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Retrotransposons constitute the large fraction (~80%) of the wheat genome where numerous and
diverse retrotransposon families exist, where especially the long terminal repeat (LTR) retrotransposon
family is known to be predominant. Thus, they have been considered to contribute to the genome
expansion, sequence diversification and the genome structure alternation in the wheat genome. In addi-
tion, the insertion polymorphism of the LTR retrotransposon family among the cultivars has been
known to be quite useful for the genetic analysis such as the linkage mapping and the phylogenetic stud-
ies. Here, we report the characteristics of a novel active LTR retrotransposon family TriRe-1, which
belongs to the Tyl-copia group in the hexaploid wheat (Triticum aestivum L.) genome. This retroelement
appears to encode all proteins required for the transposition and showed high insertion polymorphism
among the hexaploid wheat cultivars, suggesting its potential of transpositional activity with at least
recent transposition during wheat evolution. We studied the chromosomal localization of the TriRe-1
insertion site based on the genome-wide comparative analysis using the nullisomic-tetrasomic lines of
the cultivar Chinese Spring. The results showed that although the majority of the TriRe-1 insertion sites
exist across the homoeologous chromosomes of A, B or D genomes, a higher number of insertions in the
B genome was detected compared to A or D genome, suggesting a specific amplification in the history
of B genome progenitors. In conclusion, a novel LTR retrotransposon TriRe-1 should be valuable for the
development of molecular markers based on insertion polymorphism among the cultivars, and also the
genome-specific TriRe-1 insertion site can be utilized to study evolutional history of wheat genomes.
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Introduction

Hexaploid bread wheat (2n=6x=42, AABBDD) is
one of the most important cereal crops in the world and
has a complex genome structure that derived from three
different diploid species in the genera T7iticum and
Aegilops® . Two successive allopolyploidization events
have led to the formation of this allohexaploid bread
wheat. The first event generated the allotetraploid 7.
turgidum ssp. durum Hosn. (2n=4x=28, AABB) and
occurred less than 0.5-0.6 MYA between the diploid
(2n=2x=14, AA) and an
unidentified diploid species of the Sitopsis section which

species, 1. wrartu L.
donated the B genome®. The second allopolyploidiza-
tion occurred 7,000-12,000 years ago, and this hybrid-
ization was between the early domesticated tetraploid
T. dicoccon Schrank and the diploid species Ae.
Tauchii (2n=2x=14, DD), resulting in hexaploid
wheat (2n=6x=42, AABBDD)?. The 21 pairs of
homologous chromosomes of bread wheat fall into seven
homoeologous groups, each group containing one pair of
homologous chromosomes from the A, B and D

21)

genomes, respectively””’. The homoeologous chromo-

somes, which are derived from the common ancestor,

share a high degree of gene synteny and DNA sequence
homology. Thus, the deleterious effects of nullisomic of
a single pair of homologous chromosomes can be
reduced or eliminated by making the tetrasomic condi-
tion of homoeologous chromosomes of one of the other
two genomes. The nullisomic-tetrasomic wheat lines (cv
Chinese Spring) were originally established by Sears et
al® . This material has been used successfully to iden-
tify the chromosome for genome specific genes*® 71219,

Retrotransposons are the mobile genetic elements
that amplify their copy numbers within the genomes™ .
They are divided into long terminal repeat (LTR) ret-
rotransposons and non-LTR retrotransposons (LINEs
and SINEs) . The LTR retrotransposons have a similar
structure to retrovirus, consisting of the LTR sequence
at both their ends and the coding domains in the inter-
nal region. They encode the Gag, proteinase (PR),
reverse transcriptase (RT)/RNaseH and integrase

proteins (INT)'™. They are subdivided into Tyl-copia

Received November 11, 2013
Graauate School of Environmental and Life Sciences,
Okayama University, 1-1-1 Tsushimanaka, Kitaku,
Okayama, Okayama 700-8502, Japan



22 Monden 1t 2

or Ty3-gypsy members based on the order of their
encoded proteins. Both are prevalent in the plant
genome. Their replication process includes reverse
transcription of RNA intermediates and the integration
of newly replicated copies, leading to substantial accu-
mulations of the copies in the genome' .

In the wheat genome, the repetitive sequences cover
the large fraction (~80%), wherein especially LTR
retrotransposon families are known to be predomi-
t1,6,9)

nan . Although there are a large number of LTR
retrotransposon families in the plant genome, most
retrotransposon families have already been inacti-
vated™ .

segment of a novel active retrotransposon 77iRe-1 in

Recently, we successfully cloned the DNA

the wheat genome. This family showed high insertion
polymorphism among the closely related cultivars that
have been developed in Japan, which suggested that this
family should have some transpositional activity or at
least recent transposition® .

With the development of high-throughput sequencing
technology such as Roche 454 and Illumina HiSeq 2000,
a large amount of sequencing data can be obtained in a
short time. Retrotransposons have numerous copies
(several hundreds or thousands) in the genome, which
require a large amount of sequencing data for the
genome-wide screening of their insertion sites. Thus,
high-throughput sequencing platform seemed to be a
suitable tool for screening these multiple retrotranspo-
son insertion sites®” . In fact, there are several reports
that have sequenced a large number of retrotransposon
insertion sites with a high-throughput sequencing plat-
form4,11,28) .

In this research, we revealed the molecular charac-
teristics of a novel active retrotransposon family
T7iRe-1 and identified their extensive insertion sites
using diterosomic and nullisomic-tetrasomic lines with
HiSeq2000 sequencing platform. Out of these insertion
sites, we focused on the insertion sites that were
detected in all lines except for a single diterosomic or
nullisomic-tetrasomic line to reveal their chromosomal
localization in the wheat genome. Our results showed
that 77:Re-1 has more genome specific insertions in the
B genome than in the A and D genomes, which indi-
cated that this family might have amplified their copy
numbers specifically in the B genome.

Materials and Methods

DNA samples
Young leaves were collected from the wheat cultivar
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Chinese Spring, Hokushin, 2 diterosomic lines and 35
nullisomic-tetrasomic lines among the possible 42 tetra-
nullisomic combinations. Genomic DNAs were extracted
with the DNeasy Plant mini kit (QIAGEN) according to
the manufacturer’s protocol.
Cloning of the entire region of TriRe-1

In the previous research, we detected one 77iRe-1
insertion site that was specific to Hokushin cultivar® .
We determined the sequence of this insertion site from
another wheat cultivar and designed the PCR primers to
clone the entire region of the T7:Re-1 inserted copy
(Fig. 1A). The PCR amplification was performed using
SB-RT90_650 primer and Hoku3 primer sets. We
excised this PCR product from 1.5% of agarose gel and
purified with QIAquick Gel Extraction kit (QIAGEN).
The purified product was cloned using TOPO® XL
Cloning Kit (Invitrogen). We tried to sequence the
entire insert of the TOPO XL clone by genome walking
but experienced difficulties. Therefore, we randomly
fragmented the excised PCR product with a nebulizer
(Invitrogen) and the fragments were sub-cloned by the
TOPO TA Cloning® Kit (Invitrogen). The overlapping
sequences of the randomly broken fragments were
assembled to form entire inserts. To confirm the
sequence accuracy of the entire insert, we sequenced
enough fragments that any base position of the assem-
bled insert was sequenced by at least three different
fragments. The sequence information of primes used
here was listed in Supplemental Table 1.
Characterization and annotation of TriRe-1

The characteristics of T7:Re-1 sequence was studied
for the cis-element by CARE (http://bioinformatics.
psb.ugent.be/webtools/plantcare/html), the ORF
region by ORF Finder (http://www.ncbi.nlm.nih.
gov/projects/gorf) and the conserved motif by the
Protein Blast (http://blast.ncbhi.nlm.nih.gov/Blast.
cgi?PAGE=Proteins) and HMMER (http://hmmer.
janelia.org/) .
Preparation of Illumina NGS sequencing libraries

Genomic DNAs were fragmented with nebulizer and
purified with QIAquick PCR Purification Kit
(QIAGEN) . The purified products were end-repaired,
modified to add 3'A overhangs, and ligated to the forked
adapters. The ligated products underwent primary
amplification using RNaseH 77iRe-1 primer and
LAM-AP2 HQ primer sets and secondary amplification
using the 77iRe-I_LTR_Down primer and LAM-AP3
The 5-8 bp barcode
sequences were added to the T7/Re-I_LTR_Down

HQ primer combinations.
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primer for wheat line identification. The PCR products
were size-selected (300-500bp) by gel electrophoresis
and purified with QIAquick Gel Extraction Kit
(QIAGEN) . Those PCR products were pooled into one
sequencing sample. This sequencing sample was quali-
fied by Bioanalyzer (Agilent Technologies, Inc., Santa
Clara, California, USA) . Paired-end sequencing reads
were generated on an Illumina HiSeq2000 platform.
The sequence information of adaptor and primer were
listed in Supplemental Table 1.
Data analysis

Sequencing data were handled on the analysis pipe-
line execution system of the Cell Innovation program at
the National Institute of Genetics (NIG), which is
named Maser (http://cell-innovation.nig.ac.jp/index_
en.html). Read pairs were filtered and assigned by
TriRe-1 sequence with 5-8bp barcode sequences of the
cultivar (Table 1 and Supplemental Table 2) . When one
read of a sequence pair was filtered for invalid 77/Re-1
or barcode sequence, the entire pair was discarded.
After the T7iRe-I sequence with 5-8bp barcode
sequences was deleted from the reads, we trimmed
these reads to the specific length with which over 99%
of sequences were included, and shorter reads than this
specific length were filtered out (Table 1). The result-
ing sequences were trimmed to 50 bp from the 77/Re-1
junction, and filtered with quality-value of all base calls
being equal or above 30 (Table 1). Subsequently, the
identical sequences over 10 reads were collapsed into a
single sequence in the fasta format with read counts
information, and less than 10 identical sequences were
discarded. Those sequences were used for the cluster-
ing analysis with blat based on the sequence similarity
(using the following parameters : —tileSize 8, -min-
Match 1, -minScore 10, -repMatch -1, -oneOff 2)'”.
Each cluster of sequences or non-clustered sequences
with more than 10 reads should represent an individual
insertion site where a copy of 77iRe-I inserted in at
least one or more cultivars. However, assigning the
insertion site into cultivars is likely to involve some
errors ; sequence errors of the index sequence may
allocate the read to an incorrect cultivar and the
sequence with small read number may be mistakenly
included in the large cluster by the blat analysis. These
erroneous assignments should result in a very small
number of the reads. For this reason, we set the criti-
cal value to judge the presence of the insertion for
T7iRe-1
insertion site is less than 0.01% of the entire reads for

: if the reads of a cultivar at the particular
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that cultivar, we presumed the retrotransposon was
absent at that site. The genotyping was conducted
based on the presence (1) or absence (0) of information
at each site over all insertion sites. The number of
sequence reads that were further assigned to each cul-
tivar is shown in Supplemental Table 2.
PCR confirmation of identified insertion sites

We designed the PCR primer based on the genomic
sequence of the wheat line-specific insertion site (Fig.
3A, Supplemental Table 1). The PCR amplification was
performed using the line-specific and 77/Re-1 primer
pair (Fig. 3A, 3B). We also designed the PCR primer
based on the junction sequence of T7iRe-I insert to
reveal whether there were any genomic rearrange-
ments or mutations existing around the 77:Re-1 insert
(Fig. 3A, 3B). The information regarding primer
sequences is listed in Supplemental Table 1.

Results

Molecular characterization of a novel retrotranspo-
son TriRe-1

In the previous research, we identified one 77:Re-1
insertion site which was specific to the Hokushin culti-
var® . From the long PCR amplification of this Hokushin
specific insertion site, the 5,432 bp PCR product was
obtained (Fig. 1A). We extracted and fragmented this
PCR product to reveal the T7iRe-I entire sequence. A
total of 32 DNA fragment sequences were obtained and
assembled to cover the T7iRe-I1 entire region (Fig.
1B). As a result, the length of 77/Re-1 entire region
was estimated to be 5,267bp including 116bp of 5’LTR
and 117bp of 3LTR sequences (Fig. 1A and 1B). Its
insertion site is flanked by a Sbp target site duplication
(TSD) (Fig. 1A). In the internal region, the primer
(PPT)
sequences were detected adjacent to 5L TR and 3’LTR

binding site (PBS) and polypurine tract

regions, respectively (Fig. 1C). The coding region was
consisted of 1,636 amino-acid sequences which con-
tained all proteins needed for transposition including
gag, protease, Integrase, reverse transcriptase and
RNaseH (Fig. 1C). This element was considered to be
a Tyl-copia family member because the motif
sequences of this element have extremely high similar-
ity with that of known Tyl-copia elements (CIRE1?,

Ttol*®, BARE-1'Y, Tutl®, TlcI?™, copia®, FaREI™,
Risp-1**Y) (Fig. 1C). The 8bp of PBS sequence
(TGGTATCA) was consistent with that of other ele-
ments (CIRE1, Ttol, Tnutl, Tlcl, FaREI and Rtsp-1),
assuming the reverse transcription of this element is also
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Fig. 1 Structure of the TriRe-1 element. (A) Long PCR using PCR primers (represented by arrows) designed at flanking regions of

TriRe-1. The electrophoresis was conducted on 1% agarose gel. The length of the long band is 5,432bp and that of the
short band is 170bp. (B) Determination of the entire sequence of TriRe-1. A total of 32 DNA fragments (represented by
arrow) were sequenced and connected to cover the entire region. (C) The whole structure of a TriRe-1 element and the
alignment of amino acid sequences with other well-characterized Tyl-copia elements in protein coding regions.

initialized with priming iMET tRNA with this PBS site.
Identification of TriRe-1 insertion siles with
HiSeq2000 sequencing

We constructed a sequencing library to identify
TriRe-1 insertion site extensively in the wheat cultivar
Chinese Spring, Hokushin, two diterosomic lines and 35
nullisomic-tetrasomic lines. PCR amplification was per-
formed using T7iRe-1 specific primer which contains
the 5-8bp barcode sequences for discriminating the
cultivar. These PCR products were pooled into a single

sequencing sample and sequenced with HiSeq2000
sequencing platform. After sequencing, a total of
155,488,208 of 10lbp paired reads were obtained ;
86.2% of which (134,024,377 paired reads) contained
the exact 77iRe-1 and barcode sequences, which indi-
cated that we could specifically amplify the DNA frag-
ments at the T7iRe-I insert site (Table 1). After
trimming and filtering based on the quality value of all
base calls being > 30 (Materials and Methods) , 47.3%
of them (73,554,167 paired reads) remained, which
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produced a total of 78,509 different sequences, each of
which has at least 10 reads (Table 1). We conducted
the clustering analysis using these 78,509 sequences
with the blat application (using the following parame-
ters : —tileSize 8, -minMatch 1, -minScore 10, -rep-
Match-1, -oneOff 2) based on the sequence similarity.
The clustering analysis resulted in a total of 5,797
TriRe-1 insertion sites (2,990 clusters and 2,807 non-
clustered single sequences) (Table 1). We analyzed
these insertion data to determine the presence (1) and
absence (0) of T7iRe-1 insertion at each insertion site
for all lines based on the criteria (Materials and
Methods) . We also created a matrix sheet to compare
the T7iRe-1 insertion sites among the lines. The result
showed that the average number of 77:Re-1 insertion
site per cultivar was estimated to be 476 (data not

Table 1 Summary of sequence reads in the data processing
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shown) .
The chromosomal localization analysis of TriRe-1
insertion site using the nullisomic-tetrasomic lines
The nullisomic-tetrasomic lines of bread wheat culti-
var Chinese Spring have been successfully used to local-
ize genome specific genes on particular chromosomes of
hexaploid wheat?*7!%1¥  This type of line is lacking a
pair of chromosomes that is replaced by an extra pair of
homoeologous chromosomes. In other words, these
lines are nullisomic (N) for one pair of the homoeolog
chromosomes, and tetrasomic (T) for one of the two
pairs of other homoeolog chromosomes. Thus, the
chromosomal localization of 7T7iRe-I insertion site could
be determined by comparing the insertion sites among
these nullisomic-tetrasomic lines. For example, a
TriRe-1 insertion site was observed in all lines except
in the line NT3B3D, which strongly indicates this inser-
tion site should be localized on chromosome 3B (Fig.
2A) . Among the 42 tetra-nullisomic combinations pos-
sible, 35 combinations were obtained and have been
tested. The nullisomic 2A
obtained. Overall 14, 46 and one 77/Re-1 insertion sites

and 4B lines were not

were considered to be localized specifically on the A, B
and D genomes, respectively (Fig. 2A). These inser-
tion sites of A and B genomes were distributed
throughout all seven chromosomes, and the number of
insertions per homoeologous chromosome ranged from
two on chromosome 3 to 17 on chromosome 6 (Fig.
2B). Out of these 61 insertion sites, we randomly
selected 14 insertion sites to confirm them by PCR-

7 17
16 |
T 11
19 B C genome
i OB genome
- BH A genome
T 3 3
: % Q
T T % T T % T 1
1 2 3 4 5 6 7

T
Chr.

Fig. 2 The number of TriRe-1 insertion sites identified in the data analysis. (A) Showing the number of TriRe-1 insertion sites in
each genome. The B genome has a higher number of TriRe-1 insertion sites. (B) Showing the number of TriRe-1 insertion

sites in each chromosome.
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PCR verification of the TriRe-1 insertion site identified in nullisomic-tetrasomic lines. (A) The scheme of the PCR analysis.

At the 1°t PCR reaction, we used TriRe-1 specific (gray arrow) and insertion site specific (black arrow) primer sets. Next,
we used insertion site specific primer (black arrows) sets to investigate whether there are any other genomic rearrangements
at the TriRe-1 insert site or not. (B) The image of agarose gel electrophoresis. The upper gel showed all lines except for
NT7A7B/D amplified the DNA fragments at the 1°* PCR reaction. Also, Chinese Spring and NT7A7B/D showed the same
DNA fragment at the 2 PCR reaction. These results indicated that a TriRe-1 insert should be located at 7A chromosome. In
contrast, the lower gel showed that although Chinese Spring showed the DNA fragment, NT1B1A/D didn’t amplify the DNA
fragment at the 2" PCR reaction. This result indicated that there might be some genomic rearrangement (gray dotted box) at
the TriRe-1 insert region in this line. In this case, we couldn’t determine whether a TriRe-1 insert was located at 1B chro-

mosome or not.

based analysis ; the first PCR reaction was performed to
validate the existence of a T7:Re-1 insertion by design-
ing the PCR primers at the 77iRe-1 specific and the
insertion site specific sequences (Fig. 3A,
Supplemental Fig. 1A, Table 2), and the second PCR
reaction was performed to investigate whether there are
any other genomic rearrangement/mutation except for
a T7iRe-1 insertion at the insert site in the target line
(Fig. 3A, Supplemental Fig. 1B). These approaches
led to the conclusion that 85.7% of these insertions
(12/14) were confirmed and located to be specifically in
each chromosome (Fig. 3B, Supplemental Fig. 1B,
Table 2). We determined the chromosomal localization
of seven, four and one 77/Re-1 insertion sites that were
specific in the A, B and D genomes, respectively. By
contrast, at the remaining two (1B and 6B) insertion
sites, other genomic rearrangement such as insertion/
deletion or nucleotide substitution might exist, because

we couldn't amplify the DNA fragment using insert site
specific primer at the 2 PCR reaction (Fig. 3B,
Supplemental Fig. 1B, Table 2). In this case, we
couldn’t determine the localization of a 777Re-1. Since
the total number of the 77/Re-1 insertion site was
estimated to be 476 on average in the wheat genome,
most insertion sites should exist across the homoeolo-
gous chromosomes. Thus, the majority of 77iRe-1
insertion sites should have existed in the common
ancestors. Also, after the divergence from the common
ancestors, they might have amplified their copy number
specifically in a diploid progenitor of the B genome.

Discussion

In this research, we revealed the characteristics of a
novel active LTR retrotransposon family 777Re-1 in the
wheat genome, and extensively identified their insertion

sites using the nullisomic-tetrasomic lines with
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Table 2 Summary of the PCR analysis for investigating the chromosomal location of insertion site

Putative chromosomal location

1AS 1AL 1B* 2B 3A 3B 4A 5A 5B 6A 6B* 6D TA 7B

Chr. Line/cultivar Cluster name

pattern pattern pattern pattern pattern pattern pattern pattern pattern pattern pattern pattern pattern pattern

345 400 578 408 101 52 369 98 449 149 311 129 267 562
DTIAS = + + + + + + + + + + + + +
DTIAL + = + + + + + + + + + + + +
NTIAID = = + + + + + + + + + - + +
1 NTIB1A + + - + + + + + + + + + + +
NT1B1D + + - + + + + + + + + + + +
NTIDIA + + + + + + + + + + + + + +
NTIDIB + + + + + + + + + + + + +
NT2B2A + + + — + + + + + + + + + +
NT2B2D + + + - + + + + + + + + + +
’ NT2D2A + + + + + + + + + + + + + +
NT2D2B + + + + + + + + + + + + +
NT3A3B + + + + —+ + + + + + + 4 +
NT3A3D + + + + + + + + + + + +
NT3B3A + + + + + - + + + + + + + +
’ NT3B3D + + + + + - + + + + + + + +
NT3D3A + + + + + + + + + + + + n
NT3D3B + + + + + + + + + + + + +
NT4A4B + + + — + + + +
4 NT4A4D + + + + + + = + + + + + + +
NT4D4B + T
NT5A5B + + + + + + + + + + + +
NT5A5D + + + + + + + + + + + +
NT5B5A + + + + -+ + + + — + + + + +
’ NT5B5D + + + + + + + + - + + + + +
NT5D5A + + + + + + + + + + + + + +
NT5D5B + + + + + + + + + + + + +
NT6A6B + + + + + + + + + + + +
NT6A6D + + + + + + + + + = + + + +
6 NT6B6A + + + + + + + + + — + + +
NT6D6A + + + + + + + + + + +
NT6D6B + + + + + + + + + + = + +
NT7A7B + + + + + + + + + + + + =
NT7A7D + + + + + + + + + + + + - +
NT7B7A + + + + + + + + + + + + + —
! NT7B7D + + + + + + + + + + + + + —
NT7D7A + + + + + + + + + + + + +
NT7D7B + + + + + + + + + + + + +
- Chinese Spring + + + + + + + + + + + + +

*These insertion sites should have other genomic rearrangements, apart from 77/Re-I insertion.
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HiSeq 2000 sequencing platform. We conducted a com-
parative analysis of these insertion sites among nulli-
somic-tetrasomic lines to reveal their chromosomal
location. Our results showed that although the majority
of TriRe-I insertion sites were found across the homoe-
ologous chromosomes, the B genome has a higher
number of 77/Re-I1 genome specific insertion site than
A and D genomes.

To date, there are several reports that have investi-
gated the copy number of a retrotransposon family in A,
B and D genomes using nullisomic-tetrasomic lines'?,
the wild putative progenitors (Aegilops speltoides Taush
(diploid, genome B), Ae. Tauschii Cross (diploid,
genome D), Ae. Sharonensis Eig (diploid, genome S)
and 7. urartu L. (diploid, genome A)), and the culti-
vated species (7. monococcum L. (diploid, genome
A), T. dicoccon Schrank (tetraploid, genome AB), and
T. spelta L. (hexaploid, genome ABD))'”. For exam-
ple, Pagnotta et al.'” suggested that a Tyl-copia
member namely, WIS2-1A retroelement has more
insertion sites in the B genome than the A and D

1.2 reported that a Ty3-gvpsy

genomes. Konovalov et a
member namely, Jeli retroelement is predominantly
abundant in the A genome compared to B and D
genomes, in contrast, a Tyl-copia member namely,
BARE-I has similar copy numbers in the A and B
genomes with a reduced number in the D genome. In
our case, a 17iRe-1 retroelement has a higher copy
number in the B genome compared to A and D
genomes. Considering these results, different LTR
retrotransposon families probably proliferated and dis-
tributed at different rates and in the different genomes
due to an independent evolution of each LTR ret-
rotransposon family. These proliferations of specific
LTR retrotransposon families in the specific genome
might contribute to the genome expansion, sequence
divergence and the genome size variation in the wheat
genome.

Retrotranposon based molecular markers, namely,
sequence-specific amplification polymorphism (SSAP),
retrotransposon microsatellite amplification polymor-
phism (REMAP), and inter-retrotransposon amplifica-
tion polymorphism (IRAP) have been developed in
many crop species for the linkage analysis, cultivar or
species identification and the phylogenetic studies®'” .
The T7iRe-1 retroelement has also the potential to be a
quite useful source as a novel molecular marker because
of its recent activity and the associated insertion site
polymorphism among the wheat cultivars. Moreover,
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the genome specific T7:Re-1 insertion site identified in
this study should be useful to study evolutional history
of wheat genomes.
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I AFRBBEREREZHOZZHBIEENL Fa b5 Y ARV ¥ TriRe-1
D5y Y- BB E T

MH A - &I - HE
(SRR E 2 — 2)

%{I:

Lha I Y ARYVIIHEW T ) AOFEELEREZETH Y, TLFT7 /2B TIEZFD0% % HO A, FFIC
LTR BlL b0 b Y ARV Y OEEGDEL, 7/ AOWKR, BIIOEHEL LU0 AEEEREIIRKECFS L
TERLEEZLNTVD, INHEFIEHGO I Y- B LIRS 2720, 7/ 2hI238E, BTicksa
Y—Hiy % b2, 72, 7/ AHELOBRICBWTEZED 773V — %2R L&, ZNHEHDT73I)—D)
L, BETOHEBEEZ R IEER 7 7 3 — 1, B TREWIFAZHZRT I LML TVWE, 20X
) I ALRNS, HEHENT B & USRI S SR ISR T RECH 5 . RIFZETlE, T2 FI2BU 2 FHHEE
BMLba by ARY Y77 3 — TriRe-1 OFEUE FEMIIENT L7z, TriRe-1 (38T R Y V8 HE a—
F32AHES % b5, FLRHRTER SN2 L4 FEBFEMERICBWTHBHWIRALT AR L2720, HAETHR
BiET2ELTwS, b LRI REE TEE L TOWATREDI S WEZ LA 5N, —T, 24X ERIER
¥ (FUVIv T IV Iy Rk R, TriRe-1 O AT & BRI L7, Z OG5, Kool A&
IEHMORMAREERICEET L EE 2 OND, BF/ AICBWTRLE  OBRWRGAERARE S ko
T, BZ7 /7 2HEHIZ B THSSICHENE L C & 22 BEMEAVRIE S 7z, RO RICE Y, FREERL fo b T >
BV Y TriRe-1 OFIERIF AL T ZFIFH L7 DNA ~—#—, F72, %7 /4 (A, B, D7/ A) R IE
AEHT M L7277 2k EIL: DNA ~— 3 — OO R S5,
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