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Abstract: Artocarpus heterophyllus Lam. (jackfruit) of the
family Moraceae is considered to be a native species of the
rainforests of the western Ghats of India and the Malaysian
Archipelago. It has been introduced to South and South East
Asian countries and now is widely spread in tropical Asia,
including Sri Lanka, as an important fruit and timber tree. It
produces two fruit types, which can only be differentiated
when ripened syncarps are dissected. Of the two types, the
hard-fleshed fruit type (varaka) is favoured over the soft-fleshed
fruit type (vella). An experiment was carried out to identify
Random Amplification of Polymorphic DNA (RAPD) markers
to differentiate the two fruit types of A. heterophylius. Results
of the RAPD analysis revealed that the two fruit types may be
distinguished from one RAPD product, namely OPB-01-1.0.
Development of Sequence Characterized Amplified Region
SCAR markers for easy and effective identification is suggested.

Keywords: Artocarpus heterophyllus, jackfruit, RAPD markers,
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INTRODUCTION

Artocarpus heterophyllus Lam. (Jackfruit) is a member of
the family Moraceae. It is considered to be a native species
of the rainforests of the western Ghats of India and the
Malaysian Archipelago'*. It has been introduced to South
and Southeast Asian countries and is now widely spread
in tropical Asia, including Sri Lanka, as an important fruit
and timber tree. Two fruit types could be found in A.
heterophyllus which vary in the firmness of the edible
flesh of the ripened fruit'S. The hard-fleshed fruit type
(varaka, VK) is preferred over the soft-fleshed fruit type
(vella, VL). Variation in flesh texture between the two fruit
types has not been consistent through generations and
seeds planted from either fruit type yields a mixture of
types®. However, little is known about their pattern of

segregation. Seedlings of different fruit types of A.
heterophyllus cannot be morphologically differentiated

~and is possible only when ripe syncarps are produced,

which generally takes eight to ten years from planting?.
Identification of fruit types of A. heterophyllus at the
seedling stage is useful in the management of genetic
resources for conservation and genetic improvement
programmes.

Advances in the genetic markers such as isozymes’
restriction fragment length polymorphisms (RFLPs)® and
polymerase chain reaction (PCR) based methods®? are
more reliable for identification of genetic diversity than
morphological markers® although each technique has
advantages and limitations. These molecular markers can
be linked to important traits, and used for early selection
of potentially desirable genotypes and individuals'*1S.

Polymorphism detected by randomly amplified
polymorphic DNA (RAPD) has proved to be useful for
identifying variation at different levels’®? in Carica
papaya"’, Ficus carica®®, Malus domestica®®, Mangifera
indica® and Theobroma cacao®. Limitations of the
RAPD technique, such as poor reproducibility, sensitivity
to amplification conditions, different genomic
backgrounds of the amplification products and homology

. of co-migrated products, have been discussed by Ayliffe

et al.Z, Ellsworth et al®, Harris* and Williams et al.!!. The
reproducibility of RAPD results may be overcome by
optimizing experimental conditions and following
precisely a chosen experimental protocol. Further, RAPD
is a less expensive technique compared to others. Hence,
this study was carried out to identify RAPD markers
that can differentiate the two fruit types, VK and VL in
A. heterophyllus.
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METHODS AND MATERIALS

Plant material: Leaf material was obtained from trees of
known VK and VL types in a naturalized population at
Dodangolla. Immature leaf samples (2cm x 2cm) were
collected from 35 trees of each fruit type. Leaf samples
were placed in labelled re-sealable plastic bags with silica
gel for drying. After 24 h, silica gel was removed and the
bags of dried leaf samples were stored at -20°C until DNA
extraction.

DNA extraction and amplification: Total DNA was
extracted using Doyle and Doyle®™ approach and DNA
extraction and amplification were carried out as described
by Pushpakumara er al/*’. To determine the optimum
amplification conditions and also to ensure the
reproducibility of the results, the reaction conditions were
standardized using a study and tested at least twice. This
study was carried out with five primers (OPB-01 to OPB-05)
using a range of DNA concentrations (0.5, 1 and 2 ul from
original DNA extracts, 1:10, 1:50 and 1:100 dilutions) and
two annealing temperatures (33 and 35°C). In order to
identify any markers that distinguish the two fruit types
DNA extracts from two trees of each VK and VL type were
screened with 100 primers (Operonkits A, B, E, H and X).

Separation of amplification products: Products generated
by amplification were separated on 2% (w/v) agarose gels
(Sigma, A6013) prepared with 5 g of agarose in 250 mL of
1 x staphylococcal enterotoxin B (SEB) and stained with
ethidium bromide (0.5 pg/mL). Ten uL of each amplification
praduct, mixed with 1 pL. of bromophenol blue, was loaded
into the wells of the gel. A 123 bp marker ladder (Life
Technologies) was used to determine the size of the
resulting amplified DNA products. Gels were
electrophoresed at 100 V and 300 mA for 3 h. After staining
for 10 min in ethidium bromide solution (1 pnL/mL), the
products were visualized on a UV transilluminator and
photographed using Polaroid 667 film. Each amplified
product was named by the primer used and size of the
product. RAPD data was scored for the presence (+) or
absence (-) of products irrespective of the intensity of the
product. Amplification products over 1.9 kb were not
reproducible, and thus were not scored in the study.

RESULTS
DNA extraction and optimum PCR conditions

Genomic DNA was successfully extracted from silica gel-
dried leaf samples of A. heterophyllus trees, using a
modified cety] trimethyl ammonium bromide (CTAB)
procedure. The approximate DNA concentration in the
extracts was 12ng/uL. The original concentration of the
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DNA extracts was too high for reliable amplification,
showing poor amplification with faint, smeared products.
The optimal DNA concentration for amplification of
A. heterophyllus DNA was found to be 0.5 uL of 1:10
dilution (approximately 0.6 vg), whilst the optimum
annealing temperature was 35°C.

Amplified products and identification of fruit type-
specific RAPD markers

The approximate size of the amplified products of
A. heterophyllus ranged from 350 bp to 2.5 kb and the
number of products generated per primer varied between
1(OPA-17, OPE-14, OPH-09) and 11 (OPB-03, OPB-05).
Products over 1.9 kb were not reproducible and were
highly sensitive to the DNA concentration. The amplified
products obtained with primers OPB-01 are shown in
Figure 1, whilst the summary of the results obtained from a
set of 100 primers used in the study is presented in Table 1.

Only five primers (OPB-01, 02, 19, 20 and OPE-12) showed
polymorphism for fruit type and were considered as useful
markers to differentiate fruit types of A. heterophyllus.
The reproducibility test was carried out for those five
primers with 30 trees of each type, and the results showed
that only the polymorphism detected with primer OPB-01
was consistently reproducible, whilst others showed
inconsistent products in different intensities for both the
fruit types. Based on these results, the VK fruit type was
distinguishable by the presence or absence of one RAPD
product (OPB-01-1.0 kb; Table 2). Despite the very low
level of polymorphism between the two fruit types,
polymorphism was observed between individuals with
26 primers (Table 1).

DISCUSSION

RAPD marker (OPB-01-1.0) could potentially be used
to distinguish the two fruit types in A. heterophyllus
(Figure 1; Table 2). The two fruit types of this tetraploid
species are not consistently distinguishable on the basis
of morphological traits of mature trees®?°. Furthermore,
apart from firmness of the ripened flesh no morphological
or phenological differences were observed between two
fruit types in a study carried out on flowering and fruiting
morphology and phenology°. The observation of a large
number of common RAPD products (Table 1) may imply
that the genetic base of A. heterophyllus in Sri Lanka is
very narrow and it may be due to a limited initial gene
pool since A. heterophyllus is an introduction to Sri Lanka.

Occurrence of two fruit types in A. heterophyllus
may also be a result of different enzyme activities, or the
inhibition of an enzyme/set of enzymes at fruit ripening.
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Identification of Artocarpus heterophyllus fruit types

In many plant species, the process of fruit ripening and
softening is largely the result of enzyme-mediated
physico-chemical changes, which are genetically and
developmentally regulated®. Therefore, differential gene
expression patterns that are correlated with changes in
growth and physiology have been a source of concern in
many studies®2. Results of such studies have revealed
that fruit ripening occurs under the control of genes
expressed during the ripening process. Studies on
biochemical changes during the ripening of the VK and
VL fruit types of A. heterophyllus revealed a common
process of ripening in both the fruit types*.
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It was also suggested that the differences in the
texture of the flesh of the ripened syncarps are related to
the degree of change of activities in enzymes such as
pectin esterase and polygalacturonase towards the early
ripening stage. These changes were more marked in the
soft-fleshed type, and either arrested or delayed in the
hard-fleshed fruit type. Although such evidence
supported the developmental expression of enzymes
(hence genes), little is known about the gene expression
during fruit ripening in A. heterophyllus®. It may be
possible to distinguish the two fruit types using isozyme-
banding patterns of pectin esterase and

g
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Figure 1: Gel electrophoresis of amplification products obtained with OPB-01 (5’GTTTCGCTCC3’) primer.

Note:

Lanes 2-7 and 8-13 represent individuals from soft- (VL) and hard-fleshed (VK) fruit types, respectively.

The size of the molecular weight standards (123 bp DNA marker) in lane 14 is shown in kb whilst lane 1

represents the controlled amplification.

Table 1: Summary of primers used to test the occurrence of fruit type specific molecular markers in A. heterophyllus.

Type of products

Number of primers

Primers

OPB-01-02, 19-20; OPE-12

OPA-07-09, 12, 19-20; OPB-02-03, 05-08, 10, 16-17; OPE-09, 13, 17;

OPH-02, 04, 15, 19; OPX-06, 07, 09, 13

OPA-02, 04-06, 10-11, 14, 16-18; OPB-04-05, 11, 13-14; OPE-01-04,

11, 14-16, 19-20; OPH-03, 05-07, 09, 12-14, 17-18, 20; OPX-01-02, 05,

Polymorphic for fruit types 5
Polymorphic for individuals 26
Monomorphic for fruit types 48
08, 10-12, 16-20
Smeared and complicated bands 35

(difficult to reproduce)

No amplified products 12
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OPA-01 07-09, 12-13, 19-20; OPB-03, 06-08, 10, 12, 16-18; OPE-05-06,
08-09, 13, 17-18; OPH-01-02, 04, 08, 11, 15, 19; OPX-06-07, 09, 13

OPA-03, 15; OPB-09, 15; OPE-07, 10; OPH-10, 16; OPX-03-04, 14-15
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Table 2: RAPD marker used to distinguish fruit types in A. heterophyllus.

Fruit types

RAPD marker

Hard-fleshed type (VK)

Soft-fleshed type (VL)

OPB-01-1.0 *+)

)

Note: Markers are assigned by primer number and product size is given in kb.

(+) and (-) indicate presence and absence of marker, respectively.

polygalacturonase enzymes; but currently no staining
solutions are available for these two enzymes.
Furthermore, esterase showed inconsistent banding
patterns in the isozyme study of mating system analysis
of A. heterophyllus?. The success of this method may
also depend on the plant material used for extraction of
enzymes, since enzyme expression at early stages (e.g. in
seedling leaf tissues, embryo) may not be the same as at
later stages (e.g. in tissue from ripening syncarps).
Isozyme analysis also showed low levels of polymorphism
inA. heterophyllus, and only two out of 16 (12.5%) enzyme
systems were polymorphic?. There was no evidence for
consistent fruit type-specific isozyme markers at the three
loci scored. Majority of progenies were identified and
almost all parents were predicted as heterozygotes?.

Based on the results of the study, varaka (hard) and
vella (soft-fleshed) fruit types of A. heterophyllus may be
distinguished using OPB-01-1.0 rapid marker. Cloning,
sequencing and conversion of the RAPD marker to aSCAR
marker for verification of the result and development of highly
reproducible and easy markers for effective identification of
fruit types at the early stage of growth are suggested.
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