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DEVELOPMENT OF MICROSATELLITE MARKERS BASED ON
EXPRESSED SEQUENCE TAGS IN A SPARAGUS COCHINCHINENSIS
(ASPARAGACEAE)!
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AND YOUNG-DoNG Kim24

“Department of Life Science, Hallym University, Chuncheon 24252, Republic of Korea; and 3Plant Resources Division, National
Institute of Biological Resources, Incheon 22689, Republic of Korea

e Premise of the study: Transcriptome-derived simple sequence repeat (SSR) markers were developed in Asparagus cochinchinensis
(Asparagaceae). Due to its application in traditional medicine, its wild populations are threatened by over-collection even in
protected areas, requiring immediate conservation efforts.

Methods and Results: Based on transcriptome data of A. cochinchinensis, 96 primer pairs with two to seven alleles per locus were
selected for initial validation; of those, 27 primer pairs amplified across all samples, resulting in 15 polymorphic and 12 mono-
morphic microsatellite markers. The usefulness of these markers was assessed in 60 individuals representing three populations
of A. cochinchinensis. Observed and expected heterozygosity values ranged from 0.050 to 0.950 and 0.049 to 0.626, respec-
tively. Cross-species amplification of the 27 markers was tested in the related species A. rigidulus and A. schoberioides.
Conclusions: These polymorphic, transcriptome-derived SSR markers can be used as molecular markers to study population
genetics and ecological conservation in A. cochinchinensis and related taxa.

Key words:

The genus Asparagus L. (Asparagaceae) comprises approxi-
mately 200 species distributed worldwide. The genus includes
highly valuable plant species that have therapeutic properties
and are also consumed as food (Shasnay et al., 2003). Asparagus
cochinchinensis (Lour.) Merr. is distributed in northeastern Asia
(Xiong et al., 2011) and has been used in traditional medicine
in Korea and China (Lee et al., 2009). The tuberous roots of
this plant have various medicinal properties including anti-
inflammatory (Lee et al., 2015), antibacterial, and antipyretic
qualities (Samad et al., 2013). In addition, previous research has
also demonstrated that A. cochinchinensis has antitumor proper-
ties, particularly targeting lung cancer (Zhang and Jin, 2016).
Such uses have led to a great demand for this plant, increasing
the risk of extinction in this species due to over-collection of its
wild populations (Jiang et al., 2010). Asparagus cochinchinensis
is recorded in several protected areas in China (Information
Center for the Environment, 2013), but information about its
population size in the existing protected areas remains insuffi-
cient (International Union for the Conservation of Nature, 2016).
Therefore, the genetic diversity and population structure of
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A. cochinchinensis requires immediate investigation to establish
a conservation strategy.

Despite the ecological and medical importance of A. cochin-
chinensis, the genetic diversity in wild populations of this
species is yet to be evaluated. Accordingly, polymorphic micro-
satellite markers in A. cochinchinensis were developed based
on expressed sequence tag (EST) data obtained from Illumina
paired-end sequencing. Simple sequence repeat (SSR) markers
derived from ESTs are a powerful molecular tool for exploring
genetic diversity and high level of transferability (Xu et al.,
2014; Zhou et al., 2016). To the best of our knowledge, the cur-
rent study is the first to profile the leaf transcriptome of A. cochin-
chinensis to generate EST-SSR markers. The usefulness of these
markers was assessed in 60 individuals from three popula-
tions of A. cochinchinensis in Korea, Taiwan, and Japan.
Cross-amplification of polymorphic microsatellite markers was
performed in two related species (n = 8, for each species),
A. rigidulus Nakai and A. schoberioides Kunth.

METHODS AND RESULTS

Sixty individuals of A. cochinchinensis were collected from wild populations
in three countries (Korea, Taiwan, and Japan). Voucher specimens were depos-
ited in the Herbarium of the National Institute of Biological Resources (KB) and
the Herbarium of Hallym University (HHU), Republic of Korea (Appendix 1).
To test cross-species amplification of the markers, we sampled eight individuals
of each A. rigidulus and A. schoberioides (Appendix 1).

For RNA library construction, total RNA was extracted from a leaf of a sin-
gle plant collected from Korea (voucher no: NIBRVP0000556138; Appendix 1).
We constructed Illumina-compatible transcriptome libraries using a TruSeq

Applications in Plant Sciences 2017 5(4): 1700021; http://www.bioone.org/loi/apps © 2017 Kim et al. Published by the Botanical Society of America.
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY-NC-SA 4.0), which permits
unrestricted noncommercial use and redistribution provided that the original author and source are credited and the new work is distributed
under the same license as the original.

1of5

Downloaded From: https://complete.bioone.org/journals/Applications-in-Plant-Sciences on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use


http://www.bioone.org/loi/apps
https://creativecommons.org/licenses/by-nc-sa/4.0/

Kim et al.—Asparagus cochinchinensis microsatellites

Applications in Plant Sciences 2017 5(4): 1700021

doi:10.3732/apps.1700021

arnjerodwo) Surfeauue = °7 :2j0N

[pdivooyory snindoq | YYYLO9999LIODLOLOVOD ¥

cer-de  rened ‘5095008S 100 ALdOd ureoxd reonoyiodAH 0L6v282€0d <Y XAH SYTET OLv) YOOOVOLLLIOOLOLOOYYOD d 9800V
YOVYOIOVIOITILOOVYILD Y

- punoj JoN 166+778T€0d S XdH 8CC—SCC HLLV) VODOVLLOVYDODDVYOLID 4 S80IV
[uoyovisip 90900000I¥ILIIVOIOVL 4

8Y-d¢ wnpodsyop.g] Ni-urjoid ONI[-[ LST :pIOIPAIJ 696¥C8CE0d LS XdH 6SCC HVYVD) YOVOOVIILIDILOLVYIOVYOYD d  #80DV
[pd.avooyory 09LILOVOVIOODOVOOLYDD 4

[11-9g  smndog] urjoxd K[rurey oseury SuISOUSpe dAneIng 0667782£0d SS XdH €9¢—1G¢ K(5)%e)) LIDDIOOVYOVOOVYYOOOL *d 80DV
[poyvs1 vLDI2G] S1[-onserdoio[yo DV IOVOVOTOVOIDDIOVYD 4

00 ‘aseuddoIpAyop aperewLdodosi-¢ :parorpaid 086¥C8CE0d S VA LETTTT K(30)0)) VYVYVOVVYODDDDIVODOLLLIOD 4  6L0DV
099LYILOODIIIIOLIOIL ¥

- punoj JoN SL6YC8CE0d S VA 9¢C¢—CI¢C (OvVD) ODLIODLLLIOOOVIIODOVY d 6900V
[uodyovysip wnpodiyon.ig) 9DDIVIVOYOILOOVYIOYD

ce-dI NI[-Jwz urajoid paje[aI-qAw :pajoIpAId TL6VT8TEOd NS XdH 91¢-10¢C HvDD) YOOVOOLLLYDLVYOLYODDD 4  S90DV
[oumut snun.iq| OVYOVILLIOLOVYODIOIL ¥

00 £€8807€€01D07T urdjoid paziiajorIeyoun :pajdIpald 6867C8CE0d NS VA 6££9¢¢ °(OOL) YOVODLODLOLLODIVOLDD 4 ¢C60DV
[xvut 2u1410] ¢X wiogost LODOOYYYYOLOLIVIO9DDL 4

0CI-d8 Sojowoy [Tag urjoid X0qoawoy :padIpal] 1L6¥T8TE0d LS VA 961181 HOLL) IDIVIDDOVYYILIIVILID d  0SODV
LYYOVOVOTYOVIOIOVIIY

— punoj 10N Y661787€01d S¢S NV 8LT-8¢€T 8(ov) YOLOLOLOLODOVIOVOVIYD :d  [¥0DV
[dnoxn eorpuy YYYOYOIOIOVOIVYOVIOY ¥

LE-HAT vayvs v2£10] THOT 150 urod reonayiodAy €6617C8Ce0Md LS XdH 9LT—+S1 i(yD) YIDODDDDDDIDVOVIOLVLIVY 4 070DV
[ovond puio1qoay ) ¢ wIojoSsT LLIOOVYOVOOVDIOVYIDID ¥

€e1-96 ursjoxd A[rwey asedrey YN X0q-(H/Q)VAA 88617C87E01d LS XdH 6£7-S¢€T 8(vD) D¥OYOODILIOVIIIVYYYYO d  LIODV
YOOLYOILOLIDLYODOVILD Y

- punoj 10N 98617 C8CE0Id NS VA 0ST9IT H1D) VYOLOLOODLOVOLOLLODYD *d  $10DV
99VYIDILOYIVOVYLODOVD

— punoj joN S66+C8TE0Id LS VA TTTOLI “VL) YOLIVYOLOVODIOODOIOL *d  [10DV
[pyrupdyonaq v2£10) O¥OOLODIOOVYOLODLOVY 4

[ 9E 4 1+€50L201D0T Uj01d pazLisjorteyoun :pajoIpald 18617C8CE0Md S¢S XdH €17-S0¢C OL) ODLOLLVYOVYDODOVYDIDVYYD 4 8000V

anfeA-7 [wsmue31Q] uonouny aAneIng "OU UOISSAOOR Juequan)  (D,) "z  2Apjuddsaron]] (dq) aSueiozis o[o[[y  jnouwr jeaday] (,€—,S) seouanbas rowrtg Niklog|

"Apnys SIY) 10J PRISQ) PUR SISUUIYIUIYD0D SNED.pdsyy 10J padoaaap 190] aifejesoror drydiowkjod G jo sonsuoeIey) | a18v],

20f5

http://www.bioone.org/loi/apps

Downloaded From: https://complete.bioone.org/journals/Applications-in-Plant-Sciences on 24 Apr 2024

Terms of Use: https://complete.bioone.org/terms-of-use


http://www.bioone.org/loi/apps

Applications in Plant Sciences 2017 5(4): 1700021
doi:10.3732/apps.1700021

TaBLe 2. Genetic diversity data of 15 polymorphic microsatellite loci
developed for Asparagus cochinchinensis in A. rigidulus and
A. schoberioides populations.?

Asparagus schoberioides
(N=38)

Asparagus rigidulus
(N=3)

Locus A Allele size range (bp) A Allele size range (bp)
AC008 — — — —
ACO11 1 170 3 170-220
ACO14 1 250 1 250
ACO17 3 235-239 2 235-237
AC020 2 156-176 2 154-176
AC041 — — 1 240
AC050 2 184-193 1 193
AC053 1 339 1 339
AC065 1 201 2 201-213
AC069 2 224-227 2 224-230
ACO079 2 222-225 4 222-234
ACO082 3 357-363 2 357-360
AC084 1 247 2 247-256
ACO085 1 228 1 228
ACO086 3 234-240 2 234-237

Note: A =number of alleles; H, = expected heterozygosity; H, = observed
heterozygosity; N = number of individuals.
4Voucher and locality information are provided in Appendix 1.

RNA Library Preparation Kit version 2 (Illumina, San Diego, California, USA)
following the manufacturer’s instructions. Briefly, mRNA was purified from to-
tal RNA by polyA selection, then chemically fragmented and converted to sin-
gle-stranded cDNA by random hexamer-priming. A second cDNA strand was
generated to create a double-stranded cDNA for TruSeq library construction.
The short double-stranded cDNA fragments were then connected using se-
quencing adapters. Finally, the RNA libraries were quantified using real-time
PCR (qPCR), according to the gPCR Quantification Protocol Guide (Illumina),
and validated using an Agilent 2200 Bioanalyzer (Agilent Technologies, Santa
Clara, California, USA).

The cDNA library was sequenced on the Illumina HiSeq 2000 platform. All
raw reads have been deposited to the National Center for Biotechnology Infor-
mation (NCBI) Sequence Read Archive (SRA; accession no. SRP100733). The
de novo transcriptome assembly of these reads was performed using the short
read assembling program Trinity 120140717 (Haas et al., 2013) with the default
parameters. To detect SSR motifs containing two to six nucleotides, the Perl
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script MicroSAtellite Identification Tool (MISA) version 1.0.0 (Thiel et al.,
2003) was applied with thresholds of 10 repeat units for dinucleotides, and five
repeat units for tri-, tetra-, penta-, and hexanucleotides. MISA identified 20,104
microsatellite sequences, of which 96 loci were selected depending on the num-
ber of SSR repeats and primer depths for further testing of A. cochinchinensis.
The primer sets were designed to flank the microsatellite-rich regions with a
minimum of six repeats using Primer3 (Rozen and Skaletsky, 1999).

Whole genomic DNA was extracted from leaves of 60 individuals from
three populations of A. cochinchinensis (including the specimen used to gener-
ate the transcriptome) and 16 individuals from two other Asparagus species
(A. rigidulus and A. schoberioides) using a DNeasy Plant Mini Kit (QIAGEN,
Valencia, California, USA). Three individuals from each population were se-
lected to amplify the 96 markers. To test polymorphism of microsatellite mark-
ers, PCR amplifications were performed using 2.5 uL of 10x Ex Tagq buffer
(TaKaRa Bio, Otsu, Japan), 2 UL of 2.5 mM dNTPs, 0.01 uM of each forward
and reverse primers, 0.1 UL of Ex Tag DNA polymerase (5 units/uL) (TaKaRa Bio),
5-10 ng template DNA, and distilled water (Sigma-Aldrich Co., St. Louis,
Missouri, USA) in a final volume of 25 puL.. PCR was carried out in a GeneAmp
PCR System 9700 thermocycler (Applied Biosystems, Carlsbad, California,
USA) using the following program: initial denaturation step at 98°C for 5 min;
followed by 30 cycles of denaturation at 95°C for 1 min, annealing at 55-57°C
for 1 min (Table 1), and extension at 72°C for 1.5 min; and a final extension
step at 72°C for 10 min. Fluorescently labeled (HEX, FAM) PCR products
were analyzed by an automated sequencer (ABI 3730XL) with GeneScan
500 LIZ Size Standard (Applied Biosystems), genotyping was performed using
GeneMapper version 3.7 (Applied Biosystems), and peaks were scored manu-
ally by visual inspection. The genetic diversity parameters of polymorphic loci,
namely the number of alleles, observed heterozygosity, expected heterozygos-
ity, and Hardy—Weinberg equilibrium, were calculated using GenAlEx 6.5
(Peakall and Smouse, 2012).

The results showed that 27 markers could be successfully amplified (Table 1,
Appendix 2), and size polymorphism in A. cochinchinensis was detected in 15
markers (Tables 1, 2). Functional annotations for these 27 markers were per-
formed to a subset of ESTs with BLASTX score (E-value < 1 X 10719) using the
GO database (www.geneontology.org). Fifteen microsatellite markers were
polymorphic in A. cochinchinensis, with the number of alleles per locus ranging
from two to seven. The observed heterozygosity and expected heterozygosity
ranged from 0.050 to 0.950 and 0.049 to 0.626, respectively (Table 3). Of these
polymorphic loci, seven loci significantly deviated from Hardy—Weinberg
equilibrium within the populations (Table 3). Transferability of microsatellite
loci was tested in eight individuals each of A. rigidulus and A. schoberioides
(Table 2). Of the 12 markers that were monomorphic in A. cochinchinensis,
four loci (AC016, AC032, AC047, and AC093) were polymorphic in A. rigidulus
and A. schoberioides, with the remaining loci amplifying consistently across
both related taxa (Appendix 2).

TaLe 3. Genetic diversity in three Asparagus cochinchinensis populations® based on the 15 polymorphic microsatellite markers.

Korea (N =20) Taiwan (N = 20) Japan (N = 20)
Locus A H, Hb A H, Hp A H, HY
AC008 3 0.100 0.486** 4 0.200 0.588** 2 0.000 0.095%*
ACO11 3 0.950 0.564%* 3 0.950 0.599%* 2 0.737 0.499*
ACO014 1 0.000 0.000 2 0.105 0.100 2 0.800 0.480%*
ACO017 2 0.300 0.375 1 0.000 0.000 2 0.900 0.495%*
AC020 2 0.250 0.219 2 0.150 0.139 1 0.000 0.000
ACO41 1 0.000 0.000 7 0.650 0.524 3 0.947 0.605%*
ACO050 2 0.053 0.145%* 1 0.000 0.000 1 0.000 0.000
ACO053 2 0.050 0.049 1 0.000 0.000 1 0.000 0.000
AC065 3 0.200 0.184 3 0.400 0.331 1 0.000 0.000
AC069 2 0.313 0.498 4 0.357 0.605%* 2 0.000 0.391%*
AC079 3 0.400 0.339 4 0.750 0.626 3 0.579 0.589
AC082 2 0.278 0.424 2 0.125 0.117 2 0.200 0.180
AC084 2 0.500 0.480 2 0.100 0.095 1 0.000 0.000
ACO085 1 0.000 0.000 2 0.150 0.139 1 0.000 0.000
AC086 2 0.211 0.188 3 0.250 0.224 1 0.000 0.000
Mean 1.842 0.190 0.208 2.368 0.220 0.215 1.526 0.219 0.175

Note: A = number of alleles; H, = expected heterozygosity; H, = observed heterozygosity; N = number of individuals.

2Voucher and locality information are provided in Appendix 1.

bSignificant deviation from Hardy—Weinberg equilibrium after Bonferroni correction for multiple tests (*P < 0.05, **P < 0.01).
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CONCLUSIONS

Cross-species amplification of microsatellite markers is a
time-saving as well as cost-effective approach for developing
locus-specific markers for new species. In this study, a total of
27 markers were developed, of which 15 novel polymorphic
markers were used for the medicinal plant A. cochinchinensis.
These markers were successfully used for cross-amplification
in A. rigidulus and A. schoberioides. These markers are an im-
portant tool for the development of effective strategies that
can be used to study genetic diversity and genetic structure of
A. cochinchinensis and related species.
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Appenpix 1. Voucher information for Asparagus cochinchinensis, A. rigidulus, and A. schoberioides populations sampled in this study.

Species Country Locality n Geographic coordinates Voucher no. (Herbarium)?

A. cochinchinensis (Lour.) Merr. Korea Yeonggwang, Jeonnam 20 35°23'29.7"N, 126°24’34.3"E NIBRVP0000556138 (KB)
Taiwan Ruifang, Keelung 20 25°0729.0”N, 121°55'17.4"E NIBRVP0000556140 (KB)
Japan Kunigami, Okinawa 20 26°30'16.9”N, 127°51°03.0"E NIBRVP0000601493 (KB)

A. rigidulus Nakai Korea Namhae, Gyeongnam 8 34°43'43.7"N, 127°51'35.7"E 2016ASP092 (HHU)

A. schoberioides Kunth Korea Goesan, Chungbuk 8 36°47°45.2”N, 128°01'44.9"E NIBRVP0000601489 (KB)

Note: n = number of individuals sampled.

2Voucher specimens were deposited in the Herbarium of the National Institute of Biological Resources (KB) and the Herbarium of Hallym University

(HHU), Republic of Korea.
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