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Abstract — New scientific program of genomic screening of  analysis cost. And now they are already affordable for
the Nikita Botanical Gardens plant collections targeted at comprehensive scientific researches, so the global screening
comprehensive description of their molecular diversity in close of plant genomic diversity is on the agenda.

connection with morphological, physiological and others . . .
phenotype features has started. Strategic goal is to develop and The Nikita Botanical Gardens (NBG) is one of the oldest

implement advanced molecular approaches for plant  scientific and breeding centers in Russia with thousands of
biotechnology, breeding, propagation, and conservation routine  species and cultivars of plants that are grown as ex situ as in
works. Two whole-genome sequencing projects to produce a vitro conditions. The NBG plant collection incorporates

high quality assembly of the reference genomes of the common extensive gene pool of garden, essential-oil, ornamental and
fig Ficus carica L. (Moraceae) and Crimean endemic species other valuable crops, as well as wild plants, including rare and
Heracleum ligusticifolium M. Bieb. (Apiaceae) are in progress. endemic species. Scientific researches based on these

Several hybrid assembly approaches using combined data sets  collections have been ongoing for more than 150 years.
with long and short reads obtained by Oxford Nanopore  Various biotechnological methods of plant propagation and
MinION and Illumina NextSeqS50 instruments are tested to conservation have been used for the past three decades.
crea_te accurate and well-resolved reference genome. The !irSt Regular molecular-genetics investigations were started a few
Yerswns_ of the refe,rence genomes .of ) F. carica cultivar years ago and several projects are underway. Genotyping of
Sa})rut51ya Bozovaya and H Izgustwtfohum. were made, and the valuable crops, phytopathogens analyzing, development of
their annotations are performing. Subsequent improvement and breeding approaches with searching for QTL and marker
development of the primary genome assemblies up to "pan- new breeding app . . & e
genome'" rank will be carried out using advanced Selegtlop consist the maimn ap plied PUrposes. In addlthn,
bioinformation approaches and computational tools by studles. in the field of functional genomics are started. Entire
assimilation of new sequenced genomes and transcriptomes of Franscrlptomes for several plant Species were sequenqed to
the model species taken from the NBS-NSC collections and from 1nv§st1ga‘[te the fm(ilecular me{:lhanlsrrhs of plla?'t ada%)tatlon;o
nature biotopes as well. Such integrative reference genome  Varlous suress lactors, as well as cell regulation of somatic
construction pwill provide an impfrtant resource bgth for embryogenesis and regeneration based on analysis of
advanced molecular breeding and fundamental researches in differential gene expression. All these studies are integrated in
plant biology and ecology based on genomic approaches using the framework of scientific program of genomic screening of
F. carica and H. ligusticifolium as model species. the NBG-NSC plant collections targeted at comprehensive
description of their molecular diversity in close connection
Keywords — NGS technologies, hybrid genome assembly,  with morphological, physiological and others phenotype
Ficus carica, Heracleum ligusticifolium features. Strategic goal of the program is to develop and
implement advanced molecular approaches for plant
biotechnology, breeding, propagation and conservation
Modern next-generation sequencing technologies (NGS) routine works. Creation of high-quality reference genomes is
provide new opportunities for plant genomics research and the key stage for the subsequent successful implementation of
allow to advance in the field of biotechnology and molecular  the project aims.
breeding. Despite a wide range of the targets, methodologies
and tools, high quality genome assembly is a key requirement Modeling plant species
for a successful implementation of the projects associated with
whole-genome studies [1]. Additionally, some issues, for
example in the field of molecular breeding, require obtaining
the most complete information about intraspecies genetic
diversity (the so-called "pangenom") or the genomic
architecture of the genus ("superpangenom"). The number of
plants with a well annotated genome is currently limited to a
few dozen of model and / or economically valuable species
which significantly limits the use of advanced genomic tools
for genotyping, targeted search of quantitative trait locus
(QTL) and realization of molecular breeding methodology in
general [2]. Development of high-throughput NGS
technologies was accompanied by a constant decline of

Introduction

Two whole-genome sequencing projects to produce high
quality assembly of the reference genomes of the common fig
Ficus carica L. (Moraceae) and Crimean endemic species
Heracleum ligusticifolium M. Bieb. (Apiaceac) have started.
Common fig is one of the most important subtropical fruits
used in food, cosmetic, and soap industries as well as in
medicine. The NBG has a large F. carica collection which
includes 267 cultivars and hybrid forms. A special research
program aimed at a comprehensive description of the genetic
diversity of the common fig collection, including sequencing
of the key cultivars, genotyping of the collection, QTL
analysis of the valuable horticultural traits are forming.

326



Heracleum is the largest genus of the Apiaceae family
with a broad spectrum of phytochemistry and biological
activities but without any whole-genome sequencing data.
H. ligusticifolium possesses a number of unique adaptive
properties, including those associated with somatic
embryogenesis, which ensure the successful survival of this
endemic species within a highly restricted distribution area
under the extremely adverse environmental conditions. To
date assembling of the high-quality reference Heracleum
genome is the most critical step to advance molecular
researches not only for the Crimean endemic
H. ligusticifolium but also for the genus as whole. Deciphering
the biochemical pathways caused by stress and the targeted
search for specific genes involved in adaptive reactions are the
main tasks for the future investigation after the creation and
subsequent annotation of the H. ligusticifolium genome.

Results

Leaves of microshoots in F. carica cultivar ‘Sabrutsiya
Rozovaya’ and in H. ligusticifolium cultured in vitro were
used to high molecular weight DNA isolation using GeneJET
Genomic DNA Kit by standard protocol. The entire genomes
have been sequenced using Oxford Nanopore MinlON and
[llumina NextSeq550 instruments as well. The genomic data
were preliminary assembled in Canu v.1.8 software package.
Oxford Nanopore technology allows to get extremely long
reads, but such readings are known for having too high error
rates. Whereas accurate short-reads sequencing by Ilumina
does not allow to resolve genome regions with high repeated
and duplicated sequences, especially in the complex and
polyploid plant genomes. A hybrid assembly using combined
data sets with long and short reads is a promising approach to
create an accurate and well-resolved reference genome [3].
Several workflows including pipelines for a haplotype-
resolved de novo genome assembly have been tested.
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Assessment of assembly genome quality in terms of
contiguity, accuracy, and completeness was done. As a result,
the first versions of the reference genomes of F. carica
cultivar ‘Sabrutsiya Rozovaya’ and H. ligusticifolium were
made, and their annotations are performing. Subsequent
improvement and development of the primary genome
assemblies up to "pan-genome" rank will be carried out using
advanced bioinformation approaches and computational tools
by assimilation of new sequenced genomes and
transcriptomes of the model species taken from the NBS-NSC
collections and from nature biotopes as well. Such integrative
reference genome construction will provide an important
resource both for advanced molecular breeding and
fundamental researches in plant biology and ecology based on
genomic approaches [4] using F. carica and H. ligusticifolium
in our laboratory as model species.
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