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Genetic diversity in coconut (Cocos nuciferaL.) revealed by restriction
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Summary

A study of the genetic diversity in coconut by RFLP analysis was performed in 100 individuals representing 10 Tall
and seven Dwarf local populations or ‘ecotypes’ from various geographical origins. Nine cDNA clones from rice,
one mitochondrial DNA clone (CoxI) and one genomic clone (rDNA) from wheat were used as probe for southern
hybridization. The distribution of the 40 polymorphic bands revealed by rice cDNA clones was studied using a
multivariate analysis and allowed to identify two main genetical groups. The first one includes the ecotypes from
the Far East and from the South Pacific, whereas the other one comprises the ecotypes from India, Sri Lanka and
Western Africa. TherDNA and theCoxIprobes confirm this distinction. The Far East and the Pacific regions which
were the most likely center of origin also exhibit the widest polymorphism. The associations between the Panama
Tall and the Pacific group and between the West African Tall and the Indian Ocean group reflect their likely origin.
The Comoro Tall appears to be intermediate between the two main groups, and could reflect the old migration route
between Indonesia and Madagascar. All Dwarf varieties belong to the first group, even those collected in West
Africa. Those were probably introduced from Asia and Pacific at the beginning of the century. The cross-pollinating
Tall ecotypes were generally more polymorphic than the self pollinating Dwarf ecotypes. The legitimacy of two
hybrids between ecotypes was confirmed and maternal inheritance of mitochondrial genome was observed.

Introduction

The coconut palm is a perennial oilseed plant found
throughout the intertropical zone. Its probable origin
is in the Southeast Asia/West Pacific region if the con-
siderable morphological variability, number of local
names and many uses made of the plant in that region
are anything to go by (Persley, 1992). The species
would seem to have been disseminated with human
migration and seaborne nuts floating eastward in the
Pacific Ocean and westward in the Indian Ocean. Its
presence on the Atlantic coasts of Africa and America
seems to be a recent introduction by European naviga-
tors.

Traditional coconut cultivars are population vari-
eties known as ecotypes. There are two major types,
Talls and Dwarfs, which differ in numerous charac-
ters. The Talls have strong vertical growth, high pro-

ductivity, low precocity and are preferentially cross-
fertilizing, whereas the Dwarfs are shorter, less pro-
ductive, more precocious and generally self-fertilizing
(Taffin, 1993). Breeding programmes are currently
geared towards the creation of Tall� Tall and Tall�
Dwarf hybrid varieties (hybrids between ecotypes) to
combine precocity and productivity (Bourdeix, 1989).

A study of the genetic diversity for ecotype is of par-
ticular importance for breeding, especially in the con-
text of hybrid variety creation. Indeed, it should make
it possible to structure ecotypes into genetic groups,
thus identifying redundant ecotypes in collections and
rationalize the choice of crosses to be tested.

Beside the Tall-Dwarf duality, there is considerable
morphological variability between ecotypes including
the characteristics of the fruit and vegetative organs.
This variability is expressed in the size, shape and
colour of the fruit and has been used to propose a
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Table 1. Coconut germplasm under study

Ecotype code Type Place of origin Geographic group Number of

individuals studied

PNT Tall Panama America 2

CMT Tall Comoro Isl. Indian Ocean 5

LMT Tall Laccadives Isl. India Indian Ocean 5

SLT Tall Sri Lanka Indian Ocean 5

MLT Tall Malaysia Far East 7

TAGT Tall Tagnanan, Philippines Far East 2

WAT4 Tall Côte d’Ivoire Africa 15

WAT6 Tall Benin Africa 10

RIT Tall Rennell Isl. (Solomon Isl.) Pacific 7

SIT Tall Solomons Isl. Pacific 7

MYD Yellow Dwarf Malaysia Far East 15

MRD Red Dwarf Malaysia Far East 2

MGD Green Dwarf Malaysia Far East 2

CATD Green Dwarf Tacunan, Philippines Far East 2

GYD Yellow Dwarf Ghana Africa 7

CRD Red Dwarf Cameroun Africa 5

NLAD Dwarf Niu Leka, Fidji Pacific 2

PB111 Hybrid CRD�WAT4 7

PB121 Hybrid MYD�WAT4 7

diversification model for the coconut palm based on
a comparison between a wild type (Niu kafa) and a
selected type (Niu vai) (Harries, 1978). Nevertheless,
the structuring obtained with these types of character-
istics is difficult to relate to geographical origin and to
the assumed species dissemination scenario (N’Cho et
al., 1993). Studying diversity by enzyme electrophore-
sis came up against technical problems, as numer-
ous systems proved to be monomorphic or not very
active. Four systems revealed polymorphism and only
two alleles per locus could be detected for each sys-
tem (Benoit & Ghesquière, 1984). On the other hand,
analysis of leaf polyphenol polymorphism provided a
picture of variability that matched geographical ori-
gins (Jay et al., 1989). This technique seems to be
a good tool for studying relations between ecotypes,
but the sensitivity of the polyphenol banding patterns
to ecological conditions limits its application, partic-
ularly for comparing origins from different stations.
An overview of the work was presented by Meunier
(1992).

In this report we present the first results on
coconut germplasm diversity using Restriction Frag-
ment Length Polymorphism.

Materials and methods

Plant material. All the material studied has been col-
lected at the Marc Delorme Station (IDEFOR, Côte
d’Ivoire), a breeding station with a major collection
comprising some sixty ecotypes from throughout the
intertropical zone. In this collection, each ecotype is
represented by numerous individuals (forty-four are
represented by over a hundred individuals), enabling
the analysis of both between- and within-ecotype diver-
sity. One hundred trees samples from 10 Tall and seven
Dwarf ecotypes of various geographic origins (Table
1), along with two hybrid populations of seven individ-
uals each, have been studied. The hybrid populations
were PB 111 from the cross WAT 4 (female)� CRD
and PB121 from the cross WAT 4 (female)� MYD.

DNA extraction. DNA was extracted from the leaflets
of frond number one (first open frond) by the CTAB
method (Hoisington, 1992). The frehs material sent
from Côte d’Ivoire to Montpellier, was freeze-dried
and ground to a fine powder, which can be conserved
several years when stored at� 20 �C.

RFLP analysis. Taking advantage of the fact that
the existence of phylogenetic links between different
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Table 2. Probe/enzyme pairs used to reveal polymorphism among
coconut accessions

Probe Type Restriction Number of poly-

enzyme morphic bands

c848 Rice cDNA EcoRI 6

c356 Rice cDNA EcoRI 3

Bgl II 2

SstI 5

c746 Rice cDNA SstI 4

c496 Rice cDNA EcoRI 5

Bgl II 3

c975 Rice cDNA Bgl II 3

c147 Rice cDNA EcoRV 2

c285 Rice cDNA SstI 2

c131 Rice cDNA SstI 2

c74 Rice cDNA Bgl II 3

Pta71 Wheat genomic rDNA SstI 2

CoxI Wheat cytoplasmic Bgl II 2

species is reflected in the conservation of certain genic
sequences, rice cDNA clones were used as probe for
hybridization on coconut DNA (both plants are mono-
cotyledons). The probes used were chosen dispersed
throughout the rice chromosomes. They were kind-
ly provided by the Rice Genome Research Program,
NIAR/STAFF, Japan (Kurata et al., 1994). Of the 51
probes tested, six did not hybridize, 32 gave very low
intensity bands or a smear, two gave sufficiently intense
bands, but revealed no polymorphism, and 12 gave
intense bands and revealed polymorphism. Of these
12, nine were used for hybridization on the DNA of the
114 individuals, restricted by enzymesBglII, EcoRI,
EcoRV or SstI. All of the nine probes revealed com-
plex hybridization patterns, probably corresponding to
gene families. Twelve enzyme/probe pairs were stud-
ied in all (Table 2). A cytoplasmic DNA clone from
wheat,CoxI (B. Lejeune et al., 1988) and a genomic
clonePta71(Gerlach & Bedbrook, 1979) correspond-
ing to genes18S-5.8S-25Sof wheat ribosomal RNA
were also used as probe.

Each polymorphic band revealed by a rice cDNA
was scored 1 for presence and 0 for absence. A mul-
tivariate analysis termed Factorial Analysis of Corre-
spondences (FAC) (Benzecri, 1973) was performed on
the binary matrix after disjunction of the variables.
This enabled us to give the same weight to all the indi-
viduals. When two bands revealed by the same probe
had the same distribution pattern over all the individ-
uals, they were considered as a single allele and only

one was scored. Computation was performed using the
ADDAD software (ADDAD, 1983).

Results

The 12 enzyme/probe pairs used to reveal polymor-
phism with the nine rice cDNA probes led to 40 poly-
morphic bands being identified. This gives a mean
number of 4.4 polymorphic bands per probe. For a
given probe, polymorphic bands correspond to a serie
of distinct alleles revealed at either one locus or sever-
al loci of a same gene family. The cytoplasmic probe
CoxI and the ribosomal DNA (rDNA) probePta71
each revealed two distinct alleles.

FAC was performed on the 40 polymorphic bands
revealed by rice cDNA probes. It led to the identi-
fication of two groups along axis one (36.3% of the
variability), one (group 1) containing Tall ecotypes
originating from the Far East and the Pacific and all
the Dwarf ecotypes, and the other (group 2) containing
ecotypes from the Indian Ocean and Africa (Figure 1).
The ecotype from Comoro Islands (CMT), fell midway
between the two groups.

Computation of band frequencies when exclud-
ing the individuals from intermediate CMT ecotype
showed that among the 40 polymorphicbands, 10 were
specific of group 1 and 3 were specific of group 2.
Among the 10 specific bands of group 1, two were
present in CMT and among the three specific bands of
group 2, two were also present in CMT. No band was
specific of CMT ecotype.

The two alleles revealed by the rDNA probe corre-
sponded to the two major groups, respectively (Figure
2). Both alleles were present in the individuals of the
CMT ecotype.

For the cytoplasmicCoxI probe, allele 1 was
present in all individuals of group 1 except the two
individuals of Dwarf ecotype NLAD which had allele
2. Allele 2 was most frequent in group 2 (Figure 2). The
individuals from the CMT ecotype all had the allele 1.

FAC also permitted to reveal a differentiation
between the ecotypes from the Far East and those from
the Pacific along axis two (9.5% of the variability),
which overlapped slightly (Figure 1).

Discussion

With the genetic diversity structuring obtained by
RFLP analysis, it was possible to clarify and complete
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Figure 1. First plane of the FAC performed on 100 individuals of 17 coconut ecotypes characterized by 40 polymorphic bands revealed by nine
nuclear rice cDNA probes.

the definition of genetic groups already outlined using
polyphenolic markers. The results tallied well with
what is already known about the plant’s biology. The
Tall ecotypes, which are all cross-pollinating, exhib-
ited large amount of polymorphism. Dwarf ecotypes
NLAD (cross-pollinating) and MGD (partly cross-
pollinating) were represented but only two individu-
als each, which in both cases had different banding
patterns. For Dwarf ecotypes MYD, GYD and CRD,
which are completely self-pollinating, the banding pat-
tern for individuals were completely identical inside
each ecotype.

The results also tallied with what is known about
the historical dispersion of the species. There was sub-
stantial between- and within-ecotype variability for the

ecotypes collected from the putative area of origin of
the coconut palm (Far East and Pacific). The ecotype
from the west coast of Panama proved similar to the
Pacific ecotypes, which tallies with dissemination of
species from the area of origin eastward as far as Amer-
ica (Harries, 1978). The West African ecotypes were
related to the Indian and Sri Lankan ecotypes, adding
weight to the hypothesis of recent extension of the
species along the Atlantic coasts of Africa through
nuts originating from the Indian Ocean. The individu-
als from ecotype CMT (Comoro Islands) had a midway
position between groups 1 and 2 on the FAC based on
nuclear cDNAs. Two specific bands of group 1 and two
specific bands of group 2, were also present in indi-
viduals from this ecotype. The two alleles detected for
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Figure 2. Distribution ofCoxIand rDNA alleles among coconut individuals represented on the FAC performed with polymorphic bands revealed
by rice cDNA clones (see Figure 1).

rDNA were present in this group and all individuals
had the cytoplasmicCoxI allele 1. This ecotype could
thus derive from hybridization between representative
individuals of genetic groups 1 and 2. This could be

explained by the geographical position of Comoro, at
the parting of the ways between the ancient Arabic
trading road along East African, Middle East and Indi-
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an coasts and the ancient polynesian migration road
from Indonesia to Madagascar.

The Dwarf ecotypes collected in West Africa (GYD
and CRD) were distributed in genetic group 1 (Far East
and Pacific) like all other Dwarfs. Based on historical
data, it is highly probable that these ecotypes were
introduced at the turn of the century from Southeast
Asia (GYD), and from the Pacific (CRD). For GYD,
this is backed up by the fact that the RFLP markers for
all the individuals were strictly the same as those of the
individuals from another Dwarf ecotype, MYD, from
Malaysia.

Analysis of the two hybrid cultivars PB 121 and
PB 111 confirmed that the alleles of the nuclear genes
indeed came from the two assumed parents. This per-
mitted to establish that the mitochondrial DNA was
inherited from the mother parent which is usually the
case in plants, although there are exceptions (Fauré et
al., 1993).

Although the observed structuring was partly
detectable with polyphenolic markers, their use
remains tricky and RFLP markers appear as a much
more convenient tools to study the genetic diversity of
coconut. The present study was conducted with only
nine RFLP probes but polymorphism was revealed at
a larger number of loci since most probes gave com-
plex banding pattern, probably corresponding to gene
families. This number of loci was enough to identify
the main tendencies in the structuration of the material
but a larger number will probably be needed for fin-
er purposes. Studies are now continuing with a view
toward improving our knowledge of diversity in the
areas where phenotypic variability seems to be at a
maximum, and determining the geographical origins
of populations located in the most outlying zones.
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