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Abstract
Papaya is one of the most important nutritional and medicinal fruit crops in the 

world. In this context, present study was aimed to analyse genetic diversity of 
12 dioecious and gynodioecious varieties of papaya using 42 randomly amplified 
polymorphic DNA (RAPD) primers. Out of these 42 primers, 33 primers amplified 
150 polymorphic bands with an average 4.54 polymorphic bands/primer. These 
150 markers were used for estimation of Jaccard similarity coefficient which was in the 
range of 0.355 to 0.733. Two varieties namely Honey dew and Majestic showed highest 
similarity (0.733), followed by Surya and Vinayak (0.687) while Majestic and Mohini 
showed least similarity (0.355), followed by Ajeet and Mohini (0.381). This similarity 
matrix was used for cluster analysis using software Free Tree. In the UPGMA based 
dendrogram four distinct clusters were obtained in which one variety Mohini showed 
highest diversity with other varieties of papaya. Results of principal components 
analysis (PCA) was similar to that obtained by UPGMA clustering. Genetic diversity 
analysis obtained by these two methods showed that papaya cultivars and hybrids 
possess narrow level of genetic diversity.
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Introduction
Papaya (Carica papaya L.) is an economical and medicinally important fruit crop 

cultivated in tropical and subtropical regions worldwide. Whole part of papaya such as 
seeds, fruit, pulp, root and leaves has medicinal importance. It is used for the treatment 
of several diseases such as constipation, lower blood pressure, cancer, diabetes, arthritis, 
reduce inflammation, cardiovascular diseases, dengue and chickengunya. The use of 
papaya leaves increases the platelet count in dengue patients. Genetic diversity analysis 
is a prerequisite for planning of a breeding program for crop improvement. Papaya had 
its origins in South Mexico and in Central America. Gabriela Fuentes and Jorge M. 
Santamaria [1] and Solms-Laubach [2] suggested that papaya originated in Mexico. 
Some authors suggested that papaya originated in the North of South America [3,4]. It 
is widely distributed in the subtropical and tropical regions of the world now-a-days. 
Papaya belongs to family Caricaceae and comes under order Brassicales. The family is 
divided into six genera namely Carica, Jacaratia, Jarilla, Horovitzia, Cylicomorpha and 
Vasconcellea. Carica papaya the only species within the genus Carica [5,6]. The genus 
Jarilla comprises three species [7] and Jacaratia consists of seven species. Vasconcellea 
comprises 21 species, Cylicomorpha with two species and Horovitzia with one species 
[8].
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Papaya has diploid genome (2n=18). Papaya fruit is rich 
source of vitamin A, vitamin C, potassium, folate, niacin, 
thiamine, riboflavin, iron, calcium and fibre [9]. A proteolytic 
enzyme, papain is produced by papaya plant which is 
commonly used in food processing and can also be used to 
treat digestion, reduce fever and in treatment of ulcers [10]. 
The small genome size, rapid development, and abundant 
production of the seed make papaya a valuable tree fruit 
model crop.

India is the top producer of papaya with 5.7 million tonnes 
among top five countries (Brazil Nigeria, Mexico, and 
Indonesia) [11]. However, one of the main problems with 
papaya is low genetic diversity of commercial genotypes due 
to which the plants become more susceptible to pests and 
diseases, which might decrease the fruit production for 
commercial purpose [12]. Several studies have been done to 
assess the genetic variability in papaya for their effective use 
in breeding programs and cultivar development. Earlier 
morphological markers have been utilized for evaluation of 
genetic diversity among papaya germplasm [13,14]. With the 
development of advanced molecular markers, many 
researchers started to analyse the genetic diversity of papaya 
using various types of molecular markers viz, restriction 
fragment length polymorphism (RFLP) [15] random 
amplification of polymorphic DNA (RAPD) [16,17], amplified 
fragment length polymorphism (AFLP) [18-21], inter simple 
sequence repeat (ISSR) [16,21], simple sequence repeat (SSR) 
[12]. Therefore, the present study was aimed to evaluate 
genetic diversity among papaya cultivars and its related wild 
species using RAPD markers.

Materials and Methods
Plant material

Seeds of twelve varieties of papaya were procured from 
various national institutes and private seed companies 
throughout India. Arka Prabhath and Arka Surya are 
gynodioecious varieties developed at Indian Institute of 
Horticulture Research (IIHR), Bangalore. Pusa Nanha is a 
dioecious variety developed at Indian Agricultural Research 
Institute (IARI), New Delhi. CO-2 was developed in Tamilnadu 
Agricultural University (TAU), Coimbatore. Some hybrid 
varieties developed by private seed companies (Honey Dew, 
Vinayak, Majestic, Ajeet, Mohini, Suvarna Queen, Yellow 
Indian, and Maharaja-22) have also been included (Table 1).

Genomic DNA isolation
Fresh young leaves of papaya plants were collected, 

washed under running tap water. Then the leaves were rinsed 
with 70% alcohol for 30 seconds followed by 3-4 times 
washing with distilled water. Then the leaves were dried and 
genomic DNA was isolated using HiPurA™ Plant genomic 
DNA Miniprep Purification spin kit (Himedia Laboratories Pvt. 
Ltd, Bangalore) using the manufacturer’s instructions. Quality 
and quantity of isolated DNA was checked by 
spectrophotometry as well as by 0.8% agarose gel 
electrophoresis.

Table 1. List of papaya (Carica papaya L.) varieties and their source 
used for genetic diversity analysis.

S. 
No. Genotype Sex type Source Special feature

1. Honey 
Dew Gynodioecious Pvt. Seed 

company

Popularly called Madhu Bindu, 
semi-dwarf, greenish-yellow 
oblong-shaped fruits with orange 
thick flesh and delicious flavor.

2. Suvrana 
Queen - Pvt. Seed 

company -

3. Majestic - Pvt. Seed 
company -

4. Arka 
Prabhath Gynodioecious IIHR, 

Banglore

It is an advanced generation hybrid 
derived from the cross of (Arka 
Surya × Tainung-1) × Local Dwarf 
with large sized fruits of 1200 to 
1500 g and smooth skin.

5. Arka Surya Gynodioecious IIHR, 
Banglore

Arka Surya is a cross between 
Sunrise Solo x Pink Flesh Sweet 
with medium sized fruits of 600 to 
800 g and smooth skin.

6. Ajeet - Pvt. Seed 
company -

7. Maharaja-22 - Pvt. Seed 
company -

8. CO-2 Dioecious TAU, 
Coimbatore

Mainly used for papain extraction, 
fruits are of medium size with 
yellow, sweet flesh.

9. Mohini - Pvt. Seed 
company -

10. Vinayak Gynodioecious Pvt. Seed 
company Tolerant to virus

11. Yellow 
Indian Gynodioecious Pvt. Seed 

company -

12. Pusa 
Nanha Dioecious IARI, New 

Delhi

It is developed by gama radiation 
(Mutant dwarf) by treating the 
seeds of papaya strain Pusa 1-15 
with 15 Kr gamma rays.

PCR-RAPD analysis
PCR reaction was carried on each DNA sample in a 25 µl 

reaction mixture containing 2.5 µl Taq Buffer (1X), 2 µl MgCl2 
(2 mM), 1.25 µl dNTPs (0.5 mM), 0.3 µl Taq polymerase (1 U), 
2.5 µl primer (1 µM), 1 µl genomic DNA (25 ng) and 15.45 µl 
of sterile de ionized water. DNA amplification was performed 
in a thermal cycler (Bio-Rad, USA). RAPD-PCR reaction 
program is as follows: Preheat at 94°C for 5 minutes, followed 
by 35 cycles of denaturation at 94°C for 45 seconds, annealing 
at Tm-5°C for 25 seconds, extension at 72°C for 1 minute and 
final extension at 72°C for 5 minutes and then reaction was 
held at 4°C. The amplified PCR products were visualized on 
1.2% agarose gel in 1X TAE buffer and gel images were 
recorded using gel documentation system (Bio-Rad, USA).

Data analysis
For comparative RAPD profiling, band positions of each 

genotype and primer were measured. This RAPD profiling was 
done only with those combinations of primers and genotypes 
which showed consistent bands after PCR amplification. The 
band score was assigned for unambiguous polymorphic 
markers; a score of ‘0’ was assigned for the absence of band 
and ‘1’ was assigned for presence of band. This data was used 
for calculation of Jaccard’s similarity coefficient using the 
Free-Tree software [22]. After this analysis, the resulted 
similarity matrix was used for Unweighted Pair Group Method 
with Arithmetic Mean (UPGMA) based dendrogram analysis 
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using software NTSYSpc. Principal components analysis (PCA) 
was also performed for analysis of genetic diversity by 
NTSYSpc.

Results and Discussion
Polymorphism and marker efficiency

Out of the 42 primers used, 33 resulted in reproducible 
amplification patterns and amplified 150 polymorphic 
markers and the polymorphism was 58.36% (Table 2). The 
average of bands per primer was 7.78 while average 
polymorphic bands per primer were 4.54. Primers OPC-02, 
OPC-18, OPC-20, OPE-02, OPE-08, OPE-11, OPE-14 and OPE-
19 were the highly informative primers as they showed 75% 
or more than 75% polymorphism. These eight highly 
polymorphic primers produced 77.85% polymorphism (Table 
3). Gel image showing amplification profile with primer OPC-
13 is shown in Figure 1.

In the present study we have obtained 58.36% of 
polymorphism which is higher than the previous study of 
genetic diversity of papaya using RAPD markers (25.5%) [13], 
29.2% of polymorphism using ISSR markers [14], 42% using 
AFLP markers [17], 29.19% of polymorphism using ISSR 
markers [20] and 35% and 37.2% of the polymorphism using 
ISSR and RAPD markers, respectively [15]. The level of 
polymorphism obtained in this study is lower to that obtained 
in earlier study on papaya (84.32%) involving RAPD and ISSR 
markers [15]. Another study based on AFLP marker [19,20,23-
26] also reported comparatively higher level of polymorphism 
(96.6% [26]; 66.08% [24]; 68.63% [19]; 69.58% [20]) in papaya. 
However, reports estimating lower polymorphism (27.5%) are 
also available [25].

Table 2. RAPD primers used for genetic diversity  
analysis among 12 papaya varieties.

S. No. Primer 
Name

Sequence 
(5’-3’) GC%

Total number 
of bands 
amplified

Number of poly-
morphic bands

Percentage 
of polymor-

phism
1 OPC-01 TTCGAGCCAG 60 7 3 42.85
2 OPC-02 GTGAGGCGTC 70 8 6 75
3 OPC-03 GGGGGTCTTT 60 10 5 50
4 OPC-04 CCGCATCTAC 60 10 4 40
5 OPC-05 GATGACCGCC 70 * * *
6 OPC-06 GAACGGACTC 60 * * *
7 OPC-07 GTCCCGACGA 70 10 6 60
8 OPC-08 TGGACCGGTG 70 9 6 66.67
9 OPC-09 CTCACCGTCC 70 11 5 45.46
10 OPC-10 TGTCTGGGTG 60 9 3 33.34
11 OPC-11 AAAGCTGCGG 60 12 8 66.67
12 OPC-12 TGTCATCCCC 60 8 5 62.50
13 OPC-13 AAGCCTCGTC 60 10 6 60
14 OPC-14 TGCGTGCTTG 60 12 7 58.33
15 OPC-15 GACGGATCAG 60 10 6 60
16 OPC-16 CACACTCCAG 60 8 4 50
17 OPC-17 TTCCCCCCAG 70 * * *
18 OPC-18 TGAGTGGGTG 60 9 7 77.78
19 OPC-19 GTTGCCAGCC 70 7 3 42.85
20 OPC-20 ACTTCGCCAC 60 8 6 75
21 OPE-01 CCCAAGGTCC 70 7 3 42.86
22 OPE-02 GGTGCGGGAA 70 9 7 77.78
23 OPE-03 CCAGATGCAC 60 * * *

24 OPE-04 GTGACATGCC 60 10 4 40
25 OPE-05 TCAGGGAGGT 60 6 4 66.67
26 OPE-06 AAGACCCCTC 60 8 5 62.5
27 OPE-07 AGATGCAGCC 60 * * *
28 OPE-08 TCACCACGGT 60 7 6 85.71
29 OPE-09 CTTCACCCGA 60 * * *
30 OPE-10 CACCAGGTGA 60 * * *
31 OPE-11 GAGTCTCAGG 60 5 4 80
32 OPE-12 TTATCGCCCC 60 3 1 33.33
33 OPE-13 CCCGATTCGG 70 8 5 62.5
34 OPE-14 TGCGGCTGAG 70 4 3 75
35 OPE-15 ACGCACAACC 60 * * *
36 OPE-16 GGTGACTGTG 60 11 6 54.54
37 OPE-17 CTACTGCCGT 60 4 1 25
38 OPE-18 GGACTGCAGA 60 * * *
39 OPE-19 ACGGCGTATG 60 8 6 75
40 OPE-20 AACGGTGACC 60 4 2 50
41 OPAZ-05 TCCGCATACC 60 3 2 66.67
42 OPB-17 AGGGAACGAG 60 2 1 50

Primers starting with the letter OP are operon primers. *Primers did not produce 
reproducible bands. Percentage polymorphism obtained by highly polymorphic 
primers is written in bold.

Table 3. Summary of amplification patterns  
generated by the 33 RAPD primers.

Description Number/
frequency

Total number of primers screened with all the twelve papaya 
cultivars 42

Number of primers that produced polymorphic bands 33
Total number of bands amplified by the primers that 
generated polymorphic bands 257

Average number of bands per primer 7.78
Total number of polymorphic bands 150
Percentage of polymorphic bands 58.36
Average number of polymorphic bands per primer 4.54
Total number of primers that produced 75% and more 
polymorphic bands 8

Total number of bands produced by these 8 primers 58
Number of polymorphic bands produced these 8 primers 45
Percentage of polymorphic bands 77.58%
Average number of polymorphic bands obtained by these 8 
highly polymorphic primers primer 5.62

Average size of the fragments amplified 4000 bp-300 bp

Figure 1. Fingerprinting profile of 12 papaya varieties obtained 
through RAPD primer OPC-13. Lanes: M-Lambda  

DNA/Hind III, 1-Honey Dew, 2-Survarna Queen, 3-Majestic,  
4-Arka Prabhath, 5-Arka Surya, 6-Vinayak, 7-Ajeet, 8-Pusa Nanha,  

9-Maharaja-22, 10-CO-2, 11-Mohini, 12-Yellow Indian.
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Genetic diversity analysis
Data of 150 polymorphic markers were used for the genetic 

diversity analysis among 12 varieties of Carica papaya. Jaccard 
similarity coefficient between the genotypes was ranged from 
0.355 to 0.733 (average 0.53). Lowest similarity was showed by 
Mohini and Majestic (0.355) followed by Mohini and Ajeet 
(0.381). Highest similarity was showed by Honey Dew and 
Majestica (0.733), followed by Surya and Vinayak (0.687) (Table 
4). The range of Jaccard similarity coefficient is narrow and 
lower than the previous study in which moderate level of 
genetic diversity (the range of 0.30–0.99; average: 0.65 and 
0.26–0.95; average: 0.61 using RAPD and ISSR, respectively) 
was obtained within papaya varieties [23]. RAPD analysis 
revealed only a moderate degree of genetic diversity among 
the cultivars examined in this study. However, the amount of 
papaya germplasm sampled in this study was small and 
weighted with Hawaiian cultivars. Simple matching coefficients 
ranging from 0.7 to 0.95 suggest a rather narrow genetic base 

for domesticated papayas [16]. In another study, the average 
pair wise genetic similarity was 0.880 and ranged from 0.741 to 
0.978 were obtained using AFLP markers in papaya was narrow 
than the present study [17]. de Oliveira et al. [20] reported pair-
wise estimates of similarity ranged from 0.328 to 0.942 in Carica 
papaya using AFLP markers which was the moderate level of 
genetic diversity. The Jaccard similarity coefficient values 
ranged from 0.28-0.806 which is the moderate level of genetic 
diversity than present study [13]. Jaccards similarity matrix was 
then used for cluster analysis and dendrogram (Figure 2) 
construction by using software NTSYSpc [26]. This UPGMA [27] 
based cluster analysis showed four clusters in the dendrogram. 
In the dendogram, twelve genotypes of papaya were grouped 
into four distinct clusters. Cluster I consisted of only Mohini 
which showed most divergence with others. Cluster II contained 
one variety namely Yellow Indian while cluster III contained 
eight genotypes included Ajeet, Pusa Nanha, Suvarna Queen, 
Arka Prabhath, Honey Dew, Majestica, Surya and Vinayak. 
Cluster IV contained two genotypes Maharaja-2and CO-2.

Table 4. Jaccard’s similarity coefficient among 12 varieties of papaya.

Honey Dew Suvarna 
Queen Majestic Arka Pra-

bhath
Arka 
Surya Vinayak Ajeet Pusa 

Nanha
Mahara-
ja-22 CO-2 Mohini Yellow 

Indian
Honey Dew 1
Suvarna Queen 0.635 1
Majestic 0.733 0.643 1
Arka Prabhath 0.658 0.612 0.653 1
Arka Surya 0.628 0.568 0.623 0.647 1
Vinayak 0.655 0.636 0.608 0.605 0.687 1
Ajeet 0.589 0.509 0.517 0.553 0.522 0.589 1
Pusa Nanha 0.573 0.549 0.555 0.551 0.560 0.517 0.473 1
Maharaja-22 0.569 0.518 0.488 0.534 0.517 0.526 0.495 0.469 1
CO-2 0.525 0.513 0.533 0.529 0.538 0.591 0.519 0.415 0.571 1
Mohini 0.427 0.422 0.355 0.431 0.390 0.420 0.381 0.385 0.433 0.402 1
Yellow Indian 0.534 0.509 0.504 0.427 0.535 0.504 0.444 0.459 0.441 0.425 0.394 1

Figure 2. Dendrogram showing clustering of 12 papaya varieties 
based on RAPD markers.

Bootstrap analysis of the dendrogram was also used to 
support the clusuters of dendrograms. There was the branch 
point that grouped all the papaya genotypes of into two 
cluster and at the branch Mohini and Yellow Indian had the 
bootstrap value 100 and 91 respectively.

PCA was performed using 150 polymorphic RAPD markers. 
PC1, PC2 and PC3 accounted for 55.53%, 7.11% and 5.46% of 
variation, respectively. The cumulative variation of first three 
PCs was 68.10%. The contribution of first five PCs and first 10 
PCs was 77.82% and 95.70% of total variability, respectively. 
The first two PCs were used for 2-dimensional plot (Figure 3) 
and first three PCs resulted in 3-dimensional plots (Figure 4). 
Although PCA did not result in clear cut clusters but the 
clustering pattern obtained in both 2-D and 3-D plots was 
similar to that obtained in dendrogram. As in dendrogram, 
Mohini variety was most distant from all other varities and 
separated as outgroup in both 2-D and 3-D plots. The clustering 
pattern of other 11 varieties of papaya in 2-D and 3-D plot was 
similar to that obtained in dendrogram. The variety Yellow 
Indian representing sole member of Cluster II of UPGMA also 
showed dissimilarity with other varieties in PCA 2-D and 3-D 
plots. Out of eight varieties namely Ajeet, Pusa Nanha, Suvarna 
Queen, Ark Prabhath, Honey Dew, majestic, Surya and Vinayak 
of cluster III of UPGMA dendrogram clustered together in PCA 
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plots also except Ajeet and Pusa Nanha which shows 
dissimilarity therefore not clustered along with these six 
varieties. Two genotypes CO-2 and Maharaja-2 which formed 
cluster IV of dendrogram also grouped together in PCA 2-D 
and 3-D plots. Saran et al. [24] have performed PCA for genetic 
diversity analysis in papaya based on RAPD markers. The first 
and second PCs accounted for 31.18% and 18.15% of total 
variability, respectively. The first 10 PCs accounted for 98.79% 
of the total variability which is higher than that obtained in this 
study. Saran et al. [24] have also performed PCA in based on 
morphological traits and ISSR makers. In morphological 
sections, the first, second and third PCs accounted for 31.74%, 
23.80% and 16.56% of total variability, respectively. The first 5 
principal components accounted for 87.17% of the total 
variability and the first 10 principal components contributed 
98.79% of the total variability. In ISSR based study, the first and 
second PCs accounted for 29.12% and 16.73%, respectively, of 
the total variation. In a previous study of papaya and its related 
plants, UPGMA dendrogram had been constructed using AFLP 
markers were classified into three main clusters. These clusters 
were supported by the PCA analysis in which similar cultivars 
were found in same group as in dendrogram clusters [15].
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Figure 3. Two-dimensional plots of principal components 1 and 2 
based on RAPD markers.Name of varieties: 1-Honey Dew, 

2-Survarna Queen, 3-Majestic, 4-Arka Prabhath, 5-Arka Surya, 
6-Vinayak, 7-Ajeet, 8-Pusa Nanha, 9-Maharaja-22, 10-CO-2, 

11-Mohini, 12-Yellow Indian.
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Figure 4. Three dimensional plots of principal components 1, 2 and 
3 based on RAPD markers. Name of varieities: 1-Honey Dew, 
2-Survarna Queen, 3-Majestic, 4-Arka Prabhath, 5-Arka Surya, 
6-Vinayak, 7-Ajeet, 8-Pusa Nanha, 9-Maharaja-22, 10-CO-2, 

11-Mohini, 12-Yellow Indian

In the present study, we obtained narrow level of genetic 
diversity between the papaya varieties of India. The reasons 
for the narrow genetic diversity of C. papaya L. may be that 
the improvement in papaya species has not been done over 
the years with a large number of genotypes which may have 
contributed to this situation. Another reason for the low 
variability may be related to reproductive barriers resulting 
from incompatibility between the papaya genotypes and 
species from other genera of the family, creating a restricted 
gene pool [25]. Another previous study was performed 
between Indian Carica papaya accessions and the non-Indian 
Carica papaya accessions for inherent genetic diversity which 
resulted that Indian Carica papaya accessions produced more 
alleles per SSR marker (5.1 alleles/locus) as compared to those 
generated from the non-Indian Carica papaya accessions (3.5 
alleles/locus) [28]. It means Indian papaya accession have 
more genetic diversity than the non-Indian papaya accessions.

Conclusion
RAPD marker was potential tools to detect polymorphism 

in papaya cultivars which allow for genetic diversity analysis. 
There is an urgent need to create more genetic diversity in 
papaya as in previous and present study obtained moderate 
and narrow genetic diversity.
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