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Introduction
Pulses are important food crops that can play a major role 

in addressing future global food security and environmental 
challenges, as well as contributing to healthy diets. In recognition 
of the contributions of pulses to human well-being and for the 
healthy environment, the UN general assembly in the 68th session 
of United Nations (UN, 2013) declared 2016 as the International 
year of pulses. Legumes are economically significant crops and rich 
source of nourishing diet for growing population, feed for livestock, 
and raw materials for industries. Dry plants are used as fuel as well 
as cattle feed. Pea contains all the essential amino acids such as 
lysine, methionine, tryptophan, threonine, valine, phenylalanine, 
leucine and isoleucine (Sutcliffe and Pate, Matthews and Arthur. 
Nutritional value of pea for raw and dried pulses as per 100 g edible 
portion on fresh weight basis are: energy 308 kcal, protein 18.44 g, 
fat 1.4 g, fibre 26 g, carbohydrate 42.4 g, iron 3.5 mg, magnesium 
116 mg, phosphorus 295 mg, potassium 1010 mg, zinc 2.39 g, and 
vitamin B9/folate 138 μg/100 g (FAO, 2016). In India, the area and 
production of peas was 459,000 ha and 4329,000 tonnes (2014-
15) respectively, which was 2.5% of total vegetable production 
(Horticulture Statistics at a Glance, 2015). 

For an effective breeding programme, information concerning 
the extent and nature of genetic diversity within a crop species 
is essential. It is particularly useful for characterizing individual  

 
accession and cultivar and as a general guide in the selection of the 
parents for the hybridization. Molecular markers have enormous 
potential to explore genetic diversity by detecting polymorphisms 
to improve the efficiency and precision of conventional plant 
breeding. The purpose of this study was also to evaluate the 
genetic diversity within a diverse collection of pea (Pisum sativum) 
accessions. The RAPD technique has advantages over isozyme 
and other DNA fingerprinting technologies in the speed of data-
acquisition possible, the low cost of reactions, the small amounts of 
plant material required and the ability to perform analyses without 
the need for prior sequencing of the genome Huff [2].

Materials and Methods 
The present investigation was carried at the Research Farm 

of the College and the molecular and cytogenetic studies were 
performed in the laboratory of the School of Crop Improvement 
in the College of Post Graduate Studies, CAU, Barapani, Meghalaya, 
India in the year of 2016-2017. A total of 40 different pea accessions 
were used in the experiment out of which 22 accessions of pea were 
kindly provided by Dr. Major Singh, Project Coordinator and the 
Principal Scientist, Indian Institute of Vegetable Research, Varanasi, 
and the remaining 18 pea varieties were collected from the different 
Northern and North Eastern Parts of India (Table 1). Seeds were 
sown in a staggered manner with three different dates of sowing.
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Abstract

Identification of superior parents has been always pre-requisite in the hybridization for the crop improvement. The present work was taken 
up to study the crossability behaviour of various accessions of pea on the basis of their pod set and the genetic diversity was studied using RAPD 
markers. There was non-significant correlation between pod set and viability of pollen. Pollen germination and pollen tube growth increased from 
8 hour to 24 hour and these were positively related with the pod set. A total of 45 RAPD primers were selected to assess genetic diversity of 40 
accessions of pea. Scoring of 45 primers gave 345 bands out of which 306 bands were found to be polymorphic. The PIC value ranged from 0.73 
to 0.99, with an average of 0.86 based upon four primers (OPC 11, GM 100, V 03 and N 20) which were found to be highly informative. Euclidean 
distance was used to construct cluster dendrogram based on Ward’s D method Ward [1]. Dendrogram shows that Makochabi 1 and Debgiri were 
more distinct then Bankim and Pant-5. S-10 and imported varieties were found to be very less distinct from others. The knowledge of genetic 
diversity of pea accession is highly essential for pea breeders to produce new varieties or hybrids with higher yield and better quality.
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Table 1: List of pea accessions.

Sl. No. Accessions Place of Collection

1 VRP- 03

Uttar Pradesh

IIVR Varanasi

2 VRP- 07

3 VRP- 08

4 VRP- 21

5 VRP- 61

6 VRP- 65

7 VRP- 101

8 VRP- 111

9 VRP- 105

10 VRP- 107

11 VRP- 143

12 VRP- 162

13 VRP- 176

14 VRP- 192

15 VRP- 228

16 VRP- 243

17 VRP- 299

18 VRP- 311

19 VRP- 313

20 VRP- 318

21 VRP- 372

22 VRP- 378

23 Pusa pagati New Delhi

24 TS- 10

Madhya Pradesh25 S- 10

26 GS- 10

27 Pant- 5
Uttar Pradesh

28 AP- 3

29 Makhyatmubi

Manipur
30 Makochabi 1

31 Makochabi 2

32 Matonthatpi

33 Arkel

Tripura

34 Debgiri

35 Namadhari 1100

36 Bankim

37 KSP- 110

38 MS- 1100

39 Azad P- 1 Assam

40 Imported Telangana

Crosses were made between seven different randomly selected 
accessions which were grown in pots as well in the field, respectively. 
A total of 28 crosses (Table 2) were made between seven parents 
from whom suitable flowers were selected for emasculation. 
Emasculation and pollination were carried out on the same day. In 
order to avoid unnecessary pollination by the undesirable pollen, 
these pollinated flowers were bagged with a butter paper bag 

and stapled securely. Pollination was performed from December 
to January 2017 and care was taken to avoid any damage to the 
stigma. For each cross, thirty to thirty-five flowers were selected 
randomly. Three flowers each were used for pollen viability, pollen 
germination, pollen tube growth and pod set studies with three 
replications. 
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Table 2: List of crosses of randomly selected parents.

Cross 
Combination

VRP- 
07 VRP- 03 VRP- 65 VRP- 318 TS- 10 Pusa pragati AZAD P- 1

VRP- 07 X X X X X X X

VRP- 03 X X X X X X

VRP- 65 X X X X X

VRP- 318 X X X X

TS- 10 X X X

Pusa pragati X X

AZAD P- 1 X

Molecular Characterization 
Genomic DNA was isolated from the young leaves of pea 

plant using modified CTAB method of Doyle and Doyle [3] and 
the molecular characterization was done using PCR based RAPD 
markers. 

The data obtained from RAPD primers were subjected to generate 
Euclidean distance and cluster dendrogram was constructed based 
on Ward’s D method Ward [4] by the help of R software and the PIC 
(Polymorphism Information Content) of markers is used to know 
the in-formativeness of markers. Markers with different (bands) 
alleles are highly polymorphic and tend to be highly informative. 

In-formativeness of marker can be quantitatively measured by a 
statistic called polymorphism information content, or PIC (Table 3). 
PIC is a modification of heterozygosity measure that subtracts from 
the heterozygosity of locus value an additional probability that an 
individual in a linkage analysis does not contribute information to 
the study Speer [5].

1
2 2 2

1 1
1

l l

i i j
i i

PIC p p p
−

= =

= − −∑ ∑
where,

Pi = Frequency for the ith allele among a total of l alleles.

Pi and Pj = Population frequency of the ith and jth allele.

Table 3: PCR master mixture contents.

Ingredient Volume Concentration

g DNA (template) 2l

10X PCR Buffer 1l 1 X

25mM MgCl2 1l 2.5mM

10mM primer 2l 2M

2mM dNTPs 1l 0.2mM

Taq Polymerase (5U/l) 0.05l 0.05U/l

Sterile d d H2O 2.95l

Total volume 10l

Result and Discussion

Figure 1: Pollen tube growth in VRP- 318 X TS-10 after 24 hours of pollination (40 X).
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In this study, seven random accessions were selected for 
the crossability studies. The pollen fertility of all the accessions 
under this study revealed that the maximum fertile stained pollen 
was recorded in Pusa pragati (98.78 ± 0.71) whereas the lowest 
percentage of fertile pollen was recorded in VRP- 07 (96.22 %) 
followed by VRP- 65 (96.78 ± 0.92) (Figure 1). However, the average 
percent of pollen fertility did not show too much difference among 
the accessions. There was very less variation in the size of pollen 
even though some abnormal pollen was also observed (Pusa 
pragati). 

The data obtained from RAPD primers were subjected to generate 
Euclidean distance and cluster dendrogram was constructed based 
on Ward’s D method Ward [6] by the help of R software and the PIC 
(Polymorphism Information Content) of markers is used to know 

the in-formativeness of markers. Markers with different (bands) 
alleles are highly polymorphic and tend to be highly informative. 
In-formativeness of marker can be quantitatively measured by a 
statistic called polymorphism information content, or PIC (Table 4). 
PIC is a modification of heterozygosity measure that subtracts from 
the heterozygosity of locus value an additional probability that an 
individual in a linkage analysis does not contribute information to 
the study Speer [7]

1
2 2 2

1 1
1

l l

i i j
i i

PIC p p p
−

= =

= − −∑ ∑
where,

Pi = Frequency for the ith allele among a total of l alleles.

Pi and Pj = Population frequency of the ith and jth allele.

Table 4: Details on polymorphism obtained by RAPD markers with 40 genotypes and 44 primers.

S. No. Primer Size of Fragments (bp) Total Number 
of Fragments

Number of 
Polymorphic 

Fragments

Percentage of 
Polymorphism PIC

1 C-10 700 3000 5 5 100 0.9

2 GM-100 700 3000 6 6 100 0.97

3 OPA- 01 450 2800 10 6 60 0.97

4 OPA- 02 550 2500 7 7 100 0.98

5 OPA- 03 200 1900 8 8 100 0.96

6 OPA- 04 250 600 10 9 90 0.95

7 OPA- 05 350 2200 13 13 100 0.98

8 OPA- 06 800 2000 5 4 80 0.9

9 OPA- 07 300 2000 10 10 100 0.97

10 OPA- 08 200 1800 10 9 90 0.98

11 OPA- 10 300 2000 10 7 70 0.97

12 OPA- 19 200 3000 11 9 81.82 0.98

13 OPA- 20 300 3000 11 11 100 0.98

14 OPB- 01 450 2000 10 10 100 0.97

15 OPB- 02 200 2000 6 6 100 0.96

16 OPB- 03 200 1000 5 5 100 0.94

17 OPB- 04 450 500 2 1 50 0.73

18 OPB- 05 350 1900 10 8 80 0.97

19 OPB- 06 150 1500 10 10 100 0.96

20 OPB- 07 400 3000 8 8 100 0.93

21 OPB- 08 450 1500 8 8 100 0.96

22 OPB- 09 400 3000 8 8 100 0.95

23 OPB- 10 500 3000 6 1 16.67 0.85

24 OPB- 11 400 3000 6 6 100 0.96

25 OPB- 12 200 2000 10 10 100 0.98

26 OPB- 13 100 2000 5 3 60 0.91

27 OPB- 14 500 1500 4 2 50 0.77

28 OPB- 15 600 1500 4 4 100 0.92

29 OPB- 16 400 2000 7 7 100 0.98

30 OPB- 17 200 2000 10 10 100 0.97

31 OPB- 18 550 1500 7 6 85.71 0.94

32 OPB- 20 300 1500 4 4 100 0.9
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33 OPC- 02 400 3000 6 3 50 0.91

34 OPC- 05 400 1800 6 5 83.33 0.87

35 OPC- 09 350 1800 3 2 66.67 0.82

36 OPC- 11 250 2000 11 11 100 0.99

37 OPC- 15 300 3000 10 7 70 0.95

38 OPC- 18 300 2000 6 5 83.33 0.9

39 OPO- 11 400 1800 9 7 77.78 0.97

40 OPO- 20 300 2000 9 9 100 0.94

41 GM- 10 200 1500 10 10 100 0.99

42 C- 02 400 1800 7 4 57.14 0.92

43 V- 03 350 2000 9 9 100 0.99

44 N- 20 300 2000 13 13 100 0.99

Total 345 306 88.7

Pollen Tube Growth Observed in the Different 
Crosses of Seven Randomly Selected Accessions 

After pollination, pollen grain sticks on the hairy stigma 
where it begins to germinate and produce a pollen tube and finally 
reaches the ovary through style. The length of pollen tube was 
measured (µm) at three different time intervals on selfing as well 
as in crosses. Pollen fall on the stigma of each individual flower 
was variable because the amount of pollen grain differs during the 
hand pollination and also due to irregularity in the pollen grain 
germination. Length of pollen tube was recorded after staining with 
1% aniline blue stain. Pollen germination and the growth of pollen 

tubes are necessary for fertilization and seed formation in flowering 
plants Buyukkartal [8]. Studies of in vitro pollen germination and 
pollen tube growth are very useful for explaining the lack of fertility 
Pfahler [9]. Heat stress reduced percentage of pollen germination, 
pollen tube length, pod length, seed number per pod, and seed-
ovule ratio Jaingetet During selfing the longest pollen tube was 
recorded after 24 hours of pollination in Pusa pragati (997.99 µm) 
and the shortest in VRP- 65 (802.61 µm) (Table 5). During crossing 
of different parents, the longest pollen tube after 24 hours of 
pollination were observed in TS- 10 X Pusa pragati (1154.51 µm) 
and the smallest in VRP- 03 X VRP- 65 (722.82 µm) (Table 6) and 
(Figure 2).

Figure 2: Abnormal pollen tubes of different crosses between accessions.

Table 5: Pollen germination at different time intervals and percentage pod set on selfing and in crosses.

S. No. Parents/ Crosses Pollen Germination (%) 
After 8 Hours

Pollen Germination (%) 
After 16 Hours

Pollen Germination (%) 
After 24 Hours Pod Set (%)

1 VRP 07 11.39 ± 1.54 14.67 ± 0.70 19.44 ± 1.60 82.35

2 VRP 03 10.31 ± 2.34 14.00 ± 1.11 18.68 ± 0.21 87.50

3 VRP 65 12.44 ± 3.08 14.00 ± 2.69 17.25 ± 2.33 85.71
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4 VRP-318 12.13 ± 2.72 18.33 ± 1.98 22.26 ± 2.06 92.86

5 TS-10 11.72 ± 3.74 16.33 ± 2.56 21.83 ± 1.55 94.12

6 PUSA PRAGATI 16.01 ± 2.33 19.33 ± 1.52 21.67 ± 2.02 95.45

7 AZAD P-1 11.31 ± 1.60 14.67± 1.28 18.61 ± 2.46 84.62

8 VRP 07 X VRP-03 6.12 ± 1.73 9.67 ± 2.26 15.57 ± 0.45 86.67

9 VRP 07 X VRP-65 9.05 ± 0.69 10.31 ± 2.57 16.38 ± 0.55 87.50

10 VRP 07 X VRP-318 5.28 ± 0.56 9.70 ± 1.93 16.50 ± 4.59 85.71

11 VRP 07 X TS-10 6.68 ± 2.08 10.02 ± 2.76 14.85 ± 2.87 92.86

12 VRP 07 X PUSA 
PRAGATI 9.58 ± 1.39 12.48 ± 3.08 18.56 ± 2.27 90.00

13 VRP 07 X AZAD P-1 6.23 ± 1.04 10.63 ± 2.63 14.10 ± 2.69 83.33

14 VRP 03 X VRP-65 8.61 ± 1.15 10.38 ± 0.49 15.94 ± 2.80 82.35

15 VRP 03 X VRP-318 7.06 ± 0.39 11.99 ± 3.01 15.62 ± 3.09 80.00

16 VRP 03 X TS-10 5.08 ± 1.88 9.41 ± 0.89 12.24 ± 2.73 86.67

17 VRP 03 X PUSA 
PRAGATI 8.99 ± 0.97 12.45 ± 2.79 15.93 ± 3.31 88.24

18 VRP 03 X AZAD P-1 3.21 ± 1.61 7.31 ± 2.76 14.78 ± 0.86 92.31

19 VRP 65 X VRP-318 8.02 ± 1.72 11.69 ± 2.88 19.91 ± 2.28 88.24

20 VRP 65 X TS-10 6.04 ± 1.35 12.31 ± 3.16 15.83 ± 2.66 86.67

21 VRP 65 X PUSA 
PRAGATI 9.82 ± 0.87 15.70 ± 2.63 18.85 ± 0.95 76.47

22 VRP 65 X AZAD P-1 5.51 ± 0.88 11.46 ± 2.27 16.28 ± 1.52 88.89

23 VRP 318 X TS 10 6.29 ± 1.27 10.83 ± 2.87 18.67 ± 2.32 84.62

24 VRP-318 X PUSA 
PRAGATI 7.20 ± 1.15 13.07 ± 2.66 19.23 ± 2.86 94.12

25 VRP-318 X AZAD P-1 7.54 ± 1.59 10.01 ± 2.04 15.37 ± 0.42 87.50

26 TS-10 X PUSA 
PRAGATI 7.23 ± 0.83 12.44 ± 2.54 17.26 ± 2.63 80.00

27 TS-10 X AZAD P-1 5.77 ± 0.55 13.82 ± 2.35 14.69 ± 3.93 92.86

28 PUSA PRAGATI X 
AZAD P-1 7.68 ± 0.51 13.76 ± 2.85 16.26 ± 1.80 88.89

Table 6: Pollen tube growth at different time intervals and percent pod set on selfing and in crosses.

S. No. Parents/Crosses Pollen Tube Growth (μm) 
After 8 Hours

Pollen Tube Growth (μm) 
After 16 Hours

Pollen Tube Growth (μm) 
After 24 Hours Pod Set (%)

1 VRP-07 238.11 ± 1.51 458.45 ± 1.71 850.45 ± 2.99 82.35

2 VRP-03 201.57 ± 1.65 452.99 ± 1.70 888.54 ± 2.35 87.50

3 VRP-65 222.55 ± 2.23 470.00 ± 2.41 802.61 ± 1.95 85.71

4 VRP-318 240.79 ± 0.96 503.06 ± 1.39 902.67 ± 2.77 92.86

5 TS-10 310.53 ± 1.72 540.36 ± 0.44 910.31 ± 2.22 94.12

6 PUSA PRAGATI 253.09 ± 0.96 569.76 ± 0.62 997.99 ± 1.42 95.45

7 AZAD P-1 231.20 ± 2.27 491.86 ± 1.88 804.05 ± 2.55 84.62

8 VRP 07 X VRP-03 200.58 ± 2.78 485.38 ± 1.80 801.40 ± 2.31 86.67

9 VRP 07 X VRP-65 181.77 ± 0.68 403.52 ± 1.43 803.57 ± 2.01 87.50

10 VRP 07 X VRP-318 190.48 ± 1.41 505.77 ± 2.89 967.33 ± 1.62 85.71

11 VRP 07 X TS-10 217.37 ± 2.22 496.19 ± 3.59 951.39 ± 1.09 92.86

12 VRP 07 X PUSA 
PRAGATI 201.07 ± 1.22 613.05 ± 2.02 917.96 ± 1.81 90.00

13 VRP 07 X AZAD P-1 200.35 ± 1.83 680.59 ± 1.09 988.12 ± 1.45 83.33

14 VRP 03 X VRP-65 200.60 ± 0.89 403.82 ± 2.89 722.82 ± 2.92 82.35

15 VRP 03 X VRP-318 291.72 ± 1.60 603.75 ± 2.95 1014.26 ± 2.86 80.00

16 VRP 03 X TS-10 302.02 ± 0.88 497.46 ± 2.29 991.46 ± 1.19 86.67
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17 VRP 03 X PUSA 
PRAGATI 189.50 ± 1.87 515.91 ± 2.52 905.30 ± 2.57 88.24

18 VRP 03 X AZAD P-1 203.76 ± 1.64 755.27 ± 2.22 1121.39 ± 0.77 92.31

19 VRP 65 X VRP-318 241.69 ± 1.62 539.29 ± 1.60 831.63 ± 1.46 88.24

20 VRP 65 X TS-10 280.04 ± 1.05 513.81 ± 3.27 897.46 ± 2.22 86.67

21 VRP 65 X PUSA 
PRAGATI 350.15 ± 0.43 497.84 ± 1.76 898.89 ± 1.50 76.47

22 VRP 65 X AZAD P-1 206.10 ± 2.96 700.93 ± 1.43 1003.93 ± 1.94 88.89

23 VRP 318 X TS 10 194.43 ± 2.37 531.98 ± 1.61 891.74 ± 0.94 84.62

24 VRP-318 X PUSA 
PRAGATI 220.31 ± 0.94 602.50 ± 2.65 1002.33 ± 1.48 94.12

25 VRP-318 X AZAD P-1 248.24 ± 2.10 601.50 ± 1.49 978.38 ± 2.92 87.50

26 TS-10 X PUSA 
PRAGATI 279.63 ± 1.37 697.12 ± 1.91 1154.51 ± 3.79 80.00

27 TS-10 X AZAD P-1 204.26 ± 2.74 493.95 ± 2.37 983.53 ± 1.78 92.86

28 PUSA PRAGATI X 
AZAD P-1 220.62 ± 1.18 587.23 ± 2.85 888.96 ± 2.74 88.89

There was some abnormal pollen shape observed in Pusa 
pragati (Figures 3 & 4) and abnormal pollen tube growth (Figure 
5) in different crosses of VRP 07 X Azad P- 1, VRP- 03 X VRP- 07, 
VRP- 318 X VRP- 65, VRP- 03 X VRP- 318 and TS- 10 X VRP- 07. 
Pollen grain which showed more than one pollen tube coming 
out from the same germ pore or pollen tubes which grew in the 
wrong direction or those which had swollen tips or whose tips 

had burst or which got twisted were considered as abnormal and 
the percentage of abnormal pollen tubes was calculated as Wang 
[10] reported that lack of boron inhibited pollen tube elongation 
and caused morphological abnormalities, especially swelling of the 
tip regions of the pollen tubes. Similar findings were reported by 
Dickinson [11] and Yang [12].

Figure 3: Gel image showing RAPD profile obtained by OPA- 19 primer and OPB- 12. Lane 1-40 represents the genotypes (Genotype 
names are given in Table 1. L indicates 1 kb plus ladder).

Figure 4: Dendrogram generated using Ward’s D method showing relationship between 40 accessions of pea.
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Figure 5: Pollen fertility percentage.

Correlation Studies in Crosses of Pisum sativum 
The correlation of different parameters like pollen germination and pollen tube growth showed non-significant relationship with pod 

set but they were found to be positively correlated (Table 7). 

Table 7: Correlation studies in different characters in crosses of Pisum sativum.

Variables Pod Set 
(%)

Pollen 
Germination (%) 

After 8 Hours

Pollen 
Germination (%) 

After 16 Hours

Pollen 
Germination (%) 

After 24 Hours

Pollen Tube 
Growth (mm) 
After 8 Hours

Pollen Tube 
Growth (μm) 

After 16 Hours

Pollen Tube 
Growth (μm) 

After 24 Hours

Pod Set (%) 1

Pollen 
germination 
(%) after 8 

hourss

0.118 1

Pollen 
germination 
(%) after 16 

hours

0.187 0.839** 1

Pollen 
germination 
(%) after 24 

hours

0.229 0.750** 0.779** 1

Pollen tube 
growth (μm) 
after 8 hours

-0.289 0.195 0.37 0.196 1

Pollen tube 
growth (μm) 

after 16 hours
0.113 -0.373 -0.194 -0.129 0.054 1

Pollen tube 
growth (μm) 

after 24 hours
0.157 -0.388 -0.135* -0.207 0.209 0.794** 1

Significance 
level ** P ≤ 

0.01 and * P ≤ 
0.05

RAPD Analysis 
Forty-five RAPD primers were selected to assess genetic 

diversity of 40 accessions of pea. A total of 345 bands were scored 
out of which 306 bands were found to be polymorphic (Figure 6). 

The data obtained from RAPD analysis were subjected to Eucledean 
distance to find out the relationship among the accessions. The 
value of Eucledean distance ranged from 4.37 (S-10 and Imported) 
to 10.96 (Pusa pragati and VRP- 21) with an average value of 
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8. Dendrogram generated using Ward’s D method grouped the 
genotypes into two major clusters (Figure 7). The first cluster was 
divided into two sub clusters, I A and I B and the second cluster was 
divided into two sub clusters II A and II B. Sub cluster I A was further 
divided into 2 sub clusters which consisted of eight accessions. 

Makochabi 1 and Debgiri appear to be most distinct from all others 
in this cluster. Cluster I B was also divided into sub cluster I B I and 
I B II which consisted of nineteen accessions. VRP- 163 and VRP- 03 
appear to be more distinct in this cluster. 

Figure 6: Pollen grains of Pusa pragati.

Figure 7: Pollen tube growth in VRP- 03 X Pusa pragati after 24 hours of pollination (40 X).

Table 8: PCR reaction cycle steps.

S. No. Steps Temperature Time Cycle

1. Initial 
denaturation 94˚C 5 Min 1

2. Cycle 
denaturation 94˚C 1 Min

3. Annealing 35˚C 1 Min 35

4. Extension 72˚C 2 Min

5. Final 
extension 72˚C 5 Min 1

6. Cooling 10˚C Final

Cluster II A, divided into two sub clusters, II A I and II A II, 
consists of six accessions. From these, Azad P- 1 and MS 1100 

appear to be more distinct. II B cluster, which was further divided 
into two sub clusters, consisted of seven accessions, in which Pusa 
pragati and Bankim appear to be more distinct. PIC values ranged 
from 0.73 to 0.99, with an average of 0.86. Based on the PIC values 
four primers (OPC 11, GM 100, V 03 and N 20) were found to be 
highly informative (Table 8). The data obtained from RAPD primers 
were subjected to generate Euclidean distance (Table 8) and cluster 
dendrogram was constructed based on Ward’s D method Ward 
[13]. The dendrogram (Figure 7) constructed based on Euclidean 
distance revealed two major clusters, Cluster I and Cluster II 
comprising of 27 and 13 accessions, respectively. The cultivars 
Makochabi 1 and Debgiri occupied more distinct place from that of 
Bankim and Pant-5. S-10 and Imported accessions were found to be 
very less distinct from others but similar to each other. Knowledge 
of genetic diversity of pea accession is highly essential for pea 
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breeders to produce new varieties with higher yield and better 
quality. Determination of genetic diversity based on morphological 
characters becomes limited in pea cultivars. This necessitates the 
assessment of genetic diversity present in pea using the modern 
molecular approaches. 

Conclusion
From all the crosses maximum pollen fertility was observed 

in Pusa Pragati (98.78%) and minimum was observed in VRP- 
07 (96.22%). reduction of pollen fertility Higher temperature 
may reduce pollen fertility Porch and Jahn [14]. The maximum 
pod set, and pollen tube growth were obtained on selfing than in 
crossing. Nameirakpam and Khanna [15] reported that in Cowpea 
pollen fertility exhibited less significant correlation with fruit set 
and high significant correlaton was found in between the pollen 
germinability and pollen tube growth rate with the fruit set. 
Khanna [16] reported in rice that the pollen tube growth at 1 hour 
after pollination had a positive correlation with seed set. In general, 
selfing had more pollen germination and pollen tube growth 
as compared to inter-varietal crosses with respect to seed set. 
Rangkham and Khanna [17] reported in cowpea thatthere was a 
positive correlation between pollen tube growth and fruit set. There 
was a non-significant correlation between pollen tube growth and 
pod set. From all the 45 RAPD markers, PIC value ranged from 0.73 
– 0.99. Four primers (OPC 11, GM 100, V 03 and N 20) were found 
to be highly informative. 

The value of Euclidean distance ranged from 4.37 to 10.96 with 
an average of 8.22. Makochabi 1 and Debgiri were found to be more 
distinct from Bankim and Pant- 5 in the cluster dendrogram and the 
results were similar to those obtained by Ahmad [18]. Highly self-
pollinating and cleistogamous nature of pea, limits development of 
new pea varieties by cross breeding so the knowledge of genetic 
diversity of pea accession is highly essential for pea breeders 
to produce new varieties with higher yield and better quality 
Van der Maesen [19]. Although only 40 pea accessions were 
studied, genetic variability estimated amidst accessions was high 
indicating that genetic diversity of pea germplasm is sufficient to 
create new favourable gene combinations. An effective germplasm 
assessment provides the scientific basis for selection of parent/
donors for recombination breeding or hybrid breeding, and to 
breed for specific agro-ecological conditions and situations Kumar 
[20]. Identification of genetic diversity based on morphological 
characters becomes limited in pea cultivars necessitating the 
assessment of genetic diversity present in pea using the molecular 
modern approaches Yang X [21].
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