ISSN 1682-296X (Print)
ISSN 1682-2978 (Online)

Bio
Technology

ANSIlzet

Asian Network for Scientific Information
308 Lasani Town, Sargodha Road, Faisalabad - Pakistan




Biotechnology 4 (4): 267-274, 2005
ISSN 1682-296X
© 2005 Asian Network for Scientific Information

Detection of Genetic Diversity in Trochetia boutoniana using
Random Amplified Polymorphic DNA (RAPD) Markers
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Faculty of Agriculture, University of Mauritius, Réduit, Mauritius

Abstract: The reliability of Random Amplified Polymorphic DNA (RAPD) techmques to detect genetic diversity
between Trochetia boutoniana species from six different locations in Mauritius was investigated. DNA
fragments generated by 10-base primers were compared and variation could be detected. OPC-18 for example
generated banding patterns unique to Trochetia boutoniana from three of the six locations. Investigation
mndicates that RAPD markers can be used to characterize Trochetia boutoniana species and that the techmque
is sensitive enough to reveal differences within this species.
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INTRODUCTION

The genus Trochetia, member of the Sterculacea
family, 18 an mmportant endemic group to the Mascarene
Islands and consists of six  recogmsed
namely, Trochetia granulata, Trochetia
Trochetia triflova, Trochetia boutoniana,
blackburniana and Trochetia parviflora™l. Out of these,
the last five are from Mauritius. 7. boutoriana is a shrub
2-3 m high with a very short trunk which branches
profusely at the base. Tt bears spectacular earring-shaped
carmine red colour flowers locally known as Boucle
d'oreille. These flowers have greatly captured the
interest of botanists and it was declared the National
flower of Mauritius in 1992, The most important
population 1s located on the cliffs of Le Morne Brabant in
the south-west of Mauritius but other discrete individuals
scattered over the island have also been reported.
Unfortunately, the plant is on the red list of critically
endangered species”. The invasion of goyave de chine
species has stifled the Trochetia species by competing
with them for space and sunlight. Also, removal of flowers
by wvisitors and attack by monlkeys are the key reasons
for the dwmdling of the Trochetia's population.
Recently, the Mimstry of Agriculture, Food Technology
and Natural Resources have been working in the
regeneration of Trochetia boutomiana by conventional
seed propagation. However, proper identification of
the species seems to be a problem. Identification,
especially genetic variation, is indispensable to
effective management and use of genetic resources.

species,
uniflora,
Trochetia

Traditionally, diversity has been assessed by
measuring variation in phenotypic traits such as flower
colour, growth habit or quantitative agronomic traits like
yield potential and stress tolerance. Tlus approach,
however, has certam linitations: Genetic mformation
provided by morphological characters is often limited
and expression of quantitative traits is subjected to
strong environmental influence. Biochemical methods
based on seed protein and enzyme electrophoresis have
been wuseful in analysis of genetic diversity as they
reveal differences between seed storage proteins or
enzymes encoded by different alleles at one (allozymes)
or more gene loci (1sozymes). Use of biochemical
methods eliminates the environmental influence; however,
their usefulness is limited due to their inability to detect
low levels of variation. DNA-based techniques introduced
over the past two decades have potential to identify
polymorphisms represented by differences in DNA
sequences. These being used as
complementary strategies to traditional approaches for
assessment of genetic diversity. The major advantage
being that they analyse the variation at the DNA level
itself, excluding all environmental influences. The analysis
can be performed at any growth stage using any plant
part and it requires only small amounts of material
Following the advances in molecular biology in the last
decade, a variety of different methods have been
developed for analysis of genetic diversity.

PCR-based techmiques such as Random Amplified
Polymorphic DNAs (RAPDs), Amplified Fragment Length
Polymorphisms (AFLPs) and Simple Sequence Repeats

methods are
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(SSRs, microsatellites) have proved especially important
mn diversity studies. Newer and more powerful molecular
techniques that detect variation at specific gene loci,
which can be automated for high throughput of samples,
are becoming available™, permitting precise and versatile
analyses of genetic variation. Molecular markers have
been applied to study genetic diversity from natural
populations and formulate efficient sampling strategies to
capture maximum variation for genetic resources
conservation. Molecular techniques have proved useful
m a number of ways to inprove the conservation and
management of plant genetic resources. In particular,
genetic diversity data provides information on gaps in
terms of coverage in gene pools as well as redundancies,
i.e., material with similar characteristics that wastes
resources through increased cost of management. For
example, RAPD analysis in Brassica oleracea revealed
that 14 phenotypically uniform accessions could be
reduced to 4 groups with minimal loss of genetic
variation™. Molecular markers have been used to identify
groups from which core collection accessions can be
selected or to monitor the effectiveness of one or the
other strategy in capturing genetic diversity found m the
whole collection. Variation within species has also been
studied to explore geographic or ecological patterns of
distribution of diversity in many different crops and their
wild relatives that include wild bean (Phaseolus
vilgaris)”, banana', mango, bambara groundnut™,
vetch™, Cicer sp.', sorghum™, sweet potato!'?, teal'
and chicory!'?. Marker-assisted analysis revealed
limited genetic diversity within and between sites, when
Fajardo et al'? studied genetic diversity in sweet potato
accessions collected from four provinces of Papua New
Guinea, a secondary centre of diversity. Ude et al' used
AFLP and RADP markers to detect polymorphism and
assess genetic relationships in a set of 25 plantains from
Western and Central Africa. A small group of genetically
distinct cultivars from Cameroon was separated from
the bulk of other plantains, suggesting that Cameroon
may harbour accessions with useful or rare genes for
widening the genetic base of breeding populations.
RAPDs have also been used to assay genetic variation
and establish genetic relationships among the wild
species of Arachis'. As there is no published
information regarding genetic diversity studies in
Trochetia boutoniana, an investigation was carried out
to determine the sensitivity of RAPD m the detection of
genetic diversity within Trochetia boutomniana species in
Mauritius.

MATERIALS AND METHODS

Plant samples: Plant materials were obtamned from six
different locations around the island (Table 1).
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Table 1: Trochetia bowtonicna species evaluated by Random Amplified
Polymorphic DNA analysis

Location Sample identity
Le Morne Brabant T,
Reéduit-University of Mauritius T,
Réduit-Mauritius Institute of Education T,
Pamplemousses Botanical Garden (2 shrubs) T4and Ts
Curepipe-Ministry of Agriculture, Tsand T;
Food Technology and Natural Resources (2 shibs)

Mahebourg (2 shiibs) T, and Ty

DNA extraction: Young, tender and unbruised leaves of
Trochetia boutoniana were used as plant materials. For
all DNA extraction procedures fresh materials were used
to avold any DNA degradation which might occur during
freezing. The leaves were chosen for DNA extraction due
to their continued availability whole year round.

Solutions: An extraction buffer consisting of 2%
CTAB (w/v), 100 mM Tris-HCI (pH 8.8), 20 mM EDTA
(pH 8.8), 1.6 M NaCl, 2.5% PVP (Mr 10,000) and 0.5%
p-mercaptoethanol ~ was  prepared.  Chloroform:
Isoamylalcohol (24:1), 70 and 95% ethanol, 3 M NaCl and
a TE buffer consisting of 10 mM Tris-HC1 (pH &) and
1 mM EDTA (pH 8.4) were also needed.

DNA isolation and purification: 0.5 g of fresh leaves was
ground in liquid nitrogen using a motar and a pestle.
Fifteen milliliter of preheated (60°C) extraction buffer
were then added and the tubes mixed by inversion. After
mixing for some minutes the tubes were incubated in a
water-bath at 60°C for 35 min The tubes were then
allowed to cool to room temperature before adding an
equal volume of chloroform: octanol (24:1). After mixing of
the tubes by mversion to form an emulsion, the tubes
were centrifuged at 8000 g for 15 min at room temperature.
After centrifugation the top aqueous solution was
transferred to new tubes using a micropipette. The
chloroform:octano]  extraction step was repeated to
remove cloudiness in the aqueous phase. The tubes were
gently 1nverted about 12 times. To accentuate
precipitation of DNA, the mixtures were placed in freezer
(-20°C) for 10 mm. The DNA was pelletted by
centrifugation at 8000 g for 10 min at 4°C. Then the
supernatant were poured off and the resulting pellets were
washed twice with 70% ethanol and allowed to air dry for
1 h. The pellets were then dissolved in 300 uL TE buffer.
To remove any RNA from the preparation, 7 ul. Rnase A
was added and the tubes were mecubated at 37°C for 1 h
An equal volume of chloroform-isoamylalcohol was added
and the mixture centrifuged at 8000 g for 5 min and the
upper aqueous layer was gently removed with the help
of a micropipette. To this supernatant 1/10 volume of
3 M NaCl was added followed by 2 volumes of cold
absolute ethanol. The mixture was placed in freezer at
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Table 2: List of pnimers used and their sequence

Oligo-primer name Primer sequence

OPI-03 CAGAAGCCC A
OFI-06 AAG GCG GCAG
OPA-10 GTG ATC GCA G
OFJ-13 CCA CACTACC
OFJ-16 CTG CTT AGG G
OPR-03 ACA CAG AGG G
OFR-09 TGA GCACGAG
OFR-18 CCT CCT CAT C
OFJ-04 COG AAC ACG G
DE-01 CCC TCT GCG G
DE-02 CGA CCG CCA A
OFW-08 GAC TGC ATC T
OFW-01 CTC AGT GTC C
OFW-02 ACCCCG CCA A
OFW-04 CAG AAGCGG A
OFWw-09 GTG ACC GAG T
OFB-16 TTT GCC CGG A
OFB-17 AGG GAACGA G
OPC-05 GAT GAC CGC C
OFPC-14 GTG ACA GGC T

-20°C for 1 h followed by centrifugation at 12000 g for
10 min. The resulting pellets were washed with 70%
ethanol, air dried and resuspended 100 puL of 0.1xTE.

Measurement of amount and purity of DNA: The DNA
vield per gram of leaf tissue was measured by using
a TUV-VIS Spectronic Genesys 5 (Milton Roy)
spectrophotometer at 260 nm. DN A purity was determined
by calculating the absorbance ratio A.gpz. Pure DNA has
a ratio of 1.8£0.1"® Polysaccharide contamination was
assessed by calculating the absorbance ratio A.gpp.
DNA samples from the leaf tissues were elecirophoresed
on a 1% agarose gel.

RAPD procedure: The primers used for RAPD analysis
and their sequence iz shown in Table 2. A modification of
the procedure of Williams ef 2l." was used. RAPD
reactions were performed in a total volume of 30 pL
containing: 1.0 U Tag polymerase, 2.5 mM MgCl; and 1X
PCR buffer (supplied with Tag polymerase), 15 pM primer,
0.25 mM of DNA polymerization mix (containing dATP,
dCTP, dGTP and dTTP) and 20 ng template DNA. For
cohtrol reactions, template DNA was excluded from the
reaction mixture. Polymerase Chain Reaction (PCR)
cycling conditions were as follows: 1 cycle of 90s at 95°C,
followed by 40 cycles 0of 305 at 92°C, 1 min at 35°C, 3 min
at 72°C and a final time delay cycle of 5 min at 72°C. PCR
reactions were performed in a BIO-RAD MyCycler
Thermal Cycler. Amplified products were separated by
electrophoresis in a 2.0% agarose gel. A Tris-borate
EDTA (TBE) buffer system was used.

RESULTS

Quality and amount of DNA: I'rom the absorbance results
at 260 and 280 nm, purity of the DNA from nine locations

—

2800 bp

900 bp

Fig. 1: 1%6 agarose gel showing results of DNA extracted
from Trochetia boutoniana from six different
locations. Lane M: Molecular Marker, Lane 1:
DNA from T), Lane 2: DNA from T,, Lane 3: DNA
from T, Lane 4: DNA from T, Lane 5: DNA from
Ts, Lane 6;: DNA from T;, Lane 7;: DNA from T,
Lane & DNA from T,, Lane 9: DNA from T,

2800 bp

900 bp

Fig. 2: 2% agaroze gel showing results of RAPD using
primer OPA 10.Lane M: molecular Marker, Lane
1: DNA from T, Lane 2: DNA from T,, Lane 3:
DNA from T, Lane 4: DNA from T,, Lane 5: DNA
from T, Lane 6: DNA from T,, Lane 7: DNA from
T, Lane §: DNA from T, Lane 9: DNA from T,

were calculated and A, ratios ranging from 1.640 to
1.740 were obtained. The average yield was 283.5 ug
DNA per gram of leaf material. Upon elecirophoresis on
1% agaroze gel, thick and distinct bands were obtained

(Fig. 1).

Screening of explant with 10-base primers: Initial
screening of explants from Trochetia boufoniana species
obtained from different regions was performed with
twenty 10-base primers. Analysis was based on the visual
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Fig. 3: 29 agarose gel showing results of RAPD using
primer OPA 18. Lane M: Molecular Marker,
Lane T;: DNA from T,, Lane T,: DNA from T,,
Lane T,: DNA from T, Lane T,: DNA from T,,
Lane T,: DNA firom T, Lane T, DNA firom T, Lane
T,: DNA from T,, Lane T,: DNA from T,, Lane T,:
DNA from T,
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Fig. 4: 2% agarose gel showing results of RAPD using
primer OPC 14. Lane M: Molecular Marker, Lane
T,: DNA from T, Lane T.: DNA from T, Lane
T,: DNA from T, Lane T,; DNA firom T,, Lane T.:
DNA from T, Lane T,; DNA from T,,Lane T,: DNA
from T, Lane T,: DNA from T, Lane T,: DNA from

T,

resolution of DNA bands on agarose gels. Criteria for
selection were based on each primer’s ability to produce
clearly discernable bands for evaluation and comparison.
Based on these criteria, the following 5 primers were
selected: OPA10, OPA18, DK02, OPC14 and OPC18. The
DNA fingerprints produced by the five selected primers
are shown in Fig. 2-6. Each primer investigated produced
a distinct pattern of amplified bands. The difference in
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Fig. 5: 2% agarose gel showing results of RAPD using
primer OPC 18. Lane M: Molecular Marker, Lane
T,: DNA from T,, Lane T.; DNA from T,, Lane T:
DNA from T., Lane T,; DNA from T, Lane T,:
DNA from T,, Lane T,; DNA from T,, Lane T,:
DNA from T,, Lane T,: DNA from T,

M TI T2 T2 ™ T9 T8 T? T6 T9

Fig. 6: 2% agarose gel showing results of RAPD using
primer DK 02. Lane M: Molecular Marker, Lane T,:
DNA fromT,, Lane T.: DNA from T, LaneT, DNA
from T, Lane T,: DNA from T, Lane T,: DNA from
T, Lane T;: DNA from T,, LaneT;: DNA from T,
Lane T,: DNA from T,

fingerprints generated is also evident when primers OPC
18 and DK 02 were used (Fig. 5 and 6, respectively).

The stability of amplified polymorphisms produced
by primers was assessed for ten DNA extractions of the
same location and ten separate PCR reactions and the
bands generated on 1% agarose gel. Consistencies in
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Table 3: Representative banding profile of Trochetia bowtonicna samples
generated using OPC 18

Band Sample identity

size

(bp) T, T, T T, Ts T;
990 ++ ++ ++ ++ ++ ++
1000 0 0 + 0 0 0
1100 v ++ ++ ++ v 0
1400 + v 0 0 0 0
1500 ++ ++ + ++ ++ ++
1600 v ++ ++ ++ v 0
1800 v ++ ++ ++ v v
1900 v ++ ++ ++ v v
2000 ++ + 0 v v v
2900 ++ ++ v + + +
3000 0 ++ 0 0 0 0
3200 + 0 + + 0 0
3500 ++ v v v ++ ++
3600 ++ ++ 1] ++ ++ ++
4000 v ++ ++ ++ 0 0
7500 v ++ ++ ++ 0 0

V="Faint bands amplified for some PCR reactions; + = Presence of intense
bands amplified for all reactions but which vary in intensity; ++ = Very
strong bands present in all reactions; 0 = Absence of a band. As samples
Ts, T; and T, were from the same regions as T,, Ty and Ty, respectively,
they were not included in the reaction

DNA banding profiles were obtained although the
mtensity of some bands generated varied for some PCR
reactions. Primer OPA 10 produced 7 clear and scorable
bands. Identical amplification products were obtained
for Trochetia boutoniana from the different locations.
The amplified products ranged in size between 1000 and
11000 bp. Primers OPA 18 and OPC 14 also produced
1dentical amplification products for 7. boutoniana species
obtained from the different locations with 8 (OPA 18) and
14 (OPC 14) scorable bands. The RAPD fingerprints of
these primers (OPA 10, OPA 18 and OPC 14), therefore,
did not reveal any variation in the Trochetia boutoniana
samples obtamed from the different locations. Among the
polymorphic primers, DK 02 generated a maximum of six
polymorphic bands (Fig. 6) whereas, OPC 18 (Fig. 5)
produced a minimum of one polymorphic band. Primer
DK 02 produced differences in banding patterns in DNA
of T. boutoniana obtained from Le Morne Brabant (T,),
Réduit (T, and T,) and Pamplemousses Botanical Garden
(T, and T;). Also, using this primer, different banding
patterns were obtained for the Trochetia boutoniana
species obtamed from the University of Mauritius (T))
and the Mauritius Institute of Education (T,) although
both were from Réduit. More surprisingly, the fingerprints
of the two shrubs obtained from the Pamplemousses
Botanical Gardens (T, and T,) also produced different
banding patterns using primer DK 02. However, primer
DK 02 produced identical banding patterns for Ts, T,, T,
and T,. Primer OPC 18 produced similar bands for T,, T,,
and T,, at least two bands were common to all (Fig. 5).
Although, differences mn banding patterns were observed
between T,, T, and T, using primer OPC 18, nevertheless,
there were at least 8 monomorphic bands.
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A number of bands, namely 990 bp, 1500 bp, were
common to all samples tested. For others, such as the
bands at 2900 and 3500 bp, there were clear differences in
the mntensity of the bands from very famnt to very mtense.
The band at 1000 bp was present only in sample T,. Bands
at 1100 bp and 1600 bp were absent in T, while being
present at very high intensity in T,, T, and T, wihule very
faintly in T, and T,. For the bands at 1800 and 1900 bp,
high intensity bands were observed for samples T,, T,and
T, while, very faint bands were obtained for T,, T and T,.
The bands at 2000 and 3600 bp were absent in T, only
while band at 3000 bp was present i T, only and at high
intensity. The bands at 4000 and 7500 bp were absent in
both T, and T,, present very faintly in T, while present at
very high mtensity in T,, T, and T, (Table 3).

DISCUSSION

Trochetia boutoniana, whose flower has been
declared as the national flower of Mauritius, 1s listed as
being critically endangered”. The mother population of
the species 18 situated on the rocky cliffs of Le Morne
Brabant, situated i the southwest coast of the island.
The Forestry Department as well as the National Parks
Congervation Unit of the Ministry of Agriculture, Food
Technology and Natural Resources are actively involved
in the conservation and propagation of this species.
Observations made by the Forestry Department suggest
that the handful of T. boutoniana plants scattered over
the island bear certain morphological differences such as
leaf shape. No doubt evolutionary forces and various
ecological stresses must have played a key role in
shaping these plants’ phenotypes. The present study
provides the first mformation on genetic variation among
species using RAPD analysis.
The polymorphism was due to the occurrence of variation
in only nine plants obtained from six different locations
around the island and which are not morphologically
indistinguishable. The results also show that the endemic
Mauritian T. boutoniana species exhibit marked genetic

Trochetia boutoniana

variability. This is highly suggestive of an existing gene
flow within the T. boutoniana population. Such gene flow
can simply be equated to the exchange of genetic traits
through  the

movement of individuals from one place to another. Also

between 1. boutoniana populations

with a sustained condition of low population size and
genetic 1solation, it seems that the 7% boufoniana species
have diverged from each other thus exhibiting variations
among the populations scattered over the island.

The DNA profiles generated in this study of
Trochetia boutoniana from six different locations around
the 1island, demonstrate the sensitivity of RAPD
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techniques for differentiating within cultivars. Repeated
PCR reactions of the same DNA samples and separate
DNA 1solates, generated reproducible amplified products
with each primer investigated. The reliability of amplified
DNA profiles generated by RAPD techniques have been
questioned in the past™?!. Factors such as the quality
and quantity of sample DNA, reaction parameters and the
type of thermal cycler used have mfluenced the profile of
the DNA bands generated””. It was observed that while
there may be variation in results obtained between
laboratories, consistent results can be mamtamed within
a particular laboratory as long as the reaction parameters
remain the same for all reactions.

RAPD markers have been successfully used by a
number of researchers to differentiate among cultivars and
to establish phylogenetic relationship. For example,
genetic variation within and between natural populations
of Digitalis obscura was quantified using RAPDs and the
results were used for optimizing sampling strategies for
conservation of genetic resources of the speciest™.
Recommendations to focus on the sampling of marginal
pawpaw (Asimina triloba) populations m future collection
missions were derived from the genetic structure across

distribution areas, established by RAPD
[l Recent examples of use of molecular markers

natural
analysis
to identify redundancies in collections include perennial
kales™, wheat™, grapevine™, sorghum®”, cassava®,
flax™ and barley™. Using RAPD markers, Skroch et al.*!
found no significant differences in genetic diversity
between core collection and a chosen set of accessions,
randomly chosen from the whole collection of commoen
bean germplasm, indicating that the method used to
develop the core collection had not been very efficient in
capturing diversity. Grenier et all? evaluated different
sampling methods to constitute a core collection of
sorghum landraces for the extent of genetic diversity
captured based on microsatellites analysis. Molecular
have employed for fingerprinting,
of accession identity and genetic
contamination. RAPDs were used to identify dwarf

off-types arising from micropropagation of banana
3]

marlkers been

verification

cultivars! labeled accessions mn a
barley germplasm™. Del Rio et al™, Wu et all' and
M using RAPDs studied the changes in

genetic diversity following regeneration of potato,

and mcorrectly
Bomer et all

rapeseed and wheat accessions, respectively.

It 1s concluded that the high degree of polymorphism
obtained with RAPD analysis is wvery useful in
fingerprinting and determimng the genetic diversity within
Trochetia boutoniana. Amplfication with a mimmum of
2 primers could distinguish the Trochetia boutoniana
from different locations around Mauritius used in this
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study and can provide a method to avoid mislabeling.
Knowledge of the degree of genetic relationship will be of
utmost importance for the establishment of a core
collection as part of the germplasm collection
managemennt.
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