CHAPTER 4

Diiscussion

The coconut palm is an “orphan crop™ according to Persley’s (1990) definition,
because it is primarily grown in developing countries. Breeding of this palm has not so far
reached the expected goals for improvement of characters such as early flowering, yield,
drought tolerance and pest and disease resistance. The commercial cultivars are inter or
intra-varietal hybrids of outbreeding populations lacking homogeneity in the breeding
material. The absence of methods for vegetative propagation and time and resource
constraints created by long cycles ot breeding have retarded the progress of breeding.
Incorporation of suitable biotechnolc gical approaches could be considered as a timely
move in improving the new strategics of coconut breeding and conservation. Coconut
palm has, so far, not benefited by the new tools of biotechnology. The only DNA-based
study on coconut was a study which detected and sequenced EcoRI repetitive fragments
in the coconut genome (Rohde et a'., 1992). Therefore, the current study on random
amplified polymorphic DNA (RAPLs) and restriction fragment length polymorphisms
(RFLPs) in the coconut genome is important for coconut breeders and policy makers of

coconut research.

4.1 Random Amplified Polymorphic Assay (RAPD) in the coconut palm
A number of different methods have been developed for using primers of

arbitrary sequence in the polymeras: chain reaction (PCR) with a view to analysing

genetic variation. The random amplified polymorphic, DNA (RAPD) method uses short

primers (8 - 10 nucleotides) which anneal to genomic DNA at a low temperature, 36°C
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(Williams et al., 1990). Priming at pars of closely spaced complementary sites allows the
subsequent amplification of disperszd genomic sequences. The arbitrarily primed
polymerase chain reaction (AP-PCR) described by Welsh et al., (1991) used much longer
primers (12 - 40 nucleotides) which a1 neal at higher temperatures (40 - 48 °C). The DNA
amplified fingerprinting (DAF) appro.ch uses primers as short as 5 nucleotides at lower

annealing temperature conditions simi ar to RAPDs (Caetano-Anolles et al., 1991).

At the time of writing, no przvious reports had been found on the use of DNA-
based assays in the coconut palm. RAPD was chosen for the assessment of genetic
diversity in the coconut palm becausc it is most widely used of the three methods. This
assay was in two parts. First, an atteinpt made was to analyse the segregation of RAPD
markers in a small family comprisini; a tall and a dwarf parent and F, progeny of 18
individuals arising from the intercross of tall x dwarf hybrid (F,). In the second part of the
study the genetic diversity among 13 accessions from the coconut populations of Sri
Lanka comprising the three varieties (typica, nana and aurantiaca) was assessed. These
included four forms of the fypica viriety, (three replicas of the commercial tall form
typica typica, typica ran thembili, typica pcra pol and typica gon thembili) four local
forms and two exotic forms of the naria variety; (Sri Lanka green dwarf, Sri Lanka yellow
dwarf, Sri Lanka red dwarf and Sii Lanka brown dwarf, Cameroon red dwarf and
Brazilian green dwarf), one auran iaca variety (king coconut) and six germplasm
accessions from the commercial form typica fypica (San Ramon, Moorock, Pitiyakande,

Debarayaya, Goyambokka and Akure: sa).

The RAPD approach has gained wide acceptance over the past six years and has
been applied in a wide range of organisms including bacteria (Welsh and McClelland,
1990), fungi (Varga and Croft, 1994) protozoa (Tibayrenc et al., 1993), insects (Baruffi et
al., 1995), nematodes (Castagnone et al., 1994), fish (Bardacki and Skibiski, 1994),
mammals (Welsh and McClelland, 1990), grass (Stammers et al., 1995), annual and semi-
annual crops (Connolly et al., 1994 Virk et al., 1995), plantation crops (Shah et al.,
1994), fruit crops (Koller ez al., 1993 and forest trees (Chalmers et al., 1994).
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DNA templates for RAPD-PCR. Genomic DNA used for RAPD-PCR was
isolated from young coconut leaves transported from Sri Lanka as fresh samples and
subsequently stored at -70 °C. The modified method of Dellarporte (1983) used to isolate
DNA from coconut samples gave a r:asonably high yield of DNA with adequate quality
for southern blot hybridisations and obviously for PCR studies. Although this technique
proved successful for extraction of DNA from coconut leaves it is more laborious and

time consuming than most other techniques developed for isolation of PCREs.

One of the advantages of PCR technology is it requires very low quantities of
DNA for amplification reactions (25 - 50 ng per 25 ul reaction). The quality is also not a
critical factor because only the seqience to be amplified has to be intact for PCR
amplification. Therefore, there are 10w a number DNA protocols designed for rapid
extraction of small quantities of DNA from plant material. For example the method
developed by Edwards er al. (1991) to obtain DNA from a tissue sample of milligram
amounts takes only 15 minutes to coniplete, allowing hundreds of individual samples to be
processed in a single working day. Tl e method consists of only three steps, maceration of
the plant tissue in an eppendorf wube, centrifugation in an extraction buffer and
isopropanol precipitation. The DNA extraction methods of Brunel (1992), Wang et al.
(1993) and Guidet (1994) are more cxamples of rapid DNA isolation methods designed
for PCR assays. Finding a suitable rapid DNA extraction protocol for isolation of coconut
DNA is indeed a priority in view of the possible large scale application of RAPDs in the

palm in the future.

The PCR conditions. The >CR conditions used in the production of RAPDs
warrant a discussion. The reproducibility of RAPD fingerprints has been a major concern
to many investigators. DNA amplifications in the RAPD-PCR uses very short primers
which have less specificity than longe: primers. Therefore, this method is highly sensitive
to small variations in the temperature cycle, including the annealing temperature (Pammi et
al., 1994), annealing time (Virk er ¢l., 1995), number of cycles (Pammi er al., 1994),

DNA concentration (Virk ef al., 1995), primer concentration (Virk et al., 1995), Mg2+
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concentration (Park and Kohel, 199<; Pamri et al., 1994) and utilisation of different
thermal cyclers (Virk et al., 1995). Turther the purity of the DNA template, the source
and manufacturer of Taq polymerase (Schierwater and Ender, 1993; Virk et al., 1995;
Loudan e al., 1995) and manufacture - of primer (Virk et al., 1995) have also been shown
to cause RADP-PCR variation. W lliams et al.. (1990) the pioneers of the RAPD
technique demonstrated the reprolucibility of RAPD markers by mapping 11
polymorphisms in soybean using 6¢ F, segregating individuals. Virk er al. (1995)
performed several experiments with rice DNA and confirmed the importance of the
consistency of protocol to ensure the reproducibility of RAPD data throughout an
experiment. Many laboratories have :ucceeded in optimising the reaction conditions with
respect to their particular DNA samples, chemicals and equipment used. However, the

comparability of diagnostic RAPD markers across laboratories still remains unknown.

PCR conditions used in tle current study strictly followed the conditions
described by Williams er al., (199(1) which is also laid down in the manufacturers
instructions provided with the primers (OPERON Technologies Limited). The primer
concentration 0.2 UM was doubled in the second assay because certain primers produced
reliable banding patterns only whei the primer was at higher concentrations than
recommended in the standard protoco . This was also observed by Virk ez al. (1995) with
DNA from rice. The use of a single supplier of Tag (Bresatec), and the buffer and
magnesium chloride supplied with the enzyme, helped to maintain these three critical
constituents of the reaction constart across all samples throughout the experiments.
Preparation of the reaction mix in bulk excluding only DNA made the PCR reaction
constituents across the tubes identica for each primer. All these precautions were taken
to ensure the reproducibility of the data at least within the laboratory throughout the
assay. The repeatability of a high proportion of RAPD bands in repeat tests with DNA
from tall and dwarf parents and the re.1sonably high proportion of monomorphic bands (69
out of 160 ie. approximately 43%) across 19 individuals indicated the consistency of the

DNA bands produced in these assays.
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Identification of PCR fragments: The accurate identification of amplified
fragments is very important because the RAPD analysis is entirely based on scores of
bands observed on a gel. A clear resolution of bands is needed to decide the presence or
absence of a band. Fractionation of PCR products by 1.5% agarose gel electrophoresis
followed by staining with ethidium biomide was adopted because it is the most common
approach in RAPD assays which is th.e most common approach in RAPD assays (Jain et
al., 1994; Jermstad et al. 1994; Stile:; et al., 1993 etc). Since RAPD-PCR amplification
products range from 100 - 3000 bp in size, a clear band resolution can be expected from
1.5% agarose. A great majority of bands resolved well enough to score without difficulty
but in a number of instances decidiig whether a band was present or absent became
extremely difficult. Particularly with ‘he bands that varied in their intensity across DNA
samples. Uneven mobility of DNA .cross the gel lanes has also caused difficulties in
scoring bands. Torres et al. (1993), oreferred 2% agarose (1% agarose + 1% Nu-Sieve
agarose) while Wilde et al. (1992) 1sed 5% polyacrylamide (non denaturing) gels for
resolving PCR bands. Pammi et al. (1994) used radiolabelled dCTP with **P in the PCR
reaction and products were electroptoresed in 5% polyacrylamide (denaturing) followed
by autoradiography. Caetano-Anolles et al., (1991) resolved banding patterns using 5%
poly-acrylamide gel electrophoresis followed by silver staining. Obviously a better
resolution of bands could be expected from polyacrylamide gels but the use of
radiolabelled primers can not be cons dered as a good alternative because one of the main
reasons for the popularity of the RA?D technique is that it does not involve radioactive
compounds. Silver staining is ideal tut a long staining procedure follows polyacrylamide
gel electrophoresis, making it more laborious than agarose gel electrophoresis. For
automated RAPD typing a system is now commercially available which use fluoroscently
labelled primers and an imaging device (Molecular Dynamics FluoroImager™ 575 and

FragmeNT analysis software) to scan >ands after polyacrylamide gel electrophoresis.
Reproducibility of RAPD fragments: Several authors have examined the

reproducibilty of RAPD bands in ex>eriments to measure genetic relationships between

DNA samples. Keil and Griffin (1994) compared RAPD patterns generated from
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combinations of 5 primers, 6 ramets and 2 clones of Eucalyptus. They observed very little
variation within ramets with the sam: primer and the same clone and they claimed the
quality of the DNA, free of singl: strand breaks as the essential factor for the
reproducibility of the results. Kazan er al. (1993) studied the reproducibility of RAPD
patterns in Stylosanthus species by rej licating accessions with five individuals each and by
repeating every PCR twice. They obs:rved the same band patterns from individuals of the
same accessions and also in repeatec reactions. Kangfu and Pauls (1993) repeated all
amplification reactions three to five ti nes with two primers against alfalfa genomic DNA
and found the amplifications produccd consistent bands that could be scored over the

repeated runs.

Mailer et al. (1994) studiec genetic diversity among rapeseed cultivars using
RAPDs and mentioned that clear, ecsily detectable and well resolved bands are highly
reproducible over repeated runs with sufficient intensity to determine their presence or
absence in samples with the same rel:tive band intensity. The patterns comprising either
faint or hard to detect bands were l:ss reproducible. Koller et al. (1993) studied the
RAPD patterns amplified from apple cultivars over a wide rage of DNA concentrations
and found that even with more than 2000-fold change in DNA concentration the variation
in the PCR amplifications were primarily quantitative and this is especially true for
strongly amplified bands.  Similarly Gonzalez and Ferrer (1993) cobserved 100%
reproducibility with major bands and 110st of the minor bands in Hordeum species. Tinker
et al. (1993), found that 19 out o 33 primers tested produced stable polymorphic

products in spring barley in repeated r 1ns.

RAPDs generated by one primer for a given DNA sample can be highly
reproducible with clear polymorphic bands while another primer with the same DNA
sample may produce weak bands, often arising from mismatched primer annealing which is
sensitive to even very slight changes in the PCR condition. Therefore, the key factor is the
choice of the correct primer to suit thz DNA substrate. With the ready availability of 10-

mer oligonucleotides of varying seque nces, selection of a set of primers for any sample of
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DNA is not a difficult task. Out of the 28 primers tested in the current work with
coconut DNA, only 17 produced gcod scorable DNA bands. The other primers either
did not produce any bands at all, did r ot produce bands across all the DNA samples or did

not produce bands intense enough for accurate scoring.

Wolft et al. (1993) conducted a fractional factorial experiment and concluded by
saying that optimal species/primer corbination has to be found by trial and error. In many
studies on RAPDs the best primer ind DNA combinations were identified by initially
screening a large number of primers. Mailer et al. (1993) initially tried 100 primers to
select six primers capable of producing easily detectable, well resolved bands of 100%
reproducibility to use in genetic assessment of Brassica napus cultivars.  Similarly
Jermstad et ai. (1994), (Karzan et ¢l. (1993), Torres et al. (1993) and Tinker et al.
(1993) screened 142, 90, 53 and 33 primers respectively to select suitable primers for

RAPD assays.

The presence of amplificatio1 fragments in the negative controls (PCR reactions
without the template DNA) occurred -arely in the current study. In these few instance the
artefacts appeared as very faint bancs and bands of this size did not appear in samples
where DNA were present. These artcfacts are believed to occur as a consequence of self
complementary ends. In OPB primers the self complementarity was avoided during
primer design. Therefore the occasioal artefacts may have formed as result of the ability
of some primers to form complicated secondary structures (mentioned in the instructions
booklet supplied with the primers, OF ERON Technologies Limited). Torres et al. (1993)
observed artefacts in about 10% of tke control samples lacking DNA in their studies with
Vicia faba. However, in no instances were these artefactual products observed in DNA
supplemented samples. Kangfu and Pauls (1993) have also reported similar observations

with RAPD studies carried out with alfalfa.
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4.1.2 Segregation of RAPD mark:rs in the F2 population

The first part of the study riade on RAPDs was an assay of a pedigree of the
coconut palm. This coconut pedigree come from a breeding experiment conducted at the
Coconut Research Institute, Sri Lanka to evaluate F2 individuals originating from a cross
between a typica typica individual ani a nana green individual. The F, individuals of this
pedigree were not available for the stady. However, it was felt important to make use of
this pedigree to study the inheritance pattern of the RAPD markers which distinguish the
two parents. This assay was thought to be of paramount importance because the results
would confirm the validity of the RAF'D technique for detection of genetic variation in the

coconut palm.

The results obtained by analysing 20 genotypes (the tall parent, the dwarf parent
and 18 inbred, F, individuals) reflec ed quite positively on RAPDs as genetic markers.
Seven out of the 38 primers tested against the tall and dwarf parents with RAPDs gave
distinct and reproducible polymorphic bands. A total of 12 clearly scorable polymorphic
bands were observed with these primers. These bands segregated among the F,
individuals. Based on the assumpticn that each RAPD fragment is a unique locus and
represents a dominant marker the bands exhibited Mendelian segregation. All the 12
bands initially selected by screeniny the tall and dwarf parent and the two bands
subsequently selected, OPB7.2 and OPB11.4. which did not show polymorphism between
the parents but segregated in the F2 copulation had acceptable goodness of fit ratios for

simple principles of inheritance.

The nature of the fragments from arbitrary amplified primers has not yet been
adequately investigated to determine whether each fragment visualised in a gel can be
considered as an independent charac er. However, based on experimental evidence most
scorable RAPD amplification fragments segregate in the Mendelian fashion (Rieter et al.,
1992; Tinker et al., 1993; Gonzalez ¢nd Ferrer, 1993; Heun and Helintjaris, 1993; Torres

et al., 1993; Jermstad et al., 1994). Stammers et al. (1995) tested a set of six bands by
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excising bands from the gel and usiig each as a hybridisation probe in Southern blot
analysis of RAPD products. They found that the majority of fragments showed sequence
homology to only a single band. Tl erefore, the general consensus is that each RAPD
amplification fragment corresponds tc an independent genetic locus and it has been found
true especially when screening individaals witain a species (Hallden er al., 1994). Further
there is evidence of RAPD and RI'LP markers appearing synonymously in mapping

positions (Jermstad et al., 1994).

The RAPD markers tend to be inherited as dominant markers because they
appear in similar fashion in both horiozygous individuals and heterozygous individuals.
Only the homozygous recessives can »e definitely distinguished. Therefore this technique
does not allow heterozygous and Fomozygous dominant individuals to be identified
without subsequent crosses. In this :tudy two RAPD loci OPB7.2 and OPB11.4 were
inferred to be in the heterozygous state in the parents based on segregation of the
amplified fragments in the F, progeny. The two RAPD fragments show clear variation in
the band intensity across individuals. The segregation data suggested that OPB 7.2 was in
the heterozygous state in both parents, appeared in similar intensity in the tall and dwarf
amplified DNA profiles whilst showiig a marked variation in the 13 F, individuals (10
strong bands versus 3 weak bands). However, the intensity of bands in the parents was
the same as that of 10 strong bands it DNA samples from the F2 progeny. In the case of
OPB11.4 a definite difference in the intensity of the two bands from the parent DNA is
visible and complies well with the segregation that suggests heterozygosity in one parent.
However, the OPB 11.4 band in F, inlividuals appear to show continuous variation rather
than two discrete classes. Therefore, i is unlikely that heterozygotes can be scored reliably
by quantitative differences in the baid intensity observed in the gel. Even if such an
attempt were to be made, the consis ency of quantitative differences over repeated runs
would have to be proven. Heun and Helintjaris (1993) studied the inheritance of RAPDs
in F, hybrids of corn and observed situations where intensity differences were reproducible
and followed the co-dominance pattern.  Similarly Tinker er al. (1993) found one co-

dominant marker from a sample of 31 RAPD polymorphisms in barley.
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Another observation in the present study that warrants a discussion is the
occurrence of bands in the amplified L NA samples of progeny that were not present in the
parent samples. Such occurrences can be explained by the presence of organelle DNA
(mitochondrial or plastid DNA) in the total DNA used as template for the PCR.
Contamination of samples by foreign DNA (most likely microbial in origin) during the
process of extraction, or mismatch annealing of primers are two other possibilities of such
spurious bands. The coconut leaves sometimes can be seen to be infected by fungi when

they are freshly transported.

Misidentification of parents can alsc be possibility because the parental crosses
were performed long ago. This could easily happen in coconut through illegitimate
pollinations, careless handling of poll:n or the presence of insects inside pollination bag.
These bags are put around the inflorescence ro shield receptive flowers from alien pollen
that could come by wind or insects. [t should be noted that this pollination was actually
performed in 1956. There is a reported instance of such “spurious” bands that behaved in
the Mendelian manner in a phylogenet c analysis of Apple rootstocks (Landry et al., 1994)
and eventually lead to the discovery of an anomaly in parentage of these rootstocks..
However, this ‘illegitimate’ bands car not be regarded as a serious problem because they
occur rarely and very often they ar: not completely reproducible. They can also be

detected by their non - Mendelian inhzritance (Heun and Helentjaris, 1993).

The Mendelian inheritance of all unambiguously polymorphic RAPD markers
(distinguished by presence and absence of amplification products) in the coconut F,
population confirms findings of many other authors. Tinker et al. (1993) tested 14 RAPD
markers and found 13 out of them se:;regated in a Mendelian fashion in 27 inbred lines of
barley. Heun and Helentjaris (1993) studied the inheritance patterns of RAPDs in corn
and reported that 90 per cent of the inambiguously polymorphic markers were inherited
as expected in the F, hybrids and concluded that the most predictable types of RAPD

fragments were those of the greatest intensity in any one reaction while minor fragments
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possesses a great propensity for irreproducibility. Jermstad et al. (1994) demonstrated
Mendelian inheritance in 29 out of 30 RAPD loci based on single locus segregation in a
sample of F, progeny in coastal Dot glas-fir. Lee et al. (1995) in a F, population of
Cucurbita and Lu et al. (1995) in a }, population of Pinus have also detected Mendelian

inheritance in all unambiguously poly1iorphic RAPD markers.

The purpose of this study ot inheritance of RAPDs in a coconut F, family is to
investigate the potential of RAPD ma kers as tools in mapping important traits of coconut
in the future. It is evident from this study that detection of RAPD polymorphic markers is
a relatively easy task. The procedurcs used in this study were relatively simple and the
polymorphisms detected were repeati ble and show Mendelian segregation. Most of the
limitations discussed with the RAPD :ipproach can be overcome by selection of primers to
suit the DNA substrate from coconu and by standardising the RAPD-PCR by optimum
concentrations of DNA, primer and other constituents of the PCR. The availability of
random primers from commercial scurces offers a great choice of primers and allows
detection of a sufficient reproducibe RAPDs in a short period of time. Therefore,
generation of a linkage map for the coconut genome is possible provided the segregating
populations arising from intercross and backcross populations of tall x dwarf F, hybrids

are available.

The major limitation in using RAPDs to generate a linkage map for the coconut
palm is the lack of clearly defined segregating populations in the coconut palm. The
coconut breeders in the past have concentrated more on inter- and intra-varietal
hybridisations rather than concentra ing on long term evaluations of genetic crosses.
Therefore, performing conventional genetic crosses such as those geared at constructing
single seed descent lines has now b:come a pressing need because of the tremendous
potential of RAPDs as genetic marke 's in the coconut palm. The other alternative at this
stage is to resort to the bulk segregat on technique assuming fypica forms and nana forms

as separate breeding lines. This possibility is further discussed in this chapter.
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4.1.3 RAPD polymorphisms in assessment of genetic diversity in coconut

populations

The genetic assessment of v:rieties, forms and germplasm accessions within the
coconut species by the use of RAPDs revealed that RAPD technology is an effective
method to study genetic diversity in the coconut palm. The RAPD based taxonomy of
coconut accessions is in good over:ll agreement with classical taxonomy, although it
contains a number of novel insights. The applicability of RAPDs for assessment of genetic
diversity has also been well demonstr: ted in a number of tree crops and forest trees (Shah
et al., 1994, in oil palm; Wilde et al., 1992, in cocoa; Castillo et al., 1994, in coffee,
Koller et al., 1993 in apple; Chalmers et al., 1994, in mahogany; Orozco- Daniel et al.,

1994, in Populus spp; Keil and Griffir, 1994 in eucalyptus etc.).

The coconut populations a:sayed : The 19 accessions of coconut palm assayed
comprise three varieties with a numb:r of forms and germplasm accessions within them.
According to the classical classificaticn (Liynage et al. 1958) typica (Tall), nana (Dwarf)

and aurantiaca (King Coconut) are th? three varieties of the palm in Sri Lanka.

Accessions of the variety fypica : Within the rypica variety tvpica typica
(Commercial tall), typica pora pol, tvpica ran thembili and typica gon thembili are four
forms. The three latter forms are each distinct from the typica typica by a single discrete
character and quantitative differences in the fruit components. The characteristic of
typica pora pol is the presence of thick shell, while typica gon thembili is characterised by
the orange coloured nut. The charactzristic of fypica ran thembili is the pink colouration
in the area underneath the carpels cf the young nut. T,, T, and T; are three sample

populations of the typica typica desceading from a single population of pooled parents.
The germplasm accessions Moorock, Pitiyakande, Akuressa, Goyambokka and

Debarayaya are five populations of the form fypica typica (Commercial tall) named

according to the site of collection. Taese are believed to be isolated populations because
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they were inbred for two or three ienerations while undergoing domestication'. No
distinct morphological differences have been observed among these germplasm accessions
or between them and the typica typica (Commercial tall). Quantitative differences are

under investigation at the Coconut Research Institute (CRI), Sri Lanka.

San Ramon is an exotic tall- like form brought to the island from the Philippines
by a coconut land owner. This variety is also classified as a form of typica by Philippine

Coconut Authority (PCA) taxonomists (Carpio, 1982).

Accessions of the variety nana Within the nana (javanica according to PCA)
variety, dwarf green, dwarf yellow, d varf red and dwarf brown are four forms varying in
nut colour. A typica dwarf type appe irs as a short stuttered palm with a trunk lacking the
root bole. In a typica typica the bottom of the trunk has an inverted funnel shape because
of the large root bole. The dwarf yellow form exhibits a tremendous variation within the
form, some individuals even having v-ell developed root boles and the appearance of the
typica form gon thembili. Cameroo1 red dwarf and Brazilian green dwarf” are typical

dwarf types and look almost identical to their Sri Lankan counterparts.

Accessions of the variety at rantiaca. Aurantiaca (King coconut) was classified
as another variety by Liyanage (1959) because of its sweet nut water and intermediate

stature. However, the general appear.nce of this palm is closer to the nana forms.

RAPD based diversity of the coconut palm accessions The RAPD technique
has demonstrated its ability to discnminate plant populations at taxonomic levels from
generic to clonal levels. Stammer et .1l. (1995) investigated genetic relationships between

and within species of genera Lolium wnd Festusa and found good overall agreement with

! Growing coconut at a commercial level ir tropical countries began in the nineteenth century to satisfy
the need for coconut oil for industrial use. The use of coconut oil for soap manufacturing in developed
countries began in 1841 (Benabadis, 1992).

2 Imported from germplasm accessions a the Ivory Coast by CRI for breeding purposes in 1969
(Manthriratne, 1970)
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classical taxonomy. Gonzalez and Ferrer (1993) accurately discriminated between 19
Hordeum species and subspecies by application of RAPDs. Jain et al (1994)
demonstrated the potential of RAIDs in identifying inherent variation and genetic
relationships among genotypes in th: mustard species, Brassica juncea.. Shah et al.
(1994) distinguished different accessicns of oil palm germplasm from Africa using RAPDs.
Koller et al. (1993) demonstrated the capability of RAPDs to distinguish apple cultivars.
Wilde et al. (1992) characterised cocoa clones by the RAPD application. RAPD primers
are however, claimed to be more accu -ate in investigating relationships among populations
of a single species or very closely related species than between less related species

(Gonzalez and Ferrer, 1993; Hallden ¢ al., 1994).

In the present study on coccnut palm populations in Sri Lanka, RAPD primers
generated adequate polymorphism to distinguish the 19 intraspecific accessions screened.
Of the 38 primers tested, 17 generated at least one polymorphic band. The sequences
amplified by each primer varied in nuinber (4 - 14) as well as in intensity, with a range of
amplification products from 200 bp to 2200 bp. A total of 160 fragments was observed of
which 91 exhibited polymorphism (57 %) varving from 1 - 13 per primer with a mean of
5.3 per primer. The genetic distance; based on Nei and Li’s coefficient of similarity had
the most distant accessions 0.524 apa 't indicating a substantial genetic diversity within the

species.

The genetic diversity seen in populat:ons of outcrossing plant species complicates
the analysis of variation due to ther inherent within population variation as no two
genotypes of any accession are idenical. Therefore, four individuals were sampled for
each accession when leaves were harvested for DNA extraction. The estimation of
genetic relatedness by random amblification of bulked genomic samples has been
successful in heterogeneous populaticns of aifalfa (Kangfu and Pauls, 1993). According
to Kangfu and Pauls (1993) the most important advantage of the DNA bulking procedure
is the increase in efficiency by cutting down the number of reactions. The RAPD patterns

obtained from bulked DNA samples :enerally consisted of superpositions of the patterns
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seen for individuals with the exception that some faint bands that were present in the
patterns from individual DNA samplcs were absent from the bulk DNA samples. Thus,
the PCR patterns obtained from the >ulked DNA samples represent a consensus pattern
for the common markers in the sampl=d population. The number of plants that should be
bulked for sampling the variabilities i11 a population has been discussed at length by Yang
and Quiros (1993) in a similar study carried out with bulk DNA from celery cultivars.
They have scored bulks made up of £ - 50 individuals with primers showing polymorphic
markers and found bulk of five indiviluals showed the same number of bands as those of
10, 20, 30, 40 and 50 plants. Virk e al. (1995) bulked leaf samples frorn 10 individuals

per extract in wild rice populations to incorporate variation within accessions.

The optimum number of primers required for a genetic diversity assessment is
dependent on many factors. If the assessment is between distant groups such as genera
and species obviously more polymorpisms per primer could be expected. When assaying
more closely related populations wihin a species, such as cultivars and clones, more
primers would be required to obtain adequate polymorphisms to discriminate among them.
However, it has been shown that by selection of primers yielding polymorphic bands
across populations, a precise assessme nt of genetic diversity could be achieved with a very
small number of primers. Rus-Kortekas et al. (1993) distinguished 11 of 15 tomato
cultivars with four selected primers Similarly, Hu and Quiros (1991) discriminated
between 14 broccoli and 12 cauliflower cultivars using as few as four primers. Tinker et

al. (1993) distinguished 27 inbred lines of barley with seven primers.

The level of genetic polymo phisms detected within the coconut species is high,
with 5.3 polymorphic fragments per jrimer among 19 accessions of the palm analysed by
RAPD. This compares favourably with other intraspecies assessments: e.g. 4.5
polymorphic fragments per primer among germplasm accessions of oil palm from
Cameroon, Tanzania, Nigeria and Zzire (Shah et al., 1994), 4.0 polymorphic fragments
per primer among 25 apple rootstoc<s (Landry et al., 1994), 3.8 per primer among 23

cultivars of rapeseed from several b-eeding programmes (Mailer et al., 1994), 3.7 per



primer among six cultivars of sweet potatoes (Connolly et al.. 1994), 2.7 per primer in
rice germplasm collections obtained ‘rom a major world collection (Virk et al., 1995).
However, the polymorphisms per prin er ratio is very high only if preselected primers were
considered. The maximum dissimilarity, 0.524 (genetic distance between the most distant
accessions T3 and Brazilian green dvsarf) is also an indication of the broad genetic base
within the domesticated coconut palin population in Sri Lanka. This level of variation

suggests that there is great potential fcr genetic improvement of the coconut palm.

The dendrogram based on genetic distances calculated by Nei and Li’s coefficient
for 91 RAPD fragments reflected the accepted separation of Liyanage et al. (1959) and
later additions to the taxonomy (Wickramaratne, 1989; Perera and Peries, 1994) although

the classification of some accessions vere not placed exactly.

At the first hierarchical level two major groups separated, with all the tall
accessions except San Ramon formin 2 one cluster and the rest in the second cluster. The
overall genetic similarity within the all cluster (76%) was less than that in the dwarf
cluster (81%). This is an expected re:ult due to the heterogeneous nature of the tall type
resulting from its predominantly outbreeding reproductive behaviour. Furthermore, the
dwarf types have been selected and maintained in cultivation (Benabadis, 1992) thus
conserving less diversity. The acces;ions in the tall cluster further fell into two groups
with sub clusters of T, T, and Ts, germplasm accessions of the typica typica form and
one typica form, typica gon thembil. in one cluster and the other two forms of typica,
typica ran thembili, and typica pora pol grouped in the other cluster. This separation are
in line with the classical taxonomy. e:.cept for grouping of typica gon thembili within the

typica typica group rather than separa:ing it as a different form.

The palms of the form typicc gon thembili differ morphologically from the palms
of the form typica typica only by its orange coloured nuts. The quantitative differences in
husked nut weight, a character estimated to have a heritability value of 0.95, is zero. The

other fruit characteristics do vary but not as much as typica pora pol and typica ran
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thembili (Liyanage et al., 1988). The¢refore, classifying typica gon thembili within the of
typica typica, rather than including it in a different taxa, could be worth considering. A
better analysis of this classification of fypica could be obtained by screening all the forms
of typica, including typica bodiri and ypica kamandala which show marked differences in
the fruit characteristics, by RAPD maikers. The former, typica bodiri produces very small
nuts averaging about 100 nuts per bunch and requiring approximately 20,000 nuts to
produce a ton of copra. In compariscn, typica kamandala produces very large nuts with
just two or three nuts per bunch and requiring approximately 2,700 nuts to produce a ton
of copra. The commercial form typica typica produces average size nuts with 20 -25 per

bunch, requiring about 4,750 nuts to produce a ton of copra (Liyanage, 1958).

Clustering of the germplasm accessions of the form typica typica in a separate
branch from the commercial T, T, ¢nd Tz is a clear indication of the diversity in these
heterogeneous populations, which tie conservationists expected. These populations
believed to have been independently domesticated and kept apart from the commercial
cultivars of the typica typica. The coconut germplasm collections at the CRI were
basically biased collections because tie conservationists (Rathnasiri and Wickremaratne,
1988; Perera and Peries, 1993 and 1994) were keener on establishing gene banks of ‘wild’
populations (domestic populations muintained for several generations by open pollination
or forced pollination within the populitions) rather than random collections because of the
logistical constraints (space and cost in particular) in establishing large gene banks. The
conservationists preferred coconut populations with favourable characters such as nut

size, copra yield, ability to withstand drought etc., for conservation in gene banks.

Further grouping of germplism accessions Moorcok and Pitiyakande together
and Goyambokka, Akurassa and Deo>arayaya together fits well with their geographical
distributions. The former two were collected from an area called Mawathagama in the
north central province towards the border or the central province whilst the other three
were collected from the southern part of the country. The sites of collection of these

germplasm accessions are far apart eénd chances of cross pollinating between any of the
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populations are meagre. Moorock ard Pitiyakande share a similar agroclimatic condition
in the intermediate wet zone whil> Goyambokka and Debarayaya share a similar
agroclimatic condition in the intermeciate dry zone more towards the coast. Akuressa is

in the intermediate dry zone away froi1 the coast.

Ecotypic adaptation as a po:sible reason for separation of coconut populations
was suggested by Harries (1978) based on data collected from geographically diverse
coconut populations. Natural selection pressure exerted by frequent dry spells in the
intermediate dry zone is likely to have an impact on existing ‘wild’ populations in south
Sri Lanka. But without a clear understanding of the history of these palm populations it is
difficult to make a valid judgement. A more detailed RAPD analysis using germplasm
accessions representing more finely efined agroclimatic zones over the entire coconut
growing area in the country would 1llow this complex situation to be addressed with

greater accuracy.

The accessions in the predon inantly nana (dwarf) cluster had a nana form dwarf
yellow and the only aurantiaca form used in the study, king coconut separating from the
rest of the dwarf forms and the typica form San Ramon. Dwarf vellow and king coconut
differ from typica dwarf palm by their stature. Dwarf yellow vary greatly with its stature
ranging from a typical typica type (tal large trunk with a root bole) to a typical dwarf type
(short small trunk without a root bole). King coconut has an intermediate stature and
flowers late which is uncharacteristic of the variety nana. Therefore, the separation of
these two types at this level of hierarchy reflects positively on the ability of RAPDs to

identify genetic differences in the coccnut palm.

In the second sub cluster of the nana forms, the tall form from the Philippines,
San ramon is included with the typica dwarf forms, dwarf green, dwarf brown, dwarf red,
Cameroon red dwarf and Brazilian green dwarf. The clustering of the latter forms is in
agreement with the morphologically based taxonomy because they all are typical dwarf

types varying only in nut colour irrespective of their origin. The close relatedness between
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Sri Lanka dwarf forms green, red and brown and exotic forms Cameroon red and Brazilian
green indicates the narrow genetic base shared by these types and agrees well with their

autogamous nature and selection for domestication.

The typica form, San ramcen : The clustering of the typica form, San ramon
with the nana forms is unexpected but is an extremely exciting result which warrants a
lengthy discussion. San Ramon palms are majestic trees, very tall and erect with stout
trunks and massive boles. The nut: are large and round with a thick kernel which
constitutes about 50% of the nut. San Ramon kernel is [.4 cm thick (1.35 ¢cm in
commercial typica) with a copra content of 550 - 400 g per nut (210 - 225 g per nut in
commercial tall; Fernando, 1988). A ‘pecial feature of this palm is its ability to withstand
long spells of drought. It is allogamous as characteristic of fypica. It does not in any

respect resemble a nana form.

The placement of the form San ra¢mon in a cluster with typical nana forms
separate from typica forms althoitgh unexpected, confirms with Carpio’s (1982)
observations on diversity of pollen proteins. The electrophoresis of pollen protein extracts
from morphologically distinct populat ons of the coconut palm in the Philippines have also

demonstrated a grouping of San Ramon with the nana type.

Pollen proteins from eleven morphologically distinct coconut populations in the
Philippines, extracted with 1% Sodium chloride (pH 6.7) without urea and stained with
Coomassie blue, provided some discr mination (Carpio, 1982). The populations screened
comprised seven typica forms (Laguna, LAG var. fypica; Baybay, BAY var. typica,
Tagnanan, TAG var. typica; San kamon, SRM var. typica; Bago-Oshiro, BAO var.
typica; Zamboanga, ZAM var. typica; Rennel, RNL var. fypica;) and four nana forms
(Tacunan, TAC var. javanica, gree1 dwarf form; Catigan, CAT var. javanica, green
dwarf form; Yellow Dwarf, YD var. javanica, yellow dwarf form; Orange Dwarf, var.
Javanica, orange dwarf fotm). The :leven forms were separated into six major groups.

San Ramon clustered with orange dwarf and yellow dwarf while two green dwarfs
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separated to another cluster. All the oter typica types clustered in pairs to form the other

four groups (see Figure 4.1).
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Figure 4.1 Dendrogram obtained usir g Jaccard’s coefficient of similarity and clustering
based on electrophoretic separation o’ pollen proteins (reproduced from Carpio. 1982).
YD, nana yellow, OD, nana Orange, SRM, fvpica San Ramon, TAG, typica Tagnanan,
LAG, typica Laguna, BAY, typica Baybay, ZAM, typica Zamboanga, RNL typica Rennel,
BAO, typica Bago-Oshiro, BAO, typica Catigan, TAC,, nana Tacunan.
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Clustering of ‘tall coconut’ S.zn Ramon with ‘dwarf coconut’ types as revealed by
RAPDs and pollen protein polymorphisms indicate a unique genetic make up in the San
Ramon form. It is 0.44 and 0.29 1part from fypica accessions and nana accessions
respectively and suggests that it wou d worthwhile testing for probable crosses between
typica and nana forms. It is interesting tc note that such crosses are already under
evaluation at the CRI. The relatively large nut with higher copra content and its ability to
tolerate prolonged drought conditior s (Fernando, 1989) led CRI breeders to establish
multi-locational trials to evaluate Sa: Ramcn x typica typica and San Ramon X nana
forms, dwarf green and dwarf yellcw (Fernando et al., 1986, 1987; Rathnasiri et al.,
1987, 1988 and 1989). These trials ire now in progress and analysis of results on early
vegetative growth and precocity indizated San Ramon x Sri Lanka Tall hybrids exhibit
heterosis in a number of locations (Everard and Peries, 1990, 1991, 1992, 1993 and
1994). The palms are now in bearing age in most of these trials but have not yet reached
the accepted maturity age (approxin.ately 9 years of age) to consider analysis of fruit

components and recording of yield da a.

4.2 Restriction fragment length polyrnorphisms in the coconut palm

The Restriction fragment length polymorphism (RFLP) technique is a powerful
tool in biotechnology that can potentiilly increase the effectiveness and efficiency of plant
breeding. Besides direct sequence coinparisons RFLPs are the most sensitive tool for the
detection of DNA differences within or between species. The molecular basis of RFLPs is
the loss or gain of a restriction site due to a point mutation within the enzyme’s
recognition sequence, or a molecular event leading to insertion, deletion or inversion of
DNA sequences. Both situations result in a length difference of genomic restriction
fragments detectable on Southern blots. RFLPs exist in potentially unlimited numbers and
their detection is only limited by the molecular differences existing between available

genotypes and the effort applied to detect them.
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Tagging of genes of interest with tightly linked RFLP loci, analysis of complex
polygenic characters (QTL mapping), assessment of genetic diversity and phylogenetic
relationships and 1identification of g:notypes (DNA fingerprinting) are major areas of
RFLP-application that have been discussed (Young et al., 1990). RFLPs have aided for
improvement in many crops such as maize, wheat, tomato, potato and soybean
(Helentjaris, 1987; Sharp et al., 1989 Tanksley et al., 1988; Bonierbale et al. 1988; and
Keim et al., 1990). Although RFLIP>s have been generated for many crops that are
important to industrialised nations, there has been little effort made on crops grown

primarily in developing countries (Per:ley, 1990).

An attempt was made in the present study to detect RFLPs in the coconut palm
population of Sri Lanka by using cloned coconut DNA sequences and minisatellite (M13)
and microsatellite sequences as prob:s. Although the study did not reveal an adequate
number of RFLPs the exercise was . worthwhile investigation because it yielded some
useful information for planning furthe - studies on developing RFLPs in the coconut palm.
In this regard, issues that warrant a Jiscussion include isolation of genomic DNA from
fresh young leaves of the coconut palin with adequate quality for restriction digestion and
Southern blotting, factors involved in construction of a library construction of a genomic

DNA library and repetitive sequences in the coconut DNA.

DNA extraction for RFLP studies: The protocol developed by Dellaporte et al.
(1983) for extraction of DNA fron fresh (frozen) young coconut leaves yielded an
average of 40 ng of DNA per milligran of leaf tissue. This miniprep protocol for isolation
of total plant DNA developed is simp'e and inexpesnive and yielded DNA with reasonable
purity. The DNA digested well with a range of restriction enzymes and smeared uniformly
when digested and electrophoresed cn agarcse. Most methods of DNA extraction and
purification of plant DNA use caesitm chloride density gradients to eliminate enzyme-
inhibiting polysaccharides (Murray nd Thompson, 1980; Taylor and Powell, 1982,
Ausubel et al., 1987). These procedures are expensive and time consuming since ultra-

centrifugation is required.
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The miniprep protocol for isolation of total plant DNA developed by Dellaporte
et al. (1983) has an initial homogenisation step and uses phenol:chloroform:isoamyl
alcohol instead of caesium chloride gradient purification. Modifications made to this
protocol were pounding of leaves ir liquid nitrogen, suspending the leaf material in a
homogenisation buffer containing PV]”> and mercaptoethanol (adopted from Thomas et al.
1993), and rernoval of intact starch grains and chloroplasts by differential centrifugation
(adopted from Kirkpatrick et al. 1987 . Coconut leaves are waxy and difficult to grind in a
Waring blender, but they powdered wzll with liquid nitrogen. Coconut leaves are also rich
in polyphenolic compounds and in early assays the DNA pellets appeared brown due to
presence of these compounds as impurities. The inclusion of PVP in the homogenisation
buffer inhibited the browning of the extract. Similar effects of PVP have also been

reported with DNA extractions of Vicia faba (Rogers and Bendish, 1985).

The DNA yield (40 ng per milligram of leaf tissue) compares well with DNA
yields obtained by Rogers and Bendish (19853) from a variety of leaves using the CTAB
(cetyltrimethylammonium bromide) nucleic acid extraction procedure of Murray and
Thompson (1980). The average DN A yields recorded for Nicotiana tabacum, Petunia
hybrida, Triticum aestivum and Vicia faba were 38, 14, 52 and 40 ng per milligram leaf

tissue respectively.

The maximum number of samiples that a person can handle in this method is eight
at a time and a minimum of two days is required to obtain DNA from eight samples. This
is however, essential because of the need for large amounts of DNA for RFLP studies.
With the CTAB procedure which was designed to obtain DNA from milligram amounts of
fresh material 24 - 36 samples can be processed in one day by a person using only
microfuge tubes (Rogers and Bendisl, 1985). This latter technique is preferred for DNA
extraction for use in procedures invol /ing PCR, where only nanogram amounts of DNA is
required. Rhode er al. (1992) who :loned and sequenced an EcoRI restricted coconut

DNA fragment used the CTAB extraction procedure to isolate DNA from coconut leaves.
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Harrison et al., (1992) who extracted coconut DNA for detection of myco-plasma-like
organisms associated with lethal ye lowing disease in the coconut palm used palm heart
tissue instead of leaf tissue to iso ate DNA. Their method was also a modification of

that by Dellaporte et al. (1983).

Random coconut genomic DNA library: Cloned DNA sequences that are
randomly distributed throughout tl e entire genome are used to screen RFLPs. These
sequences may be cloned from random genomic sequences or may be cDNA sequences
derived from purified messenger RINA. It is not necessary for the clones to come from a
library of known genes or sequences that code for proteins. For RFLP mapping, clones
bearing non-coding sequences arc sometimes considered better than c¢cDNA clones
(Young et al., 1990). Not much diff :rence has been reported in the efficiency of detection
of RFLPs by random clones anc ¢cDNA clones in Eucalyptus (Byme et al, 1994).
However, Havey and Muchlbauer ( 989) observed an increased efficiency of detection of
polymorphism using cDNA libraries in lentil and lettuce and suggested that this may be

related to the large genome size of hese plants.

A library of coconut DNA sequences was constructed by digesting total genomic
DNA with the restriction endonuclcase. Sav3Al recovering 0.5 kb - 2 kb fragments from
an agarose gel, cloning these fragmrents into the plasmid vector pTZ18 and transforming
the «wcombinants into E. coli stran PMCI112. Recombinant clones were screencd by
colony hybridization and a total of 71 (27%) high-copy clones were detected from 264

recombinant clones. A further 27 cclonies were retained as low-copy clones.

The general consensus in constructing a genomic plant DNA library is to clone
single and low-copy DNA sequenc :s. Therefore, the methylation sensitive enzyme Pstl is
used to digest the DNA to obtain inserts as there is a tendency in plants for repetitive
sequences to be methylated (Miller and Tanksley, 1990). This was also shown for other
species such as maize (Burr ef a/., 988), peanut (Kochert ef al., 1991) and Hevea (Besse

et al., 1994). However, in rice the DNA appears to be less methylated than other species



(McCouch et al., 1988). The percentage of high-copy clones (27%) in the coconut library
is higher comparing to 4% of Hevea (Besse et al., 1994), 10% of Peanut (Kochert et al.,
1991) and 21% of Eucalyptus (Byrne et al., 1994) libraries originated from Pstl digested
DNA inserts. The restriction enzym: Sau3Al is not methylation sensitive and this may

account for the higher percentage of h gh-copy clones in the coconut library.

Digestion of coconut genomic DNA by restriction endonucleases: The
coconut DNA samples digested with the restriction enzymes, BamHI, Dral, EcoRI,
EcoRV, HindlIIl and Pstl, appeared ¢s uniform smears when electrophoresed on agarose
gels indicating complete or near con plete digestion. The presence of intensely stained
bands in Dral, EcoRI and EcoRV digested DNA indicated the presence of repetitive
sequences in the coconut genome. Rohde et al (1992) detected highly repetitive
sequences in the coconut genome by analysing EcoRI restricted genomic DNA. They have
cloned and sequenced the 1.3 kb ard 1.4 kb EcoRI fragments and showed that these
fragments are members of a single fanily of repetitive sequences with sequence variation
due to point mutations, insertions anl deletions. The EcoRI fragment of 1.3 kb was the

same as the 1.4 kb fragment except for a 84 bp deletion at its 5’ end.

Southern blot hybridisaticns with high-copy and low-copy clones: Initial
probing of 18 Southern blots containing DNA from six forms of coconut, using three pairs
of high-copy clones, revealed bands only when the coconut DNA was digested by Dral,
EcoRI and EcoRV. The blots contain ng BamHI, HindIll and PstI digests resulted only in
hybridising signals in the top molecular weight region (approximately 23 kb) without
resolving any sharp bands. The failure of high-copy clones to bind with discrete bands with
methylation sensitive enzyme Pstl dizested coconut DNA might be an indication of the
methylation of repeat sequences in the coconut genome. However, these three enzymes

were excluded from further studies.

The Southern blot screening; of Dral, EcoRI and EcoRV digested DNA from

typica typica and nana green, upon p ‘'obing by high-copy clones, resolved in a majority of



probes detecting fragments of same size with each enzyme. In blots containing Dral
digested DNA; the 1150 bp fragment, EcoRI digested DNA; fragments of 2700 bp, 2500
bp, 1400 bp and 1300 bp and Ecol'V digested DNA; fragments of 1800 bp, 600 bp and
400 bp were the major bands detected by most clones, regions detected by most clones.
This raised the question of whether these bands represented the same fragment or

different fragments of the same size?

The EcoRI repetitive frugments of approximately 1,300 bp and 1400 bp
sequenced by Rhode et al., (1992) provide clear evidence for the presence of a repetitive
sequence family in the coconut genome. Detection of EcoRI digested fragments of 1,300
bp by 16 pairs of high-copy clones and 1,400 bp by 16 pairs of high-copy clones favours
the idea that these probes hybridise fragments in the same family or repetitive sequences.
Further, hybridization intensity was observed to be very strong with these bands.
Therefore, it is reasonable to infe: that these fragments of same size represent of the

same sequence of DNA.

It can be conclusively stated that the 1150 bp Dral fragment. detectec by 15 pairs
of high-conv clones, EcoRI fragments, 2700 bp, 2500 bp, 1400 bp and 1300 bp detected
respectively by 7, 9, 16 and 16 pairs of high-copy clones respectively aind EcoRV
fragments 2700 bp, 2100 bp, 1800 >p, 1000 bp, 600 bp, 400 bp and 300 bp detectad by 7,
9, 18, 7, 27, 22 and 7 pairs of hi gh—cop) ciones recpectively are all sharing repetitive
sequences belonging to a single element family. Similar observation has been reported in
Eucalyptus (Byme et al., 1994) wt ere the majority of high-copy clones detected only one

locus.

Based on the assumption that bands of similar size hybridise to nigh-copy clones
are homologous the actual number of fragiments detected by these clones comes down to
30 (9, 7 and 14 with Dral, Ecokl and izcoRV digests respectively). Out of these 30
fragments onlv one, the 300 bp fragment of EcoRV digested DNA. exhibited

polymorphism between typica typica and nana green. It appears that the use of low-copy



clones has reduced the efficiency >f probes from genomic libraries in the detection of
polymorphism in the palm. A similar comment was made by Byme et a/., (1994) who studied
RFLPs in Eucalyptus by probing witl high-copy clones from a random DNA library and with
cDNA clones.

The 300 bp EcoRV fragment which demonstrated polymorphism between the parents
typica tvpica (male) and nana green (female) did not segregate in the F» family and showed a
maternal inheritance pattern. None ol the F> progeny had the 300 bp E£coRV fragment detected
by probe AE25 in the typica typica parent. This raises the possibility that the high copy clones
hybridised to this fragment might be originating from mitochondrial (mtDNA) or chloroplast
DNA (cpDNA). The current DNA extraction procedure allows very little opportunity for
inclusion of organelle DNA in the g:nomic DNA extracts. The first centrifugation step, i.e.
4,000 g for 10 minutes minimises the release of such DNA and hence it is very unlikely to

assertion that all these hybridisations I ave resulted from organelle DNA.

Further these probes appear to have consistently hybridised to 1.3 kb and 1.4 kb EcoRI
fragments in same blots. Rohde ef al. (1992) have cloned and sequenced EcoRI repeat fragments
of similar size (1.3 kb and 1.4 kb) 1 the coconut genome and described these fragments as a
family of highly repetitive sequences n the coconut genome which show a remarkable sequence
homolegy to the copia-like group of 1etroposons. It is very likely that the sequernces deiected by
above probes and the sequences descr bed by Rohde ef al. (1992) are homologous. Therefore, it
is reasonabic to assume that the hizh copy clones used in the current RFLP assay siared
sequences in the above repetitive element and have originated from genomic DNA. Alihough
there was enough evidence to ascertai 1 the genomic origin of the cloned sequences in the current
assay this situation clearly highlights the need for prescreening colonies with organelle DNA

before probing for RFLPs and in parti-ular when high copy clones are used as DNA probes.

Another possibility for this non-Mencelian behavior of the F, individuals could be that
the two palms assayed as grard paren s of the F, family may not be their actual grand-parents as
indicated in records. These crosses vere performed in 1960°s and it is not righteous to rule out
any possible illegitimate pollinations .is collectici, processing of pollen and pollination has to be
carried out with great care in the co:onut paly to avoid contamination. These F- individuals

however, behaved as a true progen;' derived from above grand parents when RAPDs were
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assayed. For markers that distinguisl varieties, fypica from nana this segregation is possible
irrespective of the individuality of parents as long as the I, individual is a true hybrid of fypica
and nana . Therefore, the possibility > parental error still remain as a possible explanation for

the non-Mendellian inheritance of the above 300 bp RFLP.

The results of the last 18 blots appears to have been affected by the poor quality of the
Southern blots. The auotoradiographs appeared cloudy and none of the bands resolved sharply.
Therefore, the polymorphic EcoRV fragmen:s, 2100 bp and 1800 bp detected by high copy
clones and 2600 bp, 2400 bp, 2200 by and 1,100 bp detected by low copy clones (last nine blots)
need to checked for reproducibility. Jlowever, in the last nine blots the bands produced were
unique for each combination of prim ers. Therefore, the chances of detecting non-homologous
RFLPs will be higher when probirg with low copy clones because larger the number of

fragments detected, greater the probat ility that polymorphisms will be detected.

According to Young et al., ( 990) highly repetitive sequences arc unsuitable for RFLP
assays because th:ey yield banding pa terns that are too complex tc interpret. However, the high
copy coconut DNA clones did not yield comp.ex bands. The highest number of bands yielded by
a pair of clones wac cight (AE17 + £E24) and those were Drol fragments. This pair of probes
have also detected seven EcoRV fragments and none of these patterns were complex in spite of
tlie very high hybridisation intensity of the probes which did not resolve bands properly in the

dark background. None of these band: however, are polymorphic.

Most breeders construct single and low-copy libraries by using one of two metheds,
either cloning cDNA sequences de-ived from purified messenger RNA or cloning random
genomic DNA sequences enriched for single and low-copy DNA sequences. The latter is the
most common and in this case DNA cequences for cloning is often obtained by cleaving genomic
DNA by the methylation sensitive resiriction enzyme, Pstl. It is documented that single and low-
copy sequences in plants tend to be inder-methylated (Tanksley ef @/., 1989) and hence use of
Pstl is advantages in cbtaining a DINA fraction highly eunriched in singie and low-copy DNA

sequences.



It should be noted however, that Byrae et al., (1994) have been able detect RELPs in
Eucalyptus using high-copy clones. T'his may be a consequence of compact genome with a
relatively low abundance of repeated DNA scquences in Eucalyptus. This also agrees well with
the observation that there is not much difference in the efficiency of detection of RFLPs by
random high-copy clones and ¢cDNA clones in Eucalyprus (Byme et al.. 1994). The Populus
genome is also believed to be compa:t with “ewer repetitive sequences because no differences
were observed in the proportion of siigle clones from methylation sensitive PstI fragments and

methylation non-sensitive Xbal fragments which detected RFLPs (Bradshaw ez al., 1994).

The limited success achievec with the present RFLP assay therefore, is likely to be
associated with the high-copy numbe - of the clones chosen for assaying. The presence of the
repetitive sequence family (Rohde et 7/., 1992) in the coconut genome and the selection of high-
copy clones detecied by strong signal: have combined to affect the efficiency of the detection of

RFLPs in the current assay.

In ceaclusion it can be statec that isc of low-copy clones from methylation sersidve
Pstl fragments would have been mor: desirable for construction of RFLP probes for screening
coconut genotypss. RFLP assays based on screening by low-copy clones have shown successfu!
results in a range of plants. Gentzbitiel et al. (1994) used 181 low-copy clones to probe DNA
gigested by four restriction enzymes (331 probe/enzyme combinations) «ud found 73 probes
detected polymorphisms (40%) among inbred lines of the cultivaied sunflower, Helianthus
cmmuus. Besse et al.,, (1994) obtained 25 clones that detected polyinorphism among wild and
cultivated popuiations of Hevea Oras liciisis. Xu et al. {1994) checked 413 single ot low-copy
number sequences by probing DNA from parental lines digested with five enzymes, and found
210 (51%) detected polymorphisms n the parental lines with at least one of the restriction
enzymes. Use of low-copy clones also has the additional advantage that there is no necessity to

pre-screen plasmid clones for the pres:nce of organelle DNA.

Scuthern blot hybridisation with mini satellite and microsatellite probes : Micro-
satellites and mini-satellites are ¢bundant, multiallelic, co-dominant markers uniformly
distributed in the eukaryotic genome { Litt and Luty, 1989; Vassart ez al., 1987, Jeffereys, 1985).
These are simple tandem repeats (va iable number tandem repeats) revealing a high degree of

variability and thus called DNA fir gerprints (Jeffereys er al.,, 1985). These fingerprints allow
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identification of individuals in man, other mammals such as swine, birds, fungi and
protozoa (Ryshkov et al. 1988; Rohrer et al., 1994; Epplen, 1988; Rogstad et al., 1988;
Tautz, 1989). The linkage map of the human genome developed on the basis of
segregation of the dinucleotide repeat, (CA), = is remarkable. This map comprises 813
markers in 23 linkage groups corresoconding to 22 autosomes and the X chromosome

(Weissenbach et al., 1992).

The ability of these markers o identify individuals at the DNA level makes them
useful for breeders to identify genotypes, varieties and cultivars and to determine genetic
variability in populations. The preseice of repetitive sequences in plant genomes and
variability of sequences has been de nonstrated in plants including rice (Dallas, 1988),
triticeae species (Vershinin et al., 199%), Brassica (Poulson et al., 1993); turnip (Rogstad,
1994), tomato (Vosman et al., 1992) and a range of plants, Triticum aestivum, Secale
cereale, Daucus carota saitvas, Bra.ica oleracea, Petunia hybrida, Nicotina tabacum,

Horedeum vulgare and Beta vulgaris Beyermann et al., 1992).

The results obtained from Soathern blot hybridisation of coconut DNA with M13
(minisatellite), and oligonucleotide probes, (CA)y, (GAA)s, (GAT)s, (TAA)s, (GTT)s and
(GATA)4 were unsuccessful. The blcts containing genomic DNA digested by restriction
enzymes, Dral, EcoRl, EcoRV, Haelll and Esal failed to resolve bands when hybridised
with M13. The presence of continuous smears along DNA tracts, except for a single band
resolved in Dral digests and anothzr in EcoRI digests, were the only evidence for

hybridisation to discrete fragments. .

The blots containing cocontt DNA digested by Dral, EcoRI and EcoRV, and
hybridised with (CA)s, (GAA)s, (GAT)s, (TAA)s, (GTT)s and (GATA)4, probes also
failed to produce the expected DN.A fingerprints. Changes made to the hybridisation
conditions did not give any improvermrent or signs of resolving bands. However, with both
the minisatellite, M13 and microsatellite, high molecular weight fragments of A DNA

hybridised well with probes indicating that the Southern transfers had been successful.
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The conditions of hybridisation and stringency wash used in this study followed
standard conditions used by most of the above authors who had successful results.
Vosman et al. (1992) used different conditions of hybridisation and stringency wash and
obtained well resolved bands after probing with (GATA)s in tomato DNA. The
micro-satellite probe (GATA)s has detecred microsatellite variations in a number of
plants (Brassica napps, Poulson et al., 1993: Triticum aestivum, Secale cereale, Daucus
carota sativas, Brasica oleracea, P'etunia hybrida, Nicotina tabacum, Hordeum vulgare
and Beta vulgaris, Beyermann et al., 1992). However, the (GATA); probe failed to
produce bands with coconut DNA under standard hybridisation conditions and also under

the conditions used by Vosman e a’. (1992).

These disappointing results parallel somewhat the observations of Thomas et al.
(1993) on Vitus Vinifera who failed to detect microsatellites with GA, GT, CAC repeats
and M13 with Southern blot technology. However, they detected bands with GATA
repeats in the same study with the same experimental conditions. It appears that the
application of Southern blot techi ique for detection of minisatellite and inicrosatellite
polymorphisms for each genome his to be developed individually by varying conditions
and restriction enzymes. On the oher hand, cloning of sequences to identify adjacent
sequences which can be used as priners to determine microsatellite variations by the PCR
technique appears a better alternative because once the primers are made DNAs can be

rontinely screened st a rapid pace with little effort.

4.3 Relative merits of RFLP; and RAPDs as probable candidates for coconut
DNA analysis

The present DNA assay, which was aimed towards detecting molecular markers
for use i coconut breeding, proceed over a period of two years. RFLP and RAPD
assays progressed simultaneously aster the DNA isolation procedure was developed. The

time spent on laboratory studies wa:. about |6 months. The actual cost involved in the



study could not be estimated as budgeting of articles was not made separately for my

study.

The RFLP study consisted of more than 60 Southern blot hybridisations. The
procedures for these studies included; isolation of g amounts of DNA from leaf samples,
constructing DNA™ libraries, restriction digestions, size fractionation of restriction
fragments by agarose gel electrophoresis, Southern transfers, preparation of plasmids for
probing, oligolabelling of probes, hybridisations, stringency washes and
autoradiographing. The RFLP assay ng  progressed throughout the entire 16-month
duration of the study. The RAPD stidy consisted of more than 150 PCR experiments,
each involving a PCR amplification (automated) and detection of amplified products by
agarose gel electrophoresis. The RAID studies progressed over a period of nine months.
In terms of time and simplicity of application, RAPD technique is definitely more
appropriate than the RFLP technique for an *“orphan” crop (Persley, 1990) like coconut
which is grown primarily in the developing world. However, the relative merits of the two
marker types will have to be judged ty the actual ability of each marker to detect genetic

variation.

The most desirable genetic markers are codominant, multiallelic, abundant in the
genome of the chosen organism and applicable across reasonably wide phylogenetic
distances. Ideally such markers are al ;o easily, rapidly and inexpensively assayed. None of
the above marker types meets all thete criteria. RAPDs are undoubtedly the simplest and
least expensive method for tracking DNA based markers but are dominant markers and
hence relatively uninformative compa ed to RFLPs which are codominant and multiallelic

markers.

RFLP and RAPD methods have different molecular properties. Each DNA band
detected by Southern blot analysis using a restriction enzyme with a six base pair
recognition sequence evaluates the te nplate DNA for differences at 12 base pairs. On the

other hand, each DNA band amplifi:d using a single decamer primer is a result of an
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interaction between primer and temp ate DNA at up to 20 base pairs (Bradshaw et al.,
1994). Heun and Helentjaris (1993) postulated the apparent variation resulting from
RAPD markers exhibit is not due to point mutations in the recognition sites but rather to
competition between PCR products. This was argued because a number of mapping
studies have shown that many RAPI) markers deviate from their expected patterns of
inheritance. However, Thormann and Osborn (1992) interpreted this result as being due to
non-homology of identically sized RAPD fragments, because RFLP and RAPD assays
detected highly similar genetic distances among a set of Brassica napus individuals but

gave different results when comparing among different Brassica species.

In addition several factors must be considered in using RAPD markers for
assessing genetic variation in diplod outcrossing organisms. The first factor is the
dominant nature of the RAPD markers. If a locus is polymorphic, with the recessive allele
present at low frequency, almost all copies of that allele will be carried in heterozygotes
and will go undetected by the RAPD assay, resulting in that locus being scored as
monomorphic. This will lead to under estimation of true genetic variation. The second
factor is the assumption that each frigment represents one RAPD locus with only two
alleles, which corresponds to the presence and absence of the fragment observed on the
gel. This is not always the case as dcletion and insertion events that occur in the region
flanked by the primers will result in an amplified fragment migrating into a different
position, causing it to be scored as a separate locus rather than an additional allele at the

first locus. This will lead to an over estimation of the true genetic variation

However, there are a number of comparative studies on RAFDs and RFLPs
which favour the use of either technique or both in combination as suitable for genotyping
of plants. Liu and Furnier (1993) exa nined the genetic variation between and within two
species of Populus, P. tremuloides trembling aspen) and P. grandidentata (big tooth
aspen) by RFLP and RAPD assay piocedures. They used 138 random Populus genomic
probes predominantly of low-copy nimber sequences and four decamer primers to assay

RFLPs and RAPDs in 235 individu:ls. They have detected a considerable amount of
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genetic variation between and within the two species by both types of markers, although
RAPDs revealed greater variation ttan RFLPs with less effort per polymorphic locus

detected.

Bradshaw et al. (1994) cvaluated RFLPs and RAPDs for linkage map
construction in the Populus genome 1ising an inter-specific F, hybrid and F, populations.
They have 232 RFLP probes (major ty low-copy ) and 180 decamer primers to detect
RFLPs and RAPDs respectively. The results of this study concluded that a mixed marker
map composed of a large number cf RAPD markers and a smaller number of RFLP
markers could take advantage of the a tributes of the two marker types, simplicity, rapidity

and low cost of RAPDs and the co-do ninance of RFLPs.

Hallden et al. (1994) evalu:ted RFLP and RAPD markers in a comparison of
Bassica napus breeding lines showiny; varying degrees of genetic relatedness. The RFLP
and RAPD assays detected highly siinilar relationships between the genotypes screened.
Ragot and Hoisington (1993) compared costs involved in genotyping by RFLPs and
RAPDs. The results revealed RAPLs as most economical for small and medium size

projects and RFLPs for more extensiv: genotvping projects.

4.4 Conclusions

The result of the present study provide clear evidence of the potential of RAPDs
as useful molecular markers in cocont t breeding and conservation strategies. Without any
prior knowledge of the coconut genor1e a resonably good number of RAPD markers were
obtained allowing the study of geneiic relationships in 19 coconut accessions, within a
period of about six months. The results were consistent with morphological based

classifications.

RFLP technique is much mcre difficult to develop within a short period of time

because it requires prior knowledge of the genome and more expertise in molecular
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biological techniques. The repetitive sequences in the coconut genome hindered the
detection of useful RFLP markers anc thus it is suggested that a DNA library consisting of

low-copy clones would be a better choice for screening RFLPs.

The RAPD technique demor strated its potential as a valuable marker system for
tagging useful traits and as a tool to discriminate between groups within the coconut
species. The limited assessment of varieties, forms and germplasm accessions exhibited
that exploitable genetic variation within the coconut population in Sri Lanka.
Confirmation of merging of the Sarr Ramon form with Nana forms by two different

biochemical markers is also a noteworthy discovery.

The usefulness of RAPDs i1 generating genetic maps was demonstrated when
Reiter et al (1992) placed over 250 RAPD markers on a recombinant inbred population
of Arabidopsis thalina in four perscn months. However, the dominant inheritance of
RAPD markers poses a problem with plants that lack inbred populations in genetic
mapping or back cross populations (Tingey and del Tufo, 1993). Plants that have the
ability to produce dihaploids can overcome this problem without going through a rigorous
series of selfing or back crossing to produce homozygous lines (Powell, 1990). For the
coconut palm neither of these techniques are immediately available except for the
existence of F, populations from carcfully set out crosses. Establishment of sufficient F,
intercross and backcross populations would allow a possibility of attempt at generating

RAPD linkage map.

There is still an immediate possibility for tagging of simple genetic traits by
application of the bulk segregant anal /sis. This method analyses two bulked DNA samples
gathered from individuals segregating in a single population by RAPD markers. Each bulk
is composed of individuals that differ for a specific phenotype or individuals at either
extreme of a segregating population (Michelmore ef al., 1991). Therefore, characters
such as resistance to diseases (eg. I:thal yellowing, cadang cadang) can be targeted by

RAPD markers.



One of the key findings of this study is the demonstration that RAPDs can be
used to genetically fingerprint coconut populations. This will have a major impact on the
management of coconut genetic resolrces. The coconut germplasm maintained in gene
banks can be characterised rapidly by RAPD markers. The conventional characterisation
by scoring the coconut genetic descristors laid down by the International Board for Plant
Genetic Resources (IBPGR) is a ong procedure taking about 10 years. Further
development of RAPD makers woull also assist in the elimination of duplicates, allow
rationalisation of existing gene banks and allow future germplasm expeditions to be

targetted toward collection of material possessing maximum levels of genetic diversity.
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