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| NVERTED- REPEAT TRANSPOSABLE ELEMENTS (M TES) - LI KE ELEMENT Al ‘
TRANSCRI PTI ONAL ACTI VATI ON ELEMENT TECHNI CAL FI ELD The present invention
relates to novel. plant-derived transposable el enents and, nore
particularly, to a MTE (mniature inverfed-repeat transposable

el enment)-1i ke sequence. Mire specifically, the present invention relates to
novel transposable el enents isolated fromcarrot (Daucus carota). The
invention further relates to novel transcriptional activation el enents
contai ning the transposabl e el errerH Fﬁ}‘,ﬁ@ﬁc' fically, it relates to a
transcriptional activation el enent | ch inserted in a gene, is
capabl e of pronoting the transcription of a gene around or in the vicinity
of the site of insertion thereof or suppressing the transcription of said

gene fom beb 0%l ME NI RE Tey BRI L ARpIAL ol BBL S8l phes to a

transgeni ¢ plant harboring sai'd transcri p i ona 'Va ment . Q9

I ools, 2 EREKERaED M ECAPOREY s EUERET Sl G RNAC T EISEROTES Of

al nost all living organi sns out st i'on between pr and
eukaryot es,a @& theiveon Y. ARiymnd plants. It is known that these
transposabl e el enents can nove froma genom c gene to another and

i nactivate the genom c gene upstream or downstream fromthe sequence in.
whi ch such an el enent has been inserted. Further, it has been reveal ed
that, in addition to such acti oqgcﬁﬁgeippsla?he_nel ements cause various
types of genom c reorgani zation (deletion, 1nversion, duplication, etc.)

and it has been remer padebate tfﬁv@W@oBa&Iei§§@§s teogﬁrw@lp' asticity,
I n

whi ch is i mportant for the evolution of |iving organisns and

particul ar,p1hatt idaﬂ&mbk&&lﬁﬁe%tﬁpéakél%émgté‘ﬂh r%&‘ gn the
evol ution of living organisns for environnental adaptation in response to

genoni ¢ st respes (M A1t pCko SCivne® 26m1 A9%4 1801 ﬁ%?é‘r)ted AE-Q‘;; ’
FEMS M crob. Ecol., 15: 5-14 (1994)). Transposable elenents are roug

cl assified tnaasigs eablipes 1 e t ypa {1 £ ARERPSOAS AN frHsQr ti on
sequences), RNA type (retrotransposons) (Berg et al. (ed.), Mbile DNA

(1989)Q)~ gmbabmmu&enmyethedpbemutiﬁﬂ%ﬁ%ﬁbh%@f&@@%st@/ﬂ;@l ol
—~—— Z _~

transposable elements isolated from carrot ({Daucus
carota) --

The invention further relates to novel
transcriptional activation elements containing the

transposable elements. More specifically, it

relatestoe1transcriptionalactivationelementwhich,
when inserted in @ gene, is capable of promoting the
transcription of a gene around or in the vicinity of
the site of insertion thereof or suppressing the

transcription of said gene from being ingctivated.

The invention still further relates to a transgenic

Plant harboring said transcriptional activation

element.



bel ongi ng to neither of the above two types (Wessler et al., ﬂcg;lrJAN @ﬂln.
Genet. Dev. 5: 914-821 (1995)). As for DNA type and RNA type transposable
el enents anong them their actual transposition in the genone has been
establ i shed whereas, for MTES, no reports have so far been nade about

evi dences of their transposition in the genome in spite of their being very
simlar to DNA type ones. Mst of MTES have been found out, by conputer
retrieval, from databases of nucleotide sequences of genom c genes of
various |living organisnms as being elucidated by genone projects currently

in progress. The first di scoverygm I SC ry in 1992 of the Touri st
famly by Bureau et al. (Bureau et aéﬁ,suﬁrgnﬁ[m%ell 4. 1283-1294 (1992)).

Since then, variogs M JEeshayeebgen [ I nomes. and in insect
and ani nal genones. aGeng?ggl 'y, M TEéJéa)lllrrlggdg |ege%lgg?%ﬁalvlll négh%uglfr‘n"mes

characterisg¢ecaiapobt) alihei1iBaHP % AgRE or, i rfect, i pverted repeat
sequence at each of both the b5 - Sgnd g ?ltiegﬁ‘lgﬁaﬁurigg:ggﬁs (%Jé?ﬁillna‘"?tjrﬁ“t hi s

respect to PRSP tﬂmggsyapégselaq{@ngg)ka]gght%%yr%g\t‘ncbeeggmaetarget

duplication-like sequence, of a sequence consisting of two Or nore

nucl ueot i degmn ilm t ng if d i pserti f type 0 9 JAN
ucl ueot i degn ihikest & @Ng 1501 HEd URGN { ﬁ%@o%%ﬁﬁ@@ﬁe&?

~~~~ 4 transposable el ement into a genom c erm nal sides

of the invetracthgepealb 5€0eanGEsn taNt 43) Wdiel M £3€Ne" 3l | ' si;ze of
shorter than 2 kb (Wessler et al., curr. Opi n‘!.} éenet.'gﬁglb@g?‘g-%ﬂe

(1995)). Astbhase thEES ad chnhave: 36 1@ & eadigih § L2 ' a
transposase between both the '?erm':hal inverteg repe%’lta g%qrg%g%g%,gﬁoéﬁé" DNA

type transposaldewebemmnin, fiwietde KagWeooby M TERiUn tBEeh a

| S630- Tcl / Mariner famly found in nmolds and ani mal s. (Kacrhr 00 et ar. , Mol .
Gen. Genet.eP4hieBB89hS (&9M)inddt €k .al FuRrRer Naj k. HAFQ0p eSS USA
93: 14431448 (1996)). As far as plant-derived M TES are concerned, however,
no such tranepesekedenaodtng inpeaddasehi 69 FramBulas peen i scovered.
Therefore, many points remai n unel uci dated concerni ng the nmechani sns of
transposi t i bnaofs pb antb I TEBe alkth €ONELLRING dMEb L LAY 9IS 0 BY gblEoniay, the
gene transfer experinents so far nmade in gene mani pulation in higher living
organi sns areopusthyzaftibe rubé Bar igeNOMe nveeElid), t WRG 1 18hS i Snbecause
hi gher |iving organisns have no equivalent to the plasm d in prokaryotes.
For such gemectrlanshdr iy haserhéen imdépoirheMueheay gRBOML o fyRErE,; 8%
avai | abl e physical nethods as ~A~ ~~o0~ 5 conprising introducing a vector
coupl ed wi theaddest ped ayepmef arlansdrdi by, i nitoi the nuch aao Yeaane ©ra

hi gher living organismby the. particle gun, |ipofection or electroporation
t echni que, Hne eVvelloyt éan mdt Rddsl mgnprigaimigs et a adyciing peat €1 v HF S

har bori ng the genes once into a virus or mcroorgani smand then introducing
the same i bathé& oTrsees ayehere l¥man liisglpdray i ah nm@rogaba am e 1 akiAg

@ﬁ the evolution of living organisms for environmental
adaptation in response to genomic stresses
(McClintock,Scienceai:792-801(1984);Arbereta1.,
FEMS Microb. Ecol., 15: 5-14 (1994)).

Transposable elements are roughly classified
into three types: DNA type {(transposons andéinsertion
seguences), RNA type (retrotransposons) (Berg et al.

(ed.), Mobile DNA (1989})), and miniature

inverted-repeat transposable elements (MITEs)



advant age of the DNA transfer/insertion system which said viQ@sJ&N 2004

m cr oor gani sm has. These physical and bi ol ogi cal net hods, however, each has
a problemin that the expression activity of the gene inserted in a higher
i ving organismvaries froman individual to another, hence is not

constant. In many instances, this is pauaed by silencing due to the
position effect (Peach et al., Plant Mol.” Biol. 12: 46-60 ( 1991 ) ) . Such
the position effect is a phenomenon found in yeasts and many ot her
eukaryotes and it is known that while there as no change in the nucl eotide
sequence of i I hsel ression activity_thereof
vari es mar kggp?%g%glr%%g‘gﬁgftﬁe%iég %p%i %)sijgor F‘o%ﬁwgf 3K 859 Héec‘b‘ﬁ]e'f’ﬁe

nacti vat ed- (gene &1 Conal hoy Pl cearar B BPegy o Lha AT, (3807 )

i nactivated (gene silencing) r Bi ol'ogy “of 0 9 ~aN

2Q-~ 6 edition, 434- 4§§r(;39&'5){yp%upﬁgﬁe;%@ﬁg%%&ec?ﬁg s, of s%};ghenorrenon

of the gene silencing are the fact that he hBEr genone of

a higher |iyiRG&hdaN SidaLE 0L punid ri nd the .fact  that
active sites where the gengei s acti vel%gyaénégglibedpgga%t%%s%%}}p‘f? I &ites

where transghiePld ORoffe H@sI88% 1 Se §tLYCEInAlY gﬂk}e%“z‘xé nterm pglpd in the
nucl ear genome. It as known that a gene inserted i1n a cryptirc site cdnnot

be transcriked raipatkducate U grepall g sy L69LE %Svfﬁﬁ%scseaéyo‘}or

transcription to approach the gene or due to a change in nucl eosone

structure Othkaler eeRrN®b kRitZ66 h 08 nd% § §SYkhidife f L AMsTRL LY! Bt | the
genomc DNA in this site, with the rnesult ltihat I nactivgﬁo% %ﬁf' a're}ﬁ‘gg'r
expressi on pganng Svle@ifi 8EniEH $d NINR! 13 pe, oQHL, Opin. Genet. Dev. ,
Q@™ 158-163 (1999); Matzke et al., Curr. Opin. Plant Biol. 1: 142-148

(1999)). It is fumbkar knoMMTERIR @D dant S SR, QTN ' ne
sil enci ng depends on the state of cell di f?erenti at?on,' asfglégwﬂv}nﬂf%%X

chr omosone oé traneak.l Fut H@Ar ek b s eiss o@%%iéattiwesgaﬁ%ééégr‘%“g i's
caused by a presently unknown mechanism it is inherited by the offspring
of the nestggemeshti @enesulos n@aﬁ:ﬁmgaliiﬂﬂi.ﬁ&’bb%ﬁlisﬁiéﬂ 89Y befng JAS
~O0Ar of the Cell, 3rd edition, 434-453 (1995)). anwhi l e, when, 11 gene
mani pul at i oml uz désitrest bye e (baecipgiv gerd)s icut PehAdUEeth | hi16 oY JH8T,

animal cells by a physical or biological nethod (other than the honol ogous
r econbi nat i Bhendtiod tuddd d ovegonerksnotkeuldi s £ 89 eIy i pf 1bRSEId 4 oppaf the
gene in the cell nuclear genone differs anong cells and it is substantially
i npossi bl e Feugphs kof amii yth¥iBuzlelan ebusl.i (Buadichi 8 afi .a fror£h@gn gene
into cells of a higher living organismresults in formation, in an

uncertai n nafddr 4:0f 2¢83 + 3 20oht(di N9 RQ Jt.he $Dheieghhgang varak BEMMeESi te of
t he nucl ear genone and cells containing the gene'in a cryptic site of the
genone. have been found in plant genomes and in insect andg

i animal genomes.

Generally, MITEs are defined as-having such
characteristics as (1) their having a perfect or
imperfect inverted repeat sequence at each of both
the 5'- and 3'-terminal regions (similar in this
respect to DNA type transposable elementé), (2)

occurrence of a target dqupliication-like seguence, of

a sequence consisting of two or more nuclueotides,

like the one formed upon insertion of a DNA type



In the case of plant, it is known that a foreign gene, onc&Qi@AN &ed in a
cryptic site, undergoes the influence of the cryptic site, with 't resul t
that the expression of the foreign gene markedly di m ni shes or becones nul
and it is also known that even when a foreign gene is inserted in an active
site, the expression of the foreign gene becones unstabilized and

di m ni shes due to gene silencing as the growh progresses by repetitions of
cell division (Peach et al., Plant M. Biol. 17: 46-60 (1991)). A nain
presumabl e cause of inactivation of the expression of a foreign gene as the

structure of rGhfspokly | ear, inthe c sone e] enment
participating in the st%c%%géystﬁgtﬁ%e%rnmﬁq gﬁg MAR™( Pé’[&rnl?x%ﬁe
attachment {g@iPimadl 8 I G | .d attachgent region) seguence.
This was found as a sequ(g%%eggn?ﬁo%r ilﬁlé?%Lgt?gq eraerpﬁgggr%ecq ct‘:‘z)sa ?ﬂigl ear
matrix. In agihymalge i it gog t mhen_a NMAR-cont ai.ni ng chi.cken A
element is i éat ed to a fo?gir&g\r,][%eﬁgbtlo %eai RSErT e‘gEf gllllooﬁxgﬁrb e

transfer, thg ewRLsBLPNe@f atihe gqne.i ed.i_ncreas ( St.i_et, et ,
Nat ure 341; 345- 345 ( 19?39 ? ) . Lat'er r@?%hi'eg,eqh%ﬁévlgg,v‘r év’eélle‘ld' ?#I&t t he

MAR contribpjesgpyan increase in gene expression efficiency but it, when
al one, cannot counteract the position effect (Bonifer et al., Nculeic Acids

Res. 22: 4202-4218s(48%We woiiEak «al 1 8h naus! £ Co gindﬁfﬁgagngifé%ﬁ@”%
| gat e e

(1994)). In plants as well, studies have been nade"to inves
effects of dHRINGI Bt r@”%&@’ﬂ@ﬂb%-aé‘@"‘@\é@weéﬂyH@Pﬁﬁ/&&cé bi & hesyLys have
a

not been obtained as yet. It is not considered that al one can

count eract iheeposébi BEpRfd €He MBI e s SNOKKRUHRY PO L& 9.‘!H3n i%‘}ﬁ? Genome
Sc¢i ence of Plants), 153-160(1996), pueb?l shed by Shu?gns%a . %roren ?‘3%

geneti cal | ye edidn €6 ,pl #é & havee basb WAV @roPgduas ENetd cahLy nodified

foodstuffs.
IS630-Tcl/Mariner family found in molds and animals .
(Rachroo et al., Mol. Gen. Genet. 245: 339-348 {1994);
Smit et al., Proc. Natl. Acad. Sci. USA 93: 1443-
1448 (1996)). As far as plant-derived MITEs are
concerned, however, no such transposase-encoding
open reading frame has been discovered. Therefore,

many points remain unelucidated concerning the

mechanisms of transposition of plant MITEs and

concerning their actions.

By the way, the gene transfer experiments so faxr
made in gene manipulation in higher living organisms
aremostlycﬂfthenucleargenomeinsertiontype. This
is because higher living organisms have no équivalent
to the plasmid in prokaryotes.

For such gene transfer by insertion into the

nuclear genome, there are available physical methods



09 JAS 2004 9 However, the mpst inportant problemto be solﬂ/%dm%mﬂé

devel oping themis the phenonenon of gene silencing which causes

i nactivation of the expression of foreign genes, as nentioned herei nabove.
I n devel oping genetically nodified plants, it is considered necessary, for
avoi di ng the phenonmenon of gene silencing, to select, anong a very large
nunber of plant individuals, plant indivPduals having a foreign gene
inserted at a site where gene silencing is caused as scarcely as possible
and, further, to select plant individuals in which gene silencing will not
occur even é£h§h:9§§%&PUfn%%ﬂﬁiétLO” for_man ears. For_ such selection, it

is necessary to rarse a targe nundd?® of Feshtofn&iNBuES %hibr dpeat over a
nunber of r.at L on , therefaore,. not aqnl h | abor. and tine are
remﬂredtﬁﬁggﬁﬁég agﬁgafgg(ﬂnﬁgﬁffgnrgﬂ%?g%%?wﬁﬂﬁ}%ﬁgoﬂeﬁﬁﬁﬁ_
s an urgent anhoRedt LS PLTb Bt B (Y o B R BT P of pl ant
to devel op g, pet f..Suppr ' t he position, effect-due gene silencing
or acti vati%ﬁgﬁé@g?zgﬁs%rpgt %ﬁéggré’#?ﬁ?}r = ft(?rcelll’é%qélgen'e EF@ nor e
having o tror e Thend o TR Bomph TUIHG 03 hTG Aff s 8 f WenTi on
As mention £k fa poi.nt s in | uci dat ed as_t o what
functi ons ;jzﬁzﬁﬁE%%ﬁl?&%f&%gfﬁ%‘% Pgeéﬁg%ct?lg_ﬁg’ o TFS,V’fHBSpo%’éi bi lity
is presumahly)e I, ut , i,qn_ of _gene _expressi on
based on the ?i r?di ngaélbf%?nég ;%d?%ggg’oﬁ%%%%&}? hat ™M $€§f(gr% found
f.requently hRchedy pn f IS f ' es_( sl er et
ﬁr}ESCurr.prfi._GEnE?%REiééé?199?%—8%%?(£§§§f35qétggfgggg§ﬁﬁc%sA;ﬁﬁﬁber of
are Tadeana o ¢HH r
(Avranova et al ., Ngcl gi c Aci d%lﬂﬂlé{egea%:f%%iﬁ%%&?ﬁg@ );@{s?glms 3 J)'s%h

presumabl e shald theyuRaveram il dPebkYyYn £90Nee 50N With the structure of the
genone. Thus, M TEs are very interesting transposable elenents (insertion

el ements) from thenseieeliys € cWPWHH Wi b NogliUuch §ahbR9 S48, b ALy bet ween

the genom c structure and the gene expressi on, which has not yet been

exhausti velgyathvasasgal gscobll ath €Ot KL RASS| Bklpidds 0F oY TESt iWeLy
incorporated in a genomc structure after transpoSition between genom c

genes, changtngtdieggenon fsHrFtEluUrth aadh iaph &r’ aSiH i nCYL §ARI LY the
gene expression, their 'O s ~A~ zoos 11 utility as factors stabilizing,

or preventiv@griract fyat 0inofind e igRNEI eXR' €HSb e ACt | Yol ONikh&, EcCasi on

of foreign gene introduction can al so be expected. Thus, in a first aspect,

the presentconedrdnon has fwaniyt sinbjteaicés ,privi de inPvehu s @nbyderi ved

M TE-1i ke el enents, which have scientific and industrial utility, as

nmenti oned apbkencing due to the position effect (Peach et al.,

o Plant Mol. Biol. 17: 46-60 (1991)). Such the position
effect is a phenbmenon found in yeasts and many other
eukaryotes and it is known that while there is no
change:hlthenuoleotidesequence(ﬁftheinsertedgene
itself, the expression activity thereof varies
markedly depending on the site of insertign of said
gene on the chromosome and, in certain cases, the

expression of the gene is completely inactivated

(gene silencing) (Molecular Biology of the Cell, 3rd



Specifically, the invention relates, first of all, to the nB9eJAM 2084l i ke
el ements nentioned bel ow under | to 5 (hereinafter, such MTE-like elenents
are sonetines referred to also as "1 S2 el ements" for convenience): 1. A

M TE-1i ke el enent capabl e of causing duplication of the target sequence:
(ANE AN [n being an integer of not Ies? than 1]; 2. A MTE-like el enent
as defined above under 1 which has a perfect or inperfect termnal inverted
repeat sequence in each of the 5° and 3' termnal regions, 3. A MTE-Ilike
el enent as defined above under 1 or 2 which contains a plurality of

repetitionse@gh taioh€asis 90 30 tﬁ}ggrgJHeotl de sequences represented by the
formula ( 1) : XttgcaaY (wherein X represents g or t and Y represents a or

c) or theforrmlas a I 2,09 JAN
2000 4 A MTEL o e Ran e S Do b L B hdnBheloy of (hRE, T has,

as termnal gbRwers ed LAl SEOCRERS, £8 APUCE £ e howp,, under
SEQID NG 10 in the 5 ter%‘l nal region ang:ua ﬁgtgl glf;fdglé?g'g%eﬁélemgﬁovm

under SEQ I®uMlddri gddemd' @tgr@glr@llegeqdpfl Egdﬁ%gﬁ@i'\éﬁ?kjekengl l.ement

conprising the nucl eotide sequence shown un pr esent

i nvention fwhtihesriekatesat Qctrfi%élaVﬁhthH% 'f%@tekﬁ"éﬁ?técg?t@lé Qhed, el ow

under 6 and 7 (hereinafter, such 10 MTE-1ike elenents are sorret I'nes

referred t owhes® ane |g$|n6|ﬂ7%§ viedl y GOV RBIAICEE g 9nd’°‘l:i¥I ed‘@ gl ement
which has, as ternminal inverted repeat sequences, a nucleoti de uence

shown undersle@sl WiNErd2 tivahBerIpt ol ¥ {19681 QRnANG & é‘i‘i'e‘i‘%é&eat
sequence shown under SEQ ID 15 NO: 13 in the 3 termnal region, and

capabl e of @alsiawge duipl i €AniienyDéat hen t 8heetn s8a¥eNCegiNoRdd 7 1-_Als

M TE-1i ke el ement conprising the nucl eotide sequence shown under SEQ I D

NO: 2. known that a gene inserted in a cryptic site cannot
be transcribed at all due to complete failure of
Proteins necessary for transcription to approach the
gene or due to a change in nucleosome structure or
heterochromatinizationasxesultingfrommethylation
of the genomic DNA in this site, with the result that
inactivation of gene expression (gene silencing)
occurs (Ng et al., Curr. Opin. Genet. Dev., 9: 158-163

%% (1999); Matzke et al., Curr. Opin. Plant Biol. 1:
142-148 (1999)).

It is further known that, even in the same
organism, this gene silencing depends on the state
of cell differentiation, as seen with X chromosome
of manmal. Furthermore, it is known that;once gene
silencing is caused by a presently unknown mechanism,

it is inherited by the offspring of the next

generation resulting from mating (Molecular Biology



In its second aspect, the present invention has for its 20 3% ect to
provi de the so-cglled “transcriptional activation factor" c gbﬁUJdMU# 7
suppressing the gene inactivation phenomenon called gene silencing due to a
position effect or capable s JAN ~aa~ 13 of activating the transcription
of a gene located in the vicinity or marginal region thereof. Specifically,
the invention relates to the follow ng transcriptional activation factors
mentioned bel ow under 8 to 12: 8. A transcriptional activation factor
containing at | east one transposable elenment, 2. A transcriptional

activation fac ag def i n%q—"‘f?gﬁce},tuﬁgfe#aﬁ%%%?539;)?@}5@3‘{1( ansposabl e

element is a M -l i'ke ‘ef emén ation el enent as

def i ned above un i i the transposabl e el nt conprises a _
M TE-1i ke el erren?ﬁ%g?r!p‘?]%lgll\gg' Hglee(?bljr%vﬂ%lgemn(léﬁu ‘g‘%(lﬁ’)“ fef PR&9havi ng

(he.pucleolpe.eenta baganiar SRR, ()2 D Capable o)

hybridi zing w th a DNA havin f above nucI Soride sequen o chusi ng
[ t I -
ZLH ng?lt oﬁeggll(éA?ﬁ%(%\?gh n g?%gggn%%glggrlco?inﬁrﬁ?‘e%% fggg‘leﬁg 1;‘;1]E]:f1he
[ [ [ -l ike
fSIoIt FO\C/)\A!c nbn%ﬁf&bl(ggb%rquo%): “F?%%K@’%%?ﬁg°‘{h‘é‘gﬁg‘c‘f§o i ggstaﬁerﬁ‘énghom

under SEQ Ibhbwout ) ‘thé~312|$9' Bfl‘lx{é?%r%i% S?F’%g'}{fgrgfgp{‘ely%&ﬁ%ﬁgng

wi th a DNA having the above nucl eotl de sequence (C

condi tions @gdcosthBd dOF §eMdire! Ider BLYE m8%§?é§'ltfifsAC$H%i ok 58 onal

duplication of TA at the site of insertion there ransc

activation eheidnds adef { NEM pRWELYNI]T, Lod PVl G EQ%%E%@%%OJ?fble
ef'ement is
Thus, introduction of 'a foreign gene into cells of
a higher living organism results in formation, in an
uncertain manner, of cells containing the foreign
gene in an active site of the nuclear genome and cells
containing the gene in a cryptic site of the genome .
In the case of plant, it is known that a foreign
gene, once introduced in a cryptic site, undergoes

the influence of the cryptic site, with the result

that the expression of the foreign gene markedly

diminishes or becomes null and it is also known that
even when a foreigt_l gene is inserted in an active site,
the expression of the foreign gene becomes

unstabilized and diminishes due to gene silencing as
the growth progresses by repetitions of cell division

(Peach et al., Plant Mol. Biol. 17: 46-60 {(1991)).

A main presumable cause of inactivation of the

expression of a foreign gene is the structure of the



a tandem coupling product froma MTE-Iike elenent conprisin he foll ow ng
DNA (a) or (b): (a) a DNA having the nucl eoti de sequence sha u}ﬂbr}’fﬁ@ﬁ(} | D
NO 1; (b) a DNA capabl e of hybridizing with a DNA having t he above '
nucl eoti de sequence (a) under stringent conditions and coding for a

M TE-li ke el ement capable of causing duplication of (A nG A n [n being an
integer of not less than 1) at the site of insertion thereof, and a

M TE-1i ke el enent conprising the following DNA (c) or (d): (o) a DNA having
t he nucl eoti de sequence shown under SEQ ID NO:2; (d) a DNA capabl e of

hybri di zi ng PNA ving ,t.he above nucl eoti de sequence (c) under
stringent con ft“p'leg%s arﬂ?c%&i AP FoF i WPPEARRe efBrnehteB&3Hbl e of causing
duplication ‘ the site of .insertion thereaqf. D9 JAId 2Q04 15 12.
A transcript %ﬁﬁ%%?iavalt?gnlgl &R LB LF RgoL Bl MEPhg A hPWhcléot i de
sequence sho e D NQ: 3. The esent inventjon further relates to
a cassette f%?@%ré?s%%%“éf Iélgt%aéﬁgq%‘ﬁo&?c‘%jdoﬁhi cH 88t tied AR

transcriptio pyati I t .mentioned above. Specifically, there may
be ment i oned{]tg%gafg%étsigt taggt%gan?%ﬁgd Ibeeﬁ’g\?/ hd@P 9P Be15: "AL8s¥@S e far

cxoression, 1auadlapt e U BRI L ERCAI M oh O SESLLIS e

transcriptional activation enen ined a

DNA fwely J ol t id factor; 14, An introduce ene
o o on oo gpq{@éh\é%e%i#lgggg%'o 18 %ml'g?g'lsn' \A?rﬁFcﬁ'aﬁes nse'g'ﬂl fce

expressi on cassette as ove under

operatively 4Ribped, t ﬁam%aﬁ%%ﬁiﬁ# .O@F?ic%%xj; VAL ieqneigégggjts? gggp@%ﬁga a

pronoter and/or a term nator, i ntroduced gene e e as

def.ined abovgoundefolg W Chefui t PEI .bcé)gFB;ss%.st o &S éx‘%%%ﬂ‘?egg’eg‘g%e?ﬁed

operatively joined to the transcription ctivati on” el :
| ntroduced gepaniOuenca e Be PXBEEYEH. oF1% RLCY M ol TYAN LR U ther

relates to a plasm d which contains e transcri pti onal

increased (Stief et al., Nature 341; 343-345 {1989)).
Later studies, however, revealed that the MAR
contributes to an increase in gene expression
efficiency but it, when alone, cannot counteract the
position effect (Bonifer et al., Nculeic Acids Res.
22: 4202-4210 (1994); Poljak et al., Nucleic Acids
Res. 22: 4386-4394 (1994)). In plants as well,

£, gstudies have been made to investigate the effects of
MARs using transformants. However, anf’reproducible
results have not been obtained as vet. Tt is not
considered that a MAR alone can counteract the
position effect (Meshi: Shokubutsu no Genome Science
(GenomeScienceofEﬂants),153—160(1996)fpuhlished
by Shujunsha).

Currently, genetically modified Plants have

been developed as genetically modified foodstuffs.



B 9 JAN 200g 16 activation el enment nentioned herei nabove (as ,an |ntroduced
gene expression cassette, for instance) and to a transgenic ﬁf rlng
the transcriptional activation elenment introduced therein by ut|I|2|ng such
pl asm d. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 as a representation of
the structure of an 1S2 elenent, which ig a MTE-like el ement according to
the invention. Fig. 2 is a representation of the structure of an ISl

el enent, which is a MTE-like elenment according to the invention, and of
its termnal inverted repeat sequences and its inserted duplicate sequence

TA th d [abs 4 f
Tt hod of  CaoNIVERST IR ket Ly i e RO BRNTL bR (b seabAv R h @

representatgR f o hBG FLENERUTES Of ol P‘ﬁ 6&%%¥@L09e8%%9%’i'e%%£ﬁ&en

gDCPAL4. Fig. 5 is a representation o e results of conparlson
the nucl cotyle ALAHERLR 9T 18 e TEvld dpofl YRNEnk! TaBLARN Ol 4 he pr esent
0

i nvention and the nucl eoti de sequences of e so far” known mamay famly

(Bureau ands¥essi @h, A8k, CE‘EH. menQ::@oﬁ%%E ﬁQ%lfB%boW 917, (1994).

Sequences i ndi cated by white letters on a black bac ground are term nal

inverted repeale SEAYINF C§e AN S8 110 OL WY £ 1 Elad pﬁah%sa reprgsentation of
the inperfect inverted repeat sequences and target duplication sequence

( AAAAGAAAA ¢ 8 nihied 8 RERT |ﬂé@és%@fﬁi) E8raRa) § 16U d HREnbS% £LRTBR .

which is a MTE-1ike elenent of the invention.
gene silencing, to select, among a very large number

s of plant individuals, plant individuals having a
foreign gene ingserted at a site where gene silencing
is caused as scarcely as possible and, further, to
select plant individuals in which gene silencing will
not occur even after numerous generation for many
yYears. For such selection, it is necessary to raise
a large number of plant individuals and repeat over
a number of generations and, therefore, not only much
labor and time are required but also a vast area of

land is required, namely a soil area problem arises.

Therefore, as another strategy of-avoiding gene
silencing, it is an urgent and most important problem
in genetic engineering of plants to develop a method
ofsuppressingthepositioneffect—duegenesilencing
or activating the transcription of an inserted
foreign gene and, more specifically. develop the
so-called "transcriptiomal activation element"

having either of these effects.



Fig. 7 as a schematic representation of a nmethod of construdg AN 2604

| S1-35S/ SR Fig. 8 is a schematic representation of a nethod of ,
constructing 1S2-355/SR. Fig. 9 is a schematic representation of a method
of constructing 1S12-35S/SR. Fig. 10 is a sg:herratltr:] re|to_resent at;gzt g{ign o
met hod of constructing MJ3-35S/ SR Fig. Is a schematic repre

a net hod of construct igng pl SI - 35S/ AB35S, 1‘Lg)jl S2- 35S/ AB35S, pl Sl 2- 35S/ AB35S
and pMJ3-35S/ AB35S. Fig. 12 is a representation of the results of Exanple 3
(1) in which a conparison was nade anong the nunbers of regenerated calli,
on sel ection nedia containing kananycin, fromcultured tobacco BY-2 cells
transforned by introduction of the constructs pl SlI-35S/ AB35S (I S1),

pl S2- 35S/ AB35S (1S2), O 9D%@u:%g,uy@gpb§l Zlﬁﬁwfﬁ(?,? (1S12) and pAB35S

(35S) (control). In the figure, the upper an ower  graphs show the results
obt ai ned by usi ng asel gehitoo HBY 3, &0B4E] M 8¢ 100 éhﬁg/ ng)f.‘ﬁq:ds 3%%{‘4'?"51 /'m  of
kananyoin, respectively. Fig. 13 1s a representati o i ere f

Exampl e 3 (Zind Duehightd UPaLHSAR 185 TS Dohueqn 10e S Acthuity of

tobacco calli (control) resulting fromintroduction of PA TB &V 1 ef t

graph) and as for the functions of MITEs, the possibility is
Presumable of their contributing to the activation
of gene expression based on the finding obtained by
studies so far made that MITEs are found frequently
in regions upstream of promoters of various genes
(Wessler et al., Curr. Opin. Genet. Dev. 5: 914-821
(1995)). Further, since a number of MITEs are found
in the vicinity of a matric attachment region (MAR)
(Avramova et al., Nucleic Acids Res. 26: 761-767
(1998)), it is also Presumable that they have an
important connection with the structure of the

genome .

Thus, MITEs are very interesting transposable

elements (insertion elements) from the scientific
vieWpoint in elucidating the relation between the
genomic structure and the gene expression, which has
not yet been exhaustively investigated. In view of
the possibility of MITEs, when incorporafed in a
genomic structure after transposition between
genomic genes, changing the genomic structure and,

as a result, controlling the gene expression, their



the GUS activity of tobacco calli resulting fromint roduclﬁ%n”cm‘ 2004

pl Sl 2- 35S/ AB35S (1 S12) (right graph). BEST MODES FOR CARRYI NG OUT THE

I NVENTION |. Novel MTE-like el ements The known M TESs so far discovered

i nclude not only the Tourist and Stowaway fam |ies nentioned above but al so
the famlies Castaway, Crackle, Emgrant;; Explorer, Ditto, Gaijin, Krispie,
Pop, Snap, Wanderer, Wijin, Wkong, Wneng and Xbr. While these MTES are
structurally characterized by all having a perfect or inperfect invereted
repeat sequence in the termnal region, the inverted repeat sequences quite

differ in nuehegitgea@qﬂaa%ﬁadsltemih apR B e flGtNEr. the
target duplication sequence in the MTE |ls T for %uri s? lﬂ‘r‘kﬂfor

St owaway, THAactl@alANdEPOf,1HOg&Rst 8%V e SLIGAT Al okl e, ITA for
Ditto, TA for Em grgnt ATT or TAGgor TGAW%r T or %Tchgﬁrlq? (%(L t&% jin,

TTGAAC for &eicsi £onAMAACAA I g AAYNEA fxpErEa%,cJTIITB 505108, pLTA OF
TAA for Wanderer, TA or CATA for in, TATA or TACA for Wkong, AA or TTAT

for Wineng,eap&cdéA.for Xor (any definite target duplication sequence has

not been found for Explorer) (Bureau et al. , Proc. Natl. Acad. Sci. USA,
93: 8524-8529 (19Bfijs CapAcuberilfs €t adlpectl abhe) prifen? 2R n PR ) ;
Song et al. , Mdl. Gen. Genet . , 258 449-456 (199p Tu, Proo. Natl. ad

Sci. USA, -Has747/exr748% (4BFH¢t Ursalp A0¢iMY JAB~vell | Nglla,&oh@rgégd
812-823 (1995)). On the other hand, the 1S2 el enent, an enbodi nent of the

above- nent i 9HREE Nbikle M TEmleikes el enﬁléhomahh@ Broe.ﬁ@ﬁftllffhv&nhln@ has, as
the target duplication sequence, (A)n An [n being an integer not |ess.
than 1], whinlustndalf cwhd Lintapy aof hmbBatsicohad kiwweM TES (insertion

el’ emsnts) In this respect, the 1S2 el enent can be said to be an insertion
el ement bel ongi ngSpeca hbvell Trpi itheli { hefeant i a0 any t@fs | he 150 £ ap gknown
famlies. As for the ISl el enent, which is an enbodi nent of the novel

M TE-1i ke erdidsntt ofthéienpreseMITBvdntkene lieimdwmesTAeast 1 Bad@MSl ow
duplication D9 JAfd ~DQ4 20 sequence and thus can be said to be a novel
M TEl i ke el@eR@®r bkl diegi ng(be teenlafomrf aridgh SMaERaY i(RIr edendntE and
Wessler, S. R,.Stowawav: a new famly of inverted repeat el enents

associ at ed 3F ehsofee hémess of e Betrlr qdnbooktissedcnouS T 82d edi €dbyHtadONPUE
plants. Plant Cell, 6: 907-16 (1994)). In the following, these 1S2 and ISl
el ement s ar(*eonvenlence)

1. A MITE-like element capable of causing
duplication of the target sequence: {({A)nG(A)n [n
being an integer of not less than 1];

= 2. A MITE-like element as defined above under 1 which
has a perfect or imperfect terminal inverted repeat
sequence in each of the 5' and 3' terminal regions;
3. A MITE-like element as defined above under 1 or
2 which contains a Plurality of repetitions of at
least one of the nucleotide segquences représented by
the formula (1): Xttgcaa¥Y (wherein X represents g or
t and Y represents a or ¢) or the formula (2): Zatgcaa

(wherein Z represents t or a):



described. 1_ 1S2 element The 1S2 elenment is characterized by causing
target duplication of (A NG An in the genomc gene at the site of
insertion. The nunber n may be any integer not less than 1. Wile at is not
particularly restricted, it is specifically, for exanple 2 to 6, preferably
3to 5, nore preferably 4. More specifically, the MTE-like elenent of the
present invention is a DNA having a size of not nore than aggutag ¥Bpa
preferably about 0.2 to 2 kb, has repgat sequences reverse in direction to
each other (termnal inverted repeat sequences) in the 5 and 3 termnal
regi ons thereof. From such viewpoint, the |1S2 el enent of the present

i nvent,i on e.requirenents concerni ng the above-nentioned_three

char acteri g%@%&ﬁ%é%%@ | 8F éfef%f?e%ﬁé)‘?v%pi“lﬁdeéer‘?éw vl $0934-821
21 09 JAN, 2004 (1995)), nanely (1) that they have a perfect or jnperfect

i nver PBGPepiit: sRRuERCEIBR Ledd Rt atheTePeRRd STAVESCHSNI 2 (RYclatide
repeat sequence conprising two or nore base pairs is found as a target

dupl i €g8gEeseguEhea pndey SR HPr¥et16nion thebdi'h tdéniesnalf témiémvented
repeat sequence of the gene insertion site and (3) that their size is not
nore Bhanu2lkbtitlenceegaanbe ideownf iwtHers SHQ amgposahlia elienephe 3¢
(insertion elenment, MTEli ke elenent) having a MTE-|i ke sequence. The | S2
el eremerofinkie rpgesant ahAavention is structurally 10 characterized by
containing, in the nucleotide sequence thereof, at |east one nucl eotide

sequerce r@prgsentedihy ET@mEHE”U!:érlng}%lgi?%t?gﬂ%; ﬁ%f%gEPdé fgg&?g?gés 9

or t and Y represents a or c) (SEQ or t or mu

Zat gcag (mherakn éEPeEbeﬁgn st or a (SEQIDNGC 8 to 9) in a continuously
or 1S di'scontinuously repéat'éd manner. The positioning and nunber of such

repeat sequences are not particularly restricted but they may he contai ned
inthe ter ﬁaﬁ%ﬁﬁﬁﬁqeanggﬁgéPnsgéééhﬁ% BECBFEPNG I nthbt Btvse t¥F iEnal

regiogs of the 1S2 elenment or in_an internediate region 20 occurring
bet weerXEaicd SEHish e hi/@reddPeépratddieeuienbds 7 THeTsad egient sBeht he
present invention 22 09 JAN 2004 specifically includes the ones which
coht aMATE-prEeal plpmehteepeae sequehtwssr epefsentdd by t hksabome fdIful a
(1) and (2) in the intermedi ate regi on between the term nal inverted repeat
sequertescand”afpkurahivepiehcegpeat sequences represented by the 5 formul a
(1) inthe termnal inverted repeat sequences, as shown in Fig. 1.
6. A MITE-like element which has, as terminal inverted repeat
sequences, a nucleotide sequence shown under SEQ ID NO:12 in the
5' terminal region and a nucleotide sequence shown under SEQ ID
15 NO:13 in the 3' terminal region, and is capable of causing
duplication of the target sequence TA; and

7. A MITE-like element comprising the nucleotide sequence

shown under SEQ ID NO:2.
In its second aspect, the present invention has for its
20 object to provide the so-called “transcriptional activation

factor” capable of suppressing the gene inactivation phenomenon

called gene silencing due to a position effect or capable



The termnal inverted repeat sequences which the |52 elenent<g%fjmﬂﬁgggent
invention has need not be strictly conplementary to each other but e bnly
requirenent is that the 10 5° and 3' term nal regions can hybridize with
each other under stringent conditions and, as a result, the 1S2 el ement can
have such a stemstructure as shown in Fig. 1. In this sense, the 152

el enent of the present invention included not only those having perfect
inverted repeat sequences as the termnal inverted 15 repeat sequences but
al so those having inperfect inverted repeat sequences as the term nal

i ted re t uences, specific examles of the |S2 elenment _
:a(r:\\ég diengr t g?ﬁecsg%qgge%njtngnﬁrﬁ &oﬁ?nfﬁe?’epﬁ‘&frbé’?re?n$ﬁﬁéd liarzabgss 4i ch

A i ted repeat sequences, the nucleotide 20 sequence
Shoan under 4% TR DY 19 F oS P e Sasi GhRgRE O 23 0 JAN 2004 Lhe
2 ore speci 16 es B LE e ThEY ST RP Y SRS Py BESori ohbE ¢ he' one
havi ng the I i.de. s haown under SEQ ID NO 1._The | S2 el enent may
have gne or Q%EQ 121%2%%?%%‘2’%@3%%??& fcggd’e%tf)?ndeﬁ%f’éd”?% t he
term nal mentioned below under 8 to 12:

8. A transcriptional activation factor containing
at least one transposable element;

9. A transcriptional activation factor as defined
above under 8, in which the transposable element isg
a MITE-l1ike element;

10. A transcriptional activation element as defined
above under 9, in which the transposable element
comprises a MITE-like element comprising the
followiﬁg DNA (a) or (b):

(a) a DNA having the nucleotide seguence shown under

SEQ ID NO:1;

{(b) a DNA capable of hybridizing with a DNA having
the above nucleotide sequence (a) under stringent
conditions and coding for a MITE-like element capable
of causing duplication of (A)nG(A)n [n being an
integer of not less than 1] at the site of insertion
thereof, and/or a MITE-like element compiising the
following DNRA (c) or (d):

(c) a DNA having the nucleotide sequence shown under

SEQ ID NO:2;



inverted repeat sequences or in the sequence occurring bet . d_repeat
sequences if the resulting nodifications remain functional V\%QI i&heﬂ@é
substantially having the function or activity of the 1S2 elenment itself.
The M TE-1ike elenent of the 10 present invention includes such functional
equivalents as well. As preferred functional equivalents, there may be
menti oned the ones substantially having ¥he function or activity of the IS2
el enent havi ng the nucl eoti de sequence shown under SEQ I D NO:1, and causing
target duplication of (AAnG A n [n being an 15 integer not |ess than 1] at
the site of ,i.Rsert] and capabl e .of hybridizing with the above |S2 el enent
under stri n&gﬁt %ohg?‘ti%?lg.a & gy %ﬁtidc‘oﬁﬁf‘ﬁi Shsth @ RBARaBEng

ment i oned tpﬁecoa. ditions Iﬁg‘ 1 €,$SC lus 0.1 0 (ww SDS at SOC or above
over a peri 6d of* 1°KSur® * &S Shet fenci T 8RR SRul ¢l ehide R neE&imganf be

ment i oned QL qsJ._p1c:3§iofi cally the_ones not 24 09 ~1AN 2004 | ess than 70%
preferably not 1ess’°Oiaf HE5GMoPE 5% & YhTE ndi N el ¢ MER oGAPIPLE nore
preferably t Less, fhan 95% honul ogous in nucl eotide sequence with the |1S2
Gl ement shoth oRist BB P T e S SF ARt Re Prick e T of BRERE PR e

pr esent invgﬂgrO@o?r_i ngs about target duplication of TA at the site of
genonmi c gené I nsertion and is characterized by having, as the term nal

inverted repeat se —Lhe.nucleotide sequence_shown under. SEQ | D NO: 12
in 10 the 5'Pit'er% ﬁ:alﬁe&?ggﬁrolnggrai "tahg FOEESS Y 8 s &dfehe R tsAGwA afntiaP 4SEQ | D

NO: 13 in t ' 1 ks T, I | t of t i ti i

sEeci f :lggl gbgv&%ﬂ%\%ﬁlngg ggg?lgg%?fﬁo?%rﬁ?r%’qfﬁgfo%ﬁggﬁ'ellin?\i ,r‘;ln'!f?'glf %islélpl %/h
abou he of .sych fac e.| Sl element o e
i'nvention canE%ﬁg?i %e%&gg'&g‘%Sb%I@Pé{?ltk%re?%r@nt ,I*ER&’I 2 Fgf"é‘f‘ﬁﬁent
ment i oned aPgwgr AS1LRE LBL eﬂ&ﬂﬁ%f’&%; BT £a§Nta NYgALI on. there may

specifically bé nentioned the one havi uctur hown in Fig. 2.

sequente. shoun naer &y 89 ooy e N F g1 5, HSIBRAE SRR R 8heh
nucl eoti de ggguensen@ryr have one or nore nucl eotides substituted, added or

deleted in the termnal inverted repeat sequences or in the
(b) a DNA capable of hybridizing with a DNA having

the above nucleotide sequence (a) under stringent
conditions and coding for a MITE-l1like element capable
of causing duplication of (A)uaG(A)n [n being an
integer of not less than 1] at the site of insertion
fﬁ3 thereof, and a MITE-like element comprising the
following DNA (c) or (d4):
(c) a DNA having the nucleotide sequence shown under
SEQ ID NO:2;
(d) a DNA capable of hybridizing with a DNA having
the above nucleotide sequence (c¢) under étringent
conditions and coding for a MITE-like element capable

Oof causing duplication of TA at the site of insertion

thereof.



25 09 JAN 2004 sequence occurring between these repeat SEQUﬁ ces of the 5
and 3' termnal regions if the resulting nodifications rem JANCEGnal
equi val ents substantially having the function or activity of the MTE-1i ke
elenment itself. The MTE-lIike elenent 5 of the present invention includes
such functional equivalents as well. Preferred as the functional
equi val ents are those which substantial |3 have the function or activity of
the MTE-1ike elenent (1Sl elenent) having the nucl eoti de sequence shown
under 10 SEQ ID NO:2 and which are at | east 850, preferably at |east 90%
nor e preferfbly at | east 95s honnuggous in nucl eotide sequence with said

| S1 el enent1%The AVEREP FRE B Bhoma!l @sbixmtier eleman s)comparipbug

her ei nabove al | _have been di scovered fromthe carrot genone, 15 nore

speci fical 1§ PFREmTELREr thte ghifijen bhike saaDARSS wgehader HEM | oned
| at er herei nd can be isolated and recovered as described |later herein
in the exangpe%géé ron The MTE-1ike elenent of the present invention is
not limted in orj HfrOVIded that it has the structure and

characteristics 2 F8f&R hetBVRbbien |furtbfsnerglat 9si Medaout t hat

transposabl e eIenE@ts, as sel f -mechani snms. of autonodi fication of
casse e expression of a gene introduced which

comprises the transcriptional activation element
mentioned above. Specifically, there may be
mentioned the cassettes mentioned below under 13 to
15:

13. A cassette for expression, in a plant, of a gene
introduced which comprises the transcriptional
activation element defined above under any of 8 to

12, and a DNA sequence operatively joined to said

factor;
14, An introduced gene expression cassette as
defined above under 13, in which the DNA Ssequence

operatively joined to the transcriptional activation

element comprises a promoter amnd/or ﬁ terminator;
lj,' An introduced gene expression cassette as
defined above under 14 which further comprises, as
the DNA sequence operatively joined to the
transcriptional activation element, a desired
introduced gene sequence to be expressed.

The present invention further relates to a

plasmid which contains the transcriptional



0 ~ JAN 204 26 the plant genonme itself, mght possibly contﬁggabﬁ Eﬁgkedly
to evolution of the organi smconcerned and to environnental atvidn. As
regards the M TE-like el ement of the present invention, it is unknown as to
t he nmechanisns by which it functions in relation to the self-nechanisns of
aut onodi fi cati on of plant genones. However, unlike the case of :
retrotransposons (MDonal d, Bi oSci ence 4¥f 183-191 ( 1990 ) , such a fact
that it has an enhancer elenment therewithin and a gene pronoter is
activated by insertion of said enhancer elenent as resulting from
transpositi n€¥v§ Ldlglesent iﬁ not found. ﬂgeretoreb the MTE-Iike

el enent of TRe presém®ifveMeBh PP biolsiti hered 2aPRVgh (250R% bl y cause
changes in ?ggqpigustnycture upon_insertion thereof in_a plant genone and

thereby contribute to dyhamc ThBAGES HP 0 YRR D stPIcttPE L ARER )as

tho nechani 488 X8R g Beddt FomtaBLe T bREME T B Rnown enhancer
possi bl o, byranTesing thas Tttt o S EEBERY of M 8Bk si on of a
The so far Kabwe TE b BEL1 P11RY S G PhadiyR - Sonerai Ty poi nted out

that Wien a foreign gene is inserted in a cryptic site of a genom c DNA,
the expression thereof is suppressed or inactivated. Therefore, it is

consi der ed possi bl e gy sty | p gtk £ DR N skl 5! BHRY r Lt e presen
to

i nvention and based on the above propérties, i nvi gorate or activate the

reduced or suppregssgd apifkty Eﬁﬁgfggéﬁﬁggﬁﬁ$ﬁ?P? eLg&ekgg{gggg{%gt%?guced

by ‘transgeni c technique. Accor enent O sent

| nventi on | anupSbub 1idh &R KHAIINL Aol (AI0C)PLEXDHSSRL 0B 833614 £agnd 2

pl asm d contai ning said cassette In s y creating genetically englﬁéered

pl ants and absanseliwvantitcaPl y creating genetically engineered organi sns
capabl e of expression of the transgene by utilizing said cassette and

plasmid. Il. Tranggiyi pti opal aaeld yALkem €4 TN onlletﬂreE%E%ul«,@{PP&i 8%
e

further relates to a transcriptional activation elenent.

transcriptignal saceieadd 08 ,ehBARH S0 ol RT¥H 201 k@ BGidhn kNgkudass 2,4 ement
capabl e of pronoting the transcription of a group of genes located 1A the

vi cinity ortoatgienanvegitab® $aldoe! LBk A% ¥EhN 3% v SLEE e FRD! € Of
i nhi biting suppression of a desired foreign gene introduced in
sequences and its inserted duplicate sequence (TA in
the underlined parts).
Fig. 3 is a schematic representation of a method
%% of comstructing gDCPAL3-pro/SK.

Fig. 4 is a comparative representation of the
structures of the carrot PAL genes gDCPAL3 and
gDCPAL4.

Fig. 5 is a representation of the results of
comparison hetween the nucleotide sequenée of a
MITE-lilke element (IS1 element) of the present

invention and the nucleotide sequences of the so far

knownﬁiﬂﬂiﬂizfamily(BureauandWessler,PlantCell,



"~ 9 JAN 2004 28 a genomic DNA or the like from being inaCtIQTQEd by ene
silencing due to the position effect. The so-far known el ene

in charge of transcriptional activation each activates the transcrlptlon of
a specific gene by occurring, as an enhancer, in the vicinity of the
pronoter of said gene and cis-acting dlrectly on said pronoter. On the
contrary, the transcriptional activation®l enent of the present invention
pronotes the transcription of a single gene or a group of a plurality of
genes located an the vicinity or marginal region thereof, irrespective of

osition relati t r d, further, includes those

gubstantl al By p%g%n%l fng ﬁ'&ﬁ;nsc%}eﬁw&?“@s stpstesetss (RE wivkkent
broader range 5 SFECAF 4 2@11;2?%;#3& T AUBre A oF S RBdedv eFted
transcripti ti n t. The trans tional activation el enent
of the pPes%n%t |%\%en£t/$%h% ce% arsglc?‘éﬂlfedl%ﬂ'} g’é‘rﬁ?‘érm ng at |east one

ol udes al | of tBe Sbote-bn: o‘n’Z%‘rbE%ﬁ %ﬁé"ﬁhif%ids%i%ﬂ RE v TEs
Thus, the tr o] C 20 el ement _of the pre i nvention

i ncl udes %Q’S'gf/ilt%ii nggaaf%ose FESER Nyt gt tl%’égFQ rfi Bl Lqptions a
transposabl g ? Ue [RAFALRRS '& ﬂqln%thheru i s, derived fromthe same

species or a erent Speci es. A pref &fred PASTtIPSS RArtatti vation

et 1 nod, a8 o B L e R T eI thRPadk By Pt o5 as

defi ned, as nenti onedl above, as an el enen

(1) havi ng gﬂeﬁiggtké)rell@;@ég%ctof gLt ed, L eRgat, ‘,t?equence in each of both
‘and 3' terminal regions (simlar In “thi's respect 'to DNA type

transposabl e el enente. )7 .44 @Qcﬁémla%c%ﬂeg%%éﬁgﬁ% P the in e%hed

repeat sequence, a target duplication sequence conprising Tepeat seéquences

arranged |notfhecgﬁlga:,_dﬁ&Qg_tﬂé)nIgrid_§9D§Kr§§l ng two or nore base pairs, like
the ones formed upon insertion of a type transposable elenent in a

enom ¢ DNA and (@kdavd I S5 | er
gt al. , Curr. Og)l)nideeng?S %vagﬁgggﬁéééllp?%%gﬁg% ‘;HWﬁ'Eabe?gx%l ng to

such cat egoeb) o&od@fﬁﬁ&tgmgamgt;e_ 16§87 536, t he transposabl e el enent in
carrying out the present invention. As MTES particularly suited anong

others, there maprhgy menti ®ned d Henakovsnes b%@nﬂaﬁoMJﬁ J.n'rlf@tﬁ' %"E”ts
of the present invention, nanely the "I1S2 elenent”, "IS1l elenent”, and

f uncti onal ewlwaherﬁxsublnar:ﬁgomlz 35S/SK.

Fig. 10 is a schematic representation of a method

of construoting MU3-35S/SK.

25 Fig. 11 is a schematic representation of a method
of constructing pIS1-35S/AB35S, pIS2-35S/AB35S,
pIS12-355/AB35S and pMU3-35S/AB35S.

Fig. 12 is a representation of the results of
Example 3 (1) in which a comparison was made among
the numbers of regenerated calli, on seleclion media
containing kanamycin, from cultured tobacco BY-2

cells transformed by introduction of the constructs

pIS1-355/AB35S (ISl), pIS2-35S/AB35S (IS2),



~ 9 JAS 2~0~ 30 Thus, the transcriptional activation el enent B8 JAN Mpgsent
invention preferably contains at |east one nucl eotide sequence sel ected
fromanong said 1S2 el ement, ISl elenent, and functional equival ents
thereto. More specifically, the transcriptlonal activation el enent of the
present invention includes, anong others, (1) the one having the nucl eotide
sequence of the I1S1 elenent or a functio%% equi val ent thereof, (2) the one
havi ng the nucl eoti de sequence of the IS2 elenment or a functi onal

equi val ent thereof, (3) the one having a nucleotide sequence resulting from

t and j Oi f S | t
functi onal négﬁ% 3% RESSH ' CRSTHLOHRR SpbdS s el bromies)

| t h f (t d f the |S1 el t
o 182 o enmn il BRuERl EhE g PRES %tfh Eﬁé’%ﬁﬁ%ﬁ%%ﬁﬁahe%‘f.ea@@n

[ ti f | eot ft Sl el

| 52 el enent %%@dftguﬁ%tf%ﬁgl‘q% o vgoeln?’ p RS B 8 e cgeﬁu%f’é’g:tare’dn’gg?éguence
f the 182 | t t | l ent th t
gn argltrarybnuéI%Bél%éégéq§en g%?%#é??e n%f@%%?é§qg%%¥§%ggﬁﬁﬁ§g&gbflghgl

t t f act b | S2 t
?ﬁnlt:;/?olngln ag g,rA\N 52?3?5%3 u?va %J:QP%S}{ o ane 1"S| )%[{gggrdlg'uﬁs i
tandem j oi nkRGh1ENS (3ly ef SNRRL ©r, ! 3m$|a§§17PQF %"J;HEC" onal

emen

equi val ent thereto and the TS2 elerent 5FAe LY PSTA

equival ent thel eius st @vnepids G SEATRIS 1 1he L &,ttefoiaeregé,g?fg Y be

menti oned the one having the nucl eoti sequence shown un

Referring Lerldie tn¥nssaiRil Aol o3Cl4 NBLsA ehemant (TR oped Abpve ‘%{‘der

(4), the intervening nucl eotide sequence between th

el ement ({hena dysbel #8190l 41 8iey)e 462 PRRLICH ALl T £9hI] G £dnPUL MRY
be any nucl eoti de sequence on condition that the effects o he T hvention

are not counh@/Pedadt Asna oPepiriiio - Byls NOPE 5 e there may
be nentioned one derived fron1§he carrot/g%? ?LA%%%?ggqugggggtGEneraIIy,
such nucl eogirdpsgquence can have a size of 5 to 1,000 bp, preferably 300
to 500 bp. As a transcriptional activation el enment of such node of
enbodi ment, there nmay be specifically nentioned the one having the
nucl eoti de sequence shown under SSQ I D NO: 14. The transcri ptional
activation el eneBEDt MoDpPseFeOR CARIEIRNG ©anr beneper AiRYek Yoioi ned to a
desired gene sequence to be introduced into a plant

I. Novel MITE-like elements

The known MITESs so far discovered include not
only the Touristi and Stowaway families mentioned

abqve but also the families Castaway, Crackle,
Emigrant, Explorer, Ditto, Gaijin, Krispie, Pop, Snap,

Wanderer, Wujin, Wukong, Hgngﬁgandwghg. While these
MITEs are structurally characterized by all having
a perfect or imperfect invereted repeat sequence in
the terminal region, the inverted repeatisequences
quite differ in nucleotide sequence and length among

the MITEs. Further, the target duplication sequence

in the MITE is TAA for Tourist, TA for Stowaway, TAA



0 9 JAf~ 2QQ- 32 body (transgene sequence (inclusive of for8i%dANepass
sequence)) and, further, the transcriptional activation elenment joined to
sai d transgene sequence can be operatively joined to a functional DNA
sequence or sequences, such as a pronoter functional in a plant and/or a
term nator functional in a plant. The expre55|on “operatively joined" as
used herein neans that the transcrlptlondt activation elenent is |ocated at
a position sufficiently close to the above-nentioned transgene sequence or
various functional DNA sequences to exert its influence on these sequences,

irrespectivqhg% i tion SI&%TQ%QTghr%ﬁtlog ﬁ trans gen&M{o be used in
the practice é%%i%?g§%% hPdddQesired
brancs. Buert ¥ 5ed, BBtk athe. Atin DR Cr el Th e hete cBaM P For /3
- Iucuronld [ esi nes enes co for insecticida
agd bacter|C|d%I pf%tg%ﬁégéﬁﬂsqﬁgggﬁg qg%ﬁeéag%§2&ﬁt ﬁ%&g 2 O@dnpounds:
genes synt hﬁihﬂ%ﬂi{p% IVI.f, qnippu]gds Cga%%%casr rer%)é:: qﬁggs

gl ucanases, i tinases phyt oa eX|ns agro

enzyms (o, HEBERIRES T TASRRL e iR HalgeRe

t t | at f act
Pher of or 3?‘6‘%@%?2?25‘*{Eq’%fg%[%%%i%n.ﬁﬁﬂf“ﬁ‘%%é K f 487 e tadt gng
amylase | nhishbges @8RS § QYqlotets bR A8l oawvﬂstsmm%s'fsd?ggﬁ%rthe

i nvol ved in insect horinone an ne synthesis; genes | nvo

synthesi s ofg fpdisGHak @gqr@gﬁlé{:ogitl co gnc&s Lquch aro and

vi‘tam ns; and antisense transcripts |nter ering Sth me eotl & ‘sequehces

occurring inptagke { T5ansg 0801 6 9l ANt caklon e AAGAURH 4171295 A h3OY . The
present i nvention further ates to a gene expression cassette sU|teﬂ for

appl i cation 1e: py antss (\/\bb@h)cormsﬁéeétt Be abeye t ré‘@ﬁc“c%td%@a' 3 Vat' on
el ement and a DNA sequence or sequences operatively joine ereto.

"gene expressdonqteselbe’s 5o faf erdLedot 0 e £ NaABADRS 3 A as@k%g,t %ﬁi’? used
for introduction into plants as well as a subfragnent thereof

sequence opergybvel4/8 poi(neslo 9 ;t hen EANSER EPM ARG naCty Vajisan, ehglgq_nt
there may be nentioned functi onal DNA sequences such as’ pronoter and

term nator. Sagd BN sequenceo®ad) j ncl ude any of the above-nenti oned
transgene sequences. - 'D 9 JAIV 2~~~ 34 The pronoter, so referred to

herein, means a Dith sageentRewhhehda Wiele tie STambute) Qeead o8 i desi red
protein is joined thereto dowstream from said pronoter, can regul ate the

expr essi on aff she pbotvei Mmena itd RBACH bRitd DM DR L aade 1 LhaRst Al # Ghén
plant cells, and it includes all pronoters functional in plants and used in
the rel evanto¥eslet of iaved biohehdsansf ©r vhlel Oha ey el a@u91 #Ac Awal  Of
pronnters have so far been used in transform ng plants, including,

B sequence, (A)nG(A)n [n being an integer not less than

1], which is not found in any of the so far known MITEs
(insertion elements). In this respect, the IS2
element can be said to be an insertion element
belonging to a novel family different from any of the

s0 far known families.
As for the IS1 element, which is an embodiment
of the novel MITE-like element of the present

invention, it has TA as the target duplication



for exanple, the pronoters isolated from Agrobacterium:t urre’%ijé{ﬁbgﬂgfiarrel y
the octopine synthase (ocs) pronmoter (L. Comai et al., 1985, C. Waldron et
al ., 1985), nannopi ne synthase (nmas) pronoter and nopal i ne synthase (nos)
pronmoter. The cauliflower nosaic virus 35S pronoter, which as generally
used in the transformation, can adequate be used in practicing the
present invention. Modifications of the S pronoter, for exanple the two
paral |l el 35S pronoters (R Ray et al., 1987) and the nas-35S pronoters (L.

Comai et al., 1990), can also be used. Furthernore, the cauliflower npsaic
virus 19S pgaeRies cbd af@s thanski o6t - waid84) and, scr ulari sai c
Vi rus-deri ved@?ﬁls f)ror?nt er (M Saﬁger@et Szfljl.é, ):fQSb %a%POQY%g tl)igl cl uded.

As further £XalEbemleRr & 0% A8 RN t i r;onpt ar., a.s ~~~
2Qa~ 35 ri bul ose-l,%l-“bi sphosphe;{)gglggr tlgoogy ageﬂglr?gﬁ gﬁ u-%[? %Ft%'?fmﬁ#ormt er
and so fortpuWi £ ,ame, pEantgfer fywed pLenoter sy Thes_;g_gﬂ&éflgr Eli ncl udes

DNA sequences capable of efficiently term'nating 't’he transcripti on"of a

DA seq f er . f T a
esired strughdrey 6eNeLhPerltddd Srahdpc eg]deﬁﬁgglzjs ta?%(ﬁ)‘ro%ta:%é){%d %P:?Ehon' ng

in plants that are used in the relevant fi art e transtormation

of plants. Specibine los blden MPRbLA: Y BEASE ENOSH &%@é‘f&ghox{aﬁs

exanpl e, can be nentioned as a typical” exanple. The transcription
activation ghaiené . ofp tdeepicRsent ighveaphan #r (§he 4 § §nsgene expression
cassette conprising said el ement can be used for inducing or regulating the
expression in a pranthef el gRiad Nvwddecds28Gd T W Hgh APpIdfa to
plants in general. The plant is not particularly restricted but I ncludes,
anong ot herdesagripvuelat.urally useful plants, whether nopnocotyl edonous or
dioot yl edonous. Anpong t he nonocotyl edonous plants, for instance, there are
corn, rice,1wheats? batlegyen®frican or Indian mllet, oat, rye, mllet and
other cereal crop plants as well as lily, orchid, iris, palm tulip, sedge
and ot her variousThenarent allephants.i hendrPbyeedonsa Hy Udgus Qg JAFV
2~6~ 36 chrysant henum snapdragon, carnation, magnolia, poppy, cabbage,
rose, pea, pairgsettdaplcodatiorcastusA)ads(a)n Gavbehky .gdedRedNddne
sunflower, tomato, elm oak, nmaple tree, poplar, soybean, nelon, beet,
rape, potatat [tdi¢usdteaoifcapapaydortc. The paast hnwenfi se fak{yher
provi des a transgenic plant which contains the transcriptional activation
el enent of ithéeyeseomtti heest tbmmrl t henhiars gane sexprepH N 6838t 1§ of
the present invention conprising said elenent and in Wich the phenonenon
of the posireetrie¢setd duttgdme speéendiingalilygctti wat earymbae keano 6,
suppressed for the desired foreign gene introduced or the transcription of
the forei gnPgedee hablieeh 4ot ivat mer<apaetfreangdni c4pl ant i ncl udes the

of fspring thereof. The term"plant" as used herein is intended to include
not only a, perféersl amepblijdatlyl.sthe pPiTEeN ide ce bearinbosty, tKech as
a leaf, seed, bulb or cutting. It further includes protoplasts, plant

cakl s, neriRF&HEn Andnvigiet poantl £t | BNAs haot1ngThe shist 4100 £ 0h oy adidieieng
stich transgenic plant is not particularly restricted but may be any of

t hose DNA i hRASIRPPHT net kbds mhefiezablyomteouitortal 2yto 2 kb, has

repeat sequences reverse in direction to each other
(terminal inverted repeat sequences) in the 5' and
3' terminal regions thereof.

From such viewpoint, the IS2 elemen% of the
present invention meets the requirements concerning
the above-mentioned three characteristics of MITEs

(Wessler et al. Curr. Opin. Genet. Dev. 5: 914-821



used in the relevant field of art. Specifically, it is a nmethod of
introducing a DNA into plant cells using A 9 JAN ~00~ 37 an expression

pl asm d contai ning the transcriptional activation elenment of the present
invention or a transgene expression cassette containing said el enent and

i ncl udes, anong others, such known net hods as the Agrobacterium nethod,

el ectric nethod (el ectroporation) and particle gun nethod. Pe 2004

t hus- obt ai ned plant cell's containing,the transcriptional activation

el enent of the invention, the transgene expression cassette containing said
el enment, or the expression pl asm d can be regenerated by one of the
conveqéiggel nmet hods us in the pl ant tlssue cul ture technol ogy as
descri'béd? for BREFDYe, H1 Shat  ddi]Y n have Aa SPRIEg&tooPrandmperecs
Verma:, Pl ant Mbl ecul ar Blology Nhnual (1991) Kl uwer Academi ¢ Publishers or
Val veR@N§Tedalrepeaty Requende Atagachoiof g5 5536n8540 (QOS8)nimhéREby

pl ant bodies, or portions thereof, derived fromsaid plant cells can be

obt ai hbat Fherex@ﬁesseequeheerﬁquﬁrﬁdﬁmgprewenknfnmembiona@aypbﬁr@nyiene
provided that it contains the desired DNA sequence to be introduced

(tranggend) doget kergeitt ude ddenssepbhenaliracthyakihbple el Bt @hdon
functi onal DNA sequences such as a pronoter and a termnator. It is

pref epbed, shawevelr that; hhesePNAmequ R& OPer@hd VELY. ] one
anot her. The 0 g JAN £¥~4 38 phrase "ope atlvely j%%%egéﬁﬁegﬁgg? L “the

pl asni Mgttaua ' 989 ft%(g.e he,d;nt ended HUIRAS o C@Jrﬁg%@mﬁ%%e%ségghfged

t hat en t e pllasmd in question is it

desired tra ne (str ctural ressed under the control _of the
tr anscrgl pr‘l %ﬁ%ﬁ é% i Vat |r3ﬁ18§1°€%§ﬁte) a?rf:e'f‘?FEt iEJP§§§F6F?n| ElamenG el FYE-
ternl Ey the actiogn of the termnator, wthout inactivation of the
pronn ecEhFRPRES PﬁvéaﬂdapM§§ﬁrélk¢h§eﬁP@§§ﬁt i nvention further includes
a met hod of causing expression of a transgene in a plant. Such nethod can
be carriedTBat T2 | edsimepy tdfe Shep mfederty olineengiofintics aspranturahey
transgene expression cassette with the transgene integrated therein, such

agonenhaeaedeabzee,ban@dHMarnﬂmggﬁinxnhﬂrmpc&&w&ﬁaéoge@meﬁ@édthéﬁéégene in
said plant. The introduction of the transgene expression cassette (DNA)

into tbelphkant o@@dmme@mrdesss e aeh A ANTIRN G E A DOEHr-Re1 £F {egt ed by
t he techni ques per se known in t e art (Pl ant Nblecular Bi ol ogy Manual ,

1991, xKbyWBRYAGIRFG nPUP| +SPRESdnte g or t and Y represents a or «)

(SEQ ID NO: 4 to 7) or the formula (2): Zatgcaa (wherein Z
represents t or a) (SEQ ID NO: 8 to 9) in a continuously or
15 discontinuously repeated manner.

The positioning and number of such repeat sequences are not
particularly restricted but they may be contained in the
terminal inverted repeat sequences occurring in both the
terminal regions of the IS82 element or in an intermediate region

20 occurring between said terminal inverted repeated sequences.

The IS2 element of the present invention



EXAMPLES The follow ng exanples illustrate the present invention in further
detail. They are, however, by 0 9 (SAN a04 39 no neans |[imtative of the
scope of the present invention. The genetic engineering techniques and the
experinmental procedures of nolecular biology (restriction enzynme treatnent
conditions, ligation reaction conditions, transformation into Escherichia
cola, etc.), which are to be enployed in the practice of thggopsegedhos
invention, can be carried out as . gepgrally and w dely enpl oyed, for
exanpl e as described in J. Sanbrook, E. F. Frisch, T. Maniatis: Mlecular
Cloning, 2nd edition, Cold Spring Harbor Laboratory Press, 1989 and D. M
d over,: ; L,ng, es 1985,  ampong, ot hers. . Exanple 1 1). Target

pl ant ,Sptearlgégaggw; f‘ﬁégggg%:hi%e f S5 Tré?llll Pe Cé?’%ﬁ%ﬁ 5,2 cé’ﬁlugté(lﬁé’ucgg
carota L. V. Kur odagosun) was useg:f as the target plant, and the .

pheny FEPERI"n & SHTOINCE- IvASESERAES &Y did ahryotiaamite (bl gaedgéab. in)
Cloning of . the carrot PAL genes gDCPAL3 and gDCPAL4 Carrot genom c
sequeﬁg’€s WeF BTREORAEE f rH P alestvegénohe Damimalar yinvErs edar repegenoni c
DNA |ibrary was constructed, as previously described by the present

i nvenseasiefceskiandy.a Mawviads,ty8.ofamtedeke deequencss r nepe scrned ekpr essi on
of chal cone synthase gene in carrot suspension cultured cells 0 9 JAN
~~5~a f4@muégul @edibytRe 4 BrmPhabt iGeldrtBay Sie@loat 3Heqid2®d03ds shown
(1993)),fromcultured carrot cells(Ozaki, Y. and Komam ne, A.: Induction of
ant hogyamig.synthesis an relation to enbryogenesis in a carrot suspension
culture; Correlation of netabolic differentiation w th norphol ogi cal

di fferenti ghion.. Lhysi-ql - i%%%_r&]mr%%atwoﬁ‘%cﬁzergcelgg]wﬂiél‘rln.ui{]%%p\t? %~1

EMBL3 vector (product of Toy Speci T1 cal carrot geno
pr epat fromcarr freeze-dried using a cetyltrinethyl a ni um, brom de
(CTAB)eﬁgo Ellftal o%éacgé?di%ﬁe?%n? hel%?lﬁ%%"%f réﬂfegﬁd”ﬂjfong%nstzfégé Y
(I\/Urra% g/l G  _and Thonps%n, F.; Rapid isolation of high nolecular
wei ghFOPPARTSBRATYNGG S2K @{yr%rs byt Y 1omp srequinsyentThis gehaki EReNA
obt ai ned was é)arti ally digested with Sau3Al and the digested DNA
10 5' and 3' terminal regions can hybridize with each other under
stringent conditions and, as a result, the IS2 element can have
such a stem structure as shown in Fig. 1. In this sense, the IS2
element of the present invention includes not only those having
perfect inverted repeat sequences as the terminal inverted
15 repeat sequences but also those having imperfect inverted repeat
sequences as the terminal inverted repeat sequences.
As specific examples of the IS2 element according to the
present invention, there may be mentioned the ones which have,

as the terminal inverted repeat sequences, the nucleotide

20 sequence shown under SEQ ID NO:10 in the 5' terminal region and



Was fractionated by size by the sucrose density gradi ent nmethod. The DNA
fraction within 15 to 20 kbp was collected and |ligated to the

BanHl - di gested EMBL3 vector, followed by packaging in phage particles, to
t hereby construct a carrot nuclear library. Then, the carrot genomc

i brary was screened (Sanbrook et al., 1989) for carrot PAL genom o cl ones
using the PAL cDNA (ANT- PAL cDNA) as the probe cloned 0 Sgg~TamOzgo4l by
the method of Ozeki et al. (Ozeki, Y.p3 Matsui, K , Sakuta, M, Matsuoka,
M, Onhashi, Y., Kano-Mirakam , Y., Yamanoto, N, and Tanaka, Y.:
Differential regulation of phenyl al ani ne anmoni a-1yase genes during

ant hocyani IS transfer effect jn carr cel | suspension
cul tu‘r&gl%. %ﬁég?%?féél asflet%g“re%e $Q O@?Q-%%%efl )EBTPQT%O hﬂ)r i‘dt zgf‘ﬁong for
screegie%ﬁliﬁgét he carrot genomc library . was effected by overnight treatnent

at 68 &G4 on A€ot dMPFRgSBER155E, SEOTRVES 6di dHhbShhat evep 6. 8)
| O MM gDTA, 1% SDS, 0.02% pol yvi nyl pyrrolidone, 0.02% Ficoll 400 and 100 /L
g/ m Hgﬁéf?ur“@d’ sBf M FenacDNe Thaerermrinte Whshimis hess: icker r seduentet wi ce
( 15 mnutes x 2 ) in a 2 x SSC solution containing 0.5% SDS at room

t enpephpune undeirc SEA0IRI Nd:ds XTIR [82acl.ehentSIHAEohaveonner ar | mxrSSC
solution containing 0.1% SDS at roomtenperature and, finally, twce (30

m fut esciedyidesa QubsxiBGEesol Utidairdat HA8 QelAs e I esll tghel ghErROSATT Ve
cl ones were obtained. Restriction enzyne maps were prepared for such clones

and, agoerdedd A ddic JBRFentde clongs ¥RLe E Inta t s,
whi ch were narrertaﬂ)gDCPAB anrél gDCPALA4, res%eg’t%ih\a;%iﬁ;(/:Fa \%%%%%AL%?H §€~

phagesgf ga PQﬁéétvesé:c%Lgé}g%?ﬁ_'r % ~"{\,~1'1eg.~9:?arsu§%i\g%s &gﬁﬁﬁgggtlb%Eng@?r\évas

extracted, cleaved w and subj ected to~Southern trans oa%nnyl on
menbr ding to_the nethods described jn Sanbrook et al,.. (1989).
Wen ChiceGRRE L Pl fal 08" ARERRPRF SALER: evnata DRobetyrebiraa #Fom

t he above-nenti gned ANT- PAL cDNA by cleavage with EcoRl and | abeling a DNA
fragnBRtivesy Bp) ChRercdi SAEMERS SEalkd wilhe (MEF5-11kmE Hmem RBpCERA

fragment hybridizing with said ,
10~ present invention includes such functional equivalents as well.

As preferred functional equivalents, there may be mentioned
the ones substantially having the function or activity of the
IS2 element having the nucleotide sequence shown under SEQ ID
NO:1, and causing target duplication of (A)nG(A)n [n being an

15 integer not less than 1] at the site of insertion and capable of
hybridizing with the above I82 element under stringent
conditions. As “stringent conditions”, there may be mentioned
the conditions in 1 x SSC plus 0.1% (w/w) SDS at 50°C or above
over a period of 1 hour. As the functional equivalents, there

20 may be mentioned more specifically the ones not



probe was obtained. This DNA fragnment was cleaved wth BanmH and subcl oned
in the pBluescript SR plasmd treated with calf intestine alkaline
phosphatase (CIP), to give gDCPAL3-pro/SK (cf. Fig. 3). Then, the plasmd
gDCPAL3- pr o/ SK obt ai ned was cleaved with the restriction enzynes Sall and
Apal, a series of deletion DNA fragnment groups were produced using

exonucl ease |11 and mung bean nucl ease by the nethod descri hgdshy SHaghr ook
et al. (1989), and the nucl eotide sequence of the gDCPAL3 DNA was

determ ned using them The site of transcription initiation (+1) was
determ ned based on the positions of bands as found by the priner extension

nmet ho i gRN%Qex fur ary ot descri bed by Ozeki and Takeda
(1994$e%§e3uaatioﬁ’o%&%ﬁ%hyhgﬁgg%%é:E%%%n' qqyg.%’dﬁﬁﬁé Pﬁegﬁfg% Yy not
suspegsion |tLHE§ ;ells..fiant Cell. Tissue and Organ Culture, 38:
221- 22558 9 'Zlﬁa)n. SraASELLL 4BOGRt h PEBEPRRRLYL 9N astRP gOBFAL4- PPo/ SK
was pgoduced and the nucl eotide sequence of the gDCPAL4 DNA correspondi ng
to t hB ERSPECHEs Het eusleadide t Aedyaneenafiidr . tBeecI$2 callementhesiiewn) DNA
obtained fromthe ~ phage of a positive gDCPAL4 cl one was cleaved Wth

Hi ndl nrdgird SBRNEP, NSodit hern anal ysis was perfornmed using the sane probe as
ment i oned above, and a 1.63 kbp DNA fragnment hybridizing with the probe was
cl 2aved wi IBlHehetmkhtand BanH and subcl oned i.n the pBluescript SR plasmd
treated with CIP, to give gDCPAL4-pro/ SK. Then, the thus-obtained plasmd
gDCPAL4- pr ghSR ves ChEamed Widh e r esldetl 00 SRZYTRS XB@kngad Lt a

series of deletion DNA fragnent groups were produced using exonucl ease ||

and nupgqRean MGl LS8 LY £ he h escrib ook et.al. (1989),
and the %ucl e(ﬁijiide sequencc’:e o%n?tﬁeq%t%ﬁ{%&lg \%sn%%gft)er?ﬁ%%dlrﬁg? tél?lﬁem
3) Re ts _Co i son .of e nucl eoti de sequences of gDCPAL3 and gDCPAL4
revea gg ?ﬁat gﬁ%%ﬁﬁﬁﬁérb%gﬁ%ﬁlgg’gEEPE HEEHRR b TR T R r Fesfepeat
transposabl e el enents TEs) . having inperfect inverted repeat sequences
not fBURHCTHCGDCPASs BT EEPrElentedticrns shoes yndesr ySEQ8FP ¥ 15990 ( 299
b%?in Ien%%h) and -1157 to -389 09 ,~~P~ 2~~~ 44 (769 by in | ength)

(B g. thy. SThesreidepentegdiarer énsdande | Sichadti&2, sessiack \liown Tieder
sequences and t he nucl eoti de sequences around the sites of insertion were
sequefE@d IfsiNtyy lan Bt bheqidendern(ipradductg ndn LI TR mgdele 140R01t) .ofThehe

nucl eoti de sequence of IS1 is shown under SEQ ID NO: 2 and the nucl eoti de
sequethneent 1b61 iundgreSHQdD INO 4. pifhe ehamactLr i sté csrohhdhags-d Sihand | S2
were as follows: (1) 1S1 It had the nucl eotide sequence shown under SEQ I D
NO: 2 gbetial 1l engt hro@9-Ap)y hBduinYBht 8F repesss SEEUERGes 132 o i ch
were inperfect poh%ach othé{, in the 5 anéﬁg' t%r%ﬁhaﬁ%rZg%hﬁ%&ﬁghdoﬁgd a
targek, dHPkLERL] OBLEaeqUNEG eyl Ar bR SR JNSEH 1D d0F Lpdde, gepore

serving as the target gene. Based “on

15 MITE-like element, like the IS2 element mentioned above.

As the 1IS1 element of the present invention, there may
specifically be mentioned the one having the structure shown in
Fig. 2. More specifically, there may be mentioned the one having
the nucleotide sequence shown under SEQ ID NO:2. The MITE-like

20 element having such nucleotide sequence may have one or more
nucleotides substituted, added oxr deleted in the terminal

inverted repeat sequences or in the



these facts, it was estimted to be the gene sequence of a novel MTE
el enrent belonging to the famly Stowaway already reported (Bureau, T. E.
and Wessler, S. R Stowaway: a new family of inverted repeat elenents
associated with the genes of both nonocotyl edonous and di cotyl edonous

plants. Plant Cell, ~: 907-16 (1994)). The stem structure of the el enent
| S1 and the structure of the termnal inverted repeat sequeageJﬁﬁgggg and
of the insertion site '~ 9 JAN 2~a~, 45 region are shown in Frg. 2. %ased

on the nucl eoti de sequence information obtained, honol ogy anal ysis of the
nucl eoti de sequence was performed using comrerci al databases (e.g. CGENE
TYX- MAC/ CD1995) , wher.eupqn, an the term nal inverted repeat sequences,

70- 90T AGRB G gy R % THUGER heRY2he TSRERENEEIWENEPE O dritsht 3' beR8ngi ng
to the Stowaway fam |y (Bureau and Wessler ( 1994 ) ) . It was thus

confi Prred "ERAETSE] d R %L a thenspesabl tnel enedi f behbhgiag remahe
Stowaway famly (Fig. 5). (2) 1S2 It had the nucl eoti de sequence shown
under £SEOLEDNRD 1efdwallengrgt BubZ6anbpplliradhamiayt edheepéahcsequenses (
158 bp) , which were inperfect to each other, in the 5 and 3' term nal

regi oagtiatdyhad ahargerEdupke catefBnsequerqs,. AAMMARA, 1 aite t BEesbhe Of
insertion into the genone serving as the target gene. Honol ogy conparison

of st henusleqticdarsequpnan A (ML DEROBRLOGYo L Noknovt Lhagspgsabl e
el enents was detected. It was thus found that 1t is a transposable elenent,
parti%%hqﬁly a MT& Ilike elenent, constituting a novel famly belonging to
none of the so far known transposable elenent famlies. The overal
structure §I%W1s%ructurﬁﬁéof t he |,S2 Q9 .SAE 2004 46 elsﬁfnt i S shown
in Fig. 1 and-tR&SStridt Ui (FUECEIPRad SBEULFRET OF 145 t &PRRal "RAGEr t ed
repeatéﬁeguence region and of the insertion site region in Fig. 6. Exanple
2 (1) SEP§HRRGLEfYShays) thes Sugalivs qF ) ackémiihy off | $he RIETE7}ikeom
anong the plasnids having a del etion DNA fragnent derived fromthe 3

t er m RGSMERLt Hd S§DERAIB I ofBtema ddiomusl entepis eskquencricseovidendeguence
determnation in Exanple 1, a plasmd (gDCPAL3I S1/SR) with deletion to

- 1681 Sk@As IdeNecRedndandthizB2rebya tDNAe{saghent postexshbedabylsheavbog, t hat
plasmid with Kpnl, rendering blunt-ended using T4 DNA pol ynerase and

cl eavinbgewgre fsaaihlf oht owedsRy BUAr BSRoUSLoEL Gk ARROT&s R TBE§UYAS.
subcloned in the plasm d pBluescript SR cleaved with Hincll and treated
wWth GiPnh Bhagnitds wekgegxtracted from anong Escherichia coli colonies
harboring a plurality of independent clones obtained by the above

subcl oni ng d n ot | ue t hereaf__were deternined for

reveal i ng Fﬁg d%?g%t#%%gofh%%F%E%NAqﬁgggﬁ%W? i rF@&We Sgli SHgyPgd

plasghd wi.t h, t he ﬁ%b#erninal side of IS1L b i nserted on the Kpnl side of
[

ein
the mIFECBIEPEN i it s Py Sor DERB (BTG4 SROPI ol d carrot genome,

15 more specifically from the carrot phenylalanine ammonia-lyase
gene, as mentioned later herein, and can be isolated and
recovered as described later herein in the example section. The
MITE-like element of the present invention is not limited in
origin provided that it has the structure and characteristics

20 mentioned hereinabove.

It is generally pointed out that transposable elements, as

gelf-mechanisms of automodification of



~ 9 ~A~ 2004 47 was sel ected and named | S1/SK. Further, the @gudmlzﬂﬂér
nosai ¢ virus 35S pronoter (35S) fragment obtained by cl eavage of pBl 221
(Contech Inc. ) with Hn Il and Smal was recovered by agarose gel

el ectrophoresis and subcloned in the pBluescript SR plasmd cleaved wth
Hndl Il and Snal and treated with CIP, tg .give a plasnmd named 35S/ SK. From
| S1/ SR, the insert DNA fragment Was excised by cleaving with Kpnl and H n
|11, followed by agarose gel electrophoresis, and this was subcloned in the
35S/ SR plasm d cleaved with Kpnl and Hindl Il and treated with CIP, to give

/ SK | Pd n oR ¢ e a Lgq of ,Lhe 35S pronoter
Irgél gﬁs (i ;B&\S omﬁll%ngofé%srfﬁlg Sga)ilﬁzrom#mﬁggt%%g%ﬁ i %gnﬁ:ﬁﬁslﬁ %

del et i on DNxﬁafﬂIQQEE?t werbved £ 28nt ke %h&eét@é{‘&'é té‘ongfe)%(%er'-r% 8 %”Dter
or

region as prepared nucl eoti de sequence d lon in

- 797
lasm d (gDEBALen ¥ £33/ miffk nPIVM RA 4L £+ YL L0 - 389 was selected, and a
By DNA fgggment WAs exci sgd by cleaving that plasmid with Knnl, rendering

bl unt - ended usi ngAE4 Kl paky ¥raser 284 161:28VE DU A D DRCky o ;JOV"ed by
agarose gel el ec?ropﬁoresi s.S Thi s was subcl oneg n tﬁe pl asr% peB?uescrl pt

SK cl eaved wathedtnold, and i4 eaiiedoWd BTk +BlANE I8 a W8 En €44 a0k £44f rom

anong 0 9 aAN ~a~~ 48
it functions in relation to the self-mechanisms of
automodification of plant genomes. However, unlike
the case of retrotransposons (McDonald, BioScience
40: 183-191 (1990), such a fact that it has an enhancer
element therewithin and a gene promoter is activated
by insertion of said enhancer element as resulting
from transposition of said element is not foﬁnd.

Therefore, the MITE-like element of the present

invention can be considered to highly possibly cause
changes in genomic structure upon insertion thereof

in a plant genome and thereby contribute to dynamic

changes of the genomic structure, such as changes in

unwindability of the genomic DNA or in nucleosome
strﬁcture, by the mechanisms quite different from
those of the so far known enhancer elements.

With the MITE-like element of the present
invention, it becomes possible, by utili%ing the
above property, to control the expresslion of a gene
located in the vicinity of said element by a technigue

different from the so far known techniques. It is



E.coli colonies harboring a plurality of independent cl onesﬂcﬁauawngwqay t he
above subcl oning and the nucl eoti de sequences thereof were determ ned for
revealing the direction of each DNA fragnent inserted. In this way, a '
plasmd with the 5 termnal side of 1S2 being inserted on the Knnl side of
the nultiple cloning site of the pBluescr|pt SK plasm d was sel ected and
named 1S2/SR-1. One with the 3' termnal 2ide of |1S2 bei ng inserted on the
Konl side, nanely in the reverse direction, was sel ected and named | S2/ SK- 2
(reverse). 1S2/SR-1 was cleaved with Knnl and Hn IIl and the insert DNA

subcl oned | 5 1 RE 4SS G B DL G EE, 1B <F | HRRINI SafE R RER SSRE triat ed
he upstr cantPeat ool i SE0THohet B2 YoGPEn = (FEFOREPoRNAY of stz
b descr i bed Hbue THoRr (7] ik 47 SRRPRABR BnP? ANGERAT SEBAC cndod
(T agnent was TEESRO oA by AgaobS tEL LAY BN LRI Y Wkl P28 Shs

Chen subol onl | s Teke &P SR bb OFCBEATHER HnaPriEhl i
Upstr oam r oo on ot The 23 T ONel dr o P BRI R o t SndaN MRRATS (P G oni ng

of MJB (Fi gad]@ivésté Of:h%eﬁggaé%?" L:S]szléégr\gﬁsg %{ie%\ﬁepl\imt&ﬂ é@g}:’e then

rendered bl unt-ended using T4 DNA po?ymera eaved W and a

1.,.514 by Fragieito pag £EGQV d | pct 0, is. This
was subcl ongc?l&l, n the pB? uescri %%%ﬁpggérﬁagq{cﬁc‘ég\% ?/m&t ﬁngi:%(%lr}Tégﬁcri”t? eat ed
with CP. Phasehds e exidasted of a r ghimdpy_ 95 1+ E. ' onies

har bori ng each indé%?hdent cl one gg%%]faitﬁleéé %H%e%%%ve&glﬁ cﬁ%gl%]i ﬁgfeand

the nucl eot ivdfe Spauaneas tiheveait pheidetesBieghed 10 Il ERY etk o e
direction of DNA

transgene expression cassette and a plasmid

containing said cassette in stably creating
genetically engineered plants and also useful in
stably creating genetically engineered organisms
capable of expression of the transgene by utilizing
sald cassette and plasmid.

II. Transcriptional activation element

The present invention further relates to a
transcriptional activation element.

The transcriptional activation element so
referred to herein includes a element capable of
promoting the transcription of a group o% genes
located in the vicinity or marginal region of said
element as well as a element capable of inhibiting

suppression of a desgired foreign gene introduced in



fragment insertion. A plasmd with the 5 term nal side of Isﬁgnwtmlfon
the Kpnl side of the multicloning site of the pBluescript SK plasm d was
sel ected and named MJ3/ SK. The insert DNA fragment Was excised by cleaving
MJ3/ SR with Kpnl and Hindll1l, followed by agarose gel electrophoresis. This
was subcloned in the 355/ SR plasmd cleaved with Kpnl and i.n Il and
treated with CIP, to give MJ3-35S/SK s 2N Q04 50 having the I'SI region
and |1 S2 region, via a gDCPAL3-derived regi on sequence (441 bp), in the
upstreamregi on of the 35S pronoter region. (2) Insertion of 1Sl, 1S2, |S12

and MJ3 i nto;agpl . ge XPr.essj.on ct Fig. .l ABN-HM (Mta, S.,
Suzuki - Fujii ﬁg%l%a@njgrg? %ﬂesu:b%?-el gfru F‘bge?]e‘k%rgé‘saicoﬁlgﬁ(fae%ehg for
S -anyl ase i r.alis LS Lhal.d . Plant Physi ol . 07. 895-904 (1995);
gi ftn%/r om Drgeéeeﬁggql\la g%ﬁlrsgagté@ggﬁf %rﬂsv%ir\‘/ligtny?fv\f/;b’scgrea é’cF\ﬁc’Ehgﬁi‘)ndl I

to thereby exgl - I L t. 1.7 kb) . which was rendered

bl unt - ended uszoﬁgl %ElleeDr{l{I%npo yrftgér‘gis:g,r t é"‘r%]{ Ef“e%’\-}%a %Mf't%riﬁ‘asl‘frfpédt%'ﬂagvi th
ClP and thengg¢hjected 4 O r ctr.oph i S...whereby a 10 kbp DNA
fragment contai ning the T?a%?lagérfag?eagf%% ;tghﬁe F%}ss?ﬁéq%ajﬁﬁéy(ﬂ% a

resi stance gg?g&inpg .[,pr,_;,qu;pgerblyi:oglj3 BQLJFEL%” oisénggw%g??l%oes]photir ang{ler ase

Il gene (nptlT)/nos ternm nator], the codi g regi on ( nos- t er M nat&r of

the Sgl ucur opidasei 89N itk LHLo M OPY 6N L85 S AREC 9% { 328 cting
pronot er/ codi ng regi on (HPT) of hygronycin

phosphot r ansd ekasegege/dipst 8l Ntk BHesksol n 4y ey o |oned a
35S fragnent obtained from 3%8/%% by cl eavag?ﬁd%ﬂhHi%%?F, r hdg‘rilleng
blunt ended usiaG sldr DA POhRTEIAS€ i3k £582\ NWnWinih dPalhe Sracams 0~
51"to construct pAB35S. This was clleaved with Xhol and XlLoteIf’le aRT %4t ed

wi th C P andihkbem 8i%acheio s eR e @4 DYs Wild £900f b £l hes gment
by agarose gel el ectrophoresis. Separatel y,S thleIs [ Scl)- 355/ SKS§?§Z%®JS{Z%

| S12- 35S/ SK @nd aMPr 309 SKF PRERAL 8¢ adSi FBNLIONEAndROVEL VeIt §2G1 CLgaved
wi th Xhol and Xbal and DNAfragnmentsfor insertion (transgene expression

cassettes) weieireroyesedmay GURRASeGpl ol BRLHAWNET SiS e SHER 1N of
fragnents were ligated to the vector nentioned above and used to transform

E coli DH5~ poEBtagan mediamicant 8bnivige 2prididtelr kawa@ny G or th%r |
Bacto- Trypton, 0.5% yeast extract, 1% sodiumchloride, 1.5% agar powder for
bacterial culnglededi Hhoae sauesdtainti gaaky oprbhe Fiagl itiéansformants
obt ai ned, and plasm ds were extracted fromthe col oni es obtai ned by the
rapi d pl asmi - BN eripdct o nrb et tp g wawls ey resd i & 0@ B HHER BRAS 8F t he
pl asm ds obtai ned were checked, whereby the formation of the constructs
pl Sl - 35S/ ABIBS, trla32859/1ABBS S i 5h 213554 ARIAS, and n¥\dBodn &P 1 1gMe!l ¥
the constructs with the above transgene expressi on cassettes respectively
i nserted betiwed udesnpt bircqgeherr espansi df efhart kasaagcich s ire@neetand
the GUS gene, which is a structural gene, was

A5 the prior art concept of transcriptional activation

Ly

element.

The tramnscriptional activation element of the
present invention is characterized by containing at
least one transposable element.

The tramsposable element so referredito herein
includes all of the above-mentioned DNA tyﬁe and RNA
type ones and MITEs. Thus, the transcriptional

activation element of the present invention includes



"9 JAN 2a6 52 confirmed as shown in Fig. 11. (3) Production 1] & gnt
cells of Aarobacteriumtunefacien A YEP solid nedium (prepared by adding
powder ed agar for bacterial culture nedia to YEP nedi um conprising 1% yeast
extract, 1% Bactoheptone and 0.5% sodium chloride to a concentration of
1.5% followed by solidification by aut 0?4 aving; hereinafter the sanme shall
apply) was sneared with a | oopful of celTs taken froma gl ycerol stock of
A. tunefaciens EHA 101 and the cells were cultured at 28C in the dark for 2
days. Grown single colonies of A tumefaciens were each collected with a

t oot hpi ck apg ssoved oidx 411 iH o 0% + i nd shake-cul t ured overni ght at
26C. B0 mi - Shouep e Linadlg et T AEE AP EERS 4T The A

Lumef aci ense culi 45 o § W% addad, ARG SNaKe qul i gy vasy per o med at 26

C until OD6o0 = S was cooled wth’ice, trans fri f uge

it os. (e eapee aar Sont Wi (e BETRPIHRES B 2 90 sp B P bt S aadea
o um s conpl ol TEBUSd (0 e CONSRCEH L P T4 Ol Ehoh FanERdns

T 2004 53 The Chonersi me e S TEeRd T A A8 R LY PHERE 100" Lnes,
bl asmi @ DNAs | hto A Larsl e end s Eoneid (o7 i AL ICUREILT 8% above

d 2 hasmls Sh-a3pHh B > iP5 S 2- / d
lSnl\/ugr 3(583 A(B§5%)§mwer%ﬂlga(h:1h i nt reogﬁ?e%%%oﬁﬁfggﬁet‘g%té%e??? @f%3£§n%n

Lunef aci en 4y peleebeporadi g algiRe Shi ARLAUL G S eaﬁp%é%{l%?%é/ . 4 @bout
100 ng each of the plasm ds prepared as descri bed above undér , nanely
pl S| - 35S/ ABSAGH |Sf) b o525 358/AB3SS €S2 1 n RN S!r% $PSHAB3PS: kiS4 fpd
pMU3- 355/ AB35S (MJ3), and the plasmid pAB35S (358)§t0 X0k T 1Y

wi th no i nsehtiison of p et twwnhpﬁ:&w&@&ﬁ%}&ié&ﬂl@ QENheh td Pl qu/ or
| S2) was adm xed with 40 ul of conpetent cells prepared as descri bed above

under (3), hasigbgh ohXiote Basdd FBHAL QhdOrak LG E R0 8L &8 ! -
Electric pulses (1.2 kV, 35 (t F, 550 ~ ) were given, and 1 ni" of YSP

medi um was amedt g €l \iwplldd;a 800 ni NEe§aleindie Voo mieFf 8HARA Abph € for 1
hour. About 50 /L 1 Was taken and YEP solid nedium containing 50 )Ug/L of
hygronyoi n seguwmeaeed 4 heasvdg¢a, iandt hBCWnhé 0Q WSScRASPr g8@ i n the dark
at 28C for 2 days. A nonocol ony that had grown was 0 9 JAN 2004 54

comprising two or more base pairs, like the ones
formed upon insertion of a DNA type transposable
element in a genomic DNA and (3) having a size

generally of shorter thanm 2 kb (Wessler et al., Curr.

Opin. Gengt. Dev. 5: 914-821 (1995)), any MITE
belonging to such category of definition can be used
as the transposable element in carrying out the
Present invention. As MITEs particularly suited
among others, there may be mentioned theaabove—
mentioned novel MITE-like elements of the Present
invention, namely the "IS2 element", "IS1 element"”,

and functional equivalents thereto.



agal n spread lightly over another portion of YEP solid nedi urfl Q:Q]‘Ahblzﬂﬂ@g 50
Ug/ L of hygronycin using a platinum|oop and i ncubated at 28 C 'for

hours. A portion of cells were taken and planted in 5 m of YEP nedi um
containing 50 Ug/L of hygronmycin and shake-cul tured overni ght at 28C.
Exanple 3 (1) Introduction of transcriptional activation el enent-containing
constructs into tobacco cultured cells WY ng A tunmefaciens with the
construct prepared in Exanple 2, nanely pl Sl -35S/ AB35S (IS1), plS235S/ AB35S
(1S2) or plSl2-355/ AB35S (I1S12), introduced therein (hereinafter referred
to as "transfor ty nmef aci en copstructs 181, 1S2 and | S12 were
respectively i nmc}i‘l'j{(%ed |Lir11 09{:85’& ’)613&}}1%?% retivatfon edmmentgf g

t unef aci ensy A (35 roduced .t herein was used and _the sane

pr ocedur e vvalsqnefgkf? Q%csf'st Fi rs}%enﬁfe nab%ﬁﬁfter%"i‘lghé’r AR TRIRG BEadienEt

cultured ing R J rred m wa ferred to a 50-n _centrifuge
tﬂbeuand Lentgr |mtnuge X%t{%&goﬁe #%F i§ ﬁ?gl %r‘ﬁf% PRSI Sk DE2 e

di ded, d d Sk ,
G soap et 85l Lo 51000 BB AL S Pyl A0 000

referred togggpdiBs mediunt’) was added to the sedinent and, after
resuspendi ng, centrifugation was carried out again at 3,000 rpmand at room

tenperature for 1Q mutes, ¢ upgrnatant was discarded. This
procedure was repegt ed %gurcﬁrrgtsa I’I? granscﬁ;agl re har vest ed,

Li ns medi uny was; wgdded 4 %&%Héﬂec”g'fngh' Np@L A ”{n%%#{gn%aﬂmdeﬁm | owed

acet osyr| ngone was adde ereto to a cobncen atl on

by..r esuspengin®Gh g SgRH -l Y ¢ £ W ed, ;RPac Y0l om Dr.
Toshi yuki Nagat ag at Univer Sl(t yyo%%'lggk?/%% ?loac%ég setzl'l oft (Ig’l rS%uc‘i?on of

each constryglyuieh 8eCHlet Hhedrkaf @n H i | L Ym_cont ai ni ng
2, 4-di chl orophenoxygceti c acid (2,4-D), t 9r4§£ﬂn ;éllt?e ?d1 5&'#29 nt

suspensi on €Hlelrg &£f, | Yy wag et t};’}{@fﬁal’qul OrAef Iy 3,%11 AR rredl um
at one-Wek intervals, and cells that had ent ere Qgtogéa)l‘?lgkr(#dc growth

hase afteroghenkapse efi abouk & f¢ R I
p o ) 005 oWk 8 ¢ QJAQW@?uEvaJEﬁéﬁft %ﬁg%%é& ).

sterile 90-mm di sh was sowed wth said tobacco tured cells

and 100 /11(ef) cehbks oﬁfgth&&sifﬂénﬁntmfci'é'm:ff&ée@%q@éh% by EG&?PR}&G

procedure Were added unifornly onto the tobacco cul ed cel

slight bl entlrag tenadht Yot nifRg9odANRQh SPeotide sequence of the
I51 element or a functional equivalent thereof and
the nucleotide sequence of the IS2 element or a

functional equivalent thereof (the order of the IS1

element and IS2 element being arbitrary) and (3) the

one having a nucleotide resulting from Joining of the
nucleotide sequence of the IS1 element (or IS?2

element) or a functionél equivalent thereto and the
nucleotide sequence of the IS2 element (or IS1

element) or a functional equivalent theréto via an
arbitrary nucleotide sequence. Preferred exXxamples
of the transcriptional activation factor, there may

be mentioned (i) the IS2 element or a functional



was carried out in the dark at 22C for 3 days. Then, 12 m ofogigquﬂmQum
was added to the cultured cell fluid for suspending; the suspension Was
transferred to a 50-nm centrifuge tube and centrifuged at 1,000 rpmfor 1
m nute, and the supernatant was di scarded. This procedure was repeated four
times. Then, 12 m of Lins medium--- containing 250 /I g/m of claforan was
added and the sane procedure as nent i oned! above was once nore r epeat ed.
After discarding the supernatant, about 25 nml of Lins nediumwas added to
the sedinent cells to thereby suspend them and the cells in 0.25 /C 1 of

t he nedi um . te in henocyt qnet e The cells were uniform
sowed onto %@F‘ﬁ‘g%g%o QL?§1§€% Pd A gét’ilo); & lRﬁBgl’l’tcaﬁ nPhg tidRdem gym

300 /L gLnd; .0f i th t.ai pi .g/m qf ol af
That the notbdrip LAY et (1ha) WoRaRE 0p37 458 bd Ry edosorgay 105, °°
10 105 ol | t dip the.dark 28 C. Aft
m)n;(.h of glrj Slglr&élfktgﬁlealn}ﬁ%‘ér oafel%{r{gngégerﬁ‘%:geu?gﬂr St 8§§c8&er:‘%?f‘§er(°%ne

t f i | at d the f t] { ield
(Lranstor e ool o R, EASPLBh8 K0l R R4S o el

wer e det erm ned. e results arne

cui tured t ohaSde GBI BVS 3B K AR R B L AR Al NG o LR PaFebd
100 o1 8 g SLERRIR SORHYER 8 0t (Ut o D83 Sbsndafes (0. 25)
(1.20) 16t 357 Qs (AnHlr ( 5687) 18t X HPE8 (0. 08) (0.67)

. Referring to the transcriptional activation
element mentioned above under (4)., the intervening
nucleotide sequence between the IS1 element and IS2
element (the order being arbitrary) is not
bPparticularly restricted but may be any nucleotide
sequence on condition that the effects of the
invention are not counteracted. As a spécific, but
nonlimitative, example, there may be mentioned one

derived from the carrot PAL promoter sequence.

Generally, such nucleotide segquence can have a size

of 5 to 1,000 bp, preferably 300 to 500 bp. As a
trahscriptional activation element of such mode of
embodiment, there may be specifically mentioned the
one having the nucleotide sequence shown under 5SRO
ID NO:14. )

The transcriptional activation element of the
present invention can be operatively joined to a

desired gene sequence to be introduced into a plant



43t3 9910 (0.54) (0.99) 84t4 137t12 (1.05) (1.37) 124t16 220{14 (JANS

(2.20) 47t2 83t13 (0.59) (0.83) Rananycin 300!l Lg/ m Nunber of46810ce s (x
105) | S103t 010t 320t 5( 0. 00) (0. 05) (0. 13) (0. 20) -

| S204t 236t 472t 11( 0. 00) (0. 07) (0. 45) (0.72)1S122t 115t 141t 2895( 0. 05) (0. 25) (0. 51
) (0. 89)35S003t 237t 16( Control ) (0. 00) (0, 00) (0.04) (0. 37)Upper: Nunber of calls
formedLower: Yield(x 10'2~) Frcmthe abov® results, it was fau:.d teat 0
9 JAf~ ~~6~ 58 insertion of- the construct 1S2 or 1S12 into tobacco cul tured
cells increases the yield of transformant calli in kananycin-containing

nmedi um and t‘g‘?{ﬂ 2 ‘l_:lglsd ig hi gher t han the il eld of transformant call uses
from cul tur SbdccoCad% ?3§%q\’l\ﬂlﬁ&t ingdmshneoP fsd@r eigmegene

Speci ficall y ransf organt c ansgeni ¢ cul tured tobacco
cells) witht én;eeorynésgt)ﬂct ’i’éz or”‘%%lfnt %’cﬁjé Pﬁe‘?%ilﬁtv%é%“i% to 2.6

ti mes higher red th bie scontr 35S), wi.t hout introduction of
such el enentaggaslﬁﬁﬁ glr Ieyw rltl'?e ’k’éﬁgmfg %d’né%‘ﬁ?f‘&ﬁedheaﬁeﬁé‘(ﬂrhﬁﬁvvas

300 h g/n trod h truct 1S2 or |S12,
the yidl d of tParr SPRE: CRER R AT N

hi gh h | 35 his s ts that insertion of
the conatr ot iedst e eSO 95 AR e kae s NOER oG Lith o BictR 8T ¢ he
nthI gene r;&ggr&sll bge feQJFmE %algwgl %staan and OCC;I’I’I ng in the

vicinity or narginal region of sald constird&?t (2P & %ty measurement

in transformant taopggecQ L Sasgd ..oogbé%ec bovsglreﬂ,; nédg Jige;‘g%ee%si on of

the GUS gene, which Is a Tteporter, 9 the
above pl Sl 2-30 AR SRe @l 2} ndSt t PR eC q{?ghlé%trlt% e, éf t¥’ ch ck whet her the

above inserted construct can incréase EXPressi o) YATHTR al

gene. The exdfgasip 9t ¢ L
sel ecting i ndependent oallhf?gr;g%dg%ﬁg&gﬁpl u?@% ?y 0 f%%g no??rgntc]tc’oﬁﬁcco

calli, extracdi 08eNdelRs - Wk £ § BMAAA £ klgis, 87 o AleliBl o CORT L LM NG Lhe
gene introducti oneby Sout hern anal ysi s, %gtE act1 ng rot &1 ns franrtlhcgugal | us

and neasur i rfglhBQ:i%a@CtDNhtléet?g@ﬁ'cfé§ajtl)y’ezpez§ of Eﬁ‘%&]@é‘ﬁ%“ or gred

t obacco callus was taken and proteins were extracte usi ng

(Tropi X, | nxhesBhas alktidle 50NN & 2D r n 0 's
protei n assay Elst anegﬁthen usi ng ws?f?!g]khit{\@%T?(?fo%x%%Q% Llf]lll ﬁﬁ%enoﬁrr@ﬁer

Lumat LB905 dBﬁébﬁiﬂoﬂapan) the GUS activity was neasured for 5 seconds.
The results

The transgene to be used in the practice of the
present invention includes those DNAs which are

desired to be expressed in plants, whether homologous

or heterologous to said plants. Such transgene
includes, but is not limited to, geneé coding for f
-glucuronidase; antibiotic resistance genes; genes
coding for inmsecticidal and bactericidail
proteinaceous toxins; genes for antipathogenic
compounds; genes synthesizing hypersensiiivity
compounds, such as peroxidases, glucanases,
chitinases, and phytoalexins: agrochemical,

herbicide and microbicide resistance genes; genes



thus obtained are shown in Fig. 13. In the figure, the GQUS ch !‘J\ANQQ%
(ordinate) is shown in terms of |um nescence value per unit weight of
protein as cal culated by dividing the |um nescence val ue obtained fromthe

| um nometer by the protein weight. As is evident fromFig. 13, the
traHSformant tobacco calli resulting frominsertion of the construct |S12
showed, on an average, about 2.6 tinmes hfgher QUS activity as conpared with
t he control 9 JAN 2~0~ 60 resulting frominsertion of element-free pAB35S
(35S) . Fromthis, it was found that the expression of the GUS gene is

ignifi t I y. insertion of the construct 1S12. This indicates
tSIhg':" eggﬁne%éﬁeﬁégﬁ%iﬁapeﬁeln??il &1 ZY 8RS (eafd LREZPGTgCPRRRETd

. - tained. i.n the above constructs is a
rancer s pt ik e COBIRAY e AN R 1 L OF | AE B R e DR Sof Sfarch.

transcripti I I |0 epent -contai ni ng construct into a tobacco
pl ant (I gafggi%sﬁ(@gn%tl\r@ nSflng .tst)un%flgci%‘ﬁ'ge\ﬁt CEn& ML BEREY pr epar ed

i Ex | | | - [ AB35S (1 S1), | $235S/ AB35S (1 S2) or

Ipl gl 2-2[5%/ 2%%%’3 ( 1:2‘31%? ﬁtfr%g‘gutc%’t‘?;%rté"ire?]lc"tt‘}gﬁfgil‘h%f ggr‘:’;‘%f |8$12 V\E?eas

" f Ibi ien. "}, N X 4 .
rfagSth ?Lg}a@hihrﬁ?%gh%d' iér:'.flg)nt gbsag)coofég\?éas o1 thﬁé*agre &EEIH&T%HSJLQda
control rungeftedn §@+ovWid "Eiﬁhgl%?f{‘ét L%Cxt,ﬁ(f?{a%eﬁﬁlg%ﬁ%éfﬂi) intro

s
therein was used and the sane prdcedure Was &GS each

S~ i i 0% ochl orous acid soqluti on, air
Lﬁggfgg \(Nereﬁ%grrft;s%g\/\%zf %Hg%%e&gi%gﬁgosp%ognxgv ?lezrﬂ{"ﬁd'teesswgﬁ”g%ﬁﬁ'e

%gﬂringth€W¥§ hv Pthld & n the synthesis of medicinal and
nutritional compounds, such as B8 -carotene and
vitamins; and antisense transcripts interfering with
nucleotide sequences occurring in plants (Transgenic
Plant, vol. 1, Academic Press, 1993).

The present invention further relates to a gene
expressi.on cassetfte suited for application to plants,
which comprises the above transcriptional activation
element and a DNA sequence or sequences operatively

joined thereto. The "gene expression cassette" so

referred to herein means a plasmid to be used for
intfoduction into plants as well as a subfragment
thereof.

As the DNA sequence operatively joined to the
transcriptional activation element, ther; may be
mentioned functional DNA sequences such as promoter
and terminator. Said DNA sequence can include any of

the above-mentioned transgene sequences.



0 9 JAS ~~~4 61 the solution was renewed and the sanme proced
repeated for further 5 mnutes. The | eaf was taken out and i%r’ggﬁzﬁ%
sterilized water, followed by gentle stirring. Wile replacing the

hypochl orous acid solution with a fresh portion, the same procedure was
repeated three tines in all. After renoving the noisture using a sterilized
paper towel, the |leaf was punched Wth a3éork borer to give a |leaf disk
(the vein being renoved). This was imrersed a.n 10 ml of sterilized water.
The thus-prepared |eaf disk was i mersed i.n the above-nentioned
transformant A t faci.ens cultured in 5 m_ of Y& nedium (adjusted to
ODs00 = 0.25 with SteETPReF Shr eF P. TehAE redetBabeda b . shepasia®Nhd t he
| eaf di sk were together enptied ontqo a sterilized paper towel and the

moi sture wad FEREVES WRHCBroFis™ Ihs sisugtpnrl 9onel forfhe deatngd

pl aced, inside put., on M3 infection medi um prepared bysuppl enenting

MBnedi un( I\/Upzfs%‘lgaél,n T:.LSaﬁ'd’@8§g,tik—?,1'elftﬂ/s?8l".nﬂ‘éﬁla&‘r uffem si¥Bd497
(1962)) wit 4(ng%/eL acet os]\éri rll_]glgne and 0.2%gelan gum_and cultured in the
dark at 25 €FOT°2 dayS 2 HheRI%2he bhf GFRPESRE Lo ol &8 b Baetedin

suppl erent o i t B0 T/ P CRaBntd BRetsets PE i &R 51 g R ez yP add ne,
150 D9 J 4 6 LI kananycin, 500 ng/L ol aforan and 0.2~ gel an gum
, then pl ac?csﬁlz’?%éi d'%“ggtﬁt oﬁ“&ﬁ%‘t‘!h%? ﬁ‘g'rlti f o8t WRT i f’?‘é?@ﬁ‘tli%’t”flgn ifedi um

and culture C__The I um replaced with a fresh portion of M
di fferenti ag’ilﬁnﬁgdial?né]a?g?\%o-lmtlle\é\ﬁﬁFnF@r]\Faanin(f,lea}flePft ¥ ahe& dhone

nont h, rege re.counted. The results thus obtained are shown
i - Tabl e 2. Q%ﬁggf%%airoﬁgnf i nliber St YHLRAE AERTOMRE 8 TH AT R0CO

Ll??llsglsfgl g%‘%ﬁ?%ﬁ%‘é%%f%%%o&§?ﬁ%ﬁffﬂ%1ﬂ%§fﬁg5§i’é’l]t“)‘i%é?ﬂ}l%sw

039000110002,L10QQL1499Q11 0 { nunber, of. di sks129112113117Tot al
number of shoots1181 116423%9%vé£§§3£% erlgirm's %Sflsdfpre?m

diSkOiﬂi-3iHiéE£d££rium tumefaciens, namely the octopine
synthase (ocs) promoter (L. Comai et al., 1985; C.
Waldron et al., 1985), mannopine synthase (mas)
promoter and nopaline synthase (nos) promoter. The
cauliflower mosaic virus 35S promoter, which is
generally used in the transformation, can adequately

2 be used in practicing the present invéntion.
Modifications of the 35S promoter, fdr example the
two parallel 35S promoters (R. Kay et al., 1987) and
the mas-35S promoters (L. Comai et al., 19920), can
also be used. Furthermore, the cauliflower mosaic
virus 19S promoter (J. Paszkowski et al.,;1984) and
scrophularia mosaic virus-derived 3485 promoter (M.
Sanger et al., 1990) can also be included. As further

examples, there may be mentioned the actin promoter,



0 9 JAS 2004 63 As is evident fromthe above results, the sh 9
regeneration efficiency was about 1.4 tinmes when the tobaccoog aY%N 2004
contained the construct 1S1 or 1S2 as conpared with the el enent-free
control (35S) and, in particular when it contained both IS1 and 1S2 in a
tandem manner ( 1S12 ) , about tw ce as many shoots were obtained as
conpared with the control. Fromthis, it3%s evident that the el ements of
the present invention (1Sl elenent, 1S2 el enent and coupling products

obtained therefrom (1S12 and the like)) can increase the activity of the
kanamyci n ge tpll gepe) occurring in the vicinity or marginal region of
sai d el errenfg%l‘%f?ﬁg 't]gbgé%'ol%?gﬁts.p te Feiexydiipoe tsnapd sodyRBAtt dr awn
i n Exanpl e g tbhcaé thg el enent s (F)if the present invention are transcriptional
activation oF&iEn! LTREAHFE 22AnfFPofact i bn W iFRaASH Prabhaderivest i on
el errent-conb%ioq‘i‘ pgonstructs into carrot somatic enbryos Using ~. tumfa

i en wit ht hePConst r act Pprepared in Exanple 2, nanely plSl-35S AB35S (I S1),

pl S235S/ AB35S (IS%L, Q!SI2=358 AB35S é&Sl%%;or pMJU335S/ AB35S (MJ3),

i ntroduced t herei i (het 8 fart2r °Fefd? ¢ LY AT BN (S29P6DRGE Kapable

t umef aci ens"%, Iet Ei%%”ésﬁﬂims | S1,. Ias,é% | S12 and MJ3 were respectively ~

9 JAN ~Q-~ 82 it roduced it of AP IR i h et AR S ST RELRDY R Erd@n, A
t umef aci ensg Wit e ruct-free pAB35S (35S) introduced_therein_was
used and th%wssarrmeégr osgse)ﬁﬁ%é:l{lmﬁ%ifgﬁ'gﬁe&.n S’p]gﬁf’%;isceﬁ‘?ﬁ inglpdes pdd
hypocot yl s I der. t terilized condition were cut to a length
of . about 1 g%}fﬂﬂg%%%%%egqﬁnnéﬁgﬁg&%n%gorﬁ]g?ﬂitr'fg Ql?gt%al’é96“|ﬂ‘2‘,i4-19 (2,4

di chl or oph ' d) . cuktured in_the dark for_ 24 hqurs, then
epRXYACet b £ 3300 Cyk alr,?:urfor tgle[ ﬂfér

pi‘aced in 2,4-D free nedi um and cd ed a A8sE IoPadinysofrhe

medi um was 5 eplAcsed W i Bsesiy portign and cultivation was_performed in

the same maémer f%r ;\AS ay(gl%s' I Al ??ét e‘p%%r lp(?tp%%%ﬁ‘tel csgﬁﬁ:ﬁ%ﬁgor{nc%ﬁ

YPOCOLY! S+ SR Ahela . % Sl LAR oo | N6 R0V 4 2081 0L
cen

nt ~. tunefago~ens
cultured in 5 m of YSP nediumwas ™ F i Uyed SRS, B¢ FER 6P 110
m nutes, thexawieigatant was renoved, and about 30 nml of M nmedi um was
added to suspend the cells. This procedure Was repeated twi ce and the Y$P

medi um was conpl etgley ¥ £AR%RA 1 388D n £ENLJ £ 1Q, \é\%ieg[ﬁéd{lk/g%nfégil:lﬁ%l

3,000 rpmfor 10 m nutes, the supernatant wa=s renov _
cont ai ni ng ﬂﬁe@iﬁtOfilﬁE@th.\Hﬂ NgeN& @S +adfed gk d NExpGd MERL, £ O thereby

adj ust to ODboo - about O.
cassette comprising said element can be used for
inducing or regulating the expression in a plant of

thegeneintroduced,andthiswidelyapplies1x)plants

in general.

The plant is not Particularly restricted but
includes,amongothers,agriculturallyusefulplants,
whether monocotyledonous or dicotyledonous. Among
the monocotyledonous pPlants, for instance, there are
corn, rice, wheat, barley, African or Indi;n millet,
oat, rye, millet and other cereal crop plants as well

as lily, orchid, iris, palm, tulip, sedge and other

various ornamental plants. The dicotyledons include



fl 9 ,1AN 2~~~ 65 To this Wre added the above carrot hypocot | I ected
using a net, and the mixture was shaken gently for 5 m nut es.ﬁl@g’ﬁ% 2{}34 |
hypocotyls were deprived of the npisture by wiping with a sterilized paper
towel and imersed in M5 nedium containing 10 ng/L of acetosyringone and
cultured in the dark at 22C for 3 days. The hypocotyls were deprived of the
noi sture by wiping with a sterilized papé&¢ towel and i mersed in M5 medi um
cont ai ning 500 EGyg/L of carbenicillin and washed with the nedi um by shaki ng
gently. After renpving the noisture in the same manner, the hypocotyls Were
cultured i.n M5 agar medium (containing 0.8~ agar) containing 500 ~Lg/L of
car beni ci | | i9P5KF 2RBLLEYN, S IRARAZI M. | ¢ ahragdon . Aegndlia,o 3

mont hs, hypocotyls that had each regenerated a callus were counted. The
results t husp%Bg’é'i nEF R RIENORN S PR e moinspttia, cotton, waTims, 3
Conparison in nunher of callus-regenerati ng hypooot yl s 35SI S11 S2| S12MJ3+

2, 4- DNunber DFEEQY LE£IEL eF&ier RS PP eI br § 4BELODBF Bt at omathe:r eim,

cak, maple tree, poplar, soybean, melon, beet, rape,
potato, lettuce, carica papaya, etoc.

The present invention further provides a
transgenic plant which contains the transcriptional
activation element of the present invention or the
transgene expression cassetterof the present
invention comprising said element and in which the
Phenomenon of the position effect-due gene silencing
(inactivation) has been suppressed for the desired
foreign gene introduced or the transcription of the
foreign gene has been activated. Said transgenic
plant includes the offspring thereof.

The term "plant®" as used herein is intended to

include not only a perfect plant body but also a

portion of a plant body, such as a leaf, seed, bulb
or dutting. It further includes protoplasts, plant
calli, mericlones and like plant cells as well.
The method of producing such transgenic plant
is not particularly restricted but may be anay of those
DNA introduction methods which are conventionally
used in the relevant field of art. Specifically, it

is a method of introducing a DNA into plant cells using



hypocot yl s7856606163Per cent regeneration(% 6.4111715132, 4- Dy

chIus-¥e- generating hypocotyl s391264Total nunber of quﬂm QMM
hypocotyl s7762626458Per cent regeneration (% 3.913199.46.9 0 9 JAN ~O4 66
As is evident fromTable 3, with carrot somatic enbryos as well, Iike the
case of tobacco calli, the regeneration efficiency was found inproved upon
insertion of the construct 1S1, 1S2, 1S137and MJ3 under the o

dedi fferentiational growth conditions of culturing in 2,4-D- containing
medium (+ 2,4-D) as well asunderthe differentiational growthconditions of

I i in 2.4-D-f dipym (-, 2,4-D). The greatest inprovenent in
(r:ggfaﬁtralr Q?i L%neFﬁpc]f%%%?Qﬁs‘}%ﬁgé‘r‘\fid’?%{?ﬁé"c’égetﬁﬁ tranppsimfctopad

i ) ] Jntroducti ft criptional ;activation

el ment - cont.8 Tt P8 CASHAt PAGRE RR: & %1 EB U RB AR f LhBrat BhE T 2R ehe
t t ar in Example 2. nanely plSl-35S AB35S (1S1) or

o1 52- 355 ADEEY TUS® [ SEPRITRAA oMoy BFAAHEP R E BARA S Ptk €0 as

"transformagt _t aqj . ens" tQe constructs L S1 and |1 S2 were respectively
B Un 813 g1 8 0 B o g o the £ FR 95 kAT TAL e

introduced I'nto rice seeds. o 9 and the sam
e o SRR £ Sk A PR LIS ARl A B
(N honbare) ( HOS LY IBL t'ib 22BGH "otV £E12HEY et Sa ere 111 st
sel ected and dehul [ & y
The thus-obtained plant cells containing the
:&? transcriptional activation element of the invention,
the transgene expression cassette containing said
element, or the expression plasmid can be regenerated
by one of the conventional methods used in the plant
tissue culture technology as described, for example,
in S. B. Gelvin, R. A. Schilperocot and P. P. 8. Verma:
Plant Mélecular Biolbgy Manual (1991), Kluwer
Academic Publishers or Valvekens et al., Proc. Nati.
Acad. Scoi., 85: 5536-5540 (1988), whereby plant
ﬁ% bodies, or portions thereof, derived from said rlant
| cells can be obtained.
The expression plasmid of the present invention
may be any one provided that it contains the desired
DNA seguence to be introduced (transgene) together
with the transcriptional activation elemént and
functional DNA sequences such as a promoter and a

terminator. It is preferred, however, that these DNA

sequences be operatively joined to one another. The



lightly rubbing in a nortar. Dehulled seeds were ~ 9 JAN fg@? r}l@ ed in

a 50-m Fal con tube, 2.5% sodi um hypochlorite was added, ﬁ

was shaken at 100-120 rpm for 20 m nutes. Then, the supernat ant was '

di scarded, sterilized water was added, and the m xture was shaken gently.

After three repetitions of this procedure the seeds were placed on callus

i nduction nediumand cultured in the dar% at 28C. After 3 to 4 weeks, anong

~calls formed fromsoutella and having grow ng yel |l owed shoots, only t hose

having a di aneter of 2-3 mrrand | ooking like scattered in a group of

sever al %‘Fl aced,on fre e:il us i nduction nmedium and cultured in the
M’r

dark at 28 8§° % d&P by 9°jt‘h%dabd'!/%aPFar'1‘s]$6Frrd:rheAplﬁﬁM§cr ens
was planted.in ons éj gruman ultured in the dark at 28 C for 3
days. Cells oF° UhetdS eh? ‘eegcrdeEB@&eo'ff P eie £ Hegildihe spoon
::-=) and gt AA ng&re#?) (Jor yame, R and Hrata, R ; Plant Science
- 179 183 { 1985) ) SB5d A WP B bR B T RGBS Lhd AURS BRI Res
d dto 9,18 49 N Itured in the dark at 25 C f
adj ust e to; Oy f% %’ a:g cultured in e dark a or
1 hour . The-FrES4EPPE IRES BLTHE RS L5ve %ﬁnélre%?"édpl%é&ﬁgr?%e
sterilized (tsgg ?frf@h % he above cul tured ~ fao~An in the form
ofzasuspenloﬁ g%& expressed under the control of
the transcriptional activation element and the
expression is efficiently terminated by the action
of the terminator, without inactivation of the
promoter contained in said plasmid.

The present invention further includes a method
of causing expression of a transgene in a plant. Such
method can be carried out at least by the step of
introducing, into a plant, the transgene expression
cassette with the transgene integrated therein, such
as mentioned above, and the step of causing expression

of said transgene in said plant. The introduction of

the transgene expression cassette (DNA) into the

plant and the expression of said transgene can both
be effected by the techniques per se known in the art
(Plant Molecular Biology Manual, 1991, Kluwer

Academic Publishers).

EXAMPLES
The following examples illustrate the present

invention in further detail. They are, however, by



68 was added. The tea strainer was shaken for 3 nminutes witf{ Sgafshgpal
rocking for securing i mersion of the whole calli, than the tea strai ner
and the contents were together placed on a paper tomel, and the excessive
bacterial culture fluid was renoved. The calli were placed on co-culture
medi um and cultured in the dark at 25C for 3 days. The oo-cultured oall
were then collected in a tea strainer, imfersed in sterilized water

suppl emented with 500 ng/ 1 of olaforan, the tea strainer was shaken to wash
anay A. mfa ien , the tea strainer and the contents were then together

placed on a, stepll d,RapPef ,tQuel the wat er s renoved. The sane
procedur e s(;r{élpeéa'fg ]'?lou:T'JE ﬁ:r%evsel 1 heTFE HRP| © FBepIpd%‘éﬁeé‘rF

sel ection ul tyhed in dark at 28C.. Thr f.our weeks

| ater, call nﬁ%mg?g%%gom :;'rh’séej (?tneed o BbRS &F 119 Eh?] dI¢escANY, a

por Lo of R 3L *g%*‘%r ES 5 BT EeE 24 ';fﬁ‘% ; I%la(?g%iﬁﬁg’:ﬂn%ngm @,
0.5 MM 0,3~.T

X100, 505 net haar© £ ikt Snadare LB FRBA e SRV PARG ! et Paati o was
| h |1
Stained bluf Sager o S‘f%%%‘nég Frod <hBaiay tﬁgc’aﬁt R papndegaiia” e

transgenic, 2psf aredyri I e.re uIt .obt gi ned are shown in
Table 4. Table 4 Resulis” o?ﬁrl%zde%% gg 3% a?"nl n]'s L&s i practice

35SI S1i SZCaIdes 384 er .of, Gall uses27y3 4422 Per cent age
of transformant %%?j %EE%%%?QQ%;%@%EB%QP c|%s evi dgrﬁr]f.r8§ t?’u'é r&sul ts

shewn i.n Tl fetald WrADSHIG r@iio%ﬁjségle%cyfé\?s f)gg{r!ld jdcreased by

i ntroduction of the constructs 1Sl a to ‘abo |prres 2Rd about 2

times, respefd £¥elibeds ﬁorjparseé:]ng\gorb heg copt r gl «
above- nenti oned Exarr?:)l er' lto showec#fhEat ?hegfelg%‘ggfatl on e??‘laézlle%(‘:y

(transformtMdlecular Clonlng, 2nd edition, Cold Spring Harbor
Laboratory Press, 1989 and D. M. Glover: DNA Cloning,
IRL Press, 1985, among others.
Example 1
1) Target plant, target gene
In searching for MITE-like elements, carrot
{Daucus g@igii L. cv. Kurodagosun) was used as the
%§= target plant, and the phenylalanine ammonia-lyase
(PAL) of said carrot as the target gene.
2) Cloning of the carrot PAL genmes gDCPAL3 and
gDCPAL4 Carrot genomic sequences were cloned from a
carrot genomic DNA library. The carrot genomic DNA
library was constructed, as previously de;cribed by
the present inventors (Ozeki, Y., Davies, E. and

Takeda, J.: Structure and expression of chalcone

synthase gene in carrot suspension cultured cells



efficiency) isincreased by usingthetranscriptional activa&pgpjﬁwegﬁﬁts
(1s1, 182, 1S12, MJ3) of the present invention. The follo g r &4 ,
possibilities can be considered as the reasons: (1) The possibility of the
efficiency of introduction of Ti plasmd into plant cells being increased,
(2) The possibility of the efficiency of regeneration fromcells being

i ncreased as the result ~3 9 JAN 2004 %b of an increase in nos pronoter
activity owing to the 1S1 and/or 1S2 el ement and consequent pronotion of
the transcription of the nptll gene, which | eads to production of the gene

product in i a amgunt ,._and, _hence, increase in_nunber of cells
capabl e of Jgrggjv'é}%ggﬁe??%n%an{aﬁ?d nPddHt bi Gingl nBBYAd ded f3f sel ecti on,

and (3) The SipjLit f I S1 and/qr, | S2 el enent activating the gene
region in t%ga\%ﬁ cﬂr’ub't']ykl%% %PgrngF%&i FEh&ERGR T O bresddts A§ = d -gene
regi on frombei [ tivated. The ne introduction by neans of Ti plasmd
dogs not | 2}56 taggc:l nggﬁ'ﬁ%%haet’ agdét gf'?r&ﬁ?&’s??e%fn REBASHELAR onosone but

is indefini .the, si of .nsertion. Therefore, it is accidental
whet her the*t'gé‘ﬁ:}‘%gﬁltc?ue’"s i%%:‘uasti"ﬁsf‘er‘f%dei“‘r?%%°3&‘1?/%l§i e dBt AT Red by

th t t f i pi [ i t.h icinit f

which o gersapbedREe EITRIF A oo 8 it 08, 4 “prE enbic DA or by
th i ; . i f i i nt d i

cryptic sl 1o eaer chesat BN Ll Mo b d ST Tl BB ARE A T Lo R  ha

the t i S Oy ivated. t t din the_ab

exanpl oo, rharen LS Pl Ak U 28, BSR4 T el Somatme "En s WA 204

m1S2) are £ApRG i PagHd ;ae,lt&&uset Bk, ghgg of the nptil gene

: r
(‘kananyci n resi stance gene) -, nanely on the opposite si de of the nos

pronmoter of the kapamict Pchasist aRGe J§ke, Trpg{gg_fcorﬁai LaS. Lmpossible that
these el enents cis act on the pronoter of %he ananycin 6% BEST® 8 e.
from carrot freeze-dried using a
cetyltrimethylammonium bromide (CTAB) solution
according to the method of Murray and Thompson {1980)
{Murray, M. G. and Thompson, W. F.: Rapid isolation
of high molecular weight plant DNA. Nucl. Acids Res.
8: 4321-4325 (1980)). The genomic DNA obtained was

pPartially digested with Sau3AI and the digested DNA

was fractionated by size by the sucrose density

gradient method. The DNA fraction within 15 to 20 kbp
was collected and ligated to the BamHI-digested A
EMBL3 vector, followed by packaging in phage
particles, to thereby construct a carrot nuclear

z

library.
Then, the carrot genomic library was screened

(Sambrook et al., 1989) for carrot PAL genomic clones

using the PAL cDNA (ANT-PAL cDNA) as the probe cloned



However, the above exanples gave the results show ng that @gnjéf@ %ggg
circunstances in which the transcriptional activation elenment of 't

present invention is found inserted in a position such that it cannot
directly act on the nos pronoter, the nunber of kanamycin resistant cells
(transformant tobacco calli) increases in the case of cultured tobacco
cells, in particular that even when the ‘k’anarryci n concentration in nmedium
is as high as 300 nM the nunber of kananycin resistant calli increases
(Exarrple‘3 (1)), and further that the effici ency of regeneration of

e (IR R LSRR o (DLRRELDE LIRS

nment i oned e 1nto plant

6). These r i ca the S1 rrents acted on the
kananyci n r%é?gs&tg%cgggénse‘%o%%ﬁ%’rl ngl'#n t‘gé q’c’r hl y o ang HMECARARL - not

in the node of augj ng, giss cti atlo nos, rQnot er, and as
aresult, t diéﬁ%ﬁd&’té} §'72a§unb.lgr %’el [%Jagﬁ '?tﬁ(ﬁ]udes bot h

the senses eggqgftmralpnoen PLg ﬁratignlfnreom el Lhe

| Qictl vat ed)
activity of said kananyoin resis ance GeRE HRSTLAT LY AP c &R Phe

possi bi it ygi;haty ?UthtIiFoéPanlorpvggh't%né‘Jut rans&:r ! 'E{)t iore]ataﬂs gLl Vztt%fzgrifm er

el ements (factors) occurring as enhancers |n ol ni

of a speci fif Genes8ad @ginvarhpgohe bhay my . bgeC' 5;8Gting on said

pronoter, the transcriptional i vatlon erren reg it i nvention

is to acti VR @ {04 rRnEVeRDh .f ropyLRgcs i (itgld’tg? t \/\/q.ﬁ1 serted into a
y o gen

genoni ¢ gene, a single gene group or a plura gro pga\% PRe

vicinity orepw gl o2k i gN o¥ LhE N4 ErGle | PSRLM AN LT LRl (I gspect v
|

of location and direction of the gene pronbtér on 3ct™ sf)l and t hus

promoting the etd @psar leeae&cﬁigh&y t P8R e nt™at 368L W BY (41€, mEChani ss
nment i oned above under 3) . Inthe constructs used in the above exanpl es,

the 1Sl or/gsddiSRoal @mntalwer@ | BS &I gl 0N 610N GBS BHAIIRL S fo the
@QJS gene. The cul tured tobacco ceI I's resulfing from?nsertlgno%lféjlg%fq

construct sppweds | 89r.easedmUEpehi Viiy ighdxagpleerd (2) indicated clearly
that the transcriptional activation elenents of the invention cot al so on

the 35S prOﬂﬁﬁ_@rvﬂﬁijllrﬂﬂ'f'ﬂollri&@ﬁedownsdi@%Eb(i'lmtlt(yo ana 1 doNy 1252
thereof to increase the transcription activity of the GJS gene. S result

supports t héepudgaeeid seninenedpakavomd i PleCabab il A& hing was
transcriptional activation elenents of the invention show the actions
mentioned abeweriwdesu 3} wiran®llys maiutelex! B Or/andxl SBcekeMBE $Son
activate the neighboring gene region including themor prevent said gene
region fronebeitrginhag i ¥a6&d'sbEN aither abav et €XpRR £t uirle Waswals® §hROWN
that, not only Wth cultured cells (Exanple 3) but also with plant tissues,
the effici endpuifeseger®) atiinom ob .tlobacss m| ael uHioeh S drs andead fger eased
in the tobacco | eaf disk experinent (Exanple 4), the efficiency of

fof mati on ofodmrjopenpotrml hungsdrvi NGBS HESES o0k efl pat artageaes alii on
fromcarrot hypocotyls is increased (Exanple 5), and the efficiency of
formati on of 1ol Ly .stwiiaw (630 bmbes tfeoy x 2Qeipl and . legessCakiodut $on

i ncreased (Exanple 6), by using the transcriptional activation elenments of
the inventi®h. 6feSe results indicate that the transcriptional activation
el ements of the invention act on those plant cells becom ng i ncapabl e of

pl ant regenerati ofsot s ndd .f edaht t @rattd vesulldnes wefrer obgra Jred .
introduced into the genone of plants in question undergoing gene silencing
(i nacti Vatl%ﬁf-‘ttﬁ,lctlon enzyme maps were prepared for such clones

and, according to the maps, the clones were

classifiable into two genes, which were named gDCPAL3

and gDCPAL4, respectively.

With gDCPAL3, the A phage of a positive clone



9 aA~ zoos 74 the position effect, so as to increase the effﬂ%iv@:ﬁbﬁg@g

pl ant regeneration or formation, hence are practically very useful. In view
of the recent finding that MTES, |ike MARS, bind to nuclear matrices
(Ti khonov et al. , Plant Cell 12: 249-264 (2000)), it is considered that

M TES intranuclearly play a role sim|l ar%o that of MARS. Based on this, it
can be expected that the transcriptional "activation el enents of the
invention, which are MTES, can be used singly or in conbination with such
el enents as MARS in producing genetically nodified plants to further

increase th fd.cH f ap regeneratio r faormation. | NDUSTRI AL
APPLI CABI LI $$thde&3ﬁ§§%y PT(%‘bélr %’Zﬁ b o Bihas hedoy o eh W ol Baggi T

Cansos oxpt oost o {e B B BT Ep A BRI L. RS v B o e
necessary Lo cal Batd e L3 PR LB o SR b SR UK 6 @1 hose
B pausing gen of Lenel no aetl eyor AL Roxh AHERLy B IR SR B g =! 1
TR ghl y pocet bl et i oost P h PR o e ke e SRy TR EPRAE R R, bl ant

genone, CauANTCIRRGCSBRAIHPNLE et 4GEULA ARY e PRSP 0l t DLg e £OALS | DUt €
to changes in dynam cs of the genom c structure, Tor exanple et POt &t ng

t he unwi ndi per2ofe 19§ Q%@rbﬁfiuﬁh'agsecé‘f”z%stig QUPéﬁﬁsgqfctht[“""Bt]”fe’ by

mechani sns quite different fromthe nechanisns of action o

convent i onahnenhaneery ¢l RERNSNATHES £5RS t DYy 751G § N agagleristic
feature of the MTE-1ike el enents of %hg i nve?#i on, %t V\ﬁsl Fil;:(eigogrrgggssi bl e

to regul at eptriub €XpiadS SbBR 0f n 8dJENErINEE UDN I ik dEn Y Q@é‘&t\‘sfé‘ﬁ\rr%‘?f by
techniques different fromthe prior art ones. In other words, wth the

M TE-1i ke ewarsnimamiitdnd suddlonewiahthaVgbiGiescript SK plasmig
abovecharacteristicfeature, it will be possible to increase or activate the

reduced exptessitadahiithy ol fiQree g8 igaNeal R OOHeed DY sbhe £ LaRsgeni c
technology. In this respect, the MTE-like elenents of the invention are

useful i.n ¢GTRYuUCtonpiaet FRCPIANS - PHY £SRI 0O£CaBsQtt 8 )and o4 agM ¢35, e
containing said cassette in the production of genetically nodified |iving
organi sns apd asmidr gdEPABSH-Yr o fiSK a2l ta PhedGidy JE8a Al Yih the
restriction enzymes $allI and Apal, a series of
deletion DNA fragment groups were produced using
exonuclease IiI and mung bé;n nuclease by the method
F described by Sambrook et al. (1989), and the
nucleotide sequence of the gDCPAL3 DNA was determined
using them. The site of transcription initiation
(+1) was determined based on the positions of bands
as found by the primer extension method using mRNA
extracted from carrot as described by Ozekisand Takeda
(1994) (Regulation of phenylalanine ammonia-lyase

genesiJicarrotsuspensionculturedcells.IPlantCell.

Tissue and Organ Culture, 38: 221-225 {1994)).



~ ~ ~1AN ~~~~ 76 nodifi ed organi sns capabl e of expressing a ﬂr%dﬁﬁb@&{jé The
. transcriptional activation elenments of the invention which contain a
transposabl e el ement such as one of the MTE-Iike el enments nentioned above
(preferably the I1S1 elenent or/and |1S2 el enent) have an activity in
suppressing and di ssol ving the phenonenoggof i nactivation of gene
expression (gene silencing phenonenon) due to the position effect in gene
transfer in plants. Therefore, it is expected that by using the
transcriptional activation elements of the invention singly or in

bi nat | S ot o . ) DRA turing,
for exanpi e VRS ity SoSFkE Pe ChRH IR0 HiEaTH oh /K PR o
have the geﬂﬁoﬁ@@é}a @Pd egaed n@c%Q%r@ae?FQWéxc%e%%e ltlgear QPSSZAO]C

screeni ng procedures generally perforned after  gené transfer ana tte nunmber

f nbi st i e ! mg. - -
ol 26 a Ty e e cor haody s a2 Bt Sna R 47 PR
Orvatic o Sahe Hahte R | OLEUY BERG 4 Y L O PH RO R Yk o (£ ey 1

cryptic sites. For such plants, 1Tt 1S § very I'cu

i npossi bl e {Ret e g 4 0, [, re iLnapt _plants. On the contrary,
wWith the transcri Eg-i[%%rgl vt éQP?E%dgg%ﬁ‘ ﬁ%%i%gogeen‘%% sctt.‘)"fe?ﬁg%

| nvention, Wi tits PESSIDEE W@l BBHEANEDL L RO lafak i IwaENe .
introduced onto a plant genome from undergoing silencing and therefore it

i s expect edpbhdio saled eh8IRY StRaAN JBKE ble POSSHRY GuiRaldh EaC T dve.,

i ntroduce foreign genes into those plant species the gene reconbl nati‘on of

which has besa aegakded s oA i 4be 06 B!i:iifzi!@ﬁiﬁgom,t@f{q}é” Jb%
reconmbi nant plants. The transcriptional activation elenents of the

i nvention awasalcle a@si dei ed tz0i PATEEEAES pGaneDb! 8ndf APLEYJIAIE in
(i nclusive of transcriptional activation) genes occurring in the vicinity

or ner gi nal thegip®l 6é sicei GeNSKr @0l KAmaM Wi Shtbley, 2ER £9wnd d HSEE L ed.
Therefore, the transcriptional activation elenents of the invention are

expect ed t ogDCP A4y pak Skt passéhl,e ¢ RePdhd Heobi@saend o1 gshng ogy to
practical use even in those plants in which the production of genetically
nodi fied plaRCHiEdep s/ 8K fugal clesadse withr e Nt eQGEHE E@NCER Of
silencing due to the | arge genone size, as nentioned above, but al so nake
it possi bl eeneyare §n Xthel gemal | Bsenti Near iswr 0k spl@nt dspact €55UANAS
soybean, corn, potato and tomato, already put to practical use, to increase
the effici ehtpafegéngntounsf ere madp ratdidedsanm dgnexoles Passd her s
activity ~ ~ JAPd 204 of transcription of genes for useful characters,
such as herdndi deungsilse ance wehes sandbiyndaos | miedd o @r dlead Ar@®RES, by Uusi ng
these transcriptional activation elenents through insertion at a site
upstream of Semd xR ekotedr a1 .shidi? &9 Jenarddrtheusnafel eohdrdet eequdnale a
siite in the vicinity thereof. They are further expected to make it possible
@@FHOdUCEOf the gDCPAL4 DNA was determined using them.

At

3) Results

Comparison of the nucleotide sequences of
gDCPAL3 and gDCPAL4 ravealed that the pPromoter region
of gDCPAL3 has miniature inverted-repeat
transposable elements (MITEs) having impérfect

inverted repeat sequences not found in gDCPAL4 Wwere

Present at. two sites, namely

-1897 to -1599 (299 bp in length) and -1157 to -389



.genetically nodified plants with higher productivity and hnggr ﬁ“gﬂ@%y as
conpared Wth the conventional nethods of producing genetically no ied
pl ant s. 79 ' CLAIMS 09 JAN 2004 1. A miniature inverted-repeat
transposable element (M TE)-1i ke el enent capabl e of causing duplication of
the 5 target sequence: (A NG AN [n beigg an integer of not less than 1] at
the site of insertion thereof in a geno gene, which has perfect or

i nperfect termnal inverted repeat sequences in the 5 and 3' termnal
regions. 10 2. A NITE—Iike elenent as clainmed in aim1l1 which contains, in

the sequence thergaf, y repe tlon of at |east one of the
nucl eot i de eq{%ng s repres a%hé b@éfﬂé f% rrulg EHe XCAtRRISEEREien X

represents % Hed §rg.‘dl Y, {lﬁprle§§;1t S"'"séasﬁ\rélﬁ'zlt'?r the formula (2):Zatgcaa

(wherein z 18 epredent & or° 4 Pi¥e el ement as claimed in

r?ug: (r:gt }dgrsgq\gglnce rs]t'}af%wn E& rm§|% B verltlgdp:?e(}t)ﬁgggse usgr(ié%e?gﬁ%n and
rogon. 4 ACM RS R cp ST *é%ﬂﬁg#tn?%%‘%é%%&m&%c%% ”%?“% 25

Capabl o of Tybr L g oA DRAYGSTHGoh EONDrCmaar/ i ifihee fbhe
above nucl egijifde. §89 e&ﬂluHP?eé siglngenﬁlgﬁndltl8n%%gﬂg%99ﬁﬁﬁée of 30

causing duplication o e targef sequence: 64 [n

bei ng an i njgeer il MElewthage]duchteh%fmIt& OlinhnserStE'Qor?[]B rl%e‘if in a

genom c gene.
o The characteristics of these IS1 and IS2 were

as follows:
(1) 181

It had the nuc;eotide sequence shown under SEQ
ID NO:2 (total length: 299 bp), had inverted repeat
sequences (32 bp), which were imperfect to each other,
in the 5' and 3' termimnal regions. and had a target
duplication sequence, TA, at the site of insertion
into the genome serving as the target gene. Based on

these facts, it was estimated to be the gene sequence

of a novel MITE element belonging to the family
Stowaway already reported (Bureau, T. E. and Wessler,
.S. R. Stowaway: a new family of inverted repeat
elements associated with the genes of both
monocotyledonous and dicotyledonous planés. Plant
Cell, 6: 907-16 (1994)). The stem structure of the
element IS1 and the structure of the terminal inverted

repeat sequence region and of the insertion site



5. A MTE-like element which has, as termnal inverted 5 regeat ces,
a nucl eoti de sequence shown under SEQ ID NO:12 in the 5 te?n?ln‘lﬁ\e?gg?on
and a nucl eoti de sequence shown under SEQ ID NO: 13 in the 3~ term nal
region, and is capable of causing duplication of the target sequence TA at
the site of insertion thereof in a genomc gene. 10 6. A MTE-I|ike el enent
conprising the following DNA (a) or (b) 4%) a DNA having a nucl eotide
sequence shown under SEQ ID NO 2; 15 (b) a DNA capable of hybridizing with
a DNA having a conpl enentary sequence to the above nucl eoti de sequence (a)
under stri ngent_ conditions and capabl e of causing duplication of the target
sequence TA"SE4MR 8% BROMRelPi Sii¥hereof in a genonic gene. 20 7. A
transcri ptional e&gti vation elenment characterized by containing at |east one
M TE- i ke el ement®2§8f ( PEndfbeaBve keekdifie ssanencer GrEpmma bhgn
activation eL%rrent gs | ai mid in Caim7, wherein the transposabl e el enent
conpri ses af "I'éast®8ne MPTLLYIKE &hbke iconpfi &Ry rHe Fortddieng DNA (a)
or (b): (a)_a DNA having the nucl eotide sequence shown under SEQ I D NO 1,
30 (b) a DNASE&IpadtE o bPERL REe t hs A Bohse AR SRC Aadorfr EADR e §

sequence to,the ab ot | 81 09 JAN 2004 sequence (a nder
st(r:]:Jngent cggn'digt'l o%gﬁﬁﬁ%gﬁﬁgfg‘fmc%ﬁgi)ng ‘ﬂﬁﬁf“led-bﬁggn oifng)l\}lr‘?lcjz( An [n

bei ng an in{gg iI(l)L.ant Ies% té{ﬁan 1] at the site of insertion thereof in a
genoni c gené, 5 of a RS S ERBAT SMPRPIGRE t nd oA BwhrG Th@9¥C) or

d havi ng .t he, pucl.eot i d h der SEQ ID No:2; (d
DNA capabl o BF RORRA T hh i TR J9%S NARSHEAOR RonHiSont AP eRkence | o

the ab I i d tri, diti d bl f
cats ng. duny Fese R CRUTE S EbatieSy: B rhuoly  LRSERA B AR Ak ShbR C
. 15 9. I Rty | tivati el lajped_in daim?7,

wherei n the LPerehbeabie o Shehf sy Lo R BATHA CotBIng Tt BdaLEmeBm 25
MTE: 1o of eqenin 60U 5100 d1IEaold QU0 DA G2, OF (5) L2) & DA havi ng

t he nucl eoti1 de sequence shown ‘under bl e of

hybri di zi nge Wintiy £ P@égp_av'gr;g_ a conpl enentary sequence to the above
nucl eoti de sequence (a)” under stringent conditions and capabl e of causing

duplicationcgfy (A4¥(A) n [n being an integer
Itrhad the nucleotide sequence shown under SEQ

ID NO:1 (total length: 769 bp), had inverted repeat
sequences (158 bp), which were imperfect to each other,
in the 5' and 3' terminal regions, and had a target

'§? duplication sequence, AAAAGAAAA, at the site of
insertion into the genome serving as tﬁe target gene.
Homology comparison of the nucleotide seguence was
made but no homology with known transposable elements
was detected. It was thus found that it is a
transposable element, particularly a MITE-like
element, constituting a novel family belonging to

none of the so far known transposable element families.

The overall structure (stem structure) of the IS2



25 of not less than 1] at the site of insertion thereof in apjgenon c gene,
and a MTE-like elenent conprising the followi ng DNA (c) or @EJM) 2804DNA
havi ng the nucl eoti de sequence shown under 30 SEQ I D NO: 2; 82 09 JAN 2004
(d) a DNA capabl e of hybridizing with a DNA having a conpl enmentary sequence
to the above nucl eotide sequence (c) under stringent conditions and capable
of causing duplication of TA at the site%8f insertion 5 thereof in a

genom ¢ gene. 10. A transcriptional activation elenment conprising a DNA
havi ng the nucl eoti de sequence shown under SEQ ID NO 3. 10 11. A
transcripti t.jvation el engnt rising a DNA having the nucl eotide
sequence sh%\/\rh/?]éﬂﬁgleér JSEQ%}E?NB: 14 ﬁg A trangehBeedirusitdireasset te

whi ch conpri ‘ nscription activation elepent of any of Clains 7 to
11, and a 1 %%Iiﬁigg)qﬂieﬁgesgﬁg'}%??sgl 9% bt Felier L2pd Er¥mIted Beppat

transgene e i C tte as .clai in daim12, wherein the DNA
sequence op%ﬁ%gﬁ%jggﬁgcf o* e otaft gﬁgér AT R ot $iiE Jirelemenn

conpri ses aFg]r nofer and/or a 20 termnator. 14. A transgene expression
cassette as claimed in Claim13, which further conprises, as the DNA

sequence op h¥8ley $0ined to the transcriptional activation elenent, a
desired 25 transgené sequence to be expressed. 15. A plasm d containing the

transcriptiqnaj a@&io\{pfﬁggr?gﬂgefgqt qsanyoﬁéﬁgls?é} eZI to 11. 30 16. A

pl asm d containing the t ene eéxpressi Jr3 any of Clainms 12 to
15. 83 09 (IAN ZQQ%nf]i?nngt agge;}lslpigl_an})lv\hl ch contains the transgene
: ex_preSS| on cassette of any o al to 15. _

L From among the pPlasmids having a deletion DNA
fragment derived from the 3' terminusg of the gDCPAL23
promoter region as prepared for nucleotide sequence
determination in Example 1, a plasmid (gDCPAL3-
I51/SK) with deletion to -1581 was selected, and a
321 bp DNA fragment was excised by cleaving that
Plasmid with KpnI, rendering blunt-ended using T4 DNA
Polymerase and cleaving with Scal, followed by

agarose gel electrophoresis. This was subcloned in

the plasmid pBluescript SK cleaved with HincII and

treated with CIP. Plasmids were extradted from among
Escherichia coli colonies harboring a plurality of
independent clones obtained by the above subc¢loning
and the nucleotide sequences thereof were determined
for revealing the direction of each DNA Eragment

inserted. 1In this way, a plasmid with the 5°' terminal
side of IS1 being inserted on the EKpnl side of the

multiple cloning site of the PBluescript SK plasmid



5 18. Atransgenic plant as claimed in Claim17 which is cor hiGe, wheat,
lily, chrysan?hermmp cotton, soybean, beet, potato or cari caﬂlga{&@zﬂ? 09
JAN 2p 1/7 SEQUENCE LI STING <110) OZEKI, Yoshihiro <110) SAN-El

F.F.1.,INC, <l20) NOVEL M NI ATURE | NVERTED- REPEAT TRANSPCSABLE ELEMENTS
(M TES) - LI KE ELEMENT AND TRANSCRI PTI ONAL ACTI VATI ON ELEMENT <130) POO- 14
<150) JP 1999/ 206316 <151) 1999-07-21 <133) JP 1999/ 206320 <151) |999-07-21
<150) JP 2000/ 175825 <151) 2000-06-12 <160) 14 <210) 1 <211) 769 <212) DNA
<213) Carrot (Daucus carota L.cv.KUrodagosun) <900) 1

was selected and named IS1/SK. Further, the
cauliflower mosaic virus 358 promoter (35S) fragment
obtained by cleavage of pBI221 (Clontech Inc.) with
HindIII and Smal was recovered by agarose gel
electrophoresis and subcloned in the pBluescript SK
pPlasmid cleaved with HindIIT and Smal and treated with

CIP, to give a plasmid named 35S/SK. From IS1/SK, the

insert DNA fragment was excised by cleaving with KpnT
and HindITII, followed by agarose gel electrophoresis,
and this was subcloned in the 35S/SK pPlasmid cleaved
with Kpnl and HipdITY and treated with CIP, to give
IS1-355/8K having the IS1 region in the upstream
region of the 35S promoter region.
(ii) Cloning of IS2 (Fig. 8)

From among the plasmids having a deletion DNA

fragment derived from the 3' terminus of the gDCPAL23

Promoter region as prepared for nucleotide sequence
determination in Example 1, a plasmid (gDCPAL3-

IS12/SK) showing deletion to -389 was selected, and
a 797 bp DNA fragment was excised by cleaving that
Plasmid with KpnI, rendering blunt-ended using T4 DNA
pPolymerase and cleaving with pdelI, follo;ed by

agarose gel electrophoresis. This was subcloned in
the plasmid pBluescript SK cleaved with HincIT and

treated with CIP. Plasmids were extracted from among



03 JAN 200

gggatctttt taaaaatacc catctgtaaa attatttttt taaaaatact accatctttt
tcattgtttt taaaaatacc ttttcataaa tttttttttt caaaaatacg atttgcaact 120
tttgcaacct catttgcaac cttgggcggc gcagccgtaa aagttgccag tgaggttgca 1S0O °
aaagttgcaa atgagtttgt aaaagttgca aatgaggttg caaaagttgc aaat aaaaat 240
ggaaagttgc aacagttgca actgcaattg caactagitc aactgaaaac tgtaagttgc 300
aaaagttgca aatgaggttg caactaaatg caactga Ga ct gt aagt aa caacagat gt 360 ~9
JAN 2004 z~~ atggtgtgcc cctggcgggg ccgttagatt acaat agaat caactgaatg
caatcatatg 420 caactgaata caactatatg caatcatata tgcaattaca aatcctgatt

tcaagttcca 480_.gtt Peéh 4 t aaat c at gtatatarat atatatatat
cgat '?t cgaa %2'(0 o J%;acat t %:1 13%%35%:%%%% (54 tagg’glél'ffagdgé%t? ’%a’g“gf’&?ﬂ%? g&
agtt gcaaaa 190 t Qgc. gceacct gta. gt gcaaat g aggttgcaaa
agt t gcaaac gggrg‘g?aﬁb%tc%gn%ggggaga ©{ ??’ g’t‘b%agé?b%gi ‘gf‘t"tntgt a8 a"tlgﬁt tc

t t t t tagttttgt, t 769
3702%9" 23 15 2 AP BRARCORL RN MR AR e 0 6% B 0cun)

<400> 2 cf coaLargl ; Rerabld bale SLRIGH 63 bl ke Soaeqc ca aapagaat aa

60 cctagaatac ttactatttt ttaacactat ttttcactal tacacc 120

tttatactat thtad st gagat a&‘aﬁi%ls:ﬁliha%c\?ﬁatﬁtea%“%%tr cecact at ct e%g

aaatctatta ttaaatattg ataggtccac cactttaccc acttitcaac tacatt tac
AL b B Mt BNk R ERR
3 cloning site of the pBluescript SK plasmid was
selected and named IS2/SK-1. One with the 3' terminal
side of IS2 being inserted on the Kpnl side, namely
in the reverse direction, was selected and named
IS2/5K-2 (reverse).

IS2/SK-1 was cleaved with Kpnl and HindIII and
the inse;t DNA fragment was recovered by agarose gel
electrophoresis, émd this was subcloned in the 355/SK
plasmidcleavedwithgngandﬂiggIIIandtreatedwith
CIP, to give IS2-35S8/SK having the IS2 region

(positive strand) in the upstream region of the 358

promoter region.
(iii) Cloning of IS12 (IS1-IS2 tandem coupling
product) (Fig. 9)

The IS2/SK-2 (reverse) obtained as described
above under (ii) was cleaved with KpnI, ;endered
blunt-ended using T4 DNA polymerase and then cleaved
with HindTITI, and the insert DNA fragment was

recovered by agarose gel electrophoresis. This was



ggt accgggc cccccctcga ggtcactccc tacgtcccat tttatgtgac ctcat Gtﬁ d;ﬁ,.f%ggg% ~ 9
JAN 2Q4 3/7 ttttgggacg tctcaaaaaa aataacctag aatacttact attttttaac
actatttttc 120 actattacac ccaccaactc tatattttat actattttat tattaaataa
acactattac 180 acccactact tttctccact atctcaaatc tattattaaa tattga.tagg
tccaccactt 240 tacccacttt tcaactacat tta %acatt tttcttaatc tccgtgaaag

t caaactcat 300 tcacataaaa tgggacagag ggag aatta ttaattttaa tagacggtat
cgataagctt 360.atcgataccg tctcagattc gcaaacat aa aaagaaaagg gatcttttta
aaaat accca 420 tctgtaaaat tattttttta aaaatactac catctttttc attgttttta

aaaat acctt - t ttttca,aaaat acgat .ttgcaacttt tgcaacctca
tttgcaacct éﬁ%%gggcggg%% %%f:‘gt ?aea%daftegécghg?ﬂtég%f&ﬁ@agé FiHlalNA
agtttgtaa ag.t ca. aaagttgcaa ataaaa aaagf t gcaa
gagt t ggaac E%%ﬁggﬁgcgnggg%%ga%ﬂgf’ ggjarégét g% aagft g[f:%g' Qéﬁ‘{@gaaa
t gaggt t gca : a2 ct aca .acagatqt a t gt gceec
t Sacg00sce bag SRiapeavid MITH norRRA T oRRCroOREA AR CEES

cat 1t conn 500 A Conrrar o L e kEHEkbeC HEP: bEan, gl Th

cattttcgaa 900 atcgatatat atatat at at at/at at cg

aaact ggaac e idga c g ggat a t a tt gcaaca
cggct ggcge 1020 cgcé&%tggf ?gé:%gg‘t%g%a“é %t% t%’%:‘gga%‘} t?lé%aaac gg%élt"????d:aa

aaaaagattt L@30i4At 43R0 4AiLht hAAR, a3t aattctg gaaggtagta tttttgaaaa
caat aaaaga 1140 aaaggtaggt agttttgtag atttcccaga cctcgagggg gggcccggta cc

1192 <210) ¢5211)c8orlkey Wﬁ@b?’)(%r oty f paucus car ot a
L. cv. Kur odagosun) <400) 4 ~ ~ JAN 2 "4/ 7 gttgcaaa 8 <210) 5 <211) 8

<212) DNA As for MU3, gDCPAL3-IS12/SK was cleaved with

KpnI, then rendered blunt-ended using T4 DNA
polymerase and cleaved with ScalI. and a 1.514 bp DNA
fragment was recovered by agarose gel electrophoresis.
This was subcloned in the pBluescript SK plasmid
cleaved with HincIT and treated with CIP. Plasmids
were extracted from a plurality of E. coli colonies
harboring each independent clone as obtained by the
abovesubcloningandiﬂuanucleotidesequencesthereof

were determined to thereby check the direction of DNA

fragment insertion. A plasmid with tﬁe 5' terminal
sidé of IS1 inserted on the KpnI side of the

multicloning site of the PBluescript SK plasmid was
selected and named MU3/SK. The insert DNA fragment
was excised by cleaving MU3/SK with KpnlI anz.ﬁingIII,
followed by agarose gel electrophoresis. This was
subcloned in the 35S/SK plasmid cleaved with KpnI and

HindITI and treated with CIP, to give MU3-35S/SK



<213) Carrot (Daucus carota L.cv.KUrodagosun) <400) 5 gttgdbQciAbiags 6
<211) 8 <212) DNA <213) Carrot (Daucus carota L.cv.KU odagosun) <400> 6
tttgcaaa 8 <210) 7 <211> 8 <212) DNA <213) Carrot (Daucus carota

L. cv. Kurodagosun) <400) 7 tttgcaac 8 <210) 8 <211) 7 9 JAN 20ff4 5/7

<2l 2) DNA <213) Carrot (Daucus carota L.cv.Kurodagosun) <400) 8 tatgcaa 7
<210) 9 <21l) 7 <212) DNA (213) Carrot (¥hucus carota L.cv. KU odagosun)
<400> 9 aatgcaa 7 <210) 10 <211) 158 <212) DNA <213) Carrot (Daucus carota
L. cv. KUr odagosun) <400) 10 gggatctttt taaaaatacc c?t ct gt aaflt ?H?Htitt

t aaaaat act gccatctttt 60 attgtttt taaaaatacc ttttcataaa,

caaaaat acg g?t‘ﬁlg%gac ﬁZBEﬁttﬁggd‘@& 28tk (hR2adeg198gcdokag@agecgt 158

<210>]J'<2&%EH£§3§%%219%% region sequence (441 bp), in the

upstream region of the 358 promoter region.
{2) Insertion of ISl; IS2, IS12 and MU3 into a plant
gene expression vector (Fig. 11)
PABN-Hm1l (Mita, 8., Suzuki-Fujii, K. and
Nakamura, K. Sugar-inducible expression of a gene for
E;’ B -amylase in Arabidopsis thaliana. Plant Physiol.,
107: 895-904 (1995); gift from Dr. Kenzo Nakamura at
Nagoya Univeristy) was cleaved with HindIII to
thereby excise the 8 -amylase promoter (1.7 kb), which
was rendered blunt-ended using T4 DNA pPolymerase,
then cleaved with XbalI, treated with CIP and then
subjected to agarose gel electrophoresis, whereby a
10 kbp DNA fragment containing the Ti plasmid region
as well as the kanamycin resistance gene [nos

bPromoter/coding region of neomycin

pPhosphotransferase II gene (nptII)/nos terminator],
the coding region (GUS)/nos terminator of the B -

glucuronidase gene, and the hygromycin resistance
gene [35S promoter/coding region (HPT) of hygromycin

phosphotransferasegene/nosterminator]wasisolated.
In this was subcloned a 35S fragment obtained from
355/SK by cleavage with HindIIX, rendering blunt-

ended using T4 DNA polymerase and cleaving with Xbal,



<213) Carrot (Daucus carota L.cv.Kurodagosun) @ F . ~ g SAhlgSfjggagmgCAOO)
11 acggctggcg ccgcctgtag ttgcaaatga ggttgcaaaa gttgcaaaca gtaft 50
aaaaaagatt ttatgaaaag gtatttttaa aaataattct ggaaggtagt atttttgaaa 120

acaat aaaag aaaaggtagg tagttttgta gatttccc 158 C210) 12 C211) 32 C212) DNA
C213) Carrot (Daucus carota L.cv.Kurodagosun) C400) 12 ctccctacgt
cccattttat gtgacctcat tt 32 C210) 13 C213) 32 C212) DNA C213) Carrot
(Daucus carota L.cv. Kurodagosun) C400) 13 aaactcattc acataaaatg ggacagaggg
ag 32 C210) 14 C211) 1553 C212) DNA C213) Carrot (Daucus carota

L. cv. Kur odagosun) C400) 14E§9taccgggc cccccecctcga ggtcactccc tacgtcccat
tttatgtgac ngéP?FFéP"BEt B358-. 70~4 v7 ttttgggacg tctcaaaaaa actattacac
ccaccaactc acccactact tttctccact tacccacttt tcaactacat tcacataaaa

t gggacagag tt at gt §Pdg® H et Pd&av edavdtth gehalanmdc Xbalasadcdtogated
tatattttat atctcaaatc ttactacatt ggagtaatta aaatatcaca gattttagta

aat acttact ¥Hithhtt2Zc aRfattthent at Aeatamadaat patepaxedhtbyatcaggting

tttcttaatc tccgtgaaag ttaattttaa taaattatat gagttgatat aaattctaaa
ggat t caaaa Bgﬁtgﬁﬁat%@s DNA fragment by agarose gel

electrophoresis. Separately, the IS1-35S/SK, IS2-
- 358/8SK, 1I812-35S/SK and MU3-35S/SK pPrepared as
mentioned above were each cleaved with XhoI and Xbal
amdDNAfragmentsforinsertion(transgeneexpression
cassettes) were recovered by agarose gel
electrophoresis. Such DNA fragments were ligated to
the vector mentioned above and used to transform E,
coli DHS5 O . LB agar medium containing 25 [ g/L of
kanamycin (1% Bacto-Trypton, 0.5% yeast extract, 1%
sodium chloride, 1.5% agar powder for bacterial

culture media) was sowed with each of the E. coli

transformants obtained, and plasmids were extracted

from the colonies obtained by the rapid plasmid DNA
extraction method and the restriction.enzyme maps of
the plasmids obtained were checked, whereby the
formation of the constructs pIS1-355/AB35S, pIsz2-

355/AB35S, pIS12-35S/AB35S and PMU3-355/AB35S,

3

namely the constructs with the above transgene
expression cassettes respectively inserted between
the nptII gene responsible for kanamycin resistance

and the GUS gene, which is a structural gene, was



actatttttc 12C acactattac 18C tccaccactt 24f tcaaactcat 30f{d JANt pama 36(
~gatttaacca 42( acgttcaaaa 48( ;atctcataaa attcatcatt ttattaaatc caddaaaatc
cagtaatatt tgacaatcag 540 attttaatga attttaaatt gaacaatctc tttaaaattc
taattgaata ccaccagatt attcaagatt ttaatatatt ttaaataatc ctgaatccca
tacgtcctct cagattcgca atacccatct gtaaaattat ttttttaaaa ataccttttc
ataaattttt tttttcaaaa gcaaccttgg gcggcgc®yc cgtaaaagtt tttgtaaaag
ttgcaaatga ggttgcaaaa agttgaatac ttgtaaaata tcgatctgaa aacat aaaaa
atactaccat atacgatttg gccagtgagg gttgcaaata catgagattt taaaatataa 600

atttaaaatt [t %atltgaat 660 ttacaaagaa tgcttaaaat 720 gaaaagggat ctttttaaaa
780 ctttttcaPPiGtiPEcad AP ¥ Rad™ t¥§8 -aakitcattt 900 ttgcaaaagt

t gcaaat gag aapat ggaaa. gt t acag 1020 ttgcaactgc aattgcaact agttcaactg
aaaact gt aa g? Sgcgglé“ég%ﬁatgﬁggag&g ﬁ%@@e&g‘??ﬁcggétl%ggﬁgé%hé{%—%@m
tttcgaaatc aacttg ctggcgecge aagattttat taaaagaaaa aaatgcaact

gaaaact gt a %‘g%%—a%%a%‘“aﬁaatcaact atatatgcaa ttacaaatcc gatatatata

t at at at at a aaat caggaa ot t.cagetgca Gt gt agtt gc aaat gaggtt, gaaaaggt at
ttttaaaaat ggtagg ag? Pt % actlga’f'fcj dég‘?’&a@%ﬁ%&’%ﬁ?&t Bg'gﬁtd‘g}ﬁgcgé’t"b‘beIﬂ’o
Patatogatt FRozacipr. PEBEIEEL PR iiR, afil LdaERgrerdimiacag 1380
gcaaaagttg 83%@;&"95@%%”%1 %%gzgg@ a2t3 8Lt 19938 e A R e 1500
t cccagacgg fat cgat aag ct A ’ ac ptone and 0.5%
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each col_lected with a toothpick and sowed in 1.5 ml

of YEP medium and shake-cultured overnight at 28°C.

80 ml of YEP medium was placed in a 500-ml flask, 0.8

ml of the A. tumefaciens culture fluid was added, and
M shake culture was performed at 28°C until ODgyo = 0.4.

This was cooled with ice, transferred t-o a centrifuge

tube ice-cooled in advance, and centrifuged at 6,000

rpm at 4°C for 5 minutes, the supernatant was removed,

and 20 ml of 10% glycerol was added to suspend the

sediment. This procedure was repeated th;:'ee times,

and the medium was completely removed to give

competent cells of A. tumefaciens. For stocking, the

cells were suspended in 400 1 of 10% glycerol and
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pIS1-35S/AB35S (ISl1), pIS2-35S/AB35S (Is2),

SEE888SSSSSS

pISlZ—SSS/ABBSS (IS12) and pMU3-35S/AB358S (MU3), and
the plasmid pAB35S (35S) to serve as a control with
no insertion of the tanscriptional activation
element(s) (IS1 and/or IS2) was admixed with 40 L1
e of competent cells prepared as described above under
(3). and each mixture was transferred to an
electroporation cell. Electric pulses (1.2 kV, 35 4
F, 550 ] ) were given, and 1 ml of YEP medium was
immediately added, and incubation was performed at
28°C for 1 hour. About 50 £ 1 was taken an&aYEP solid
medium containing 50 L g/L of hygromycin was smeared

therewith, and incubation was performed in the dark

at 28°C for 2 days. A monocolony that had grown was
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358/AB358 (IS2) or pIS12-35S/AB35S (IS12),

introduced therein (hereinafter referred to as

"transformant A. tumefaciens"), the constructs Isi,

I52 and IS512 were respectively introduced into

&5 tobacco cultured cells. In a control run, A.
fumefaciens with pAB35S (35S) introduced therein was

used and the same procedure was followed.

First, the above transformant A. tumefaciens
cultured in 5 ml of YEP liquid medium was transferred
to a 50-ml centrifuge tube and centrifuge& at 3,000
rpm for 10 minutes. The supernatant was discarded,
25 ml of Linsmaier & Skoog medium (Linsmaier, E. M.

and Skoog, F.; Physiol. Plantarum 18, 100-127 (1965);
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supernatant was discarded. This procedure was
repeated four times. Cells of A. tumefaciens were

harvested, Lins medium was added for suspending in
an amount to give OD,,, = 0.2, acetosyringone was added
thereto to a concentration of 10 £ g/ml, followed by
resuspending.

Saparately, cultured tobacco cells BY-2 {gift
from Dr. Toshiyuki Nagata at University of Tokvo) to
be used for introduction of each construct were
cultured beforehand in 45 ml of Lins medium containing
2,4-dichlorophenoxyacetic acid {2,4-D), 1 ml of the

cell-containing suspension culture fluid was

transferred to a fresh portion of Lins medium at
one-week intervals, and cells that had entered the
logarithmic growth phase after the lapse of about 100
hours following transfer were used.

A sterlle 90-mm dish was sowed with sa;d tobacco
cultured cells BY-2 (4 ml), and 100 41 of cells of

transformant A. tumefaciens washed by the above

procedure were added uniformly onto the tobacco

cultured cells. After slight blending, co-culture
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Then, 12 ml of Lins medium was added to the

cultured cell fluid for suspending, the suspension
was transferred to a 50-ml centrifuge tube and
centrifuged at 1,000 rpm for 1 minute, and the
supernatant was discarded. This procedure was
repeated four times. Then, 12 ml of Lins medium
containing 250 L g/ml of claforan was added and the
same procedure as mentioned above was once more
repeated. After discarding the supernatant, about
25 ml of Lins medium was added to the sediment cells
to thereby suspend them, and the cells in 0.25 KLl of
the medium were counted using a hemocytometer. The
cells were uniformly sowed onto portions of Linsg solid

selection medium containing 100 K g/ml or 300 L g/ml

of kanamycin (further containing 250 i g/ml of

claforan) so that the number of cells per plate
amounted to 4 x 10°, 6 x 10°, 8 x 10°, 10 x 10° or 15
x 10°. They were cultured in the dark at 28°C. After
one month of culture, the number of transgenic
cultured tobacco cells (transformant calli) formed

on each plate and the formation rate or vyield were

determined. The results thus obtained are shown in

Table 1 and Fig. 12,
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cells BY- 2 in kanamycin-containing medium and rate of

transformant callus formation

Kanamycin 100 £ g/ml

Number of 4 6 8 10
cells (x 10°%)
ISl 430 20+4 43£3 99+10
(0.10) (0.33) (0.54) (0.99)
1s2 10%7 72£13 8444 13712
{0.25) (1.20) (1.05) (1.37)
Is1z 163 7016 124+16 2204
(0.40) (1.67) (1.55) (2.20)
358 32 40+8 47x2 83+13
(Control) (0.08) {(0.67) (0.59) (0.83)
Kanamycin 300 M/ g/ml
Number of 4 6 8 10
T cells {(x 10%)
ISt 0 30 l0ox3 205
(0.00) (0.05) (0.13) (0.20)
ISs2 0 442 364 72+11
(0.00) (0.07) (0.45) (0.72)
Is512 2+1 151 41+£2 89+5
(0.05) (0.25) (0.51) (0.89)
358 0 0 3+2 3716
{Control) (0.00) (0.00) (0.04) (0.37)

Upper:

Lower: Yield (=«

From the above results,

Number of calli formed

10°% %)

it was found that
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insertion of the construct IS2 or IS12 into tobacco
cultured cells increases the yield of transformant
calli in kanamycin-containing medium and that the
Yield is higher than the yield of transformant
calluses from cultured tobacco cells (355) without
insertion of such element. Specifically, the yield
of transformant calli (transgenic cultured tobacco
%ﬁ‘ cells) with the construct IS2 or IS12 introduced

therein was 1.6 to 2.6 times higher as compared with
the control (35S) without introduction of such
element.

Particularly when the kanamycin concentration
in medium was 300 /M g/ml, it was observed that, by
introducing the construct IS2 or ISl2, the vield of
transformant calli is increased to a level 10 times

or more higher as compared with the control {358).

This suggests that insertion of the construct IS2 or
IS12 result in an increased level of expression of
the ntpII gene responsible for kanamycin resistance

and occurring in the vicinity or marginal region of

said construct.

(2) GUS activity measurement in transformant

tobacco calli

Based on the above results, the exXxpression of

the GUS gene, which is a reporter, was checked using
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the above pIS12-35S/AB35S (IS12) as the construct,
to thereby check whether the above inserted construct
can increase the expression of the structural gene.
The expression of the GUS gene was examined by
first randomly selecting independent calli from among
apluralitycﬁftransformanttobaccocalli,extracting
nuclear DNA from each callus and, after confirming
the gene introduction by Southern analysis,
extractingproteinsfromthecmllusandnwasuringthe
GUS activity. Specifically, 0.75 g of the
transformed tobacco callus was taken and proteins
were extracted using GUS-Light (Tropix, Inc.). The
protein concentration was determined using Bio-Rad's
protein'assay kit and then, using GUS-Light (Tropix)
and the luminometer Lumat 1L.LB905 (Bertold Japan), the
GUS activity was measured for 5 seconds. The results

thus obtained are shown in Fig. 13. In the figure,

the GUS activity (ordinate) is shown in terms of
luminescence value per unit weight of protein as
calculated by dividing the luminescence value
obtained from the luminometer by the pProtein weight.
As is evident from Fig. 13, the trahsformant
tobacco calli resulting from insertion of the
construct I512 showed, on an average, about 2.6 times

higher GUS activity as compared with the control
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run, A. ftumefaciens with the construct-free pAB3S5S
(358) introduced therein was used and the same
procedure was followed.
Specifically, each tobacco (SR 1) leaf was
immersed in a 10% hypochlorous acid solution, air

bubbles were removed using a medicine spoon over 2

minutes with gentle stirring by means of a stirrer,
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1098& ()-L t@é<@Liution was renewed and the same procedure was
repeated for further 5 minutes. The leaf was taken
out and immersed in sterilized water, followed by
gentle stirring. While replacing the hypochlorous
acidsolutionwithzafreshportion,thesameprocedure
was repeated three times in all. After removing the
moisture using a sterilized paper towel, the leaf was
punched with a cork borer to give a leaf disk (the
vein being removed). This was immersed in 10 ml of
sterilized water. The thus-prepared leaf disk was
immersed in the above-mentioned transformant A.
tumefaciens cultured in 5 ml of YEP medium (adjusted
to OD,,, = 0.25 with sterilized water). Then, the
bacteriél suspension and the leaf disk were together
emptied onto a sterilized paper towel and the moisture

was removed with another sterilized paper towel.

The leaf was placed, inside out, on MS infection

medium prepared by supplementing MS medium (Murashige,
T. and Skoog, F.; Physicl. Plantarum 15, 473-497
(1962)) with 40 mg/L acetosyringone and 0.2% gelan
gum, and cultured in the dark at 25°C for 2 days. Then,
each leaf disk was deprived of bacterial c¢élls in the
manner of wiping with MS differentiation medium {MS
medium supplemented with 0.1 mg/L @ -

naphthaleneacetic acid, 1 mg/L benzyladenine, 150
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differentiation medium and cultured at 25°C. The
medium was replaced with a fresh portion of MS
differentiation medium at two-week intervals and,
after the lapse of one month, regenerated shoots were

counted. The results thus obtained are shown in Table

2.

Table 2

Comparison in number of regenerated shoots on tobacco leaf

disks

Number of 358 ISl IS2 IS12

shoots per disk
0 73 49 56 50
1 26 21 20 23
2 13 17 i1 14
3 10 14 8 5
4 3 6 9 8
5 2 1 2 1
6 i 3 3 2
7 0 1 2 5
8 1 0 0 3
9 ] 0 0 i
io 0 0 2 1
i1 0 0 0 1
12 0 4] 0 1
i3 0 0 0 0
14 1] 4] 0 2

Total number of 129 112 113 117

disks

Total number of i1s 151 164 244

shoots :

Average number 0.91 1.35 1.45 2.09

of shoots per

disk
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109&' ()-10%& () -ABs$H MR den k<EromVAivg 7aPoRBd results, the shoot
regeneration efficiency was about 1.4 times when the
tobacco plant contained the construct IS1 or IS2 as
compared with the element-free control (35S8S) and, in
particular when it contained both IS1 and IS2 in a
tandem manner {(IS12), about twice as many shoots were
obtained as compared with the control. From this, it

is evident that the elements of the present invention

.........

(IS1 element, IS2 element and coupling products

obtained therefrom (1512 and the like)) can increase
the activity of the kanamycin gene (ntpII gene)

occurring in the vicinity or marginal region of said
elements in the tobacco plant. This result supports
the judgment drawn in Example 3 that the elements of
the present invention are transcriptional activation

elements.

xampl Introduction of transcriptional

activation element-containing constructs into carrot
somatic embryos

Using A. tumefaciens with the construct prepared
in Example 2, namely pISi-35S/AB35S (IS1l), pIS2-
358/AB355 (Is2), pIS12-35S/AB35S (IS12) é6r pMuU3-
355/AB3558 (MU3), introduced therein (hereinafter
referred to as "transformant A. tumefaciens"), the

constructs IS1l, IS2, IS12 and MU3 were respectively
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introduced into carrot somatic embryos. In acontrol
run, A. tumefacieng with the construct-free pAB35S
{358) introduced therein was used and the same
procedure was followed.

Specifically, first, carrot hypocotyls
germinated under the sterilized condition were cut
to a length of about 1 c¢m, then placed in MS medium
containing 4.5 x 10°°* M 2,4-D (2,4-
dichlorophenoxyacetic acid) and cultured in the dark
for 24 hours, then placed in 2,4-D-free MS medium and
cultured in the dark for 3 days. The medium was
replaced with a freéh portion and cultivation was
performed in the same manner for 7 days to initiate
carrot somatic embryos on the hypocotyls.

Separately, a culture of the above transformant

A. tumefagiens cultured in 5§ ml of YEP medium was

centrifuged at 3,000 rpm for 10 minutes, the

supernatant was removed, and about 30 ml of MS medium
was added to suspend the cells. This procedure was
repeated twice and the YEP medium was completely
removed. Then, centrifugation was carried out at
3,000 rpm for 10 minutes, the supernatant wa's removed,
and MS medium containing 10 mg/L of acetosyringone

was added to the sediment to thereby adjust to OD,,,

= about 0.3.
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and immersed in MS medium containing 10 mg/L

of acetosyringone and cultured in the dark at 22°¢C
for 3 days. The hypocotyls were deprived of the
moisture by wiping with.a sterilized paper towel and
immersed in MS medium containing 500 U g/L of
carbenicillin and washed with the medium by shaking
gently. After removing the moisture in the same
manner,thehypocotyiswereculturedinlﬂ;agarmedium
(containing 0.8% agar) containing 500 L g/L of
carheniéillin and 100 [ g/L of kanamycin in the dark.
After 1.5 to 3 months, hypocotyls that had each
regenerated a callus were counted. The results thus

obtained are shown in Table 3.

Table 3

Comparison in number of callus-regenerating hypocotyls

3585 ISl Isz2 Isi2 MU3
+ 2,4-D |Number of callus-re- 5 6 1¢ 9 8
generating hypocotyls
Total number of 78 56 60 61 63
hypocotyls
Percent regeneration(%)| 6.4 11 17 15 13
- 2,4-D |Number of callus-re- 3 9 12 6 4
generating hypocotyls
Total number of 77 62 62 64 58
hypocotyls
Percent regeneration (%) 3.9 13 19 9.4 6.9
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regeneration efficiency was found improved upon
insertion of the consthuct Isl, IsS2, IS12 and MU3
under the dedifferentiational growth conditions of
culturing in 2,4-D-containing medium (+ 2,4-D) as
well as under the differentiational growth conditions
of culturing in 2,4-D-frqe medium (- 2,4-D). The
_ greatest improvement in regeneration efficiency was
observed in the case of the construct IS2 inserted.
Example 6 Introduction of transcriptional
activation element-containing constructs into rice
Using A. tumefaciens with the construct prepared
in Example 2, namely pIS1l-35S/AB35S (IS1l) or
PIS2-35S/AB35S (1IS2), introduced therein

(hereinafter referred to as "transformant A.

tumefaciens")}, the constructs IS1 and ISZ2 were

respectively introduced into rice seeds. In a
control rum, A. Lgmg;ggiggg with the element-free
PAB35S (355) introduced therein was used and the same
procedure was followed.

Specifically, from among fully ripehed rice
seeds (Nihonbare), those normal in shape and color,
among others, were first selected and dehulled by

lightly rubbing in a mortar. Dehulled seeds were
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10% & () - 1084:&10)0-dl 20/ xPmS£or 20 minutes. Then, the supernatant
was discarded, sterilized water was added, and the
mixture was shaken gently. After three repetitions
of this procedure, the seeds were placed on callus
induction medium and cultured in the dark at 28°C.
After 3 to 4 weeks, among calli formed from
scutella and having growing yellowed shoots, only
those having a diameter of 2-3 mm and looking like
scattered in a group of several were placed on fresh

callus induction medium and cultured in the dark at

28°C for 7 days.

Sebarately, the above transformant A.
tumefaciens was planted in YEP so0lid medium and
cultured in the dark at 28°C for 3 days. Cells of A.

tumefaciens were scratched off with a medicine spoon

and added to AAI medium (Toriyama, K. and Hirata, K.:
Plant Science 41, 179-183 (1985)) supplemented with
acetosyringone, and the 0OD,,, was adjusted to 0.18 to
0.2. They were shake-cultured in the dark at 25°¢C for
1 hour. *

The rice calli cultured in the above manner were
Placed in a sterilized tea strainer, and the above

cultured A. tumefaciens in the form of a suspension
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was addeé) Pgie"gea strainer was shaken for 3 minutes
with occasional rocking for securing immersion of the
whole calli, then the tea strainer and the contents
were together placed on a paper towel, and the
exXcessive bacterial culture fluid was removed. The
calli were placed on co-culture medium and cultured
in the dark at 25°C for 3 days.

The co-cultured calli were then collected in a
tea strainer, immersed in sterilized water
supplemented with 500 mg/l of claforan, the tea
strainer was shaken to wash away A. tumefaciens, the
tea strainer and the contents were then together
pPlaced on a sterilized paper towel, and the water was
removed; The same procedure was repeated four times
in all. The calli were placed on selection medium and
cultured in the dark at 28°C. Three to four weeks
later, calli were randomly selected from among a large
number of calli, a portion of each seélected callus
was taken and placed in a GUS staining solution (0.75
mM X-Gulc (5-bromo-4-chloro-3-indolyl-8 -D-
glucuronic acid), 0.5 mM potassium ferricyanide, 0.5
mM potassium ferrocyanide, 0.3% Triton X:100, 20%
methanol, 50 mM phosphate buffer (pH 7.0)), and the
reaction was allowed to proceed overnight at 37°C for

detecting GUS activity. The callus stained blue and

pi 1099&' () - #01098& ()-& 10B 10B$Y~\= 10Bi 109& ()-!$ 10%t& ()-<

| 1bbC

V610%&' () -yl 410%&' () - 60PzX9. C
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thus showing GUS activity is a transgenic,
transformed rice callus. The results thus obtained

are shown in Table 4.

Table 4

Results of rice callus staining for GUS

358 ISl Is2

Calluses stained 27 38 44

- Total number of calluses 275 244 228
S Pexrcentage of transformant calluses (%) 9.8 15.6 19.3

As is evident from the results shown in Table
4, the transformation efficiency was found increased
by introduction of the constructs IS1 and IS2 to about
1.5 times and about 2 times, respectively, as compared
with the control (358).

The above-mentioned Examples 1 to 6 showed that
the regeneration efficiency (transformation

efficiency) is increased by using the transcoriptional

|
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activation elements (IS1, IS2, IS12, MU3) of the
present invention. The following three
possibilities can be considered as the reasons:
{1) The possibilitf of the efficiency of
iﬁtroduction of Ti plasmid into plant ceills being
increased;

(2) The possibility of the efficiency of

regeneration from cells being increased as the result
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of an increase in nos promoter activity owing to the
IS1 and/or 1IS2 element and conseguent promotion of
the transcription of the nptIrI gene, which leads to
produc-tion of the gene product in an increasged amount,
and, hence, increase in number of cells capable of
growing on the kanamycin-containing medium used for
selection; and
(3) The possibility of the IS1 and/or IS2 element
activating the gene region in the vicinity or marginal
region thereof or preventiang said gene region from
being inactivated.
The gene introduction by means of Ti plasmid does
not lead to insertion at a determined site on the plant
chromosome but is indefinite as to the site of
insertion. Therefore, it is accidental whether the

gene in question is inserted in an active site

determined by the structure of the chromosome or in

a oryptic site in the vicinity of which a gene has
been inactivated by methylation of the genomic DNA
or by some other cause. It is thought that if a
transgene is introduced in a cryptic site, 1t is
influenced by the "field" ¢f the chromosonie, so that
the transgene is also inactivated.

In the constructs used in the above examples,

the transcriptional activation elements (IS1 or/and
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IS2) are found inserted on the terminator side of the
nptII gene (kanamycin resistance gene), namely on the
opposite side of the nos promoter of the kanamycin
resistance gene. Therefore, it is impossible that
these elements c¢is act on the promoter of the
kanamycin resistance gene.

However, the above examples gave the results

showing that even in the circumstances in which the

transcriptional activation element of the pPpresent
invention is found inserted in a position such that
it cannot directly act on the nos promoter, the number
of kanamycin resistént cells (transformant tobacco
calli)increases:ulthecasecnfculturedtobaccocells,
in particular that even when the kanamycin
concentration in medium is as high as 300 mM, the

number of kanamycin resistant calli increases

(Example 3 (1)), and further that the efficiency of

regeneration of kanamycin resistant plants is
increased by introducing the constructs mentioned
above into plant cells of various plant species
(Examples 4 to 6). These results indicate that the
ISl or/and IS2 elements acted on the kanamycin
resistance gene occurring in the vicinity of said
elements, not in the mode of directly causing cis

activation of the nos promoter, and as a result, the
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theactivitytﬁfsaidkanamycinresistancegene. Thus,
this indicates the possibility that, unlike the
conventional transcriptional activation elements
(factors) occurring as enhancers in the vicinity of
the promoter of a specific gene and activating the
transcription by cis act;ng on said promoter, the
transcriptional activafion element of the present
invention is to activate (or prevent from
inactivating),whenjj:isinsertedintoiagenomicgene,

a single gene group or a plurality of gene groups in

the vicinity or marginal region of the site of

insertion thereof (irrespective of location and
direction of the gene promoter on which it acts) and

thus promoting the transcription activity, namely

acting by the mechanisms mentioned above under (3).

In the constructs used in the above examples,
the IS1 or/and IS2 elements were inserted on the 358
promoter side of the GUS gene. The cultured tobacco
cells resulting from insertion of said construct
showed increased GUS activity in Example® 3 (2)
indicated clearly that the transcriptional
activation elements of the invention act also on the

35S promoter occurring in the downstream vicinity
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thereof to increase the transcription activity of the

GUS gene. This result supports the judgment
mentioned above and indicates that the
transcriptional activation elements of the invention
show the actions mentioned above under (3), namely
that "the IS1 or/and IS2 elements activate the
neighboring gene region including them or prevent

said gene region from being inactivated™.

In the above example, it was also shown that,
not only with cultured cells (Example 3) but also with
Plant tissues, the efficiency of regeneration of
fobacco plant shoots is indeed increased in the
tobacco leaf disk experiment (Example 4), the
efficieﬁcy of formation of embryogenic callus serving
as bases for plant regeneration from carrot
hypocotyls is increased (Example 5), and the

efficiency of formation of callus serving as bases

for rice plant regeneration is increased (Example 6),
by using the transcriptional activation elements of
the invention. These results indicate that the

transcriptional activation elements of the invention
act on those plant cells becoming incapable of plant
regeneration or callus formation as a result of a
foreign gene introduced into the genome of plants in

question undergoing gene silencing (inactivation) by



V 10%& ()- 110%&' ()- @jHL 1! 10'H#C 10988& ()-'g 10%/8/&@(9-
109%& ()-i()low&' (0)- I—ét)lO%S&J' ()- 10 10t2~ @1! 10L1098& ()-" 100/8/&",??- gﬁ%O% 10%
109% 1099& ()-!'#(&10%WA&K ()-W!10%8& ()--) "<~ @1!' 10! #(&10%e& ()-=3
10989& () -! HA#&10%B& ()-v!in 110988& ()- !'1098& ()-'10%& ()-,~_ @1! 10!

1098& ()- 1098& ()- LO10%B& ()-!# 109BB&, ()- 10% 10% 10%

1098&' () - & uvwprg\ = 1!

the position effect, so as to increase the eﬁficiency
of plant regeneration or formation, hence are
practically very useful.

In view of the recent finding that MITEs, like
MARs,bindix:nuclearmatrices(Tikhonoveﬂ:al.,Plant
Cell 12: 249-264 (2000)), it is considered that MITEs
intranuclearly play a role similar to that of MARs.
Based on this, it can be expected that the
transcriptionalactivationelements(ﬂftheinvention,
which are MITEs, can be used singly or in combination
with such elements as MARs in producing genetically

modified plants to further increase the efficiency

of plant regeneration or formation.

INDUSTRIAL APPLICABILITY
The most important problem to be overcome in

producing genetically modified plants is the

phenomenon of gene silencing which causes expression
inactivation of foreign genes. For avoiding the gene
silencing phenomenon in developing genetically
modified plants, it is necessary to select, from among
a large number of plant individualg, thoge plant
individuals with the foreign gene in question
inserted at such a site as causing gene silencing as

least as possible.
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The present invention provides novel, plant-
derived MITE-like elements, and it is highly possible
that said MITE-like elements , when ipserted in aplant
genome, cause changes in genomic structure and, based
on this, contribute to changes in dynamics of the
genomic structure, for example facilitating the
unwinding of genomiec DNA or causing changes in
nucleosome structure, by mechanisms quite different
from the mechanisms of action of the conventional
enhancer elements.

Therefore, by utilizing this characteristic
feature of the MITE-like elements of the invention,
it will become possiblerto regulate the expression
of a gehe occurring in the vicinity thereof by
techniques different from the prior art ones. In
other words, with the MITE-like elements of the

inventionwhichhavetheabovecharacteristicfeature,

it will be possible to increase or activate the
reduced expression ability of a foreign gene
introduced by the transgenic technology. In this
respect, the MITE-like elements of the invention are
useful in constructing a transgene expression
cassette and plasmids containing said cassette in the
Production of genetically modified.living organisms

and is further useful in stably producing genetically
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modifiedorganismscapablecﬁfexpressing51transgene.
- The transcriptional activation elements of the
invention which contain a transposthe element such
as one of the MITE-like elements mentioned above
(preferably the IS1 element or/and IS2 element) have
an activity in suppressing and dissolving the
phenomenon of inactivation of gene expression {gene
silencing phenomenon) due to the position effect in
gene transfer in plants. Therefore, it is expected
thatlnrusingthetranscriptionalactivationelements
of therinvention singly or in combination with other
elements participating in nuclear DNA structuring,
for example MARs (matrix attachment regions), it will
become possible to have the gene stably expreséed to
thereby markedly reduce the number of screening
procedures generally performed after gene transfer

and the number of recombinant plants to be sowed and

grown.

Such plants large in genomic size as lily,
chrysanthemum and wheat have large cryptic sites
within the genome and, therefore, a foreign gene
introduced is mostly inserted in cryptic sites. For
such plants, it is thus very difficult and Practically
impossible in the prior art to produce recombinant

plants. On the contrary, with the transcriptional
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therefore it is expected that said elements can make
it possible to efficiently introduce foreign genes
into those plant species the gene recombination of
which has been regarded as difficult, as mentioned
above, and produce recombinant plants.

The transcriptional activation elements of the
invention are also considered to be elements capable
of activating (inciusive of transcriptional
activation) genes occurring in the vicinity or
marginal region of the gene region in which they are
found inserted. Therefore, the transcriptional
activation elements of the invention are expected to
not only make it possible to put the transgenic

e technology to practical use even in those plants in
which the production of genetically modified plant
bodies is difficult because of frequent occurrence
of silencing due to the large genome size, as
mentioned above, but also make it possible, even in
the genetic engineering of plant species®such as
soybean, corn, potato and tomato, already put to
practical use, to increase the efficiency of gene

transfer and, at the same time, increase the activity
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of transcription of genes for useful characters, such
as herbicide resistance genes and insecticidal
Protein genes, by using these transcriptional
activation elements through insertion at a site
upstream of the promoter of such a gene for a useful
character,orzﬂ:asite:hathevicinitythereof. They
are further expected to make it poessible to produce
genetically modified plants with higher productivity

and higher quality as compared with the conventional

methods of producing genetically modified plants.
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or (b):
25 {a) a DNA having a nucleotide sequence shown under SEQ ID
NO: 1;

(b) a DNA capable of hybridizing with a DNA having a
complementary  sequence to the above nucleotide
sequence (a) under stringent conditiong and capable of

30 causing duplication of the target sequence: (A)nG(A)n
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[n being an integer of not less than 1] at the site of

insertion thereof in a genomic gene.

5. A MITE-like element which has, as terminal inverted

5 repeat sequences, a nucleotide sequence shown under SEQ ID NO:12
in the 5' terminal region and a nucleotide sequence shown under
SEQ ID NO0:13 in the 3' terminal region, and is capable of
causing duplication of the target sequence TA at the site of

insertion thereof in a genomic gene.

10
6. A MITE-like element comprising the following DNA (a)
or (b):
(a) a DNA having a nucleotide sequence shown under SEQ ID
NO: 2;

15 (b) a DNA capable of hybridizing with a DNA having a
complementary  sequence to the above nucleotide
sequence (a) under stringent conditions and capable of
causing duplication of the target sequence TA at the
site of insertion thereof in a genomic gene.

20

7. A transcriptional activation element characterized by
containing at least one MITE-like element as a transposable
element.

25 8. A transcriptional activation element as claimed in
Claim 7, wherein the transposable element comprises at least one
MITE-like element comprising the following DNA (a) or (b):

(a) a DNA having the nucleotide sequence shown under SEQ
ID NO:1;
30 (b) a DNA capable of hybridizing with a DNA having a

complementary  sequence to the above nucleotide
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sequence (a) under stringent conditions and capable of
causing duplication of (A)nG(A)n [n being an integer
of not less than 1] at the site of insertion thereof
in a genomic gene,
5 or. a MITE-like element comprising the following DNA
(c) or (d):
(c} a DNA having the nucleotide sequence shown under
SEQ ID NO:2;
(d) a DNA capable of hybridizing with a DNA having a
10 complementary  sequence to the above nucleotide
sequence (c) under stringent conditions and capable of
causing duplication of TA at the site of insertion

thereof in a genomic gene.

15 o. A transcriptional activation element as claimed in
Claim 7, wherein the transposable element is a tandem coupling
product from a MITE-like element comprising the following DNA
{(a) or (b):

(a) a DNA having the nucleotide sequence shown under

20 SEQ ID NO:1;

(b) a DNA capable of hybridizing with a DNA having a
complementary  sequence to the above nucleotide
sequence (a) under stringent conditions and capable of
causing duplication of (A)nG(A)n [n being an integer

25 of not less than 1] at the site of insertion thereof

in a genomic gene,
and a MITE-like element comprising the following
DNA (¢) or (d):

(c}) a DNA having the nucleotide sequence shown under

30 SEQ ID NO:2;
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joined to the transcriptional activation element, a desired

25 transgene sequence to be expressed.

15. A plasmid containing the transcriptional activation

element of any of Claims 7 to 11.

30 16. A plasmid containing the transgene expression cassette

of any of Claimg 12 to 15.
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17. A transgenic plant which contains the transgene

expresgion cassette of any of Claims 12 to 15.

5 18. A transgenic plant as claimed in Claim 17 which is

corn, rice, wheat, 1ily, chrysanthemum, cotton, soybean, beet,

potato or carica papava.
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<160 14

<2105 1
<211> 769

52 <212> DNA
<213> Carrot {Daucus carota L.cv.Kurodagosun)
<400> 1
gggatctttt taamaaatacc catctgtaaa attatttttt taaaaatact accatetttt 60
tcattgtttt tasaaatacc ttttcataaa tttttttttt caaaaatacg atttgcaact 120
tttgcaacct catttgcaac cttgggcgge gcagecgtaa aagttgccag tgaj}ttgca 180
aaagttgcaa atgagtttgt aaaagttgea aatgaggttg caaaagttgc aaataaaaat 240
ggaaagttgc aacagttgca actgcaattg caactagttc aactgaaaac tgtaagttgc 300

aaaagttgca aatgaggttg caactaaatg caactgaaaa ctgtaagtaa caacagatgt 360
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atggtgtgce cctggegggg cegttagatt acaatagaat caactgaatg caatcatatg 420
caactgdata caactatatg caatcatata tgcaattaca aatcctgatt tcaagttcca 480_
gttttcgaat gtcattttcg aaatcgatat atatatatat atatatatat cgatttcgaa 540
aatgacattc gaaaactgga acttgaaatc aggaattcag ctgcatatga agttgcaaaa 600
gaggttgcaa cacggctgge geccgoctgta gttgcaaatg aggttgcaaa agttgcaaac 660
agtattttty aaaaaaagat tittatgaaaa ggtattttta aaaataattc tggaaggtag 720
tatttttgaa aacaataaaa gaaaaggtag gtagttttgt agatttcce 769
<2103 2

<211> 299

<212> DNA

213> Carrot (Daucus carota L.cv.Kurodagosun)

<400> 2

ctccctacgt cccattttat gtgacctcat tttetttttg ggacgtctca aaaaaaataa 60
cctagaatac ttactatttt ttaacactat ttttcactat tacacccacc aactctatat 120
tttatactat tttattatta aataaacact attacaccca ctacttttet ccactatctc 180
aaatctatta ttaaatattg ataggtccac cactttaccc acttttcaac tacatttact 240
acatttttct taatcteccgt gaaagtcaaa ctcatteaca taaaatggga cagagggag 299
<210> 3

<211> 1192

<2125 DNA :

<213> Carrot (DPaucus carota L.cv.Kurodagosun)

<400> 3

ggtaccggge cceccctega ggtcactcee tacgtcccat tttatgtgac cteattttet 60
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ttcataaatt tttttttteca aaaatacgat ttgcaacttt tgcaacctca tttgcaacct 540
tyggcggege agccgtaaaa gttgccagty aggttgcaaa agttgcaaat gagtttgtaa 600
aagttgcaaa tgaggttgca aaagttgcaa ataaaaatgg aaagttgcaa cagttgcaac 660
tgcaattgca actagttcaa ctgaaaactg taagttgcaa aagttgcaaa tgaggttgca 720
actaaatgca actgaaaact gtaagtaaca acagatgtat ggtgtgcccc tggcggggeec 780
gttagattac aatagaatca actgaatgca atcatatgca actgaataca actatatgca 840
atcatatatg caattacaaa tcctgatttc aagttccagt tttcgaatgt cattttcgaa 900
atcgatatat atatatatat atatatatcg atttcgaaaa tgacattcga aaactggaac 960
ttgaaatcag gaattcaget gcatatgaag ttgcaaaaga ggttgcaaca cggectggecge 1020

cgcotgtagt tgcaaatgag gttgcaaaag ttgcaaacag tatttttgaa daaaaagattt 1080

tatgaaaagg tatttttaaa aataattctg gaaggtagta tttttgaaaa caataaaaga 1140

aaaggtaggt agttttgtag atttcccaga cctegagggg gggcecggta cc 1192

<210> 4

211> 8

<212> DNA

<213> Carrot (Daucus carota L.cv.Kurodagosun)

<400> 4
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gttgcaaa 8

210> 5

211> 8

<212> DNA

<2135 Carrot (Daucus carota L.cv.Kurodagosun)
<400> 5

gttgcaac 8

<210> 6

211> 8

<2125 DNA

<{213> Carrot {Daucus carota L.cv.Kurodagosun)
<400> 6 |

tttgcaaa 8

210> 7

<211> 8

<212)> DNA

213> Carrot ({Daucus carota L.cv.Kurodagosun)
<400> 7

tttgcaac 8

<210> 8

<211> 7
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<212 DNA
€213> Carrot (Daucus carota L.cv.Kurodagosun)
<400> 8

tatgcaa 7

210> 9
211> 7

<212> DNA

<213> Carrot (Daucus carota L.cv.Kurodagbsun)
<400> 9

aatgcaa 7

<210> 10

<211> 158

<{212> DNA

.<213> Carrot (Daucus carota L.cv.Kurodagosun)

<400> 10

gggatctttt taaaaatacc catctgtaaa attatttttt taaaaatact accatctttt 60
tcattgtttt taaaaatacec ttttcataaa ttttittttt caaaaatacg atttgcaact 120

tttgcaacet catttgecaac cttgggegge geageegt 158

<210> 11
<211, 158
<212> DN

{213> Carrot {Daucus carota L.cv.Kurodagosun)
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6/7

<400> 11
acggctggeg ccgcctgtag ttgcaaatga ggttgcaaaa gttgcaaaca gtatttttga 60
aaaaaagatt ttatgaaaag gtatttttaa aasataattet ggaaggtagt atttttgaaa 120

acaataaaag aaaaggtagg tagttttgta gatttcec 158

<210y 12

211> 32

<212> DNA

<213> Carrot {Daucus carota L.cv.XKurcodagosun)
<400> 12

ctccctacgt ceccattttat gtgacctcat tt 32

<210> 13

<211 32

<212> DNa

<{213> Carrot (Daucus carota L.cv.Kurodagosun)
<400> 13

aaactcattc acataaaatg ggacagaggg ag ' 32

210> 14

<211) 1553

<212> DNA :
<213> Carrot {Daucus carota L.cv.Kurodagosun)

<4G0> 14

ggtaccggge cccccctega ggtcactcec tacgteccat tttatgtgac ctcattttet 60



ttttgggacg
actattacac
acccactact
tacccacttt
tcacataaaa
ttatgtgtag
caatgtttca
atctcataaa
attttaatga
tttaaaatte
attcaagatt
ctgaatccca
atacccatcet
atacctttte
gcaaccttgg
tttgtaaaag
ttgcaactgc
ggttgcaact
cggggeegtt
atatgcaatc
tttcgaaate
ctggaacttyg
ctggegeoge
aagattttat

taaaagaaaa

tctcaaaaaa
ccaccaacte
tttctecact
tcaactacat
tgggacagag
attcttgata
aaatctcata
attcatcatt
attttaaatt
taattgaata
ttaatatatt
tacgtcctct

gtaaaattat

ataaattttt

gcggegoage
ttgcaaatga
aattgcaact
aaatgcaact
agattacaat
atatatgcaa
gatatatata
aaatcaggaa
ctgtagttge
gaaaaggtat

ggtaggtagt

aataacctag
tatattttat
atctcaaate
ttactacatt
ggagtaatta
aaatatcaca
gattttagta
ttattaaatc
gaacaatcto
ccaccagatt
ttaaataatc
cagatfcgca
ttttttaaaa
tttttcaaaa
cgtaaaagtt
ggttgcaaaa
agttcaactyg
gaaaactgta
agaatcaact
ttacaaatcc
tatatatata
ttcagctgea
aaatgaggtt
ttttazaaat

tttgtagatt

/7

aatacttact
actattttat
tattattaaa
tttettaate
ttaattttaa
gagttgatat
ggattcaaaa
caaaaaaatc
agttgaatac
ttgtaaaata
tcgatectgaa
aacataaaaa
atactaccat
atacgatttyg
gccagtgagg
gttgcaaata
aaaactgtaa
agtaacaaca
gaatgcaatc
tgatttcaag
tatatcgatt
tatgaagttag
gcaaaagttg
aattctggaa

tcccagacgg

attttttaac
tattaaataa
tattgatagg
tccgtgaaag
taaattatat
aaattctaaa
aatttaaaat
cagtaatatt
catgagattt
atttaaaatt
ttacaaaaaa
gaaaagggat
cttttteatt
caacttttgce
ttgcaaaagt
aaaatggaaa
gttgcaaaag
gatgtatggt
atatgcaact
ttccagtttt
tcgaaaatga
caaaagaggt
caaacagtat
gatagtattt

tatcgataag

090N oy

actattttte
acactattac
tcecaccactt
tcaaactcat
gtgattttga
gatttaacca
acgttcaaaa
tgacaatcag
tazaatataa
ttaattgaat
tgcttaaaat
ctttttaaaa
gtttttaaaa
aacctecattt
tgcaaatgaqg
gttgcaacag
ttgcaaatga
gtgceccetgyg
gaatacaact
cgaatgtcat
cattcgaaaa
tgcéacacgg
ttttgaaaaa
ttgaaaacaa

ctt

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

10890

1140

1200

1260

1320

1380

14490

1500

1553



