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ABSTRACT

Vatica diospyroides Symington has two distinet commeonly known subtypes: The 55 and LS
forms distinguished by the color of petals and cotyledons. These subtypes may alse differ in their
contents of the valuable products for human health-therefore it 1s important to develop and share
a reliable method of subtype identification. The Eandom Amplified Polymorphic DNA (RAPD)
technique was applied with 3x and 5XCTAB (Cetyltrimethyl ammonium bromide) extraction
procedures, the concentrations of NaCl and DINA templates were varied and 10-mer random woody
primers were screened to find distinguishing genetic indicators. The best yields of 5SS and LS DNA
(412.8-578.4 ug g~ FW) were found with phenol: Chloroform: Isoamyl alechol {25:24:1) followed
by 5xCTAB buffer. Five effective primers (OPUS, OPUS, OPUY9, OFPU14 and OPU15) gave a total
of 18 DNA bands (200-2500 bp}, when using 1.5 mM NaCl and 200 ng uL.”' DNA template in PCR
conditions. Of the bands, 12 were evidently polymorphic. The primer CPU9 produced 1 polymorphic
band {220 bp) for LS and 1 monomorphism (at 500 bp). With OPU15, a total of 4 bands were
observed: The markers at 320, 480 and 520 bp specify the LS form, while at 900 bp the band 1s
shared by both subtypes. In conclusion, the V. diospyroides subtypes distinguished by different
color petals and cotyledons, are also genetically differentiated: The phenotypic differences are not,
environmentally induced. These initial results encourage pursuing genomics based phylogenetic
analyses of V. diospyroides.
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INTRODUCTION

Plant genera in the family Dipterocarpaceae, such as Dipterocarpus, Hopea and Vatica, are
important sources of active ingredients for cardiovascular prevention (Zain ef al., 2011). These
plants are increasingly screened in cytotoxicity assays, because their stems contain resveratrol
derivatives known to be curative active ingredients (Seo ef al., 1999; [to ef al., 2003; Atun ef al,,
2008). Two main valuable resveratrol derivatives have been reported in the genus Vaiica:
Vaticanol series was extracted from V. rassak (Ito et al., 2003) and Vaticaphenol A was extracted
from V. diospyroides Symington (Seo et al., 1999). These derivatives had efficacy against
some human cancer cell lines. A strongly fragrant dipterocarp endemicin pemnsular Thailand,
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V. diospyroides 1s described 1in monotypic taxon (Pooma, 2002) and has two subtypes
(Srisawat et al., 2012b). The Small Size (S5) subtype has narrow leaves and 1.8 pg DNA content,;
the Large Size subtype (I.S) has wide leaves and 2.2 pg DNA content. These subtypes can be
distinguished using specific characteristics of leaf morphology and flow eytometry (Srisawat ef al.,
2012b) and also differ by the color of flowers. The S5 trees have pink-white flowers, whereas
yellow-white flowers are found in LS trees. The two subtypes can be reasonably expected to differ
in the amounts and compositions of potential active ingredients in their extracts and methods to
reliably identify the subtype are needed for such drug discovery studies. Effective but low cost
genomic techniques to reliably diseriminate the subtypes should be investigated.

Although, rapid and accurate detection of plant varieties has been reported by combinations
of morphology assessment and flow cytometry, the molecular marker techniques are the reference
methods used to assure the preciseness of those other methods (Srisawat ef al., 2012a). There are
many potential molecular marker types and genomic techniques that can be applied to plant
varieties, such as Amplified Fragment Length Polymorphisms (AFLF), Restriction Fragment Length
Polymorphisms (RFLP), Simple Sequence Repeats (55R) and Random Amplified Polymorphic DNA
(RAPD) technique (Young, 2000)., The RAPD technique has been common in preliminary
comparisons to morphological patterns of varicus plant species (Kaewmuangmoon et al., 2010;
Sheidai ef al., 2010). In the family Dipterccarpaceae, FCR amplification of genomic DNA using
random primers was used to discover unique genetic polymorphisms of some species in the genera
Hopea and Shorea (Rath ef al., 1998) and in one species of Vatica guangxiensis (Li ef al., 2002),
Unfortunately, the V. diospyroides species has not been evaluated genetically to date. Knowledge
of genetic cbservable characteristics can be used for subtyping trees of V. diospyroides, possibly
helping to find unique curative active ingredients in a subtype. In the present study, RAPD
markers were sampled to discover DNA polymorphic patterns that distinguish between the subtypes
of V. diospyroides, with a view to support such precise subtyping and consequently drug discovery
work on these trees.

MATERIALS AND METHODS

Plant materials: Natural V. diospyroides symington trees were labeled according to their subtype
at the Nong Thung Thong non-hunting area, based on earlier morphometric and flow cytometric
subtype identification (Srisawat ef al.,, 2012b). To extract genomic data in the labaratory, young
leaves of selected plants were sampled. All leaf samples were surface-sterilized by soaking in tap
water with disinfectant (commercial detergent), then rinsed with sterile distilled water. The cleaned
samples were stored at -80°C prior to DNA extraction. The confirmed specimens (Collector number
T. Srisawat 001 and 002) were deposited in the Herbarium of Queen Sirikit Botanie Garden (QBG)
Maerim, Chiang Mai, Thailand. Flowers and fruits were picked and their colors compared for
further confirmation of the subtypes.

DNA extraction and purification: The DNA extraction was done according to the protocol of
CTAB (Cetyltrimethyl ammonium bromide) method (Doyle and Doyle, 1990), here modified
for optimal DINA yield and purity. The frozen leaf samples were crushed in liquid nitrogen
prior to transfer to 800 pL preheated 3xCTAR extraction buffer [0.1 M Tris-HC1 pH 8.0, 0.5 M
EDTA (Ethylenediaminetetraacetic acid) pH 80, 0.5 M NaCl, 3% CTAB, 2% PVF-40
{polyvinylpyrrolidone) and 2% B-mercaptoethancl]. The mixture was heated to 85°C for 30 min in
a water bath and briefly centrifuged to precipitate cell debris. The contaminated protein in
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supernatant was removed by a half volume of phenol and (phenol: Chloroform: Isoamyl alcohol)
(25:24:1). After centrifugation and keeping the supernatant, an 0.1 volume of 3 M sodium acetate
(pH 5.2) was added to the supernatant and subsequently two-fold volumes of ice-cold absolute
ethancol were added to precipitate DNA. The precipitated DNA was washed with ice-cold 70%
ethanol and air dried. The dried DNA pellet was redissolved in 25 pL. TE buffer containing RNase
A toeliminate RNA contamination. In order te remove carbohydrates or phenclic compounds from
purified DINA, it was mixed with 0.1 volume of 5% CTAB in 0.5 M NaCl and centrifuged at
8,000 rpm for 10 min. The DNA-CTAB complex pellet was disselved with 200 pL of 1.2 M NaCl and
DNA was re-precipitated with 500 pLi of ice-cold absolute ethanol. The mixture was incubated in
-20°C for 1 h and centrifuged at 10,000 rpm for 10 min. The precipitated DINA was washed
with ice-cold absolute ethanol, air dried and subsequently redissolved in TE buffer. The
concentration and purity of DINA were measured with a Hitachi UJ-2900 Spectrophotometer
(Hitachi High-Technologies Corp., Tokyo Japan). The DNA solution was diluted te 100-300 ng L
for PCR amplification.

PCR amplification and gel electrophoresis: Ten random primers that can amplify reproducible
and clear DNA bhands of woody plants were selected. Six effective primers (OFU} of the family
Dipterocarpaceae (Rath ef al, 1998) and four effective Primers (P) of another woody aromatic
species, Aquilaria sp. in the family Thymelaeaceae (Panichayupakaranant et al., 2008) were
redesigned and prepared. Their sequences (5'-3") are shown in Table 1.

For Polymerase Chain Reaction (PCR), the 25 uLL reaction mixtures consisted of 4 uL, DINA
template, 8 pL ultra water, 0.5 uLL primer and 12.5 uL 2x blue mix DNA polymerase master mix
{RBC Bioscience corp., Taiwan). The negative control consisted of all reagents except the DNA
template. The PCR. amplification was tuned by varying concentrations of MgCl, (1.5-4.0 mM) and
DINA template (100-300 ng) following the method of Rath et al. (1998). The amplification reaction
was performed in a Multigene Thermal Cycler TC 9600 (Labnet International Inc., NJ USA). The
program for PCR amplification was as follows; 1 cycle of initial pre-denaturation (95°C, 2 min);
followed by 30 cyeles of denaturation (95°C, 1 min), annealing (37°C, 3 min) and extension

Table 1: Counts of mono and polymorphic RAPD bands and resulting percentages of polymorphism among V. diospyroides subtypes SS
and LS, the determinations used OPU (Dipterocarpaceas) and P (Thymel aeaceas) primers

DNA bands of 85 DNA bands of LS

Percentage of
Random primers (5'-3") Monomorphic Polymorphic Monomorphic Polymorphic polymorphism
P1: TGGGCGCGCA o] 0 0 o] 0.00
P2: GGAGCAGGCC o] 0 0 o] 0.00
P3: CAGGGAGGCC o] 0 0 o] 0.00
P4: GGACCGCCTG o] 0 0 o] 0.00
OPU4: ACCTTCGGAC o] 0 0 o] 0.00
OPUSs: TTGGCGGCCT* 1 0 1 2 50.00
OPU8: GGCGAAGGTT** 0 0 0 2 100.00
OPU9: CCACATCGGT*** 1 0 1 1 33.33
OPU14: TGGGTCCCTC** 0 0 0 4 100.00
OPU15: ACGGGCCAGT*** 1 0 1 3 75.00
Total 3 0 3 12 66.66

*Primer produced weak DNA bands in both SS and LS types, **Primers produced only LS DNA bands, ***OPU9 and OPU15 produced
the best apparent DNA bands for monomorphic and polymorphic bands of both 8S and LS types
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{(72°C, 2 min) and final extension (72°C, 1 min). The amplification and VC 100 bp DNA Ladder
markers were subjected to gel electrophoresis in 1.5% (w/v) agarose gel, with 0.5x TBE buffer
and at 70 volts for 2 h. The gels were stained with SYBR@safe (Invitrogen Life Technologies Corp.,
NY USA) and imaged following UV Gel Documentation (DNE Bio-Imaging Systems, Jerusalem
Israel).

RESULTS

DNA extraction and purification: The extraction and purification of DNA from young leaves
of both Vatica diospyroides Symington subtypes (S5 and LS form) was performed according to
method of Doyle and Doyle (1990). However, the DNA extracted by this method was not considered
good enough to proceed to the next steps of RAPD-PCR because of poor DNA quantity and quality
{data not shown). Moreover, the DINA pellet appeared brownish in celor due to contaminating
phenclic compounds. Thus, phenol extraction was further added as a step in the process, to
eliminate the contaminating proteins and in the final step of DINA extraction, 5XxCTARB extraction
was repeated to purify the DNA of phenaolic compounds or contaminating carbohydrates. Based on
this process, the extracted DINA of the S8 and LS types appeared as a vellowish-white DNA pellets
with DNA concentrations of about 412.8-578.4 pug g' FW and an OD ratio range of 1.5-1.6
(OD,;/OD.;). This DNA now had sufficient quality and quantity for use in PCR amplification. Tt
was experimentally observed that the RAPD-FPCER products from these DNA samples were of high

enough quality for amplification and gave obvious polymorphic bands.

PCR amplification, gel electrophoresis and distinction of tree types: The amounts of DNA
and concentrations of MgCl, were varied to optimize the PCR amplification. [t is interesting to note
that 100-300 ng of DINA template and 1.5-4.0 mM MgCl, produced detectable amplification
products. Good RAPD profiles were obtained with 200 ng DNA template and 1.5 mM MgCl, in
25 pLi reaction mixtures. The results revealed that 12 bands out of the total 18 of V. diespyroides
DINA were polymorphic (Table 1) when using OPUB, OPUS, OPU9, OPU14 and OPU15 as primers.
These results thus confirm effective primers for a dipterocarp species, for which there is no prior
similar genetic data.

Based on the uniqueness of amplification, the five effective primers can be used for verifying
the subtype. The best RAPD profiles for these subtypes were obtained with primers OPU9 and
OPU1B, are shown in Fig. la. Interestingly, in the case of OPU15, only LS subtype showed
polymorphic bands at 320, 480 and 520 bp: These are markers for LS subtype. The other bands
located at 900 bp showed monomorphic DINA patterns, the bands being shared by both subtypes.
These bands are absent in both subtypes when using OPU9 primer. With this primer, the LS form
had a polymorphic band at 220 bp and the subtypes shared a (monomorphic) band at
500 bp. The ewident polymorphic bands indicate genetic differentiation of the LS and SS subtypes
of V. diospyroides. On the other hand, the monomorphic DNA bands of LS analyzed by OPU9 and
OPU15 showed higher PCR-product intensity than in 55.

Using other effective primers, OFPUS5, OPU8 and OFU14, although, it was also possible to
distinguish between the subtypes, the DNA bands had poor polymorphic band quality at 600 bp,
300 and 1500 bp and 1200 and 2500 bp (data not shown). The remaining primers, OPU4 and
Thymelaeaceae primers, produced no clear bands (Table 1). It is possible that some nucleotides in

these primers might not be complementary to random target sites of V. diospyroides genome.
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Fig. 1{a-e): Discrimination of 85 and LS forms of V. diospyroides by various means, the
diseriminating unique polymorphic bands in RAPD profiles, generated with primers
OPU9 and OPU15 are indicated by white arrows (a), pink-white and yellow-white
petals of flowers enable discrimination (b and ¢), as do purple or yellowish seed colors,
the latter associated with yellowish cotyledons (d and e)

DISCUSSION

Plants in the family Dipterocarpaceae, as other woody plant species, can release phenoclic
compounds during crushing and extraction of tissue samples (Rath ef al., 1998; Sathish and
Mohankumar, 2007). Contamination of extracted DINA by phenclic compounds often gives a brown
tint to DNA samples that should be white (Srisawat et al., 2012a). In the present study, the purified

61



J. Plant Sei., 8 (2): 57-64, 2013

DINA was brownish due to contamination by tannin or phenolic substances, attached in the DNA
helices: Rajaseger ef «l. (1997) reported similar contamination by phenclic compounds during
DNA  extraction from Jxora sp. The present work has demonstrated the usefulness of
phenol: Chloroform: Isoamyl alecohol solutions and 8% and 5% CTAB buffer to delimit the phenolic
compound reactions in the DNA prior to RAPD-PCR amplification. The present modified DNA
extraction and purification gave final DNA pellets with sufficient amount of purified DINA and
compared favorably to other methods used in the Dipterocarpaceae (Rath et al., 1998).

For PCR amplification and gel electrophoresis, various conditions such as amounts of DNA
template and concentrations of MgCl, are known to greatly influence quality and quantity of RAPD
profiles and polymorphisms. Comparison of different DNA amounts and MgCl, concentrations in
amplifying polymorphic bands from the two V. diospyroides subtypes showed that a reaction
mixture containing 200 ng DNA template and 1.5 mM MgCl, was very efficient, resulting in a
number of ohservable polymorphic bands. This resembles results cbtained by Rath ef al. (1998). The
detected 12 polymorphic bands of both subtypes were from the most effective dipterocarp primers
namely OPUS, OFUI8, OPU9, OPU14 and OPU1b (Kath et al., 1998). The bands were in the size
range from 220-2500 bp, differing from the range previcusly reported for the other genera in
dipterocarp species (Rath ef al., 1998).

Interestingly, the best RAFD profiles were found when using OPU9 or OPULL as relative
primer, resulting in 4 conspicuously polymorphic bands. These effective primers have been used
on PCR amplification of genomic DNA of various species in dipterocarp genera such as Hopea and
Shorea (Rath et al., 1998). On the other hand, Li et al. (2002) successfully reported on RAPD
analysis with the V. guangxiensis species resulting in more polymorphic bands than those obtained
from another species. However, they did not provide the sequences of their primers, in contrast to
the report by Rath et al. (1998). In relation to the present study, a complementary primer could be
designed to match the DNA strand and/or the primer length could be increased which would enable
annealing at more than one complementary site within the genome of V. diocspyroides
{Bock, 1997). The use of modified OPU primers might significantly contribute to obtaining highly
reliable genetic differentiation between plant species of dipterccarpaceae family. However, based
on the current results, the use of OPU9 and OPU1SL with PCR amplification, to distinguish
between V. diospyroides subtypes, 1s a reasonable initial approach.

As deseribed above, V. diospyroides could be separated distinetly into two groups according to
differences in the presence of polymorphic and monomorphic bands and the grouping agreed with
the results of leaf morphology and flow cytometry analyses (Srisawat ef al., 2012b). Observations
have also revealed a high variety of different colors of flowers and fruit-cotyledons of
V. diospyrotdes (Fig. 1). These discriminating characteristics have not been described previously,
though the classical and Scanning Electron Microscopic taxonomies have been documented
extensively (Smitinand, 1966; Ashton, 1998; Pooma and Newman, 2001; Srinual and
Thammathaworn, 2008). These variations within a species should be due to genetic factors, because
most  environmental factors affect the shape, color and size of leaves (Wilson et al., 1998;
Campey ef al., 2000), indicating that this species is actually a composite of species. In order to
identify conventional heredity, a self -cross breeding investigation among these tree subtypes
should be performed in the blossoming time. Unfortunately, sample collection was affected by the
fact that after a severe and long drought in Thailand (2009-2010), blooming of V. diespyroides
during its blossoming peried (February to April) was not normal (Srisawat et al., 2012b). It was
only possible to sample two LS and two 5SS trees of V. diospyroides, because of the requirement to
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produce flowers and fruit for subtype confirmation. Due to the minimal sampling, no statistical
methods could be applied in the present study. This circumstance illustrates the need for subtype
identification not based on phenotypic characteristics of, for example, flowers.

In conclusion, the DNA polymorphisms indicate genetic variability that differentiates between
the subtypes of V. diespyroides. The polymorphisms were apparent with OFUS, OPUS, OPU9,
OPU14 and OPULS primers in RAPD analysis. The most effective primers for discriminating
between the subtypes of V. diospyrotdes were OPUY and OPU1B. This suggests that methods based
on molecular DNA markers can supplement or replace assessments of plant coloring or
characterizing. A systematic phylogenetic study of V. dicspyroides, based on molecular markers of
DNA, seems justified in light of these preliminary results by EAPD analysis. The present study is
the first report on sucecessfully detecting differentiating genetic polymorphisms between subtypes
of V. diospyroides trees by a biomolecular method.

ACKNOWLEDGMENTS

This work was partially supported by grant from Prince of Songkla University. The authors
would like to thank Mr. Artorn Kumlungbai (Director of Nong Thung Thong nen-hunting area)
for his kindness in giving plant samples. Authors thank Dr. Seppo Karrila for his kind copy-editing
assistance and Dr. Charun Maknoi for certifying plant specimens at the QBG.

REFERENCES

Ashton, P., 1998, Vatica diospyroides. ITUCN Red List of Threatened Species.
http://fwww.iuenredlist.org/details/33482/0

Atun, S., N. Aznam, R. Arianingrum, Y. Takaya and N. Masatake, 2008, Resveratrcol derivatives
from stem bark of Hopea and their biolegical activity test. J. Phys. Sci., 19: 7-21.

Bock, R., 1997, Biolistic of transformation of plants with anion exchange purified plasmid DNA.
RFiagen News [ssue No. 5.

Campey, M.L., M. Waycott and (G A. Kendrick, 2000, Re-evaluating species boundaries among
members of the Posidonia ostenfeldii species complex {(Posidoniaceae)-morphological and
genetic variation. Aquat. Bot., 66 41-56,

Doyle, J.J. and J.L. Doyle, 1990, Isolation of plant DINA from fresh tissue. Focus, 12: 13-15.

Ito, T., Y. Akao, H. Y1, K. Ohguchi and K. Matsumoto et al., 2003. Antitumor effect of resveratrol
oligomers against human cancer cell lines and the molecular mechanism of apoptosis induced
by vaticancol C. Carcinogenesis, 24: 1489-1497.

Kaewmuangmoon, J., T. Suwanvijitr, W. Cherdshewasart and C. Chanchao, 2010. Leaf
morphometric and genetic variation of Butea superba in Thailand. Sei. Asia, 36: 180-186.

Li, @M., Z2.F. Xu and T.H. He, 2002. A preliminary study on conservation genetics of endangered
Vatica guangxiensis (Dipterocarpaceae). Act a Bot. Sin., 44: 246-249,

Panichayupakaranant, P., C. Kortanakul and FP. Rattanasuwan, 2006, The use of RAPD profiles
for genetic studies in Kritsana (Aqutlarta sp.). Prince of Songkla University, Songkhla
Thailand.

Pooma, E. and M. Newman, 2001. Checklist of dipterocarpaceae in Thailand. Thai. Forest Bull.
(Bot.), 29: 110-187.

Pooma, R., 2002. Further notes on Thai Dipterocarpaceae. Thai Forest Bull. (Bot.), 30: 7-27.

Rajaseger, G., HT.W. Tan, LM. Turner and P.P. Kumar, 1997. Analysis of genetic diversity among
Ixora cultivars (Rubiaceae) Using random amplified polymorphic DINA. Ann. Bot., 80: 355-361.

63



J. Plant Sei., 8 (2): 57-64, 2013

Rath, P., G. Rajaseger, C.J. Goh and P.P. Kumar, 1998, Phylogenetic analysis of dipterocarps using
random amplified polymorphic DINA markers. Ann. Bot., 82: 61-65,

Sathish, DK, and C. Mohankumar, 2007. RAPD markers for identifying o1l palm
(Elaeis guineensis Jacq.) parental varieties (dura & pisifera) and the hybrid tenera. Indian J.
Biotechnol., 6: 354-358.

Seo, BE.K., H. Chai, HL. Constant, T. Santisuk and V. Reutrakul et al., 1999, Resveratrol tetramers
from Vatica diospyroides. J. Org. Chem., 64: 6976-6983.

Sheidai, M., Z. Neormechammadi, A.R. Dehghani, F. Parvini, H. Hoshiar-Parsian and
M. Hosseini-Mazinani, 2010, Intra-specific morphological and molecular diversity in wild olive
(Olea cuspidata Wall ex, DC.) of Iran. Seci. Asia, 36: 187-193,

Smitinand, T., 1966. The distribution of the Dipterocarpaceae in Thailand. Proceedings of the 11th
Congress on Pacific Science, August 22-September 10, 1966, University of Tokyo, Tokyo,
pp: 67-76.

Srinual, A. and A. Thammathaworn, 2008, Leaf anatomy of Vatica L. (Dipterocarpaceae) in
Thailand. Nat. Hist. J. Chulalongkorn Univ., 8 121-134.

Srisawat, T., K. Pattanapanyasat and J. Dolezel, 2012a. Flow cytometric analysis of oil palm:
A preliminary analysis for cultivars and genomic DNA alteration. Afr. J. Biotechnol.,
11: 3714-3724.

Srisawat, T., 5. Thipnetr and C. Maknoi, 2012b. A preliminary study of leaf morphology and flow
cytometry in the Vatica diospyroides Symington, endangered medicinal plant of Peninsular
Thailand. J. Med. Plant Res., 6: 3681-3688.

Wilsen, T.D., E.M. Broock and H.F. Tomlinson, 1998, Interactions between NERE
{Parkia biglobosa) and under-planted sorghum in a parkland system in Burkina Faso. Exp.
Agric,, 34: 85-98,

Young, N.D., 2000. Constructing a Plant Genetic Lingkage Map with DNA Markers.
In: DNA-Based Markers in Flants, Phillips, R L. and JEK. Vasil (Eds.). Kluwer Academic
Publishers, Netherlands, pp: 31-47.

Zain, WZW.M., N. Ahmat, N.H. Norizan and N.AAM. Nazri, 2011. The evaluation of
antioxidant, antibacterial and structural identification activity of trimer resveratrol from
Malaysia’'s Dipterocarpaceae. Aust. J. Basic Applied Sci., 5: 926-929,

64



	Journal of Plant Sciences.pdf
	Page 1


