
ABILITY OF trnH-psbA AND trnL-tmF INTERGENIC SPACERS 
TO DISCRIMINATE BETWEEN CLOSELY RELATED 

Paphiopedilum SPECIES 

YEOHKEAT AI 

P£RrUSTAUAN 
UNIVERSITI MAlAYSIA SABAH 

THESIS SUBMITTED TO FULFILL PART OF THE 
REQUIREMENTS TO OBTAIN A BACHELOR DEGREE IN 

SCIENCE WITH HONORS IN PLANT TECHNOLOGY 

PLANT TECHNOLOGY PROGRAMME 
SCHOOL OF SCIENCE AND TECHNOLOGY 

UNIVERSITI MALAYSIA SABAH 

2007 

,,~< UMS 
.(,~~'" 
SA" ,\ \ UNIVERSITI MALAYSIA SABAH 



BORANG PENGESABAN STATUS TESIS@ 

JUDUL: A~\UT'\ Of lfttH\ -f5~A fiND TRNL- T,zNf ' "n· ~GeNlc. · <;'pAc..£t< 

Jjazah : I)A2.,t\~ 5'1ftJl'J"''' /.1141)1\ SAIN1 (TE-~"'DlU6) I -rt..<t1A.Bl.<H~N / 1)~<7Jt-l ~e.Pv31 

SF .... <t{ PENGAJlAN:_:J-_D_l>_'t __ _ 

Saya __ 'I_c_o_H __ kc_"'_1" __ A_l ___________________ _ 

I (HURUF BESAR) 
mcnga~.:u mcmbeDaIkan tcsis (LP~aljaJl~ltter Faissf8h)· ini.d.isimpan di Perpustakaan Unive .... siti 

I Malaysia Sabah deng'Jln syarat-sy.ant k:eguna.an scperti beril."Ut: 

...... 

I T . d 1 h b I·_:('k U· .::.- - .'. MI'. PERtUSIAUAN 
. CSLS a a a 3LUU l' ruVecsttl a a~t.a 

2. ~erpustakaan Universiti Malaysia Sabah ~WnM~l~tnWMItujuan pengajiu sahaja. 
3. Pcrpust3k.aan dibcnarhn membuat salinm tesis ini scbagai bahan pertukaran anlatil institusi peogajian 

tinggi . 
4. " Sila tandakan ( / ) 

D 
D 

SULIT 

TERHAD 

o TIDAK TERtIAD 

~. 
(TANDA TANGAN PENUUS) 

A / O • 4-0, :r L.{IJ J.!l/)!! 
A1anut Tctar : ,- / 

"'LAtIf\! 1l1-f'lt1J1· ;t..e.ClAH/ 'tolfo\5 

H/I+H 4 ~ 11111 'll~N c-,o~ fJ.£ 

(6/ Lft roo:+-Ta~kh : __________ _ 

CA T A T AN; • Potong yang tidak bcrlcc:naan . 

(Mengandungi maklumat yang berdarjah keselamatan atau 

Icepcnti!lgan Malaysia seperti yang tennaktub di dalarn 
AKTA:RAl{SIA RASMI t972) 

(Mengandungi maldumat TERRAD yang tclah ditentukan 
oLeh organisasilbadan di maca penyclidikan dijalankan) 

Disahkan oleh 

Nama Penyc1ia 

Tarikh: __________ _ 

•• Iika tcsis ini SULIT atau TERHAD. sila lampirkan Stlrat daripada pihak bcrkua.c;a/organisasi 
herkcnUl' dcngan mc:nyatllkan sekali scbab dan tempoh I~is ini pcrlu dikclMkan scbagai SULIT 
danTERHAD. 

@ Tesis dimaksudkan scbagai tcsis bagi Iju...ah Doktor falsc:d1 dan Satjana sccara penyelidil:an. at3u 

discrtasi bag; pcngajian sccara kerja klJrsus dan pcnyclidikan, alau Laporan Projck Saljana Muda 
(LPSM). 

UMS 
UNIVERSITI MALAYSIA SABAH 



DECLARA nON 

I hereby declare that no part of this thesis has been previously submitted for a degree 

in this or any other university. All work were based on my own research except as 

cited in references and other part of the thesis where indicated. 

12 March 2007 

PERPUS1UUM 
UNIVERSITI MALAYSIA SUAH 

YEOHKEAT AI 

HS2004-2775 

11 

UMS 
UNIVERSITI MALAYSIA SABAH 



III 

VERIFIED BY 

Verified by: Signature 

1. SUPERVISOR ~ (DR. VIJA Y KUMAR) 

2. EXAMINERl 

(ASSOCIATE PROFESSOR 

tf~ DR. MARIAM ADD. LA TIP) 

3. DEAN 

(SUPTI KS AS SOCIA TE PROFESSOR )~~7-
DR. SHARIFF A. K OMANG) e-

't"~:~~~~~ S~9~~ 
Ull\'l£RSm 

UMS 
UNIVERSITI MALAYSIA SABAH 



ACKNOWLEDGEMENT 

With the completion of this project, first and foremost, I would like to express my 

utmost appreciation and gratitude to my supervisor Dr. Vijay Kumar for his guidance, 

advice and supervision throughout the entire duration of this project. Special heartfelt 

thanks are also extended to Mr. Kenneth Rodrigues for his tireless assistance, 

guidance and advice during the whole duration of this project. I thank them very 

much for their patience and tolerance. 

My sincere appreciation also goes to other postgraduate students of Biotechnology 

Research Institute especially Awang, Thien, Melvin and Adrian who had provided me 

guidance, assistance and support whenever I needed them. I would also like to thank 

Mr. Richard, Ms. Vidarita and Cik Azian for their assistance in the laboratory. 

A token of appreciation goes also to all other Biotechnology Research Institute 

undergraduate students who have been through thick and thin with me. Doing 

research with all of them were enjoyable and it was a memorable experience for me. 

Last but not least, I would like to extend my gratitude to my family members, friends 

and coursemates who has provided me their endless love and also emotional and 

moral support. 

iv 

UMS 
UNIVERSITI MALAYSIA SABAH 



ABSTRACT 

Two intergenic spacers, trnH-psbA and trnL-trnF of the chloroplast DNA 

(cpDNA) were used to detennine whether they can be used to distinguish between 

three closely related Paphiopedilum species namely P. rothschildianum, P. lowii and 

P. dayanum . Genomic DNA was extracted from the leaves of the three 

Paphiopedilum species without the use of phenol chloroform. Next, the two loci were 

amplified through peR using two primers pairs (psbAF - trnHR and trnLF - trnFR). 

The amplified PCR products were ligated into the pCR 2.1 - TOPO vector, 

transformed using TOP 10 chemically competent cells. Then, plasmid 

minipreparation was performed and the plasmids obtained were sequenced. Data 

analysis was performed using the resulting sequences. A total of 29 indels mutations 

points with 95 indels were observed, accounting for tmH-psbA intergenic spacer 

length of P. rothschildianum, P. lowii and P. dayanum with a range of 924 to 

1000 bp. In the trnL-trnF intergenic spacer, 11 indels mutation points with 48 indels 

have been discovered for the three Paphiopedilum species with a range of between 

462 to 490 bp. The genetic similarity and differences between the PaphiopediJum 

species was examined by calculating the pairwise nucleotide differences that occurred 

in each intergenic region. The result showed that P. rothschildianum and P. lowN 

were more closely related compare to P. dayanum. Single nucleotide polymorphisms 

(SNP) were then determined and tmH-psbA intergenic spacer was found to provide 96 

informative sites which indicate the variations that occur in this spacer region was 

higher compared to trnL-trnF spacer region which provide 48 informative sites. The 

phylogenies of the three species were also examined by constructing phylogenetic 

trees and confirmed by performing bootstrapping analysis. The results obtained 

indicate that trnL-trnF intergenic spacer is more reliable compared to the tmH-psbA 

intergenic region for distinguishing between the three Paphiopedilum species. 

However, more research should to be conducted on trnH-psbA intergenic spacer as it 

exhibit sufficient nucleotide variations which proved that it is also a potentially good 

marker for phylogenetics studies and DNA barcoding of other plants. 

v 

UMS 
UNIVERSITI MALAYSIA SABAH 



VI 

ABSTRAK 

Dua intergenic spacer, trnH-psbA dan trnL-trnF dari DNA kloroplas dikaji 

untuk rnenentukan sarna ada dua inter genic spacer ini sesuai digunakan untuk 

membezakan antara tiga spesies Paphiopedilum yang saling berkait rapat iaitu 

P. rothschildianum, P. lowii dan P. dayanum. DNA genomik diekstrak daripada daun 

tiga spesies Paphiopedilum tanpa menggunakan fenol kloroform. Kemudian, dua 

spacer tersebut diamplifikasikan menggunakan dua pasangan primer (psbAF - trnHR 

dan trnLF - trnFR). Produk PCR yang terhasil diklon dengan vektor pCR 2.1 - TOPO 

and ditransformasikan dalam TOP 10 competent cell. Selepas itu, plasmid diekstrak 

dan penjujukan DNA dilakukan. Analisis data dilakukan dengan menggunakan 

jujukan DNA yang diperolehi. Bagi trnH-psbA intergenic spacer, sejumlah 29 

kawasan tumpuan mutasi dengan 95 indels telah diperhatikan dalam kawasan spacer 

yang bersaiz dalam lingkungan 924 hingga 1000 pasangan bes bagi ketiga-tiga spesies 

Paphiopedi/um. Manakala bagi tmL-tmF intergenic spacer pula, 11 kawasan 

tumpuan mutasi dengan 48 indels telah dikenalpasti daripada tiga spesies yang bersaiz 

dalam lingkungan 462 hingga 490 pasangan bes. Persamaan dan perbezaan genetik 

diantara spesies-spesies ditentukan dengan mengira perbezaan nukleotid secara 

berpasangan antara tiga spesies tersebut bagi kedua-dua inter genic spacer. Keputusan 

yang diperolehi menunjukkan bahawa P. lowii dan P. rOlhschildianum mempunyai 

persamaan yang paling ketara berbanding P. dayanum. Single nucleotide 

polymorphisms (SNP) kemudiannya ditentukan dan didapati trnH-psbA intergenic 

spacer mempunyai bilangan kawasan informatif yang lebih banyak yakni 96 

berbanding tmL-tmF intergenic spacer yang mempunyai 48 kawasan informatif. 

Bilangan kawasan informatif yang lebih banyak dalam trnH-psbA intergenic spacer 

menunjukkan spacer ini mempunyai lebih variasi berbanding trnL-tmF inter genic 

spacer. Hubungan filogenetik diantara tiga spesies Paphiopedilum dikaji dengan 

menggunakan pokok filogenetik dan kemudian dengan analisis bootstrap. Hasil kajian 

menunjukkan bahawa trnL-trnF inter genic spacer adalah lebih sesuai digunakan 

untuk membezakan antara tiga spesies Paphiopedilum. Namun, lebih banyak kajian 

keatas trnH-psbA spacer patut dijalankan kerana, spacer ini juga menujukkkan variasi 

nukleotid yang tinggi dan berpotensi untuk dijadikan penanda molekular untuk kajian 

filogenetik and barkod DNA bagi tumbuhan lain. 
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CHAPTER 1 

INTRODUCTION 

1.1 Preface 

Malaysia is a home to about 3000 species of exotic, attractive and unique orchid 

species and many of these are native to Malaysia. Orchids usually grow well in the 

jungles, forests, mountains and islands. On mountainous areas, the orchids usually 

grow at the altitude of 1000 to 6000 meters above sea level. For instance, the largest 

species of all orchids, the Grammatophyllum can be found in the mountainous areas 

of the Main Range of Peninsular Malaysia (Fadelah et al., 2001). In Sabah and 

Sarawak, unique orchid species such as the Paphiopedilum species orchids can be 

found . 

The genus Paphiopedilum belongs to the family of Orchidaceae and subfamily 

.of Cyripedioideae. In fact, Paphiopedi/um orchids are closely related to Cypripedium, 

Phragmipedium and Selenipedium. They are all referred to as Cypripedium or 'Cyps ' 

prior to being separated to their respective genera by Rolfe in 1896. The distribution 

of Paphiopedilum orchids extend from India to Burma, Southeast Asia, South China, 
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Malaysia, Java, Borneo, Philippines and Papua New Guinea to the Solomon Islands 

(Schoser, 1981)' There are about 50 species of Paphiopedilum that are native to 

tropical Asia and five of which are found growing in Malaysia. 

The name of Paphiopedilum is derived from a Greek word paphos, which 

means the 'island with a temple dedicated to Venus' and also pedilon which means 

'sandal' (Teo, 1985). The common name of the ladyslipper orchid is given due to the 

appearance of the lip of the Paphiopedilum flower which resembles a lady's slipper. 

Due to the unique appearance of the flowers, Paphiopedilum species are always in 

high demand and popular among orchid lovers. 

In Sabah, Paphiopedilum is zealously protected by the Mount Kinabalu 

National Park since the number of Paphiopedi/um plants that are growing in the wild 

has been decreasing drastically and is facing extinction. The Paphiopedilum orchids 

in Sabah are facing enormous threats because the Kinabalu National Park borders are 

constantly being encroached by mining, lumbering, agricultural projects and also the 

practice of shifting agriculture by illegal squatters (Cribb, 1998). There are nine 

species of Paphiopedilum orchids that are listed under the Sabah Wildlife 

Conservation Enactment (WCE). The penalty for owning one of the species listed can 

be a fine of a maximum ofRM 50 000, five years jailor both (Kaur and John, 2006). 

Other than threats caused by development activities as mentioned, many 

orchid sellers and some handicrafts owners are not aware of the value of the 

endangered Paphiopedi/um orchids. These orchids are planted or collected from the 

wild to be sold to tourists and orchid lovers at very low price rather than the actual 

UMS 
UNIVERSITI MALAYSIA SABAH 



3 

price which they are worth. On the other hand, most of the orchid lovers are aware of 

the penalty for owning the Paphiopedi/um species orchid. However, the protected 

status of these orchids has only stir up more interest in them for possessing the plant. 

It has also been reported that these precious orchids are smuggled out of Sabah and to 

be sold in other countries (Kaur and John, 2006). The Paphiopedilum orchids are in 

very high demand especially in the temperate countries and they can fetch up to very 

high price (Cribb, 1998). 

The continuous smuggling activities of Paphiopedilum have proved that the 

protection by the Kinabalu National Park and the penalty implemented are insufficient 

to protect the "Paph" orchids from being removed from its natural habitat. Efforts to 

prevent smuggling of the protected Paphiopedilum species are often not effective as 

the smugglers of these precious orchids can easily get away from the law as they can 

deny for possessing or selling the endangered Paphiopedilum plants. This is due to the 

reason as some of these endangered Paphiopedilum species has similar appearance 

like the ones which are non-protected species. In most cases, people are unable to 

distinguish between the endangered Paphiopedilum species and the non-protected 

ones. 

Even at present, most of the orchid experts and experienced researchers are 

still differentiating Paphiopedilum orchids by the physical characteristics on the 

plants as there are no established or convincing methods to distinguish between 

similar looking species. Due to this reason, the use of DNA barcoding, in particular 

the intergenic region trnH-pshA, could be used to determine whether it is able to 
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discriminate between morphologically similar or closely allied Paphiopedilum 

speCIes. 

Using the concept of DNA barcoding, a uniform regIOn of a genome in 

animals or plants is used to distinguish between different animals or plants species. 

Generally, the cytochrome c oxidase subunit I (COl) gene is used to tag animals 

whereas the trnH-psbA intergenic spacer is has been used in tagging angiosperms. 

DNA barcoding enable different animals and plants species to be clearly 

distinguished. Thus, at the same time it can also help in solving problems regarding 

closely related animals or plants species. 

Applying the DNA barcoding concept in this research, the trnH-psbA 

intergenic spacer can be used to determine whether it would serve as a good marker to 

discriminate between few closely allied Paphiopedi/um species. The Paphiopedilum 

orchid species that will be used are Paphiopedilum rothschildiallum, P. dayanum, and 

P. lowii which are currently available at Sabah Park Orchid Conservatory. Based on 

the concept of DNA barcoding, the nucleotide sequence in the trnH-psbA intergenic 

region in all the three species of Paphiopedilum will be determined. Each species of 

Paphiopedilum species is expected to produce a set of unique nucleotides sequence of 

their trnH-psbA intergenic region. 

The specific sets of nucleotide sequences of the tmH-psbA intergenic spacer 

will serve as barcodes and tag each of the species, thus help in solving ambiguities 

between closely related Paphiopedilum species. Moreover, should any problem arise 

in the future whether a person is possessing or selling endangered Paphiopedilum 

UMS 
UNIVERSITI MALAYSIA SABAH 



5 

orchids, the uncertainty can be solve by checking the barcodes of the Paphiopedilum 

plants. Other than tagging closely related Paphiopedilum, knowing the sequences of 

the trnH-psbA intergenic spacer will also show the relationship between the species. 

Generally, a species is said to be closely allied to another species if there is high 

percentage of nucleotide sequences similarity between the two species. 

1.2 Research Objectives 

The objectives of this research are: 

1.2.1 To obtain the DNA nucleotide sequences of the trnH-psbA intergenic 

regions of Paphiopedilum dayanum, P. lowii and P. rothschildianum, 

respectively. 

1.2.2 To perform multiple sequence alignment of the trnH-psbA intergenic 

spacer and to determine the number of single nucleotide polymorphism 

in P. dayanum, P. lowii and P. rothschildianum. 

1.2.3 To examine the genetic relationship of the three Paphiopedi/um 

species by constructing a phylogenetic tree based on the genetic 

distances obtained from pairwise nucleotide differences. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Paphiopedilum Orchids 

The Paphiopedi/um orchids are sympodial plants with narrow and elongated leaves. 

The leaves are green color or mottled and the surface of the leaves always appear 

waxy. New buds and plantlets often arise from the rhizome of the plant. Other than 

that, the ladyslipper orchids are also pseudobulbless and stemless. Even if they have 

stems, the stems are too short and it stops growing after some time. Generally, the 

Paphiopedillim species are able to flower throughout the year. Flowers of 

Paphiopedilum can be single or multiple and the flowers are usually in wide variety of 

form and color and can last for a very long period. 

The Paphiopedi/lim orchids often grow well in the mountain forest where the 

grounds were covered with fallen leaves and twigs, limestone cliffs and on the granite 

cliffs. These habitats provide essential requirement for the Paphiopedilum roots to 

grow. Paphiopedi/um plants should not get completely dry or too wet either as they 

are unable to store water. Most of the Paphiopedi/um are often found growing best in 
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the monsoon areas which have dry and wet season instead of the tropical rain forests 

which receive plenty of rain throughout the year. 

Temperature plays a very important role in determining the blossom of 

Paphiopedilum flowers. Generally, Paphiopedilum species grow best between the 

temperature range of 15 DC to 30 DC. However, to be more specific, the origin of each 

Paphiopedi/um species determines the optimum temperature for the particular species 

to grow well. Often, the ones that originated from the lowland need higher 

temperatures like the tropical temperatures and as for the highland species, they need 

lower temperatures. 

This orchid is a protected genus under Malaysia legislation and also listed on 

Appendix I of the Convention on International Trade in Endangered Species (CITES). 

Therefore, the trade of Paphiopedilum is strictly banned and ownership of these 

orchids is regulated with permits (Kaur and John, 2006). The endangered and 

protected Paphiopedilum species such as Paphiopedilum rothschildianum are found 

growing well on Mount Kinabalu, Sabah. Other than P. rothschildianum, other 

Paphiopedilum species orchids that were found grow on Mount Kinabalu since 1980s 

include P. dayanum, P. lowN, P. volonteanum, P. petri, P. stonei, P. virens, 

P. hookerae, P. philippinense and many other species. 
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2.1.1 Paphiopedilum rothschildianum 

The P. rothschildianum orchid which originated from Borneo was named after Baron 

Ferdinand de Rothschild (Fowlie and Lamb, 1983). This orchid was introduced by 

Frederick Sander in 1888 and was crowned the 'King of Orchids' (Bechte~ 1983). 

P. rothschildianum population is one of the rarest in the Paphiopedilum genus as it is 

a species that only can be found in Mount Kinabalu, Sabah and they are protected by 

the Mount Kinabalu National Park. Unfortunately, this orchid species is facing great 

threats as their habitat is seriously destructed by development activities such as 

logging, mining, agriculture projects and illegal squatters that carry out shifting 

agriculture as part of their living (Cribb, 1998). Recently, it is also reported that this 

precious species was sold to tourists with extremely low price by the local handicraft 

owners (Kaur and John, 2006). 

P. rothschildianum grow well at the slopes of Mount Kinabalu at about 

1500 feet to 3000 feet above sea level and perform best in cool and shady conditions. 

In nature, it is seen in the steep ravines in the streams or on the ultrabasic rocks 

(Fowlie and Lamb, 1983). Seedlings of P. rothschildianum often sprout on 

lythophytic mosses and when mature, they are rooted lithophytically onto the cliff 

trees. 

The leaves of mature P. rothschildianum can grow up to two feet long by 2Y2 

inches in breadth. These hard and long-petal leaves are droopier looking compared to 

the leaves of P. lowii. The leaves catch leaf litters and debris which adds to the 

compost for the adult plants. Normally, the fallen leaves of other trees, for instance, 
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