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Strawberry (Fragaria x ananassa Duch.) being an important commercial member of Rosaceae family, accounts for 

high nutritive value in terms of antioxidative and antibacterial properties. Owing to its unique therapeutic values, present 

study was done with the objective of characterizing 20 Fragaria x ananassa cultivars from Dr Yashwant Singh Parmar 

University of Horticulture and Forestry, Nauni, Solan, India based on their morphological descriptors and expressed 

sequence tags - simple sequence repeat (EST-SSR) markers of Rubus ellipticus L. (Smith). Broad phenotypic variability 

among the Fragaria x ananassa cultivars was detected using morphological descriptors. A set of 68 R. ellipticus 

EST-SSR primers were used for cross transferability analysis in strawberry cultivars for polymorphic marker identification 

and genetic diversity analysis. Out of 68 EST-SSRs, 51 (75%) showed amplification among the strawberry cultivars. The 

average (PIC) values of all the polymorphic loci for 20 strawberry cultivars were 0.34. Highest polymorphism information 

content (PIC) value (0.68) was obtained with contig 218, followed by contig 714 (0.65) and contig 408 (0.63), indicating 

that contig 218 has the most regions of diversity as amplified with these SSR and was found most suitable for cross 

transferability. The unweighted pair group method with arithmetic mean (UPGMA) was designed showing two separate 

groups for 20 cultivars of Fragaria x ananassa. The present study revealed that R. ellipticus microsatellites when used were 

able to distinguish strawberry cultivars accurately.  
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Introduction 

The family Rosaceae comprises of approximately 

3000 species which includes fruit crops, berries and 

ornamental plants. The Rosaceae family is further 

divided into three sub-families as, Rosoideae, 

Spiraeoideae and Dryadoideae. The sub-family 

Rosoideae includes cultivated berries of the genera 

Rubus (raspberry and blackberry) and Fragaria 

(strawberry). Strawberry and raspberry are rich in 

antioxidants and have high commercial value due to 

their appearance, taste and aroma. Strawberry and 

raspberry accounts for the most consumed berries 

worldwide and their production and consumption has 

shown a hike by 50% from 2010-2020
1
.  

In recent years, increased demand of strawberry and 

raspberry warrants their enhanced production 

worldwide. This necessitates the development of high 

yielding and improved quality varieties. However, the 

rate of success of breeding these fruit crops is slow due 

to heterozygosity and polyploidy. Therefore, molecular 

markers here play a crucial role in pacing up the speed 

and accuracy of germplasm assessment at any stage of 

plant's growth. Considering breeding in Fragaria and 

Rubus it is very complicated due to polyploidy and the 

heterozygous nature of the germplasm. Therefore, 

molecular markers here play a crucial role in pacing up 

the speed and accuracy of germplasm assessment at 

any stage of plant's growth.  

Among molecular markers, simple sequence repeat 

(SSR) or microsatellite markers consisting of tandem 

repeats of di-, tri-, tetra-, penta- and hexa-nucleotide are 

better due to their abundance and robust nature
 2-3

. Due 

to their high polymorphism, co-dominant inheritance 

and abundance in genome, they play an important role in 

identifying genomic regions associated with 

horticulturally desirable traits. SSR markers for Rubus 

ellipticus were first developed in 2020
4
. SSR 

transferability generally depends on genetic distance 

between individual species and is more successful if 

done within closely related species and genera. 

The Fragaria and Rubus, both share the same basic 

number of chromosome (x = 7) (belonging to same 

————— 

*Author for correspondence:

1992samritisharma@gmail.com



INDIAN J BIOTECHNOL, JANUARY 2021 

 

 

82 

subfamily Rosoideae) and have close phylogenetic 

relationships in terms of their nuclear and chloroplast 

DNA markers. These facts indicate the collinearity 

between Fragaria and Rubus genome
5
. Transferability 

is very crucial in these species because it helps in 

molecular characterization of wild species and 

germplasm that in turn accelerate the breeding of new 

cultivars by saving time and cost. Keeping the 

usefulness of EST-SSR markers for transferability 

analysis and its need to characterize the strawberry 

germplasm, the present study aimed at precise 

assessment of genetic diversity among various 

cultivars of strawberry.  
 

Material and Method 
 

Phenotypic: Morphological Characterization of Fruits  

The conducted site of the experiment was semi-

temperate agro-climatic region at Dr Yashwant Singh 

Parmar University of Horticulture and Forestry,  

Nauni, Solan, Himachal Pradesh, India. Healthy and 

uniform runners of twenty strawberry cultivars i.e. 

Torrey, Fern, Red Coat, Pride, Addie, Dana, Etna, 

Tioga, Chandler, Selva, Majestic, Dilpasand, Katrain 

Sweet, Sweet Charlie, Belrubi, Gorella, Brighton, 

Douglas, Shasta and Confectura which were grown on 

raised beds with spacing 45 × 30 cm, in three 

replications. The breadth and length of berries were 

evaluated in cm with Vernier calliper and mean was 

calculated. The weight was recorded for representative 

fruits of each cultivar from each plant and average 

weight per berry was noted. The yield per plot was 

calculated by multiplying the average number of fruits 

harvested per plants with mean weight. The randomly 

selected berries from all the cultivars in each 

replication were used to calculate total soluble solids 

with refratometer (0-32 ˚Brix range)
6
.  

 

Plant Material and DNA Extraction 

A total of 20 cultivars of strawberry planted in the 

field of Department of Fruit Science, Dr Yashwant 

Singh Parmar University of Horticulture and Forestry, 

Nauni, Solan, were selected to find out the cross 

species transferability. The list of cultivars used in 

present study is mentioned in Table 1. Young and 

healthy leaves were collected in replicates, then 

immediately put in silica gel to dry until DNA 

extraction. Genomic DNA was extracted using the 

modified cetyltrimethyl ammonium bromide (CTAB) 

method
7-8

. The quality and quantity of genomic  

DNA was determined by Nano Drop 1000 

spectrophotometer and also using uncut lamda DNA 

standard on 1.0% agarose gel electrophoresis
9
.  

Cross Amplification of Rubus ellipticus EST-SSR Markers in 

Strawberry 

Cross-species amplification of strawberry was 

performed using unigenes set and 68 EST-SSR 

primers of R. ellipticus which were obtained from an 

earlier study
 
on R. ellipticus (Sharma et al, 2021). The 

polymerase chain reactions (PCR) were performed in 

20 µL reaction volume containing  

1.0 µL (50 ng) of template DNA, 1.6 µL of 25 mM 

dNTPs, 0.6 µL (10 µM) of each primer solution,  

0.1 µL of Taq polymerase, 2.0 µL of 10 X PCR  

Taq buffer and 14.1 µL of sterilized ddH2O. The  

PCR amplification protocol was standardized in a 

touchdown thermal cycler of ProFlex
TM 

thermal cycler 

(Applied Biosystem, Inc.). The PCR reagents (dNTPs, 

Taq enzyme and buffer) were purchased from Genaxy 

Scientific Pvt Ltd and primers were synthesized from 

Eurofins genomics (GeNei
Tm

). The PCR cycling 

parameters were used i.e denaturation at 95
o
C for 5 

min followed by 35 cycles of three steps; 1 min of 

denaturing at 94
o
C, annealing according to Tm of 

primer for 1 min, extension at 72
o
C, and final 

extension for 10 min at 72
o
C. Touchdown of 2

o
C for 

the first 20 cycles was carried out
10

. The amplified 

products were mixed thoroughly with 6X loading dye 

and resolved on 3.5% agarose gel which was run at 

constant voltage at the rate of 5V/cm under 

submerged condition of TAE (tris base: glacial acetic 

acid: EDTA) buffer for two hours. DNA bands were 

visualized on UV transilluminator and photographs 

were taken on gel documentation system (Syngene, 

Cambridge, UK).  

 
Data Analysis 

Qualitative and quantitative analysis of 

morphological data was carried out with R software. 

Nbclust program of R software was used for the 

cluster formation between cultivars. The distance 

between groups was estimated with Euclidian 

distance matrix. The combined analysis i.e. 

morphological and molecular data was also carried 

out by using Euclidian distance matrix. For molecular 

analysis of EST-SSRs, number of polymorphic bands 

was scored by each primer as 1 and 0 for presence and 

absence of band, respectively. The banding pattern in 

each band of a specific microsatellite marker was 

recorded for each genotype and was assigned a letter. 

The analysis of data was carried out with NTSYS-pc 

(Numerical Taxonomy System, Applied Biostatistics, 

Inc., New York, USA) version 2.1 software package 

(Rohlf, 2000). The unweighted pair group method 
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arithmetic average (UPGMA) was used to construct a 

dendrogram by using similarity matrix
11

. The 

estimation of the discriminatory power of a locus  

was provided by polymorphism information content 

(PIC) by taking into account not only the number of 

alleles that are expressed but also the relative 

frequencies of those alleles. The PIC value was 

calculated using software Power Maker version 3.25. 

The PIC value was calculated by using given formula: 
 

PIC=1–Σpi
2
  

 

pi frequency of the ith allele
12-13

. 
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Results and Discussion 

The knowledge regarding the genetic diversity, 

relatedness with and between strawberries cultivars 

are of paramount importance to ensure the long-term 

success of strawberry improvement programs. 

Populations with maximum genetic diversity are 

useful source for broadening the genetic base in any 

breeding program. Molecular markers in this direction 

approved as an efficient and powerful tools to 

illustrate genetic diversity, determining percentage 

and revealing phylogenetic relationships among 

various strawberry species.  
 

Morphological Characterization of Fruits 

Wide range of diversity was reflected for various 

morphological characters found within the genus. 

Table 2 depicts morphological variability among 20 

cultivars of strawberry. The cultivars of strawberries 

showed significant variation among themselves with 

respect to total soluble solids (TSS) ranging from 

minimum in ‘Red coat’ (8.0) to maximum in ‘Selva’ 

(12.3). The variation observed in TSS is due to 

varietal differences as evident from earlier reports
14-15

. 

The highest total sugar (8.7) reducing sugar (4.9) and 

non reducing sugar (3.4) was observed in ‘Sweet 

Charlie’ followed by ‘Chandler’ and ‘Dilpasand’ 

(Table 2) whereas the lowest total sugar (6.0), 

reducing sugars (3.3) and non-reducing sugars (2.4) 

was observed in ‘Etna’. In the previous study in 

strawberry, high sugar content, reducing sugar and 

non-reducing sugar was observed in cultivars 

‘Chandler’, Torrey and Selva whereas low sugar 

content, reducing sugar and non-reducing sugar were 

observed in cultivars ‘Etna’ and ‘Dana’. The 

differences in fruit sugar are mainly due to the 

growing conditions and climatic variation
16

.  

All cultivars of strawberry produced white color 

flower with hermaphrodite flowering type. Maximum 

plant height was observed in ‘Chandler’ (24.9 m) and 

‘Sweet Charlie’ (22.9 m) whereas minimum plant 

height in ‘Red coat’ (15.5 m). Maximum number of 

leaves varied from 31.3 in ‘Chandler’ to 15 in ‘Red 

coat’. Different cultivars of strawberry showed 

significant variation in berry weight and yield per 

plot. The maximum berry weight was obtained in 

‘Gorella’ (12.3 gm) followed by ‘Belrubi’ (11.5) and 

‘Chandler’ (10.7) whereas minimum 4.6 in ‘Majestic’ 

(Table 2). Kumar et al.
17

 cultivated nine cultivars of 

strawberry at Krishi Vigyan Kendra; Pulwama, 

Jammu and Kashmir observed that ‘Tioga’ (12.24 gm) 

produced maximum berry weight followed by 

‘Chandler’ (12.11 gm) whereas minimum was 

observed in ‘Selva’ (8.71 gm).  
 

The strawberry cultivars also showed significant 

difference in terms of number of fruits per plant, yield 

and yield per plot. Cultivar ‘Chandler’ produced large 

number of fruits per plant i.e. `32.0’ as compared to 

`13.0’ in Tioga. Maximum yield per plot of berries 

was observed in ‘Gorilla’ (2.7 kg/plot) and ‘Chandler’ 

(2.7 kg/plot) whereas minimum was observed in 

‘Fern’ (0.64 kg/plot). It was also noted that ‘Tioga’ 

(2.26 kg) and ‘Chandler’ (2.19 kg) produced 

marketable maximum yield whereas minimum yield 
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per plot was recorded in ‘Selva’ (1.08 kg) (Kumar  

et al, 2012). From this study, it was observed that 

yield/ plot is influenced with various environmental 

factors like temperature, photoperiod and light 

intensities. Pedigree analysis of strawberry cultivars 

revealed crosses between different parents. None of 

the cultivar has similar parents. The present 

investigation showed that among 20 cultivars 

Chandler, Sweet Charlie, Red coat, Selva, Gorella and 

Belrubi were the best in physico-chemical and yield 

attributes at Himachal Pradesh conditions.  

 
Cross Transferability Polymorphism of Rubus ellipticus  

EST-SSRs 

Analysis of variability through PCR based 

molecular markers is the cheapest and most rapid 

method of characterizing the relationships among 

different genotypes. Among various PCR based 

molecular markers, EST-SSRs are mostly used 

marker systems for genetic diversity analysis
18

. The 

previous transcriptomic study on R. ellipticus showed 

that majority of best matches were obtained with 

Fragaria vesca followed by Prunus persica
 
(Sharma 

et al, 2021). So, the development and transferability 

of SSR markers from EST sequences saves both, time 

and cost and hence, present study made with aim to 

minimize labour and time consumption. Inter Proscan 

analysis of indicate that p-loop containing nucleoside 

triphosphate hydrolase domain and WD40 repeats are 

abundantly present in the leaves of R. ellipticus 

(supplementary Fig. 1 & 2). These unigenes were 

successfully blast hits were assigned GO term in 

which ATP binding are abundantly in molecular 

function followed by oxidation-reduction process in 

biological process and integral component of 

membrane in cellular components.  

Till now very few reports are available on the 

transferability of EST based SSR markers to 

strawberry. In the present study, a set of 68 EST-SSR 

primer pairs were selected to carry out polymorphism 

study in 20 cultivars of strawberry (Table 3). Out of 

68 markers, 51 (75%) produced clear amplicon of 

expected size and 17 failed to amplify DNA product. 

Out of the successful markers, 48 (94%) showed 

polymorphism in 20 cultivars of strawberry. In the 

previous study on R. ellipticus 61 out of 68 produced 

clear amplicon whereas seven were unable to amplify
 

(Sharma et al, 2021). High polymorphism level of 

R. ellipticus primers in strawberry revealed that this 

marker system is suitable for genetic diversity and 

cross transferability study.  

A total of 341 fragments were generated from 68 
EST-SSR primer combinations which are distributed 
between 100 and 1000 bp of which 121 (36%) were 
polymorphic. The previous study on R. ellipticus 
showed 584 polymorphic bands out of 646 revealing 

90.3% polymorphism (Sharma et al., 2021). The 
number of polymorphic fragments ranged from one to 
42. The average number of amplified fragments per 
informative primer was 6.69. In R. ellipticus, average 
number of amplified fragments per informative 
primer was 10.61 (Sharma et al., 2020). The mean 

genetic distance estimated by the Jaccard coefficient 
among all cultivars was ranging from 0.46 to 0.94 
with an average of 0.70. The mean genetic distance 
estimated with Jaccard coeffiecient in R. ellipticus 
was ranged from 0.24 to 0.69 with an average of 0.47. 
The genetic distance was greatest (0.46) between two 

groups i.e ‘Tioga’ and ‘Confectura’, and between 
‘Tioga’ and ‘Chandler’ and smallest (0.94) between 
‘Shasta’ and ‘Confectura’. PIC values reveal allelic 
diversity and frequency among cultivars which ranged 
from 0 to 0.68 with an average to 0.34. The highest 
PIC value (0.68) was obtained with contig 218, 

followed by contig 714 (0.65) and contig 408 (0.63), 
The study reveals that Contig 218 has the most 
regions of diversity as amplified with these SSR and 
was found most suitable for cross transferability. 
However, the markers having lower PIC value were 
less powerful for diversity analysis as compared to 

those with higher PIC values. The PIC value obtained 
in the present study is similar that obtained in  
R. ellipticus i.e 0.67

 
(Sharma et al, 2017). Our results 

indicate the EST-SSRs markers are suitable for 
diversity analysis and fingerprinting due to their high 
PIC values. 

The dendrogram obtained by UPGMA hierarchical 

clustering analysis identified the formation of two 

groups with a clear separation of the cultivars at 61% 

similarity. Group I consisted of 13 cultivars viz 

Torrey’, ‘Selva’, ‘Red coat’, ‘Addie’, ‘Etna’, 

‘Majestic’, ‘Douglas’, ‘Dilpasand’, ‘Katrain Sweet’, 

‘Sweet Charlie’, ‘Dana’, ‘Brighton’, ‘Tioga’ whereas 

group II contained seven cultivars viz., ‘Fern’, ‘Pride’, 

‘Belrubi’, ‘Gorella’, ‘Chandler’, ‘Shasta’, ‘Confectura’. 

Cluster A was further divided into sub-clusters, i.e. 

A1 and A2 at 64% similarity. The sub-cluster A1 was 

found to contained only twelve cultivars viz Torrey’, 

‘Selva’, ‘Red coat’, ‘Addie’, ‘Etna’, ‘Majestic’, 

‘Douglas’, ‘Dilpasand’, ‘Katrain Sweet’, ‘Sweet 

Charlie’, ‘Dana’ and ‘Brighton’, whereas sub-cluster 

A2 contained  only  one cultivar viz ‘Tioga’. Cluster B 
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was also subdivided into two sub-clusters, i.e. B1 and 

B2 at 0.69% similarity. The sub-cluster B1 was found 

to contained four cultivars viz ‘Fern’, ‘Pride’, 

‘Belrubi’ and ‘Gorella’ whereas sub-cluster B2 

contained only three cultivars viz Chandler’, ‘Shasta’, 

‘Confectura’. Among these maximum similarity of 

94% was found between ‘Shasta’ and ‘Confectura’ 

(Fig. 1, 2 & 3).  

Combined dendrogram of morphological and 

molecular data based on Euclidian distance matrix 

also form two groups; Group A contained 17 cultivars 

viz ‘Selva’, ‘Red coat’, ‘Addie’, ‘Etna’, ‘Majestic’, 

‘Douglas’, ‘Dilpasand’, ‘Katrain Sweet’, ‘Sweet 

Charlie’, ‘Dana’, ‘Brighton’, ‘Tioga’,‘Fern’, ‘Pride’, 

‘Shasta’, ‘Confectura’ whereas ‘Belrubi’, ‘Gorella’ 

and ‘Chandler’, placed into a separate group (Fig. 4). 
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Bootstrap analysis was also carried out to check the 

robustness of the generated individuals. Robust 

clusters (60%) were discovered between many 

cultivars. The number at the fork in the dendrogram 

represented the number of times the group consisting 

of the cultivars below that fork occurred (Fig. 4). 

Maximum similarity was found between ‘Shasta’ and 

‘Confectura’ but our main concern is to find out 

genetically distinct cultivars. Categorization of 

cultivars using molecular analysis determines genetic 

similarities and dissimilarities which help in the 

selection of genetically diverse parents (selected from 

different clusters instead from same cluster) for 

breeding lines development from multiple crosses. 

Such recombination breeding program will increases 

the yield and also broaden the genetic base for wider 

adaptability due to the involvement of already adapted 

cultivars.  

From this study, it was revealed that EST-SSRs 

based molecular characterization serve as a potential 

 
 

Fig. 1 — Dendrogram of 20 varieties of strawberries based on 68 EST-SSR primers of Rubus ellipticus 

 

 
 

Fig. 2 — Gel image of EST-SSR contig 397 primer 
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source in the detection of genetically distinct cultivars 

as well as well as sorting of duplication for 

morphological close cultivars. The utilization of 68 

EST-SSR markers revealed a high level of genetic 

polymorphism and these 51 EST-SSR markers gave 

sufficient information for unambiguous identification 

of 20 strawberry cultivars.  

 

Conclusion 

It is important to assess the genetic background of 

germplasm for better utilization of genetic resources. 

For well planned conservation and management 

strategies in strawberry, information related to genetic 

differences between cultivars is essential. Sometimes, 

uncertain diversity and artificial groups of species 

create confusion during classification of strawberry 

cultivars, both at scientific and commercial levels. So, 

the use of microsatellite markers and morphological 

descriptors showed major impact on genetic analysis 

of strawberry cultivars. Our results show that the 

strawberry cultivars of present study were relatively 

untapped. There is no doubt that these unique EST-

SSR markers of R. ellipticus will be helpful in cultivar 

identification, QTL analysis and population structure 

 
 

Fig. 3 — Gel image of EST-SSR contig 11 primer 

 

 
 

Fig. 4 — Morphological and molecular based Euclidian dendrogram 
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detection. In addition, the genetic diversity analysis is 

a pre-requisite for exploration and utilization of 

cultivars for breeding programs.  
 

References 
1 Ahmad R, Hussain B & Ahmad T, Fresh and dry fruit 

production in Himalayan Kashmir, Sub-Himalayan Jammu 

and Trans-Himalayan Ladakh, India, Heliyon, 7 (2021) 

e05835.  

2 Samriti, Kaur R, Shilpa, Malhotra E V, Poonam et al, 

Assessment of genetic diversity in Rubus ellipticus (Smith) 

using molecular markers, Proc Indian National Sci Acad, 83 

(2017) 669-679. 

3 Sharma S, Dobbal S, Kumar R & Thakur S, Morphological, 

physiological and molecular analysis of Line 3 Tester in 

Populus deltoides Bartr, Indian J Plant Physiol, 25 (2020) 

87-106.  

4 Sharma S, Kaur R, Kumar K, Kumar D & Solanke A K U, 

Genetic variability in Rubus ellipticus collections assessed by 

morphological traits and EST-SSR markers, J Plant Biochem 

Biotechnol, 30 (2021) 37-55. Doi.org/10.1007/s13562-020-

00567-8 

5 Bushakra J M, Stephens M J, Atmadjaja A N, Lewers K S, 

Symonds V V et al, Construction of black (Rubus 

occidentalis) and red (R. idaeus) raspberry linkage maps and 

their comparison to the genomes of strawberry, apple and 

peach, Theor Appl Genet, 125 (2012) 311-327 

6 Belakud B, Bahadur V & Prasad V M, Performance of 

strawberry (Fragaria x ananassa Duch.) varieties for yield 

and biochemical parameters, J Pharm Innov, 4 (2015) 05-08. 

7 Biswas J, Melmaiee K, Elavarthi, Jones J & Reddy U, 

Characterization of strawberry (Fragaria spp.) accessions by 

genotyping with SSR markers and phenotyping by leaf 

antioxidant and trichome analysis, Scientia Horticulturae, 

256 (2019) 108561. doi.org/10.1016/j.scienta.2019.108561. 

8 Sharma S, Dobhal S & Thakur S, Analysis of genetic 

diversity in parents and hybrids of Populus deltoides Bartr. 

using microsatellite markers, Appl Biol Res, 20 (2018)  

262-270. 

9 Sharma S, Kaur R & Kumar K, Studies on genetic fidelity of 

long term micropropagated culture derived plants of Ofra 

strawberry using molecular markers, Indian J Hortic, 76 

(2019) 596-603. 

10 Sharma S, Kaur R, Solanke A K U, Dubey H, Tiwari S et al, 

Transcriptome sequencing of Himalayan raspberry (Rubus 

ellipticus) and development of simple sequence repeat 

markers, 3 Biotech, 9 (2019) 1-15. DOI: 10.1007/s13205-

019-1685-9. 

11 Sharma S & Sharma A, Molecular markers based plant 

breeding, Advances in Research, 16 (2018) 1-15.  

12 Rohlf F J, NTSYSpc numerical taxonomy and multivariate 

analysis version 2.0.h. Applied Biostatics Inc, New York, 

2000. 

13 Smith J S, Chin E C, Shu H, Smith O S, Wall S J et al, An 

evaluation of the utility of SSR loci as molecular markers in 

maize (Zea mays L.): comparisons with data from RFLPs and 

pedigree, Theo Appl Genet, 95 (1997) 163-173. 

14 Sharma G, Yadav A & Garg S, Evaluation of different 

strawberry cultivars for yield and quality characters in 

Himachal Pradesh, Agricultural Science Digest, 2 (2014) 

176-178. 

15 Rao V & Swamy G S K, Evaluation of strawberry (Fragaria 

x ananassa Duch.) genotypes for morphological characters 

under shade house, Int J Curr Microbiol Appl Sci, 6 (2017) 

1861-1864. 

16 Sharma G & Thakur M S, Evaluation of different strawberry 

cultivars for yield and quality characters in Himachal 

Pradesh, Agricultural Science Digest, 28 (2008) 213-215. 

17  Kumar A, Ahad I, Growth, yield and fruit quality of 

strawberry under protected cultivation in South Kashmir, Adv 

Hort Sci, 26 (2012) 88-91.  

18 Singh T J, Gupta T & Sharma S, Development and purity 

identification of hybrids by using molecular marker in wild 

pomegranate (Punica granatum L.), Elsevier, 247 (2019) 

436-448. 

 


