Molecular Plant Breeding 2021, Vol.12, No.26, 1-9
MolBrecd ublshr http://genbreedpublisher.com/index.php/mpb

Reviews and Progress Open Access

Research on the Progress of Systematic Taxonomy in the Genus Asparagus of
China

Sheng Wentao !, Zhang Tonglin !, Kuang Quan !, Wang Zhangfeng !, Luo Shaochun? =i
1 Department of Biotechnology, Nanchang Normal University, Nanchang, 330032, China

2 Institute of Vegetables and Flowers, Jiangxi, Academy of Agricultural Sciences, Nanchang, 330200, China

Corresponding author email: 1sc200406(@sina.com

Molecular Plant Breeding, 2021, Vol.12,No.26  doi: 10.5376/mpb.2021.12.0026

Received: 15 Sep., 2021

Accepted: 25 Sep., 2021

Published: 10 Oct., 2021

Copyright © 2021 Sheng et al., This article was first published in Molecular Plant Breeding in Chinese, and here was authorized to translate and publish

the paper in English under the terms of Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Preferred citation for this article:

Sheng W.T., Zhang T.L., Kuang Q., Wang Z.F., and Luo S.C., 2021, Research on the progress of systematic taxonomy in the genus Asparagus of China,
Molecular Plant Breeding, 12(26): 1-9 (doi: 10.5376/mpb.2021.12.0026)

Abstract Garden asparagus (4Asparagus officinalis L.) is a kind of nutritious and healthy vegetable with important economic
value in the world. China has become the largest production country of garden asparagus in the world. But the seeds mainly depend
on import, so we need to innovate breeding system and improve the international competitiveness of domestic asparagus varieties.
Genetic analysis demonstrated that the genetic variation of garden asparagus was low and its heterosis was weak among cultivars.
Inter-specific hybridization is an important means to utilize heterosis, but the relationship between the classical taxonomy and
molecular phylogeny of the genus Asparagus is disordered, which limits the development of interspecific hybridization breeding. In
this genus, thirty-one species have been found in China, which is an effective genetic resource for the utilization of heterosis among
Asparagus species. In order to provide reference for the next step to clarify the phylogenetic relationship of this genus and to carry
out the interspecific hybrid breeding of garden asparagus in the near future, the research progress of its classical and molecular
phylogeny of this genus is reviewed in this study.

Keywords Asparagus officinalis L.; Asparagus; Phylogeny; Inter-species hybridization

Garden asparagus (Asparagus officinalis L.) of the genus Asparagus, is a kind of vegetable with important
economic value in the world. It has been introduced into China since the last century. At present, its cultivation in
China has developed rapidly, and the cultivation area has reached 1x10° hm?, accounting for about 50% of the
world’s asparagus yield. Garden asparagus has become the single vegetable variety with the largest export
earnings, and the annual output value has exceeded CNY 10 billion (Chen, 2019, China Rural Science Technology,
284: 66-69). With the continuous expansion of asparagus planting scale, China has gradually occupied a dominant
position in the world asparagus industry system and put forward higher requirements for the yield and quality of
asparagus varieties. As a kind of exotic in China, garden asparagus variety resources and wild relatives are scarcer,
which limits the improvement of asparagus breeding level. Germplasm resources are the genetic material basis of
garden asparagus hybrid breeding. Garden asparagus, originated in the Mediterranean coastal area, was firstly
domesticated and cultivated by the Dutch in the 16™ century, with long growth cycle (generally 10~15 years ),
slow variety renewal and poor germplasm resources (Moreno et al., 2008a). Mercati et al. (2015) confirmed that
the genetic background of asparagus varieties was quite narrow by SNP molecular marker technology, and further
confirmed that the utilization of heterosis based on intraspecific genetic variation for a long time was difficult to
obtain substantive breakthroughs in the cultivation of asparagus varieties (Personal breeding experience).
However, there are about 300 species of the genus Asparagus in the world. Except for the Americas, it is
distributed in temperate to tropical regions all over the world (Tang and Liang, 1983). The wild germplasm of the
genus Asparagus exists in a rich and diverse wild environment. In the process of long-term evolutionary
adaptation and species differentiation, it produces a wide variety of secondary metabolites and accumulates strong
resistance to biotic and abiotic stresses. Many of these secondary metabolites are important nutrients or have good
medicinal value (Norup et al., 2015). For example, 4. racemosus, is an important source of medicinally
phytoestrogenic species (Boonsom et al., 2012). And A. maritimus not only tolerates salt and alkali but it is also
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resistant to the invasion of important disease pathogens such as rust disease and root rot (Kubota et al., 2012). The
excellent traits or gene resources contained in these related wild germplasm resources are the candidate resources
that are dreamed of in asparagus genetic improvement. Therefore, it is the basic work for the genetic improvement
of germplasm to clarify the phylogenetic relationship of the genus Chinese native and introduced Asparagus
plants, and to carry out the interspecific hybrid breeding of garden asparagus.

1 Overview of the Genus Asparagus and Its Systematic Taxonomy

1.1 Overview of the genus Asparagus

The genus Asparagus was first established by Linné in 1753, and its systematic taxonomy was mostly based on
the scientific name published by Antoine Laurent De Jussieu in 1789. The Flora of the Soviet Union (vol.4, 1935)
is the most comprehensive and systematic description of the genus Asparagus in temperate regions, which divides
24 species of Asparagus plants into one Subgen. Asparagus. The Flora of China (vol.15, 1978) is an important
work to study the genus Asparagus in China. It divides 26 species of Asparagus in China into one subgenus. And
this subgenus was divided into two groups: Sect. Archiasparagus Iljin and Sect. Asparagus. Plants in Asparagus
belong to Asparagales of Monocotyledoneae, originally belonging to Liliaceae, the latest classification is
Asparagaceae. The new division of the family Asparagaceae includes the genus Asparagus in the Old World
(Asia, Africa, and Europe continent) and the subgenus Hemiphylacus in Mexico of New World (The Angiosperm
Phylogeny Group, 2016). And the genus Asparagus distributed in the Old World can be divided into three
subgenera: subgenus Asparagus, Myrsiphyllum, and Protas-paragus. Subgenus Asparagus is plant with unisexual
flower and dioecious, mainly distributed in Eurasia and Africa. The subgenus Myrsiphyllum and Protas-paragus
are plants with bisexual flowers, and the subgenus Myrsiphyllum is distributed in Africa, while the subgenus
Protas-paragus is distributed in Eurasia, Africa, and Australia. Both subgenus Myrsiphyllum and Protas-paragus
have combined perianth segments, which are perennial roots, and the aboveground parts are annual herbs. The
ovary of the subgenus Myrsiphyllum contains multiple globular ovules, perennial roots, and the aboveground parts
are perennial shrubs. So, the genus Asparagus is mainly perennial herbs or semi-shrubs with erect or climbing
stems. It often has thick rhizomes, fleshy roots or spindle-shaped tubers, and its taxonomic relationship is
constantly changing.

At present, 31 species of this genus have been found in China, including 29 species of wild plants (Garden
asparagus is wildly distributed in Tacheng area of Xinjiang) and 3 species of cultivated plants (Asparagus
densiflorus, Asparagus setaceus and Asparagus officinalis) (Chen and Tamanian, 2000). The genus Asparagus in
China is mainly distributed in North China—Northwest China—Southwest China. With the increase of precipitation
and temperature in ecological geography, its species distribution shows a relatively decreasing trend (Xu, 2000).
Plants of this genus mainly have ornamental, vegetable consumption and medicinal value, such as Asparagus
setaceus can be used for ornamental, Asparagus officinalis tender stems for vegetables, Asparagus
cochinchinensis tuber has medicinal effect. In view of the inconsistency in the classification and orientation of
garden asparagus in academic circles, the classification and research on the existing plants of the genus Asparagus
in China has a good role in guiding the interspecific hybrid breeding of garden asparagus.

1.2 Systematic taxonomy of the genus Asparagus

The genus Asparagus was first attributed to Liliaceae because it is a plant with unisexual flower and dioecious
characteristics. However, the leaves of this genus degenerated into scales, and the branchlets are specialized into
leafy branches, which is called pseudo-leaf, and had significant specificity in Liliaceae. It is still a controversial
issue for plant taxonomists to leave the genus Asparagus in Liliaceae, or to belong to Ruscuraceae or to be a new
family. In the traditional systematic taxonomy (Cronguist, Hutchinson, and Engler), the genus Asparagus was
attributed to Liliaceae. While in Takhtajan, it was attributed to Asparagaceae (The Angiosperm Phylogeny Group,
1998). In the Flora of China, garden asparagus belongs to the genus Asparagus of Liliaceae. Liliaceae is a
complex group, and its systematic relationship is chaotic (Tang, 1995).
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According to the recent cladistic analyses, the genus Asparagus has been separated from Liliaceae and divided
into an independent Asparagaceae (The Angiosperm Phylogeny Group, 1998; Liu et al., 2015; Lu et al., 2018).
Subsequently, it was revised to carry out two classifications of Asparagaceae. The narrow classification only
included plants of the genus Asparagus, while the broad classification included plants of Asparagaceae,
Aphyllanthoideae, Isoporaceae, Restionaceae, Hyacinthaceae, Hesperocallidaceae and Ruscaceae (The
Angiosperm Phylogeny Group, 2003). In the taxonomic system of 2009, the horizontal classification range of
Asparagaceae in the family was further expanded, including 7 subfamilies, 29 families, 123 genera, and about 2
240~2 390 species of plants (The Angiosperm Phylogeny Group, 2009). In the latest taxonomic system, the genus
Asparagus in Asparagaceae is further divided into the Subgenus Asparagus, Myrsiphyllum, Protas-paragus and
the recently added subgenus Hemiphylacus in Mexico (The Angiosperm Phylogeny Group, 2016). Therefore, the
taxonomic relationship between genera is not clear, and within genera is also controversial. The annotation of the
whole sequence map of the genus Asparagus (NCBI accession number: NC 034777.1) was completed by
chloroplast genome sequencing, and the phylogenetic analysis was carried out by using 77 coding gene sequences
of Asparagus officinalis and related wild species chloroplast genome in this study. The results showed that the
Asparagus officinalis had the farthest genetic relationship with Lilium distichum in Liliaceae and the closest
genetic relationship with Polygonatum cyrtonema in Asparagaceae. Therefore, through the systematic taxonomic
research, it is confirmed that the phylogenetic relationship of this genus is inconsistent with the classical
systematic taxonomy, which needs taxonomic revision.

2 Molecular Phylogeny of the Genus Asparagus

2.1 Molecular phylogeny of the genus Asparagus in China

In the process of studying the classification of Liliaceae, Tang and Liang (1983) thought it was disordered and
needed more extensive research on morphological characteristics. Based on this, to solve the problem of
systematic taxonomy of the genus Asparagus plants, especially the genetic relationship between genera and
species within the genus, Ni and Zhao (1990) compared the pollen morphology of 14 species of the genus
Asparagus from Gansu by light microscope and scanning electron microscope, and then discussed the variation
relationship between the species from the aspects of pollen morphological characteristics. It was concluded that
the pollen grains of these plants were left and right symmetrical, with single hole, single grain, and round, and had
no significant variation with the pollen of other genera of Liliaceae. Zhang and Qin (1992) investigated the
resources of the genus Asparagus from Sichuan, carried out morphological classification, and found a total of 14
plant types. Tang (1995) classified the genus Asparagus into Liliaceae according to the convergent character of
berries. Xu et al. (2005) identified 13 species (including 2 cultivated species) and 1 variety of the genus
Asparagus L. in Mongolian Plateau. And according to the distributive characteristics of ecological geography of
the genus Asparagus, it is inferred that this genus evolved after the separation of Eurasia and North America (Xu
et al., 2002). The genus Asparagus L. in Mongolian Plateau can be divided into subgenus Asparagus and
Protas-paragus (Xu et al., 2003). Meanwhile, Liu (2018) found three species of the genus Asparagus in northern
Tangshan.

Huang et al. (2010) found that four species of the genus Asparagus could be identified by chloroplast trnl-F
sequence. Ou et al. (2010; 2011) believed that ITS has some limitations in the study of systematic taxonomy, and
it is necessary to combine other means to accurately study the systematic development of the genus Asparagus.
Similarly, the results of phylogenetic analysis within the genus Asparagus using trnH-psbA sequence had certain
limitation and the classification of some species deserves further study (Ou et al., 2013). Therefore, the systematic
taxonomy of genus Asparagus in China has only carried out the molecular phylogeny of morphology and a few
gene sequences, which does not clearly show the phylogenetic relationship between the closely related species of
this genus, seriously restricting the development and utilization of the genus resources.

2.2 Molecular phylogeny of the genus Asparagus abroad
Foreign scholars earlier believed that the taxonomic status of the genus Asparagus was controversial and proposed

the attribution of taxonomic status. Kubituki and Rudall (1998) suggested that the genus Asparagus should be
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raised to the status of family, and included subgenus Asparagus, Protas-paragus, and Myrsiphyllum. Kanno and
Yokoyama (2011) believed that the genus Asparagus included three subgenera, and that Africa, especially South
Africa, is the diversity center of the genus. Lee et al. (1997) first used the RFLP polymorphism of chloroplast
DNA (cpDNA) in genus Asparagus to construct the molecular phylogenetic relationship of Asparagus officinalis
L., which could distinguish diploid and polyploid species into two branches and inferred that Asparagus
officinalis L. was monophyletic. Stajner et al. (2002) divided the 10 tested materials into two groups using RFLP
markers, which were related to gender differences and geographical origin, and the results of phylogenetic
research were consistent with botanical classification. Fukuda et al. (2005) showed that the emergence of gender
phenomenon was monophyletic origin in the genus Asparagus. The study on gender determination sites and
genetic variation of gender chromosomes in the genus Asparagus species could explore the evolutionary prototype
of gender chromosomes and the law of gender chromosome differentiation. And it is considered that that this
genus plants had spread to other parts of the Old World through a large number of species domestication and
hybridization. Kuhl et al. (2006) believed that in the order Asparagales, plants of the genus Asparagus with small
genomes could be used as a model for genome analysis, but no genome duplication event between European and
South African groups was observed. Moreno et al. (2008b) used ITS sequences to identify the genus Asparagus
plants, which may be related to the genetic relationship between the two selected experimental materials.

Kim et al. (2012) used 5 cpDNA sequences to carry out the phylogenetic work of the order Asparagales in South
Korea. The results showed that the cpDNA sequence could identify the phylogenetic relationship between species.
Boonsom et al. (2012) found that PCR-RFLP analysis of matK gene was an effective method for authentication of
A. racemosus, a closely related species of Asparagus officinalis L. Kubota et al. (2012) constructed a phylogenetic
tree using non-coding cpDNA sequences, and pointed out that this genus originated from South Africa, and then
evolved into various regions of the Old World. The results showed that the dioecious species were derived from a
single evolutionary transition from hermaphroditism. Chen et al. (2013) used 4 cpDNA sequences to study the
phylogeny of the order Asparagales. Castro et al. (2013) analyzed the ITS and EST-SSR of the genus Asparagus
and its interspecific hybrids, and found that the germplasm resources of this genus can be divided into two
categories, one is related to A.acutifolius, the other is related to A.officinalis. Mousavizadeh et al. (2015) divided
the 4 species of the genus Asparagus into two categories through the analysis of morphological traits, one
included accessions of two species A.officinalis and A.breslerianus, the other included A.persicus and
A.verticillatus. Phylogenetic analysis showed that the dioecious species of the genus Asparagus shared a common
origin, which was formed after one or two evolutions. At the same time, with the increase of genome size and
repeat sequence, its distribution area also expanded from southern Africa to northern and Europe (Norup et al.,
2015). Saha et al. (2015) confirmed that the monoecious subgenus Protas-paragus with the monophyletic origin
of the dioecious subgenus Asparagus by analyzing the rDNA ITS and cpDNA #nL intron sequences of the genus
Asparagus and morphological characteristics of phyllodes. Li et al. (2014; 2016) believed that the polymorphism
of transposable elements in the genome of Asparagus officinalis is related to the systematic evolution of this
genus. Harkess et al. (2016) distinguished dioecious plants from monoecious plants by the sequence
polymorphism of transposable elements and speculated that the amplification of transposable elements is related
to the size of the genome. Mousavizadeh et al. (2015) suggested that polyploidization played a role in the
evolution of the genus Asparagus, and different species had different 5S and 45S rDNA. Akter et al. (2017) and
Boubetra et al. (2017) carried out the karyotype analysis of the genus. It was concluded that the chromosome
karyotype base number of the genus was 10, including diploid, tetraploid, hexaploid and even octaploid. Altintag
et al. (2019) analyzed the molecular phylogenetic tree of the genus Asparagus plants and believed that ITS
sequence was better than cpDNA #rnL intron sequence to explain the genetic relationship between them. Li et al.
(2019) believed that the infiltration of chloroplast genome increased the complexity of nuclear genome of
Asparagus officinalis L. composition. As this genus has important medicinal chemical components,
Doménech-Carboné et al. (2016) concluded that the analysis of chemical volatile components can effectively
distinguish plant types in subgenus Asparagus, Protas-paragus, and Myrsiphyllum. According to the genetic
relationship between the genus Asparagus and A. officinalis, A. officinalis has carried out interspecific
4
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hybridization with A.schoberioides (Ito et al., 2007) and Asparagus kiusianus (Ito et al., 2011). However, previous
studies based on morphology, rDNA sequence and single or a few cpDNA genes to construct phylogenetic
relationships have not completely solved the systematic taxonomy of the genus Asparagus and its above genera.
At the same time, there is no detailed and comprehensive description of the interspecific relationship below
genera, especially the taxonomic and genetic relationship between wild genus Asparagus species in China and A.
officinalis, which needs continuous revision and improvement.

Our team has completed the chloroplast genome sequencing work using the collected wild species (4. dauricus, A.
densiflorus, A. setaceus), and compared and analyzed the protein coding gene sequences. It is confirmed that the
polymorphism of chloroplast genome coding gene sequence can well distinguish the species with complex genetic
relationship and difficult classification, and it is concluded that Asparagus dauricus and Asparagus officinalis has
the closest genetic relationship. And the early cooperation of the team (Jiangxi Academy of Agricultural Sciences,
together with Shenzhen Huada Gene Research Institute, University of Georgia, Institute of Botany, the Chinese
Academy of Sciences and other units.) firstly reported a high coverage (93.7%) of Asparagus officinalis
whole-male genome sequence map and annotated 36,763 genes (Harkess et al., 2017), as well as verified at the
molecular level that the SOFF-asTDF1 of Asparagus officinalis could control its gender determination, and that
single-copy nuclear genes such as gender determination genes could be used to study the genetic relationship of
this genus (Harkess et al., 2020). With the release of high-precision genome sequence map for 4. officinalis, A.
officinalis has been further promoted to become a model plant for gender determination and differentiation
research (Harkess et al., 2015; 2016; Tsugama et al., 2017; Zhou et al., 2018). At the same time, a series of
important biological scientific issues such as genetic diversity (Mercati et al., 2015), molecular phylogenetic
development (Li et al., 2020), origin and domestication (Murase et al., 2016) of the genus Asparagus germplasm
resources will be more focused on.

Many practical studies have also shown that the phylogeny of organelles is an important means to straighten out
the relationship between species (Lei et al., 2019; Ge et al., 2020). Therefore, we proposed that the study of
genetic variation at the whole genome level is an effective method to solve the taxonomic status of the genus, and
will focus on the sequence variation polymorphism of the organelle genome and nuclear genome, to carry out the
genetic variation of cultivated species and wild species in A. officinalis L., and to further sort out the phylogenetic
relationship, and then solve the key bottleneck problem of low genetic diversity in A. officinalis L. breeding
practice.

3 Problems and Prospects of Systematic Taxonomy Study on the Genus Asparagus

3.1 The systematic taxonomy status of important group of genus Asparagus in China needs to be established
urgently

The plants of the genus Asparagus have important ornamental and horticultural value, economic edible value
and medicinal value. The plants widely used and cultivated by human beings in this genus are 4. officinalis, which
is used as valuable vegetable; A. cochinchinensis, which is used for Traditional Chinese Medicine; 4. racemosus,
which is used for Traditional Indian Medicine; and A. setaceus, A. densiflorus, A. retrofractus, which is used for
landscaping. Studying the phylogenetic relationships within the genus is of great significance for germplasm
conservation, utilization, and genetic breeding. For the study of this genus, it is necessary to continue to expand
the construction of the genus Asparagus germplasm resource nursery and clarify the phylogenetic relationship
between 31 species of this genus in China and foreign resources based on further introduction of foreign
germplasm.

3.2 Research methods and techniques need to be updated urgently
At present, most studies on phylogeny of genus Asparagus are based on phylogenetic trees constructed by single
gene or several gene fragments. However, in the study of molecular phylogeny, gene sequences, protein sequences
and chemicals are all important research objects. In the research methods, in addition to the classical
morphological observation and tissue structure anatomy, the combined methods of genomics, proteomics,
metabonomics and transcriptomics are all important research methods.
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Therefore, with the maturity of three-generation sequencing technology, molecular phylogenetic genomics will be
more widely used. Phylogenetic genomics based on multi-gene association method will deeply solve the
inconsistency of phylogenetic trees constructed by different types of source sequences. In addition to genome
sequence changes, protein domain is also the basic unit of gene evolution. The phylogenetic tree constructed by
protein domain information library such as Pfam will be another important research field. Therefore, the next step
will be to solve the problem of systematic taxonomy of the genus based on the comprehensive application of
chloroplast, mitochondria, nuclear genome, proteome, chemistry, morphoanatomy.

3.3 The next research direction of phylogeny of this genus

Plants in this genus have various traits, including herbs, shrubs and vines, photosynthetic stems (pseudo-leaves),
leaves degenerated into scales, black or red berries, all of which are characteristic traits. Therefore, the evolution
of characteristic traits in this genus is an important research direction. In addition, a remarkable feature of this
genus is the rich variability of its reproductive system, including monoecious, dioecism, hermaphroditic, male
monoecious, and even supermale (Kanno and Yokoyama, 2011). Kubota et al. (2012) showed that the genus
Asparagus is monophyletic, and its gender diversity and chromosome ploidy are the driving force of its evolution.
Li et al. (2014) proposed that the transposable elements is beneficial to the study of the hermaphroditic origin of 4.
officinalis L. The genome sequence of A. officinalis L. is mainly composed of transposons and its type is
Tyl/copia. Phylogenetic analysis showed that the dioecious species of the genus Asparagus was formed after one
or two evolutions (Norup et al., 2015). Harkess et al. (2015; 2017; 2020) studied the phylogenetic relationship of
plant gender-determining genes, suggesting that genome duplication events set time for the evolution of female
inhibitory function and the emergence of gender phenomena in the genus Asparagus species. Moreover, tetraploid
and hexaploid phenomena are common in the genus Asparagus. Some species have diploid and tetraploid, and
some have tetraploid and hexaploid. 4. officinalis L. is a typical plant with diploid and tetraploid phenomena
(Mousavizadehb et al., 2011). The study on these genetic phenomena will provide research ideas for solving the
phylogenetic relationship among Asparagus plants.

Therefore, the adaptation and domestication mechanisms of genus Asparagus species are significantly correlated
with gender polymorphism, chromosome polyploidization and genome size. Based on this, we believe that in the
study of systematic evolution of the genus Asparagus, the next step will focus on solving hot issues such as
gender polymorphism of Asparagus plants, the origin of tetraploid A. officinalis L., the domestication of wild A.
officinalis L., and the phylogenetic relationship between cultivated A. officinalis L. and other species of this
genus.
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