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DEVELOPMENT AND CHARACTERIZATION OF EST-SSR MARKERS
FOR BEGONIA LUZHAIENSIS (BEGONIACEAE)!

Yu-HsIN TseNG2, HAN-Y Au HuaNG?3, WEI-BIN Xu?, HsunN-AN YANG2, YAN Liu4,
CuiNG-I PenG2, AND Kuo-FANG CHUNG?3?
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e Premise of the study: Microsatellite primers were developed for Begonia luzhaiensis (Begoniaceae) to assess genetic diversity

and population genetic structure.

Methods and Results: Based on the transcriptome data of B. luzhaiensis, 60 primer pairs were selected for initial validation, of

which 16 yielded polymorphic microsatellite loci in 57 individuals. The number of alleles observed for these 16 loci ranged from
one to nine. The observed and expected heterozygosity ranged from 0.000 to 1.000 and from 0.000 to 0.804 with averages of
0.370 and 0.404, respectively. Five loci could be successfully amplified in B. leprosa.

Conclusions: The expressed sequence tag—simple sequence repeat markers are the first specifically developed for B. luzhaiensis

and the first developed in Begonia sect. Coelocentrum. These markers will be useful for future studies of the genetic structure

and phylogeography of B. luzhaiensis.

Key words:
section Coelocentrum; transcriptome.

The immense terrain of limestone karsts stretching from south-
ern China to northern Vietnam (Sino-Vietnamese limestone
karsts; SVLK) is a renowned biodiversity hotspot. It is noted for
extremely high species diversity and endemicity of narrowly
distributed calciphilous plants that are increasingly threatened
by habitat destruction caused by rapid economic growth in re-
cent decades (Chung et al., 2014). To design effective conservation
strategies, a better understanding of the evolutionary mecha-
nisms underlying the rich and distinct SVLK flora is essential.
With ca. 70 species distributed exclusively in the SVLK, Begonia
L. sect. Coelocentrum Irmsch. (Begoniaceae) is one of the most
characteristic plant groups (Chung et al., 2014; Peng et al.,
2014, 2015; Li et al., 2016), presenting an ideal model system
for studying limestone plant speciation. Species of the section
exhibit great morphological variation in leaf shape, texture, and
variegation; they are usually confined to caves and cave-like
microhabitats that occur abundantly in the karst areas of south-
ern China (Guangdong, Guangxi, and Yunnan provinces) and
northern Vietnam (Chung et al., 2014). Most species of sect.
Coelocentrum are known from a single or a few localities, with
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the exception of B. cavaleriei H. Lév., B. leprosa Hance, and
B. luzhaiensis T. C. Ku (Gu et al., 2007).

Based on phylogenetic analyses of Asian limestone Begonia
species, Chung et al. (2014) proposed that the excess of moisture
brought by the onset of East Asian monsoons since the late Mio-
cene accelerated rates of karstification of Sino-Vietnamese lime-
stone terrains, triggering widespread allopatric speciation in the
SVLK. To test the microevolutionary processes underlying the
speciation hypothesis of Chung et al. (2014), we investigate
the population genetics and phylogeography of B. luzhaiensis.
In this article, we report microsatellite markers developed for
B. luzhaiensis. Expressed sequenced tag—simple sequence repeat
(EST-SSR) markers are valuable in tests of cross-transferability,
facilitating studies of population genetic diversity in many plant
species (e.g., Dikshit et al., 2015; Zhou et al., 2016). Here, we
used next-generation transcriptome sequencing to develop a set
of microsatellite markers for B. luzhaiensis. Additionally, we
tested the transferability of these markers for B. leprosa, another
widespread species of sect. Coelocentrum.

METHODS AND RESULTS

To maximize potential loci, total RNAs were extracted from fresh leaves and
male floral buds (from C.-I Peng 18732, denoted as Pool AC) and fruit (C.-1
Peng 18735, Pool B) of B. luzhaiensis, respectively. RNA extraction was per-
formed using the PureLink RNA Mini Kit (Invitrogen, Carlsbad, California,
USA) according to the manufacturer’s instructions, and quality and quantity
were measured by an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa

Applications in Plant Sciences 2017 5(5): 1700024; http://www.bioone.org/loi/apps © 2017 Tseng 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.

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 10 May 2024
Terms of Use: https://bioone.org/terms-of-use

1of4


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

Tseng et al.—Begonia luzhaiensis microsatellites

Applications in Plant Sciences 2017 5(5): 1700024

doi:10.3732/apps.1700024

"100] [[€ 10J Do €S sem amjerodwo) Suresuuy,

9OLYIOLLOOVYODLIDLOLLY 9

STTOSIAM - Y ON 6ST—€TT adaN S(VODLOL) D0VYVYOVYODIDOVYIYOLOOYD :d 917714
IOLLILODIVYOLOVOLOODD 4

¥TTO6S9AN €1-91 [1puounna wnidSsson] urroxd [eonayodAy 87C01C VA S(DIVOVD) OVODLLOVOVYODIVOVYIDY d  GIZ71d
09ILOVLOOVOVOIODIVIOD 4

€TTOSIAM - Y ON LTTL61 DIA S(VYDDOOVD) LLYOOVYILYIOODILYODDIY :d 1714
[opaw snumon)| 09YILOLLLYOOILODOIOLOL 4

TTT6S9AN £1-9% €X wiI0jost [71d(] ases1| ursjoid-unmbiqn ¢y TTT981 1ad °(ODLDOLL) YYYYODIVOOVOLIOVYIIL 4 €1z1d
9YVOODLIOVIDIIVYIVLY 9

1TT6S9AN 90 [paafiura s117] urjod pazidyoereyoun) 661-1S1 aaN S(DLLL) YIIODDOVYOVYOIOIOIVYY 4  CIZ1d
[pousawop snpppy] YYYYOOLODLIVYOLLLIODD Y

0TT6S9AM 11-9C [ aserdseony) yo-1oyiydeu-g-LxorpAyrp-* | Tre9te VA (IVVV) LOVVYYVYOOLOLOVOOOLOOY *d 11714
D9LLOVYOVOIOLLOOLLL ¥

61T6S9AM - Iy ON 01C-0ST DJIA (yvD) YYYODILOJYOVYIOOOILYYVYY 4  01Z1d
YIVOOVOOLIOILYOLOOOLD Y

81T6S9AN T1-o¢ [puuawiz]> sn1)] ureloxd reonoyiodAH LTT—S81 1dd *(LLVDDD) YYOOLLIIOOVYIOOIOIYD 4 60Z1d
DLIVIVOLIVOOOVYOODIOY 4

LIT6S9AN LT°0 [npuownps wmddsson] urajord reonoyrodKy 761-81 aaN {(DVYVVD) LILODOOYOOVOVYOVOILLLL :d 80Z1d
9YIOVODIDLLYIIVYYYID Y

91T6S9AM - 1y ON 8+7—00¢ DIA ovD) OYYOOVOVODLIOVOOVYID d  L0Z1d
YYYYOOLYYOLOOLYODLID ¥

SIT6S9AN 80-98 [stppnsdpd snioyoi0)] ureyord paje[a1-o[A €6T1-6¢€1 VA 40Ol 9DILOOVYYOOVOVOIVOOY d  90Z1d
[s1puv.s smdSqon] 09OV LILIVODOVOVYDOLOY 4

Y1T6S9AM 000 X WiIoJost {1 [g AN 10198 uonduosuel], LST-60T 1ad S(VOOIVD) 9IVYOVOLYIOVOVIIOVYOL :.d s0z1d
I9LIODLIODLOLOODLOLD ¥

€1T6S9AN Le [smijofusndup smuidng] X WIOFOSI [-] T-UIKD) L1T-€91 adaN “(OVHHOV) OIVOVYOVYOOLODOVILIOL d  $0Z1d
OVOOYIIVIIYOVOLLOOOD 4

CTIT6S9AN - 1y ON 0¥2—S0¢ aaN SOVVDD) I19LOVOLODOVYDOVYOOYD 4 c0z1d
YYOVYLODDLIOOIODIOLOD ¥

1126S9AM - Yy ON 00291 NV "(1LOL) ODLIOLYOJLLOLOODOLOOVY d  ¢0zZ1d
LIVILOLODOIVYOLYOODD 4

0TCT6S9AM - 1Y ON 8CC—881 VA %(yD) LILLLOLODLODVYODLLODDL 4 10Z1d

*OU UOISSIIIR YUBRGUID) anfea-; [wstues1Q] uonouny oaneIng (dq) a3uer az1s o[y [2qe[ JuddsaIoN[ Jnow jeadoy] (,6—,9) seouanbos rowtg £SO

"S1SU1Y2N] PIUoSag 10§ podOToAIP TO0] NI[AILSOIOTW QT JO SONSLIJORIRY)) '] H14V]

20f4

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

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 10 May 2024

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


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

Applications in Plant Sciences 2017 5(5): 1700024
doi:10.3732/apps.1700024

Clara, California, USA). Illumina TruSeq library preparation and sequencing
using the Illumina MiSeq system (2 X 250 bp paired-end; Illumina, San Diego,
California, USA) were performed by Tri-I Biotech (New Taipei City, Taiwan).
Reads were de-multiplexed, quality-trimmed, and assembled using SOAPdenovo2
(Luo et al., 2012). All sequence information has been deposited in the National
Center for Biotechnology Information (NCBI) Sequence Read Archive (SRA;
PRINA378679). Our assembly generated 40,226 and 28,454 contigs for the
Pool AC and Pool B assemblies. The average contig length was 874 and 850 bp
for Pool AC and Pool B, respectively. In combined B. luzhaiensis assemblies
(combined Pool AC and B), 44,368 contigs with an average length of 864 bp
were generated.

The program Simple Sequence Repeat Identification Tool (SSRIT; Temnykh
et al., 2001; http://archive.gramene.org/db/markers/ssrtool) was used to identify
sequences containing at least five di-, tri-, tetra-, penta-, and hexanucleotide
microsatellite repeats. In combined B. luzhaiensis assemblies, 5602 microsatellite-
containing sequences were identified, of which 60 potential loci were selected
for primer design using Primer-BLAST (Ye et al., 2012), with the optimum
conditions set at a length of 20 bp (18-22 bp), a melting temperature of 60°C
(57-63°C), and a product size range of 120-250 bp.

To characterize the degree of polymorphism of each locus, 57 individuals
from three populations were genotyped using the 60 newly designed primer
pairs (Appendix 1). Total genomic DNA was extracted from silica gel-dried
leaves based on protocols outlined in Chung et al. (2014). The PCR reaction was
conducted with a final volume of 20 uL containing approximately 30 ng of
genomic DNA, 1 uL of 10 uM of each primer, and 10 uL of 2x Master Mix Red
(Ampligon, Odense, Demark). The following PCR conditions were used: an ini-
tial denaturation of 94°C for 5 min; 32 cycles of 95°C for 40 s, 53°C for 35 s, and
72°C for 1 min; followed by an extension of 5 min at 72°C. The amplified prod-
ucts were analyzed on an ABI 3500 Genetic Analyzer (Applied Biosystems,
Waltham, Massachusetts, USA) with GeneScan 600 LIZ Size Standard (Applied
Biosystems). Genotypes were determined using GeneMarker version 3.7 (Holland
and Parson, 2011).

Of the 60 primer pairs, 16 loci were polymorphic among the three tested
populations (Table 1). The number of alleles per locus, expected heterozygosity,
and observed heterozygosity were calculated with GenAlEx 6.503 (Peakall and
Smouse, 2012). GENEPOP 4.2 (Raymond and Rousset, 1995) was used to per-
form exact tests of Hardy—Weinberg equilibrium and linkage disequilibrium.
The total number of alleles ranged from one to nine with a mean of 3.379
(Table 2). The observed and expected heterozygosity ranged from 0.000 to
1.000 and from 0.000 to 0.804 with averages of 0.370 and 0.404, respectively.
Significant deviations of Hardy—Weinberg equilibrium in terms of heterozygos-
ity deficiency were detected at three loci (BLZ01, BLZ06, BLZ16) in the Luzhai
population (LZ, Table 2). Significant linkage disequilibrium was not detected

TaBLE 2. Genetic characterization of 16 newly developed polymorphic
microsatellites of Begonia luzhaiensis.*

YS (n=15) LZ (n=20) XC(n=22)

Locus A H, H, A H, H, A H, H,

BLZ01 8 0.667 0.784 9 0235 0.804* 2 0.048 0210
BLZ02 4 0.600 0.604 5 0.895 0.733 6 0.773 0.732
BLZ03 4 0467 0.647 3 0.167 0.531 3 0.167 0.329
BLZ04 5 0400 0498 5 1.000 0.722 2 0455 0351
BLZ0O5 3 0.067 0.135 2 0.067 0.064 3 0.190 0.177
BLZ06 4 0.800 0.604 3 0.000 0.304%* 2 0.000 0.124
BLZ07 7 0786 0.661 4 0.667 0.722 3 0.143  0.217
BLZ08 2 0.133 0444 2 0556 0475 2 0273 0.236
BLZ09 5 0.857 0.712 4 0.778 0.660 4 0417 0576
BLZ10 5 0.643 0663 7 0.737 0.742 2 0333 0.337
BLZI1 4 0214 0258 1 0.000 0.000 1 0.000 0.000
BLZ12 2 0.000 0.124 3 0500 0.615 2 0.091 0.087
BLZ13 2 0286 0245 2 0.050 0.049 2 0.632 0.465
BLZ14 3 0467 0380 3 0.684 0.655 4 0619 0.652
BLZ15 3 0533 0518 1 0.000 0.000 2 0273 0236
BLZ16 2 0.067 0.064 3 0.000 0.204* 2 0.050 0.049

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

2Locality and voucher information are provided in Appendix 1.

*Highly significant deviation from Hardy—Weinberg equilibrium
(P <0.001).
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TasLe 3. Cross-amplification results for the 16 microsatellites developed
for Begonia luzhaiensis in seven populations of B. leprosa (n=1).2

Locus LK QL TP FL DL LG LS

BLZ01
BLZ02
BLZ03
BLZ04
BLZ05
BLZ06
BLZ07
BLZ08
BLZ09
BLZ10
BLZ11
BLZ12
BLZ13
BLZ14
BLZ15
BLZ16

| +++ | +++ | + |

= x x4+ + | +++ | +++ | ++
EEAENEY

#x x4+ + | +++ |+ |+ |+

= x x4+ + | +++ |+ |+ |+

[ ++ | +++ |+

% x4+ + | +++++++++ |

+ 4+ + + |
***++|
++ + + |

Note: + = successful amplification; — = failed amplification; * = PCR
has not been performed.
2Locality and voucher information are provided in Appendix 1.

between any pair of loci (P < 0.001). The putative functions of SSR-associated
sequences were determined by BLASTX against the nonredundant GenBank
database.

The interspecific transferability of the 16 markers was evaluated in B. leprosa,
another widespread species of sect. Coelocentrum (Table 3). Five markers were
successfully cross-amplified in B. leprosa.

CONCLUSIONS

The 16 microsatellite markers described here are the first de-
veloped for B. luzhaiensis and also the first study in Begonia
sect. Coelocentrum. These microsatellites can be applied to the
investigation of genetic diversity, population genetic structure,
mating system, and gene flow, thus facilitating our understand-
ing of evolutionary mechanisms and species diversification of
the limestone flora. Data from such studies will contribute to the
conservation and management of B. luzhaiensis that is increas-
ingly threatened by habitat destruction.
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Arpenpix 1. Voucher information for Begonia luzhaiensis used in this study. All voucher specimens are deposited in the Herbarium of the Biodiversity

Research Center (HAST), Academia Sinica, Taipei, Taiwan.

Species Population code n Collection locality Geographic coordinates Voucher no.
Begonia luzhaiensis T. C. Ku - 1 Puyi Township, Yanshuo County, Gulin City, 24°43’41.0"N, 110°31'44.0"E ~ C.-I Peng 18732
Guangxi Province, China
- 1 Puyi Township, Yanshuo County, Gulin City, 24°42'34.0”N, 110°327.0"E C.-I Peng 18735
Guangxi Province, China
YS 15 County Town, Yanshuo County, Gulin City, 24°46’12.9”N, 110°27'43.4"E  H.-Y. Huang 008
Guangxi Province, China
LZ 20  Liuzhou City, Luzhai County, Guangxi 24°43'37.9”N, 109°39°50.6"E  H.-Y. Huang 018
Province, China
XC 22 Laibin City, Xingcheng County, Guangxi 24°03'49.5”N, 108°40'8.9”E H.-Y. Huang 102
Province, China
B. leprosa Hance LK 1 Luokeng Town, Qujiang District, Shaoguan City, 24°3124.4"N, 113°21'19.3”E ~ C.-I Peng 23998
Guangdong Province, China
QL 1 Qinglian Town, Yangshan County, Shaoguan City, ~ 24°27'23.0"N, 112°45'53.3”E ~ C.-I Peng 24045
Guangdong Province, China
TP 1 Taiping Town, Yangshan County, Shaoguan City, 24°10°33.4”N, 112°33'10.8"E ~ C.-I Peng 24055
Guangdong Province, China
FL 1 Fuli Town, Yangshuo County, Gulin City, 24°47'8.2"N, 110°3122.5"E H.-Y. Huang 005
Guangxi Province, China
DL 1 Donglan County, Hechi City, Guangxi 24°26’47.1”"N, 107°20"34.6"E ~ H.-Y. Huang 079
Province, China
LG 1 Longhushan, Longan County, Nanning City, 22°57°10.2”N, 107°38°02.7”E ~ H.-Y. Huang 089
Guangxi Province, China
LS 1 Longhushan, Longan County, Nanning City, 22°57°41.9”N, 107°37'28.2"E ~ H.-Y. Huang 092

Guangxi Province, China

Note: n = number of individuals sampled.
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