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Abstract

Dabai or scientifically known as Canarium odontophyllum being a Sarawak’s specialty fruit is well-known with its
unique sexual characteristic. The hermaphrodite dabai trees bear fruits while male dabai trees do not and are
normally removed from the field. Failure to determine gender at early stage can results in undesirable waste of
resources and hence, there is a need to identify sex specific markers for sex determination using molecular DNA
markers in dabai trees. The floral morphology of dabai was also documented in this study to further elucidate the
molecular findings. A set of 64 RAPD primers were screened by using the bulk segregant analysis (BSA) approach
and a unique RAPD fragment (DHz72) was detected in all the hermaphrodite samples. The DH272 fragment was then
converted into SCAR marker and tested for its polymorphism. However, the SCAR marker did not differentiate
between the two sex-type upon PCR amplification. To recover its polymorphism, sequences of two male-specific and
one hermaphrodite-specific SCAR amplicons were subjected to SNP and CAPS identifications. Five SNPs were
detected and one CAPS site, Taql which is located with T-G base substitution on the recognition sequence was
identified. It is of high possibility that the CAPS marker would discriminate hermaphrodite from male dabai trees via
PCR amplification and further restricted with the Taql restriction enzyme. More sequences are needed for additional
SNP discovery and validation. However, this study demonstrated the usefulness of RAPD, SCAR, SNP and CAPS for
sex determination in dabai and in future, a rapid dabai sex typing system could be established at the seedling stage.
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1. Introduction

Dabai, also called Sibu olive is known to be one of the most popular indigenous fruits in Sarawak.
Scientifically named as Canarium odontophyllum, the dabai fruits can be found along the riverbanks in Sibu,
Kapit and Sarikei (Jackson, 2008). The trees may grow to an altitude up to 700 metres above sea level. They
are heavy fruit bearer and may yield up to 800 kilograms per tree. The dabai fruits are white in colour during
their immature stage and subsequently turn purple when ripen. The olive-like fruits are oblong in shape, 35
to 40 mm long, 20 to 25 mm wide and have a thin edible skin. The whitish or yellow edible mesocarp inside is
6 to 8 mm thick and covers single, large three angled seed (Whitmore, 1972).

Dabai is a very nutritious fruit with high value of proximate composition and minerals (Voon and Kueh,
1999). To be certain, a 100g of edible portion constitutes up to 339kcal of energy, 3.8% of protein and 810mg
of potassium. Study also reported the potential of dabai fruits to be exploited as functional food due to its
high antioxidant properties (Azrina et al., 2010). Considering its beneficial properties, the Sarawak
Agriculture Department is confident to venture into commercialization of dabai as Sarawak specialty fruit.

The sexual characteristic of dabai is still a concerned issue. Dabai trees have male and hermaphrodite
flowers borne on different trees. Male trees will not bear fruit but to produce pollen for the hermaphrodite
flowers. Therefore, only hermaphrodite trees are cultivated in the plantation and the male trees are normally
removed from the field to increase profitability. To date, there is no way for the dabai growers to
differentiate a dabai’s sex based on the physical appearance of the seedlings. It only can be known after the
dabai trees attain reproductive maturity which is approximately after 4 years of planting. Propagation by
means of cutting and grafting is still difficult and therefore, seeds are still preferred choice in propagating the
dabai trees. There is a 50:50 chance of obtaining hermaphrodite trees. The current practice is to grow dabai
seedlings in one area, allowing them to grow for 4 years or more until the sex types are identified, and then
to eliminate the undesired male trees to establish an orchard with only hermaphrodite trees.

Random amplified polymorphic DNA (RAPD) involving utilization of random primers to amplify a set of
randomly distributed loci and further developing genetic markers for a variety of purposes (Williams et al.,
1990). Using this approach, researchers have identified molecular markers for sex determination in various
species such as Trichosanthes dioica (Singh et al., 2002), Cannabis sativa (Sakamoto et al., 2005), Borassus
flabellifer (George et al, 2007) and Commiphora wightii (Samantaray et al, 2010). Although the RAPD
method is relatively fast, cheap and easy to perform in comparison with other method, the issue of
reproducibility is still a matter of debate. To overcome this drawback, a reliable assay called sequence
characterized amplified region (SCAR) was established by cloning the RAPD fragment of interests and then
sequencing of the cloned products (Agarwal et al,, 2008; Ho et al,, 2014). The sequence is thereafter used to
synthesize two longer primers homologous to each end with approximately 15-30 base pairs (Shen et al,,
2003). An advantage of SCAR markers is their potential for quick and robust assessment (Guérin et al., 2003).
The strategy has been successfully used to generate genetic markers for plants such as Olea europaea
(Hernandez et al.,, 2001), Carica papaya (Urasaki et al., 2002), Eucommia ulmoides (Xu et al., 2004) and Salix
viminalis (Gunter et al., 2003). In sex determination of plant species, SCAR marker is developed to have
genetically linked to sex determination loci. Single nucleotide polymorphism (SNP) requires sequencing of
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the targeted fragment or gene of interest to identify the sequence variation (Ho et al., 2011; Tchin et al,,
2012; Tiong et al, 2014; Tan et al., 2014). Meanwhile cleaved amplified polymorphic sequence (CAPS)
polymorphisms are variations in restriction fragment lengths caused by SNPs that create or abolish
restriction endonuclease recognition sites in PCR amplicons (Li et al., 2010).

Since there is no way to discriminate the gender of dabai at early stage or prior to the flowering stage, it is
crucial to study its sex expression at the molecular level. Hence, the present study is aimed to identify the sex
specific bands related to sex determination of dabai using RAPD, SCAR, SNP and CAPS markers. Little is
known about the unique sexual characteristic of dabai also led us to examine and document the
morphological characteristics of dabai flower and its flowering stages, whereby an outcome of which would
have great contribution towards the evolutionary studies of this unique fruit species.

2. Materials and methods

2.1. Floral morphology of dabai

The fresh flowers of dabai were randomly collected from six different male and hermaphrodite trees in a
population. In the laboratory, these flowers were observed under a dissecting microscope for characteristics
such as symmetry of corolla; numbers of all four whorls; androecium characteristics; and gynoecium
characteristics. Another dehiscence and stigma receptivity were also visually observed. Many flowers with
receptacles still attached to plant stems were preserved in 90 % ethanol for histological purpose.

2.2. Plant materials and genomic DNA extraction

A total of 15 male and 23 hermaphrodite dabai fresh leaf samples were collected from a nursery farm in
Serian, Sarawak. Total genomic DNA was extracted from fresh young leaves of dabai by using a modified
CTAB procedures described by Doyle and Doyle (1990). The DNA samples were then purified using a Wizard
Genomic DNA Purification Kit (Promega, USA). Spectrophotometric quantification was conducted to estimate
the purity level of the DNA samples.

2.3. Bulk segregant analysis (BSA) and RAPD analysis

Pooled DNA samples were prepared for BSA (Michelmore et al,, 1991) by mixing equal amount of purified
DNA of the 15 male individuals (male bulk) and 23 hermaphrodite individuals (hermaphrodite bulk)
separately. Prior pooling, male and hermaphrodite DNA of varying concentration were standardized and
preset to 50ng/pl. Both male and hermaphrodite pooled DNA were subjected to PCR amplification using the
Veriti™ thermal cycler (Applied Biosystems, USA) programmed to 1 cycle of 2 minutes at 94°C for initial
strand separation, followed by 40 cycles of 1 minute at 94°C denaturation, 2 minutes at 35°C annealing, and 2
minutes at 72°C extension steps ending with 1 cycle of final extension at 72°C for 10 minutes. Total reaction
volume for DNA amplification was 25 ul. Each reaction contained 5 ul of 1 x PCR buffer (200 mM Tris-HClI,
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500 mM KCI and 2.5 mM MgCl, 0.2 mM each dNTPs (Promega, USA), 2.5 mM of MgCl;, 10 pmol of RAPD
primer (Operon Technologies, USA), 1.0 unit of Tag DNA polymerase (Invitrogen, USA) and 5 ng of DNA
template.

Primer screening was done by screening 64 commercial decamer RAPD primers (Operon Technologies,
USA). Amplified PCR products were resolved using 1.5% agarose gel electrophoresis followed by ethidium
bromide staining and documented using the Geliance 200 Imaging System (Perkin Elmer, USA). The banding
patterns of each primer were analyzed on the basis of presence and absence of band. RAPD bands that
present in male bulk sample while absent in hermaphrodite bulk sample or, vice versa were selected and
functioned as diagnostic bands for sex identification. To confirm the sex specificity of each diagnostic band,
all putative RAPD primers were re-amplified using 15 male and 23 hermaphrodite DNA samples individually.
The selected RAPD diagnostic band (DH272) was converted into SCAR marker as described by Paran and
Michelmore (1993).

2.4. SCAR marker analysis

Two oligonucleotide primer pairs (DH272(F): GTGAGGCGTCCACTTGACGC and DH272(R):
TGTGAGGCGTCGGCGAAGAC) were designed for locus-specific amplification as identified by the RAPD marker.
SCAR amplification was performed in 25ul reaction volumes containing similar components as described in
RAPD analysis. PCR amplification using the Veriti™ thermal cycler (Applied Biosystems, USA) was
programmed to 1 cycle of 2 minutes at 94°C for initial strand separation, followed by 40 cycles of 1 minute at
94°C denaturation, 2 minutes at 64°C annealing, and 2 minutes at 72°C extension steps ending with 1 cycle of
final extension at 72°C for 10 minutes. Amplified PCR products were resolved through 1.5% agarose gel
electrophoresis followed by ethidium bromide staining and documented using the Geliance 200 Imaging
System (Perkin Elmer, USA).

2.5. SNP detection and CAPS analysis

Two male samples (M1 and M11) and one hermaphrodite sample (D10) were selected for SNP analysis. The
sequences of DHz;z were aligned by using ClustalW v2.1 software to identify single nucleotide
polymorphisms and/or insertion-deletion (Indel) between male and hermaphrodite. Sequence comparison
information was then used in CAPS analysis. Using NEBcutter V2.0 (Vincze et al, 2003), male and
hermaphrodite sequences were used to detect restriction enzymes in NEB database as well as site of
restriction. Polymorphic restriction site mutations were identified by comparing the enzymes found in all
digested sequences. The corresponding restriction enzymes can be selected for CAPS marker analysis in
future.

3. 3. Results and discussion

3.1. Flora morphology of dabai

1624 ISDS www.isdsnet.com



International Journal of Development and Sustainability Vol6 No.11 (2017): 1621-1637

The male flower of dabai was incomplete and unisexual with the presence of three whorls, i.e. calyx, corolla
and androecium. The calyx on the lowest position on the receptacle was collectively green in colour and
comprised three sepals. The rotated-shape corolla was parted and located in the interior of the sepals, with
three distinctive white colored petals and red spot on the tip of each petal. Androecium characteristic was
observed in term of region of attachment, in which the male reproductive organ was fused with petals at the
base on a yellow disc-like tissue. Male reproductive organ of dabai comprised five stamens with typical
anthers and filaments. Anther dehiscence was visually observed as the anther thecae had dehisced, exposing
pollen grains for floral visits. Figure 1 illustrates a compilation of the microscopy images taken on the typical
characteristics of the male flower.

- Petal ]
~Perianth
Sepal
- Filament)
~ Stamen
Anther
-Pollen

Figure 1. General morphology of male flower of dabai

The hermaphrodite flower of dabai was perfect, completed with all four whorls of a typical
hermaphroditic flower (Figure 2). It shared homology with male flower within two whorls, i.e. the calyx and
the corolla. Gynoecium characteristic was observed in term of region of attachment, in which the female
reproductive organ was fused with petals at the base on a yellow disc-like tissue. Female reproductive organ
of dabai comprised three carpels with three parted stigmas, fused style and a swollen part of ovary at lower
part containing ovule. Stigmatic receptivity was noted visually as the stigmata are wet and shiny when they
are receptive. As referred to be hermaphroditic, androecioum characteristic was also observed with six
staminodes complete with anthers and filaments, surrounding the female ovary. However, anther dehiscence
was not observed and therefore defined as sterile, reduced stamens.
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Figure 2. The hermaphrodite flower of dabai with typical female reproductive organ.
The six sterile or abortive male reproductive organs are referred as staminodes with
no pollen observed

Taxonomical classification had once defined dabai as dioecious species with staminate (&) and pistillate
(?) flowers borne on different plants. Our study on floral morphological study revealed one extraordinary yet
unique characteristic on the pistillate flowers. Ordinary pistillate flower comprises style, stigma and ovary,
collectively known as a typical female organ. Microscopy observation discovered that the pistillate flower of
dabai appear to have both male and female organs on the same flower, considerably hermaphrodite flower.
Despite this firm finding that may revise the dioecy characteristic of dabai, floral modification via male
sterility was another interesting discovery. Male organ exists in the hermaphrodite flower comprises of six
staminodes, indicating self-incompatibility or male sterility with no observation on anther, filaments or
pollen availability. This floral modification lies beneath a principle where all flowering plants originate as
hermaphroditic that undergo gradual floral modification into a diversified floral form, with an intention to
promote outcrossing or cross-pollination (allogamy) (Nelson et al., 1989). Thus, it can conclude that dabai
populations are androdioecious with both hermaphrodite and androecious individuals.

The fruiting season of dabai is usually towards the year-end, together with the durian season. Flowering
of this seasonal fruit requires both male and hermaphrodite flowers borne on separate trees. Sole function of
the male flowers is to produce pollens for cross-pollination (allogamy) with the hermaphrodite flowers. Once
pollinated, the hermaphrodite flowers will undergo several stages of floral development until the fruits set.
Figure 3 outlines the flowering stages of hermaphrodite flower of dabai. In the initial budding stage, the
lateral floral buds with small swelling are enclosed in protective bud scale and surrounded by immature
perianth segment. In the calyx release stage, the buds are now enclosed by fused calyx in green where petal
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growth is largely complete. Growth of inner ovary tissues pushes and splits the calyx between lobes,
resulting in rapid release of the fully expanded petals. After release from the calyx, the 3 petals that are
originally white in colour expand and acquire a yellowish lining with red spot on the tip. When unfold, it is
clearly seen that hermaphrodite flower has three sepals, three petals, a pistil carrying a style with a three-
lobed stigma and six staminodes. Once pollinated and fertilized, several changes in the flower take place.
These include a) the sepals and petals dry out and wrinkle, but remain attached on the flower, and b) the
petals fall and dabai fruits in white begin to set within the sepals. The style and stigma also wither and
eventually fall off. Lastly the fruiting stage where sepals fall completely, leaving only white and continuously
enlarging dabai fruits.

Flowering stages
of dabai

Figure 3. The flowering and fruiting stages of dabai
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3.2. RAPD analysis

To the best of knowledge, the present study of sex determination in dabai using RAPD markers was the first
to be reported. RAPD analysis for sex determination in dabai was performed following a novel protocol
described by William et al. (1990). Instead of using segregating progeny as in C. papaya (Urasaki et al., 2002),
male and hermaphrodite DNA pools were prepared by means of bulk segregant analysis. Without any
modification on PCR profile and condition, both DNA pools were amplified using 64 random primers for
potential detection of sex-related diagnostic bands. As mentioned by Wilkerson et al. (1993), primer
screening on pooled DNA of opposite sex types provided a convenient approach to narrow down primers
that express polymorphism, thus circumventing the need to run PCR on all individuals in each primer. Such
method had been found successfully in species such as T. dioica Roxb. (Kumar et al., 2008); G. biloba (Jiang et
al,, 2003) and B. flabellifer L. (George et al., 2007).

Of 64 random primers screening, 24 primers were found to amplify 18 male-specific diagnostic bands and
20 hermaphrodite-specific diagnostic bands. Most PCR reactions had resulted in monomorphic banding
patterns, demonstrating a high genomic similarity between male and hermaphrodite of dabai. A similar
result was also obtained by Sondur et al. (1996) who studied C. papaya with contrasting morphological traits
in male, female and hermaphrodite cultivars. They tested 596 RAPD primers and only a relatively small
number of polymorphic bands were obtained for constructing a genetic linkage map, with further
determination of sex locus in papaya plants. The large genomic similarity may be explained by the fact that
dabai is a narrowly distributed species. Hamrick and Godt (1989) stated that narrowly distributed species
had higher genomic similarity than more widely spread or distributed species.

To reconfirm the sex specificity of all potential diagnostic bands, confirmation test was conducted on
individual male and hermaphrodite samples. After series of PCR amplifications, a 272 bp RAPD fragment
(DH272) was found to have consistently amplified in all hermaphrodite individuals but completely absent in
all male individuals tested (Figure 4). The exclusiveness of this hermaphrodite-specific polymorphic band
thereby functioned as diagnostic band for selecting hermaphrodite seedlings from male seedlings.

Since random sequences were used as RAPD primers, identification of sex-related diagnostic band
through RAPD analysis depend largely on the extent of chance (Bardakci, 2001). In the present study, 64
RAPD primers had been screened in dabai and found only one hermaphrodite-associated RAPD marker.
Similar result was reported by Hormaza et al. (1994) whereby 700 primers were screened in P. vera for sex
determination and only one female-associated marker was identified. This low frequency of sex-related
bands may have indicated that genomes of male and hermaphrodite are rather homologous, and that the
DNA locus involved in sex determination was rather small and probably controlled by single gene or few
genes (George et al,, 2007). According to Jiang and Sink (1997), sex determination system in A. officinalis was
controlled by a single dominant gene. A total of 760 RAPD primers were tested on 63 Asparagus offsprings
and one marker was found to be useful for sex determination in the plants. However, sex determination in C.
sativa L. (Mandolino et al., 1999) and C. papaya L. (Chaves-Bedoya and Nufiez, 2007) utilized only 20 and 32
RAPD primers, respectively to identify a sex discriminating marker.
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Figure 4. RAPD banding patterns of individual dabai amplified by primer OPC-02. The arrows
indicate the unique band of 272 bp amplified. Panels (a) and (b): hermaphrodite DNA samples.
Panel (c): male DNA samples.

3.3. Conversion of DH272 fragment to a SCAR marker

To establish a rapid and reliable PCR-based technique for dabai sex determination, the RAPD fragment of
DH27, was converted to a SCAR marker. The SCAR primers were amplified on all 15 male and 23
hermaphrodite DNA samples. A single fragment of same size was found to be present in both male and
hermaphrodite individuals (Figure 5). Modification of annealing temperatures and MgCl, concentrations
were carried out to recover the polymorphic SCAR product (data not shown). However, the SCAR primers
were unable to discriminate hermaphrodite from male samples.

Homology search in sequence database showed no significant similarity to the sequence of the
hermaphrodite-specific fragment amplified (DH272) by primer OPCO2. This finding was in parallel with other
plant species such as G. biloba (Jiang et al., 2003), C. papaya L. (Lemos et al., 2002; Urasaki et al.,, 2002) and M.
annua L. (Khadka et al., 2002), where no homology was noted when comparing their sequence of interest
with other sequences in the database. The lack of homologous characteristic could be explained in a way that
DH»72 sequence was probably located in an intergenic or non-coding region (Lemos et al, 2002). As in E.
ulmoides, homology search of a 569 bp MSDE sequence linked to sex determination was rather contrasting
with 53% homology with the A. thaliana chromosome 5. Further investigation later indicated that a single

region on a homologous pair of chromosomes was responsible for sex determination in E. ulmoides (Xu et al,,
2004).

The hermaphrodite-specific SCAR marker was then subjected to annealing temperature optimization.
Khadka et al. (2002) stated that the range of optimal annealing temperature depend greatly on the level of
polymorphic site between sex types, in which narrow range of optimal annealing temperature suggested low
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polymorphism site and vice versa. Reviewing the gradient PCR profiles of the sex-specific SCAR markers, two
possible outcomes could be presumed; that the SCAR marker would be hermaphrodite-associated thus
justified the heterogametic mode of sex determination in dabai, or that the SCAR marker would be amplified
in all the hermaphrodite individuals and some, or all the male individuals (Manoj et al.,, 2005). When
verification test of SCAR marker proceed, rather strong indication could be made such that the
hermaphrodite-specific sequence may have inherited from a male X chromosome or that it was closely linked
with a female sex-determining gene (Ainsworth, 2000).

—_o e ew

(a) (b) (c)

Figure 5. Agarose gel photos showing PCR products amplified by SCAR primer, DH27,. Panel
(a) and (b): amplification on hermaphrodite individuals, panel (c): amplification on male
individuals. L: 100 bp DNA ladder

Of all sex determination studies reviewed, male-specific association of SCAR markers was previously
reported in H. lupulus (Polley et al,, 1997), P. longum (Manoj et al., 2005) and E. ulmoides (Xu et al., 2004). C.
papaya on the other hand, was widely investigated by researchers via SCAR analysis due to its
hermaphrodite characteristic. Being a polygamous species with three sex types: male, hermaphrodite and
female; many SCAR markers had been coincidently developed to discriminate male and hermaphrodite
plants from female plants. These markers developed by different research groups were named as OP-Y7g0o
(Chaves-Bedoya and Nuiiez, 2007); OPC09-1.7 (Niroshini et al,, 2008); SCARps (Urasaki et al., 2002); SCAR
T12 and SCAR W11 (Deputy et al., 2002). Regardless of histological proofs if any, it was of rational suggestion
that all above mentioned species were originated recently from some hermaphrodite ancestors (Manoj et al.,
2005).

In the case of dabai, non-specificity of SCAR marker upon the process of verification was also encountered
by species such as C. sativus (Mandolino et al., 1999), C. papaya (Sobir and Pandia, 2008) and P. longum
(Manoj et al., 2005). During the optimization process of DHz7,, non-polymorphic false-positive signals were
observed as bands appeared in all hermaphrodite samples and even in all male samples. DH27; was unable to
detect sex-specific polymorphism in an exact way the RAPD primer OPC-02 initially detected it. Inaccuracy of
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SCAR marker in early PCR optimization stage was previously reported in Agropyron elongatum when
developing SCAR marker for identification of leaf rust resistance gene Lr24. The non-polymorphic results
were unable to attribute cultivars with outstanding leaf rust resistance to the gene Lr24 (Uhrin et al., 2008).

Although most SCAR analysis had recorded success in other plant species, there were still studies
documented total or partial loss of polymorphism, consequently provided new window for explanation and
further analysis. For example, in C. papaya, Niroshini et al. (2008) obtained two RAPD fragments amplified by
primer OPC-09 and OPE-03 that were specific to male and hermaphrodite plants. SCAR marker derived from
the former showed sex specificity, however the SCAR designed from later failed to detect sex-specific
polymorphism. Researchers thus referred this monomorphic condition to single base mutation at the primer
annealing site during RAPD-PCR amplification. Since SCAR primer was designed with an extension of 10
bases at the 3’ end of original RAPD primer, it was unable to amplify such single base polymorphism
(Niroshini et al., 2008). Monomorphism of SCAR was also observed in P. longum when Manoj et al. (2005)
conducted study to develop two sex-associated SCAR markers in the species. With one being strongly
effective in amplifying male plants, the other MADP2 sequence-based SCAR marker failed to make the same
achievement. A comparison of both male and female sequences showed three single base deletions in male
plant, 744 bp and female plant was 747 bp in length. Theoretically, the marker could restore its
polymorphism by incorporating nucleotide mismatches in the 3’ end of the SCAR primer, or to be converted
into a female-specific SCAR marker by means of base deletion. Whether these variations could represent a
single PCR diagnostic assay was still unpredictable.

3.4. Conversion of SCAR to SNPs and CAPS

A conversion of SCAR into SNP marker was essential to recover the polymorphism detected in RAPD analysis,
and could be applied in SCAR analysis on sex determination because certain sex-specific polymorphic SCAR
markers might not possess identical sequences on or between two sex types. Such phenomenon was
suggested in M. annua as researchers cloned and sequenced three SCAR fragments from strong, intermediate
and weak male plants. Homology comparison showed 99.7% - 99.9% identity and located two base
substitutions in strong male, four base substitutions and one insertion in intermediate male and a single base
insertion in the sequence of the weak male (Khadka et al., 2002). Inaccuracy that could happen even in
specific SCAR marker reflected the necessity to clone and sequence the monomorphic fragments in male and
hermaphrodite samples of dabai. Paran and Michelmore (1993) also stated that despite the promise of SCAR
being reliable and widely applied, monomorphic SCAR products and loss of initial polymorphism often
happen.

When the SCAR DH7; sequences from male and hermaphrodite samples were compared, five base
substitutions or single nucleotide polymorphisms (SNPs) were observed and there were no
insertion/deletion (indel). Three A-G point mutations were found at 103 bp, 136 bp and 164 bp, respectively,
one T-G point mutation at 79 bp and one A-T point mutation at 247 bp (Figure 6). Similarly, sequencing of
monomorphic, same-sized SCAR fragments (750 bp) in Lycopersicon esculentum also revealed ten base
substitutions and several indel mutations between two genotypes (Zhang and Stommel, 2001). In Boehmeria
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spp., base substitutions were observed within 600 bp of SCAR fragments between two cultivars and two-
point mutations were selected for CAPS assay (Li et al., 2010).

SNP could be converted into CAPS in all possibilities to generate a more reliable, simple, low-cost and
robust assay. The principle of CAPS marker system is to use the SNP information available as causal and
utilized an appropriate restriction enzyme to detect a SNP site, with a condition that its recognition sequence
has been altered or introduced by that particular SNP (Thiel et al., 2004). Otherwise, development of CAPS
markers could only be possible when mutation disrupted or created a restriction enzyme recognition site
(Yeam et al.,, 2005). Among all studied species, development of CAPS markers in dabai was the first to be
reported. Using NEBcutter V2.0, SNP information was examined manually to identify polymorphism that
affected restriction enzyme site. The examination process was based on a principle that only enzymes that
display a restriction site polymorphism in all aligned sequences are of interest (Thiel et al.,, 2004). In this
study, one restriction enzyme (Taql) had its four-base pair recognition sequence T/CGA targeted to digest at
the same position of the T-G SNP (Figure 6). Therefore, restriction enzyme polymorphism with one altered
base was reported and that the hermaphrodite sequence would not be able to find matches on the
recognition sequence of Taql as in the male sequence. Screening of restriction enzymes among aligned
sequences might not always lead to a success. In attempts to recover SCAR polymorphism, Fang et al. (1997)
screened 20 restriction enzymes and Naqvi et al. (1996) examined 11 restriction enzymes with both failed to
detect polymorphism within cutting sites.

f r
— —
M1 v v v v v
M11 A 4 A 4 Y h 4 h 4
b1o A 4 A 4 h 4 h 4 v
1 79 103 136 164 247 273 bp
-G AG A-G A-G A-T

Taql (T/CGA)

Figure 6. Schematic diagram of 273 bp fragments amplified by SCAR DHz72 on M1, M11 and
D10. Short arrows at termini represent the original 10-mer RAPD primers while longer
arrows represent the location of 20-mer SCAR primers. f and r indicate forward and
reverse SCAR primers, respectively. Solid triangles indicate position of SNPs along the
sequences. The Taql restriction enzyme that generated polymorphism was discovered
by the NEBcutter V2.0

Although no previous CAPS assay was recorded in relationship with sex determination, the CAPS markers
had been found to have enormous potential in identifying Boehmeria nivea variants (Li et al., 2010). This
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Chinese herbal medicine of two variants (nivea and tenacissima) have its medicinal properties vary in
between and required rapid and simple assay for identification. They found two restriction enzymes with
their recognition sequences altered by single SNP. Upon PCR amplification, these CAP-based markers had
successfully exhibited polymorphism with one variant being digested and one remained uncut (Li et al,
2010). Similar researches had been reported in sweet potato cultivars as researchers utilized 27 CAPS
markers for genotyping of 60 cultivars (Tanaka et al., 2010). Cultivars such as strawberry and citrus
(Kunihisa et al., 2005) were of success as well. Despite cultivar identification, 200 CAPS markers had been
developed by Rostoks et al. (2005) to study the genetic diversity in barley and three CAPS markers were
generated on recessive viral resistance alleles in Capsicum species (Yeam et al., 2005).

4. Conclusions

To the best of our knowledge, this is the first study to demonstrate the great potential of using molecular
DNA markers, i.e. RAPD, SCAR, SNP and CAPS for sex prediction in dabai. The sex-specific markers can allow
us to identify early enough which dabai seedlings are hermaphrodites and remove the male, saving on the
investment that would be done in a plant with unknown sex, and consequently, reducing the production
costs and end price of the fruits for the consumer. However, the PCR technique for sex prediction at this stage
is still costly and therefore, there is a need to further develop a rapid, highly specific and reliable, and cost-
effective dabai sex typing system for mass screening of dabai seedlings in future.
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