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ABSTRACT 

Many germplasm of Pisum sativum have been screen for estimation of genetic diversity, cluster 

plating and gene linkages. Little attention has been given to the development of homozygous 

lines from single seed descent method in pea. In the present study 24 pea lines were evaluated, 

out of 24 lines, 20 pre-developed novel lines of Pisum sativum were achieved through single 

seed descent method from the cross of Fallon
er

 and 11760-3
ER

. In parental combination, Fallon
er

 

(female) was dwarf, bushy tendrils, leafless, no anthocyanin pigmentation, creamy flower, green 

pod, creamy seed color, smooth seed shape, disease resistant and low yielding. Whereas, 11760-

3
ER

 (male) was tall, normal tendrils, leaflet present, anthocyanin pigmentation present, purple 

flower, purple pod, brown seed color, rough seed shape, disease susceptible and high yielding. 

The control lines for comparative performance was Climex (PL-22) and local cultivar (PL-21). 

All the selected pea lines were evaluated through morphological and molecular markers in order 

to select high yielding and powdery mildew resistant novel lines. These lines were further 

screened for estimation of genetic diversity and genetic linkages. In morphological traits analysis 

9 qualitative and 22 quantitative traits were studied. Based on quantitative traits analysis, two 

novel high yielding and disease resistant pea lines (PL-4 and PL-5) were selected for seed 

certification. The grain yield of PL-4 and PL-5 is significantly (p< 0.05) high as compared to PL-

21 and PL-22. Regarding traits association, "seed coat with anthocyanin pigmentation" showed 

genetic linkage with "pigmentation on flower and leaf axil" and vice versa. Interestingly, the 

cluster analysis grouped "tall/low yielding", "dwarf/low yielding", "tall/high yielding", 

"dwarf/high yielding" pea lines independently. For molecular characterization, 20 RAPD and 85 

SSR markers were screened to estimate genetic diversity and genetic linkage. The RAPD 

markers amplified 69 bands out of which 95.6% bands were polymorphic. The similarity indexes 

were ranging from 0.43 to 0.88%. Furthermore, out of 85 SSR markers, 12 showed genetic 

polymorphism and produced an average of 2 alleles per SSR locus. The polymorphism 

information content (PIC) values of SSR markers ranged from 0.08 to 0.47, with an average of 

0.33. Nei’s genetic distance (GD) between accessions ranged from 0.10 to 0.92. Among the total 

used SSR primers, only P628 SSR marker showed significant linkage with grain yield traits at 

90.91% probability. The linkage of the marker was reconfirmed through Chi-square test and 

showed r = 0.918 (P ≤0.00) genetic linkage. This markers can be directly utilized in MAS 

breeding for the selection of high yielding edible pea lines. 

Keyword: Edible pea lines, powdery mildew, yield potential, morphological characterization, 

molecular characterization (RAPD & SSR) and genetic linkage 

Acknowledgement: The study is sponsored by Higher Education Commission of Pakistan under 

project # 1473, titled "Marker Assisted Selection (MAS) breeding in Pisum sativum using 

molecular markers (RAPD and SSR marker)". The author highly acknowledge the contribution 

of Higher Education Commission (HEC) Islamabad for financial assistance. 
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INTRODUCTION 

Pea (Pisum sativum L.) is a member of family Papillionaceae and order Fabales (Ali, 

1977; Griga and Novak, 1990). In the worldwide, the genus Pisum consists of five 

species: P. fulvum (Sibth.et Smith.), P. abyssinicum (A.Braun), P. sativum L., P. humile 

(Boiss.etNoe), and P. elatius (M. Bieb.) (Cupic et al., 2009). In Pakistan this genus is 

represented by a signal species Pisum sativum L. (Ali, 1977).  

 

1.1  Origin of pea 

Pisum sativum (L.) is one of oldest cultivated crops grown before 10th and 9th millennia 

BC (Zohary and Hopf, 2000). However, the accurate center of its origin is not known yet 

due to  considerable changes in the areas of origin and loss of authorization data of the 

early accessions (Petr et al., 2012). Though some worker supported that the origin point 

of pea is southwestern Asia possibly Pakistan, northwest India, Union of Soviet Socialist 

Republics (USSR) and Afghanistan (Cousin, 1997), afterward it extend to the temperate 

regions of Europe (Kay, 1981; Makasheva, 1984). Cupic et al. (2009) reported that it is 

thought to have originated in northwest Asia, because most subspecies are found there. 

Genetic diversity supported that it is originated from four center, namely, Central Asia, 

the Near East, Abyssinia and the Mediterranean (Gritton, 1980). The crop is now 

cultivated in many countries and presently ranks fourth among the pulses in the world 

and grown on area of about  6.33 million hectares (FAOSTAT, 2012). 

 

1.2  Pea floral characters 

Pea (Pisum sativum L.) is herbaceous, annual plant, with a butterfly-like appearance of 

their flowers. Pea flower is borne in the leaf axial and has both male and female organs in 

the same flower. The female organ of the flower, called the pistil, has a sack at its base 

known as the ovary, which contains ovules (egg cells) usually 5-12 in number. The style 

is somewhat flattened and cylindrical which comes out of the ovary and bends at right 

angle to the ovary. On the top of the style there is a crown-like emblem known as the 

stigma which is sticky and hairy making the stigma appropriate for receiving and 

retaining pollen grains.  In the pea flower, the pistil is surrounded by stamens in 9+1 

arrangement. The filaments of 9 stamens are joined together, while the 10
th

 stamen is 
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free. The stamens are shorter than the style in early stages of growth, but elongate with 

maturity. There are 5 petals in a 2+2+1 arrangement having 1 standard, 2 wings, and 2 

keels that are fused except at their base. They cover the pistil and stamens (Ahmad, 

2012). 

 

1.3  Cytogenetic study  

Pisum sativum is cool-season, annual, self-pollinated, diploid  sporophytic plant  having  

14 chromosomes i.e 2n=14, where n=7 with a genome size of about 5000 Mbp (Sato et 

al., 2010). The karyotypic analysis demonstrated that pea genotype comprises seven 

chromosomes: five are chromosomes i.e 1, 2, 3, 5 and 6 are acrocentric while the two 

chromosomes i.e 4 and 7 with a secondary constriction (Ellis and Poyser, 2002). The 

numbering of pea chromosomes is unconventional in that the largest chromosome, 

traditionally named Chromosome 1, is actually Chromosome 5 in pea and aligns with 

linkage group (LG) III. While the other, chromosome number and linkage group numbers 

are referred to using Arabic and Roman numerals respectively as 1=VI; 2= I; 3= V; 4=IV; 

5=III; 6=II; 7=VII (Fuchs et al., 1998). 

 

1.4  Chemical composition 

Pea is an economically precious pulse crop cultivated throughout the world for its protein 

rich seed and other soil fertility purposes (McPhee, 2003). It is the most important food 

legumes with a valuable and cheap source of protein having fundamental amino acids and 

high nutritional values for humans and animals (Nawab et al., 2008). Pea is rich source of 

amino acid like lysine, methionine, tryptophan, threonine, valine, phenylanine, leucine 

and isoleucine, these amino acids are the fundamental amino acids consumed by all living 

organism (Matthews and Arthur, 1985). 

The economic importance of pea is mainly due to the chemical constituents of its seeds. It 

is a rich source of proteins, carbohydrates, vitamins and an important source of nutrition 

for human beings (Gepts et al., 2005). Fresh green peas per 100g contain: 75.6% water, 

16.9g carbohydrate, 6.2g protein, 2.4g crude fiber, 0.9g ash, 0.4g fat, 350mg potassium, 

32mg phosphorous, 27mg ascorbic acid, 6mg sodium, 2.8mg niacin, 1.2mg Iron, 0.28mg 

thiamine, 0.11mg riboflavin and 405μg carotene, while dried peas contain: 60.7% 
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carbohydrate, 10.9% protein, 2.7% ash, 1.4%fat and 1.4% crude fiber (Duke, 1981; 

Tzitzikas et al., 2006). 

 

1.5  Economic importance 

Economically legumes are very important, because it  represent the second most essential 

family of crop species after family Poaceae. Approximately, 27% of the world's crop 

production is due to legumes (Graham and Vance, 2003). Worldwidely  Pisum  sativum is 

the second leading legume after common Phaseolus vulgaris L. in terms of food 

consumption (Taran et al., 2004). The rising requirement for protein rich raw resources 

for animal feed or intermediary foodstuffs for human diet have led to greater importance 

in this crop as a  protein source (Santalla et al., 2001). It is extensively spread due to its 

diverse uses as green fresh peas, ripened seed, dry peas, green pods, green tender foliage 

and leaves, in the canning and freezing industry (Duke, 1981;  Kay, 1981;  Davies et al., 

1985). 

 

1.6  Climatic conditions for  growth 

Pea is grown globally at high altitudes of tropical regions having relatively humid and 

cool environment with average temperature range from 7-30
0
C (Duke, 1981; Davies et 

al., 1985). The plant grow well in the light sandy and medium loamy soils. Pea requires 

well-drained and moist soil, which promotes high yield but excessive rainfall causes pea 

root rot disease (Hussain and Badshah, 2002). The plant prefers neutral and basic 

(alkaline) soils with pH in the range of 6 to 7.5 (Huxley 1992). Suitable soil temperature 

for optimum germination range from 16 - 18 ºC (Hussain and Badshah, 2002). In 

Pakistan, pea is cultivated under different agro-ecological zones. It is important vegetable 

crop, cultivated during winter in plains and summer in mountainous regions of  Pakistan 

(Nazir et al., 1994; Habib and Zamin, 2003). 

 

1.7  Worldwide production 

It is cultivated worldwide on an area of 6.33 million hectares with a annual production of 

10 million tons (Ashraf et al., 2011; FAO, 2012). In Pakistan, pea is cultivated on 10,000 

hectares area with a total production of 82,000 tons per year (Khan et al., 2013a). In 
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Pakistan, the area under pea cultivation is constantly increasing, but on the contrary there 

is declination in average yield (Anonymous, 2010-2011). The major factor that effect the 

yield and quality of pea crop is diseases. Pea is attacked by different viral bacterial, 

fungal and nematode diseases; among these pathogen, fungi are the most common that 

causes different diseases in pea (Falloon and Viljanen-Rollinson, 2001). 

 

1.8  Powdery mildew disease 

Powdery mildew disease is caused by a fungus, Erysiphe pisi. The pathogen growth 

increase with dewy nights and warm days, the optimal temperature for spore germination 

is 20°C (Falloon and Viljanen-Rollinson, 2001). Excess rainfall does not favor the 

powdery mildew disease, as it washes the conidia from the plants (Sivapalan, 1993). The 

disease is most hazardous in late sown crops or late maturing genotypes (Falloon et al., 

1990). 

It has been reported that pea resistance to powdery mildew is controlled by a single 

recessive gene er1 (Saxena et al., 1975; Narsinghani, 1979; Vaid and Tyagi, 1997; Liu et 

al., 2003; Nisar and Ghafoor, 2011). Some researchers have reported that two different 

recessive genes one is "er1" and another is "er2" might be involved in controlling fungal 

resistance in pea (Heringa et al., 1969; Ram, 1992). Recently another dominant gene i.e 

"Er3" has also been reported in Pisum fulvum, that segregates independently from genes 

er1 and er2, and involved in controlling fungal resistance in pea (Fondevilla et al., 2011). 

Powdery mildew decreases number of nodes, plant height, number of pods, number of 

seeds, grain yield and plant biomass (Fondevilla et al., 2011; Banyal and Tyagi, 1997). 

The disease is economically important due to yield reduction and diminished the quality 

and quantity of seed (Xue et al., 1995; Orr and Burnett, 1993). The disease adversely 

affects the grain yield, causing 86% loss to pea germplasm growing in different parts of 

the world (Santalla et al., 2001; Nisar et al., 2006). Generally it is in practice that disease 

is controlled by applying different chemicals, but the most effective and environmentally 

friendly method is controlled disease through genetic resistance which is the most 

effective, economic and environment friendly method in control of powdery mildew 

disease (Rajappan and Yesuraja, 2000). The local farmers attempt to control the disease 

by using different fungicides but theses fungicides are costly and the local farmers are 
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often incapable to support the coast of these expansive fungicides. Therefore to control 

the cost-effective problem of powdery mildew disease, there is a necessity to search for 

fungal resistant varieties (Jan, 1999; Cao et al., 2011). So, the present work was planned 

to search out, powdery mildew disease resistant pea lines from the newly developed 

hybrid pea lines through screen house and open field general selection. 

 

1.9  Yield performance 

Commercially, interest in peas and other legumes has been increased in the recent years, 

because legumes are rich source of protein (Santalla et al., 2001). In order to meet the 

demands of proteins, the development of new high-yielding varieties with resistance to 

various abiotic and biotic stresses is greatly desired. However, the comparatively narrow 

gene pool (Heath et al., 1985) and less parental material and intensive breeding for 

desirable trait combinations has steadily decreased genetic variation in pea (Baranger et 

al., 2004). Keeping in view the importance of pea, the present study was conducted to 

evaluate the pea germplasm for important agronomic traits to select high yielding elite 

lines for further utilization. 

Ceyhan et al. (2012) tested two cultivars and seven of newly developed pea lines in order 

to determine the stable ability of seed yield and yield components at experiment field of 

the Selcuk University, Konya, Turkey. The best  adapted genotypes for seed yield were 

PS29-1, PS49, PS100 and PS48 lines. On the other hand, yield performance of the 

genotypes; Jofs, Bolero, PS29, PS30, PS37, PS45, PS53 and PS66 was poor. 

Javaid et al. (2002) evaluated sixty eight pea genotypes on 17 quantitative traits. Result 

of statistical analysis revealed that the genotypes 10303, 10603 and 10413 were high 

yielding genotypes. 

Amjad and Anjum (2002) conducted the study to evaluate the yield performance of nine 

pea cultivars using 10 morphological traits. The cultivars Knight, Meteor and Samrina 

lard were found high yielding as compared to other cultivars because of their ability to 

produce the higher number of green pod and seed yields, while the seed yield 

performance of AM-I and P-48 was inferior. 

Yildirim et al. (2005) determined the agronomic performance of 12 pea genotypes. Result 

revealed that maximum plant height was obtained by genotype-4 as 87.08cm and the 
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minimum plant height by genotype-11 as 56.08cm. The maximum pod size was 

determined as 34.45cm in genotype-4, while the minimum pod size was determined as 

19.08cm in genotype-8. High pod number plant
-1

 were observed as 12.98 from genotype-

12. The lowest pod number plant
-1

 was obtained as 5.66 from genotype-10. The 

maximum number of seeds plant
-1

 (47.99) were obtained from genotype-12, whereas 

minimum number of seeds plant
-1

 (21.18) were obtained from genotype-3. The high grain 

yield was acquired from genotype-12 with 1966.1 kg ha
-1

, while, low grain yield was 

acquired from genotype-4 with 640.9 kg ha
-1

. 

Bozoglu et al. (2007) determined the yield performance of fifteen pea (Pisum sativum L.) 

cultivars sown in autumn and spring for 6 yield contributing traits. The average values of 

plant height varied from 44-64, number of pods per plant varied from 5-11, seeds per pod 

varied from 5.46-7.39, seed yield varied from 1328-2724, 1000-seed weight varied from 

149-290 and harvesting time varied from 149-172. The highest seed yield was produced 

by genotype Bolero (2724 kg ha
-1

), followed by Vilmeron (2614 kg ha
-1

) and Agromar 

(2239 kg ha
-1)

. Whereas lowest seed yield was produced by genotype E. Norli (1328 kg), 

Karina (1387 kg ha
-1

) and G. Pearly (1402 kg ha
-1

).  

Tan et al. (2012) investigated twenty two pea genotypes for agronomic performance. The 

investigated traits were varied from 83.5 to 126.5 cm for plant height, 10.4 to 15.5 for 

number of pod plant
-1

, 3.5 to 5.6 for number of seed pod
-1

, 3.0 to 4.4 for lodging score, 

67.3 to 227.4g for 1000 kernel weight, 3.37 to 4.57t ha
-1

 for straw yield, 1.50 to 2.21t ha
-1 

for grain yield and 102 to 116.5 for  harvesting days and 27.5 to 35.9 % for harvest index. 

 No research has been conducted on these newly developed pea lines. Therefore 

the present work was  planned to screened out such type of pea lines which will be 

powdery mildew disease resistant and will also be high yielding. 

 

1.10  Characterization of candidate lines 

Morphological and molecular markers are used for selection and identification of 

candidate lines with desirable traits in the diverse gene-pool of plant species. Different 

methodologies are now used for germplasm characterization and evaluation for desirable 

traits, that may include morphological characterization (qualitative and quantitative), 



Chapter 1                                                                                       Introduction 

 

Markers Assisted Selection for yield contributing traits in edible pea lines  7 
 

biochemical and nolecular using SDS PAGE, Isozyme assay and DNA analysis (Ali et 

al., 2007). 

 

1.10.1  Morphological characterization 

Morphological characterization is the first step in the description, classification and 

identification of the potential germplasm (Naghavi and Jahansouz, 2005). The economic 

value of a germplasm is related to plant morphology, agronomic performance, seed 

quality, disease status and nutritional values. An understanding of morphological 

characters will facilitate the identification, selection of desirable traits, designing new 

populations and transferring desirable genes through plant breeding (Piergiovanni et al. 

2000). Morphological techniques including cluster analysis, principal components 

analysis (PCA) and correlation coefficient have been successfully used to classify and 

measure the pattern of genetic characterization, already reported in blackgram (Ghafoor 

and Arshad, 2008), pea (Ali et al., 2007), chickpea (Naghavi & Jahansouz, 2005) and 

lentil (Sultana and Ghafoor, 2006). 

Morphological characterization is a fundamental source for selection high yielding and 

various disease resistant genotypes, hence crop improvement mostly depends on the 

degree of heritable diversity existing in crop species (Muhammad et al., 2009).  

Characterization among population is very importance not only for their conservation and 

registration but also for useful applications, such as protection of genetic resources and 

for breeding purposes (Smykal et al., 2008). Genetic characterization is an main aspect 

for the improvement program of any crop (Friedt et al., 2007). Generally, the significance 

of genetic characterization in crops improvements have been highlighted by both the 

plant breeders and geneticists for further improvement in capturing and harnessing the 

genetic characterization in crops (Able et al., 2007). However, the estimates of genetic 

association between germplasm collections are very useful for facilitating capable 

germplasm collection and management. Unfortunately, in Pakistan little attention have 

been made by legumes scientists (Ghafoor et al., 2005). Hence, the present study was 

carried out to identify the new source of pea lines, which will be high yielding best fit for 

Pakistani,  by the applying morphological characterization. 
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Various research have been carried out on evaluation of morphological and agronomic 

traits in pea viz; Ghafoor et al. (2005) studied 38 pea genotypes with respect to twelve 

morphological traits. High variability was observed for seed hilum, seed colour and seed 

shape. Nisar et al. (2008) evaluated 264 genotypes of Pisum sativum on the bases of 

morphological traits. Among the morphological traits seed color, seed shape, plant 

biomass, grain yield, number of pods per plant, 100 seeds weight and harvest index 

showed high level of genetic variation. 

Gixhari et al. (2014) analyzed 28 local pea genotypes of Albanian origins based on 23 

morphological traits, High level of genetic variation was observed for all the 

morphological characters. Tiwari et al. (2004) evaluated thirty four pea genotypes on the 

bases of 10 morphological traits. These findings showed that there was much variation in 

the 34 pea genotypes and could be exploited for hybridization program. Similarly, Shinde 

(2000) evaluated seventy-three Pisum sativum cultivars collected from different 

ecological regions of India for genetic variability with respect to thirteen quantitative and 

two qualitative traits. 

Kumar et al. (2013a) studied direct effects of component traits on yield and their maturity 

in 19 genotypes of field pea. Analysis of variance was highly significant for all the 

studied morphological traits. High magnitude of genotypic coefficient of variation  

(GCV) and  phenotypic coefficient of variation  (PCV) were recorded for grain yield 

plant
-1

 followed by number of pods plant
-1

 and 100 seed weight, while low estimates 

were observed for number of seeds pod
-1

, plant height, days to 50% flowering, pod length 

and days to maturity.  

Muhammad et al. (2009) evaluated two hundred and sixty three genotypes of Pisum 

sativum for numerical taxonomy and high yielding accessions were identified with broad 

genetic base through general selection. High variance for pods per plant, grain yield per 

plant and biomass per plant indicated the scope of improvement through simple selection 

for high mean values for these traits. Among selected genotypes thirty-seven genotypes 

were early in maturity and high yielding, whereas 66 genotypes were late in maturity and 

low yielding. Similarly Nisar et al. (2011) evaluated 286 pea genotypes collected from 39 

different countries of the world on the basis of seventeen morphological traits, for 

selection of high yielding genotypes. Higher degree of genetic variation were recorded 
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for grain yield, biomass, fresh pod width, dry pod weight, plant height, harvest index and 

number of branches plant
-1

.  

Ali et al. (2007) analyzed correlating among twenty seven different morphological traits 

in 153 local and exotic pea germplasm. The data was analyzed by basic statistics, the 

result reveal considerable degree of genetic correlation among different morphological 

traits. Harvest index was highly significant positive correlated with grain yield, 100-seed 

weight. Grain yield was highly significant positive correlated with number of pod plant
-1

 

and 100-seed weight. Biological yield was a positively highly significant correlated with 

grain yield, number of pods plant
-1

. 100-seed weight was positively and highly significant 

correlated with pod length, pod width, pod weight, grain yield and harvest index. Number 

of seeds pod
-1

 was highly significant and positively correlated with number of locules 

pod
-1

. 

Azmat et al. (2011) characterized 146 pea accessions collected from different region of 

the world on the basis of quantitative and qualitative traits. The correlation studies of 

morphological traits revealed positive and significant correlations among seeds per pod, 

pod length, pod width, 100-seed weight and grain yield. The correlation studies revealed 

pod weight per plant showed positive and significant correlation with number of seeds 

pod
-1

. A positive significant genetic association was observed between pod length and 

number of seeds pod
-1

 (Nawab et al., 2008). 

 

1.10.2  Root architecture 

Plant growth and yield is correlated with water and nutrient availability. Plants with 

longer and stronger root system are more efficiently in search of water and inorganic 

nutrients. High root biomass is beneficial for strong shoot growth, which is essential for 

high yield production (Qu et al., 2003; Jin et al., 2010). Important morphological traits of 

the root system which involve in absorbing efficiency are root length, thickness, number 

of lateral root and number of root hairs. Relationship of root morphological traits and 

plant yield production is essential for crop improvement. However, knowledge about the 

relationship between root morphological traits and yield contribute traits were not 

broadly analyzed in crops, particularly in Pisum species (Androsiuk, 2012). Previous pea 

selection and its ideotype creation were focused mainly on above ground part of the 
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plant, whereas very little attention was paid to root system architecture and development, 

especially when compared to other crops. Keeping in view the importance of pea crop, 

the present investigation was designed to study the genetic linkage among root 

architecture with yield contributing traits in newly developed hybrid pea lines (Nisar and 

Ghafoor, 2009). 

Several studies have been carried out to find the relationship between root morphological 

traits and yield contribute traits within the crop using different approaches. Atta et al. 

(2013) studied fifteen wheat genotypes for relationship between root morphology and 

grain yield of wheat. Stronger  relationships between root  and  above ground traits were 

observed. Root length was significantly associated with the  number of grains per spike 

and number  of kernels per spikelet. 

Hong et al. (2012) analyzed 12 peanut varieties with a view to examine the relationship 

between root morphological characters and aboveground traits. Results showed that root 

biomass was positively and significantly correlated with aboveground biomass. Root 

length and biomass was significantly and positively correlated with plant height.  

Androsiuk (2012) analyzed root  system of pea, results of Person’s correlations revealed 

that number of lateral roots and lateral roots density were correlated with yield  

contributing traits in pea. Significant and positive correlation was also observed between 

number of lateral roots plant
-1

 and number of branches plant
-1

. Later al roots length was 

significantly and positively correlated with plant height, and number of branches plant
-1

. 

Morphological characterization are generally used in defining germplasm groups. 

Morphological traits expressed the action of numerous genes and thus contain high 

informative assessment but can be unreliable to environment fluctuation. In contrast, 

molecular markers have a potential to facilitate genetic characterization, increase the 

reliability of decisions, and substantially save the time and space needed for experiments. 

(Smykal et al., 2008). 

Like other crops, estimation of molecular characterization and genetic association is also 

very important in breeding program of peas population (Baranger et al., 2004; Barilli et 

al., 2009), because no single method is adequate for assessing germplasm 

characterization. Different methods were applied for sample variation at different level 
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and difference in their power of genetic resolution, as well as in the quality of 

information content (Sultana and Ghafoor, 2008). 

Therefore, in addition to morphological traits, molecular markers have been used as a 

tool to assess genetic variation and discriminate closely related individuals from different 

breeding sources (Lombard et al., 2000; Metais et al., 2000; Sun et al., 2001). 

 

1.10.3  Molecular characterization 

Molecular marker techniques can be used to detect variation and genetic correlation at the 

DNA level and have proved to be extremely effective in distinguishing between closely 

related groups (Ayele et al., 1999). Molecular markers have enormous potential to 

investigate genetic characterization to improve the efficiency and accuracy of 

conventional plant breeding program (Samec and Nasinec, 1995; Hoey et al., 1996). 

Higher plants have large genomes size with complex genetic organization. The DNA 

based molecular approaches are used for the study of these complex genomes of higher 

plants. Molecular markers are scattered throughout the total genome whose mutation may 

be identified by PCR-based techniques. The introduction of molecular markers into 

genetic studies presented new potentials for finding genetic relationships within and 

between closely related species. It is also used for genetic correlation, gene identification, 

chromosome mapping, gene cloning. PCR amplification of molecular markers also 

allocating the rapid detection of variable loci in the whole genome of a plant (Gostimsky 

et al., 2005). 

In molecular techniques various molecular markers including randomly amplified 

polymerase DNA (RAPD), simple sequence repeat (SSR), SCAR, amplified fragment 

length polymorphism (AFLP), restriction fragment length polymorphism (RFLP), single 

nucleotide polymorphism (SNP) etc are practiced (Lapitan and Jauhar, 2006; Almanza-

Pinzon et al., 2003; Ghafoor et al., 2007). These molecular markers are regularly being 

used in evolutionary, taxonomical, ecological, genetic diversity, phylogenic studies, 

marker assisted selection in plant sciences (Agarwal et al., 2008). In the present study 

RAPD and SSR markers were used along with morphological markers, aim to evaluate 

the possibility of PCR based amplification in twenty lines and to detect the genetic 

variation for understanding the relationships among these lines. 
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1.10.3.1  Randomly Amplified Polymorphic DNA (RAPD) analysis 

Randomly Amplified Polymorphic DNA (RAPD) technique is relatively easier, cheaper 

and quicker technique with less technical complexity than other technique (Li and 

Quiros, 2001). RAPD  analysis  has also the benefit of requiring very small quantity of 

genomic DNA without the need for blotting and radioactive detection (Atienzar, et al., 

2000; Rogers and Bendich, 1988). RAPD is mostly used in studying genetic diversity 

between crops species. Genetic diversity in crops is the variation of alleles that enable 

species to with stand certain biotic and abiotic stresses and thus is crucial for long term 

survival of crops. Hence, knowledge of genetic variation is essential  for creation of novel 

germplasm and  future breeding lines (Ahmed and Mawgood, 2012). 

Knowledge of genetic diversity is a useful tool in gene bank management and in planning 

experiments, as it facilitates efficient sampling and utilization of germplasm by 

identifying and/or eliminating duplicates in the gene stock, and helps in the establishment 

of core collections (Ghafoor et al., 2005). 

The RAPD markers technique is being successfully used for the assessment of genetic 

diversity, identification and genetic association in various plant species, especially in 

legumes, such as Cicer arietinum (Rasool, 2013); Trigonella foenum-graecum (Kumar et 

al., 2012); Vigna unguiculata Walp. (Asare et al., 2010); Trifolium taxa (Uslu et al., 

2013); Dalbergia sissoo (Wang et al., 2011); Vicia faba (Salimia et al., 2013); Cassia 

species (Mohanty et al., 2010); Glycine max (Sammour, 2011); Lathyrus sativus (Nosrati 

et al., 2012); Phaseolus vulgaris (Razvi et al., 2013). 

There is scarcity of genetic diversity in pea and limited amount of parental material is 

available for pea breeding programs (Taran et al., 2005). Therefore the present work was 

carried out to study genetic variation among newly developed edible pea lines. 

Choudhury et al. (2007) subjected twenty four pea varieties to RAPD analysis, in order to 

find out the genetic relatedness among them. Total 60 RAPD primers were used. All the 

primers were polymorphic and produced 579 clear scorable bands, 433 bands were 

polymorphism (74.8%). On an average, 9.65 bands were amplified per primer. Cluster 

analysis based on Jaccard’s similarity coefficient, grouped all the tall varieties together. 

While, the dwarf varieties were grouped in two different clusters based upon their 

pedigree. 

http://link.springer.com/search?dc.title=RAPD&facet-content-type=ReferenceWorkEntry&sortOrder=relevance
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Samatadze et al. (2008) analyzed four pea varieties and two genetic genotypes by using 

RAPD markers analysis. The results showed high genomic polymorphism between-

varieties while low of genomic polymorphism was observed within-line. Likewise, 

genetic relatedness in twenty four pea varieties was studied using RAPD markers. 

Similarly, molecular characterization of 148  Pisum genotypes was estimated using 121 

different RAPD markers. The molecular markers analysis separated food, feed and fodder 

pea genotypes into distinct clusters (Baranger et al., 2004). Evaluation of genetic 

characterization was carried out in pea cultivars, using four RAPD primers. A total of 16 

clear bands were scored, with an average of 4 bands per primer Out of 16 bands, 6 bands 

were polymorphism (37.5%). whereas the remaining 10 were monomorphic. Jaccard 

similarity coefficient showed maximum value (0.9630) between KPMR 925 and  KPMR 

926 and minimum (0.7692) similarity coefficient between KPMR 922 and KPMR926 

(Ahmad et al. 2010). 

Wani et al. (2013) studied nine genotypes of Pisum sativum L. on the basis of twelve 

Randomly Amplified Polymorphic DNA (RAPD) markers. Out of twelve, only four 

RAPD primers produced 24 bands, 10 of which were polymorphic while 14 bands were 

monomorphic. The percentage of polymorphic bands produced by four primers was P -03 

(83.33%), P-05 (25%), P-06 (16.66%) and P-17 (50%). 

Haider, et al. (2013) studied seventeen pea genotypes using 20 RAPD primers for PCR 

amplification. Nineteen primers amplified and generated a total of 216 PCR bands, out of 

which 196 were polymorphic. The dendrogram generated by RAPD markers data 

indicated two main clusters. Wild genotypes were separated in one cluster. while the 

cultivars were grouped in the different cluster. 

Similarly, Khan et al. (2013b) studied 48 pea genotypes collected from different sources 

through 20 RAPD markers. Results showed that significant variations were present in 

minor bands of RAPD. Results exposed that significant variations were observed in 

minor bands. From the banding profile maximum and minimum genetic diversity i.e., 

80% and 20% was found among 08 and 23 comparisons, respectively. Phylogenetic 

clustering analysis of the collected genotypes revealed that genetic diversity is 

independent of origin of genotypes. 



Chapter 1                                                                                       Introduction 

 

Markers Assisted Selection for yield contributing traits in edible pea lines  14 
 

Tahir et al. (2015) characterization ten cultivars of Pisum sativum L. used twenty 

Randomly Amplified Polymorphic DNA (RAPD) markers. The twenty RAPD primers 

generated 89 scorable bands, of which 53 bands (59.55%) were polymorphic. The size  of 

bands ranged from about 262 bp to 1996bp. Out of 314 bands, 175 bands (55.7%) were 

polymorphic. Whereas genetic similarities of RAPD profiles were ranged from 0.333 to 

0.774. 

 

1.10.3.2  Simple Sequence Repeat (SSR) analysis 

The simple sequence repeats (SSR) or microsatellites markers realize significance, due to 

their reliability, accuracy, codominancy, high polymorphism and widely dispersed in the 

whole genome of an organism (Powell et al., 1996; Becher et al., 2000; Smykal et al., 

2008). Due to these reasons, SSR markers are widely used for gene tagging, genome 

mapping, marker assisted selection (MAS) breeding, detection of genetic diversity (Cupic 

et al., 2009; Sarikamis et al., 2010 and varieties differentiation for various traits at gene 

level (Holton, 2003). These markers are also used as additional marker system along with 

morphological markers (Anonymous, 2002). 

Microsatellite (SSR) techniques has proven its utility for variety identification in various 

crops species e.g in Cassava (Mba et al., 2001); Eucalyptus (Brondani et al., 2002); 

Maize (Sharopova et al., 2002); Sunflower (Yu et al., 2003); Bean (Blair et al., 2003; 

Saunders et al., 2004); Wheat (Somers et al., 2004); Peanut (De Carvalho et al., 2004); 

Fragaria (Sargent et al., 2004); Lytchee (Viruel et al., 2004); Actinidia (Fraser et al., 

2004); Cacao (Pugh et al., 2004); Soyabean (Song et al., 2004); Grape (Adam-Blondon 

et al., 2004); Melon (Ritschel et al., 2004); Prunus (Dirlewanger et al., 2004); Rose (Yan 

et al., 2005). 

Smykal et al. (2008) investigated 25 pea varieties using SSR markers. Total 38 alleles 

were detected by 10 SSR markers. The number of alleles ranged from 3 to 6, PIC value 

ranged from 0.109 (marker AD-186) to 0.75 (marker B-14), with an average 0.52. The 

genetic similarity (GS) matrix showed minimum values of 0.09 (between Sponzor & 

Sonet) and a maximum value of 0.66 (between Herold & Primus), with a mean value of 

0.32. 
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Cupic et al. (2009) evaluated 18 genotypes of pea (Pisum sativum L.) using 30 SSR 

markers. Total number of 118 alleles were recorded for all genotypes.  Number of alleles 

per SSR marker varied from 2 to 8, with a mean number of 4.5 alleles per locus. 

Polymorphic information content values (PIC) varied from 0.196 to 0.765 per locus, with 

an average of 0.517 per locus. 

Nasiri et al. (2009) studied genetic association based on 20 SSR markers, in 57 wild 

genotypes and 20 verities of pea. Only  10  microsatellite  primer  pairs amplified and 

generated 59  alleles  per locus. The  number  of  alleles  per locus  ranged from  2  to  8, 

with  an average of  5.9  alleles per locus. The  polymorphism  information  content (PIC) 

in  the total accession, varied  from  0.556  to  0.839  and  a mean as 0.72. The SSR 

markers segregated the genotypes and assigned them into their respective groups with the 

help of cluster analysis.  

Ahmad et al. (2012) found that SSR markers are useful for discriminating pea lines. A 

total of 35 pea genotypes were differentiate by using 15 SSr markers. The 15 SSR 

markers amplified 41 alleles with polymorphic information content (PIC) values ranged 

from 0.055 (AA206) to 0.660 (AB72) with an average of 0.460. Genetic similarity (GS) 

values ranged from 0.074 (between Maple pea NZ and Line 45760) to 0.875 (between 

Galena and Dakota). Unweighted pair group method with arithmetic averages (UPGMA) 

cluster analysis grouped the 35 pea accessions into two lineage and eight clusters. 

Kumari et al. (2013b) studied 28 pea genotypes using 32 simple sequence repeat markers. 

A total of 44 polymorphic bands were obtained, with an average of 2.1 bands per 

markers. The PIC value ranged from 0.657 to 0.309, with an average of 0.493 per 

markers, while the genetic diversity among these genotypes ranged from 0.11 to 0.73. 

Cluster analysis based on Jaccard’s similarity coefficient using the unweighted pair-group 

method with arithmetic mean (UPGMA) exposed 2 distinct lineages, I and II, comprising 

6 and 22 pea genotypes, respectively. 

Similarly nineteen pea genotypes have been characterized using eight Simple Sequence 

Repeats (SSRs) markers. Out of eight, five of the SSRs  were amplified and produced a 

total 34  alleles. The number of alleles per locus varied from 3 (PSMPA5 and PSMPA6) 

to 13 (PSMPSAD126) with an average number of 6.8 alleles per locus. The 

Polymorphism Information Content (PIC) varied from 0.18  (PSMPSAD134) to  0.85 
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(PSMPSAD126). Genetic distances computed have been used to draw the corresponding 

dendrogram and to distribute genotypes according to their genetic relationship. The 

genetic similarity among the 19 pea genotypes is graphically represented by an UPGMA 

dendrogram and divided the 19 pea genotypes into two groups (Bouhadida et al. 2013). 

 

1.10.3.3  Marker Assisted Selection (MAS) 

Simple Sequence Repeat (SSR) markers are the most widely used marker system for 

variety characterization, genome mapping, genetic diversity and marker-assisted selection 

(Anonymous, 2002). Once a genetic marker linked to the desirable trait (s) has been 

identified, MAS can be practiced at an early stage of plant development, thus avoiding 

selection through traits exposure (Rakshit et al., 2001). MAS breeding are not only useful 

for qualitative traits controlled by a single gene, but also for quantitative traits (Lande and 

Thompson, 1990). 

The inheritance and selection of the desirable traits is now become possible with the 

development of Marker Assisted Selection (MAS) which provides a useful source to 

exploit the possibility of genes against agronomic traits (Choudhary et al., 2008; 

Allahverdipoor et al., 2011). Marker Assisted Selection (MAS) can accelerate the 

selection process in plant breeding and consequently can shorten the development time of 

a new cultivar (Collard et al., 2008). Molecular markers have been frequently used in the 

past decade to select plants containing genes of interest (Edward et al., 2007). Phenotypic 

selection in traditional plant breeding is mostly relied upon the costly and often time 

consuming replicated experimental trials for cultivar enhancement. In contrast, genotypic 

selection is an alternative to circumvent this costly phenotyping method (Gupta et al., 

2010) by simply finding molecular marker linked to particular trait(s) of interest. 

The genetic map of pea has been developed gradually and several molecular linkage 

maps have been constructed (Pilet-Nayel, et al., 2002; Taran et al., 2005; Mishra et al., 

2012). In pea, comprehensive compromise linkage maps integrating linkage relationships 

from multiple maps and linkage sited several anonymous SSR markers and their map 

positions for wide application of these markers as a common set for genetic 

characterization in pea studies (Ellis and Poyser, 2002; Loridon et al., 2005). However, 
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the complete genetic map of pea is not prepared yet and thus complementary search is 

needed to identify new molecular and morphological markers (Cheghamirza et al., 2004). 

In Pakistan, pea is used as a marginal crop due to disease susceptibility and low yield. 

Recently, it gains potential and replace major vegetable due to the trend of developing 

disease resistant and high yielding pea lines. The present work is proposed to screen the 

novel pea lines for the selection of disease resistant and high yielding candidate lines. It is 

also proposed to establish a different combination of the novel lines for the marker 

assisted selection and gene mapping in future. The study will be extended to find genetic 

association/linkage among morphological traits and molecular markers (RADP and SSR). 

 

Aims and Objectives 

 

1. To screen out  powdery mildew disease resistant pea lines 

2. To select high yielding candidate pea lines 

3. To find genetic linkage for high yield contributing traits using molecular markers 

(SSR/RAPD markers) 
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Materials and Methods 

2.1 Plant Materials 

The present study was carried out on twenty four pea lines. During the study different 

experiments were conducted, which included screening against powdery mildew disease, 

the selection of high yielding lines, morphological characterization and genetic linkage of 

molecular markers for estimation. 

Out of twenty four lines, twenty novel lines of Pisum sativum were developed through 

single seed descent method from the cross of Fallon
er

 and 11760-3
ER

 (Nisar and Ghafoor, 

2009). Among the parents, Fallon
er 

(female) was dwarf, bushy tendrils, no leaflet, 

anthocyanin pigmentation absent, white flower color, green pod color, creamy seed color,  

smooth seed shape, disease resistant and low yielding, whereas 11760-3
ER 

(male) was 

tall, normal tendrils, leaflet present, anthocyanin pigmentation present, purple flower 

color, purple pod color, brown seed color,  rough seed shape, disease susceptible and high 

yielding (Nisar et al., 2006). The control lines for comparative performance was Climax 

(PL-22) which is highly susceptible to powdery mildew (Hussain et al., 2002) and local 

cultivar (PL-21). 

 

2.1.1 Experimental field  

Evaluations of 24 pea lines were carried out in the screen house as well as in field 

condition at Botanical Garden, University of Malakand, Khyber Pakhtunkhwa, Pakistan 

located at coordinates N 34
0
 40" 318' and E72

0
 03" 753' with  726m altitude (checked 

with altimeter Etrix Garmin, made in Taiwan). The experiments were conducted during 

cropping seasons for three consecutive years (2011-2012, 2012-2013 and 2013-2014). 

 

2.1.2 Experimental field layout 

The twenty four lines were grown in a layout of complete randomized design with three 

replicates row plots as suggested by Hanaa and Ali (2011). The length of each plot was 

18m with the width of 3m. Each line was planted in  row plot with 75 cm row to row 
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distance and 10 cm plant to plant distance (Nisar et al., 2011). The recommended cultural 

practices were carried out for getting healthy plant. 

To evaluate the genetic linkage of root architecture with yield contributing traits (YCT), 

pea lines were grown in a small pots. For biometrical analysis, data was collected at 

different growth stages i.e. after 15 and 30 days of seeds germination. 

 

2.1.3 Soil analysis 

Soil of the study area was analyzed in Swat Agriculture Research Institute (SARI). The 

soil texture was silt-loam with clay 1.6%, silt 54% and sand 44.4%. The pH of the soil 

was 8, organic matter 0.621%, nitrogen 0.0311%, phosphorous 39.5 mg/kg and 

potassium 128 mg/kg (Table 2.1). 

 

Table 2.1 Soil texture and their chemical composition collected from Botanical Garden 

University of Malakand 

Clay 

(%) 

Silt 

(%) 

Sand 

(%) 

Texture 

Class 

pH Organic 

matter (%) 

Lime 

(%) 

N 

(%) 

P(mg/ 

kg) 

K(mg/ 

kg) 

1.6 54 44.4 Silt loam 8 0.621 5 0.031 39.5 128 

    
A L MC L M M 

A: Alkaline, L: low, MC: moderately calcareous, M: medium 

 

2.1.4 Fertilizer used 

A composite of NPK 315 kg (75 kg N, 120 kg P and 120 kg K) fertilizer was added per 

hectare. 

 

2.1.5 Irrigation and weeding 

Irrigation was applied four times during the growing season to avoid water stress 

condition. First irrigation was applied immediately after germination. The remaining 

three irrigation were applied according to the need. Three time weeding was done during 

the growing period, first weeding was carried out during seedling stage, second after one 

month and the third was carried out after two months. 
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2.2 Evaluation of powdery mildew disease status 

For evaluation of powdery mildew disease status, the pea lines was planted in green 

house as well as in the open field at University of Malakand. Each line was planted in 

row plot along with fungal susceptible control variety as to ensure the presence of fungal 

spores. The data was recorded throughout the growth stages of the plant. During 

evaluation of powdery mildew disease status no fungicides were applied all over the 

experiment. 

2.2.1 Artificial inoculation of resistant lines  

The lines showing resistances under natural condition were artificially inoculated with 

Erysiphe pisi conidia by tapping contaminated debris of pea over the leaves for the finer 

result followed the procedure of (Nisar et al., 2006). 

2.2.2 Disease severity scale (DSS) 

Powdery mildew disease severity was recorded using a 0–5 scale (Shahid, 2010), DSS-0 

indicates plants with no infection (highly resistant); DSS-01 plant with 1.0% to 10.0% of 

leaf infection (resistant); DSS-02 plant with 10.1% to 25.0% of leaf infection (moderately 

resistant); DSS-03 plant with 25.1% to 50.0% of leaf infection (moderately susceptible), 

DSS-04 plant with 50.1% to 75.0% of leaf infection (susceptible) and DSS-05 was the 

rating for plants with >75% of leaf infection (highly susceptible). 

2.3 Morphological characterization 

After seed germination, ten plants were tagged/selected randomly within each line to 

score data on morphological traits. Total 31 morphological traits were recorded using 

modified descriptors of Seed Certification Department, Pakistan (Tajammal and Naz, 

2009). Among the morphological traits, nine were qualitative traits and twenty two were 

quantitative traits (Appendix 1 and 2 respectively). 

2.3.1 Evaluation of qualitative traits 

A total of nine qualitative morphological traits were recorded on ten randomly chosen 

plants per pea lines. Qualitative traits observed during the study were: plant anthocyanin 

pigmentation (PA), node color (NC), flower color (FC), pod color (PC), plant height 

(PH), Tendril types (TT) pod shape (PS), seed shape (SS) and seed color (SC). 
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2.3.2 Evaluation of quantitative traits  

A total 22 quantitative traits were recorded for studying genetic diversity and selection of 

candidate pea lines for seed certification. The quantitative traits were: days to 

germination, days to logging, node number at which first branch start, number of 

branches plant
-1

, number of leaflets leaf
-1

, internode length (cm), days to flower initiation, 

number of node at which first pod start, plant height (cm), plant life span, plant biomass 

(g), pod length (cm), pod width (cm), number of pods plant
-1

, pod weight plant
-1

, number 

of seeds pod
-1

, 100 seeds weight (g), grain yield plant
-1

, harvest index (%), root length 

(cm), number of lateral roots and total roots biomass (g). 

The harvest index was calculated as the ratio of seed weight to the total weight of the 

harvested materials, using the following formula. 

                   
           

             
      

2.3.3 Statistical analysis of Morphological traits 

Different statistical tools were applied for the analysis of  morphological traits. The 

average data of ten randomly selected plant samples were statistically analyzed (Keneni 

et al., 2005). 

2.3.3.1 Cluster analysis 

One Way Cluster analysis of quantitative and qualitative traits was carried out separately 

by using the statistical software PC-ORD ver. 5 (McCune and Grace, 2005). The 

objective of the analysis was to determine genetic linkage among 24 edible pea lines. 

2.3.3.2 Basic statistics 

Basic statistics including mean, coefficient of variance and standard error were also 

calculated using computer software Statistica ver. 8. In addition to the basic statistics, 

relatedness of traits according to Pearson’s correlation coefficients and K-mean value 

were carried to determine the inter-relationships among various traits as well as among 

clusters by using SPSS software ver. 18.0 (Keneni et al., 2005). Genetic diversity among 

the different clusters based on quantitative and qualitative traits of pea lines were tested 

using nonparametric Kruskal–Wallis tests (Kruskal and Wallis, 1952). 
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2.3.3.3  Principal component analysis 

Principal component analysis (PCA) was also calculated for qualitative and quantitative 

traits, using Minitab (Minitab Inc2008) following the procedure of Tripathi et al. (2013). 

 

2.4 Molecular characterization 

Two types of molecular markers i.e. randomly amplified polymorphic  DNA (RAPD) and 

sample sequence repeat (SSR) makers were used for estimation of genetic diversity and 

to find genetic linkage among different traits in the selected 24 pea lines. 

 

2.4.1 Genomic DNA Isolation 

For PCR reaction, the genomic DNA of each line was extracted from 0.5 g dry seed 

powder using the modified DNA extraction protocol as described by Doyle and Doyle 

(1990). The major steps of DNA isolation are given below:  

 Seeds were grinded in pestle and mortar. About 0.5g of grinded seed powder 

was taken in a E-tube (1.5ml).  

 Actually 500µl of DNA extraction buffer (200mM Tris-HCL with pH 8.0, 

25mM EDTA, 200mM NaCl, 0.5% SDS) was added into the E-tube containing 

0.5g of seed powder. 

 The E-tube was vertexed for 1 mint to homogenous the powder mixture. 

 About 500µl Phenol : chloroform : isoamyl alcohol were added with a ratio of 

25 : 24 : 1 respectively.  

 The E-tube was centrifuged at 12000rpm for 12 minutes at 15
0
C and 

subsequently the supernatant was shifted to fresh E-tube, while the pellet at this 

stage was discarded.  

 Then, added 500µl Isopropanol and 30 µl sodium acetate to each tube containing 

supernatant and then kept at 0
0
C for 30 minutes to precipitate the DNA from the 

supernatant.  

 The tube was centrifuged again at 10000 rpm for 8 mints at 4
0
C. 

 Supernatant was discarded and the precipitated DNA in the form of pellet was 
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washed two time with 70% ethanol. 

 Finally the DNA pellet was dried with vacuum drier, then dissolved in 30-50µl 

TE buffer and preserved at 4
0
C for PCR reaction. 

2.4.1.1 Detection of genomic DNA 

The genomic DNA was run on 1% Agarose gel. The gel was prepared by taking 1g 

agarose powder and dissolved in 100ml of TBE.  The agarose mixture was boiled in 

microwave oven to dissolved agarose completely and to get dense transparent liquid. 

After slightly cooling 3µl Ethidium Bromide was added to the media. The gel was 

casted in a gel tray with inserted comb. After solidification, the comb was removed and 

the gel was shifted to electrophoresis containing 1XTBE. Then loaded 1µl genomic 

DNA in the wells, to conform the presence of genomic DNA and to visualize the band 

density. 

Gel was then run at constant voltage of 100 volt with 120 mA for 15 minutes. The DNA 

was visualized under UV light using “Uvitech” Gel Documentation System. The DNA 

was quantified with the help of spectrophotometer and then calculated 20ng/L genomic 

DNA with the help of formula (Vinad, 2004).  

 

2.4.2 Randomly Amplified Polymorphic DNA (RAPD) Maker 

To determine the genetic diversity and genetic linkage among 24 pea lines, different 

RAPD primers were used. The nucleotide sequence and annealing temperature of the 

RAPD primers are represented in Table 2.2. 

 

2.4.2.1 PCR Cocktail for RAPD markers 

Polymerase chain reaction (PCR) for RAPDs primers was performed in 20µl PCR 

mixture (Table 2.3). PCR mixture contained 20ng genomic DNA (1µl), 100µM of each 

dNTPs (2µl), 10 mM Taq buffer (2µl), 25mM MgCl2 (1.2µl), 10pM decamer primer 

(2µl) and 1-Units Taq DNA-polymerase (1.2µl) and water (10.6µl). 

2.4.2.2 PCR reaction 

PCR reaction was performed in a Nyx Technik PCR System, USA. Genomic DNA of all 

pea lines were run independently, with each primer for PCR amplification. The PCR 
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conditions were 94
0
C for 5 min by 1 cycle, encircled by 40 cycles of 1 min at 94

0
C, 1 

min 32
0
C/34

0
C and 2 min at 72

0
C and 1 cycle of final extension at 72

0
C for 10 minutes 

(Ordon et al., 1995). Detail of PCR condition are represented in Table 2.4. 

 

Table 2.2. List of RAPD primers, their sequences, GC % and annealing temperature 

utilized in the present study for estimation of genetic diversity and genetic linkage among 

24 pea lines 

S. No Primers Nucleotide Sequence GC % 
Annealing 

temperature 

1 OPA11 CAATCGCCGT 60 32 

2 OPA12 TCGGCGATAG 60 32 

3 OPA13 CAGCACCCAC 70 34 

4 OPA14 TCTGTGCTGG 60 32 

5 OPA15 TTCCGAACCC 60 32 

6 OPA16 AGCCAGCGAA 60 32 

7 OPA17 GACCGCTTGT 60 32 

8 OPA18 AGGTGACCGT 60 32 

9 OPA19 CAAACGTCGG 60 32 

10 OPA20 GTTGCGATCC 60 32 

11 OPB11 GTAGACCCGT 60 32 

12 OPB12 CCTTGACGCA 60 32 

13 OPB13 TTCCCCCGCT 70 34 

14 OPB14 TCCGCTCTGG 70 34 

15 OPB15 GGAGGGTGTT 60 32 

16 OPB16 TTTGCCCGGA 60 32 

17 OPB17 AGGGAACGAG 60 32 

18 OPB18 CCACAGCAGT 60 32 

19 OPB19 ACCCCCGAAG 70 34 

20 OPB20 GGACCCTTAC 60 32 
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Table 2.3. Different reagents and their quantity used in RAPD PCR reaction for 

estimation of genetic diversity and genetic linkage among 24 pea lines 

S. NO. REAGENT QUANTITY 

1 H2O 10.6 µl 

2 dNTPs 2 µl 

3 MgCl2 1.2 µl 

4 10xTaq Buffer 2 µl 

5 RAPD primer 2 µl 

6 Taq DNA Polymerase 1.2 µl 

7 Genomic  DNA 1 µl 

Total Volume 20 µl 

 

Table 2.4. Thermocycling conditions of RAPD reaction used for estimation of genetic 

diversity and genetic linkage among 24 pea lines 

STEP NO. TEMP TIME CYCLES 

1 94
0
C Denaturation 5 minutes 1 

2 94
0
C Denaturation 1minute  

40 3 32/34
0
C Annealing 1minute 

4 72
0
C Extension 2 minutes 

5 72
0
C Extension 10 minutes 1 

6 4
0
C Holding Infinite Continue 

 

(i) Denaturation of double stranded genomic DNA template at 94
0
C 

(ii) Annealing of RAPD primer  with the template DNA at 32/34
0
C 

(iii) Extension of Primer at 72
0
C for formation of new DNA strand 

 

2.4.3 Simple Sequence Repeat (SSR) makers 

Eighty five SSR primers pairs were used to characterize loci containing microsatellite 

sequences among the 24 pea lines (Appendix 4). These primers were selected from 

previous literature (Burstin et al., 2001; Neumann et al., 2002; Nasiri, 2009; Cupic et al., 

2009). The sequence of the polymorphic primers are given in Table 2.5. 

 

2.4.3.1 PCR Cocktail for SSR primers 

PCR reactions of SSR primers were carried out in 20µl of reaction mixture containing  

2.5µl 10X buffer, 1.5µl 25 mM MgCl2, 0.25µl 10µM of each dNTPs, 1µl of Taq DNA 
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polymerase 1-U/µl, 1µL of 10pmol each forward and reverse primers (Fermentas, USA) 

and 1µl of genomic DNA (20ng) All the reagents are listed in Table 2.6. 

2.4.3.2 PCR reaction for SSR markers 

Primer amplification was carried out in a Nyx Technik thermal cycler and included initial 

denaturation at 95
0
C for 10min; thirty five cycles of 94

0
C for 30s, annealing temperature 

was varied from 52 to 60
0
C for 30ecs depending on the primer sequence (Table 2.6) and 

72
0
C for 30sec and last synthesis at 72

0
C for 5min (Table 2.7).  

 

Table 2.5. List of 12 polymorphic SSR primers used in this study for estimation of 

genetic diversity and genetic linkage analysis in 24 pea lines 

S.No Primer Forward and reverse sequence Tm (
()
C) 

1 PSGAPA1 
5'GACATTGTTGCCAATAACTGG3' 

5'GGTTCTGTTCTCAATACAAG3' 
56 

2 PSMPA5 
5'GTAAAGCATAAGGGGATTCTCAT3' 

5'CAGCTTTTAACTCATCTGACACA3' 
57 

3 PSMPC20 
5'GAGTTCTCCGTAATAGAAGGCT3' 

5'CACTCTGTTCTGCTTCATCATC3' 
58 

4 PSMPAA67 
5'CCCATGTGAAATTCTCTTGAAGA3' 

5'GCATTTCACTTGATGAAATTTCG3' 
56 

5 PSMPAD21 
5'TATTCTCCTCCAAAATTTCCTT3' 

5'GTCAAAATTAGCCAAATTCCTC3' 
52 

6 PSMPSAD186 
5'TCAATGACGTGTTGATCGAGGA3' 

5'CCATGCTTTGCACCGAAAGTAA3' 
60 

7 X51594 
5'CAACCAGCCATTATACACAAACA3' 

5'GGCAATAAAGCAAAAGCAGA3' 
56 

8 Y11824 
5'ACCACCACCACCGAGAAGAT3' 

5'TTTGTGGCAATGGAGAAACA3' 
60 

9 PSMPA9 
5'GTGCAGAAGCATTTGTTCAGAT3' 

5'CCCACATATATTTGGTTGGTCA3' 
56 

10 PSMPB16 
5'GCATTTGTGCAGTTTCAATTTCG3' 

5'CCAATTACGGACAATGTTTGATCA3' 
56 

11 PSMPSAD237 
5'AGATCATTTGGTGTCATCAGTG3' 

5'TGTTTAATACAACGTGCTCCTC3' 
60 

12 P628 
5'ATGTGGTCTCAACTGACTTTATTG3' 

5'AGCTATTGCAAACATGACTAAAC3' 
60 
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Table 2.6.  Different reagents and their quantity used in SSR reaction for estimation of 

genetic diversity and genetic linkage analysis in 24 pea lines 

S. NO. REAGENT QUANTITY 

1 H2O 11 µl 

2 dNTPs 1 µl 

3 MgCl2 1.5 µl 

4 10xTaq Buffer 2.5 µl 

5 
Forward primer 1 µl 

Reverse primer 1 µl 

6 Taq DNA Polymerase 1 µl 

7 Template DNA  1 µl 

Total Volume 20 µl 

 

Table 2.7. Thermocycling conditions of SSR reaction used for estimation of genetic 

diversity and genetic linkage analysis in 24 pea lines 

STEP NO. TEMP TIME CYCLES 

1 95
0
C Denaturation 10 minutes 1 

2 94
0
C Denaturation 30 second  

35 3 52-60
0
C Annealing 30 second 

4 72
0
C Extension 30 second 

5 72
0
C Extension 5 minutes 1 

6 4
0
C Holding Infinite Continue 

 

(i) Denaturation of double stranded genomic DNA template at 95
0
C  

(ii) Annealing of SSR primers  with the template DNA at 52 to 60
0
C 

(iii) Extension of Primer at 72
0
C for formation of new DNA strand 

 

2.4.4 Agarose Gel Electrophoresis of PCR products 

Horizontal Gel Electrophoresis assembly was used for fractionating RAPD and SSR 

markers product on 2% agarose gel, stained with Ethidium Bromide in 1X TBE buffer.  

The PCR product of each sample was mixed thoroughly with loading dye in a ratio of 5:1 

and then loaded in the well of gel. Electrophoresis was carried out for 60 minutes at 100V 

in 1X-TBE. The gel image was viewed under gel documentation system. After 

electrophoresis the size of each fragment was compared by using the 250bp DNA ladder 

(Fermentas).  
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2.4.5 Statistical analysis of molecular markers 

2.4.5.1 Bands scoring of RAPD and SSR markers 

The electropherogram of the agarose gel were used to score the molecular (RAPD/SSR) 

data. Only reproducible and scoreable bands were included in the analysis. The fragments 

generated by markers were compiled qualitatively in binary matrix according to the 

presence (1) or absence (0) of bands in each line and the intensity of band was not 

considered. The binary matrix data were used for further cluster dendrogram and 

statistical analysis. 

 

2.4.5.2 Two-Way-Cluster analysis and Genetic similarity 

Cluster analysis of the lines based on RAPD and SSR primers was determined with the 

help of PC-ORD software. Genetic similarity (GS) coefficient between the pair of lines 

was calculated according to Nei and Li’s index of similarity (Nei and Li, 1979) by the 

following formula, with the help of NTSYS software (Rohlf, 1999). 

    GDxy = 1-dxy/dx+dy-dxy  

Where GDxy is genetic distance, dxy is number of common bands (loci) in two 

genotypes, dx is number of bands (loci) in genotype 1, dy is number of bands (loci) in 

genotype 2. 

 

2.4.5.3 Analysis of population structure 

Power Marker program ver. 3.25 (Liu and Muse, 2005) was used to calculate the 

parameters: allele frequencies at each locus; gene diversity H value (Nei and Li, 1979). 

The polymorphic information content (PIC) value for each marker was determined using 

the following equation: 

               

 

   

               
 

     

   

   

 

where pi is the frequency of the ith allele, and n is the number of alleles (Botstein et al., 

1980). 
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2.4.5.4 Linkage analysis 

To study the genetic linkage, numerical data of yield was converted into categorical data 

as ‘1’ for high yield and ‘0’ for low yield. Molecular data were scored as ‘1’ for presence 

and ‘0’ for absence of SSRs alleles. Linkage analysis was carried out by applying Chi-

square (χ2) test to examine the goodness-of-fit between molecular markers and high 

yielding lines.  
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Results 

In the present study, different experiments were conducted on 24 edible pea lines, which 

includes screening against powdery mildew disease, morphological characterization, the 

selection of high yielding pea lines and genetic linkage of molecular markers for 

estimation of genetic diversity and traits association.  

 

3.1  Disease screening  

The 24 edible pea lines were screened against powdery mildew disease, caused by 

Erysiphe pisi for three consecutive years to ensure the Disease Severity Scale (DSS) and 

reproducibility of the finding in the screen house as well as in the open field. 

 

3.1.1  Screening under screen house 

Under screen house condition, the intensity was slightly higher than that of open filed, 

that might be due to more favorable environment. Screen house condition three lines (PL-

4, PL-5 and PL-23) were fall in DSS-0, five (PL-1, PL-2, PL-3, PL-6 and PL-11) in DSS-

01, five (PL-10, PL-12, PL-13 PL-16 and PL-19) in DSS-02, four (PL-7, PL-14, PL-17 

and PL-18) in DSS-03, three (PL-8, PL-9 and PL-15) in DSS-04 and four (PL-20, PL-21, 

PL-22 and PL-24) fall in DSS-05 (Table 3.1). 

 

3.1.2  Screening under open field 

Under open field condition, it was found that out of 24 pea lines, three lines (PL-4, PL-5 

and PL-23) were fall in DSS-0, seven (PL-1, PL-2, PL-3, PL-6, PL-11, PL-16 and PL-19) 

in DSS-01, three (PL-10, PL-12 and PL-13) in DSS-02, four (PL-7, PL-14, PL-17 and 

PL-18) in DSS-03, five (PL-8, PL-9, PL-15, PL-20 and PL-21) in DSS-04 and two (PL-

22 and PL-24) fall in DSS-05 (Table 3.1). Comparative expression disease response of 24 

pea line screened against Erysiphe pisi (Syd.) in the open field is represented in Fig. 3.1. 
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Table. 3.1.  Disease response and frequency of 24 pea line screened against Erysiphe pisi 

(Syd.) in the screen house as well as in the open field 

Disease response 
DSS Screen house Open field 

 Pea lines f Pea lines f 

Highly resistant 0 PL-4, PL-5 & PL-23 3 PL-4, PL-5 & PL-23 3 

Resistant 1 
PL-1, PL-2, PL-3, PL-6 

& PL-11 
5 

PL-1, PL-2, PL-3, PL-6, PL-

11, PL-16 & PL-19 
7 

Moderately 

resistant 
2 

PL-10, PL-12, PL-13 

PL-16 & PL-19 
5 PL-10, PL-12 & PL-13 3 

Moderately 

susceptible 
3 

PL-7, PL-14, PL-17 & 

PL-18 
4 PL-7, PL-14, PL-17 & PL-18 4 

Susceptible 4 PL-8, PL-9, & PL-15 3 
PL-8, PL-9, PL-15, PL-20 & 

PL-21 
5 

Highly 

susceptible 
5 

PL-20, PL-21, PL-22 & 

PL-24 
4 PL-22 & PL-24 2 

Note:  DSS-disease severity scale; PL- pea lines; f- frequency 

 

 

Fig.3.1 Comparative expression disease response of 24 pea line screened against 

Erysiphe pisi (Syd.) in the open field  
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3.2.  Selection of high yielding lines 

3.2.1  Yield Performance  

The selected edible pea lines were evaluated for quantitative traits for three consecutive 

years, i.e., 2011-12, 2012-2013 and 2013-14 (sowing during November and harvested 

during April) in order to identify the best candidate cultivar/s with high yield production. 

The grain yield of the 24 pea lines ranged from 22.87g to 102.54g. Three years grain 

yield of the selected lines is presented in the Table 3.2. The genotype PL-4 produced the 

maximum seed yield (102.54g plant
-1

) followed by PL-5 (82.14g plant
-1

), whereas the 

lowest seed yield (22.87 g plant
-1

) was produced by PL-14. The check cultivars (Climex 

and Local cultivar) were low yielder as compared to the newly developed lines (Table 

3.2). 

 

3.2.2  ANOVA for yield 

Analysis of variance (ANOVA) was calculated for yield, in order to find the significant 

difference in the yield of 24 edible pea lines (Table 3.2). The average three years grain 

yield of PL-1, PL-2, PL-3, PL-7, PL-8, PL-11, PL-12, PL-13, PL-14, PL-15, PL-16, PL-

19, PL-21 and PL-23 is significantly (p< 0.05) lower as compared to the average three 

years grain yield of PL 22 (Climex). While, average three years yield of PL-4, PL-5, PL-

9 and PL-10 showed significantly (p< 0.05) high yield producing lines as compared to PL 

22. Whereas, average three years grain yield of PL 6, PL 17, PL-18, PL-20 and PL-24 

showed no significance difference in yield as compared to PL22 (Fig. 3.2). 
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Table 3.2. Yield performance of 24 pea lines evaluated during 2011-2012, 2012-2013 

and 2013 - 2014 

 

Year 2011 

GY(g) 

2012 

GY(g) 

2013 

GY(g) 
AGY (g) ±SD  

PL 1 31.79 28.71 32.25 30.92
 b

 ±1.9 

PL 2 38.01 34.43 37.22 36.55
 b

 ±1.9 

PL 3 46.14 43.71 48.93 46.26
 b

 ±2.6 

PL 4 Candidate 99.06 101.68 106.87 102.54
 a
 ±4.0 

PL 5 Candidate 86.20 75.09 85.14 82.14
 a
 ±6.1 

PL 6 59.67 67.54 56.21 61.14±5.8 

PL 7 50.18 47.26 54.33 50.59
 b

 ±3.6 

PL 8 48.68 38.78 42.73 43.40
 b

 ±5.0 

PL 9 74.43 72.89 77.16 74.83
 a
 ±2.2 

PL 10 73.85 79.84 66.85 73.51
 a
 ±6.5 

PL 11 54.22 48.29 51.35 51.29
 b

 ±3.0 

PL 12 40.18 39.14 45.36 41.56
 b

 ±3.3 

PL 13 48.06 38.43 44.74 43.74
 b

 ±4.9 

PL 14 25.89 22.23 20.51 22.87
 b

 ±2.7 

PL 15 31.65 43.11 37.33 37.36
 b

 ±5.7 

PL 16 41.30 33.45 36.68 37.14
 b

 ±3.9 

PL 17 63.28 69.56 57.42 63.42±6.1 

PL 18 60.85 66.43 57.14 61.47±4.7 

PL 19 43.26 48.14 44.70 45.37
 b

 ±2.5 

PL 20 67.62 65.95 59.98 64.52±4.0 

PL 21 (L. Cultivar) 44.32 34.64 41.23 40.06
 b

 ±4.9 

PL 22 (Climex) 64.03 57.13 67.08 62.74±5.1 

PL 23 (Fallon
er

) 45.59 39.31 48.75 44.55
 b

 ±4.8 

PL 24 (11760-3ER) 66.87 56.61 64.31 62.60±5.3 

Note: GY: grain yield; AGY: average grain yield; values with superscript "a" show 

significantly high yield (p< 0.05) and values with superscript "b" show significantly low 

yield (p< 0.05) as compared to PL22 by one way ANOVA 
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Fig. 3.2 Comparative expression of combine yield performance of 24 pea lines evaluated 

during 2011-2012, 2012-2013 and 2013 - 2014 

 

3.3  Morphological traits analysis 

Morphological traits analysis of germplasm is utmost important for selection of 

genotypes for a particular agronomic trait, genetic association and MAS breeding. For 

this purpose the experimental lines were evaluated for 31 morphological traits during 

years 2011-2012, 2012-2013, 2013-2014 in order to study the traits association and 

screen out high yielding lines candidate lines for seed certification. The morphological 

traits were further divided into qualitative traits and quantitative traits. 

 

3.3.1  Qualitative traits analysis 

Nine qualitative traits were observed in 24 edible pea lines, in order to identify genetic 

linkage between different qualitative traits of 24 pea lines through cluster analysis and 

scatter plot. The qualitative traits were coded numerically as represented in Table 3.3. 
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Table 3.3. Nine qualitative traits with code for each trait scored in 24 pea lines 

S. No. Traits Traits characteristics Code 

1 Anthocyanin pigment  
Absent 0 

Present 1 

2 Flower color  
White 0 

Pink  1 

3 Node color 
White  0 

Dark pink  1 

4 Pod color 
Green 0 

Brown 1 

5 Tendril Type 
Normal 0 

Bushy 1 

6 Plant height 
Dwarf 0 

Tall 1 

7 Pod shape 
Straight 0 

Curve 1 

8 Seed shape 
Round 0 

Wrinkled 1 

 

9 Seed color 

Creamy 0 

Brown 1 

Brownish green 2 

 

 

3.3.1.1  Genetic linkage of AP with seed phenotype 

The Linkage analysis based on Euclidean distances between nine qualitative traits was 

determined by One-Way dendrogram produced by the PC-ORD software. The 

dendrogram distributed 24 lines into 2 lineages, which is further divided into four 

clusters. The percentage similarity indexes between pea lines were 60 to 90 % (Fig. 3.3). 

Lineage-1 (L-1) consists of 14 pea lines with anthocyanin pigmentation observed in 

different part of the plant body. On the other hand, lineage-2 (L-2) was comprised of 10 

pea lines with no anthocyanin pigmentation. At 40% linkage distance, the L-1 was further 

divided into two clusters; of which cluster-I consists of five lines (PL-1, PL-5, PL-11, 

PL-15 and PL-17) which were wrinkled seeded with brownish seed coat. While cluster-II 

consists of nine lines (PL-2, PL-7, PL-8, PL-9, PL-16, PL-18, PL-19, PL-20 and PL-24), 

which were wrinkled seeded with a brown seed coat. Furthermore, L-2 at genetic distance 

30% was subdivided into two clusters, Out of which, C-III was comprised of four lines 
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(PL-3, PL-4, PL-14 and PL-23), which were round seeded with creamy seed coat. While 

C-IV of L-2 grouped six pea lines (PL-6, PL-12, PL-10, PL-13, PL-21 and PL-22) with 

wrinkled seeded and creamy seed coat. The genetic association of anthocyanin 

pigmentation with seed phenotype was reconfirmed through Scatter Plot (Fig. 3.4). The 

plot also identified the same genetic association among 24 pea lines. 

 

 
Fig. 3.3.  Genetic linkage of anthocyanin pigmentation with seed phenotype in 24 Novel 

pea lines  

 C-I:  Brownish seed coat with wrinkled seed 

 C-II:   Brown seed coat with wrinkled seed  

 C-III:  Creamy seed coat with round seed  

 C-IV: Creamy seed coat with wrinkled seed 
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Fig. 3.4. The validation of genetic linkage based on anthocyanin pigmention on different 

part of the plant body and seed phenotype, extracted from Euclidean distance. 

Cluster-I representing pea line with brownish seed coat and wrinkled seed, 

cluster-II represent pea line with brown seed coat and wrinkled seed, cluster-III 

represent pea lines with creamy seed coat and round seed while cluster-IV 

represent pea lines with creamy seed coat with wrinkled seed 

 

3.3.1.2 Principal Component Analysis (PCA) 

Results of the principal component analysis (PCA), identifying qualitative variables 

among the pea lines. The Eigenvalues ˃ 0.67 accounted a total of 93 % genetic 

variability, which was contributed by four principal components (Table 3.4). The 

character of anthocyanin pigmentation, node, color, flower color and pod color were the 

traits with high positive loading for the first principal component. For the PC-2, the 

character of seed shape had high positive loading, while plant size had high negative 

loading. For the third component, the traits with high positive loading were: plant size, 

while the traits with high negative loading were: pod shape and seed color. For the PC-4, 

the character of pod shape and seed shape had high positive loading, while seed color had 

high negative loading. Graphically principal component analysis (PCA) is represented in 

the Fig. 3.5 
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Table 3.4. Principal component analysis (PCA) of 9 qualitative traits among 24 pea lines, 

Eigenvalues, percentage variability explained by first four components 

Variable PC1 PC2 PC3 PC4 

Anthocyanin pigment 0.45* -0.14 -0.20 0.11 

Node Color 0.45* -0.14 -0.20 0.11 

Flower color 0.45* -0.14 -0.20 0.11 

Pod color 0.36* -0.25 0.28 0.23 

Tendril type -0.30 -0.55 -0.18 0.02 

Plant height 0.18 -0.38** 0.49* -0.05 

Pod shape  -0.23 -0.14 -0.53** 0.60* 

Seed shape 0.17 0.61* 0.14 0.45* 

Seed color 0.26 0.18 -0.48** -0.58** 

Eigenvalue 4.41 1.74 1.53 0.67 

Proportion 0.49 0.19 0.17 0.07 

Cumulative 0.49 0.68 0.85 0.93 

*High positive loading and **High negative loading 

 

 

 
Fig. 3.5. Screen plot of principal component analysis (PCA) showing the number of 

component and their importance for grouping of accessions into pea gene pools. 
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3.3.2  Quantitative traits analysis 

The selected edible pea lines were evaluated for 22 quantitative traits in order to, identify 

genetic association and Pearson correlation between quantitative traits of  24 pea lines. 

 

3.3.2.1  One Way Cluster Analysis  

One Way Cluster Analysis (OWCA) was carried out for estimation of genetic linkage 

among 24 lines based on quantitative traits. The dendrogram distributed 24 lines into 2 

lineages, which is further divided into four clusters. Lineage 1 (L-1) consists of 12 pea 

lines with low grain yield. On the other hand, lineage 2 (L-2) was also comprised of 12 

lines with high grain yield. Four clusters were observed at 80% dissimilarity based on 

quantitative traits (Fig. 3.6). It was observed that the lines within the same cluster were 

closely linked and exhibited genetic similarity for agronomic traits. In the present study, 

it was observed that the lines grouped in the cluster-I were tall (average height 137.9cm) 

but low yielding (average yield 37.09g plant
-1

). While the lines of cluster-II were dwarf 

(71.875cm) and low yielding (43.15g),  the lines of cluster-III were tall (153.74cm) and 

high yielding (73.25g). On the other-hand cluster-IV grouped dwarf (82.99cm) lines with 

high yielding ability (61.91g). The genetic clusters were reconfirmed through Scatter Plot 

(Fig. 3.7). The plot also identified the same clusters among  24 pea lines. 
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Fig. 3.6. One-Way cluster dendrogram segregated novel pea lines based on quantitative 

traits of 24 hybrid pea lines. 
  Cluster-I representing tall pea lines with low yielding 

  Cluster-II represent dwarf lines with low yielding 

  Cluster-III represent tall lines with high yielding 

  Cluster-IV represent dwarf pea lines with high yielding. 
 

 

 
Fig. 3.7. The validation of groups association based on quantitative traits, extracted from 

Euclidean distance. Cluster-I representing tall pea lines with low yielding, 

cluster-II represent dwarf lines with low yielding, cluster-III represent tall lines 

with high yielding and cluster-IV represent dwarf pea lines with high yielding 
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3.3.2.2  Pairwise squared distances between clusters 

Pairwise generalized squared distances (D
2
) among four clusters were highly significant 

at P<0.01 (Table 3.5). The maximum distance was observed between clusters C-1 and C-

IV (D
2
= 159.38) and that was followed by the C-II and cluster C-IV (D

2
=136.25). The 

genetic divergence between clusters C-III and C-IV (D
2
= 109.62), C-I and C-III (D

2
= 

83.23), C-II and C-III (D
2
= 79.48) were also highly significant. 

  

Table 3.5. Pair wise generalized squared distances (D
2
) among twenty four pea lines in 

four clusters 

 Cluster-I Cluster-II Cluster-III Cluster-IV 

Cluster-I 0 36.40 83.23 159.38 

Cluster-II  0 79.48 136.25 

Cluster-III   0 109.62 

Cluster-IV    0 

 

 

3.3.2.3  K-Means value based on cluster analysis 

The K-Mean values were estimated for grouping 24 lines and to find the genetic diversity 

and traits homology. Based on four clusters, K-Mean values revealed varying degrees of 

genetic diversity and level of traits contribution across the clusters as presented in the 

Table 3.6. Pea lines grouping in the cluster III were better for number of pods number 

plants
-1

, pod weight plants
-1

 and seed yield plants
-1

, whereas lines having lower values for 

these traits were grouped in the cluster-I. The cluster-II and cluster-IV comprised of pea 

lines with intermediate number of pods plants
-1

, pod  weight plants
-1

 and seed  yield  

plant
-1

.  
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Table 3.6. K-Mean clusters analysis, cluster average values and standard error for 19 

quantitative traits 
Quantitative Traits Cluster-I Cluster-II Cluster-III Cluster-IV Cluster average 

& St. Er 

Days to germination 11.25 12** 11.00 10.83* 11.27±0.26 

Days to logging 37.63* 57.75** 41.00 48.33 46.18±4.46 

Node at which branches start 3.18** 2.52 2.75 2.43* 2.72±0,17 

Branches per plant 6.14 3.63* 5.92 6.68** 5.59±0.67 

Leaflet per leaf 3.75 3.00* 5.33 5.67** 4.44±0.64 

Internode length (cm) 6.86 3.75 7.50** 3.35* 5.37±1.06 

Days to flowering 118.95 114.56* 118.99 120.66** 118.29±1.31 

Node at which pod start 14.38** 10.5* 13.33 11.00 12.30±0.93 

Plant height 137.96 71.87* 153.75** 83.00 111.65±20.14 

Plant life spin 181* 181.75 181.50 185.83** 182.65±1.06 

Plant biomass 91.17* 103.05 216.13** 182.67 148.25±30.40 

Pod length 7.38 7.23* 7.89** 7.56 7.52±0.14 

Pod width 1.50** 1.31 1.48 1.29* 1.40±0.05 

Pod per plant 35.59* 38.91 61.41** 56.31 48.05±6.36 

Pod weight per plant 50.57* 67.18 95.74** 80.81 73.58±9.63 

Seeds per Pod 5.58 5.51* 6.36** 6.06 5.88±0.20 

100 seed weight 30.44** 23.42* 31.17 27.54 28.14±1.76 

Grain yield per plant 37.09* 43.15 73.25** 61.91 53.85±8.35 

Harvest index 40.67 42.08** 34.48 34.29* 37.88±2.04 

*Lowest value and ** Highest value 

 

3.3.2.4   Principal Component Analysis 

All the 19 traits were subjected to principal component analysis (PCA) for estimation of 

weighted contribution of each trait and to evaluate the total level of genetic diversity. Six 

components gave Eigenvalues ˃ 1.0, thus were important in consideration of genetic 

variability among all the lines. Six components contributed 83 % genetic variability 

(Table 3.7). The PC1 explained 26.9 % of the total contribution toward variability. 

Leaflet leaf
-1

, biomass, pod length, pod plant
-1

, pod weight plant
-1

, seeds pod
-1

, grain 

yield plant
-1

 were the variables with the largest positive loadings. Hence the population in 

this components categorized with higher yielding ones, however germination duration 

was negatively observed for this component. 

The PC2 explained 24.9% of the total contribution toward variability. Variables with 

higher scores for this component were node at which branches start, internode length, 

node at which pod start, plant height, pod width, 100 seed weight, and with negative 

coefficients, days to logging. The third component (PC3) contributed 10.7% of variability 
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and was more related with highly positive loadings of days to germination, leaflet leaf
-1

, 

internode length, seeds pod
-1

, Harvest index and with negative loadings for days to 

flowering, plant life span and 100 seed weight. The PC-4 explained 7.5% of the total 

variance and associated to highly positive loadings for days to germination, branches 

plant
-1

, leaflet leaf
-1

 and with negative contributions for node at which branches start, 

days to germination, pod length and harvest index. The PC5 with 7.1% contributed by the 

populations with better branches plant
-1

, leaflet leaf
-1

, plant life span, pod length, pod 

width, harvest index and lower negative lodging values for pod weight plant
-1

 and 100 

seed weight. The PC6 with 5.9% of variability contributed more for germination 

duration, node at which branches start, leaflet leaf
-1

, days to flowering, pod width and 100 

seed weight while, poorly for internode length, node at which pod start, plant life span 

and plant biomass. Principal component analysis (PCA) is graphically represented in Fig. 

3.8.  

Table 3.7. Principal component analysis (PCA) of 19 quantitative traits among pea lines, 

Eigen values, percentage variability explained by first six components 
 PC1 PC2 PC3 PC4 PC5 PC6 

Days to germination -0.229** -0.092 0.223* 0.365* -0.136 0.211* 

Days to logging -0.060 -0.386** -0.058 0.036 0.042 0.111 

Node at which branches start -0.125 0.247* -0.002 -0.192** 0.062 0.418* 

Branches plant
-1

 0.185 0.082 -0.109 0.428* 0.537* -0.143 

Leaflet leaf
-1

 0.209* 0.008 0.221* 0.466* 0.187* 0.419* 

Internode length (cm) -0.003 0.389* 0.276* -0.011 -0.036 -0.229** 

Days to flowering 0.169 0.162 -0.409** -0.189** 0.000 0.419* 

Node at which pod start -0.100 0.392* -0.026 0.052 -0.084 -0.323** 

Plant height 0.060 0.414* 0.140 0.028 -0.061 -0.162 

Plant life spin 0.134 -0.095 -0.447** 0.017 0.363* -0.278** 

Plant biomass 0.400* 0.002 -0.088 0.154 -0.028 -0.252** 

Pod length 0.251* 0.076 0.077 -0.399** 0.402* 0.063 

Pod width 0.015 0.344* 0.096 0.034 0.272* 0.199* 

Pod plant
-1

 0.413* -0.053 0.056 0.002 -0.148 -0.160 

Pod weight plant
-1

 0.390* -0.102 0.100 -0.095 -0.186** 0.001 

Seeds pod
-1

 0.253* -0.025 0.461* -0.051 0.116 0.060 

100 seed weight 0.104 0.295* -0.255** -0.050 -0.234** 0.251* 

Grain yield plant
-1

 0.402* -0.084 0.080 -0.072 -0.165 0.011 

Harvest index -0.092 -0.180 0.321* -0.430** 0.239* -0.016 

Eigenvalue 5.1056 4.7350 2.0278 1.4281 1.3574 1.1198 

Percent variability 0.269 0.249 0.107 0.075 0.071 0.059 

Cumulative variability 0.269 0.518 0.625 0.700 0.771 0.830 

Note: *High positive loading and **High negative loading 
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Fig. 3.8. Principal component analysis (PCA) showing the component number and their 

importance for grouping of accessions into pea gene pools 

 

3.3.2.5  Parson's correlation coefficients  

Inter-relationships among quantitative traits based on Parson's correlation coefficients are 

presented in the Table 3.8. Days to lodging had significantly (P≤0.05) negatively 

correlated with days to flowering initiation (r = -0.47), pod length (r = -0.51) and pod 

plant
-1

 (r = -0.45). Days to flowering had highly significantly (P≤0.01) negatively 

correlated with internode length (r = -0.68), node from which pod initiate (r = -0.75), 

plant height (r = -0.73), pod width (r = -0.48) and 100 seed weight (r = -0.56). Node from 

which first branch start had significant positive correlation with node from which pod 

start (r = 0.43) and pod width (r = 0.41). Number of branches plant
-1

 had significantly 

positively correlated with  leaflet  leaf
-1

 (r = 0.48) and plant life span (r = 0.51). Leaflet 

leaf
-1

 had significantly positively correlated with number of seeds pod
-1

 (r = 0.46). 

Internode length had highly significantly positively correlated with node from which pod 

start (r = -0. 76), plant height (r = 0. 95) and pod width (r = -0. 64). Days to flowering 

initiation had highly significantly positively correlated with 100 seed weight (r = -0.57). 

Node from which pod start was positively and significantly correlated with plant height (r 

= 0.78) and pod width (r = 0.46). Plant height had high significant positive correlation 

with pod width (r = 0.62) and 100 seed weight (r = 0.49). Plant biomass had high 
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significant positive correlation with number of pod plant
-1

 (r = 0.88), pod weight (r = 

0.83) and grain yield plant
-1

 (r = 0.85). However it had significantly negative relationship 

with harvest index (r = -0.47). Pod length had significant positive correlation with 

number of pod plant
-1

 (r = 0.42), pod weight (r = 0.42), number of seed pod
-1

 (r = 0.41) 

and grain yield plant
-1

 (r = 0.41). Pod width had significant positive correlation with 100 

seed weight (r = 0.43). Number of pod plant
-1

 showed high significant positive 

correlation with pod weight (r = 0.90), number of seed pod
-1

 (r = 0.54) and grain yield 

plant
-1

 (r = 0.89). Pod weight showed highly significantly positively correlated with 

number of seed pod
-1

 (r = 0.53) and grain yield plant
-1

  (r = 0.95). Number of seed pod
-1

 

had high significant positive correlation with grain yield plant
-1

 (r = 0.53). 
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Table 3.8. A matrix of correlation coefficients among quantitative traits of 24 edible pea lines evaluated during 2011-2012, 2012-2013 

and 2013-2014 
 DG DL NBS B/P L/L IL DF NPS PH PLS PB PL PW P/P PW/P S/P 100SW GY/P 

DL .37                  

NBS .19 -.29                 

B/P -.16 -.23 -.07                

L/L .03 -.09 -.17 .48*               

IL -.02 -.68** .38 .06 -.01              

DF -.47* -.33 .31 .16 .11 -.05             

NPS -.08 -.75** .43* .14 -.25 .76** .10            

PH -.10 -.73** .37 .16 .06 .95** .21 .78**           

PLS -.25 .26 -.16 .51* -.15 -.30 .25 -.18 -.17          

PB -.32 -.05 -.26 .30 .36 -.01 .34 -.14 .15 .28         

PL -.51* -.10 .04 .22 .15 .19 .28 -.12 .21 .20 .31        

PW -.14 -.48* .41* .23 .21 .64** .17 .46* .62** -.18 -.05 .37       

P/P -.45* -.06 -.38 .28 .35 -.02 .17 -.25 .06 .23 .88** .42* -.12      

PW/P -.28 .09 -.26 .15 .29 -.10 .16 -.37 -.03 .18 .83** .42* -.15 .90**     

S/P -.14 -.14 -.08 .17 .46* .15 -.10 -.23 .11 -.15 .39 .41* .03 .54** .53**    

100SW -.24 -.56** .28 .02 .07 .35 .57** .39 .49* .04 .29 .12 .43* .13 .09 -.17   

GY/P -.32 .01 -.27 .21 .36 -.11 .27 -.30 .01 .18 .85** .41* -.17 .89** .95** .53** .09  

HI .14 .21 -.03 -.23 -.14 -.16 -.32 -.32 -.30 -.09 -.47* .12 -.26 -.16 .01 .22 -.39 .01 

*Correlation is significant at the 0.05 level and **Correlation is high significant at the 0.01 level 

 

Note: DG=Days to germination, DL=Days to logging, NBS=Node at which branches start, B/P=Branches per plant, L/L=Leaflet per leaf, IL=Internode length, 

DF=Days to flowering, NPS=Node at which pod start, PH=Plant height, PLS=Plant life spin, PB=Plant biomass, PL=Pod length, PW=Pod width, P/P=Pod per 

plant, PW/P=Pod weight per plant, 100SW=100 seed weight, GY/P=Grain yield per plant and HI=Harvest index. 

* The mean value of morphological traits of three years (2011-2014) were computed for estimation of r-value   
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3.3.2.6  Genetic Linkage  of root architecture with YCT 

3.3.2.6.1  Cluster analysis 

To estimate the genetic linkage of root architecture (Fig 3.9 and 3.10) with YCT, fourteen 

quantitative traits (Table 3.9) were scored in the present study. Cluster analysis separated 

24 pea lines into four clusters, shared a common node at the similarity coefficient of 

80%. It was observed that the lines grouped in the cluster-I were all tall with long roots. 

While, the lines in cluster-II were tall with short roots. Similarly, the lines of cluster-III 

were dwarf with long roots and in cluster-IV, dwarf lines with short roots were grouped 

(Fig. 3.11). 

Frequency distribution revealed that 79% in tall lines were long rooted, while 21% were 

short rooted plants. Likewise,  57% had a high number of lateral roots while 43% had a 

low number of lateral roots and 71% had high root biomass while 29% had low root 

biomass. Whereas, in dwarf lines, 40% were long rooted and 60% were short rooted 

plants, 57% had a high number of lateral roots while 43% had a low number of lateral 

roots and 36% had high root biomass while 64% had low root biomass as represented in 

Table 3.9. The genetic linkage of root architecture with YCT was reconfirmed through 

Scatter Plot (Fig. 3.12). The plot also identified the same genetic association among 24 

pea lines. 

 

 

 

Fig 3.9.  Phenotypic variation in root architecture and plant height in 15 days old seedling 

of 24 novel hybrid pea lines 
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Fig 3.10. Phenotypic variation in root architecture and plant height in 30 days old  

seedling of 24 novel hybrid pea lines 

 

 

 

Fig 3.11. Ward's agglomerative cluster analysis of root architecture and YCT, based on 

Euclidean Pythagorean distance measure 

  C-I:  Tall plants with long roots:    79% 

  C-II:   Tall plants with short roots:    21% 

  C-III:  Dwarf plants with long roots:   40% 

  C-IV: Dwarf plants with short roots:   60% 
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Table 3.9. Genetic linkage of root architecture with plant height extracted from clusture 

analysis based on Euclidean distances 

Root architecture 
Genetic linkage of Tall pea 

lines  (58% in L-1) 

Genetic linkage of Dwarf pea 

lines (42% in L2) 

Root length 

 

Long root 

(%) 
79 (C-I) 40 (C-II) 

Short root 

(%) 

21(C-III) 60 (C-IV) 

 

Number of  

lateral 

roots 

High lateral 

root (%) 
57 (C-I & C-II mixed) 57 (C-I & C-II mixed) 

Low lateral 

root (%) 

43 (C-III & C-IV mixed) 43 (C-III & C-IV mixed) 

 

Root 

biomass 

 

High root 

biomass (%) 
71 (C-I & C-IV mixed) 36(C-III & C-IV mixed) 

Low root 

biomass (%) 

29 (C-III & C-IV 

mixed) 

64 (C-III & C-IV mixed) 

 

 

 
Fig. 3.12. The validation of groups association based on root architecture and YCT, 

extracted from Euclidean distance. Cluster-I representing tall pea lines with 

long roots, cluster-II represent tall pea line with short roots, cluster-III 

represent dwarf pea lines with short roots and cluster-IV represent dwarf pea 

lines with short roots 
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3.3.2.6.2  Kruskal Wallis test 

From the cluster analysis four clusters (Cluster I - IV) were identified. Pea lines with long 

root and high root biomass were grouped in cluster-I. While short rooted plants with low 

root mass were grouped in a cluster-II. Similarly lines with maximum number of lateral 

roots were grouped in cluster-III. While lines with minimum number of lateral roots were 

grouped in cluster-II. Whereas cluster-III and cluster-IV grouped pea lines which were 

contributed intermediate values for root length and biomass. Likewise, cluster-I and 

cluster-IV grouped pea lines which were contributed intermediate values for number of 

lateral root emergence. Statistical analysis of the Kruskal Wallis test shows a high degree 

of genetic diversity for root phenotypic traits and plant height. There were significant 

differences related to root length, root biomass, number of lateral roots and plant height 

among clusters at the probability P < 0.05 (Table 3.10). 

 

3.3.2.6.3  Pearson correlation 

The correlation between root architecture and yield contributed traits were analyzed using 

Pearson’s correlation coefficient (Table 3.11). It was calculated that root length of 15 and 

30 days old plants was significantly correlated  (P≤0.05) with 100 seed weight (mean r = 

0.47) and plant height (mean r = 0.43). Similarly, a number of lateral root emergency was 

significantly correlated with pod weight plant
-1

 (mean r = 0.44), grain yield plant
-1

 (mean 

r = 0.45) and plant biomass (mean r = 0.49). While, a number of lateral root emergency 

was highly significantly correlated (P≤0.01) with number of pod plant
-1

 (mean r = 0.61). 

Root biomass were highly significantly correlated with 100 seed weight (mean r = 0.55) 

and significantly correlated with plant height (mean r = 0.46). 
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Table. 3.10. Result of the descriptive statistics and Kruskal Wallis test performed on root 

architecture and YCT, significant difference were shown in bold 

Traits 
Cluster-I Cluster-II Cluster-III Cluster-IV Chi 

Square 

P. 

value Mean ±SE Mean ±SE Mean ±SE Mean ±SE 

RL1 94.3±3.90 61±5.57 90±2.12 68.50±3.90 15.03 0.002 

RL 2 99.3±3.90 66±5.57 95.75±2.95 67.50±2.09 15.82 0.001 

LR1 12.8±0.83 8±1.15 13.50±0.65 9.00±0.89 11.80 0.008 

LR2 16.6±1.00 11.33±1.86 18.50±0.87 12.83±1.08 9.83 0.020 

RM1 0.77±0.09 0.46±0.16 0.53±0.05 0.62±0.08 4.31 0.230 

RM2 1.43±0.07 0.86±0.09 1.23±0.05 0.99±0.05 16.70 0.001 

B/P 6.07±0.57 6.45±0.31 5.51±1.51 5.43±0.77 1.69 0.638 

P/P 48.62±5.02 46.17±5.78 54.70±5.86 45.79±3.99 1.61 0.657 

PW/P 71.27±9.20 72.06±11.81 80.11±9.38 72.19±2.88 0.76 0.858 

S/P 6.07±0.26 5.68±0.33 5.67±0.26 5.96±0.22 2.59 0.459 

100SW 30.61±1.78 28.95±5.71 27.53±1.00 24.80±2.31 4.31 0.230 

GY/P 53.72±7.60 54.26±9.76 57.65±8.23 52.25±4.63 0.78 0.854 

PB 152.38±23.93 134.57±31.10 163.50±22.11 142.37±20.92 0.53 0.912 

PH 145.49±4.69 143.64±4.44 78.14±2.78 78.82±3.65 16.27 0.001 
SE: standard error; RL1: root length of 15 days seedling; RL2: root length of 30 days seedling; RL1: 

Lateral root of 15 days seedling; RL2: lateral root of 30 days seedling; RM1: root mass of 15 days seedling; 

RM2: root mass of 30 days seedling; B/P: branches plant
-1

; P/P: pods plant
-1

; PW/P: pod weight plant
-1

; 

S/P: seeds pod
-1

; 100SW:100 seed weight; GY/P: grain yield plant
-1

; PB: plant biomass; PH: plant height. 

   

Table 3.11. Pearson correlation coefficients between root architecture and yield 

contributing traits of 15 and 30 days plants 

Traits RL1 RL 2 LR1 LR2 RM1 RM2 

Branches/ plant -0.028 -0.046 -0.059 -0.017 -0.05 -0.096 

Pod/ plant 0.203 0.167 0.581** 0.634** 0.321 0.215 

Pod weight/plant 0.029 0.026 0.409* 0.467* 0.267 0.133 

Seed/ pod -0.018 -0.096 0.262 0.319 0.246 0.108 

100 Seed weight 0.447* 0.495* 0.226 0.231 0.556** 0.550** 

Grain yield/ plant 0.067 0.038 0.425* 0.471* 0.261 0.129 

Plant biomass 0.168 0.135 0.461* 0.514* 0.309 0.247 

Plant height 0.411* 0.443* 0.203 0.116 0.407* 0.505* 

**  Correlation is highly significant at the 0.01 level and  *  Correlation is significant at the 0.05 level 

 RL1= root length of 15 days old seedling; LR2= root length of 30 days old seedling; LR1= lateral 

 root of 15 days old seedling; RL2= lateral root of 30 days old seedling; RM1= root mass of 15 

 days old seedling and RM 2= root mass of 30 days old seedling. 
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3.4  Molecular markers analysis 

The pea lines evaluated for morphological traits were also tested through molecular 

markers (RAPD and SSR), in order to estimate genetic diversity and genetic association 

of molecular markers with morphological traits. Furthermore, allelic polymorphism 

through RAPD and SSR markers was also studied in the present newly developed pea 

lines. 

 

3.4.1  RAPD markers analysis 

Genetic variation was observed among pea lines through randomly amplified 

polymorphic DNA that was conducted for 20 primers and among these 18 primers were 

amplified and produced clear reproducible fragments. Eighteen primers generated 69 

scorable bands with molecular weight ranging from 250 to 2000 bp among pea lines. The 

results regarding primer data revealed that, the primer OPA 17 amplified one band (Fig. 

3.13) whereas primer OPA 20 generated six bands (Fig. 3.14). The average alleles/locus 

primer
-1

 was 3.83 and overall polymorphism was 95.6% that gave a promising indication 

to broaden the research horizon for investigation of genetic diversity in pea and only 

4.4% bands showed monomorphic behavior (Table 3.12). 
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Table 3.12. List of RAPD primers, their sequences, annealing temperature and associated 

amplification fragments size 
S.No Primers Nucleotide 

Sequence 

Annealing 

temperature 

Total 

Bands 

Monomorphic 

Bands 

Polymorphic 

Bands 

Size range 

1 OPA11 CAATCGCCGT 32 3 0 3 750-1250 

2 OPA12 TCGGCGATAG 32 4 0 4 1000-2000 

3 OPA13 CAGCACCCAC 34 6 0 6 300-1500 

4 OPA14 TCTGTGCTGG 32 5 0 5 500-1250 

5 OPA15 TTCCGAACCC 32 3 0 3 400-1000 

6 OPA16 AGCCAGCGAA 32 6 0 6 750-1500 

7 OPA17 GACCGCTTGT 32 1 0 1 250 

8 OPA18 AGGTGACCGT 32 3 0 3 1000-1500 

9 OPA19 CAAACGTCGG 32 6 0 6 500-2000 

10 OPA20 GTTGCGATCC 32 6 1 5 250-1200 

11 OPB11 GTAGACCCGT 32 6 0 6 650-2000 

12 OPB12 CCTTGACGCA 32 2 1 1 700-1200 

13 OPB13 TTCCCCCGCT 34 3 0 3 900-1500 

14 OPB14 TCCGCTCTGG 34 6 0 6 900-1600 

15 OPB15 GGAGGGTGTT 34 5 0 5 250-1250 

16 OPB16 TTTGCCCGGA 32 2 0 2 750-1250 

17 OPB17 AGGGAACGAG 32 3 0 3 750-1250 

18 OPB18 CCACAGCAGT 32 3 0 3 750-1300 

19 OPB19 ACCCCCGAAG 34 Not amplified 

20 OPB20 GGACCCTTAC 32 Not amplified 

 

 

Fig. 3.13. RAPD banding pattern of 24 pea lines amplified with primer OPA-17 viewed 

under gel documentation system 

 

 

Fig. 3.14. RAPD banding pattern of 24 pea lines amplified with primer OPA-20 viewed 

under gel documentation system 
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3.4.1.1  Two Way Cluster Analysis based on RAPD markers 

Based on RAPD data, analyzed for Two-Way-Cluster-Analysis, seven clusters were 

observed as reflected in the Fig. 3.15. The cluster-I was comprised of four pea lines (PL 

18, 22, 23 and 24). The cluster-II was consists of four lines (PL 10, 14, 19 and 20), 

whereas cluster III and IV each comprised of two lines (PL 16, 21 and 1, 5 respectively). 

Similarly, cluster-V compressed of four lines (PL 6, 12, 9 and 13),  whereas cluster-VI 

consisted of three lines (PL 2, 3 and 7), while cluster-VII consisted of five lines (PL 4, 8, 

11, 15 and 17). Among all the clusters, the highest similarity was observed between 

cluster-VI and cluster-VII that shared a common node at the similarity coefficient of 52% 

as depicted in the Fig. 3.15. 

 

3.4.1.2  Nei and Li’s similarity index 

From the RAPD data, the genetic similarity (GS) for pairs of pea lines was calculated 

(Table 3.13). The similarity indices based on all possible pairs of lines ranged from 0.43 

to 0.92. The minimum similarity value of 0.43 was observed between PL-6 and PL-22 

followed by Pl-8 and Fallon
er

 (0.46), hence these lines were genetically diverse. 

Similarity, closer to unity was observed between PL-11 and PL-15 (0.92) that was 

followed by PL-4 and PL-11 (0.88) with an indication that these lines are genetically 

closed to each other. 
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Fig. 3.15. Two way Cluster dendrogram of Molecular Traits using PC-ORD software. A: 

Genetic distance among RAPD bands distributed in 24 hybrid pea lines. B: 

Cluster analysis of 24 hybrid pea lines. C: Zygomorph of 69 bands reported in 

24 hybrid pea lines 
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Table 3.13.   Genetic similarity (GS) between a pair of pea lines was calculated using Nei and Li’s similarity index (Nei and Li 1979) 

 PL-

1 

PL-

2 

PL-

3 

PL-

4 

PL-

5 

PL-

6 

PL-

7 

PL-

8 

PL-

9 

PL-

10 

PL-

11 

PL-

12 

PL-

13 

PL-

14 

PL-

15 

PL-

16 

PL-

17 

PL-

18 

PL-

19 

PL-

20 

PL-

21 

PL-

22 

PL-

23 

PL-2 0.67                       

PL-3 0.64 0.64                      

PL-4 0.67 0.79 0.76                     

PL-5 0.82 0.76 0.76 0.76                    

PL-6 0.61 0.64 0.64 0.55 0.76                   

PL-7 0.68 0.86 0.83 0.86 0.83 0.62                  

PL-8 0.67      0.73 0.73 0.85 0.67 0.46 0.80                 

PL-9 0.65   0.68 0.71 0.53 0.68 0.71   0.61 0.56                

PL-10 0.53   0.74 0.77 0.62  0.53  0.50 0.64 0.77 0.61               

PL-11 0.73   0.79 0.82 0.88 0.79 0.58 0.86 0.85 0.59 0.65              

PL-12 0.58  0.70 0.76 0.64 0.64 0.76 0.68 0.58 0.65 0.65 0.70             

PL-13 0.71  0.65 0.68 0.59 0.77 0.77 0.61 0.50 0.79  0.55 0.65 0.74            

PL-14 0.64  0.76 0.82 0.70 0.64 0.55 0.71 0.76 0.62  0.86 0.73 0.73 0.65           

PL-15 0.71 0.80 0.83 0.86 0.80 0.59 0.85 0.86 0.58  0.67 0.92 0.68 0.61 0.77          

PL-16 0.50  0.62 0.65 0.50 0.53 0.65 0.52 0.50 0.64  0.64 0.53 0.71 0.61 0.65 0.58         

PL-17 0.71  0.77 0.77 0.80 0.71 0.53 0.79 0.86 0.58  0.73 0.83 0.65 0.58 0.86 0.88 0.58        

PL-18 0.55  0.58 0.64 0.58 0.61 0.64 0.68 0.58 0.53 0.56 0.64 0.67 0.53 0.70 0.68 0.62 0.65       

PL-19 0.58  0.70 0.73 0.64 0.55 0.61 0.65 0.70 0.65  0.77 0.67 0.76 0.59 0.87 0.68 0.68 0.77 0.79      

PL-20 0.56  0.65 0.65 0.65 0.56 0.62 0.61 0.74 0.58  0.73 0.65 0.74 0.58 0.71 0.70 0.61 0.73  0.62 0.80     

PL-21 0.49  0.64 0.64 0.55 0.55 0.67 0.59 0.55 0.53  0.62 0.64 0.73 0.56 0.61 0.62 0.74 0.59  0.64 0.67 0.71    

PL-22 0.61  0.64 0.73 0.76 0.61 0.43 0.71 0.70 0.50  0.62 0.79 0.58 0.53 0.67 0.74 0.47 0.68  0.67 0.61 0.56 0.55   

PL-23 0.52  0.61 0.64 0.52 0.52 0.55 0.59 0.46 0.65  0.53 0.55 0.73 0.56 0.58 0.53 0.59 0.50  0.70 0.64 0.50 0.58 0.61  

PL-24 0.68 0.71 0.77 0.68 0.65 0.59 0.70 0.65 0.61 0.67 0.68 0.68 0.64 0.77 0.73 0.64 0.70 0.74 0.74 0.64 0.59 0.74 0.68 

 



Chapter 3                                                                                               Results 

 

Markers Assisted Selection for yield contributing traits in edible pea lines  57 
 

3.4.2  SSR Markers analysis 

A genetic diversity analysis was carried out on 24 pea line using 85 widespread SSR 

markers. Out of 85 markers, 73 were monomorphic, while 12 showed polymorphism. 

Hence forward, the statistical analyses were performed on the twelve polymorphic SSRs 

of which the main genetic parameters are reported in Table 3.14. A total of 24 alleles 

were detected by 12 polymorphic primers, with a minimum one allele by Primer P628 

and maximum three alleles were detected by Primer PSMPSAD237. An average 2 alleles 

per locus were identified, the allele size ranging from 210 bp (primer PSMPAD21 and 

Y11824) to 640bp (primer P628). The major allele frequency ranged 54 (primer 

PSMPB16 and P628) to 96% (primer PSMPC20). Whereas gene diversity varied from 

0.08 (primer PSMPC20) to 0.53 (primer PSMPA5 and PSMPB16). The polymorphic 

information contents (PIC) were calculated, which defines the ability of each SSR locus 

to distinguish among pea, ranged from 0.08 (PSMPC20) to 0.47 (PSMPA5) with an 

average of 0.33. 

 

Table 3.14. Allele size values (bp), major alleles frequency, gene diversity and PIC 

values of  pea lines calculated at 12 SSR markers 

SSR Marker No. of 

obs. 

Allele No Allele size 

range (bp) 

Reported 

size 

Major Allele 

Frequency 

Gene 

diversity 

PIC
*
 

PSMPAD21 24 2 210-260 200-275
a
 0.83 0.28 0.24 

PSMPSAD186 24 2 300-325 270-332
a
 0.71 0.41 0.33 

PSMPA5 24 2 395-425 323-430
a
 0.63 0.53 0.47 

X51594 24 2 320-355 221-367
a
 0.58 0.49 0.37 

PSADH1 24 2 375-405 340-392
a
 0.79 0.33 0.28 

PSGAPA1  24 2 335-355 330-398
a
 0.67 0.44 0.35 

PSMPC20 24 2 240-250 226-290
a
 0.96 0.08 0.08 

Y11824 24 2 210-230 210a 0.71 0.41 0.33 

PSMPA9 24 2 360-390 364-385
a
 0.75 0.39 0.34 

PSMPB16 24 2 400-460 387-435
a
 0.54 0.53 0.43 

PSMPSAD237 24 3 240-350 234-374
a
 0.71 0.47 0.43 

P628 24 1 630 640
b
 0.54 0.50 0.37 

Mean 24 2   0.70 0.41 0.33 
a
 Cupic et al  2009,  

b
 Neumann et al  2002 

* 
PIC polymorphic information contents  
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3.4.2.1  Two way cluster analysis of SSR markers 

Two way cluster analysis using the Euclidian distance method was used to examine the 

genetic relationship among pea lines. The Two Way Cluster dendrogram as reflected in 

Fig. 3.16, was based on 12 polymorphic SSR markers. The dendrogram discriminate all 

pea lines into two major lineages i.e. lineage-1 (L-1) and lineage-2 (L-2). Lineage-1  

grouped sixteen lines, while lineage-2 grouped eight lines.  

Lineage-1 was bifurcated into two clusters at linkage distance 56%. Cluster-I (C-I) 

contained eight lines viz PL-6, PL-15, PL-16, PL-17, PL-18, PL-19, PL-20 and PL-24. 

Among these lines 62.5% lines (PL-6, PL-17, PL-18, PL-20, PL-24) were high yielding 

with an average yield was greater than 60g/plant and 37.5% lines (PL-15, PL-16 and PL-

19) were low yielding with an average yield lower than 60g/plant. Whereas cluster-II (C-

II) also comprised of eight lines viz PL-1, PL-2, PL-4, PL-8, PL-9, PL-10, PL-13 and PL-

14. In C-II, 37.5% lines (PL-4, PL-9 and PL-10) were high yielding and 62.5% (PL-1, 

PL-2, PL-8, PL-13 and PL-14) were low yielding. Linkage-2 comprised of one cluster i.e 

cluster-III, and also grouped 8 lines viz PL-3, PL-5, PL-7, PL-11, PL-12, PL-21, PL-22 

and PL-23. Among these line 25% lines (PL-5 and PL-22) were high yielding  and 75% 

lines (PL-3, PL-7, PL-11, PL-12, PL-21 and PL-23) were low yielding.  

 

3.4.2.2  Levels of genetic similarity 

To assess the efficiency of microsatellites for genetic similarities (GS) of Pisum  sativum, 

pair wise estimates of GS values were obtained for all lines, using the polymorphism 

detected by 12 SSR markers. The genetic coefficients measured through molecular data 

among the 24 pea lines revealed varying degree of genetic relatedness among the pea 

lines. Genetic similarity (GS) ranged from 0.10 to 0.92. Result of genetic similarity 

indices of all the 24 lines are listed in Table 3.15. The maximum GS (0.92) was found 

between 3 pairs of lines i.e. PL 3 & 5, 3 & 7 and 10 & 13. While the minimum GS (0.10) 

was found between 2 pairs i.e. PL 19 & 22  and  22 & 24. 
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Fig. 3.16. Two way Cluster dendrogram of Euclidian distance based on SSR markers 

using PC-ORD software. A: Genetic distance among SSR bands distributed in 

24 hybrid pea lines. B: Cluster analysis of 24 hybrid pea lines. C: Zygomorph 

of 24 bands reported in 24 hybrid pea lines. 
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Table 3.15.  Genetic similarity (GS) based on SSRs between a pair of pea lines was calculated using Nei and Li’s similarity index 

 PL1 PL2 PL3 PL4 PL5 PL6 PL7 PL8 PL9 PL10 PL11 PL12 PL13 PL14 PL15 PL16 PL17 PL18 PL19 PL20 PL21 PL22 PL23 

PL2 0.47                       

PL3 0.53 0.64                      

PL4 0.53 0.44 0.60                     

PL5 0.50 0.60 0.92 0.67                    

PL6 0.20 0.26 0.47 0.47 0.53                   

PL7 0.57 0.69 0.92 0.53 0.85 0.41                  

PL8 0.69 0.47 0.53 0.53 0.50 0.20 0.47                 

PL9 0.53 0.44 0.71 0.71 0.79 0.39 0.64 0.64                

PL10 0.41 0.41 0.47 0.79 0.53 0.53 0.41 0.50 0.56               

PL11 0.33 0.25 0.31 0.31 0.29 0.29 0.33 0.33 0.40 0.22              

PL12 0.38 0.29 0.53 0.44 0.50 0.33 0.47 0.47 0.64 0.33 0.67             

PL13 0.44 0.44 0.50 0.71 0.47 0.47 0.44 0.53 0.50 0.92 0.24 0.35             

PL14 0.35 0.64 0.71 0.41 0.67 0.47 0.64 0.35 0.50 0.47 0.17 0.35 0.50           

PL15 0.57 0.29 0.44 0.35 0.41 0.41 0.47 0.47 0.44 0.26 0.54 0.47 0.28 0.28          

PL16 0.35 0.35 0.50 0.33 0.56 0.56 0.53 0.28 0.50 0.25 0.50 0.44 0.20 0.33 0.53         

PL17 0.44 0.21 0.33 0.50 0.39 0.56 0.35 0.35 0.41 0.56 0.24 0.21 0.50 0.33 0.53 0.33        

PL18 0.44 0.35 0.50 0.71 0.56 0.56 0.53 0.35 0.60 0.56 0.40 0.35 0.50 0.33 0.53 0.50 0.71       

PL19 0.38 0.29 0.44 0.53 0.41 0.60 0.47 0.29 0.44 0.41 0.54 0.47 0.44 0.28 0.69 0.53 0.53 0.77      

PL20 0.35 0.21 0.20 0.41 0.25 0.56 0.21 0.35 0.26 0.56 0.31 0.21 0.50 0.20 0.53 0.33 0.71 0.50 0.53     

PL21 0.44 0.44 0.60 0.50 0.56 0.39 0.64 0.28 0.41 0.39 0.31 0.44 0.41 0.41 0.28 0.41 0.33 0.50 0.44 0.20    

PL22 0.21 0.35 0.33 0.20 0.39 0.25 0.35 0.15 0.33 0.25 0.17 0.28 0.20 0.50 0.11 0.33 0.20 0.20 0.10 0.09 0.41   

PL23 0.35 0.53 0.50 0.26 0.47 0.32 0.53 0.21 0.33 0.19 0.40 0.35 0.20 0.50 0.35 0.50 0.26 0.41 0.35 0.14 0.60 0.50  

PL24 0.40 0.40 0.38 0.57 0.44 0.44 0.40 0.40 0.38 0.53 0.27 0.17 0.47 0.22 0.40 0.38 0.57 0.69 0.50 0.57 0.38 0.10 0.29 
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3.4.2.3  Genetic linkage of SSR markers 

To determine the genetic linkage of a particular SSR marker to the respective phenotype, 

24 pea lines were assessed to identified high yielding lines through molecular markers. 

The molecular data generated by the 12 SSR markers were subjected to cluster analysis 

and Chi-square tests. Among the twelve polymorphic SSR markers, the primer-P628 

detected the significant association with grain yield traits (Fig. 3.17). Cluster analysis 

based on molecular data, dissociate pea lines into two lineages (Fig. 3.18). Linneage-1 

compressed of high yielding line except pea line 16, which is morphologically low 

yielding line and grouped with high yielding on the basis of molecular data. While, 

lineage-2 comprised of all low yielding pea lines. The primer P628 had shown 90.91% 

genetic linkage between high and low yielding pea lines as shown in the Fig. 3.15. The 

amplified fragments size of the primer P628 was 640bp. The allele frequency was 0.54%, 

whereas gene diversity was 0.50 and the polymorphic information contents (PIC) was 

0.37 (Table 3.14). The genotypic data generated by 12 polymorphic SSR markers were 

subjected to Chi-square test. The result of  Chi-square test showed a highly significant 

level of genetic association with r = 0.918 (P ≤0.00) as presented in tables 3.16. The 

result obtained by Chi-square tests was concluded, that the SSR primer P628 fragment 

was linked with the presence of allele for high yield high. 

 

 

 
 

Fig 3.17. Gel show SSR linkage between low and high yielding pea lines 
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Fig. 3.18. Two way cluster dendrogram that clustered 24 pea lines into high yielding 

(lineage-I) and low yielding (lineage-II) based on molecular data 

 

 

 

Table 3.16. Chi-square Tests for SSR markers and high yielding pea line among 24 pea 

lines 

 Value Df Asymptotic 

significance (2-sided) 

Pearson Chi-Square 20.260 23 P ≤ 0.000 

Likelihood Ratio 25.899  P ≤ 0.000 

Correlation  Pearson's  0.91878 1 P ≤ 0.000 

No of Valid Cases 24   
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Discussion 

Knowledge about genetic variability for a given population is of interest not only for their 

protection and registration but also for practical applications including conservation of 

genetic resources and for breeding purposes, to predict the ability to combine, or fast 

verification of breeding material (Ouji et al., 2011). Pisum sativum was broadly analyzed 

based morphological traits (Tan et al., 2012; Sarikamis 2010); SDS–PAGE (Nisar et al., 

2011); RAPD (Wani et al., 2013) and SSR (Kumari et al., 2013b; Jain et al., 2014). 

Pea powdery mildew, caused by Erysiphe pisi, is an airborne disease with a worldwide 

distribution, being particularly important in climates with warm dry days and cool nights 

(Rubiales et al., 2009). The environmental condition of the research is suitable for the 

growth of Erysiphe pisi, therefore the present work was carried out on powdery mildew 

disease. The disease adversely affects the yield, causing 86% loss to pea germplasm 

(Nisar et al., 2006). Furthermore, spore release can cause breathing and allergic reactions 

in farm workers (Ek et al., 2005). In order to control disease, farmers often use chemical 

agents for controlling the disease, which may cause environmental pollution 

(Bhattacharjee and Dey, 2014). For these reasons, development of powdery mildew 

disease resistant cultivars is necessary (Ghafoor and McPhee, 2012). Therefore, twenty 

novel lines of Pisum sativum were developed by the cross (Fallon
er

/11760-3
ER

) through 

single seed descent (SSD) methods as described by Goulden (1941), and all the lines 

were stable for agronomic performance. Although a considerable range of variation was 

observed that was mainly attributed toward genetic distinctness of two parents involved 

in the hybridization (Nisar et al., 2006). 

The selected pea lines were evaluated for powdery mildew and yielding ability under 

glass house as well as under field condition for documentation and identification of 

superior lines for general cultivation. Screening against powdery mildew has been 

conducted by various researchers (Nisar et al., 2006; Shahid et al., 2010) using different 

methods, however screening under greenhouse is the most effective and robust (Ghafoor 

and McPhee, 2012) including artificial inoculation (Nisar et al., 2006; Sillero et al., 

2006). Under heavy inoculums and conducive conditions for powdery mildew, that the 

lines (PL-4 and PL-5) were highly resistant under glass house as well as in open field 
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condition that indicated the worth of these lines for powdery mildew resistance. Genetic 

based resistance for pathogenic diseases has been reported the best option for crop 

breeding (Fondevilla and Rubiales, 2012). Whereas the pea lines 17760-3 (PL-24) and 

climax (PL-22) showed high susceptibility to powdery mildew disease. The result is 

inconformity with those reported earlier (Nisar et al., 2006 and Hussain et al., 2002). 

Agronomic performance is the only criterion for farmers that include better traits for pod 

weight, grain yield and harvest index (especially for dry seed production) and the selected 

lines exhibited higher agronomic performance hence are likely be adopted by farmers for 

general cultivation. Tiwari and Lavanya (2012) suggested that traits of economic 

importance that show high genetic diversity are important for the improvement of 

breeding program in pea. 

Among these, two lines (PL-4 and PL-5) were better and could be promising for general 

cultivation. The pod weight of candidate lines PL-4 was 125.43kg plant
-1

  and PL-5 was 

107 kg plant
-1

, the result of pod weight production was higher than that reported by 

Amjad and Anjum (2002), who observed pod weight performance of nine pea cultivars 

that ranged from 79.25 g to 108.64 g plant
-1

. The high grain yield was produced by PL-4 

with annual production of 6.96ton hectare
-1

 followed by PL-5 with annual production of 

4.78 ton hectare
-1

. Similarly Bozoglu et al., (2007) determine highest grain yield, 

produced by genotype Bolero (5.44ton hactare
-1

). Seed yield potential of the grain crops 

depends upon harvest index, although pea is mainly consumed as fresh pods for vegetable 

use, however with the development of powdery mildew resistant material, we expect that 

the selected pea lines have the potential for dry seed production in Pakistan. Importance 

of harvest index for ensuring seed yield has been investigated in the present study, the 

lines PL-4 and PL-5 were superior for seed yield performance, hence genotype-

environment interaction will be investigated for recommendation for general cultivation. 

The genetic association of various traits in legumes, provides an opportunity for 

improvement of economic traits (Sultana et al., 2005; Akhtar et al., 2011; Asim, 2012). 

However, the understanding of genetic linkage among the different traits is essential for 

the development of varieties with favorable combination of traits that improve the 
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acceptability of pea. Morphological traits and appropriate statistical methods such as 

cluster analysis, principal component analysis (PCA) are useful tools for assemblage 

accessions and assigning them into respective gene pools (Burle et al., 2011). Cluster 

analysis is a reliable method for identifying homogeneous groups of plants (Mooi and 

Sarstedt, 2011). In the present study, multivariate analysis of qualitative traits, cut-apart 

24 hybrid pea lines into 2 lineages based on the presence and absence of anthocyanin 

pigmentation. It was found that seed coat pigmentation showed strong correlation with 

the presence of pigmentation on flower and leaf axils. While, the absence of pigmentation 

of seed coat was always associated with white flowers and leaf axils with no 

pigmentation. This finding indicates that the allele of a gene responsible for the presence 

or absence of anthocyanin pigmentation on different part of the plant body independently 

inherit in the pea population (Reid and Ross, 2011; Egbadzor, 2012). It was also observed 

that the seed shape (round or wrinkled)  showed no correlation with the white flower and 

white leaf axils. The result signifies that the allele of a gene responsible for seed shape 

independently inherit despite the consequences of white flower colour (Yirga and Tsegay, 

2013). In long this linked groups is very helpful for the plant breeders as indicators for 

the confirmation of crosses even in the F-1 generation (Nisar et al., 2009). 

The correlation is a measure of the degree to which variable vary together or a measure of 

intensity of association (Feiyu et al., 2012). The study of correlation between different 

morphological traits are important in cultivar improvement in plant breeding (Chaudhary 

and Sharma, 2003; Kumar and Sharma, 2006;  Kumar et al., 2003). Without 

understanding of characters association in complex biological commodities, genetic 

improvement could not precisely be addressed (Esiyok et al., 2011), hence the correlation 

statistics  were  conducted  that  indicated  positive  correlation of  grain yield with pods 

plant
-1

 and pod weight, similar results have been reported Sharma et al., (2007); Singh et 

al., (2007); Kumar et al., 2013a in pea and Balcha (2014) in soybean. The presence of a 

positive significant correlation between grain yield plant
-1

 and pods plant
-1

, indicate that 

plant producing large number of pods will produce high grain yield and therefore, 

selection for number of pods per plant at earlier stage will bring improvement in grain 

yield production of a plant (Habtamu and Million, 2013). Present study reported that pods 

per plant, number of seeds per pod had  significant positive correlation with grain yield 
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per plant. Tiwari  and Lavanya (2012) also reported similar results for different 

parameters studied in pea crop. Correlation of pod length with grain yield shows that pod 

length should be used as selection criteria for increasing grain yield of a species.  

Similarly, it was observed that plant biomass was high positively and significant 

correlated with grain yield and number of pods plant
-1

, parallel result was also pointed 

out by Ali et al., (2007). The correlation studies revealed pod weight per plant showed 

positive and significant correlation with number of seeds pod
-1

. Similar result was also 

observed by Azmat et al., (2011) while evaluating 146 accessions of pea. Positive and 

significant correlation was also examined between pod length with grain yield. The result 

is in close agreement with the results reported by (Musa et al., 2003). Significant positive 

correlation of number of seeds per pod with pod length was observed suggesting that 

increase in pods length accommodate more seeds per pod which would ultimately result 

in increased seed yield per plant, similar findings were also observed by (Ramzan et al., 

2014).  Positive correlation of plant height with internode length were also observed, 

similar result was also pointed out by Andrea et al., (2009). 

The relationship between root related traits and yield contributed traits are more complex. 

However the balance between root traits and yield traits is of significant meaning for 

plant growth (Lynch, 2007). Result of the study obtained from cluster analysis and scatter 

plot was parallel. This finding indicate that the root architecture has close association 

with yield contributed traits. The results of the several studies pointed out that root 

system is highly correlated with yield and yield contributed traits by Kumar et al., (2012) 

in lens esculentus, Kashiwagi et al., (2006) in Cicer arietinum, Daur et al. (2011) in Vicia 

faba. The result of the present research showed that plant height had the significant 

positive correlation with root length and root biomass while plant height had no 

significant genetic association with lateral roots. Similarly, Jensen (1985) studied the root 

traits of pea and examined that root length and plant height are highly correlated. Hong et 

al., (2012) also analyzed positive and significant correlation between root length and with 

plant height in peanut varieties. In rice, long  root  system is highly correlated with high 

yielding varieties (Kanbar et al., 2009; Abd Allah et al., 2010). In the present study, it 

was clear observed that the root length is significantly correlated with yield related traits 

(100 seed weight). Parallel results were also made by Jin et al. (2010), who founded  that 
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high yielding Glycine max genotypes have greater root length. The results of Person’s 

correlation showed that number of lateral roots are significantly and positively correlated 

with pod plant
-1

, pod weight
-1

 plant, seeds pod
-1

, plant biomass and plant yield production 

plant
-1

. Similar results were also made by Lamb et al. (2000), who pointed out that alfalfa 

genotypes with higher number of lateral roots had a greater total herbage yield. 

Furthermore, positive and significant correlation between lateral roots and yield 

production were observed by Sarker et al. (2005) in lentil. The present results also 

showed that root length was not correlated with pod weight plant
-1

, seed number pod
-1

, 

number of pods per plant and seedling stem biomass. This is in agreement with previous 

observations which pointed out the lack of correlation between root length and number of  

seed pod
-1

, number of pods plant
-1

 and the mean number of seed plant
-1

 (Androsiuk, 

2012).  

Morphological characterization are the first choice for classification and documentation 

and has still importance in plant species either alone or in combination with biochemical 

and molecular markers (Bouhadida et al., 2013; Smykal et al., 2008).  Molecular markers 

is an successfully used for plant genome analysis, and have become essential tool in crop 

improvement (Kesawat and Das, 2009). Molecular markers have the potential to facilitate 

this procedure, increase the reliability of decisions and substantially save time (Reis and 

Diogo, 2012). In the present study, 20 decamer primers exhibited genetic variability that 

is of practical use, that was initially targeted through MAS using RAPD primer (Malode, 

2010). Higher level of polymorphism may be due to selection methodologies for 

improving pea yield potential as well as powdery mildew resistance, although all the 

populations were derived from single cross involving two parents. The results are in 

coordination with that of Haider et al. (2013) who reported >90% polymorphism 

generated through twenty RAPD primers among 17 pea genotypes. Similarly Choudhury 

et al. (2007) obtained 74.8% polymorphism when they studied 24 varieties of Indian 

peas. In contrast to this, low polymorphism (41.66%) were reported by Wani et al., 2013 

for twelve RAPD markers in 5 pea accession that could be attributed towards less number 

of genotypes (Nosrati et al., 2012). Although RAPD is the primitive technique in DNA 

analysis but owing to the higher polymorphism it is still optimum for investigation of 

genetic diversity in various crop species (Fu et al., 2013; Ram et al., 2008). From the 
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RAPD data, the genetic similarity (GS) for pairs of pea lines was ranged from 0.43 

(between PL-6 and 22) to 0.92 (between Pl-11 and 15). 

The co-dominant molecular markers such as SSRs (microsatellites) are powerful tools as 

they are objective and independent of environmental influences (Jain et al., 2014). The 

use of SSR markers can provide valuable information on the genetic diversity and 

phylogenetic associations at intraspecific level or between closely related species 

(Simpson, 2006).  

The primary goal of the present study was to examine genetic diversity and genetic 

linkage at intraspecific level among 24 pea lines using SSRs. Thus the statistical analysis 

were performed on the twelve polymorphic SSRs of which the main genetic parameters 

are cluster analysis, allele frequencies, gene diversity, polymorphic information content, 

genetic similarity and genetic linkage. The multivariate approach was employed to 

complement the information generated from cluster analysis, because cluster analysis is 

more perceptive to closely related individuals (Sun et al., 2001). 

Genetic polymorphism was observed among the pea lines, with an average of 2 alleles 

per locus (range from 1-3). However, in pea,  Burstin et  al. (2001),  Baranger et al. 

(2004), Loridon et al. (2005), Taran et al. (2005), Smykal et al. (2008) reported the mean 

number of alleles per polymorphic marker as 3.6, 4.0, 3.8, 4.0 and 3.8 respectively. Gene 

diversity, which is defined as the probability that two randomly chosen alleles from the 

population are different, ranged from 0.08 to 0.53 with average 0.41 within 12 

polymorphic markers. Similarly gene diversity in 96 pea varieties ranged from 0.02 to 

0.61 with a mean value of 0.36 among 31 SSR markers (Jain et al., 2014). The PIC 

values that estimate the diversity of any locus by considering the total number of alleles 

per locus and their relative frequencies (Raghami et al., 2014). The PIC value varied 

according to the 12 SSR markers, ranged from 0.08 to 0.47, with an average of 0.33. 

These average PIC values was lower than those reported in pea, by Loridon et al. (2005), 

Haghnazari et al. (2005) and Smykal et al. (2008) as 0.62, 0.53, and 0.52 respectively. 

The level of polymorphism reported here is consistent with data obtained in other studies 

for other species. In sunflower, 170 SSRs revealed 3.5 alleles per locus with an average 
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heterozygosity of 0.55 in 16 genotypes (Paniego et al. 2002) and 300 SSRs revealed a 

mean number of 3.6 alleles per polymorphic marker and a mean PIC value of 0.53 among 

24 sunflower genotypes (Tang et al., 2003); in tomato, 65 polymorphic SSRs revealed 

2.7 alleles per locus with a mean PIC value of 0.35 among 19 accessions (He et al., 

2003). General, the number of alleles, gene diversity and polymorphic information 

content among all the polymorphic SSR primer pairs used in the present study were 

scarcely low, but the low diversity of SSRs markers is enough for cultivar discrimination 

and genetic diversity analysis (Sarikamis, 2010; Loridon, 2005). 

Genetic similarity (GS)  calculated using the collective marker data showed that estimates 

from pair-wise comparisons among the 24 lines ranged from 0.10 to 0.92. The result of 

the previous study revealed that GS values ranging from 0.84 to 0.94 between pairs of 21 

pea genotypes revealed by RAPDs and AFLPs (Simioniuc et al., 2002). Similarly Taran 

et al., 2005 found GS values ranging from 0.34 to 1.00 among the 65 varieties with the 

help of RAPD, SSR, and ISSR markers. 

Molecular markers which are closely linked to a target genes, provide a useful tool for 

breeding programs, since they can help to detect genes of interest without the need to 

evaluate phenotypically and may reduce the breeding time in marker-assisted breeding 

compared to traditional breeding (Huang and Roder, 2004). The procedure of MAS for a 

quantitative trait can be more efficiently developed (Calonnec, 2012). Therefore, we 

carried out genetic linkage studies in Pisum sativum by using a set of SSR markers that 

contribute to grain yield traits in pea. Total 12 polymorphic primers were used in the 

present research, however only one primer showing polymorphisms between high and 

low yielding pea lines and differentiated all high yielding (45.83%) and low yielding 

(54.17%) pea lines. The primer show amplification in all high yielding lines, except PL-

16, in which molecular amplification is carried out but morphologically the yield 

production of PL-16 is low. Yield is a polygenic trait in pea and the DNA marker 

reported in the present study could also be located in the vicinity of genes responsible for 

yield. 
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Similar study has been conducted by Ahmad et al., (2014) and reported that SSR marker 

TA194 has only shown significant relation with the presence of allele for disease 

resistance and absence of alleles for susceptible accession in chickpea. Nisar et al., 

(2011) identified genetic linkage and significant (P ≤0.01) level of correlation between of 

RAPD markers OPB18 with powdery mildew disease in pea using Chi-square tests. 

Similarly, Sun et al., 2005 segregated wheat cultivars with high and low polyphenol 

oxidase activity by using PPO18 EST marker. 

The level of correlation between primer P628 and high yielding lines was estimated using 

Chi-square tests. Result indicated significant level of correlation with r = 0.918 (P ≤0.00). 

It is concluded from the statistical analyses that the SSR primer P628 was linked with 

high yielding lines. Previously the marker (P628) were detected by linkage mapping of 

QTL for seed yield in Pea. Linkage analysis indicated that P628 is closely linked SSR 

markers for yield on chromosome IV, with a genetic distance of 117 cM (Timmerman-

Vaughan, 2005). 

The use of molecular markers in breeding programs makes the selection for qualitative 

traits easy and possible at the young seedling stage without reaching the maturation stage. 

This type of selection is called marker-assisted selection (MAS) indicated by Michelmore 

et al., (1991). The use of marker assisted selection for this trait would be helpful in 

breeding programs, since accessions could be identified at an early stage for a trait that is 

normally assessed after harvesting. 
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Conclusion 

 In the present study, 24 pea lines were evaluated at morphological and molecular 

level, a considerable level of genetic diversity was observed that indicated the 

potential of selection for promising cultivars. Two lines (PL-4 and PL-5) were 

powdery mildew resistant and high yielding novel lines which could be the elite 

lines for general cultivation. 

 This study also concluded that the alleles of a gene, controlling seed coloration 

are coherently circulating in the pea lines with the alleles of a gene responsible for 

anthocyanin pigmentation. While the gene responsible for white flower is 

circulating in pea lines independently regardless of seed shape (round or 

wrinkled). 

 It was concluded that the root architecture have significant correlation with yield 

contributing traits (plant height, number of pods per plant, pod weight, grain yield 

and total biomass). Based on the suggested correlations, the plant breeder could 

utilize the root morphological traits for plant breeding program. 

 In addition, RAPD markers proved worth for understanding genetic diversity 

pattern at molecular level due to higher level of polymorphism even among the 

populations selected from a single hybrid. 

 The present study however selected high yielding pea lines using SSR marker 

P628 that can provide an opportunity in marker assisted selection to have success 

in limited time without screening breeding populations for yield production. 

. 

 

 

 

  



 
 

Markers Assisted Selection for yield contributing traits in edible pea lines  72 
 

Recommendation 

 The lines PL-4 and PL-5 are suggested to evaluate under wider range of agro-

climatic condition in the province as well as throughout Pakistan to understand 

gene-environment interaction and for spot selection. The seed of these lines are 

available for the researchers working on pea improvement program. 

 These lines were superior for seed yield performance, hence genotype-

environment interaction will be investigated for recommendation for general 

cultivation and seed certification. 

 The results of the present study suggested that the traits (plant biomass. pod 

length, pod weight, number of pods per plant) could be considered as major grain 

yield contributing traits in edible pea during selection of high yielding genotypes 

in pea. 

 Based on results flaunting character association root architecture and yield 

contributed traits,, breeders should give concentration on traits like root length, 

number of lateral root and root biomass for further improvement.  
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Appendix 1: List of nine qualitative traits of 24 edible pea lines evaluated during 2011-

2012, 2012-2013 and 2013-2014 

PL AP NC FLC PC TT PH PSh SS SC 

PL 1 P P P P N T S Wr Bn 

PL 2 P P P G B T Cu Wr B 

PL 3 A W W G B D S R C 

PL 4 A W We G N T S R C 

PL 5 P P P G N D S Wr Bn 

PL 6 A W W G N D S Wr C 

PL 7 P P P G N D S Wr B 

PL 8 P P P P N T S Wr B 

PL 9 P P P G N T S Wr B 

PL 10 A W W G N T S Wr C 

PL 11 P P P G N D S Wr Bn 

PL 12 A W W G N D Cu Wr C 

PL 13 A W W G N T Cu Wr C 

PL 14 A W W G B T Cu R C 

PL 15 P P P G N T Cu Wr Bn 

PL 16 P P P G N T Cu Wr B 

PL 17 P P P G N D S Wr Bn 

PL 18 P P P G N T S Wr B 

PL 19 P P P P N T S Wr B 

PL 20 P P P P N T S Wr B 

PL 21 A W W G N D Cu Wr C 

PL 22 A W W G N D Cu Wr C 

PL 23 A W W G B D Cu R C 

PL 24 P P P P N T S Wr B 

Note: AP=anthocyanin pigmentation, NC=node color, FLC=flower color, PC=pod color, TT=tendril type, 

PH=plant height, PSh=pod shape, SS=seed shape, SC=seed color, W=white, P=pink, G=green, A=absent, 

P=present, N=normal, B=bushy, T=tall, D=dwarf, S=Straight, Cu=curve, R=round, Wr=wrinkled, 

C=creamy, Bn=brownish and B=brown 
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Appendix 2: List of twenty two quantitative traits of 24 edible pea lines evaluated during 

2011-2012, 2012-2013 and 2013-2014  

 

DG DL DF PLS NBS L/L B/P IL NPS PL PW 

PL 1 11 37 110.14 181 2.71 4 7.71 7.61 14 7.83 1.45 

PL 2 11 38 126.14 187 5.14 0 4.57 6.71 15 7.97 1.46 

PL 3 12 54 114.26 183 2.12 0 1.03 3.67 11 6.86 1.19 

PL 4 10 36 123.04 182 2.5 6 7.25 6.22 12 8.69 1.54 

PL 5 11 41 119.28 186 2.42 6 7.71 3.55 11 7.09 1.18 

PL 6 9 43 126.85 187 2.42 6 6.14 2.79 11 8.12 1.38 

PL 7 11 48 119.42 187 3.11 4 6.71 3.43 12 7.17 1.4 

PL 8 11 39 115.77 182 2.71 4 5.86 6.89 13 6.9 1.51 

PL 9 12 39 117.61 181 3.14 6 7.18 7.22 15 6.83 1.32 

PL 10 11 51 116.51 190 2.73 4 6.92 7.21 14 7.87 1.45 

PL 11 11 46 117.14 184 1.42 6 6.57 3.22 12 7.41 1.17 

PL 12 12 57 116.71 183 2.72 6 6.42 3.81 10 7.49 1.45 

PL 13 11 38 117.28 179 2.71 6 5.85 6.67 16 7.65 1.50 

PL 14 12 39 120.28 174 3.14 0 6.28 6.83 15 6.56 1.50 

PL 15 13 38 121.00 178 3.28 6 5.4 6.3 14 6.79 1.47 

PL 16 10 37 120.42 187 2.71 6 6.85 6.82 14 7.82 1.55 

PL 17 11 53 121.00 184 2.57 6 6.24 3.24 11 7.52 1.52 

PL 18 11 45 120.71 198 2.14 4 8.14 7.55 13 8.05 1.52 

PL 19 11 35 120.57 184 3.01 4 6.57 7.08 14 7.52 1.54 

PL 20 11 41 117.51 169 3 6 3 8.41 13 7.95 1.52 

PL 21 13 61 111.00 180 3.07 6 5.36 3.97 10 7.7 1.47 

PL 22 12 59 120.29 187 2.64 6 6.71 3.89 9 8.05 1.22 

PL 23 11 59 116.28 181 2.19 0 1.71 3.54 11 6.89 1.15 

PL 24 11 34 118.57 169 3 6 3 8.41 13 7.95 1.54 
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Appendix 2: continue 

 

P/P PW/P S/P GY/P 100SW PH PB HI RL LR RB 

PL 1 43.86 49 6.9 30.92 20.78 124.71 81.6238 39.38 8.05 13 0.805 

PL 2 28.43 50.14 5.1 36.55 37.51 140.43 98.57 37.28 10.75 8.5 1.255 

PL 3 43.95 69.85 5.19 46.26 24.94 71 106.43 43.66 8.85 14.5 0.775 

PL 4 67.89 125.43 6.51 102.54 30.56 132.82 217.79 47.23 9.55 16.5 1.26 

PL 5 70.41 107 6.41 82.14 27.34 84.57 214.14 38.47 9.95 16 0.885 

PL 6 55.43 75.29 6.52 61.14 27.86 88 199.57 30.66 6.75 11 0.985 

PL 7 56.57 78.43 5.64 50.59 28.06 78.29 170.14 29.77 8.95 15.5 0.855 

PL 8 33.43 64.71 6.12 43.40 24.69 128.71 90.71 48.54 8.25 12.5 0.84 

PL 9 61.64 92.86 6.45 74.83 29.61 154.04 247.61 30.31 9.05 18.5 0.955 

PL 10 56.66 94.89 6.31 73.51 22.20 146.2 196.36 37.47 5.25 7.5 0.48 

PL 11 47.86 65.14 5.43 51.29 29.78 78.71 163.29 31.48 9.4 18 0.995 

PL 12 40.14 69.71 5.83 41.56 23.54 74.71 114.43 36.72 7.05 9.5 0.67 

PL 13 36.71 68.43 5.21 43.74 24.35 135 97.57 45.92 6.75 9 0.6 

PL 14 25.57 33.14 4.34 22.87 28.17 143.43 83.57 27.69 9.25 10.5 0.955 

PL 15 27.12 51 6.14 37.36 33.65 142.29 89.71 42.12 8.85 11.5 0.855 

PL 16 44.43 48.29 5.33 37.14 34.03 139.43 91.14 40.79 11.55 13.5 1.205 

PL 17 55.57 81.43 5.76 63.42 34.24 76.71 210.71 30.12 6.05 10.5 0.65 

PL 18 64.14 87.71 5.44 61.47 38.06 168.57 264.43 23.25 10.95 16 1.3 

PL 19 45.14 65.86 5.51 45.37 40.30 149.71 109.78 41.78 7.05 12.5 0.895 

PL 20 59.56 77.28 6.43 64.52 28.10 160.43 175.29 36.86 11.25 18.5 1.27 

PL 21 32.71 63.29 5.82 40.06 21.19 69.79 91.93 43.79 6.25 7.5 0.83 

PL 22 52 77.57 6.62 62.74 17.96 91.71 138.14 45.87 7.75 13.5 0.96 

PL 23 38.86 65.86 5.19 44.55 24.03 72 99.43 45.55 6.95 13.5 0.72 

PL 24 58.57 96.29 7.04 62.60 38.50 160.43 195.29 32.01 10.05 16.5 1.55 
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Appendix 3 

 

 
Fig 1: General view of the pea at young stage in Botanical garden university of Malakand 

 

 

 
Fig 2: General view of the pea at flowering stage in Botanical garden university of 

Malakand 
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Appendix 3 

 

 
Fig 3: A representing PL-4 with no powdery mildew infection. B representing  PL-22 

(Climex) with powdery mildew infection. C representing  PL-5 with no powdery mildew 

infection, and D representing  PL-22 (Climex) with powdery mildew infection      

 

 

 
Fig 4: A representing PL-5 having pink flower and green pod colour, while B 

representing PL-8 having purple flower with purple pod colour. C representing PL-5 

having pink node colour, and D representing PL-4 having while node colour 
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Appendix 3 

 

 

 
Fig 5: Combination of flower colour and tendril types in different lines. PL-4 having 

white flower and normal tendrils, PL-3 having white flower and bushy tendrils, PL-5 

having pink flower and normal tendrils, PL-2 having pink flower and bushy tendrils and 

PL-22 having white flower and normal tendrils 

 

  

 

 

 
Fig 6: Different pod shape and pod colour studied in 24 pea lines developed from single 

seed descent method in pea 
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Appendix 4: List of eighty five SSR markers used in this study for estimation of genetic 

diversity and genetic linkage analysis in 24 pea lines. 

S. No. Primers Forward  5/ – 3/  Reverse  5/– 3/ Reference 

1 17 CTGATCATGTTCTTAAACTCGGTG CCAGATAGGGTAAACCAACAGAAG Neumann et al 2002 

2 Q50 CTTTGTTTAGGTTGAAGGAAAACG CATAGGGTAACTCCACATCTCCTT  

3 L58 GTTTCTGGTGGTGGAAGTGAAG AGGAATTTCAAGAGTCCAATTACG  

4 P628 ATGTGGTCTCAACTGACTTTATTG AGCTATTGCAAACATGACTAAAC  

5 Q407 ACTTTGGAATGTCACTGAAATGG TAATAAATGCTTGTTTGATTCTGC  

6 PSU58830 CACACTCCATTTTCACCACCT AGCATTGAAGAACAAAGCACT Burstin et al 2001 

7 PEAEGL1 TTTGGATAGGTTGAATAATTGTGG TGTTGGCTCCAAAAGAAACA 
 

8 PATRG31A CATGAAATGGAATAATCTTATG CAGTCTAGTTGGCATATACC  

9 PSY14558 ACATGTCTCTGTTAGTGTG GCCAATATCTTCTTTGTTGAAG  

10 PSBT2AGEN GCAGCAGAGCTTGTCTTTGAG GGAATCAGAAACAGCCTTGGG  

11 PEAOM14A GGTGCCCTAGCATTTGTCTG TAGTAACAACCGCGCTCAAA  

12 PSLEGJL GGTTCGTCGATTCAGAAAAGG CACATTAGTTTAATAGTTACC  

13 PSLEGJP GCGAGTTGAGGGAGGTCTCCGC GTCGGCACGTGCAGCGTCCGC  

14 PSLEGKL CCATTCATACAGTATGCTCT ATAGTTAGTACTATACACACC  

15 PSMPA8 ACAAAGTTAGGTCATCTATCCA CATGCGACGTTGTTAGTTA  

16 PSMPB14 GAGTGAGCTTTTTAGCTTGCAGCCT TGCTTGAGAACAGTGACTCGCA  

17 PSMPD24 CTTATAGCGCACACAAGTGGTT ATCTCATCGCTAGGTGCTACAA  

18 PSMPAA31 CATTTGTGTAGTTGTAATTTCATT TGAGAATGGATCATGTTATGAT  

19 PSMPAD99 TGGCGGAGAAACTTTAGATGTG AAATATGGAGTTTTCGCAGGTG  

20 PSMPAD100 TACACCCAAGACGACAAGCCT GGAGCTTCCGCTTGATTCTCT  

21 PSMPAD144 AGGCGTCAGCAGATTGACTATT TGCCATCGGAAACAACTCTAAA  

22 PSLEGKP GCGAGTTGAGGGAGGTCTCCGC CTGATACGACCAGCACGTGGG  

23 PEALEGBC CTCCGCATTATCATCCAAGG TCCGCAATGTTCTCTCGAAT  

24 PSY17134 GAGGCAATCCTTCGTTTCTC CGAGTAAAGCCGCATAGAGC  

25 PSU81287 AGAGACACCGGAAGATCGAG CATCCCCATAGCCACCAC  

26 Y11824 ACCACCACCACCGAGAAGAT TTTGTGGCAATGGAGAAACA  

27 AF029243 GTAAACGATGCTAAATATGGAGG CAGTTACCGTTGTTGGAAGC  

28 A9 GTGCAGAAGCATTTGTTCAGAT CCCACATATATTTGGTTGGTCA  

29 AA205 TACGCAATCATAGAGTTTGGAA AATCAAGTCAATGAAACAAGCA  

30 AB25 TTTTCACTCAAAACACTCGGCT  GATGCCATTGCTGAAGGAGATT  

31 AB53 CGTCGTTGTTGCCGGTAG  AAACACGTCATCTCGACCTGC  

32 AD61 CTCATTCAATGATGATAATCCTA  ATGAGGTACTTGTGTGAGATAAA  

33 AD270 CTCATCTGATGCGTTGGATTAG  AGGTTGGATTTGTTGTTTGTTG  

34 PS-1 Bur 5'CTCCAGCCCAATAGTCGAAG3' 5'TCACAACCGAAGTCACAACC3'  

35 PS- 2 Bur 5'GCTAGCTAGACTAGTCTTTACAG3'  5'CTGTTCATAACTAAAAAACATCTC3'  

36 PS- 3 Bur 5'TGAATAAAGGGCAGAGTTAATACA3'  5'GAATCACGGGACCAAAACC3'  

37 PS- 4 Bur 5'TATGCTTCCTCCTCGCGTTA 3' 5'TTTTGCCCCTATTTCACTATTTA3'  

38 PS- 5 Bur 5'CACACAACATATTAAGTGAAGTGA3'  5'CGTGAAGCATACTCCCCTGT3'  

39 PS- 6 Bur 5'AATTCGGCACGAGGAGAGA 3' 5'TGCAGCCTTGAGCTGGTTAT3'  

40 PS- 7 Bur 5'CTGTTCCTCTTTCAAGCACTCC3'  5'GGGAAAGCAAAGCATGCGGATC3'  

41 PS- 8 Bur 5'TGCAACATTCTATTCTCTCTCTTT3'  5'AGTAGCCACATCGGTGGAGA3'  

42 PS- 9 Bur 5'ACGCTTCAACGGCAAAAT 3' 5'AGGACCCCAATCACTCTCAC3'  

43 PS- 10 Bur 5'CGCCATGGAGCTTAGCTTCC 3' 5'CGAGTAGATAGAAGAAGATGC3'  

44 PS- 11 Bur 5'GTCCACCTCCCGGGTTCGAA 3' 5'CGGCTAGAAGAACCACCCCCAT3'  

45 PS- 12 Bur 5'CGCGGAGTTTACATCAGGTC 3' 5'CTGGCCTAATAATGGCAACC3'  

46 PS- 13 Bur 5'AAACCGTGCAACTCTGAAGC 3' 5'AAGAAACCCACCAACACGTC3'  
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S. No. Primers Forward  5/ – 3/  Reverse  5/ – 3/  

47 PS-1 (Nasiri) 5'GTGGCTGATCCTGTCAACAA3' 5'CAACAACCAAGAGCAAAGAAAA3’ 
Nasiri et 

al., 2009 

48 PS-2 (Nasiri) 5'CCCAGTGAAGAAGGTCAACA3' 5'CAATGGTGGCAAATAGGAAA3'  

49 PS-3 (Nasiri) 5'CCATTTCTGGTTATGAAACCG3' 5'CTGTTCCTCATTTTCAGTGGG3'  

50 PS-4 (Nasiri) 5'CACACGATAAGAGCATCTGC3' 5'GCTTGAGTTGCTTGCCAGCC3'  

51 PS-5 (Nasiri) 5''TGGATTGGATTGGATGATGA3' 5''TGGAGCCCTTAGTCCACAAC3  

52 PS-6 (Nasiri) 5'CAGTGGTGACAGCAGGGCCAAG3' 5'CCTACATGGTGTACGTAGACAC3'  

53 PS-7 (Nasiri) 5'CCAAGAAAGGCTTATCAACAGG3 5'TGCTTGTGTCAAGTGATCAGTG3'  

54 PS-8 (Nasiri) 5'AGATCATTTGGTGTCATCAGTG3' 5'TGTTTAATACAACGTGCTCCTC3'  

55 PS-9 (Nasiri) 5'CTCATCTGATGCGTTTGGATTAG3' 5'AGGTTGGATTTGTTGTTTGTTG3'  

56 PS-10 (Nasiri) 5'TGTAGAAGCATAAGAGCGGGTG3' 5'TGCAACGCTCTTGTTGATGATT3'  

57 sP446 5'ATG GAG GTT GCT ATT GAA TTA GAT G3' 5'CAT CCC ATG TAC ATATTCACCTTT3’ 
Cupic et 
al., 2009 

58 PSBOX13.1 5'GAA CTA GAG CTG ATA GCA TGT3' 5'GCA TGC AAA AGA ACG AAA CAG G3’  

59 PSGAPA1 5'GAC ATT GTT GCC AAT AAC TGG3' 5'GGT TCT GTT CTC AAT ACA AG3’  

60 PSADH1 5'GAT GTG ATA GGC CTA GAA CAA GC3' 5'CAG TCA CAC ACT ACA AGA GAT C3’  

61 AF016458 5'CAC TCA TAA CAT CAA CTA TCT TTC3' 5'CGA ATC TTG GCC ATG AGA GTT GC3’  

62 AA430902 5'CTG GAA TTC TTG CGG TTT AAC3' 5'CGT TTT GGT TAC GAT CGA GCT A3’  

63 PSMPA5 5'GTA AAG CAT AAG GGG ATT CTC AT3' 5'CAG CTT TTA ACT CAT CTG ACA CA3’  

64 PSMPA6 5'CTT AAG AGA GAT TAA ATG GAC AA3' 5'CCA ACT CAT AAT AAA GAT TCA AA3’  

65 PSMPA7 5'CTT GAA ATA CTA AGG CAC CAT A3' 5'GTG AAC ACT CTT TGT TTT ACC A3’  

66 PSMPA9 5'GTG CAG AAG CAT TTG TTC AGA T3' 5'CCC ACA TAT ATT TGG TTG GTC A3’  

67 PSMPB16 5'GCA TTT GTG CAG TTT CAA TTT CG3' 5'CCA ATT ACG GAC AAT GTT TGA 

TCA3’ 

 

68 PSMPC20 5'GAG TTC TCC GTA ATA GAA GGC T3' 5'CAC TCT GTT CTG CTT CAT CAT C3’  

69 PSMPAA67 5'CCC ATG TGA AAT TCT CTT GAA GA3' 5'GCA TTT CAC TTG ATG AAA TTT CG3’  

70 PSMPAD134 5'TTT ATT TTT CCA TAT ATT ACA GAC 

CCG3' 

5'ACA CCT TTA TCT CCC GAA GAC TTA 

G3' 

 

71 PSMPAD141 5'AAT TTG AAA GAG GCG GAT GTG3' 5'ACT TCT CTC CAA CAT CCA ACG A3'  

72 PSMPAD21 5'TAT TCT CCT CCA AAA TTT CCT T3' 5'GTC AAA ATT AGC CAA ATT CCT C3'  

73 PSMPSAA20
5 

5'TAC GCA ATC ATA GAG TTT GGA A3' 5'AAT CAA GTC AAT GAA ACA AGC A3'  

74 PSMSAA473 5'CAA TCG ATC AGA CAG TCC CCT A3' 5'AAG CTC ACC TGG TTA TGT CCC T3'  

75 PSMPSAD14

8 

5'GAA ACA TCA TTG TGT TGT CTT CT G3' 5'TTC CAT CAC TTG ATT GAT AAA C3'  

76 PSMPSAD18

6 

5'TCA ATG ACG TGT TGA TCG AGG A3' 5'CCA TGC TTT GCA CCG AAA GTA A3'  

77 PSMPSAD23
7 

5'AGA TCA TTT GGT GTC ATC AGT G3' 5'TGT TTA ATA CAA CGT GCT CCT C3'  

78 PSMSAA476 5'TAG TTT TGA ACT TTG GCC GTA T3' 5'CAC ACC CTA ATC TAG GCT ATC C3'  

79 PSAS 5'GGT GAT AAC TAT TTG GCT CAT C3' 5'CAC ACC CTA ATC TAG GCT ATC C3'  

80 X51594 5'CAA CCA GCC ATT ATA CAC AAA CA3' 5'GGC AAT AAA GCA AAA GCA GA3'  

81 X78581 5'CTG CTA TGC TAT GTT TCA CAT C3' 5'CTT TGC TTG CAA CTT AGT AAC AG3'  

82 U51918 5'GTC GTA ACA GAT CAA TAT GGC3' 5'CGA TAG TGA GAG TGG CGG TTG3'  

83 PS11824 ACCACCACCACCGAGAAGAT TTTGTGGCAATGGAGAAACA  

84 PSY17134 GAGGCAATCCTTCGTTTCTC CGAGTAAAGCCGCATAGAGC  

85 X96764 GCAGCAGAGCTTGTCTTTGAG GGAATCAGAAACAGCCTTGGG  

 


