-PINTOS-
PRECOZ/N

AINARI-
60/4/NF- 

600-RADS 

46 WATAN-94 1994 AARI, 
Faisalabad 

LU-26/HD-2179 

 
33 

 
SINDH-81 

 
1982 

 
NIA, 

 
NORTENO-

 
47 

 
MARVI-2000 

 
2002 

 
NIA, 

 
CMH77A917/PKV1600//RL6



Appendix 

163 
 

 Tando jam 67/MEXIPA
K 

Tando jam 010/6*SKA 
 

34 SARSABZ 

 

1986 NIA, 
Tando jam 

PITIC62/FR
OND//MEXI
PAK/3/PITI

C-
62/MAZOE-

79-75-76 

48 ABADGAR-93 
 

1996 NIA, 
Tando jam 

CIANO-F67/NOROESTE-
F66/3/C273//NP875/PITIC-

62/4/PRATAP 

35 SOGHAT-90 
 

1991 NIA, 
Tando Jam 

PAVON 
MUTANT-3 

49 C-228 1941 AARI 
Faisalabad 

HARD FED/9D 

36 KIRAN-95 
 

1996 NIA, 
Tando Jam 

CROW(SIB)
/W-711 

50 C-591 1934 AARI 
Faisalabad 

T9/8D or T9 X 8A 

37 BARANI-83 1983 AARI, 
Faisalabad 

BB/GLL/3/G
TO/7C//BB/

CNO67 

51 02006 ---- AARI 
Faisalabad 

---- 

38 BHITTAI 
2004 

2004 NIA, 
Tando jam 

VEERY/TR
AP//SOGHA

T-90 

52 02005 ---- AARI 
Faisalabad 

---- 

39 SASSUI-2006 2006 NIA, 
Tando jam 

CHIL 
/ALD//PVN/
Yecora-70 

 
53 

02156 
 

---- AARI 
Faisalabad 

SH-88/WEAVER 

40 KHIRMAN 
2006 

2006 NIA, 
Tando jam 

ULC
/PVN//TAN/

3/BUC 

5
54 

KOHISTAN 
 

1997 AARI, 
Faisalabad 

V1562//CHIROCA(SIB)/(SIB
)HORK/3/KUFRAI/4/CARPI
NTERO(SIB)/(SIB)BLUEJA

Y 
41 NIA AMBER 2010 NIA, 

Tando jam 
VEE//5'S'/S

ARA//SOGH
AT90 

55 9021 ---- UAF FENGMAI10/MO120//110-
75/3/ZHONGKANGAI-

2/4/04835/5/882-182 
 

    42 NIA SUNHARI 2010 NIA, 
Tando jam 

Cham4//UR
ES/BOW 'S' 

56 TC-4928 ---- UAF ---- 
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43 NIA SUNDAR 2011 NIA, 
Tando jam 

sarsabz/sunc
o*2 

57 6544-6 ---- UAF ---- 

          
44 BENAZIR-12 

 
2012 NIA, 

Tando jam 
CHEN/AEGI
LOPSSQUA
RROSA(TA
US)//BCN/3/

VEE#7/ 

58 9244 ---- AARI, 
Faisalabad 

---- 

59 NARC-2011 2011 NARC, 
Islamabad 

 69 NR-234 ---- NARC, 
Islamabad 

---- 

60 ZARDANA 
 

1993 ARI,  
Quetta 

CIANO67/8
156//TOBA
RI66/CIAN
O67/4/NOR
OESTEF66/
3/12300//LE

RMA-
ROJO-64-

A/8156/5/PA
VON-76 

70 NR-241 ---- NARC, 
Islamabad 

---- 

61 RASKOH-2005 2005 ARI, 
Quetta 

Kauz/Yaco//
Kauz 

71 MARGALLA-
99 

1999 NARC, 
Islamabad 

OPATA/BOW'S' 

62 MEHRAN-89 1991 ----- KVZ/BUHO
//KAL/BB 

72 SITTA 1991 CIMMYT ---- 

63 PUNJAB-90 1990 AARI, 
Faisalabad 

----- 73 NESSER 1990 CIMMYT ---- 

64 SA-75 1975 
 

AARI, 
Faisalabad 

NAI60/CB15
1/S949/3/ME

XIPAK 

74 SALEEM 2000 2001 CCRI, 
Pirsabak 

CHAM6//KITE/PAPAGO-86 

65 PASBAN-90 1991 AARI, 
Faisalabad 

----- 75 SULEMAN 
96 

 

1996 CCRI, 
Pirsabak 

F674/BUNTING//SISKIN/3/V
EERY-7 
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66 

 
 

NIFA-
BATHOOR 

 
 

2008 

 
 

NIFA, 
Peshawar 

 
 

----- 

 
 

76 

 
 

PUNJAB-96 

 
 

1996 

 
 

AARI, 
Faisalabad 

 
 

SA42*2/4/CC/INIA//BB/3INI
A/HD832 or 

SA42*2/3/CC/INIA4//BB/4/I
NIA/HD832 

67 PARI 73 1973 AARI, 
Faisalabad 

CNO67//SN
64/KLRE/3/

8156 

77 WL-711 1978 AARI, 
Faisalabad 

S308/CHRIS//KAL 

68 S-24 ----- UAF ----- ---- ----- ---- ----- ----- 
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