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ABSTRACT

This research was conducted to portray the phylogenetic relationships of a genus of Malaysian
primitive primate (Nycticebus) with several groups of Malaysian higher primates (Presbytis,
Trachypithecus, Macaca, and Symphalangus). We sequenced 388 base pairs of the partial
Cytochrome B mtDNA gene sequences. A single individual of Tarsius bancanus was selected as
an outgroup to root the tree. Data analyses were done using character-based approach (Maximum
Parsimony, MP) and distance-based approach (Neighbour-joining, NJ). MP and NJ analysis show
two major monophyletic clades between Nyticebus coucang and other Malaysian primates. This
study supports the separation between Prosimii and Anthropoidea primates.

Keywords: Nycticebus coucang, Molecular systematics, Malaysian primates, Cytochrome B,
DNA sequences

INTRODUCTION

Although Malaysia is a relatively small country, it is listed as one of the twelve world’s mega
diversity countries (Cox, 1997). The tropical rain forests of Malaysia provide natural habitats for a
great variety of species including primates. Bennett (1991) has listed out the entire Anthropoidea
primates found throughout the country. Malaysia contains one species of great ape (Pongo
pygmacus), four lesser apes (Hylobates lar, H. agilis, H muelleri and S. syndactylus), three
cercopithecines (Macaca fascicularis, M. nemestrina and M. arctoides) and several colobine
monkeys (Nasalis larvatus, Presbytis spp and Trachypithecus spp). In addition, Malaysia also
has two types of prosimians, Tarsius and Nycticebus (Brandon-Jones et al., 2004).

Cytochrome b mtDNA gene is well-known as a gene that evolves rapidly and can show variations
within and between species (Irwin ef al., 1991). Caine’ er al. (2006) emphasized that CytB gene
is ideal for species identification because it shows limited variability within and much greater
variation between species. This mitochondrial DNA gene is widely used to infer phylogenetic
relationships for mammals (Irwin et al. 1991; Kocher ef al., 1989; Pesole ef al., 1999) as well as in
primate studies (Li ez al., 2001; Montagnon et al., 2001; Md-Zain et al., 2005a; Yoder et al., 1996;
Zhang & Ryder 1998a,b). Most of the phylogenetic relationship studies on Malaysian primates
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that used molecular data focused on the genus level, for examples in the genus Presbytis (Md-Zain
2001), Trachypithecus and Nasalis (Md-Zain et al., 2005b). Nevertheless, the molecular phylogeny
relationships among the entire species of primates in Malaysia has never been carried out before.
In addition very limited inferences can be made on molecular systematics of Nycticebus as only
a few sequences are available in Gene Bank. Thus, this study carries one objective, which is to
determine phylogenetic relationships between primitive and higher primates in Malaysia.

MATERIALS AND METHODS
Taxa sampled

All samples used in this research are listed in Table 1. Several institutions (PERHILITAN, Sabah
Parks, and Sarawak Forestry Department) provided the necessary facilities and assistance for
tissue sample collection.

DNA extraction, amplification and sequencing

The Cyt-b gene was choosen to reflect sequence variation in mitochondrial DNA (mtDNA). Total
DNA was extracted from tissue and blood using phenol chloroform extraction method (Hillis
et al., 1996), FTA* Cards according to the Whatman® Protocol for PCR and Gene All Tissue
SV (Plus') Mini Extraction Kit (Gene All). L14724 and H15149 (Table 2) were used as primers
to amplify the Cyt-b gene (Irwin et al. 1991; Kocher et al., 1989). The PCR components for
the samples are shown in Table 3. Estimated fragment size of the CytB gene for all amplified
samples, observed after electrophoresis on 1.5% agarose gel is approximately 500bp (Figure 1).
The PCR products were purified using QlAquick gel purification kit protocol (QJAGEN) and sent
to company (1% Base, Kuala Lumpur) for sequencing.

Sequence Alignment and Data Analyses

Sequences were aligned using the ClustalW program, with minor adjustments made manually.
Data matrix was analyzed by excluding 31 characters and using Tarsius bancanus as an outgroup.
Two primary methods were used to discern phylogenetic relationships: maximum parsimony
(MP) and neighbor joining (NJ). These analyses were conducted using PAUP version 4.0. For
unweighted MP, trees were obtained by heuristic searches treating all nucleotide substitutions as
unordered. Data were also subjected to bootstrap analysis with 2000 replications. Tree was also
constructed using the NJ method by employing the Kimura 2 parameters distance option of PAUP.
Homoplasy was quantified using the consistency index (CI) and the homoplasy index (HI).

RESULTS AND DISCUSSION

The 357 remaining characters were examined. Results showed that 23.53% were constant
characters, 2.24% characters were parsimony uninformative and 74.23% were parsimony
informative. Unweighted MP analysis produced a single bootstrap tree (length = 619, CI = 0.6559,
HI = 0.3441). Nycticebus, Symphalangus and Cercopithecidae were sorted into their own distinct
monophyletic clade with 100% bootstrap support (Figure 2). NJ analysis yielded a single tree for
which topology was slightly different from the MP tree (Figure 3). In the NJ tree, Nycticebus,
and Cercopithecidae were sorted into their own distinct monophyletic clade with 100% bootstrap
support while 99% bootstrap supported the Symphalangus clade. According the Hillis and Bull
(1993), 70% or more is the minimum threshold in order to estimate phylogenies accurately.
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Besides looking at tree topologies and bootstrap values, phylogenetic relationships between
Nycticebus and other Malaysian primates can also be derived from Kimura 2 Parameters distance
matrix. Table 4 summarized the average percentage distance among Malaysian primates The
average intra-specific genetic distance was 6.013 in the Nycticebus. The average inter-generic
genetic distance between primitive primate (Nycticebus) and higher primates (Symphalangus,
Trachypithecus and Presbytis) was 97.101

The topology of the tree is generally in agreement with the widely accepted classification of
primates (Delson, 1980) that was based on fossil records and other molecular analyses (Arnason
et al., 2000; Brown et al., 1982; Ferris et al., 1981; Hayasaka ef al., 1988) except the position of
the Symphalangus. Basically genus Nycticebus is more closely related to family Cercopithecidae
than to family Hylobatidae. However, CytB sequences shows that the Nycticebus is more closely
related to genus Symphalangus than to Macaque and leaf monkey.

The N. pygmaeus appears to be distantly related to other two types of lorises and it is more
closely related to N. c. menagensis. This result strongly supports the study of skull measurement
by Groves (1998, 2001) that recognized N. pygmaeus as a separate species. N. ¢. menagensis is
closest to N. pygmaeus compared to other N. coucang subspecies because of a ring-species effect.
CytB gene sequences in this study showed interesting result between N. ¢. coucang samples from
Peninsular Malaysia. Samples from Peninsular Malaysia together with N. bengalensis were from
one clade, while the sample from Borneo together with N. coucang sample from Gene Bank and N.
c. menagensis were from another distinct clade. This result showed that the sample from Borneo
(NcSP32) may be belongs to subspecies menagensis that support Brandon-Jones et al. (2004) and
Groves (2001). N. c. javanicus which is one of N. coucang subspecies formed a separate branch.
This result may not support Brandon-Jones er al. (2004) that classified N. c. javanicus together
with N. ¢. coucang, and N. c. menagensis. However, this result is only based on one sample of N.
¢. javanicus from Gene Bank.

CONCLUSION

This study has increased our understanding of phylogenetic relationships among Malaysian
primates from the molecular perspectives of the CytB. Locus used in this study can be used to
portray primate phylogenetic relationships as it was successfully used in other Asian colobines
and cercopithecines. Even though this study showed each genus formed a distinct monophyletic
clade, it also showed some conflicting result as the Nycticebus clade is closer to Symphalangus
than family Cercopithecidae. The species relationships among Nycticebus species however cannot
be resolved. Thus, more data on nucleotide sequences of both mitochondrial and nuclear genes is
required as well as larger number of samples.
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Table 1: Sampling details

No. Code/Accession Species Locality
Number

1 PmsBM23 P. m. siamensis Ulu Besut, Terengganu
2 PmsBM24 P.m. siamensis Ulu besut, Terengganu
3 PmrBM27 P. m. robinsoni Ulu Kenas, Perak
4 PmrBM31 P. m. robinsoni Ulu Kenas, Perak
5 PhBM67 P. hosei Tawau Hill Park, Sabah
6 PhBM70 P. hosei Lembah Danum, Sabah
7 PrBM102 P. rubicunda Tawau Hill Park, Sabah
8 PrMKO1 P rubicunda Tawau Hill Park, Sabah
9 TeBMO1 T. cristatus Kota Kuala Muda, Kedah
10 TecBMO3 T. cristatus Kota Kuala Muda, Kedah
11 TeAAOL T. cristatus Samunsam, Sarawak
12 ToBMO09 T obscurus Changloon, Kedah

13 ToBM10 T obscurus Zoo Taiping, Perak

14 ToL01 T. obscurus Langkawi, Kedah

15 MnBM102 Macaca nemestrina Zoo Melaka

16 MnBM103 Macaca nemestrina Z00 Melaka
17 MaBM104 Macaca arctoides Zoo Melaka
18 MaZZ01 Macaca arctoides Unknown
19 M{MF02 Macaca fascicularis Pulau Sapi, Sabah
20 MISP50L Macaca fascicularis Tawau Hill Park, Sabah
22 HyZZ090 S. syndactylus Zoo Melaka
23 HyZZ095 S. syndactylus Ipoh, Perak
24 HyZZ096 S. syndactylus Pahang
26 TbABO11077 Tarsius bancanus Gene Bank
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27 NcZZ098 N. ¢c. coucang Selangor

28 NcZZ099 N. ¢. coucang Selangor

29 NcSP32 N. coucang Ranau, Sabah
30 NcAY687889 N. coucang Gene Bank
31 NemAY878361 N. c. menagensis Gene Bank
32 NcjAY 878365 N. e. javanicus Gene Bank
33 NbAY441477 Nycticebus bengalensis Gene Bank
34 NpAY6878892 Nycticebus pygmaeus Gene Bank

Table 2: Oligonucleotide primer pair and PCR conditions

Forward/Reverse Primer Sequences

L14724: 5-CGAAGCTTGATATGAAAAACCATCGTTG-3»
H15149:5-AAACTGCAGCCCCTCCGAATGATATTTGTCCTCA-3*

Phase Temperature (°C) Duration Number of Cycles
Pre-denaturation 94 3 min
Denaturation 94 1 min
Annealing 55 I min 35
Elongation 72 1 min
Post-elongation 72 10 min

Table 3 : PCR reagent mixture for amplification of CytB gene.

Tissue sample | FTA card

Components Concentrations | Volume Concentrations | Volume

(ul) (ul)
DNA Template 3.0-5.0 0*
Tag DNA Polymerase | 5 U/ul 0.5 5 U/ul 0.5
MgCl, 50 mM 3.0 50 mM 3.0
dNTP 1 mM 1.0 1 mM 1.0
PCR Buffer 5X 5.0 5X 5.0
CytBL 20 pmol/ul 0.5 20 pmol/ul 0.5
CytB H 20 pmol/ul 0.5 20 pmol/ul 0.5
ddH,0 - 34.5-36.5 - 39.5
Total 50.0 50.0
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Table 4. Average percentage of genetic distance among and between Preshytis, Trachypithecus, Macaca,
Symphalangus and Nycticebus using the Kimura 2 Parameters

Presbytis Trachypithecus | Macaca Symphalangus | Nycticebus
Presbytis 9.059 19.103* 25.623%
Trachypithecus | 21.046 3.801 21.192%*
Macaca 27.822 22.145 9.160
Symphalangus | 95.262 88.551 95.337 0.288
Nycticebus 119.940 116.024 121.770 30.670 6.013

*Average percentage from

Md-Zain er al. (2005a

Figure 1. Amplification product of Cyt b gene from Symphalangus and N. coucang

Lane 1 | Marker 100bp (Invitrogen) Lane 5 | H. lar ( ZZ097)

Lane 2 | 8. syndactylus (ZZ090) Lane 6 | N. coucang (ZZ098)
Lane 3 | §. syndactylus (ZZ095) Lane 7 | N. coucang (ZZ099)
Lane 4 | S. syndactylus (ZZ096) Lane 8 | N. coucang (SP(P)328)
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Figure 2. Phylogenetic relationships of species studied based on maximum parsimony (bootstrap values
shown in brackets).
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Figure 3. Phylogenetic relationships of species studied based on neighbor joining (bootstrap values shown in
brackets).



