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Abstract: Russian olive (Elaeagnus angustifolia L.) is a native tree species of Iran and the Caucasus region growing in both
wild habitats and cultivated settings. The area under cultivation of this tree has been increasing in recent years due to its
ability to withstand drought and soil salinity. Revealing the complete genome of this tree holds great importance. To achieve
this, a local cultivar of Russian olive was sampled from the northwest region of Iran for whole genome sequencing using the
[lumina platform resulting in approximately 6GB of raw data. A quality check of the raw data indicated that approximately
45,011,388 read pairs were obtained from sequences totalling around 6.7 x 10°bp with CG content of 31%. To assemble the
genome of the Russian olive tree, the raw data was aligned to a reference sequence of the jujube (Ziziphus jujuba) genome,
which is the taxonomically closest plant to the Russian olive. Assembly of alignments yielded a genome size of 553,696,299bp
consisting of 339,701 contigs. The N50 value was 5,300 with an L50 value of 24,921 and GC content of the Russian olive
genome was 31.5%. This research represents the first report on the genome of the Iranian cultivar of the Russian olive tree.
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Introduction

The Russian olive (Elaeagnus angustifolia L.) is a decid-
uous tree growing abundantly in several areas in
Iran (Mozaffarian, 2009). It belongs to the Elaeagnaceae
family and is native to western and central Asia includ-
ing Iran, southern Russia, Turkey, Kazakhstan (Lamers
and Khamzina, 2010) and China (Huang et al, 2010).
Recently, it has also been cultivated in North Amer-
ica (Mineau et al, 2012). The Russian olive is a drought-
resistant species and plays an important ecological role
in Iran’s dry climate. It is widely cultivated in Iran but
also grows wildly. Since 97% of lands in Iran are arid
or semi-arid, many artificial afforestation and urban
green space projects have been devised, especially in the
drainage basin of Lake Urmia, which is at risk of drying
out completely, with Russian olive being a key species in
these efforts (Tabatabaei, 2010). About 10,000ha of arid
or semi-arid lands are cultivated with Russian olive tree
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in East Azerbaijan province in the northwest, the most
important Russian olive cultivation area in Iran (Mozaf-
farian, 2009).

The whole genome of a local cultivar of Russian
olive (Tabriz cultivar) was sequenced using the next-
generation sequencing (NGS) method. Prior to this
research, there was no available information on the
genome of this species. Due to the importance of the
Russian olive in the construction of artificial forests
and urban green spaces in the northwest of Iran,
the information obtained from sequencing the genome
could help characterize the Iranian cultivar. The full
genome sequence obtained in this research is the first
report for the Russian olive tree genome worldwide.

Materials and methods

Plant sampling and DNA extraction

For sampling, a tree was randomly selected as a
representative sample of this cultivar (E. angustifolia
cultivar Tabriz) (Figure 1) from the Eynali artificial
afforestation area located in Tabriz city in the northwest
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of Iran. About 5g of leaf tissues were separated,
crushed using liquid nitrogen and then used for DNA
extraction (Murray and Thompson, 1980). Extracted
DNA was dissolved in 100ml distilled sterile water and
stored at -20°C.

Next-generation sequencing analyses

About 200ul of the DNA solution, with a total amount
of 10ug DNA, extracted from Russian olive leaf samples
was purified and used for library preparation. The
concentration and purity of DNA was determined using
a Qubit fluorometer. The concentration of purified DNA
was 43.20ng/ul and evaluated appropriately for the
whole genome sequencing process. The Illumina 1.9
Novaseq 6000 platform was used to generate paired-end
libraries by Novogene (Beijing, China). Finally, about
6GB of raw data was obtained. In total, 45,011,388 read
pairs in about 6.7x10%bp sequences with CG content
of 31% were obtained from Russian olive genome
sequencing. Each raw read length was 150bp and the
insert size was 350bp.

Genome qualification, reference genome
preparation and sequence alignment

The quality of Illumina raw data was checked by FastQC
software version 0.73 (Brown et al, 2017). For refer-
ence genome preparation, the common jujube (Zizi-
phus jujuba (2n=24)) genome, with 405,637Mbp size
and GC content of 33.084% comprising of 12 full-
length chromosomes submitted in the NCBI genome
database (accession numbers NC_063287, NC_063288,
NC.063289, NC_063290, NC.063291, NC_063292,
NC.063293, NC_063294, NC_063295, NC_063296,
NC_063297 and NC_063298), a 365,812bp mitochon-
drion sequence (CM036902) and a 161,185bp chloro-
plast sequence (CM036903), was used Yang et al (2023).
The NGS raw data was aligned to the reference genome
using Bowtie2 software version 2.5.0 (Langmead and
Salzberg, 2012).

Genome assembly

For the genome preparation, all aligned reads which
resulted from alignment analysis, were used for the
assembly by metaSPAdes software version 3.15.4 (Nurk
et al, 2017). For nucleotide sequence clustering and
to improve the performance of sequence analyses,
all contigs were clustered using CD-HIT-EST software
version 4.8.1 (Fu et al, 2012).

Genome annotation

To characterize proteins related to the Russian
olive genome, contigs were annotated using Inter-
ProScan functional annotation software version 5.59-
91.0 (Jones et al, 2014). The annotation results using
InterProScan are summarized in Supplemental Table 1.
In addition, for genes and proteins sequence prediction,
all contigs were subjected to another annotation method
using GhostKOALA tool of the KEGG (Kyoto Encyclope-

dia of Genes and Genomes) database (https://www.kegg.

jp/ghostkoala/).

Results

Russian olive genome information

Since no Russian olive genome has been submitted to
the NCBI genome database so far, the NGS raw data
were aligned to the reference genome prepared with
the common jujube (Z. jujuba) genome. The jujube
tree is a species taxonomically close to the Russian
olive and its genome is available in the NCBI genome
database. The mapping rate was 96.4%. Assembly of
aligned reads resulted in a genome in contig level with
553,696,299bp size consisting of 339,701 contigs with
N50 = 5,300bp, L50 = 24,921bp and GC content of
31.5%. The genome coverage was 442.0x. Finally, the
E. angustifolia cultivar Tabriz genome was deposited in
the NCBI genome database under the whole genome
accession number JAIFOS000000000, BioProject acces-
sion number PRINA744085, BioSample accession num-
ber SAMN20079343 and Assembly accession number
GCA 019593565.

Genome annotation results using
InterProScan

For genome annotation, two methods were used.
Initially, functional analysis of proteins and nucleotides
was conducted using InterProScan software, which
classifies t hem i nto f amilies a nd p redicts d omains and
important sites. To classify proteins, InterProScan uses
predictive models, known as signatures, provided by
several different databases. According to InterProScan
results, a total of 496,838 proteins were predicted in
the Russian olive genome. Among all proteins, 106,757
proteins shared consensus disorder prediction. The
intrinsic disorder (ID) is recognized as an important
feature of protein sequences. The consensus-based
prediction of disorder in protein was done using the
MobiDB-lite method which has been integrated with
the InterPro database (Necci et al, 2017). About 1,454
proteins remained uncharacterized (Supplemental Table
1).

Genome annotation results using
GhostKOALA

The assembled genome was subjected to annotation
using the GhostKOALA server to characterize individual
gene functions. The protein sequences that were used
for GhostKOALA analysis were provided using the
MetaGenMark online web tool (Zhu et al, 2010).
The KEGG GENES database (Kanehisa et al, 2016)
searches indicated that 54,162 proteins (about 17%
of whole proteins) acquired original KO numbers,
178,897 proteins acquired second-best KO numbers
and 85,713 proteins could not be matched with any
characterized proteins and were therefore considered as
uncharacterized proteins. The GhostKOALA annotation
results are summarized in Table 1.


https://www.kegg.jp/ghostkoala/

Genetic Resources (2024), 5 (9), 29-35

Genome sequencing of Russian olive tree in Iran

31

Figure 1. The Russian olive cultivar Tabriz subject to NGS analyses in this study.

Figure 2. Functional category and pathways for predicted proteins of Russian olive tree prepared with GhostKOALA.

Protein families: genetic information process (10965)
Genetic Information Processing (8459)

[l Carbohydrate metabolism (4694)

| Environmental Information Processing (4248)

|7 Protein families: signaling and cellular processes (4245)
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[ Cellular Processes (2895)
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Unclassified: metabolism (1806)
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[l Lipid metabolism (1711)

[l Energy metabolism (1626)

I Metabolism of cofactors and vitamins (1039)

¥ Nucleotide metabolism (809)

M Glycan biosynthesis and metabolism (797)

B Metabolism of terpenoids and polyketides (649)

i} Biosynthesis of other secondary metabolites (446)

B Unclassified: signaling and cellular processes (392)

I Metabolism of other amino acids (336)

B Unclassified: genetic information processing (145)

B Xenobiotics biodegradation and metabolism (53)
Unclassified (228)
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Table 1. Functional classification predictions of proteins annotated in the Russian olive genome based on KEGG BRITE classification.

Pathway

Protein description

No. of predicted proteins

Genes and proteins

Orthologs, modules and
networks

Protein families: metabolism

Protein families: genetic
information processing

Ribosomal Proteins

RNA polymerases

DNA polymerases

Aminoacyl-tRNA synthetases

Enzymes of 2-oxocarboxylic acid metabolism
Dioxygenases

Photosynthetic and chemosynthetic capacities

KEGG Orthology (KO)

Enzymes

Protein kinases

Protein phosphatases and associated proteins
Peptidases and inhibitors
Glycosyltransferases

Lipopolysaccharide biosynthesis proteins

Peptidoglycan biosynthesis and degradation
proteins

Lipid biosynthesis proteins
Polyketide biosynthesis proteins
Prenyltransferases

Amino acid-related enzymes
Cytochrome P450
Photosynthesis proteins

Transcription factors

Transcription machinery

Messenger RNA biogenesis
Spliceosome

Ribosome

Ribosome biogenesis

Transfer RNA biogenesis

Translation factors

Chaperones and folding catalysts
Membrane trafficking

Ubiquitin system

Proteasome

DNA replication proteins
Chromosome and associated proteins
DNA repair and recombination proteins
Mitochondrial biogenesis

153
34
25
28
33

2
4

8,957

3,712
315
204
379
148

25
29

67

28
64
67
56

410
229
308
256
154
259
187

84
165
787
441

52
132
678
309
269

Continued on next page
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Table 1 continued

Pathway

Protein description

No. of predicted proteins

Protein families: signaling and
cellular processes

Transporters

Secretion system
Two-component system
Cilium and associated proteins
Cytoskeleton proteins
Exosome

G protein-coupled receptors
Cytokine receptors

Pattern recognition receptors
Nuclear receptors

Ion channels

GTP-binding proteins
Cytokines and growth factors
Cell adhesion molecules

CD molecules

Proteoglycans
Glycosaminoglycan binding proteins

Glycosylphosphatidylinositol (GPI)-anchored
proteins

Lectins

Domain-containing proteins not elsewhere
classified

Other proteins

595
79
40

181

222

333

130

14
125
68
21
50
55
16
46
21

23
241

65
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An overview of putative functions of annotated
proteins is given in Figure 2.

Discussion

Ecological importance of the Russian olive
tree in Iran

The Russian olive is a long-lived tree that can live
up to 100 years and tolerate a wide range of hard
environmental conditions such as severe drought, flood
and high salinity or alkalinity of the soils (Asadiar
et al, 2013). This tree produces edible fruits with
high medicinal properties. Russian olive fruits have
antioxidant activities and anti-inflammatory properties.
Fruit kernel powder is used in the treatment of acute and
chronic inflammations, such as arthritis (Tabatabaei,
2010; Wang et al, 2013). The climate of Iran is
mostly arid or semi-arid and is strongly affected
by depleting water resources, as a result of rising
demand, salinization, ground water overexploitation
and increasing drought frequency. Therefore, plants that
could withstand harsh environmental conditions and
have low water consumption have been considered
for cultivation in several regions. The Russian olive is
growing as a wild plant in all areas with a dry climate in
Iran; however, it also serves as the main species in many
artificial forestation projects. The climatic and ecological
benefits provided by the Russian olive in Iran underline
the importance of exploring the genomic characteristics
of its Iranian cultivar.

Genomic characteristics of the Russian
olive cultivar Tabriz

Before this study, no information about the Russian
olive genome was available. Therefore, the common
jujube genome was used for the Russian olive genome
preparation, since it is the closest taxonomical relative
to the Russian olive and its genome is available in NCBI.
The common jujube belongs to the Rhamnaceae family,
which along with the Elaeagnaceae family belongs to
the Rosales order. The genome of Z. jujuba comprises
12 chromosomes with an average size of 405.637Mb
and GC content of about 33%. Alignments of NGS
reads obtained from Russian olive to the jujube whole
genome sequence resulted in a 553,696,299bp genome
composed of 339,701 contigs. The GC content of the
new genome was 31.5% which was nearly the same as
the jujube genome GC content.

Annotation analysis was accomplished by several
programmes. At last, two methods based on the
online GhostKOALA web server and InterProScan
software were found suitable for Russian olive genome
annotation. The genome functional annotation using
online KEGG mapper reconstruction resulted in 3,186
proteins for metabolism pathways in the genome
including 647 involved in carbohydrate metabolism
pathways, 345 in energy metabolism pathways, 381
proteins for lipid metabolism pathways, 185 proteins
for nucleotide metabolism pathways, 686 proteins for

amino acid metabolism pathways, 258 proteins for
glycan biosynthesis and metabolism pathways, 296
proteins for metabolism of cofactors and vitamins
pathways, 122 proteins for metabolism of terpenoids
and polyketides pathways, 144 proteins for biosyntheses
of other secondary metabolites pathways and 122
proteins for xenobiotics biodegradation and metabolism
pathways.

Also, for the transcription and translation systems,
35 RNA polymerases, 34 basal transcription factors, 105
spliceosomes, 124 ribosomes, 33 proteins for aminoacyl-
tRNA biosynthesis pathways, 83 nucleocytoplasmic
transport proteins, 58 mRNAs surveillance and 62
ribosomes of biogenesis in eukaryotes were obtained.

The folding, sorting and degradation systems
included 31 export proteins, 38 proteasomes, 70 RNA
degradation proteins and 237 other proteins. The repli-
cation and repair systems include 43 DNA replication
proteins, 34 base excision repair proteins, 42 nucleotide
excision repair proteins, 54 homologous recombina-
tion proteins and 11 non-homologous end-joining pro-
teins. The membrane transport includes 114 ABC trans-
porters and 9 proteins for phosphotransferase system
PTS. Also, 1600 signal transduction proteins, 497 pro-
teins for cell growth and death pathways, 272 cellular
community proteins and 8,494 other proteins exist in
the genome.

Conclusion

The Russian olive is an ecologically important tree
serving as vegetation in Iran’s arid climate. It is also
known as an important medicinal plant in Iranian
traditional medicine. However, genetic information
about this species remains sparse. In this research,
wedescribe the genome of an Iranian cultivar of the
Russian olive by using the jujube genome as a reference,
since it is the closest species with a characterized
genome. As a result, a full-size genome with 553.7Mb
size in contig level was obtained, which can provide
the foundations for the chromosomal sequence of this
species. Russian olive is one of the most important
horticultural tree species in the northwest of Iran and
its genome characterization serves as a key step towards
broader research to characterize the genome of other
important plant species of Iran.

Supplemental data

Supplemental Table 1. Uncharacterized annotated pro-
teins of Russian olive
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