doi:10.14720/aas.2017.109.3.04

Original research article / izvirni znanstveni ¢lanek

Genetic diversity within and among two-spotted spider mite resistant and
susceptible common bean genotypes

Zeinab YOUSEFI*, Zahra TAHMASEBI?", Mohammad Javad Erfani MOGHADAM? and Ali ARMINIAN?

Received May 08, 2017; accepted November 24, 2017.

Delo je prispelo 08. maja 2017, sprejeto 24. novembra 2017.

ABSTRACT

Two-spotted spider mite (Tetranychus urticae C. L. Koch,
1836), is one of the most destructive herbivores of common
bean. Very little is known about the diversity among resistant
sources in this crop. The present study was conducted to
characterize 22 resistant and susceptible common bean
genotypes by 8 Simple Sequence Repeats (SSRs) and 8
Random Amplified Polymorphic DNA (RAPD) markers.
These SSR and RAPD primers produced 100 % and 81.8 %
polymorphic bands. Based on RAPD fingerprints and SSR
profiles, pairwise genetic similarity ranged from 0.0 to 0.857
and from 0.125 to 1, respectively. The resistant and
susceptible common bean accessions were grouped together in
the dendrograms generated from RAPD and SSR clustering
analyses. The results indicate that RAPD and SSR analysis
could be successfully used for the estimation of genetic
diversity among genotypes. SSR markers could group
genotypes according to their resistibility and susceptibility to
the spotted spider mite but RAPD could not. Therefore, the
SSR markers can facilitate the development of resistant
common bean cultivars through breeding programs against T.
urticae.

Key words: common bean; two-spotted spider mite;
resistibility/susceptibility markers; SSR; RAPD

IZVLECEK

GENETSKA RAZNOLIKOST NA NAVADNO PRSICO
ODPORNIH IN OBCUTLJIVIH GENOTIPOV
NAVADNEGA FIZOLA

Navadna prsica (Tetranychus urticae C.L.Koch, 1836) je eden
izmed najbolj uniCujocih Skodljivcev na navadnem fizolu.
Zelo malo je znanega o raznolikosti v odpornosti te poljscine
na navadno prSico. V raziskavi je bilo ovrednoteno 22
odpornih in obcutljivih genotipov navadnega fizola z 8 SSRs
markerji (enostavna ponavljajoa zaporedja) in 8 RAPD
markerji (nakljuéno pomnozena polimorfna DNK). SSR in
RAPD zacetni oligonukleotidi so pomnozili 100 % in 81,8 %
polimorfnih DNK fragmentov. Na osnovi RAPD vzorcev in
SSR profilov, je bila parna genska podobnost med 0,0 do
0,857 in od 0,125 do 1. Odporne in obcutljive akcesije
navadnega fizola so se v dendrogramih po klasterski analizi
RAPD in SSR zdruzevale skupaj. Rezultati kazejo, da bi bili
lahko analizi RAPD in SSR uspe$no uporabljeni za dolo¢anje
genetske raznolikosti med genotipi. SSR markerji bi lahko
zdruzevali genotipe glede na njihovo odpornost in obcutljivost
na navadno prSico, RAPD markerji pa ne. Zaradi vsega
nastetega lahko SSR markerji v programih zlatnjenja olaj$ajo
vzgojo na navadno prSico odpornih genotipov navadnega
fizola.

Kljuéne besede: navadni fizol; navadna prSica;

odpornost/obcutljivost; SSR in RAPD markerji

1 INTRODUCTION

Common bean (Phaseolus vulgaris L.) is a widely
distributed crop of considerable importance in many
countries around the world (Tanyolac, 2013). Genetic
diversity information will help breeders in selecting
desirable parents in hybrid and new cultivar production

and in maintaining population polymorphism. Different
types of markers such as morphological markers (Gepts
et al., 1986; Singh et al., 1991; Pickersgill et al., 2005;
De La Cruz et al., 2005), isozyme markers (Koenig &
Gepts 1989; Santalla et al., 2004; Pickersgill et al.,
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2005), phaseolin types by electrophoretic profiles
(Gepts et al., 1986; Pereira & Souza, 1992; Maciel et
al., 1999; Solano, 2005), and molecular markers of
Restriction Fragment Length Polymorphism (RFLP)
(Pickersgill et al., 2005), Amplified Fragment Length
Polymorphism (AFLP) (Maciel et al., 2003), the
Random Amplified Polymorphic DNA (RAPD) (Beebe
et al., 2000) and Inter Simple Sequence Repeats (ISSR)
(De La Cruz et al., 2005) have been used to assess the
genetic diversity in common bean. The high density
linkage map of common bean was developed using
different markers, mainly RAPD (Freyre et al., 1998),
SSRs or microsatellite (Yu et al., 2000a; Blair et al.,
2003). SSR markers have also been used to evaluate
intra-specific diversity within the genus of Phaseolus
(Gaitan-Solis et al., 2002) and the fingerprint genetic
diversity of common beans (Metais et al., 2002).

Two-spotted spider mite (Tetranychus urticae C. L.
Koch, 1836) attacks bean plants in temperate regions
and cause great damage to the plant resulting in yield
loss (Berlinger, 1986). Plant genetic resistance to the
spider mites could be a viable integrated pest

management. Phaseolus species possess several natural
resistances, that is, constitutive and inducible defence
mechanisms against herbivores (Edwards & Singh,
2006; Ballhorn, 2011).

Quantification of the genetic diversity of common bean
genotypes by molecular markers would be of great help
to improve the inheritability and durability of herbivore
resistance through selection of efficient and diverse
combination of parents. Therefore, to increase the
introgression of resistance in the common bean genome,
molecular markers tightly linked to resistance traits are
needed (Bisognin & Douche, 2002a, 2002b; Pattanayak
et al., 2002; Khampila et al., 2008; EI_Komy, 2010).
There are markers that have been developed for marker-
assisted selection (MAS) for herbivore resistant genes in
common bean (Blair et al., 2010; Blair et al., 2006b).

The main objective of this study was to evaluate the
genetic diversity of certain common bean genotypes
showing different levels of resistibility and
susceptibility to Two-spotted spider mite, using two
different PCR-based technologies, SSR and RAPD.

2 MATERIALS AND METHODS

2.1 Plant material

The plants used in this study were 22 common bean
accessions which previously recognized its resistance to
Tetranychus urticae C. L. Koch, 1836, (Acari:

Tetranychidae). They were obtained from the Iranian
National Common Bean Research Station, Khomein and
the Common Bean Gene Bank, Tehran University,
Karaj, Iran (Table 1).

Table 1: A list of 22 P. vulgaris accessions used in SSR and RAPD analysis

Row Accession name Resistance reaction
1 Daneshkadeh MR
2 Black 1115 R
3 Jules R
4 Marmar R
5 Gole R
6 KS41128 R
7 White 323 R
8 Azna MR
9 Black 1183 R
10 Naz R
11 Black 1190 R
12 Black 1186 R
13 Black 1157 R
14 74-Emerson MR
15 Talash MR
16 G01437 MS
17 D81083 MS
18 GOS16 MS
19 Sayad MS
20 Akhtar S
21 G11867 S
22 Derakhshan S

Resistant (R); Moderately Resistant (MR); Moderately Susceptible (MS) and Susceptible (S)
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2.2 DNA extraction

For the SSR and RAPD analysis, fresh leaf samples
were taken from 10 field grown plants of each
accession, bulked and DNA extracted using a modified
CTAB method according to Doyle (1987).

2.3 SSR primers,
electrophoresis

reactions and agarose gel

Eight SSR loci (Table 2) obtained from previously
reported genomic sequences (Yu et al., 2000a; Wang et
al., 2012) was used for analysing the entire core
collection. PCR reaction volume was 18pl, consisting of
100 ng of DNA, 100 pmol of each primer (forward and
reverse), 7ul of CinnaGen PCR master mix, 2X (0.08
units/pl Taq DNA polymerase in reaction buffer, 3

mmol MgCl,, and 1.6 mmol dNTPs). The amplifications
were performed with a Thermal Cycler (Applied Bio
Rad, Foster City, CA, USA), with an initial 240 sec at
94 °C that was followed by 10 cycles of: 30 sec at 94
9C, 45 sec at annealing temperature (T,) (Table 2) + 5°C
(as touchdown PCR that enhance the specificity of the
initial primer), 120 sec at 72 °C, and then was followed
by 25 cycles of: 30 sec at 94 °C, 45 sec at T, , 120 sec at
72 °C and a final extension step at 72 °C for 420 sec.
PCR products were separated by electrophoresis in 6 %
acrylamide gels, stained with ethidium bromide (0.8
g/ml), using 1x TBE (89 mmol Tris/l, 89 mmol boric
acid/l and 2 mmol EDTA/L (pH 8.0) buffer and
visualized under ultra-violet light.

Table 2: The list of SSR primers were used for diversity screening

Annealing
GenBank Primer Sequence (5-3") tempgrature
(§9)
104555 F:GAGGGTGTTTCACTATTGTCACTGC 49
R:TTCATGGATGGTGGAGGAACAG
X74919 F:CCGTTGCCTGTATTTCCCCAT 47
R:CGTGTGAAGTCATCTGGAGTGGTC
XB0051 F:AGTTAAATTATACGAGGTTAGCCTAAATC 18
R:CATTCCCTTCACACATTCACCG
F:CGTTAGATCCCGCCCAATAGT
U77335 R:CCGTCCAGGAAGAGCGAGC 49
X79722 F:CCAACCACATTCTTCCCTACGTC 47
R:GCGAGGCAGTTATCTTTAGGAGTG
75856 F:GAGGGTGTTTCACTATTGTCACTGC 28
R:TGGCACTAAAGCAAAAGAC
X96999 F:AGTCGCCATAGTTGAAATTTAGGTG 49
R:CTTATTAAAACGTGAGCATATGTATCATTC
JQ739897 F:CAGTGGTTATTCTGGGGATT 48

R:GGTTGTTTATGGCAGTAGCA

F: the forward primer sequences; R: the reverse primer sequence

2.4 RAPD primers,
electrophoresis

reactions and agarose gel

Eight RAPD primers (Table 3) were used to assay the
genetic diversity of the common bean accessions. The
PCR basic reaction was the same as the SSR reaction.
The reaction was carried out at 94 °C for 240 sec , then
the reaction was cycled 10 times at 93 °C for 45 sec, 45
sec at T,(Table 3) and extension at 72 °C for 120sec,

and then was followed by 30 cycles of: 45 sec at 93 °C,
60 sec at T,, 120 sec at 72 °C. In addition, a final cycle
allowed extension for 420 sec at 72 °C. The amplified
products were separated electrophoretically on 1.5 %
agarose gels in 1x TAE buffer, visualized and
photographed over a UV transilluminator after staining
with ethidium bromide.
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Table 3:. The list of RAPD primers were used for diversity screening

; : Y Annealing
Primer name Primer Sequence (5-3") temperature (°C)
Oligo 12 CCT GGG TCC A 38

36
Oligo 16 GGG GGC GGG A
Oligo 17 CCT GGG CCT C 38
37
Oligo 32 GGG GCC TTA A
38
Oligo 34 CCG GCC CGA A
Oligo 342 GAG ATC CCT C 37
36
Oligo 345 GCG TGA CCC G

_ 36

Oligo 349 GGA GCCCCC T

2.5 Scoring and analysis of bands

Clear and well-marked bands were coded in a binary
form by denoting with ‘0’ and ‘1’ for absence and
presence of bands, respectively, in each genotype. These
data were then used as input for further calculations.

The PIC values as described by (Botstein et al., 1980)
were used to refer to the relative value of each marker
with respect to the amount of polymorphism exhibited.
PIC values for each of the primer were estimated using
the formula given by (Nei , 1973): PIC= 1-Y (Pij)?,
Where Pij is the frequency of j" allele in i primer and
summation extends over ‘n’ patterns. PIC is

synonymous with the term ‘gene diversity’ as described

by (Weir, 1990). The PIC takes into account not only
the number of alleles that are expressed but also the
relative frequencies of those alleles (Smith et al., 1997).

To describe genetic relationships among the common
bean accessions, RAPD and SSR band data were used to
estimate genetic similarity, based on Jaccard similarity
coefficients computed using the NTSYSpc 2.02e.
Cluster analysis was carried out based on genetic
distances using the unweighted pair-group (UPGMA)
method in NTSYSpc 2.02e. Dendrograms were created
with the TREE program of NTSYSpc 2.02e software
(Rohlf, 2000).

3 RESULTS AND DISCUSSION

The SSR marker system was used to analyse the genetic
diversity of 22 common bean accessions. A total of 18
alleles were detected. The number of alleles per locus
ranged from 2-3 bands with an average number of 2.2
alleles per locus that M75856 and J04555 had 3 alleles.
These results are in agreement with those of Perseguini
(2011) in their study on common bean accessions using
SSRs; a mean of 2.8 alleles was reported per SSR.
Veloso (2015) obtained an average of 2.5 alleles per
locus in a study of genetic divergence of 20 common
bean cultivars using 22 polymorphic primers. On the
other hand, Blair et al. (2006a) evaluated the genetic
divergence of 44 common bean genotypes using 129
microsatellite markers. In that study, an average of 7.8
alleles per locus was observed. Cardoso et al. (2014)
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obtained an average of 8.29 alleles per locus in a study
of genetic divergence of 157 commercial common bean
cultivars using 24 polymorphic primers. In this study, an
average number of alleles per locus less than the
numbers presented by the authors were observed,
probably because of the smaller number of genotypes
evaluated and the greater kinship among them (Veloso
et al., 2015).

It was found that 100 % of the amplification products
showed polymorphism, indicating high variation at the
DNA level among these accessions. The fragments
produced from all the 22 accessions varied in size from
95 to 250 bp (Table 4).
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Genomic SSRs selected on the basis of high
polymorphism information content (PIC) successfully
helped to discriminate genotypes in the present study.
PIC was calculated for all the markers, and was highest
for primer J04555 and M75856 which exhibited PIC
value of 0.54 and the lowest for the primer X79722
(0.23). The PIC value provides an estimate of the
discriminatory power of a locus by taking into account
not only the number of alleles expressed, but also the
relative frequency of those alleles. Hence, primer
J04555 and M75856 were effective and useful markers
for determining the genetic differences among the
common bean accessions. Wani et al. (2017), in their
study on common bean accessions using SSRs, reported
that PIC was the highest for primer BMD-6, it exhibited
a PIC value of 0.49 and the lowest for the primer BMD-
2 (0.22). Zargar et al. (2014) showed SSRs a higher PIC
value (0.300) compared to RAPDs (0.243). Perseguini
et al. (2011) showed PIC from 85 microsatellites used to
genotype the 60 carioca common bean accessions

ranged from 0.04 to 0.7. Successful amplifications of
expected sizes were obtained.

The data in Table 5 shows the pair-wise similarity
matrix based on SSR fingerprints using Jaccard's
similarity coefficient. The genetic similarities among
the 22 common bean accessions ranged from 0.125 to 1.

The cluster analysis showed that the 22 accessions were
divided into three clusters (Fig. 1). The first cluster
included the resistant accessions, Goli, Black-1190,
Naz, Black-1186, Black-1183, Black-1157 and Black-
1115, Jules, Marmar, KS41128, and White-323 and the
moderate resistant accessions, Daneshkadeh, Azna and
74-Emerson. The second cluster included Sayad and
G01437, D81804 and GOS16 (moderately susceptible)
and the T.urticae susceptible accessions, Derakhshan,
Akhtar and G11867. The third cluster included only the
moderately resistant accession, Talash.

Table 4: The number and size range of bands produced by the SSR and RAPD primers among the 22 common bean

accessions
Primer name Numbe;l?glg:served Fragment length ianc:(r)rIT):ar\rt]icc))rr? El)sr:?ent Type of marker
(PIC)
J04555 3 125-175 0.54 SSR
X74919(SSR) 2 150-200 0.35 SSR
X80051 2 200-250 0.40 SSR
uU77935 2 95-100 0.49 SSR
X79722 2 100-150 0.23 SSR
M75856 3 140-170 0.54 SSR
X96999 2 150-200 0.43 SSR
JQ739897 2 120-150 0.23 SSR
oligo 12 1 1000 Monomorphic RAPD
oligo 16 1 Monomorphic RAPD
oligo 17 3 1000-1500 0.16 RAPD
oligo 32 5 200-1500 0.47 RAPD
oligo 34 1 1200 Monomorphic RAPD
oligo 342 1 Monomorphic RAPD
oligo 345 4 700-1200 0.48 RAPD
oligo 349 6 300-1500 0.59 RAPD
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Table 5: Pair-wise genetic similarities based on SSR markers among the common bean genotypes that varied in their
resistibility/susceptibility against T.urticae

1 2 3 4 5 6 7 8 9 10 11

1 1

2 0.5 1

3 0.8 0.636 1

4 0.285 0.636 0.384 1

5 0.285 0.636 0384  0.636 1

6 0.5 0384 0.636 0.384  0.636 1

7 0.384 0.285 0.285 0.5 0.5 0.5 1

8 0.5 0.384 0384 0384 0.636  0.636 0.8 1

9 0.636 0.285 0.5 0.285 0.5 0.8 0.636 0.8 1

10 0.636 0.285 0.5 0.285 0.5 0.8 0.636 0.8 1 1

11 0.384 0.5 0.5 0.5 0.8 0.8 0.636 0.8 0.636  0.636 1
12 0.5 0384 0384 0384 0.636 0.636 0.5 0.636 0.8 0.8 0.5
13 0.5 0384 0384 0384 0.636  0.636 0.8 1 0.8 0.8 0.8
14 0.636 0.285 0.5 0.285 0.5 0.8 0.636 0.8 1 0.1 0.636
15 0.125 0.2 0.2 0384 0384 0.384 0.384  0.285 0.285 0.285 0.384
16 0.2 0.2 0.125 0.2 0.384 0285 0.285  0.384 0.384  0.384 0.285
17 0.285 0.2 0.384 0.2 0.384 0.636 0.285  0.384 0.5 0.5 0.5
18 0.2 0.285 0.285 0.5 0.5 0.5 0.384  0.285 0.384  0.384 0.384
19 0.285 0.384 0384 0384 0.636 0.636 0.285  0.384 0.5 0.5 0.5
20 0.2 0.285 0.285 0.5 0.5 0.5 0.384  0.285 0.384  0.384 0.384
21 0.384 0.5 0.5 0.5 0.5 0.5 0.2 0.285 0.384  0.384 0.384
22 0.5 0384 0384 0384 0384 0384 0285  0.384 0.5 0.5 0.285
Continued Table 5.

12 13 14 15 16 17 18 19 20 21 22

12 1

13 0.636 1

14 0.8 0.8 1

15 0.285 0.285 0.285 1

16 0.5 0.384 0.384  0.384 1

17 0.384 0.384 0.5 0.384 0.5 1

18 0.5 0.285 0.384 0.384 0.384 0.5 1

19 0.636 0.384 0.5 0.285 0.5 0.636 0.5 1

20 0.5 0285 0384 0.384 0.384 0.5 1 0.8 1

21 0.5 0.285 0.384 0.2 0.384 0.5 0.636 0.8 0.636 1

22 0.636 0.384 0.5 0.125 0.5 0.384 0.5 0.636 0.5 0.8 1
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Figure 1: A dendrogram based on SSR markers of the 22 common bean genotypes variations in their resistance to

T.urticae

The eight RAPD primers used to fingerprint the 22
common bean accessions generated 22 bands ranging
from 100 to 1500 bp. Out of these 22 bands,18 (81.8 %)
were polymorphic. The number of alleles per locus
ranged from one for oligo 12, oligo 16, oligo 34 and
oligo 342 to 6 for oligo 349 with an average number of
2.75 alleles per locus (Table 4). Since four primers out
of eight were monomorphic; these primers were
excluded from the analysis.

PIC was calculated for all the markers and was the
highest for primer oligo349 which exhibited a PIC value
of 0.59 and the lowest for the primer oligo 17(0.16).
Zargar et al. (2014) observed an average PIC of 0.243

for RAPD in their study on common bean accessions.
Bukhari et al. (2015) studied the genetic diversity of
common bean, 19 RAPD primers were used and the
highest PIC value was recorded as 0.79 with an average
PIC value of 0.54.

Table 6 presents the pairwise genetic similarity
estimated among 22 accessions. Pairwise genetic
similarity ranged from 0.0 to 0.857. Based on similarity
index, Black-1186 (resistance) and Ks41128 (resistance)
and also, G11867 (resistance) and White-323
(susceptible) were the closest ones showing about 90 %
similarity.
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Table 6: Pair-wise genetic similarities based on RAPD markers among the common bean genotypes that varied in
their resistibility/susceptibility against T.urticae

1 2 3 4 5 6 7 8 9 10 11
1 1
2 0.571 1
3 0.727 0.6 1
4 0.416 0.272 0.636 1
5 0.538 0.545 0.75 0.461 1
6 0.545 0.272 0.636 0.6 0.461 1
7 0.222 0.33 0.2 0.0 0.181 0.11 1
8 0.416 0.55 0.636 0.454 0.583 0.454 0.11 1
9 0.333 0.3 0.416 0.5 0.5 0.363 0.0 0.363 1
10 | 0.461 0.33 0.538 0.636 0.4 0.5 0.0 0.5 0.545 1
11| 0.461 0.33 0.666 0.636 0.5 0.636 0.0 0.636 0.545 0.818 1
12 | 0.454 0.3 0.545 0.66 0.384 0.5 0.0 0.363 075 0.7 0.7
13 | 0.416 0.4 0.5 0.454 0.461 0.33 0.0 0.454 0.66 0.636 0.636
14 | 0.333 0.181 0.416 0.363 0.285 0.363 0.0 0.363 0.4 0.7 0.7
15 0.4 0.1 0.363 0.444 0.231 0.44 0.0 0.181 0.5 0.5 0.5
16 0.3 0.428 0.4 0.5 0.25 0.33 0.0 0.333 0375 04 0.4
17 | 0.222 0.333 0.2 0.25 0.181 0.25 0.0 0.25 0.285 0.2 0.2
18 0.2 0.285 0.181 0.375 0.166 0.22 0.0 0.222 025 03 0.181
19 0.5 0.333 0.6 0.75 0.416 0.55 0.0 0.4 0.625 0.6 0.6
20 0.3 0.428 0.4 0.5 0.363 0.33 0.0 0.33 0571 04 0.4
21 | 0.307 0.272 0.384 0.6 0.461 0.33 0.0 0.33 066 05 0.384
22 | 0.333 0.3 0.416 0.5 0.5 0.363 0.0 0.4 0.75 0.416 0.416
Continued Table 6.
12 13 14 15 16 17 18 19 20 21 22
12 1
13 0.66 1
14 0.55 0.5 1
15 0.714  0.444 0.5 1
16 0571 0333 0222 0.285 1
17 0.285 0.25 0.0 0.166 0.5 1
18 0.25 0.222 0.0 0.142 0.4 0.666 1
19 0.857 0555 0444 0571 0.666 0.333  0.285 1
20 0.571 0.4 0.222 0.285 0.6 0.5 0.4 0.666 1
21 0.5 0.454 0.25 0.3 0.333 0.25 0.375  0.555 0.5 1
22 0.555 0.5 0272 0333 0375 0.285 0.25 0.625 0571 0.875 1
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The cluster analysis showed that the 22 accessions were
divided into three clusters (Fig. 2). The first cluster
included the moderately resistant accession, Azna and
the resistant accessions, jules, Goli, Ks41128, White-
323 and Black-1115 as well as the moderately
susceptible Sayad. The second cluster included G01437
and Sayad (moderately susceptible), and the susceptible

accessions, Black-1183, Black-1186 and Marmarand the
moderately resistant accession, Daneshkadeh. The third
cluster included the resistant accessions, Naz, Black-
1190 and Black-1157 and moderately resistant
accessions, 14-Emerson and Talash. The fourth cluster
included the moderately susceptible accessions, D81804
and Gosl6. The fifth cluster included only the

accessions, Akhtar and G11867 and the resistant susceptible accession, Derakhsan.
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Figure 2: A dendrogram based on RAPD markers of the 22 common bean genotypes variations in their resistance to

T.urticae

The results of this study indicate that RAPD and SSR
analyses could be successfully used for estimation of
genetic diversity among common bean genotypes. SSR
markers could group genotypes according to their
resistibility/susceptibility to the spotted spider mite but
RAPD markers could not. These results are in
agreement with those of Tomar et al. (2011) which
showed that ISSR and SSR marker systems failed to
differentiate the resistant and susceptible soybean
cultivars against Rhizoctonia solani J.G. Kiihn. Silva et
al. (2003) found one RAPD and one SSR marker to be
linked in the coupling phase to the angular leaf spot
(Phaeoisariopsis griseola (Sacc.) Ferraris) resistant

allele but this RAPD marker is not so useful in assisting
selection because it is too far from the resistant allele.
On the other hand, Wani et al. (2017) showed that
primer BMD-6 was observed to be an effective and
useful marker to determine the genetic differences
among the BCMV (Bean Common Mosaic Virus)
resistant common bean accessions. Also, Yu et al.
(2002b) showed the possibility of using RAPD markers
to select resistance to common bacterial blight (CCB)
and found that one of the RAPD markers was
significantly associated with a major quantitative trait
locus-conditioning resistance to CBB.

4 CONCLUSIONS

In conclusion, this study showed that SSR marker
systems have comparable accuracy in grouping
genotypes according to their resistibility and
susceptibility to the spotted spider mite and can
facilitate the development of resistant common bean
cultivars through breeding programs against one of the

most serious herbivores, two-spotted spider mite. SSRs
are characterized by their hyper variability, abundance,
reproducibility, Mendelian mode of inheritance and co-
dominant nature (Sicard et al., 2005). The high level of
polymorphism of microsatellite markers and their wide
cross-species transferability make these new markers
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useful for mapping and molecular characterization of
Phaseolus species (Sicard et al., 2005). PIC was the
highest for Primer J04555 and M75856; hence, primer
J04555 and M75856 were observed to be informative in
the present study. Further studies can be carried out to
molecularly characterize the SSR unique markers that
are associated with T.urticae resistibility/susceptibility

described in this study. Since genotypes present in the
same clusters have more genetic relationship than the
genotypes found in other clusters, this information will
help breeders in selecting new cultivar production and
in  maintaining  population  polymorphism  and
developing mapping populations to map the T.urticae
resistant gene (s) in common bean genome.
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