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I omato (Lycopersicon esculentum
L.), is an important and widespread

vegetable in the world for fresh consump-
tion and processed products. However, the
reduction of genetic variation in tomato
(Solanum lycopersicum L.) through do-
mestication and breeding (Tanksley and
McCouch, 1997) has resulted in the need
for conservation and utilization of all ex-
isting genetic resources. Heterogeneous
landrace populations are among the most
important genetic resources (Zeven, 1998)
and have been, and will continue to be
used in plant breeding schemes. In Egypt,
tomato landraces were widely cultivated
till the introduction of hybrids. Currently,
very few farmers still grow them only for
their own or local consumption. There-
fore, it is important to collect, characterize
and conserve tomato landraces. The effi-
cient conservation and exploitation of
landraces require the study of their genetic
diversity structure (van Hintum, 1995).
The genetic diversity in any local popula-
tion does not occur at random, but is struc-
tured based on various biological and en-
vironmental factors. The high level of
within landrace heterogeneity is related to
its adaptability (Cooper et al., 2000).
Landraces are mixtures of phenotypes and
represent diverse and dynamic gene pools
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that evolve over time under both farmer
and natural selection pressures (Hawtin et
al., 1997). The role that farmers play is
both direct and/or indirect as happens
through farming system changes or due to
social reasons (Zeven, 2002). However,
narrow genetic bases have become a bot-
tleneck in tomato breeding. Therefore, it is
essential to know the genetic relationships
among the tomato species. Molecular
markers are generally recognized as a reli-
able means for the genetic identification
among plant genotypes (Breto et al., 2003;
Gupta and Rustgi, 2004; Claudio et al.,
2004; Omrani et al., 2007). In the past, all
kinds of molecular markers such as re-
striction fragment length polymorphism
(RFLP) (Williams and Clair, 1993;
Messeguer et al., 1991), inter-simple se-
guence repeat (ISSR) (Tikunov et al.,
2003), randomly amplified polymorphic
DNA (RAPD) (Claudio et al., 2004,
Bernardette et al., 2006), simple sequence
repeat SSR (Powell et al., 1996; He et al.,
2003; Jin et al., 2004; Cooke et al., 2003)
and amplified length polymorphic (AFLP)
(Claudio et al., 2004) have been used to
analyze the genetic relationships among
the cultivated tomato varieties. RAPD and
ISSR are two powerful DNA fingerprint-
ing techniques. RAPD was applied to as-
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sess genetic diversity in tomato varieties
(Saavedra et al.,, 2001; Li-Wang et al.,
2007; Elham et al., 2010; Juan et al.,
2010; Ezekiel et al., 2011). Also, recently
there are few reports regarding the utiliza-
tion of ISSR to study the genetic relation-
ships among the tomato varieties
(Kochieva et al., 2002; Tikunov et al.,
2003; Terzopoulos and Bebeli, 2008;
Bojinov, 2009; Terzopoulos and Bebeli,
2008). The objective of the present study
was to analyze the genetic diversity of
some tomato varieties in Egypt and to
compare the effectiveness of two tech-
niques: RAPD and ISSR.

MATERIALS AND METHODS

Molecular characterization of nine
tomato cultivars (Lycopersicon
esculentum L.) and one tomatille (Physalis
philadelphica) and one cherry tomato (So-
lanum lycopersicum var. cerasiforme)
accessions were used in the present inves-
tigation and were collected from different
regions in Egypt.

Molecular marker

Molecular fingerprinting of tomato ac-
cessions based on (Randomly Amplified
Polymorphic DNA (RAPD

DNA extraction

Several preliminary experiments
were performed to optimize the RAPD
protocol. Based on the results of these
preliminary experiments, a standard pro-
tocol was developed and used for subse-
quent experiments. DNA extraction was
carried out using leaf materials collected

from different tomato accessions seedling.
Genomic DNA was extracted and purified
using a modified CTAB method.

Estimation of DNA concentration

The DNA concentration of the dif-
ferent samples was estimated on agarose
gel (0.8%) to estimate the purity, and
measured according to Biophotometer
(Eppendorf) and diluted to 100 ng/ul. The
DNA stored at -20°C to be used in subse-
quent analysis.

Amplification of RAPD markers

Ten-mer oligonucleotide primers
(Bioron Co.) were used. The base se-
quences of the primers are given in (Table
1). PCR reactions were performed in 25 pl
reaction volume containing 1 U of Tag
DNA polymerase (Thermo), 2 mM dNTPs
(Thermo), 1.5 ul MgCl, (25 mM), 2 ul
primer (100 pm, Bioron Co.) and 1.0 pl
DNA (100 ng). The reaction mixture was
vortexed and centrifuged briefly

PCR was initiated by an initial de-
naturation step for 4 min at 94°C followed
by 35 cycles (94°C/45 sec, 40°C/30 sec,
72°C/2 min), and then a final extension
cycle at 72°C for 5 min. The PCR prod-
ucts were separated on 2.5% agarose gel
in 1X TBE buffer containing ethidium
bromide and visualized on a UV
transilluminator and photographed using a
Gel Documentation System (Alpha
Innotech). The sequences of the ten RAPD
primers (B-03, B-06, B-07, B-13, B-15, B-
20, B-05, B-11 and B-18) are presented in
Table (1).
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Molecular fingerprinting of tomatoes
accessions based on (Inter Simple Se-
quence Repeats (ISSRs)

Isolation of plant genomic DNA

DNA extraction was carried out us-
ing leaf materials collected from each ac-
cession. ISSR analysis was performed
using the diluted DNA extracted from the
samples. The PCR was performed in 25 pl
reaction volume containing 1 U Taq
(Thermo), 2 mM dNTPs (Thermo), 1.5 pl
MgCl, (25 mM), 0.5 ul primer (50 pm,
Bioron Co.) and 1.0 ul DNA (100 ng). A
high stringency touchdown thermocycling
profile was used as follows: an initial de-
naturation step for 4 min at 94°C followed
by 10 touchdown cycles (94°C/45 sec,
(Ta)°C/30 sec, 72°C/ 2 min). This was
followed by 25 cycles (94°C/45 sec,
(Ta)°C/30 sec, 72°C/2 min) and then a
final extension cycle at 72°C for 5 min.
The PCR products were separated on
2.5% agarose gel in 1X TBE buffer con-
taining ethidium bromide and photo-
graphed with a Gel Documentation Sys-
tem (Alpha Innotech). The sequences of
the 18 ISSR primers are presented in Ta-
ble (2).

Scoring of the data

Scoring of ISSR data was per-
formed using 1% agarose gel electropho-
resis profile, as clear and distinct fragment
were scored as (1) for presence and (0) for
absence.

RESULTS AND DISCUSSION
Molecular marker

Molecular fingerprinting of tomatoes
accessions by RAPD

Nine RAPD primers were screened
for polymorphism and based on the clear
scorable band pattern; primers were se-
lected for DNA analysis of the accessions
and were of good quality (Fig. 1). The size
of the amplification products ranged from
196 to 1790 bp. The total numbers of
scored bands were 180, the number of
bands per primer varied from 13 to 29
with an average of 13 bands /template.
The highest number of polymorphic bands
was obtained with primers, B-03, B-07, B-
13, B-15 and D-11 (Table 3).

The total number of polymorphic
bands was 158 with an average of 17.5
polymorphic fragments/primer. This rep-
resents an average of polymorphism
87.77% (Table 3). The number of poly-
morphic markers varied among the differ-
ent primers. Primers D-11 generated 24
polymorphic bands with 100% polymor-
phism. While both of primers B-20 and D-
06 showed low level of polymorphism,
61.5 and 84%, respectively (Table 3).

Twenty two out of one hundred
and eighty RAPD (about 12%) were found
to be useful as cultivar-specific markers
(Table 4 and Fig. 1) with some of them
present in some accession and absent in
the others cultivars in this study.
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Molecular fingerprinting of tomato ac-
cessions by ISSRs

Eighteen ISSR primers were tested
for DNA analysis of the cultivars and
were of good quality and all of them
yielding polymorphic amplification prod-
ucts and based on the clear scorable band
pattern, (Fig. 2). The 18 primers chosen
for the present study yielded a total of 293
amplified bands, 248 (84.6%) of which
were polymorphic (Table 5 and 6). The
number of polymorphic bands per primer
ranged from 9 to 29 with an average of
16.2 and the percentage of polymorphism
per primer ranged from 69% to 100%
(Table 5). Taking into consideration all of
the 18 primers, all accessions had positive
and negative unique bands for each one
except Pakmore accession had four nega-
tive bands. The size of the amplification
products ranged from 32 to 1550 bp. The
total numbers of scored bands were 293.
The number of bands per primer varied
from 9 to 25 with an average of 13.2
bands/template. The highest number of
polymorphic bands was obtained with
primers, 842, 834, 3 and 807 (Table 6).

The total number of polymorphic
bands was 390 with an average of 21.6
polymorphic fragments/ primer. This rep-
resents an average of polymorphism
83.44% (Table 5). The number of poly-
morphic markers varied among the differ-
ent primers. Primers 842 generated 24
polymorphic bands with 96% polymor-
phism. While primer 811 showed low
level of polymorphism (70%) (Table 5).
Forty five out of two hundred ninety three

ISSRs (about 15.3%) were found to be
useful as cultivar-specific markers (Table
5 and Fig. 2) which some of them present
in one cultivar and absent in the others
cultivars in this study.

The number of ISSR-PCR frag-
ments generated by using the eighteen
primers, and could be used as cultivar-
specific markers, were arranged descend-
ing as primer 842 (eleven markers), pri-
mer 16 (nine markers), primer ISSR 2
(eight markers), primer 3 (seven markers),
primers ISSR 1 and 834 (six markers),
primer 890 (five markers), primers 891,
807, 1789A and 841 (four markers), pri-
mers 17899B, AW-3, 17 and ISSR 35
(three markers), primer 811 (two markers)
and primers DAT and ISSR 34 (one mark-
er). (Table 6 and Fig. 2).

Previous reports stated that the ap-
plication of both RAPD and ISSR tech-
niques have an important potential to pro-
vide new tools for the identification and
characterization of species. It became pos-
sible through fingerprinting for each spe-
cies since DNA is a source of informative
polymorphism (El-Rabey, 2008), conse-
quently, techniques of molecular genetic
markers have an important potential for
the detection of genetic differences among
species. RAPD technique have been used
for varietal identification of tomato (Raj-
put et al., 2006; Singh et al., 2007), using
for genetic diversity among tomato varie-
ties (Elham et al., 2010; Meng et al.,
2010; Ezekiel et al., 2011) and application
of RAPD in tomato hybrid genetic purity
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testing (Rome et al., 1995; Liu et al.,
2007).

Moreover, several authors reported
on the usefulness of ISSR for cultivar
identifications. The ISSR technique, isn’t
much more difficult for marker develop-
ment than RAPD, and also, requiring a
small amount of DNA for amplification,
enables the detection of the genome.
ISSRs are ideal as markers for genetic
mapping and population studies because
of their abundance, and the high degree of
polymorphism between individuals within
a population of closely related genotypes
(Lanham and Brennan, 1998).

In tomato, ISSRs have been em-
ployed for the assessment of diversity
among accessions of various Lycopersicon
species and among tomato cultivars
(Kochieva et al., 2002; Tikunov et al.,
2003; Bojinov, 2009) and in characteriz-
ing the diversity of Greek tomato landrac-
es (Terzopoulos and Bebeli, 2008). The
genetic diversity among different tomato
cultivars were investigated by using
RAPD-PCR based markers (Williams et
al., 1990) and ISSR (Wang, 2004). Both
methods provide quick, reliable and in-
formative data for genotyping tomato cul-
tivars (Nagoka and Ogihara, 1997; Levi
and Rowland, 1997; Mansour et al.,
2009).

RAPD and ISSR clustering analysis

The RAPD dendrogram obtained
by UPGMA analysis grouped the 11 to-
matoes accessions into one main robust
group, six minor groups. The Jaccard’s

coefficient ranged from 0.38 to 0.92 (Fig.
3a). The lowest similarity coefficients
were observed in Tomatillo and Floradade
accessions (0.38) while the highest simi-
larity coefficients were obtained between
‘Edkawy’ and ‘Strain B’ (0.92). VFNT
and Castle Rock and Strain B and Edkawy
were ranked in sub-groups and the other
seven accessions were clustered into 7
nodes, one major and 6 minor separated
robust group. Cluster | comprised one
accession (Tomatillo), cluster Il include
one accession ‘Floradade’. Cluster Il con-
tained one accession ‘Super maramande’.
Also, each of clusters V, IV and IV con-
tained Pakmore, Peto86 and Junhile, re-
spectively, (Fig. 3a).

The ISSR dendrogram obtained by
UPGMA analysis grouped the 11 toma-
toes accessions into two main clusters.
The Jaccard’s coefficient ranged from
0.42 to 0.89 (Fig. 3b). The lowest similari-
ty coefficients were observed in Tomatillo
and Floradade accessions (0.42) but the
highest similarity coefficients were ob-
tained between ‘Junhile and Edkawy’ and
‘Peto 86 and Strain B’ (0.89). Two major
clusters and three minor separated clusters
were observed. The first major cluster
contained Tomatillo and the second major
cluster contained Floradade accession and
three sub-clusters. Sub cluster | include
one accession ‘Cherry tomats’. Cluster Il
compresed VFNT and Super marmande.
Also, each of clusters 111 contained Castle
Rock accession alone, Pakemore, (Peto 86
and Stran B accessions) and (Junhilee and
Edkawy accessions), (Fig. 3b).
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Combined dendrograms analysis
grouped the 11 tomatoes accessions also,
into two main clusters, three sub-clusters.
The Jaccard’s coefficient ranged from
0.41 to 0.90 (Fig. 3c). The lowest similari-
ty coefficients were observed in Tomatillo
and Floradade accessions (0.41) as shown
in both of RAPD and ISSR dendrogram,
whereas the highest similarity coefficients
were obtained between ‘Edkawy’ and
Strain B’ (0.90). Two major clusters and
three sub clusters. The first consist of To-
matillo accession, the second major clus-
ter contained of Floradade. Sub cluster I
contained Pakmore and cherry tomats
accessions, sub-cluster Il composed of
super marmande and (VFNT and Castle
Rock) accessions. Sub-cluster 111 consists
of Strain B and Edkawy, Junhilee and
Peto 86 accessions, (Fig. 3c).

The results confirmed that the to-
mato accessions are highly variable spe-
cies which reflect the agronomic diversity
within tomato cultivars. The high diversity
found between tomato accessions is prob-
ably due to a diverse germplasm origin.
Also, showed a clear separation of the
landraces from tomato and tomato cherry
cultivars, which was also observed by
(Carelli et al., 2006) in Brazilian landraces
using RAPDs, in American heirloom vari-
eties using SSRs (Labate and Robertson,
2002) and in Spanish local cultivars using
SSRs and AFLPs (Garcia-Martinez et al.,
2006).

The phylogenetic analysis on the
basis of RAPD derived a dendrogram re-
vealed almost the same cluster pattern that

obtained from the ISSR and confirm the
phylogenetic relationship between the 11
tomatoes accessions studied indicating
congruence between these two systems. It
could be concluded that, both of ISSR and
RAPD markers are equally valuable for
genetic analysis and indicate a considera-
ble amount of genetic diversity between
the different studied accessions of
Lycopersicon esculentum L. (Munazza et
al., 2009) reported that the assessment of
genetic diversity within and between land-
races should have priority for varieties
improvement. At the same time, it is nec-
essary to develop better methods of char-
acterization and evaluation of germplasm
collections, to improve strategies for con-
servation and collection of germplasm and
to increase the utilization of plant genetic
resources.

SUMMARY

Two DNA molecular marker sys-
tems, RAPD and ISSR were used to assess
genetic diversity among nine tomatos
(Lycopersicon  esculentum L.), one
tomatille (Physalis philadelphica) and one
cherry tomato (Solanum lycopersicum var.
cerasiforme) accessions, collected from
different regions in Egypt. Accurate and
unambiguous identification of these ac-
cessions is essential for germplasm
preservation and use. Genomic DNA from
the 11 accessions was screened with 18
ISSR primers and nine RAPD primers. A
total of 293 and 180 clear fragments were
amplified by ISSR and RAPD, respective-
ly. On the other hand, unique positive
markers were detected for ‘Tomatillo” and
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for ‘Super marmande’, by 4 and 3 RAPD
primers, respectively. Moreover, 18 pri-
mers of ISSR produced unique positive
markers for Tomatille and Castle Rock,
respectively. The ISSR technology proved
useful in describing genetic diversity
among tomato accessions and studies the
phylogenetic relationships between culti-
vars. Cluster analysis using the UPGMA
method placed all tomato accessions and
cultivars into a single group, while the
Tomatille and cherry tomato accessions
were placed in a second group.
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Table (1): Name and sequence of the primers used in RAPD analysis.

Primer code Nucleotide sequences 5'—3'

B-03 CATCCCCCTG
B-06 TGCTCTGCCC
B-07 GGTACGCAG

B-13 TTCCCCCGCT
B-15 GGAGGGTGTT
B-20 GGACCCTTAC
B-05 TGAGCGGACA
B-11 AGCGCCATTG
B-18 GAGAGCCAAC

Table (2): Name and sequence of the primers used in ISSR analysis.

Primer code Nucleotide sequences 5'—3"
17899-B (CA)6 GG
17898-A (CA)6 AC
ISSR-1 CAC(TCC)s
ISSR-2 AGA(TCC)s
890 ACG(GT),
891 TCT(TG),
807 (AG)8T
811 (GA)C
AW-3 (GT); AG
3 (CA)AT
16 CGTC(AC),
17 CAGC(AC),
DAT (GA);AC
ISSR-34 (AG)sTG
ISSR-35 TCGA(CA),
834 (AG)sCT
841 (GA)sTC
842 (GA)TG
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Table (3): Statistics of the RAPD fragments for the eleven tomato accessions based on the
nine RAPD primers.

RAPD primers f.'I'otal ampli- Polymorphic Monomorphic ;;?;Ztl?rﬁ;;
ied fragments fragments fragments %)
B-03 20 17 3 85%
B-06 13 11 2 85%
B-07 29 27 2 93%
B-13 22 20 2 91%
B-15 21 18 3 86%
B-20 13 8 5 62%
D-05 19 17 2 89%
D-11 24 24 0 100%
D-18 19 16 3 84%
Total 180 158 22 86.11

Table (4): Unique RAPD markers showing polymorphic bands among the eleven tomato
accessions.

Primer
Band size
in bp
Super
marmand
Juhilee
Peto86
Castle
Rock
VENT
Cherry
tomato

851.200
622.400
B-03 466.300
365.900
344.800
1123.077
1038.400
953.500
B-06 819.800
613.700
540.100
524.200
1530.000
1400.000
1270.000
839.800
623.037
412.400
384.400
336.900
319.600
209.700

B-07

o|o|o|o|o|o|o|r|o|o|o|o|o|o|o|o|o|r|~|—|~|~| Floradade
o|lo|o|o|o|o|o|lo|o|lo|o|o|o|o|o|o|o|o|lo|lo|r|o Edkawy
olo|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|~|o| Strain B
o|lo|lo|o|o|o|o|lo|o|o|r|r|o|lo|o|lo|lo|o|lo|o|o|o| Pakmore
ol |o|o|lo|o|r|o|r|r|o|r|o|lk|rkr|r|kr|~|~|o|~| Tomatillo
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Table (4): Cont'
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Notes: (1) means presence band, (0) means absent band.
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Table (5): Statistics of the RAPD fragments for the eleven tomato ac-
cessions based on the nine RAPD primers.

AF_ ISSR _Total ampli- Polymorphic ;;;Cﬁ,gtﬁ,grﬁ:ni
primers fied fragments fragments (%)
17899-B 12 6 50.0%
17898-A 7 3 42.9%
ISSR-1 13 12 92.0%
ISSR-2 17 14 82.0%
890 17 14 82.0%
891 13 9 69.0%
807 20 18 90.0%
811 10 7 70.0%
AW-3 12 9 75.0%
3 21 18 85.0%
16 18 12 67.0%
17 20 16 80.0%
DAT 13 12 92.0%
ISSR-34 9 7 78.0%
834 20 20 100.0%
841 16 15 94.0%
842 25 24 96.0%
Total 263 216 85.4%

Table (6): Unique ISSR markers showing polymorphic bands among the eleven tomato ac-

cessions.
= g L e S @ © oM L o =
5 | g |zE|E|8|8 || g|gs|z]883
s | 2= |3s|5|5|&8|3 5| 2|88 |65¢
a 3 gl ) a | o B o= e
1242.800f O 0 0 0 0 0 0 0 0 0 1
17899-B | 442900 O 0 0 0 0 0 0 0 0 0 1
400.000f O 0 0 0 0 0 0 0 0 0 1
779.269| O 0 0 0 0 0 0 0 0 0 1
579.140f O 0 0 0 1 0 0 0 0 0 0
17898-A 517.968| O 0 0 0 0 0 0 0 0 0 1
409.070| O 0 0 0 0 0 0 0 0 0 1
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Table (6): Cont'
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Table (6): Cont'
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Fig. (1): RAPD profiles of the eleven tomato varieties as detected by different RAPD pri-
mers (1) Super marmand, (2) Floradade, (3) Juhilee, (4) Peto86, (5) Edkawy, (6)
Strain B, (7) Pakmore, (8) Castle Rock, (9) VFNT, (10) Cherry tomato and (11)
Tomatillo as detected by different RAPD primers, M = 100 bp marker.
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Fig. (2): ISSR profiles of the eleven tomato varieties as detected by different ISSR primers
(1) Super marmand, (2) Floradade, (3) Juhilee, (4) Peto86, (5) Edkawy, (6) Strain
B, (7) Pakmore, (8) Castle Rock, (9) VFNT, (10) Cherry tomato and (11) Tomatil-
lo as detected by different ISSR primers, M = 100 bp marker.
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Fig. (3): Dendrogram showing the genetic relatedness of eleven tomato varieties based on RAPD (a), ISSR (b) and combined RAPD and ISSR
data (¢). (1) Super marmand, (2) Floradade, (3) Juhilee, (4) Peto86, (5) Edkawy, (6) Strain B, (7) Pakmore, (8) Castle Rock, (9)
VFNT, (10) Cherry tomato and (11) Tomatillo.



