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PrIMER NOTE

DEVELOPMENT OF EST-SSR MARKERS IN BARRINGTONIA
RACEMOSA (LECYTHIDACEAE) AND CROSS-AMPLIFICATION IN
RELATED SPECIES!
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e Premise of the study: Microsatellite markers were identified and characterized to study the genetic diversity and structure of

Barringtonia racemosa (Lecythidaceae).

Methods and Results: Based on the transcriptome data of B. racemosa, 30 primer pairs were initially designed and tested, of

which 15 were successfully amplified and displayed clear polymorphisms across the 43 individuals from three distant popula-
tions tested in the study. The results showed that the number of alleles per locus ranged from two to seven and the expected
heterozygosity and observed heterozygosity per locus varied from O to 0.772 and from 0 to 0.933, respectively.

Conclusions: The expressed sequence tag—simple sequence repeat (EST-SSR) markers described here will be useful for study-

ing genetic diversity and structure of B. racemosa. Furthermore, all loci were successfully cross-amplified in B. asiatica and
B. acutangula and will be of great value for genetic studies across this genus.

Key words:

Barringtonia racemosa (L.) Spreng. (Lecythidaceae), the
most widespread species of Barringtonia, is characteristic of
coastal communities in the Paleotropics (Tomlinson, 1986;
Prance, 2012). The flowers open at night and are pollinated by
night-flying animals. The bark and crushed fruit contain sapo-
nins and are used as a fish poison (Payens, 1967). This tree has
a distribution from the Pacific to East Africa (Prance, 2012); it
is variously recorded as a mangrove associate and is abundant
along tidal rivers and in areas subject to tide and salinity. It also
occurs inland on the edge of peat swamp forests and on hillsides
to altitudes of 200 m (Tomlinson, 1986). The fruit are buoyant
because of the spongy fibrous pericarp, and the wide distri-
bution is on account of its dispersal by water (Prance, 2012).
However, the actual level of interpopulation migration has
never been studied. Recent advances in molecular techniques,
such as microsatellite markers, have created new opportunities
for population genetic research that can be used to estimate the
genetic variation and clarify the level of migration among
populations of B. racemosa across its range. Transcriptome
sequencing is an efficient method for acquiring expressed
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sequence tag—simple sequence repeat (EST-SSR) markers
(Bouck and Vision, 2007) based on its low cost and high reli-
ability. Here, we describe the development of 15 nuclear micro-
satellite markers for ongoing population genetic research in
B. racemosa. Additionally, we tested the transferability of these
markers for studying two related species, B. asiatica (L.) Kurz
and B. acutangula (L.) Gaertn.; these three species comprise all
of the wide-ranging, water-dispersed species in Barringtonia
(Prance, 2012).

METHODS AND RESULTS

In this study, a three-month-old seedling of B. racemosa (from Dongzhai
harbor, Hainan, China) was immediately frozen in liquid nitrogen and stored at
—80°C for RNA extraction. The total RNA of B. racemosa was extracted using
an improved cetyltrimethylammonium bromide (CTAB) method (Fu et al.,
2005). The RNA quality and quantity were measured using an Agilent 2100
Bioanalyzer (Agilent Technologies, Santa Clara, California, USA). The mRNA
was isolated using Oligotex-dT30 (TaKaRa Biotechnology Co., Dalian, China)
after extraction and then fragmented ultrasonically. The cDNA libraries were
prepared for sequencing following the Illumina protocol, and paired-end short
read sequencing was done using the Illumina Genome Analyzer II system
(Ilumina, San Diego, California, USA; sequencing performed by BGI, Shen-
zhen, Guangdong Province, China) (Huang et al., 2012; Qiang et al., 2015). A
total of 13,510,000 90-nucleotide paired-end reads were obtained and assem-
bled using Trinity (release 20140413) with the default parameters (Grabherr
etal., 2011). CAP3 (Huang and Madan, 1999) was further used to cluster simi-
lar contigs and obtain a high-quality reference genome with nonredundant
unigenes (minimum identity = 99%). The analysis yielded 63,932 contigs with
an average length of 589 bp, an N50 length of 808, and an average depth of
coverage of 18.14x. The software MISA (Thiel et al., 2003) was used to detect
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microsatellites from all unigenes obtained in the study. We screened for SSR W FEERYRIR]R2LEES §
motifs containing two to six nucleotides with the minimum number of repeats T PR R B D Pt °
as follows: six for dinucleotide and five for trinucleotide, tetranucleotide, pen- s | = k=)
tanucleotide, and hexanucleotide. Altogether, 6524 SSR motifs were found, = 'l\l 3
and 30 of them were selected at random to design primers using Primer3 (Rozen %’C z §
and Skaletsky, 1999), with the optimum conditions set at a length of 20 bp ‘é O | e g % S3 § § § @ E § E § 5 % § s
(112%—2225(?1;), a temperature of 60.0°C (56-62°C), and a product size range of S &:) = facgddzszzsizzzes LE

—. p. QM &

Forty-three individuals of B. racemosa from three natural populations -
(Appendix 1) were used to evaluate the polymorphisms of the target microsatel- =
lite loci. In addition, individuals from one population of B. asiatica and one Tl oeTaaoaaasaasea %
population of B. acutangula were also sampled to detect the efficiency of these g
markers in cross-species amplification (Appendix 1). Genomic DNA was ex- E
tracted from silica gel-dried leaves using the DNA Extraction Kit (Magen, % *
Guangzhou, China) following the manufacturer’s protocol. PCR amplifications % mococowhNocb oo o )
were performed in a final volume of 30 [LL, containing 60 ng of genomic DNA, T TREIRCRES8ETR88ES B
1x PCR buffer (10 mM Tris-HCI [pH 8.4] and 1.5 mM MgCl,; TransGen Bio- P Coocooooooooooee =
tech Co., Beijing, China), 0.2 mM dNTPs (TransGen Biotech Co.), 0.5 uM of N g
each primer (Life Technologies, Shanghai, China), and 1 unit EasyTag DNA f§ Z E
polymerase (TransGen Biotech Co.). The PCR reactions were carried out under § o) NT O NN O DD D D E
standard conditions for all primers in a Bio-Rad PTC-200 thermocycler (Bio- 3 2 x 2 = Sr Q \[7> % Sr 8 8 % 8 8 8 5 8 S
Rad Laboratories, Hercules, California, USA) under the following conditions: M Cooooeeoeeocoes =)
initial denaturation was at 94°C for 4 min, followed by 35 cycles at 94°C for é)
40 s, then annealing for 45 s at the optimal temperature for each primer pair 5
(from 56-60°C, see Table 1), and 72°C for 1 min, with a final extension of < | Tt ATH O~ N~~~ 8
10 min at 72°C. To test the utility of the primers, PCR products were detected fi g
on 1% agarose gels. Finally, a total of 15 of the 30 primer pairs were success- = &
fully amplified. The sequences of microsatellite loci were deposited into “ g 5)
GenBank (accession no. KR822404-KR822418; Table 1). The SSR genotyping % Eo BTS2 ERFERERRNG |5 @
was performed using a Fragment Analyzer Automated CE System (Advanced §C g g g g g g g 2 g 2 g g ; g g = é
Analytical Technologies [AATI], Ames, lowa, USA) using the Quant-iT N a :E Q
PicoGreen dsDNA Reagent Kit, 35-500 bp (Invitrogen, Carlsbad, California, § 1l = %
USA). Raw data were analyzed and allele sizes and number of alleles per locus 2 z = 3]
were called using PROSize version 2.0 software (AATI). GenAlEx version 6.5 1S g < E ﬁ § E § § § § § % § § g u"g E g ¥
software (Peakall and Smouse, 2012) was used to calculate the average number 2 ~ S SSSSSsSSSsss s -g *
of alleles per locus (A), the observed heterozygosity (H,), and the expected < /m 5 a
heterozygosity (H.) of each microsatellite locus. Hardy—Weinberg equilibrium 3 ﬁ g
(HWE) and linkage disequilibrium were tested using GENEPOP 4.3 (Rousset, .‘§ N gt o | & 3
2008). MICRO-CHECKER (van Oosterhout et al., 2004) was employed for 2 = « o 5
testing scoring errors and null alleles. I~ S

In total, 15 out of 30 primer pairs amplified the expected products and dis- S g>9. g
played clear polymorphisms. In B. racemosa, the number of alleles per locus S % FEER E‘g
ranged from two to seven, the observed heterozygosity ranged from 0 to 0.933, § E@ Ot oo+ % 8 g
and the expected heterozygosity ranged from 0 to 0.772 (Table 2). All § < SRRIJ=2IESRA 8 REA L M
15 primer sets also successfully amplified SSR loci in B. asiatica and s g|@ Cooooeoooeeecoes 3z =
B. acutangula. § S5 n 2 %

In B. racemosa, five out of the 15 polymorphic microsatellite loci showed % gz % g,
significant deviations from HWE in population BRSH and BRKL, respec- § s3] 8o nsegserEeesEe|° 2
tively (Table 2). Only one locus showed significant deviation from HWE in S § T|Rund—-aAdadFanooavag "c,_' B
population BRDR (Table 2). Deviations from HWE may have been related to x M ceeeeeeeeeeeeee Im 5 T$;
the presence of null alleles, although we found no null homozygotes. There 2 =2 ED
was also no significant linkage equilibrium (P < 0.05) between locus pairs g 'g &E =
(Table 2). In B. asiatica, two out of the 15 polymorphic microsatellite loci g T | AN AN AT NN =N °>‘3<%§ é
showed significant deviations from HWE (Table 2), and no linkage disequilib- g 5 £ g g
rium was detected between any pair of loci. In B. acutangula, no loci devi- g % 3 ‘;’0§
ated from HWE, and no linkage disequilibrium was detected between any pair £ w w s x | €2 5w
of loci. 2 - P «ii|32%%8

2 TN ARRREXR22BRLE8 g &85
5 SomndasS=snt8nnt= |30z
g s Cooc oo oS oSS oSS sg;\é
CONCLUSIONS g " i $ E g
£ =t S ETLE
. . — — — —

The 15 microsatellite markers developed here have been & z < $388388=88L3xs88 % = E &
proven to be useful in the evaluation of the genetic diversity of S & SSSsSocossSssSsSs |52, £
B. racemosa. Cross-amplification of these microsatellite loci in = 5 £ ,§ 2
B. asiatica and B. acutangula suggests that they will also be s 83 &
useful in studies of other species within Barringtonia. We are % T|eaTanaanoaasTac | g 28
currently using these markers for inferring genetic diversity and é ERE3
spatial genetic structure in these species. In particular, we are Jé z & 5
using these markers to assess the impact of seed dispersal by i | P nEIesc R8RSR R (s85F
water and to estimate seed dispersal distances for these species 2 3| SBCRRNESRRLRES S0
in coastal tropical landscapes of the Indo-West Pacific. = Sl 5555555555555 55 2
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Voucher and location information for the species and populations used in this study. All voucher specimens are deposited at the herbarium of

Species Population code Voucher no. Collection locality Geographic coordinates N
Barringtonia racemosa BRSH ZCR2013081 Hainan, China 19°32/58.2”N, 110°34’22"E 19

BRKL HYL2014154 Sabah, Malaysia 5°27°1.44"N, 115°36’47.88"E 15

BRDR SSH2012112 Daintree River, Australia 12°2370.6”S, 130°51’58.68"E 9
B. asiatica BASB HSN2014026 Palawan, Philippines 10°11748.48”N, 118°54’16.92"E 7
B. acutangula BACC LY2013216 Kampong Pluck, Cambodia 13°12733.12"N, 103°58"25.68"E 7

Note: N = number of individuals.
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