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Accepted Macassar ebony (Diospyros celebica Bakh.) is an endemic tree species native to Sulawesi. To date,
10 December 2023 there are limited comprehensive publications regarding its genome assembly. In this study, we
Keywords employed paired-end libraries of HiSeq 4000 Illumina, generating 141.2 million paired-end reads
Diospyros celebica, (42.4 Gigabases). Our analysis revealed the presence of 950,081 Scaffolds, with an N50 value of
genomics, macassar 6,023. Notably, BUSCO analysis identified 183 (12.7%) complete and single-copy BUSCOs (S), as well
ebony, Sulawesi as 9 (0.6%) complete and duplicated BUSCOs (D). Furthermore, we identified 12,890 microsatellites
within the Macassar Ebony genome. These microsatellites encompass 14 dinucleotide SSR motifs,

BY 12,090 trinucleotide SSRs, 780 tetranucleotide SSR motifs, and 6 pentanucleotide SSRs. This dataset

represents a valuable resource for assessing Macassar Ebony genetic makeup in its natural habitats
and for subsequent analyses of the Macassar Ebony genome.

Introduction

Macassar Ebony (Diospyros celebica Bakh.), a native tree species of the Sulawesi region in Indonesia, belongs
to the Ebenaceae Family and is well known for its exceptional production of high-value, luxurious timber [1—
3]. This timber has remarkable versatility and useful applications in the construction, furniture, handicrafts,
and manufacturing of musical instruments [4]. Notably, according to Koichi Mimura (Personal
communication, 19 Februari 2021) a well-known Japanese musical instrument company has lauded Macassar
Ebony wood as unparalleled due to its unique acoustic properties, intricate patterns, and exceptional
durability. Despite its economic significance, unsustainable exploitation, illegal logging practices, and land
conversion have collectively contributed to Sulawesi's substantial degradation of natural forests [5]. This
degradation is intricately linked to the diminishing natural habitat of the Macassar Ebony [6]. This species has
been classified as vulnerable by the International Union for Conservation of Nature (IUCN) Red List of
Threatened Species since 1998 [7]. However, in 2018, Macassar Ebony was conspicuously omitted from the
list of protected plant species by the Indonesian government, raising concerns that inadequate management
could exacerbate its conservation status through illicit activity.

Due to its distinctive characteristics and ecological importance, concerted efforts are imperative to conserve
the Macassar Ebony. Conservation strategies encompass both in-situ and ex-situ approaches, aiming to
preserve their ecological, economic, and sociocultural roles within ecosystems. One notable endeavor
involved forest restoration and conservation with a focus on Macassar ebony within its natural habitat or in
other suitable areas, aligning with the government's commitment to reduce greenhouse gas emissions as
articulated in Indonesia's 2030 Forestry and Other Land Uses (FOLU) net sink operational plan [8]. However,
the success of ecosystem restoration and conservation initiatives, including extensive planting efforts,
depends on several factors. Among these factors, the genetic background of seedlings plays a pivotal role in
determining outcomes. A previous study [9], revealed that approximately 40% of reproductive materials for
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forest plants originate from fragmented populations with unknown genetic quality. Consequently, to ensure
robust growth and bolster the effectiveness of ecosystem restoration and conservation, it is imperative to
secure high-quality Macassar ebony seeds or seedlings with sound genetic foundations.

Visual differentiation between high-quality and low-quality planting stocks (e.g., seeds or seedlings) poses a
great challenge. Therefore, developing alternative methods to identify superior planting stock materials is
indispensable. Currently, genetic marker-based information regarding natural Macassar ebony populations
in Sulawesi remains limited. As an initial step, acquiring genome assembly data and identifying microsatellite
markers specific to Macassar ebony are essential prerequisites. The utilization of advanced whole-genome
sequencing (WGS) technology presents a promising avenue for providing this crucial information [10]. The
data derived from WGS can subsequently be harnessed to create molecular markers tailored for genetic
population studies aimed at ecosystem conservation, including developing simple sequence repeat (SSR)
markers [11]. Considering the limited genomic information, an experiment was conducted to generate
datasets for genome assembly and the development of genetic marker identification.

Material and Methods

Plant Material

In this study, fresh young healthy leaves from a single tree of Macassar Ebony planted inside the IPB Darmaga
campus, Darmaga, West Java, Indonesia (6.5568227 S, 106.7293918 E) were collected for DNA extraction.
Approximately 2 x 2 cm of leaf was used for DNA extraction.

DNA extraction and Whole Genome Sequencing

Genomic DNA extraction from Maccasar Ebony leaf samples was meticulously carried out using the Zymo
Plant & Seeds kit, a specialized kit designed by Zymo Research for the extraction of high-quality DNA from
plant and seed samples. The extraction procedure strictly adhered to the manufacturer's protocol, ensuring
the consistency and reliability of the results. The Zymo Plant & Seeds kit is renowned for its efficiency in
isolating genomic DNA, employing optimized reagents and methodologies to yield pure DNA free from
contaminants or inhibitors [12]. Following extraction, a comprehensive evaluation of the genomic DNA was
performed using the Agilent Bioanalyzer 5,400 system to ascertain both its quality and quantity. The Agilent
Bioanalyzer 5,400 system facilitated a detailed analysis of the DNA sample, providing information on the
fragment size distribution and detecting potential issues such as degradation or contamination [13].
Subsequently, the Maccasar Ebony genomic DNA extract, which was confirmed to have optimal quality, was
entrusted to Novogene for meticulous Polymerase Chain Reaction (PCR)-free library preparation. Library
preparation is a critical step for the preparation of DNA for high-throughput sequencing. The final step
involved sequencing the prepared library using an Illlumina HiSeq 4000 sequencing system. Sequencing
parameters were meticulously configured using 150 base-pair (bp) paired-end reads [10]. This setup allows
the sequencing of DNA fragments from both ends, enhancing the accuracy and completeness of the
generated genomic data.

Genome Assembly

The read data quality was assessed using FastQC software [14]. The genome assembly process was executed
using the Maser Pipeline [15], employing SOAPdenovo (PE) 2.04 with default parameters [16,17]. Following
this, the assembly quality was evaluated using Benchmarking Universal Single-Copy Orthologue (BUSCO)
v.3.0.2, involving scaffold and contig assessment. Genome assembly was performed using SOAPdenovo
software [18]. The draft genome then was evaluated for its quality and completeness using the BUSCO v3.0.2
software [19]. This evaluation included parameters such as complete and single-copy, completed and
duplicated, fragmented, and missing BUSCOs. The evaluation process using BUSCO v3.0.2 software was based
on expectations from the universal orthologous gene content in an evolutionary context [20]. The results of
the assembly process were then annotated using annotation after assembling (PE) software, and homology
was established against the UniProt and non-redundant nucleotides from the National Center for
Biotechnology Information (NCBI) databases (accessed on 24 August 2020) available in the Maser platform.

Microsatellite Identification

Microsatellites were identified using MISA software [21]. This software, known for its accuracy in detecting
short parallel repeats, was used with specific parameter settings to ensure complete results. The defined
settings cover a wide range of repeat patterns, including 2-6, 3-5, 4-5, 5-5, and 6-5, thus covering a wide
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range of repeat lengths and layouts. In addition, to account for the possibility of disruption of the
microsatellite chain, a criterion of 100 bases was established.

Results and Discussion

Genome Assembly

Genome assembly is a complex and crucial process in genetics and bioinformatics. This technology enables
researchers to study the genomic structure and function of an organism as well as to identify the genes
involved in biological processes [10,22,23]. Detailed results of the Macassar Ebony genome assembly are
presented in Table 1.

Table 1. Statistics information for genome assembly of Diospyros celebica Bahk.

Features Raw Reads
Number of reads 141,223,249
Number of bases (G) 42.4
GC contents 39.5%
Q-score >30

Assembly

Scaffold Contig
Number 950,081 1,816,751
Size includes N 559,317,402 377,972,204
Size without N 416,622,823 377,972,204
Mean Size (bp) 588 208
Median Size (bp) 100 114
Longest Seq (bp) 107,316 7,834
Shortest Seq (bp) 100 100
N50 (bp) 6,023 258
GC content (%) 40.26 40.43

Whole genome sequencing of Macassar ebony was performed using the Illlumina HiSeq 4000 sequencing
platform with parameters set at 150 bp paired-end reads. The raw sequences have been deposited in the
DNA Data Bank of Japan (DDBJ) under the link at https://ddbj.nig.ac.jp/resource/sra-submission/DRA010964.
There are 141.2 million paired-end reads with a total of 42.4 billion bases that have been sequenced on
Macassar Ebony samples. Reads are small pieces of DNA sequences obtained from the sequencing. As shown
in Table 1, 950,081 scaffolds were successfully constructed. The average scaffold size was 588 bp with a
median value of 100 bp, indicating that many scaffolds were relatively short. The longest scaffold was 107,316
bp, whereas the shortest scaffold was 100 bp. The N50 scaffold value is 6,023 bp. The GC content was 40.26%.
Additionally, 1,816,751 contigs were constructed for this analysis. The average contig size was 208 bp with a
median of 114 bp. The difference in size between the average and median indicates significant length
variation among the existing contigs. The longest contig was 7,834 bp, while the shortest contig was 100 bp.
The N50 value for the ebony contigs was 258 bp, and its GC content was 40.43% (Table 1).

Sequencing efforts have generated substantial amounts of data, providing insights into the genetic
composition and structure of the Macassar Ebony genome. The presence of scaffolds and contigs, along with
their size distributions and N50 values, offers a valuable resource for further genomic research, including
gene identification, functional analysis, and comparative genomics. Moreover, GC content information is
relevant for understanding the genome composition and potential functional implications [10]. Furthermore,
the assembled genome holds versatile utility, serving purposes such as comparative genomics [24],
understanding genetic variation [10,25], functional genomics [26], evolutionary studies [10], disease research
[27], phylogenetic [28], functional element prediction [29], biotechnology and genetic engineering [30], and
precision medicine [31].

BUSCO Analysis

BUSCO is used to evaluate the completeness and quality of genome assembly by comparing genome
sequences to a set of genes that are considered universal and conservative. The results of BUSCO analysis are
presented in Table 2. A total of 183 scaffolds (12.7%) contained complete and single-copy BUSCOs (S) genes.
This indicates that these scaffolds successfully assembled universally considered genes without duplication.
Only 9 scaffolds (0.6%) contained complete and duplicated BUSCOs (D) genes. The duplication of BUSCO
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genes can occur naturally within the genome. In addition, 136 scaffolds (9.4%) contained fragmented BUSCOs
(F) genes (Table 2). This suggests that some BUSCO genes are not found in a single scaffold fragment, but are
distributed across multiple fragments. There total of 1,112 scaffolds (77.2%) contained missing BUSCOs (M)
genes. This could be due to a number of genes that were not present in the analyzed genome or errors in the
genome assembly. In the analysis of ebony contigs, 130 contigs (9%) contained complete and single-copy
BUSCOs (S) genes. Only 5 contigs (0.3%) contained complete and duplicated BUSCOs (D) genes. A total of 124
contigs (8.6%) contained fragmented BUSCOs (F) genes, and 1,181 contigs (82%) contained missing BUSCOs
(M) genes (Table 2).

Table 2. Statistical information for BUSCO analysis of assembly Scaffold from Diospyros celebica Bahk.

Scaffold Contig
Complete and single-copy BUSCOs (S) 183 (12.7%) 130 (9%)
Complete and duplicated BUSCOs (D) 9 (0.6%) 5(0.3%)
Fragmented BUSCOs (F) 136 (9.4%) 124 (8.6%)
Missing BUSCOs (M) 1,112 (77.2%) 1,181 (82%)

BUSCO analysis sheds light on the quality and completeness of the Macassar Ebony genome assembly. This
revealed that while certain scaffolds and contigs effectively captured complete, single-copy genes, indicating
a reasonably satisfactory assembly, the presence of fragmented and absent BUSCOs indicates room for
improvement. Both the scaffold and contig assemblies displayed a high percentage of missing genes, which
suggests the need for further refinement of the assembly or complementary genomic analyses to identify
and potentially bridge gaps in the genome. Furthermore, the low percentage of duplicated genes suggests
that excessive gene duplication was not a significant concern in this genome assembly. This outcome aligns
with the findings of Anita et al. [32], who reported a similar result when constructing the genome assembly
of Falcataria moluccana using the SOAPdenovo assembler. Their assembly comprised more than 82% of
missing BUSCOs. It's worth noting that Illumina, a sequencing platform known for its high accuracy, still
exhibits gaps within the assembly. To address this issue effectively, it is essential to combine both short-read
and long-read technologies to fill these gaps [33—35].

Microsatellite Identification

The results of microsatellite (SSR) identification in the Macassar Ebony genome are detailed in Table 3.
Furthermore, this analysis revealed the presence of SSR variations with different motifs. For instance,
Macassar Ebony samples have detected SSRs with dinucleotide, trinucleotide, tetranucleotide, and
pentanucleotide motifs. For example, there were 14 SSRs with dinucleotide motifs, 12,090 SSRs with
trinucleotide motifs, 780 SSRs with tetranucleotide motifs, and six SSRs with pentanucleotide motifs (Table
3). The trinucleotide motif was significantly more abundant than other motifs. Similar results were observed
in other dicotyledonous plants, including Durio testudinarius [36], Lansium domesticum [37], and Mangifera
casturi [38]. Moreover, monocotyledonous plants such as rice, maize, and wheat have also demonstrated
comparable results [39].

Table 3. Summary of identified microsatellites (SSR) from the assembly of Diospyros celebica Bahk.

Features Number
Total number of identified SSRs 12,890
Number of SSR-containing sequences 10,051
Number of sequences containing more than 1 SSR 1,926
Number of SSRs present in compound formation 139
Motifs:

Dinucleotide 14
Trinucleotide 12,090
Tetranucleotide 780
Pentanucleotide 6

The information obtained from this microsatellite (SSR) analysis has broad potential. Further research on the
genetics and characteristics of bony tissues can be deepened based on these findings. Additionally,
knowledge of SSR variations in ebony species can be applied in plant breeding. The selection of varieties
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containing desired traits becomes more informed owing to a better understanding of their genetics. Apart
from the benefits of plant breeding, this information is also relevant to biodiversity conservation efforts. With
a deeper understanding of the genetic variation within Macassar Ebony populations, conservation measures
can be designed more effectively. Efforts to preserve and restore vulnerable Macassar Ebony populations can
be based on knowledge of their genetic structures. For example, a study conducted by Matra et al. [38] used
SSR markers to study the genetic diversity of Mangifera casturi, which is categorized as an Extinct in the Wild
(EW) species by IUCN [40]. Additionally, a study using an SSR marker was also reported by Dwiyanti et al. [41]
aimed to understand the population genetic characteristics of Dipterocarpus littoralis, which is categorized
as a Critically Endangered (CR) species by the IUCN [42].

Conclusion

In the present study, genome sequencing of Macassar Ebony (Diospyros celebica Bakh.) yielded a substantial
dataset, comprising 141.2 million paired-end reads and a total of 42.4 billion sequenced bases, which
facilitated the construction of 950,081 scaffolds. Within these scaffolds, we identified various categories of
BUSCO genes: 183 scaffolds (12.7%) contained complete and single-copy BUSCOs (S), 9 scaffolds (0.6%)
contained complete and duplicated BUSCOs (D), 136 scaffolds (9.4%) contained fragmented BUSCOs (F), and
1,112 scaffolds (77.2%) lacked identified BUSCOs (M). Furthermore, during our analysis of the ebony genome
for simple sequence repeats (SSRs), we found that 14 contigs contained dinucleotide motifs, 12,090 contigs
featured trinucleotide motifs, 780 contigs exhibited tetranucleotide motifs, and 6 contigs contained
pentanucleotide motifs. This finding provides basic information for further assessments of the genetic
diversity and structure of Macassar Ebony, which can be used for consideration in future conservation and
cultivation strategies for this species.
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