i DESCRI PTI ON NOVEL M NI ATURE | NVERTED- REPEAT TRANSPOSABLE ELEMENTS
(M TEs) - LI RE ELEMENT AND TRANSCRI PTI ONAL ACTI VATI ON ELEMENT TECHNI CAL
FI ELD The present invention relates to novel, plant-derived transposable
el ements and, nore .particularly, to a MTE (mniature inverted-repeat
transposabl e el enment)-1i ke sequence. Morg specifically, the present
I nvention relates to novel transposable elenents isolated from carrot
(Dauaus <carota). The invention further relates to novel transcriptional
activation el enents containing the transposable elenents. Mre
specifically, it relates to a trasSCcRIEPNAN activation el enent which,
when inserted in a gene, is capable 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 from being inactivated. The
i nvention WOWVEI MINDTATBRE CSNVERTED AREPEADT TRANSPOSABLENg said
transcriptional activation elenent. 2 BACKGROUND ART

ELEMENTS (MITEs)-LIKE ELEMENT AND TRANSCRIPTIONAL

ACTIVATION ELEMENT

TECHNICAL FIELD

The present invention relates to novel,
plant-derived transposable elements and, more
particularly, to a MITE (minliature inverted-repeat
transposable element)-like sequence. More
specifically, the present invention relates to novel
transposable elements isolated from carrot (Daucus
carota).

The invention further relates to novel
transcriptional activation elements containing the
transposable elements. More specifically, it
relates to a transcoriptional activation element which,
when inserted in a gene, 1s 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 inactivated.
The invention still further relates to a transgenic
plant harboring said transcriptional activation

element.



Transposabl e el ements are found in the genonmes of alnost all living
organi sns, W thout distinction between prokaryotes and eukaryotes, or
between animals and plants. It is known that these transposable el enents
can nove froma genom c gene to another and inactivate the genom c gene
upstream or downstream fromthe sequencg in which such an elenent has
been inserted. Further, it has been revealed that, in addition to such
actions, transposable elenents cause various types of genomc
reorgani zation (deletion, inversion, duplication, etc.) and it has been
reported that the above fact | cBAECKBROENDMARTasticity, which is
I nportant for the evolution of living organisns and, in particular, that
transposabl e el emrnaagpagatnle npbem@tsoare founhd dwoltlie ogenfomesi ng
organi snms for environnental adaptation in response to genom c stresses
(Mcd i nt ockofSalemest 86172k 80H g XOBdanArshes , ewdlthouEENS at tnolt i é&ool .
15: 5-14 (1994)). Transposable elenents are roughly classified into three
types: DNA bhgpareenapapdsany odrelsi anal t eukaryotescesdr Retveean
(retrotransposons) (Berg et al. (ed.), Mbile DNA (1989)), and miniature
i nvert ed-r eppdmakangpotablendt :penis (M TEBpwn bbladhgthgse neither of
the above two types (Wessler
transposable elements can move from a genomic gene
to another and inactivate the genomic gene upstream
or downstream from the seguence 1n which such an
element has been inserted. Further, it has been
revealed that, in addition to such actions,
transposable elements cause various types of genomic
reorganization (deletion, inversion, duplication,
etc.) and it has been reported that the above fact
leads to genome plasticity, which i1s important for
the evolution of 1living organisms and, in particular,
that transposable elements play an important role in
the evolution of living organisms for environmental
adaptation in response to genomic stresses

(McClintock, Science 26: 792-801 (1984); Arber et al.,
FEMS Microb. Ecol., 15: 5-14 (1994)).

Transposable elements are roughly classified
into three types: DNA type (transposons and insertion
sequences), RNA type (retrotransposons) (Berg et al.
(ed.), Mobile DNA (1989)), and miniature

inverted-repeat transposable elements (MITEs)



et al., Curr. Opin. Genet. Dev. 5: 914-821 (1995)). As for DNA type and RNA
type transposable elenents anong them their actual transposition in the
genone has been established whereas, for MTES, no reports have so far
been made about evidences of their transposition in the genone in spite of
their being very simlar to DNA type ongs. Mdst of M TEs have been found
out, by conputer retrieval, from databases of nucl eotide sequences of
genom ¢ genes of various |living organisnms as being elucidated by genone
projects currently in progress. The first discovery was the discovery in
1992 of thebelmmigind @ao lye by bl anfl healbbdBertao &ymés (WedsslerCel |
A-: 1283-1294 (1992)). Since then, various MTEs have been found in plant
genonmes andeitn dalsgcCuand. apiinb! Generes.Dé&gnerbad | 91 4M8TEL 4d® ) )ned as
havi ng such characteristics as (1) their having a perfect or inperfect
I nverted repeat sagudhece dNZXatipel dnflh RNAet¥ype ahdalispesmibiké regi ons
(simlar inthis respect to DNA type transposable el enents), (2)
occurrence eflementgetamapla cehewn- [tkeigeqehuel cfraansyposdkdeogodn sting
of two or nore nuclueotides, |like the one formed upon insertion of a DNA
type 4 trakdysospéhems dreat bieev &s ekl shed whvarigas, t ier MITEs,

no reports have so far been made about evidences of

their transposition in the genome in spite of their

being very simllar to DNA type ones.

Most of MITEs have been found out, by computer

retrieval, from databases of nucleotide sequences of
genomic genes of wvarious living organisms as being
elucidated by genome projects currently in progress.
The first discovery was the discovery in 1992 of the
Tourist family by Bureau et al. (Bureau et al., Plant
Cell 4: 1283-1294 (1992)). 8Since then, various MITEs
have been found in plant genomes and in insect and
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 elements), (2)
occurrence of a target duplication-like sequence, of

a sequence consisting of two or more nuclueotides,

like the one formed upon insertion of a DNA type



termnal sides of the inverted repeat sequences, and (3) their generally
having a size of shorter than 2 kb (Wssler et al. , Curr. Opin. Genet.
Dev. 5. 914-821 (1995)). As those M TEs whi ch have an open reading frane
coding for a transposase between both the terminal inverted repeat
sequences, |like DNA type transposable ehenents, there are known only M TEs
of the . 1S630-Tal/Mariner famly found in nolds and animls (Kachroo et
al., Mol. Gen. Cenet. 245: 339-348 (1994); Snmit et al., Proc. Natl. Acad.
Sci. USA 93: 1443- 1448 (1996)). As far as plant-derived MTEs are

concer ned, B2wRVEP o sib FelCE lenfsPosate anqush ani oA | cadi bp thattbehas
been di scovered. Therefore, many points renmain unel ucidated concerning the
mechani sms eernmBnaposiides of phantlrwdEteahdependes®quenios s, aghidons.
By the way, the gene transfer experinments so far made in gene manipul ati on
I n higher |(g)hkhedanigeneraElyobhbmimng aheimel efir shomtex rseani @n
type. This 1is because higher living organi sns have no equivalent to the
pl asmi d i n kbok#ess exr Bdr aduch (Qgene.t0phsf.cGenetasRewvi.ofn i Mot +Hd1l

nucl ear genone, there are avail abl e physical nmethods 5 conprising

I ntroduci ng(a92%d9r. coupled with a '

As those MITEs which have an open reading frame
coding for a transposase between both the terminal
inverted repeat sequences, like DNA type transposable
elements, there are known only MITEs of the
IS630-Tcl/Mariner family found in molds and animals
(Kachroo 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 far
made in gene manipulation in higher living organisms
are mostly of the nuclear genome insertion type. This
is because higher living organisms have no equivalent
to the plasmid in prokaryotes.

For such gene transfer by insertion into the

nuclear genome, there are available physical methods



desired gene for insertion into the nuclear genone of a higher |iving
organism by the particle gun, |I|ipofection or electroporation technique,
and biological nethods conprising introducing said vectors harboring the
genes once into a virus or mcroorgani smand then introducing the sane
into the nuclear genone of a higher livsng organism by taking advantage
of the DNA transfer/insertion systemwhich said virus or mcroorgani sm
has. These physical and biol ogi cal nethods, however, each has a problemin
that the expression activity of the gene inserted in a higher living
organi sm veompxishmgnintdiodwodhg caaveidioor kbengeled nmolthcenstant. In
many i nstances, this is caused by silencing due to the position effect
(Peach et aflesirdddnigevbé. £Bi0linsgrt ¥6n60 i99the  n@gdieahegeasdmeon
effect is a phenonenon found in yeasts and nany other eukaryotes and it is
known t hat ofi lac hhgher slivingharggamisme byctbst i plartdqubacawt.t he

I nserted gene itself, the expression activity thereof varies markedly
dependi ng ohipieefsctd oxi domserlechrefponad igentesrhrhgushs oddsbne and, in
certain cases, the expression of the gene is conpletely inactivated (gene
sil enci ng) bhollexraigelBimetiod$ clommeisimy dietroducdng 4884485 (1995)).

vectors harboring the genes once into a virus or
microorganism and then introducing the same into the
nuclear genome of a higher living organism by taking
advantage of the DNA transfer/insertion system which
said virus or microorganism has.

These physical and biological methods, however,
each has a problem in that the expression activity
of the gene inserted in a higher living organism
varies from an individual to another, hence is not
constant. In many instances, this 1s caused by
silencing due to the position effect (Peach et al.,
Plant Mol. Bliol. 17: 46-60 (1991)). Such the position
effect is a phenomenon found in yeasts and many othér
eukaryotes and it is known that while there is no
change in the nucleotide sequence of the inserted gene
itself, the expression activity thereof varies
markedly depending on the site of insertion of said
gene on the chromosome and, in certain cases, the
expression of the gene is completely lnactivated

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



Supposed as the causes of such phenonenon of the gene silencing are the
fact that all genes in the nuclear genone -of a higher living organismare
not uniformy transcribed and the fact that active sites where the gene
is actively transcribed and the cryptic sites where transcription of the
gene is silenced at all are intermngleel in the nuclear genone. It is
known that a gene inserted in a cryptic site cannot be transcribed at al
due to conplete failure of proteins necessary for transcription to
approach the gene or due to a change in nucl eosone structure or
het er ochr oned Litiizs | 04 3b-48Sul ¢1 885 xrom net hyl ation of the genomc DNA in
this site, with the result that inactivation of gene expression (gene
silencing) occurSupipsedars theucausPsof Guch pbenomepon i58-tke
(1999); Matzke et al., Curr. Opin. Plant Biol. J: 142-148 (1999)). It is
further knogenehsgilensring tare skiwe Haginitthett wilsl ggedes | dncitlyedepends
on the state of cell differentiation, as seen with X chronpbsone of
manmal . Furniedmae, genomekofnat hdighere ldanbngsiorganign sazgusretpy a
presently unknown nechanism it is inherited by the offspring of the next
gener ati on wadflarmgyf taanacoidp ¢doandutie Haebgihpt @cthwecsitesrd
edition, 434-453 (1995)).

where the gene is actively transcribed and the cryptic

sites where transcription of the gene is silenced at

all are intefmingled in the nuclear genome. It is

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

heterochromatinization as resulting frommethylation

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



Meanwhi | e, when, in gene manipulation, a desired gene (foreign gene) is
I ntroduced into higher animal cells by a physical or biological nethod
(other than the honol ogous reconbi nati on net hod used for gene knockout),
the site of insertion of the gene in the cell nuclear genone differs anong
cells and it is substantially inpossible to control it artificially.
Thus, introduction of a foreign gene into cells of a higher living
organismresults in formation, in an uncertain manner, of cells containing
the foreign gene in an active site of the nuclear genone and cells
cont ai ni ng é¢het@ganecklls cayd icdstiomf #Bad-geHBNH.19950Ne case of plant,
it is known that a foreign gene, once introduced in a cryptic site,
undergoes the i néaantelbé,thhear ydin gelid mandphlidieioesuhtdestiatedhe
expression of the foreign gene markedly dimnishes or becones null and it
I s al so knoyenehdif ocedgnvypanea)f dscigmtgedadesd iimstot bd glhhemnaadmad site,
the expression of the foreign gene becones unstabilized and di m ni shes due
to gene sileatily oy atphygicwh proyrisskegiicnk epet hoidriobhegelihainvi si on
(Peach et al., Plant Mdl. Biol. .17: 46-60 (1991)). A main presunabl e cause
of inactivathenhoimbhA® geusr asstombdnatiomcigathod usedhef grr gemee of
the 8 nuclear DNA in the chronbsonme. An el enent

knockout), the site of insertion of the gene in the

oell.nuclear genome differs among cells and it is

substantially impossible to control it artificially.

Thus, Iintroduction 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 foreigp gene is i_nserted 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



participating in the structure of the nuclear DNAis a MAR (matriXx
attachnment region; also called SAR (scaffold attachnment regi on) sequence.
This was found as a sequence anchoring a nuclear genonic DNA to a nuclear
matrix. In animals, it was shown that when a MAR-containing chicken A
elenment is ligated to a foreign gene toghe inserted followed by gene
transfer, the expression of the gene inserted increased (Stief et al.

Nat ure 341; 343-345 (1989)). Later studies, however, reveal ed that the MAR
contributes to an increase in gene expression efficiency but it, when

al one, cannghcaearepNA Lhe tWESichirdmokioitd . (BRA felemendd . , Nouleic
Acids Res. 2,2-: 4202-4210 (1994); Poljak et al., Nucleic Acids Res. ZZ

4386- 4394 (paFicibatingt natheld trustitih eSofathdannc edar (DNA is
i nvestigate the effects of MARs using transformants. However, any

reproduci bl & Masu(inatwig roitaehmebt arexfion;yailsbt dsslDed SHRSI dered
that a MAR al one can counteract the position of feat (Meshi: Shokubutsu no
Genone Sci e(iseaf folldrea ttiacrlmenft Rraglion) 158qidh¢&296Th pabkiadied by
Shujunsha). Currently, genetically nodified plants have been devel oped as
genetical | yfomtidi ed hoctsqubhe Sanbibhwavitng theawoleamppehami @roNRaem t o
be solved in
to a nuclear matrix. In animals, it was shown that
when a MAR~containing chicken A element i1s ligated
to a fo:eign gene to be inserted followed by gene
transfer, the expression of the gene inserted
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,
studies have been made to_investigate the effects of
MARs using transformants. However, any reproducible
results have not been obtained as yet. It is not
considered that a MAR alone can counteract the
position effect (Meshi: Shokubutsu no Genome Science
(Genome Science of Plants), 153-160 (1996), published
by Shujunsha).
Currently, genetically modified plants have

been developed as genetically modified foodstuffs.



devel oping themis the phenonmenon of gene silencing which causes
I nactivation of the expression of foreign genes, as nentioned herei nabove.
In devel oping genetically nodified plants, it is considered necessary,
for avoi ding the phenonenon of gene silencing, to select, anong a very
| arge nunber of plant individuals, pland individuals having a foreign
gene inserted at a site where gene silencing 1is caused as scarcely as
possi bl e and, further, to select plant individuals in which gene silencing
will not occur even after nunerous generation for many years. For such
sel ection, Hbwievaecetdos ymbe tr dimporxdrat gprolrben to Hensollwddi Hlnal s
and repeat over a nunber of generations and, therefore, not only nuch
| abor and tdeweskepdagiitkdmbiis ailke pheasdomenem o¢f geme isilemoing
nanely a soil area problem arises. Therefore, as another strategy of
avoi di ng gewbich| opsises idmastiavakipent ofhdthestexppestsshenpradgbl em in
genetic engineering of plants to develop a nethod of suppressing the
posi tion ef foamtelign wamesi| asi mgnitioned herednaboveanscknpti on of an
inserted foreign gene and, nore specifically, develop the so-called
"transcri pt fevslaptingat gemet bagdil'y hadifledt pkant st.hekt disfects. 10
DI SCLOSURE OF | NVENTI ON
considered necessary, for avoiding the phenomenon of
gene silencing, to select, among a very large number
of plant individuals, plant individuals 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 after numerous generation for many
vyears. 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 1s 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
of suppressing the position effect-due gene silencing
or activating the transcription of an inserted
foreign gene and, more specifically, develop the

so-called "transcriptional activatlion element"

having either of these effects.



As mentioned herei nabove, many points remain unel ucidated as to what
functions plant MTES have. As for the functions of MTES, the possibility
is presunable of their contributing to the activation of gene expression
based on the finding obtained by studies so far nade that M TES are found
frequently in regions upstream of promafers of various genes (Wessler at
al., Curr. Opin. Genet. Dev. 1. 914-821 (1995)). Further, since a nunber
of MTEs are found in the vicinity of a matric attachnent regi on (VAR
(Avranova at al., Nucleic Acids Res. .26: 761-767 (1998)), it is also
presumabl e that they have an inportant connection with the structure of
the genonme. Thus, M TEs are very interesting transposable elenents
(insertion elenments) from tNESECLOSURE OF VINMENTIONN el uci dating the
rel ati on between the genomc structure and the gene expression, which has
not yet been exhaast imex yiomesdt hgatectinabowe cwmainy t he ipoksi mema § nof
M TEs, when incorporated In a genomc structure after transposition
between geanelmgideastedhangiting whatgévonetisa@ lastaMiITEas havesul t
controlling the gene expression, their 11 wutility as factors stabilizing,
or preventiAg fiomctiheat funcifionse qgfen¥ISHs estihen posisdibyldty his

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 reglions upstream of promoters of various genes

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

{(1995)). PFurther, 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)), 1t 1s 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 incorporated in a
genomic structure after transposition between

genomic genes, changing the genomic structure and,

as a result, controlling the gene expression, their



occasion of foreign gene introduction can also be expected. Thus, in a
first aspect, the present invention has for its object to provide novel,
pl ant-derived MTE-Iike elenents, which have scientific and industri al
utility, as nentioned above. Specifically, the invention relates, first of
all, to the novel MTE-like el enents nenfji oned below under 1 to 5
(hereinafter, such MTE-lIike elenments are sonetines referred to al so as

"I S2 el enents” for convenience): 1. A MTE-like el ement capable of causing
duplication of the target sequence: (A)nG A)n [n being an integer of not

| ess than ltididyMaE-fakeatensttawsldefimgd aiovererdaitinghi ch has a
perfect or inperfect termnal inverted repeat sequence in each of the 5
and 3' termifactigadiscon &f ,Atlleligdn&cegbarension it hed tabwre thder 1

or 2 which contains a plurality of repetitions of at |east one of the
nucl eoti de sedurion repreoadgnbyerndeinvrovdacton Mdmoad¥d wherein X
represents g or t and Y represents a or c) or the fornula (2) : Zatgcaa
(wherein Z egpreaseetis t or a); 12 ,.. A MTE-like elenent as defined above
under any of 1 to 3 which has, as termnal inverted repeat

Thus, in a first aspect, the present invention
has for its object to provide novel, plant-derived
MITE-like elements, which have sclentific and
industrial utility, as mentioned above.

Specifically, the inventlion relates, first of
all, to the novel MITE-like elements mentioned below
under 1 to 5 (hereinafter, such MITE-like elements
are sometimes referred to also as "IS2 elements”™ for
convenience):

l. 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 sequences represented by
the formula (1): XttgcaaY (wherein X represents g or

t and Y represents a or ¢) or the formula (2): Zatgcaa

(wherein Z represents t or a);



sequences, a nucl eoti de sequence shown under SEQID NO 1 in the 5
termnal region and a nucleotide sequence shown under SEQ ID NG 2 in the
3" termnal region; and . . A MTE-like elenment conprising the nucl eotide
sequence shown under SEQ ID NO 3. The present invention further relates to
the novel MTE-like el enents nentionedikel ow under 6 and 7 (hereinafter,
such MTE-like elenents are sonetines referred to also as "IS1l el enents”
for convenience) : b-. A MTE-like elenent which has, as term nal inverted
repeat sequences, a nucleotide sequence shown under SEQ ID NGO 4 in the 5
term nal reglonaaNd TE- Dike el dfteadasN @ EhAed anteve Sth)dled Mxp 68 t he
3" termnal region, and is capable of causing duplication of the target
sequence TAl ard ¥. wAiMdHEhbise akertmnimiaml | sheedtbednudweaitde sequence
shown under SEQ ID NGO 6. In its second aspect, the present invention has
for its objseguenpesy de nhelemthliecdeduearecreslpowanainderi SHQ OND
factor" capable of suppressing the gene inactivation phenonenon called
‘gene silenci9g ldubnt dhee pb3i tiermdhfadct regicapabhbd 18 nafc keobitvale ng t he
transcription of a gene located in the vicinity or margi nal region
t her eof . sequence shown under SEQ ID NO:2 in the 3' terminal

region; and

5. A MITE-like element comprising the nucleotide

sequence shown under SEQ ID NO:3.

The present invention further relates to the

novel MITE-like elements mentioned below under 6 and

7 (hereinafter, such MITE-like elements are sometimes

referred to also as "IS1 elements” for convenience):

6. A MITE-like element which has, as terminal

inverted repeat segquences, a nucleotide sequence

shown under SEQ ID NO:4 in the 5' terminal region and

a nucleotide sequence shown under SEQ ID NO:5 in the

3' terminal regilon, and is capable of causing

duplication of the target sequence TA; and

2. A MITE-like element comprising the nucleotide

seguence shown under SEQ ID NO:6.

In its second aspect, the present invention has
for its object to provide the so-called
"transcriptional activation factor" capable of

suppressing the gene inactivation phenomenon called

gene sllencing due to a position effect or capable



Specifically, the invention relates to the follow ng transcriptional
activation factors nentioned below under 8 to 12: $. A transcriptional
activation factor containing at |east one transposable elenent; 9.. A
transcriptional activation factor as defined above under 8, in which the
transposable element is a MTE-like elagent; 1Q A transcriptional
activation elenent as defined above under 9, in which the transposable

el enent conprises a MTE-1ike el enent conprising the following DNA (a) or
(b): (a) a DNA having the nucl eotide sequence shown under SEQ ID NG 1; (b)

a DNA capabbe alctwdaitding nghei thanhdbAipnieg ofha aeive Noslatnédden
sequence (a) under stringent conditions and coding for a MTE-Ii ke el enent

capabl e of thausvDgiGiiptyCcoly anaoiyiny DCre)gién hiemeaE . i Nt eger of not
| ess than 1] at the site of insertion thereof, and/or a MTE-1ike el enent
conprising the fspleaffjcBNAYC) tiie (tihve(mwlianDYe hatieyy tbe thel eoti de
sequence shown under SEQ ID NGO 2; 14 (d) a DNA capabl e of hybridizing
with a DNA fSadilngwinhe tbewsowtpédionialseaqpiehva t(ignufidartskisi ngent
mentioned below under 8 to 12:
g,. 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 is
a MITE-like element:
10. A transcriptional activation element as defined
above under 9, in which the transposable element
comprises a MITE-like element comprising the
following DNA (a) or (b):
(a) a DNA having the nucleotide sequence 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-l1like 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 comprising the
following DNA (c¢c) or (d4):
(c) a DNA having the nucleotide sequence shown under

SEQ ID NO:2;



conditions and coding for a MTE-1ike el enent capable of causing
duplication of TA at the site of insertion thereof; 11. A transcriptional
activation el enent as defined above under 9, in which the transposabl e
elenment is a tandem coupling product froma MTE-1ike el enent conprising
the followng DNA (a) or (b): (a) a DNAfaaving the nucl eoti de sequence
shown under SEQ ID NO 1; (b) a DNA capable of hybridizing with a DNA
having the above nucl eotide sequence (a) under stringent conditions and
coding for a MTE-like el enment capable of causing duplication of (A nG A)n
[n being an(a)nte£gpNafcapablessofhdiyitiatl £ imgsimictbf ai MRt hawibger eof ,
and a MTE-1ike elenent conprising the followng DNA (c) or (d): (a) a DNA
havi ng t he bthe eobote segqodecet tllewsaegdenc&EQel)D Wi (sl rd nigdntapabl e
of hybridizing with a DNA having the above nuol eoti de sequence (c) under
stringent comdiitdonsiachdadoddnigifoar b BETE kKbikleceddmengablapable
causing duplication of TA at the site of insertion thereof. 15 -~2. A
transcri pti ofalcaacs 1 ngt dwp EloadritonomprTAi ay theDNAﬁmwflginBemutbaot i de

sequence shown under SEQ
thereof;
11i. A transcriptional activation element as defined
above under 9, in which 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
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~-l1like 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 a MITE-;ike 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
the above nucleotide sequence (c) under stringent
conditions and coding for a MITE-1like element capable
of causing duplication of TA at the site of insertion

thereof.



I D NO 3. The present invention further relates to a cassette for
expression of a gene introduced which conprises the transcriptional
activation elenent nmentioned above. Specifically, there may be nentioned
t he cassettes nentioned bel ow under 13 to 15: A cassette for expression,
in a plant, of a gene introduced which jgonprises the transcriptional
activation el enent defined above under any of 8 to 12, and a DNA sequence
operatively joined to said factor; .. An introduced gene expression
cassette as defined above under 13, in which the DNA sequence operatively
joined to the.tranxardpscaig t Aonakia bl valtaminte T emem S &so mp pich gr
and/or a termnator; |A An introduced gene expression cassette as
defi ned aboaeDNAd@raiiinghittie fnuéhen tchapr seeuence ishowhlinadpeSEQ
operatively joined to the transcriptional activation elenent, a desired
I ntroduced IpndNGeguence to be expressed. The present invention further
relates to a plasmd which contains the transcriptional 16 activation
el ement nenti onedTher @nebenct (dnvantio diuctbhegeneedalressitan gassette,
for instance) _
cassette for 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:
l3. 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;
l4. An introduced gene expression cassette as
defined above under 13, in which the DNA sequence
operatively joined to the transcriptional activation
element comprises a promoter and/or a terminator;
1l5. 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



and to a transgenic plant harboring the transcriptional activation el enent
I ntroduced therein by utilizing such plasm d. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a representation of the structure of an IS2 elenent,
which is a MTE-1ike el enent according to the invention. Fig. 2 is a
representation of the structure of an l1gl elenent, which is a MTE-Iike

el ement according to the invention, and of its termnal inverted repeat
sequences and its inserted duplicate sequence (TA in the underlined
parts). Fig. 3 is a schematic representation of a method of constructing
gDCPAL3- pr c4 Skkiva gioh | élameaipament/Eohed dsepedinaboofe t (@s = uct ures
of the carrot PAL genes gDCPAL3 and gDCPAL4. Fig. 5 is a representation of
t he resul t sifit radapad Spenkctarppeisicl oncloanis de tecqutoee nisaanddE- | i ke
element (1S1 elenment) of the present invention and the nucleotide
sequences oaniihetsoaf arrakis@en Stopdveaytf hadlyo fBurgeathend Wessl er, Pl ant
Cell, 17 6: 907-917 (1994). Sequences indicated by white letters on a

bl ack backgtroamserdptctonpdl aatdwadilonepcdemeaduchnts astmerdg honol ogy.

therein by utilizing such plasmid.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a representation of the structure of
an IS2 element, which is a MITE-like element according
to the invention.

Fig. 2 is a representation of the structure of
an ISl elemept, which is a MITE~l1like element according
to the invention, and of its terminal inverted repeat
sequences and 1ts inserted duplicate sequence (TA in
the underlined parts).

Fig. 3 is a schematic representation of a method
of constructing gDCPAL3-pro/SK.

Fig. 4 is a comparative representation of the
structures of the carrot PAL genes gDCPAL3 and
gDCPALA4.

Fig. 5 is a representation of the results of
comparisdn between the nucleotide sequence of a
MITE-like element (ISl element) of the present
invention and the nucleotide sequences of the so far

known Stowagway famlily (Bureau and Wessler, Plant Cell,



Fig. 6 is a representation of the inperfect inverted repeat sequences and
target duplication sequence (AAAAGAAAA in the underlined parts)

terminally found in an 1S2 elenent, which is a MTE-like el enent of the
invention. Fig. 7 is a schematic representation of a nethod of
constructing 1S1-355/SK. Fig. 8 is a schgmtic representation of a nethod
of constructing 1S2-355/SK. Fig. 9 is a schematic representation of a

met hod of constructing |S12-355/SK. Fig. 10 is a schematic representation-
of a method of constructing MJ3-35S/SK. Fig. 11 is a schematic

represent at6on 9af 7 a9met hpd 9 90f ) consSkigird n 88 splitld B2 @56y Phlrd txS/ AB35S,
pl S12- 35S/ AB35S and pMJ3- 35S/ AB35S. Fig. 12 is a representation of the

results of 1btaetrs dn( B blhavhk Gtackgevinidsarendse fmda £hohgvedieedunbers
of regenerated calli, on selection nmedia containing kananycin, from
cul tured t obapemaBYsdagdehked renskaim@dhloyno Db ggducti on of the constructs
pl S1- 35S/ AB35S (I S1), pl S2-35S/ AB35S (I1S2), 18 pl S12-355/AB35S (1S12) and
pAB35S (35S) (conFi@. .6 ks tderbpms=mentlaet Lippeofinthieovianp gredstshow t he
results obtained by using selection nedia containing
inverted repeat sequences and target duplication
sequence (AAAAGAAAA in the underlined parts)
terminally found in an IS2 element, which 1s a
MITE-like element of the invention.
Fig. 7 is a schématic representation of a method
of constructing IS1-35S/SK.
E:I.g. 8 is a schematic representation of a method
of constructing IS2-35S8/SK.
Fig. 9 is a schematic representation of a method
of constructing IS12-35S/SK.
Fig. 10 is a schematic representation of a method
of constructing MU3-35S/SK.
Fig. 11 is a schematic representation of a method
of constructing pIS1-35S/AB35S, pIS2-35S/AB35S,
pISl2-355/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 selection media
containing kanamycin, from cultured tobacco BY-2

cells transformed by introduction of the constructs

pIS1-358/AB35S (ISl1l), pIS2-35S/AB35S (IS2),



100 u g/m and 300 u g/m of kananycin, respectively. Fig. 13 is a
representation of the results of Exanple 3 (2) in which a conparison was
made between the GUS activity of tobacco calli (control) resulting from
i ntroduction of pAB35S (35S) (left graph) and the GUS activity of tobacco
calli resulting from introduction of pli8l2-35S/ AB35S (I1S12) (right
graph). BEST MODES FOR CARRYI NG QUT THE I NVENTION 1. Novel M TE-Iike
el enents The known M TESs so far discovered include not only the Touri st
and Stowaway fam lies nentioned above but also the famlies Castaway,
Crackl e, BEpignant3sByaBsss, (Isle) Gendj pABXSBs{ixFSPo,conégol).
Wanderer, Wijin, Wkong, Wmneng and Xbr. Wile these MTEs are
structural | ynchzhe@cfdrgurd ,byteé | uppengansd peowest arapimsershow ihher et ed
repeat sequence in the termnal region, the inverted repeat sequences
quite differeismtisl ebttialenedqbynue iangl 8 ehgict boprgedile dgTEeirlngher
the target duplication sequence in the MTE is TAA for Tourist,' TA for
St owaway, TR0l gf/arl Gesdasay, MCFTRITAE flan@myckin, FeéApdecotbveby. TA
for Emigrant, ATT or TAG or TGA or GGI or GIT or GAA for Gaiiin, TTGAAC
for Krlsple, AAAAFASA 013 AsAARADTESPotatioRTPE f bheSes ulls op £TAA
for

Example 3 (2) in which a comparison was made between

the GUS activity of tobacco calli (control) resulting
from introduction of pAB35S (355S) (left graph) and
the GUS activity of tobacco calli resulting f£rom
introduction of pIS1l2-358/AB35S (IS12) (right

graph).

BEST MODES FOR CARRYING OUT THE INVENTION
I. Novel MITE-like elements

The known MITESs so far discovered include not
only the Tourist and Stowaway families mentioned
above but also the famillies Castaway, Crackle,
WHanderer, Wujln, Wukong, Wuneng and Xbr. While these

MITEs are structurally characterized by all having
a perfect or imperfect invereted repeat sequence in
the terminal region, the inverted repeat sequences
guite 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



Wanderer, TA or CATA for Wiiin, TATA or TACA for Wkong, TTAA or TTAT for
Wineng, and TTAA for Xbr (any definite target duplication sequence has not

been found for Explorer) (Bureau et al. , Proc. Natl. Acad. Sci. USA, 2a:
8524- 8529 (1996); Casacuberta et al., Plant J., .16: 79-85 (1998) ; Song
et al., M. Gen. Genet., 258: 449-456101998); Tu, Proc. Natl. Acad. Sci.
USA, 94: 7475-7480 (1997); Unsal and Morgan, J. Mdl. Biol., 248: 812-823

(1995)). On the other hand, the I1S2 el enent, an enbodi nent of the
above-nenti oned novel MTE-Iike elenent of the present invention has, as

the target glopl icakitaiva$edcPPEATAA) NEHA) Chidiokdieng BTAI Herepinotol ess
than 1] , which is not found in any of the so far known MTES (insertion
el ements). TA Hurs EmInecénti,haAT 2o relTENO rc MG HecoraGET cobe GAT iazerti on
el enent belonging to a novel famly different fromany of the so far
known fam |6ra feorf @adijidn|, SITECARN fowhiai sp i, cABAMNCRAR of the

novel M TE-like elenment of the present invention, it has TA as the target
dupl i cati onAAAAKERADcrOeraPbp hUSTIFTDHE Saixl Snalpe, THAVvalr MEBRR £oke
el enent bel onging to. the known famly Stowaway (Bureau, T. E. and Wessler,
S. R, StownaadezmeasWTAf ami CTaf £omvEotidd r SiAEA ot FRCA f o Iwkeomgl, wit h
TTAA or TTAT for Wuneng, and TTAA for Xbr (any definite
target duplication sequence has not been found for
Explorer) (Bureau et al., Proc. Natl. Acad. Séi. USA,
93: 8524-8529 (1996); Casacuberta et al., Plant J..
16: 79-85 (1998); Song et al., Mol. Gen. Genet., 258:
449-456 (1998); Tu, Proc. Natl. Acad. Sci. USA, 94:
7475-7480 (1997);: Unsal and Morgan, J. Mol. Biol.,
248: 812-823 (1995)).
On the other hand, the IS2 element, an embodiment
of the above-mentioned novel MITE-like element of the
present invention has, as the target duplication
" 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
so far known families.
As for the ISl element, which is an embodiment

of the novel MITE-like element of the present

invention, it has TA as the target duplication



t he genes of both nonocotyl edonous and di cotyl edonous plants. Plant Cell,
,-. 907-16 (1994)). In the following, these I1S2 and |IS1 el enents are
described. 1. 1S2 elenent The I S2 elenent is characterized by causing
target duplication of (AAnG A n in the genonmc gene at the site of
insertion. The nunmber n may be any integer not less than 1. Wile it is
not particularly restricted, it is specifically, for exanple 2 to 6,
preferably 3 to 5, nore preferably 4. Mre specifically, the MTE-Iike
el ement of the present invention is a DNA having a size of not nore than
about 2 kb,segefexiabl wredothus 2caa d&bsallals toepeataseguenkeMI'BRerse in
direction to each other (termnal inverted repeat sequences) in the 5 and
3" termnallik@ Gbemeartedbe lommisgcltovitdwoknbwi hean$d w| Stronta wa yt he
present invention neets the requirenments concerning the above-nentioned
three charatBameduc¢s Tof FLThnd (Wess keret Sl . RCur rIStOpawayend .negyv.
-5-: 914-821 21 (1995)), nanely (1) that they have a perfect or inperfect
i nverted repamtikpqodncinverdoed vepdmtSelemmens's tasapwilateld vitha
repeat sequence conprising two or nore base pairs is found as a target
duplicate the genes of both monocotyledonous and dicotyledonous
plants. Plant Cell, 6: 907-16 (1994)).

In the following, these IS2 and IS1 elements are
described.

1. 1IS2 element

The IS2 element 1s characterized by causing
target duplication of (A)nG(A)n in the genomic gene
at the site of insertion. The number n may be any
integer not less than 1. While it is not particularly
restricted, 1t is specifically, for example 2 to 6,
preferably 3 to 5, more preferably 4.

More specifically, the MITE-like element of the
present invention is a DNA having a size of not more
than about 2 kb, preferably about 0.2 to 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 element 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



sequence in the sane direction on both sides of the inverted repeat
sequence of the gene insertion site and (3) that their size is not nore
than 2 kb, hence can be identified as a transposable elenent (insertion
el ement, MTE-like elenment) having a M TE-1ike sequence. The |S2 el enent
"of the present invention is structurallas characterized by containing, in
the nucl eotide sequence thereof, at |east one nucl eotide sequence
represented by the fornula (1): Xttgcaa¥Y (wherein X represents g or t and
Y represents a or 0) (SEQID NO 7 to 10) or the formula (2): Zatgoaa
(wherein Z (epressehts iamely) (BEQtHatOthkly thatv?) ai pexfeati ramwusly or
di sconti nuously repeated nmanner. The positioning and nunber of such repeat
sequences atmpreatfeeat! imvearited asépeatteddytenivey atregabd odhttthaeld'in t he
termnal inverted repeat sequences occurring in both the term nal regions
of the | S2apidedEnttearminian (i2)) crivetli at eeped s @guend e onpirdseihngai d
termnal inverted repeated sequences. The |S2 el enent of the present
i nventi on 2Bwosparimoxrel basien@dades flsecfonvosdwhsca temgeh dupdligatety of
repeat sequences represented by the above formula (1) and (2) in the
i nternedi at eeppnae Hat webe tseomecAdinedtioverdrdbogpesiideguaitethend

inverted repeat sequence of the gene insertion site

and (3) that their size is not more than 2 kb, hence

can be identified as a transposable element

(insertion element, MITE-like element) having a

MITE-like sequence.

The IS2 element of the present invention is
structurally characterized by containing, in the
nucleotide sequence thereof, at least one nucleotide
sequence represented by the formula (1): Xttgcaay¥
(wherein X represents g or t and Y represents a or
c) (SEQ ID NO: 7 to 10) or the formula (2): Zatgcaa
(wherein Z represents t or a) (SEQ ID NO: 11 to 12)
in a continuously or 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
seguences occurring in both the terminal regions of
the IS2 element or in an intermediate region occurring

between said terminal inverted repeated sequences.

The IS2 element of the present invention



a plurality of repeat sequences represented by the formula (1) in the
termnal inverted repeat sequences, as shown in Fig. 1. The term nal
inverted repeat sequences which the 1S2 elenent of the present invention
has need not be strictly conplenentary to each other but the only
requirenent is that the 5 and 3' termng regions can hybridize with each
ot her under stringent conditions and, as a result, the |IS2 el enent can have
such a stem structure as shown in Fig. 1. In this sense, the |1S2 el enent
of the present invention includes not only those having perfect inverted
repeat sequepesi Bischllflyeifidbhdesyethed ompeawh isuepaatsa bt aal so t hose
havi ng i nperfect inverted repeat sequences as the termnal inverted repeat
sequences. PEudELitiyc eRamelmsatfl sidpuefdend crepire sendredl Nhyt tlide
present invention, there may be nentioned the ones which have, as the
termnal |iavenedtsepardia seydeands, (2 heinutheotindse sagudcixte slegmonnder
SEQIDNO1in the 5 termnal region and 23 the nucl eoti de sequence shown
under SEQ |IPei@e&enntidectdrmimailndlnvegited Aepaamrsegpoznties exadpl e
of the 1S2 elenment, there nmay be nentioned the one having the nucleotide
sequence shawplunded i3Ff) bP Me@p8at sequences represented by the

formula (1) in the terminal inverted repeat sequences,

as shown in Fig. 1.

The terminal inverted repeat sequences which the

IS2 element of the present invention has need not be

strictly complementary to each other but the only

requirement is that the 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 repeat

segquences 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 sequence

shown under SEQ ID NO:1 in the 5' terminal region and



The 1S2 el enent may have one or nore nucleotides substituted, added or
deleted in the termnal 1inverted repeat sequences or in the sequence
occurring between said repeat sequences if the resulting nodifications
remai n functional equivalents substantially having the function or
activity of the 1S2 elenent itself. The Jd TE-1ike elenment of the present

I nvention includes such functional equivalents as well. As preferred
functional equivalents, there nay be nmentioned the ones substantially
having the function or activity of the 1S2 elenent having the nucleotide
sequence shene WdeledH¥LdP N Fuedtte ShoWmOuhdedet SHQPIIBaNOQR Oin

(A NG An In being an integer not less than 1] at the site of insertion
and capabl ehef Fybtedinz waglwiridyiba .ab@e 4 Siodleenepé c iifider extampyent
conditions. As "stringent conditions", there may be nentioned the
conditions ofnthe $82 pelenernts (Wwhédré&Dmaey HECmmnthonedvehe aoperi od
of 1 hour. As the functional equivalents, there nay be nentioned nore
speci fi cal | pavhiengridsenoic2éo0t kde sbqueilée ghewarabhide mSEQ aPsNOhad. 85%
nore preferably not |less than 90% still nore preferably not |ess than
95% honol ogThe i IS2uclonpad segvelhceve woine t be m3Prel avantesltdwhe snder SEQ
| D NG 3.
substituted, added or deleted in the terminal
inverted repeat sequences or in the seguence
occurring between said repeat sequences if the
resulting modifications remain functional
eguivalents substantially having the function or
activity of the IS2 element itself. The MITE-like
element of the present invention includes such
functional eguivalents 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:3, and
causing target duplication of (A)nG(A)n [n being an
integer not less than 1] at the site of insertion and
capable of'hybridizing with the above IS2 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 may be mentioned more specifically the ones not



2. 1S1 elenment The 1S1 el enment of the present invention brings about
target duplication of TA at the site of genomc gene insertion and is
characterized by having, as the termnal inverted repeat sequences, the
nucl eoti de sequence shown under SEQID NO 4 in the 5 termnal region and
t he nucl eoti de sequence shown under SEQ24 D NOS5 in the 3 termnal region.
The 1S1 elenent of the invention is specifically a DNA having a size of
not nore than about 1 kb, preferably about 100 bp to 500 bp. In the |ight
of such facts, the 1S1 elenent of the invention can be defined as a
M TE-1i ke elessntthahni kro$he prs2ferately mwt i besd abthaa 863 hamdHad
el ement of the present invention, there may specifically be nentioned the
one havi ng pirbEeatabdigirmeothhes s ntkag. 90 % Mos ¢ idpieand realp e £ etrtab ynay be
menti oned the one having the nucleotide sequence shown under SEQ I D NO 6.
The M TE-|l iket des@nthayi 95ishomalolgeais dbnseguehee tiisle hae guEc eor
nore nucl eoti des substituted, added or deleted in the termnal inverted
repeat sequeitds bhei IS2cedemenduaritewocanderg SO WEON NOeSe repeat
sequences of the 5 and 3' termnal regions if the resulting
nodi ficati o2s r @Kl neflementnal equival ents substantially having the
function or activity of the
The IS1 element of the present invention brings
about target duplication of TA at the site of genomic
gene insertion and is characterized by having, as the
terminal inverted repeat sequences, the nucleotide
sequence shown under SEQ ID NO:4 in the 5' terminal
region and the nucleotide sequence shown under SEQ
ID NO:5 in the 3' terminal region. The ISl element
of the invention is specifically a DNA having a size
of not more than about 1 kb, preferably about 100 bp
to 500 bp. In the light of such facts, the IS1 element
of the invention can be defined as a MITE-like element,
like the IS2 element mentioned above.
As the IS1 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
seguence shown under SEQ ID NO:6. The MITE-like
element having such nucleotide sequence may have one

or more nucleotides substituted, added or deleted in

the terminal inverted repeat sequences or in the



M TE-1ike elenment itself. The MTE-Iike elenent of the present invention
I ncl udes such functional equivalents as well. Preferred as the functional
equi val ents are those which substantially have the function or activity
of the MTE-like element (1S1 elenent) having the nucl eotide sequence
shown under SEQ ID NO 6 and which are st |east 85% preferably at |east
90% nore preferably at | east 954 honol ogous in nucleotide sequence with
said I1S1 elenent. The MTE-like elenents (1S2 and | S1 el enments) described
her ei nabove all have been discovered from the carrot genone, nore
specifical | yelguEaébeocaut inghdtwean thed@repeatiTeqarnceés of

mentioned |later herein, and can be isolated and recovered as descri bed
| at er her ei thien 8 heaow@ndl e txachiaal Theghohts | e tkeenmmdudf iidhg present
invention is not limted in origin provided that it has the structure and
char act er i shodd fieawitdenshareamasbho\fPun bt licngkneriiyajeEmted out that
transposable elenents, as self-nechani sns of autonodification of 26 the
pl ant genonsubltsstahtidhy havsinmgythenfunnt tonmarkead yivd tewa £ittbe of
t he organi sm concerned and to environmental adaptation. As regards the
M TE-1i ke eMEPfEhtliket lelgmesdntitself. The MITE-like element of
the present invention includes such functional
"eguivalents as well.

Preferred as the functional equivalents are
those which substantially have the function or
activity of the MITE-like element (ISl element)
having the nucleotide sequence shown under SEQ ID NO:6
and which are at least 85%, preferably at least 90%,
more preferably at least 95% homologous in nucleotide
sequence with said ISl element.

The MITE-like elements (IS2 and IS1 elements)
described hereinabove all have been discovered from
the carrot genome, 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 mentioned hereinabove.

It is generally pointed out that transposable

elements, as self-mechanisms of automodification of



invention, it is unknown as to the nechanisns by which it functions in
relation to the self-nechanisns of autonodification of plant genones.
However, unli ke the case of retrotransposons (MDonal d, BioScience |Q
183- 191 (1990), such a fact that it has an enhancer elenent therewithin
and a gene pronoter is activated by insgtion of said enhancer el enent as
resulting fromtransposition of said elenent is not found. Therefore, the
M TE-1i ke el enent of the present invention can be considered to highly
possi bly cause changes in genomi c structure upon insertion thereof 1in a
pl ant genongheng lharchyenionid i btse IH, dpdiyht pohlaniplyofcdhe rdgdmwiec
structure, such as changes in wunwi ndability of the genomic DNA or in
nucl eosone makEd e tdDyevbduLéanoET st el dbegdindf smeptofcemmddioandof t he
so far known enhancer elenents. Wth the MTE-1ike el enent of the present
i nvention, to arefeommenitdr, alpptatisnmg the above property, to
control the expression of a gene l|ocated in the vicinity of said el enent
by a techni que dAkf eegdrisothieh®M BFDEFArLkeaoavhemeaitigficthel priess@it
general ly pointed out that when a foreign gene is inserted in a cryptic
site of a gimomamtDihh, tile isynlesowen ashgoethe mextippndsges| hy which
I nactivated. Therefore, it is considered possible, by utilizing
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 found.
Therefore, the MITE-l1ike 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
structure, by the mechanisms gquite different from
those of the so far known enhancer elements.
With the MITE-like element of the present
invention, it becomes possible, by utilizing the
above property., to control the expressioh of a gene

located in the vicinity of said element by a technique

different from the so far known technigques. It is



the MTE-1ike elenent of the present invention and based on the above
properties, to invigorate or activate the reduced or suppressed ability to
be expressed of a foreign gene introduced by transgenic technique.
Accordingly, the MTE-1ike elenent of the present invention is useful in
constructing a transgene expression casgette and a plasmd containing
said cassette in stably creating genetically engineered plants and al so
useful in stably creating genetically engineered organi sns capable of
expression of the transgene by utilizing said cassette and plasmd. I

Transcri pti gaale &1l yatp &DntledesatThchatesdéni avendéred gnr jeeve rekates to
a transcriptional activation elenent. The transcriptional activation

el enent so iheferrted tim har @ivypbtlcudeite &fnanigexspmhiloe DNA ,priw®t i ng t he
transcription of a group of genes located in the vicinity or marginal
regi on of sekpressivoi bBhexddfalisy shppardssafgaldre hhaobhibattied.
suppression of a desired foreign gene introduced in 28 a genom c DNA or
the |ike fromelss fgrienacitvaissdocbnsighaeed Ipossid deig by tdeipdsiingn
effect. The so-far known el enents (factors) in charge of transcriptiona
activati on theh MLTEvditket edlémanicropt thwe gprasent invention and
based on the above properties, to invigorate or
activate the reduced or suppressed ability to be
expressed of a foreign gene introduced by transgenic
technique. Accordingly, the MITE-like element of
the present invention is useful in constructing a
transgene expression cassette and a plasmid
containing sald cassette in stably crééting
genetically engineered plants and also useful in
stably creating genetically engineered organisms
capable of expression of the transgene by utilizing
salid 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 of genes
located in the vicinity or marginal region of said

element as well as a element capable of inhibiting

suppression of a desired foreign gene introduced in



specific gene by occurring, as an enhancer, in the vicinity of the
pronoter of said gene and cis-acting directly on said pronoter. On the
contrary, the transcriptional activation elenent of the present invention
pronotes the transcription of a single gene or a group of a plurality of
genes located in the vicinity or margi gl region thereof, irrespective of
position relative to the pronoter and, further, includes those
substantially pronoting the transcription by suppressing the inherent
phenomenon of transcription inactivation, hence conceptually includes a

br oader rangegeh d@€E0DNESo BOERA €L Wet Erdmebpiing fhacioicatiediby
transcriptional activation elenent. The transcriptional activation el enent

of the pregenle AW EARdg dudhaioathe poadi byoncaEZievtig athd sasif age

transposabl e el enment. The transposable elenment so referred to herein

I ncl udes alknolwd led ebentafHd @bed sONA N yhangd A ranseohps iowlal TES.

Thus, the transcriptional activation elenent of the present invention

i ncl udes 2%cthossetdiont atachg at¢tioastesnehd thassariptionnspbsabl e

el ement, regardl ess of whether it is derived fromthe sane species or a

different sppeicckfid weher byd ¢canxaripyi,oreed ant iemhaowetrendmt the
vicinity of the promoter of said gene and cis-acting
directly on said promoter. On the contrary, the
transcriptional activation element of the present
invention promotes the transcription of a single gene
or a group of a plurality of genes located in the
vicinity or marginal region thereof, irrespective of
position relative to the promoter and, further,
.includes those substantially promoting the
transcription by suppressing the inherent phenomenon
of transcription inactivation, hence conceptually
includes a broader range of factors as compared with
the prior art concept of transcriptional activation
element.

The transcriptional activation element of the
present invention i1s characterized by containing at
least one transposable element.

The transposable element so referred to herein
includes all of the above-mentioned DNA type and RNA
type ones and MITEs. Thus, the transcriptional

activation element of the present invention includes



contains a MTE(s) as the transposable element. Wile a MTE is defined,
as nentioned above, as an el enent having such characteristics as (1) having
a perfect or inperfect inverted repeat sequence in each of both 5 and 3
termnal regions (simlar in this respect to DNA type transposabl e
el ements), (2) having, on both sides ofzethe inverted repeat sequence, a
target duplication sequence conprising repeat sequences arranged in the
sanme direction and conprising two or nore base pairs, |like the ones
formed upon insertion of a DNA type transposable elenment in a genom c DNA
and (3) havthgs® scaatarninyg latofledwtt end hafi THhdsé\Wassl ar et al . |
Curr. Opin. Genet. Dev. _5-: 914-821 (1995)), any M TE belonging to such
category oftdahispésableanclemsstl, aseghcdlesspesthibwbedilesrentiti nisarryi ng
out the present invention. As MTEs particularly suited anong others,
there may biemrdntedntdomh&hah ®eome nepeicdresl owveld M Fexdenxt sperdngs.of the
present invention, nanely the "IS2 elenent”, "ISl elenent”, and
functi onal equi vahepre fieerefiotx3hsdimiptibeal acstivett bonl edementi on
el enent of the present invention preferably contains at |east one
nucl eoti de segqientessal MIBE (s brasnorlyesdimansposakienteledend enent, and
functional equival ents
: While a MITE is defined, as mentioned above, as
an element having such characteristics as (1) having
a perfect or imperfect inverted repeat sequence in
each of both 5' and 3' terminal regions (similar in
this respect to DNA type transposable elements), (2)
having, on both sides of the inverted repeat sequence,
a target duplication sequence comprising repeat
sequences arranged in the same direction and
comprising two or more base pailrs, like the ones
formed upon insertion of a DNA type transposable
element in a genomic DNA and (3) having a size
generally of shorter than 2 kb (Wessler et al., Curr.
Opin. Genet. 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 the above-
mentioned novel MITE-like elements of the present

invention, namely the "IS2 element”, "IS1 element",

and functional egquivalents thereto.



thereto. Modre specifically, the transcriptional activation elenent of the
present invention includes, anong others, (1) the one having the
nucl eoti de sequence of the 1Sl elenent or a functional equival ent
thereof, (2) the one having the nucl eotide sequence of the 1S2 el enent or
a functional equivalent thereof, (3) th® one having a nucl eotide sequence
resulting fromtandem joining of the nucleotide sequence of the ISl
el enent or a functional equivalent thereof and the nucleotide sequence of
the 1S2 element or a functional equivalent thereof (the order of the IS1
el enent and | S2 etfroent Hise Mgranbidy iy ¥ i oardl (B¢ tilvatboa sawmens of
nucl eotide resulting fromjoining of the nucleotide sequence of the ISl
el ement (orth82 peéesmt ) inventioat ipmeafeapb Yyl @dnthdmsd catnd dast
nucl eoti de sequence of the 1S2 elenent (or 1S1 elenent) or a functional
equi val ent dher almcYeatdnde as bguwemgensellecited faegpneraronigr sfackd ellS 2
exanples of the transcriptional activation factor, there may be nentioned
(i) the | S2edleanemt ,orIS1f elcamenil, Jndefumwatdonghecegwivadents the
product of tandem joining of the ISl elenment (or 1S2 elenent) or a
functional theiretent thereto and the 1S2 elenment (or 1S1 elenent) or a
functional equivalent thereto. As
More specifically, the transcriptional
activation element of the present invention includes,
among others, (1) the one having the nucleotide
sequence of the IS1 element or a functional equivalent
thereof, (2) the one having the nucleotide sequence
of the IS2 element or a functional equivalent thereof,
(3) the one having a nucleotide sequence resulting
from tandem joining of the nucleotide sequence of the
IS1 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 IS2
element) or a functional equivalent thereto and the
nucleotide sequence of the IS2 element (or ISl
element) or a functional equivalent thereto wvia an
arbitrary nucleotide sequence. Preferred examples

of the transcriptional activation factor, there may

be mentioned (i) the IS2 element or a functional



a specific exanple of the latter (it), there may be nentioned the one
havi ng the nucl eoti de sequence shown under SEQ ID NGO 3. Referring to the
transcriptional activation elenment nmentioned above under (4), the

i ntervening nucl eotide sequence between the 1Sl elenment and |1S2 el ement
(the order being arbitrary) is not partgscularly restricted but nmay be any
nucl eoti de sequence on condition that the effects of the invention are
not counteracted. As a specific, but nonlimtative, exanple, there nmay be
mentioned one derived fromthe carrot PAL pronoter sequence. GCenerally,

such nucl ecg fda vLYBARCCLtEaR dEY Catr i g£1 )ofthet @ rlo @Q6 thpo £ prafma sl y 300
to 500 bp. As a transcriptional activation elenent of such node of

enbodi ment , {bherengryHetEpeddicallemannt i(edIsEe ebdemdmuv)n®xt ha

nucl eoti de sequence shown under SEQ ID NO 14. The transcriptional

activati on cheetioaal leayu pradsiit itiverie o axad tieeopsrasilealento{oad to a

desi-red gene sequence to be introduced into a plant 32 body (transgene

sequence (iDpsiusiMemahtoret gn fenetisegatnegquivalentirtiherettde As

transcriptional activation elenent joined to said transgene sequence can

be operatival gpetDfd d ceahplcd i ofaltheNA sedeanceili), there may be
mentioned the one having the nucleotide sequence |
shown under SEQ ID NO:3.

Referring to the transcriptional activation
element mentioned above under (4), the intervening
nucleotide sequence between the ISl element and IS2
element (the order being arbitrary) is not
particularly restricted but may be any nucleotide
sequence on condition that the effects of the
invention are not counteracted. As a specific, but
ﬁonlimitative, example, there may be mentioned one
derived from the carrot PAL promoter sequence.
Generally, such nucleotide sequence can have a size
of 5 to 1,000 bp, preferably 300 to 500 bp. As a
transcoriptional activation element of such mode of
embodiment, there may be specifically mentioned the
one having the nucleotide sequence shown under SEQ
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



or sequences, such as a pronoter functional in a plant and/or a term nator
functional in a plant. The expression "operatively joined" as used herein
means that the transcriptional activation elenent is |ocated at a position
sufficiently close to the above-nentioned transgene seguence or various
functi onal DNA sequences to exert its izl uence on these sequences,

I rrespective of insertion site and direction. The transgene to be used in
the practice of the present invention includes those DNAs which are
desired to be expressed in plants, whether honol ogous or heterol ogous to
sai d pl ant sho8yc{ transdfere seGuénce (UnbIuddveéi Gt €bielg¥ePeneodi Ng

for S -gluouronidase; antibiotic resistance genes; genes coding for

i nsecti ci dasegubieaet)ey iahdgl fyrehaimacehs tpansgriprdsohal

ant i pat hogeni ¢ conpounds; genes synt hesi zi ng hypersensitivity conpounds,

such as perasitdas®tiogl ekemeat jocimédntésesaiahd pansgeE e seguence

agrochem cal, herbicide and m crobicide resistance genes; genes 33

synt hesi zi ngapl bet opreayntt ved y.j etagdet ocarfentéd oma LD NAes eguieemee and

qualities of proteins, starch, saccharides and fats) and genes for

regul atory oraseguentesef sucljenesa patamed et fpireot ienvhein a plant
and/or a terminator functional in a plant.

The expression "operatively joined"™ as used
herein means that the transcriptional activation
element is located at a position sufficiently close
to the above-mentioned transgene sequence or various
functional DNA sequences to exert its influence on
these seguences, irrespective of insertion site and
direction.

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, genes coding for B
-glucuronidase; antibiotic resistance genes; genes
coding for insecticidal and bactericidal
proteinaceous toxins; genes for antipathogenic
compounds; genes synthesizing hypersensitivity
compounds, such as peroxidases, glucanases,

chitinases, and phytoalexins; agrochemical,

herbicide and microbicide resistance genes; genes



i nhibitors, such as protease and anyl ase inhibitors; genes involved in
pl ant hornone synthesis; genes involved. in insect hornone and pheronone
synthesis; genes involved in the synthesis of nedicinal and nutritional
conmpounds, such as 0 -carotene and vitanins; and antisense transcripts
interfering wwth nucleotide sequences oggurring in plants (Transgenic
Plant, vol. 1, Academi c Press, 1993). The present invention further relates
to a gene expression cassette suited for application to plants, which
conprises the above transcriptional activation elenent and a DNA sequence
or sequencessypéhdsieliyngjplasc t 8aegures Tie .'genen2qniessiconiaesiedde” so
referred to herein means a plasmd to be used for introduction into plants
as wel |l as avithbf tagsrentn tiehelr £0dndAquialiel DA ssedugneet efars] | ¥ €hyr¢wi ned
to the transcriptional activation elenent, there may be nentioned
functional DhNicsdpehdes sanl faps)numd genck $ efoimat e gu lSat 6 riNA
sequence can include any of the above-mentioned transgene sequences. 34
The pronpt erfaed oxs ethedr¢ folrgr egepercans la i\ sequehan twenhymdien t he
structural gene for a desired protein is joined thereto downstream from
said pronotenhideit oygul stwchheseppodssase ahdsamybasecimhibitors;
genes involved in plant hormone synthesis; genes
involved in insect hormone and pheromone synthesis;
genes involved in the synthesis of medicinal and

nutritional compounds, such as B -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
expression cassette suited for application to plants,
which comprises the above transcriptional activation
element and a DNA sequence or sequences operatively
jJoined thereto. The "gene expression cassette” so
referred to herein means a plasmid to be used for
introduction into plants as well as a subfragment
thereof.

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

the above-mentioned transgene sequences.



via transcription followed by translation in plant <cells, and it includes
all pronoters functional in plants and used in the relevant field of art
for the transformation of plants. A nunber of pronoters have so far been
used in transform ng plants, including, for exanple, the pronoters

I solated from Agrobacteriumtunefaci eng4 nanely the octopi ne synthase
(ocs) pronoter (L. Comas et al., 1985; C. Waldron et al., 1985), mannopi ne
synt hase (mas) pronoter and nopal i ne synthase (nos) pronoter. The
caul i fl ower nosaic virus 35S pronoter, which is generally used in the
transformati on, cpReage@uid ey, B wefetrped ad heEmginhemereasend DNA

I nvention. Modifications of the 35S pronoter, for exanple the two
paral | el 35Sepguswéershilch Kassheh the, stP8dtundl ghaenfor3aSdpsomedrs (L.
Comas et al., 1990), can also be used. Furthernore, the cauliflower nosaic
virus 19S ppeotiein(ls Pheihnmdktheirato, di8ds tarechmsfraphusadid nosai c
virus-derived 34S pronoter (M Sanger et al. , 1990) can al so be included.
As further peovanptes, clhor cegylbdentite expirelss ooniof psaidt proBsin
ri bul ose-1, 5- bi sphosphat e carboxyl ase smal|l subunit (rbcS) pronoter and so
forth, whi chiar e phastoxibtpituar Hodidxwed bhet rems hatdon nthudekadiiA
sequences capabl e
cells, and it includes all promoters functional in
plants and used in the relevant field of art for the
transformation of plants. A number of promoters have
so0 far been used in transforming plants, including,
for example, the promoters isolated from
Agrobacterium tumefaciens, namely the octopine
synthase (ocs) promoter (L. Comal 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
be used in practicing the present invention.
Modifications of the 35S promoter, for example the
two parallel 35S promoters (R. Kay et al., 1987) and
the mas-35S promoters (L. Comai et al., 1990), can
also be used. Furthermore, the cauliflower mosaic
virus 198 promoter (J. Paszkowskl et al., 1984) and
scrophularia mosailc virus-derived 34S promoter (M.

Sanger et al., 1990) can also be included. As further

examples, there may be mentioned the actin promoter,



of efficiently termnating the transcription of a desired structural gene
in plants and includes all termnators functioning in plants that are used
in the relevant field of art for the transfornmati on of plants.
Specifically, the nopaline synthase (nos) termnator, for exanple, can be
mentioned as a typical exanple. The tragscriptional activation el enent of
the present invention or the transgene expression cassette conprising
said el enent can be used for inducing or regulating the expression in a

pl ant of the gene introduced, and this widely applies to plants in

general . Theipdnésies NS -pA/dphobPHat ecchibaxygladie swal idesbwineg
others, agriculturally useful plants, whether nonocotyl edonous or
di cot yl edonggd.c SYaFgo miotse HUamwdos | £derdl,s wh Bahsa reop Liamwst adeaivédre are

corn, rice, wheat, barley, African or Indian mllet, oat, rye, mllet and

ot her cereapromptpbants as well as lily, orchid, iris, palm tulip, sedge

and other wvarious ornanental plants. The dicotyl edons include 36

chrysant hemum snEp@ ageemiccatairi dnclades i BNA mogppuencodbagapable, pea,

poi nsettia, cotton, cactus, carrot, cowberry, pepperm nt, sunflower,

tomat o, el npf cekficdpEetiyectepodircatingybdae, trdwaeiget fiomapef a
desired structural gene in plants andhincludes all
terminators functioning in plants that are used in
the relevant field of art for the transformation of
plants. Specifically, the nopaline synthase (nos)
terminator, for example, can be mentioned as a typical
example.

The transcriptional activation element of the
present invention or the transgene expression
cassette comprising said element can be used for
inducing or regulating the expression in a plant of
the gene introduced, and this widely applies to plants
in general.

The plant is not particularly restricted but
includes, among others, agriculturally useful plants,
whether mohocotyledonous or dicotyledonous. Among
the monocotyledonous plants, for instance, there are
corn, rice, wheat, barley, African or Indian 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



potato, lettuce, carica papaya, etc. The present invention further provides
a transgenic plant which contains the transcriptional activation el enent
of the present invention or the transgene expression cassette of the
present invention conprising said element and in which the phenonenon of
the position effect-due gene silencing 3 nactivation) has been suppressed
for the desired foreign gene introduced or the transcription of the
forei gn gene has been activated. Said transgenic plant includes the

of fspring thereof. The term"plant” as used herein is intended to include

not only a ¢RrlyardnphaunQdsiapdalagon, pREfhaticna pagvolhddy, such as
a leaf, seed, bulb or cutting. It further includes protoplasts, plant

calli, meripbopas, aabbalge pradecaéa, geodmisetfhe ,nebltodonf ¢@aeducs ng
such transgenic plant is not particularly restricted but nmay be any of
those DNA ¢atrrasitictc owbextiwdpebpermietcosuaflonald,yt onsetioi, neline
relevant field of art. Specifically, it is a nethod of introducing a DNA
into plant cekl,smaphe BFrean papless; osopbaam J meidoa nibgethe rape,
transcriptional activation elenent of the present invention or a
transgene emprtestso on legstutee coatrdion ngapayRa , elednent and i ncl udes, anong
ot hers, such known
The present invention further provides a
transgenic plant which contains the transcriptional
activation element of the present invention or the
transgene expression cassette of 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 i1s intended to
include not only a perfect plant body but also a
portion of a plant body, such as a leaf, seed, bulb
or cutting. 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 any of those
DNA introduction methods which are conventionally
used in the relevant field of art. Specifically, it

is amethod of introducing a DNA into plant cells using



met hods as the Agrobacterium nethod, electric nethod (electroporation) and
particle gun nethod. The thus-obtained plant cells containing the
transcriptional activation elenent of the invention, the transgene
expression cassette containing said elenent, or the expression plasmd can
be regenerated by one of the conventiongl nethods used in the plant

tissue culture technol ogy as described, for exanple, in S B. @Glvin, R
A. Schilperoot and D. P. S. Verma: Plant Ml ecul ar Bi ol ogy Manual (1991),
Kl uwer Academ c Publishers or Val vekens at al., Proc. Natl. Acad. Sci.,

85: 5536- 554A &%P%F% s sWo phva PhaA! ool £61nY HIE tE Pafisldeipefiongeri ved

fromsaid plant cells can be obtained. The expression plasm d of the

present invgatiiGiatieh helamebcolr nded ridwénit! GoRbaitISohhelegi red
DNA sequence to be introduced (transgene) together wth the

transcriptippansgéheaté2prelsytoh VHsberdid Ofoh tA¥nIaGeHa2a such as a
pronoter and a termnator. It is preferred, however, that these DNA

sequences bhelemsmti wild jaicdlagddés ,Oontmanet hethelie, 38uchrieaowroperati vely
joined" means that the plasmd functions for the intended purpose.
Speci fical Inethddssasnphiecd diabavitariiea pleatod,i 8 l@ueesiienmethod
I ntroduced into plant cells, the desired transgene
(electroporation) and particle gun method.

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 D. P. S. Verma:
Plant Molecular Biology Manual (1991), Kluwer
Academic Publishers or Valvekens et al., Proc. Natl.
Acad. Sci., 85: 5536-5540 (1988), whereby plant
bodies, or portions thereof, derived from said plant
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 (tranégene) together
with the transcriptional activation element and
functional DNA sequences such as a promoter and a

terminator. It is preferred, however, that thesé DNA

sequences be operatively joined to one another. The



(structural gene) is expressed under the control of the transcriptional
activation elenent and the expression is efficiently term nated by the
action of the terminator, w thout inactivation of the pronoter contained.
in said plasm d. The present invention further includes a nethod of
causi ng expression of a transgene in a pggant. Such nethod 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
nmentioned above, and the step of causing expression of said transgene in
said plant.pikadét roputaeivalyt §o id€asgaisanspridsst on heiSp Rialsm L @NA)
into the plant and the expression of said transgene can both be effected
by the techphatasions Eerknae intidpdetdt puibpasie M| Spelcare Boallagy,
Manual , 1991, Kluwer Academ c Publishers). EXAMPLES The follow ng
exanpl es ilidstirsat Empllel @dettidt wheantthe iplasmtiierideigaiestilvay ase,
however, by 39 no neans limtative of the scope of the present invention.
The geneti ciatgiodesied intbnimleatante llbe ctdper idreest 2k dpriocadsrgsn ef
nol ecul ar biology (restriction enzyne treatnent conditions, ligation
reaction cofidittrweturtahngéoedationexpiresseldeumher the control of

the transcriptional activation element and the

expression is efficiently terminated by the action

of the terminator, withouf 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



coil, etc.), which are to be enployed in the practice of the present

I nvention, can be carried out as generally and w dely enpl oyed, for
exanple as described in J. Sanbrook, E. F. Frisch, T. Maniatis: Mol ecular
Cloning, 2nd edition, Cold Spring Harbor Laboratory Press, 1989 and D. M
G over: DNA Coning, |RL Press, 1985, agpng others. Exanple 1 1) Target

pl ant, target gene In searching for MTE-1ike elenents, carrot (Daucus
oarota L. cv. Kurodagosun) was used as the target plant, and the
phenyl al ani ne ammoni a- |1 yase (PAL) of said carrot as the target gene. 2)

C oning of HBe eaha! PhhigesveDF\LEnantcgpePAl# £ale Qb reeait C
sequences were cloned froma carrot genomc DNA |ibrary. The carrot

genoni ¢ DNAinkidri 8Ly n\aS TRESigewétdc aéngiand ©®Hihy deeohnibguby dha
present inventors (Ozeki, Y., Davies, E. and Takeda, J.: Structure and

expressi on ghechekpertimelridnSprowduiedal ¢ Ot mVUsPealiann bilotlsgg cells
40 requlated by 2,4-D. Plant Cell Physiol., 34: 1029-1037 (1993)), from
cul tured ca(kreistelilct{6Hakinzyde dieKompiiticcohAditnomis ) onigation

ant hocyanin synthesis in relation to enbryogenesis in a carrot suspension

culture; Coreadction obntifhelns, transformation into Escherichia
coli, etc.), which are to be employed in the practice
of the present invention, can be carried out as
generally and widely employed, for example as
described in J. Sambrook, E. F. Frisch, T. Maniatis:
Molecular Cloning, 2nd edition, Cold Spring Harbor
Laboratory Press, 1989 and D. M. G_lover: DNA Cloning,
IRL Press, 1985, among others.
Example 1
1) Target plant, target gene

In searching for MITE-like elements, carrot

(Daucus gg:gig 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 genes gDCPAL3 and
gDCPAL4 Carrot genomilc sequences were cloned from a
carrot genomic DNA library. The carrot genomic DNA
library was constructed, as previously described by
the present inventors (Ozeki, Y., Davies, E. and

Takeda, J.: Structure and expression of chalcone

synthase gene in carrot suspension cultured cells



differentiation with norphol ogical differentiation. Physiol. Plantarum
53: 570-577 (1981)) using the A EMBL3 vector (product of Toyobo).

Specifically, carrot genom c DNA was prepared fromcarrot freeze-dried
using a cetyltrinmethylamoni um brom de (CTAB) sol ution

according to the

met hod of Murray and Thonpson (1980) (M¢rray, M G and Thonpson, W F.;
Rapi d isolation of high nolecular weight plant DNA. Nucl. Acids Res.
4321- 4325 (1980)). The genomi c DNA obtained was partially digested with
Sau3Al and the digested DNA was fractionated by size by the sucrose

density gradigiitatedasy 2het DA fpacdencelhi Physie12Q kdp: was

collected and ligated to the BanmHl -di gested A EMBL3 vector,

packagi ng i poplwgeo 3Fa(tliod £3) ,t srichccallyt GoBd tuair &t cbé Lis (0 a3ai ,
library. Then, the carrot genomc library was screened (Sanbrook at al.
1989) for CcHLrGn®AKopeamine ClAnes Indued iidwe BAL abbAocNEnRA. eDNA) as
the probe cloned 41 by the nethod of Ozeki at al. (Ozeki, Y. , Matsu

,  Sakut a,

and Tanaka, Y.: Differential regulation of phenyl al ani ne amoni a-| yase

genes duri agspevhsdyani audyinihesi Candellyattiansfocfi méftadiolic

differentiation with morphological differentiation.
Physiol. Plantarum, 53: 570-577 (1981)) using the A
EMBL3 vector (product of Toyobo).

Specifically, carrot genomic DNA was prepared
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
partially digested with Sau3ATI 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
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

8:

fol | owed by

K.
SyntkésdakainMre Xdhtibn to, efbwydpgealeasis ih,aYammwdd, N,



in carrot cell suspension cultures. Physiol. Plantarum BA: 379-387
(1990)). The hybridi zation for screening of the carrot genomc |ibrary was
effected by overnight treatnent at 68C with a solution containing 6 x SSC,
60 nmM sodi um phosphate (pH 6.8), 10 mM EDTA, 1% SDS, 0.02%

pol yvi nyl pyrrol i done, 0.02% Ficoll 400 aid 100 A g/m  denatured sal non
sperm DNA. The nenbrane washing was carried out twice (15 minutes x 2) in
a 2 x SSC solution containing 0.5% SDS at roomtenperature, twce (10
mnutes x 2) in a 0.1 x SSC solution or a 1 x SSC solution containing 0.1t

SDS at roonpyeHhy aieitRodANSEf ARl ¥t hW.cq dBOkdi,nFt.es Mafkud, KO, 1 X
SSC solution at 680C. As a result, eight positive clones were obtained.

Restri cti ongsaka/e®, "BRS MRIts@6%kRey ol [ ohasdl clwneskaaw-Maeakaihing t o
the maps, the clones were classifiable into two genes, which were naned

gDCPAL3 ang.gDGPAhémdoE6pe®™, vahy Tihhak@DCPALI, DhefArdwbeadl a positive
clone 42 was cultured, X DNA was extracted, cleaved with BanH and
subj ected tpepuulaeiod rafisipliehyla yhdneTcathmand, a - Agaxeli genest he
nmet hods described in Sanbrook at al. (1989). Wth this, Southern analysis
was carri eddaxiingsamnd o oyahel prepartdce ¢ 1 emaini® poteramsfeened fect
in carrot cell suspension cultures. Physiol.
Plantarum, 80: 379-387 (1990)). The hybridization
for screening of the carrot genomic library was
effected by overnight treatment at 68°C with a
solution containing 6 x SSC, 60 mM sodium phosphate
(pH 6.8), 10 mM EDTA, 1% SDS, 0.02%
polyvinylpyrrolidone, 0.02% Ficoll 400 and 100 &% g/ml
denatured salmon sperm DNA. The membrane washing was
carried out twice (15 minutes x 2) ina 2 x SSC solution
containing 0.5% SDS at room température, twice (10
minutes x 2) in a 0.1 x SSC solution or a 1 x SSC
solution containing 0.1% SDS at room temperature and,
finally, twice (30 minutes x 2) ina 0.1 x SSC solution
at 68°C.
As aresult, eight positive clones were obtained.
Restriction enzyme maps were prepared for such clones
and, according to the maps, the clones were
classifiable into two genes, which were named gDCPALS3
and gDCPAL4, respectively.

With gDCPAL3, the A phage of a positive clone



ANT- PAL cDNA by cl eavage with EaoRl and |labeling a DNA fragnent (984 bp)
thereof at the 5 end wiwth [ 32P ] , and a 2.77 kbp DNA fragnent

hybridi zing with said probe was obtained. This DNA fragnment was cl eaved
wi th BamH and subcloned in the pBluescript SK plasmd treated with calf
i ntestine al kal i ne phosphatase (CIP), tq@pgive gDCPAL3-pro/SK (of. Fig. 3).
Then, the plasm d gDCPAL3-pro/ SK obtai ned was cl eaved with the
restriction enzynmes Sail and Aaal, a series of deletion DNA fragment
groups were produced using exonuclease IIl and nmung bean nucl ease by the

met hod des%ﬁﬁ%‘iﬁ@ﬁg’g{,@‘bﬂ whs X150 otdY, Id1Pe aRied AP tHE po@ANIENCE

of the gDCPA ermned wusing them The site of transcription

initiation f(id)euSdeteant sasolasrrk9n 8 sEEH tiddasn 9l cinmeanb Aanfeond
by the prinmer extension nmethod using MRNA extracted fromcarrot as

described by, Peddafi¢g Takend melOR4ns( BrEdnibed dn [Sunpraloiat al.
ammoni a-|1 yase genes in carrot suspension cultured cells. Plant Cell.

Ti ssue and q gaB ¢l t upatBEh £3]-830 thlédPd)dnady s 1 tvha gDERAIY ed heu t
pl asm d gDCPAL4- pro/ SK was produced and the nucl eoti de sequence of the

gDCPAL4  DNA; QM ¢SRORE det @ Hdipamie@ ef wom dether aibnede - mertionand manner .

Specifically, the X DNA obtained from the Aphage of a positive gDCPAL4

clone was cl gR¥ePAL cDNA by cleavage with EcgoRI and labeling a
DNA fragment (984 bp) thereof at the 5' end with [32p1,
and a 2.77 kbp DNA fragment hybridizing with said
probe was obtained. This DNA fragment was cleaved
with BamHI and subcloned in the pBluescript SK plasmid
treated with calf intestine alkaline phosphatase
(CIP), to give gDCPAL3-pro/SK (cf. Fig. 3). Then, the
plasmid gDCPAL3-pro/SK obtained was cleaved with the
restriction enzymes Sall and Apal, a series of
deletion DNA fragment groups were produced using
exonuclease ITI and mung bean nuclease by the method
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 Ozeki and Takeda
(1994) (Regulation of phenylalanine ammonia-lyase
genes in carrot suspension cultured cells. Plant Cell.

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



with Hindlil and BanHl, Southern anal ysis was perfornmed using the sane
probe as nentioned above, and a 1. 63 kbp DNA fragnment hybridizing with
the probe was cleaved with H ndlll and BamH and subcloned in the

pBl uescript SR plasmd treated with CIP, to give gDCPAL4-pro/SK. Then, the
t hus-obtai ned plasm d gDCPAL4-pro/ SK wag cl eaved with the restriction
enzynes Xbal and BstXl, a series of deletion DNA fragnment groups were
produced usi ng exonuclease Il and nung bean nucl ease by the nethod
descri bed by Sanbrook at al. (1989), and the nucl eoti de sequence of the
gDCPAL4 DNA was dwiaH gp¢PAL8Q thesn plasiesal gD PApar-ipoo /SK thas

nucl eoti de sequences of (gDCPAL3 and gDCPAL4 reveal ed that the pronoter
region of pghcPhdeldaandnthieunaidheotiisie r epgaienteandpasadl gpatEPABE S
(M TEs) having inperfect inverted repeat sequences not found in gDCPAL4
were preseDNMicdiwespesdingmiy tH89@biove hpd8 42X imined emyttheand
-1157 to -389 44 (769 bp in length) (Fig. 4). These sequences were naned
| S1 and | S2samspeannety. Shesel S£¢aITes &k t NDMACbdA A ia ek ELOMES

around the sites of insertion were sequenced using an autosequenoer

(product of thleCORpwdgle 4¥04) poEctive gDCPAL4 clone was cleaved
with HindIII and BamHI, Southern analysis was
performed using the same probe as mentioned above,
and a 1.63 kbp DNA fra.gment hybridizing with the probe
was cleaved with HindIII and BamHI and subcloned in
the pBluescript SK plasmid treated with CIP, to give
gDCPAL4-pro/SK. Then, the thus-obtained plasmid
gDCPAL4-pro/SK was cleaved with the restriction
enzymes Xbal and BstXI, a series of deletion DNA
fragment groups were produced using exonuclease III
and mung bean nuclease by the method described by
Sambrook et al. (1989), and the nucleotide sequence
of the gDCPAL4 DNA was determined using them.
3) Results

Comparison of the nucleotide sequences of

gDCPAL3 and gDCPAL4 revealed that the promoter region
of gDCPAL3 has miniature inverted-repeat
transposable elements (MITEs) having imperfect
inverted repeat sequences not found in gDCPAL4 were

present at two sites, namely

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



nucl eoti de sequence of ISl is shown under SEQ ID NO 2 and the nucl eotide
sequence of |S1 under SEQ ID NO 1. The characteristics of these IS1 and |S2
were as follows: (1) IS1 It had the nucl eoti de sequence shown under SEQ
ID NO 2 (total Iength: 299 bp), had inverted repeat sequences (32 bp) ,
whi ch were inperfect to each other, ina4he 5 and 3' term nal regions, and
had a target duplication sequence, TA, at the site of insertion into the
genonme serving as the target gene. Based on these facts, it was estinated
to be the gene sequence of a novel MTE elenent belonging to the famly
St onaway al (28dy Bppdr ctepigriepu(Fig E. 43nd Visekber ,seuelcSsowamg:. a
new famly of inverted repeat elenents associated with the genes of both
nonocot yl ednamesi ans 1diandy IstOnore sgpeoatdvelpnt Cell, b-: 907-16
(1994)). The stemstructure of the elenent ISl and the structure of the
term nal invertedThespeasegapreaes raagdothandnotlidwt idecrsequencessis
region are shown in Fig. 2. Based on the nucl eotide sequence information
obt ai ned, hamolugg &be ysites oficimadebiliode wergueseguexse @dr fassimd usi ng
commer ci al databases (e.g. GENE TYX- MAC/ CD1995), whereupon, in the

an autosequencer (product of LICOR model 4000L). The

nucleotlide segquence of IS1 is shown under SEQ ID NO:2

and the nucleotide sequence of IS1 under SEQ ID NO:1.

The characteristics of these IS1 and IS2 were
as follows:
(1) 1Is1
It had the nucleotide sequence shown under SEQ

ID NO:2 (total length: 299 bp), had inﬁerted repeat

sequences (32 bp), which were imperfect to each other,

in the 5' and 3' terminal 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 plants. 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



term nal inverted repeat sequences, 70-90% honology was found with the
gene sequence of MTE elenents belonging to the Stowaway fam |y (Bureau
and Wessler (1994)). It was thus confirnmed that said elenent is a
transposabl e el emrent belonging to the Stowaway famly (Fig. 5). (2) 1S2 It
had the nucl eoti de sequence shown under ,8EQ ID NO 1 (total length: 769
bp), had inverted repeat sequences (158 bp) , which were inperfect to each
other, in the 5 and 3" termnal regions, and had a target duplication
sequence, AAAAGAAAA., at the site of insertion into the genone serving as

the target g8gd.on HAWY OENowPEAI ¥Ay Of 2L he nucl eoti de sequence was made
but no honol ogy with known transposabl e elenents was detected. It was thus

found that it is BakledSOASTHUE RLVIEG tildd 146t yed IM Abrniadei ofil enent,
constituting a novel famly belonging to none of the so far known

t ransposabl gbelaci®et ,f ddhbodogy TAR alVes dlsl ot I Yhleleucdleasit slkUCt Ure) of
the 1S2 46 elenent is shown in Fig. 1 and the structure (nucleotide

sequence) ofeigrehéen wals i pearfefmedpans i ngefuenne fepaln ddtlablad e

insertion site region in Fig. 6. Exanple 2
(e.g. GENE TYX-MAC/CD1995), whereupon, in the
terminal inverted repeat sequences, 70-90% homology
was found with the gene sequence of MITE elements
belonging to the Stowaway family (Bureau and Wessler
(1994)). It was thus confirmed that said element is
a transposable element belonging to the Stowaway
family (Fig. 5).
(2) 1Is2

It had 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 intb the genome serving as the target gene.
Homology comparison of the nucleotide sequence 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



(1) doning of 1S1, 1S2", 1S12 and MJ3 (1) Coning of IS1 (Fig. 7) From
anong the plasm ds having a deletion DNA fragnment derived fromthe 3'
term nus of the gDCPAL3 pronoter region as prepared for nucleotide
sequence determnation in Exanple 1, a plasmd (gDCPAL3 |S1/SK) with
deletion to -1581 was selected, and a 3gl bp DNA fragnment was excised by
cleaving that plasmd with Kpnl, rendering blunt-ended using T4 DNA

pol ymerase and cleaving with Seal, followed by agarose gel

el ectrophoresis. This was subcloned in the plasm d pBluescript SK cl eaved

Wi th Hinall eaiRthehteal£LdsWowh LR Fll @smdan@r ehextseeuase dfem anong
Esoherichla coil colonies harboring a plurality of independent clones

obt ai ned by ( hfue 26 A Bélid @iehd e RIUF lies Mt RO biale 199AeL BT ridips aef were
determned for revealing the direction of each DNA fragment inserted. In
this way, asplgaséhdenirdigib® Andeoi rtle Fheerdiiséhlshict éigremdash edinon t he
Kpnl side of the nultiple cloning site of the pBluescript SK plasm d 47
was sel ect eBignd eaned | S1/SK. Further, the cauliflower nosaic virus 35S
pronoter (35S) fragnent obtained by cl eavage of pBlI 221 (C ontech Inc.)
with H ndi Exampll8&ned was recovered by agarose gel el ectrophoresis and

subol oned in the pBluesoript SR _
(1) Cloning of ISl, IS2, IS12 and MU3
{1i) Cloning of ISl (Fig. 7)

From among the plasmids having a deletion DNA
fragment derived from the 3' terminus of the gDCPAL3
promoter region as prepared for nucleotide sequence
determination in Example 1, a plasmid (gDCPAL3-
IS1/SK) with deletion to -1581 was selected, and a
321 bp DNA fragment was exclsed by cleaving that
plasmid with Kpnl, rendering blunt-énded 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 extracted £from among
Escherichia coll colonies harboring a plurality of
independent clones obtained by the above subcloning
and the nucleotide sequences thereof were determined
for revealing the direction of each DNA fragment
inserted. 1In this way, a plasmid with the 5' terminal

side of ISl being inserted on the KpnI side of the

multiple cloning site of the pBluescript SK plasmid



plasmd cleaved with H ndlil and Smal and treated wth C P, to give a

pl asm d naned 35S/ SK. From |1 S1/SK, the insert DNA fragnent was excised by
cleaving with Kpnl and Hindlll,followed by agarose gel electrophoresis,
and this was suboloned in the 355/ SK plasm d cleaved wth Kpn.l and
Hindlll and treated with CIP, to give I8&1-35S/ SK having the IS1 region in
the upstream region of the 35S pronoter region. (ii) Coning of I1S2 (Fig.
8) From anong t-he plasm ds having a deletion DNA fragnent derived fromthe
3" termnus of the gDCPAL3 pronoter region as prepared for nucl eotide
sequence dehe Né@dkictedNam@nphaecd ospl/axi d FeRGHe3,| FRéSK) showi ng
deletion to -389 was selected, and a 797 bp DNA fragnent was exci sed by
cl eavi ng t hghu Pl A3 Gwb Winkds KA vieades 58y phidmé terddd 58 ) ngragudibt

pol ymerase and cl eaving with Ddel, followed by agarose gel el ectrophoresis.
This was subsltatfieid) by helpladcagd pBl pp22pt (YR eheewdd Dhth Hwil thand
treated with CIP. Plasm ds were extracted fromanong 48 soli col onies
harboring agdlndEPiTt amd Sadependentrebones ©lt diynedighydde gledve
subol oni ng and the nucleotide sequences thereof were determ ned for
reveal i ng t bd edsteophores icacmn &NSubrehoneid iinsethedpB llwe sloirsi py SKa
plasmid with the 5° term nal side of
plasmid cleaved with HindIII and Smal and treated with
CIP, togive a plasmid named 355/5SK. From IS1/SK, the
insert DNA fragment was excised by cleaving with KpnI
and HindIII, followed by agarose gel electrophoresis,
and this was subocloned in the 35S/SK plasmid cleaved
with Kpnl and HipdIII and treated with CIP, to give
IS1-35S/SK having the ISl 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
polymerase and cleaving with DdeI, followed by
agarose gel electrophoresis. This was subcloned in

the plasmid pBluescript SK cleaved with HincII and

treated with CIP. Plasmids were extracted from among



| S2 being inserted on the Kpnl side of the nultiple cloning site of the
pBl uescript SK plasm d was selected and nanedl S2/ SK-1. One with the 3
termnal side of 1S2 being inserted on the Kpnl side, nanely in the
reverse direction, was selected and naned 1S2/SK-2 (reverse). |1S2/SK-i was
cl eaved with Kpnl and Hlndlil and the iggsert DNA fragnent was recovered by
agarose gel electrophoresis, and this was subaloned in the 35S/ SK plasmd
cleaved with Kpnl and Hindlil and treated with CIP, to give |S2-35S/ SK
having the 1S2 region (positive strand) in the upstreamregion of the 35S

pronoter regio8old icioléhiRisBarbdbihd laSpiuFFalandedcandeépengswduct)
(Fig. 9) The 1S2/SK-2 (reverse) obtained as descri bed above under (ii) was

cl eaved witdlbpds bdUiEindd Mynthandebows Ngubé I\ agl \aedathend t hen
cleaved with Hndlll, and the insert DNA fragnent was recovered by

agar ose gelntleacd ¢ bplde cseguehic 8 sWwashdPe ol cneeed wié bekuiinedermered

bl unt - ended using T4 DNA pol ynerase and then suboloned in the |S1-35S SK

pl asm d cl epestkhalihgHthle diaractieal odf @ablh ONR fraigmentei h8Seid1868/.SK

having the 1S1 region and 1S2 region in the upstreamregi on of the 35S

pronot er In this way, a plasmid with the 5' terminal side of
IS2 being inserted on the Kpnl side of the multiéle
cloning site of the pBluesocript 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/SK-2 (fgverse).

IS2/SK-1 was cleaved with KpnI and HindIITI and
the i1nsert DNA fragment was recovered by agarose gel
electrophoresis, and this was subcloned in the 3558/SK
plasmid cleaved with KpnI and HindIII and treated with
CIP, to give IS2-35S/SK having the IS2 region
(positive strand) in the upstream region of the 35S
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, rendered
blunt-ended using T4 DNA polymerase and then cleaved

with HindIII, and the insert DNA fragment was

recovered by agarose gel electrophoresis. This was



region in a tandem manner. (iv) Coning of MJ (Fig. 10) As for MJ3,
gDCPAL3-1S12/ SK was cleaved with K~ynl, then rendered bl unt-ended using T4
DNA pol ynerase and cleaved with Seal, and a 1 , 514 bp DNA fragnment was
recovered by agarose gel electrophoresis. This was suboloned in the

pBl uescript SK plasmd cleaved with Hngli and treated with CIP. Pl asm ds
were extracted froma plurality of S. ooli colonies harboring each

i ndependent clone as obtained by the above subcloning and the nucl eoti de
sequences thereof were determned to thereby check the direction of DNA
fragment ingteldwed wipilngd Iy leridersd bdrunbalendedeusfindST 4 r3NAL ed on

the K~vnl side of the nulticloning site of the pBluesoript SK plasm d was
sel ect ed angongeerisd SkndTchéensandib Ohbnfeagimanttheal Ssax<3567¢ 8§ cl eavi ng
MJ3/ SK with KDnl and Hndlll, followed by agarose gel el ectrophoresis.
This was sphasmed idléaeelbSHSENIBEnHE IA candd v éatiéphlwhnth CLRJ| i |
and treated with CIP, to give MJ3-35S5/SK 50 having the ISl region and | S2
regi on, viata @DZBAIIS 12ri3ERI/SEgilcaviaguetrite (461l bpplom amed THRtream
region of the 35S pronoter region. (2) Insertion of 1S1, 1S2, 1S12 and MJ3
into a planregjooe dxprtbei mpstcean (Fegidd)of the 35S promoter
region in a tandem manner.
(iv) Cloning of MU3 (Fig. 10)
As for MU3, gDCPAL3-IS12/SK was cleaved with
EKpnI, then rendered blunt-ended using T4 DNA
polymerase and cleaved with Scal, and a 1,514 bp DNA
fragment was recovered by agarose gel electrophoresis.
This was subcloned in the pBluescript SK plasmid
cleaved with HincII and treated with CIP. Plasmids
were extracted from a plurality of E. gcoli colonies
harboring each independent clone as obtained by the
above s.ubcloning and the nucleotide sequences thereof
were determined to thereby check the direction of DNA
fragment insertion. A plasmid with the 5' terminal
side 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 KpnI and HIindIIT,
followed by agarose gel electrophoresis. This was

subcloned in the 35S/SK plasmid cleaved with KpnI and

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



PABN-HM (Mta, S., Suzuki-Fujii, K and Nakamura, K. Sugar-inducible
expression of a gene for O -anylase in Arabidopsis thaliana. Plant
Physiol., 107: 895-904 (1995); gift fromDr. Kenzo Nakamura at Nagoya
Uni veristy) was cleaved with Hndlll to thereby excise the 0 -anyl ase
pronmoter (1. 7 kb) , which was renderedgbl unt-ended using T4 DNA

pol ynerase, then cleaved with Xbal, treated with CIP and then subjected
to agarose gel el ectrophoresis, whereby a 10 kbp DNA fragment containing
the Ti plasmid region as well as the kananycin resistance gene [nos

pronot er/ colaRAiggitde of snearygibn pwaph®z apeigrese Migeae (nptll)/nos
termnator], the coding region (GQJS)/nos term nator of the 13-

gl uour oni dagp oFeAr 3 -A@¥lri e dye gowal Nseqieaiascqd 4 gENbP)35Sin the
pronot er/ codi ng region (HPT) of hygromycin phosphotransferase gene/ nos
t er m nat or | up&t r €amatmssigionn ¢fi £heas3 Ssba vomo te B5Belgiasment obt ai ned
from 35S/ SK by cleavage with H3ndl |1, rendering blunt- ended using T4 DNA
pol ynerase @29 clrmsexdivhhoEbElS1 5HS20 812 rarod NWAB3EStolld plant
cleaved with Xhol and Xbal and treated wth CIP and then a vector was
prepared bygemid i agprdéstilom 39&chAr f (Rdgent LY agar ose gel
el ectrophoresis. Separately, the |S1-35S/ SK, | S2-
pABN-Hml (Mita, S., Suzuki-Fujii, K. and
Nakamura, K. Sugar-inducible expression of a gene for
B -amylase in Arabidopsis thaliana. Plant Physiol.,
107: 895-904 (1995); gift from Dr. Kenzo Nakamura at
Nagoya Univeristy) was cleaved with HipdIII to
thereby excise the 8 -amylase promoter (1.7 kb), which
was rendered blunt-ended using T4 DNA polymerase,
then cleaved with XpbalI, 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
promoter/coding region of neomycin
phosphotransferase II gene (nptiIiI)/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
phosphotransferase gene/nos terminator] was isolated.
In this was subcloned a 355 fragment obtained from

35S/SK by cleavage with HipdiITI, rendering blunt-

ended using T4 DNA polymerase and cleaving with Xbal.



35S/ SK, 1S12-35S/ SK and MJ3-35S/ SK prepared as nentioned above were each
cleaved with Xhol and Xbal and DNA fragnents for insertion (transgene
expression cassettes) were recovered by agarose gel electrophoresis. Such
DNA fragments were ligated to the vector nentioned above and used to
transform oo | DH5a. LB agar nedium congsaining 25 /1g/L of kananycin (1%
Bact o- Trypton, 0.5% yeast extract, 1% sodiumchloride, 1.5% agar powder
for bacterial culture nedia) was sowed with each of the sol

transformants obtai ned, and plasm ds were extracted fromthe col onies

obt ai ned bytphesdmsitdddasSpabIBd. extraction nmethod and the restriction
enzynme maps of the plasm ds obtai ned were checked, whereby the fornmation

of the construct sTRLSL DS B3 e @! w2 th3 i SB3akd XL -3h8 Aeht:aad
pMJ3- 35S/ AB35S, nanely the constructs with the above transgene expression

cassettes reipactcy® YandseHes hetweetort heapplde pepe d asposutht £nfgor
kananycin resistance and the GJS gene, which is a structural gene, was 52
confirmed aeffhovtiei 135$ gDNRAL. £ Ay wUubiy cagatrcapgieant cel | s of
Agrobacterium tunefaciens A YEP solid nedium (prepared by addi ng powdered
agar for baeleectroplidtesinedi aStpafd’tend ,unthe IS1-35S/SK, IS2-
358S/SK, IS12-35S/SK and MU3-35S/SK prepared as
mentioned above were each cleaved with Xhol and Xbal
and DNA fragments for insertion (transgene expression
cassettes) were recovered by agarose gel
electrophoresis. Such DNA fragments were ligated t§
the vector mentioned above and used to transform E.
coli DH5aG . LB agar medium containing 25 UL g/L of
kanamycin (1% Bacto-Trypton, 0.5% yeast extract, 1%
sodium ch;oride, 1.5% agar powder for bacterial
culture media) was sowed with each of the E. colil
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 pIS1-35S/AB35S, pIS2-
355/AB35S, pISl2-35S/AB35S and pMU3-35S/AB35S,
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 géne, was



conprising 1% yeast extract, 1% Bactoheptone and 0.5% sodiumchloride to a
concentration of 1.5% followed by solidification by autoclaving;

herei nafter the same shall apply) was sneared with a | oopful of cells
taken froma glycerol stock of A tunefac3ens EHA 101 and the cells were
cultured at 280C in the dark for 2 dayss Gown single colonies of A
tunefaci ens were each collected with a toothpick and sowed in 1.5 m  of
YEP nmedi um and shake-cul tured overnight at 28C. 80 ml of YEP nedi um was
placed in a 500-nl flask, 0.8 m of the A tunefaciens culture fluid was

added, and cgh#Fermnbld e Whowe' ey nefigat 128, C until COD600 = 0. 4. This
was cooled with ice, transferred to a centrifuge tube ice-cooled in

advance, angsgentpzédgect fénb6o@0Gompeitain¥d &eflldls 2o fi
supernat ant was renoved, and 20 m of 10% gl ycerol was added to suspend

the sedi nepumelfasimeedure was repeated three tines, and the nmedi um was
conpletely renoved to give conpetent cells of A tumefaciens. For

stocking, the ceAlsEPes®d kidpesddchn n{goephldeal bFOtddiingrpbwaer&d the
suspensi on was distributed in 40- /L 1 portions into. tubes, followed by

rapid freezagaz nfbrquedceédrialr eganturé) nediaduod | ¥EPOTmeldam d DNAs

into A tunefaciens The constructs obtained as descri bed above under
comprising 1% yeast extract, 1% Bactoheptone and 0.5%
sodium chloride to a concentration of 1.5%, followed
'by solidification by autoclaving;.hereinafter the
same shall apply) was smeared with a loopful of cells
taken from a glycerol stock of A. tumefaciens EHA 101
and the cells were cultured at 28°C in the dark for
2 days. Grown single colonies of A. tumefaciens were
each collected with a toothplick 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. tumefaciensg culture fluid was added, and
shake culture was performed at 28°C until OD,,, = 0.4.
This was cooled with ice, transferred to 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 three 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



(2) (plasm ds plSl-35S/ AB35S, pl S2-35S/ AB35S, pl S12-35S/ AB35S and

pMJ3- 35S/ AB35S) were each introduced into the conpetent cells of A
tumefaci ens by el ectoporation (using Shinmadzu GIE-10). Specifically,
about 100 ng each of the plasm ds prepared as descri bed above under (2),
namely plSl-35S/ AB35S (1S1), plS2-35S/ AR35S (1S2), plS12-35S/ AB35S (I1S12)
and pMJ3- 35S/ AB35S (MJ3), and the plasm d pAB35S (35S) to serve as a
control with no insertion of the tanscriptional activation elenent(s)
(ISl and/or 1S2) was adm xed with 40 IL 1 of conpetent cells prepared as

descri bed appéCswdifénslidn wale asbribitéa ves oL pifpéred d¥santo.
el eotroporation cell. Electric pulses (1.2 kV, 35 ALL F, 550 0 ) were

given, and tuble®f ¥R Dediedn bRsS rapi@difated yiadgdetin arddyaacdlead i on was

performed at 28 C for 1 hour. About 50 ILL 1 was taken and YEP solid

medi um contaltirnggé@d .A g/ L of hygronmycin was sneared therewith, and

I ncubation was perforned in the dark at 28 C for 2 days. A nonocol ony that

had grown w4 )54 Imyziodwptdac loif)ptllaswidr DNAG Havt @ t itnmmeff a¥FDeasl | d

medi um cont ai ning 50 11g/L of hygronycin using a platinum]loop and

i ncubated at 28 CTher cahsiboustsiolpbaineni efs deld aribed ablosne amidplrant ed

in 5mM of YEP nediumcontaining 50 1Lg/L of hygronycin and
(2) (plasmids pIS1-35S/AB35S, pISZ-35S/AB3SS,
pIS12-355/AB35S and pMU3-35S/AB35S) were each
introduced into the competent cells of A. tumefaciens
by electoporation (using Shimadzu GTE-10).
Specifically, about 100 ng each of the plasmids
prepared as described above under (2), namely
pIS1-35S/AB35S (IsSl), p1IsS2-35S/AB35S (Is2),
pIS12-35S/AB35S (IS12) and pMU3-35S/AB35S (MU3), and
the plasmid pAB35S (358S) to serve as a control with
no insertion of the tanscriptional activation
element(s) (IS1 and/or IS2) was admixed with 40 U 1
of competent cells prepared as described above under
(3)., and each mixture was transferred to an
electroporation cell. Electric pulses (1.2 kV, 35 &
F, 550 Q) were given, and 1 ml of YEP medium was
immediately added, and incubation was performed at

28°C for 1 hour. About 50 U 1 was taken and YEP solid

medium containing 50 £ 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



shake-cul tured overnight at 28C. Exanple 3 (1) Introduction of
transcriptional activation elenent-containing constructs into tobacco
cultured cells Using A . tunefaciens with the construct prepared in
Exanpl e 2, nanely pl SI-35S/ AB35S (1 S1), plS2- 35S/ AB35S (I1S2) or

pl S12- 35S/ AB35S (1 S12), introduced thersg n (hereinafter referred to as
"transformant A. tunefaciens"), the constructs IS1, [1S2 and |IS12 were
respectively introduced into tobacco cultured cells. In a control run. A
tumefaci ens with pAB35S (35S) introduced therein was used and the sane

procedur e vagafidl lsp¥réadFlightlpcovbevanbotdist @ontioh ofiVERGENsd
cultured in 5 mM of YEP liquid nediumwas transferred to a 50-nml

centrifuge heda widoeatalhugas 50 4 GO0 6EMHPgrdhys DOt esidhea
supernat ant was di scarded, 25 m of Linsmaier & Skoog medi um (Li nsnai er,
E. M and phiadgintm 1ldypsiahd Boonbated St 1982 L2 E(d9%58) hodirs. A
hereinafter referred to as "Line nediunm) was added to the sedinent and,
after resuspemxdiihgn odentelfllgmavere akear ramd puitampeidn g S5, nDOoEpm and
at roomtenperature for 10 m nutes, and the supernatant was di scarded.
This proced¥E® waédium containing 50 (4 g/L of hygromycin and
shake-cultured overnight at 28°C.
Example 3
(1) Introduction of transcriptional activation
element-containing constructs into tobacco cultured
cells
Using A. tumefaciens with the construct prepared
in Example 2, namely pIS1-35S/AB35S (ISl), pISz2-
35S/AB35S (IS2) or pISl12-35S/AB35S (IS12),
introduced therein (hereilnafter referred to as
"transformant A. tumefaciens"), the constructs IS1,
IS2 and IS12 were respectively introduced into
tobacco cultured cells. In a control run, A.
tumefaciens 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 centrifuged 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):



repeated four tinmes. Cells of A tunefaciens were harvested, Lins nedium
was added for suspending in an anount to give 0OD600 = 0. 2, acetosyringone
was added thereto to a concentration of 10 LL g/m, followed by
resuspendi ng. Saparately, cultured tobacco cells BY-2 (gift fromDr.

Toshi yuki Nagata at University of Tokyo)sg o be used for introduction of
each construct were cultured beforehand in 45 m of Lins medi um contai ning
2, 4-di chl orophenoxyacetic acid (2,4-D), 1 m of the cell-containing
suspension culture fluid was transferred to a fresh portion of Lino nmedium

at  one-weekeidd £h ¥t r ARd et Sat k) " ERLY Gfedam PORAist A Ged OW h
phase after the | apse of about 100 hours followi ng transfer were used. A

sterile 90-gy did Wwadsmead Vahh ,salftbebacesusplianag cells BY-2 (4 ),
and 100 Al of cells of transformant & tunefaciens washed by the above

procedure Vgen tEed gt LonwasPidriled okAE@ya Ll atr 8¢ 0ard |SpmAdhar
slight blending, co-culture 56 was carried out in the dark at 22C for 3

days. Then, at2 ol Hdmp et wieWwaondded htnutes cubnd egheel | fluid for
suspendi ng, the suspension was transferred to a 50-nl centrifuge tube and
centrifugedsalpelrf@® aptn wa's ldisdrdedand Wieis procedure was
repeated four times. Cells of A. tumefaciens were
harvested, Lins medium was added for suspending in
an amount to give ODy,, = 0.2, acetosyringone was added
thereto to a concentration of 10 (Lt g/ml, followed by
resuspending.

Saparately, cultured tobacco cells BY-2 (gift
from Dr. Toshiyuki Nagata at University of Tokyo) to
be used for introduction of each construct were
cultured beforehand in 45 m1 of Lins medium containing
2,4-dichlorophenoxyacetic acid (2,4-D), 1 ml of the
cell-containing suspension culture fluld 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 sterile 90-mm dish was sowed with said tobacco
cultured cells BY-2 (4 ml), and 100 U1 of cells of
transformant A. tumefaciens washed by the above
procedure were added uniformly onto the tobacco

cultured cells. After slight blending, co-culture



supernat ant was di scarded. This procedure was repeated four tinmes. Then,
12 m of Lins nmedium containing 250 ALL g/m of claforan was added and t he
same procedure as nentioned above was once nore repeated. After discarding
t he supernatant, about 25 m of Lins nmedium was added to the sedinent
cells to thereby suspend them and the gells in 0.25 /L | of the nedium
were counted using a henocytoneter. The cells were uniformy sowed onto
portions of Lins solid selection nediumcontaining 100 JL g/m or 300 JCL
g/m of kananycin (further containing 250 J.Lg/m of claforan) so that

the nunber QhsCeddSrlA¥d Pbaite 1RMRWY edak®k ¥ 2@5.c6£6rl0d, a8ys 105 10 X
105 or 15 x 105. They were cultured in the dark at 28 C. After one nonth

of culture, the nuglaqr, oi 2t MANSEENIIALn § Uidd £dmt B€ CA A & S tlot remef or mant
calli) formed on each plate and the formation rate or yield were

determ ned. gihadped e LNUF 10D di AL agasPONAiny , Tehlke sudpénd fonl2. 57
Table 1 Nunber of transformant calla fornmed fromcultured tobacco cells

BY-2 in kangakcCitraariféhired Medi amsedmiatee pt riifwgel ubet adad | us
formati on Kananycin 100 Ji g/m Nunber of 4 6 8 10

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 U4 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 U 1 of
the medium were counted using a hemocytometer. The
cells were uniformly sowed onto portions of Lins solid
selection medium containing 100 #£ g/ml or 300 4L g/ml
of kanamycin (further containing 250 Z£ 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 yield were
determined. The results thus obtained are shown in

Table 1 and Fig. 12.



cel I's (x 105) 1Sl 410 204 433 99110
72113 8414 137112 (0.25) (1.20) (1.05) (1.37)

(0.59) (0.83)
0 310 103 2015 (0.00) (0.05) (0.13) (0.550)
(0.07) (0.45) (0.72) 1S12 211 1511 4112 895
35S 0 0 32 37116
calla formed Lower:
that 58 inpgplikon of the construct 1S2 or
cells incrﬁgses the yield of transform

(0.10) (0.33) (0.54) (0.99)

| S2 1017

1512 1613 7016 12416 22014
(0.40) (1.67) (1.55) (2.20) 35S 312 4018 4712 8313

Kananmycin 300 ALL g/m Nunber of 4 6 8 10

(Control) (0.08) (0.67)
cells (x 105)

1S2 0 412 364 72111 (0. 00)
(0.05) (0.25) (0.51) (O0.89)

(Control) (0.00) (0.00) (0.04) (0.37)
Yield (x 10-2 %9 Fromthe above results,

Upper: Nunber of
it was found
| S12 into tobacco cultured

nt
umber of 'transformant calli formed from cultured tobacco

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 40 - 20%4 43+3 99+10
(0.10) (0.33) (0.54) (0.99)
IS2 10x7 72%13 8414 13712
(0.25) (1.20) {1.05) (1.37)
ISlz2 163 706 12416 220x4
(0.40) (1.67) (1.55) (2.20)
358 31+2 4018 472 83113
{Control) (0.08) (0.67) (0.59) (0.83)
Kanamycin 300 [ g/ml
Number of 4 6 8 10
cells (x 10F%)
Is1 o 30 103 20£5
(0.00) (0.05) (0.13) (0.20)
Is2 0 412 364 7211
(0.00) (0.07) (0.45) (0.72)
IS12 2+1 151 41+2 895
(0.05) (0.25) (0.51) (0.89)
358 0 0 3+2 3716
{Control) (0.00) (0.00) (0.04) (0.37)
Upper: Number of calli formed
Lower: Yield (x 1072 %)

From the above results,

it was found that

| S1 .



calli in kananycin-containing mediumand that the yield is higher than the
yield of transformant calluses fromcultured tobacco cells (35S) w thout

i nsertion of such elenment. Specifically, the yield of transformant call
(transgenic cultured tobacco cells) with the construct 1S2 or |S12

i ntroduced therein was 1.6 to 2.6 tinesgghigher as conpared with the
control (35S) without introduction of such elenent. Particularly when the
kanamycin concentration in mediumwas 300 ILg/m, it was observed that, by
i ntroducing the construct 1S2 or 1S12, the yield of transformant calli is

i ncreased t9nsd®X¥ebnlbti Fhe cUnseraidE ghS2 % COSN2r dh ¥bt Bobceent r ol
(35S). This suggests that insertion of the construct 1S2 or |S12 result

in an increga@tdred cdlispriascéreasds the ypelldert taswsEiodntaher
kananmycin resistance and occurring in the vicinity or marginal region of

sai d constreailli2inCG¥anamys iy -soastatadiig | Meldiomal andnthatobbheo cail i

Based on the above results, the expression of the GJS gene, which is a

reporter, wpiedh®ched hisghgroOthalie tHbevg iE Fd 2035 F ABAEE ¢t as t he

construct, to thereby check whether the above inserted construct
calluses from cultured tobacco cells (35S) without
insertion of such element. Specifically, the yield
of transformant calli (transgenic cultured tobacco
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 L g/ml, it was observed that, by
introducing the construct IS2 or IS12, the yield 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
sald construct.

(2) GUS activity measurement in transformant
tobacco calli

Based on the above results, the expression of

the GUS gene, which is a reporter, was checked using



can increase the expression of the structural gene. The expression of the
@US gene was exam ned by . first randomy sel ecting i ndependent calla from
anong a plurality of transformant tobacco calls, extracting nuclear DNA
fromeach callus and, after confirmng the gene introduction by Southern
anal ysis, extracting proteins fromthe ol lus and neasuring the GUS
activity. Specifically, 0.75 g of the transforned tobacco callus was taken
and proteins were extracted using GQUS-Light (Tropix, Inc.). The protein
concentration was determi ned using Bio-Rad's protein assay kit and then,
usi ng GUS-Ltakt {060 XISand 3$s/ABG NSNEIS12nais LEAGS ddesttalucdapan),
the G@US activity was neasured for 5 seconds. The results thus obtained
are shown itoFtherisdylshelok Whpther the 69wvetinseyw t{odd oasd)rusetshown
in terms of |um nescence value per unit weight of protein as calcul ated
by di vi di ngotane inereasenthev axeresistizomed £f the tderuent wpadt gyedy .t he
protein weight. As is evident fromFig. 13, the transformant tobacco call
resulting frominthet iexpoestshiconcodistthetGUS1Yeahevwwd s axaninedaby,
about 2.6 tines higher GUS activity as conpared with the control 60
resulting fEFdmsthgandomly s& keekiing dadpeBend¢BEalliFfaom songt was
found that the expression of the
a plurality of transformant tobacco calli, extracting
nuclear DNA from each callus and, after confirming
the gene introduction by Southern analysis,
extracting proteins from the callus and measuring the
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 LLB905 (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 protein weight.
As is evident from Fig. 13, the transformant
tobacco calli resulting from insertion of the

construct IS12 showed, on an average, about 2.6 times

higher GUS activity as compared with the control



GQUS gene is significantly increased by insertion of the construct |S12.
This indicates that each elenent (1S1 elenent, 1S2 elenent, and a coupling
product therefrom(e.g. 1S12 elenent)) contained in the above constructs
is a transcriptional activation element. Exanple 4 Introduction of a
transcriptional activation elenent-contg ning construct into a tobacco

pl ant (leaf disk nethod) Using A tunmefaciens with the construct prepared
in Exanpl e 2, nanely pl S1-35S/ AB35S (1S1), plS2- 35S/ AB35S (IS2) or '

pl S12- 35S/ AB35S (1 S12), introduced therein (hereinafter referred to as

"transfor nepk eyl £ YRl A¢oaNinset B oTOBE &Uehifen Bl £ rd & EBI5ISS{3 58y ©
respectively introduced into tobacco |eaves by the leaf disk nethod. In a

control ruprom €HEW ,aci€nwad tHolulal CORnaly Uchel leatp PABIION (3ES)the
i ntroduced therein was used and the sanme procedure was foll owed.

Speci fi cal | guseagdn éohac el ¢ OREY)c af8ll wan c redy e@dbiyn im € &%otygwcifor ous
acid solution, air bubbles were renoved-using a nedici ne spoon over 2
m nutes W tbhgerdbastduestngswy2oeans of a stirrer, 61 the solution was
renewed and the sane procedure was repeated for further 5 m nutes. The
| eaf was taken This indicates that each element (IS1 element,
IS2 element, and a coupling product therefrom (e.g.
IS12 element)) contained in the above constructs is
a transcriptional activation element.
Example 4 Introduction of a transcriptional
activation element~containing construct into a
tobacco plant (leaf disk method)

Using A. tumefaciens with the construct prepared
in Example 2, namely pIS1-358S/AB35S (ISl). pIS2-
358S/AB35S (IS2) or pIsSl1l2-35S/AB35S (ISl2),
introducgd therein (hereinafter referred to as
"transformant A. tumefaciens"). the constructs IS1,
IS2 and IS12 were respectively introduced into
tobacco leaves by the leaf disk method. In a control
run, A. tumefaciens with the construct-free pAB35S
(35S) 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,



out and imrersed in sterilized water, followed by gentle stirring. Wile
repl aci ng the hypochl orous acid solution with a fresh portion, the sane
procedure was repeated three tinmes in all. After renoving the nvoisture
using a sterilized paper towel, the leaf was punched with a cork borer to
give a leaf disk (the vein being renovgg). This was imersed in 10 m of
sterilized water. The thus-prepared | eaf disk was immersed in the
above-nentioned transformant A.  tumefaciens cultured in 5 m of YEP nedium
(adjusted to OD600 = 0.25 with sterilized water). Then, the bacterial

suspensi on gRG ldeLhedfonli GhsWiené@ed rid €HR! idmenprccetiad iwad paper
towel and the noisture was renoved with another sterilized paper towel.

The | eaf wapeplerttdd ifwt dfuaitthe pn5Vmiimd €elsi.on Twedlea Prepar achbgn
suppl enenting M5 nmedi um (Murashige, T. and Skoog, F.; Physiol. Plantarum
JA, 473-497ouftlo%rd) imméréeduih acté piyiizgd@neadter(. 26 Dkbsed gbgn and
cultured in the dark at 25 C for 2 days. Then, each |eaf disk was deprived
of bacteri ageactile istibeinmpnnewhadfl enipepd acihgVie f hgpenéhatomemasedi um
(M5 nedium suppl enented with 0.1 ng/L a - naphthal eneacetic acid, 1 ng/L
benzyl adeni aeid s® bBat Loy k ikidn anfceiesh 300 td/on |t € rsamenplr6.c2dd gelean
gum) ., then placed, inside out, on another portion of M
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 ODg,, = 0.25 with sterilized water). Then, the
bacterial 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.; Physiol. 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 cells in the
manner of wiping with MS differentiation medium (MS
medium supplemented with 0.1 mg/L @ -

naphthaleneacetic acid, 1 mg/L benzyladenine, 150



differentiation nmediumand cultured at 25C. The nediumwas replaced with a
fresh portion of M5 differentiation nmediumat two-week intervals and,
~after the | apse of one nonth, regenerated shoots were counted. The results
t hus obtained are shown in Table 2. Table 2 Conparison in nunber of
regener at ed shoots on tobacco | eaf diskg Nunber of 35S 1S1 IS2 | S12
shoots per disk 0 73 49 56 50 1. 26 21 20 23 2 13 17 11 14 3 10 14 8 5
43698 52121 61332 70125 81003 9000110002
11 0001 120001 130000 14000 2

mg/L kanamycin, 500 mg/L claforan and 0.2% gelan gum),

1

then placed, inside out, on another portion of MS
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 leat

disks

Number of 358 ISl ISs2 IS1l2

shoots per disk
0 73 49 56 50
1 26 21 20 23
2 13 17 11 14
3 10 14 8 5
4 3 6 9 8
5 2 1 2 1
6 1 3 3 2
7 0 1 2 5
8 1 0 0 3
9 0 0 0 1
10 0 0 2 1
11 0 0 0 1
12 0 0 0 1
13 0 0 0 0
14 0 0 0 2

Total number of 129 112 113 117

disks

Total number of 118 151 l64 244

shoots

Average number 0.91 1.35 1.45 2.09

of shoots per

disk




Total nunber of 129 112 113 117 disks Total nunmber of 118 151 164 244
shoots Average nunber 0.91 1.35 1.45 2.09 of shoots per disk 63 As is
evident fromthe above results, the shoot regeneration efficiency was about
1.4 times when the tobacco plant contained the construct 1S1 or 1S2 as
conpared with the elenent-free control (¢35S) and, in particular when it
contained both I1S1 and IS2 in a tandem manner (1S12), about tw ce as nany
shoots were obtained as conpared with the control. Fromthis, it is
evident that the elenents of the present invention (ISl elenent, |S2

el enent and coumsngsplreddident Exeinnethd hebokreobd s ®1t ondthlee sh&ek) can
i ncrease the activity of the kananycin gene (ntpll gene) occurring in the

vicinity orreagtetefh tricgh oaf @fi sbé Acycwanedsout tLhet ttobaesowhemtthéhi s

result supports the judgnent drawn in Exanple 3 that the elenents of the

present invesbaxrcar llambscoiniabnald arthié vabnEtracdnss. obkxaR2 cas

I ntroduction of transcriptional activation elenent-containing constructs

into carrotcompared with the element-free control (358) and, in
particular when it contained both ISl 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
(ISl element, IS2 element and coupling products
obtained therefrom (IS12 and the like)) can increase
the activity of the kanamycin gene (ntpIIl 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.
Example 5 Introduction of tramnscriptional
activation element-containing constructs into carrot
somatic embryos

Using A. tumefaciensg with the construct prepared

in Example 2, namely pIS1-35S/AB35S (ISl), pIS2-
355/AB355 (IsSs2), pISl2-35S/AB35S (IS12) or pMU3-
35S/AB35S (MU3), introduced therein (hereinafter
referred to as "transformant A. tumefaciens"), the

constructs IS1, IS2, IS12 and MU3 were respectively



somatic embryos Using A tunefacfens with the construct prepared in
Exanpl e 2, nanely pl S1-35S/ AB35S (1 S1), pl S2- 35S/ AB35S (1 S2),
pl S12- 35S/ AB35S (1 S12) or pMJ3- 35S/ AB35S (MJ3), introduced therein
(hereinafter referred to as "transformant A. tunefaciens"), the
constructs 1S1, 1S2, 1S12 and MJ3 were r@aspectively 64 introduced into
carrot somatic enbryos. In a control run, A tunefaclens with the
construct-free pAB35S (35S) introduced therein was used and the sane
procedure was followed. Specifically, first, carrot hypocotyls germ nated
under the siatidodedecbiditto @aneod somatbcaehbagtdis of Ilmoat céndnrolhen
pl aced in M5 nedium containing 4.5 x 10"6 M 2,4-D (2, 4-
di ohl or ophenony,ackt i e fig caein suktiiledthe thend&maoctorf rkele hpdB3 58hen
placed in 2,4-D-free M5 mediumand cultured in the dark for 3 days. The
medi um was (B&E hcitdtwaoduaefd cthepminowamdaseld iamdi dhewasamseerforned in
the same manner for 7 days to initiate carrot somatic enbryos on the
hypocot yl s. pSopeedusley wascfilalkewefd  he above transformant A. tunefaciens
cultured in 5 mM of YEP nediumwas centrifuged at 3,000 rpmfor 10
m nutes, the sup8pextiflcndsly endatstand®aboet JwnpbostwEsnedi um
germinated under the sterilized condition were cut
to a length of about 1 cm, 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 fresh 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. tumefaciens 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
repeatéd twice and the YEP medium was completely
removed. Then, centrifugation was carried out at
3,000 rpm for 10 minutes, the supernatant was removed,
and MS medium containing 10 mg/L of acetosyringone

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

= about 0.3.



was added to suspend the cells. This procedure was repeated twi ce and the
YEP nmedi um was conpletely renoved. Then, centrifugation was carried out at
3,000 rpmfor 10 m nutes, the supernatant was renoved, and M5 nedi um
containing 10 ng/L of acetosyringone was added to the sedinment to thereby
adj ust to OD600 about 0.3. 65 To this ¢gere added the above carrot
hypocotyls collected using a net, and the m xture was shaken gently for 5
m nut es. The hypocotyls were deprived of the noisture by wiping with a
sterilized paper towel and imersed in M5 nmedium containing 10 ng/L of

acetosyringone apd aHiy @éréd alALHErkna!l alWével Yarrdaynypgbedevypesotyls
were deprived of the noisture by wwping wwth a sterilized paper towel and

i Mmersed i ncbB 1edted cosiaigliagned), lagdl e mddednre lwas anhneahed

wi th the nmedium by shaking gently. After renoving the noisture in the sane
manner, thegyw¥ret foxr VEEreifutds ed TheVihwhoo oyl 8Mwe(if®ndaipd ged 8%
agar) containing 500 /1 g/L of <carbenicillin and 100 11 g/L of kananycin
in the darkof Afher mbistard oyt hd,p tygoaaityhs at et elbdd enell papemer at ed

a callus were counted. The results thus obtained are shown in Table 3.

Tabl e 3 towel 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 tqwel and
immersed in MS medium containing 500 4 g/L of
carbenicillin and washed with the medium by shaking
gently. After removing the moisture in the same
manner, the hypocotyls were cultured in MS agar medium
(containing 0.8% agar) containing 500 # g/L of
carbenicillin 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

358 ISl ISs2 IS12 MU3

+ 2,4-D | Number of callus-re- 5 6 10 9 8

generating hypocotyls '

Total number of 78 56 60 61 63

hypocotyls

Percent regeneration(g) 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




Conparison in nunber of callus-regenerating hypocotyls 35S 1S1 IS2 |S12
MJ3 + 2,4-D Nunber of callus-re- 5 6 10 9 8 generating hypocotyls Tot al
nunber of 78 56 60 61 63 hypocotyls Percent regeneration(% 6.4 11 17 15
13 2,4-D Nunber of callus-re- 3 9 12 6 4 generating hypocotyls Total
nunber of 77 62 62 64 58 hypocotyls Perggent regeneration (t) 3.9 13 199
9.4 6.9 66 As is evident fromTable 3, with carrot somatic enbryos as
well, like the case of tobacco calli, the regeneration efficiency was
found i nproved upon insertion of the construct IS1l, 1S2, 1S12 and MJ3

under the dediffeagniisaldvwinabngs @ dmoPadilld NS WithCedrkbigsiohatic
2,4-D-containing nedium (+ 2,4-D) as well as under the differentiational

growt h condeibaposOhsCwdULi,NYikKe ZKeDohlsre s It UMalccd. dalli Thehe
greatest inprovenent in regeneration efficiency was observed in the case

of the consteydnéPaticar edE ichenty ewad Ntoatdtinp rafvédangtdnpt i onal

activation elenent-containing constructs into rice Using A tunefaciens

with the cofalgatetiprepéfedhe construct IS1l, IS2, 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-free mediﬁm (- 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 pIS1-35S/AB35S (ISl1l) or
pPIS2-355/AB35S (IS2), introduced therein
(hereinafter referred to as "transformant A.
tumefaciens”")., the constructs IS1 and IS2 were
respectively introduced into rice seeds. In a
control run, A. tumefaciens with the element-free
PAB35S (35S) introduced therein was used and the same
procedure was followed.
Speclfically, from among fully ripened 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



in Exanpl e 2, nanely pl Sl -35S/ AB35S (1S1) or pl S2-35S/ AB35S (I S2),

I ntroduced therein (hereinafter referred to as "transformant A
tumefacfens”), the constructs ISl and 1S2 were respectively introduced
into rice seeds. In a control run, A _tunefaciens with the elenent-free
PAB35S (35S) introduced therein was usegqand the same procedure was

foll owed. Specifically, fromanong fully ripened rice seeds (N honbare),
those normal in shape and color, anobng others, were first selected and
dehulled by lightly rubbing in a nortar. Dehulled seeds were 67 placed in

a 50-nl Fal geadéddedn’ 2459Q% UNFadWehiktid & vas fddedi@nd the mxture
was shaken at 100-120 rpmfor 20 m nutes. Then, the supernatant was

di scarded, Ay@®déhietieéciwaiSaddda, and ttie Wrthee\dfashamaikeant!y.
After three repetitions of this procedure, the seeds were placed on callus

i nducti on nmadi ameant20Urpw b 20 htLwatlesal 2PRenif tile EdpPetniEkit anong
calli fornmed from scutella and having grow ng yell owed shoots, only those

having a di gaei edisloakr ded) afttle raakd @dl wet e fCaild£r added 2 gn@ Pthk
several were placed on fresh <callus induction nediumand cultured in the
dark at 28fi@=tiiré @ays.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 yvyellowed 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.
Separately, the above transformant A.
tumefaciens was planted in YEP solid 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 AAT medium (Toriyama, K. and Hirata, K.:
Plant Science 41, 179-183 (1985)) supplemented with
acetosyringone, and the 0D,,, was adjusted to 0.18 to
0.2. They were shake-cultured in the dark at 25°C for
1 hour.
The rice calll cultured in the above manner were

placed in a sterilized tea strainer, and the above

cultured A. tumefaciens in the form of a suspension



Separately, the above transformant A. tunefaciens was planted in YEP solid
mediumand cultured in the dark at 28 C for 3 days. Cells of A
tumef aci ens were scratched off with a medici ne spoon and added to AAI

medi um (Toriyama, K and Hirata, K ; Plant Science 41., 179-183 (1985))
suppl enmented with acetosyringone, and tggp OD600 was adjusted to 0.18 to

0. 2. They were shake-cultured in the dark at 250 C for 1 hour. The rice
calli cultured in the above manner were placed in a sterilized tea
strainer, and the above cultured A tunefaciens in the formof a

suspensi on ¢&s WFdedded THd e éfas tiradiner was shaieenf 06 x33MnilH€Eeswi th
occasi onal rocking for securing imrersion of the whole caili, then the tea

strai ner angitdie occ®dhedich aer 6 ckdged s rd ecad inig alpapars tonebf Bhe t he
excessive bacterial culture fluid was renoved. The calla were placed on
co-culture whdtilen ead Ici t theth thethealaskratinkd 40d THaysonfthents
co-oultured calli were then collected in a tea strainer, imersed in

sterilized wairs togmptkseniEbtawveidh dH0anypapelr ddexbeldan,ahlle Hie@ sStrai ner
was shaken to wash away A. tunefaciens, the tea strainer and the contents
were then tegidesivd dtadteribalt eniltued Fdpeidt vas remdvieik. warbe was
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
placed 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 selected callus
was taken and placed in a GUS staining solution (0.75
mM X-Gulc (5-bromo-4-chloro-3-indolyl-f -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



renoved. The sanme procedure was repeated four times in all. The calli were
pl aced on selection nmediumand cultured in the dark at 28C. Three to four
weeks later, calls were randomy selected fromanong a |arge nunber of
oalli, a portion of each selected callus was taken and placed in a GUS
staining solution (0.75 nmM X-CGulc (5-brgygm-4-chloro-3-indolyl-13-D

gl ucuronic acid), 0.5 nM potassiumferricyanide, 0.5 M potassi um
ferrocyanide, 0.3% Triton X-100, 20% nethanol, 50 mM phosphate buffer (pH
7.0)), and the reaction was allowed to proceed overnight at 37 C for
detecti ng Gthuwt shiowingheusi hot istbtged ol aetargh $§enidwis show ng GUS
activity is a transgenio, transforned rice callus. The results thus

obtai ned ateaxd@fdrimedablieet.cdbhue 4 Felsal resafltscehons | obtssmaidng for
GUS 35S 1S1 1S2 Calluses stained 27 38 44 Total nunmber of calluses 275
244 228 Pearentspewaf inamsdWwlendi. calluses (%9 9.8 15.6 19.3 As is
evident fromthe results shown in Table 4, the transformation efficiency
was found increased by introduction of the constructs IS1 and |1S2 to about

1.5 times and about 2 tines, respectively, as conpared
Table 4

Results of rice callus staining for GUS

358 ISl Is2
Calluses stained 27 38 44
Total number of calluses 275 244 228
Percentage of transformant calluses (%) 9.8 15.6 19.3

As is evident from the results shown in Table
4, the transformation efficliency 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 Fo 6 showed that
the regeneration efficiency (transformation
efficiency) is increased by using the transcriptional
activation elements (IS1l, IS2, ISl2, MU3) of the
present invention. The following three
possibilities can be considered as the reasons:
(1) The possibilitj of the efficiency of
iﬁtroduction of Ti plasmid into plant cells being.
increased;

(2) The possibility of the efficiency of

regeneration from cells being increased as the result



with the control-(35S). The above-nentioned Exanples 1 to 6 showed t hat

the regeneration efficiency (transformation efficiency) is increased by
using the transcriptional activation elenents (1S1, 1S2, 1S12, MJ3) of the
present invention. The follow ng three possibilities can be considered as
the reasons: (1) The possibility of theygefficiency of introduction of Ti
plasmd into plant cells being increased; (2) The possibility of the
efficiency of regeneration fromcells being increased as the result 70 of
an increase in nos pronoter activity owwng to the 1S1 and/or 1S2 el enent

and conseque# al MRbr@a®é ihhaold PBehbRid POt 1bict YPé Wi ngpneo vhiech
| eads to production of the gene product in an increased anount, and,

hence, increase andyswersy €rbhemipahlde ddns@iguéng PrdémMoétion of
kanamyci n-cont ai ni ng nedi um used for selection; and (3) The possibility of
the | S1 andiwtre | SRatlsg®end t iamh | g8t ithee (HMptTangeérdgi,Omiiichhd eddsnitioy or
mar gi nal region thereof or preventing said gene region from being

I nact i vat ed pxodacgenen iof riide e wa yodmats iof ah ipasead edbamount: | ead

to insertion at a determned site on the plant

and, hence, 1lncrease in number of cells capable of
growing on the kanamycin-containing medium used for
selection; and

(3) The possibility of the ISl and/or IS2 element
activating the gene region in the vicinity or marginal
region thereof or preventing 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 i1s 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 ocryptic 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 1f a
transgene is introduced in a cryptic site, it is
influenced by the "field" of the chromosome, so that
the transgene is also i1lnactivated.

In the constructs used in the above examples,

the transcriptional activation elements (ISl or/and



chronosone but is indefinite as to the site of insertion. Therefore, it is
acci dental whether the gene in question is inserted in an active site
determ ned by the structure of the chronmobsone or in a. cryptic site in the
vicinity of which a gene has been inactivated by met hyl ation of the
genomi o DNA or by some other cause. ? $ thought that if a transgene is
i ntroduced in a cryptic site, it is |nf uenced by the "field" of the
chronosone, so that the transgene is also inactivated. In the constructs
used in the above exanples the transcriptional activation elements (.1S1

or/and 71 %0}y a5 ef 20itha NERERSELOR dROthe! Hel Ohatidle Habhes BHd !

gene (kananyC|n resi stance gene), nanely on the opposite side of the nos

promoter of gherkagameti(kan Ry AlGe §88TadbE' §60eS) , iamd 1yBAsEHY €
that these elenenis cis act on the pronoter of the kananyC|n resi stance

gene. HoOWeVEpphBe tad0¥e dXa0B| ehday8s! fréRoWdS oM 80Kk i N
t he C|rcunstances i n which the transcriptional activation elenent of the

present i nyedig i8R dfobOlgthé NserhifréfoPOSLE Ak SUMDIHEiblid €RANOL
directly act on the nos pronoter, the nunber of kananycin resistant cells

f:fa{ ?gsf or "efhé 8BAEPemeH s ) ciiCI£88C D1 Nt hBE PiéRodfe £ UbEUMENlet Obacco
, kanamycin resistance gene.

However, the above examples gave the results
showing that even in the circumstances in which the
transcriptional activation element of the present
invention is found inserted in a position such that
it cannot directly act on the nos promoter, the number
of kanamycin resistant cells (transformant tobacco
calli) increases in the case of cultured tobacco cells,
in particular that even when the kanamycin
concentration in medium is as high as 300 mM, the
number of kanamycin resistant calll 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 1IS2 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



in particular that even when the kananycin concentration in nmediumis as
hi gh as 300 nM the nunber of kanamycin resistant calls increases

(Exanmple 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 vari.gus plant species (Exanples 4 to
6). These results indicate that the 1Sl or/and 1S2 elenents acted on the
kanamycin resistance gene occurring in the vicinity of said elenents, not
in the node of directly causing cis activation of the nos pronoter, and as

a result, thgumberUgbeoef16erbtd Lh2hY MU AbNGldEesSHBeH €08 seSPss Of
activation and prevention frombeing inactivated) the activity of said

kananyci n r esesharcer §€A%dn EWE. préklien t 1hCakrdm WELRGSENRId tivalted )
unlike the conventional transcriptional activation elements (factors)

occurring astfehaBearwity 68 ¥ia Rahkndfcihhfe BAGEARE eO§ed sSPECTHUG JENE
and activating the transcription by cis acting on said pronoter, the

transcripti oA s3Cihddld Hbesl Aidt pefs 4 DB1NHESENthd 1y €RhilNkéS tie act i vat e
(or prevent from inactivating) , when it is inserted into a genomic gene,
a single geneogwetalorsa Dl tirdn é ¥ rdfp o0 adl CAPEivatiba Vé Lemidn/t Or

mar gi nal region of the site of

: (factors) occurring as enhancers in the vicinity of
the promoter of a specific gene and activating the
transcription by cis acting on said promoter, the
transcoriptional activafion element of the present
invention is to activate (or prevent from
inactivating), when it is inserted into a genomic gene,
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 35S
promoter side of the GUS gene. The cultured tobacco
cells resulting from insertion of sald construct
showed increased GUS activity in Example 3 (2)
indicated clearly that the transcriptional

activation elemehts of the invention act also on the

35S promoter occurring in the downstream vicinity



I nsertion thereof (irrespective of location and direction of the gene
pronmoter on which it acts) and thus pronoting the transcription activity,
nanely acting by the nechani snms nentioned above under (3). In the
constructs used in the above exanples, the 1Sl or/and |1S2 el enments were
inserted on the 35S pronmoter side of thg GUS gene. The cultured tobacco
cells resulting frominsertion of said construct showed increased GUS
activity in Exanple 3 (2) indicated clearly that the transcriptional
activation elenents of the invention act also on the 35S pronoter

occurring i gpidiFe JeR! i AYRLASENLhE £3ardi6E3/ti0n #6RAASLLYNSE the
transcription activity of the GUS gene. This result supports the judgnent

mentioned agowe gadd NditRIAS Addh1ithesuppdSes | RhiPNFhadaid et i on el enents
of the invention show the actions nentioned above under (3), nanely that

“the | S1 or maifh § 64 el CaBBe 28hiava falibatdei &maE i gaegene region
i ncl udi ng them or prevent said gene region from being inactivated". In the

above exampkgansc¥apeloaShavt ikaltiontdlenehtbidieCehbul A iftion
(Exanmpl e 3) but also with plant tissues, the efficiency of regeneration of

tobacco pl agthowoehe | &citidacs mewtbsfied Tabboe tipbaedo (23l disdely
experinent (Exanple 4), the
that "the ISl or/and IS2 elements activate the
nelghboring gene region including them or prevent
sald gene region from being inactivated".

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

foreign gene introduced into the genome of plants in

guestion undergoing gene silencing (inactivation) by



efficiency of formation of enbryogenic callus serving as bases for plant
regeneration fromcarrot hypocotyls is increased (Exanple 5), and the
efficiency of formation of callus serving as bases for rice plant
regeneration is increased (Exanple 6), by using the transcriptional
activation elements of the invention. Thgese results indicate that the
transcriptional activation elenents of the invention act on those pl ant
cells becom ng incapable of plant regeneration or callus formation as a
result of a foreign gene introduced into the genone of plants in question
under goi ng ¢@Re po s £8dioly «f Haott,vaid @y tHy idcrehsgddié ionfaidieheoyso as
to.-increase the efficiency of plant regeneration or formation, hence are
practi cal | yo¥er planftulregeneratdon herr €oamatiod hghelmade VaTles, |ike
MARs, bind to nuclear matrices (Ti khonov at al. , Plant Cell 12: 249-264
(2000)), itpracbthsalklpdvidemy WsEESuli.ntranuolearly play a role simlar to
that of MARs. Based on this, it can be expected that the transcri ptional
activation el emenfin ofieweoifnvidnei oecenbi £hnatin ¢l That METEs uskilke ngly
or in conbination wth such elenments as MARs in producing genetically
nmodi fi ed pl ¥ARs { dindt herninodreemranaheicfds diBhkhonygv @@l y edhandt i on
or formation.
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
transcriptional activation elements of the invention,
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 avoliding the gene
silencing phenomenon in developing genetically
modified plants, it is necessary to select, £rom among
a large number of plant individuals, those plant
individuals with the foreign gene in question
inserted at such a site as causing gene silencing as

least as possible.



| NDUSTRI AL APPLI CABI LI TY The nost inportant problemto be overcone in
produci ng genetically nodified plants is the phenonenon of gene sil encing
whi ch causes expression inactivation of foreign genes. For avoiding the
gene silencing phenomenon in devel oping genetically nodified plants, it
IS necessary to select, fromanong a |agyge nunber of plant individuals,
those plant individuals wwth the foreign gene in question inserted at
such a site as causing gene silencing as |east as possible. 75 The
present invention provides novel, plant derived MTE-Iike elenents, and it

is highly possibl @#nd hpresdsit Mibvéhka oil epeoha.dgbemdwVstlt gafnta pl ant
genone, cause changes In genomc structure and, based on this, contribute
to changes aeslyted BITE-LAike @A OHE Gt J Wnidret foh PYRIY fofaeibiteat i ng

the unw nding of genomi c DNA or causing changes in nucl eosone structure,

by mechani sehdtiid€£id @Rl ikler @helnlen 588G hahies néfe AtkidONNOA phant

conventional enhancer elenents. Therefore, by utilizing this

charact eri sigemnomegt cran©é ¢hangelf-in lgeebairnst micthare mred] iDased t

wi |l becone possible to regulate the expression of a gene occurring in the

vicinity themeothlys, contribute to changes in dynamics of the
genomic structure, for example facilitating the
unwinding of genomic 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 poésible'to regulate the expression
of a gene occurring in the vicinity thereof by
techniques different from the prior art ones. 1In
other words, with the MITE-like elements of the
invention which have the above characteristic feature,
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-l1like elements of the invention aré
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



techniques different fromthe prior art ones. In other words, with the

M TE-1i ke elenments of the invention which have the above characteristic
feature, 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 MTE-lj¢e elenments of the invention are
useful in constructing a transgene expression cassette and plasm ds
containing said cassette in the production of genetically nmodified living
organisnms and is further useful in stably producing genetically 76

modi fi ed or godSHE ed@ paiy£n DEmXpagssh Dg ALlERPT@IEinghe transyeépei.onal
activation elenents of the invention which contain a transposable el enent
such as one of taeVitifahsia opedwiisl neotiianetiismoed enpndfserad| yhieshe | S1
el ement or/and I S2 el enent) have an activity in suppressing and di ssol ving
the phenontnsrent iliomorhieh @ontadana ekpansy ovabdence L emleanci sigch
phenonmenon) due to the position effect in gene transfer in plants.
Therefore, ais icnexpettthe IMETEbB\ liseng lidmehtanarentticoned atioveti on
el ements of the invention singly or in conmbination with other elenents
participati {prefardlhy Dhé JSlclemept do/aedallz dlememin) rhave
attachnent regions), it will becone possible to have the gene stably
expressed ten 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
that by using the transcriptional activation elements
of the invention 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 expressed 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 oryptic sites
within the genome and, therefore, a foreign gene
introduced is mostly inserted in cryptic sites. For
such plants, 1t is thus very difficult and practically

impossible in the prior art to produce recombinant

plapts. On the contrary, with the transcriptional



t hereby markedly reduce the nunber of screening procedures generally
performed after gene transfer and the nunber of reconbinant plants to be
"sowed and grown. Such plants large in genomc size as lily, chrysanthenmm
and wheat have large cryptic sites wthin the genonme and, therefore, a
foreign gene introduced is nostly inserged in cryptic sites. For such
~plants, it is thus very difficult and practically inpossible in the prior
art to produce reconbinant plants. On the contrary, with the
transcriptional 77 activation elenments of the invention, it is possible

to significagitivaitiidite Rem@rtt §lofebhe Ainvsheddn O ® Bsppokis PBlene
fromundergoing silencing and therefore it is expected that said el enents

can nmake itopasghlicsicaaitfligi eablibi bt a0dBECLel@rei gangenest riodwokldose
pl ant speci es the gene reconbi nati on of which has been regarded as
difficult, eatenai @ldntalyamomand fxreduandergbilingns iflleanésnglihend
transcriptional activation elenents of the invention are also considered
to be el enetherafaie 1bfiacekpactgd(ithadtiss atdoell emanter ican anake
activation) genes occurring in the vicinity or marginal region of the gene
region in whitclpobeydlile tiounfifinsicsstdy Amtebdwcet fotehgacrgenesnal
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 (inclusive 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 possiﬁle to put the transgenic
technology to practical use even in those plants in
which the production of genetilically modified plant
bodlies 1s 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

pPractical use, to increase the efficiency of gene

transfer and, at the same time, increase the activity



activation elenments of the invention are expected to not only nmake it
possible to put the transgenio technology to practical use even in those
plants in which the production of genetically nodified plant bodies is
difficult because. of frequent occurrence of silencing due to the |arge
genone size, as nentioned above, but algp nake it possible, even in the
genetic engi neering 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 tinme, increase the activity 78 of transcription
of genes fopfugefdil s 6RAELORSoESYehe AF IEMIE EEUL bhH Hadter §ENeGcand

i nsecticidal protein genes, by using these transcriptional activation
el ements t hagugherbiasiden mds Astidrtc e Ugein €smaalfd t hrserotbeaidal such a
gene for a useful character, or at a site in the vicinity thereof . They
are furtherpeopeeind geneske by mesknyl ehas ¢r adimescagdetLoaldly nodified
plants with higher productivity and higher quality as conpared with the
convent i onahctetratdonf efremienitisg Yenonigial i nsenct i bad gt aat ®1€8 CLAI MS
11111! 112111 101111111 11111 MS 1. A miniature inverted-repeat
transposabl epstream of the promoter of such a gene for a useful

character, or at a site in the vicinity thereof. They
are further expected to make it possible to produce
genetically modified plants with higher productivity
and higher quality as.compared with the conventional

methods of producing genetically modified plants.



element (M TE)-1ike el enent capabl e of causing duplication of the target
sequence: (A NG An [n being an integer of not less than 1] at the site of
insertion thereof in a genomc gene. 2. A MTE-like elenent as clainmed in
Claim1 which has perfect or inperfect termnal inverted repeat sequences
in the 5 and 3" termnal regions. 3. AMTE-like elenent as clained in
Caiml or 2 which contains, in the sequence thereof, a . plurality of

repetitions of at |east one of the nucleotide sequence ed b the
formula (1): XttgoaaY (wherein X represents g or t andnwﬁﬁ Rj Hﬂl”
c) or the fornmula (2): Satgoaa (wheregnaZms epresents t
M TE-like elenment as clainmed in any of Cdains.1 to 3 which has a
termnal inverted repeat sequences, a nucleotide sequence shown under SEQ
ID NO1inthe 5 termnal region and a nuol eoti de sequence shown under
SEQID NO 2 in tha.3' XA emimidturegiimveirtedMrépdake taleaanepbscopei sing
the nucl eotide sequence shown under SEQID NO'3. 1 I'I1ft111111 11111
1111111 ii léleméAt AMATE)FLLkiee el emenit Wwaplalhbe, ofs ¢ansiineg
duplication of the target sequence: (A)nG(A)n [n
being an integer of not less than 1] at the site of
insertion thereof in a genomic gene.

2. A MITE-like element as claimed in Claim 1
which has perfect or imperfect terminal inverted
repeat sequences in the 5' and 3' terminal regions.

3. A MITE-like element as claimed in Claim 1
or 2 which contains, in the sequence thereof, a
plurality of repetitions of at least one of the
nucleotide sequences represented by the formula (1):
XttgcaaY (wherein X represents g or £ and ¥ represents
a or c) or the formula (2): Zatgcaa {(wherein Z
represents t or a).

4. A MITE-like element as claimed in any of
Claims 1 to 3 which has, as terminal inverted repeat
sequences, a nucleotide sequence shown under SEQ ID
NO:1 in the 5' terminal region and a nucleotide
segquence shown under SEQ ID NO:2 in the 3' terminal
region.

5. A MITE-like element comprising the

nucleotide sequence shown under SEQ ID NO:3.



I nverted repeat - sequences -a..nucl eoti de sequence shown under SEQ I D NO 4

in the 5 term a nucl eoti de sequence shown under SEQ I D
NO 5 in the !’Wﬁm ajﬂ and is capable of causing duplication of
t he target sequenc

7. A MTE-like elenent conprising the rgcleotide sequence shown under SEQ
ID NO.6. 8. Atranscriptional activation elenent characterized by
containing at | east one transposable elenent. 9. A transcriptional
activation element as clained in Caim8, wherein the transposabl e el enent

is a MTE-like el egrent A METE 1iResS @l dheatawTéhVARisQN a8 e@piniatal
claimed in daim9, wherein the transposable el enent conprises at | east

one M TE-| ikevelrsteat rapaitsiswquehsdsl | anvimge Db € hdeorsddnenicd a DNA
havi ng the ' nucl eoti de sequence shown under SEQ ID NOI|; (b) a DNA capabl e
of hybri di zshgwa tdnde BNSEQAIDIENO t heiabohe SUC/ootnda skgregden gndnder
stringent conditions and coding for a MTE-1ike el enent capable of
causi ng dupaixzabileo bidel)ssifipnder kown amdei| SEIQ IID INOES Hind Hheél |||
AR CL§§ terminal region, and is capable of causing

duplication of the target sequence TA at the site of

insertion thereof in a genomic gene.

7. A MITE-like element comprising the

nucleotide sequence shown under SEQ ID NO:6.

"8. A tramnscriptional activation element
characterized by containing at least one transposable
element.

9., A transcriptional activation element as
claimed in Clalm 8, wherein the transposable element
is a MITE-like element.

10. A transcriptional activation element as
claimed in Claim 9, 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;

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

conditions and coding for a MITE-1like element capable -

of causing duplication of (A)nG(A)n [n being an

te of insertion thereof in a genonic gene.



81 integer of not less than 1] at ‘the site lon thereof in a
genom a gene, or a MTE-like el erre l!lﬂ muwrﬂ!lj m[fol | om ng DNA (a) or
(d): (a) a DNA having the nucl eoti under SEQ ID NO 2; (d)
a DNA capabl e of hybridizing with a DNA having the above nucl eoti de
sequence (a) under stringent conditionsggnd coding for a MTE-Iike el ement
capabl e of causing duplication of TA at the site of insertion thereof in
a genom c gene. .11. A transcriptional activation elenment as clainmed in
Claim9, wherein the transposable elenment 1is a tandem coupling product

froma MTE-{hkegd£"88t no®MPEs s kR drel § ohltowny SNfe( ) AnéBktien 2
DNA having the nucl eoti de sequence shown under SEQ ID NO 1; (b) a DNA

capabl e of hyherdaf ngnid hganldw Bagdwe ,t he above nucl eoti de sequence (a)
under stringent conditions and coding for a MTE-1ike el enent capable of

causi ng duplogahi 1T PR - LAKE(ALemenbecompri sl dtie OF ol o hy (HRA 1]

at the site of insertion thereof in a genomc gene, and a MTE-|ike

el ement conptéedi rget @) 0l lowing DNA (a) 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
the above nucleotide sequence (c¢c) under stringent
conditions and coding for a MITE-l1like element capable
of causing duplication of TA at the site of insertion
thereof in a genomic gene.

-11. A transcriptional activation element as
claimed in Claim 9, 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
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-l1like 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 in a genomic gene,

and a MITE-like element comprising the following DNA

(c) or (d4d):



82 "liiilllrllrrr 311114 CL M (a) a DNA having the nucl eotide sequence
shown under SEQ ID NO 2; (d) a DNA capabl e of hybr|d|2|ng with a DNA
having the above nucl eot i de sequence (a) under stringent” ‘condi ti ons and

coding for a MTE-Iike el enment capable of causing d m“m mun“at t he
site of insertion thereof in a genom a ggene. 12. An m
activation elenent conprising a DNA having the nucleoti tle sedl ence “shown

under SEQ ID-NG 3. 13. A transgene expression cassette which conprises the
transcriptional activation elenent of any of Cains 8 to 12, and a DNA

sequence Opgcdt i/ WA haiviafly tPhéahd <l eoRilde Idle gh el GOSYROBGIE P 8T ON
cassette as clained in Claim-13, wherein the DNA sequence operatively

joined to tBEdg repswo p2konal activation elenent conprises a pronoter
and/or a termnator. 15. A transgene expression cassette as clainmed in

G aim 14, wpidoh aupNErcapabliécosf asybhrd dIVingeGgubthe DBNAL ih&et ¥ njgoi ned
to the transcriptional activation elenent, a desired transgene sequence to
be expressethelbabbva asfticd eobidieni fgguleméeafxcy i phidenal stringent
conditions and coding for a MITE-l1like element capable
of causing duplication of TA at the site of insertion
thereof in a genomic gene.

12, A transcriptional activation element
comprising a DNA having the nucleotide sequence shown
under SEQ ID NO:3.

13. A transgene expression cassette which
comprises the transcriptional activation element of
any of Claims 8 to 12, and a DNA sequence operatively
Joined to said element.

14, A transgene expression cassette as claimed
in Claim 13, wherein the DNA sequence operatively
joined to the tranmscriptional activation element
comprises a promoter and/or a terminator.

15. A transgene expression cassette as claiﬁed
in Claim 14, which further comprises, as the DNA
sequence operatively Joined to the tramnscriptional
activation element, a desired transgene sequence to
be expressed.

l16. A plasmid containing the transcriptional

activation element of any of Claims 8 to 12.



activation elenment of any of Clains 8 to 12. ~ iilllll I'Ihi[I DII
{1111(11111 83 ¢ Ms 17. A plasmd containing the transgene expression
cassette of any of Clains 13 to 15. 18. A transgenic plant which contains

the transgene expression cassette of any of d ai msummmlleHuﬂtM“
transgenic plant as claimed in Caiml18 ggwich is cofui Higl Ul il lily,
chrysant hemum cotton, soybean, beet, potato or carica papaya.

17. A plasmid containing the transgene
expression cassette of any of Claims 13 to 15.

18. A transgenic plant which contains the
transgene expression cassette of any of Claims 13 to
15.

19. A transgenic plant as claimed in Claim 18
which is corn, rice, wheat, lily, chrysanthemum,

cotton, soybean, beet, potato or carica papavya.



