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ABSTRACT

Genetic similarity of fifteen strawberry cultivars was assessed using RAPD and ISSR molecular markers.
The DNA of the fifteen strawberry cultivars were extracted and amplified by PCR with RAPD and ISSR
primers. The DNA Fragments were separated in agarose gel for RAPD and in polyacrylamide gel for ISSR
markers. The genetic similarity matrix was estimated by Jaccard coefficient. Studied cultivars were found
to be coherent into two groups. RAPD markers projected more coherence with origin and genealogy of
the cultivars. ISSR markers projected more similarity between ‘Chandler’ and “Shasta” whereas as per
RAPD marker ‘Chandler’ and ‘Sweet Charlie’ were more closely related. In molecular assessment Elyana
cultivar was found to be marked cultivars as it shows long flowering duration, higher yield and bigger
fruits and can be used as a potential genotype to breed cultivars among the locally adapted cultivars.

Highlights
@ The present study involves the Molecular Characterization using RAPD and ISSR markers to assess the genetic
similarity of fifteen strawberry cultivars.
@ ‘Elyana’ cultivar was found to be distinct from other cultivars based on molecular assessment
because of its long flowering duration, higher yield and bigger fruits therefore, may be considered
as a potential genotype.

Keywords: Fragaria x ananassa Duch., Genetic Variability, Jaccard’s Coefficient, Dendrogram, Informative
Primers, Polymorphic Bands

The cultivated strawberry (Fragaria x annanasa
Duch.) is an octaploid (2n=8x=56) species of
family Rosaceae that has economic importance
related to fruit yield. The strawberry plant has
experienced a series of polyploidization and natural
hybridization events in its evolutionary process
(Hancok 1996) therefore it is difficult to analyse its
genetic base. Most of studies have mainly focused
on the morphological, cytological, palynological
characteristics and molecular biology research to
estimate the genetic diversity and relationship
among strawberry resources. Kuras and Korbin

(2004) utilized two Polymerase Chain Reaction
(PCR)-based techniques, Random Amplified
Polymorphic DNA and Inter Simple Sequence
Repeats (ISSR), to determine the genetic relationship
and germplasm diversity of strawberry cultivars.

Traditionally, cultivar(s) identification of strawberry
has been based on morphological traits of leaf, flower
and fruit (Dale 1996). This approach is limited in its
usefulness, since closely related cultivars are often
difficult to distinguish by morphological indices
alone. Furthermore, expression of morphological
features generally got affected by the environment,
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including the method of cultivation. Inbreeding in
cultivated strawberry has lead to rapid loss of vigour,
yield, and fruit size (Morrow and Darrow 1952;
Spangelo 1971). The germplasm characterization
by DNA based molecular markers allows better
understanding of genetic variability. This is due
to determination of the level of genetic divergence
and the molecular pattern of each cultivar. Several
techniques based on DNA analysis are available for
genetic divergence studies. In strawberry, Random
Amplification of Polymorphic DNA (RAPD) and
Inter Simple Sequence Repeats (ISSR) markers are
efficient for genetic divergence studies (Gidoni 1994;
Hussein 2008). The ISSR technique is a potentially
useful tool for the identification of strawberry
varieties as it is simple, cost-effective, fast and
highly discriminant and reliable (Arnau 2003). The
objective of present study is characterization of
strawberry cultivars using molecular markers.

MATERIALS AND METHODS

The present investigation was carried out in
the Department of Fruit Science, Dr. YS Parmar
University of Horticulture & Forestry, Nauni, Solan
(HP). The details of experiment conducted, material
used & techniques employed for studies have been
described briefly.

DNA extraction: The presence of undesirable
compounds such as polyphenols and polysaccharides
are the two biggest problems faced during the
isolation and purification of high quality DNA
in plants (Nunes et al., 2011). The isolation of
genomic DNA from plants that contain high level
of polysaccharides, phenolics, terpenoids, tannins
and metabolites is cumbersome because these
compounds binds with DNA and get co-extracted
with DNA (Micheils et al. 2003 and Puchooa 2004).
Isolation of plant DNA (CTAB method) from leaf
samples were done as per the technique outlined
by Doyle and Doyle (1990).

PCR amplification: The introduction of PCR-based
methods constituted a new milestone in the field of
DNA fingerprinting. The breakthrough came when
a thermostable DNA polymerase, Taq polymerase,
was isolated and purified. This allowed the cycling
process to be automated as only a single addition of
enzyme was required. This way the DNA fragments
are enzymatically amplified between pairs of DNA
primers that hybridize to the sample DNA. A large
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number of factors can influence the success of the
reaction and the nature of PCR products. Among
these, concentration and quality of template DNA,
concentration and stability of DNA polymerase,
concentration of magnesium ions, temperature
profile and primer size are important.

Gel Electrophoresis: Twenty-seven ISSR and
22 RAPD primers were used to carry out DNA
amplification of fifteen strawberry cultivars. Data
was recorded based on agarose gel for both i.e. ISSR
and RAPD profile. PCR products were separated on
1.2% agarose gel which was prepared by dissolving
2.4g of agarose in 200 ml of 10X TAE buffer (for
RAPD) and 1.6% agarose gel was prepared by
dissolving 3.2 g of agarose in 200 ml of 10X TAE
buffer (for ISSR) and followed by heating until
solution becomes clear. Solution was cooled to 50-
60°C followed by addition of ethidium bromide,
mixed thoroughly and poured in gel casting tray
and allowed the gel to set for 1 hour and remove
the comb carefully. Running tray was transferred
to running platform of electrophoresis unit having
tank buffer, which was prepared by the addition of
20 ml of 10X TAE (for RAPD) and 20 ml of 50X TAE
(for ISSR) in 980 ml of distilled water to make final
volume 1000 ml. DNA sample were prepared by
mixing PCR products and 3ul of 10X loading dye.
After cleaning wells carefully with running buffer
DNA samples were loaded with DNA sized marker.
Electrophoresis was carried out at 80 V for 3-4
hours. Gel was viewed under U.V. transilluminator
and photographed using Gel Documentation
System (Bio Rad).

Data Analysis: Most of the primers of ISSR were
polymorphic while some of them did not amplify,
whereas in RAPD very less number of primers gave
polymorphic bands out of which few gave smeared
bands while few of them produced monomorphic
bands however they are not included in data
analysis. The presence of band is represented by
1 and absence of band by 0. Data analysis was
carried out only for those primers which give
scorable patterns for the genotypes under study.
Co- migrating bands were considered to represent
the same locus and thus treated as a same band
while scoring. Intensity of the amplified products
was not taken into account while scoring. NTSYS-pc,
version 2.02 or version 1.8 (Numerical Taxonomy
and Multivariate Analysis System) was used to
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perform cluster analysis of the complete RAPD data.
Similarity between accession were estimated using
the Jaccard coefficient, calculated as:

J=A/ (N-D)

Where,

A is the no. of positive matches (i.e. the presence of
bands in both the samples), D is the no. of negative
matches (i.e. the absence of bands in both the
samples), N is the total sample size including the
no. of matches and unmatches. Similarity estimates
were analysed by Un-weighted Pair Group Method
with Arithmetic Averages (UPGMA) and the
resulting clusters were expressed as dendrogram
in the strawberry genotypes.

RESULTS AND DISCUSSION

Only 10 out of 27 ISSR primers used were able to
produce amplification on PCR analysis and hence
were called informative. Among the fifty-six bands
produced, fifty were found to be polymorphic,
representing 85.00 per cent polymorphism. Two
bands were found to be unique and average number
of polymorphic bands per primer was recorded to
be 5.00 and average number of amplified fragments
per cultivar was 3.73 (Table 1). Average number of
amplified fragments per informative primer was
found 5.6. Present results are in line with the work
done by Morales (2011) who also reported 100 per
cent polymorphism with primers namely ISSR
827, ISSR 845, ISSR 848 and ISSR 860 in different
strawberry cultivars.

Table 1: Summary of amplified products obtained in
15 Strawberry genotypes using ISSR primers

Total number of primers examined 27
Number of informative primers 10
Number of polymorphic primers 10
Number of polymorphic bands 50
Number of monomorphic bands 6

Average number of polymorphic bands per primer 5.00

Total number of amplified bands 56
Average number of amplified fragments per 373
genotype '
Average number of amplified bands per 56
informative primer '
Per cent of polymorphic bands 85.00
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At the same time only 9 out of 22 RAPD primers
used were able to produce amplification on PCR
analysis and hence were called informative. Among
the 65 bands produced, 59 were polymorphic,
representing 87.48 per cent polymorphism. Five
bands were marked as unique and average number
of polymorphic bands per primer was recorded to
be 6.55 and average number of amplified fragments
per cultivar was 4.33 as given in table 2. Average
number of amplified fragments per informative
primer was 7.22.

Table 2: Summary of amplified products in15
strawberry genotypes using RAPD primers

Total number of primers examined 22

Number of informative primers

Number of polymorphic primers 9
Number of polymorphic bands 59
Number of monomorphic bands 6

Average number of polymorphic bands per primer 6.55
Total number of amplified bands 65
Average number of amplified bands per genotypes 4.33

Average number of amplified fragments per

. . . 7.22
informative primer

Per cent of total polymorphic bands 87.48

PCR-based molecular markers are playing an
increasingly important role in the analysis of genetic
diversity of horticulture and field-crop species
(Harrison et al. 2000). The similarity values based
on ISSR data were reported to be higher than those
based on RAPD. In this regard, parallel study using
RAPD and ISSR techniques showed that RAPD
required the testing of six times more primers than
ISSR (Korbin 2002 & Conti et al. 2002).

Table 3: Primer sequence and number of loci
amplified and polymorphic in 15 Strawberry
Cultivars

ISSR  Primer
Primer Sequence

Amplified Polymorphic %P

ISSR3  (GA)STC 11 11 100
ISSR 834 (AG)8GC 3 2 66.66
ISSR 849 (GT)8C 2 1 50
ISSR 827 (AC)8G 8 8 100
ISSR 860 (TG)8GA 10 10 100
ISSR 845 (CT)8G 2 2 100
ISSR 848 (CA)SAG 9 9 100
ISSR18 (CT)STTG 5 5 100
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ISSR14 (AG)8C 3 2 33.33
ISSR15 (AG)8G 3 100

56 50 85.00

. o/ Pb
i’{gi?r Is,lt;lqnlllzl;lce Amplified Polymorphic o
OPL-05 ACGCAGGCAC 9 9 100
OPL-03 CCAGCAGCTIT 11 11 100
OPB-19 ACCCCCGAAG 8 8 100

OPL-06 AAGACCCCTC 7 6 85.71
OPL-11 ACGATGAGCC 8 6 75
OPL-12 GGGCGGTACT 6 6 100

V-15 GAAGCCAGCC 3 2 66.66
V-17 CAGTGCCGGT 5 3 60
OPE-02 GGTGCGGGAA 8 8 100

65 59 87.48

Similarity Coefficient (Jaccard’s Coefficient)
Analysis

NTSYSpc ver. 2.02.h (Rohlf 2000) was used to obtain
Jaccard’s similarity coefficient matrix (Nei and Li
1979), based on DNA amplification using ISSRs
and RAPDs. Good range of genetic variability was
found between cultivars as the values of coefficient
of variation ranged from 0.26 to 0.77.

Average of highest and lowest coefficient (Table 4)
comes out to be 0.51. The highest value of similarity
was 0.77, between G12 (Chandler) and G14 (Shasta).
Minimum similarity of 0.25 were obtained between
G9 (Torrey) and G15 (Belrubi).

’7—2
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G1. Elyana G2. Gorella G3. Brighton G4. Fern G5. Selva G6.Tioga

G7. Confectura G8. Etna G9. Torrey G10. Douglas G11. Sweet
Charlie G12. Chandler G13. Addie G14. Shasta G15. Belrubi
Fig. 1: Dendrogram of genetic similarity among fifteen

strawberry cultivars, obtained from ISSR markers using the
UPGMA method
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These values showed high polymorphism and are in
close conformity with the investigation as observed
by Graham 1996, Arnau 2000 and Kuras 2004. These
results are congruent with those of Arnau (2002),
who showed the highly discriminatory nature of
the ISSR markers.

Results of Hussein (2008) are in disagreement with
the present work, who observed efficiency of a
few ISSR markers in correctly in identifying and
discriminating among strawberry genotypes. This
contradiction in results could be due to different
cultivars taken for study, lesser number of primers
used etc. Jaccard’s similarity coefficient matrix (Nei
and Li 1979), based on DNA amplification using 35
ISSR markers, obtained through NTSYSpc ver. 2.02.h
(Rohlf 2000) is presented in Table 3. The coefficient
values ranged from 0.23 to 0.80 showed a good
range of genetic variability in the collections under
study. The highest value of similarity was 0.80,
between G11 (Sweet Charlie) and G12 (Chandler).
Minimum similarity of 0.23 was obtained between
G8 (Etna) and G13 (Addie). The present results are
in close line with work done by Korbin (2002) and
Anita (2004) who also observed lower similarities
by RAPD compared to ISSRs marker. This fact is
related to low reaptability of RAPD markers caused
by its elevated sensitivity to experimental conditions
(Jones 1997) which could be the main limiting factor
of the technique.

4{
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G1. Elyana G2. Gorella G3. Brighton G4. Fern G5. Selva G6.Tioga
G7. Confectura G8. Etna G9. Torrey G10. Douglas G11. Sweet
Charlie G12. Chandler G13. Addie G14. Shasta G15. Belrubi

Fig. 2: Dendrogram of genetic similarity among fifteen

strawberry cultivars, obtained from RAPD markers using the
UPGMA method

Cluster Analysis: Dendrogram showing strawberry
genotypes into different clusters was based on
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Table 4: Genetic similarity indices between each pair of the fifteen strawberry cultivars (Fragaria x ananassa Duch.)
based on ISSR fragment analysis

G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12 G13 G14
G2 0.46
G3 0.42 0.59
G4 0.40 0.46 0.54
G5 0.45 0.40 0.48 0.60
G6 0.45 0.41 0.48 0.46 0.61
G7 0.55 0.48 0.44 0.61 0.55 0.55
G8 0.38 0.39 0.32 0.43 0.42 0.54 0.50
G9 0.38 0.31 0.32 0.30 0.43 0.38 0.41 0.57
G10 0.39 0.55 0.57 0.45 0.44 0.39 0.46 0.38 0.48
G11 0.44 0.41 0.47 0.50 0.50 0.44 0.52 0.52 0.48 0.64
G12 0.50 0.56 0.52 0.56 0.43 0.44 0.65 0.42 0.43 0.48 0.48
G13 0.40 0.37 0.33 0.41 0.45 0.40 0.42 0.54 0.56 0.31 0.40 0.50
G14 0.52 0.58 0.48 0.65 0.52 0.52 0.61 0.54 0.44 0.45 0.50 0.77 0.58
G15 0.29 0.53 0.50 0.39 0.37 0.43 0.40 0.37 0.26 0.38 0.34 0.42 0.48 0.43

G1. Elyana G2. Gorella G3. Brighton G4. Fern Gb5. Selva G6.Tioga G7. Confectura G8. Etna G9. Torrey G10. Douglas G11. Sweet Charlie
G12. Chandler G13. Addie G14. Shasta G15. Belrubi

Table 5: Genetic similarity indices between each pair of the fifteen strawberry cultivars (Fragaria x ananassa Duch.)

based on RAPD fragments

G1 G2 G3 G4 G5 Gé G7 G8 G9 G0 G111 G12 G13 Gl4
G2 0.46
G3 0.39 0.65
G4 0.47 0.56 0.63
G5 0.45 0.62 0.68 0.68
G6 0.42 0.55 0.50 0.49 0.50
G7 0.30 0.33 0.36 0.27 0.32 0.46
G8 0.25 0.38 0.34 0.26 0.30 0.53 0.56
G9 0.40 0.42 0.47 0.40 0.41 0.35 0.37 0.33
G10 0.36 0.59 0.57 0.43 0.54 0.44 0.30 0.34 0.42
Gl11 0.38 0.50 0.63 0.48 0.56 0.43 0.26 0.30 0.47 0.70
G12 0.36 0.48 0.57 0.45 0.54 0.44 0.27 0.28 0.42 0.72 0.80
G13 0.43 0.51 0.57 0.45 0.53 0.38 0.28 0.23 0.45 0.63 0.65 0.67
Gl4 0.41 0.50 0.33 0.31 0.36 0.46 0.25 0.36 0.40 0.50 0.45 0.50 0.50
G15 0.38 0.44 0.33 0.24 0.39 0.32 0.24 0.25 0.29 0.37 0.33 0.38 0.38 0.39

G1. Elyana G2. Gorella G3. Brighton G4. Fern Gb5. Selva G6.Tioga G7. Confectura G8. Etna G9. Torrey G10. Douglas G11. Sweet Charlie

G12. Chandler G13. Addie G14. Shasta G15. Belrubi

NTSYSpc ver. 2.02h. Similarity coefficient obtained
by Jaccard’s coefficient was further used for UPGMA
analysis of NTSYS. SAHN module of NTSYS used
the pair wise obtained coefficient to construct
dendrograms.

Based on ISSR profile: In the dendrogram, the
15 strawberry were separated into two main
clusters, ‘A’ and ‘B’ at 41 per cent similarity value.
Cluster A contain 12 genotypes namely, ‘Elyana’,
‘Fern’, “Confectura’, ‘Chandler’, ‘Shasta’, ‘Selva’,
‘Tioga’, ‘Douglas’, ‘Sweet Charlie’, ‘Gorella’,
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‘Brighton’and ‘Belrubi” whereas cluster B contained
three genotypes viz. ‘Etna’, “Torrey’, and ‘Addie’.

Cluster A was further divided into sub clusters
ie. Al and A2 at similarity value of 43 per cent.
Cluster Al included nine cultivars whereas the
other three cultivars were grouped in A2. Cluster
A2 was further subdivided into clusters ‘A21” and
‘A22’ at 45 per cent similarity. Cluster A21 and A22
were further divided into sub clusters at 47 per cent
similarity. Maximum similarity of 77 per cent was
found between ‘Chandler” and “Shasta’” showing that
these two are relatively closely related.
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Based on RAPD profile: Fifteen strawberry cultivars
were divided into two main clusters, ‘C’ and ‘D’
at 43 % similarity. Cluster C was found to contain
twelve genotypes viz and cluster D contained three
cultivars viz. “Tioga’, ‘Etna’ and ‘Confectura’. Cluster
C and D were further subdivided into clusters C21,
C22 and D21, D22 at 47 per cent and 55 per cent
similarity respectively. Cluster C21 contained eleven
genotypes and C22 contained only one genotype.
Cluster D21contained two genotype and cluster D22
contained only one genotypes. Maximum similarity
i.e. 77 per cent was found between ‘Sweet Charlie’
and ‘Chandler’ showed them to be relatively closely
related.

Among diversity analysis, polymorphism with two
marker systems showed that these two markers are
suitable tools for genetic diversity studies ISSRs and
RAPD produced polymorphism which separated
fifteen cultivars in two main clusters. Present results
based on cluster analysis are in contradiction to
that of conclusion drawn by Molares (2011), Kuras
(2002) and Korbin (2004) who found similar results
with both RAPD and ISSR in strawberry cultivars
identification. The variation in results obtained
may be due to lesser number of primers used in
the presnt study and different cultivars used for
evaluation.

CONCLUSION

From the above discussed results it has been
concluded that ISSR and RAPD markers revealed
variable results. ISSR marker showed that “Chandler’
and ‘Shasta’ are more closely related whereas
RAPD marker indicated genetic similarity between
‘Chandler” and ‘Sweet Charlie’. ‘Elyana’ cultivar was
found to be distinct from other cultivars based on
molecular assessment because of its long flowering
duration, higher yield and bigger fruits therefore,
may be considered as a potential genotype to breed
cultivars among the locally adapted cultivars.
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