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RINGKASAN

ABDUL SAMAD. Profiling Genetik Burung Maleo Senkawor (Macrocephalon
Maleo Sal. Muller 1846) Menggunakan Marka DNA Mitokondria dan Identifikasi
Jenis Kelaminnya Berdasarkan Molekular Sexing. Dibimbing oleh DEDY
DURYADI SOLIHIN, CECE SUMANTRI dan BAMBANG PURWANTARA.

Sulawesi merupakan pulau terbesar di hotspot keanekaragaman hayati
Wiallacea yang dihuni oleh beragam fauna endemik namun kelimpahan populasinya
banyak berkurang. Proses pembentukan pulau ini rumit dan kompleks karena
melalui berbagai peristiwa geologi sehingga diyakini proses ini berperan pada
hadirnya fauna yang tidak dijumpai dibelahan dunia manapun. Sulawesi dibentuk
dari berbagai terran (kerak benua) yang datang dari berbagai arah lalu kemudian
terjadi tubrukan.

Salah satu kekayaan hayati Pulau Sulawesi yang menarik untuk diteliti terkait
eksistensi dan asal-usulnya di pulau ini yaitu burung Maleo Senkawor
(Macrocephalon maleo). Saat ini, data molekuler berbagai taksa yang ada di
Sulawesi telah tersedia. Namun khususnya pada spesies M. maleo, data
molekulernya yang membahas tentang perkiraan waktu divergensi dan
dikombinasikan dengan peristiwa geologi untuk mengungkap kehadiran awalnya di
Sulawesi belum pernah dilakukan. Kehadiran M. maleo di Sulawesi diduga terikat
langsung dengan leluhur Megapoda yang ada di Australia.

Burung M. maleo memiliki sebaran geografis yang luas di Sulawesi,
diantaranya Sulawesi Utara, Tengah, dan Tenggara. Sebaran individu pada
interpopulasi ini diduga dapat menjadi penghambat dalam aliran gen (gen flow)
yang diakibatkan adanya penghalang fisik maupun perbedaan kondisi habitat.
Selain itu, ketiga wilayah ini merupakan daerah endemisitas di Sulawesi. Akibatnya
diduga telah terjadi adaptasi lokal yang berperan pada munculnya keragaman
populasi M. maleo pada masing-masing daerah sebaran geografik di Sulawesi.

Keberadaan spesies M. maleo mengkhawatirkan karena telah mengalami
penurunan populasi yang tajam sebagai akibat dari aktivitas eksploitasi telur yang
perlebihan dan juga hilangnya konektivitas antara hutan dan lokasi sarang.
Ancaman yang dihadapi spesies ini tentunya dapat berpengaruh pada menurunnya
ukuran populasi dan berpotensi mengancam keberlangsungan hidup spesies ini
dimasa mendatang. Fenomena kelompok populasi yang kecil dapat memicu
terjadinya perkawinan kerabat yang dekat (inbreeding) sehingga berdampak pada
keragaman genetik yang ditandai dengan menurunnya keragaman nukleotida dan
haplotipe.

Upaya perlindungan M. maleo yang dilakukan saat ini yaitu melalui program
fasilitas penetasan semi alami. Dalam program tersebut, selain memahami
keragaman genetik, identifikasi terhadap jenis kelamin juga penting untuk
dilakukan guna menjaga keseimbangan rasio jenis kelamin. Rasio jenis kelamin
memainkan peranan penting dan mempengaruhi peran seks dan sistem
nerkembangbiakan. Selain itu juga, rasio jenis kelamin yang tidak seimbang pada
populasi kecil dapat menghasilkan penurunan yang mengarah pada kepunahan
spesies tersebut. Oleh karena itu, penelitian ini dilakukan dengan tujuan: (1)
mengungkap identitas molekuler burung maleo senkawor (M. maleo) berdasarkan
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DNA mitokondria (mtDNA) dengan gen penanda Cytocrhome Oxidase | (COl), (2)
mengetahui hubungan filogenetik pada masing-masing populasi dengan sebaran
geografik yang luas melalui marka gen Cytochrome-b (Cyt-b), (3) mengungkap
hubungan interpopulasi dan asal-usul populasi menggunakan marka penanda
daerah D-Loop (control region), (4) determinasi sex secara akurat menggunakan
metode molekuler sexing melalui gen Chromo Helicase DNA-Binding (CHD).

Tahapan analisis genetik terlebih dahulu dilakukan melalui isolasi DNA total
dari bulu dan cangkang telur M. maleo menggunakan kit Dneasy® Blood and
Tissue dan diamplifikasi dengan menggunakan primer spesifik gen parsial COI,
Cyt-b, dan D-loop/control region. Jarak genetik ditentukan berdasarkan Kimura 2-
parameter dan P-distance. Konstruksi pohon filogenetik dibentuk berdasarkan
Neighbor-Joining dan UPGMA menggunakan program MEGA 11. Verifikasi
spesies menggunakan BLAST-n di situs NCBI.

Hasil analisis menggunakan marka gen COIl didapatkan 4 situs single
nucleotide polymorphism (SNP). Pada situs ke-28 merupakan situs spesifik yang
hanya dimiliki oleh populasi asal Sulawesi Utara. Hasil translasi 796 bp sekuen
nukleotida COlI, dihasilkan 263 situs asam amino (AA). Jarak genetik berdasarkan
sekuen nukleotida gen COI yang dihasilkan pada tiga (3) populasi (Sulawesi Utara,
Tengah, dan Tenggara) yaitu 0,000 (0,0%) — 0,001 (0,1%), dan jarak genetik
berdasarkan asam amino (AA) yaitu 0,000 (0,0%) — 0,004 (0,4%). Hasil analisis
Median Joining Network diketahui bahwa Populasi asal Sulawesi Utara telah
membentuk haplotipe tersendiri (haplotipe-2) dan populasi asal Sulawesi Tengah
dan Tenggara membentuk haplotipe yang sama (haplotipe-3). Pada marka genetik
gen Cyt-b didapatkan hasil bahwa terdapat lima (5) situs single nucleotida
polymorphism (SNP) dan 3 situs diantaranya menunjukkan spesifik lokasi yaitu
pada situs ke 678 (Sulawesi Tengah), 890 dan 891 (Sulawesi Utara). Hasil analisis
berdasarkan Median Joining Network diketahui bahwa pada seluruh populasi,
masing-masing telah memiliki haplotipe tersendiri. Hasil translasi 903 bp sekuen
nukleotida gen Cyt-b didapatkan 301 situs AA. Jarak genetik berdasarkan sekuen
nukleotida gen Cyt-b pada tiga (3) populasi (Sulawesi Utara, Tengah, dan
Tenggara) yaitu 0,002 (0,2%) — 0,003 (0,3%). Sedangkan jarak genetik M. maleo
dibandingkan dengan spesies A. lathami (outgroup) yaitu 0,144 (14,4%) — 0,146
(14,6%). Jarak genetik berdasarkan AA pada 3 wilayah populasi penelitian
memiliki nilai yaitu 0,003 (0,3%) 0,007 (0,7%). Sementara jarak genetik antara M.
maleo dengan spesies A. lathami (outgroup) yaitu 0,051 (5,1%) — 0,058 (5,8%).

Hasil analisis menggunakan marka daerah D-Loop/control region didapatkan
sembilan (9) situs single nucleotide polymorphism (SNP). Keragaman nukleotida
berdasarkan interpopulasi diperoleh nilai sebesar 0,00501 (0,501%) dan keragaman
haplotipenya yaitu 0,74265 (74,265%). Sedangkan keragaman nukleotida dan
haplotipenya berdasarkan intrapopulasi yaitu 0,000 (0,0%) atau sama. Jarak genetik
berdasarkan interpopulasi dipisahkan dengan nilai jarak genetik antara 0,3%-0,6%.
Sedangkan jarak genetik spesies M. maleo dengan spesies outgroups yaitu 12,6%—
13,9%. Hasil analisis data genetik yang dikombinasikan dengan runutan peristiwa
geologi pembentukan Pulau Sulawesi, diketahui bahwa Pulau Buton atau lengan
tenggara sulawesi (Sulawesi Tenggara) diduga menjadi pusat asal-usul penyebaran
M. maleo di Sulawesi.

Identifikasi jenis kelamin dilakukan menggunakan teknik molekuler sexing
dengan memanfaatkan primer universal yaitu 2550F/2718R. Primer ini mampu
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'mengamplifikasi gen CHDZ/W pada M. maleo. Sehingga diperoleh ukuran sekuen
gen CHDZ vyaitu 586 bp dan gen CHDW vyaitu 436 bp. Hasil identifikasi jenis
elamin pada seluruh populasi diketahui bahwa individu jantan terlihat lebih
inan dengan rasio (4,25:1) dengan sebaran perjenis kelamin terdiri atas 11
ividu jantan pada populasi Sulawesi Utara, 2 individu jantan dan 1 individu
ina pada populasi asal Sulawesi Tengah, sementara pada populasi asal Sulawesi
ggara ada 4 individu jantan dan 3 individu betina.

a Kunci: Genetik, Identifikasi, Macrocephalon maleo, Mitokondria, Sexing
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SUMMARY

ABDUL SAMAD. Genetics Profiling of the Maleo Senkawor Bird
(Macrocephalon maleo Sal. Muller 1846) Using Mitochondrial DNA Markers and
Sex Determination Based on Molecular Sexing. Supervised by DEDY DURYADI
SOLIHIN, CECE SUMANTRI and BAMBANG PURWANTARA.

Sulawesi is the largest island in the Wallacea biodiversity hotspot which is
inhabited by a variety of endemic fauna but whose populations are declining. The
process of forming this island is complicated and complex because it went through
various geological events so it is believed that this process contributed to the
presence of fauna that cannot be found anywhere else in the world. Sulawesi was
formed from various terrain (continental crust) that came from various directions
and then there was a collision.

One of the biodiversity of Sulawesi Island that is interesting to study
regarding its existence and origin on this island is the Maleo Senkawor bird
(Macrocephalon maleo). At present, molecular data on various taxa in Sulawesi are
available. However, especially for the species M. maleo, molecular data discussing
the estimated time of divergence combined with geological events to reveal its
initial presence in Sulawesi have never been carried out. The presence of M. maleo
in Sulawesi is thought to be directly related to the ancestral megapods in Australia.

M. maleo bird has a wide geographical distribution in Sulawesi, including
North, Central, and Southeast Sulawesi. The distribution of individuals in this
interpopulation is thought to be an obstacle in gene flow due to physical barriers
and differences in habitat conditions. In addition, these three areas are endemic in
Sulawesi. As a result, it is suspected that there has been local adaptation which has
contributed to the emergence of population diversity of M. maleo in each
geographical distribution area in Sulawesi.

The existence of the species M. maleo is worrying because it has experienced
asharp population decline due to excessive egg exploitation and loss of connectivity
between the forest and nesting sites. The threats faced by this species can certainly
affect the decline in population size and potentially threaten the survival of this
species in the future. The phenomenon of small population groups can trigger
inbreeding, resulting in genetic diversity as indicated by a decrease in nucleotide
and haplotype diversity.

At present, efforts to protect M. maleo are carried out through captive
breeding facility programs. In captive breeding facility programs, in addition to
understanding genetic diversity, the identification of sex is also important to do to
maintain the balance of the sex ratio. The sex ratio plays an important role and
influences sex roles and the reproductive system. Also, an unequal sex ratio in a
small population can result in a decline that leads to species extinction. Therefore,
this research was conducted with the aims of (1) revealing the molecular identity of
the maleo senkawor bird (M. maleo) based on mitochondrial DNA (mtDNA) with
the Cytochrome Oxidase |1 (COI) marker gene, (2) knowing the phylogenetic
relationship in each population with a wide geographical distribution through
Cytochrome-b (Cyt-b) gene markers, (3) reveal interpopulation relationships and
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population origins using D-Loop (control region) markers, (4) accurate sex
determination using the technic of molecular sexing through the Chromo Helicase
DNA-Binding (CHD) gene.

The first stage of genetic analysis was carried out by isolating total DNA from
feathers and eggshells of M. maleo using the Dneasy® Blood and Tissue kit and
amplification using partial gene-specific primers COI, Cyt-b, and D-loop/control
region. Genetic distance was determined based on the Kimura 2-parameter and P-
distance. Phylogenetic tree construction was formed based on Neighbor-Joining
and UPGMA using the MEGA 11 program. Species verification using BLAST-n at
the NCBI site.

The results of the analysis using COIl gene markers obtained 4 single
Aucleotide polymorphism (SNP) sites. The 28th site is a specific site that is only
owned by populations from North Sulawesi. As a result of the translation of 796 bp
of COI nucleotide sequences, 263 amino acids (AA) sites were produced. Genetic
distance based on COI gene nucleotide sequences produced in three (3) populations
(North, Central, and Southeast Sulawesi) namely 0.000 (0.0%) — 0.001 (0.1%), and
genetic distance based on amino acids (AA) i.e. 0.000 (0.0%) — 0.004 (0.4%). The
Median Joining Network analysis results show that populations from North
Sulawesi have formed a separate haplotype (haplotype-2) and populations from
Central and Southeast Sulawesi have formed the same haplotype (haplotype-3). In
the genetic markers of the Cyt-b gene, it was found that there were five (5) single
nucleotide polymorphism (SNP) sites and 3 of them showed specific locations,
namely at sites 678 (Central Sulawesi), 890, and 891 (North Sulawesi). The results
analysis results based on the Median Joining Network show that each has its
haplotype in all population translation results of 903 bp nucleotide sequences of the
Cyt-b gene obtained 301 AA sites. Genetic distance based on the nucleotide
sequence of the Cyt-b gene in three (3) populations (North, Central, and Southeast
Sulawesi) namely 0.002 (0.2%) — 0.003 (0.3%). Meanwhile, the genetic distance of
M. maleo compared to that of A. lathami (outgroup) was 0.144 (14.4%) — 0.146
(14.6%). Genetic distance based on AA in the 3 areas of the study population has a
value of 0.003 (0.3%) - 0.007 (0.7%). Meanwhile, the genetic distance between M.
maleo and A. lathami (outgroup) was 0.051 (5.1%) — 0.058 (5.8%).

The results of the analysis using the D-Loop/control region markers obtained
nine (9) single nucleotide polymorphism (SNP) sites. The value of nucleotide
diversity based on interpopulation was 0,00501 (0,501%) and the haplotype
diversity was 0,74265 (74,265%). While the diversity of nucleotides and haplotypes
based on intrapopulation is 0.000 (0.0%) or the same. Genetic distance based on
interpopulation is separated by a genetic distance value between 0.3% -0.6%.
Meanwhile, the genetic distance between M. maleo and outgroups was 12.6%—
13.9%. The results of the analysis of genetic data combined with the sequence of
geological events for the formation of Sulawesi Island, it is known that Buton Island,
or the southeastern arm of Sulawesi (Southeast Sulawesi) is suspected to be the
center of the origin of the distribution of M. maleo in Sulawesi.

Sex determination was carried out using molecular sexing techniques using
tniversal primers, namely 2550F/2718R. This primer was able to amplify the
CHDZ/W gene in M. maleo. So that the size of the CHDZ gene sequence is 586 bp
and the CHDW gene is 436 bp. The results of sex identification in the entire
nopulation revealed that males were more dominant with a ratio (4.25:1) with a sex



iX

distribution consisting of 11 males in the North Sulawesi population, 2 males, and
1 female in the population from Central Sulawesi. while in the population from

Southeast Sulawesi, there were 4 male individuals and 3 female individuals.
Keywords: Determination, Genetics, Macrocephalon maleo, Mitochondria, Sexing
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