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Abstract

As a first step for developing universal genetic transformation vector of silkmoths, we identified the presence of
mariner-like element(MLE) which is one of transposable element discovered from many of insects to human species,
from Bombyx mori, Bombyx mandarina, Antherae yammamai and Antherae pernyi. We used a degenerative primer pair
designed from a transposase gene of Drosophila mauritiana and Hyalophora cecropia MLE. As results, major PCR pro-
duct of 500bp expected as a part of transposase of MLE was detected from all the silkmoths used of this study
using these primer. And hybridization assay using pBmoMAR as a probe DNA that was previously cloned from Bom-
byx mori by the same primer pair, confirmed the presence of MLE from all the silkmoths. This assay showed also
that the endogenous MLE in genome of the silkworm is present as high copy number unlikely Drosophila mauritiana
which has 10-20 copy number. This data will be a fundamental genetic information for developing mariner-derived
vector to transform the silkmoths and other useful insects.
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ok 1.5kb HE¢] Mariner transposable elementi= o]
o F4H<) transposase® coding3h= #7119 open rea-
ding frame® %% genome9] insertion ¥ excisiond] ¥
2.3 short inverted terminal repeat elements T4 % ©]
AcH(Fig. 1)¥. AZZ Drosophila mauritiana) X L2 €

| %, mariner element= insecta #7tolyz} artropode a
21 A A 7)eHOR ol FAIR FEl, F mariner
like element(MLE) 2 B3 o2 ZHA txﬂs}ﬂ A
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Genomic DNA Isolation
A% 9] genomic DNAT Suzuki® ¢ g 4% ¥
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Fate] £ Age AETA 2.5%99 DNA 548
$#%=A4[0.5% SDS(Sodium Dodecyl Sulfate), 5 mM
EDTA, 20 mM Tris-HCI(pH 7.5), 0.1 M NaCl, 10 #g
/mle] proteinase K12 718 $, fa#A72 vhysly
37CAA 15% WAL T, 2 ml9] 1 M Tris-HCI(pH
7.5)% 3 ml9 phenol& 7H3te] W3] £, A5,
000, 5C) % 4594& 221 289 phenol/chloroform3:
% % 3419 salted ethanol (2% potassium acetate £5})
& A7ksle] DNAS A4t 449 DNAS #3&82
2 Ro} TE $349(20 mM Tris- HCI(pH 8.0), 1 mM
EDTA)S 5% & thA]l 3v19 salted ethanol& 7}3}ed
DNAE AZFAZATL 70% ethanoldl] washingdt & 7124
A 1 mle TE $59& 718 o3, 10 my/mlo] HE2
RNaseAS M3ttt 37ColA 2417 #8421 & phe-
nol /chloroform&.2 23 %3}l salted ethanol (2%
potassium acetate ¥£3)2 DNAS A HA# 70% etha-
nololl washing® th& 24174 TE ¢Fdd 5o PR
genomic DNAZ AME-8H3th

PCR amplification

Mariner like element(MLE)® F78< $3 primere
Drosophila  mauritiana$t Hyalophora cecropia®] mariner
element?] TE2 HEH amino acid9] H3HA g7IAdel
MAR124F(5-tgggtncencaygaryt-3') 94 MAR276R(5'-gg-
ngenarrtenggnswrta-3') & AHE8}% M, PCR ¥H3-2 the
3 gol PPk 25 ul $%l tis) DNA 30 ng,
dNTP mixture(Promega. USA) 200 uM, % primer 400
nME H7siA, 95CelA 5% DNAS AN o
Tag DNA polymerase(Bioneer. Korea) 0.5 unitg #7+$

<, 95CoA} 30%, 50ColA 60%, 72CllA 18 B¢t
9] W8-S 1 cycleZ 3 40 cycles ¥, 72CoA 5
7t last extentiond}%T}. 5 ul®] PCR product® 1.0%
agarose gel(Sigma) ol loading3t®d 0.5X TBE ¢%8-4(0.
0045M Tris-borate, 0.001M EDTA pH 8.0)°14 7]
4538 T ethidium bromide® g4, UV3lolA AL &
stk

Sourthern hybridization
A5 genomic DNA 10 ugS EcoRI# BamHICE 6
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A7k o)A A2ld F 0.8% agarose gell4 5 V/em=E
A719% & 39 geld depurination £(0.2M HCD), W
44 (0.2M NaOH, 0.5M NaCl) 28]il %3-84(1.0
M NaCl, 0.5M Tris-HCl, pH7.6) 2.2 717} 2084 23]
A28t capillary Y22 DNAE nylon membraned|
transferstItH®. DNAT 314nm$] UVE 2AHO0.7)/cm
2)3le] 1433l Dig detection kit(Boehringer Man-
nheim)¢] ol F38}] prehybridization solution(5X
SSC, 0.02% SDS, 0.1% N-Lauroylsacosine, 1% blocking
reagent) & A7Fsle] 65CA 241 kol} WEAIZF, o
719) DigO.E. labelling® probe DNAE 91 65C4 16
Azt o) HHE-AF ) A H& 5X SSC, 0.1% SDSE A&
o4 3087t 23], 0.5X SSC9 0.1% SDSE 65C oA
1587 23] Al3sdch HaE S18)A buffer 1 (100mM
Tris-HCl, 150mM NaCl, pH 7.5)2.2 A#§ %, thA]
buffer 2(100mM Tris-HCl, 150mM NaCl, 50mM MgCl,,
pH 9.5)2 37T A 3083t vhe-AZith ©]% buffer 1°]
Dig-antibody S 843l 308 A4 wkgA]7 H,
O buffer 12 M&%E HE3O2 buffer 3(100
mM Tris-HCl, 100mM NaCl, 50mM MgCl., pH 9.5) 2.
2 equilibrationd ¥ AMPPDE A7

Transposase (1286bp)
MARI24F >
EEEsR <« — g EBERD
Host genome 4+ Host genome
MAR2TR

>
500bp(approximatefy)

Terminal inverted repeats

Fig. 1. Schematic diagram of molecular structure of ge-
neral mariner elements. The bolded line indicates
open reading frame(ORF) encoding a transpo-
sase. The closed arrows indicate the terminal in-
verted repeats of the element. The primer, MAR
124F and MAR 276R, is a degenerative primer
pair which is disigned with contageous indentical
amino acids of the D. melanogaster and H. cecro-

pia elements.

Probe DNA

Probe DNA(Fig2)© ¥ #AE°] MAR124F% MAR
276RS primer2 %319 pGem-T easy vectorell clo-
ning¥ pBmoMAR(GeneBank accession number : ABO1
3347) % EcoRICZ Hubste] de A (472bp) &
agarose gelolA 2|4=3}a] Dig DNA labelling kit(Boehri-
nger Mannheim, Germany)®| random primed labelling
methodol wa} Digoxigenin-11-dUTPE 343} probe
DNAZ AHg-3tch

Z2 o

SFolloll A mariner-like element(MLE) 7} &3ttt A o]
Bu'2198 & ool 28 genusol &3k dlir 9 4t
ol Wpgate] &ale A, AFME o]59 EA) b
o] FAHDE o (JAM113), #rl, 24, AZE A
283t} MLES] &4 & PCR ol 93 ¥4 &
A& YAk Fig 3914 defbe A#H o] ojy|

MCS
Apal Sphl Ncol BstZ| Notl Sall

7 promoter partial mariner transposase
EcoRl

v,

SP6 promoter

EcoRl

pBmoMAR
3962 bp

Fig. 2. pBmoMAR used as probe DNA for southern blot
analysis. The insert DNA, partial mariner trans-
posase gene, is cloned from silkworm strain 74
09 using the primer used this study. The nuc-
leotide sequences of a partial tranaposase gene
will appear in the DDBJ/EMBL/GeneBank data-
bases with the accession number AB0O13347.
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cloning® BmoMARE positive control(lane 5)% 3}
s B A3} AdHeZ @ non-specific PCR pro-
ductEo] FF Ho, ok 500bp ¥4 major PCR
product’t & Fol|lA F&HUth ©|F band7} positive
control{] BmoMARS| A717} 472bp = AT vjwd o
o) (lane 2), 7 (lane 3) 2l HZ(lane 4) EF
A Foll(lane 1)olA9} #o] MLEZ} Atk A& ¢
F AUk

3, A2 Tl FEQ] YEFA(JAM113, JAM119,
JAM121, JAM123, JAM125), $3%A(JAM114, JAM
120, JAM122, JAM124, JAM126) 2 #3154 (Zebra)
g TAEY £E£% A9 Fig. 3914 B dle} 2ol major
PCR product’} FF7tel wet 2 A Ert vt #3y
AR AtAo g BE A2|d FFolA MLE} endoge-
nous3HAl EAgitke A& HEAE A 7 UATh
T3} annealing €% 55C% 50TA B} ¢ Eo|xog
MLEE 358 & &2 Bk

M
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Fig. 3. PCR amplification of mariner-like element(MLE)
from four silkmoths. The lanes are : (M) 1 kb
ladder, (1) Bombyx mori, (2) Bombyx mandarina,
(3) Antherae yamamai, (4) Antherae pernyi, (5)
pBmoMAR that is positive control for MLE
which is amplified with T7 and SP6 promoter-
specific primers.

460 / A7 3}3]%)

A4 - 184 - Ned

M1 234567891011

o
MLE

Fig. 4. PCR amplification of MLE from geographical sil-
kmoth strains. The lane are : (1) - (5) ; Japa-
nese silkworm strains, JAM111, 113, 115, 117
and 119, (6) - (10) ; Chinese silkworm strains,
JAM 112, 114, 116, 118 and 120, (11) ; Eu-
ropean silkkworm strain, Zebra. The lane M is
molecular DNA size marker, */HindIlL

A% 8 A% MLE 4 W PCR 23, BE A%
AZAME MLEZ} EA3te Aog PAEtk(Fig 5).
ey g2 AAEESE dad BE A5 dRdAE
o 1kb Holld A bandEo] HERRoH, oFEHE
<k 500bp F-HIME 2 719 bandEol Yehte A& &
Z 91tk 23 MLES] PCR 278 ol A& F5oA
MLE 53& 913 PCR vhg 243 SdA 9 ¢ A
UE vugchd FAAA o]2e bandES HEL ©]
genome?| complexity”’} THE HALEY] genomed 4%
gd2Ay 2 A9 primer pair’t 433 degeneracy®
&0 2 BiA ol 22 ujEo]H2l band7t FEE HO
2 oAz

A, AR BoE mariners] £+ copy number

¥ D. mauritiona®t Mayetiola destructor(Hessian Fly)7}

il

ol

20-30 copy9 low copy numberE, H. cecropia® cecropin
A #7329 intron %9 insertion® mariner= 1000
copy 1’49l high copy’} genomed] EAjge oz H
IET Qo =1, o)9} o] FAREZ N MLEY] &R
ajRo] 391 9 0|59 genomel copy numberd #2413}
A& 7 AAEZ 9 genomed] EA3E MLEY 4F
Atole] Ax9 MLE horizontal inheritanced ©}8| 8=t
shute] AR7E # Aelrh o]l cloning® pBmoMARE
probe DNA® 9] southern hybridization$ 3% 2,
smear ¥ YA bandEe] 473 Bo] FAFHNUG(Fig.
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Fig. 5. PCR amplification of MLE from eight Antherae
pernyi. The lane are . (1) - (8) ; Antherae pernyi
strains, 01, 02, 03, 04, 05, 06, 07 and 08. The
lane M is molecular DNA size marker, %/ Hindlll

6). o1AL %A 71&H Azt o] MLE7} %A]{’%—ﬂ
o, “i-”r‘)ﬂ Az g A 2R EAsitke A -‘52“1
AA FE Aolm, MLEZF 4 AAEY genomeﬂ]"ﬂ

high copy numberZ EAgth= A& FAHE & A 5H
Fook w3 ooz Ho 43l genomeLHS’J copy num-
bert competitive PCR 5ol 2314 B2 4 & Fo]

h

k]

i

P element?} Drosophila®] 4% subgroupdl| X%} s &
AR WZ2HO2 mariner-like element(MLE) & A9 %
€ W E)A 2AEE transposable elemeneto]t}, ©
o 2L 9ul= marineﬂ} FYYEL] A2 HAgE 9%
vector2¥ o]8d £ ALE ARl Zlojgt A
o|AL HZE D mauritiona X LAE mariner ele-

ment?! Mos1°] Drosophila subgroup®] 3481 D. melano-
A7Ael

gater?] genomel & transposition &+ dte
A7EZRE o|5o] AYME E3) T2 9 universal
genetic transformation vectori’“i g v o bt
A ke den A 2eid @A7A HE o

EcoRI BamHI

1234 M
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Fig. 6. Southern analysis of four silkmoths genomic
DNA. 5 ug of EcoRI and BamHI digested DNA
were loaded in each lane for agarose gel electro-
phoresis. Probe DNA were pBmoMAR which is
cloned from silkworm 7409 strain. Molecular
size markers(lane) were phage lambda DNA di-
gested with HindlIl The lanes are . (1) Bombyx
mori, (2) Bombyx mandaring, (3) Antherae ya-
mamai, (4) Antherae pernyi

HEFAAM, MLEE 753, & o4& Ztal &34 7
#3402 o]5¥ F v A% °]5°] coding3l= transpo-
sase f+722k2) frame-shift mutation, = ©] F+44 Woj
A A Edyold] osiA Mol g A 7]‘”7‘4
A A F7HA] Hezt 7 g copyEA BAH L

v}, Robertson< D. mauritiana®t H. cecropia® putative
mariner transposase 7Y & BEA RYd ol
PCR primerE 7H%3ld 12%9] insecto] PCRE 33}
of 7+ ZoA 879l MLEZ cloningdte] 22} 8709 nuc-
leotide A1 9% deduced amino acid® multi-alignment &
BN 23, Z7te] Fo qEN $5HOE 753, v
A MLEZ} 3 &3 Uss PP, o9
e ol fE M 7153 mariner FEY vector 7L

rl
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ojort 7hed Aok

A A2 FA
o F14 EYE 93 host system 22X o} & 7540l
WFHI ok #Z RN gFd Aol vectord ©]
&oto] 1 FHEAS 5o @ A7t AYFoATY, &
£33 vector systemo] WLEA BFoz AN 5T
et Aog dA F3tn ok FAA vectord] NS
AMe 232l P dement?] A$AME B 5 U5,
7V4 £48 F-2 host A4 2] endogenousdt mobile ele-
mentE modification manipulationdt= o] A4
A Zolth Wb A2 £F D vectorAl Y Mg
A Ald HNA FAY A FEAS g AE el
EAzh=A9] dR8 o]F2 copy
Ay Aoltl,

A mariner=.

S0 Age) Be 2Folnz

-
T

£7 mobile element”}

numberZ #43}=

+ Ave T s FEMEE vector NS
A A ANEEM A ZE *3%, 53] 2504 1 7%
A Mol FHo] ¥rtHn e MLE7F ZAREFAA

N

EAqstE AE gz Alo] A BHolr) ol A9
AN & F ‘2;15:: | MLE7} A8 EE A2 A
EA7E HA LR FHEAH, 8 o1 cloning
pBmoMARE probei g southern hybridization #419]
ME EE AAEY genome Wl A high copy® &3>
7ol FAREUL o3 °]E genomeldl 7153 MLE
ol 24 7hs e gl Aolet AT metA ke
29 AFE 7154 MLEY cloning % B4l gt d7}
Agsjojel & Aoz Algdd.

P

i

u

(@) OF
h=s =

oll, o, A 2 Aol Ao FAAEE vector 7N
Fe A9 ADAR olw] ke TF A7) FFAAM 2

o
=
ZEA7} 3% mariner transposable element’ ©1& ZA}
L5o EAEeAY AR5 FA87] HeiA oln] Hud

462 / 453183 7]

Drosophila mawritiana$t Hyalophora cecropia®) mariner
transposase 34t AL BEAO] & F9d g
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