CHAPTER 3

Results

3.1. Random Amplified DNA Polymorphisms in the Coconut Palm

Genomic DNA samples extracted from young leaves of individual palms were
used as templates for PCR using single arbitrary primers. The amplification products
generated by RAPD-PCR are strictly dependent on concentrations of the reaction
constituents. Therefore, in order t> assure the reproducibility of the RAPD-PCR
fragments all possible measures were taken to maintain uniformity across reactions in all
experiments. The concentrations of DNA samples were measured accurately to ensure that
the amount of DNA amplified per i1eaction was within 50 - 100 ng in every reaction
performed. The reaction constituents excluding the enzyme, primer and DNA template
were made in bulk and stored at 4 °C  The RAPD profiles generated by PCRs performed
under experimental conditions laid down by Williams et al. (1990) as recommended in the
instructions manual supplied with oli;zonucleotides from OPERON Technologies Limited
(see chapter two, section 2.3.2) yielded reasonably intense, reproducible amplification

products with a great majority of prim ers tested.

The random oligonucleotide primars OPB1 - 20, 12merl - 6 and Checkl - 12
were initially tested with DNA from three different varieties of coconut palm, typica
typica (commercial tall form), nana green (dwarf form) and king coconut aurantiaca
(king coconut form) to assess their ab lity to produce amplified DNA profiles. The primers
that failed to produce clear, easily det:ctable bands over repeated runs were excluded. The
primers that gave easily detectable well resolved bands were chosen for screening DNA

samples from a number of sources of coconut. Most of the well resolved bands were
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reproducible over repeated runs ard had sufficient intensity to detect their presence or
absence in samples with the same -elative band intensity. RAPD profiles obtained with
individual palm DNAs comprised :» - 10 main bands ranging from 50 - 2000 bp in size.
The number of amplified bands per profile per primer increased in reactions where the
primer concentration was increased, in the experiments to assess genetic diversity in

different coconut accessions (sectio 3.2).

The first RAPD experiment in coconut palm was designed to detect RAPD markers in a
pedigree of a tall and dwarf cross existing in Sri Lanka and to assess the segregation of
such RAPD markers in the inbred 1, progeny of the dwarf x tali hybrid (F;). The second
experiment was designed to detect RAPD markers in 19 accessions of the coconut palm
in Sri Lanka in order to assess the potential of RAPDs as a molecular marker to study

genetic diversity.

3.1 Segregation of RAPD markers in an inbred (F,) population of the coconut palm

in Sri Lanka

The random oligonucleotices OPE1 - 20, 12metl - 6 and Checkl - 12 were
initially used in single primer PCEk. (RAPD-PCR) to amplify DNA from the two parent
palms and identify primers that consistently produce polymorphic DNA fragments in
thosc paims. The reactiens were rerformed three tinies to confirm the reproducibiitty of
the polymorphic fragments. The primers, OPB1, OPB5, OPB7, OPB11, OPBI8, 12mer?2
and Check6 revealed genetic differences in the two parent palms and they were
subsequently used for assaying individuals in the inbred progeny (F;) of the tall and
dwarf hybrid. The inbred progeny comprised 18 individuals but in most instances only

17 were recorded because the DNA from the individual F»-18 did not readily amplify.
The amplified DNA profiles generated by these primers were size fractionated by

1.5% agarose gel electrophoresis and photographed for visual observation. The bands

were scored for each primer across parents and F, individuals. Plates 3.1.1 - 3.1.2 serve
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as examples of two photographs of L NA prefiles after agarose gel electrophoresis. These
gels display DNA amplification products obtained with primers OPB1 and OPB7
respectively with DNA from two pare nt palms and F; individuals. Two figures below each
plate explain the insides in the plates (figures 3.1 and 3.2). These schematic diagrams also

gives an insight of how the bands were scored from photographs of gels.

The RAPD profile generatecd by primer OPB1 comprised nine distinct PCR
fragments ranging from approximatel* 200 bp - 1000 bp in size. Fragment one (1000 bp)
was clear and monomorphic while fragment two (950 bp) was clearly amplified in only
one individual (F,-7) and appeared as faint bands in the dwarf parent and five other
individuals of the F, progeny (F»-8 F,-9 F,-10 F,-13 and F,-14). This fragment was not
considered for scoring beacuse it ‘vas not consistently produced in previous PCRs.
Fragment three (900 bp) was polymorphic and strongly amplified in the tall parent and in
all the F, progeny except four individuals (F,-2 F,-4, F»-8 and F,-15). Fragment four (850
bp) was a strong band appearing only in the tall parent. This was not considered for
scoring because it was not consistantly produced in previous PCRs. Fragment five (550
bp) was strongly amplified in only tvo F2 individuals and not seen in any of the two
parents. Presence of similar unexpected amplification products (spurious bands) has also
been observed by others (Heun and Helintjaris, 1993). Fragment six (300 bp) was another
monomorphic fragment similar to Tagment one and was well amplified in all the
individuals posing no difficulty in sco ing. Fragment seven (275 bp) was another spurious
fragment like fragment five which was only seen in four individuals of the F; progeny (F.-
3, F>-4, F,-7 and F,-13). This was also excluded from scoring because of the poor
resolution of the bands. Fragment eight (250 bp) was polymorphic and strongly amplified
in the dwarf parent and in all the F, progeny except three individuals (F,-4 F,-7, and F--
13). Fragment nine (200 bp) was only seen in tall parent and this too did not appear

consistently in previous PCRs.
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Plate 3.1.1 Agarose gel (1.5%) containing size fractionated DNA
amplified by RAPD-PCR using the primer OPB1 (see figure 3.1.1 below
for details of size fractionated DNA)

Figure 3.1.1 Schematic drawing of the agarose gel (1.5%) containing size fractionated DNA amplified by RAPD-PCR using the primer
OPB1. BN, Band number. T, ‘tall’ parent (P1); D. ‘dwarf’ parent (P2) and | - 17, individuals of the f2 family are the sources of DNA for
the RAPD-PCR. HindIII digested 2 DNA is the standard DNA marker (the sizes of band 1, 2, 3, 4, 5, 6 and 7 from the most cathodal end
are 23.1kb, 9.4kb 6.6kb, 4.4kb, 2.3 kb, 2.0 kb and 0.56 kb respectively). Bands appeared in broken lines were faint and not considered for

scoring.
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Plate 3.1.2 Agarose gel (1.5%) containing size fractionated DNA
amplified by RAPD-PCR using the primer OPB7 (see figure 3.1.2 below
for details of size fractionated DNA)

Figure 3.1.2 Schematic drawing of the agarose gel (1.5%) containing size fractionated DNA amplified by RAPD-PCR using the primer
OPB7. BN, Band number. T, ‘tall’ parent (P1); D. ‘dwarf’ parent (P2) and 1 - 17, individuals of the f2 family are the sources of DNA for
the RAPD-PCR. HindIII digested A DNA is the standard DNA marker (the sizes of band 1, 2, 3, 4, 5, 6 and 7 from the most cathodal end
are 23.1kb, 9.4kb 6.6kb, 4.4kb, 2.3 kb, 2.0 kb and 0.56 kb respectively). Bands appeared in broken lines were faint and not considered for

scoring.
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The amplified DNA profiles geneiated by the primer OPB7 provided an example of a
more complex situation where the namber of amplified fragments was high as 15 and the
mobility of lower molecular weight DNA fragments was slightly uneven making it
somewhat difficult to score shared bands. However, the intensity and resolution of
fragments, 1, 2, 5, 10, 11, 12, 14 «nd 15 were strong and adequately resolved to score
across all individuals. Fragment one (1,800 bp) was monomorphic and strongly amplified
in all the individuals. Fragment two (1,700 bp) and fragment five 1,500 bp) were
polymorphic. The former was common to both parents and was absent in four F;
individuals (F,-1, F»-3, F;-4 and F,-5) and the latter was absent in the dwarf parent and
three F, individuals (F»-1, F»-4 ani F,-5). Fragments 10 and 11 (725 bp and 700 bp
respectively) were monomorphic. Fragments 11 and 12 (600 bp and 525 bp respectively)
were polymorphic and both were present in the parents. Fragment 11 was absent in four
F2 individnals whilst fragment 12 was abseat in 11 I, individuals. Fragment 15 (500 bp)
was also monomorphic and strongly amplified in all the individuals. Fragments 3,4, 6 - 9
and 13 were not scored because they were either not conzistent in the earlier assays or not

strong and adequately resolved to score across all individuals with a reasunable accuracy.

The main amplification fregments primed by OPBI1, OPB5, OPB7, OPBI1,
GPB18, 12mer2 and Check2 were sc ored from the gel photographsas described above for
OPB1 and OPB7. The fragments were scored as 1’ for presence and ‘0’ for absence and
are shown in iable 3.1.1. The frigments scored against OPBl and OPB7 were as
explained eariier except for the chinges in band numbers because only the fragments
scored were numbered sequentially -n this table. For example band OPB1.3 is OPB1.2 in

this table because band OPB1.2 in p ate was not scored as a main amplification fragment.
The RAPD profile generated by primer OPBS comprised sic clearly distinct

fragments ranging trom 550 - 1800 bp in size. Fragmems one (1,800 bp) and two (1600

bp appeared strong and clear and zxhibited olymorphism in the parents and individuals
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of the F, progeny. The rest of the fragments wer monomorphic. Fragment one is absent in
dwarf parent and in five F, individuals (F,- 3. 4, 5, 7 and 8). Fragment two was absent in

the tall parent and five F; individuals (F,- 6. 9, 10, 13 and 14).

The RAPD profile generated by the primer OPBI11 comprised seven main
fragments ranging from 500 - 2000 bp in size, three of which are polymorphic. Fragments
two (1,000 bp) and three (950 bp) exhibit polymorphism in the parents and individuals of
the F, progeny. These two fragments segregated together as completely linked loci,
absent in tall parent and seven F, individuals (F»- 6, 7, 8, 10, 11, 14 and 15). Fragment
four (700 bp) exhibited polymorphisri only among the F, individuals as it was present in

both parents and absent in five F; indi /iduals (F.- 10, 11, 15, 16 and 17).
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The RAPD profiles generated by primer OPB18 comprised 7 main fragments
ranging from 200 - 1500 bp in size, two of which were polymorphic. Fragments three (800
bp) and six (525 bp) were the two polymorghic fragments, the former was absent in tall
parent and three F, individuals (F>- 1. 5 and 7) and the latter was absent in tall parent and

two F, individuals (F,- 1 and 2).

The RAPD profiles generatec. by the 12-mer primer, 12mer2 comprised 9 main
fragments ranging from 200 - 1800 by in size. The only fragment to exhibit polymorphism
was fragment nine (200 bp). This wa: absent in the male parent and in four F, individuals
(F>- 1, 2, 10 and 14). The RAPD prcfile generated by the other 12 mer primer, Check 6
comprised 4 main fragments ranging ‘rom 300 - 1000 bp in size. The first two fragments
exhibit polymorphism in both parents and among individuals in the F, progeny. Fragment
one (1000 bp) was absent in the male parent and in seven F, individuals (IF»- 5, 9, 10, 11,
12, 15 and 16) and fragment two (950 bp) was absent in the dwarf parent and nine F,

individuals (F2- 3,5,6,7,8, 11, 15, 1 7and 18).

Single locus segregation analysis was performed to determine whether the 16 polymorphic
fragments scored against OPB1, OFBS5, OFB7, OPBI1, OPBI18, 12mer2 and Check6
these RAPD markers segregated in the expected Mendelian ratio in the F, progeny. The
RAPD makers were considered as dominant and the zygosities of the tall and the dwarf
parents were scored on that basis for all possible genotypes. Independent * (chi square)
values were obtained for each and every polvmorphism to test the goodness of fit of the
expected ratio to observed ratio in the in the F. progeny. The results of these ¥~ tests were

given in Table3.1.2 .

The single locus segregation :nalysis shows that all but one polymorphism under
investgation (OPB7.7) segregated in the Mendelian fashion in the F, progeny at a
significance level of P = 0.05. The RAPD loci, OPB1.2, OPB1.5, OPBS5.1, OPBS5.2,
OPB7.3,OPB11.2, OPB11.3, OPB18.3, OPB18.6, 12mer2.9 and Check6.1 were all in the

intercross configuration (F;, Aa) with one o: the parents (P, or P,) being homozygous
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dominant and the other being homozygous recessive. The segregation pattern for RAPD
loci OPBI11.2, OPB11.3 and checl]:6.1 also consistent with the intercross configuration
(F1, Aa and aa) with one of the paent (P; or P;) being heterozygous and the other being
homozygous recessive. The data fo - the alleles at the RAPD loci Check6.2 was consistent
only with the intercross configuration (F;, Aa and aa) with one of the parents (P1 or P2)
being heterozygous and the other b:ing homozygous recessive. The data for the three loci
OPB7.2, OPB7.6 and OPB11.4, where both parents (P; or P,) were positive for the
dominent allele fits well with the i1tercross configuration F;, AA x 2Aa, x aa, with both
parents (P; or Py) being heterozygo 1s. The data for alleles in the locus OPB7.7 can not be

explained with any of the probable ntercross configurations.

Further analysis of the genctic indenpendece of these segregating polymorphisms
(linkage analysis) and mapping o~ the RAPD markers into linkage groups were not
possible due to a number of limita ions in the material. The data available at present was
only from a single farnily of 18 individuals. The phenotypic characters of the parents and
K2 individuals were not scored a: the same environment and at the same age of the
alms and the F1 population was rot available for analysis. Therefore, separation of the
16 RAPD markers into linkage groups and correlation with phenotypic cliaracters could

not be undertaken with this limited information.

The results of this segrega ion analysis clearly indicate the poteniial of RAPDs
as a molecular marker for generat ng a linkage map in the coconut palm. By careful
selection of primers capable of prcducing well resolved, strongly amplified, reproducible
polymorphic fragments among morphologically distinct parental types such as fypica
typica(commercial tall), nana (dwerf green form and dwarf yellow form) and typica San
Ramon there is a strong likelihoodc f finding correlations between RAPDs and phenotypic
characteristics. Some of the on-gcing progeny trials at the CRI were aimed at evaluating
various combinations of inter anl intravarietal hybrids. These trials comprise well

characterised parent and F| materi:1 allowing the possibility for the establishment of an
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adequate number of F, (intercross and backcross) families for detection of RAPD markers

for segregation and linkage group ana yses.

Table 3.1.2 Single locus segregatio1 analysis of 14 RAPD loci in F, progeny of the
coconut palm

RAPD Approximate size Parent Possible parent Expected ratio in Observed ratio in | Chi square
locus of the fragment phenotype genotype Fy(+:-) Fo(+:-)
(bp) Tall Dwarf Tall Dwarf
OPBI1.2 900 + - 4+ - 3:1 134 0.02
4 - -- 7:9 7.40"
OPB1.5 250 - + - 4+ 3:1 14:3 0.49
- + - 7.9 10.29
OPBS5. 1 1,800 + - 4+ - 3:1 12:5 0.18
4 - - 7:9 4.94°
OPB5.2 1,600 - + - +4 3:1 12:5 0.18
- + - 7:9 4.94"
OPB7.2 1,700 + + 4+ +- 15:1 13:4 8.67"
4- + 15:1 8.67"
4 - +- 3:1 0.02
OPB7.3 1,500 + - 4+ - 3:1 14:3 0.49
4 - - 7:9 10.29
OPB7.6 600 + + 1 F +- 15:1 13:4 8.67
4- ++ 15:1 8.67"
+ - +- 3:1 0.02
OPB7.7 525 + + 4 +- 15:1 6:11 99.14°
4 - ++ 15:1 99.14"
4 - 4 3:1 14.29"
OPB11.2 1.000 - + - ++ 3:1 10:7 2.37
- +- 7:9 1.56
OPBI11.3 950 - + - 44 31 10:7 2.37
- + - 7:9 1.56
OPB11.4 700 + + 4+ +- 15:1 12:5 15.56"
4- ++ 15:1 15.56"
- +- 3:1 0.17
OPB18.3 800 - + - ++ 3:1 14:3 0.49
- + - 7:9 10.29"
OPB18.6 525 - + - ++ 3:1 152 1.59
- +- 7:9 13.67
12mer2.9 200 - + - -+ 3:1 14:4 0.07
- +- 7:9 8.46"
Check6.1 1,000 - + - ++ 3t 11:7 1.85
- + - 7:9 2.20
Check6.2 950 + - +F - 3:1 9:9 6.007
+ - - 79 0.28

* Statistically significant at P = 0.05
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3.2 Assessment of Genetic Diversity in the Coconut Palm by RAPD

Polymorphisms

Polymorphic RAPD amplifi:ation products are used to assess genetic relatedness
between plant species and accessions within them. In these assays the presence and
absence of shared DNA fragments .mplified by RAPD-PCR are numerically analysed to
estimate pair-wise genetic distances and clustering of samples. I have assessed the genetic
diversity of 19 accessions of tke coconut palm from Sri Lanka by using RAPD
polymorphisms generated by 17 rendom primers. The morphologically based genetic

diversity and the RAPD markers of these 19 accessions will be discussed in this section.

The coconut accessions used in the study were selected to represent the entire
population of the coconut palm n Sri Lanka in terms of varietal classification,
geographical distribution and sourc:s st origin. The taxonomy, specific morphological
features, and the origin of the 19 coconut accessions are summarised in tab’e 3.2.1. The
19 accessions of the coconut palm elected for the assay comprised 12 tall (¢ypica) types,
6 dwarf (nana) types and the aurintiaca variety, the indigenous king coconut of Sri
Lanka. The first three accessions of the tall type (T), T, and T3) were replicates of the
commercial tall cultivar CRIC60. The rext three accessions, gon thembili, pora pol and
ran thembili are three other form; of the tall, rarely occuring in wild populations.
Mocinck, Pitivakande, Goyambokta, Akuressa and Debarayaya aie sub popilations of
the tall variety (common tall) regarded as genetically isolated because they were
maintained for several generations by breeding within themselves in the locations from

which they were collected.
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San Ramon is an exotic fypica acc:ssion imported from the Philippines by a private
coconut plantation owner. When this accession was imported is not known exactly but the
CRI conservationists believe this forn was introduced in the latter half of the last 19th
century. This form is different from the local typica forms in many aspects. A 50-year old
San Ramon palm attains an average height of about 22 meters which is about 2 meters
more than the local form. In the San Ramon form the nuts are very large and they yield

more copra than any other form of co:onut.

Aurantiaca form king cocout is indigenous and characterised by the orange
coloured leaf petioles and nuts. It differs from fypica forms by its intermediate stature,
autogamous nature and fruit characteristics (sweet nut water and low copra yield). King

coconut differs from Nana (dwarf) forms by irs longer juvenile phase.

The Nana (dwarf) forms difier from one another only by the colour of the fruit.
The Nana yellow variety however, his individuals that appear more like the Typica form
gon thembili. The last two Nana forms Cameroon red dwarf and Brazilian green dwarf
were imported from a germplasm ccllection in the Ivory Coast in 1969 (Perera et al.,

1992).

DNA samples from the coccnut accessions listed in table 3.2.1 were prepared in
the manner described in section 2.2.1 for use in the RAPD-PCR. Young leaves picked
from four individuals per accession v/ere mixed and used for DNA extraction. This was
thought necessary because one woild expect to have a reasonable diversity between
individuals of an accession due to the high heterogeneity of the Tall variety. Use of bulk
DNA samples has been proved successful in estimating genetic relatedness in

heterogeneous populations of alfalfa (Kangfu and Pauls, 1993).

Several precautions were tal.en to optimise the RAPD-PCR protocol to achieve
successful amplifications from all th= DNA samples at every single effort. The DNA

concentrations of the DNA samples v/ere measured accurately and all were diluted to the



same final concentration of 12.5 1g / ul to keep the volume of DNA added per tube
identical (4 pl per 25 ul reaction) with all the DNA samples throughout the assay. 7ag
reaction buffer, magnesium chloride, dNTPs and water were mixed in bulk and aliquots
were stored at 4 °C. Immediately sefore setting up the PCRs appropriate volumes of the
above mixture, enzyme and primcr were mixed thoroughly. DNA templates were then
added to aliquots of the mixture. Tais procedure ensured uniformity in the concentrations

of the reaction constituents across all the tubes.

In the earlier study (section 3.1) out of 38 primers tested 31 failed to produce
polymorphisms with DNA from tall and dwarf individuals. Most of the unsuccessful
primers did not even produce clear monomorphic bands. However, at a later stage it
became evident that some of the unsuccessful primers generated strong RAPD band
profiles when the concentration of the primer was doublea {increased to 10 picomoles).
Therefore, in order to increase the number of RAPD-PCR fragments, for better
assessment of the genetic diveisity of the 19 accessions, primsr concentration was
increascd in all the reactions. Thi.; has resulted not only in an increase in the number of
primers useable in the RAPD-FCR analysis but also an increase in the number of scorable

bands per primer.

The names of the priniers ¢ nd their sequences are indicated in chapter two (Table
2.3). All of the 38 primers were used to generate RAPD-PCR proiiles with DINA from 15
coconut accessions. Out of the 38 primers tested, 18 effectively primed the amplification
of coconut genomic DNA. The C +C conteat of the OPB primers were designed to be
over 60 per cent and in 12-mer ard Check primers they varied between 42 - 75 percent
(see table 2.3). The failure of certiin primers to generate RAPD profiles or the reduced
number of fragments produced by seme primers cannot be strictly attributed to the G +
content of the primer in this assay >ecause some of the primers even with G + C contents
as high as 70 - 75 percent (12-inerl, 12-merd4, OPB3, OPB9, OPB10, OPB16 and

OPB19) failed to generate gond ['NA profiles. 1t is more likely that the combination of

75
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primer sequence and DNA template is more decisive in generating a good reproducible

DNA profile RAPD-PCR..

The amplification reactions with all the primers using all the DNA samples were
not repeated in this assay due to time and resource constraints. Moreover, most of these
primers gave consistent reproducible 1esults between replicated amplifications with respect
to scorable bands that were scored with DNA from tall and dwarf palms (Section 2.1).
Amplifications with primers were re >eated only when obvious problems with the PCR
procedures occurred. When the PCR reactions were performed, two tubes in every
experiment were allowed to go through the thermocycles with out adding the DNA
template, to serve as negative contro s. Occasionally amplification fragments appeared in
these negative control reactions but they d:d not correspond to the bands in the test

reaction.

Photographs were taken after size fractionation of the amplified DNA on 1.5%
agarose gels. HindIlIl digested A DNA was used as a size marker to estimate molecular
weights of the amplified DNA fragments. The same pattern was followed in assigning
lanes in the gel for loading DNA sariples. Plates 3.2.1 and 3.2.2 serves as examples of
two photographs of gels. Figures 3.2.1 and 3.2.2 set out underneath the two plates

respectively describe the results obtaired from gels.

The amplified fragments were scored by visual observation. The different
amplification fragments visible as products of different molecular weights did vary in their
intensity and resolution. Therefore. the bands were scored for the presence versus
absence of products rather than gradig quantitatively on the level of intensity. Only clear
discrete bands were scored and in ceses of doubt the negative of the photographs were
examined because the band resolution is relatively better in the transparent negative image.
The presence of a smear was always considered as absence of a band. Bands were scored

as “1” for presence and “0” for abseice and were initially recorded on paper as a matrix
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with each sample forming one colum n of the matrix and each band one row. The bands

scored against each primer across the sources of DNA are presented in Table 3.2.2

Out of the 38 primers tested, 17 pririers generated profiles with clear, discrete amplified
fragments of DNA with varying moiecular weights. Ten of the primers failed to reveal
polymorphisms in the tall and the dwarf palm in the earlier assay. All of these 17 primers
produced amplified polymorphisms w th DNA from the 19 coconut accessions. The DNA
profiles generated by these primers i1 this assay yielded more bands of scorable intensity
than those obtained with the same primers with the DNA from tall and dwarf parents and

the F, progeny.

The total number of amplification products and number of polymorphic DNA fragments
amplified among the 19 accessions of the coconut palm by each primer are given in Table
3.2.2. The codes numbers of random primers, their sequences, the total numer of bands
scored for each primer and the size ranges in the molecular weights of the amplified bands
for each primer are also included in this tabulation. The 17 primers produced a total of 160
amplified DNA fragments across th: 19 accessions of the coconut palm. Of the 160
fragments, 91 (56.8%) exhibited polymorphisms between the accessions. The mean
number of amplification products par primer is 9.4 * 0.6 and the mean number of
polymorphic amplification products per primer is 5.4 = 0.7. The sizes of amplified
fragments approximately ranged between 200 - 2200 bp in size. The primer OPB12 gave
14 amplified fragments across the 1) accessions which is the highest for a primer and
primers OPB1, OPB18 and Check?7 /ielded more than 10 bands per primer. OPB6 gave
the lowest yield of four amplified bands. Check 7 yielded the highest number of
polymorphic bands across the 19 coconut accessions whilst OPB1 and OPB18 has also

yielded 11 and 9 polymorphic bands respectivaly



78

Plate 3.2.1 Agarose gel (1.5%) containing size fractionated DNA amplified by RAPD-PCR using
the primer OPB1 (see figure 3.2.1 below for details of size fractionated DNA)

Figure 3.2.1 Schematic drawing of plate 3.2.1, the agarose gel (1.5%) containing size fractionated DNA amplified by the RAPD-PCR
using the primer OPB1 BN, Band number. T1, T2 and T3 , typica typica populations; GT, typica gon thembili; PP, typica pora pol,
RT, rypica ran thembili; MKk, typica typica Moorock; Pk, typica typica Pitiyakanda; Gb, typica typica Goyambokka; Ak, typica typica
Akuressa; Db, typica typica Debarayaya; SR, typica San Ramon; KC, Aurantiaca king coconut; DG, DY, DR and DB, forms of the St
Lanka nana (dwarf), green, yellow, red and brown; CD, Cameroon nana form red; Brazilian Cameroon nana form green. A, standard
DNA marker, HindlII digested A DNA (the sizes of band 5, 6 and 7 from the most cathodal end are 2.3 kb, 2.0 kb and 0.56 kb

respectively). Bands shown in broken lines were faint and not considered for scoring.
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Plate 3.21 Agarose gel (1.5%) containing size fractionated DNA amplified by the RAPD-PCR
using the primer OPB7 (see figure 3.2.1 below for details of size fractionated DNA)

Figure 3.2.2 Schematic drawing of plate 3.2.1, the agarose gel (1.5%) containing size fractionated DNA amplified by the RAPD-PCR
using the primer OPB7. BN, Band number. T1, T2 and T3 , rypica typica populations; GT, typica gon thembili; PP, typica pora pol,
RT, typica ran thembili, MK, typica typica Moorock; Pk, typica typica Pitiyakanda; Gb, typica typica Goyambokka; Ak, typica typica
Akuressa; Db, typica typica Debarayaya; SR, typica San Ramon;, KC, Aurantiaca king coconut; DG, DY, DR and DB, forms of the Sri
Lanka nana (dwarf), green, yellow, red and brown; CD, Cameroon nana form red; Brazilian Cameroon nana form green. A, standard
DNA marker, HindIII digested A DNA (the sizes of band 1, 2, 3, 4, 5, 6 and 7 from the most cathodal end are 23.1kb, 9.4kb 6.6kb,

4.4kb, 2.3 kb, 2.0 kb and 0.56 kb respectively). Bands shown as broken lines were faint and not considered for scoring.
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The 91 polymorphic bands v-ere numbered sequentially to identify them as RAPD

loci and the approximate size o1 each band was measured by comparing their

electrophoretic mobility with standard DNA fragments of the HindlIl digested lambda

DNA. The number assigned, the prin er responsible and the approximate size in base pairs

of each amplified fragment are tabula ed in table 3.2.4.

Table 3.2.3 Code names of the primers, their sequences, total bands and number of polymorphic bands
scored against each primer across 19 access -ons of thz coconut palm

Code number of Primer sequence No. of amplified | No. of polymorphic Range of
the primer fragments fragments molecular
weights (bp)
OPB1 GTTTCGCTCC 12 11 200-1000
OPB4 GGACTGGAGT 10 6 250-1800
OPBS TGCGCCCTTC 9 3 250-1800
OPB6 TGCTCTGCCC 4 2 800-1600
OPB7 GGTGACGCAG 10 4 300-1800
OPB8 GTCCACACGG 8 4 300-1600
OPB11 GTAGACCCGT 7 5 300-2000
OPB12 CCTTGACGCA 14 6 200-1800
OPB13 TTCCCCCGCT 8 5 650-2000
OPB15 GGAGGGTGTT 8 2 350-1200
OPB17 AGGGAACGAG 10 5 300-2000
OPB18 CCACAGCAGT 12 9 200-2200
12Mer2 TCATCCGCTTCC 9 1 200-1800
Check2 AATCGCTTATGA 10 7 550-1800
Checké6 GTCTGAATGACC 8 7 300-1600
Check?7 GGCAACGCGGT 13 13 300-2000
C
Check8 ACCGCGATTGCC 8 1 200-1100




&7

Table 3.2.4 Sizes of polymorphic bands amolified by 17 arbitrary primers in RAPD-PCRs among 19
accessions of the coconut palm

Primer Polymorphic Approximate basc pair Primer Polymorphic band Approximate base pair
band number length of the band (bp) number length of the band (bp)
OPB1 1 1000 OPB17 47 1200
2 975 48 350
3 900 49 2000
4 875 50 1800
5 580 51 1775
6 565 52 1675
7 400 53 375
8 375 OPB18 54 2200
9 300 RA 2000
10 275 56 1800
11 200 57 1700
OPB4 12 1525 OPB6 58 650
13 1500 59 625
14 1300 60 600
15 1250 OPB7 6l 550
16 1200 62 250
17 650 12MER2 63 200
OPBS5S 18 1600 CHECK2 64 1800
19 1450 65 1400
20 275 66 1350
OPB6 21 1600 67 1300
22 1400 68 1100
OPR7 23 560 69 800
2 525 70 525
25 500 CHECK6 71 1600
26 300 72 1200
OPBS 27 1600 73 800
28 1300 74 600
29 900 75 450
20 300 76 425
OPB11 3 2000 71 300
12 1300 CHECK7 78 2000
33 950 79 1800
34 325 80 1725
35 300 81 1600
OPB12 36 525 82 1300
37 500 83 800
38 475 84 700
39 425 85 450
40 375 86 400
41 250 87 375
OPB13 42 2000 88 350
43 1700 89 325
44 1675 90 300
45 1300 CHECKS 91 350
46 700
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The genetic relatedness o the DNA samples was numerically assessed by
calculating pair-wise distances based on shared amplification products and by construction
of a dendrogram. Genetic distance (F) is an estimate of similarity between two samples
calculated on the basis of the probability that an amplified fragment from one plant will
also be found in another. The two riost common estimates for genetic distance are Nei

and Li’s (1979) matching coefficient ind Jaccards coefficient (Virk ef al., 1995).

Nei and Li’s coefficient F° = 2XNapi = (Na+ NB)

Jaccard’s coefficient F’ = NaB1 + (Nt - Naso)

(NA. number of bands in accession A,

NB. nu nber of bands in accession B,

Na1, number of bands common in both accessions

NaBo, 1umber of bands present in others but not in A and

B)

Nei and Li’s coefficient was used to calculate the pair-wise genetic distances (1 -
F’) between all the accessions using the microcomputer software package,
RAPDISTANCE (version 1.02) developed by John Armstrong, Adrain Gibbs, Rod Peakall

and George Weiller of the Australian National University, Canberra, Australia.

Table 3.2.5 presents the genetic distance matrix based on Nei and Li’s coefficient
for 19 accessions of the coconut palnm revealed by the 17 random oligonucleoide primers.
The matrix highlights the distinctions between and within the varieties, form and
population of the coconut palm. The genetic distances in the matrix were used to find
mean distances between and within tall and dwarf accessions and between San Ramon
and king coconut accessions because these four were the most morphologically separable

groups. The results are given in table 3.2.6.
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The mean genetic distance ‘vithin the entire population (19 accessions), 0.33, is
an indication of the existing genetic \ariability within the accessions assayed (33% genetic
dissimilarity in the genomic DNA). The most genetically distant pairs of accessions are T3
and Brazilian green dwarf, king coconut and gon thembili, T3 and king coconut, T3 and
brown dwarf, T3 and Cameroon red dwarf, all of these recording more than 50%
dissimilarity. The closest pair is Brazilian green dwarf and Cameroon red dwarf separated
only by a distance of 0.096. T1 and T2 also share a greater proportion of polymorphic

RAPDs resulting in a low distance of 0.115.

The genetic variation within the tall accessions is relatively higher than that in the
dwarf accessions. This is an expe:ted result because of the distinct morphological
differences between different tall forms and geographical isolation of tall germplasm
accessions. Dwarfs other than yellow dwarf differed morphologically from each other only

in the colour of their fruit.
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Table 3.2.6 Mean genetic distances t etween and within varieties of the coconut palm

Sources of diversity Mean genetic Standard Range of the
distance deviation of the mean genetic
mean genetic distance
distance
Within all the 0.33 0.11 0.10-0.52
19 accessions
Within tall 0.24 0.06 0.12-0.52
accessions
Within dwarf 0.19 0.05 0.10 - 0.37
accessions
Between tall 041 0.04 0.32-0.29
and dwartf accessions
Between tall accessions 0.44 0.03 0.39-0.52
and the San Ramon accession
Between dwarf accessions 0.29 0.03 0.27-0.36
and the San Ramon accession
Between tall accessions 0.43 .054 0.34-0.52
and the king coconut accession
Between dwarf accessions 0.32 0.03 0.29 - 0.37
and the king coconut accession
Between San Ramon accession and the 0.49 - -
king coconut accession

The average genetic distance between tall and dwarf accessions (0.41) is well
above the average genetic distances ‘vithin the fypica (0.24) and nana (0.19) indicating a
clear separation of the two groups. 'The average genetic distance between tall accessions
and the San Ramon accession (0.4<) is higher than the genetic distance between San
Ramon and dwarf accessions (0.27). This is an unexpected result according to the
taxonomy of the San Ramon form. San Ramon was classified as a Tall form by the
Philippine Coconut Authority. Morphologically it is very different from the Sri Lankan
tall palms and also from the dwarf tpes. It also differs from the indigenous aurantiaca
variety, king coconut by a genetic disiance of 0.49. Average genetic distances between tall
accessions and the king coconut palr1 (0.43) and dwarf accessions and the king coconut
palm (0.32) indicate that the intermec.iate aurantiaca variety share a higher proportion of
genomic DNA with dwarfs than talls. Morphologically, too, king coconuts look more like

dwarfs.




The data matrix of genetic distances was used to generate the best tree for these
data using the option NJTREE (Neighbour joining tree) in the RAPDISTANCE package.
This option uses a method of cluster ng accessions by utilising the unweighted pair group
method analysis described by Sneat1 and Sokal (1973). This package also has another
option to test whether the tree calculated from the set of distances reflects a tree-like
signal in the data, or is merely an artcfact that could arise from a random set of data. This
test permutation tail probability analysis (PTP). as it is called, is based on the concept that
a tree calculated from random distances will have a larger total branch length than a tree
with structure. Thus the test compaies the tree calculated with the original data with 20

trees calculated from the same data b 1t dispersed randomly across the samples.

The neighbour joining tree of the 19 accessions of the coconut palm is shown in
figure 3.2.3. The mean length of the random trees 2.81 which is significantly higher than
the length of the original tree whicl is 2.10. This original tree deviates from a random
structure because the 171 pair-wise d stance values did not show a normal-like distribution
as expected from a random set of data. The distance values are distributed in two peaks:
one around 0.25 - 0.30 and the other around 0.35 - 0.40. Whereas the randomised pair-
wise distance values showed a norma distribution with a single peak at around 0.30 - 0.35
(see table 3.2.7). All this informatior supports the validity of the dendrogram presented in
Figure 3.2.1.
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Figure 3.2.3. Dendrogram of coconut accessions determined by clustering pair-wise
g g1
genetic distances estimated by Nei and Li's coefficient.
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Table 3.2.7 The frequency of pair-wise d stance values at 0.05 intervals of the original distance data
matrix and the randomised data matrix as rc vealed by the permutation tail probability analysis.

Range of distance Frequency of Mean frequency Range in Standard
values pairs in the of pairs in the frequencies of deviation of
original tree random trees pairs in the frequencies of
random trees pairs in random
trees
0.00-0.05 0 0.00 0-0 0.00
0.05-0.10 1 0.00 0-0 0.00
0.10-0.15 7 0.00 0-0 0.00
0.15-0.20 16 0.20 0-1 041
0.20-0.25 20 5.65 3-11 2.13
0.25-0.30 25 35.35 27 - 47 541
0.30-0.35 15 71.05 55-82 7.98
0.35-0.40 24 44.80 34 -52 5.20
0.40-0.45 42 12.15 9-15 2.16
0.45-0.50 15 1.60 0-7 1.70
0.50-0.55 6 0.20 0-1 0.41
0.55-0.60 0 0.00 0-0 0.00

In general the dendrogram r:flects the separation of the accessions based on our
understanding of morphological characters «nd reproductive behaviour. The hierarchical
distribution of the 19 coconut accessions in the tree indicate a ready separation of the
typica (tall) accessions from the dwarf accessions in spite of the unexpected inclusion of
the Philippine fypica form San Rambn in the dwarf cluster. The aurantiaca form, king
coconut although classically considzred as a unique variety shares more dwarf-like

characters.

Clustering within the fypica accessions at subsequent hierarchical levels grouped
the typica typica, “commercial tals” (T1, T2 and T3), typica typica germplasm
accessions, Moorock (Mk), Pitiyakinda (Pk), Goyambokka (Gb), Akuressa (Ak) and
Debarayaya (Db) and as other typica form, tvpica gon thembili together is a separate
branch from the two other typica forms, typica ran thembili and typica pora pol. The
three replicates of the commercial ta | cultivar (T1, T2 and T3) are more closely related

compared to others in that cluster. In the adjoining cluster the germplasm accessions

grouped together at a much greater ‘evel of genetic diversity. The accessions from same
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geographical origin joined togeth:r, Moorock (Mk) and Pitiyakanda (Pk) from
Mawathagama in the Kurunegala district of the north central province and Goyambokka
(Gb) and Debarayaya (Db) and Akurzssa (Ax) from neighbouring villages in the southern

province of Sri Lanka.

The second big cluster comprises all nana forms, dwarf green, dwarf yellow,
dwarf red, dwarf brown (Sri Lankan varieties), dwarf green from Brazil and dwarf red
from Cameroon, the aurantiaca for1 king coconut and typica form, fypica San Ramon
from the Philippines. Classically the most dwarf-like accessions (palms of short stature
without the root bole) Sri Lankan zreen, red, and brown dwarf forms, Cameroon red
dwarf form, and Brazilian green dwarf form grouped well within the main cluster. Sri
Lankan dwarf yellow show greater 1iorphological variation within the form and is often
misclassified as gon thembili, the tall form in nature. Therefore, the separation of Sri
Lankan dwarf yellow and the more intermediate looking variety king coconut form the
main dwarf cluster is a good indication of the ability of RAPD markers to detect genetic

diversity at a great depth within varie ies of the coconut palm.

The clustering of the coconu: accessions based on RAPD polymorphisms gave an
excellent correlation with the classicil classifications. The grouping of accessions at all
levels reflected the best fits that could be expected in terms of shared morphology,
reproductive behaviour and geographical isolation. This general good agreement found
between classical classifications and those produced using RAPDs strongly favours the

applicability of RAPDs assay for dete :tion of genetic diversity in the coconut germplasm.



3. 3 Restriction Fragment Length Polymorphisms in the Coconut Palm

Restriction fragment length solymorphisms (RFLPs) were studied using genomic
DNA extracts from immature leave; of the forms of the coconut palm, typica typica,
typica san ramon and nana green ind nana red. A random genomic DNA library was
constructed of high copy and low copy sequences from coconut DNA. These clones were
labelled with o°P-dATP and hybridised to digested DNA on Southern blots to detect
RFLPs. The protocols for isolation of DNA, restriction enzyme digestion, agarose gel
electrophoresis, alkaline Southern blc tting to nylon membranes and hybridisation methods

are all described in chapter two, section 2.4.

3.3.1 Isolation of DNA

The method developed from Dellaporte et al. (1988) for extraction of DNA (see
section 2.2.1) from frozen fresh young coconut leaves gave adequate quantities of DNA
with reasonably good quality for use in restriction endonuclease digestions. The optimum
number of samples that could be handled at a time was eight with 5 g of leaf material per
sample for isolation of DNA. The powdering of fresh leaves in liquid Nitrogen in the
mortar and pestle was the most labor ous steo because of the waxy nature of the coconut
leaves. Usually it took about 20 minttes to powder a leaf sample of 5 g. The early steps,
homogenisation, lysis, protein precip tation and DNA precipitation from the supernatant
were all performed in 40 ml centrifug: tubes. The rest of the steps, phenol, chloroform and
iso-amyl alcohol (PCA) extraction, INAse treatment and final DNA precipitation were
carried out in microfuge tubes. The first PCA extraction was always time consuming
because separating the top layer withut disturbing the inter-phase between the top DNA
and bottom PCA layer was somewl at difficult. The whole DNA isolation procedure
including quantitative (UV spectrum analysis) and qualitative (agarose gel electrophoresis)

assessment of DNA, required about tv/o days.
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The average yield of DNA obtained over a series of extractions was 40 ng per
milligram of leaf tissue. The UV absorption spectra of the DNA samples gave clear peaks
at 256 nm wavelength. The agarose gel electrophoresis of DNA samples revealed high
molecular weight DNA with marginal degradation (see plate 3.3.1). Immediately after
each extraction the DNA isolates were diluted and divided into aliquots of 100 ul

(approximately 100 ng /ul) each and were stored at -20°C for use in restriction digestions.

Plate 3.3.1 DNA isolated from six different forms of the coconut palm. Lanes
1 -7, typica typica, typica gon thembili, typica san ramon, nana green, nana
green (Brazilian), nana red (Cameroon) and aurantiaca king coconut (200 ng
per lane) respectively and lane 8, HindIII digested A DNA (400 ng). The sizes
of A DNA bands are 23.13 kb, 9.42 kb, 6.56 kb, 4.36 kb, 2.32 kb, 2.03 kb and
0.56 kb respectively.
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3.3.2 Selection of RFLP probes

As a source of potential RFLP probes, a DNA library was constructed of
sequences from coconut DNA. To construct this library, coconut DNA Sau3Al fragments
of approximately 500 bp - 2000 bp ‘vere ligated into BamHI digested Bluescribe vector,
pTZ18. Plasmids were transformad into bacterial strain E. coli PMCI112 by
electroporation. Clones containing recombinant plasmids were selected using IPTG/X gal
screening and maintained as glycerol stocks at - 70°C . These colonies were pre-screened
for high and low copy sequences by hybridisation with labelled total genomic DNA. A
total of 98 colonies were picked fcr use as probes for RFLP screening (details of the
experimental procedures are found ir sectior. 2.4.1. The nomenclature for these clones is

AEl, AE2, ... AE98.

[n the first series of experimrents on constructing the library, the stock of E. coli
PMC 112 competent cells were traisformed readily by recombinant plasmids. In two
electroporations the petri-dishes plated with competent cells gave more than 1,000
transformed colonies with a ratio of 1:16, white to blue colonies. The first four
electroporations yielded 127 white clones. These colonies were innoculated to 2 ml of
SOB medium (Table 2.1.2) supplem:nted with 100 ug / ml ampicillin, grown overnight
and then spotted onto LB plates cont: ining 100 pg / ml ampicillin by pipetting out 1 pl of
each culture. This procedure was acopted in order to maintain uniformity in the size of
colonies for accurate assessment >f the intensity of the binding signal following
hybridisation with labelled total genoinic DNA. This is the criterion for deciding whether
a colony is low or high copy. Each plite was made in duplicate for further confirmation of
the results. Plate 3.3.2 show hybridis.ition intensity 50 colonies in two colony lift replicas.
After careful examination, 44 high coy clones were selected and labelled as AE1 - AE44.
The colonies that did not hybridise c>uld be either low copy clones or clones containing
no coconut inserts. The high copy clcnes AEl - AE44 were maintained as glycerol stocks

at - 70°C as potential RFLP probes.

98



In the second series of experiments a further 54 recombinant colonies were
selected by pre%creening another 129 transformed colonies. Upon pre-screening these
colonies 27 high copy clones were selected as in the previously study. A further 27
potential low copy colonies were picled at random from those that did not hybridise. The
presence of inserts in these low ccpy colonies were confirmed by observing digested
plasmids. These 54 colonies were als> maintained as glycerol stocks at - 70°C as potential

RFLP probes.
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Plate 3.3.2 Autoradiograph of colony lifts after hybridisation with radiolabelled genomic
coconut DNA. Filters labelled as 1.1 and 1.2 are duplicate lifts blotted separately from two

plates containing colonies, 1 - 50. P, denatured genomic DNA (positive control).

100



3.3.3 Digestion of coconut gencmic DNA by restriction endonucleases

Initially six restriction enzymes, BamHI, Dral, EcoRl, EcoRV, Hindlll and Pstl
were used for digestion of coconut DNA (see section 2.4.2 for details of the digestion
procedure). The Southern blot hybridisation studies revealed the enzymes, Dral, EcoRI
and EcoRV readily cleave cocorut DNA. Restriction digestions were performed in 30
ul reactions using approximately 5 ng of genomic DNA per reaction. DNAs from gypica
typica, typica san ramon, nana green, nana red (Cameroon), nana green (Brazilian) and
aurantiaca king coconut were dizested with BamHI, Dral, EcoRl, EcoRV, HindIll and

Pstl in bulk in this manner and stcred at 4 °C for transfer to Southern blots.

The DNA digests wher electroplioresed on a 1% agarose gel appeared as
uniform smears. Drai. EcoRl ai¢ EcoRV digests proauce unique band patterns on
ethidium bromide stained gels a'ter electrophoresis. showing the presence of sequence
repeats of varying sizes. Plate 3.3.2 A, disp-ays DNA from typica typica and nana green
after digesting with Lral, feckl and EcoRV. Dral-cleaved coconut DNA shows a
rrominent band of approximately 1150 bp in size. EcoRI-d:gested coconut DNA displays
two prominent bands of approx mately 1400 bp and 1300 bp in size. Further a minor
band of 3700 bp can also be seen. EcoRV-cleaved coconut DNA revealed a ladder like
band pattern extending :ron: apyroximately 2700 bp to 300 bp comprising ai least 10
identifiable bands of approximaic lengths, 2700 bp, 2560 bp, 2100 bp, 1800 bp, 1 700 bp,
1000 bp, 800 bp, 600 bp, 400 bp end 300 bp.
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Plate 3.3.3 A . Dral, EcoRI and EcoRV digested coconut DNA (gel photograph). Lanes 1, 3 and 5,
typica typica DNA digested by Dral, EcoRI and EcoRV respectively; lanes 2, 4 and 6, nana green DNA
digested by Dral, EcoRI and EcoRV respectively; lane 8, HindIII digested A DNA (size markers 23.13
kb, 9.42 kb, 6.56 kb, 4.36 kb, 2.32 kb, 2.03 kb and 0.56 kb). B. Autoradiograph of a Dral, EcoRI and
EcoRV digested coconut DNA Southern blot hybridised by high copy clone, AE24. Lanes 1, 3 and 5,
nana green DNA digested by EcoRV, EcoRI and Dral respectively; lanes 2, 4 and 6, typica typica
digested by EcoRV, EcoRI and Dral respectively. The lines between the plates indicate the repetitive

sequences in ethidium bromide stained gels which are detected in the Southern blots.
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3.3.4 Southern blot hybridisations with potential RFLP clones

Southern blots of digested DNAs were prepared for hybridisation with potential
RFLP clones (details described in s:ction Z.4.2). For the first series of Southern blot
hybridisations DNA isolated from si> forms of coconut, typica typica, typica san ramon,
nana green, nana red (Cameroon r:d dwarf), nana green (Brazilian green dwarf) and
aurantiaca king coconut were digested separately by six restriction enzymes, BamHI,
Dral, EcoRl, EcoRV, Hindlll and Fstl. 2.51g samples of digested DNA. were separated
on 1% agarose gels. The first six lanc¢s of the gel were respectively loaded with restriction
digested DNA from typica typica, nana green, aurantiaca King coconut, typica san
ramon, nana red (Cameroon) and 1ana green (Brazilian). The eighth lane was loaded
with HindIIl digested A DNA size marker. A total of 18 blots, 3 per enzyme were
prepared for hybridisation with poten ial RFLP clones AE1 to AES.

Probes were labelled with ('’P-dATP using a random primed labelling kit and
unincorporated nucleotides were rerioved from probes using a Sephadex G50 column.
Denatured labelled probes were paired, AE1+AE2, AE3+AE4 and AES5+AE6 to use two
at a time. Pre-hybridisation and hybridisation were performed at 42°C in 50% formamide
and blots were washed with a final st ingency of 1 x SSC, 0.1% SDS at 65°C. Blots were
autoradiograhped at - 70 °C for one o seven days (details given in section 2.2.3). Band
positions were determined by superimposing the negatives of actual-size gel photographs
of the electrophoresed gels. Binding to standard DNA marker bands 23.4 kb and 4.4 kb
by plasmid DNA used further to confirm the estimation of band sizes. Only well resolved
bands were scored. High molecula’ bands, smears and bands that were not clearly
visualised in the hybridisation background of the DNA track were excluded from scoring.
The characteristics of probes, AE1 to AE6 in relation to coconut DNA digested by
restriction enzymes BamHI, Dral, E-oRI, EcoRV, HindIll and PstI are summarised in

Table 3.3.1.



The autoradiographs showcd that 10 out of 18 blots probed by AEI+AE2,
AE3+AE4 and AES+AES6 (three blots per enzyme) produced a total of 18 bands while the
other 8 blots produced only high molecular weight bands. The band patterns are simple
and the maximum number of bands found in a blot was three (see plate 3.3.4). This is
somewhat uncharacteristic for high copy clones which usually yield complex banding
patterns. AEI+AE2, yielded only one band in each blot behaving like single low copy
clones. Probes AE3+AE4 and AE5+AE6 respectively yielded more bands per with Dral,
EcoRI and EcoRV digested coconut DNA. BamHI and Pstl digested coconut DNA did
not bind with any of the above six probes to produce bands other than the high molecular
band. HindlIIl digested coconut DNA annealed only with probe AE3+AE4 and resulted in
a single band (see plate 3.3.5).

The Southern blots containiig Dral digested DNA showed two bands, 1800 bp
and 1150 bp. Pairs of RFLP probe:, AE3+AE4 and AES+AE6 both hybridised to the
1150 bp band while only AE3+AE4 t ybridised to the 1800 bp band. EcoRI digested blots
yielded three bands 1900 bp, 1400 bp and 1300 bp. The latter was detected by all the three
pairs of RFLP probes while 1400 bp fragment was detected by two pairs of probes
AE3+AE4 and AES+AE6. The 190) bp site was detected only by AE3+AE4. EcoRV
digested blots revealed four bands. An 1800 bp fragment and 1000 bp fragment were
shared by AE3+AE4 and AES+AE®6 while the 800 bp and 600 bp appeared in blots probed
with AE1+AE2 and AES + AEG6 respactively.

All of the above 18 bands were monomorphic across the six coconut forms
screened. Close observation of thes: banding patterns suggest that these three probes
share common binding sites. The 1& fragments actually recognise only nine fragments
bands, one from HindIII (900 bp), tv'o from Dral cleavage sites (1800 bp and 1150 bp),
three from EcoRI cleavage sites (1900 bp, 1400 bp and 1300 bp) and four from EcoRV
cleavage sites (1800 bp, 1000 bp, 80 bp and 600 bp). It is noteworthy that these shared
bands coincide with repetitive sequence sites visualised by ethidium bromide in gels of

Dral, EcoRI and EcoRV digested DN A (Plate 3.3.3 A and B).
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Plate 3.3.4. Autoradiograph of an EcoRV digested coconut DNA Southern
blot hybridised with a radiolabelled probe consisting of two high copy clones
AE3+AE4. Lane 1, HindIII digested A DNA fragments 23.4 kb and 4.4 kb
indicating hybridisation with the probe, lanes 3 - 8, nana green (Brazilian),
nana red (Cameroon) and typica san ramon, aurantiaca King coconut, nana

green, typica typica respectively.
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Plate 3.3.5. Autoradiograph of an Pstl digested coconut DNA Southern blot
hybridised with a radiolabelled probe consisting of two high copy clones AE3+AE4. Lane
1, HindIII digested A DNA fragments 23.4 kb and 4.4 kb indicating hybridisation with the
probe, lanes 3 - 8, nana green (Brazilian), nana red (Cameroon) and typica san ramon,

aurantiaca king coconut, nana green, typica typica (200 ng per lane) respectively.
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Table 3.3.1 Southern blot results of BamHI, Dral, EcoRl, EcoRV, HindIll and PstIIl digested genomic DNA of six

coconut forms, npica typica, nana green, aurantiaca, typica san ramon, nana red Cameroon, nana green Brazilian

hybridised to probes AE1 to AE6 from a random coconut DNA library.

. RFLP Probe Restriction No. of | App. band Source of DNA and presence (‘1) or absence of (‘0°) band
enzyme bands size (bp)
typica nana auranti- typica nana nana -
typica green aca king san red Ca- green
coconut ramon | meroon | Brazil
AE1+AE2 BamHI HMB = - — L = = &
Dral 1 1150 1 1 1 1 | 1
EcoRI 1 1300 1 | 1 1 | |
EcoRV 1 600 1 | 1 | | |
Pstl HMB = = = = = = =
HindIIl HMB - = - = — = =
AE3+AE4 BamHI HMB - - - - F= . -
Dral 2 1800 1 | 1 1 1 1
1150 1 1 1 1 il 1
EcoR] 3 1900 | | 1 l 1 1
1400 | 1 Il i 1 1
1300 | 1 | 1 1 I
EcoRV 3 1800 I 1 1 1 1 1
1000 1 1 1 1 1 1
600 1 1 1 1 1 1
Pstl HMB = - = - - = =
HindIIl 1 900 | | | 1 1 |
AES+AE6 BamHI HMB = = = = = = =
Dral I 1150 1 1 l 1 1 1
EcoRI 2 1400 1 1 1 1 1 1
1300 ! 1 1 1 | 1
EcoRV 3 1800 1 1 1 1 1 1
1000 1 1 1 | 1 1
800 1 1 1 1 1 1
Pstl HMB - - - ~ = =
HindIII HMB = = = - ~ _ _
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For the second series of Southern blot hybridisations the number of coconut
forms used were restricted to typica typica, typica san ramon and nana green in the first
six blots and only to typica typica and nana green in the subsequent blots. The
restriction enzymes BamHI, HindII[ and Pstl were not considered for further assays
because they did not prove promising with AE1 - AE6. The rest of the procedure was the
same and clones AE7 to AE44 we e used with two radiolabelled probes per blot for
hybridisation. The characteristics of probes, AE7 to AE44 in relation to coconut DNA

digested by restriction enzymes Dral. EcoRI and EcoRV are summarised in Table 3.3.2.

The banding patterns obser /ed with 19 pairs of probes (AE7 - AE44) did not
appear as complex profiles in most instances although some Dral and EcoRV digested
DNA yielded high multiple band profiles. The most complex banding patterns came from
blots hybridised with two pairs of probes AE17+AE24 and AEI8+AEI19 yielding eight
and seven bands respectively with Dral digested coconut DNA. Similarly the blots having
EcoRV digested DNA gave eight bands with the probe AE28+AE33 and seven bands with
the probe AE17+AE24. Here agai1 most pairs of probes shared common banding
positions and more often on sites where repetitive sequences were visible on ethidium

bromide stained gels.

A total of 33 bands were scored with 19 pairs of probes (AE7 - AE44) in Dral
digested typica typica and nana greer DNA blots. Out of the 19 pairs of clones seven did
not produce any bands except for high molecular weight bands. In the rest the number of
bands per blot varied from one to eight. The most common band, 1150 bp, was shared by
12 pairs of probes. The band, 1400 bp, was shared by six pairs of probes while bands, 800
bp and 560 bp were each shared by hree pairs of probes. Bands, 2700 bp, 2100 bp and
1000 bp were each shared by two pairs of probes while bands 4400 bp and 1000 bp were
unshared fragments. Therefore, the actual number of fragments detected by these 19
probes (38 clones) with Dral digested coconut DNA is nine (4400 bp, 2700 bp, 2100 bp,
1800 bp, 1400 bp, 1150 bp, 1000 by, 800 tp and 560 bp). None of these 9 fragments

exhibited polymorphism between typica typica and nana green coconut types.

108



Table 3.3.2 Southern blot results of Dral, EcoRI and EcoRV digested genomic DNA of three coconut
forms, typica typica, nana green, and typica san ramon hybridised to probes AE7 to AE44 from a

random coconut DNA library.

RFLP Probe Restriction enzyme No. of App. band size e (‘1’) or
bands (bp)
typica nana typica san
typica green ramon
AE7+AE8 Dral HMB = = o =
EcoRlI 3 1400 1 1 |
1300 | ] 1
EcoRV ) 600 | 1 1
AE9+AE10 Dral HMB = - = ol
EcoRI 2} 2400 | 1 1
1400 I 1 1
1300 I | 1
EcoRV 5 2400 I i 1
2300 1 1 1
1700 1 1 1
600 | 1 1
400 | I 1
AE11+AE12 Dral HMB i i i =1
EcoRI 2 1400 I 1 1
1300 | | |
EcoRV 3 2400 | 1 1
1700 1 I 1
600 | | 1
AE13+AE43 Dral HMB 0 0 0
EcoRI 3 2400 1 |
1400 | |
1300 | 1
EcoRV 4 2400 | 1
1800 | 1
600 | 1
400 I 1
AE14+AE44 Dral HMB = . =5
EcoRlI HMB = - —
EcoRV 1 2500 | |
AE15+AE23 Dral HMB A e _
EcoRl1 8 2400 1 |
1400 | !
1300 | 1
EcoRV 5 2500 | |
1800 Il 1
600 | 1
400 1 1
300 | 0
AE16+AE42 Dral 0 1150 1 |
EcoRI 3 2400 1 i
1400 1 1
1300 | 1
EcoRV 5 2500 | |
1800 I 1
1000 1 |
600 | 1
400 | 1

Table 3.3.2 continued on page 110
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Table 3.3.2 continued from page 109

RFLP Probe

Restriction enzyme

No. of
i

App. band size
(bp)

Source of DNA and presence (‘1’) or
absence of (‘0*) band

typica
typica

nana
green

typica san
ramen i

AE17+AE24

Dral

4400
2700
2100
1800
1400
1150
1000
800

1

EcoRI

3700
2700
2400

EcoRV

2700
2500
1800
1000
800
600
400

AE18+AE19

Dral

2700
2100
1800
1400
1150
1000
800

EcoRI

3700
2700
2400

EcoRV

2700
1800
600
400

AE20+AE2S

Dral

1150

EcoRI

2700
1400
1300

EcoRV

2700
1800
600
400
300

AE21+AE41

Dral

1400
1150
800

EcoRI

1400
1300

EcoRV

2400
2100
600
400

o — o e = e = =l = [ e || = e | [ = = ek — = | e = e [ | [ = (O () (= =

ey (e Tl i i et e e i e i T e oy e e e e S e i A e e e e e N s, G e e e

Table 3.3.2 continued on page 111
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Table 3.3.2 continued from page 110

RFLP Probe

Restriction enzyme

No. of
bands

App. band size
(bp)

Seurce of DNA and presence (‘1’) or
absence of (‘0’) band

typica
typica

nana
green

typica san
ramon

AE22+AE40

Dral

1150

EcoRI

1400
1300

EcoRV

1800
600
400
300

AE23+AE26

Dral

1150

EcoRI

2700
1400
1300

EcoRV

2700
1800
600
400
300

O et et et e [ e e | [ O e = | — — | —

AE27+AE39

Dral

1400
1150
560

EcoRI

3700

EcoRV

2100
1800

AE28+AE33

Dral

1400
1150
560

EcoRlI

2700
2400
1400
1300

EcoRV

4400
2700
2500
2100
1800
600
400
300

AE29+AE38

Dral

1150

EcoRI

2700
1400
1300

EcoRV

2700
1800
1000
600
400
300

|
1
|
1
1
1
1
|
I
I
|
1
1
1
1
|
I
|
|
|
|
|
I
I
|
I
I
|
1
|
I
I
|
|
|
1
|
|
1
1
|
|
|
|
|
|
|

[ J UGN SRNEGUU [UURNISOVIIY IR F_ S UGS G GG Y |G GDG U (R UGG NI SRR

Table 3.3.2 continued on page 112
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Table 3.3.2 continued from page 111
| Restriction enzyme No, of App. band size Source of DNA and presence (‘1’) or
bands (bp) absence of (‘0’) band

typica nana typica san
typica green ramon

AE31+AE37 Dral 1 1150

EcoRI 4 2700
2400
1400
1300

EcoRV 6 2700
1800
1000
600
400
300

AE32+AE36 Dral HMB =

EcoRI 2 1400
1300

EcoRV 4 2100
1800
600
400

AE34+AE35 Dral 3 1400
1150
560

EcoRlI 1 1300

EcoRV 3 2300
1800
600

—_—— e, = m m == o= — - = = - ==

The 19 pairs of probes yielded a total of 47 bands in EcoRI digested typica typica
and nana green DNA blots. Only one pair failed to yield bands with these blots and all the
others gave bands between one to four per blot. The bands, 1400 bp and 1300 bp were the
most common and were annealed by 15 probes (30 clones) and 14 probes (28 clones)
respectively. Bands, 2700 bp and 2400 bp were also shared by 7 pairs of probes each
while band, 3700 bp was shared by three pairs of probes. Band 2500 bp was an unshared
fragment. Therefore the actual number of fragments detected by the these 19 pairs of
probes (38 probes), was only six fragments (3700, 2700, 2500, 2400, 1400 and 1300 bp).
Here too, none of these fragments exhibited polymorphism between typica typica and
nana green coconut types. The blot of EcoRI digested coconut DNA hybridised with
probe AE28+AE33 is displayed in plate 3.3.3 -B.

All the 19 pairs of probes yielded bands with EcoRV digested typica typica and

nana green DNA blots. A total of 82 bands were produced at an average of 4.3 bands per
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blot per pair of probes. The probe, nE28+433 gave eight bands which is the highest in all
blots studied. The size of bands ran ied from 4400 bp to 300 bp. The 600 bp band was
shared by 17 out of 19 pairs of probes tested. Bands of 1800 bp and 400 bp were each
shared by 14 pairs of probes while b:nds, 2700 bp and 400 bp were each shared by seven
pairs of probes. The other bands th:t were shared by more than one pair of primers are
2500 bp (five shared), 2400 bp (fcur shared), 2300 bp (two shared). 2100 bp (four
shared), 1700 bp (two shared) and 1000 bp (four shared). Therefore, the actual number of
fragments detected by the these 19 robes (38 clones), was thirteen, 4400 bp, 2700 bp,
2500 bp, 2400 bp, 2300 bp, 2100 bp. 1800 bp, 1700 bp, 1000 bp, 800 bp, 600 bp, 400 bp
and 300 bp). Amongst these 13 frazments 12 were monomorphic. The only band that
exhibited polymorphism between .ypica typica and nana green coconut types is a
fragment of 300 bp. This polymorphism was detected by seven probes, AEI15+AE23,
AE20+AE2S5, AE22+AE40, AE28+/.E33, AE23+AE26, AE29+AE28 and AE31+AE37.
The RFLP fragments of EcoRV digested coconut DNA revealed by the probe
AE28+AE33 are displayed in plate 3.2.3 -B.

For the third series of Soutliern blot hybridisations EcoRV digested DNA from
coconut forms, typica typica, typicc san ramon and nana green was probed with 54
clones (AE44 - AE98). These 54 clones comprise 27 high copy clones and 27 low copy
clones and these were used separately with three per blot for screening of RFLPs. The
characteristics of probes, AE45 to AL98 in terms of low and high copy and in relation to

coconut DNA digested by the restriction enzyme EcoRV are summarised in Table 3.3.3.

Eight out of nine blots probed by the 27 high copy clones produced bands. These
eight blots yielded a total of 29 bands of which bands 2100 bp, 1800 bp, 1400 bp, 800 bp,
600 bp and 400 bp were common to at least two blots. The first band, 2100 bp is a
polymorphic band and was <hared by five probes, AE45+AE46+AE47,
AES1+AES2+AES3, AE63+AE64+AE65, AE78+AE79+AE80 and AE87+AE88+AER9.
All of these detected the same polymc rphism at this fragments distinguishing typica typica

from typica san ramon and nana gr-en. The second band, 1800 bp was shared by four
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probes,  AE45+AE46+AE47, AE78+AE79+AE80,  AE87+AE88+AE89  and
AE96+AE97+AE98 and these prim:rs have also detected polymorphism distinguishing
typica typica from typica san ramo1 and nana green. The rest of the four bands were
monomorphic across typica typica, tvpica san ramon and nana green. Band three, 1400
bp was shared by only two orobes (combinations), AESI1+AES52+AES3 and
AE63+AE64+AE65. The 800 bp baid was not shared. The last two bands, 600 bp and
400 bp were shared by all the eight h gh copy clone combinations.

Only three out of nine blots probed by the 27 low copy clones produced bands.
The other blots gave only high molec alar weight bands. The banding patterns exhibited by
low copy clones did not have bands shared by the different combinations of probes. The
three blots yielded a total of six bancs each identifying unique fragments, 2700 bp, 2400
bp, 2200 bp, 1100 bp, 750 bp and 00 bp. The first two bands, 2700 bp and 2400 bp
detected by probe AE66+AE67+AE68. exhibit polymorphism at these fragments
distinguishing nana green from typiza typica from typica san ramon. Bands three and
four, 2200 bp and 1100 bp detccted by probe AE93+AE94+AE95 also exhibit
polymorphism at these two fragments distinguishing typica typica from typica san ramon
and nana green. Bands five and six, 750 and 700 detected respectively from probe
combinations AE66+AE67+AE68 and AE60-+AE61+AE62 are monomorphic. The 700 bp
fragment hybridised with AE60+AE6 |+AE6Z is shown in Plate 3.3.6. The autoradiograph
obtained by probing EcoRV digested DNA from coconut forms fypica typica, nana green
and rypica san ramon with AE66+/E67+AE68 and AE93+AE94+AE95 are displayved
plate 3.3.3 - D and E.
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Plate 3.3.6 Autoradiograph of an FEcoRV digested coconut DNA
Southern blot hybridised with a radiolabelled probe consisting of three
low copy clones AE60, AE61 and AE62. Lane 1, typica typica, lane 2,
nana green and lane 3, typica san ramon. Lane 4 A DNA fragments 23.4

kb and 4.4 kb indicating strong hybridisation with the probe.

In summary the overall results of the Southern blot hybridisation of coconut
DNA indicated that the first 44 high copy clones (AEI - 44) had detected a total of 180
DNA fragments on Southern blots comprising coconut DNA digested by Dral (37 bands),
EcoRI (53 bands) and EcoRV (90 bands). These different high copy clones however,
appeared to detect bands of the same size where the DNA was digested with the same

enzyme indicating that the actual number of different loci detected is very much less than
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the number of fragments detected. “"he numbers of Dral, EcoRI and EcoRV fragments

detected by all probe combinations aie 9, 7 and 14 respectively.

Only one out of these 30 fragments, exhibited polymorphism and this same
polymorphism was detected by 7 pai s of clenes. The lack of polymorphism in all shared
bands except the 300 bp fragment (EcoRV digested DNA) and presence of the
polymorphism in all blots that showed the 300 bp band, clearly supports the assumption
that bands of similar size hybridised by these high copy clones are homologous. The
subsequent assay of EcoRV digested DNA probed with a further 27 high copy clones also
revealed similar results. The total o™ 29 bands observed probably represented only six
fragments. The two polymorphic frigments detected, 2100 bp and 1800 bp were also

shared.

The most common bands detected by the high copy clones, 1150 bp in Dral
digests (15 probes shared), 1400 bp (15 probes) and 1300 bp (16 probes) in EcoRI digests
and 2700 bp (7 probes), 2100 bp (9 probes), 1800 bp (20 probes), 1000 bp (7 probes),
600 bp (25 probes), 400 bp (22 prcbes) and 300 bp (7 probes) in EcoRV digests also
correspond to repeat sequences visidle in tae ethidium bromide stained gel containing
typica typica and nana green DN/. digested by the three enzymes (plate 3.3.3). In
contrast, the bands hybridised by the ow copy clones did not occur in more than one blot
indicating that all these six fragmen s represents a unique locus. Therefore, it is quite
evident that these high copy clones vzere derived from highly repetitive sequences in the

coconut genome.

Further analysis of these RFI.Ps was not undertaken at this stage of the study
due to logistical constrains. The project was funded only for two years and since all
RFLPs except one (300 bp) were found at the final stage of the programme, detection
of these polymorphisms by using sing e probes and studying their segregation in the F2
family was not performed. The RFLP (300 bp) was separately analysed and AE25 was

found as a single clone capable of deiecting the RFLP. Subsequently a blot containing
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EcoRV digested DNA from a family of tall and dwarf parents and from 18 individuals
of their F2 was probed with AE25. The RFLP however, did not segregate in the F,
family. None of the F, individuals showed the 300 bp fragment indicating that the band

shows maternal inheritance.

In summary 98 eight probes and six restriction enzymes were used in 124
probe-enzyme combinations and a toral of 211 RFLP loci were detected across typica

and nana coconut forms. The high copy RFLP clones did not yield complex banding

patterns as expected. The hybridisation patterns were simple and a great majority of

cloned sequences shared common binling sites in the Southern blots of genomic DNA.
The most common binding sites werc also observed on ethidium bromide stained gels
containing Dral, EcoRI and EcoRV Jdigested DNA. On the contrary RAPD technique
was yielding far greater amounts of vseable data, for the effort made. RFLPs although

conceptually more sound than RAPD:, as a method is constrained by time and money.
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Table 3.3.3 Southern blot results of EcoRV digested genomic DNA of three coconut forms, npica rypica,

nana green, and fypica san ramon hybridised to probes AE45 to AE98 from a random coconut DNA library.

RFLP Probe Restriction No. of App. band size Source of DNA and presence
LU bands (bp) (‘1°) or absence of (‘0?) band
typica nana typica san
typica green ramon
AE45+AE46+AE47 EcoRV 4 2100 0 | 1
(High copy) 1800 0 | 1
600 | 1 1
400 | 1 i
AES1+AES2+AES3 EcoRV 4 2100 0 | 1
(High copy) 1400 1 1 1
600 1 i 1
400 1 1 1
AES54+AES55+AES6 EcoRV HMB = = = -
(High copy)
AES57+AES8+AES9 EcoRV 2 600 1 1 1
(High copy) 400 | | 1
AE63+AE64+AEGS EcoRV 5 2100 0 1 1
(High copy) 1400 | | 1
1000 l | 1
600 1 | 1
400 1 | )
AE72+AE73+AE74 EcoRV 3 800 1 | 1
(High copy) 600 1 | 1
400 1 1 1
AE78+AE79+AE80 EcoRV 4 2100 0 | 1
(High copy) 1800 0 | 1
600 I | 1
400 | 1 1
AE87+AE88+AE89 EcoRV 4 2100 0 | 1
(High copy) 1800 0 1 1
600 | I 1
400 | 1 1
AE96+AE97+AE98 EcoRV 3 1800 0 | 1
(High copy) 600 1 1 1
400 | 1 1
AE48+AE49+AES0 EcoRV HMB = = = =
(Low copy)
AE60+AE61+AE62 EcoRV I 700 | 1 |
(Low copy)
AE66+AE67+AE68 EcoRV 3 2700 0 1 0
(Low copy) 2400 0 |
750 | | 1
AE69+AE70+AE7 | EcoRV HMB = = = =
(Low copy)
AE75+AE76+AE77 EcoRV HMB - = = =
(Low copy)
AE81+AE82+AE83 EcoRV HMB = = = —
(Low copy)
AE84+AE85+AE86 EcoRV HMB = = = =
(Low copy)
AE90+AE91+AE92 EcoRV HMB = = = =
(Low copy)
AE93+AE94+AE95 EcoRV ) 2200 0 1 1
(Low copy) 1100 0 1 I
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3.3.5 Southern blot hybridisatior s with the minisatellite probe M13

M13 phage DNA, as a probe, has produced hypervariable polymorphic patterns
in Southern blots of genomic DNA in organisms belonging to different taxa including
animals, plants and micro-organisms (Ryskov et al., 1988). M13 was therefore, used to
probe DNA samples digested wih five restriction enzymes. The Southern blot
hybridisations of coconut DNA digests however, failed to produce the expected complex

fingerprint patterns. The details of the experiments are as follows:

Initially 10 pg of DNA from a typica typica palm and a nana green palm were
digested separately with Dral, EcoRI and EcoRV and electrophoresis was carried out on a
7% agarose, 20-cm long TBE gel. ""he gel was blotted onto a nylon membrane Hybond
N (Amersham) by capillary blotting. The membrane was hybridised to single stranded M 13
(Pharmacia), labelled with «a-"’P-£ TP by the random priming method (Bresatec)
according to manufacturers recomm ndation. Pre-hybridisation was carried out at 60 °C
for 2 hours and hybridisation was at :he same temperature overnight in 10 ml of 0.263M
Na-phosphate buffer with 7% SDS, 1mM EDTA (pH 8.0) and 1% BSA (Table 2.1.4).
The membrane was washed with 0.263M Na-Phosphate buffer and 0.1% SDS for 20
minutes at 60 °C, then with 2 x SSC and 0.1% SDS twice for 20 minutes at 60 °C. The

membrane was autoradiographed for 14 days at - 70 °C with an intensifying screen.

The autoradiograph appeared as dark smears along the lanes of DNA without
resolving bands of scorable intensity. A faint band appeared in the region of 1000 bp in
Dral digested DNA of both typica typica and nana green while another faint band
appeared in the region of 4.4 kb ir the EcoRI digested DNA of nana green. Only a
uniform dark smear was exhibited in the lane carrying EcoRV digested DNA. However,
bands corresponding to HindIIl dig:sted A DNA fragments of 23.1 kb, 9.4 kb, 6.6 kb
and 4.4 kb were visible, indicating hybridisation of M 13 with these high molecular weight
fragments of A, DNA (see Plate 3.3.7).
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The experiment was repeaed using DNA from 12 different coconut palms
digested separately by two restrictio1 enzymes, the four-base cutters, Haelll and Rsal.
The ten palms included one individu¢l from each coconut form, typica tvpica, typica gon
thembili, typica pora pol, typica san ramon, rana green, nana yellow, nana red, nana red
from Cameroon, nana green from Brazil, aurantiaca king coconut and two other
individuals of typica typica and au -antiace king coconut individuals. Here again the
autoradiographs did not show DNA fingerprints with any of the enzymes. However, once
again the bands, 23.1 kb, 9.4 kb, 6.6 itb and 4.4 kb fragments of HindIIl digested A DNA

appeared in all the blots.

Finally two large blots one containing Dral and the other containing EcoRI
digested freshly prepared DNA of 1< palms. one each from typica typica Goyambokka,
typica typica Akuressa, typica typica Deberayaya, typica typica gon thembili, typica pora
pol, typica san ramon, nana green, nana yellow, nana red, nana red from Cameroon,
nana green from Brazil, aurantiaca king coconut, were probed with labelled M13 to
check the reproducibility of previously obtained faint bands. The autoradiograph of the
blot containing Dral digests once ag.in showed a faint band (approximately 1000 bp) in
six individuals while the band was nct resolved in others. The autoradiograph of the blot
containing EcoRI digests, showed the faint band (approximately 4.4 kb) earlier seen in
DNA from two individuals, nana ye low and fypica san ramon. No further experiments

were attempted using M 13 as a probe



Plate 3.3.7. Autoradiograph of a Dral, EcoRI and EcoRV digested coconut DNA Southern blot hybridised
with radiolabelled single stranded M13 bacteriophage DNA. Lanes 1, 3 and 5, typica typica digested by
Dral, EcoRI and EcoRV respectively; lanes 2, 4 and 6 nana green DNA digested by Dral, EcoRI and
EcoRV respectively. Lane 7, A DNA fragments 23.13 kb, 9.42 kb, 6.56 kb, 4.36 indicating strong
hybridisation with the probe.
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3.3.5 Southern blot hybridisatior s with the microsatellite probes

To investigate whether dif erent simple sequence motifs (microsatellites) are
present in the coconut palm genom:, Dral, EcoRI and EcoRV digested DNA of two
different individuals of typica typici and nana green were hybridised to six different
probes on Southern blots. Similarly to the M13 probed blots, the autoradiographs
appeared as dark smears on DNA lanes and no fingerprinting patterns were visualised.

The details of the experiments are as jollows:

Six Southern blots were made by using 10 ug DNA from a typica typica palm
and a nana green palm each digested separately with Dral, EcoRI and EcoRV and probed
separately with six different oligonu :leotides. The digests were electrophoresed on 7%
agarose 20-cm long TBE gel and Southern blotted onto a nylon membrane Hybond N
(Amersham). The oligonucleotide prcbes, (CA)y, (GAA)s, (GAT)g, (TAA)s, (GTT)g, and
(GATA);, were 5-end labelled by "y kinase reaction using v-"P-ATP. The labelled
oligonucleotides were cleaned by 1unning through Bio Gel P30 spin columns. The

membranes were consecutively hybricised with labelled probes.

The pre-hybridisation and h:bridisation temperature was at 10 °C below the T,,
value for each oligonucleotide. The T ,, values for individual oligonucleotides were: (CA)q:
60 °C, (GAA); : 56 °C, (GAT); : 67 'C, (TAA), : 47 °C, (GTT)s : 67 °C and (GATA),:
50 °C. Pre-hybridisation (2 hours) and hybridisation (overnight) was carried out at
temperatures determined for each prooe in 10 ml of 0.263M Na-phosphate buffer with 7%
SDS, ImM EDTA (pH 8.0) and 1% BSA (Table 2.1.4). Membranes were washed for 15
minutes at room temperature in 0.9V sodium chloride and 6 x SSC and rinsed twice for
one minute in 2 x SSC at the ten peraturs used for hybridisation. Membranes were

autoradiographed for 14 days at - 70 'C with an intensifying screen.

The autoradiograph of the Southern blot probed by (CA)y did not show any

bands in all the six lanes containing ral, EcoRI and EcoRV digested typica typica and
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nana green DNA. Apart from dark bicckground smearing even a trace of banding was not
visible. The first four high molecular veight fragments HindIII digested A DNA (23.1 kb,
9.4 kb, 6.6 kb and 4.4 kb) hybridised to the oligonucleotide (CA)y and appeared as clear

bands in the autoradiograph.

The autoradiograph of the Southern blot probed by (GAA)e also did not show
fingerprints of multiple bands. Howe ver, a cingle band in the region of 2.5 kb was seen
with EcoRI digested DNA of both typica typica and nana green DNA. This probe did not
anneal to any of the fragments of HindIII digested A DNA.

The autoradiograph of the Southern blot probed by (GTT); showed a very strong
background in all the six lanes containing Dral. EcoRI and EcoRV digested typica typica
and nana green DNA. A very faint oand (4.5 kb) was present in EcoRI digested nana
green DNA in the dark background. ""his probe annealed strongly to a 6.6 kb fragment of
the HindIII digested A DNA.

The autoradiographs of Southern blots probed with (TAA),, (GAT)s, and
(GATA), (see Plate 3.2.8) also failed to show any bands other than dark smears in lanes
containing DNA of Dral, EcoRI and .<coRV digested typica typica and nana green. Apart
from (GAT)g which annealed to 23.1 kb fragment of the HindIII digested A DNA others
did not anneal to any fragments of the HindII[ digested A DNA.

Because of the inability to detect simple sequence repeats, (CA)y, (GAA),
(GAT)g, (TAA), (GTT)s and (GATA), in the coconut genome by the hybridisation
procedure used above a further attenipt was made with a different hybridisation solution.
The solution is a buffer consisting > 5 x SSC, 0.5% blocking reagent (Boehringer,
Mannheim), 0.1% N-lauryl-sarcosinc: and 0.02% SDS. The blot was washed for 15
minutes in 6 x SSC at room temperature and once for | minute in 6 x SSC at the
hybridisation temperature (Vosman, 2t al., 1992). A Southern blot consisting of EcoRI

digested DNA from 14 palms, one individual each from coconut forms, typica typica,
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typica gon thembili, typica pora pol. typice Ran thembili, fypica san ramon, typica typica
Akuressa, tipica typica Goyambokka, typica typica Moorock, nana green, nana yellow,
nana red, nana red from Cameroon. nana green from Brazil and aurantiaca king coconut,
was hybridised with labelled olig;onucleotide (GATA)s. The autoradiograph of the
Southern blot once again failed t¢ reveal any discrete bands in spite of uniform dark
smears along the lanes of DNA and the four clear bands at the positions of high
molecular weight fragments of Hidlll digested DNA, 23.1 kb, 9.4 kb, 6.6 kb and 4.4
kb in the blot.

3.3.6 Detection of microsatellite s:quences using the polymerase chain reaction

A genomic library compris ng small coconut DNA inserts (300 bp - 600 bp) in
pTZ18 was constructed to isolate microsawe!lite sequences which could be used to
develop primer sequences for polymerase chain reaction (PCR) analysis of microsatellit:
alleles, for amplification of microsatzllite alleles. The procedure used for construciion of
the library was same as that used t:r production of clones for RFLP screening, except

for the size of thiv inserts. Small inserts were used to facilitate sequencing.

One hund:ed white colonie: ‘were probed separately with y°°P-dATP end-labelled
oligonucleotides, (CA)y, {TAA)s and (GAA)z. These probes detected a total of 36
colonies by annealing to coconut DD NA inserts in the plasuwid DINA. The colony numbers
and the nomenclature of the prospective colonies containing sequence repeats are shown

in Table 3.3.4.
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Plate 3.3.8. Autoradiograph of a Dral digested coconut DNA Southern blot hybridised
with endlabelled simple sequence refeat (GATA),. Lanes 1 - 5, Dral digested DNA of
typica typica, nana green, nana yellow, aurantiaca king coconut and fypica san ramon
respectively.
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Table 3.3.4 The colony numbers and the 1omenclature of the prospective colonies containing simple
sequence repeats (SSR), (CA)y, (GAA)g and (TAA)s in the coconut DNA inserted to E. coli PMC 112 via

the blue scribe plasmid pTZ18.

Colony Simple sequence | Label of the SSR | Colony Simple sequence | Label of the
number repeat (SSR) clone number | repeat (SSR) SSR clone
1 51

2 (TAA) MSI 52

3 53 (CA) MS21
4 54 (CA)y MS22
5 (CA) (TAA) MS2 55 (CA) (TAA) MS23
6 (CA)y (TAA)g MS3 56

7 (CA)y MS4 57 (CA)y (GAA) (TAA) MS24
8 (TAA)g MS5 58

9 (GAA)s MS6 59 (CA)y (GAA)s (TAA)y MS25
10 (TAA) MS7 60

11 (CA)y (GAA)4 MS8 61

12 (TAA) MS9 62

13 63

14 (TAA)y MS10 64

15 65 (TAA)y MS26
16 66

17 67

18 68 (CA) (TAA) MS27
19 (TAA)y MSI11 69

20 70

21 71

22 (TAA) MS12 72

23 (GAA); (TAA) MSI13 73

24 74

25 (CA)y MS14 75

26 76 (GAA) (TAA)g MS28
27 77 (GAA) MS29
28 78 (TAA) MS30
29 (TAA) MSI5 79

30 80 (TAA)g MS31
31 81

32 (CA)y MSI5 82

33 (GAA) (TAA)g MS16 83

34 84

35 (GAA)x MS17 85

36 (TAA) MSI8 86 (CA)y MS32
37 87 (GAA) (TAA)R MS33
38 88 (GAA), (TAA)g MS34
39 89

40 90 (CA) (TAA) MS35
41 91 (CA)y MS36
42 (GAA)y MS19 92

43 93

44 (TAA) MS20 94 (TAA) MS37
45 95 (CA) (TAA) MS38
46 96 (GAA)x MS39
47 97

48 98

49 99

50 100
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The inserts of the first six colonies were sequenced by a version of the dideoxy
chain termination method of Sanger e1 al. (1977). These were performed according to the
protocol provided with the Bresatec Super-Base sequencing kit using the T; promoter
primer and the universal primer for f>rward and reverse reactions. Sequences of inserts
have been obtained for two of the colonies MS5 and MS6. The sequences obtained from
the two sequencing directions were icentical, but did not carry the expected sequence in
the insert. Therefore, it appeared that -olonies selected on the basis of their ability to bind
with end-labelled oligonucleotides dic. not contain necessarily the repeat sequences. The
reason for this non-specific binding cculd be due to inadequate purification of the labelled
probe away from unincorporated nucl >otides by the Bio Gel P30 quick spin. Due to time
constraints no further attempts were made to isolate micro-satellite sequences by this

method.
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