UNIVERSITI PUTRA MALAYSIA

SYSTEMATICS, DNA BARCODING AND CONSERVATION OF VANILLA
SPECIES FROM PENINSULAR MALAYSIA

MOHD AKMAL MOHD RAFFI

IB 2019 17




UNIVERSITI PUTRA MALAYSIA
[EERILMU BERBAKTI]

i
.,E]I]IIZI

L]f1!

SYSTEMATICS, DNA BARCODING AND CONSERVATION OF VANILLA
SPECIES FROM PENINSULAR MALAYSIA

By

MOHD AKMAL BIN MOHD RAFFI

Thesis Submitted to the School of Graduate Studies, Universiti
Putra Malaysia, in Fulfilment of the Requirements for the Degree of
Doctor of Philosophy

December 2018



All material contained within the thesis, including without limitation text, logos,
icons, photographs and all other artwork, is copyright material of Universiti
Putra Malaysia unless otherwise stated. Use may be made of any material
contained within the thesis for non-commercial purposes from the copyright
holder. Commercial use of material may only be made with the express, prior,
written permission of Universiti Putra Malaysia.

Copyright © Universiti Putra Malaysia



Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the degree of Doctor of Philosophy

SYSTEMATICS, DNA BARCODING AND CONSERVATION OF VANILLA
SPECIES FROM PENINSULAR MALAYSIA

By

MOHD AKMAL BIN MOHD RAFFI

December 2018

Chair : Rusea Go, PhD
Faculty . Institute of Bioscience

Among the 25 000 orchid species in Orchidaceae family, Vanilla is the most
appreciated as it is the only genus with species of high commercial agriculture
value for its vanillin production. The species from Peninsular Malaysia which
represents the secondary gene pool of the cultivated Vanilla planifolia serves
as valuable resources for genetic improvement in Vanilla. However, the
potential of each species still remain in secrecy as the genus is not
comprehensively studied yet. This study was conducted to assess the native
species through systematics and molecular investigations. The data obtained
will be used in their conservation management. Therefore, efforts in locating,
collecting and documenting local Vanilla were initiated. The field samplings
were conducted from 2011 to 2017 in the states of Kedah, Perak, Pahang,
Kelantan, Terengganu, Selangor, Negeri Sembilan and Johor. In general, wild
Vanilla populations in Peninsular Malaysia were difficult to locate because they
were found in many habitats. The diversity in the genus was updated with the
discovery of two new species to science, Vanilla norashikiniana R. Go et A.
Raffi and Vanilla sanguineovenosa R. Go et A. Raffi which made up the total
count from this region to be represented by seven confirmed species. Vanilla
spp. most likely could tolerate the cardinal temperature of 17 to 27 °C, relative
humidity of 72 to 92% and 64 mm to 733 mm of monthly precipitation. Five
important growth events and their interactions with different environmental cues
were presented with the emphasized on the flowering stages. The fluctuations
of temperature and high light intensity were seen as the natural flowering
promoters. Anthesis in Vanilla spp. were ideal to be categorized into five
important phases: floral evocation, floral bud emergence, ovary development,
size increment in bud and ovary and anthesis. Ephemeral flowering sequences
of both newly described taxa were photographed where the anthesis and
senescence processes were completed within 24 hours. Investigations at the
histological level on accessions from Perak revealed the taxonomic value of the



marginal outlines from leaf transverse sections. Somatic chromosome counts
(2n) among selected accessions including two new species were found to be
different in their most frequent number but shared a common denominator of
2n= 24. Species discrimination inferred by the phylogenetic trees generated
from nuclear ribosomal internal transcribed spacer (nrITS) region had classified
the accessions into their respective genotypes with two unidentified genotypes
suggesting presence of additional species in this region. Barcoding gap was
also reported in genetic distance analysis with the speciation threshold
recommended to be at 1.5% divergence. Finally, provisional conservation
action plan was proposed based on the identified threats of which natural
disasters and over collection from the wild were noted as the major threats.
Five approaches were evaluated to be pragmatic and should be incorporated in
the genus conservation action plan which were species mapping based on the
documented localities, local community involvement of Orang Asli, propagation
via stem cuttings using BAP, DNA barcodes deposition in BOLD and GenBank
and also public education via MyBIS. This project as a whole has successfully
documented important findings in the botany and natural history of the genus
Vanilla from Peninsular Malaysia and these data are beneficial to the species
strategic management planning.
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Vanilla merupakan satu-satunya genus yang mempunyai spesis bernilai tinggi
dalam pertanian di kalangan 25 000 spesis dalam famili Orchidaceae kerana
keupayaannya menghasilkan vanillin. Spesis dari Semenanjung Malaysia yang
juga merupakan kelompok gen sokongan kepada tanaman Vanilla planifolia
menjadi sumber penting dalam penambahbaikkan genetik Vanilla. Walau
bagaimanapun, potensi setiap spesis masih tidak diketahui memandangkan
genus ini tidak dikaji secara menyeluruh. Kajian ini dijalankan untuk menilai
spesis tempatan melalui sistematik dan kajian pada peringkat molekular. Data
yang diperolehi akan digunakan dalam konservasinya. Oleh itu, usaha untuk
mengenalpasti lokasi, mengumpul dan mendokumentasi Vanilla tempatan telah
dimulakan. Secara amnya, populasi liar Vanilla di Semenanjung Malaysia
adalah sukar untuk dikenalpasti dan terdapat dalam banyak habitat.
Kepelbagaian dalam genus ini telah dikemaskini dengan penemuan dua spesis
baharu, Vanilla norashikiniana R. Go et A. Raffi and Vanilla sanguineovenosa
R. Go et A. Raffi seterusnya menjadikan keseluruhan bilangan spesis
tempatan diwakili dengan tujuh spesis yang dikenalpasti. Vanilla spp. boleh
toleran dengan suhu kardinal dari 17 sehingga 27 °C, kelembapan relatif dari
72 sehingga 92% dan jumlah hujan bulanan dari 64 mm sehingga 733 mm.
Lima peringkat pertumbuhan utama dan interaksi terhadap pelbagai keadaan
persekitaran telah ditunjukkan dengan tumpuan kepada peringkat
pembungaan. Perubahan suhu dan keamatan cahaya yang tinggi telah
dikenalpasti sebagai penyebab pembungaan semulajadi. Antesis Vanilla spp.
boleh dikategorikan dalam lima fasa penting: evokasi bunga, penjelmaan
kudup bunga, pembentukan ovari, penambahan saiz dalam kudup dan ovari
serta antesis. Pengembangan bunga yang singkat telah dirakamkan ke atas



kedua-dua taksa yang baharu di mana proses dari antesis ke senesens dapat
dilengkapkan dalam masa 24 jam. Kajian pada peringkat histologi ke atas
aksesi dari Perak mendedahkan nilai taksonomi pada bentuk luaran pinggiran
dari potongan melintang daun. Pengiraan kromosomom soma (2n) di kalangan
aksesi terpilih termasuk dua spesis yang baharu menunjukkan kiraan paling
kerap yang berbeza tetapi berkongsi kiraan 2n = 24 yang sama. Diskriminasi
spesis yang disimpulkan oleh pohon filogenetik daripada rantau penjarak
transkripsi dalaman nuklear ribosom (nrITS) telah mengklasifikasikan aksesi
kepada genotip masing-masing dengan dua genotip yang tidak dikenalpasti
menandakan wujudnya spesis tambahan dalam rantau ini. Jurang barkod turut
dilaporkan dalam analisis jarak genetik dengan mengesyorkan ambang
spesiasi pada pencapahan 1.5 %. Pelan tindakan konservasi semasa telah
diusulkan berdasarkan ancaman yang dikenalpasti seperti kemusnahan
semulajadi dan pengambilan secara berlebihan dari habitat asalnya. Lima
tindakan telah dikaji sebagai pragmatik dan sepatutnya dimasukkan ke dalam
pelan tindakan konservasi genus yang terdiri daripada pemetaan spesis
berdasarkan lokaliti yang telah didokumentasi, pembabitan komuniti tempatan
Orang Asli, pembiakan melalui keratan menggunakan BAP, mendepositkan
barkod DNA ke dalam BOLD dan GenBank serta pendidikan awam melalui
MyBIS. Projek ini secara keseluruhannya telah berjaya mendokumenkan
penemuan-penemuan penting dalam botani dan sejarah semulajadi genus
Vanilla dari Semenanjung Malaysia dan data-data ini adalah bernilai kepada
perancangan pengurusan spesis yang strategik.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

The name vanilla is derived from the orchid genus by the same name, Vanilla.
Among the 25 000 orchid species in Orchidaceae family, Vanilla is the most
appreciated as it is the only genus with species of high commercial agriculture
value which is also known to be the oldest spices used by the Aztecs
(Ramachandra-Rao & Ravishankar, 2000). As an orchid, vanilla is cultivated
not for the flower but the capsules or pods. That part is responsible for vanillin
production, the distinguishing natural aromatic compounds that gives Vanilla its
desirable characteristics when subjected to a lengthy curing process. The
curing process requires remarkably long man hours and costs, thus made
Vanilla the world’s second most expensive spice after saffron (Anuradha,
Shyamala, & Naidu, 2012). The flavour has a special bond with human as it is
used directly in culinary as well as extracts in perfume and pharmaceutical
products.

The genus of Vanilla which comprises a large number, more than 100 species
nevertheless has only three commercialized species which are Vanilla
planifolia (V. planifolia) and V. tahitensis and V. pompona. Among the three
species, V. planifolia is the most cultivated vanilla as it yields the highest
amount of vanillin making it the most valued one. The high value of vanilla has
attracted the interest among growers in many countries including Malaysia.
Vanilla cultivation in Malaysia began in 1992 when Vanilla cuttings from
Indonesia were imported and their compatibility as an integrated crop for
coconut plantation was observed and studied (Abd.-Jalil, 1999). Since then,
many farms were established in many states including Pahang, Perak, Negeri
Sembilan, Johor, Selangor, Sabah and Sarawak.

However, the yields were not promising as the cuttings failed to produce
flowers, most likely due to the requirement of optimum temperature and light
intensity and other unknown environmental factor that causes this introduced
species inability to adapt. In addition, long juvenile phase which is more than
three years and asynchronous flowering makes the local vanilla cultivation
more difficult. Therefore, it is important to develop hybrids with the capability to
adapt to the local environment and to overcome the problem of floral
development in Vanilla. With that, there is a must to manage their genetic
resources to protect the species and to ensure the sustainability of vanilla
production will always meets the world’s demand.



1.2 Problem statements and justification

The potential of each native species still remain in secrecy as the genus is not
comprehensively studied yet. However, some of the species are known to have
several desirable traits such as autogamy and ability to produce many
inflorescences and pods in the same vine. With that, native taxa which
represents the secondary gene pool of the cultivated vanilla serves as valuable
resources for genetic improvement in Vanilla. Furthermore, Peninsular
Malaysian Vanilla species populations are feared to be depleted in the wild as
a result of disruption of the habitat caused by ill-managed development
processes. The natural habitats are vanishing rapidly and the forest coverage
in this region is expected to be less than 40% in the upcoming years (Saw,
2010). Therefore, the first and crucial step for the utilization of native Vanilla
species is to conserve them which will ultimately lead to a sustainable
cultivation system. The conservation measures should include the
comprehensive diversity study including systematics revisions through
morphological, physiological and cytological assessments and also genetic
elucidation that serve as important data in the species management of the
genus. The conservation measures which incorporate with pragmatic
approaches involved by both legislative body and the public will protect these
valuable genetic resources from devastation.

1.3 Objectives of study

This study was proposed to provide insights into the understudied native
Vanilla species from Peninsular Malaysia focusing on determination of their
diversity and conservation strategies.

The specific objectives of this study were:

1. To collect samples and update the species diversity of the genus
Vanilla from Peninsular Malaysia.

2. To document the growth stages and the leaf and root histology of
selected Vanilla accessions.

3. To identify the collected species using nuclear internal transcribed
spacer (nriTS).

4. To survey the conservation status and propose provisional
conservation action plan of the genus from Peninsular Malaysia.



REFERENCES

Abd.-Jalil, M. N. (1999). Penanaman Vanila. MARDI, Kuala Lumpur: Institut
Penyelidikan dan Kemajuan Pertanian Malaysia.

Abdullah, R., Acciaioli, G., Ramle, N. H., & Rasat, M. S. M. (2014). Forest
significant and conservation among the Semaq Beri tribe of orang asli
in Terengganu State, Malaysia. Australian Journal of Basic and Applied
Sciences, 8 (7), 386-395.

Archila, F., & Chiron, G. R. (2012). Addition a la flore du Guatemala: Vanilla
esquipulensis  (Orchidaceae),espéce des foréts  xérophytes.
Richardiana. 13, 3 — 12.

Agarwal, M., Shrivastva, N., & Padh, H. (2008). Advances in molecular marker
techniques and their applications in plant sciences. Plant Cell Reports.
27,617 — 631.

Agrawal, P. K., & Shrivastava, R. (2014). Molecular markers. In Ravi, I.,
Bauntiyal, M., & Saxena, J. (Eds.), Advances in Biotechnology (pp. 25-
38). India: Springer.

Anuradha, K., Shyamala, B. N., & Naidu, M. M. (2012). Vanilla — its science of
cultivation, curing and nutraceutical properties. Critical Reviews in
Food Science and Nutrition, 53(12), 1250 — 1276.

Arditti, J., & Ghani A.K.A. (2000). Numerical and physical properties of orchid
seeds and their biological implications. New Phytologist, 145, 367 —
421.

Arn, H., & Acree, T. E. (1998) Flavornet: A database of aroma compounds
based on odor potency in natural products. Developments in Food
Science, 40, 27.

Aziz, S. A., Clements, G. R., Rayan, D. M., & Sankar, P. (2013). Why
conservationists should be concerned about natural resource
legislation affecting indigenous peoples’ rights: Lessons from
Peninsular Malaysia. Biodiversity and conservation, 22(3), 639 — 656.

Azofeifa-Bolanos, J. B., Gigant, R., Nicolas-Garcia, M., Pignal, M., Tavares-
Gonzalez, F. B., Hagsater, E., & Grisoni, M. (2017) Vanilla sotoarenasii
sp. nov.(Orchidaceae), a new Vanilla species from Costa Rica closely
related to V. planifolia Jacks. ex Andrews. European Journal of
Taxonomy, 284, 1 — 26.

Alomia, Y. A., Mosquera-Espinosa, A. T., Flanagan, N. S., & Otero, J. T.

(2017). Seed  Vviability and symbiotic seed germination in Vanilla spp.
(Orchidaceae). Research Journal of Seed Science, 10(2), 43 — 52.

%94



Alvarez, |., & Wendel, J. F. (2003). Ribosomal ITS sequences and plant
phylogenetic inference. Molecular Phylogenetics and Evolution, 29(3),
417 — 434.

Azliza, M. A., Ong, H. C., Vikineswary, S., Noorlidah, A., & Haron, N. W.
(2012). Ethnomedicinal resources used by the Temuan in Ulu Kuang
Village. Studies on EthnoMedicine, 6(1), 17 — 22.

Bandyopadhyay, S., & Raychaudhuri, S. S. (2010). Development of ITS based
SCAR markers for some medicinally important species of Phyllanthus.
Asian Journal of Plant Sciences, 9(5), 264 — 270.

Bateman, R. M., Smith, R. J., & Fay, M. F. (2008). Morphometric and
population genetic analyses elucidate the origin, evolutionary
significance and conservation implications of Orchis x angusticruris (O.
purpurea x O. simia), a hybrid orchid new to Britain. Botanical Journal
of the Linnean Society, 157(4), 687 —711.

Baxter, L., Jironkin, A., Hickman, R., Moore, J., Barrington, C., Krusche, Dyer,
N. P., Buchanan-Wollaston, V., Tiskin, A., Beynon, J., Denby, K. & Ott,
S. (2012). Conserved noncoding sequences highlight shared
components of regulatory networks in dicotyledonous plants. The Plant
Cell, 24(10), 3949-3965.

Beattie, A., & Hughes, L. (2002). Ant—plant interactions. In Herrera, C. M., &
Pellmyr, O. (Eds.)., Plant—animal interactions: an evolutionary approach
(pp- 211-236). United States:John Wiley & Sons.

Bhattacharjee, S. K., & Shiva, K. N. (2008). Vanilla the world’s most flavourful
spice orchid of commerce. India: Aavishkar Publisher Distributors.

Bredenkamp, C. L., & Van Wyk, A. E. (2001). Leaf anatomy of the genus
Passerina (Thymelaeaceae): Taxonomic and ecological
significance. Bothalia, 31(1), 53 — 70.

Bory, S. (2007). Diversité de Vanilla planifolia dans I'Ocean Indien et de ses
espéces apparentées: aspects génétiques, cytogénétiques et
épigénétiques, (Doctoral thesis). Reunion Island University, France.

Bory, S., Grisoni, M., Duval, M. F., & Besse, P. (2008). Biodiversity and
preservation of Vanilla: Present state of knowledge. Genetic
Resources and Crop Evolution, 55, 551-571

Bory, S., Catrice, O., Brown, S., Leitch, I. J., Gigant, R., Chiroleu, F., Grisoni,

M., Duval, M-F., & Besse, P. (2008). Natural polyploidy in Vanilla
planifolia (Orchidaceae). Genome, 51(10), 816 — 826.

95



Bouetard, A., Lefeuvre, P., Gigant, R., Bory, S., Pignal, M., Besse, P., &
Grisoni, M. (2010). Evidence of transoceanic dispersion of the genus
Vanilla based on plastid DNA phylogenetic analysis. Molecular
Phylogenetics and Evolution, 55(2), 621 — 630.

Bridson, G. D. R., & Forman, L. (1992). The herbarium handbook. United
Kingdom: Royal Botanic Gardens Kew.

Brown, A. H. D., & Briggs, J. D. (1991). Sampling strategies for genetic
variation in ex situ collections of endangered plant species. In Falk,
D.A., & Holsinger, K. E. (Eds), Genetic conservation of rare plants (pp.
99-119). Oxford, England: Oxford University Press.

Brown, K. M. (1997). Ethylene and abscission. Physiologia Plantarum, 100(3),
567-576.

Brunschwig, C., Collard, F. X., Lepers-Andrzejewski, S., & Raharivelomanana,
P. (2017). Tahitian Vanilla (Vanilla x tahitensis): A Vanilla species with
unique features. In EI-Shamy, H. A. (Ed.), Active Ingredients from
Aromatic and Medicinal Plants (pp. 29 — 48). Rijeka, Crotia: InTech.

Burkhill, I. H. (1966). A dictionary of the economic products of the Malay
Peninsular: Volume Il. Kuala Lumpur: Ministry of Agriculture and
Cooperatives.

Cameron, K. M., & Dickison, W. C. (1998). Foliar architecture of Vanilloid
orchids: Insights into the evolution of reticulate leaf venation in
monocotyledons. Botanical Journal of the Linnean Society, 128(1), 45
-70.

Cameron, K. M., & Chase, M. W. (1999). Phylogenetic relationships of
Pogoniinae (Vanilloideae, Orchidaceae): An herbaceous example of
the eastern North America- eastern Asian phytogeographic disjunction.
Journal of Plant Research, 11, 317 — 329.

Cameron, K. M. (2009). On the value of nuclear and mitochondrial gene
sequences for reconstructing the phylogeny of Vanilloid orchids
(Vanilloideae, Orchidaceae). Annals of Botany, 104(3), 337 — 385.

Cameron, K. M. (2010). On the value of taxonomy, phytogeny and systematic
to orchid conservation: Implication for China’s Yachang Orchid
Reserve. Botanical Review, 76(2), 165 — 173.

Cameron, K. M. (2011a). Vanilloid orchids sytematics and evolution. In Odoux,
E., & Grisoni, M. (Eds.), Medicinal and aromatic plants-industrial
profiles: Vanilla (pp. 1-14). Boca Raton, Florida: CRC Press.

Cameron, K.M. (2011b). Vanilla orchids: Natural history and vultivation.
London, England: Timber Press.

96



Carlsbecker, A., & Augstein, F. (2018). Getting to the roots: A developmental
genetic view of root anatomy and function from Arabidopsis to
Lycophytes. Frontiers in Plant Science, 9, 1410.

Chase, M. W., Cameron, K. M., Barrett, R., & Freudenstein J. F. (2003). DNA
data and Orchidaceae systematic: A new phylogenetic classification. In
Dixon K. W., Kell, S. P, Barrett, R. L. & Cribb, P. J. (Eds.), Orchids
Conservation (pp. 69 — 89). Kota Kinabalu, Sabah: Natural History
Publications (Borneo).

Chase, M. W., Cameron, K. M., Freudenstein J. F., Pridgeon, A. M., Salazar,
G., Berg, C. V. D., & Schuiteman, A. (2015). An updated classification
of Orchidaceae. Botanical Journal of the Linnean Society, 177(2), 151
- 174.

China Plant BOL (CBOL) Group. (2011). Comparative analysis of a large
dataset indicates that internal transcribed spacer (ITS) should be
incorporated into the core barcode for seed plants. Proceedings of the
National Academy of Sciences of the United States of America. 108,
19641 — 19646.

Cribb, P. J. (2014). A synopsis of Vanilla in Borneo. Malesia Orchid Journal,
13,101 - 112.

Cox, A. V., Pridgeon, A. M., Albert, V. A, & Chase, M. W. (1997).
Phylogenetics of the slipper orchids (Cypripedioideae, Orchidaceae):
Nuclear rDNA ITS sequences. Plant Systematics and Evolution, 208(3-
4), 197 — 223.

Cullings, K. W., & Vogler, D. R. (1998). A 5.8S nuclear ribosomal RNA gene
sequence database: Applications to ecology and evolution. Molecular
Ecology, 7(7), 919 — 923.

Cutler, D. F., Botha, T., & Stevenson, D. W. (2008). Plant anatomy: an applied
approach. Hoboken, New Jersey: Blackwell Publishing Ltd.

Dathe, S., & Dietrich, H. (2006). Comparative molecular and morphological
studies in selected Maxillariinae orchids. Willdenowia, 36(1), 89-102.

De Fraga, C. N., Couto, D. R., & Pansarin, E. R. (2017). Two new species of
Vanilla (Orchidaceae) in the Brazilian Atlantic forest. Phytotaxa, 296(1),
63 —-72.

Deka, K., Baruah, P. S., Sarma, B., Borthakur, S. K., & Tanti, B. (2017).
Preventing extinction and improving conservation status of Vanilla
borneensis Rolfe —A rare, endemic and threatened orchid of Assam,
India. Journal for Nature Conservation, 37, 39 — 46.

97



Department of Agriculture. (1993). Panduan Siri-siri tanah utama di
Semenanjung Malaysia. Retrieved from the Jabatan Pertanian Perak
website: http://pertanianperak.gov.my/jpp/images/pdf/panduan%20
tanah%20utama.pdf.

Department of Statistic. (2011). Land / terrestrial environment. In Compendium
of environmental statistics Malaysia 2011. Putrajaya: Department of
Statistics.

De Storme, N., & Mason, A. (2014). Plant speciation through chromosome
instability and ploidy change: Cellular mechanisms, molecular factors
and evolutionary relevance. Current Plant Biology, 1, 10 — 33.

De Villiers, B. J., Tilney, P. M., & Van Wyk, B. E. (2010). The taxonomic
significance of leaf anatomical characters in Cussonia and related
genera (Araliaceae). Botanical journal of the Linnean Society, 164(3),
246 — 263.

Divakaran, M., Nirmal Babu, K., & Grisoni, M. (2011). Biotechnological
applications in Vanilla. In Odoux, E., & Grisoni, M. (Eds.), Medicinal
and aromatic plants-industrial profiles: Vanilla (pp. 51-73). Boca Raton,
Florida: CRC Press.

Divakaran, M., Nirmal Babu, K., Ravindran, P. N., & Peter, K. V. (20086).
Interspecific hybridization in vanilla and molecular characterization of
hybrids and selfed progenies using RAPD and AFLP markers. Scientia
Horticulturae, 108(4), 414 — 422.

Dixon, K., & Tremblay, R. L. (2009). Biology and natural history of Caladenia.
Australian Journal of Botany, 57(4), 247 — 258.

Doyle, J. J., & Doyle, J. L. (1987). A rapid DNA isolation procedure for small
quantities of fresh leaf tissue. Phytochemistry Bulletin, 19, 11 — 15.

Drake, P. L., Froend, R. H., & Franks, P. J. (2013). Smaller, faster stomata:
scaling of stomatal size, rate of response, and stomatal
conductance. Journal of Experimental Botany, 64(2), 495 — 505.

Dumont, V., Hagsater, E., & Pridgeon, A. M. (1996). Orchids: status survey and
conservation action plan. Gland, Switzerland: IUCN.

Erickson, D.L., Spouge, J., Resch, A., Weigt, L.A., & Kress, W.J. (2008). DNA
barcoding in land plants: Developing standards to quantify and
maximise success. Taxon, 57(4), 1304 —1316.

Evert, R. F. (2006). Esau's plant anatomy: Meristems, cells, and tissues of the

plant body: Their structure, function, and development (Third Edition).
Hoboken, New Jersey: John Wiley & Sons, Inc.

98



FAQ, 2007. Country report on the state of plant genetic resources for food and
agriculture in Malaysia (1997 — 2007). Retrieved from the Food and
Agriculture  Organization website: http://www.fao.org/docrep/013/
i1500e/Malaysia.pdf.

Félix, L. P., & Guerra, M. (2000). Cytogenetics and cytotaxonomy of some
Brazilian species of Cymbidioid orchids. Genetics and Molecular
Biology, 23(4), 957 — 978.

Flanagan, N. S., Peakall, R., Clements, M. A., & Otero, J. T. (2006).
Conservation of taxonomically difficult species: the case of the
Australian orchid, Microtis angusii. Conservation Genetics, 7(6), 847 —
859.

Flanagan, N. S., & Mosquera-Espinosa, A. T. (2016). An integrated strategy
for the conservation and sustainable use of native Vanilla species
in Colombia. Lankesteriana, 16(2), 201-218.

Franceschi, V. R., & Nakata, P. A. (2005). Calcium oxalate in plants: formation
and function. Annual Review of Plant Biology, 56, 41 — 71.

Frenkel, C., Ranadive, A. S., Vazquez, J. T., & Havkin-Frenkel, D. (2011).
Curing of vanilla. In Havkin- Frenkel, D., & Belanger, F. C. (Eds.),
Handbook of Vanilla science and technology (pp. 84-96). Hoboken,
New Jersey: Blackwell Publishing Ltd.

Gigant, R., Bory, S., Grisoni, M., & Besse, P. (2011). Biodiversity and evolution
in the Vanilla genus. In Grillo, O. & Venora, G. (Eds.), The dynamical
process of biodiversity: Case study of evolution and spatial distribution
(pp. 1 — 26). Rijeka, Crotia: InTech.

Gigant, R., Brugel, A., De Bruyn, A., Risterucci, A. M., Guiot, V., Viscardi, G.,
Humeau, L., Grisoni, M., & Besse, P. (2012). Nineteen polymorphic
microsatellite markers from two African Vanilla species: Across-species
transferability and diversity in a wild population of V. humblotii from
Mayotte. Conservation Genetics Resources, 4(1), 121 — 125.

Given, D. R. (1994). Principles and practice of plant conservation. Hong Kong:
Timber Press.

Go, R., Yong, W., & Osman, K. (2005). Perlis limestone orchids: diversity and
conservation. Selbyana, 26(1), 240 — 245.

Go, R., & Hamzah, K. (2008). Orchids of peat swamp forests in Peninsular
Malaysia. Putrajaya: Ministry of Natural Resources and Environment.

Go, R, Yong, W. S. Y., Unggang, J., & Salleh, R. (2010). Orchids of Perlis:

Jewel of the forest (Revised edition). Malaysia: Jabatan Perhutanan
Negeri Perlis & UPM Press.

99



Go, R., Dahalan, Dahalan, M. P., & Abdul-Manaf, M. B. (2014). Orchidea
Selangoreana. Selangor: Jabatan Perhutanan Selangor.

Go, R., Abdullah, J. O., Nordin, F. A., & Siti-Fatimah, M. I. (2015). Orchids in
the montane forests of Peninsular Malaysia. Serdang, Selangor: UPM
Press.

Go, R., Mui Ching, T., Nuruddin, A. N., Abdulla, J. O., Yong Jin, N., Nordin, F.
A., Hong Eng, K., & Nulit, R. (2015). Extinction risks and conservation
status of Corybas (Orchidoideae; Diurideae) in Peninsular Malaysia.
Phytotaxa, 233(3), 273 — 280.

Govaerts, R. (2001). How many species of seed plants are there?. Taxon,
50(4), 1085 — 1090.

Govaerts, R., Bernet, P., Kratochvil, K., Gerlach, G., Carr, G., Alrich, P.,
Pridgeon, A.M., Pfahl, J., Campacci, M.A., Holland Baptista, D.,
Tigges, H., Shaw, J., Cribb, P., George, A., Kreuz, K., & Wood, J.
(2017). World Checklist of Orchidaceae. Facilitated by the Royal
Botanical Gardens, Kew. Published on the internet;
http://wcsp.science.kew.org. Retrieved on 29 September 2017.

Grime, J. P. (1977). Evidence for the existence of three primary strategies in
plants and its relevance to ecological and evolutionary theory. The
American Naturalist, 111(982), 1169 — 1194.

Grisoni, M., Moles, M., Besse, P., Bory. S., Duval, M. F., & Kahane, R. (2007).
Towards an international plant collection to maintain and characterize
the endangered genetic resources of Vanilla. Acta Horticulturae
(ISHS), 760, 83 - 91.

Guerra, M. (2000). Chromosome number variation and evolution in monocots.
In Wilson, K. L., & Morrison, D.A. (Eds.), Monocots: Systematics and
evolution (pp. 127 -136). Melbourne, Australia: CSIRO.

Guerra, M. (2008). Chromosome numbers in plant cytotaxonomy: concepts and
implications. Cytogenetic and Genome Research, 120(3-4), 339 — 350.

Guerra, M. (2012). Cytotaxonomy: the end of childhood. Plant Biosystems,
146(3), 703 — 710.

Hamilton, A., & Hamilton, P. (2006). Plant conservation: An ecosystem
approach. London, England: Routledge.

Hadley, G. (1982). Orchid mycorrhiza. Orchid biology reviews and
perspectives, 2, 82 — 118.

Hansen, M. M., Olivieri, I., Waller, D. M., & Nielsen, E. E. (2012). Monitoring

adaptive genetic responses to environmental change. Molecular
Ecology, 21(6), 1311 — 1329.

100



Hanum, I. F., & Hamzah, N. (1999). The use of medicinal plant species by the
Temuan tribe of Ayer Hitam Forest, Selangor, Peninsular Malaysia.
Pertanika Jounal of Tropical Agricultural Sciences, 22(2), 85 — 94.

Havkin-Frenkel, D., Belanger, F. C., Booth, D. Y. J., Galasso, K. E., Tangel, F.
P., & Gayosso, J. H. (2011). A comprehensive study of composition
and evaluation of Vanilla extracts in US retail stores. In Havkin-Frenkel,
D., & Belanger, F. C. (Eds.), Handbook of Vanilla science and
technology (pp. 235 — 240). Hoboken, New Jersey: Blackwell
Publishing Ltd.

Hebert, P. D. N., Cywinska, A., Ball, S. L., & deWaard, J. R. (2003). Biological
identifications through DNA barcodes. Proceedings of the Royal
Society B: Biological Sciences, 270(1512), 313 — 321.

Hebert, P. D. N., Penton, E. H., Burns, J.M., Janzen, D.H. & Hallwachs, W.
(2004). Ten species in one: DNA barcoding reveals cryptic species in
the neotropical skipper butterfly Astraptes fulgerator. Proceedings of
the National Academy of Sciences, 101(41), 14812—-14817.

Henry, R. J. (2001). Plant genotyping: The DNA fingerprinting of plants.
Wallingford, England: CABI.

Henry, R. J. (2006). Plant conservation genetics: Importance, options, and
opportunities. In Henry, R. J. (Ed.), Plant conservation genetics
(pp.1-6). New York: Food Product Press.

Hernandez, H. J., & Lubinsky, P. (2010). Cultivation systems. In Odoux, E. &
Grisoni, M. (Eds.), Medicinal and aromatic plants-industrial profiles:
Vanilla (pp. 75-95). Boca Raton, Florida: CRC Press.

Hershkovitz, M. A., & Lewis, L. A. (1996). Deep-level diagnostic value of the
rDNA-ITS region. Molecular Biology and Evolution, 13(9), 1276 — 1295.

Heslop- Harrison, J. S., & Schwarzacher, T. (2011). Organisation of the plant
genome in chromosomes. The Plant Journal, 66(1), 18 — 33.

Heywood, V. H., & Iriondo, J. M. (2003). Plant conservation: Old problems, new
perspectives. Biological Conservation, 113(3), 321 — 335.

Hinsley, A, Lee, T. E., Harrison, J. R., & Roberts, D. L. (2016). Estimating the

extent and structure of trade in horticultural orchids via social media.
Conservation Biology, 30(5), 1038 — 1047.

101



Hodgson, J. G., Sharafi, M., Jalili, A., Diaz, S., Montserrat-Marti, G., Palmer,
C., Cerabolini, B., Pierce, S., Hamzehee, B., Asri, Y., Jamzad, Z.,
Wilson, P., Raven, J. A., Band, S. R., Basconcelo, S., Bogard, A,
Carter, G., Charles, M., Castro-Diez, P., Cornelissen, J. H. C., Funes,
G., Jones, G., Khoshnevis, M., Pérez-Harguindeguy, N., Pérez-
Rontomé, M. C., Shirvany, F. A., Vendramini, F., Yazdani, S., Abbas-
Azimi, R., Boustani, S., Dehghan, M., Guerrero-Campo, J., Hynd, A.,
Kowsary, E., Kazemi-Saeed, F., Siavash, B., Villar-Salvador, P.,
Craigie, R., Naqginezhad, A., Romo-Diez, A., de Torres Espuny, L., &
Simmons, E. (2010). Stomatal vs. genome size in angiosperms: the
somatic tail wagging the genomic dog?. Annals of Botany, 105(4), 573-
584.

Hollttum, R.E. (1964). A revised flora of Malaya Volume |: Orchids of Malaya.
Singapore: Government Printing Office.

Householder, E., Janovec, J., Balarezo Mozambite, A., Huinga Maceda, J.,
Wells, J., & Valega, R. (2010). Diversity, natural history, and
conservation of Vanilla (Orchidaceae) in Amazonian wetlands of Madre
De Dios, Peru. Journal of the Botanical Research Institute of Texas,
4, 227 — 243.

Hului, P. (2015, May 28). Wild orchid population faces three threats. Borneo
Post (Kuching), p. 15.

Hussin, K. H., Seng, C. T., Ibrahim, H., Gen, W. Q., Ping, I. J., & Nian, L.
(2000). Comparative leaf anatomy of Alpinia Roxb. species
(Zingiberaceae) from China. Botanical Journal of the Linnean
Society, 133(2), 161 — 180.

linicki, T. (2014). Plant biosystematics with the help of cytology and
cytogenetics. Caryologia, 67(3), 199 — 208.

Igbal, N., Trivellini, A., Masood, A., Ferrante, A., & Khan, N. A. (2013). Current
understanding on ethylene signaling in plants: The influence of nutrient
availability. Plant physiology and biochemistry, 73, 128-138.

IUCN. (1980). World conservation strategy. Gland, Switzerland: IUCN.

Jabatan Perhutanan Semenajung Malaysia. (2014). Annual Report 2014.
Retrieved from http://www.forestry.gov.my//index.php/en/2016-06-07-
02-53-46 /publication/annual-report

Jabatan Perhutanan Semenanjung Malaysia. (2003). Manual Perhutanan.
Kuala Lumpur: Jabatan Perhutanan Semenanjung Malaysia.

Jobes, D. V., & Thien, L. B. (1997). A conserved motif in the 5.8 S ribosomal
RNA (rRNA) gene is a useful diagnostic marker for plant internal
transcribed spacer (ITS) sequences. Plant Molecular Biology Reporter,
15(4), 326-334.

102



Jong, K. (1994). Getting started looking at plant chromosomes: A laboratory
manual of cytological techniques. Edinburgh, England: Royal Botanic
Garden Edinburgh.

Joshi, M., & Deshpande, J. D. (2010). Polymerase chain reaction: Methods,
principles and application. International Journal of Biomedical
Research, 2(1), 81 — 87.

Kaplan, D. R. (2001). The science of plant morphology: definition, history, and
role in modern biology. American Journal of Botany, 88(10), 1711 —
1741.

Kardooni, R., Kari, F. B., Yahaya, S. R. B., & Yusup, S. H. (2014). Traditional
knowledge of Orang Asli on forests in Peninsular Malaysia. Indian
Journal of Traditional Knowledge, 13(2), 283 — 291.

Kantachot, C., Chantaranothai, P., & Thammathaworn, A. (2007). Contributions
to the leaf anatomy and taxonomy of Thai Myrtaceae. Tropical Natural
History, 7(1), 35 — 45.

Kausch, A. P., & Horner, H. T. (1984). Increased nuclear DNA content in
raphide crystal idioblasts during development in Vanilla planifolia L.
(Orchidaceae). European Journal of Cell Biology, 33(1), 7 — 12.

Ketsa, L. L. S. (2008). Autocatalytic ethylene production by Dendrobium
flowers during senescence induced by exogenous ethylene. Thai
Journal of Agricultural Science, 41(3-4), 91-99.

Kiew, R., Chung, R.C.K., Saw L.G., & Soepadmo, E. (2010). Seed plant
families in Peninsular Malaysia. In Kiew, R., Chung, R.C.K., Saw L.G.,
& Soepadmo, E. (Eds.), Flora of Peninsular Malaysia Series Il : Seed
plants, Volume 1 (pp. 3-20). Kuala Lumpur : Forest Research Institute
Malaysia.

Kimura, M. (1980). A simple method for estimating evolutionary rate of base
substitutions  through comparative studies of nucleotide sequences.
Journal of Molecular Evolution, 16(2), 11 — 120.

Kress W.J., Wurdack, K. J., Zimmer, E. A, Weigt, L. A., & Janzen, D. H.
(2005). Use of DNA barcodes to identify flowering plants. Proceedings
of the National Academy of Sciences, 102 (23), 8369 — 8374.

Kress, W. J., & Erickson, D.L. (2007). A two-locus global DNA barcode for land
plants: the coding rbcL gene complements the non-coding trnH-psbA
spacer region. PLoS One, 2(6), €508.

Krishnamurthy, P. K. & Francis, R. A. (2012). A critical review on the utility of

DNA barcoding in biodiversity conservation. Biodiversity and
Conservation, 21(8), 1901 — 1919.

103



Koch, A. K., Fraga, C. N. D., Santos, J. U. M. D., & llkiu-Borges, A. L. (2013).
Taxonomic notes on Vanilla (Orchidaceae) in the Brazilian Amazon,
and the description of a new species. Systematic Botany, 38(4), 975-
981.

Koopowitz, H., Lavarack, P. S., & Dixon, K. W. (2003). The nature of threats to
orchid conservation. In Dixon K. W., Kell, S. P, Barrett, R. L. & Cribb,
P. J. (Eds.), Orchid conservation (pp. 25 — 42). Kota Kinabalu, Sabah :
Natural History Publications (Borneo).

Konyar, S. T., Oztiirk, N., & Dane, F. (2014). Occurrence, types and distribution
of calcium oxalate crystals in leaves and stems of some species of
poisonous plants. Botanical Studies, 55(1), 32

Kumar, S., Nair, K. N., & Jena, S. N. (2012). Molecular differentiation in Indian
Citrus L. (Rutaceae) inferred from nrDNA ITS sequence analysis.
Genetic Resources and Crop Evolution, 60, 59 — 75.

Kumar, S., Stecher, G., & Tamura, K. (2016). MEGA7: Molecular evolutionary
genetics analysis Version 7.0 for bigger datasets. Molecular Biology
and Evolution, 33(7), 1870 — 1874.

Light, M. H., Koopowitz, H., & Marchant, T. A. (2003). The impact of climatic,
edaphic and physiographic factors on the population behaviour of
selected temperate and tropical orchids. In Dixon K. W., Kell, S. P,
Barrett, R. L. & Cribb, P. J. Orchid conservation (pp. 159 — 182). Kota
Kinabalu, Sabah: Natural History Publications (Borneo).

Lambers, H., Chapin, F. S., & Pons, T. L. (2008). Plant Physiological Ecology.
New York: Springer.

Lim, C. L., Jutta, M., Kiew, R., O'Bryne, P., & Ong, P.T. (2013). Conservation
status of some orchids in Peninsular Malaysia. Malesia Orchid Journal,
12,133 — 146.

Ling, C. Y., & Ong, P. T. (2016). Two new records of Vanilla for Sarawak.
Malesian Orchid Journal, 18, 79 — 84.

Liu, Z., Chen, L., Liu, K., Li, L., Ma, X., & Rao, W. (2008) Chenorchis, a new
orchid genus, and its eco-strategy of ant pollination. Acta Ecologica
Sinica, 28(6), 2433 — 2444.

Lepers-Andrzejewski, S., Siljak-Yakovlev, S., Brown, S. C., Wong, M., & Dron,
M. (2011). Diversity and dynamics of plant genome size: An example
of polysomaty from a cytogenetic study of Tahitian vanilla (Vanillax
tahitensis, Orchidaceae). American Journal of Botany, 98(6), 986 —
997.

Lubinsky, P., Bory, S., Hernandez, J. H., Kim, S. C., & Gomez-Pompa, A.
(2008). Origins and dispersal of cultivated Vanilla (Vanilla planifolia
Jacks. (Orchidaceae). Economic Botany, 62, 127-138.

104



Lubinsky, P., Cameron, K. M., Molina, M. C., Wong, M., Lepers-Andrzejewski,
S., Gomez-Pompa, A., & Kim, S. C. (2008). Neotropical roots of a
Polynesian spice: The hybrid origin of Tahitian vanilla, Vanilla
tahitensis (Orchidaceae). American Journal of Botany, 95(8), 1040 —
1047.

Malaysian Meterological Department. (2014). General climate of Malaysia.
Retrieved from http://www.met.gov.my

Mason, A. S., & Batley, J. (2015). Creating new interspecific hybrid and
polyploid crops. Trends in biotechnology, 33(8), 436 — 441.

McKinley, M. (2015). Complete guide to orchids: Ortho Books. United States of
America: American Orchid Society.

Metcalfe, C. R., & Chalk, L. (1979). Anatomy of the dicotyledons: Volume 1.
Oxford, England: Clarendon Press.

Miller, R., Owens, S. J., & Rarslett, B. (2011). Plants and colour: Flowers and
pollination. Optics & Laser Technology, 43(2): 282 — 294.

Ministry of Natural Resources and Environment. (2006). Biodiversity in
Malaysia. Retrieved from the Ministry of Natural Resources and
Enironment website: http://www.nre.gov.my/Malay/Pusat-
Media/Penerbitan/ Biodiversity%20in%20Malaysia.pdf

Ministry of Natural Resources and Environment. (2016). National Policy on
Biological Diversity 2016 — 2025. Retrieved from the Malaysia
Biodiversity Information System website:
https://www.mybis.gov.my/pb/590

Minoo, D., Jayakumar, V. N., Veena, S. S., Vimala, J., Basha, A., Saji, K. V.,
Nirmal Babu, K., & Peter, K.V. (2008). Genetic variations and
interrelationships in Vanilla planifolia and few related species as
expresses by RAPD polymorphism. Genetic Resource Crop Evolution,
55, 459-470.

Mohd-Raffi, M. A., Abdullah, N. A. P., Go, R., Abdullah, T. L. & Saleh, G.
(2014). Vanilla. In Abdullah, N.A.P et. al. (Eds.), Reccent advances in
crop science Vol. 2 (pp. 300-329). Serdang, Selangor: UPM Press.

Mohd-Akmal, M. R, Rusea, G., N.A.P., Abdullah, Thohirah, L.A., & Ghizan, S.
2014. Vanilla of Peninsular Malaysia. In Christina, Y.S.Y., Maidin, M.
S., Annavi, G., & Wan-lbrahim, W. H. (Eds), Malaysia International
Biological Symposium 2014: Sustainable bioresources for bioeconomy
(pp. 65-67). Selangor: Department of Biology, Faculty of Science,
UPM.

105



Molineros-Hurtado, F., Gonzalez Mina, R. T., Flanagan, N. S. & Tupac Otero,
J. (2014). Vanilla rivasii (Orchidaceae), a new species from the
Colombian Pacific region. Lankesteriana, 13(3), 353 — 357.

Molnar, A., Tokolyi, J., Végvari, Z., Sramko, G., Sulyok, J., & Barta, Z. (2012).
Pollination mode predicts phenological response to climate change in
terrestrial orchids: a case study from central Europe. Journal of
Ecology, 100(5), 1141 — 1152.

Mondini, L., Noorani A. & Pagnotta, M. A. (2009). Assessing plant genetic
diversity by molecular tools. Diversity, 1, 19 — 35.

Moudi, M., & Go, R. (2014). Monophyly of four sections of genus Dendrobium
(Orchidaceae): Evidence from nuclear ribosomal DNA intrenal
transcribed spacer (ITS) sequences. International Journal of
Bioassays, 4(1), 3622 — 3626.

Nair, R. (2013). Chromosome counts in cultivated and wild species of Vanilla.
In Medhi, R. P., Devadas, R., Sailo, N., Debnath, N. G., Gogoi, J., &
Pattanayak, S. L. (Eds.), Abstracts cum Souvenir of National Dialogue
on Orchid Conservation & Sustainable Development for Community
Livelihood (pp. 117). Chintan Bhavan, Ganktok, Sikkim: NRC Orchids.

NCBI Resource Coordinators. (2013). Database resources of the National
Center for Biotechnology Information. Nucleic Acids Research. 41
(Database Issue), D8 - D20.

Newmann, E., Anderson, B., & Johnson, S. D. (2012). Flower colour adaptation
in a mimetic orchid. Proceedings of the Royal Society B: Biological
Sciences, 279(1737), 2309 — 2313.

Newton, L. A., & Runkle, E. S. (2014). Effects of benzyladenine on vegetative
growth and flowering of potted Miltoniopsis Orchids. Acta Horticulturae,
1078, 121 — 127 .

Nordin, F.A. (2018). Phylogenetic study of genus Spathoglottis Blume
(Orchidaceae) in Malesia (Doctoral thesis). Universiti Sains Malaysia,
Pulau Pinang.

Norhanizan, U., Nur, A., Psyquay, A., & Ghizan, S. (2014). Assessment of
genetic diversity of Physalis minima L.(Solanaceae) based on ISSR
marker. Journal of Applied Science and Agriculture, 9(18), 18 — 25.

O’Bryne, P. (2001). A to Z South East Asian orchid species. Singapore: Orchid
Society of South East Asia.

Ogunkunle, A. T. J., & Oladele, F. A. (2008). Leaf epidermal studies in some

Nigerian species of Ficus L. (Moraceae). Plant systematics and
Evolution, 274(3-4), 209 — 221.

106



Ong, P. T., O'Bryne, P., Yong, W. S. Y., & Saw, L. G. (2011). Wild Orchids of
Peninsular Malaysia. Kepong, Kuala Lumpur: Forest Research Institute
Malaysia.

Ong, H. C., Norliah, A., & Sorayya, M. (2012). Traditional knowledge and
usage of edible plants among the Temuan villagers in Kampung
Tering, Kuala Pilah, Negeri Sembilan, Malaysia. Indian Journal of
Traditional Knowledge, 11(1), 161 — 165.

Ong, P.T., O’ Bryne, P., Saw, L.G., & Chung, R. C. K. (2017). Checkilist of
orchids of Peninsular Malaysia: Research Pamphlet No. 136. Kepong,
Kuala Lumpur: Forest Research Institute Malaysia.

Ormerod, P., & Cootes, J. (2013). Leafy Vanilla species of the Philippines.
OrchideenJournal. 1 -2, 3 — 19.

Pansarin, E. R., Aguiar, J. M., & Ferreira, A. W. (2012). A new species of
Vanilla (Orchidaceae: Vanilloideae) from Sao Paulo,
Brazil. Brittonia, 64(2), 157-161.

Pansarin, E. R.,, & Miranda, M. R. (2016). A new species of Vanilla
(Orchidaceae: Vanilloideae) from Brazil. Phytotaxa, 267(1), 84 — 88.

Pattanaik, S., Dash, A., Mishra, R. K., Nayak, P. K., & Mohanty, R. C. (2015).
Seed germination and seedling survival percentage of Shorea robusta
Gaertn. f. in buffer areas of Similipal biosphere reserve, Odisha,
India. Journal of Ecosystem & Ecography, 5(1), 1.

Paul, V., Sharma, L., Pandey, R., & Meena, R. C. (2017). Measurements of
stomatal density and stomatal index on leaf / plant surfaces. In Paul,
V., Pandey, R. & Pal, M. (Eds.) Manual of ICAR sponsored training
programme for technical staff of ICAR Institutes on “Physiological
techniques to analyze the impact of climate change on crop plants” (pp.
27 — 30). New Delhi, India: ICAR-Indian Agricultural Research Institute
(IARI).

Parra-Tabla, V., & Vargas, C. F. (2004). Phenology and phenotypic natural
selection on the flowering time of a deceit-pollinated tropical orchid,
Myrmecophila christinae. Annals of Botany, 94(2), 243 — 250.

Pignal, M. (2011). Vanilla in herbaria. In Odoux, E. & Grisoni, M. (Eds.),
Medicinal and aromatic plants-industrial profiles: Vanilla (pp. 43-49).
Boca Raton, Florida; CRC Press.

Pillon, Y., & Chase, M. W. (2007). Taxonomic exaggeration and its effects on
orchid conservation. Conservation Biology, 21(1), 263 — 265.

Poczai, P., & Hyvonen, J. (2010). Nuclear ribosomal spacer regions in plant

phylogenetics: Problems and prospects. Molecular Biology Report, 37,
1897 —1912.

107



Poeaim, S., Poeaim, A., & Soytong, K. (2011). Determination of the genetic
relationship of Vanilloideae (Orchidaceae) based on the sequence of
the Internal Transcribed Spacer of ribosomal DNA. Research
Magazine, 7-11.

Porteres, R. (1954). Le genere Vanilla et ses especes. In Bouriquet, G. (Ed.),
Le Vanillier et la Vanille dans le Monde (pp. 94 — 240). Paris, France:
Paul Lechevalier.

Pridgeon, A. M., Cribb, P. J., Chase, M. W., & Rasmussen, F. N.
(2001). Genera Orchidacearum: Volume 3 Vanilloideae. United
Kingdom: Oxford University Press.

Puthur, J. (2005). Influence of light intensity on growth and crop productivity of
Vanilla planifolia Andr. General and Applied Plant Physiology, 31(3-4),
215-224.

Quicke, D. L. J. (1993). Principles and techniques of contemporary taxonomy.
Dordrecht, Netherlands: Springer Nature BV.

Quiros, E. V. (2011). Vanilla production in Costa Rica. In Havkin-Frenkel, D., &
Belanger, F. C. (Eds.), Handbook of Vanilla Science and Technology
(pp. 40 — 49). Hoboken, New Jersey: Blackwell Publishing Ltd.

Rabinowitz, D. (1981). Seven forms of rarity. In H. Synge (Ed.), The biological
aspects of rare plant conservation (pp. 205-217). New York: John
Wiley and Sons.

Ramachandra Rao, S., & Ravishankar, G. A. (2000). Vanilla flavour: production
by conventional and biotechnological routes. Journal of the Science of
Food and Agriculture, 80(3), 289-304.

Ramsay, M. M., & Dixon, K. W. (2003). Propagation science, recovery and
translocation of terrestrial orchids. In Dixon K. W., Kell, S. P, Barrett, R.
L. & Cribb, P. J. (Eds.), Orchid conservation (pp. 259 — 288). Kota
Kinabalu, Sabah: Natural History Publications (Borneo).

Reader’s Digest. (2013). 6 unusual uses for vanilla extract. Retrieved March, 8,
2013 from http://www.rd.com/home/6-unusual-uses-for-vanilla-extract/

Reis, C. A. M., Brondani, G. E. & Almeida, M. D. (2011). Floral biology,
reproductive biology and vegetative propagation of Vanilla. Scientia
Agraria Paranaensis, 10(1), 69 — 82.

Ridley, H. N. (1924). The flora of the Malay Peninsula: Orchidaceae (Vol. 4).
United Kingdom: L. Reeve & Company, Limited.

Ritland, C. E., Ritland, K. & Straw, N. A. (1993). Variation in the ribosomal
internal transcribed spacers (ITS1 and ITS2) among eight taxa of the
Mimulus guttatus species complex. Molecular Biology and Evolution,
10(6), 1213 — 1288.

108



Robbirt, K. M., Davy, A. J., Hutchings, M. J., & Roberts, D. L. (2011). Validation
of biological collections as a source of phenological data for use in
climate change studies: a case study with the orchid Ophrys
sphegodes. Journal of Ecology, 99(1), 235-241.

Rolfe, R. A. (1896). A revision of the genus Vanilla. Botanical Journal of the
Linnaean Society, 32, 439 —478.

Roux-Cuvelier, M., & Grisoni, M. (2010). Conservation and movement of
Vanilla germplasm. In Odoux, E. & Grisoni, M. (Eds.), Medicinal and
aromatic plants-industrial profiles: Vanilla (pp. 31-41). Boca Raton,
Florida: CRC Press.

Russell, T., & Cutler, C. (2004). Trees: an illustrated identifier and
encyclopedia. Leicestershire, England: Anness Publishing Ltd.

Sakai, S., Momose, K., Yumoto, T., Nagamitsu, T., Nagamasu, H., Hamid, A.
A., & Nakashizuka, T. (1999). Plant reproductive phenology over four
years including an episode of general flowering in a lowland
dipterocarp forest, Sarawak, Malaysia. American Journal of
Botany, 86(10), 1414 — 1436.

Sambin, A., & Chiron, G. R. (2015). Deux nouvelles espéces de Vanilla
(Orchidaceae) de Guyane frangaise. Richardiana, 15, 306-316.

Sambin, A., & Chiron, G. R. (2017) Notes taxinomiques sur le complexe Vanilla
ruiziana (Orchidaceae) en Guyane et description d'une nouvelle
espece. Richardiana. 1, 17 — 30.

Sattler, R., & Rutishauser, R. (1997). The fundamental relevance of
morphology and morphogenesis to plant research. Annals of Botany,
80(5), 571 — 582.

Saw, L. G. (2010). Vegetation of Peninsular Malaysia. In Kiew, R., Chung,
R.C.K.,, Saw L.G., & Soepadmo, E. (Eds.), Flora of Peninsular
Malaysia Series Il : Seed plants, Volume 1 (pp. 21-45). Kuala Lumpur :
Forest Research Institute Malaysia.

Schuiteman, A., & de Vogel, E. (2003). Taxonomy for conservation. In In Dixon
K. W., Kell, S. P, Barrett, R. L. & Cribb, P. J. (Eds.), Orchid
conservation (pp. 55-68). Kota Kinabalu: Natural History Publications
(Borneo).

Schuiteman, A., Averyanov, L., & Rybkova, R. (2013). Vanilla atropogon, a
new species from Vietham. Orchideen Journal, 1(1), 10-16.

Seidenfaden, G., & Wood, J. J. (1992). The orchids of Peninsular Malaysia and
Singapore. Denmark: Olsen & Olsen,

109



Silva, A. D. L., Alves, M. V. D. S., & Coan, A. |. (2014). Importance anatomical
leaf features for characterization of three species of Mapinia
(Mapanionideae, Cyperaceae) from Amazon forest, Brazil. Acta
Amazonica, 44(4), 447 — 456.

Simpson, M. G. (2010). Plant systematics. London, England: Elsevier
Academic Press.

Singh, G. (2016). Plant systematics (Third edition): An integrated approach.
Boca Rato, Florida: CRC Press.

Stace, C. A. (2000). Cytology and cytogenetics as a fundamental taxonomic
resources for the 20t and 21st centuries. Taxon, 49(3), 451 — 477.

Szalanski, A. L., Steinauer, G., Bischof, R., & Petersen, J. (2001). Origin and
conservation genetics of the threatened Ute ladies'-tresses,
Spiranthes diluvialis (Orchidaceae). American Journal of Botany, 88(1),
177 — 180.

Soto Arenas, M. A., & Cribb, P. (2010). A new infrageneric classification and
synopsis of the genus Vanilla Plum. ex Mill. (Orchidaceae: Vanillinae).
Lankesteriana, 9(3), 355 — 398.

Soto Arenas, M. A., & Dressler, R. L. (2010). Revision of the Mexican and
Central American species of Vanilla Plumier ex Miller with a
characterization of their ITS region of the nuclear ribosomal DNA.
Lanskesteriana, 9(3), 285 — 354.

Srinual, A., & Thammathaworn, A. (2008). Leaf anatomy of Vatica L.
(Dipterocarpaceae) in Thailand. Tropical Natural History, 8(2), 121 —
134.

Stern, W. L., & Judd, W. S. (1999). Comparative vegetative anatomy and
systematics of Vanilla (Orchidaceae). Botanical journal of the Linnean
Society, 131(4), 353-382.

Stern, W. L. (2014). Anatomy of the monocotyledons volume X: Orchidaceae.
Oxford, England: Oxford University Press.

Swarts, N. D., & Dixon, K. W. (2009). Terrestrial orchid conservation in the age
of extinction. Annals of Botany, 104(3), 543 — 556.

Swee-Hock, S. (2015). The population of Malaysia (Second Edition).
Singapore: Institute of Southeast Asian Studies.

Sytsma, K. J., & Pires, J. C. (2001). Plant systematics in the next 50 years: Re-
mapping the new frontier. Taxon, 50(3), 713-732.

Talip, N., Hussin, K. H., & Ibrahim, H. (2003). Comparative leaf anatomy of
Alpinia species (Zingiberaceae) in Malaysia. Nordic Journal of Botany,
23(4), 463 — 483.

110



Talip, N., Ruzi, A. R., Nurnida, M. K., & Hajar, N. R. (2012). Systematic
significance of leaf anatomy in Johannesteijsmannia H. E. Moore
(Arecaceae). Pertanika Journal of Tropical Agricultural Science, 35(2),
223 — 235.

Thompson, J. D., Gibson, T. J., Plewniak, F., Mongin, F. J., & Higgins, D. G.
(1997). Clustal X Windows interface: Flexible strategies for multiple
sequence alignment aided by quality analysis tools. Nucleic Acids
Resources, 25(24), 4876 —4882.

Thormann, 1., Dullo, M., & Engels., J. (2006). In Henry, R. J. (Ed), Plant
conservation genetics (pp.7-26). New York: Food Product Press.

Tornqgvist, C. E. (2006). Plant genetics. Langhorn, Pennsylvania; Chelsea
House Publishers.

Trung, K. H, Khanh, T. D., Ham, L. H., Duong, T. D., & Khoa, N. T. (2013).
Molecular phylogeny of the endangered Vietnamese Paphiopedilum
species based on the Internal Transcribed Spacer of the nuclear
ribosomal DNA. Advanced Studies in Biology, 5(7), 337 — 346.

Tsai, C. C., Peng, C. |., Huang, S.C., Huang, P. L., & Chou, C. H. (2004).
Determination of the genetic relationship of Dendrobium
species (Orchidaceae) in Taiwan based on the sequence of the
internal transcribed spacer of ribosomal DNA. Scientia Horticulturae,
101(3), 315 — 325.

Tsai, C. C., Huang, S.C. & Chou, C. H. (2006). Molecular phylogeny of
Phalaenopsis Blume (Orchidaceae) based on the internal transcribed
spacer of the nuclear ribosomal DNA. Plant Systematics and Evolution,
256, 1-16.

Turner, I.M. (1995). A catalogue of the vascular plants of Malaya. Gardens’

Bulletin Singapore, 47(2), 347 — 757.

Van Cotthem, W. R. J. (1970). A classification of stomatal types. Botanical
Journal of the Linnean Society, 63(3), 235 — 246.

Van Dam, A. R., Householder, J. E,. & Lubinsky, P. (2010) Vanilla bicolor LindI.
(Orchidaceae) from the Peruvian Amazon: Auto-fertilization in Vanilla
and notes on floral phenology. Genetic Resources and Crop Evolution,
57,473 —480.

Verma, P. C., Chakrabarty, D., Jena, S. N., Mishra, D. K., Singh, P. K., Sawant,
S. V., & Tuli, R. (2009). The extent of genetic diversity among Vanilla
species: comparative results for RAPD and ISSR. Industrial crops and
products, 29(2-3), 581 — 589.

111



Villanueva-Viramontes, S., Hernandez-Apolinar, M., Fernandez-Concha, G. C.,
Dorantes-Euan, A., Dzib, G. R., & Castillo, J. M. (2017). Wild Vanilla
planifolia and its relatives in the Mexican Yucatan Peninsula:
Systematic analyses with ISSR and ITS. Botanical Sciences, 95(2),
169 — 187.

Wang, X. C., Liu, C., Huang, L., Bengtsson-Palme, J., Chen, H., Zhang, J.H.,
Cai, D. & Li, J. Q. (2014). ITS 1: A DNA barcode better than ITS 2 in
eukaryotes?. Molecular Ecology Resources, 15(3), 573 — 586.

Weber, M.G., Porturas, L.D. & Keeler, K.H. (2015) World list of plants with
extrafloral nectaries. Published on the internet;
http://www.extrafloralnectaries.org. Retrieved on 13 October 2016.

White, T. J., Bruns, T., Lee, S. J. W. T., & Taylor, J. L. (1990). Amplification
and direct sequencing of fungal ribosomal RNA genes for
phylogenetics. In Innis, M. A., Gelfand, D. H., Sninsky, J. J. & White, T.
J. (Eds.), PCR protocols - A guide to methods and applications (pp.
315 — 322). San Diego: Academic Press.

Xu, S., Li, D., Li, J., Xiang, X., Jin, W., Huang, W., Jin, X., & Huang, L. (2015).
Evaluation of the DNA barcodes in Dendrobium (Orchidaceae) from
mainland Asia. PloS One, 10(1), e0115168.

Yang, Y., & Sun, H. (2009). The bracts of Saussurea velutina (Asteraceae)
protect inflorescences from fluctuating weather at high elevations of the
Hengduan Mountains, Southwestern China. Arctic, Antarctic, and
Alpine Research, 41(4), 515 — 521.

Yeu, N. S., Nordin, F. A., & Othman, A. S. (2016). Five new records of
terrestrial and lithophytic orchids (Orchidaceae) from Penang Hill,
Malaysia. Tropical Life Sciences Research, 27(2), 103 — 109.

Yukawa, T., Kinoshita, A. & Tanaka, N. (2013). Molecular identification
resolves taxonomic confusion in Grammatophyllum speciosum
complex (Orchidaceae). Bulletin of the National Museum of Nature and
Science. Series B (Botany), 39(3), 137 — 145.

112



BIODATA OF STUDENT

Akmal Raffi was born on 11t June 1988 in Kuching, Sarawak. He received his
primary education from Sekolah Kebangsaan Polis Depot, Kuala Lumpur. He
continued his secondary education in Sekolah Menengah Sains Alam Shah
before entering Johor Matriculation College. He obtained his first degree in
Bachelor of Agricultural Sciences from Universiti Putra Malaysia in 2011 with
first class degree. He has been awarded with the Vice Chancellor's award at
the end of his undergraduate study. His first degree studies have developed his
interest in botany. His enthusiasm has driven him to pursue his doctoral
research in Universiti Putra Malaysia

119



LIST OF PUBLICATIONS

Mohd-Raffi, M. A., Abdullah, N. A. P., Go, R., Abdullah, T. L. & Saleh, G.
(2014). Vanilla. In Abdullah, N.A.P et. al. (Eds.), Reccent advances in
crop science Vol. 2 (pp. 300-329). Serdang, Selangor: UPM Press.

Mohd-Akmal, M. R, Rusea, G., N.A.P., Abdullah, Thohirah, L.A., & Ghizan, S.
(2014). Vanilla of Peninsular Malaysia. In Christina, Y.S.Y., Maidin, M.
S., Annavi, G., & Wan-lbrahim, W. H. (Eds), Malaysia International
Biological Symposium 2014: Sustainable bioresources for bioeconomy
(pp- 65-67). Selangor: Department of Biology, Faculty of Science,
UPM.

Mohd-Raffi, M.A, Rusea, G., N.A.P., Abdullah, Thohirah, L.A., and Ghizan, S.
(2016). Malaysian Vanilla: species diversity, threats and conservation
action plan.. In Amal, M.,N.A. et.al. (Eds), Proceedings of Malaysia
Symposium  Biological Symposium 2016 (pp.36). Selangor:
Department of Biology, Faculty of Science, UPM.

Raffi, A., N. A. P., Abdullah, Abdullah, T. L. & Rusea, G. (2017). A new Vanilla
species from Peninsular Malaysia. Malayan Nature Journal. 69(2), 17 -
22.

Raffi, A., Nordin, F.A., N. A. P., Abdullah, Dahalan, P. & Rusea, G. (2017).
Vanilla norashikiniana R. Go et A. Raffi sp. nov., A New Orchid
Species From Peninsular Malaysia. Malayan Nature Journal. 69(3),
273 - 276.

Rusea, G. & Raffi, A. (2017). Discovering the wonders of Malaysian orchids:
Unveiling Vanilla norashikiniana. Selangor: UPM Press.

Raffi, A., Abdullah, N.A.P., Noor-Syaheera, M. Y. & Go., R. (2019). Preliminary
foliar anatomical assessment of four Vanilla species (Orchidaceae)
from Perak, Malaysia. Pertanika Journal of Tropical Agricultural
Science, 42(2), 807 — 816.

120



R3S

N7 e

UNIVERSITI PUTRA MALAYSIA
STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT
ACADEMIC SESSION : Second Semester 2018/2019

TITLE OF THESIS / PROJECT REPORT :
SYSTEMATICS, DNA BARCODING AND CONSERVATION OF Vanilla SPECIES FROM

PENINSULAR MALAYSIA

NAME OF STUDENT: MOHD AKMAL BIN MOHD RAFFI

| acknowledge that the copyright and other intellectual property in the thesis/project report
belonged to Universiti Putra Malaysia and | agree fo allow this thesis/project report to be
placed at the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational
purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

| declare that this thesis is classified as :

*Please tick (V)

CONFIDENTIAL (Contain confidential information under Official Secret
Act 1972).
RESTRICTED (Contains restricted information as specified by the

organization/institution where research was done).

000

OPEN ACCESS | agree that my thesis/project report to be published
as hard copy or online open access.

This thesis is submitted for :

PATENT Embargo from until
(date) (date)

U

Approved by:

(Signature of Student) (Signature of Chairman of Supervisory Committee)
New IC No/ Passport No.: Name:
Date : Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from
the organization/institution with period and reasons for confidentially or restricted. ]





