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Abstract

We have cloned an internal fragment of the putative transposase gene of MLE in the silkworm, Bombyx mori, using

PCR method with degenerative oligonucleotide primers designed to represent regions of amino acids encoding transpo-
sase. The resulting PCR clone, designed as BmoMAR, cords a partial ORF(152 a.a.) of MLE in which interrupted
by five stop codons, and the sequence of its deduced amino acids showed 37% homology with Mos1, an active ma-
riner, from Drosophila mauritiana. Furthermore, the BmoMAR exhibits nucleotide and amino acid homology with 59 %
and 37% from Apis mellifera and D. mauritiana 7.9 clone, respectively. This result strongly suggests that a MLE is

present in the genome of B. mori.

Key words . Bombyx mori. Mariner-like element(MLE), degenerative oligonucleotide primers

Introduction

Transposable elements appear to be a common cons-
tituent of the eukaryotic genome’?. In Drosophila seve-
ral types of transposable element were identified well®.
Among them, mariner element, 1.3 kbp, is a typical
DNA intermediate transposon which include inverted
27-31bp terminal repeats and a single ORF(open rea-
ding frame) encoding a transposase”. According to the
well-studied Drosophila P element®, inverted terminal
repeats serve as recognition site for the transposase and
host proteins®. It is interesting considering the evolutio-
nal origin of mariner that mariner-like elements have
been found in pyathelminth”, a nematode”, a centipede®
and a mite”, as well as throughout the class insecta®®.

! Corresponding author

Silkworm has been known as a commercially impor-
tant insect as well as a honeybee. Advancing molecular
biological methods of make it possible to understand in-
sect physiology of silkworm, fruit fly and mosquito un-
der molecular level. In particular, the technique of direct
DNA-mediated transformation provides molecular bree-
ding, and it helps to understand molecular physiology of
insects. Although several attempts to transform silk-
worm have been reported'®'?, it has been not satisfied
results to get a genetically transformed silkworm. Be-
cause there is no suitable vector for foreign DNA to int-
roduce into silkworm’s genome and to express as an
exogenous protein. However, recently it is demonstrated
that the mariner transposable element is capable of inte-

12,13)

rplasmid transposition in the yellow fever mosquito’*'®,

Korean ]. Life Science, Vol. 8. No.3(1998, 6) / 285



Jin-Sung Lee, Jae-Sam Hwang, Yong-Sung Kim, Dong-Sang Suh and O-Yu Kwon

and we suggest that MLE isolated from silkworm could
be utilized to genetically transform the Bombyx mori as
well as an useful universal vector for insect transforma-
tion, because of its broad taxanomic distribution and
high homology in the insect species.

In this paper, we have examined the presence of ma-
riner-like element in the genome of silkworm, B. mor,
Using PCR technique, mariner-like element was ampli-
fied and determined its nucleotide sequence.

Materials and Methods

Genomic DNA Extraction

Genomic DNA was purified from the posterial silk
grand of Bombyx mori, Bombyx mandarina, Antheraea ya-
mamai and Antheraea periny, respectively. About 0.5 g
of posterior silk gland was dissected from the larvae on
4th day of the final instar and washed with 1XSSC.
The frozen silk gland in the nitroliquid was homogenized
in a buffer of 50 mM Tris-HCI(pH 8.0), 100 mM
NaCl, 10 mM EDTA, 1% SDS, 150 ug/ml proteinase
K and incubated at 50C for 30 min. After extraction
with phenol three times and two times of phenol/chlo-
roform(1 : 1), the supernatant was precipitated with
absolute cold EtOH. The purified DNA pellet was disso-
lved in TE buffer [10 mM Tris-HCI(pH 8.0), and 1
mM EDTA] containing RNase(10 ug/ml).

PCR conditions

On the basis of nucleotide sequences of mariner of
Drosophila mauritiana and Hyalophora cecropta. one pair
of degenerative primers(MAR124F ; 5’-tgggtncencayga-
ryt-3’, MAR275R ; 5’-attaaaagctgrtattcatc-3") were de-
signed from the two conserved regions of amino acid
sequence(WVPHEL and YSPDLAP) of transposase using
a Applied Biosystems DNA Synthesizer(Medel 381A).
PCR was performed on a Perkin-Elmer Cetus instrument.
Standard PCR conditions consist of 35 cycles of denatu-
ration at 96C for 1 min, and extension at 72C for 1
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min. Initial denaturation before PCR cycles proceeded at
96C for 3 min, and then Tag DNA polymease(0.25
unit) was added. For each PCR, each of 40 ng of geno-
mic DNA from four silkmoths was used in a 20 ul rea-
ction volume. The PCR products were analyzed by aga-

rose gel electrophoresis.

Cloning and sequencing

The PCR products were separated on 1% SeaPlaque
agarose gel, and bands of the expected size were recove-
red using Gene Clean 1I kit(Bio 101, USA). The eluted
fragments were directly ligated with pGemT vector(Pro-
mega, USA) and transformed into E. coli JM 109. This
purified PCR clone was redissolved in the 30 ul of DW
to give a concentration of 30-50 ng/ul. Fluorescent cy-
cle sequencing was performed with 300-500 ng of this
double stranded DNA in 20 ul sequencing reaction mix.

Sequence Data Analysis

Arrangement of sequences obtained from cloned
DNAs were performed with the aid of a BLAST program
with confirmation using Clustal W program'®. Another
program of DNASIS(Hitachi Software Engineering) was
used for the sequence-conversion of nucleotide acid to
amino acid. The translations were again aligned using
Clustal W program with final manual adjustment.

Resuits

From four silkmoths, mariner-like element(MLE) was
examined by PCR using degenerate primers. Figure la
shows that a common intense fragment of about 0.5 kb
was produced from Bombux mori, Bombyx mandaring,
Antheraea yamamai and Antheraea periny, respectively. The
sizes of amplified DNA were well corresponded to those
so far reported MLE in other insects, and it is suggested
that the amplified DNAs in this study originated from
MLE of four silkmoths.
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Fig. 1. PCR product amplified by degenerative primers
from 4 silkmoths(A), and cloning of PCR pro-
duct from Bombyx mori(B), On panel(A), (1)
Bombyx mori 3 (2) Bombyx mandarina s (3)
Anthera yammai and (4) Anthera perymi, respecti-
vely, On panel(A) . (1) cloned PCR product, On
both panels(A, B), M s Molecular marker of */Hin-

dIlL

To verify that those amplified DNA fragments were
originated from transposase-encoding region of MLE, we
examined the amplified DNA from B. mori and cloned.
Several clones were tested for having amplified DNA.
Figure 1b shows a recombinant DNA, named as Bmo-
MAR, it was digested with EcoRI restriction endonuc-
lease of multicloning site of pGemEasyT vector. The nu-
cleotide sequences were determined from four clones of
BmoMAR to exclude intrinsic error or mis-incorporation
by Taq DNA polymerase itself. Figure 2 shows the nuc-
leotide sequences and deduced amino acid sequences
derived from four individual clones. A BmoMAR has
473 bp and 152 amino acid in length. But the amino
acid sequence has five stop codons which is present at
nucleotide position of 321(TGA), 327(TAA), 415
(TAA). 425(TGA) and 464(TGA), respectively.

The BmoMAR sequences were compared with these
to Mos 1 element(DmMos 1) of Drosophila mauritiana
(GeneBank accession no. X89923) (Figure 3a, 3b). The
matching percentages were 53% at nucleotide level and
positively 47% at amino acid level, respectively. Further
comparison was performed with MLE families of eight

TGGGTCCCACACGAGCTCACTGAAAGAGAGCTAATGAACCATGTACTCATTTGTGATTT
WV PHETLTERETLMNHEHYVLTICD
'ITTATTACGGCGTAATGAMCCGAACCATTI‘TTGMGMGCI‘GATAGCI‘GGTGATGAAA
FLLRPRNETETPTFLIEKTE KTLTIAGTD

AGTGGACCACGTACGACAAGAACGTGCGMAAAGGTGGCGGTCAMGGCCGGTCAGGCT
K®WTTYDIKNVREKRWERSIEKAGG QA
TCACAGACTGGCGAATCCCGGGTTAACI'CGCAACGAAGTGATGCTGTATGTGTAGTGGG
S @ TGESRVYVNSQRSTDAVTC v
ATGGGAAGGACATTATTCATTATTGAGC'ITITACCACCAGGCAGGCCTATCGAI'I‘CTGA
WEGHYSILLSFVYHQAGLT STIIL
ACTCTGCTGCGAACAACTGGTGAGATTAAAGCAAGAAGTCGMATI‘AATCMCAGAAGG
N S A ANNW =D =S KKSZKTLTINT RT
GGTGTGETTTTTCATCACGATGACGCTAGACCTCACACATCTTTAGCCACTCAGTAAAA
G VVFHHDDARPHTSLATA Q=
ATTATGAGAGCTTGACTGGGATGTGTTAATGCATCCGCCETATTGACCCEACCTCGCCC
KL s ELDWDVLMHPPY *PDLA

Fig. 2. Nucleotide and deduced amino acid sequences of
the BmoMAR. The upper line represents the nu-
cleotide sequence of BmoMAR and the lower
line represents its translated amino acid seque-
nce, respectively. Five asterisks in the amino

acid sequence indicate stop codons.

different insect species so far reported on the nucleotide
and amino acid sequence : Hyalophora cecropia{Gene-
Bank accession no. 1.10443), Haematobia irvitans(Gene-
Bank accession no. L10473), Oncopeltus fasciatus(Gene-
Bank accession no. L10490), Drospphila mauritiana(Ge-
neBank accession no. X78906), Cerotoma trifuricata(Ge-
neBank accession no. 1.10455)), Chrysops vittatus(Gene-
Bank accession no. L10499), Apis mellifera{GeneBank
accession no. L10433).

From overall pairwise-comparison except for Bmo-
MAR, the matching percentages ranged from 41% to 73
% on the nucleotide level and from 14% to 65% on
the amino acid level(Table 1), whereas the matching
percentages of BmoMAR to each of MLE ranged from
43% to 59% and from 18% to 37%. This result indi-
cates that the matching percentages of BmoMAR fall
under the category of overall percentage. In particular,
the highest homology with BmoMAR appeared from
MLE of Apis mellifera at nucleotide level and MLE from
Drosophila mauritiana 7.9 clone at amino acid level, res-

pectively.
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(1)

DmMos1 GTTTCCAATCGCTTGCGAGAGATGGGAAAGATTCAGAAGGTCGGTAGATGGGTGCCACAT
BmMAR TGGGTCCCACAC
EXXEE KXTXX
DmMos1 GAGTTGAACGAGAGGCAGATGGAGAGGCGCAAAAACACATGCGAAATTTTGCTTTCACGA
BmnMAR GAGCTCACTGAAAGAGAGCTAATGAACCATGTACTCATTTGTGATTTTTTATTACGGCGT
11T R TEET] 2%
DmMos1 TACAAAAGGAAGTCGTTTTTGCATCGTATCGT TACTGGAGATGAAAAATGGATCTTTTTT
BmMAR AATGAAACCGAACCATTTTTGAAGAAGCTGATAGCTGGTGATGAAAAGTGGACCACGTAC
3T X X EXXEXX X X X XXEE SXXEXEREX BRKE X %
DmMosi GTTAATCCTAAACGTAAAAAGTCATACGTTGATCCTGGACAACCGGCCACATCGACTGCT
BmMAR GACAAGAACGTGCGAAAAAGGTGGCGGTCAAAGGCCGGTCA———GGCTTCACAGACTGGC
X3 EXXX KX £ X x¥ %% 23x% XXX
DmMos1 CGA-—-CCGAATCGCTTTGGCAAGAAGACGATGCTCTGTGTTTGGTGGGATCAGAGCGGTG
BmMAR GAATCCCGGGTTAACTCG- CAACGAAGTGATGCTGTATGTGTAGTGGGATGGGAAGGACA
® XXX % £ X EEX KEXXELT X XX EXXREXK
DmMos1 TCATTTACTAT-GAGCTCTTGAAACCCGGCGAAACGGTGAATACGGCACGCTACCAACAA
BmMAR TTATTCATTATTGAGCTTTTACCACCAGGCAGGCCTATCGATTCTGAACTCTGCTGCGAA
I EEITEIIITE? 2T XX £z X T X% X& X 't
DmMos1 CAATTGATCAATTTGAACCGTGCGCTTCAGAGAAAACGACCGGAATATCAAAAAAGACAA
BmMAR CAACTGGTGAGATTAAAGCAAGAAGTCGAAATTAATCAAC-——————~—- AAGG——-
£X% %X % X XX XX X X X %X X %2 X %X x £3%
DmMos1 CACAGGGTCATTTTTCTCCATGACAACGCTCCATCACATACGGCAAGAGCGGTTCGCGAC
BmMAR ——-GGTGTGGTTTTTCATCACGATGACGCTAGACCTCACACATCTTTAGCCACTCAGTAA
£ XX XEXXXE XL T EXEEX $ %Xz %X XX '3
DmMos1 ACGTTGGAAACACTCAATTGGGAAGTGCTTCCGCATGCGGCTTACTCACCAGACCTGGCC
BrMAR AAATTATGAGAGCTTGACTGGGATGTGTTAATGCATCCGCCGTATTGACCCGACCTCGCC
x X% % XX X IXAXBE EXX X EETX XX X XX X XXX KTEEX ¥R
gmMosl SSATCCGATTACCACCTATTCGCTTCGATGGGACACGCACTCGCTGAGCAGCGCTTCGAT
£z
(B)
D 1 WVPHELNERQMERRKNTCEILLSRYKRKSFLHRIVTGDEKWIFFVNPKRKKSYVDPGQPA
Bﬁﬁgﬁ WVPHELTERELMNHVLICDFLLRRNETEPFLKKLIAGDEKWTTYDKNVRKRWRSKAGQ-A
ERXXEILEBH+  + £+ X % X +++++EETRT £z4 £z x
DmMos1 TSTARXRIALARR-RCSVFGGIRAVSFTXELLKPGETVNTARYQQQLINLNRALQRKRPE
BmMAR SQTCESRVNSQRSDAVCVVGWEGHYSLLSFYHQAGLSILNSAANNWDSKKSKLINR-RG—
x +x % + % 4+ 4+ + +Hx 3
DmMos1 YQKRQHRVIFLHDNAPSHTARAVRDTLETLNWEVLPHAAYSPDLA(164 aa
BEMRE ——————— VVFHHDDARPHTSLATQK--LELDWDVLMHPPY- PDLA2152 aa;
:+x X £ X%+ X + ¥ X4ET X X TEXX

Fig. 3. Comparison of the nucleotide sequence(A) and deduced amino acid(B) of BmoMAR with those of D. mauri-
tiana’s Mos1. Nucleotide sequence of D. mauritiana’s Mosl1 is shown on upper line and its BmoMAR is on
the lower line. Deleted regions are represented by hyphens in the both sequences(A, B). In(B), Identical and
similar amino acid residues are indicated by asterisks and hyphens below, respectively.
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Table 1. Identify of mariner sequences of nucleotide and amino acid among nine species. Abbreviations are defined

in the Fig. 4. Figures in the upper part of the table are the number of DNA identifies, and those in the

lower part are amino acid identifies.

Cut Ctr Fau Hece Ame Hir Ofa Dma Bmo Cvi
Cv 31 26 36 37 21 41 32 19
Ctr 43 25 29 22 14 28 28 18
Fa 52 46 25 24 63 26 28 19
H 46 42 47 65 23 55 35 21
A 53 44 49 48 19 57 38 19
H 46 73 44 44 46 17 19 18
of 64 46 48 47 54 46 41 20
D 62 41 52 48 51 43 70 37
B 46 44 45 44 59 42 50 48
Discussion the active Mos 1 element of D. mauritiana. Translation

Mariner-like elements(MLE) were found in many

8,9,15,16) 8,9,17)

other insects as well as in other organisms ,
and were suggested to have spread horizontally in the
genetic pool. On given our data, it was predicted that
the genome of Bombyx genus might contain a MLE ana-
log. With this in mind, the present study is to examine
the presence of mariner in the genome of silkworm, B.
mori. Our PCR result showed that the degenerative pri-
mers were bound to specific target template from four
silkworm, and products amplified were very similar to
those of them. It indicates that the conserved region of
MLE transposase should be shared in the genome of
four silkmoths, and the nucleotide sequence of Bmo-
MAR derived from B. mori is shared with high homo-
logy with other insect’s. Based on this result, this report
is the first direct evidence that MLEs are commonly dis-
persed in genome of silkworms.

Lidholm'® identified a mariner element which is inse-
rted in an intron of the of the cecropin A gene of H.
cecropia. The genome of this moth contains at least 1,

000 copies of mariner. Its sequence is 48% identical to

of its putative transposase gene required introduction of
several deletions, which make frameshifts and make
stop codons when it was aligned with that of the Mos
1 element. Sequences of BmoMAR show also similar re-
sults of Lidholm’s*® report that repeat stop codons pre-
sent in the putative transposase in Hyalophora cecropia.
This is suggested that BmoMAR is inactivated by inser-
tion or deletion of its transposase. Interestingly, most re-
ported mariner-like elements possessed also an ORF ina-
ctivated by insertion or deletion in their genomes. Ho-
wever, recently it is known that a selenoprotein has
UGA codon in the ORF which conventionally only ser-
ves as a terminal signal, actually the protein translated
is using UGA codon for the selenocysteine not for the
stop codon'®. From those information, we suggest that
BmoMAR is a kind of pseudogene or a selenoprotein,
which is one of the mariner-like elements present in B.
mor.

The widespread but apparently sporadic distribution
of MLE suggests that it might be developed as result of
genetic transformation and manipulation system for

non-Drosophilar insects and other insects®. The Mos 1
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Deer.fly.9
Bean, leaf .
Ear wig.b.
H.cecropia
honey . bee
Horn. f1y.
Milkwee
D. mauritia

Bmol

Deer.fly.9
Bean. leaf.

Ear.wig. 5.

H. cecropia
honey , bee,

Horn: f1y.
Milkwee
D. aurltla
BmoMAR

Deer.fly.9
Bean, Jeaf .
Ear.wig.b.
H. cecropia
honey, bee
Horn. fly.
Milkwee

D. maurltla
BmoMAR

Deer. fly.9
Bean. leaf.
Ear.wig.

H. cecropia
honey . bee
Horn. fly.
Milkwee
D.mauritia
BmoMAR

Deer.fly.9
Bean. leaf.
Ear.wig. 5.
H. cecropia
honey . bee,
Horn. fly.
Milkwee
D. mauritia
BmoMAR

Deer.fly.9
Bean. Jeaf.
Ear. wig.b5.
H. cecropia
honey . bee

Horn.

Milkweed.b
D. mauritia
MAR

Bmo

Fig. 4. Alignment of the nucleotide(A) and deduced amino acid(B) sequences of BmoMAR with those of other inse-
cts. Origins * Ear. wig. 5 is from Forticular auricularia, H. cecropia is from Hyalophora cecropta, Horm. fly. 3
is from Haematobia irritans, Milkweed. b is Oncopeltus fasciatus, D. mauritiana is from Drosophila mauritiana,
Bean. leaf is from Cerotoma vittatus, Deer fly. O is from Chrysops vittatus, Honey bee is from Apis mellifera
and BmoMAR is from Bombyx mori. Genebank accession numbers for those sequences are L10473, 110443,
L10463, 1.10490, X78906, L10455, L10499, L.10433, orderly. In the both sequences, deleted regions are
represented by hyphens and asterisks below with gray regions represent the conserved nucleotides and amino

acids, respectively.
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CTTCAGAGGAG

——————————————— TAAGCCGAGAGACG—-TTGAAAGAPGAT——-AiéICACTAGTGAA
CAAAAAPGAATTGA .

——————————————— CACAGTCGA
TAA

G
——————————————— CACATTTGACCGAAA——ACTACAAFG G‘TGATGATTC"r1
GGACG AAC GACAG CGAA
GAACGAG ACAGATGGAGAGGﬁGCA———AAAACACAFCCEAA
TGGGTCCCACACGAGCTCACTGAAAGAGAGCTAATGAACCATGT—-—ACTCA11

CGAAGTCAA
"AGTG%ATCGAACTTGCAAACAFGCG" ————— TGAT

AGAAAATCGTCTTC

)—{.“

CTGTA

AACGCAANGCAT---TAACAG

bLbAT

uu

ATGGAAAAACGAA-——AAACT

TGAT
—————— CCTCCAAAGACAAAAACGAAAGG—-—————GTTﬁ TTGCATCGGATTGT
TGTTTGGCGGTCTTAA CAATAAAATCGAAT —~———————— TCTATCGTCGATATGT
CACCTTGCG~CGC CATCGAGCAACACGCGGAAATAAACALLbL1 TTTGTACCGAATCAT
‘TACTT——--TCCTCAACCAA ACAA G ———————— GGATTTTAATCGAACCA
TTGCT == AAAGAAACGTAGTG TC - T ACGACTGAT
‘GTTTTCAG TGC AACTCGTAATACACCCCAGT—— TTCCGTCGATATGY
ATGCT -~~~ CTTTTACGCCACAAAAGAAAGG-~ 1 bCATCEAGTTGT
ATTTP———=~~ GCTTTCACGATACAAAAGGAAGT —~—---—— TTGCATCGTATCG
TTTTT —————— AT?ACGGCGTAATGAAACCGAAC ——————— C T bAAGAAGCTGAT
ACGACAACCCGAAGCAAAAAAG ———————

CAFTGGTGATPAAAAATFPATTCAC
CAATGAATGAAACA TGGCTTCAC

ATTACACACCAGAA CCAAAAGACAGTCAACTGA

A
CAPGGGGGATP GARATRETGCCTG
TACCTGTGATAATAAGTARATACTGT
AACTGGCGA 3

ACGTCAATATGAAACATAGAAAGGAGT

ACGATAATCGGAAGCGCTCGTCGCAAC ———————

TTCAGAATCCCA

; CTT
AGCTGGTGQTGAAAAGTGGACCACG?

GTTTACAACAATATCAAGCGGARAAGATCGT —=mmmm~
‘ACTACACTCCTGAGTCCAATCGACAG [CGGCTGA
CAARCORARAKIATCAT -~
TTGTTAATCCTAAACGTAAAAAGTCAT——-—---
ACGACAAGAACGTGCGAAAAAGGTGGL————

——ACGTTCGACGCGGCACACCAGCACCATCCCAACCAAAGCAAGATATTCACGGATTCAA
AGCAAAGACGCAACAGTCGGCCGGTG-
CGAGAGTCAAGCAAGATC%SC%%EEEAAAAA

GTGGACAGTAGC
--GGGIGGCCCC

GGAGA-—CGCCG

—-GGCTGAACCCTGGAGACCC GTCAAATCCTGCCCTAAACG

-=GGAGCAGGCCA

220
GJ

TGAATCAGCTC

GTGGACAGCGACCGGTGAACCGTCTCCG.
--GGG TAACACCACGACAATCATCCACATCGAG‘
——ACGTTGATCCTGGACAACCGGCCACATCGAC

A
AAACAACATCAAAAG TGGTATTCATCG.
ACTCAAAAGTCCG

m{—

GCTCGACCGAATCGC

CAAGATCGGAILLI 1'beAAGAA

1
——GGTCAAAGGCCCGTCAGGCTTCACAGAC—-lbLLbAAlLLLbbbllAAC"CGCAACGA
GGTAATGCTGTGTATTTGGTRAGATCAACGAGBTGTGGTGTACT-ATGAACTGCTGAAAC

G2
g
(@}
2
g
G2
(2
2
(—
.c
6"
+—3

CTGCATTTTGFAATGC GAACGGAATAATAT-TTATAGACTATCTGCAAA
“TGCGATTGG GGGAAAGCATGATACACT-GGGAAATGCTTGAAA
TTTACTTGTGAGTG lbLlHHACTAGCGCCGGTGTCGTTCACT

GGITTIGTTATTAG lbLll¥4GATCACAAAGGAA TCTA
TTTTERGATGCGCATGGAATAATTT-TTATCGATTATCTTGAGA

—ACAGCTTTCTAAAAT
TT-TTGAACTCTTACCAC

ATl TCTG
GACAATGCTGTGTATGTGGTARGATCAGAAGGGAGTAGTCTACT-ACGAGCTTCTCAAGC

GACGATGCTCTGIGTTTGGTARRGATCAGAGCGGTGTCATT TACT-ATGAGC]
AGTGATGCTGTATG b1AGTGGGATGGGAAGGACATTATTCATTATTGAGC'

[CTTGAAAC
TTTACCAC

CAAGTGAAAPCATTGATGGGGCACGCTACCGATTACAACTGATGCGTTTGAGCCGAGCAT
ATTGAAGGCTAAAA

AAGAAACCA ‘CAT CAACAACGA CTATTACTGTGCACTTTTGGA
GRAGCTCTAC

AGAACGCATCGGT
ATGGCCAAAPGATTACGGCAPATA CTATTG [CAGCAACTG
CCAAC%EAA GATCAATTCTRTTG] C T

'CATCAACAGTRACT!
CCGGCGAAACGGTGAATACGRCAC

C
AT"GCCCAACTATGCCGTGTA ATGAGG
CAAACCA
CATCTAACGAAATTAAACAA

GRAGGA%CAAC

GC
GGGAAAAAC GCGTTATTGGAGCGTTTG AGGTCCAAA
CCGGCGAAAPAGTCAATACCPAGCGCTACCGACAACAAATGA AGTCACGC
ACCAACAACAATT GATCAATTTGAACCGTC
CAGGCAGGCCTATCGATTCTGAACTCTGCTGCGAACAACTGGTGAGATTAAA
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Deer.fly. 9 TGCGGGAAAAACGGCCAGAATATGAACAAAGACATGACAAAGTAATTCTTCAACATGACA
Bean. leaf. "CGCAAAG AGCGGCCACA-TTTGCG AAAGAAAAAAAT——-GTAGTTTCCﬂFAAAAAAT
Ear.wig.5. TGGGACTGAAAAGACCTGA-CC~———~——-GACAAGGCCAAGTCATCTIGE LLACGACA
H. cecropla TAGCTGCTA ATAAACTGAGA‘TGGTTAATTGCTCTAGG -——CACTGC LV 'GACA
honey, TTGAAGAAAAGCGGTTCGAATTGACAAATCGAAAAGGT---GTTGTATTC! \TCATGACG
Horn. flg TCGCGGCGAAACGACCCCA-TATG —~~GTCGTTC AﬂCACGACATC
Milkweed.b TGATCGAAAAACCGCCAGAATGGGCTCACAGGCACGCCAAAGTCATTCTTAGCATGATA

mauritia TTCAGAGAAAACGACCGGAATATCAAAAAAGACAACACAAGGTCATTTT TCTCTAT!
BmoMAR® =~ = —————- GC AA AAGTCGAAATTAATCAACAGAAGGGGT——-G GGTTT LATCACGATG
Deer.fly. 9 ACGPTCGGCPACATG‘TGCAAATGTCGTGAAGACATACTTGGAAAPGCTTCGATGGPATG
Bean. leaf. GCACCGTGTCACAAATCAATTGAG TGAATTGGETTTTRAAT
Ear.wig. 5. ACGFTAGACFCCKTG'TGCACAAGTCGTCAAAACCGCAC”CCAn” GCTCGAATGGRAGG
H. cecropia AAGACCGTA CALTGCA AGCAAACAACCACTAAGTTAGATGAGCTACAATTGRAAT
honey . bee ATGPAAGCCFACKC ATATTTGGTCACTCGCCAAAAATTATTGGALC11L TTGGRATG
qun.flg.? CACCG TCCPAC AGTCA-TTGAGA~ACGATGGCAAAAATTCATGAATTGGGCTTCHAAT
Milkweed.b ALbr“ ACATTCAGCC&GATTGACTAACGAAACGA TTCTTCGCTTGGTTGGRAAC
D.mauritia ACGC] 'CCAT "ACATACGGCAAGAGCGGTTTGCGACACGTTGGAAACACTCAATTGGRAAG
BmoMAR ACGsﬂAGACETCQCACATCTTTAGCCACTCAGTAAAAAT"ATGAGAGCTTGALrbqg&TG
Deer.fly.9 TGCTACCCTACCCGCCA Chrysops vittatus. 454bp)
Bean. leaf. TGCTTACC ACC ACCC Cerotoma trifuricata: 426bp)
Ear.wig. TTCTTCAACATCCACCA Fbrflcula auricularia; 458?9)
H.cecropia GTCTGCGAPATCFACT" Hyalophora cecropia. ?50bp
honey, bee TTTTGCCAPRT CACTA 1s mellifera: 1
Horn. fly.3 TG TTCCC CCPACC" aematobia irritans. 463bp)
Milkweed.b TCCTACC CFGCC' Oncopeltus fasciatus: 454 g
D.mauritia GCTTCCG CGGCT Drospphila maur1t1 na; 454bp)
BmoMAR TGTTAATGCATCCGCCGTATTGACCCGACCTCGCCCC Bbmbyx mori: ?
(B)
Ear.wig.5. --—-——- NEVNKENRLQIAAQHLARHRATRGNKHRFLYRI I TGDEKWCLYVNMKHRK-~-E
H.cecropia -———-- SESNLQTRVDCCITLLNQHNNE-—--—- GINRTITCDDKWILYDNRKRSS---Q
Horn, fly.3 -=--——- TFDRKLQRVDDSERCFQLLTRNT~--PQFFRRYVTIDETRLHHYTPESNRQSAE
Milkweed.b -——-—- DERQMEKRKTVCEMLLLRHKRK~~-—~— GFLHRVVTGDEKWIYFQNPKRKK---S
D.mauritia -———-- NERQMERRKNTCEILLSRYKRK-~---~SFLHRIVIGDEKWIFFVNPKRKK---S
Bean, leaf, -————- TVDQKQKRIDASEECLAVLNRNK~---1EFYRRYVTMNETNLHYYTPESKRQSTE
Deer.fly.9 -————- KPRDVERRYFTSEELLQRQKRK-~~-- GFLHRIVIGDEKWIHYDNPKQKR---A
honey.bee., -————- KEKHLTQRINSCDLLKKRSEND--——- PFLKRLITGDEKWVVYNNIKRKR---S
BmoMAR WVPHELTERELMNHVLICDFLLRRNETEP-~-~- FLKKLIAGDEKWTTYDKNVRKR--~—

+ o+ + ++ + x
Ear.wig.5. WVAPGDP-TPRVKQDLHRKKTMLCDWWDWESMIHWEMLEKNASVNKELYIAQLCRVNEAM
H.cecropia RLNPGDPVKSCPKRKLIQKNLLVSVWWTSAGVVHYSFLKYGQTITADIYCQQLQTMKEEL
Horn. fly.3 WTATGEPSPKRGKTQKSADKVMASVFWDAHGIIFIDYLEKGKTINSDYYMALLERLKVEI
Milkweed.b WVTPGQSSTSSARSDRFGKKTMLCMWWDQKGVVYYELLKPGETVNTERYRQQMINSHALI
D.mauritia YVDPGQPATSTARPNRFGKKTMLCVWWDQSGVIYYELLKPGETVNTARYQQQLINLNRAL
Bean. leaf. WTVA-——-PKRAKTQQSAG--—-SAFWNANGIIFIDYLQKETTINNDYYCALLDRLKAKI
Deer.fly.9 YVRRGTPAPSQPKQDIHGFKVMLCIWWDQRGVVYYELLKPSETIDGARYRLQLMRLSRAL
honey. bee. WSRPRESAQTTSKAGIHRKKVLLLVWWDHKGIVYFELLPPNRTINSVVYIEHLTKLNNAI
BmoMAR WRSKAGQASQTGESRVNSQR---S--D- AVCVVGWEGHYSLLSFYHQAGLSILNSAANNW
++ +
Ear.wig.5. GLKRPDRQGQ—-—VILLHDNARPHVAQVVKTALQELEWEVLQHPP ————— (Forficula auricularia: 152aa)
H.cecropia AANKLRLVNCS-RPLLLHDNARPYTAQQTTTKLDELQLECLRHPL-~-—- (Hyalophora cecropia: 149aa)
Horn, f1y.3 AAKRPHMKKK--KVSFHHDIAPCHKSLRTMAKIHELGFELLPHPP-~-—- (Haematobia irritans: 154aa)
Milkweed. b E-KPPEWAHRHAKVILQHDNAPAHSARLTKETISSLGWELLPHPP---—~ (Oncopeltus fasciatus: 150aa)
D.mauritia QRKRPEYQKRQHKVIFLYGNAPSHTARAVCDTLETLNWEVLPHAA--——- (Drospphila mauritiana: 15laa)
Bean. leaf. AKKRPHLRKK--KMVSPKN-APCHKSS————-—- ELGFELLTHPP-~--- {Cerotoma trifuricata: 138aa)
Deer.fly.9 REKRPEYEQRHDKVILQHDNARPHVANVVKTYLETLRWDVLPHPP---—- (Chrysops vittatus: 15laa)
honey.bee. EEKRFELTNRK-GVVFHHDDARPHTYLVTRQKLLELGWDVLPHSL-~—-- (Apis mellifera: 150aap)
BmoMAR DSKKSKLINRR-GVVFHHDDARPHTSLATQK--LELDWDVLMHPPYPDLA ( Bombyx mori; 152aa)
x x 4 %X x

Fig. 4. (Continued)
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element of D, mauritiana can transposite into the ge-
nome of D, melanogaster. It is possible that it act func-
tionally in genome of all insects, and then the element
from close relatives might be used for the target organi-
sms. In future study, at least one clone derived from B.
mori’s mariner-like transposon including a clone isolated
in this study will be characterized/recovered and analy-
sed its full-length BmoMAR and determined its copy
number in the genome, and then the element will be a
strong useful tools for construction of transgenic silkwo-
rms to study and to breeding under molecular level.
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Identification of Mariner-Like Element(MLE) Gene from Bombyx mori.

ZE 1 F0ol 4] Mariner FAL O[RIXNFHALS EH

olj‘(_])\é . %XH)E}* . 71:]‘%‘}‘3 . /\-1%%** . %]__9_%?***
(A Fed T4 ALY, &8 MEFATA, ARG FHTEH, 5

D ELER)

olw] 8184 QU= mariner A0|91A2] HelE4E Y3 B3 F9o tiFtd B84 primerE AHE3}e]
PCR "ol 234 ol (Bombyx mori) 914 mariner AT Hololate] A9l Holas HIYE 7Y
3%ck. BmoMARE ¥ o] PCR E822%H F&H ojrlte 152702 oA 749 FHAE] 4
Q=)o) ANe, Drosophila mauritiana® active Mos 19 37% 9] onjic it AEAS BHPh £F, 7
29| TZEA WX mariner-like elementd] 3 FEAE DNA FEANME Apis melliferal 59%
ag)a oju|eAt £EAME D mauritiona 7.9 cloned] 37% 4EA4L 2k o dI= mariner-like
element?} B. moridl = EABLYAE, o|F HoAAte HolEAE T} Y FHIAE WA

© RO HopA HlEA HolQlAt T2 UF9 selenoproteinE FA ALk
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