Electrophoresis 2012, 33, 28592866

Juan Li"23
Guang-Hui Zhao'*
Dong-Hui Zhou'
Hiromu Sugiyama®
Alasdair J. Nisbet®
Xiao-Yan Li®
Feng-Cai Zou’
Hai-Long Li®

Lin Ai®

Xing-Quan Zhu'’

State Key Laboratory of
Veterinary Etiological Biology,
Lanzhou Veterinary Research
Institute, Chinese Academy of
Agricultural Sciences, Lanzhou,
Gansu Province, P R. China

2South China Agricultural
University, Guangdong
Province, P R. China

3institute of Veterinary Medicine,
Guangdong Academy of
Agricultural Sciences,
Guangzhou, Guangdong
Province, P R. China

“Northwest A & F University,
Yangling, Shaanxi Province, P. R.
China

5Department of Parasitology,
National institute of infectious
Diseases, Tokyo, Japan

8Parasitology Division, Moredun
Research Institute, Midlothian,
Scotland, UK

College of Animal Science and
Technology, Yunnan .
Agricultural University, Yunnan
Province, P. R. China

83chool of Basic Medicine, Dali
University, Dali, Yunnan
Province, P. R. China

®National Institute of Parasitic
Diseases, Chinese Center for
Disease Control and Prevention,
Shanghai, P. R. China

Received February 19, 2012
Revised May 5, 2012
Accepted May 17, 2012

2859
Research Article

Retrotransposon-microsatellite amplified
polymorphism, an electrophoretic approach
for studying genetic variability among
Schistosoma japonicum geographical
isolates

In the present study, retrotransposon-microsatellite amplified polymorphism (REMAP)
was used to examine genetic variability among Schistosoma japonicum isolates from dif-
ferent endemic provinces in mainland China, using S. japonicum from Japan and the
Philippines for comparison. Of the 50 primer combinations screened, eight produced
highly reproducible REMAP fragments. Using these primers, 190 distinct DNA fragments
were generated in total, of which 147 (77.37%) were polymorphic, indicating considerable
genetic variation among the 43 S. japonicum isolates examined. The percentage of poly-
morphic bands (PPB) among S. japonicum isolates from mainland China, Japan, and
the Philippines was 77.37%; PPB values of 18.42% and 53.68% were found among iso-
lates from southwestern (SW) China and the lower Yangtze/Zhejiang province in eastern
(E) China, respectively. Based on REMAP profiles, unweighted pair-group method with
arithmetic averages (UPGMA) dendrogram analysis revealed that all of the S. japonicum
samples grouped into three distinct clusters: parasites from mainland China, Japan, and
the Philippines were clustered in each individual clade. Within the mainland China clus-
ter, SW China isolates (from Sichuan and Yunnan provinces) grouped together, whereas
worms from E China (Zhejiang, Anhui, Jiangxi, Jiangsu, Hunan, and Hubei provinces)
grouped together. These results demonstrated that the REMAP marker system provides a
reliable electrophoretic technique for studying genetic diversity and population structures
of S. japonicum isolates from mainland China, and could be applied to other pathogens of
human and animal health significance.
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1 Introduction

Transposable elements, a ubiquitous class of mobile
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genetic units that are able to jump into new genomic
loci with high copy number, are widely distributed in
many eukaryotic genomes [1]. Transposition has been

microsatellite amplified polymorphism; RIVP, retrotranspo-
son internal variation polymorphisms; RSAP, restriction site
amplified polymorphism; SRAP, sequence-related ampli-
fied polymorphism; SSR, simple sequence repeat; SSAP,
sequence-specific amplification polymorphism; SW, south-
western
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suggested as a creative force in shaping genomes through
insertion/deletion/duplication/rearrangement to influence
genomic organization, genetic structure, and biological
diversity of species {2]. Based on their DNA structure
and transposition mechanisms, transposable elements are
mainly classified into two categories: (i) DNA transposons,
which make DNA as an intermediate to complete the mobile
process by a “cut and paste” mechanism; (ii) retrotrans-
posons, which are replicated via an RNA intermediate and
reverse transcription into cDNA followed by insertion into
the genome [3]. Retrotransposons offer advantages over DNA
transposons as molecular markers because their mechanism
of duplication most resembles that of retroviruses, keeping
the original copies of genes but also and gradually producing
dispersed and abundant insertion loci from retrotrans-
poson families, forming rich polymorphisms for genetic
analyses [4].

As a result of its defined and conserved long terminal
repeat (LTR) domain, the LTR retrotransposon, one of the
main groups of retroelements, has been used widely for
studying genetic diversity, evolution, and pedigree among
individuals, species, or populations in recent years [5-7]. LTR
is the direct sequence repeat bounding the internal coding
region containing promoters, signals, and motifs necessary
for new DNA integrations. Since the elements in LTR-LTR
combination would be disrupted and removed when recom-
bination/rearrangement activity occurred in the genome, the
transposition of retrotransposons is not linked with removal
of the mother element from its locus (Fig. 1). Each retrotrans-
poson family has its own genetic structure and evolutionary
lineage, as well as the uniqueness of each LTR from each
retrotransposon family [6]. Therefore, LTR retrotransposons
can be envisaged as an evolutionary stopwatch generating
recording markers in both time and space associated with, or
subsequent to, speciation events. Their analysis consequently
provides an excellent basis for developing marker systems re-
lying on PCR to generate fingerprints and polymorphisms
(Fig. 1).

Retrotransposons and microsatellites are the two major
genomic factors generating genetic variation in species,
population, and subpopulation levels. Retrotransposon-
microsatellite amplified polymorphism (REMAP), a simple
PCR-based assay targeting LTR retrotransposons and prox-
imal microsatellite regions of the genome, was developed
based on such associations and amplified DNA derived
from insertions near simple sequence repeats (SSRs) [8, 9].
The technique uses forward primers annealing within the
LTR region and reverse primers designed from di-, tri-, or
tetra-nucleotide repeat SSR motifs with one or two randomly
anchored “selective” bases added at the 3’ or 5 ends [10].
Compared with retrotransposon-based marker systems such
as sequence-specific amplification polymorphism (SSAP)
[11], inter-retrotransposon amplified polymorphisms (IRAP)
[12], retrotransposon internal variation polymorphisms
(RIVP) {13, 14], and retrotransposon-based insertional
polymorphism (RBIP) [15], REMAP has distinct advantages:
there is no requitement for restriction enzyme digestion
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Figure 1. Schematic representation of retrotransposon-
microsatellite amplified polymorphism technique. This shows
the genomic features, amplification mode, and the positions
of the priming sites for the REMAP fingerprinting strategy
described in the text. gDNA is shown as a solid black line,
with SSR and LTR retrotransposons on it. LTR retrotransposons
consisted of & LTR, mother elements, and 3' LTR. PCR products
with different lengths are amplified by different primer binding
sites as blue and pink arrows annotate. Fragments amplified
between retroelements and microsatellite are shown as red solid
lines, while PCR products amplified from two microsatellite loci
and two retroelements are shown as light green and dark blue
solid lines, respectively.

and ligation to generate marker bands or for retrotransposon
insertion and flanking sequence information for primer
design. Regarding this latter point, one of the greatest advan-
tages of REMAP is that the anchored SSR primers of REMAP
can be designed without reference to sequence data from the
study organism [14]. Therefore, REMAP is regarded as a con-
venient technique that can be established at low cost, and can
generate polymorphism data directly from electrophoretic
fingerprints [7, 10, 16]. Furthermore, REMAP overcomes
the limitation of IRAP where amplification sites may be
dispersed too far apart to produce amplification products
with the available thermostable polymerases [16]. Therefore,
REMAP is recognized as a ubiquitously useful marker system
that displays a broad application potential and has been
used successfully for studying biodiversity and phylogenies
in barley [12), rice [16], citrus [17], and Magnaporthe grisea
[18]. Additionally, it has been proven as an efficient marker
system for gene mapping and resistance gene selection in
barley [4]. These studies showed that REMAP was a reliable
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Table 1. Population of S. japonicum (SJ) samples used for REMAP analysis

Population

Geographical origins and codes Sample codes Gender
SW China? Yunnan (Eryuan); YEII SJYEIIF50, SJYEIF52 Female (F)
SJYE!MS50, SJYEIIME2 Male (M)
Sichuan (Tianquan); ST SJSTM50, SJSTM51 Male (M)
) SJSTME3, SISTMES
E China® Zhejiang {Jiashan); ZJ SJZJF57, SJZJIF58 Female {F)
SJZIM57, SJZIMB8 Male (M)
Anhui (Guichi); AG SJAGF57, SUAGF59, Female {F)
SJAGMST Male {M)
Jiangxi (Yongxiu); JY SJJYF23, SJJYF52 Female (F)
SJJYM23, SJJYM52 Male (M)
Jiangsu {Wuxi), JW SJJWF32, SJJWF59 Female ({F)
SJIWM11, SJIJWM59 Male (M)
Hunan (Changsha); HC SJHCM22, SJHCM5B0 Male (M)
SJHCMS51, SUHCMB2
Hunan {Junshan); HY SJHYF57, SUHYF59 Female (F)
SJHYMS57, SUHYM59 Male (M)
Hunan (Yueyanglou district); HL SJHLF55, SJHLF57 Female {F)
SJHLMb55, SUHLME7 Male (M)
Hubei (Wuhan); HW SJHWF55, SUHWF58 Female (F)
SJHWMB5, SUJHWMSES Male (M)
PL Philippines {Leyte); LEY SJLEYF7 Female (F)
SJLEYM7 Male (M)
YY Japan (Yamanashi); YY SJYYF4 Female (F)
SIYYmMt1 Male {M)

a) SW China includes Yunnan and Sichuan provinces.

b) E China includes the lower Yangtze provinces (Hubei, Hunan, Jiangxi, Anhui, and Jiangsu) and Zhejiang province.

molecular marker system that embraced boarder application
with simplicity, moderate throughput ability, and good
reproducibility. However, prior to the present study, REMAP
has not been used to study genetic diversity in populations of
important etiological agents with public health significance
for humans and animals, such as Schistosoma japonicum.

Schistosoma japonicum is the causative agent of schisto-
somiasis, a disease that affects over 200 million people in
Southeast Asia and is regarded as the second most signifi-
cant tropical disease in terms of socioeconomic and public
health importance [19-21]. China has a long history of en-
demic schistosomiasis in the provinces south of the Yangtze
River. The natural distribution areas of the sole intermediate
host—Oncomelania hupensis—have spread more widely than
previously due to environmental changes, frequent flood-
ing, and population movement, consequently making ge-
netic variation of S. japonicum among different epidemic re-
gions complicated [22-25]. A variety of genetic markers such
as mitochondrial DNA {26, 27], microsatellite DNA {28, 29],

~ dideoxy fingerprinting [30), sequence-related amplified poly-
morphism (SRAP) [31), restriction site amplified polymor-
phism (RSAP) [32], and IRAP [7] have revealed obvious ge-
netic variation among S. japonicum from different endemic
regions in mainland China.

The objectives of the present study were to assess the
usefulness of the REMAP marker system for studying ge-
netic variation and pedigree relationship among S. japon-
icum isolates from different endemic regions in mainland

© 2012 WILEY-VCH Vertag GmbH & Co. KGaA, Weinheim

China, using S.japonicum from Japan and the Philippines for
comparison.

2 Materials and methods
2.1 Parasites and isolation of genomic DNA

In total, 43 adult S. japonicum samples representing isolates
and populations from mainland China, Japan, and the Philip-
pines were used in the present study. Information regarding
populations, geographical origins, sample codes, and genders
is listed in Table 1. Isolates of S. japonicum were obtained
from eight endemic provinces in mainland China, namely
Sichuan, and Yunnan provinces in southwestern (SW) China,
and the lower Yangtze provinces (Jiangsu, Jiangxi, Hubei,
Hunan, Anhui) and Zhejiang province in eastern China
(E China). ;

All of the adult parasites were collected from rabbits ex-
perimentally infected with cercariae from infected snails (O.
hupensis) [7,27]. The male and female adult parasites were
fixed in 70% molecular grade ethanol, and stored at ~20°C
until extraction of their genomic DNA. The Japanese (YY)
and Philippines (PL) S. japonicum isolates were collected
from Yamanashi Prefecture and Leyte island, respectively.
Adults were isolated from mice experimentally infected with
cercariae and were preserved at —80°C after separation by
gender [33].
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Table 2. Sequences of primers used for REMAP analysis in the present study

LTR primers

Anchored SSR primers

LTR4: 5-TCCTGTTCGTGTGTTCCCACGTGTC-3

LTR6: 5'-CGCGACTAGTCAAGCATCAAGTACG-3

LTR7: 5'-TAGCTTTCAGTCGGCTGATTTGAC-3'

LTR11: 5-GGTAGTGTTCCGTGGCCGCCACA-3

LTR12: 5-GGTTATCTCGGTGTCACCATAAACTC-3
LTR13: 5'-AGAATCCAAACCACGCGTCACAA-3

LTR15: 5-GCTCTTATCCTATACTACTGTTTAAGGCAT-3
LTR16: 5'-TAATACACTACTGTAAGGGCAAGGC-3
LTR17: 5'-AAGAGACAGACAGAAAGGAGACTAGATTT-3
LTR18: 5'-TTCCGGTGAATCTAACGCTATGTCA-3'

UBC803: 5'-(AT)gC-3
UBC80T: 5'-(AGlgT-3/
UBC824: 5/-(TC)gG-3'
UBC825: 5'-(AC)5T-3'
UBC833: 5'-(AT)gYG-3'
UBC848: 5'-(CAJgRG-3'
UBC853: 5'-(TCJgRT-3'
UBC855: 5'-(AC)gYT-3'
UBC857: 5'-(AC)sYG-3'
UBCB890: 5-VHV(GT);-3

Y=CTR=A/G V=notT,H=notG

Total genomic DNA (gDNA) was extracted from individ-
ual samples by SDS /proteinase K treatment, column-purified
(Wizard® SV Genomic DNA Purification System, Promega,
Madison, USA) and eluted into 60 pL H,O according to the
manufacturer’s recommendations [7,27,31,32]. The integrity
of the parasite gDNA exiracted in this way was confirmed by
amplification of the first internal transcribed spacer of ribo-
somal DNA [34].

2.2 REMAP analysis

For REMAP analysis, we used ten LTR primers designed us-
ing the sequence of the conserved regions of LTR retrotrans-
posons of S. japonicum and ten anchored SSR primers ran-
domly selected from University of British Columbia (UBC)
primer set #9 (Table 2). Nine SSR primers (UBC803, 807,
824, 825, 833, 848, 853, 855, and 857) were anchored at the
3’ ends of the microsatellite repeats, while UBC 890 was an-
chored at the 5" end. In total, 50 different combinations of
LTR-SSR primers were screened using gDNA from five ran-
domly selected S. japonicum individuals, and ultimately only
eight sets of LTR~SSR primers that produced clear and repro-
ducible bands (Table 3) were selected for REMAP analysis.
No bands were shared with the IRAP and intersimple se-
quence repeat (ISSR) patterns revealed by our previous stud-
ies (data not shown) [7,27], indicating that all bands spanned

intervening domains between LTRs and microsatellites in
the genome. The PCR conditions were optimized for speci-
ficity and efficiency by varying the annealing temperatures
and magnesium concentrations. Eventually, PCR reactions
(25 WL in volume) were performed in 2.5 wL 10x Taq buffer,
0.2mM of dNTPs, 2.5 mM of MgCl, 2.5 uM of each primer,
1.5 units of Taq polymerase (TAKARA, Dalian, China), and
1 pL of genomic DNA in a thermocycler (Biometra, Goet-
tingen, Germany) under the following conditions: 5 min of
initial denaturation at 94°C, followed by 35 cycles of 94°C for
1 min, 47°C, 50°C or 52°C (see Table 3 for detail) for 30, 72°C
for 2 min, and 8 min at 72°C for final extension. Separation
of amplified fragments was accomplished on 6% denatur-
ing polyacrylamide gels (acrylamide-bisacrylamide (19:1), 1x

"TBE) at 90 V for 2.5 h [32, 35]. The gel was stained with

0.1% AgNOjs solution, and then photographed using a digital
camera. Sizes of amplification products were estimated using
DNA marker DL2000 (TAKARA). REMAP banding patterns
that were difficult to score and those primers that failed to
amplify consistently in all samples were excluded.

2.3 Data analysis

Following a visual examination of REMAP gel profiles, all
clearly detectable polymorphic and monomorphic bands
were digitalized into a binary data matrix as present “1” or

Table 3. Attributes of LTR-SSR primer combinations used for REMAP amplification and number of bands per combination

Primer name Combination Ta (°C) No. of bands scored No. of polymorphic bands
LTR-SSR-6 LTR6 + UBC825 47 29 24
LTR-SSR-7 LTR6 + UBC857 50 25 18
LTR-SSR-11 LTRY7 + UBC857 50 2 T
LTR-SSR-26 LTR15 + UBC825 52 18 15
LTR-SSR-30 LTR16 + UBC825 50 23 17
LTR-SSR-42 LTR6 + UBC855 47 23 19
LTR-SSR-44 LTR11 + UBC855 52 25 21
LTR-SSR-46 LTR13 + UBC855 52 25 19
Total 190 147
Mean 23.75 18.38

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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absent “0,” assuming that each band represents a single lo-
cus. Each primer combination was performed to amplify all
the samples in triplicate within 1 day or consecutively to ver-
ify reproducibility. Where the same fragments appeared in all
samples, these were referred to as monomorphic bands while
those which were different among the samples were referred
to as polymorphic bands [35). The binary matrix consisting
of all scores was processed for statistical analyses by using
program POPGENE (version 1.31) {36], including the calcula-
tion of percentage of polymorphic bands (PPB), the effective
number of alleles per locus (A.), and observed number of al-
leles per locus (A,). A clustering analysis and dendrogram of
all individuals were constructed using the Numerical Taxon-
omy Multivariate Analysis System (NTSYS-pc) version 2.10e
software package [37], in which the FIND module was used
to identify all trees that could result from different choices of
tied similarity of dissimilarity values, and the Nei and Li [38]
coefficient for measuring pairwise band similarities between
individuals was also calculated using the SIMQUAL mod-
ule. Finally, the phylogeny trees were comipiled using the
CONSEN module and bootstrap analyses (using 1000 repli-
cates) were carried out by PAUP* 4.0b10 [39] to assess the
robustness of the findings, with values above 50% reported.

3 Results and discussion

Of’50 REMAP primer combinations screened, eight displayed
significant polymorphisms among S. japonicum isolates from
China, Japan, and the Philippines, namely LTR-SSR-6, LTR-
SSR-7, LTR-SSR-11, LTR-SSR-26, LTR-SSR-30, LTR-SSR-42,
LTR-SSR-44, and LTR-SSR-46. The numbers of bands pro-
duced using each primer combination ranged from 18 to 29,
corresponding to an average of 23.75 bands per primer com-
bination, with product sizes ranging from 100 to 2000 bp
(Fig. 2). The primer combinations producing the highest and
lowest numbers of bands were LTR-SSR-6 (29 bands) and
LTR-SSR-26 (18 bands), respectively (Table 3). Of all bands,
77.37% (147 out of 190) were polymorphic among all the par-
asite isolates, that is, the PPB among all the S. japonicum
isolates from mainland China, Japan, and the Phillippines
was 77.37%, with a significant level of variability in average
effective numbers of alleles per locus (1.37). For isolates from
mainland China, the total PPB was 66.32%, being 18.42% for
the trematodes from SW China habitat and 53.68% for E
China habitat. The average effective numbers of alleles per
locus was 1.34, 1.15, and 1.30 for parasites in mainland China,
SW China, and E China habitats, respectively. The PPB for
a single population ranged from 2.63% to 41.05% with an
average of 12.16%. The average effective number of alleles
per locus was 1.10 (Table 4).

An unweighted pair-group method with arithmetic av-
erages (UPGMA) dendrogram was constructed based on the
binary matrix, and FIND module (part of the NTSYS package)
was used to identify all trees that could result from different
choices of tied similarity of dissimilarity values (Fig. 3). The
isolates grouped into three distinct clusters, namely main-

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 2. Representative denaturing acrylamide gel display-
ing sequence variation among Schistosoma japonicum sam-
ples revealed by the REMAP technique using the primer
LTR-SSR-42. Lanes 1-43 represent S. japonicum sam-
ples SJYEIIF50, SJYEIIM50, SJYEIIF52, SJYEIIM52, SISTM50,
SJSTM51, SISTMB3, SJSTME9, SJZJF57, SJZIM57, SIZJF58,
SJZJM5B8, SJAGF57, SUAGMS57, SJAGFSS, SJJYF23, SJJYM23,
SJJYF52, SJJYM52, SJJWF32, SJIUJWM11, SJJWF59, SJIWMSEY,
SJHCM22, SUHCM50, SUHCM51, SUIHCME2, SIHYF57, SUHYME7,
SJHYF59, SUHYMS5S, SJHLF55, SJHLMBS, SJHLF57, SJHLMS57,
SJHWF5B5, SJHWMS5S5, SJHWF58, SJHWM5S, SJLEYF7, SJ-
LEYM7, SJYYF4, and SJYYM11, respectively. Lane C represents
no-DNA control. M represents a DNA size marker 2000 (ordinate
values in bp). Refer to Table 1 for sample information.

land China, Japan, and the Philippines, with high (72% and
93%) bootstrap values. Within the mainland China custer,
SW China isolates (from Sichuan and Yunnan provinces)
grouped together. In the clade representing the E China habi-
tat, worms from the same regions clustered together in Zhe-
jiang (clade III), Hubei (clade VI), Anhui (clade V), Jiangxi
(clade VI), and Jiangsu (clade VII) provinces. However, S.
Jjaponicum isolates from three regions (Changsha city, Jun-
shan county, and Yueyanglou district) in Hunan province
were located in different clades. Parasites from Yueyanglou
district grouped in a solitary clade distinct from all worms
from the E China habitat. Owing to different geographi-
cal and ecological environments, previous studies indicated
that S. japonicum populations in southwestern (SW) China
were distinct from those within the lower Yangtze/Zhejiang
provinces in E China habitats {28, 40, 41]. Recent empirical
studies using mitochondrial markers {26], ISSR [27], SRAP
[31], and IRAP [7] have also demonstrated that there is a
close relationship between the population genetic structure
and geographical distribution of S. japonicum in mainland
China. The population lineages for this species can thus be
influenced by distribution and environmental factors, which
revealed a separation between these two regions {7,26,27,31].
Due to the underlying effect of environment and stress on
retrotransposon activities, retrotransposon distribution pat-
terns can show eco-geographical gradients [42]. Therefore,
these REMAP cluster patterns were consisted with previous
studies using other molecular markers [7,26-28,31,40,41].
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Table 4. Genetic variability within and among populations, in endemic provinces of Schistosoma japonicum in China, Japan (YY), and

the Philippines (PL) by REMAP analysis

Population No. of PB PPB (%) Ao Ae

Yunnan 12 6.32 1.06 +0.23 1.05 £0.21
Sichuan 5 2.63 1.02+0.16 1.02 +0.11
Zhejiang 21 11.05 111 +£031 1.08 4-0.23
Anhui 20 10.53 1.10 + 0.31 1.08 +£0.25
Jiangxi 34 17.89 1.18 £0.38 1.14 £ 0.31
Jiangsu 25 13.16 113 £0.34 1.09£0.25
Hunan 78 41.05 1.41 £ 0.49 1.29 £0.38
Hubei 21 11.05 1.11+£031 1.08 £0.24
YY 8 421 1.04 £0.20 1.04+0.20
PL 7 3.68 1.04 £0.19 1.04 £0.19
SW China? 35 18.42 1.18 £ 0.39 1.1540.38
E China®! 102 53.68 1.54 £ 0.50 1.30 +-0.35
Between SW China® and E China®! 126 66.32 1.66 = 0.47 1.34 4033
Among populations 147 71.37 1.77 £ 0.42 1.37+£0.32

PB, polymorphic bands; PPB, percentage of polymorphic bands; A,, number of alleles per locus; A,, effective number of alleles per

locus.
a) SW China includes Yunnan and Sichuan provinces.

b) E China includes the lower Yangtze provinces {Hubei, Hunan, Jiangxi, Anhui, and Jiangsu) and Zhejiang province.

Approximately 40% (159 of 397 Mb) of the S. japonicum
genome appears to be composed of, or derived from, repeti-
tive families/elements, while a total of 13 469 protein-coding
genes take up only 4% of the genome [43]. Transposable
elements and microsatellites account for 21.84% and 0.63%

of the genome, respectively. There are 29 different kinds of
retrotransposons (occupying 19.8% of the genome), which
contained 19 LTR retrotransposons (occupying 6.16% of
the genome) [43]. Because of the high abundance and the
greater nondirectionality of retrotransposon integration
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Figure 3. An unweighted pair-group method with arithmetic averages (UPGMA) dendrogram of genetic relationships among represen-
tative samples .of Schistosoma japonicum calculated on the basis of genetic similarity analysis by means of eight REMAP combination
primers. Clade I-VIll represents the S. japonicum samples from Yunnan (Eryuan, YEIl), Sichuan (Tianquan, ST), Zhejiang (Jiashan, ZJ),
Hubei {(Wuhan, HW), Anhui (Guichi, AG), Jiangxi {Yongxiu, JY), Jiangsu (Wuxi, JW), and Hunan provinces {Changsha, HC; Junshan, HY;
Yueyanglou district, HL), respectively. Bootstrap values (in %) above 50% from 1000 pseudo-replicates are shown. Bootstrap values lower
than 50 are not given. Refer to Table 1 for sample information.
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compared to that of point mutations, or to microsatellite
expansion and contraction, the REMAP technique has
come into focus recently and confers great advantages in
reconstructing pedigrees and phylogenies. REMAP uses
primer combinations that are shared by IRAP and ISSR.
Therefore, this technology could theoretically produce two
other kinds of products in REMAP reaction: fragments
amplified between two microsatellite loci, and between
retroelements (Fig. 1). However, this is rarely the case in
practice due to the genome structure and the competition
mechanism within the PCR reactions. Generally, sequences
in retrotransposons appear more conserved compared to
the relative distribution of SSR regions, and most inter-SSR
amplification would be suppressed [10, 44].

In the present study, the numbers of fingerprinting
bands detected by the REMAP primer combinations of LTR-
6, LTR-7, LTR-11 plus SSR primers were higher than in
our previous study using IRAP primers LTR-6, LTR-7, and
LTR-11 only [7]. We have therefore demonstrated that the
addition of SSR primers enables the amplification of DNA
regions that could not be covered by PCR methods using
IRAP and better reflected the activities of LTR retrotrans-
posons in the genome. Such a result was consistent with
those of previous studies using REMAP in barley and rice
[12, 16). Therefore, REMAP was shown to be an effective
molecular marker technique, showing great potential for
use in genome assessments for fingerprinting and diversity
studies.

4 Concluding remarks

The present study demonstrated that the REMAP marker sys-
tem provides a simple and useful electrophoretic technique
for studying genetic diversity and population genetic struc-
tures of S. japonicum from different endemic provinces in
China. The efficient identification of different S. juponicum
populations has important implications for effective preven-
tion and control of schistosomiasis, and the enhanced utility
of this technique over others might facilitate adaptation of
REMAP to a variety of research purposes in studying other
living organisms.
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Table 1. Anisakis type 1 larvae from hairtail fish
No. of fish No. of parasites
. Date of ; : -
Locality collection Infected Collected identified as Reference
/examined Af° Ap® As®
China Ningbo 22 Jul 2011 2/7. 6 6 0 0 this study
Taiwan Taichung 14 Oct 2008 6/7 110 93 15 2
Japan Nagasaki 3 Dec 2008 5/7 . 20 0 20 0 Umehara
Shizuoka 12 Jul 2010 7/7 33 1 0 32
Wakayama 18 Jul 2010 27 6 0 0 g chal.2000
Kochi 13 Jul 2010 177 ) 0 0 2

a' A typica b A. pegreffii

¢ i A. simplex sensu stricto
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cavitation in the both lungs.

Fig. 1 Chest computed tomography scan revealed multiple well defined solitary nodules with
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Fig. 2 Histopathological findings of a pulmonary

nodule with cavitation in the left upper lobe.
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