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Abstract

Background
Lycium ruthenicum had high economic and ecological role in western China due to the high content of
active substances and tolerance to drought and salinity stress. But its genomic information was lack,
which seriously affected the next breeding and forestation. We surveyed the genomic size and developed
SSRs of L. ruthenicum based on the next generation sequencing technology to lay a theoretical
foundation for next genomic research in this study.

Results
Totally 451,721,828 bp raw data were generated, 4,596,439 scaffolds were obtained after assembly. The
estimated genome size of L. ruthenicum was 3,249.33 Mb, the heterozygosity rate was 1.13%, and repeat
rate was 73.13%. Totally 958,619 SSRs were identi�ed. The average SSRs density were 163.95 SSRs/Mb,
the dinucleotide repeat motif accounted for larger proportion in all motifs, the AT/AT, AC/GT and AG/CT
are dominant repeat motifs in L. ruthenicum genome.

Conclusion
These results could lay a foundation for next genome sequencing. And SSR data could alarge the
molecular resources for L. ruthenicum and relatives, such as genetic mapping, QTL and population
genetic study.

Background
Lycium ruthenicum Murrray (Solanaceae), mainly distributed in Qinghai Provinces, Ningxia and Xinjiang
autonomous regions in China (Chinese �ora,2006). L. ruthenicum has been cultivated for hundred years
for economically and ecologically application. The Chinese medical classic “Jing Zhu Ben Cao” has
recorded it for the treatment of heart disease, abnormal menstruation and menopause, and health care
(Jia and Li 2005). Modern medicine research has recorded the abundant polysaccharides (Liu et al. 2013;
Lv et al. 2013), anthocyanin (Zheng et al. 2011) and other active substances in fruit (Yabin et al. 2015).

L. ruthenicum has strong environmental adaptability, especially drought and salinity tolerance. L.
ruthenicum was mainly growing in harsh environment, such as desert, highly saline and drought habitats
(Dong et al. 2008; He et al. 2015). According to Geng (2012), even the soil water content dropped to 5%, it
can be reached the normal metabolism stress point of L. ruthenicum. Previous research showed that
appropriate salt stress was bene�cial to the seed germination of L. ruthenicum (Chen et al. 2010; Wang et
al. 2014). Based on the drought-resistance and saline-alkali resistance, L. ruthenicum has been widely
planted in saline-alkali land improvement, water and soil conservation, desert management and so on
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(Jalali et al. 2012; Peng et al. 2013). The cultivation of L. ruthenicum was asexual propagation by wild
seedlings and lack of good cultivars. And because of its important medicinal value, the wild resources
have been endangered due to overexploitation (Liu et al. 2012).

With the development of genomic technology and bio-informational analysis, many genomic researches
about the Solanaceae plant have been reported, such as tomato (Anthony et al. 2014; The Tomato
Genome Consortium, 2012), potato (Potato Genome Sequencing Consortium 2011), pepper (Cheng et al.
2014; Seungill et al. 2014), eggplant (Hideki et al. 2014), nicotiana (Bombarely et al. 2012; Nicolas et al.
2013; Sierro et al. 2014) and petunia (Aureliano et al. 2016). These genomic researches had laid
foundation for genetic and genomic study, and accelerated breeding research. But few studies have been
reported on L. ruthenicum, the genetic information has lack. The lack on genomics, genetics and cell
biology of L. ruthenicum has restricted the cultivation and improvement in disease-resistant and new
varieties of L. ruthenicum.

Considering its importance role in economy and ecology, it is urgent to reveal the potential genetic
background in the synthesis of active components, as well as the genetic mechanism related to its
drought and salinity resistance. Based on the genetic information, we can clarify the synthesis pathway
and regulatory mechanism of its speci�c active components, so as to lay the foundation for targeted
genetic improvement by means of molecular biology.

In this study, we surveyed the genome size and assessed the genomic characteristics of L. ruthenicum,
such as heterozygosity and repeat sequence information based on the next generation sequencing
technology. The aim of this study was to provide evidence and consult to a completely genome
sequencing and assemble program for L. ruthenicum.

Results
A total of 451,721,828 bp raw data were generated from the Illumina HiSeq 2000 sequencing platform.
The values of Q20, Q30 were 95.25% and 89.12% respectively, and the GC content was 41.66% (Table 1).

Table 1
Sequencing result of L. ruthenicum

Raw paired
reads

Raw base(bp) Effective rate
(%)

Error rate
(%)

Q20(%) Q30(%) GC
content
(%)

451,721,828 135,516,548,400 99.77 0.03 95.25 89.12 41.66

The peak of the depth distributed at 33,the estimated genome size of L. ruthenicum was 3,249.33 Mb
(Table 2). The heterozygosity rate was 1.13% repeat rate was 73.13%. About 10,000 high quality reads
were randomly selected(5000 read 1 and 5000 read 2) and mapped to the nucleotide database of NCBI
based on the Blast program, the sample was considered free from potential contamination in the case of
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homologous alignment. The Blast program found Solanum lycopersicum (0.71) and Nicotiana tabacum
(0.33) were the top two homologue species with L. ruthenicum.

Table 2
Result of Genome feature

Kmer Depth N kmer Genome
size (M)

Revised Genome
size (M)

Heterozygous
rate (%)

Repeat
rate (%)

17 33 108,822,300,737 3297.65 3,249.33 1.13 73.13

After assemble, a total of 5,257,494 contigs were obtained, with N 50 was 1,145 bp and N 90 was 150 bp.
And 4,596,439 scaffolds were assembled; N 50 and N 90 were 1,693 bp and 150 bp respectively. All of
assemble data showed in Table 3. The GC contents of assembled scaffolds were statistically and
analyzed.

Table 3
Information of the assembled genome sequences

title Total length Total number Max length N50 length N90 length

contig 2,484,092,388 5,257,494 1,233,094 1,145 150

scaffold 2,553,498,919 4,596,439 2,196,943 1,693 150

Totally 958,619 SSRs were identi�ed from 4,596,439 examined scaffolds. Among these examined
scaffolds, 502,615 sequences containing SSRs. The average SSRs density was 163.95 SSRs/Mb. The
length of microsatellites ranged from 10 bp to 116 bp, most length was concentrated in the 10–25 bp,
account for 96.57% (Fig. 1).

In mono nucleotide repeat motif, the length of microsatellites ranges from 10 bp to 116 bp, most length
were concentrated 10–20 bp range, account for 94.29% in all SSRs. The length of dinucleotide repeat
motif ranged from 12 bp to 70 bp, the range length of 12–25 bp accounted for 97.53%. And the length of
trinucleotide repeat motif ranged from 15 bp to 54 bp (accounted for 99.23%), the length of teinucleotide
repeat motif ranged from 20 bp to 47 bp (account for 99.77%), the length of penucleotide repeat motif
ranged from 25 bp to 44 bp (account for 99.66%), and the length of hexanucleotide repeat motif ranged
from 30 bp to 42 bp. Length distribution of all repeat tended to decrease as the length increases.

Among the identi�ed puri�ed SSRs, the number of mono nucleotides was 490,016 account for 57.74%,
followed by dinucleotide (244,765, 28.84%), trinucleotide (87,734, 10.34%), tetranucleotide (15,187,
1.79%), pentanucleotide (6,271, 0.74%) and hexanucleotide (4,684, 0.55%) (Table 4).
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Table 4
Statistics of the detected SSRs

Repeat type Number Percentage
(%)

Density
number·Mb− 1)

SSR
type

Max. number
of repeats

compound type 109,962 11.47% 4.3063 109,962  

Puri�ed
type

Mononucleotide 490,016 51.12% 19.1900 2 116

Dinucleotide 244,765 25.53% 95.8548 4 64

Trinucleotide 87,734 9.15% 34.3584 10 44

Tetranucleotide 15,187 1.58% 5.94758 32 32

Pentanucleotide 6,271 0.65% 2.45588 93 24

Hexanucleotide 4,684 0.49% 1.83438 267 17

Total 958,619 100 163.9473    

In dinucleotide repeat motif, the repeat type of AT/AT (134,917; 55.12%) was the dominant, followed by
AC/GT (62,674; 25.61%), AG/CT (45,370; 18.54%) and CG/CG (1,804; 0.74%) repeat units. In the
trinucleotide repeats, AAG/CTT (23,723; 27.04%), AAC/GTT (21,826; 24.88%) and AAT/ATT (14,809;
16.88%) were the top three dominant repeat units. In the tetranucleotide, AAAG/CTTT (38.12%),
ACAT/ATGT (13.93%) and AAAT/ATTT (10.50%) were the top three repeat untis. Overall, the AT-rich
tetranucleotide repeat units account for a great part of the tetranucleotide repeats, the others occurred at
a very low frequency, especially the CCGG/CCGG was found only once. The ATATC/ATATG (23.74%),
AAAAG/CTTTT (18.31%), AATTC/AATTG (13.87%) and AAGAG/CTCTT (11.86%) were the top four repeat
motifs in the, pentanucleotide repeats motifs. There were no obvious distributed characters were found.

Discussion
Genome size greatly varied among angiosperms, from 130 Mb (Arabidopsis thaliana) to 127 Gb
(Fritillaria assyriaca) (Bennett and Smith 1976; Bennett et al. 1982), it was related with evolutionary
processing, such as chromosome polyploidy and rearrangement (Soltis et al. 2003).

In this study, the estimated genome size of L. ruthenicum was 3,297. 65 Mb, which was nearly similar to
the genome size of pepper (~ 3.48 Gb) (Cheng et al. 2014; Seungill et al. 2014) and nicotiana (~ 3.1 Gb)
in Solanaceae family (Bombarely et al. 2012; Nicolas et al. 2013; Sierro et al. 2014). But it was about
three times of tomato (~ 0.95 Gb) (Anthony et al. 2014; The Tomato Genome Consortium,2012), potato
(~ 0.84G) (Potato Genome Sequencing Consortium 2011), and eggplant (~ 0.83 Gb) (Hideki et al. 2014).

The chromosome number of L. ruthenicum is 2n = 24(Chen et al,2008), which is same to the most of
Solaneceae species, such as cultivated tomato 2n = 2x = 24, The Tomato Genome Consortium 2012),
pepper 2n = 2x = 24, Cheng et al. 2014; Seungill et al. 2014), eggplant (Solanum melongena L.) (2n = 2x = 
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24, Hideki et al. 2014), potato (2n = 4x = 48, Potato Genome Sequencing Consortium 2011), tobacco (2n = 
4x = 48, Sierro et al. 2014), but different from Nicotiana benthamiana) (x = 19, Bombarely et al. 2012) and
Petunia (x = 7, Conia et al. 2010). As above mentioned, the majorities of Solanaceae plants are diploid
and have the same basic chromosome number, according to the Wu and Tanksley (2011), the genome
sizes of Solaneceae plants are greatly changed, which may indicated that the large-scale genome
replication and chromosome diploidization events did not occur in Solanaceae plants during the long
evolution process. Therefore, we speculated that the L. ruthenicum shared same chromosome evolution
event with most of Solaneceae species.

The high heterozygosity was the reason of �tness and ecological success (Vrijenhoek 1994), and was
related with morphological and adaptive differentiation of species. The heterozygosity rate of L.
ruthenicum is 1.13%, suggested that the structure of L. ruthenicum genome has great variation. We
speculated that the high heterozygosity of L. ruthenicum has resulted from the long evolution and
adaptation process. Therefore, given the high heterozygosity of the genome, it is not suitable for genome
assembly based on the second-generation sequencing results, and it is recommended to use the third-
generation sequencing technology with a longer reading length.

The proportion of repeat sequence distribution were gradually increased from bacteria to eukaryotes, the
repeat sequence content of some model organisms was as follows; bacteria less than 1%, beer yeast
3.4%, arabidopsis 13–14%, Caenorhabditis elegans 16.5%, Drosophila melanoderma 33.7%, mouse 38%,
human 50%, corn 77%) (Ai 2008).

The repeat rate of L. ruthenicum was estimated as 73.13%, which was higher than the proportion in
potato (62.2%) (Potato Genome Sequencing Consortium 2011), but was lower than the proportion in
pepper (81%) (Varshney et al. 2012). According to the Uozu (1997), the number of repetitive sequence
contributed to the nuclear DNA content. Therefore, the different proportions of the repetitive elements
caused the genome size variation of same Solanceae family.

Repetitive sequences played the important role in evolution process, they were expanded and enriched the
genetic information (Eichler and Sankoff 2003), protect coding sequences (Cangiano and Volpe 1993), at
the same time, they were physically determined the chromosome structure, and in�uenced transcriptional
regulation, played an important role in genome differentiation during speciation (Tang 2011). Therefore,
we believed that the high proportion of repetitive sequence was the result of long evolution process of L.
ruthenicum, and had the contributor of relatively great genome size.

The trinucleotide repeat unit accounted for larger proportion, while the dinucleotide repeat unit occupied
larger proportion in L. ruthenicum. At the same time, the dominant repeat motif was also different, the
GTT/CAA, ACA, and ATC were dominant repeat motifs in L. babarum genome, while the motifs of AT/AT,
AC/GT and AG/CT were the dominant repeat motifs in L. ruthenicum (Dang et al. 2016). The mutation of
dinucleotide repeat could cause to genetic instability and thus generate genetic diversity (Hammock
2005; Oki et al 1999). Therefore, we speculated that the genome of L. ruthenicum instability than L.
babarum. The SSR characters of genome are same to the transcriptome of L. ruthenicum in which
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dinucleotide account for larger proportion and AG/CT, AG/CT, AT/AT and AC/GT were the dominant
repeat motifs (Hao et al. 2019).

Conclusions
In this study, we surveyed the genomic information of L. ruthenicum. The results showed the estimated
genome size of L. ruthenicum was 3,297.65 Mb, nearly similar with other species in Solanacece. The
heterozygosity rate of L. ruthenicum was higher (1.13%), suggested it has great variation, and not
suitable for genome assembly based on the second-generation sequencing. Also, we identi�ed 958,619
SSR markers, which could be used in next cultivar identi�cation,population genetics. The resources
provided in this research could �ll the gaps of genome information in Lycium and accelerate the genomic
and genetic studies, such as drought and salt tolerance mechanism, active substances biosynthesis
mechanism, key gene resources mining, evolutionary analysis and breeding.

Material And Methods
A tissue cultured-seedling of L. ruthenicum was used for genome survey. The selected plant was
cultivated for one week in clean water before sequencing.

Genomic DNA was extracted from the whole plant using DNA extraction kit (Illumina, USA), after
elementary detection by agarose gel electrophoresis,the DNA concentration was detected based on the
Qubit Fluorometer (Invitrogen, Carlsbad, CA, USA), DNA integrity was detected using Agilent 2100 (Agilent
Technologies, Palo Alto, Calif.), Total DNA concentrations and purity was determined using a Nanodrop
2000c spectrophotometer (Thermo-Scienti�c, Waltham, MA, USA).

Quali�ed genomic DNA was used for sequencing library construction according to the protocol (Illumina,
Beijing, China). Pair-end sequencing was preceded according to the standard procedure (Illumina, Beijing,
China). In order to ensure the quality of information analysis, the raw data was further �ltered by
removing the adapter, 10% N, and low quality (less than 5) bases of all raw reads. After �ltering and
correction of the raw data, clean reads were obtained. All of the clean reads were used for following bio-
informational analysis.

The genome size was evaluated based on the Kmer = 17 analyses, it means the sequencing data were
successively segmented by 17nt. The depth frequency of K-mer was assumed to conform to the Poisson
distribution, and all K-mer which was extracted from reads one by one could cover the whole genome.
The K-mer frequency distribution was calculated from all sequencing data, and the estimated K-mer
depth was calculated to make the K-mer distribution curve. The genome size was evaluated based on the
formula G = N/C base, where N base is the total number of bases of all sequence, C base is desired depth
of the covering base.

The heterozygous and homozygous K-mer in the speci�c region of reference genome, combined with K-
mer coverage of repeated sequences, and other negative binomial factors were formed a comprehensive
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model to describe the K-mer distribution curve. The heterozygosity of the genome was determined by the
ratio of heterozygosity peak to homozygosity peak.

The Soap-denovo software was used for genome assemble based on the K-mer = 41 with default
parameters (Liu et al. 2012). The speci�c process is as follows; 1, the overlaps of reading sequences were
represented using de Bruijn graph; 2, erroneous connection on the graphs were removed through clipping
tips, removing low coverage links, resolving tiny repeats and merging bubbles; 3, break at repeat
boundaries and output contigs; 4, scaffold construction based on Pair -end relationships of contigs; 5,
gap closure of scaffolds were �lled with reads.

SSRs were detected based on the Micro-Satellite (MISA) script (www.Pgrc.ipkgatersleben.de/misa), after
detecting of all the SSRs in the DNA sequences, the number of SSRs for mono-, di-, tri-, tetra-, penta-, and
hexa-nucleotides repeat motifs were identi�ed respectively, according to the de�nition of microsatellites
that the unit size were 10, 6, 5, 5, 5, and 5, respectively.
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Figure 1

Length distribution and percentage of microsatellites in L. ruthenicum.


