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Abstract

Clonal reproduction of lianas is a common but important life
history strategy. It is necessary to evaluate the clonal structure
of liana species because clonal ability is potentially a major
determinants distribution pattern of lianas. Therefore, we
developed 10 microsatellite markers for Euonymus fortunei and
Schizophragma hydrangeoides respectively from genomic
sequences obtained from double-digest restriction site associ-
ated DNA (ddRAD). The sequence data of the developed mar-
kers were deposited on the public database. The expected
heterozygosity (H,) of E. fortunei and S. hydrangeoides ranged
from 0.727 to 0.847 with an average of 0.766, and from 0.734 to
0.924 with an average of 0.812, respectively. All loci were under
HWE except for a locus of S. hydrangeoides (sh07). These mar-
kers should contribute to the understanding of the life history
of temperate liana species.
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Introduction

Lianas are woody vines that require host trees to climb up to
the forest canopy. Clonal reproduction of lianas is a common
butimportant life history strategy. Unlike most tree species, lia-
na species often reproduce through clonal stems (i.e. stolons)
on the forest floor (Putz, 1984). The clonal ability enables lianas
to effectively colonize suitable environments (e.g., canopy
gaps; Ledo and Schnitzer, 2014), wait in the understory for the
canopy to open (the “sit and wait” strategy; Greenberg et al.,
2001), expand their distribution horizontally over long distan-
ces (Yorke et al., 2013) and search for host trees to climb (Kato
et al., 2011). Thus, clonal reproduction is thought to be one of
the major determinants in the distribution pattern of liana spe-
cies. Genetic tools are useful for evaluating the contribution of
clonal reproduction to the distribution of lianas because clo-
nally reproduced stems below the ground and/or their con-
nection with each other in the past is often difficult to detect
using observational methods. However, few studies have
demonstrated the use of genetic tools on liana distribution for
the evaluation of clonal structure. Furthermore, comparison of
the clonal structure of co-occurring liana species is necessary
for the general understanding of the distribution and life histo-
ry strategies of liana species. In the present study, we develo-
ped 10 microsatellite markers for two co-occurring liana spe-
cies, namely Euonymus fortunei and Schizophragma
hydrangeoides, from genomic sequences of double-digest
restriction site associated DNA (ddRAD; Peterson et al., 2012).
These markers would help clarify the population genetic struc-
ture of E. fortunei and S. hydrangeoides, and more importantly,
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would contribute to the understanding of their life history stra-
tegies.

Methods

Sequence data and primer design

Two individuals each of both E. fortunei and S. hydrangeoides
were used to construct a sequencing library. Genomic DNA
was extracted from leaf samples with DNeasy Plant Mini Kit
(QIAGEN, Hilden, Germany) according to the manufacturer’s
protocol. Double-digest restriction site associated DNA was
generated according to the methods described by Peterson et
al. (2012) with EcoRl and Msel as restriction sites and was
sequenced as 2 x 300 bp paired-end reads on MiSeq (lllumina,
San Diego, CA, USA). Overlapping paired-end sequencing
reads were combined with bbMerge (http://jgi.doe.gov/data-
and-tools/bbtools/) and were processed with dDocent pipe-
line (Puritz et al., 2014) to construct the reference sequences.
All the reference sequences were used for the CMIB (CD-HIT-
EST, MISA, ipcress and BlastCLUST) pipeline (Ueno et al. 2012)
to design primers with the number of repeat units =6, 5, 4, 3,
and 3 for di-, tri-, tetra-, penta-, and hexa-simple sequence
repeats (SSRs), respectively. Primer pairs were BLASTed against
the NCBI nr database with an e-value of 1e-3. We selected 150
primer pairs for SSRs with the number of repeat units >10 and
based on the BLAST hits. Forward primers with tail sequences
(Blacket et al. 2012) and reverse primers with ‘pig-tail’ (Brown-
stein et al. 1996) were synthesized by Hokkaido System Science
Co., Ltd. (Hokkaido, Japan).

Sampling, PCR, and fragment analysis

Leaf samples were taken from 30 and 29 individuals of E. fortu-
nei and S. hydrangeoides, respectively, which were collected
along the roadside and stream near Ogawa Forest Reserve
(OFR) located in the north of Ibaraki Prefecture, Japan. All the
samples were collected from locations that were at least 50-m
apart to avoid collecting clonally reproduced stems.

DNA was extracted from leaf samples (10 mg) using ext-
raction buffers from DNeasy kit (QIAGEN, Hilden, Germany). We
started the initial polymerase chain reaction (PCR) for the two
individuals of E. fortunei and S. hydrangeoides in a 10-pL reac-
tion mixture containing primer mix, 1 X Multiplex PCR master
mix (QIAGEN, Hilden, Germany), and 5-10 ng of template DNA.
The primer mix contained both the forward and reverse pri-
mers and one of the fluorescently-labeled TAIL primers (Blacket
et al. 2012). PCR was performed using the following thermal
profiles: 15 min at 95°C, followed by 35 cycles of 30 s at 94°C, 90
s at 60°C, 60 s at 72°C, and a final extension step at 60°C for 30
min. The PCR products were analyzed using a 3130 Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA) with
GeneScan 600 LIZ size standard (ThermoFisher Scientific, Walt-
ham, MA, USA). Electropherograms from each marker were
checked with caution for patterns of peaks using Geneious R9
(Kearse et al., 2012). For the rest of the samples, PCR amplifica-
tion and genotyping were performed as described above.

Characterization of SSR markers

For each locus, the following genetic diversity indices were cal-
culated using GenAlIEx version 6.5 (Peakall and Smouse, 2012):
the number of alleles (Na), the effective number of alleles (Ne),
observed heterozygosity (H,) and expected heterozygosity
(H).

E

Results and Discussion

Amplified products were successfully obtained from E. fortunei
using 10 primers in the multiplex PCR, and these products
exhibited polymorphism (Table 1). The Na for the 10 polymor-
phic loci ranged from four to 11, with an average of eight. The
H,and H, ranged from 0.567 to 0.900, with an average of 0.766,
and from 0.727 to 0.847, with an average of 0.766, respectively.
There was no significant linkage disequilibrium (P> 0.05) for all
the locus pairs after Bonferroni correction using FSTAT 2.9.3
(Goudet, 1995). No significant deviations from Hardy-Wein-
berg equilibrium (HWE; P > 0.05) were detected for any of the
loci. The sequences data of the developed markers were depo-
sited in DNA Data Bank of Japan (DDBJ) with accessions num-
bers LC312174 to LC312193.

Table 1
Characteristics of 10 microsatellite loci for Euonymus fortunei
=30) . DDBJ
s Forward primer sequence  Reverse primer sequence RO 7 o) PORBroduct oy p e Aecesion
D sequence size range
number
CGGAGAGCCGAGAGGTG
GTTTCTICCGAGCGAA |, - - LC312174
i TCTOTICWATCACNTC feplciicie— (OI 0  Z0I0 1 4y 09 0m7 ypiy
GCCTCCCTCGCGOCATGT
GTTICTTTCAACGAGC Le312178
o2 COCMCCACCON T3Gaimaree Mol 6 k65 9 47 03 omi [SEE
CGGAGAGCCGAGAGGTG
GTTICTIATCATCTGCA LC312176
o CONGGCoAMNICOEAL iSO o a3 4o o o [OPHS
GAAGCAG
CGGAGAGCCGAGAGGTG
GTTICTIATICAGICTC Leyim
’ ma
o CTANTTGeCTAGETee e CTASIC emis 0 amass 9 e 09 sy [T
TTICTIG
CAGGACCAGGCTACCGT
GTTICTTGGAGCCTTT . Le312178
oI5 GACACCAAGTGATCAAC o HOOMOCETT iy @ asis 9 42 05 038 (bt
CTGCATTC
CAGGACCAGGCTACCGT
: i GTTTCTTGCCGCTTCTT LC3 12179
o5 GacTeasacetceea oo GO ao @ i 7 s 0t 0 (bt
GAACTTGC
CAGGACCAGGCTACCGT
GITICTICGATTTCCCA . LC312180
o7 GACCACTCAATACCCTCC yepoie B nCCh @it @ w8 5 3o 08 079 [oi
AAGCCC
CAGGACCAGGCTACCGT
GTTICTIGTGAAATGG o Lo
oIS GACAGAGCTGCAAACAT TG4 6 W8 406 086 072
U CAGTGGTATGGATGC LC312191
CGGAGAGCCGAGAGGTG
GTTTCTTAGGCGGATC . L3I
9 TCGOOCTCATCACAAC [reniaemg D2 @ 149 10 630 083 087 g
CGGAGAGCCGAGAGGTG ) i
10 ACCTAGGCAGACCTCGA  GTTTCTTAGCCTCAAA —py 0 g ze 4 3003 0567 ogss LO12I8

TCTCCAAGAATCTCCC LC312193

GAACTC

T :annealing temperature, Na: Number of alleles per locus, Ne: Number of effec-

tive alleles per locus, H ; observed heterozygosity, HE: expected heterozygosity

Similar results were obtained for S. hydrangeoides, where
amplified products were successfully obtained using ten pri-
mers in the multiplex PCR, and these products exhibited poly-
morphisms (Table 2). The Na for the 10 polymorphic loci ran-
ged from seven to 19, with an average of 10.2. The H, ranged
from 0.586 to 0.897, with an average of 0.738, and the H, ran-
ged from 0.734 to 0.924, with an average of 0.812. There was no
significant linkage disequilibrium (P > 0.05) for any of the locus
pairs after Bonferroni correction using FSTAT 2.9.3 (Goudet,



Table 2
Characteristics of 10 microsatellite loci for Schizophragma
hydrangeoides (N = 29)

. ; . PCR DDBJ
Locus Zrmr::l’"m" ::VI.E:":,P""'" f:;;::‘::" (T;C) product  Na Ne Hy  H: Accession
) size range number
GCCTCCCTCGCGCCA  GTTTCTTGGTTGAA (AG)4 [EE TR X X ——
S0l TGAGAACCTGAGAGT ATGGTGGCGGAATT 60 132156 ettt
AGTCCTCGC iC )
CAGGACCAGGCTACC GTTTCTTGTTGITG  (GAA)I3 100376 0655 0734
sh02  GIGTCTTCTTGCAAG  AGAGCTGCTGTGGT 60 153186 fretes
TGTAACAGAAGCTC  GC -
CGGAGAGCCGAGAG  GTTTCTTACATCCG  (CT)lleacaa(AC)S 10 1410897 0924 o
sh03 GTGAGCTCCTCAACC CGTTGGCTCTCATG 60 257297 LCalales
AATTCAAGGTTCC
CAGGACCAGGCTACC GTTTCTTGCGAAAT  (AT)12 7SS0 04 088 e
S04 GTGTGCAAGTATGAC ~GTGGAGAGACCCT 60 255267 L3t
ACAGCAAACAAAG -
CAGGACCAGGCTACC GTTTCTTACAAGAT  (TO)I3 26300 0759 081 oo
sh05  GTGCCGCCTTCACAT ~ GCTTCAGAGGAGC 0 136162 LC312168
GCACACAACAC -
CGGAGAGCCGAGAG ~ GTTTCTTCCTCAGG  (TA)I3 ToseM 079 083 o
sh06  GTGAAGTTATTTCCT  AACATCGCTGCATC 60 21245 LC32160
TIGACCCTCACAC G i
GCCTTGCCAGCCCGC  GTTTCTTGGGTACA  (TA)I3 9 502 086 0801 i
sh07  ACAGGTATAAGCTCC ~ ATCACCGGTATCAG 60 159179 LG312170
ACTATAGTTGC
CAGGACCAGGCTACC  GTTTCTTATTCGATC  (TA)12 A9 0793 0799 oo
sh0S GTGCCATCACGGGTA  CTGACGCCGGAACT 60 218254 LG32171
CACGTGCAAAG c
CAGGACCAGGCTACC  GTTTCTTGAGACCC  (TA)I3 T39% 086 0749 i
sh09  GTGAGTGGGAATAGC TCTGTGTTGCCTAC 60 193205 a1
TGGACCCTTAC
CGGAGAGCCGAGAG  GTTTCTTCTCCGTC — (CT)12 100 ST 088 0827 oo
i) GTGTTCCGATCCGTT  GTCAACAACTCCGG 60 241263

CCATCCGAATG LC312173

T: annealing temperature, Na: Number of alleles per locus, Ne: Number of effec-
tive alleles per locus, H,: observed heterozygosity, H,: expected heterozygosity

1995). Significant deviations from HWE (P < 0.05) were detec-
ted for a locus sh07. The sequences data of the developed mar-
kers were deposited in DDBJ with accessions numbers
LC312154 to LC312173.

The microsatellite markers described here will contribute
to the evaluation and comparison of genetic structure and
genetic diversity within and among the populations of E. for-
tunei and S. hydrangeoides. These findings would aid in the
understanding of the life history strategies of temperate liana
species.

Acknowledgement

We would like to thank Dr. James Worth for revising the
manuscript. In this study, we used the supercomputer of
AFFRIT, MAFF, Japan. This study was supported by Grant-in-Aid
for JSPS Research Fellow (Grant Nos. 16J00768) from the Japan
Society for the Promotion of Science.

References

Blacket MJ, Robin C, Good RT, Lee SF and Miller AD (2012) Universal primers for
fluorescent labelling of PCR fragments—an efficient and cost-effective ap-
proach to genotyping by fluorescence. Molecular Ecology Resources 12(3),
456-463. https://doi.org/10.1111/j.1755-0998.2011.03104.x

Brownstein MJ, Carpten JD and Smith JR (1996) Modulation of non-templated
nucleotide addition by Taq DNA polymerase: primer modifications that fa-
cilitate genotyping. BioTechniques 20(6), 1004-6, 1008-10
http://www.ncbi.nlm.nih.gov/pubmed/8780871

Goudet J (1995) FSTAT (version 1.2): a computer program to calculate F-statis-
tics. Journal of heredity 86(6), 485-486. https://doi.org/10.1093/oxfordjour-
nals.jhered.a111627

Greenberg CH, Smith LM and Levey DJ (2001) Fruit fate, seed germination and
growth of an invasive vine - An experimental test of ‘sit and wait’ strategy.
Biological Invasions 3(4), 363-372
https://doi.org/10.1023/a:1015857721486

Kato S, Hosoi K, Kawakubo N and Komiyama A (2011) Negative Phototropism of

the Creeping Shoots in Japanese Ivy, Hedera rhombea. Journal of the Japa-
nese Forest Society 93, 123-128. https://doi.org/10.4005/jjfs.93.123

42

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S, Buxton S,
Cooper A, Markowitz S, Duran C, Thierer T, Ashton B, Mentjies P and Drum-
mond A (2012) Geneious Basic: an integrated and extendable desktop soft-
ware platform for the organization and analysis of sequence data. Bioinfor-
matics 28(12), 1647-1649. https://doi.org/10.1093/bioinformatics/bts199

Ledo A and Schnitzer SA (2014) Disturbance and clonal reproduction determine
liana distribution and maintain liana diversity in a tropical forest. Journal of
Ecology 95(8), 2169-2178. https://doi.org/10.1890/13-1775.1

Peakall R and Smouse PE (2012) GenALEXx 6.5: Genetic analysis in Excel. Popula-
tion genetic software for teaching and research-an update. Bioinformatics
28(19), 2537-2539. https://doi.org/10.1093/biocinformatics/bts460

Peterson BK, Weber JN, Kay EH, Fisher HS and Hoekstra HE (2012) Double digest
RADseq: an inexpensive method for de novo SNP discovery and genotyp-

ing in model and non-model species. PloS one 7(5), e37135.
https://doi.org/10.1371/journal.pone.0037135

Puritz JB, Hollenbeck CM and Gold JR (2014) dDocent: a RADseq, variant-calling
pipeline designed for population genomics of non-model organisms. Peer)
2,e431. https://doi.org/10.7717/peerj.431

Putz FE (1984) The natural history of lianas on Barro Colorado Island , Panama.
Journal of Ecology 65(6), 1713-1724. https://doi.org/10.2307/1937767

Yorke SR, Schnitzer SA, Mascaro J, Letcher SG and Carson WP (2013) Increasing
liana abundance and basal area in a tropical forest: the contribution of

long-distance clonal colonization. Biotropica 45(3), 317-324 doi:10.1111/
btp.12015. https://doi.org/10.1111/btp.12015




