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Genome-wide Identification of SSR Markers in Endangered
Species Rhododendron molle G. Don
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Abstract: The study set of simple sequence repeat (SSR) markers were developed using Restriction site
Associated DNA (RAD) approach and Illumina paired-end sequencing to the whole genome of endangered
plants Rhododendron molle G. Don. And it would provide technical support for further investigation of
population structure and diversity of R. molle and other congener species from the evaluation of 63 individ-
uals from three different populations. The results showed that: (1) the sequencing output generated a
FASTQ file size of raw reads 7. 653G bp, and the clean reads was to 7. 513G bp. About 171. 534 M bp of
R. molle genome distributed over 498 252 contigs were obtained upon assembly of sequencing data. (2)
After filtering and SSR detection, a final set of 11 687 simple sequence repeats with primers were obtained
from 11 961 microsatellite loci. The di-nucleotides motif unit were the most abundant (51. 76 %) repeat se-
quences. (3) 128 microsatellite markers were selected randomly to detect the polymorphism in 6 different

individuals of R. molle, from which 20 polymorphic primers were identified. (4) Then the characteristics
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and availability of polymorphic primers were further evaluated in 63 individuals from three different popu-

lations. The number of alleles per locus ranged from 4 to 16, expected heterozygosity (H.) values ranged

from 0. 489 to 0. 908, respectively. Our result showed that the abundance of SSR existed in R. molle was

moderate and the di-nucleotides were the most abundan repeat sequences. It further confirms that the

RAD-seq method is an efficient and cost-effective means for SSR discovery, and these polymorphic micro-

satellite markers developed in this study will be useful for further investigation of population structure and

diversity of R. molle and other congener species.

Key words: endangered species; Rhododendron molle G. Donj; microsatellites; polymorphic

Rhododendron molle G. Don (Ericaceae) is
one of Rhododendron species native to China and
Japan. With flourishing branches and gorgeous
flowers, it is one of elite parents for new varieties
improvement in Rhododendron™!. Moreover, the
plant of R. molle is rich in ericol-in, rhodofoxin
and rhodojaponin-[ll. Rhodojaponin-[l[ is one of
grayanane diterpenoids, possesses significant blood
pressure lowering and heart rate slowing effectst?’.
Both of ancient and modern medicine studies sug-
gested that different organs and tissues of R. molle
(including flower, fruit, root and leaf ect.) could
be used as analgesics and insecticides’™®*’. In recent
years, the new research on the pharmacological
effects of R. molle has extended to anti-schisto-
somet™, Therefore, R. molle is a high valuable
medicinal and attractive ornamental plants.

R. molle was widely distributed across central
and south China until the 1980s. As a result of
overexploitation, habitat loss, weak fertility and
lower ability of natural regeneration, R. molle has
dramatically decreased in recent years. It has suf-
fered severe habitat fragmentation and population
loss. At present, R. molle exists in a restricted
number of populations with small population sizes.
The remnant populations are exposed to higher
risk of critically endangered or extinction™. Un-
derstanding the processes that determine popula-
tion genetic structure and diversity is very impor-
tant for the conservation and management of
threatened populations, which is necessary to em-

ploy more powerful DNA markers'.

Simple se-
quence repeats (SSR) or microsatellites marker is a
co-dominant marker, which is regarded as one of
the most effective markers to investigate the genet-

ic diversity and population genetic structure™®,

Here, we report a set of novel polymorphic
microsatellites markers for endangered R. molle by
using Restriction site Associated DNA approach
and Illumina paired-end sequencing (RAD-seq),
which will provide a useful tool for studying popu-
lation genetics and evolutionary history as well as

developing a conservation strategy for this species.

1 Materials and methods

1.1 Plant material and DNA extraction

The young leaves of R. molle were collected
from three locations of China, Yongxiu County
(29°07' N, 115°43'E, Jiangxi Province), Panan
County (28°52'N, 120°26"E, Zhejiang Province)
and Jinzhai County (31°23'N, 115°46' E, Anhui
Province). The young leaf tissues were sampled
and flash frozen in liquid nitrogen and stored at
—80 C until DNA extraction. DNA was extracted
from the young leaf tissues following modified
CTAB method™’.
the DNA were examined by electrophoresis on 1%
agarose gels with D2000 DNA marker.
1.2 Methods
1.2.1

quencing The genomic restriction site associated

The quality and concentration of

RAD library construction and Illumina se-

DNA sequences (RAD-seq) libraries were created
by Novogene company (Novogene, China) as de-
scribed by Baird et al.™’. Genomic DNA of R.
molle was digested with the restriction endonucle-
ase (EcoR 1), sheared randomly. Illumina P, and
P, adaptors were ligated after end repair and addi-
tion of single ‘A’ base. After ligation, 1. 0 X SPRI
(<100 bp) cleanup was performed and the library
was amplified for enrichment of adapter ligated
fragments. Then a single library with an insert size

range of 300—700 bp was prepared and sequenced
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from both ends with 100 bp read lengths in one
lane of an Illumina sequencer on the Illumina
HiSeq™2000/Miseq™.

ages acquired after sequencing was transformed by

The raw data from the im-

base calling into raw reads and stored in FASTQ
format. Raw reads were subjected to quality check
by using SeQC v2. 1 ( Genotypic Proprietary
ToolH,

cing error rate distribution checks, GC content dis-

Clean reads were obtained after sequen-

tribution checks and sequencing data filtering.
1.2.2 Assembly of RAD-seq and SSR markers dis-
covery A total of 7.513G bp clean reads was par-
tially assembled using VelvetOptimiser to obtain a
final assembly sequencel'?’. The filtered assembled
contigs were used as a source of sequence informa-
tion for SSRs screening by SR search software with
2 and 6 as the minimum and maximum length of
the repeating unit, respectively. The minimum
distance between two SSR sequence is 12 bp and
SSR upstream and downstream sequence length of
100 bp. SSR primers were designed using Primer
3. 01, And the major parameters for designing
the primers were: (1) primer sequence length from
20 to 28 nucleotides, with 24 as the optimum, (2)
annealing temperature from 60 C to 65 C, an op-
timum annealing temperature of 63 C, and (3) a
pair of primers annealing temperature difference of
the maximum of 1 C.

1.2.3

ta analysis

Identification of polymorphism SSR and da-
128 pairs of primers selected randomly
from 11 687 pairs of primers were synthesized by
Sangon Company (Shanghai). Polymerase chain
reaction (PCR) amplifications in six different geo-
graphical R. molle individuals were performed to i-
dentify polymorphism microsatellite loci. Each
PCR reaction consisted of 4 yLL of ultrapure water,
7.5 pL of 2X Taq PCR Green Mix, 2 pL each of
forward and reverse primers (0. 5 pmol « L7'5
pmoD), and 1.5 pL of template genomic DNA in a
final reaction volume of 15 pl.. Annealing temper-
ature gradient from 55 C to 60 C was set for find-
ing optimum annealing temperature. The thermal
cycles for the SSR PCR runs were programmed for

an initial denaturation at 94 'C for 3 min; followed

by 34 cycles of 94 'C for 45 s, 56 C for45s, 72 C
for 1 min and finally, 72 C for a final extension of
7 min. The PCR product was then separated on an
8% non-denaturing polyacrylamide gel and visual-
ized by silver staining. 20 bp DNA ladder was used
as standard for scoring. The characteristics and a-
vailability of polymorphic primers were further e-
valuated in 63 individuals from three different pop-
ulations. The evaluation parameters include the
number of alleles per locus (A), observed het-
erozygosity (H,), expected heterozygosity (H,.)
as well as deviations from Hardy-Weinberg equilib-
rium (HWE), which were calculated by the Ge-
nAlEx 6. 10", Null allele frequency was checked
by Micro-Checker 2. 2%,

2 Results and analysis

2.1 RAD-seq for R. molle

A FASTQ format file size of 7. 653G bp raw
reads was generated after Illumina sequencing (Ta-
ble 1). After trimming adapter sequences, contai-
ning ‘N’ and low quality bases, the initial clean
data (7.513G bp) were obtained. The error rate of
clean reads was about 0. 04%. The Q. and Qs
were to 93.73% and 88. 33%, respectively (Table
1). The percentage of GC content observed in R.
molle was about 39. 69% and RAD-Tag digestion
ratio is to 98. 48% (Table 1). Clean reads were as-
sembled de novo to serve as framework reference
genome. About 171. 534 Mb of R. molle genome
distributed over 498 252 contigs were obtained up-
on assembly of sequencing data. The contig
lengths ranged from 100 to 952 bp with an Nj,
length of 470 bp (Table 1, Fig. 1). These results
suggested that the RAD-seq sequencing was suc-
cessful, which was attributed to the sufficient sam-
ples data, normal GC distribution and high sequen-
cing quality in this study.
2.2 SSR discovery and evaluation for R. molle

After several filtering criteria, 349 912 of 498 252
contigs were selected to detect SSR loci, since the
contigs of less than 212 bp were filtered. Approxi-
mately 3. 27% of all assembled contigs (11 457 out
of 349 912) contained at least one detectable SSR
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locus and the total number of microsatellite loci
was 11 961.

sequence repeats with primers were obtained from

Finally, a set of 11 687 simple

11 961 microsatellite loci by Primer 3. 0 software.
We found that the proportion of five different SSR
units was significant different. Different repeat
units occurred at numbers of di-, tri-, tetra-, pen-
ta- and hexa-repeats were 6 049 (51.76%), 4408
(37.72% ), 695 (5. 94%), 369 (3.16%), 166
(1.42%), respectively (Table 2).

Table 1 Details of the raw reads’ quality

for RAD-seq in R. molle

Feature Value
Raw Base/bp 7.653G
Clean Base/bp 7.513G
Effective Rate/ % 98. 16
Error Rate/ % 0. 04
Qz0/ % 93.73
Qa0 /% 88.33
N, length/bp 470
GC Content/ % 39. 69
Digestion ratio/ % 98. 48
Average depth/X 26.16
Coverage at least 1X/% 93.70
Coverage at least 4X/ % 78.71
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A total of 481 types of repeat motifs were iden-
tified among the 11 687 (SSRs length==12 bp) (Table
2). Of the different perfect SSR motif units, the most
type number was penta-nucleotide (32.43%), fol-
lowed by tetra-nucleotide (26.82%), hexa-nucleotide
(25.79%), tri-nucleotide (12, 47%) and di-nucleotide
(2.49%). Further analysis indicated that the number
of different repeat motifs in different repeat units was
distributed unevenly. The (GA), repeat motif was the
most abundant type in di-nucleotide repeat motifs. The
four other main unit type were the (AAG), in tri-nu-
( AAAT ), in tetra-nucleotide, and
(AAAAG), in penta-nucleotide, (TCTGAG),/
(AAAAAG), in hexa-nucleotide repeat motifs,
and occurred at frequencies of 19.42%, 5. 20%,
12.09%, 4.07% and 3.01%, respectively.

2.3 Characteristics of polymorphic microsatellites

cleotide,

markers

128 microsatellite markers were selected ran-
domly to detect the polymorphism among six R.
molle individuals from three different provinces, of
which 20 pairs of primer present high polymor-
phism. To test and characterize the genetic
variability of R. molle at the 20 loci, 63 individuals
were collected from three locations of China (Yongxiu
County, Panan County and Jinzhai County). All the
SSR bands were clear and distinct (Fig. 2).

The characteristics of the polymorphic SSR
markers of R. molle were shown in Table 3. The
number of A varied from 4 to 16 with an average of
9. 2 alleles per locus, H, and H. values ranged
from 0. 050 to 1. 000 and 0. 489 to 0. 908 (Table
3). Seven loci (HD26, HD34, HD35, HD55,
HD62, HD88, and HD100) showed a significant

Table 2 Number and frequency of five perfect SSR repeat motifs in R. molle

The most abundant repeat motif

SSR motif unit No. of SSR o OftT[hf !
The most abundant No. and frequency* repeat motil type
Di- 6049 (GA), 1175 (19.42%) 12
Tri- 4408 (AAG), 229 (5.20%) 60
Tetra- 695 (AAAT), 84 (12.09%) 129
Penta- 369 (AAAAG), 15 (4.07%) 156
Hexa- 166 (TCTGAG),./(AAAAAG), 5 (3.01%) 124
Total 11 687 — — 481

* Note: The data before brackets was the number of the most abundant repeat motif, and in the brackets was the frequency of the most

abundant repeat motif
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M. 20 bp DNA ladder; 1—4. Amplification products of six different geographical R. molle individuals using four
different primers (HD24, HD25, HD35 and HD37, respectively)

Fig. 2 Amplification products in some individuals of R. molle by polymorphic primers

departure from HWE (P <C 0. 05) probably due to
heterozygote deficiency in all populations. The rest
of thirteen loci were not deviated from HWE in at
least one population. All loci were successfully
amplified for three populations of R. molle, which
suggested that these genomic-SSR markers will be
valuable for genetic research in R. molle, such as
population genetic structure analysis, diversity a-

nalysis and conservation etc.

3 Discussion

Due to the advantage of high abundance, ran-
dom distribution within the genome, high poly-
morphism information and co-dominant inherit-
ance, SSR markers have been widely used for con-
struction of genetic maps, diversity analysis and

[ There are a number of tradi-

genetic structure
tional ways to develop SSR, including microsatel-
lite enrichment, selectively amplified microsatellite
polymorphic loci (SAMPL), and EST SSRs or ge-
nomic microsatellites according to public DNA da-

U651 All of these ways, however, should

tabases
obtain the detailed sequence information about
both sides of the repeat sequence and then design
primers, which are costly and time-consuming.
Recently, RAD-seq was developed and regarded as
a promising and powerful tool to acquire the ge-
nomic and transcriptomic data for non-model or-
ganisms and non-sequenced genomes, which has
been used for genome assembly and SSR marker

07 In the pres-

development in a variety of species
ent study, 11 687 microsatellites were developed u-
sing RAD-seq. Then 20 polymorphic microsatellite

loci from 128 microsatellites were identified. Com-

pared with previous studies, the RAD-seq for SSR
development for R. molle without an available ref-
erence genome shows more time-saving, high effi-
cient and high throughput®,

In this study, the RAD-seq data was reliably
called for 93.70% (sequence coverage at least 1X)
and average depth of coverage of 26. 16X. It al-
lowed the discovery of a set of 11 961 perfect SSR
loci of =12 bp length in R. molle. About 3. 3%
contigs in R. molle possessed at least one SSR,
which was lower than previously reported SSR
prevalence in the ESTs of pigeonpea (7. 6%),
wheat (7.4%) and flax (3.5%), higher than bar-
ley (2. 8%,

ded on the parameters used in detecting SSR markers,

The SSR frequency also depen-

such as the repeat length and number of repeat unit
thresholds. The abundance of SSR (SSR/kbp) in
R. molle was 14. 3 compared to 20. 0 in cotton"™,
14. 0 in Arabidopsis, 8.4 in pigeonpea and 5. 4 in
wheat " *). Our result showed the abundance of SSR
existed in R. molle was moderate.

SSRs are microsatellites with 2—6 nucleotides
tandem repeats which are distributed randomly

1 In

throughout the genome of all the eukaryotes
the present study, we found that the proportion of
different SSR units was significant different. The
di-nucleotides were the most abundant (51. 76 %)
repeat sequences, which was agree with other spe-
cies, for example, di-nucleotides account for 48 to
3 e g.
pigeonpea (60. 419%™, P. alata (62.5%)"?. In

ESTs of grape and soybean, however, the tri-nucleo-

67 % of repeat sequences in plant libraries

tides SSR locus was the most abundant class®!. Yu

[26]

et al. reported that the di-nucleotide repeats were
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mainly in the noncoding regions, whereas a portion
of tri-nucleotide repeats were in the coding region.
RAD-seq is characterized high

throughput and whole-genome scanning, which re-

In this study,

sulted in RAD-seq tags include large amounts of
information representing noncoding regions and the
di-nucleotides were the most abundant (51. 76 %)
repeat sequences in R, molle.

Out of all the repeat motifs from 11 687 prim-
er pairs, (GA),(10.05%) was the most abundant
di-nucleotide repeat in the samples, which was in
agreement with the previous results obtained in

s, maize, rice,

jute barley, sorghum, and
wheat™® ., But Tan ez al. ™ reported that TG/CA
(9. 2%) was the most common repeat motif for
bermudagrasses. In R. molle, CTT/AAG, TCT/
AGA and AAT/ATT accounted for 4. 31%,
4.15% and 4.04% of tri-nucleotide repeats. Simi-
larly, in jute the most abundant trimeric motifs
were AAG/CTT, AAC/GTT, TCT/AGA™, and
in P. alata, AAG/CTT, AGA/TCT and GAA/

241 Analysis

TTC were the most abundant motifs
of the most abundant di-nucleotide and tri-nucleo-
tide repeat, we finnd that most of these repeats are
rich in A/T which is prone to mutation during the
SSR evolution™,

species formation due to the effect to regulate of

SSR plays an important role in

[29]

gene expression An evolutionary view, natural

selection of species and organism adapt to the envi-
ronment result in the difference of repetitive se-
quences. Higher the evolution degree of biological

was, more the repetitive sequences accounted for

[30]

the proportion of the genome Therefore, some

kind of SSR, such as GA, TG or CTT/AAG,
AGA/TCT, their abundance in a species perhaps
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