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ABSTRACT

Elaeagnus ‘viridis’, an artificial hybrid of E. macrophylla (3) Thunb. (1784) x E. pungens (?) Thunb.
(1784), is known for its economic and ecological value. In this study, we sequenced and assembled the
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whole chloroplast (cp) genome of E. ‘viridis'. The results showed that its cp genome was 152,284 bp

long, showing a typical quadripartite structure and containing a large single-copy region (LSC,
82,299 bp), a small single-copy region (SSC, 18,239 bp), and a pair of inverted repeats (IRs, 51,746 bp).
The cp genome contains 132 genes, including 86 protein-coding genes (PCGs), 38 tRNA genes, and 8
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rRNA genes. Phylogenetic analysis based on 66 common PCGs revealed that E. ‘viridis’ is most closely
related to its maternal parent E. pungens. The chloroplast genomic information reported in this study
will shed some useful light for further genetic studies in the genus Elaeagnus.

Introduction

The genus Elaeagnus is mainly found in temperate and sub-
tropical regions. Due to its economic and ecological value, it
has been widely used as an ornamental, medicinal, and wild
fruit tree resource, while also being used as pioneer tree spe-
cies for soil curing and conversion (Kim et al. 2020; Lu et al.
2022). E. macrophylla and E. pungens, evergreen shrubs of 3-
5m in height, are frequently found in southern China (e.g.
Jiangsu, Zhejiang) (Sun and Lin 2010). Their fruits and leaves/
stems are used as health foods and in folk medicine, respect-
ively (Shang et al. 2017). Most previous studies on the genus
Elaeagnus focused on investigating its chemical and nutri-
tional compositions, and its potential for reproduction breed-
ing and as a plant resource (Ge et al. 2013), with only a few
studies concentrating on its molecular genetic diversity. To
study the mechanism of formation of important traits, we
constructed hybrid populations by making artificial crosses
with E. macrophylla and E. pungens as parents. The chloro-
plast (cp) genome is often used in species delimitation and
phylogenetic analysis due to its uniparental heritability and
lower substitution rate compared to the nuclear genome
(Wei et al. 2020). In this study a hybrid variety E. ‘viridis’ from
E. macrophylla x E. pungens has been selected for cp gen-
ome studies, which aimed at investigating the mode of inher-
itance of the genus Elaeagnus, as well as assisting with
molecular marker screening.

Materials and methods
Plant materials

Fresh leaves of two-year-old E. ‘viridis’ seedlings were col-
lected from the Nanjing Botanical Garden, Memorial Sun Yat-
sen (118°49'55”E, 32°3'32”N), Nanjing, China (Figure 1). A
specimen was deposited at the Institute of Botany, Jiangsu
Province, and the Chinese Academy of Science (https://www.
cvh.ac.en, and Li NW, linaiwei@jib.ac.cn) under the voucher
number NBGJIB-Elaeagnus-0001.

DNA extraction and sequencing

Total DNA was extracted from the fresh leaves using the
CTAB method (Doyle and Doyle 1987) and a sequencing
library was constructed using the NEBNext®Ultra™ DNA
Library Prep Kit for Illumina (New England Biolabs, Ipswich,
MA, England) according to the manufacturer’s instructions.
The library was sequenced using the lllumina NovaSeq 6000
platform (lllumina, San Diego, CA, USA) with 150bp paired-
end reads length.

Genome annotation

De novo cp genome assembly were performed using
NOVOPIasty software with default parameters (Dierckxsens
et al. 2017). The cp genes were annotated using the online
GeSeq tool (Tillich et al. 2017), and protein-coding genes
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(PCGs), transfer RNA (tRNA) genes, and ribosomal RNA (rRNA)
genes were predicted separately under default parameters.
The Chloroplast Genome Viewer (CPGView) was used to test
the accuracy of genome annotation (Liu et al. 2023). The
annotated chloroplast genome of E. ‘viridis" was deposited in
the GenBank database under the accession number
OM935758.

Phylogenetic analysis

For phylogenetic analysis, the entire cp genomes of 17 spe-
cies were downloaded from the NCBI database; together with
our sequenced cp genome, there were a total of 18 sets of
cp genomes. All these 18 species were members of the
Elaeagnaceae, with Barbeya oleoides being used as out-
groups. In total, 66 PCGs, which are commonly present in
18 cp genomes, were used for multiple sequence alignments.
The sequences were aligned using MAFFT (Katoh and
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Figure 1. Two-year-old E. ‘viridis’ seedlings. The leaves of E. ‘viridis' were ovoid and dark green, with dense white spots on the leaf surface (photographed by Fan
Zhang, in Nanjing Botanical Garden, mem. Sun Yat-sen (118°49'55”E, 32°3/32”N), Nanjing, China).

Standley 2013), and phylogenetic trees based on the max-
imum likelihood (ML) method were constructed using 1Q-
TREE (Minh et al. 2020).

Results

The raw sequencing data had an average coverage depth of
1695x. The assembled complete cp genome of E. ‘viridis’
was a closed single circular DNA (Figure S1), with 152,284 bp
in length and an average GC content of 37.04%. The cp gen-
ome has a typical quadripartite structure and comprises a
pair of inverted repeat (IRa and IRb) regions of 51,746 bp sep-
arated by a large single-copy (LSC) region of 82,299 bp and a
small single-copy (SSC) region of 18,239 bp (Figure 2). A total
of 132 genes were identified in the cp genome, including 38
tRNA genes, 8 rRNA genes, and 86 PCGs. A total of 45 genes
belonged to the photosynthesis category, and 71 were
related to photosynthesis. The biosynthesis category has six
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Figure 2. Physical map of E. ‘viridis' cp genome. Genes transcribed clockwise are drawn inside the circle, while genes transcribed counterclockwise are drawn out-
side the circle (as indicated by the gray arrows). different colors are used to show genes with different functions. GC and at contents are represented by the dark
and light gray areas of the inner circle, respectively. LSC: large single-copy region, SSC: small single-copy region, IRa and IRb: a pair of inverted repeats.

groups, each containing one gene (Table S1). Seventeen
genes contain introns, of which 14 (trnK-UUU, rps16, atpF,
rpoCl, trnL-UAA, trnV-UAC, petB, petD, rpl16, rpl2, ndhB, trnl-
GAU, trnA-UGC, and ndhA) contain a single intron, and three
(rps12, ycf3, and clpP1) contain two introns (Table S1).
CPGView software was used to identify the gene structures,
eleven genes (rps16, atpF, rpoCl, ycf3, clpP1, petB, petD, rpl16,
rpl2, ndhA, and ndhB) were identified with a cis-spliced struc-
ture (Figure S2). The rps12 was identified as a trans-spliced
gene, containing three exons, with one being located in the
LSC region and the other two in the IR regions (Figure S3).
The cp genomes of 11 species of Elaeagnus and 6 species
of Hippophae were reported previously (Kim et al. 2020; Zhao
et al. 2020). Thus, we constructed a phylogenetic tree based

on 66 common protein-coding genes. The results showed
that E. 'viridis’ is closely related to E. pungens with 100%
bootstrap support (Figure 3).

Discussion and conclusions

In this study, the complete cp genome of E. ‘viridis’ was
sequenced and assembled. Sequence analysis showed that
the cp genome of E. ‘viridis" was 152,284 bp long, and con-
tained 132 genes, including 86 PCGs, 38 tRNAs, and 8 rRNAs.
Phylogenetic analysis showed that the cpDNA of E. ‘viridis’
was clustered with its maternal parent. The most common
mode of cpDNA inheritance in angiosperms is known to be
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Figure 3. ML phylogenetic tree of E. ‘viridis" with 16 related species based on 66 PCGs. Numbers on the nodes are bootstrap values from 1000 replicates. The cp
sequences of berchemiella wilsonii and zizphus jujuaba were set as outgroups. The following sequences were used: Elaeagnus ‘viridis' OM935758, E. pungens
MW145133, E. henryi NC_06127, E. loureirii MH394425, E. macrophylla NC_028066, E. glabra LC522137, E. glabra MN306571, E. umbellata LC522506, E. multiflora
LC522136, E. mollis NC_036932, E. angustifolia NC_040992, Hippophae gyantsensis NC_044478, H. tibetana MN643620, H. rhamnoides subsp yunnanensis MK552376,
H. rhamnoides NC_035548, H. rhamnoides KY794808, Barbeya oleoides NC_040984 (Liu et al. 2019; Wang et al. 2017; Zhao et al. 2020).

matrilineal (Li et al. 2013). However, there are still some
angiosperms or individuals that have been reported to be
patrilineally inherited (Chat et al. 1999; Ellis et al. 2008). Our
study suggests that E. ‘viridis' is maternally inherited.
Although a single sample is not representative of the inherit-
ance of cpDNA in the genus Elaeagnus, it provided evidence
for the study of this genus. Comparative analyses of the
chloroplast genomes show that E. ‘viridis’ is more similar to
its female parent (Table S2). However, there are some differ-
ences. For the first, the number of genes annotation is differ-
ent. E. pungens (MW145133) has 131 genes annotated
because of the absence of rps16 between matK and trnQ-
UUG (Table S2). We analyzed and compared the sequence
between matK and trnQ-UUG at NCBI, and concluded that
this should contain rps16. Secondly, the length of their gen-
ome sequences (including the LCS, SSC, and IR regions) is dif-
ferent. We hypothesize that the cause of this discrepancy
may be due to natural variation, or caused by differences
between the female parent of E. ‘viridis' and the previous
test sample (MW145133). In conclusion, our study provided a
useful resource for the development of molecular markers for
Elaeagnus species identification and breeding.
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