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Abstract

Hazelnut is an important economic tree species, which is loved by people all over the world and is in short supply at pres-
ent.Its cultivation remains substantially based on named selections from local, wild vegetation. The breeding of excellent

varieties is very important in hazelnut industry. However, the research on its chloroplast genome is limited, and the data of
interspecific and intraspecific variation are also lacking, which hinders the improvement of breeding. Chloroplast genome
as the second largest genetic system in plants after nuclear genome, has an independent evolutionary route and can reveal
different evolutionary events at the level of plastome. In this study, we sequenced the chloroplast genomes of three species
of hazelnut in Hebei Province. The data offer significant genetic information for the identification of Corylus species, tax-

onomic and phylogenetic studies, and molecular breeding
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Hazelnut (Corylus spp.) is a crop tree of worldwide agronomic
importance, which has special nutritional value. It is widely used
in food industry, such as bread, chocolate candy, etc., and plays
an important role in human nutrition and health.[1, 2]. Current
cultivation depends almost entirely on European hazelnut (C.
avellana) and is restricted to Mediterranean-like climates that
allow consistent yields. The scale of global hazelnut production
closely mirrors that of pistachio (Pistacia vera) at ~1 million tons
of annual in-shell production (Food and Agriculture Organiza-
tion of the United Nations, 2017). Hazelnuts belong to the order
Fagales, family Betulaceae, subfamily Coryloideae, genus Cory-
lus L. and are native to the temperate zones of the northern hemi-
sphere (Europe, Asia Minor, Asia, North America). The number
of species within the genus Corylus varies between 9 and 25,
depending on the taxonomic authority, with current revisions
based on morphological, molecular and hybridization studies
suggesting 13 major species assigned to 4 subsections [3]. There
are 8 species and 2 varieties of Corylus plants originated in Chi-
na, accounting for about half of the world's Corylus species. In
China, cold-hardy hybrid cultivars from Corylus heterophylla
and Corylus avellana were recently released and are planted in
northeastern China[3, 4]. Even though it has a significant place
in agriculture, a limited number of studies exists about C. avel-
lana at the molecular level. In addition, most species of Cor-
ylus can hybridize with each other to achieve the chloroplast
genomes (chloroplast genome) introgression and transfer inter-
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specifically, therefor the phylogeny and species definition of Co-
rylus are still not completed. Since the middle of the 19th century,
scholars at home and abroad have begun to study the phylogeny of
Corylus, but so far, no clear conclusions have been drawn, especial-
ly on the origin, differentiation history and geographical distribution
pattern of the genus. The chloroplast genome, as the second largest
genetic system in plants after nuclear genome, has an independent
evolutionary route and can reveal different evolutionary events at
the level of plastomes. The chloroplast genome is of great value in
revealing the origin and evolution of species and the genetic rela-
tionship among different species [5].

The chloroplast genome of three Corylus species were se-
quenced in this study via a next-generation sequencing platform.
We gained valuable information including the length and con-
tent of highly variable regions, indels, microsatellites, and sin-
gle nucleotide polymorphisms (SNPs). Our results provide vital
information for species identification and for understanding the
phylogenetic relationship and evolutionary classification within
the Corylus plants.

Materials and Methods

Sample Collection and DNA Extraction

Fresh leaves of three Corylus species (Corylus heterophylla,Co-
rylus mandshurica,Corylus heterophylla x Corylus avellana)
were obtained from Hebei Normal University for Nationalities
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in Chengde City, Hebei Province, China.DNA extraction was
performed according to a modified CTAB protocol [6]. Subse-
quently, DNA concentrations were measured using a NanoDrop
spectrophotometer 2000 (Thermo Fisher Scientific, USA).

DNA Fragmentation, Library Preparation, and High-Through-
put Sequencing

The extracted DNA was disrupted by ultrasound, and DNA
fragments of 350bp were recovered by gel cutting. A 350bp li-
brary was constructed by NEBNext® library creation kit, and
sequenced by HiseqXtenPE150 sequencing platform.

Sequencing Data Assembly

The raw data were quality controlled using Trimmomatic 0.39,
Subsequently, the data after quality control are spliced from
scratch using SPAdes [7, 8]. The spliced contigs used Blast pro-
gram to screen the chloroplast genome contigs and the screened
chloroplast genome contigs was reassembled using Sequencher
4.10 [9].

Annotation of the cp Genome

The reference sequence was based on the published chloroplast
genome reference sequence of hazelnut Corylus mandshurica
(GenBank sequence receiving number MF375334), and the gene
annotation was performed by Plann program.Some genes with
unsuccessful or misannotated annotations are added manually in
Sequin software.

Analysis of Intra-Species Variation

In this study, the sequences of determination and splicing were
aligned by MAFFTV7 software [10]. Informative sites and vari-
able sites in the whole chloroplast genome sequences as well as
in the inverted repeat (IR), large single-copy (LSC), and small

single-copy (SSC) regions were counted using MEGA X for
comparing and aligning the sequence matrices [11].

Phylogenetic Analysis

A maximum likelihood phylogeny built-in PhyloSuite was in-
ferred using IQ-TREE under the K8 1u+I+G4+F model for 5000
ultrafast bootstraps [12-14]. Bayesian inference (BI) of the phy-
logenies was implemented using MrBayes with the best fit mod-
el according to BIC: GTR+F+I+G4. The Markov chain Monte
Chain (MCMC) analysis was run for 10,000,000 generations.
The trees were sampled every 1,000 generations, with the first
25% discarded as burn in. Finally, the average standard devia-
tion of split frequencies < 0.01 was checked.

Results

Characterization of Chloroplast Genome

Similar to the chloroplast genome structure of most angio-
sperms, the chloroplast genome of Corylus is a typical tetrad
structure, including two single copy regions (LSC and SSC) and
two identical reverse repeat regions [15]. The cp genomes of
the three Corylus species ranged in length from 159,830bp(C.
heterophylla x C. avellana) to 159,844bp(C. mandshurica).The
chloroplast genome sequence assemblies are doubled stranded,
single, circular, and demonstrate classic cp quadripartite archi-
tecture, being composed of a pair of IRs (26,098-26,099 bp), di-
vided by a LSC (88,850—88,865 bp) and an SSC (18,782-18,783
bp) region.The GC contents of the cp genomes of all three Cor-
ylus were the same (36.5%)(Table 1, Fig 1).The cp genomes of
the three Corylus encode 131genes, including 112 unique genes,
including 18 genes in the IR region.Among the 112 unique
genes, there are 78 protein coding genes 30 tRNAgenes, and 4
rRNAgenes.15 genes have one intron and two genes have two
introns (ycf3 and clpP).

Table 1: The basic cp Genomes Information of Three Corylus Species

species LSC |LSC% | IR IR% | SSC |SSC% | Total | %GC
GC GC GC | Length
Corylus heterophylla x Corylus avellana 88850 | 34.2% | 26099 | 42.5% | 18782 | 30.2% | 159830 | 36.5%
Corylus heterophylla 88856 | 34.2% | 26098 | 42.5% | 18783 | 30.2% | 159835 | 36.5%
Corylus mandshurica 88865 | 34.2% | 26098 | 42.5% | 18783 | 30.2% | 159844 | 36.5%
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Corylus heterophytia x Corylus avellana
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Corylus hoteraphylia
159,835 bp

Corylus mandshurica
159,844 bp

Figure 1: Circular Map of The Cp Genomes of Corylus Species.
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Phylogenetic Analysis

At present, the classification of Betulaceae into Betuloideae and
Coryloideae has been accepted by most taxonomists.The Betu-
loideae birch consists of only Alnus and Betula, while the Cor-
yloideae consists of four genera: Corylus, Ostryopsis, Carpinus
and Ostrya [16, 17]. In this study, 29 complete chloroplast ge-
nome sequences were used for phylogenetic analysis, including

the chloroplast genome sequences of Alnus from the subfamily
Betulinae.According to the results,Corylus heterophylla x Cory-
lus avellana and Corylus mandshurica form a branch Fig 2.The
data offer significant genetic information for the identification of
Coryloideae species, taxonomic and phylogenetic studies, and
molecular breeding.
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Figure 2: Phylogenetic Tree of Three Corylus Species

Conclusions

In this study, we reported the cp genome sequences of three Co-
rylus species using Illumina paired-end sequencing.Compared
with the published chloroplast genomes of Corylus, the chloro-
plast genomes of Corylus have the same typical circular tetrad
structure as the chloroplast genomes of most higher plants. that
is, it includes a pair of reverse complex regions and two sepa-
rated large and small single copy regions.In addition, 131genes
were annotated in the chloroplast genomes of three Corylus spe-
cies. The functional classification, intron distribution and num-
ber of genes were the same, and there was no difference in GC
content in different regions of the genome.

Our results provided insights into the characteristics of Corylus
plants and the phylogenetic relationships between Betulaceae
species.
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