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| ABSTRACT |

The present work was conducted to evaluate RAPD-PCR and AFLP (amplified fragment
length polymorphism) marker systems for their ability to detect genetic diversity within and among
some common bean (Phaseolus vulgaris)cultivars and tepary bean (Phaseolus acutifolius) lines and
to compare the efficiency of these two marker types in the classification of accessions according to
the gene pool of beans. The polymorphic fragments were obtained on the basis of 12 differentiating
primers using the RAPD method and 4 differentiating primer combinations using the AFLP method.
The 12 RAPD primers produced 119 polymorphic bands, while AFLP primer combinations
produced 165 polymorphic bands. RAPD data analysis showed that the genetic similarity among
thirteen Phaseolus accessions ranged from 44.6 to 93.8% while the AFLPs generated data show
that the highest genetic similarity value was 86.7% and the lowest value was 27.7% with an
average of 57.2%. The dendrogram generated with hierarchical UPGMA (unweighted pair group
method with arithmetic mean) cluster analysis of the Jaccard’s similarity coefficient matrices
revealed two major clusters, which were identified.
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America (YU and BIiss, 1978), although,

INTRODUCTION | tepary and common bean have the same

number of chromosomes (2n=22) and similar
karyotypes (Marechal, 1970).
Amplified fragment length

he genus Phaseolus originated in

the Americas and contains 55

species, six of which are widely
cultivated: Phaseolus vulgaris L., Phaseolus
lunatus L., Phaseolus coccineus L., Phaseolus
acutifolius  A., Phaseolus latifolius and
Phaseolus polyanthus (Debouck, 1999). Of
these six species, the common bean
(Phaseolus vulgaris L.) is the most important
because its high protein content has made it
the major staple food crop in Africa and Latin

polymorphism (AFLP) is a polymerase chain
reaction (PCR)-based molecular marker assay
(Vos et al., 1995) that can detect a higher
number of polymorphic loci in a single assay
than restriction fragment length polymorphism
(RFLP) or random amplification of
polymorphic DNA (RAPD) (Powell et al.,
1996). AFLP is highly polymorphic and shows
considerable  reproducibility  within  a
laboratory.
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The effectiveness and reliability of
AFLP has led to its increasing use in diversity
studies, phylogeny, genomic linkage mapping
and identification of varieties (Tohme et al.,
1996; Papa and Gepts, 2003; Rosales-Serna et
al., 2005). AFLPs can detect a large number of
polymorphic bands in a single lane rather than
high levels of polymorphism at each locus
such as with SSRs. AFLP has been used to
distinguish very closely related genotypes
belonging to the same commercial class, such
as the yellow bean class (Gaita'n-Solis et al.,
2002; Pallottini et al., 2004; Guerra-Sanz,
2004; Caixeta et al., 2005; Buso et al., 2006;
Benchimol et al.,2007; Campos et al., 2007,
Hanai et al.,2007 and Cardoso et al.,2008).

A comparison of the different marker
systems used to estimate crop genetic diversity
IS important in order to assess their usefulness
in germplasm conservation and as plant
breeding tools. Garcia et al., (2004) used
different marker systems (AFLP, RAPD,
RFLP and SSR) to examine the diversity of
tropical maize inbred lines and concluded that
AFLP was the best molecular assay for
fingerprinting  and  assessing  genetic
relationships because of its high accuracy.

Geleta et al. (2005) reported that both
AFLP and SSR markers were efficient tools in
assessing the genetic variability among
sorghum genotypes.

In this study, we sought to determine the
most suitable molecular marker system
(RAPD or AFLP) for assessing the genetic
diversity in commercial and wild beans and
examine the genetic variability among various
genotypes.

| MATERIALS AND METHODS |

1. Plant material and DNA extraction
A set of 11 common bean cultivars and two

wild accessions (G40083 and G40084) of
Phaseolus acutifolius (2n=22) were evaluated

under drought stress. The 11 Phaseolus
vulgaris genotypes included belonged to the
gene pools of common bean (Polysta,
Nebraska, Gomi, Ferrary, Mv309, Giza-9,
Sonate, Goru, Argus, Xera and Amel). Seeds
of these cultivars were obtained from the
National Germplasm Resources Laboratory,
Beltsville, USA and Germplasm Preservation
Laboratory, Faculty of Agriculture at
Moshtohor, Benha University and Horticulture
Research Institute, Agricultural Research
Center, Dokki, Egypt. Total genomic DNA
was extracted from young leaf tissue using the
CTAB extraction method as described by
(Doyle and Doyle,1987).

Phylogenetic relationships and genetic
diversity were assessed for these accessions
and among other cultivated forms of
Phaseolus vulgaris using data generated from
RAPD and AFLP molecular marker
techniques.

2. RAPD analysis

Oligonucleotide sequences of the 10-mer
random primers used in this study were
selected from a set of Operon Kits (Operon
Technologies Inc., Alameda California, USA).
A total of twelve random 10-mer primers as
indicated in Table (1) were used in the
detection of polymorphism among Phaseolus
vulgaris ssp. PCR reactions were conducted
according to (Williams et al.,, 1990 and
Driessen et al., 2001). The reaction conditions
were optimized and 25 ml total volume
mixtures were composed of dNTPs 200 mM,
MgCl, 1.5 mM, 1X buffer, primer 0.2 mM,
DNA 100 ng, and Taq DNA
polymerase(Promega,USA) 2 units. Negative
control was included where all the ingredients
were present except template DNA.
Amplification were carried out in a
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thermocycler (UNO 11, Biometra) programmed
for 95°C for 5 min (one cycle); followed by
94°C for 1 min, 35°C for 1 min and 72°C for 2
min (45 cycles); 72°C for 5 min (one cycle),
then 4°C (infinitive).

Amplification products (7ul) were mixed
with 3 pl loading buffer and separated on 1.5%

agarose gel and stained with 0.5 mg/ml
ethidium bromide, and visualized with
ultraviolet light and photographed. DNA
fragment sizes were determined by
comparisons with the 100 bp DNA ladder
marker (Promega, USA).

Table (1): Sequence of twelve decamer arbitrary (10-mer) primers assayed in RAPD- PCR

marker.
Primer Sequence (5" - 3") Primer Sequence (5" - 3")
OPA-02 TGCCGAGCTG OPD-01 ACCGCGAAGG
OPA-09 GGGTAACGCC OPD-02 GGACCCAACC
OPB-05 TGCGCCCTTC OPD-10 GGTCTACACC
OPB-07 GTCCACACGG OPD-16 AGGGCGTAAG
OPC-06 GAACGGACTC OPE-07 TCAGGGAGGT
OPC-20 ACTTCGCCAC OPG-03 AGGCTGTGCT

3. AFLP analysis

AFLP analysis was performed using the
Invitrogen AFLP® Analysis system |, and
AFLP Starter primer kit (Cat # 10544-013 and
10483-014, respectively, Invitrogen
Corporation, Carlsbad, California, USA) as
indicated in Table (2). Amplicon- template
preparation, pre-amplification and selective
amplification were conducted according to
manufacturer's protocol of the BRL AFLP
analysis system | kit(Gibco,USA) for a small
genome using a total of 250 ng of genomic
DNA in EcoRI(E) and Msel(M) digestion.

Amplification products were
electrophoresed in 6% (w/v) denaturing
polyacrylamide sequencing gels for 2h at 2000
W, and DNA bands were visualized by silver
staining according to methods of (Vos et al.,
1995). All the polymorphic AFLP bands
between 100 and 500 bp were scored and
fragments were sized by comparison at a 100
bp ladder molecular weight size standard.

4. Data analysis

Amplified products for RAPD and AFLP
markers were visually examined for each
primer or each primer combination. Also, Gel
Documentation System (Gel-Doc 2000, with
Diversity Database Fingerprinting Software,
version 2.1, Bio-Rad Laboratories, and
Hercules, California, USA) was used for gel
analysis, scoring, data handling, cluster
analysis and construction of dendrograms.

The obtained data of RAPD and AFLP
analyses was entered in a computer file as
binary matrices where “0”and “1”stand for the
absence and presence, of a band, respectively
in each individual sample. Similarity
coefficients were calculated according to dice
matrix (Nei and Li, 1979 and Rohlf, 1993).
Parents were grouped by cluster analysis with
the similarity matrix and  unweighted pair
group method based on arithmetic mean
(UPGMA).
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Table (2): Sequence of different AFLP primers used.

Primer Sequence (5 - 3))
Msel forward adapter GACGATGAGTCCTGAG
Msel reverse adapter TACTCAGGACTCAT
EcoRlI forward adapter CTCGTAGACTGCGTACC
EcoRlI reverse adapter AATTGGTACGCAGTCTAC
Msel primer core region (M) GATGAGTCCTGAGTAA
Msel pre-selective primer (M+1) M+C
Msel selective primers (M+3)
M-CAA GATGAGTCCTGAGTAACAA
M-CAG GATGAGTCCTGAGTAACAG
M-CTG GATGAGTCCTGAGTAACTG
M-CTC GATGAGTCCTGAGTAACTC
EcoRlI primer core region (E) GACTGCGTACCAATTC
EcoRlI pre-selective primer (E+1) E+A
EcoRlI selective primers (E+3)
E-AAG GACTGCGTACCAATTCAAC
E-ACA GACTGCGTACCAATTCACA
E-AAC GACTGCGTACCAATTCACC
E-ACA GACTGCGTACCAATTCACA

RESULTS AND DISCUSSION |

1. Identification of RAPD markers

The twelve primers that generated
reproducible and scorable  polymorphic
markers were selected for further analysis.
They produced multiple band profiles with a
number of amplified DNA fragments ranging
from 9.0 to 19.0, while the number of
polymorphic fragments ranged from 4.0 to
15.0 (Table 3 and Figure 1).

A maximum number of 19.0 fragments
was amplified with primer OPE-07 and the
minimum number of 9.0 fragments was
amplified with primers OPD-01 and OPD-02
(Table 3).

The total number of reproducible
fragments amplified by the twelve primers

reached 166.0 bands, of which 119.0 were
polymorphic fragments. This represented a
level of polymorphism of 70.16%, which
indicates a very high level of polymorphism
among the genotypes studied. The size of the
amplified fragments also varied with the
different primers and ranged from 100 to 1500
bp as shown in Fig. (1).

In the present study, RAPD analysis
revealed a high level of polymorphism among
the various genotypes studied, which enabled
accurate analysis of the genetic distance.

The obtained results are in good
accordance with those of (Shen et al., 1996;
Thompson et al., 1997; Shen et al., 1998; Ruas
et al., 1999; Wang and Goldman, 1999;
Driessen et al., 2001 and Zitoun et al., 2008).
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Table (3): Total number of bands, monomorphic bands, polymorphic bands and percentage of
polymorphism as revealed by RAPD markers among the 13 Phaseolus spp. genotypes.

Primers Togilbr;:]r‘(rj\Sber Moné)ar‘?%rsphlc Pol)églrc:gghlc % Polymorphism
OPA-02 14 6 8 57.15
OPA-09 14 4 10 71.43
OPB-05 15 3 12 80.00
OPB-07 16 5 11 68.75
OPC-06 11 5 6 54.55
OPC-20 13 0 13 100.00
OPD-01 9 4 5 55.56
OPD-02 9 5 4 44.45
OPD-10 15 0 15 100.00
OPD-16 15 3 12 80.00
OPE-07 19 5 14 73.69
OPG-03 16 7 9 56.25
Total 166 47 119 70.16

1.2 Genetic similarity within and among
Phaseolus spp. Genotypes

The genetic similarity within and among
thirteen Phaseolus spp. was estimated in terms
of using Dice's similarity coefficients (DSC's)
to compute the similarity matrix based on the
scored RAPD data matrix.

This similarity matrix was used to
generate a dendrogram using the UPGMA
method. RAPD data analysis showed that the
genetic similarity among thirteen Phaseolus
acutifolius and Phaseolus vulgaris genotypes
ranged from 44.6 to 93.8% as shown in Fig.
(2). In addition, the highest similarity level
(93.8%) was detected between wild tepary
bean accessions G40083 and G40084 which
are closely related accessions. While, the
lowest genetic similarity (44.6%) was detected
between wild tepary bean accessions (G40084)
and Giza-9 bean cultivar.

The dendrogram separated the thirteen
Phaseolus vulgaris and Phaseolus acutifolius
genotypes two major clusters, according to the
geographic distributions of wild accessions
and to traditional classification of cultivated
forms of bean (Carmenza et al., 2006, Munoz
et al., 2004 and Svetleva et al., 2006). The first
cluster contained wild bean accessions
collected from Mexico and southwestern USA
(G40083 and G40084), while the second
cluster contained all cultivated forms of bean,
that could be divided into two subclusters.
Bean cultivars Nebraska, Gomi and Goru are
grouped together in the first subcluster, while
bean cultivars Polysta, Ferrary, Mv309, Giza-
9, Sonate, Argus, Xera and Amel grouped
together in the second subcluster. The obtained
results are in harmony agreement with those
obtained by (El-Fiky and Wafaa, 2002; Monaj
et al.,2005 and Franklin et al., 2009).
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1.3 Unique markers and fingerprints
revealed by RAPD

In RAPD analysis among the twelve
RAPD primers used, only one RAPD primer
(OPD-02) failed to generate unique markers
while the other 11 primers were able to
generate unique markers (unique positive
and/or negative markers) that could be used to
identify bean genotypes with the percent of
92.3%. One RAPD primer produced unique

negative markers (OPD-10), while three
primers produced, unique positive markers
(OPA-02, OPA-09 and OPE-07) and eight
RAPD primers produced both types of unique
markers (positive and negative). A total of 38
unique markers were generated from eleven
primers of which twenty-two markers were
unique positive and sixteen markers were
unique negative with molecular weight
ranging from 70 to 1500 bp (Table 4).

Table (4): Unique positive* and/or negative** markers, marker size and total number of unique
markers revealed from RAPD assayed primers.

Unique RAPD markers

Prmers o T Size(p)  JUNM®|  Sizep) | O
OPA-02 2 480,600 0o - 2
OPA-09 3 100, 190, 520 o - 3
OPB-05 3 180,270,400 3 70,480,600 6
OPB-07 2 460,390 1 290 3
OPC-06 2 210,400 2 500,700 4
OPC-20 2 380,620 2 200,400 4
OPD-01 1 400 1 1500 2
OPD-10 0 : 1 280 1
OPD-16 4 150,180,300.410 3 100,500,700 7
OPE-07 1 700 0o - 1
OPG-03 2 450,600 3 100,150,300 5
Total 22 16 38
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Fig. (1): RAPD profiles of 13 bean genotypes (1 - 13) as detected with primers (A) OPA-02, (B)
OPA-09, (C) OPB-05, (D) OPB-07, (E) OPC-06 and (F) OPC-20. Lanes 1 and 2 represent
wild bean accessions (G40083 and G40084) and lanes 3 to 13 represent: common bean
relatives (Polysta, Nebraska, Gomi, Ferrary, Mv309, Giza-9, Sonate, Goru, Argus, Xera and
Amel, respectively). DNA molecular weight standards of 100 bp DNA ladder.
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Fig. (2): Dendrogram for the 13 bean accessions constructed from the RAPDs generated data
using UPGMA method and similarity matrices computed according to DSC's.
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2.1 Identification of AFLP-PCR molecular
markers

Four EcoR1 and Msel selective primer
combinations were used for fragment
amplification. All AFLP polymorphisms were
scored as dominant marker. Sequences of
selective primers used in assaying bean
genotypes are given in Table (5) and Figure
(3). AFLP primer combinations used
generated 230 selectively amplified DNA
fragments and identified 165 polymorphic
markers as shown in (Table 5). On average
57.5 distinguishable bands were observed after
selective amplification with each primer
combination, and an average of 71.73 % of
these AFLP bands were found to be
polymorphic among bean genotypes, while,
the percentage of polymorphism ranged from

67.21 to 76.92%. The highest percentage of
polymorphism (76.92%) was obtained with
primer combination, E-aca X M-cac, while
the least percentage (67.21%) was obtained
with the primer combination E-aac X M-ctc.

However, the maximum number of
bands per primer combination was found to be
69.0 which was generated with primer
combination E-aac X M-cte, Whereas the
minimum number of bands per primer
combination (48) was obtained with primer
combination E-aac X M-caa, (Table 5 and Fig.
3), confirming the high multiplex ratio
produced by AFLP markers. The size of
selectively amplified DNA fragments ranged
in size from 50 to 600 bp as shown in Fig. (3).
These results are in good accordance with the
results obtained by (Maras et al.,2008).

Table (5): Total number of bands, monomorphic bands, polymorphic bands and percentage of
polymorphism as revealed by AFLP markers among the 13 bean genotypes.

Primer combinations n-tlj_r%ts:,\r Mont;)arlrr:(él;phic POI%Z}?&ENC Polym(())/(;phism
of bands
E aac X Mcaa 48 10 36 75.00
Eaca X Mcac 52 15 40 76.92
Eaac X Mcre 69 22 48 69.56
Eaca X Mcre 61 18 41 67.21
Total 230 65 165 71.73

2.2 Genetic similarity within and among
Phaseolus spp. genotypes

The AFLP scored data resulting from the
four primer combinations were used to
calculate the similarity matrices through Dice's
genetic  similarities  coefficient (DSC's)
between wild and common bean accessions.
AFLPs generated data show that the highest
genetic similarity value was 86.7% and the
lowest value was 27.7% with an average of
57.2% as shown in (Fig. 4). Based on AFLP

analysis, the highest similarity (86.7%)
detected by the AFLP assay was between wild
tepary bean accessions (G40083 and G40084)
both share the same genetic background and
geographical region since they were collected
from Mexico and southwestern USA.

Meanwhile the lowest percentage of
similarity (27.7%) was detected between wild
tepary bean accession G40084 and Ferrary
bean cultivar.
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The topology of the AFLP data based
dendrogram was highly similar with that
dendrogram constructed based on RAPD data
with a few deviations in the values of
similarity ~ coefficients. A constructed
dendrogram also separated thirteen types of
bean into four major clusters, according to the
geographic region of wild bean accessions and
to classical botanical classification of
cultivated forms of bean (Carmenza et al.,
2006; Munoz et al., 2004 and Svetleva et al.,
2006).

The first cluster contained wild bean
accessions  collected from Mexico and
southwestern USA (G40083 and G40084),
while the second cluster contained cultivated
forms of bean (Goru and Ferrary), the third
cluster, which contained other cultivated forms
of bean (Nebraska and Xera). On the other
hand, the fourth cluster could be divided into
four subclusters common of bean cultivars.
Mv309 and Giza-9 are grouped together in the
first subcluster, while, cultivars Argus and
Amel are grouped together in the second
subcluster. The third subcluster contains
cultivars Gomi and Sonate and the fourth
subcluster contains cultivar Polysta only (Fig.
4).

2.3 Unique markers and fingerprints
revealed by AFLPs

All the AFLP primer combinations used
detected unique markers (positive or negative).
They reveal a total of 26 unique markers
comprising 11 negative and 15 positive
markers. The highest number of unique
markers (11 markers) is obtained with primer
combinations of E-aac X M-caa, whereas the
lowest number (four markers) is obtained with
E-aca X M-ctc with molecular weight ranging
from 100 to 480 bp (Table 6). The beans types
used in this study could be divided into two
groups, the first group contained two wild

bean accessions, while the other group
included cultivated forms of common bean.
The highest numbers of unique markers were
detected with tepary bean accessions (G40083
and G40084) from the first group; 5.0 and 4.0
unique markers were identified, respectively,
from the second group, four of them recorded
3.0 unique markers (Nebraska, Ferrary, Goru
and Xera), respectively, while the lowest
numbers of unique markers were detected with
Gomi, Sonate, Argus, Amel and Giza-9 with
only one unique marker. No unique markers
were identified with varieties Polysta and
Mv309.

Also, the banding patterns obtained by
the different AFLP primer combinations
yielded unique fingerprints that characterized
each genotype. Moreover, nine unique AFLP
markers were identified. These markers could
be used to differentiate between wild tepary
bean accessions and cultivated forms of bean.
Seven out of nine markers could be used to
differentiate wild type of bean from the other
types used in this study (cultivated forms of
bean), while two markers could be used to
differentiate cultivated forms of bean from
wild tepary bean accessions. Two specific
AFLP markers are identified for wild tepary
bean accessions (G40083 and G40084) with
primer combinations of E-aac X M-caa, with
molecular weights 220 and 230 bp. The
obtained findings are in good accordance with
(Singh et al., 1999 and Srivastava et al.,2001).
Who reported that several rare and accession
specific bands were identified. Such specific
bands could be effectively used to distinguish
the different genotypes of species from
different eco-geographic regions, meanwhile,
(Zhang et al., 1998) declared that there were
no region specific markers identified when
assessed genetic diversity in 80 cultivars of
sweet potato from four different geographical
regions.
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Fig. (3): AFLP profiles of 13 bean genotypes (1 - 13) as revealed by AFLP primer combinations
(A) E-AAG X M-CAA and (B) E-ACA X M-CAG. Lanes 1 and 2 represent wild tepary
bean accessions (G40083 and G40084) and lanes 3 to 13 represent: common bean
relatives (Polysta, Nebraska, Gomi, Ferrary, Mv309, Giza-9, Sonate, Goru, Argus, Xera
and Amel respectively. DNA molecular weight standards (M)of 100 bp DNA ladder.
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Fig.(4): Dendrogram for the 13 bean accessions constructed from the AFLPs generated data
using UPGMA method and similarity matrices computed according to DSC's.
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Table (6): Unique positive* and/or negative** AFLP markers, marker size and total number of
unique markers revealed from AFLP assayed primer combinations.

Primer Unique AFLP markers
No. binati — — Total
combinations — ypm* Size in bp UNM** Size in bp
110,220,230,310,340,
1 Eaanc X Mcaa 8 350,360,520 3 140,150,380 11
2 E aca X M cac 1 220 4 120,130,150,480 5
3 Eaanc X Mcre 4 90, 380, 440, 510 2 180,300 6
4 Eaca X Mcrc 2 240,260 2 100,120 4
Total 15 11 26

3. Comparison between RAPD and AFLP
assay in Phaseolus spp.

The differences between RAPD and
AFLPs reflect the extent of genome coverage
and different evolutionary properties. The
genomic distribution of RAPD is random,
whereas it is reasonable to expect that AFLPs
should have complete genome (Nowosielski
etal., 2002 and Lanteri et al.,2004).

Menezes et al. (2004) and Palomino et
al. (2005) studied the genetic diversity within
common bean cultivars using RAPD markers
and verified high genetic variability within
carioca cultivars that differed from the ‘wild
tepary beans’. Although RAPD markers have
been extensively used for common bean
fingerprinting and genetic analysis, AFLP
analysis provides a higher level of
polymorphism than RAPD. AFLP markers
are advantageous because they reveal a larger
number of reproducible markers, thereby
increasing the probability of identifying
polymorphic markers, even among closely
related genotypes such as in common beans
(Tohme et al., 1996).

Comparisons of the efficiency of
RAPD and AFLPs in assessing the genetic
diversity of plants have generally shown that
AFLP is the preferred technique (Garcia et

al., 2004), in a comparison of AFLP, RAPD,
RFLP and SSR markers to evaluate genetic
diversity in common bean, found that AFLP
was the best-suited molecular assay for
accurate fingerprinting and assessment of
genetic relationships among tropical maize
inbred lines.

In conclusion, this is the first study to
use powerful molecular markers such as
AFLP and SSRs to assess the genetic
variability of tepary beans. Other studies of
commercial bean genotypes have used RAPD
markers, which are less powerful in revealing
the extent of genetic diversity. Menezes et al.
(2004) and Palomino et al. (2005) found that
AFLP and RAPD and the number of markers
they generated were appropriate for assessing
the genetic diversity among common bean
genotypes. In practice, AFLP markers were
easier to use when screening the whole
genome for genetic diversity and were more
suitable in distinguishing among very closely
related genotypes belonging to the same
commercial class, such as the common bean
and tepary bean genotypes.
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