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ABSTRACT

Nekemias is a perennial woody vine with nine species that had been originally placed in Ampelopsis.
These species of Nekemias are economically and medically important. Limited information is available
on the genomic characteristics of the chloroplasts of this genus. Nekemias hypoglauca (Hance) J. Wen
& Z. L. Nie 2014 contains 131 unique genes (86 protein-coding genes, 8 rRNAs, and 37 tRNAs). The
complete chloroplast sequence contains 162,976 bp. The large single-copy region contains 89,291 bp;
the small single-copy region contains 19,063 bp, and a pair of inverted repeat sequences is composed
of 27,311 bp. There are 84 simple sequence repeat (SSR) loci in the complete chloroplast genome of N.
hypoglauca, with mononucleotide, dinucleotide, trinucleotide, tetranucleotide and hexanucleotide SSRs
of 58, 9, 6, 10 and 1, respectively. A total of 337 repeats were identified, including 172 forward repeats,
three reverse repeats and 163 palindromic repeats. A phylogenetic analysis based on the complete
genome data of the chloroplasts of 10 plant species indicated the monophyly of Nekemias and deter-
mined the phylogenetic relationships of N. hypoglauca in Nekemias. This study provides a reference for
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further studies on the taxonomy, identification, origin and evolution of N. hypoglauca and Nekemias.

1. Introduction

Nekemias hypoglauca (Hance) J. Wen & Z. L. Nie 2014 is a
perennial woody and vine species that is characterized by
opposite tendril leaves, which are mostly forked to some-
times tridentate, and pinnately compound leaves. N. hypo-
glauca is primarily found in Jiangxi Province, Fujian Province
and Guangdong Province, China. The genus was separated
from Ampelopsis by Wen et al. (2014) with nine species that
are disjunctly distributed in East Asia and North America. N.
hypoglauca is rich in flavonoids and economically and medic-
ally important. With the advent of next-generation sequenc-
ing technologies that can measure data at the genome level,
it provides important information to study the chloroplast
genome of this genus. The chloroplast genomes of N. canto-
niensis (Hook. & Arn.) J. Wen & Z.L. Nie, N. grossedentata
(hand-mazz.) J. Wen & Z.L. Nie, and N. arborea (L.) J. Wen &
Boggan have been reported (Gu et al. 2020; Liu et al. 2021;
Luo et al. 2022). In this study, we sequenced and assembled
the chloroplast genome of N. hypoglauca. In addition, we
constructed a new phylogenetic tree based on the whole
genome of Nekemias chloroplasts using a richer sample of
taxonomic units, and the phylogeny of Nekemias appears to
have a higher resolution than that described in previous
studies.

2. Materials and methods

Fresh leaves were collected from Jiangxi Province, China
(115°31" 82 east longitude, 25°17’ 41 north latitude) (Figure
1) and dried using silica gel. A voucher specimen is stored in

Figure 1. Nekemias hypoglauca plant. This photo was taken by Ze-Long Nie
with the author’s permission for use.
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the herbarium at Jishou University (https://www.jsu.edu.cn/,
Ying Meng, mengying@jsu.edu.cn) with a voucher number of
Chu211. The DNA was extracted using a modified CTAB pro-
cedure. The genomic DNA was fragmented using a Q800R2
ultrasonicator (QSonica, Newtown, CT, USA) that resulted in a
final DNA fragment that was 400-500bp long. Total DNA
libraries were constructed for enrichment using an NEBNext
Ultra 1l DNA Library Prep kit for Illumina (New England
Biolabs, Ipswich, MA, USA). The library sample was sent to a
high-throughput sequencing company for sequencing using
lllumina HiSeq (San Diego, CA, USA) to obtain bidirectional
reads that were 150 bp long.

The raw data was assembled using the GetOrganelle pro-
gram (Jin et al. 2020) and annotated on GeSeq (https://
chlorobox.mpimpgolm.mpg.de/geseqg.html)  (Tillich et al.
2017). Furthermore, a map of the chloroplast genome of

Nekemias hypoglauca
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N. hypoglauca was drawn using a web link (https://chlorobox.
mpimpgolm.mpg.de/OGD-raw.html) (Lohse et al. 2007).

Simple sequence repeats (SSRs) were examined using the
MISA online tool (https://webblast.ipk-gatersleben.de/misa/)
(Beier et al. 2017) with the parameters of single, dinucleoti-
des and trinucleotides to 10, 5 and 4 repeats, respectively.
The parameters for tetranucleotides, pentanucleotides and
hexanucleotides were then set to 3.

The online program REPuter (http://bibiserv.techfak.uni-
bielefeld.de/reputer/) was used to identify repeat sequences
in the chloroplast genome, which included four types of
repeats. The detection parameters were set to a minimum
repeat size of 30 bases and a Hamming distance of 3 (Kurtz
et al. 2001). To evaluate the relative synonymous codon
usage (RSCU) and the degree of codon bias, we calculated
the codon bias index (CBI), codon adaptation index (CAl),
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Figure 2. Map of the Nekemias hypoglauca chloroplast genome. Genes drawn outside the outer circle are transcribed counterclockwise, and genes drawn inside the
outer circle are transcribed clockwise. Genes that are members of different functional groups are color-coded. The differently colored legends in the bottom left cor-
ner indicate genes with different functions. The dark gray inner circle indicates the GC content of the chloroplast genome and the presence of nodes in the LSC,
SSG, IR regions. IR, inverted repeat; LSC, large single-copy; SSC, small single-copy.
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frequency of optimal codons (FOP), effective numbers of
codons (NC), and synonymous third codon position of the
GC content (GC3) (Xie et al.2019; Sheikh-Assadi et al. 2022).

In addition to the newly sequenced N. hypoglauca chloro-
plast genome, nine other chloroplast genomes were obtained
from NCBI to determine the phylogenetic position of Nekemias
in the Ampelopsideae, elucidate the phylogenetic position of
N. hypoglauca in the genus, and reconstruct the phylogenetic
relationships within Nekemias. Parthenocissus vitacea was used
as an outgroup. The sequences from 10 chloroplast whole
genomes were compared using MAFFT V7.309 (Katoh and
Standley 2013). A maximum likelihood (ML) phylogenetic infer-
ence was based on a supermatrix of 10 chloroplast genome
assemblies using RAXML v8 in the GTRGAMMA model to
assess the branching support (Nguyen et al. 2015).

3. Results and discussion

We assembled a closed circular chloroplast genome for
N. hypoglauca that was 162,731 bp long with a typical quadri-
partite structure, with an average depth of 324.68 X
(Supplementary Figure 1). This structure included a pair of
inverted repeat regions (IRs) of 27,148 bp separated by a
large single-copy region (LSC) of 89,371 bp and small single-
copy regions (SSC) of 19,064bp (Figure 2). The chloroplast
genome contained 131 genes, including 86 protein-coding
genes, 8 ribosomal RNA genes (rRNA) and 37 transfer RNA
genes (tRNA). A total of 16 of these genes, including atpF,
ndhA, ndhB, petB, petD, rpl2, rpl16, rpoCl, rps16, rrn23, trnA-
UGC, trnG-UCC, trnl-GAU, trnK-UUU, trnL-UAA, and trnV-UAC,
contained one intron, while the three genes clpP1, pafl and
rps12 contained two introns. A total of 19 genes contained
introns that affect the RNA stability, regulation of gene
expression, and selective splicing (Dinh et al. 2016; Peng
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et al. 2022). A gene structural analysis was conducted for
rps16, atpF, rpoCl, pafl, petB, petD, rpl16, rpl2, ndhA, and
ndhB, and it was difficult to annotate the genes
(Supplementary Figure 2). The total GC content of this gen-
ome was 37.3%, with 35.4%, 31.7% and 42.5%, which corre-
sponded to the LSC, SSC and IR regions, respectively.

The N. hypoglauca chloroplast genome contains 84 SSRs,
which included 58 mononucleotide repeats, nine dinucleotide
repeats, six trinucleotide repeats, 10 tetranucleotide repeats
and one hexanucleotide repeat. The SSRs primarily appeared
in the LSC region and were dominated by mononucleotide
repeats. The most common SSRs were mononucleotide repeats
that consisted of A and T. A total of 337 repeat sequences
were identified in N. hypoglauca, including 172 forward repeats
(F), three reverse repeats (R), and 163 palindromic repeats (P).
The palindromic repeats and forward repeats were more com-
mon than the other types of repeats. The largest repeats were
composed of two palindromic repeats of 164 bp and forward
repeats. Larger and more complex repetitive sequences may
significantly affect rearrangements of the chloroplast genome
and divergence of the sequences (Cavalier-Smith 2002; Timme
et al. 2007; Peng et al. 2022).

A total of 63 long tandem repeat sequences (LTRs) were
identified in the chloroplast genome of N. hypoglauca. Most
of these tandem repeats had repeat units between 10 and
30, and the copy number of the repeats ranged from two to
three. The longest repeat unit was in the IR region (89,645-
90,020 and 161,890-162,265) and was 103 bp long, while the
shortest was in the LSC region (39,747-39,856) at only 2 bp.

An analysis of codon usage in the N. hypoglauca chloro-
plast genome was based on 54 CDS genes by calculating the
relative synonymous codon usage (RSCU). A total of 21,747
codons were detected. Leucine and cysteine were the most
and least frequently used amino acids with 2976 and 403
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Figure 3. A ML tree based on the sequences of the chloroplast genomes of Nekemias and Ampelopsis with GenBank accession numbers. The following sequences
were used: Ampelopsis aconitifolia (MW592509), Ampelopsis humulifolia (NC042236), Ampelopsis japonica (MK547541), Ampelopsis cordata (MW592512), Rhoicissus
digitata (NC061712), Nekemias cantoniensis (NC061775) (Luo et al. 2022), Nekemias grossedentata (MT267294) (Gu et al. 2020), Nekemias arborea (MW592490)
(Liu et al. 2021), and Parthenocissus vitacea (NC061714). The bootstrap support values are shown on the nodes. ML, maximum likelihood.
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codons, respectively. An analysis of the RSCU showed 30
codons with RSCU values > 1, which indicated that there
was some biased usage of these codons. Moreover, Met and
Trp were encoded by a single codon (RSCU = 1) with no
biased usage. In addition, among the codons with RSCU > 1,
only the serine codon (UCC) terminated with C, while the
remaining 23 codons terminated with either A or U, which
suggested that there was a biased usage pattern of codons
with A/U endings in the N. hypoglauca chloroplast genome.

An ML tree was constructed using the chloroplast genome
sequences, including four species of Nekemias, four of
Ampelopsis, and one of Rhoicissus with Parthenocissus vitacea
as an outgroup (Figure 3). All the nodes had a high degree
of support. Nekemias is located at the first diverged lineage
of Ampelopsideae with Ampelopsis and Rhoicissus as sister
groups, which is consistent with the findings of previous
studies (Wen et al. 2007, 2014; Lu et al. 2018; Ma et al. 2021).
N. hypoglauca, N. cantoniensis, and N. grossedentata form a
branch, and N. hypoglauca is located at the base of this
branch.

4, Conclusions

In this study, the complete chloroplast genome of N. hypo-
glauca was sequenced for the first time and had a total
length of 162,731 bp. A total of 131 genes were annotated
and composed of 86 PCGs, eight rRNA genes, and 37 tRNA
genes. There were no significant differences in the size of
genome and the content of genes between N. hypoglauca
and the other chloroplast genomes in Nekemias. The species
of Nekemias are divided into two branches with N. arborea
from North America serving as the sister to the three species
from East Asia. The intrageneric relationships are also consist-
ent with those of previous studies (Nie et al. 2012). N. hypo-
glauca was the first diverged lineage in the East Asian clade.
In conclusion, our results provide basic genetic resources to
develop an identification of the species and study the phylo-
genetic relationships in the Nekemias genus.

Ethical approval
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