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ABSTRACT 

Sehismatoglottis ealyptrata complex (Schismatoglottideae: Araceae) consist of at least 40 species. This 
study focused on six accessions of Sehismatoglottis calyptrata complex from Kuching, Sibu and 
Selangor. Molecular investigation was carried out to resolve the relationship between the species 
investigated. The nuclear ITS region located in nuclear ribosomal DNA (nrDNA) were used for this 
study. DNA was extracted from dried leaf using CTAB method. Extracted DNA were amplified and 
purified before sending for sequencing at a commercial company. The sequences obtained were checked 
manually and aligned in BioEdit ver 7.0.5 together with an outgroup, Phi/onotion americanum. 
Phylogeny analyses were carried out in PAUP ver v.4.0b10 for maximum parsimony and RAxML for 
maximum likelihood. Maximum parsimony and maximum likelihood analyses showed strong and 
moderate bootstrap support (MP: 100%, ML: 43%) for the ingroups excluding Schismatoglottis 
calyptrata AR 3586. This study shows that all the species sampled from Sarawak are closely related 
based on the molecular evidence. 

Keywords: Araceae, Schismatoglottis calyptrata complex, molecular investigation, phylogenetic, 
ITS region 

ABSTRAK 

~~~!Q&:lQJ'1l§....f.frJJ!1?1!1lli! kompleks (Schismatoglottis : Araceae) mempunyai sekurang-kurangnya 40 
spesies. Kajian ini bertumpu terhadap enam sampel Schismatoglottis calyptrata kompleks daripada 
Kuching, Sibu dan Selangor. Kajian seeara molekular telah dijalankan bagi mengenalpasti hubungan 
an tara spesies yang terlibat. Nuklear ITS yang terletak di dalam nuklear ribosomal DNA (nrDNA) telah 
digunakan. DNA telah diekstrak daripada sampel daun menggunakan kaedah eTAB, DNA yang telah 
diekstrak kemudian diampliji dan puriji sebelum dihantar untuk aturan di syarikat komersial. Aluran 
yang diperoleh lelah disemak secara manual dan diatur menggunakan BioEdit ver 7.0.5 bersama-sama 
outgroup, Phi/onotion americanum. Analisis filogenetik dilakukan oleh PAUP ver vA.ObIO untuk 
membina maksimum parsimoni dan RAxML untuk maksimum persamaan. Maksimum parsimoni dan 
maksimum persamaan menunjukkan sokongan kuat dan sederhana (MP : I OO%, ML:43%) atas kesemua 
ingroup keeuali Schismatoglottis calvptrata AR 3586. Kajian ini menunjukkan bahawa semua sampel 
daripada Sarawak adalah berkait rapat berdasarkan kajian molekular. 

Kata kunci : Araceae, Schismatoglottis calvptrata kompleks, kajian molekular,jilogenetik, 
NuklearlTS 
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CHAPTER! 

INTRODUCTION 


1.0 Introduction 

Araceae (aroids or keladi) comprises the fourth largest family of Monocotyledons after 

the orchids, grasses and sedges. Araceae is also one of the most important and diverse plant 

families in the Asian humid tropics. The richest and most diverse area is Central and South 

America (Neotropic ecozone), notably along the mountainous Pacific coast of northeastern South 

America (Mayo et aI., 1997). 

The next richest assemblage is in Southeast Asia, particularly the Malay Archipelago. 

The Malay Archipelago includes the major landmasses (West to East): Sumatera, the Malay 

Peninsula including Singapore, Jawa and Borneo. The Malay Archipelago forms part of the 

larger informally ecological region which is known as Malesia. Malesia consists of the Malay 

Archipelago, the remainder of Indonesia, almost of the Philippines, Timor Leste, and the island 

of New Guinea. Malesia comprises much of the Indomalayan ecozone, although from a species 

distribution standpoint it is necessary to include the western most islands of the tropical Pacific 

(Oceania ecozone) as far east as Vanuatu, together with the islands to the north and northwest of 

Australia. The next richest region for aroids are tropical Africa, followed by warm temperate 

Eurasia, India, Madagascar and the Seychelles, Southern Africa, and North America including 

northern most Mexico (Mayo et al., 1997) 
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Tribe Schismatoglottideae is a predominantly Indomalayan taxon comprising 13 genera 

of terrestrial, lithophytic or rheophytic herbs with a primary distribution centered on Borneo but 

with the total distribution ranging to South West Myanmar, South West China, and Vanuatu 

(Hay & Yuzammi, 2000; Wong et aI., 2010). 

Schismatoglottis Zoll. & Moritzi is the largest genus in Schismatoglottideae with over 

200 species. All other genera are much smaller: Apoballis Schott, Aridarum Ridl., 

Bucephalandra Schott, Bakoa P.C Boyce & S.Y.Wong, Hestia S.Y.Wong & P.e. Boyce, 

Hottarum Bogner & Nicolson, Goia S.Y.Wong & P.e.Boyce, Phymatarum M.Hotta, Pichinia 

S.Y.Wong & P.e. Boyce, Piptospatha N.E.Br., Schottariella P.e.Boyce & S.Y.Wong and 

Schottarum P.e.Boyce & S.Y.Wong. Nine of them are endemic on Borneo: Aridarum, 

Bucephalandra, Bakoa, Hottarum, Goia, Phymatarum, Pichinia, Schottariella, and Schottarum. 

Most species of Piptospatha are restricted on Borneo except for two species occurring III 

Peninsular Malaysia and the far south of Thailand. The single speCIes of Hestia occurs III 

scattered localities along the west coast of Peninsular Malaysia and also on Borneo. Apoballis, 

the next largest genus after Schismatoglottis is predominantly Sumateran, with a few species 

occurring in Jawa and Peninsular Malaysia (Bogner & Hay, 2000; Boyce & Wong, 2008, 2009; 

Wong, 2011; Wong & Boyce, 2010a & b; Wong et aI., 2010). 
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1.1 Problem Statements 

Taxon delimitation in the taxonomically difficult Schismatoglottis calyptrata complex is 

not easy. Seemingly discrete localized populations, especially where they are geologically 

specialized, may warrant formal taxonomic recognition but current interspecific morphological 

distinctions are not discontinuous. DNA sequencing is one of the most useful methodologies to 

better determine taxon parameters as it is independent of morphology. A well-established 

phylogeny of a monophyletic taxon also enables investigation of clinal morphology. 

1.2 Objectives 

The objectives were as follows: 

• To identify species belonging to the complex of Schismatoglottis calyptrata in the field. 

• To voucher the species complex of S.calyptrata for herbarium purposes. 

• To undertake molecular investigation using nuclear ITS region. 

• To establish preliminary phylogeny for the complex. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Araceae 

Araceae is one of the morphologically most diverse of any plant family, especially with 

regards to the vegetative structures. At the critical level the aroids are defined in the main by a 

suite of micromorphologies and their ontogeny at a macro-level it is the inflorescence that most 

readily delimitates them. The inflorescence consists of an unbranched spike bearing flowers as 

called as spadix and subtended by bract called spathe (Mayo et a1., 1997). 

The spathe is the last leaf of a flowering article (and thus the termination of a shoot 

module). It is usually a specialized attractive organ although in a few genera (Gymnostachys 

R.Br., Orontium L.) is inconspicuous. The internode between spathe and spadix (the spadix 

stipe) is usually very short or effectively absent, while the peduncle - the internode between 

spathe and last foliage leaf or cataphyll is often much longer. In some primitive genera, however, 

this arrangement is reversed example for Gymnostachys, subfamily Orontioideae, some Pothos 

species. The typical "araceous" pattern has given rise to an extraordinarily wide range of variant 

forms in the different genera and which can be seen to represent an evolutionary trend of 

increasing integration of flowers, spadix and spathe towards a pseudanth (Mayo et aI., 1997). 

Flowers are usually numerous, very small, sessile in most genera and critically a lack 

floral bract. The arrangement of flowers are usually spiral and tightly packed, although in some 
5 



specics of Pothos, the genus Pedicel/arum, some Amorphophallus (male and female flowers), 

tribe Spathicarpeae (female flowers) and most species of Arisaema and Arisarum (male flowers). 

2.2 Schismatoglottis calyptrata complex 

Tribe Schismatoglottideae includes 13 genera which are Apoballis Schott, Aridarum 

Ridley, Bucephalandra Schott, Bakoa P.e. Boyce & S.Y. Wong, Hestia S.Y. Wong & p.e 

Boyce, Hottarum Bogner & Nicolson, Ooia S.Y.Wong & P.e. Boyce, Phymatarum M.Hotta, 

Pichinia S.Y. Wong & P.e. Boyce, Piptospatha N.E.Br., Schismatoglottis Zoll. & Moritzi, 

Schottariella p.e. Boyce & S.Y.Wong and Schottarum P.e.Boyce & S.Y. Wong. 

Schismatoglottis is the largest genus in Schismatoglottideae (Hay & Yuzammi, 2000; Wong et 

aI.,2010). 

Schismatoglottis is a generic name from Greek schism, schismatos mean separating and 

glotta mean tongue. The word tongue is referring to the variously deciduous upper part of the 

spathe that most of the species have. Schismatoglottis species are plants of shady, perhumid, and 

forested habitat. Many species favour steep earth banks close to forest streams and not a few are 

litophytic on vertical rocky river banks, or less often on shady cliffs. Some of the extreme 

litophytes (chasmophytes) occur exclusively on forested limestone or shale cliffs. A few 

Schismatoglottis species and a considerable percentage of the species of the other genera of 

Schismattoglottideae are facultative or obligate rheophytes (Bogner & Hay, 2000; Wong et aI., 

2010) very few species are cosmopolitan in their ecological requirements. However, in one 

group of species centred on S. calyptrata, their mode of growth comprising comparatively short
6 



lived aerial shoots giving rise to wide-spreading subterranean stolons and thus a colonial habit. 

There are adapted almost exclusively to semi-open habitats where they often constitute the 

dominant terrestrial herb. 

According to Hay & Yuzammi (2000), Schismatoglottis calyptrata is the most 

widespread species in the genus and a morphologically highly variable taxon. There are about 40 

species under S. calyptrata complex. Based on the previous study, there are many species name 

published according from the minor variation in leafblade shape and spadix morphology. Hay & 

Yuzammi (2000) combined a considerable number of these names into much broadly-defined 

species concept, although still recognizing that exist localized population to appear to be 

morphologically stable and indeed warrant recognition at a formal taxonomic rank. In recent 

years an increase in fieldwork, especially in Borneo, has belief that at least some of the published 

species names for S. calyptrata sensu lat. were too quickly classified (e.g., S. muluensis M.Hotta) 

while at the same time that there existed in Sarawak a number of localized populations that 

seemed to warrant taxonomic recognition. 
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2.3 Phylogeny 

Phylogeny is derived from Greek words. "Phylon" means stem while "genesis" means 

ongm (Emden, 2004). The relationship of organisms can be studied by comparing protein 

sequence or homologue DNA. The result of molecular study of DNA can be extended into 

phylogeny analyses. 

According to Wiley (1981), phylogenetic is an organismic diversity has been produced 

by speciation and character modification. The evolutionary of a species can be identified by 

using phylogenetic analyses because the historical course of evolution is continuously occurring 

through generations. On the species level, every species share their morphological and genetic 

characteristics from their ancestor. Phylogenetic tree is a diagrammatic representation of 

evolutionary descent of an organism. 

Phylogenetic analyses have two major components which are phylogeny inference or tree 

building while the other one is character and rate analysis. Phylogenetic inference refers to the 

conclusion in branching orders and finally the evolutionary relationship between taxa. Character 

and rate analysis help in better understand on evolution by study phylogenies as analytical 

framework (Stewart, 2000). 
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2.4 ITS Region 

Internal Transcribed Spacer (ITS) is a region from 18S-5.8S-26S located between nuclear 

ribosomal DNA (nrDNA) in a common precursor transcript (Figure 1). ITS is highly used in 

phylogenetic inference at the generic and infrageneric levels in plants. The ITS loci properties of 

biparental inheritance, universality of primers, intra genomic uniformity and intergenomic 

variability merit their utility for phylogenetic reconstruction (Baldwin et aI., 2006). Two ITS, 

ITS 1 and ITS 2 develop rapidly than coding regions and shown to be informative and can be 

differentiate between related species (Baldwin, 1992). 

During rRNA maturation, ETS and ITS pieces are cut out. The pieces that are already 

excised will become as non-functional products and destroyed. Genes encoding ribosomal RNA 

and spacers occur in tandem repeats that are thousands of copies long. Because of high number 

of copy rRNA genes can easily amplify, even from small quantities of DNA, the ITS is widely 

used in molecular systematic and phylogeny. Besides that, ITS has higher degree of variation 

even between closely related species (Chen et aI., 2001). 
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Figw-e 2.0: The three coding and two internal transcribed spacer regions of nuclear ribosomal 
DNA repeat unit of a typical angiosperm. Arrow shows approximate locations of the four 
primers used. 
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CHAPTER 3 

MATERIALS AND METHODOLOGY 

3.1 Samples Collection 

Samples were collected from seven different localities and established in the living 

collection based at Semenggoh Botanical Research, Kuching, Sarawak. Samples are collected 

from Selangor and Sarawak which are from Kuching and Sibu. Six of the samples were an 

ingroup while the one sample which is Philonotion americanum was an outgroup for the taxa. 

Fresh leaves were collected and the DNA was extracted on the same day. The details of the 

accessions were shown in Table 3.0 below: 
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3.0: Details on the taxa used for this study 

---------- ----------- ............. . ...._.... ,---..... 


ID 

AR 
2549 

Taxon name 

Schismatoglottis 
calyptrata 

Locality 

Kg Giam, Siburan, 
Kuching, Sarawak, 
Malaysia 

GPS 

01° 19' 20.7"; 
110° 16' 2104" 

Altitude Collection 
date 

Name of collector 

70m 20/0612009 P.C. Boyce & Wong Sin Yeng 

---------

P.C. Boyce & Wong Sin YengAR Schismatoglottis Kg Sikog, Siburan, 01° 20' 16.1"; 70m 26107/2009 
2588 caiyptrata Kuching, Sarawak, 110° 20' 09.6" 

AR ------

Sch ismatoglottis 
Malay~ia 

Sungai Tua, Taman 
------ ......~ ..._ ........

06/07/2011 
------ 

P.C.Boyce, Wong Sin Yeng & 
3586 calyptrata Negeri Se1angor, 

Selangor, Malaysia 
April Ting Pei Jen 

AR Schismatogiottis Annah Rais, Padawan. 01°14'27.32"; 77m P.C.Boyce & Wong Sin Yeng 
3615 caiyptrata Kuching, Sarawak, 

Malaysia 
110°17'02.63" -

---------

AR 
3662 

..... . .._ ... 

AR 
3673 

Schismatoglottis 
calyptrata 

..._ ...... 

Schismatogiottis 
calyptrata 

----------

Philonotion 
americanum 

Siburan, Sibu, 
Sarawak, Malaysia 

~......~... 

Kg Mayang, Serian, 
Samarahan, Sarawak 

South America 

2° 16'49"; 
III ° 50'37" 

------

00° 59' 26.0"; 
110° 33' 3504E'' 

-

-
_ ... 

45m 

03/09/2011 

06/1112011 

April Ting 

P.C.Boyce & Wong Sin Yeng 

AR 
2911 

....... . ...._ .... 

- - Bogner 
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3.2 DNA Extraction 

The pestels were cleaned, washed well, rinsed with 100 EtOH and with distilled water 

then autocIaved to avoid contamination. Three sets of 1.5 ilL eppendorf tubes were labeled. 780 

ilL of CTAB was prepared per DNA extraction. The solution was incubated at 65°C for each of 

780 ilL CTAB, 1.56 ilL of p-mercaptoethanol was added. 4 ilL of RNAse A (10mglml) was 

added per extraction tube. Tube was set in 65°C water bath and mixing 2 or 3 times during the 

incubation. 680 ilL of chloroform-Isoamyl alcohol (CIA) was added and inverted gently for 10 

minutes to ensure mixing. Then,centrifuged for 10 minutes at maximum speed in 

microcentrifuge. The supernatant was transferred to the second pre-labelled tube. 680 ilL of 

chloroform-Isoamyl alcohol (CIA) was added again and inverted gently for 10 minutes to ensure 

mixing. The tube was spinned for 15 minutes at maximum speed. The top layer was removed and 

transferred to the third set of newly marked tube. The supernatant was reserved and mixed with 

150 ilL of 5M NaCl, then inverting the tube several times. 300 ilL volume icecold propanol was 

mixed. The tube was kept at -20°C for 20 minutes. 

The tube was centrifuged at maximum speed for 1 hour to allow precipitation. The tube 

was centrifuged with 500 ilL of 70 % EtOH at room temperature. The pellet was dislodged from 

side of tube by vortex at low speed. The tube was centrifuged at maximum for 10 minutes. EtOH 

was removed from the remaining buffer by tapping the gently. The DNA pellet was washed with 

500 ilL of 70 % EtOH at room temperature. The pellet was dislodged from side of tube by vortex 

at low speed and centrifuged at maximum for 10 minutes. EtOH was removed. The open tube 

was placed under the fume hood and left for about an hour, until there was no smell of alcohol. 
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The pellet was resuspended in 100 ilL DEPC water. The tube was placed in 65°C water bath for 

10 minutes to redissolve the DNA. The tube was tapped occasionally. 

3.3 peR Amplification 

ITS I (Internal Transcribed Spacer I) and ITS 2 were amplified using the primer pair 

IFIlR and 3F!4R respectively. Polymerase chain reaction (PCRs) was conducted in a total 

reaction volume of 20 III comprising I X buffer, 0.1 mM dNTP mix, 0.2 mM each primer, 2.0 

mM MgCb, 2 units Taq DNA polymerase and 2 III of DNA extract. I III of DMSO was added to 

each reaction for improved amplification. PCR conditions included an initial 2 minute 

denaturation at 95°C, 40 cycles of I minute at 95 °c (denaturation), 1 minute at 52°C 

(annealing) and 2 minute at 72 °c (extension) followed by a final 10 minute extension at 72 0c. 

3.4 Agarose Gel Electrophoresis 

PCR products were visualized on 1.0 % of agarose gels. The agarose gel was made up 

from agarose powder and TAE buffer. The DNA products were run and stained with ethidium 

bromide (EtBr). Agarose gel was visualized using UV transilluminator. The desired products 

were purified. 

Agarose gel electrophoresis is the easiest way to analyze the presence and quality of 

DNA obtained. The gel is used to isolate the particular band. Purpose of using EtBr is to give 

colour to the band. EtBr absorbed the visible UV light and transmitted the orange colour. 
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3.5 PCR Purification and Sequencing 

An equal volume of Membrane Binding Solution was added to the PCR reaction. SV 

minicolumn was inserted into Collection Tube. The dissolved gel mixture was transferred to the 

Minicolumn and incubated at room temperature for one minute. The dissolved gel mixture then 

was centrifuged at 16 000 x g for I minute. The flowthrough was discarded and Minicolumn was 

reinserted into Collection tube. 700 JlL Membrane Wash Solution (ethanol added) was added. It 

was centrifuged at 16 000 x g for one minute. The flowthrough was discarded and Minicolumn 

was reinserted into Collection Tube. 500 ilL Membrane Wash Solution (ethanol added) wad 

added and centrifuged at 16 000 x g for five minutes. The Collection Tube was emptied and the 

column was re-centrifuged for one minute with the microcentrifuge lid opened to allow 

evaporation of any residual ethanol. Minicolumn was transferred to a clean 1.5 ml 

microcentrifuge tube. 35 JlL ofNuclease-Free Water was added to the Minicolumn. Incubated at 

room temperature for one minute and then centrifuged at 16 000 x g for one minute. The 

Minicolumn was discarded and the DNA was viewed on 1% agarose gel to check for the DNA 

quality. If a single band was present, the DNA will be sent for commercial sequencing. 
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3.6 Data Analyses 

All sequences obtained were manually checked, edited, assembled and aligned using the 

BioEdit version 7.0.5 (Hall, 1999). Gaps were treated as insertions or deletions of nucleotides. 

Maximum parsimony (MP) was analysed and performed using P AUP v.4.0b 1 0 (Swofford, 2002) 

according to the parameters described by Wong et al.(201O), except that 100 000 treed were 

saved at the second round of tree bisection-reconnection (TBR) branch swapping. Tree 

topologies was interpreted with bootstrap values generate from RAxML (Randomized 

Axelerated Maximum Likelihood; Stamatakis et aI., 2008) for 100 replicates and repeated 10 

times to generate 1000 replicates. Bootstrap support values was took as weak (50%-74%), 

moderate (75%-84%) or strong (85%-100%) as supplied by Richarson et al. (2000). 
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CHAPTER 4 

RESUL TS AND DISCUSSION 

4.1 Presence of DNA bands from Amplification 

Gel electrophoresis was done in order to check the presence of band. This was done two 

times which are before purification (Figure 4 .0) and after purification (Figure 4.1). The DNA 

ladder used was 250 bp. The base pair for the DNA obtained was approximately 500 bp. 

Figure 4.0 : DNA Amplification before purification. L represent ladder used was 250 bp. Lane I was 
sample from AR2549. L2: AR2549. L3: AR2549. L4: AR2549. L5: AR3662. L6: AR3662. L7: AR3662. 
L8: AR3662 . L9: AR3662. LIO: AR3662. LII: AR3662 
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Figure 4.1 : DNA Amplification after purification. L represent ladder used was 250 bp. Lane 1 was 
sample from AR2549. L2: AR3662 
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