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Abstract
Phytophthora palmivora causes bud rot, fruit and
immature nut fall in India, and causes significant coco-
nut yield losses. Genetic variability was estimated in
70 isolates representing seven populations from the
Kerala and Karnataka regions using random amplified
polymorphic DNA (RAPD) markers. RAPDs gener-
ated a total of 163 markers with 15 decamer primers,
of which 92% were found to be polymorphic. The
number of polymorphic loci within a single population
varied from 45 to 92 with estimated hetrozygosities
ranging from 0.08 to 0.23. The majority of the genetic
diversity was distributed within populations (68.25%)
and only 31.75% were among populations. Genetic
relationships estimated by the unweighted pair-group
method with arithmatic averaging (UPGMA) revealed
clear separation of Kerala and Karnataka populations.

Introduction
Bud rot, an apical meristem decay and fruit rot or
immature nutfall (Teodoro, 1925) are two destructive
diseases known to be caused by Phytophthora palmivo-
ra in coconuts. This pathogen produces a �dry� rot
before the development of rotting symptoms that are
associated with other organisms such as Fusarium and
Erwinia species (Joseph and Radha, 1975). Bud rot
was first reported in India in 1906 (Butler, 1906), its
heavy incidence from Kerala in 1997 (Veena et al.,
1997) that continued to affect coconut production in
Kerala. Despite the huge economic costs of Phytoph-
thora diseases, relatively little is known about the pop-
ulation genetics of the causal organisms. RAPD
markers have been successfully used to detect intra-
specific polymorphisms among different species of
Phytopththora such as Phytopththora sojae (Meng
et al., 1999) and Phytopththora infestance (Backonyls
et al., 2001). The purpose of the present study was to
characterize isolates based on virulence and to examine
the pattern of genetic variability within and among
populations of Phytopththora palmivora using random

amplified polymorphic DNA (RAPD) markers. RAPD
technique gained importance due to its simplicity, effi-
ciency, relative ease to perform and non-requirement
of sequence information (Williams et al., 1990).

Materials and Methods
Pathogenicity studies

The pathogenicity of five isolates from each population
was tested by artificially inoculating on Chowghat
Orange Dwarf (COD) nuts by a wound inoculation
method. For every isolate three nuts were inoculated
and three wounded uninoculated nuts were served as
control. The length and breadth of the lesions were
measured 10 days after inoculation and lesion area
was calculated by average of length and width of the
lesion at 90� angles in cm2. To study the varietal reac-
tion to artificial inoculation and variabilities in patho-
genicity, 6-month old tender nuts from West Coast
Tall (WCT), Andaman Giant, Kappadam Tall (KP),
Fiji Ringed nut and Strait Settlement Green were
inoculated using the three isolates (Pala14, Kasar17
and Kann09) and lesion area were calculated after
10 days of incubation by taking the average of length
and width of lesion at 90� angles in cm2.

DNA isolation and polymerase chain reaction (PCR)
amplification Seventy isolates representing seven differ-
ent populations of P. palmivora were examined for
RAPD patterns obtained from young petiole, spear
leaf, axil and crown tissue of the coconut palm. DNA
from each isolate were extracted using a modified
CTAB protocol (Doyle and Doyle, 1990). PCR-RAPD
amplifications were carried out according to Williams
et al. (1990) protocol using fifteen primers viz. OPA03,
OPA11, OPA18, OPF01, OPF03, OPG15, OPD01,
OPD03, OPD04, OPF08, OPD02, OPD08, OPF02,
OPF04, OPA05 (Operon Technologies, Alameda, CA,
USA) selected out of the 100 primers, based on the
repeatability of DNA band profile. The amplification
products were electrophoresed on 1.5% horizontal
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agarose gel (Sigma, St. Louis, MO, USA) in TBE
buffer and stained with ethidium bromide. The bands
were compared with DNA markers and the gels were
documented using Kodak Digital Science Electro-
phoresis Documentation and Analysis System 120
(Kodak, Rochester, NY, USA).

Data analysis

RAPD products were scored for presence (1) and
absence (0) of bands and genetic diversity parameters
were determined using popgene Version 1.31 (Yeh et al.,
1999). The amova (Excoffier et al., 1992) was used to
estimate – among population and within population –
variance components, and 1000 random permutation
were used to test the significance of variance compo-
nents. Nei’s (Nei, 1978) unbiased genetic distances
were measured between all pairs of populations and
relationships between populations were investigated by
constructing a phylogenetic with the phenetic approach
of the UPGMA using tfpga software. A phylogenetic
tree of all the haplotypes were generated by the Dollo
parsimony algorithm method for discrete character
data with two states (0 and 1) using phylip Version
3.5 (Felsenstein, 1993) assuming no ancestral states. A
mantel test were also performed study the correlation
between genetic distance and geographic distance.

Results
In the pathogenecity studies, the lesion induced by the
different isolates exhibited a wide variation compared
with lesion formation on COD nuts. The lesion area
ranged 102.75 cm2 in Pala14 isolate and 272.43 cm2 in
Kasar17 after 10 days of incubation. Phytophthora
palmivora isolates were categorized into three groups,
according to the variation of lesion area produced on
COD nuts. Group 1 consists of Phytophthora isolates,
which produced lesion area between 102–160 cm2,
includes the isolates from Dakshina Kannada, Calicut
and Palakkad. Group II consists of Phytophthora iso-
lates which lesion area between 161–216 cm2. The iso-
lates from Thrissur, Kannur and Wayanad included in
this group. The third group consists of the Phytophthora,
isolates which produced lesion area higher than
216 cm2 as found in Kasarkode. Regarding, the varie-
tal reaction to isolates of Phytophthora, WCT was sub-
ject to the most rapid increments in lesion size, while
KP had the slowest. The isolates showing maximum,
medium and minimum lesion area, respectively, on
COD nuts were used in the varietal nut reaction test.

Genetic variation

Out of the 100 RAPD primers screened from Kits
OPA, OPD, OPF, OPG, OPAU and OPAW (Operon
Technologies, Alámeda, CA, USA), 15 produced
repeatable amplification products that yielded a total
of 163 scorable markers and the number of scorable
bands amplified by each primer varied from 6 (OPG
15) to 16 (OPA 11). The number of polymorphic loci
within a single population varied from 45 to 92 with
estimated hetrozygosities ranging from 0.08 to 0.23.

Nei�s (1978) gene diversity varied from 0.08 (Palakkad)
to 0.16 (Kasarkode) and averaged to 0.39. The estima-
ted average genetic distances between populations indi-
cated that the genetic distances between population
pairs were ranged from 0.29 (between Calicut and
Kasarkode) to 0.57 (between Wayanad and Palakkad).
The result of amova indicated that 68.25% of the total
variation was attributed to the differences among pop-
ulations whereas 31.75% was due to the variation
among the isolates of within populations and the ran-
dom permutations test indicated that two variance
components were both highly significant (P < 0.001).
A mantel test using 1000 permutations indicated that
the correlation between genetic and geographic dis-
tances were significant (r ¼ 0.4751; P ¼ 0.0320). In the
UPGMA dendrogram, (Fig. 1) clear geographical sep-
arations were observed between the Kerala and Karna-
taka populations. The phylogenetic tree based on
dollo-parsimony algorithm (Fig. 2) also revealed ten-
dency of all the isolates to form distinct groups
according to geographical localities.

Discussion
The characterization of virulence in P. pamivora is a
primary step to understand strainal variation with
regard to pathogenicity. Testing virulence of Phytoph-
thora isolates on different coconut varieties showed
that isolates exhibited significant variation with regard
to lesion area on tender nuts. Similar results were
obtained in the pathogeneic studies conducted on The-
obroma cacao (Blaha and Lotode, 1982) and Coconut
(Bennet et al., 1986). The initial results of the varietal
nut reaction could be used in evaluation studies to
determine the performance of promising hybrids in
terms of disease reaction. Among the varieties tested,
WCT showed maximum lesion area and KP showed
minimum lesion area with all the three isolates tested.
The estimates of average hetrozygosity and poly-
morphism indicate that surprisingly high levels of
gene and genotypic diversity in all populations of

Fig. 1 Unweighted pair-group method with arithmatic averaging
dendrogram of the seven populations of Phythophthora palmivora
based on Nei genetic distance, 1978. 1, Calicut; 2, Thrissur; 3, Kan-
nur; 4, Kasarkode; 5, D.kannada; 6, Wayanad; 7, Palakkad
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P. palmivora analysed. The estimated overall fixation
index and amova suggest that most of the total genetic
variability is found among population, but relatively
large component of genetic variability is found within
populations. The significant correlation observed from
the mantel test could simply reflect the genetic differ-
entiation between Kerala and Karnataka popula-
tions as shown by UPGMA cluster analysis. The
resulting dendrogram clearly separated Kerala and
Karnataka populations indicating barrier to gene flow
between Kerala and Karnataka. The dollo parsimony
tree also revealed unambiguous groups corresponds
to geographical locations. The proportion of polymor-
phic loci amplified in P. palmivora was 92%, which

indicates that high level of genetic variation in this
fungus.
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Fig. 2 Genetic relationships of 70 isolates of Phythophthora palmivora
generated by the Dollo parsimony method (phylip)
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