
RESEARCH ARTICLE Open Access

The genome sequencing and comparative
analysis of a wild kiwifruit Actinidia eriantha
Xiaohong Yao1†, Shuaibin Wang2†, Zupeng Wang1†, Dawei Li1, Quan Jiang1,3, Qiong Zhang1, Lei Gao1,
Caihong Zhong1, Hongwen Huang4 and Yifei Liu5*

Abstract

The current kiwifruit industry is mainly based on the cultivars derived from the species Actinidia chinensis (Ac) which
may bring risks such as canker disease. Introgression of desired traits from wild relatives is an important method for
improving kiwifruit cultivars. Actinidia eriantha (Ae) is a particularly important taxon used for hybridization or
introgressive breeding of new kiwifruit cultivars because of its valued species-specific traits. Here, we assembled a
chromosome-scale high-quality genome of a Ae sample which was directly collected from its wild populations. Our
analysis revealed that 41.3% of the genome consists of repetitive elements, comparable to the percentage in Ac
and Ae cultivar “White” genomes. The genomic structural variation, including the presence/absence-variation (PAV)
of genes, is distinct between Ae and Ac, despite both sharing the same two kiwifruit-specific whole genome
duplication (WGD) events. This suggests that a post-WGD divergence mechanism occurred during their evolution.
We further investigated genes involved in ascorbic acid biosynthesis and disease-resistance of Ae, and we found
introgressive genome could contribute to the complex relationship between Ae and other representative kiwifruit
taxa. Collectively, the Ae genome offers valuable genetic resource to accelerate kiwifruit breeding applications.
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Core
Actinidia eriantha is a valued wild Actinidia taxon for
introgressive breeding of kiwifruit cultivars. The genome
assembly of a wild A. eriantha plant provided insights
into genome evolution and structural variations between
A. eriantha and one of the cultivated kiwifruits A. chi-
nensis. The genes involved in ascorbic acid biosynthesis
and disease-resistance were also potentially different be-
tween them, and introgressive genome could contribute
to the complex relationship between A. eriantha and
other representative kiwifruit taxa.

Gene & Accession Numbers
The raw sequence reads and genome assembly have
been deposited in NCBI database under BioProject ac-
cession PRJNA721303. All raw reads in the Sequence
Read Archive (SRA) can be accessed under accessions
SRR14212090-SRR14212115 and SRR15012233-
SRR15012260.

Introduction
Kiwifruit is one of the best examples of the successful
domestication and commercialization of a fruit crop in
the twentieth century (Ferguson 2016). Since 1904 the
first kiwifruit, Actinidia chinensis var. deliciosa from wild
populations of Yichang, China, was introduced into New
Zealand, its initial domestication and the subsequent de-
velopment of commercial cultivation made it increas-
ingly important for the global fresh fruit market (Huang
2014). Particularly, over the past two decades, kiwifruit
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is the fastest growing crop in per capita production of
major fruit groups (FAO Statistics; http://www.fao.org/
statistics/en/). This is likely to grow continuously in the
next decade as the kiwifruit industry addresses the
Pseudomonas syringae pv. actinidiae (Psa) epidemic, the
main kiwifruit bacterial disease (Belrose Inc. 2016). The
wide demands of diversified and resistant germplasm
feeding the world kiwifruit industry has prompted its
substantial acceleration recently by a combination of di-
verse strategies. Among these are hybridization or intro-
gression breeding, which tends to bring desired traits
from wild relatives into kiwifruit cultivars (Huang and
Liu 2014).
Actinidia eriantha Bentham (hereafter, Ae), which is

known as “Maohua” kiwifruit in Chinese, is one of the
most valued wild Actinidia resources used for introgres-
sion breeding of kiwifruit cultivars. Currently, many ki-
wifruit hybrid cultivars are crossed and domesticated
between Ae and A. chinensis Planchon (hereafter, Ac), in
which the latter is traditionally selected for breeding of
nearly all cultivated kiwifruits. Although Ae is taxonom-
ically and phylogenetically distinct from Ac, crossing be-
tween them is easily conducted (Liu et al. 2017). Ae is
characterized by several species-specific traits, such as
the exceptionally high content of vitamin C in its ma-
tured fruits (500–1379 mg per 100 g fresh weight, com-
pared to 50–420 mg in Ac) and the potentially high
resistance to Psa disease (Huang et al. 2004; Wang et al.
2017). The milky white hairs densely covering on the
surface of fruits and stems of Ae are also specific in the
Actinidia genus. Understanding the genome and evolu-
tion underlying trait variations of Ae is thus important
for kiwifruit breeding applications.
The Actinidia genus belongs to the Actinidiaceae fam-

ily within the Ericales order, which is an early diverging
lineage in the asterids. Genomic analyses indicates that
both common and lineage-specific whole-genome dupli-
cation events (WGDs) have occurred across different lin-
eages of asterids. Ac shows an ancient triplication event
(the γ event shared by core eudicots) and two recently
kiwifruit-specific WGD events (Ad-α and Ad-β) (Huang
et al. 2013). A recent reanalysis of the genome further
showed evidence that both kiwifruit-specific WGD
events were tetraploidization events, with Ad-α occur-
ring ~ 18–20 million years ago (Mya) and Ad-β ~ 50–57
Mya (Wang et al. 2018), but these were different from
some previous reports in which the age estimate for Ad-
α was about 28 Mya and for Ad-β about 64–87 Mya
(Xia et al. 2017) after the divergence of kiwifruit and tea
(~ 80 Mya) (Wei et al. 2018). The evolutionary history of
kiwifruits as well as the earlier diverged asterid clades
are thus needed for further investigation.
The current genomic resources of kiwifruit plants are

mainly from Ac cultivars “Hongyang” and “Red5”

(Huang et al. 2013; Pilkington et al. 2018; Wu et al.
2019). A chromosome-scale genome assembly of an Ae
cultivar “White” was also released (Tang et al. 2019), but
the genomic information in relation to trait evolution of
Ae is needed to be further investigated. Here we re-
ported a high-quality chromosome-scale genome assem-
bly of Ae by using a sample which was directly collected
from the wild populations, representing variable geno-
type resource for this important kiwifruit species. We
compared it to the released Ae cultivar “White” and Ac
“Hongyang” v3 genomes from Kiwifruit Genome Data-
base (Yue et al. 2020) to obtain the common and
species-specific genomic contents. We characterized the
evolutionary pattern of WGD events and the possible
mechanism triggering trait variations of Ae. We also
combined transcriptome-derived SNP data to dissect
genetic relationships between Ae and other diverse Acti-
nidia taxa. Our results will facilitate breeding and germ-
plasm innovation of world kiwifruit industry.

Results
A high-quality genome assembly
We selected a wild Ae plant for sequencing. The esti-
mated genome size of this sample is of ~ 689Mb based
on a k-mer analysis (Supplementary Fig. 1) and ~ 750
Mb by using flow cytometry analysis. The level of gen-
omic heterozygosity is 0.98% (Supplementary Fig. 1 and
Supplementary Table 1). We generated 60.13 Gb PacBio
single-molecule long reads (N50 = 14.7 kb), 79.54 Gb
Illumina paired-end short reads (with library insert sizes
of 350 Kb), and 105.30 Gb 10× Genomics linked reads
(Supplementary Fig. 2 and Supplementary Table 2). We
firstly performed a PacBio-only assembly with the add-
itional step of phasing contigs. The resulting assembly
was polished with both PacBio long reads and Illumina
short reads. We next assembled contigs into scaffolds
based on linked reads. The resulted contig sequences
were 655Mb with N50 of 2.00Mb, and scaffold se-
quences are 657Mb with N50 of 5.07Mb (Supplemen-
tary Table 3).
The assembly was further improved using high-

throughput chromatin conformation capture (Hi-C)
map, resulted into a final reference scaffold assembly
comprised 29 unambiguous chromosome-scale pseudo-
molecules covering 95.85% (~ 629Mb) of the genome
assembly (hereafter referred to as chromosomes), in
which the minimal length of chromosome was greater
than 14.9Mb (Fig. 1 a and Supplementary Fig. 3, Supple-
mentary Table 4). The accuracy and completeness of the
assembly were assessed by aligning Illumina short reads
back to it, resulting into a mapping rate of 97.8%, with
97.1% of the assembly covered by at least three reads.
Furthermore, > 97.7% of the de novo assembled tran-
scripts could be mapped back to the assembly; and 236
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