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Complete chloroplast genome of two nutmeg species, Myristica argentea Warb.
1891 and Myristica fatua Houtt. 1774 (Myristicaceae)
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ABSTRACT
Myristica argentea Warb. 1891 and M. fatua Houtt. 1774 are two South-East Asian food tree species.
They are harvested from the wild or cultivated for local uses as a condiment (nutmeg and mace), medi-
cine, and source of wood. In this study, we reconstructed the complete chloroplast (cp) genomes of
these two species from whole genome sequencing data using the Illumina NovaSeq platform. The gen-
ome sizes of M. argentea and M. fatua were respectively 155,871 base pairs (bp) and 155,898 bp,
including 126 genes and an overall GC content of 39.20% in both species. Our study provides useful
resources for future evolutionary research and diversity analysis of Myristica species.
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Introduction

The Myristica genus contains 172 species that are mainly dis-
tributed in Tropical Southeast Asia, the Malay Archipelago

(Malesia) and the western Pacific (de Wilde 2014; Govaerts
et al. 2021). Myristica argentea Warb. 1891, known as Papuan
nutmeg or Fakfak nutmeg, is endemic to Papua island,

Figure 1. Myristica argentea grown in the forest of West Papua, Indonesia. (A) Tree trunk. (B) Mature fruit, with a description as follows: fruits solitary, ±ellipsoid-
fusiform, 6.5–7.5 by 3.5–4.5 cm, apex narrowed, base somewhat contracted into a pseudostalk, 3–8mm long, early glabrescent, brown, usually set with conspicuous
coarse pale pustules or lenticels, similar as reported by de Wilde (2014). (C) Longitudinal cut of the fruit showing red mace and nut (C). Pictures by Jakty Kusuma,
Ambon, Indonesia, 2018. For the figure of Myristica fatua, picture is available in https://sweetgum.nybg.org/images3/3009/671/03509312.jpg.
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Figure 2. Annotation of the M. argentea (a) and M. fatua (b) chloroplast genomes inferred by CPGAVAS2. The outer circle represents the genes annotated, classified
by color based on their function. The length of genome is presented in the inner circle. Large single-copy (LSC), small single-copy (SSC), and inverted repeat regions
(IRA and IRB) are marked.
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Indonesia, and is named after the region where the species
occurs. The species is utilized for spices and medicinal pur-
poses, by using the seed and its aril. In contrast with the rela-
tively narrow distribution of M. argentea, Myristica fatua
Houtt. 1774 presents a large distribution, from the Malesian
Archipelago to the Pacific islands (Lim 2012). Their distribu-
tion in these archipelagos makes them compelling subjects
for investigating the biogeography of island plants in the
region. Since their evolutionary history remains largely
undocumented, the reconstruction of their chloroplast (cp)
genome will help conducting phylogeographic studies.

Materials

Leaf samples of M. fatua originated from Tafea, Vanuatu (19�

350 52.800 S, 169� 200 45.600 E) were collected from New York
Botanical Garden herbaria. A specimen was deposited at New
York Botanical Garden (https://sweetgum.nybg.org/science/
vh/specimen-details/?irn=3167800; Gregory M. Plunkett,
gplunkett@nybg.org) under the voucher number 03509312.
Further, leaf samples of M. argentea (Figure 1) from a silica-
dried sample were collected in Ambon, Indonesia (3� 440

38.11200 S, 127� 550 47.56800 E). A specimen of M. argentea
was deposited at UMR DIADE, IRD, France (https://dataverse.
ird.fr/dataverse/umr_diade; jakty.kusuma@ird.fr) under the
number JK0155.

Methods

Genomic DNA was extracted using the MATAB protocol follow-
ing Mariac et al. (2006). We constructed genomic libraries fol-
lowing protocol described in Mariac et al. (2014). Libraries
generated from real-time PCR were then sequenced on an
Illumina NovaSeq (Illumina, San Diego, CA). Paired-end reads
were filtered as described in Scarcelli et al. (2016), and aligned

to verified M. fragrans whole cp genome (OL628762). Cleaned
reads were then assembled using the de novo assembler
GetOrganelle ver.1.7.6.1 (Jin et al. 2020) (Supplementary
Methods S1), and annotated using CPGAVAS2 (http://www.
herbalgenomics.org/cpgavas2/) (Shi et al. 2019). We visualized
the circular genome using CHLOROPLOT (https://irscope.shi-
nyapps.io/Chloroplot/) (Zheng et al. 2020). All genomic infor-
mation was deposited in GenBank (see Data availability
statement).

We then constructed a phylogenetic tree including the
complete cp genome sequences of these two species as well
as seven available complete cp genome sequences of closely
related species of the family Myristicaceae (M. fragrans
OL628762 (Cai et al. 2021); M. yunnanensis MN495964 (Mao
et al. 2019); Knema tenuinervia MN495962 (Cai et al. 2021);
Knema furfuracea MK285563 (Yang et al. 2019); and
Horsfieldia amygdalina MK285561 (Zhang et al. 2019)), a spe-
cies from Magnoliaceae (Michelia maudiae MK631950 (Wang
et al. 2019)), and from Annonaceae, Greenwayodendron sua-
veolens MH924590 (Migliore et al. 2018) as an outgroup.
MAFFT (https://mafft.cbrc.jp/alignment/server/index.html) ver.
7 (Katoh et al. 2019) and RAxML ver. 7.2.7 (https://cme.h-its.
org/exelixis/php/countSource727.php) (Stamatakis 2014) were
used to align the whole cpDNA sequences and infer a phylo-
genetic tree (Supplementary Methods S2).

Results

The full-length cp genome of M. argentea is 155,871 bp, while
M. fatua is 155,898 bp and they exhibit respective assembly
coverages of 41.2� and 31.8� (Figure 2 and Supplementary
Figure S1). The cpDNA genomes include a large single-copy
(LSC) region (87,065 bp and 87,108 bp), a small single-copy
(SSC) region (20,670 bp and 20,646 bp), and a pair of inverted
repeat (IR) region (24,068 bp and 24,072 bp) in M. argentea

Figure 3. The best maximum-likelihood phylogenetic tree reconstructed using RAxML ver. 7.2.7 based on complete chloroplast genomes. The following sequences
were used: M. fragrans (OL628762 (Cai et al. 2021)), M. yunnanensis (MN495964 (Mao et al. 2019)), Knema tenuinervia (MN495962 (Cai et al. 2021)), Knema furfuracea
(MK285563 (Yang et al. 2019)), Horsfieldia pandurifolia (MH445411 (Zhang et al. 2019)), as well as Michelia maudiae (MK631950 (Wang et al. 2019)) and
Greenwayodendron suaveolens (MH924590 (Migliore et al. 2018)) as outgroups. Numbers on branches indicate bootstrap values.
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and M. fatua, respectively. For both species, we identified
126 genes corresponding to 83 protein-coding genes, 35
tRNA, and eight rRNA, less genes in comparison with M. fra-
grans (146 genes) (de Oliveira et al. 2020), and slightly higher
compared with M. yunnanensis (120 genes) (Yang et al. 2019).

Phylogenetic relations according to cpDNA genomes
between species were well resolved (bootstrap support >85)
(Figure 3). Four Myristica species formed a monophyletic
clade, showing a similar topology as previously reported (de
Oliveira et al. 2020).

Discussion and conclusions

The cp genome structures of M. argentea and M. fatua have
been analyzed and found to exhibit typical structural charac-
teristics of angiosperm cp genomes, including one LSC and
SSC region, as well as two IR regions. We identified a differ-
ent length of atpF, clpP, and ndhD, genes in both species,
with a difference from 1 to 3 bp. The cpDNA-based phylogen-
etic tree supports M. argentea as a sister species to M. fra-
grans, and the close taxonomic relationship between genera
Knema and Myristica. This study will underpin the relation-
ships between Myristica species and provide important
details for evolutionary research and intra-specific diversity
analysis.
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