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Isolation and characterization of polymorphic
microsatellites in Cocos nucifera L.

R. Rivera, K.J. Edwards, J.H.A. Barker, G.M. Arnold, G. Ayad, T. Hodgkin,
and A. Karp

Abstract: Microsatellites or simple sequence repeats (SSRs) were isolated from coconut (Cocos nucifera) and tested
for polymorphism on restricted germplasm. Sequencing of 197 clones from a cv. Tagnanan Tall-enriched genomic
library showed that 75% contained a microsatellite, of which 64% were dinucleotide (GA/CT, CA/GT and GC/CG), 6
were trinucleotide, and 30% were compound repeats, Of 41 primer pairs tested on Tagnanan Tall genomic DNA, 38
gave the expected size product, two amplified two loci, and another gave a multilocus pattern. On 20 coconut sample:
the 38 SSRs detected 198 alleles (average: 5.2 alleles per microsatellite). Genetic diversity (D = 1 - £ p;%) values
ranged from 0.141 to 0.809. Heterozygotes were present at high frequencies among some dwarf samples. Analysis of
similarity matrices based either on shared alleles at each locus (simple matching coefficient) or on allele bands across
all loci (Jaccard coefficient) showed similar results. Dwarfs grouped separately from talls and showed less genetic
diversity. In a wider test on 40 samples, 8 SSRs detected 64 alleles (average: eight alleles per microsatellite). These
results indicate the high potential of microsatellites to detect genetic diversity in coconut germplasm.
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Résumé : Des micrdsatellites ont été isolés chez le cocotier (Cocos nucifera) et examinés pour leur polymorphisme
parmi un ensemble limité de germoplasme. Le séquengage de 197 clones génomiques d'une banque enrichie du cv.
Tagnanan Tall a montré que 75% de ceux-ci contenaient un microsatellite dont 64% étaient de type dinucléotidique
(GA/CT, CA/GT et GC/CG), 6% de type trinucléotidique et 30% de type composé. Un ensemble de 41 paires
d'amorces ont été testées sur I'ADN génomique du cv. Tagnanan Tall et 38 de celles-ci ont généré des produits de la
taille attendue, deux ont amplifié deux loci et une autre paire a généré de multiples produits. Sur une collection de 20
échantillons de cocotiers, les 38 microsatellites retenus ont détecté 198 alleles (5,2 alléles par microsatellite en
moyenne). Les valeurs de diversité génique (D = | - X p;?) variaient de 0,141 2 0,809. Des hétérozygotes éraient
présents & des fréquences élevées parmi certains échantillons de matériel nain. Des analyses de matrices de similarité
fondées sur les alléles partagés pour chaque locus (coefficient simple d’identité) ou sur les allzles présents chez tous
les loci (coefficient de Jaccard) ont généré des résultats semblables.- Les cocotiers nains ont été groupés séparément de
cocotiers de grande taille et montraient moins de diversité génétique. Sur une collection plus vaste composée de 40
échantillens, huit microsatellites ont détecté 64 alléles (une moyenne de huit alleles par locus). Ces résultats mettent ¢
lumiére le fort potentiel des microsatellites pour la détection de diversité génétique chez le cocotier.

Mots clés : marqueurs moléculaires, microsatellites, Cocos nucifera, cocotier.

[Traduit par la Rédaction]

Introduction

Coconut (Cocos nucifera L.) is one of the most important
plantation crops in the wet tropics. Its food and industry-
based products play a very important role in the economies
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of many developing countries. Examples include nation.
consumption in Indonesia and the export by the Philippinc
of coconut oil, copra, and dessicated coconut. Coconut
also important for the rural economy. It is adapted to cond
tions under which other crops would not grow well and
suitable for intercropping. It provides growers, the majorit
of whom farm small holdings, with cash resources withot
the need for high investment.

Cocos nucifera (2n = 2x = 32) is a member of the mon:
cotyledonous family Aracaceae (Palmaceae). It is the on’
species of the genus Cocos belonging to the subfami
Cocoideae which includes 27 genera and 600 species. Tt
crop is widely believed to have evolved in the Asian-Pacif:
area (Harries 1990), although there are conflicting theori:
regarding the origin and domestication of coconut (Whit
head 1976; Harries 1978). There are two major groups basc
on stature: (1) tall palms, also referred to as var. rypi
(Nar.), and (2) dwarf palms, also referred to as var. na
(Griff) (Santos et al. 1996). Tall palms are widely plant
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both for household and commercial use and grow to a height
of 20-30 m. They are slow to mature, flowering 6-10 years
after planting, and are long lived with an economicl life of
about 60-70 years. They are normally cross-pollinating and
therefore considered to be heterozygous. Dwarf palms, on
the other hand, are believed to be mutants from tall types
and have short statures of 8-10 m when 20 years old. They
start bearing fruit in the 3rd year from planting, when they
are scarcely 1 m tall. They have a short productive life of
30—40 years, are normally self-poilinating, and, therefore,
are considered to be homozygous.

Coconut faces strong competition from other oil crops,
such as oil palm. The cultivation of coconut is currently in
relative decline in many countries due to low productivity,
increased demand for timber, and devastating diseases. For
successful economic production, old palms have to be re-
placed by locally adapted high-yielding coconut cultivars
that are tolerant to local pests and diseases. Germplasm col-
lections that contain significant amounts of genetic diversity
within and among coconut populations are a prerequisite for
an effective crop improvement programme.

The characterization and evaluation of coconur populé-
tions have relied mostly on morphological and agronomic
traits (e.g., Akpan 1994; Sugimura et al. 1997). These proce-
dures are time- and labour-consuming and 4o not provide an
accurate measure of genetic diversity because many charac-
ters exhibit complex inheritance and are influenced by both
environmental and genetic factors. Characlerizations. of co-
conut germplasm using isozymes (Carpio 1982), fruit com-
ponents (Ashburner et al. 19974), and cartenoid differences
(Fernando et al. 1997) have also been reported. More re-
cently, with the advent of molecular marker techniques, ge-
netic diversity in coconut germplasm has been assesszd at
the DNA level using randomly amplified polymorphic DNA
(RAPD) (Ashburner et al. 19975), restriction fragment length
polymorphism (RFLP) (Lebrun et al. 1998), and amplified
fragment length polymorphism (AFLP) (Perera et al. 1998).

Microsatellites, or simple sequence repeats (SSRs), are be-
coming increasingly attractive markers in molecular breeding
and diversity assessment (Morgante and Olivieri 1993; Powell
et al. 1996) but have not yet been developed or applied us-
ing coconut. SSRs are short tandemly repeatf’-d sequence
motifs of approximateiy 1-8 bp in length, which are scat-
tered throughout the genome and can vary between individu-
als in repeat length. High frequencies of polymorphism have
been described for SSRs in several plant species(Saghai-Maroof
et al. 1994; Gupta et al. 1996; Chase et d. 1996). Prim«'ar
pairs designed for the flanking sequences can be used in
PCR reactions for site-specific amplificaton of the micro-
satellite, thereby producing sequence-tagged microsatellite
markers (Morgante and Olivieri 1993; Fowell et al. 1996). In
- the present study, we describe the derelopment of coconut
microsatellite primers, show their hig degree of polymor-
phism in a limited set of germplasm,and discuss their poten-
tial for application in the genetic cmservation of coconut.

Materials and methods

Plant materials

The plant materials used wee obtained from the coconut gene
bank of the Philippine Cocoput Authority-Zamboanga Research
Center (PCA-ZRC) in San Ramon, Zamboanga City, Philippines,
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and comprised a limited set of 20 cultivars (10 tall and 10 dwarf
cultivars) used for testing all the microsatellites (Table 1, Group 1)
and a more extensive set of 40 cultivars used for a wider screen
with eight microsatellites (Table 1, Group 2). Cultivars present in
each set were represented by different individual samples. All the
materials are included in the Coconut Genetic Resources Database
(CGRD) of the International Coconut Genetic Resources Network
(COGENT), where details of their passport and characterization
data can be found. A sample of at least | g/palm was taken from
the youngest leaves (spear leaf) of the coconut palm. Each leaf
sample (midrib removed) was placed in a 1.5-mL Eppendorf tube
and sent to Long Ashton Research Station, where they were stored
at =21°C.

DNA extraction

DNA was extracted from 125 mg frozen leaf material and puri-
fied using the Nucleon Phytopure kit (Scotlab, U.K.) with the addi-
tion of 2-mercaptoethanol in Reagent One.

Construction of small-insert genomic library

A small-insert library (250-700 bp) enriched for several micro-
satellite types was constructed by the method of Edwards et al.
(1996) using genomic DNA prepared from coconut cv. Tagnanan
Tall. For long-term storage at -21°C, 1536 colonies were picked
from'the primary transformation coconut plates into 16 microtitre
plates.

Sequencing of clones and primer design

Individual library clones were cultured overnight in 5 mL LB
medium (Sambrook et al. 1989) with ampicillin (100 pg/mL).
Plasmid DNA from individual clones was isolated using the Wiz-
ard™ Minipreps DNA Purification system (Promega). Manual se-
quencing was performed using the AmpliCycle™ Sequencing kit
(Perkin-Elmer; containing M13 (lacZ) forward and reverse prim- '
ers, and AmpliTag®DNA). The resulting DNA sequences were ex-
amined for the presence of microsatellite and the flanking regions
were used for primer design. Automated sequencing was per-
formed using the ABI Prism™ 377 DNA sequencer (Perkin-
Elmer). All primers were synthesised by Genosys Biotechnologies
(Europe) Ltd,

PCR assay for single-locus profiles and separation of
amplified DNA fragments

PCR amplification was performed in 0.5-mL thin-walled tubes
(NBL Gene Sciences Ltd.) using a Perkin-Elmer 480 thermal
cycler. For the preliminary PCR, the reaction mixture (25 uL) con-
tained 10 ng template DNA, 50 ng forward primer, 50 ng reverse
primer, 200 uM of each dNTP (Promega), 1 unit Tag DNA poly-
merase (Gibco-BRL), 20 mM Tris-HCI (pH 8.4), 50 mM KCI, and
1.5 mM MgCl,. Reactions were overlayed with one drop of min-
eral oil. The PCR regime consisted of an initial denaturation (94°C
for 2 min), 35 cycles each consisting of 40 s denaturation (94°C),
| min annealing (52°C), and 2 min elongation (72°C). At the end
of the final run, an extension period of 10 min at 72°C was in-
cluded. The PCR products were separated on a 2% agarose gel
with ethidium bromide (100 pg/L). The gels were run at a constant
voltage of 100 v for 2-3 h in 1x TBE buffer and observed under
UV light.

Using the gradient program available with the Robocycler™
Gradient 40 thermal cycler (Stratagene), the optimal annealing
temperature of each primer pair was determined. Once known, the
forward primer was radiolabelled with [y-*’P)JdATP by T4 kinase
and used in similar PCR reactions. For screening PCR products,
the 254L reactions were mixed with 10 L of stop solution (98%
formamide, containing 10 mM EDTA, 0.01% (w/v) xylene cyanol,
and 0.01% (w/v) Bromophenol blue) and denatured at 94°C for
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Table 1. Coconut materials used in the study for testing the microsatellite primer sets.

Origin (noncountry listings are

I

Coconut cultivars Code from the Philippines):
Group 1 (for screening of 41 SSR primer sets)
1. San Isidro Green Dwarf 1-SNID Agusan del Sur
2, Tagnanan Tall 2-TAGT Davao del Norte
3. . Pilipog Green Dwarf 3-PILD Davao City,
4. Kapatagan Green Dwarf 4-KAPD Lanao del Norte
5. Sto. Nifio Green Dwarf 5-SNOD Davao del Norte
6. Mangipod Green Dwa:f 6-MNDD Davao City
7. San Ramon Tall 7-SNRT Zamboanga City
8. Baybay Tall 8-BAYT Baybay, Leyte
9. Zamboanga Tall 9-ZAMT Zamboanga City
10. Kinabalan Green Dwarf 10-KIND Davao del Sur
11, Agta Tall 11-AGDT Davao City
12. Catigan Green Dwarf 12-CATD Davao City
13. Spicata Tall 13.SPIT Davao City
14. Baguer Green Dwarf 14-2AGD North Cotabato
15. Banigan Green Tall 15-BNaT Zamboanga del Norte
16. Laguna Tall 16-LAGT Davao City
17. Tacunan Green Dwarf 17-TACD Davao del Sur
18. Tahiti Tall? 18-PYT Ivory Coast
19. Bafiga Green Dwarf 19-BNAD South Cotabato
20. Rennel Island Tall’ 20-RIT Solemon Islands
Group 2 (for screening of eight polymorphic SSR primer sets)®
1. Kapatagan Green Dwarf KAP Lanaw del Norte
2. Mangipod Green Dwarf MNDD Davao City
3. San Isidro Green Dwarf SNID Agusan del Sur
4. Sri Lanka Green Dwarf” SGD Sri Lanka
5. Tupi Green Dwarf TUP South Cotabato
6. Cameron Red Dwarf” CRD Cameroon
7. Galas Green Dwarf GAL Dipolog City,
Zamboanga del Norte
8. Equatorian Green Dwarf” EGD Ivory Coast
9. Aromatic Green Dwarf ARO Davao City
10. Malayan Yellow Dwarf MYD Davao City
11. New Buswang Green Dwarf BUS Kalibo, Aklan
12. Santo Nizo Green Dwarf SND Davao del Norte
13. Malayan Red Dwarf MRD Davao City
14. Tacunan Green Dwarf TACD Davao del Sur
15. La Victoria Dwarf VIC Zamboanga del Sur
16. Pilipog Green Dwarf PIL Davao City
Magtuod Green Dwarf MAG Davao City
18. Catigan Green Dwarf CAT Davao City
19. San Ramon Tall SNR Zamboanga City
20. Markham Valley Tall? MVT Papua New Guinea
21 Macapuno Tall MAC Davao City
22 Zamboanga Tall ZAMT Laihboanga City
23. Agta Tall AGAT Yavao City
24, Gatusan Tall GAT Dwae City
25. Bago Oshiro Tall BAO Daao City
26. Baybay Tall BAYT Bayay, Leyte
27, Polynesian Tall® PYT Ivory Toast
28. Laguna Tall LAGT Davao vty
29. Loong Tall LON Concepciw, Iloilo
30. Tagnanan Tall TAGT Mabini, Davao del Norte
31 Vanuatu Tall® VTT Vanuatu
32. Karkar Tall? KKT Papua New Guinea
33. Rennel Island Tall RIT Solomon Islands
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Table 1 (concluded).

Origin (noncountry listings are

Coconut cultivars Code from the Philippines)
34, Tampakan Tall TPK South Cotabato

35 West African Tall® WAT Ivory Coast

36. Aguinaldo Tall AGD Zamboanga.del sur
37. Venus Tall VEN Zamboanga del Norte
38. Culaman Tall CUL Davao del Sur

39. Gazelle Tall® GPT Papua New Guinea
40. Banigan Green Tall BNGT Zamboanga del Norte

“Foreign coconut pepulations included in the PCA-ZRC gene bank.
*Although some cultivars are in common with Group |, different individual samples were taken.

Table 2. PCR annealing temperatures, repeat types, allele numbers, genetic diversity (D), and product sizes of 387 coconut SSRs?
tested on 20 coconut cultivars.

Predicted : Annealing No.of Observed
No. Name length (bp) Type of repeat temp. (°C) alleles D length (bp)
i CNZ01 122 (CT)y5 CA) 55 6 0.643 110-128
2 CNZ02 138 (GA)s 53 6 0.489 138-158
3 CNZ03 91 (GA), 51 3 0.141 90-93
4 CNZ04 162 (CT)yg TT(CA)p o 53 7 0.764 130-166
5 CNZO0S 163 (CT),7(GT) 4 53 5 0.454 153-210
6 CNZ06 85 (CT)s £ 53 6 0.666 69-97
7 CNZ09 137 (CT)3(CA)4 (CT)o(CA) 53 5 0.445 122-141
8 CNZ10 148 (CT)3(GT)y5 53 7 0.741 108-152
9 CNZI12 214 (CT) s 53 3 0.535 218-229
2 CNZ16 186 (GTT)(GCT), (CTT)3 TTTGTGC 55 5 0.480 163-207
(GT)CT(GT),CT (GT),
3 CNZ17 107 (CA); (GA)), 55 4 0.729 93-113
4 CNZ18 102 (CT),;s TT(CT), 55 8 0.767 101-121
15 CNZ19 181 (CT),5 (CA)s CT (CA);(CT)5(CA), 55 4 0.606 172-191
16 CNZ20 94 (CA) 5 55 3 0.554 88-94
17 CNZ21 255 (CT)s 55 8 0.684 232-268
18 CNZ22 240 (GT)4 55 6 0.654 181-275
19 CNZ23 163 (GA) 13 53 3 0.366 145-164
20 CNZ24 257 (CT)e (GT)g 53 4 0.186 249-267
21 CNZ26 232 (GT)y7 (GA)yg 53 7 0.744 209-252
22 CNZ29 135 (GT)(GA), CA(GA),, 51 6 0.715 105-157
23 CNZ31 189 (GT)y4 51 3 0.584 182-195
24 CNZ32 148 (GA) 5 55 4 0.528 138-153
25 CNZ33 164 (GT),, 51 2 0.489 152-169
26 CNZ34 140 (CT)5(GT), 51 5 0.591 131-168
27 CNZ37 232 (CT);CC(CT)3(GT)s5 N33(GT)yg 53 9 0.776 193-251
28 CNZ40 151 (CT)yp 53 4 0.578 136-156
29 CNZ42 161 (CT)ye 55 3 0.405 164-173
30 CNZ43 197 (GA), 51 8 0.809 175-219
31 CNZ44 165 (GA)s 53 3 0.411 151-170
33 CNZ46 116 (CT)y4 51 6 0.653 101-120
34 CN1H2 203 (GA) 5 52 4 0.669 191-207
35 CNIC6 183 (GT),, TT(GT)s 52 4 0.689 176-186
36 CN2AS 1889 (CTy 52 5 0.346 163-191
37 CNI1G4 129 (CT);s 52 S5 0.645 114-142
38 CNI11ES6 95 (CT)y ' 52 5 0.713 93-128
39 CN2A4 88 (CT)sTT(CT); 52 8 0.775 117-152
40 CNI1IEI0 137 (GT)y5(GA) 52 6 0.715 85-105
41 CNI11A10 111 (CT)3o 52 9 0.679 ~ 81-119

“;I"l;e following SSRs are not listed: CNZ13 {no. 10) and CNZ14 (no. 11), as each produced a two loci pattern, and CNZ45 (no. 32) which produced a
multilocus pattern

All primer sequcnces can be obtained from the corresponding author by request.
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Fig. 1. Examples of microsatellite polymorphisms detected

among -20 coconut samples using primers for loci (a) CNZ11410;

(b) CN1C4; (¢) CNZ43; (d) CNZ10; and (e¢) CNZ29. Genomic
DNA was amplified from samples of the Group 1 cultivars 1-20
in Table 1: ((1) San Isadora Green Dwarf; (2) Tagnanan Tall;
(3) Pilipog Green Dwarf ;(4) Kapatagan Green Dwarf; (5) Sto.
Nifii Green Dwarf; (6) Mangipod Green Dwarf; (7) San Ramon
Tall; (8) Baybay Tall; (9) Zamboanga Tall; (10) Kinabalan Green
Dwarf; (11) Agta Tall; (12) Catigan Green Dwarf; (13) Spicata
Tall; (14) Baguer Green Dwarf; (15) Banigan Green Tall;

(16) Laguna Tall; (17) Tacunan Green Dwarf ; (18) Tahiti Tall;
(19) Bafiga Green Dwarf, (20) Rennel Island Tall). Lane M was
the sequence marker used for sizing the alleles (two sequence
markers are present in (d). Where stutter bands were observed
(as in a, ¢, d, and e) the darkest band was scored as the allele.
Some loci were largely free from stutter (see locus CNIC4 (b)).
When two dark bands appeared together, (lanes 4, 7, and 11 for
locus CNZ43 (c¢)), they were scored as a single allele, using the
higher molecular weight band for the sizing since individuals
heterozygous for alleles of this kind were observed (lanes 13 and
15, locus CNZ10 (d)). Lane 19 for locus CN11410 (a) is an
example 'of a locus heterozvgous in a dwarf. Nearly all other
heterozygotes appear in tall samples.

3 min. A 44L aliquot was loaded onto denaturing polyacrylamide
gels (6% acrylamide/bisacrylamide 40:2 or 50% Sequagel stock
solution diluted 10-fold with Ix TBE - 7 M urea in 1x TBE
buffer) and electrophoresed at 55 W constan! power for 2 h. The
gels were transferred to 3 mm paper and dried in a Bio-Rad 583
gel drier at 80°C for 30 min. Once dried, the gel was exposed to
Kodak Biomax MR film for 15 h.

Data analysis

Microsatellite loci were scored individually and the different al-
leles were recorded for each sample screened. Two different
intersample similarity matrices were constructed. The first was
based on shared alleles using the simple matching coefficient, cal-
culated at each locus separately and then meaned across loci. The
second treated each allele for every locus as a separate band and
the Jaccard coefficient was used as the measure of similarity,
analagous to the manner in which RAPD and AFLPs are scored. In
both cases, a cluster analysis was performed on the similarity
matrix using the unweighied pair group method with arithmetic av-
erages (UPGMA) and the resultant dendrograms (phenograms)
were constructed. The similarity matrices were also put into a prin-
ciple coordinates analysis (PCQ) and scores for the resultant
first three_components were plotted pair-wise. Genetic diversity
D=1- z pf) values were calculated according to Nei (1973).

Results

Sequencing of 197 clones of a coconut (cv. Tagnanan
Tall) genomic library highly enriched for several micro-
satellites indicated that 148 colonies (75%) contained at
least one microsatellite. Of the 148 clones, 40, 23, and 1%
contained dinucleotide GA/CT, CA/GT, and GC/CG repeats,
respectively, while 30 and 6% of clones, respectively, con-
tained compound (containing perfect and imperfect repeats)
and trinucleotide (GCC/CTT) repeats.

Primers flanking the repeat were designed from clones in
which the SSR was of a size greater than 12 bp and posi-
tioned sufficiently distaut from the cloning site. Forty-one
primer pairs (8 designed from manual sequencing and 33

Genome Vol. 42, 1999
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from automated sequencing) were tested for their ability to
amplify Tagnanan Tall genomic DNA with the expected
product (Table 2). Six microsatellites had CA/GT repeats
ranging from 11 to 22, 19 had GA/CT repeats ranging from
7 t0 30, 2 had trinucleotide GCC repeats both with a size of
6, and 14 had compound (both perfect and imperfect) ve-
peats with core repeats ranging from 22 to 54. Perfect
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microsatellites were found in 32 clones, while 9f clones con-

tained interrupted repeats, 5 of which were compound, i.e.,
consisted of more than one motif.

Using the optimum annealing temperature for each primer
pair, PCR was performed using the DNA extracted from 20
coconut populations (Table 1, Group 1). The results obtained
from the 41 SSR primer pairs are shown in Table 2. All but
three SSR markers were polymorphic with up to nine differ-
ent alleles observed in the 20 coconut cultivars. The excep-
tions were CNZ14, which detected two monomorphic bands,
CNZ45, which amplified as a complex multiloci SSR, and

673

Fig. 2. Dendrogram (a) and PCO plot (b) from the similarity
matrix constructed using a simple matching coefficient (i.e.,
allele sharing). The dendrogram results from UPGMA cluster
analysis of the similarity matrix. The PCO plot shows the scores
for components 1 versus 2 resulting from a PCO of the
similarity matrix. Numbers given on the y axes of the
dendrogram and for the points on the PCO plots refer to the
clone numbers listed in Table 1. Because of space restrictions,
only the clone numbers and the letter T (for tall) and D (for
dwarf) are given in the PCO plot.

CNZ13, which appeared to amplify two loci, with all indi-
viduals homozygous at each locus. For thé remaining 38
SSRs, the number of alleles detected ranged from 2 to 9,
while the number of genotypes ranged from 3 to 11. Exam-
ples of polymorphisms detected in the 20 samples with dif-
ferent microsatellites are shown in Fig 1. The 38 SSR markers
detected a total of 198 alleles, giving an average of 5.2 al-
leles per microsatellite. Genetic diversity (D = 1 - Z p;?) val-
ues ranged from 0.141 to 0.809 (Table 2).

Interestingly, although heterozygosity values were higher
(as expected) in tall than in dwarf cultivars, in three dwarf
cultivars higher frequencies of heterozygous loci were de-
tectéd. Thus, out of the 38 microsatellites tested, heterozy-
gotes were present for 11 loci in 1-SNID and for 4 loci each
in 5-SNOD, 4-KAPD, 17-TACD, and 19-BNAD.

Similarity matrices were constructed using (/) a simple
matching coefficient (i.e., allele sharing) and (ii) the pres-
ence or absence of bands (allele frequencies) using the
Jaccard coefficient (Sneath and Sokal 1973). Cluster analy-
ses were performed using UPGMA and phenograms were
constructed. A PCO was also carried out on the similarity
matrices, with scores on the resultant first three components
plotted pair-wise in each case. Results were similar for both
analyses using a simple matching coefficient and the pres-
ence or absence of bands, and are shown for the simple
matching coefficient only (Fig. 2). On both the phenogram
(Fig. 2a) and PCO (Fig. 2b), samples from the dwarf
cultivars were grouped separately from those from the tall
cultivars, which showed higher genetic diversity than the
dwarf. _

In addition to the 20 samples, as a wider test screen, 40
coconut samples (Table 1, Group 2) were screened with
eight S5Rs. The total number of alleles detected was 64,
with an average of 8 per microsatellite, and genetic diversity
(D) ranged from 0.579 to 0.790 (Table 3).

Discussion

A set of 38 informative microsatellite (SSR) markers have
been isolated in coconut from an enriched library con-
structed from Tagnanan Tall genomic DNA using the previ-
ously described method of Edwards et al. (1996). A high
percentage of clones (>60%) contained either GA/CT,
CA/GT, or GC/CG dinucleotide repeats, which is similar to
earlier reports of microsatellites in other plant species, such
as apple (Guilford et al. 1997), oak (Dow et al: 1995;
Steinkellner et al. 1997), wheat (Bryan et al. 1997), rice
(Panaud et al. 1995), Pinus (Smith and Devey 1994), and
maize (Chin et al. 1996).
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Table 3. Results of testing eight microsatellite loci? on 40 different coconut samples.

. SSR Predicted Annealing No. of

No. Name product length . Type of repeat temperature (°C) alleles D
1 CNIH2 203 (GA) 3 52 7 0.723 182-211
2 CNI1C6 183 (GT),; TT(GT)s 52 4 0.718 175-185
-3 CN2AS 1889 (CT)q 52 6 0.579 151-191
4 CNiG4 129 (CT)ys 52 8 0.756 114-139
5 CNI1IE6 - 95 (CT)qy 52 10 0.751 86-128
6 CN2A4 88 (CT)ysTT(CT),4 52 7 0.717 88-110
7 CNI1IE10 137 (GT)1r(GA) 4 52 13 0.790 91-150
. 8 CNI11A10 111 (CT)y 52 9 0.739 65-141

“All primer sequences can be obtained from the corresponding author by request.

One advantage thdt microsatellites offer as molecular
markers is the polymorphism that they can reveal and partic-
ularly the high numbers of allelic variants that may be de-
tected (Morgante and Olivieri 1993; Powell et al. 1996). A
preliminary screen of 20 coconut samples from the PCA
gene bank indicated that the SSRs isolated here conform to
this expectaticn. High levels of polymorphism were detected
with an average of 5.2 alleles per microsatellite and genetic
diversity values (D) from 0.141 to 0.809. This was further
confirmed by a wider screen of 40 samples using only eight
of the SSRs, where an average of eight alleles per SSR were
detected.

As a first basic check that the diversity revealed by the
SSRs was consistent with known aspects of coconut germ-
plasm, genetic similarity matrices were constructed and put
into clustering alogorithms to assess the relationships among
the clones analysed. Not surprisingly, cluster analyses using
either allele sharing or the presence or absence of micro-
satellites as input data separated tall and dwarf cultivars
clearly, and also reveualed greater diversity among the talls.
A more surprising feature, however, was the detection of
heterozygous loci at quite high frequencies in some of the
dwarf cultivars. This may suggest that outcrossing has oc-
curred in the origin of these cultivars.

The value of SSRs for germplasm characterization has
now been widely demonstrated in many crops (e.g.,
Maughan et al. 1995; Provan et al. 1996; Taramino and
Tingey 1996; Taramino et al. 1997, Russell et al. 1997,
Guilford et al. 1997; Jarret et al. 1997). The work under-
taken here was part of a collaborative effort with COGENT,
which plans to collect threatened and useful coconut genetic
diversity to augment national collections. For this endeavour,
sensitive and reliable techniques for assessing genetic diver-
sity will be an important adjunct for the establishment of ef-
fective collecting and gene-banking strategies. There are
many possible alternative methods for detecting genetic di-
versity using molecular markers, but only a few are suitable
for application in wide-scale efforts spanning several conti-
nents. For effective uptake by the COGENT network, it is
imperative that techniques provide results that are reproduc-
ible by different laboratories and can be analysed using stan-
dardized scoring and data analysis methods. Ideally, they
should also provide data that can be easily entered into data-
bases and necessary materials should be easily exchangeable
and not too technically demanding to apply. Finally, the data
derived from the molecular techniques should help to pro-

vide the right type of information for the design of effective
conservation strategies.

Microsatellites clearly have many features which help
meet these criteria; (1) they are muostly single-locus
codominant markers; (2) they provide high quality allel ¢ in-
formation; (3) their data can be analysed as allele frequen-
cies permitting direct computation in population genetics;

. (4) they can be detected by a simple PCR-based assay:

(5) small amounts of material are required for the assays,
which are less affected by DNA quality than, for example.
RFLPs or AFLPs : (6) they are highly reproducible, and can
be exchanged between laboratories and, (7), they are suit-
able for use in databases.

The high reproducibility of microsatellites in network ac-
tivities has recently been demonstrated (Jones et al. 1997)
and there are increasing numbers of examples of their use
for identification of cultivars and for the construction of
databases (e.g., Thomas et al. 1994; Guilford et al. 1997:
Russell et al. 1997; Bowers and Meredith 1997). In light of
this, and considering the ease of assay and informativeness
of microsatellites as population tools, we believe that the
identification of a highly polymorphic set of coconut micro-
satellites will make an important contribution to the evalua-
tion of both in situ and ex situ genetic resources of this
important plantation crop. Work is under way to use these
microsatellites in a more extensive germplasm screen,
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