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ABSTRACT

For effective management and control of yellowing disease, inter-simple sequence repeat
(ISSR) markers were employed to investigate genetic diversity among 34 isolates of
Fusarium solani, which had been isolated from major growing areas of black pepper in
Malaysia. Over 15 primers, with fragment sizes ranging from 200 bp to 3600 bp, and a
total of 253 amplified loci were amplified in all 34 isolates, with an average of 17 bands
per primer; among which 248 (98.02 %) were polymorphic. High genetic diversity at
species level was revealed (Nei’s gene diversity h = 0.2671 and Shannon information
index [ = 0.4134, respectively). Sarikei population was found to have a higher degree of
polymorphism compared to other populations. The dendrogram generated from UPGMA
cluster analysis categorized the 34 F. solani isolates into two major clusters based on
Jaccard’s similarity coefficients. Cluster I contained a unique isolate. Cluster II contained
33 isolates which were split into two different subclusters. Results showed that the clusters
were not related to geographic origins. Meanwhile, ISSR fingerprinting generated highly
polymorphic markers that could be used to study genetic characterization of F. solani and
to clarify phylogenic relationships, as well as useful for efficient management of yellowing

disease and finding breeding programmes
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INTRODUCTION

One of the most recognized spices in the
world is black pepper (Piper nigrum L.;
Family: Piperaceae). Black pepper is a
perennial climbing vine grown for its
berries and it is extensively used as spice
in traditional medicine. Malaysia is one of
the major producers and exporters of pepper
(Ravindran, 2000). The productivity of black
pepper is slowly declining (Krishnamoorthy
& Parthasarathy, 2010), while crop losses
caused by diseases are a major production
limitation in Malaysia and other pepper-
producing countries (Kueh & Sim, 1992;
Sarma et al., 1992).

The most serious diseases of black
pepper are ones caused by fungal pathogens
and plant parasitic nematodes (Bong & Saad,
1986; Ramana & Eapen, 2000; Thankamani
et al., 2008). One of the most important
diseases of black pepper is yellowing
disease, which is also known as slow decline
(Kueh et al., 1993; Sitepu & Mustika,
2000). Fusarium solani was identified as
the causal agent of this particular disease
(Hamada et al., 1988). It is important to
note that Fusarium infection in black pepper
plantation has been reported to reduce the
economic life of the plantation from 20 to
6-8 years and the productivity per plant from
3.0 to 1.5 kg (Anandaraj, 2000).

Genetic characterization of plant
pathogens variants established in an area
is required for effective management and
to increase crop yield. The Fusarium wilt
disease can be managed by the use of
resistant cultivars (Jalali & Chand, 1992).
Plant pathogens are continuously mutating
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and changing, resulting in new strains and
new challenges to growers (Koike et al.,
2000). Development of a molecular marker
technique to differentiate highly virulent
and nonpathogenic isolates is important
in managing the Fusarium disease in a
variety of crops (Belabid ef al., 2004).
Disease management is difficult due to
the presence of several pathogen types.
For any one crop, the grower must deal
with a variety of fungi, bacteria, viruses
and nematodes. Hence, an increase in the
genetic diversity of the crop host rotation
is an important management step that
incorporates ecological considerations
(Koike et al., 2000).

The choice of a molecular marker
technique for genetic diversity assay is
dependent upon its reproducibility and
simplicity (Bornet & Branchard, 2001).
The most common used PCR-based DNA
marker systems are random amplified
polymorphic DNA (RAPD), amplified
fragment length polymorphism (AFLP) and
simple sequence repeats (SSRs) (Pradeep
Reddy et al., 2002). The main limitations of
these techniques include low reproducibility
of RAPD, high cost of AFLP and the need
to know the flanking sequences to develop
specific SSR primers. ISSR is a technique
that overcomes most of these limitations
(Zietkiewicz et al., 1994; Pradeep Reddy
etal., 2002).

A new molecular marker method
called ISSR has been available since
1994 (Zietkiewicz et al., 1994). ISSR is
a technique which involves the use of
microsatellite sequences as primers in a PCR
to generate multilocus markers (Pradeep
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Reddy et al., 2002). ISSRs are known
to be abundant, very reproducible and
highly polymorphic tandem repeat motifs
composed of 1 to 7 nucleotides (Bornet et
al., 2004).

PCR analysis using ISSR primers
has been acknowledged as a valuable
technique in studies concerning genetic
diversity, phylogenies and evolutionary
biology (Pradeep Reddy et al., 2002). The
information about genetic diversity within
a species is helpful to come up with proper
management programmes (Frankham,
1995). Distinct genetic differentiation
within the same races can be assumed as
an environmental factor affecting pathogen
properties (Weller, 1988).

The aim of the present study was
to examine the genetic diversity of F.
solani populations obtained from black
pepper fields in Malaysia and to assess the
phylogenic relationships of F. solani isolates
using ISSR markers to managing yellowing
disease in black pepper in future studies.

MATERIALS AND METHODS
Fungal Isolates

For the purpose of this study, the roots
of black pepper plants with yellowing
disease symptoms and rhizosphere soils
were collected from major growing areas
in Sarawak (Sibu and Sarikei) and Johor
(Kulai). Based on their morphological
characteristics and molecular techniques
(DNA sequencing of the ITS regions), 34
Fusarium solani isolates were obtained. The
isolates of this species were used for ISSR
fingerprinting.

DNA Extraction

Genomic DNA of F. solani isolates was
extracted using CTAB method (Doyle
& Doyle, 1990) and DNA concentration
was determined using NanoDrop ND-
1000 spectrophotometer (Thermo Fisher
Scientific, Inc., USA) by computing UV
absorbance at 260/280-nm ratio. The
isolated genomic DNA was diluted to
50 ng/mL and stored at -20°C for ISSR
amplification.

PCR Amplification

A total of 20 primers were initially screened
for PCR amplification and 15 primers that
produced clear and reproducible banding
patterns were chosen for final analysis.
The ISSR markers were amplified using
15 primers (First Base Laboratories Sdn.
Bhd., Malaysia), unanchored and anchored
on 5’ or 3’- ends with di- or tri-nucleotide
repeats in the ISSR analysis (Table 1). The
PCR amplification was carried out in 20 pl
reaction mixtures containing 2 ul of 10x
PCR buffer (100 mM Tris-Hel [pH 8.3],
500 mM KCl, 20 mM MgCl,), 2 ul of ANTP
mixture (2.5 mM each), 0.4 ul of Taq (5 U/
pl) (iNtRON Biotechnology, Inc., Seoul,
Korea), 1 pul of ISSR primer (10 pM) and 1
ul of diluted genomic DNA.

The PCR amplifications were performed
in Biometra Tpersonal Thermocycler. This
involved an initial step at 94°C for 5 min,
followed by 40 cycles of denaturing at
94°C for 1 min, annealing at primer specific
temperature (Table 1) for 45 seconds and
extension at 72 °C for 2 min, followed
by a final extension step for 7 min. The
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amplification products were separated
via electrophoresis on 1.4% agarose gel
with 1x TBE buffer at 110 Vem™! for 2.5
hours by electrophoresis. The 1000 plus
DNA ladder (iNtRON Biotechnology, Inc.,
Seoul, Korea) was used as a DNA marker
for electrophoresis. To prepare ethidium
bromide solution, 0.01 g ethidium bromide
was dissolved in 1 ml distilled water and 50
ul of this stock was added to 500 ml distilled
water. The gels were stained with ethidium

TABLE 1

bromide and the bands were visualized and
photographed under UV light using a gel
documentation imaging system (Bio-Rad,
USA).

Data Analysis

Amplified bands from each primer were
scored as present (1) or absent (0). Only the
bands which had been amplified consistently
were considered. Fragments of the same
molecular weight were considered as the

Primers, amplification conditions and polymorphism of ISSR markers

;?isnir e (Sseff‘;?)nce %nmn;:rlz;?fre g):l—tecnt NAB* NPB’ ZZ])SC fggg:;‘i“gpd)
(°C) (%)
UBC807  (AGLT 51 47.1 10 10 100 300-1200
UBCS80S  (AGKC 49 52.9 19 19 100 250-1700
UBC809  (AGLG 52 52.9 12 11 9167  250-1500
UBCS810  (GA)T 48 47.1 20 20 100 300-3200
UBCS8II  (GAXC 51 52.9 22 2 100 250-2400
UBCSIS  (CAXG 49 52.9 16 15 9375  250-2200
UBC825 (ACKT 50 47.1 8 7 §7.50  550-2400
UBC835  (AG)YC 55 52.8 20 19 95 200-2200
UBC841  (GAXYC 49 52.8 24 23 9583 200-2100
UBC855  (AC)YT 50 472 2 2 100 250-2500
UBC856  (AC)YA 54 472 19 19 100 250-3200
UBC858  (TG)LRT 53 472 8 8 100 400-3000
UBC 864 (ATG), 52 333 12 12 100 400-1800
UBC885S BHB(GA), 53 51 27 27 100 200-3600
UBC886  VDV(CT), 49 51 14 14 100 250-2200

*NAB: number of amplified bands; *NPB: number of polymorphic bands; °PPB: percentage of polymorphic bands; ¢ bp:
base pair. Note: R=(A,G)= Purine, Y= (C,T)= Pyrimidine, B= (C,G,T) (i.e. not A), D= (A,G,T) (i.e. not C), H= (A,C,T)

(i.e. not G), V= (A,C,G) (i.e. not T)
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same locus. The data were used to calculate
the number of bands produced by each
primer and the percentage of polymorphic
loci.

To study the genetic relationships
among the isolates, a pair-wise similarity
matrix was generated using Jaccard’s
similarity coefficient. Cluster analysis
was performed to develop a dendrogram.
The dendrogram was constructed using
an unweighted paired group method of
cluster analysis using arithmetic averages
algorithm (UPGMA) of NTSY S-pc Version
2.1, anumerical taxonomy and multivariate
analysis software package (Rohlf, 2000).

The binary data matrix was input
into POPGENE 32 version 1.31 (Yeh et
al., 1999), assuming HardyeWeinberg
equilibrium. Meanwhile, the POPGENE
software was used to calculate genetic
similarity coefficient and Nei’s unbiased
genetic distance among the populations.
The percentage of polymorphism band
(PPB), Nei’s gene diversity (h), Shannon’s
information index (I), observed number of
alleles per locus (n,) and effective number
of alleles per locus (n.) were calculated to
estimate the genetic variation.

TABLE 2
Population distribution of F. solani

RESULTS
ISSR polymorphism

Three populations of £ solani were studied
for genetic diversity based on locations
and geographical distributions (Table 2).
Over the 15 primers, the fragment size
obtained from F. solani isolates ranged
from 200 bp to 3600 bp and a total of 253
amplified bands (loci) were generated,
with an average of 17 bands per primer.
The number of amplified bands per primer
ranged from a maximum of 27 discrete
bands in BHB(GA); to a minimum of 8 in
(AC)T and (TG)4RT (Table 1). The number
of polymorphic bands was 248 while the
percentage of polymorphism was 98.02%
among 34 individual isolates (Table 3). The
average number of polymorphic bands per
primer was 16.5. It is important to note that
BHB(GA), produced the greatest number of
polymorphism (Table 1).

Genetic Diversity

Among the populations of F. solani, the
percentage of the polymorphic bands for
populations I (Sibu), II (Sarikei) and III
(Kulai) were 68.77, 92.09 and 55.34%,
respectively (Table 3). The observed average

Populations Sample size Location Latitude Longitude
I 10 Sarawak-Sibu 2°34’N 111°55°E
II 18 Sarawak-Sarikei 2°07°N 111°31’E
1 6 Johor-Kulai 1°39°N 103°36’ E
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TABLE 3
Genetic diversity of F. solani populations

. Sample No.of  PPBP e d . c
Populations size PR (%) n,(¢S.D.) n.(S.D.) h(S.D.) 1(S.D.)
Overall 1.9802 1.4446 0.2671 0.4134
populations 248 9802 0.1395) (0.3505)  (0.1707)  (0.2199)
Within
populations

. 1.6877 1.3531 0.2135 0.3276

I (Sibu) 10 174 6877 (0.4643) (0.3523)  (0.1858)  (0.2627)
- 1.9209 1.4523 0.2680 0.4107

I (Sarikei) 18 233 9209 0.2704) (03601)  (0.1779)  (0.2339)
. 1.5534 1.3536 0.2010 0.2982

1T (Kulai) 6 140 3334 0.4981) (0.3985)  (0.2077)  (0.2936)

@ PB: Polymorphic bands; ® PPB: Percentage of polymorphic bands; © n,: Observed average number of alleles; ¢ n,:
Average effective number of alleles; ¢ h: Nei’s (1973) gene diversity;

’1: Shannon’s information index; ¢ S.D.: Standard deviation

number of alleles (n,) for populations I
(Sibu), II (Sarikei) and III (Kulai) were
1.6877, 1.9209 and 1.5534, respectively,
while the average effective numbers of
alleles (n,) were 1.3531, 1.4523 and 1.3536,
respectively (Table 3).

In the total populations of F. solani,
the values of Nei’s gene diversity (%) for
populations I (Sibu), II (Sarikei) and III
(Kulai) were 0.2135, 0.2680 and 0.2010,
respectively, while the values of Shannon’s
information index (/) for populations I
(Sibu), II (Sarikei) and III (Kulai) were
0.3276, 0.4107 and 0.2982, respectively
(Table 3).

The genetic structure was further
investigated using Nei’s gene diversity
statistics, including total genetic diversity
(H,), genetic diversity within populations

368

(Hs) and the mean coefficient of genetic
diversity among the populations (Ggr). An
estimate of gene flow among populations
(N,) was computed using the formula
of McDermott and McDonald [N, = (1
_ Gs1)/2Gsr] (McDermott & McDonald,
1993). Among the three populations
of F. solani, total genetic diversity (H,)
was 0.2635 and genetic diversity within
populations (Hs) was 0.2275. The proportion
of genetic diversity among populations (Gygr)
was 0.1365 and gene flow (N,,) was 3.1623.

In order to study the relationships
among populations, genetic similarity
coefficients (Nei’s coefficient) of different
populations were analyzed. The highest
genetic similarity coefficient was 0.9764 and
the lowest genetic coefficient was 0.9140
(Table 4).
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TABLE 4

Genetic similarity coefficient and genetic distance
among F. solani populations based on the ISSR
markers

Populations | 1I 111

I HoAdK 0.9764  0.9140
I 0.0239  ***x* 0.9479
11 0.0899  0.0535 ok

Nei’s unbiased genetic identity is listed above diagonal
and genetic distance is listed below diagonal.

Cluster Analysis

To examine the genetic similarity among
the isolates, a pair-wise similarity matrix
was generated using Jaccard’s similarity
coefficient. The values of Jaccard’s genetic
similarity coefficients among 34 tested
isolates of F. solani were found to range
from 0.15 to 0.85.

L

11b-24Subgroup 2

Ilb —
11b-2-Subgroup 1

The UPGMA method of clustering
was used to estimate the phylogenetic
relationships among isolates. The
dendrogram generated using the UPGMA
cluster analysis based on Jaccard’s similarity
coefficients categorized the 34 F. solani
isolates into two major clusters (see Fig.1).
Cluster I contained a unique isolate Fs-H6.
Cluster II was split into two subclusters
that were designated as subclusters Ila
and IIb. Subcluster Ila was further divided
into two small groups. Group 1 consisted
of three isolates (Fs-D1, Fs-E3, Fs-G1)
and Group 2 consisted of two isolates
(Fs-B2, Fs-E1). Similarly, subcluster I1b
was also divided into two groups. Group
1 included three isolates (Fs-HS, Fs-H8,
Fs-K1) and group 2 was further split into
two subgroups. Subgroup 1 included Fs-

o HA

(___
—

Cluster Il Ilb-1

lla-2

L

lla

LR E PR
EEEEEERRS LEEEE T EEEE

Cluster |

111 037

133 049 035

Coefficent

The scale is based on Jaccard’s similarity coefficient

Fig.1: The dendrogram based on ISSR polymorphism and UPGMA clustering method showing genetic

relationships of 34 F. solani isolates.
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B3 isolate and subgroup 2 included the
remaining 24 F. solani isolates. Similarity
index was calculated at 21% between the
two major clusters. The isolates in cluster
II showed 31.6% similarity. The isolates
in subcluster Ila showed 35.6% similarity
and the isolates in subcluster IIb exhibited
34.9% of similarity (Fig.1).

DISCUSSION

Fusarium disease is difficult to control
because the pathogen has survived in
infected soil for many years (Haware et
al., 1996). Due to the variability of genetic
structure, one of the useful methods to
control Fusarium wilt is the development of
resistant cultivars and the races of pathogen
(Nene & Haware, 1980). Successful
management is largely dependent upon
a complete knowledge of the species,
including levels and structure of genetic
variation (Jin & Li, 2007).

In this study, the ISSR technique
has been demonstrated as applicable to
evaluation of genetic diversity among the
F. solani isolates. First, a great number of
primers (20 primers) were assayed with
(AG), (GA), (AC), (CA), (TG), (CT),
(ATG) repeats in order to select suitable
polymorphic ISSR markers for the study.
Five primers [(GC), YR, (AT), YR, (CT):RG,
(CA))RT and (GA);YT] failed to produce
any amplification patterns. In this study,
the optimum annealing temperature for
the ISSR markers varied from 48° to 55°C,
and the ISSR markers gave constant and
reproducible bands across separate PCR
runs. Regardless of the relatively small
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sample sizes, 248 polymorphic ISSR loci
were sufficient enough to detect the variation
and to differentiate F. solani populations
with different geographical origins.

The UPGMA cluster analysis of
Jaccard’s similarity coefficients generated
a dendrogram which categorized the 34
F. solani isolates into two major clusters.
Cluster I contained a unique isolate that
showed a unique banding pattern and was
distinct from other isolates. Cluster 11
contained 33 isolates that were further split
into two subclusters. The low similarity
index value (21%) between the two clusters
showed the high genetic variability among
the isolates. The relatively low value of the
similarity index was mainly due to isolate
Fs-H6. This isolate was clearly distinct
from the rest of F. solani isolates based
on morphological characteristics. The
dendrogram indicated that the clusters were
not related to geographic origins.

Many studies revealed that there is
a clear association between population
characteristics and the environments in
which they occur (Zhao ef al., 2007).
The genetic relationships between the
populations in a species do not often accord
with their geographical distance, especially
for the species with large distribution
area. Other factors including mutation,
reproduction mode, gene flow, geographic
range of populations, number of populations
studied, sample size of populations and type
of markers used can influence the patterns
of genetic variability among and within
the populations (Ma et al., 2008). Lack of
genetic diversity decreases the ability of a
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particular species to survive environmental
changes (Cao et al., 2006).

The genetic diversity of F solani was
high at both the species and population
levels. It is similar to the genetic diversity of
some other Fusarium species revealed by the
ISSR markers as reported by Nagarajan et
al. (2004), Mishra et al. (2006) and Dinolfo
et al. (2010). Among the three populations
of F solani, Population II (Sarikei) showed
the maximum variation (92.09%), while
population III (Kulai) showed the minimum
variation (55.34%). The present study found
the PPB value of 92.09% in population II,
indicating that the population tested had a
higher degree of polymorphism compared
to other populations, while population III
had the lowest genetic diversity levels.
Based on Nei’s coefficient, the highest
genetic similarity coefficient was between
Sibu population and Sarikei population,
whereas the lowest genetic coefficient was
revealed between Sibu population and Kulai
population. Based on Jaccard’s coefficients,
the lowest similarity coefficient (0.15) was
found between Fs-H6 and Fs-F2 isolates,
whereas the greatest extent of similarity
coefficient (0.85) was shown between Fs-K3
and Fs-H7 isolates.

Among the overall populations of
F. solani, the observed average number
of alleles (n,) and the average effective
number of alleles (n.) were 1.9802 and
1.4446, respectively. The analysis of the
ISSR markers using different approaches
(Nei’s gene diversity and Shannon’s
information measure) demonstrated similar
interpretations of the genetic structure of the

populations of F. solani. Similarly, Nei’s
gene diversity and Shannon’s information
index also revealed high genetic variation
at species level of F. solani (0.2671 and
0.4134, respectively), with an average of
0.2275 and 0.3452, respectively. Genetic
variation at species level was found to be
generally higher than at the population level.

Meanwhile, gene flow affects
genetic diversity level among and within
populations. In population genetics, a value
of gene flow (V,,) < 1.0 and a value of gene
differentiation (G,) > 0.25 are regarded
as significant population differentiation
(Slatkin, 1987).

The low coefficient of genetic diversity
(Gsr) and the high gene flow (V,,) among
the overall populations influenced the
emergence and evolutionary development
of F. solani (Gsr =0.1365, N, =3.1623).
This result is supported by Mishra et al.
(2006). The result suggests that frequent
gene flow and low coefficient of genetic
diversity are predominant evolutionary
forces determining the evolution and
development of this particular fungus in
Malaysia.

The distribution of genetic diversity
among the F. solani isolates taken from
major growing areas of black pepper in
Malaysia was examined and a high level
of variability was observed among the
isolates by ISSR. Genetic characterization
of F. solani is essential for an efficient
management of yellowing disease through
the use of resistant cultivars in black pepper
growing areas.
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CONCLUSION

The results of this study have proven the
suitability and reliability of ISSR-PCR
fingerprinting as a useful tool for population
structure studies and discrimination among
individual fungal isolates. ISSR is a reliable
technique for genetic analysis of Fusarium
solani and clarify phylogenic relationships
in order to establish breeding programmes.
In more specific, the ISSR fingerprinting
generated highly polymorphic markers for
F. solani and it is useful molecular markers
for further genetic diversity studies. This
method could be helpful for breeders to find
cultivars of black pepper that are resistant
to F solani.
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