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Abstract

Background and Aim: Indonesian cuscuses are now becoming scarce because of the reduction of habitat and poaching.
Further, molecular characterization of Indonesian cuscuses is still very lacking. This study aimed to determine genetic
markers and phylogenetic relationships of Indonesian cuscuses based on /6S rRNA gene sequences.

Materials and Methods: This study used 21 cuscuses caught from two provinces and 16 islands: 13 from Maluku and
eight from Papua. Cuscus samples were taken by biopsy following ethics guidelines for animals. The genome isolation
was done using gSYNC DNA Mini Kit (Geneaid Biotech Ltd., Taiwan). The /6S rRNA gene was amplified by primers
(16SKUSAF and 16SKUSAR), and the polymerase chain reaction product obtained was 1875 base pair (bp). The analysis
of genetic characterization and the phylogenetic relationship was performed usingMEGA version X software (https://www.
megasoftware.net/).

Results: /6S rRNA gene sequencing attained 1598 bp for all samples. Based on the /6S rRNA nucleotide sequences,
cuscuses from Papua and Maluku belong to the genus Phalanger and Spilocuscus. Phalanger spp. and Spilocuscus spp.
from Papua can be distinguished from Phalanger and Spilocuscus from Maluku, except Spilocuscus from Ternate has a very
close relationship with cuscus from Sentani, Papua.

Conclusion: Indonesian cuscuses were derived into two clades based on /6S rRNA gene sequence, one group to genus

Phalanger and another group to Spilocuscus.

Keywords: Indonesian cuscuses, Maluku, Papua, Phalanger, phylogeny, Spilocuscus.

Introduction

Animal distribution studies are increasingly
being conducted, so the characterization of each spe-
cies needs to be carried out both morphologically and
molecularly. One animal originating from the Wallace
line is the small Sulawesi cuscus (Strigocuscus cele-
bensis); another is Sulawesi bear cuscus (A4ilurops
ursinus). There are at least 20 additional species
which belong to the family Phalangeridae [1-3].
A. ursinus is spread throughout Sulawesi and nearby
islands in Togian, Peleng, Muna, Buton, and Lirung
(Talaud Islands). Spilocuscus maculatus, described
by Desmarest [4], has a range that extends from
Queensland (Australia), through Papua, to Buru and
Caram, and the small island of Selayar, at the tip of the
Southeast Sulawesi. Peninsula cuscus is an Australian
animal, marsupial mammal, belonging to the family
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Phalangeridae, whose distribution is limited in East
Indonesia (Sulawesi, Maluku, and Papua), Australia,
and Papua New Guinea. From the five genus cus-
cus, four genera are found in Indonesia, namely,
Ailurops, Phalanger, Spilocuscus, and Strigocuscus,
and there are at least 24 species of cuscus spread
across the three islands [5-7]. In Papua, two genera
were found, namely, Phalanger (bottled cuscus) and
Spilocuscus (spotted cuscus); in Maluku, there are two
genera found, namely, Phalanger and Spilocuscus;
and in Sulawesi, the genus Spilocuscus and Ailurops
are found, which are endemic species in Sulawesi
Island [8-10]. This research is significant because
Indonesian cuscuses are now beginning to become
scarce due to the decreasing habitat it occupies, many
local people are hunting for consumption, trade, and,
in some communities, ritual purposes [11,12].

Cuscus is one of the protected wildlife in Indonesia
based on the decree of the Indonesian Ministry of
Agriculture No. 247/KPTS/UM4/1979 and PP. No. 7 of
1999 concerning Preservation of Plants and Animals.
Efforts to maintain the preservation of these animals
need to be done in situ and ex situ conservation. The
data from these animals, both morphologically and
genetically, are lacking, so the molecular characteristics
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need to be studied more closely. Latinis [13] has
researched hunting cuscus in Central Maluku. Fatem
and Sawen [14] identified cuscus in the northern
coastal region of Manokwari, Papua, based on its
morphological characteristics. Molecular research on
cuscus has been carried out by Munemasa et al. [15]
using the mitochondrial genome but at the level of the
Phalangeridae family. Molecular studies at the species
level have never been carried out. According to the
previous studies, the NADH dehydrogenase subunit 3
(ND3) gene sequence, the 4L NADH dehydrogenase
subunit (ND4L) gene, and 12 rRNA gene can be used
as genetic markers of Tarsius bancanus from Sumatra,
Kalimantan with Tarsius from Sulawesi [16-18].

This study aimed to obtain nucleotide sequences
and measure diversity using /6S rRNA mitochondrial
gene in cuscus from Maluku and Papua. These mito-
chondrial DNA sequences are unique and can be used
as genetic markers for species identification. The 165
rRNA gene has been widely used for phylogenetic
study and detection in other species [19-22]. It is
expected that the nucleotide diversity of each cuscus
species can be used as genetic markers and can deter-
mine the phylogenetic relationship of the cuscuses
from Maluku and Papua. It is hoped that by identi-
fying genetic markers will help conservation efforts,
especially for animals that have lost their habitat and
need to be conducted ex sifu. The information gained
from these efforts can apply to other endangered spe-
cies that are threatened with extinction, preserving the
biological wealth in Indonesia.

Materials and Methods

Ethical approval

This study was approved by the Animal Ethics
Committee for using Animal and Scientific Procedures
in the Faculty of Veterinary Medicine, Universitas
Gadjah Mada, Indonesia.

Sample collection, study period, and location

Cuscus samples were taken from their natural
habitat, namely, Maluku Province (13 individuals)
and Papua Province (8 individuals) (Table-1). All cus-
cus samples were identified based on morphological
characteristics (Figure-1) and sample tissues were pre-
served in RNA latter buffer (Qiagen, Germany). The
Indonesian cuscus samples in this study were unre-
lated genetically because they were taken individually
from the habitat of each location. This research was
conducted from January to June 2020, starting from
sample collection to data analysis.

Genome isolation

Total DNA was extracted from tissue biopsy
(30 mg). Isolation and purification of DNA were
performed using a DNA Isolation Kit (Qiagen). The
isolated DNA was detected after migration on a 1%
agarose gel using a 1 x TBE buffer in the Submarine
Electrophoresis device (Hoefer, USA). We observed
the isolates with the help of ultraviolet (UV) light

(A = 260 nm) after the gel was stained with Bioatlas
(Genaid, Taiwan). The isolated DNA was then stored
at —20°C before being used for the next step.

Primer design

The primers are designed using the Primer3 out-
put program (http://www-genome.wi.mit.edu/cgi.bin/
primr3.cgi/results from-primer3) based on the mito-
chondrial sequences of Phalanger vestitus (Access
number AB241057.1). The sequence of the primers
for the amplification of the /6S rRNA gene is pre-
sented in Table-2.

Amplification of the 16S rRNA gene by polymerase
chain reaction (PCR)

Genomic DNA was used as DNA template for
the amplification of /6S ¥RNA gene. DNA amplifi-
cation by PCR in this study used an Infinigen PCR
machine. Amplification of the /65 ¥RNA gene each
using a self-designed pair of primers based on P, ves-
titus mitochondrial genome sequence from GenBank
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Figure-1: The cuscuses were from Maluku (a) and
Papua (b).

Table-1: Origin of cuscus samples from Maluku and
Papua Island.

Origin of cuscus

Maluku Island

Allang P. Ambon
Geser Island
Gorom Island
Halmahera Island
Hatu Ambon Island
Kariu Haruku Island
Lakor Island
Manipa Island
North Seram Island
South Seram Island
Soya Ambon Island

Papua Island

Moor Nabire Island
Nabire Island

Sentani Jayapura Island
Wanggar Nabire Island
Yaro Nabire Island

Table-2: Primer sequences for amplifying 16S rRNA gene.
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Primer Sequence Product Tm
size (bp) (°C)

16SKUSAF 5" TTAGGAAGGCA 1875 51
ATTGCTAGG 3’

16SKUSAR 5" CCGTCACCC 53
TCCTCAATTA 3’

16SKUSBF 5" TTAGAAAAGCA 1875 54
ATTGCTAGG 3’

16SKUSBR 5" CGTCACCCTC 53
CTCAATTA 3’
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(access number AB241057.1), as shown in Table-1.
DNA amplification was carried out under the fol-
lowing conditions: Initial denaturation for 2 min at
temperature 94°C then followed by 94°C for 30 s for
denaturation, 49°C for 45 s for primary attachment
(annealing), and 72°C for 1 min 45 s for elongation;
amplification was carried out as many as 35 cycles,
then ending with 5 min at 72°C.

PCR products were detected by 1.5% aga-
rose gel using a 1 x TBE buffer in the Submarine
Electrophoresis device (Hoefer, USA). The observa-
tion was carried out on UV transilluminator (A = 260
nm) after the gel was stained with Bioatlas (Genaid).
DNA markers with a size of 1000 bp are used as indi-
cators of molecular weight.

DNA sequencing

The amplified PCR product was purified
using the GFX Column purification kit, then used
as DNA template for sequencing. For each sample,
two sequencing reactions were carried out using the
forward and reverse primers. Sequencing was per-
formed on all /65 rRNA gene PCR products that good
sequencing results were marked with a single peak
spectrophotogram graph and no noise.

Amplification of 16S rRNA gene by PCR technique

Genome amplification of 21 cuscus samples
from Papua and Maluku resulted in excellent bands,
with a length of approximately 1875 bp. Amplicons
were visualized using 1% agarose gel electrophore-
sis with 1 kb DNA ladder as a molecular weight indi-
cator (Figure-2). The PCR products were sequenced
using forward primers and reverse primers used for
the amplification process.

Statistical analysis

The multiple alignments of /6S rRNA gene nucle-
otides were analyzed using ClustalW software [23].
The sequences of /6S rRNA gene were analyzed by
MEGA software version 7 [24]. Genetic distance was
analyzed by the Kimura method with two parame-
ters [25]. PCR products were sequenced, both forward
and reverse. Sequencing results were aligned using the
ClustalW program. Reverse sequences were used as
comparisons of forward sequences to obtain an accurate
sequence result. The phylogenetic tree was constructed
based on nucleotide sequences by the neighbor-joining
method with a bootstrap value 1000x. The cuscus used
as a comparison and was taken from GenBank data
including P. vestitus (Access number AB241057.1),
S. maculatus (KJ868160.1), Phalanger gymnotis
(KJ868142.1), Phalanger orientalis (AY228381.1),
and Trichosurus vulpecula (AF357238.1).

Results and Discussion

Genetic variation

Twenty-one cuscus samples from Papua and
Maluku were analyzed based on sequences of for-
ward and reverse /6S rRNA sequences. Forward and
reverse sequences were used for the editing process
by observing sequence electropherogram. Cuscus
(Allang P. Ambon) was a basis comparison to deter-
mine the site variables for other cuscuses. The dot on
the alignment image showed homology with cuscus
(Allang P. Ambon). There were 166 site variables in the
amplified 16S gene (Figures 3-5). Some cuscus sam-
ples had high similarity with cuscus (Allang P. Ambon),
namely, cuscus Halmahera, Manipa, South Seram,
Soya Ambon, and Nabire Island.

2,000 bp)
| —— 1,500 bp
1,000 bp

750 bp
——— s00bp

—— 250bp

Figure-2: Polymerase chain reaction product of 165 rRNA cuscus from Papua and Maluku in agarose gel 1%.

1122333333333444L4LLLLLLLLLS5S5556666T7T777777888888888
112256825163567777780464455678888337702780112568001122334
292316094646 100034890767815360156245621953896924125869373

Cuscus (Allang P. Ambon)

Cuscus (Kariu Haruku island) TAG. AT . .
Cuscus (Kariu Haruku island) TAG. AT. .

Cuscus (South Seram island)
Cuscus (Soya Ambon island)
Cuscus (Moor Nabire island)
Cuscus (Nabire island)
Cuscus (Nabire island)
Cuscus (Nabire island)
Cuscus (Sentani Jayapura island) . . . . . . () Ee— TA

Cuscus (Yaro Nabire island)

CTTGG6CAATTAAATGGTTAGAAACTGCATAGGTAAATTAAGAGAGGTGTTATAAAT
666TGCT. AATAG. . T. .
666TGCT. AATAG. . T. .
666TGCT. AATAG. . T. .

Cuscus (Geser island) TAG. AT. .

Cuscus (Geser island) TAG. AT . .

Cuscus (Gorom island) TAG. AT. .

Cuscus (Halmaheraisland) . ... .. Bl o w s TA

Cuscus (Hatu Ambon island) TAG. AT. . 666TGCT. AATAG. .

666TGCT. AATAG.
6G6TGCT. AATAG. .

Cuscus (Lakor island) TAG. AT. . 66B6TGCT. AATAG. .
Cuscus (Manipaistand) . . ... .. ... .........
Cuscus (North Seram island) TAG. AT . .

.......... B AT w s » mows & mege % wwss @ O A
.......... O PRI o o = savses o e o s o O

.......... O Ain T = somgs @ mawes w wmas @ weds @ Ok w
.......... Q.Y M. o i iy i, Smeiney iy sipiins i OB

Cuscus (Wanggar Nabire island) TAG6TATG6G666TTGCT. AGTAGGGTC. AGGGATGT666CGTAGA. AACTACG. 6. 6.
Cuscus (Wanggar Nabire island) TAGTATG. 66TTGCT. AGTAGGG6TCTAGGGATGT666CGTAGA. AACTACG. 6. . .
TAGTATG6666TTGCT. AGTAGGGTC. AGGGATGTG66C6TABA. AACTACG. 6. 6.

AGGGATGTGG6G6CG6TAGAG. ACTACG. 6. . .
AGGGATGTG66CG6TAGAG. ACTACG. 6. . .
AGGGATGTG66CG6TAGAG. ACTACG. 6. . .

T.. AGGGATGTGG66CGTAGAG. ACTACG.
.T.. AGGGATGTGG66CGTAGAG. ACTACG.
T.. AGGGATGTGG66CG6TAGAG. ACTACG.
T.. AGGGATGTG66CG6TAGAG. ACTACG.

Figure-3: Variable sites 12-843 on 16S gene of cuscus from Maluku and Papua.
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Cuscus (Allang P. Ambon) GTTAAATTTATTTTTGGAATGAAAGGGTGAATGATG6GAAAGTAAGAGGATGTTTG

Cuscus (Geser island) T...T6...6.CC66. A. TCAGGG6CTACAGGGTTCTA. TT6AGTG. GAA. CAAGCA
Cuscus (Geser island) TA. . T6...6.CC66. A. TCAGGGCTACAGGGTTCTA. TT6AGTG. GAA. CAAGCA
Cuscus (Gorom island) T...T6...6.CC66. A. TCABGGGCTACAGGGTTCTA. TT6AGTG. GAA. CAAGCA
Cuscus (Halmahera island) yoons BTns @ uns o Goute R GaE Af WGUTE A e of emE o dewhn G S acene o e 5 uern 2wy @
Cuscus (Hatu Ambon island) T...T6..66ACC6G6. A. TCAGGGCTACAGGGTTCTA. TT6AGTG. GAA. CAAGCA
Cuscus (Kariu Haruku island) Tx T6. 6.CC66G. A. TCAGGGCTACAGGBTTCTA. TTGAGTG. GAA. CAAGCA
Cuscus (Kariu Haruku island) T T6. 6.CC66.A. TCAGGG6CTACAGGG6TTCTA. TT6AGTG6. GAA. CAAGCA
Cuscus (Lakor island) e 66. G.CCGG. A. TCAGGG6CTACAGGGTTCTA. TTGAGTG. GAA. CAAGCA
Cuscus/(ManIpaiIsIand)’: oo o s 0 SR o S ) SRNED o SRS S SRSES N SAe o SRS 4SRN W SRNED 1 SRS o SHANSs ) SR
Cuscus (North Seram island) TCA.T66A66. CC66. A. TCABGGGCTACAGGGTTCTA. TT6AGTG6. GAA. CAAGCA

Cuscus (South Seram island)
Cuscus (Soya Ambon island)
Cuscus (Moor Nabire island)
Cuscus (Nabire island)
Cuscus (Nabire island)

Cuscus (Nabire island) SN -/ R ——— 7. S [ N
Cuscus;(SentaniJdayapura iSIand) = . BiTouu: o s o s o SR o S0 o SR w S W SN W SRR w0 SRR e Blless o s s
Cuscus (Wanggar Nabireisland) T...T6...6.C. 66AA. TCAGG66CTACAGG6TTCTACTTG. AT. AGAA. . AAGCA
Cuscus (Wanggar Nabireisland) T...T6...6.C. GGAATTCAGGGCTACAGGGTTCTACTTG. AT. . GAAC. AAGCA
Cuscus (Yaro Nabire island) T...T6...6.C. 66GAA. TCAGGGCTACAGGGTTCTACTTG. AT. AGAA. . AAGCA

Figure-4: Variable sites 845-1141 on 16S gene of cuscus from Maluku and Papua.
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Cuscus (Allang P. Ambon) TGTTAGACATGAAATGAAGTTTAGTAAGTTCATAGGTTACGATATGTAAAATAG

Cuscus (Geser island) CTC. GAGGT. AG6G. AGT. 6666AAGGAACTGGG6AAGA. TAGCGA. GTG666. GA
Cuscus (Geser island) CTC. GAGGT. AGGG. AGT. 6666AAGGAACTGGG6AAGA. TAGCGA. GT6G6G6. GA
Cuscus (Gorom island) CTC. GAGGT. AGGG. AGT. GG6GAAGGAACTGGG6AAGA. TAGCGA. GTGG6G6. GA
Cuscus (Halmaheraisland) . . ... . ... CE & gome o RIC et 7 W & S To @2 ¢ s & Bosse A o' B i v o
Cuscus (Hatu Ambon island) CTC.GAGGT. AGGG. AGT. 6666AAGGAACTGGG6AAGA. TAGCGA. GT6G6G6. GA
Cuscus (Kariu Haruku island) CTC. GAGGT. AGGG. AGT. 6666AAGGAACTGGG6AAGA. TAGCGA. GTG6G66. GA
Cuscus (Kariu Haruku island) CTC. GAGGT. AGG6G. AGT. 6666AAGGAACTGGG6AAGA. TAGCGA. GT666. GA
Cuscus (Lakor island) CTC. GAGGT. AGGG. AGT. G6G6AAGGAACTGGG6AAGA. TAGCGA. GT6G6G6. GA
Cuscusi(Manipaiisland):: = swees wo s o Seem poeRte @ ceene  deums  desme ACeimn n wevre ieon w tenrn  levme o weann @ oiem
Cuscus (North Seram island) CTC. GAGGT. AG6G. AGT. 6666AAGGAACTGGG6AAGA. TAGCGA. GTGG66. GA
Cuscus'(South:Seramisland)  :ccc « wowis v svmes & somis & ToRGE B BEGE B SSEEE B BHRUE W GSNGE B SR W EMSEE © G 8 BN D
Cuscus:(Soya-Ambon:island):  wass o wims & 9RNE § DR © WSS BT DRI 0 DRV 6 RN 5 W TSRS B SR 0 W %
Cuscus (Moor Nabire island) CT..GAGGT. AGGGCAGT. 6666GAAGGAA. T6GGG6AAGA. TAG. GAAATGGGCGA
Cuscus (Nabire island) s Ol s @ Sss W L Wie 18 o sadss T Rosss o sosns o SnE e S
Cuscus (Nabire island) B s o nsmms 1 suseme 5 Ak Ao oo o e = e T o I0n o o 17
Cuscus (Nabire island) s (Ot a ol 50 Ao o gl SO o U, L ot i 1o 0 o sz 0B s o comone 4o svrare oo sety
Cuscus (Sentani Jayapuraistand) . . . . . . . .. s & womms W iew AC Az w oo T O @ s & Bocres & somames 0 oo 2w

Cuscus (Wanggar Nabire island) cT. .
Cuscus (Wanggar Nabire island) cT. .
Cuscus (Yaro Nabire island) CiT: #

GAGGT. AGGGCAGT. GGG6GAAGGAA. TGAGAAGA. TAG. GAAATGGGCGA
GAGGT. AGGG. AGT. G66GAAGGAA. TGAGAAGAGTAG. GAAATGG66CGA

Figure-5: Variable sites 1146-1596 on 16S gene of cuscus from Maluku and Papua.

The alignment sequence showed that there were
two groups of cuscuses in this study which had sim-
ilarities in the 16S gene sequence. The first group is
cuscus (Allang P. Ambon, Halmahera, Manipa, South
Seram, Soya Ambon, and Nabire), the second group is
cuscus (Geser, Gorom, Hatu Ambon, Kariu Haruku,
Lakor, North Seram, Moor Nabire, Wanggar Nabire,
and Yaro Nabire). This separation of groups did not
follow their area of origin cuscuses.

Genetic relationship between cuscus from Maluku
and Papua

The phylogenetic tree was constructed using the
neighbor-joining method. Cuscuses from Maluku and
Papua were divided into two clades (Figure-6), which
means that cuscuses were split into two genera. Clade
A1 was the cuscuses from Papua belonging to the genus
Phalanger, while clade A2 was the cuscuses from
Maluku belonging to the genus Phalanger. Clade Bl
was the cuscuses from Papua belonging to the genus
Spilocuscus, while clade B3 was the cuscuses from
Maluku belonging to the genus Spilocuscus. In the B2
clade, the cuscuses came from Papua and Maluku.

The number of base substitutions per site from
averaging over all sequence pairs between groups is
shown (Table-3). Standard error estimates are shown
above the diagonal. Analyses were conducted using
the maximum composite likelihood model [1]. All
positions containing gaps and missing data were

eliminated. There were 1543 positions in the final
dataset.

Evolutional history

The evolutionary history was inferred using the
neighbor-joining method [26]. The optimal tree with
the sum of branch length = 0.40235225 is shown. The
percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (1000 rep-
licates) is shown next to the branches [27]. The tree is
drawn to scale, with branch lengths in the same units
as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were
computed using the Tamura-Nei method [28] and are
in the units of the number of base substitutions per
site. This analysis involved 28 nucleotide sequences,
both the samples of current study and samples from
GenBank. All ambiguous positions were removed for
each sequence pair (pairwise deletion option). There
were 1598 positions in the final dataset. In Figure-2,
the cuscuses from Papua and Maluku belong to two
genera, namely, Phalanger and Spilocuscus. In the
group of Phalanger, those from Papua and Maluku
had the closest relationship with P vestitus, while
Spilocuscus type had the closest relationship with
S. maculatus. Two species of cuscus are commonly
hunted in Maluku, S. maculatus and P. orientalis.
S. maculatus is known as the spotted cuscus. The dis-
tribution of S. maculatus includes New Guinea, Aru,
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Table-3: Estimates of evolutionary divergence over sequence pairs between groups.

Cuscus S. macalatus Phalanger Cuscus from Ambon Cuscus from Papua
S. macalatus* 0.008 0.006 0.004
Phalanger* 0.091 0.006 0.006
Cuscus from Maluku 0.063 0.076 0.005
Cuscus from Papua 0.045 0.081 0.054

*From GenBank data, Spilocuscus maculatus (KJ868160.1), Phalanger vestitus (access number AB241057.1)

100

—_—

0.010

53 Cuscus (Hatu Ambon island) whole white
Cuscus (North Seram island) whole white
Cuscus (Geser island) whole white
Cuscus(Gorom island) whole white A2
Cuscus (Lakor island) brown linear black
Cuscus (Geser island) brown linear black
Cuscus (Kariu Haruku island) whole white
Cuscus (Kariu Haruku island) brown linear black
89 | Cuscus (Moor Nabire island) brown linear black
99 Cuscus (Wanggar Nabire island) grey linear black A
100 Cuscus (Wanggar Nabire island) brown linear black
— 99 ' Cuscus (Yaro Nabire island) brown linear black
99 ‘—————— Phalanger vestitus
Phalanger orientalis
Phalanger gymnotis
75 85 | Cuscus (Halmahera island) spotted

99 [! Cuscus (Sentani Jayapura island) spotted

Spilocuscus maculatus

5 r Cuscus (Nabire island) spotted 3

100 Cuscus (Nabire island) spotted 2
Cuscus (Nabire island) spotted 1

Cuscus (Allang P. Ambon) stein

Cuscus (Manipa island)stein
100 | Cuscus (South Seram island) spotted B3
Cuscus(Soya Ambon island) spotted
Trichosurus vulpecula
Strigocuscus celebensis
99 Ailurops ursinus

B2

Bl

(SN G P

Figure-6: Evolutionary relationships of Indonesian cuscuses (with color of coat) and some cuscuses from GenBank
database Phalanger vestitus (Access number AB241057.1), Spilocuscus maculatus (K1J868160.1), Phalanger gymnotis
(K1868142.1), Phalanger orientalis (AY228381.1), and Trichosurus vulpecula (AF357238.1).

Kei, Buru, Seram, Ambon, Selayer, Banda, Pandjang,
Timor, and Cape York Peninsula, Australia. Prehistory
and archeology of the cuscus evidenced that P. orien-
talis may have been actively introduced to Maluku,
Seram, Buru, Sanana, and the Kai Islands as early
as 6500 years ago. P. vestitus and S. maculatus were
found in Papua and Maluku region [13,29]. The recent
study on cuscus from Maluku, Kusumaningrum, and
Abinawanto [30] studied cuscuses based on COI gene
sequences and found that there were two types of cus-
cus, namely, S. maculatus and P. vestitus.

The results showed that, for the cuscus from
Maluku and Papua, each origin included two gen-
era, namely, the genus Phalanger and Spilocuscus.
Widayanti et al. [8] studied molecular characteriza-
tion of cuscus from Maluku and Papua Island based
on the NADH dehydrogenase subunit 1 gene, group-
ing cuscus from Papua and Maluku became two gen-
era Phalanger and Spilocuscus and classified into
Phalanger spp. and S. maculatus species. The taxo-
nomic review based on the biogeographic history of
Phalangeridae is complicated because the geological

history of Southeast Asia is very complicated to
describe. As a result, the historical interpretation of
phalangerids biogeography provided can only be tem-
porary [1-3]. The molecular phylogeny presented in
this study is thought to reflect better the evolutionary
relationships of Phalangeridae that differ from previ-
ous taxonomic determinations; the molecular phylog-
eny tree shows high suitability using statistical calcu-
lations [31].

Cuscuses of Papua and Maluku belonging to the
genus Phalanger (Figure-6) showed that the two cus-
cus groups are separated in different sub-branches and
show that Phalanger from Papua and Maluku can be
distinguished [8,9]. Usmany et al. [11] reported that
four types of cuscus lived in Seram (Maluku), namely,
brown cuscus (P. orientalis), gray cuscus (P. vestitus),
white cuscus (Phalanger ursinus), and spotted cuscus
(S. maculatus). These four types of cuscus showed
similarities in morphology. The spotted cuscus and
gray cuscus have similarities of the earlobe, which are
covered with hair. Still, white cuscus and brown cus-
cus are similar in that the earlobe is not covered with
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hair [14]. Likewise, for Papua and Maluku cuscuses
belonging to the genus Spilocuscus are also in differ-
ent sub-branches. However, except for Tobelo (ternate)
cuscus, the cuscus has historically been brought along
with the migration of people from Papua to Maluku
(Ternate) so that cuscus from Ternate has a very close
relationship with those from P. Sentani, Papua [13,29].

Conclusion

Cuscuses from Papua and Maluku based on the
16S rRNA gene nucleotide sequence are classified in
the genus Phalanger and Spilocuscus. Phalanger spp.
and Spilocuscus from Papua can be distinguished
from Phalanger and Spilocuscus from Maluku, except
Spilocuscus from Ternate has the closest relationship
with cuscus from Sentani, Papua. The 165 rRNA gene
can be used to identify genetic markers and differen-
tiate cuscus species from Maluku and Papua. Genetic
characterization information, especially genetic mark-
ers, is needed to carry out the conservation and breed-
ing of each species.
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