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ABSTRACT: 

The present study was conducted with the objective of finding out protein polymorphism 

in order to investigate the relationship between and within worldwide and cultivated 

species of the genus Pisum. 

For biochemical analysis, SDS-PAGE was performed which was efficient in detecting 

polymorphism and genetic variation within and among Pisum species. The data was 

analyzed using software NTSYS .The results showed a considerable degree of 

polymorphism. Mixed pattern of grouping in the analysis indicated close affinities of 

species with each other. 





CHAPTER 1 INTRODU CTION 

INTRODUCTION: 

PiSlIn7 sativum L. (commonly known as pea) is an annual herbaceous plant having both 

wild and cu ltivated forms. It is grown at higher altitudes in tropics and requires a cool, 

relatively humid climate (Duke, 1981 ; Davies, 1985). Initially the name for the legume 

was "pise" acquired from the Latin "PisUI11 " . Pea is not frost sensitive and is widely 

grown in varying cond itions. 

P. sativum is placed within the tribe Vicieae of the family Papilionaceae and is thus 

close ly related to Vicia and Lathyrus (Ellis and Poyser, 2002). During the 18th century 

Gregor Mendal in his classic work on the genetics of pea recognized 32 different types. 

Today about 10,000 cultivars have been recorded most from temperate areas of the world 

were the crop is grown best (A lmgard, G., 1970). 

HISTORY AND ORIGIN: 

The pea has been known since Ant iquity. Theophrastus in his book "Enquiry Into Plants" 

mentioned peas much earlier than 3000 B.C. The pea crop was known in Furope since 

the Prehistoric age. Peas dating from Stone Age have been discnvered in lake dwellings 

of Switzerland (Fourmont, 1956). According to Gibault (191 2), in France, peas were 

found in dwell ings during Bronze age (1000- 2000). Recently Smartt (1990) in his book 

"Gra in Legumes: Evo lution and Genetic Resources" indicated that pea dates back 7000-

6000 B.C. 

Pea is one of the oldest grain legumes during the Early Neolithic (more than 80,000 years 

ago) in the near East (Zohary and Hopf, 1994). Pea was originally cultivated as a winter 

annual crop in the Mediterranean region. Mediterranean region is rich in grain legumes 

and the study of crop evolution began here (Smartl, 1990). It is regarded as the primary 

center of diversity (Ambrose, 1995). It was introduced into America soon after Co lumbus 

and thereafter spread to the temperate zones of Europe (Kay, 1979: Makasheva, 1983). 

Pea was taken to China in the First century and was introduced in United Kingdom in the 
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CHAPTER 1 INTRODUCTION 

Midd le Ages (Davies et aI. , 1985). Based on genetic diversity, peas probably or iginated 

in Abyss inia and Afghanistan while areas in Med iterranean co lonized later. From these 

areas , the pea spread to other pat1S of Europe and Asia. (Fourmont, 195 6) . Erskine eL al. 

(1994) mentioned that peas were rare at Jamo and fraq (6750 B.C.) , while they 

constituted the prevalent pulse at a Neolithic site at Erbaba in Turkey (5800-5400 B.C.). 

Ev idence from carbonized remains indicated that pea had been cultivated with cerea l 

crops such as wheat and barley since domestication. 

At a taxonomic level there has been a recent increase in genome size within the Vicieae 

and thi s appears to be assoc iated w ith the accumulat ion of repetitive elements rather a 

consequence of segmental duplicati on. This description is in close agreement w ith the 

model set out by Thompson and Murray (1980), but can be taken be further by a genetic 

analysis of the repetitive sequences that appear to have accumul ated in Pisum. 

The genome size ranges approximately 10 fold within the genera Vicia and Lathyrus 

indicates that with in the period of time assoc iated with speciat ion events, there have been 

large sca le changes in genome size in thi s taxo nomic group. Within Pisum which is 

represented by a large number of species, variation in genome size has been described 

clearly by Baranyi et al. (1996) who showed an approximately 10% difference between 

some access ions, consistent with a slightly larger genome in P. jitlvum and P. abysinicum 

than in P. sativum. These observations suggest that the accumulation of the repetitive 

elements has been an active process during the diversifi cat ion of Pisum. 

MORPHOLOGY AND FLORAL BIOLOGY: 

This annual plant (2n = 14) has hermaphrodite fl owers and is se lf pollinating (Lazaro and 

Aguinaga lde, 2006).Flowering time is from May to September and seeds ripen frol11 July 

to October. (Lazaro and Aguinaga Ide, 2006) . Pea plant is a cl imber and all of the spec ies 

have different morphological characters (Wa ines, 1975) and many intermediate forms are 

also found at variolls eco logical transition zones (Ben-Zen and Zohary, 1973). 

Pisum is class ified into six sub-spec ies on the basis of morphology. The wi ld forms 

include P. fulvum, P.hllmile, P. elatius and P. formosum where as the cu lti vated fJ rms 
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CHAPTER I INTRODUCTION 

include P. sativul11 and P. abysisnicum (Gi les, 1975). These wi ld species often have tall , 

slender and branched stems, purple or pink flowers and small pods producing a small 

quantity of seeds with colored coat but P. elatius has large pods and as many as eleven 

seeds. 

P. fiilvul11 is an annual decumbent, red yellow pea having di fferent polymorphic forms 

(Mattia , 1977). P. fulvul11 may have two fructification types, a normal one located in the 

upper part of the plant, the other very peculiar with very short basal branches which pu sh 

the pods slight ly into the ground i.e. amph icarpy. 

P. abyssinicum is a cu lti var found at the highlands of Eth iopia and Egypt and has pink 

flowers and dark purple seeds with unique black hilum (Westphal, 1975). This cu ltivar is 

morphologically distinct from other Ethiopian cu ltivars by having leaves with one pair of 

leaflets, small red purple nowers and glossy seeds having black hilum (Westphal , 1975). 

P. abysinicum is the ancient cultivated pea. P. formosum is the connecting form between 

Pisum and Lalhyrus genus. However morphologically share many characters with P. 

fulvulI1. 

P. elatius has colored flowers, I i lac-b lue standards, whereas dark purple wings and 

maroon veiny brown seeds. 

P. humile is characterized as a medium sized climbing species with dentate leaf margins 

and li ght blue flowers). P. humile resembles the cul tivated forms. It is the progenitor 

of cultivated pea and shares some karyotype with it (Ambrose, 1995). 

The two forms of cultivated pea, the field pea (P. arvense L.) and the garden pea (P. 

sativum L.) are sometimes regarded as separate species . There is very littl e justification 

for this since they can be crossed readily and are quite inter-fertile whereas P. hllmile, P. 

elatius and P. sativum form a single spec ies complex .It seems probab le that the garden 

pea was derived by se lect ion from the field pea (Smartt , 1976). Based on ana lyses of 

morphology, cytogenetics and hybrid performance, Ben-Ze'ey and Zohary (1973) 

concluded' that P. fulvum is a fully divergent species, whereas P. humile, P. elatius and P. 

sativum form a single species complex. 

Other researchers showed that Pisul11 is monospecific, suggesting that the 

differences observed for P. fu!vum relative to the other pea taxa are more a matter of 

degree than the basis for a distinct species (Wellensiek, 1925; Hedrick, 1928; Lamprecht, 
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CHAPTER I INTRODUCTION 

1966; Bli xt, 1974). Marx (1977) and Palmer el al. (1985) agree with the conc lusion that 

P.humile is the wild progenitor of the cul tivated pea. Recently, Hoey eL al. (1996) have 

confirmed this origin through a phylogenetic analys is based on certain morphologica l 

characters and RAPD markers 

CHEMISTRY: 

Green peas (Pisul?1 sativul?1 L.) have a nutritionall y favo urab le composition with respect 

to macronutrients. They have a low fat content, are high in fiber and protein (National 

Food Adm ini strat ion, 2002) and they contain starch with a low glycemic index (foster, 

Powell and miller, 1995) .Among micronutrients, peas have high contents of asco rbic 

acid, beta carotene, thiamine and riboflavin and are rich in iron. (National Food 

Administration, 2002).The green pea contains 6.7% protein , 0.5% oil and 13 .9% 

carbohydrates. (Sehirali , 1988). 

The prote in concentration of peas range from 15.5-39 .7°1c) (Davies et al., 19'35; Bressani 

and Elias, 1988). "Fresh green peas contain per 100 g: 44 calo'jes, 75.6% water, 6.2 g 

protein, 0.4 g fat, 16.9 g carbohydrate, 2.4 g crude fiber, 0.9 g ash while dried peas 

contai n: 10.9% water, 22.9% protein, 1.4% fat, 60.7% carbohydrate, 1.4% crude fiber, 

___ . __ . __ and_2 .I%_ ash~.(nuke,.J9.8l;_Hulse,_L9-.9_4.) .£.e(Lpro teinJ1as_aJ1 ighJysine content, .making_ 

the crop superior nu tri tiona ll y compared with other legumes. The largest chemical 

component in peas as in other legumes is carbohydrate (CHO) which const itutes about 

56.6% of seed weight (Bressani and Elias, 1988). The most abundant pea carbohydrate is 

starch, 36 .9-48.6%, whi le amylose is about 34% of seed weight in peas (Bressani and 

Eli as, 1988).Methionine and cystine are the main limiting amino ac ids. 

The proteins present in legume seeds can be broadly class ified into metabolic prote ins, 

which are involved in normal ce llular activ ities, and storage proteins which are 

synthes ized during seed development. Of the storage proteins, globulin constitutes a 

major proportion of the legume seed prote ins and its limitat ions in human and 

monogastric nutrition are we ll known (MilleI'd, 1975).The amino ac id compos iti on of 

food crops can be altered, either by vary ing the relat ive proportions of embryo and 

endosperm, or by changing the relative proportions of metabo lic and storage proteins. 

(Pant, et al. , 1974). 
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CHAPTER l INTRODU CT ION 

Starch is the main com ponent of the pea seed, but occurs in several forms .S mooth­

seeded varieties have ro und starch granules, whereas most of those varieties with 

wrinkled-seed have composite granules. This character is contro lled by a single gene R-r. 

Protein contents ranging fro m 26 to 33% occur in wrinkled-seeded va rieties and from 23 

to 3 1 % in smoo th -seeded varieties. This difference is due to variations in the synthes is of 

starch, with smooth-seeded group hav ing a higher starch and amylopectin content than 

wrinkled seeded types (Cousin, 1992) . 

IMPORTANCE: 

GENETICAL IMPORTANCE: 

Pea has been the object of many genetical studies. It has thus been used as a model 

organism in early experimentat ions in genetics, particularly by the pioneer geneticist 

Reginald Punnett. Pea is highly suitable as a genetic subj ect because of its ability to se lf­

pollinate and its eas ily observed Mendelian traits such as co lor, height and _petal form. 

Many genetical principles were discovered or confirmed in pea. It was used by Punnett in 

early studies of Genetic Linkage.Gregor Mendel is today recognized as the "Father of 

Modern Genetics" for hi s work with the cross breeding of pea plant (Pisum sativum) with 

diffe rent characteri stics, and sweet pea has also been used in a similar way. 

AGRICULTURAL IMPORTANCE: 

According to Smartt (1990), peas are widely grown for hay, pasturage and silage 

production either alone or mixed with cerea ls. Due to their high protein content peas are 

grown as a forage crop. It is currently ranked as the world's second most important pulse 

(FAO, 2005) and is important as staple protein food. 

Consequently, many characters hav e to be improved in order to satisfy the developing 

needs of growers, processors and feed manufacturers. The Jlutritional and the functional 

quality of pea (Pisum sativum L.) seed depends primarily on their protein content: and 

composition. For breeding as well as for industri al uses, efficient methods fo r analyzing 

protein compos ition are of great importance. Most agriculturall y important crop spec ies 

ex ist as a number of genetica lly distinct, but related, varieties. These varieties are either 
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CHAPTER I INTRODUCTION 

indigenous, locally adapted ecotypes (land races) or, increasingly common ly in the 

modern world, cu ltivated varieties (cul tivars), active ly produced via the efforts of plant 

breeders. The ab ility to discriminate between and identify varieties of crops is crucial to 

the seed and related inrlustri es. 

AS FOOD: 

It is currently ranked as the world's second most important pulse (FAO, 2005). Pea 

(Pisum sativum) is an important legume which is widely cultivated in Europe. Because of 

its high protein contents and high productivity in temperate EUl'Opean climate conditions, 

pea belongs to the most effective protein sources for food and feed purposes. 

Peas have been grown as an important source of human alld animal food for many 

centuri es. Several thousand varieties ex ist throughout the world. Accord ing to Ali , S.M., 

1981, peas can be classified into the fo llowi ng categories: 

• Field peas, providing forage for animal feed; 

• Green peas, from which pods are harvested for hum an consumption as a fresh 

vegetab le; 

• Vining peas, fo r canning or freez ing; 

• dried peas, partly for human consumption but mostly for animal feed. Pea (Pisum 

sativum) is one of the most com mon food plants in turkey grown for fresh consumpti on 

and raw material of canned food industry. 

TRADITIONAL MEDICINAL USES: 

"Seeds are thought to cause dysentery when eaten raw. In Spain, flour is considered 

emollient and resolvent, app li ed as a cataplasm. It has been reported that seeds conta in 

trypsin and chymotrypsi n which could be used as contraceptive, ecboli c, fungi stat ic and 

sperm icide"(Duke, 198 1). Smartt ( 1990) reported that there are no signi ficant amounts of 

toxicity or anti-metabolites in peas. 
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CHAPTER l INTRODUCTlON 

DIVERSITY ANALYSIS OF PEA: 

Genetic diversity refers to the variation at the leve l of individual gene and provides a 

mechani sm for the plants to adapt in ever changing environment. Genetic diversity can be 

assessed by: 

(1) Molecular markers as RAPD, RFLP and rSSR markers that playa significant role in 

finding phylogenetic relationships among different varieties. 

(2) Biochemical methods such as seed protein electrophores is have also helped to 

investi gate variation among access ions. One very simple way of detecting seed protf' in 

Polymorphisms is to analyze "total" seed protein extracts by SDS-PAGE. This can be 

extr.emely effective and has been used for variety di scrimination and identification of 

plants. 

The potential of molecular techniques and protein markers (represented particularly by 

isoenymes and seed storage proteins) for cultivar identification and phylogenetic studi es 

has not been completely explored. The usefulness of protein markers represented uy seed 

storage proteins e.g. leve l of polymorphism and molecular bas is of polymorphism i<: ve ry 

limited. Despite the increasing significance of DNA markers in cultivar identification and 

phylogenetic studies, the use of Isozymes in combinat ion with morphological traits may 

be still very useful and important. Among biochemical techniques SDS-PAGE is widely 

used due to its simplicity and effectiveness for describing the genetic structure of crop 

gennplasm (Murphy et aI., 1990; lavaid et aI., 2004 ; Anwar et aI. , 2003.). The analysis of 

storage protein variation in pea has proved to be a useful tool not only for diversity 

studi es but also to optimize variation in germplasm co llections. SDS-PAGE can be used 

as a promising tool for distingui shing cultivars of particular crop species (lha and Ohri, 

1996).The purpose of this study was to investi gate the level of genetic diversity in pea 

germplasm lIsed in the national crop improvement effo rts in Pakistan by using SDS­

PAGE analys is. 
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CHAPTER 2 LITERATURE R~V I EW 

LITERATURE REVIEW: 

Sodium Dodecy l Sulfate Po lyac rylamide Gel Electrophores is (SDS PAGE) is a 

technique used in biochemistry, geneti cs and molecular biology to separate proteins 

according to their electrophoretic mobility (a funct ion of length of polypeptide chain or 

molecular we ight as well as higher order protein folding, post-translational modificati ons 

and other factors) . Several qualitative and quantitative biochemi cal and molecular 

marke rs loc i encod ing storage proteins, isozymes or restr iction length oo lymorphism are 

currently available for measuring vari ation between closely related germpla~ :'" (Bm'anger 

et al. , 2004). 

SDS- PAGE is a parti cularly reliable method fo r assessment of geneti c diversity amon!:, 

hi ghly res istant ancl susceptible genotypes because storage proteins are large ly 

independent of environmental flu ctuations (Gepts, 1989). Screening' of a broad range of 

P iSUl11 sativu m access ions from diffe rent geographica l origin was conducted by SDS­

PAGE The lowest protein content was found ill the access ions from Ethiop ia and 

highest in accessions from Italy. Significant variations in European access ions were 

found whereas the As ian access ions showed the narrowest range of vari ations in protein 

content. However no relationship between seed protein banding and di sease status was 

obse rved (Gepts. P. 1989). 

SDS- PAGE is the most widely used analytical method to resolve components of prote in 

mixture. It is almost obligatory to access the purity of protein through an electrophoreti c 

method. SDS- PAGE exp loits diffe rences in molec ular size to resolve proteins di ffe ring 

by as li tt le as 1 % in the electrophoreti c mobility through the ge l matrix (Jha, S.S. and 

Ohri , 1996). 

Proteins or enzymes are the fi nal product of gene express ion. Although DNA stores the 

genetic information, it is the protein that determines shape, structure and function of a 

cell and tissues of an organi sm. Enzymes, which are usuall y protein in nature, control the 
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CHAPTER 2 LITERATURE REVIEW 

expression of genes and development of an organism. Overa ll protein const itutes half of 

the dry we ight of the ce ll. A number of molecular bio logy studies started from spec ific 

protein that determines a particular phenotype of an organism. DNA / protein interaction 

is used in ge l retardat ion and footprinting, screen ing of cDNA library as probe and 

immLll1ob lott ing. (Davis, 1986). 

SDS binds in a ratio of approximately 1.4 g SDS per 1.0 g protein (although binding 

ratios can vary from 1.1-2.2 g SDS/g protein), giving an app roximately uniform mass: 

charge ratio for most proteins, so that the distance of mi gration through the ge l can be 

assumed to be directly related to only the size of the protein. A tracking dye may be 

added to the protein so lution to allow the experimenter to track the progress of the protein 

so lution through the gel during the electrophoretic run . 

Sodium Oodecyl Sulphate Polyacrylamide Gel Electrophores is (SOS-PAGE) of seed 

storage proteins has proven a simple and effective method for distinguishins among 

cultivars of the lurge ly cross-fertili zed pasture grasses and legumes despite thei,' hi gh 

innate genetic vari ab ility (Ferguson and Grab 1986, Gardinar and Forde \988). Similar 

techniques have been used very extensively for cul tivar identification in breeding crops 

(Cooke, 1995) but to a lesser extent for the differentiation of cu ltivars of OLlt breeding 

species (G illiland 1989, Sammour 1999). Seed protein elec trophoresis has also become a 

useful too l in evo lutionary studies to determine species re lationships (Smartt 1990, 

Przyzylska et al. \ 999). The seed protein profiles reflect genet ic affi nities within a taxon 

and even between different bio logica l entities (Mahmoud et a1.2006, Vaughan and 

Denford 1968). 

The so luti on of proteins to be analyzed is first mixed with SDS, an anion ic detergent 

which denatures secondary and non- disulfide-linked tertiary structures, and app li es a 

negative charge to each protein in proportion to its mass. Without SDS, differe nt proteins 

with similar molecular we ights would migrate differently due to differences in mass 

charge rat io, as each prote in has an isoelectri c point and molecular weight particular to its 

primary structure. This is known as Native PAGE. Adding SDS so lves this problem, as it 

binds to and unfo lds the protein, giv ing a near unifo rm negative charge along the length 

of the polypeptide (Sammour, 1999). 
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CHAPTER 2 LITERATURE REVIEW 

Electrophoresis separation is nearly always carried out in gels (or in solid supports sLich 

as paper) rather than in free solution for two reasons. Firstly gels suppress connective 

currents produced by small temperature gradients, a requirement for effective separation . 

Secondly gels serve as molecular sieves that enhance separation. Molecules that are small 

compared with the pores in the gel readily move through the gel, whereas molecules 

much larger than the pores are almost immobile. Intermediate-size molecules move 

through the gel with various degrees offacility (Loris et al., 1998. 

Polyacrylamide gels are choice supporting media for elelectrophoresis because they are 

chemically inert and are readily formed by the polymerization of Acrylamide. Moreover, 

their pore sizes can be controlled by choosing various concentrations of Acrylamide and 

ethylenebisacrylamide (a cross-linking reagent) at the time of polymerization. 

The proportion of each type of protein varies from species to species. For instance, the 

seeds of cereals such as wheat, barley, maize or rye contain high levels of prolamin-type 

proteins; whereas in other cereals (oats, rice) higher levels of globulins are found. 

Leguminous seeds (e.g. beans, peas, lentils) also have a large proportion of their proteins 

in the form of globulins. In plants, they have been detected from a large number of 

taxonomic groups. Despite the impressive studies with seed lectins,the physiological role 

of these proteins is still controversial. Lectins are proteins widely distributed nature, 

forming a highly heterogeneous group carbohydrate-binding proteins (Loris et al., 1998) . 

Przybylska et al., 1983 carried out a comparative study of seed proteins in order t'i find 

out phylogenetic relationships and variations in genus Pisum. They reported that 

electrophoretic analysis of legumin fraction was useful in detecting variation among 

distant forms. As it had demonstrated the distinctness of P. fulvum and P. abysinicum to 

some extent but it has not efficiently discriminate between P. sativul11, P. humile and P. 

elatius. 

An investigation by Przybylska 111 19810n isozyme variation was carried out on 180 

Pisum forms. They found rare phenotype (a) in P. abysinicum. Phenotype 'c' was 

common in more or less all accessions. They have repolted that isozyme analysis was 

able to identify the Pisum genetic resources. Pisum is a young genus because of lack of 
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seed protein differentiation and low number of biological species within genus (Lu et aI., 

1951 ). 

On the basis of geographical origin, Przybylska (\999) and Della (2002) studied 

genotype specificity, genetic diversity and intraspec ific variation in Lathyrus sativus by 

means of seed storage proteins. Among 18 grass pea accessions col lected from different 

geographical regions, no correlations were found between protein content and seed 

weight indicating genetic independence. Experiments showed that the SDS page of 

albumins and globulins of different grass pea even of the same geographical origin have 

variations in number, width and intensity of bands. A high genetic variability among the 

accessions of the same region was found by mu lt ivariate analysis concluding that 

geographical origin does not influence specific seed protein content and its 

polymorphism. 

The interspecific and intraspecific var iations 111 genus Lathyrus was inverstigated by 

Maberly et af., 1997 through SDS- PAGE technique. In this study total 9 taxa belon ging 

to 4 different sections were studied. The ana lysis revealed that seeds of Lathyrus are very 

rich in storage .proteins with a large number of stable bands in the electrophoregram 

under reducing conditions. 

Legumin, the major storage protein of PisUl11 sativum 1., has been described as a 

hexameric protein of between 360,000 and 400,000 MW. Each monomer consists of a 

40,000 MW subunit and a 20,000 MW subun it linked by disulphide bonds (Croy et af. 

1979). Both sizes of subunit are heterogeneous by charge and molecular weight in 

legumin isolated from mature seeds (Gatehouse, 1. A., 1984). Elli s et af in 1979 reported 

the in vitro synthesis ofvic ilin using polysomes from deve loping Pisum sativum but were 

unable to show the specific synthesis of legumin 40 and 20,000 subunits . Hi storically 

legume seed protein has been grouped into two major fractions, albumins and globu lins 

(Gueguen and Barbot, 1988). The later comprise the storage proteins of which there are 

two major families termed legumin and vici lin , in pea. Each fami ly is made up of 

combinations from about 10 simi lar gene products (Hulse, J. H., 1994). The albumin 

fraction includes all other seeds proteins extractable by aqueous solutions; hence this 

fraction represents many hundred different protein types of which only few are abundant. 
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Together the albumin and globulin fractions make up approx imate ly 90% of pea protein, 

the rema inder being ce ll wa ll and ce ll membrane bound prute ins. Amo unts of albumin , 

legumin and vicilin were determ ined using a recently deve loped HPLC- based sy c; telll 

(Makasheva, R.Kh., 1983). 

The fact that proteins are direct products of gene trans lati on and ~ranscription makes them 

idea lly suited for plant variety identi ficat ion purposes. Analysis of protein composition 

can be considered to be an analysis of gene expression and a comparison of the 

composition of a particular set of proteins becomes a comparison of the genet ic 

differences between individuals. Since all varieties are different from one another, and 

the differences mLlst be at least in some part genetica lly based, protein composition fo rms 

an idea l means of variety discrimination. In plants, there are many proteins that are highly 

polymorphic, particularly the seed storage proteins but also many other seed and 

vegetative proteins and enzymes. Also, there are lllany types of electrophores is method 

that can be used to separate plant proteins CR. 1. Cooke.et az', 1990). 

For breeding as well as for industrial uses, effic ient methods for analyzing protein 

compos ition are of great importallce. lnorder to check the vari abi lity in protein 

compos ition of pea seeds, a procedure combining fast protein liquid chromatography and 

statis ti cal analysis was developed by Baniel et al., in 1998. Chromatographic conditions 

optimized the resolution and repeatability of peak areas and peak retention times 

suffic iently for statistical analysis. The analytical procedure was a practical compromise 

between the time of chromatographic separation and the repeatability of the fractionat ion. 

The method utilizes the variability among pea cultivars and the repeatability of their 

chromatographi c profiles and can characterize seed protein composition with suffi cient 

precision to di stinguish cultivars. 

A phylogenetic study was conducted among 148 Pisum accessions mostly fro m Western 

Europe including both primitive germplas m and cultivated types by using 12 1 protein and 

PCR-based markers . 148 PiSUll1 access ions were di vided into eight groups . The molecular 

data was fo und consistent with geographical origin of known cultivated types. The stud y 

revealed a significant loss of all eles in the course of recent Western European feed pea 

breeding. This study showed that the intensive selec tion for yield in feed combining peas 

has lead to decrease in the geneti c diversity among cultivated vari eties. (Baranger et al., 
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(2004) . 

SOS-PAGE was used to ana lyze the Hordein po lypept ide pattern s of Brazili an barl ey 

varieties (Hordeum vulgare L.) and of two native species of Hordeum from Southern 

Braz il (H .euclaston Steud . and H stenostachys Godr.) . Forty di fferent Hordein 

polypeptide bands with molecular weights ranging from 30 to 94 kOa were found in the 

seeds of the three spec ies studied. There was a greater similarity between the nati ve 

species than with H vulgare, although H stenostachys was slightly c loser to the 

cultivated species than H euclastol1. 

Variety discrimination in pea (P. sativum) by Peter et aI. , in 2008 was carried out 

by biochemica l, molecular and morphologica l markers. Twelve morphological characters 

enabled di scrimination of the vari eties . Investigated var iet ies were reported to be 

genetica lly similar, showing narrow genetic base. They fo und no significant correlation 

between molecular markers and the class ica l morphology descri ption while isozyme gave 

very li ttl e information for variety di scrimination (Peter et aI. , 2008 ).) 

The proportion of each type of protein vari es from spec ies to species. For 

instance, the seeds of cerea ls sllch as wheat, barley, ma ize or rye contain high leve ls of 

pro lamin-type proteins; whereas in other cerea ls (oats, ri ce) higher levels of globuli 'ls are 

fo und . Leguminous seeds (e.g. beans, peas, lentil s) also have a large proporti on of their 

prote ins in the fo rm of globulins. 

Gel electrophoretic investi ga tions were made on the seed albumins of several 

members of the family Papilionaceae. Relationships were fo und with taxa of a lower 

order i. e. between mutants , vari eties and subspec ies . More di stantly related ones, fo r 

example species of the same ge nus or spec ies of different genera, did n(; ( show 

similarities . Thus, it was concluded that the albumin banding pattern is only suitab:e fo r 

study ing phylogenet ic and taxonom ic pro blems if the materi al under inves ti gation is not 

too di stantly relate (Palmer, J. D., 1974). 

Experiments to check the pro tein quality of non edible Icgumcs were performed by 

Bressani in 1972.The seed fl our of 28 pea spec ies were separated in to fract ions such as 

albumin, globulin, prolamine, glutelin , and non prote in nitrogen. Fractionation and amino 

ac id co mpos ition of bean cotyledon prote in revealed that the alkali-so luble fraction had 

the hi ghest proportion of methionine (Bateson, W., 1906). Informati on on the distribu tion 

15 



',' f 

CHAPTER 2 LITERATURE REVIEW 

of seed protein fractions and amino acids of pea is slill not sufficient. 

Total protein patterns were studied in the course of development of pea somatic embryos 

using simple protocol of direct regeneration from shoot apical meristems on auxin 

supplemented medium. Protein content and total protein spectra (SOS-PAGE) of somatic 

embryos in particular developmental stages were analysed in PisLlln sativul11, P. arvense, 

P. elatius and P. jomardi. Major storage proteins typical for pea seed (globulins legumin, 

vicilin, convicilin and their subunits) were detected in somatic embryos. Tn general, the 

biosynthesis of storage proteins in somatic embryos was lower as compared to mature dry 

seed and the banding pattern of pea proteins showed much diversity. 

Variation in the storage proteins of peas in relation to sulphur amino ac id content was 

studied by D. Roy Davies in 1976. A cellulose acetate Electrophoretic Technique was 

used to characterize the proteins present in pea seeds in order to find the genetic diversity 

and to determine the proportions of proteins present which are enriched in sulphur amino 

acids. Eight Pisum varieties exam ined were shown to differ in their proportions of the 

various proteins. When the proteins were separated and estimated quantitatively and also 

characterized by their sub-unit composition , it was shown that cellulose acetate 

electrophoresis of crude protein extracts or of whole globulins did not give the degree of 

resolution required and thus this method was not sufficient to find out the genetic 

diversity among Pislim accessions. 

On the basis of chloroplast variation, a phylogenetic analysis of twenty two wild and 

cultivated access ions of genus PiSUll1 was conducted. This study proved that cultivated 

pea was domesticated from Northern P. humile. The presence of one accession of garden 

pea near P. elatius and Southern P. humile indicated the secondary hybridizat ion period 

of garden pea (Palmer et al., (1984). 

A phylogenetic analysis of seventeen wild and cultivated taxa of Pisum was carried out 

using morphological, allozyme and RAPD markers (Hoey et al., 1995). Close 

relationship was found between wild species and cultivars of pea that was later supported 

by systematic stud ies. 

Cultivar identification of commercial pea (P. sa/ivum L.) was done by utilizin g 

isozyme variat ion (Punnett, R. c., 1923). He found less polymorphism by all enzyme 
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systems among the accessions except cstrase (EST). P sa/ivul11 displayed some unique 

isozyme patterns. Estrase (EST) was found much informative for cu ltivar identification . 

A study on the Ethiopian pea was conducted by Buttler et aI., in 2003). They reported 

that P. abysisniculI7 is separate specie than P. etatius. However protein analys is showed 

that it might be a hybrid between P. fulvulI7 and P. ela/ius. Seed characters were fo und 

similar to P. sa{ivul11 complex. The origin of Ethiopian pea is still unlmown. 

Kay, D. 1979 carried out a comparison of yie ld and its components in field pea 

(P. ol'vense L.) lines. They reported that tall plants showed better yield and the protein 

content in all the lines of field pea showed little protein diversity. 

Variety discrimination in pea (P. sativUlI7) was carried out by biochemical, 

molecular and morphological markers. No sign ificant corre lat ion was found between 

molecular markers and the classical morphology whereas twelve morphological 

characters enab led discrimination of pea varieties .Isozyme analysis gave very little 

information for variety discrimination(Punnett, R.C., 1923). 

In a comparison among AFLP (Amplified fragment length polymorphism), RFLP 

(Restriction fragment length polymorphism) and RAPD (Random amp lifi ed polymorphic 

DNA), ana lysis of 14 soybean cultivars by Lu et a!., 1951, it was concluded that AFLP 

generated more polymorphic bands per primer or probe than other molecular biology 

techniques. RAPD produced a polymorphic band with only 35% of the primers tested and 

more than 50% of the RFLP probes failed to distinguish among polymorphic bands. 

Protein compos itions for six Pisum varieties were conducted by Hydroxyapatite 

Chromatography. Under appropriate cond itions three peaks were eluted which were 

shown by SDS Polyacrylamide Gel Electrophores is to correspond to albumin, legumin 

and vicilin respectively. This technique provided results of a high degree of accuracy. 

AIMS AND OBJECTIVES: 

The present study has following aims and objectives: 

(1) To investigate genetic diversity among cu ltivated accessions of pea especially grown 

in Pakistan and compare them with wild peas. 
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(2) Other impo ltant aspect of investiga tion in polyacrylamide ge l e lectrophores is is to 

estab li sh genetic s imilarity index on the bas is of bands . 

(3) Se lection and characterizat ion of genet ic materi al for the quantitative and qualitative 

improvement of seed storage proteins. 
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MATERIALS AND METHODS: 
PLANT MATERIAL: 

In the present study, 35 Pisum access ions (table 1) including both wo rldwide and 

cultivated forms were evaluated for genetic diversity. Seeds were obtained from John 

Innes center (Jre) as we ll as from National Agricu lture Research centre (NARC). 

Detailed informat ion about their origi n and identification are given in table1 and table 2 

respectively. 

TABLE 1: 

SERIAL ACCESSION IDENTIFICATION 
NO. NO. COUNTRY 
1 JI0045 Georgia Pisum Iranscaucasicum 

2 JI0049 Afghanistan PiSUlI1 sativul71 

3 JIO 145 Pisum sativum 

4 JI0156 Sudan Pisum sativum 

5 JI0185 Sudan P iSlll11 sativul11 

6 JI0189 Sudan P iSUl11 satiVUlI1 

7 J10241 Israel P iSUl17 humile 

8 JIl846 Greece Pisum 

9 JI1854 Israel Pisum humile 

10 112201 Russia PiSUll1 elatius 

11 JI2473 P iSUlI1 

12 009015 Pakistan Pisum sativllIl1 

13 009021 Pakistan PiSUI/1 sativum 

14 009022 Pakistan Pisum sativum 

15 009023 Pakistan Pisum sativum 

16 009028 Pakistan Pisum sativwn 

17 009030 Pakistan Pisum sativum 

18 009032 Pakistan Pisllm sativum 

19 009033 Pakistan PiSUl11 sativull1 

20 009035 Pakistan PiSUlI1 sativum 

2l. 009036 Pakistan Pisum sativlIm 

22. 009051 Pakistan PisUin sativum 

23. 009052 Pakistan Pisum sativlIm 

24 . 009053 Pakistan PiSllll1 sativum 

25. 009054 Paki stan PiS7I11l sativul11 

20 



C HAPTER 3 MATERIAL AND METHODS 

26 . 009057 Pakistan Pisum sativum 

27. 018292 Pakistan Pisum sativum 

28 018299 Pakistan Pisum sativul11 

29 018300 Pakistan PiSlfIl1 sativ llm 

30 018301 Pakistan PiSlfl11 salivllm 

31 018302 Pakistan Pisum sativum 

32 018303 Pakistan Pisum sativum 

33 018351 Pakistan PisUI11 sativul11 

SOLUTIONS FOR SDS PAGE: Solutions for SDS PAGE were prepared 

following Laemmli 's Protocol. 

PROTEIN EXTRACTION BUFFER: 

REAGENTS AMOUNTS 
, 

Tris OJ02g 

SDS 1.25g 

Urea 15g 

Beta mercaptoethanol 0.25ml 

Distilled water 35ml 

Conc.1-IC I Adjusted to pH 8 

Bromophenol blue O.l g 

PREP ARA TION OF PROTEIN EXTRACTION BUFFER: 

Protein extract ion buffer was prepared by di sso lving 0.3 02g of Tris, 1.25g of sod ium 

dodecyl sulfate, 5ml of glycero l and J5g of urea in about 35ml of distilled water using a 

magnetic stirrer. About 0.25 ml of beta mercaptoetanol and 0.1 g of bromophenol blue 

were added and the volume was made up to 50m l by dislilled water. The pH 8 was 

obta ined by adding con. HC I .The buffer was stored at 4 C for further use. 

PROCEDURE FOR SEED PROTEIN PROTEIN EXTRACTION: 

0.02g crushed and grounded seed flour wad placed in 1.5ml appendorf. To extract 

proteins, the flour was mixed with 800 ~L1 of protein extrac lion buffer and mi xed we ll with 

vortex and centrifu ged @ J3,000rpm for 15minutes at room temperature. The supernatant 
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was transferred to another microtube and the pa lette was discarded. The prepared sample 

was preserved at 20°C. 

l.SM TRIS HCl: 

REAGENTS AMOUNTS 

Tris lS.IS g 

SOS O.2g 

Distilled water 100ml 

Conc.HCI Adjusted to pH 8 

METHOD OF PREPARATION: 

1.5M Tris HCI was prepared by disso lving lS.1 5g of Tris and O.2g of SOS in about 70ml 

of disti lled water using a magnetic stirrer. Thereafter pH 8.8 was adjusted by cone. 

HCI.Volume was made up to 100ml by distill ed water. The so lution was stored in 

refrigerator for flllther use . 

O.SM TRIS HCI: 

REAGENTS AMOUNTS 

Tris 6g 

SOS O.2g 

Dist illed water lOOml 

Conc.HCI Adj usted to pH 8 

METHOD OF PREPARATION: 

O. SMtris HC I was prepared by dissolving 6g of Tr is and 0.2 g of SOS in 60ml wate r by 

using a magnetic stirrer. Thereafter conc. HCI was added to adj ust pH 8.8.vo lume was 

made up to 100mi by adding di stilled water. The so lution was sto red in refri gerator for 

further use. 
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10% SDS: 

REAGENTS AMOUNT 

SDS Ig 

Distilled water 10ml 

METHOD OF PREPARATION: 

10% SDS was prepared by dissolving 1 g of SDS in 10 ml of distilled water by Ll sin g a 

magnetic stirrer. The solution was stored in refrigerator for further use . 

10% AMMONIUM PER SULFATE SOLUTION: 

REAGENTS AMOUNT 

Ammonium per sulfate 0.1 g 

Distilled water Iml 

METHOD OF PREPARATION: 

10% ammonium per sulfate so lution was prepared by dissolving O.l g Ammonium Per 

Sulfate in 1ml-distilled water. Fresh so lution was used each time for electrophores is. 

STAINING SOLUTION: 

REAGENTS AMOUNTS 

Methanol 220m I 

Acetic acid 30ml 

Distilled water 25 0ml 

Coomassie brilliant blue(CBB) 1.15g 
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METHOD OF PREPARATION: 
Tn 500ml beaker, 220ml methano l, 30ml acetic acid and 1.1 5g Coomass ie Bri lliant Blue 

was added and stirred for 15 minutes by means of magnetic stirrer. The fillal vo lume was 

made lip to 5001111 by add ing distilled water. 

DESTAINING SOLUTION: 

REAGENTS AMOUNTS 
-

Methanol 90ml 

Acetic acid 20m l 

Distill ed water Total volume up to 200m I 

METHOD OF PREPARATION: 

Destaining so lution was prepared by mixing 90m l methanol , 20m l acetic ac id anr! 200m l 

distill ed water in a beaker. 

ELECTRODE BUFFER SOLUTION: 

REAGENTS AMOUNT 

Tris 6g 

Glycine 28 .8g 

SDS 2.50g 

Distilled water Tota l volume llpto 2 litres 

METHOD OF PREPARATION: 

28.8g of glycine, 6g Tris and 2.50g SDS was dissolved in 100ml distilled water using a 

magnetic stirrer. The vo lume was made upto 2 litres by add ing distilled water. 

PREP ARA TION OF GEL: 

Fo llowing types of gels were prepared: 
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SEPARATING GEL: 

REAGENTS AMOUNTS 

Acrylamide 16ml 

Distill ed water l3.4ml 

1.5M Tris HCI 10ml 

SOS O.4ml 

APS 200 11 1 

TEMED 20 11 1 

METHOD OF PREPARATION: 

For the preparation of separating gel, 16ml Acrylamide, 10ml of 1. 5M Tris HCI, 13.4m l 

distill ed water, O.4ml SOS and APS was added in a beaker. Thereafter TEMED of abo ut 

20~Ll was added to the so lution. 

12 % STACKING GEL: 

REAGENTS AMOUNTS 
Acry lamide l.3ml 

Distilled water 61111 

0.5M Tris HCI 2.5ml 
-

10% SDS 100ml 

10% APS 50 11 1 

TEMEO 10111 

METHOD OF PREPARATION: 

For the preparation of 4.5% of stacking ge l,1.3ml of Acrylamide,6ml d isti lIed 

water,2.5m l 0.5M Tris HCI , 10%sds and 10%APS was added.10lll TEMEO was added 

at the end and the so lution was shaken we ll. 
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ELECTROPHORESIS: 

The two glass plates were placed on each other while sea ling with spacers and were 

clamped with clips. The separating gel was poured into the space between a set of glass 

plates upto 2cm fro m the top. 

A small amount of distilled water was added on separat ing gel gently. In abo ut 30 

minutes the gel was completely polymerized .after polymerization the isopropano l 

so lution was decanted and ge l surface was rin sed with di still ed water to remove 

monomers of Acrylamide .stacking ge l was poured on the separating ge l. The comb was 

placed on the stacking ge l and left for abo ut 20minutes until the ge l got polymerized . The 

comb and the bottom spacers were also removed and the wells were formed. The 

electrode buffe r was put into the bottom and upper pools of the apparatus and ge l plates 

were placed in the apparatus. Extreme precautions were taken to prevent water bubbles to 

be formed at the bottom of the ge l. The samp les were centrifuged at 13,OOOrpm for abo ut 

5minlltes.15 f-ll of the supernatant of each sample was loaded into each we ll. In one we ll , 

protein molecular weight marker was also added . The ge l was run at 80Ma for 7 hours. 

STAINING AND DE STAINING OF GEL: 

The set of ge l plates were removed by means of spatula and the stacking ge l was 

removed. The separating ge l was put into the staining solution for overnight and was 

shaken gently. The staining solution was replaced by destaining solution and was shaken 

gentl y until the bands become cleared. After destaining, the ge l was preserved in water 

and sealed with plastic bag without any diminlltioin in the intensity of staining.20% 

glycero l was added into the water to avo id the gel from swelling. 
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RESULTS 

RESULTS: E lectrophorogram sho wing the pattern of seed sto rage prote ins 

FIGURE 1: 

1 2 3 4 5 6 7 8 9 10 I I 12 13 14 15 16 17 18 19 20 2 1 

In fi gure 1,1 represents protein marker,2 :JI-284,3 :JI-

185,4:2385,5 : 189,6 :85 ,7:241 ,8 :2201,9 :90 15, 1 0:pk;2 1, 11: 18300,12:9030,13 :pkl , 14:9033, 

15: 1830 1,16: 18303,17 :9057, 18: 18299, 19:9052,20: 1846,2 1:9054. 

The details of accessions are given in table 1 of Material and Methods. 
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TABLE 1: 

Accessions 205kO 11 6kO 97kOa 84kOa 66kOa 55kOa 45kOa 36k 29kOa 24kOa 20kO 
a a Oa a 

Oa 
JI-284 0 1 1 1 1 1 0 1 1 1 1 
JI-185 0 1 1 1 1 1 0 1 1 1 1 
JI-2385 0 1 1 1 1 1 1 1 1 1 0 
JI-189 0 1 1 1 1 1 1 1 1 0 1 
JI-85 0 1 1 1 1 1 1 1 1 1 1 
JI-241 0 1 1 1 1 1 1 1 1 0 0 
JI-2201 0 1 1 1 1 1 1 1 1 1 1 
9015 0 1 1 1 1 1 1 1 1 1 1 
18304 0 1 1 1 1 1 0 1 1 1 1 
18300 0 1 1 1 1 1 0 1 1 1 1 
9030 0 1 1 1 1 1 1 1 1 1 1 
18305 0 1 1 1 1 1 1 1 1 1 0 
9033 0 1 1 1 1 1 1 1 1 1 1 
18301 0 1 1 1 1 1 1 1 1 1 1 
18303 0 1 1 1 1 1 0 0 1 0 1 
9057 0 1 1 1 1 1 1 0 1 1 1 
18299 0 1 1 1 1 1 0 1 1 0 1 
9052 1 0 1 0 0 1 0 0 1 0 1 
JI-1846 1 1 1 1 1 1 1 1 1 1 1 
9054 0 1 0 1 0 1 0 1 1 0 0 

Data Ana lysis: 
The data obtained fro m SDS-PAGE was scored for the presence (1) and absence (0) of the bands 

and entered in a binary data matrix. Based on the results of electrophoretic band spectra, 

similarity index was ca lculated for all poss ible pair of electrophoregrams. The similarity matrix 

thus generated was converted to a dissimilarity matrix alld used to construct the dendrogram by 

the unweighted pair 

group average method (UPGMA). The data was analyzed using NTSYS computer software . 

In total , 165 unique polypeptide bands were noted in figure I.The maximum number of 

bands in anyone taxon was 11 recorded in Pisum sativum(JI- 1846) of worldwide variety and the 

minimum number was recorded in two cultivated var ieties of Pisum sativUln(9052,9054). 

On the bas is of results obtained by SDS - PAGE, proteins of molecular weight 205kDa were 

absent in all the exceptions in figure 1 except one cultivated (Pisum sativum) and one wild 

accession (JI; 1846). 

Proteins of molecular weight 116kDa showed li tt le polymorphism and were present 111 all 

access ions except cultivated 18300 and 9052(Pisul1l sativum) . 

Polymorphism shown by proteins of molecular we ight 97kDa was 1 %.97kDa band was absent in 

9054 (Pisum sativum) . 
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RESULTS 

Proteins of molecular weight 66kOa and 45kOa showed a considerable degree of polymorphism 

whereas monomorphism was recorded in proteins having molecular weights 66kD8 dlld 29kOa. 
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Oendogram of Pisum accessions constructed using UPGMA method based on simi larity 

matrix. 

In figure 2 ,RIS representing cultivated Pisum sativum (9052) showed d istinct behaviour. main 

group was divided into R20 representing cu ltivated Pisum sativum (9054).ma in group was 

further sub - divided into a number of sub-groups.RIO representing cultivated PiSU111 sativum 

(lS300)and R20 showed a divergent behaviour .Sub group a included R3 represent ing JI-

23S5.R5 representing 1I-S5.Both of these showed 100% similarity.RIS showed 42% sim ilarity 

with the main group. R 20 showed 60% with the main group. 9052 showed an extremely unique 

pattern. 
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FIGURE 2: 

22 23 24 25 26 27 28 29 30 3 1 32 33 34 35 36 37 38 9 

In fi gure 2, 2,22 represents 1854,23 :JI- 156,24 :11-49 ,25 :][;45,26:1I-24 73,27:11-

205,000 

116,000 
97,000 
84,000 
66,000 
55,000 
45,000 
36,000 

29,000 
24,000 

20,000 

196,2 8: 1006,29: 18302,3 0:JI-1835 1 ,3 1: 1I-156,lI;24 73,9053 156,24:1I-49,25 :11-45,26:J 1-

24 73 ,27:11196,28:JI- 18292,29:9051 ,30:Jl-254,31 :9035,32:9053,33 :9036,34: 18308,35: 183 09. 
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TABLE 2: 

Accessions 205kDa 116kD 97kD, 84kDa 66kDa 55kDE 45kDa 36kI 29kDa 24kDa 201< 

11-1854 1 1 1 0 1 0 1 1 0 0 1 
11-156 1 1 1 0 1 0 I 1 1 I 1 
11-49 1 1 1 0 1 0 1 1 1 1 1 
11-45 I 1 1 0 1 0 1 1 1 0 1 
11-2473 1 1 1 0 1 0 I 1 1 I 1 
11-196 0 1 1 0 1 0 1 1 I 0 I 
11-1006 0 1 1 0 1 0 1 1 1 1 1 
18302 1 1 1 0 1 0 1 1 I I 1 
18351 0 1 1 0 1 0 I 1 1 1 1 
18292 1 1 1 0 0 0 I 1 1 1 1 
9051 1 1 1 0 I 0 1 1 1 1 0 
11-254 1 1 1 0 1 0 1 1 1 1 1 
9035 1 0 1 0 I 0 1 1 1 I I 
9053 1 0 1 0 1 0 I 1 I I 1 
9036 1 0 1 0 1 0 1 1 1 0 1 
18304 1 0 1 0 1 0 1 1 1 1 1 
18305 1 0 1 0 1 0 1 1 1 0 1 

In total, 139 unique polypeptide bands were noted in figure 2.the max imum number of bands in 

anyone taxon was 9 recorded in J1-156 while the minimum number of bands were recorded in 

11-18292,54. 

On the basis of results obtained by SDS - PAGE,proteins of molecular weight 205kDa were 

present in all the accessions except JI-2473,JI-196 and 183 51.both JI -24 73 and JI 196 seem to 

have link wit\:l eachother. 

Proteins of molecular weight 116kDa showed little polymorphism and were absent in 

9035,9053,9036,18304 and 18305 which are all cultivated PiSlIl11 sativum varieties and share 

similar characters. 

84kDa and 55kDa bands were absent in all the accessions.97kDa,36kDa and 29kDa bands 

showed no polymorphism at all. 

Polymorphism shown by proteins of molecular weight 97kDa was 1 %.97kDa band was absent in 

9054(Pisum sativul11) . 

Proteins of molecular weight 66kDa and 45kDa showed a considerable degree of polymorphism 

whereas monomorphism was recorded in proteins having molecular weights 66kDa and 29kDa. 
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Dendrogram Pisum accessions constructed using UPGMA method based on sim ilarity 

matrix, 

In figure 2, the main group was divided into R5,RIO,Rll ,The main group was further sub 

divided into 2 sub groups at 87%, 

At 76% sim ilarity UPGMA splits all the individuals of pea into a single major group 

except 1854 which lies outside this group,R5 representing JI-2473 showed distinct 

behaviour and showed similarity with the main group at 86% UPGMA cluster 

analysis,RIO representing 18292 showed similarity with the main group at 87% UPGMA 

cluster ana lysi s,R 11 representing cul tivated Pisum sativum (9051 ),the main group is 

further sub-divided into 2 sub groups i,e, sub group a and sub group b ,S ub group a is 

further divided into R6 representing JI -196,JI-I006 and cu ltivated PiSUlI1 sativum 

(18351) ,JI-196 ,JI-1006 and 18351 showed 100% similarity but shared 91% similarity 

with sub group b which includedR2 represent ing Jl -156,R3 representing JI-49,R4 

representing JI 45 andR8 representing 18302,all of these showed 100% similar ity ,group 
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a and gro up b showed s imilarity with each other aL abo ut 9 1% . At about 86 s imilarity, 2 

groups or c lusters were revealed in the analys is .RS showed R6 similarity with the major 

group.RS shows distinct behaviour from the major gro up .. RI0 shows R7 similar ity with 

the sub gro ups a and b.R6, R7, R 9 are 100 similar to eachothe r. They form a single sub 

group.R2, R3, R4 , R8 are 100% similar to eachother, li e in sub b.sub a and b are similar 

to eachother at 91 .Rll shows 87% with sub a and,b. 

P. jitlvum (Jl-2473) retained its di stinctness sharing only very few morphological 

characters with other accessions . 
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DISCUSSION 

DISCUSSION: 

The Molecular Marker is a usefu l tool for studying genetic diversity among crop ~;:Jec i es 

and resolving cul tivar identities. Studying genetic divers ity is of enormous use in 

identifying different cultivars suitab le for different eco logies .Amon g biochemica l 

techniques SOS-PAGE is widely used due to its simplicity and effectiveness for 

describing the genetic structure of crop germplasm. (Murphy eL al., 1990; lavaid et af., 

2004 . The ana lysis of storage protein variat ion in wheat has proved to be a useful too l 

not only for diversity studies but also to optimize variation in germplasm collections . 

SDS-PAGE can be used as a promising tool for di stinguishing cultivars of parti cul ar crop 

spec ies (Jha and Ohri, 1996). 

Seed protein pattern obtained by electrophores is has been successfully used to reso lve 

taxonomic and evolutionary problems of several plants (Ladizinsky, 1997). It can also be 

used as a promising tool for distinguishing cultivars of particular crop spec ies (Gardiners, 

1988). However few studies indicated that cultivar identifications were not possible with 

SOS-PAGE method as electrophores is pattern of proteins were similar among cu ltivars 

(Rosa, M. 1., 2000).in case where prote ins fai l to detect differences to identify the 

particular species, 20 electrophoresis is suggested. Seed protein polymorphism may 

serve as genetic markers for the plant ge rmplasm management because they can be quite 

polymorphic (Ahmad and Slinkard, 1992). 

PiSUll1 and its various species and subspecies cannot be markedly di stinguished (Lu et 

al.1996).however hybridization studies suggest that Pisum fulvum is iso lated and is 

therefore a fully divergent species (Benze'ev and Zohary, 1973). Furthermore, 

relationships based on AFLP also clearl y show that genetic diversity is evenly distri buted 

within the genus which is consistent with the present work (Hoey et aI., 1996). 

All these Pisum taxa are not much differenti ated from each other and are thus 

close ly related .the present results agree with earli er studi es where no consistent 

differences were found between seed protein patterns of cultivated and wild taxa 

(Waines, 1975). 

It has been shown that Pistlln jitlvul11 is homogenous in its genome size. On the other 

hand P. abyssinicum, P. hUl11iLe and P. elatius vary widely as co mpared to Pisum salivU111 

which itse lf shows a constant genome size (Baranyi et al.19 96) . These results are 
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consistent with the present work. This shows that there are populational differences 

among the wild taxa and on ly those taxa which are closest to Pisum sativum in their 

genome size should be considered as its closest relatives (Baranyi et aI.1996). Therefore 

future studies on seed protein analysis should include wider range of samples of wild as 

well as cultivated taxa belonging to different geographical regions to brin g out a coherent 

picture of the relationship among these taxa and settle the taxonomic status of various 

entiti es in the genus Pisum. The extensive genetic variability commonly associated with 

pea as the Classical Mendelian organism is the basis for its multiplicity of forms. 

Systematists have often interpreted this variation by collectively recognizing many 

distinct pea species in a variety of different relationships (Gepts, P and Bliss, F.A., 1985). 

The cladistic analysis performed by Davies in 1974 showed that Pisum jufum is clearly 

the most distinct of the pea taxa while P. hUlI1ile, P. efatius P. sativum form a 

monophyletic group which is also inconsistence with the present study. 

Comparing molecular and morphological characterizations, several authors have 

indicated that molecular markers allow more precise discrimination than morphological 

traits as shown in maize (Zohary, D. & M. Hopf, 1973) . 

Variety discrimination in pea (P. s({tivum) was carried out by biochemical , molecular and 

morphological markers. Twelve morphological characters enabled discrimination of the 

varieties . Investigated varieties were reported to be genetically similar, showing narrow 

genetic base. They found no significant correlation between molecular markers and the 

classical morphology description while isozyme gave very little information for variety 

discrimination (Ambrose, MJ 1998).These results are in consistence with the present 

work. 

An investigation on isozyme variation was carried out on 180 Piswn forms. They 

found rare phenotype (a) in P. abysinicum. Phenotype 'c' was common in more or less all 

accessions. They have reported that isozyme analysis was able to identify the PiSUJl1 

genetic resources (Parsysz and Przybylska., 1881). 

Przybylska et al., 1983 carried out a comparative study of seed proteins in order 

to find out phylogenetic relationships and variations in genus Pisum. They repOited that 

electrophoretic analysis of legumin fraction was useful in detecting variation among 

distant forms. As it had demonstrated the distinctness of P. julvum and P. abysinicul11 to 
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some extent but it has not effic iently discriminate between P. sativum, P. humile and P. 

eIatiZis . The present results support thi s idea . 

Since pea is a large ly self pollinating species , within accession var iation was expected to 

be low (Symkal, 2006).the present work supports this idea. Isozyme based methods 

proved to be superior in terms of data acquisition seed and polymorphism, providing hi gh 

reso lution in a s ingle analysis. The simplicity and high information value of isozyme 

analys is is hampered by the necess ity of using fresh and specific tissu e and the need of 

reference samples. Currently deve loped pea marker systems might serve for germplas m 

management and genetic diversity studies, as well as a tool for rapid variety identification 

within a given breeding company (Ford, 2002). 

Recent diversity analysis in pea has focused either on biosystematic studies within the 

PiSUl11 genus (I-Joey et aI, 1996) or on assessment of different molecular markers to 

investi gate the genetic diversity within Pisum as ill the present study. However all these 

studies have focused either on small number of access ions or on specific group of pea 

genotypes. 

Since a ll varieties are different from one another, and the differences must be at least in 

some part geneti ca lly based, prote in composition forms an idea l m eans of variety 

discrimination. In plants, there are many prote ins that are highly polymorphic, 

particularly the seed storage proteins but also many other seed and vegetative prote ins 

and enzymes. Also, there are many types of electrophoresis method that can be used to 

separate plant proteins. Hence it should not be altogether surprising that gel 

e lectrophoresis should be so useful for vari ety identification work. 

As a complementary approach, biochemical analysis of isozyme markerG proves its 

diagnostic potential in (Baranyi et aI.1996) pea, but a limited c,!egree of polymorphism 

and potential sensitivity to environmental and deve lopmental variation prevented its 

broad application. 

New developments continue to be made . For instance, Weber, K,Pringle in 1977 

reported the use of commercially available horizontal gels and buffer kits for the analysis 

of barley Hordein, which clearly could be useful in some of the more routine laboratory 

testin g situations. There are, however, many other electrophoretic method s and 

polymorphic prote in systems in rlants that can be exploited for identification purposes. 
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The problems were stanclardiz<!tion uf methodology and gel scoring, cataloguing of 

profiles and the need to assess uniformity all apply, in varying degrees , to the techniques 

discussed in the remainder of this article. 

Electrophoresis techniques are conlinually developing and it can be pred icted with 

reasonable confidence that their application to plant variety testing will evolve and 

expand over the next few years. The Lise of capillary electrophoresis for the identification 

of varieties and the examination of DNA profiling techniques of various kinds wit! surely 

increase in future. However, gel electrophoresis of proteins and enzymes in its several 

forms still has much to offer in this particular field and it is possible to discern various 

trends for the future of its use. 

One such trend is the move towards smaller, thinner and, usually, precast gels. It is now 

possible to buy ready-made gels in a range of formats, for all of the types of gel 

electrophoresis that one would normally wish to carry out for variety identification 

purposes. According to Wrigley et al., this phenomenon is liable to have its largest 

impact in the areas ofIEF and 2D-electrophoresis, olTering simplicity, convenience, high 

resolution and, crucially, a guaranteed quality of gel (Jav id, A., A. Ghafoor ancl R. 

Anwar, 2004) 

Due to modern breeding it has been observed that genetic diversity in pea has been 

increasingly narrowed. Narrow genetic diversity is problematic in breeding for adaptation 

to biotic stresses, like diseases, and abiotic stresses such as drought and salt. Therefore, it 

is necessary to investigate the genetic diversity in pea germplasm in order to broaden the 

genetic variation in future pea breeding. Knowledge of germplasm diversity and protein 

polymorphism has a significant impact on crop improvement. 
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