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DESCRIPTION

VECTOR AND METHODS FOR INTRODUCING AT LEAST TWO
GENES INTO A PLANT

Technical Field

The présént'ihvention rélaﬁes to a novel vector for
introducing a desired gene into a plant using' genetic
engineering methods to obtain a transgenic plant; a method for
producing a transgenic plant free from the influence of a
marker gene using this vector; and a méthod for introducihg at
least two desired genes into a plant'ﬁsing'this vector.

" packground Art

Transfcrmation of microorganisms and cultured cells.
using genetic engineefing. is currently applied to the
production of thSiologically' active substances useful as
medicines and.thus greatly contributes to the industry. In the
field of plant breeding, industfial application of genétic
englneerlng lags behind because the life cycles of plants are
much longer than those of microorganisms. However, since th;s.
technology enables ‘a desiréd'gene to be directly introduced
'1nto plants to be bred, it has - the following advantages

_compared to classical breedlng which requires multiple

crossing. =

(a) It is possible to introduce only a characteristic

to be improved.
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(b) It is possible to introduce characteristics of

'speciés pthep'than plants (such microofganisms
and the like). o |
(c) 1t is poésible to greatly shorten the.breeding
pe:iod, _ '
Thus, generic enginéer;ﬁg-mgthéds.for plant breeding have been
investigated vigqrouslj; ._
The productiqn qf transgenic piants requires the
following three.s;e§s; o |
(1) Ihtroducing.the:desired gene into the plant cell
(iqcludin§~-intquuction of the same into the
chromosomés;,nqc;eus and the like).
(2) _Selecting_plgnﬁ tissue made only qf cells into
| which thé_desired.gené_has been introduced.
(3) Regenerating a plant from the selected plant
tissue.

In order to select transgenic tissues into which a

‘desired gene has been introduced, visual identification of the

tissue in _ﬁhich; the desired gene. is expressed without

regenerating_the.hew'plant.has been desired. To achieve this,

‘the desired gene is typically introduced into the plant cell

toéether_with a marker geﬁeﬁofawhich_the expreééion can be
easily detected at the stage of cultivating the cell. That is,

the expression of the marker gene is used as an index of the

introduction of the desired gene. Examplés of conventional

marker genes include antibiotics-resistant genes, such as

This Sheet Has Been Rei'lilced

Tl

>

x:)



WO 96/15252 o _ L PCTIJP95/Q2283

B

kanamycinéresistant  gene  (i.e., NPTIi; neomycin
phosphotraﬁsferase'géne), a hygromyéin-resiétant gene (i.e.,
HPT; hygromycin phosphotransferase gene), amino acids .
- synthetase genes, such'as a nopaline'Syhthetase gene (NOS), aﬁ
5 : octbpine synthetase gene (0CS), and a sulfonylurea—resistaﬁt
gene (i.e., ALS; -acetoactate synthetase gene)-that'imparts
agricultural chemical resistance. | |
| However, the ex?ression_of a marker gene can cause
serious problems when such a transgenic plant is used for food.
10 That is, it is quite difficult to ensure that a gene product
produced by expressing a marker gene is safe for the human
body. Consequently, if a transgenic plant containing a marker
. gene is to be sold as a food, a detailed investigétion must be
performed-td'detErmine the influence of the marker gene on the
15 ~ human body. For example, the NPTII'gene has been used as a
‘marker gene aﬁ the laboratory level since the early 1980s. In
1994, the product of that-gene wﬁs finally accepted as a food
additive by the U.S. Food and Drug Administratioﬁ’(FDA); Since
-then,'transgénic’plants'containing'the'NPTII gene as é marker
20 gene ha#e.been-used for food. However, some consumers of
'products containing the NPTII gene are still anxious about this
: gené's effect. |
Moreover, marker genes which are practically used are
only geﬁes, ﬂsuch as the NPTII gene, which contribute lto
25 .' -detoxitication of a growth'inhibitorY'sﬁbstance in plant cells.

Therefore, to'seledt'trénsgenic plant tissue into which a
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desired gene has beenfintroduced; the tissue is cultivated in

a cultureihedium containing=the growth-inhibitory-substance,

and the expression of the marker gene, namely the resistahce at

the tissue to the growth inhibitory substance is evaluated and

. used as an index. - However, even when a tissue has such a

resistance, cultivation: in the presence of an inhibitory

substance can result in undesirahle side effects on the plant

cells, such as .a. decrease in proliferation and

redifferentiation of the transgenic tissue.

Further, the expression'of a marker gene in a plant

cell after the selection- of transgenic tissue seriously
obstructs plant breeding:by'subsequent gene ihtroduction. That
is, when another gene is,introduded into a transgenic plant
containing  a marker .gene,,'the-.gene-.introduction must be

monitored using a different marker gene. However, the

effectiveness of a marker gene_varies_with the piant species.

Therefore, a preliminéry test is required to set the conditions

for each marker gene (for example, it is reported that the HPT
gene is more effective in rice plants than the NPTII gene (K.
Shimémoto et'al,,-N@tu;e (London},- vol.338, p.274, 1989)).
Still fu:ﬁher,:since_the_vaxietiesfbf marker gene are limited,
the multiple intrqduction .of a gene cannot be. repeatéd
indefinitely-éimply by changing the marker geneé. That is, the

number of gene introduc;ions into a certain plant is limited

itself by the varietynoffmarker.genes which can be used in that

plant. Besides, the kind of the marker gene which can be
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actuially used :I.é limited as mentioned above. Accordingly, it
is desirable to find a method for removing the marker gene from
the chromosome after selection of the transgenic pla_nt tissue
to exclude thé influence of the marker gene from the cell,
tissue and plant.

To eliminate the influence of a marker gene, two

. methods have been reported. In one method, a marker gene and

a transposon of the plant is introduced into a plant chromosome
and subsequently removed therefrom following transposon
(International Léid-Open No. WO 92/01370). In a second method,

the site-specific recombination system of Pl phage is used

- instead of the transposon (International Laid-Open No. WO

-_93/01283); Using these methods, it is possible to obtain a

‘cell in which the marker gene has been removed from the plant

chromosome at a given ratio after the introduction of the gene.
_Unfortunatély, the prbbability that the marker gene is removed
is very low. | _

Further, plant cells in which the marker genes have
been: 'r.en:toved.. from the: chromosomes using these methods are

scattered: among the cells in which the marker genes are still

' present and expreé;sed. These two kinds of the cells -'cannoﬁ be

disiingm'.éhedﬂ. visually..

| Plant cells containing marker genes and a desired gene
can be selected based on their chemical resistance, nutritional
requirements and the. like. However, - at the time of the

selection, the cells lacking marker genes exhibit 'serious
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~growth inhibition and ' are destroyed in many. _cases.

Accordingly, these selections_cannot be applied to obtain cells
lacking marker genes.

In order to obtaln plants which lack a marker gene and
which contain the desired gene using the above-mentioned
methods, the tissue of plant, in which cells lacking the marker
gene and cells contazn;ng -the marker genes are mlxed, are
proliferated, regenerated, and then analyzed for the selection,
using methods such as Southern hybridization or polymerase
chain reaction. This method is based on the premise that a
regenerated individual_;is- derived from a single cell and
therefore all ef ‘the -plant’s cells . should have the same
characteristics. Thus, an individual derived from a cell
lacking the marker gene. are made only of such cells.
Unfortunately, cells .conStituting such a regenerated individual

are not nequsarily uniform.  Cells lacking ‘the marker gene

chromosome and cells containing the marker gene are coexistent
- and distributed quite irregularly' even in the same individual

| regenerated plant and in: the same tissue thereof. Thus, it is

extremely difficult to obtain an in‘_div'idual made only of cells

lacking thez marker gene at- the- stage in" which the cultured

tlssue is redifferentiated. to regenerate the individual.

In addz.t:.on, known analyt:.cal methods: of select:.on use'

a tie_sue,._such as a leaf, as a test sample (not a whole

individual or a single cel_i)-. Consequently, only the everall

tendency is- analyzed with respect to the state of the marker

-6 - This Sheet Has- Been RT

-

¢}

<}



e

10

15

20

25

WO 96/15252 : : PCT/JP95/02283

gene present in one leaf. Besides, in this case, it is common

“that the marker gene-free cell and the marker gene-containing

cell are both present in the same individual or tissue. So,

—even if an individual made only-of_cel;s-lacking the marker

gene:happens to be formedi.it is difficult to select this.
Even if the presence of the marker gene is not detected in this
tissue, tissues in other sites of the same individuallmay
contain the maiker gene, or it simply shows that the amount of
the marker gene is below the detected limit.--Thérefore, it is
impossible to determine if the test sample is completely free
from the marke:egene-containing.cells. |
_ Using the above-mehtioned methods, an  individual

lacking the marker gene is obtained only from a germ cell, such
as a pollen, an egg cell and the like. When the self-
ﬁollination_is=COnducted using the egg cell lacking the marker
gene,sa.fertilized egg lacking the marker gene is obtained at
a fixed ratio éccording to a classical hereditary law, and from
this fertilized egg, an individual made only of cells having

the same charaéte:istids as the fertilized egqg is produced.

__Cdnventional analytical methods-such-as-Southern hybridiZation

may be conducted using this individual. Namely, even if the

cell. lacking~'thé- marker. gene is produced by the method

.described in the report referred to here, the individual made

' only of such a cell is obtained for the first time by

redifferentiating the plant from the cultureditissue'containing'

such a cell, conducting crossing of the regenerated plant and
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obtaining ﬁrogeny of F, or later generations. The thus-obtained
individual Tcan be selected as an individual lacking the marker

gene.

‘In order to remove the marker gene from the transgenic

plant, JP-A-6-276872 reports a technique for gene introduction

'in which a marker gene is inserted into a separate plasmid

vector different from the vector containing the desired gene.

' The plasmid containing the marker gene is removed from the cell

after the completion- of the gene introduction (the term "JP-A"
as used herein means a Japanese published patent application).
However, this technique :equirés  a crossing step for the
removal of the marker gene. In this respect, the'te_chnique is
the same as those of the 'a‘bmie'-rpentioned' two reporté.

The aﬁove methods are difficult to. apply .to woody
plants that have a long érowth period, sterile individuals or

hybrid individual in which F, is itself valuable. Further,

' when removable DNA elements, such as a transposon and the like,

are used, the ratio ai: which these elements ai‘e removed from'

the chromosomal DNA, virus vector DNA and the like where these
e]_.éments are present and function is: "typic;ally extremely low.

Accofdingly,. it is necessary that the removal of these elements

(namely, the removal of the marker gene) can be easily detected

actually at least at the stage of the cultured tissue. When
this cannot be detected before: redifferentj;ation of the

cultured tissue and the formation of a later generation via the
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crossing ©of the regenerated individual, the method is
impréctical{ -

Disclosure of the Invention

‘Accordingly, one object of the present invention'is to
provide a vector containing a-gehe desired to be introduced
into a plant and a marker gene, wherein a plant containing the
same has no adverse effect on the human.bodY'when ingested,
even if the marker gene is’expressed;

Another object of the-present invention is to provide

a vector for int;oducing a desired gene into a plant, wherein

the vector contains a marker gene that enables selection of a

trans_geni.c tissue without the use of a plant cell growth

inhibitory substance that decreases the activity of the plant
.cell;_

Still another object of the present invention is to

provide a vector for introducing a desired gene into a plant,

wherein the vector contains a marker gene, and functions to

~exclude the influence of'thé marker gene by removing the marker

gene from the DNA, where the marker gené- is present and
functions. Using this vector, a desired gene can be repeatedly
introduced efficiently. |

A'further.object of-the present invention is to provide

T a method for producing a transgenic plant using:such a vector,

which can exclude the influence of the marker gene, without

unde:going' the step of: the. production of F, or later

generations by crossing, and a method for mﬁltitudinously
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introducing genes into a plant by ‘applying the above-described

method.

These and other -bbjects" of the 'preSent invention have

been achieved using a vector, which comprises a 'desizjed gene
and at least one morphological abnormality induction

(hereinafter referred to as "MAT ") gene as a marker gene.

Furthermore, .th_ese' and other objects of the present _

invention have been achieved using such a vector, wherein the
marker gene is removed from the DNA 'a_ftej:'_ its expression.
Expression of the marker gene and the disappearance of the
function thereof ére detectable by morphological changes iﬁ the
tissue into which the marker gene has been introduced. )
Moreover, these and ~other -objects of the present
in{rention have been achieved using a vector which compri'ses a

desired gene, at least one MAI gene as a marker gene, and a

removable DNA element. The _'MAI gene is po"siti'ohed such that it

behaves integrally with the ‘removable. DNA eiement._ The desired

gene is positioned such that it does not behair_e integrally with

the removable DNA element.

Still furthermore,. the‘se- ‘and other bbjects of the

present invention have been achieved by a method. for pJ':'oduc'i'ng-
a tfaﬁsgenic plant free_‘-frém the influence of a marker gene, -'

which comprises the following steps:

(A) introducing a vector into- a plant cell, wherein
said vector comprises a desired gene, at least one MAI gene as

a marker gene, and a removable DNA element, wherein said MAI

_
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gene is positioned such that it hehaveshintegrally with the

.removable DNA element, and wherein said ‘desired gene is

.positioned'such'that it does not behave integrally with the

removable DNA element,_

(B) cultivating the plant cell obtained in (2),
detecting a morphologically abnormal plant tissue which appears
during the cultivation, and selecting said morphologically
abnormal tissue, and | o

(C) cultivating said morphologically abnormal tissue
selected in'(B),'deteoting a mbrphologicaliy_normal tissue
which appears dﬁring the cultivation, and selecting .said
morphologically normal tissue. | | |

Still moreover, these and other objects of the present
'lnventlon have been achieved by a method for 1ntroduc1ng at
‘least two desired- genes- into a plant, which comprises
conducting the folloWing steps at least two times:

"~ (A) introducing a vector into a plant cell, wherein
said vector:comprises a desired gene, at 1east one MAI gene as

a-marker*gene,fand a removable DNA element, wherein said MAI

- gene is positioned such that it behaves integral;y with the

removable -DNA elemeht;- and wherein said desiied 'gene- is
positioned such that it does not behave 1ntegra11y with the
removable DNA element, | |

(B) cultivating the plant cell obtained in (A),

detecting a morphologically abnormal plant tissue which appears

[
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dur;ng the cultivation,'and selectxng sa;d nwrphologlcally

. abnormal tlssue, and o

(C) cultivating said morphologically abnormal tissue

"selected in (B), detecting a _morphologlcally normal tissue

which appears during 'the cultivation, and selecting said

morphologlcally normal tissue.__i

Additionally, these and other objects of the present

invention have been' achleved by . au_plant regenerated by

cultivating the above-described morphologically'normal tissue.

Brlef Decrlgtion of Draw1ngs

- Fig. 1l is a dlagram of the Ti plasmid and a restrlctlon

endonuclease map of Pst I fragment on a T-DNA region of A.
tumefaczens strain P022.
Fig. 2 lS a diagram of the constructlon of pIPT2.
Fig. 3 is a diagxam_of the construction of pIPT3 from

pIPT2.

Fig. 4 is a diagrqm_of-the construction of pIPT4 from

- pIPT3.

Fig. 5 isf;he_restriotion'endonucloase map of a T-DNA

region in the structure of pIPT4.

Fig,oﬁ.is the resnlts:oi PCR analysis of an extreme .

- shooty phenotype of a ‘tobacco into which a gene has been

introduced using pIPT4.
Fig. 7 is a diagram of the cOnstruotion of pNPI102.

Fig. 8 is aldiagram,oflthe construction of pNPI103 from'

pIPT4 and pNPI102.
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Fig. 9 is a diagram of the construction of pNPI106 from

pNPI103.

Fig. 10 is the restriction endonuclease map of a T-DNA

region in the structure of pNPIlOG.
‘ Fig. 11 is a.photograph of shoot Nﬁ. 2 after one month

of cultlvatlon in Example 2.

" Fig. 12 is a photograph of shoot No. 8 after one month
of cultivation in Example 2. . |

Fig. 13 is the results bf the PCR analysis of shoot No.
8 in Example 2.

Fig. 14 is the results of the PCR analysis of ﬁormal

individuals obtained from shoots Nos. 13-1 and 14-1 in Example

- 3.

Fig. 15 is a photograph of normal shoots differentiated
from an extreme shooty phenotype of a tobacco in Example 3.

- Fig. 16 is the results of the PCR analysis of a normal

‘individual which is obtained from a leaf formed from shoot No.

7 in Example 2.

. Fig. 17 is a diagram of the construction of pNPIiZB.
Fig. 18 is a diagram of the construction of PNPI129
from pNPIlZS.' o

Fig. 19 is a diagram of the construction of PNPI132

from pNPI101 and pNPI129.

Fig. 20 is the restriction endonuclease map of the T-

DNA region in the structure of pNPI132.
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Fig. 21 is the results of the PCR analysis of normal

 individuals obtained from shoots Nos. 15 to 21 in Example 5

using primers in which the existence of an ipt gene was .

detected. _
Fig. 22 is the results]of;the PCR analysis of normal

individuals obtained from shoots Nos. 15 to 21 in_Example 5

using primers in which the'e1imination of ‘a region held by a

couple of Rs’s including an ;pt gene was detected.

Fig. 23 is the results of the PCR analysis of normal
individuals obtained from shoots Nos. 15 to 21 in Example 5
uéing primers in which the éxistence of a GUS gene was

detected. _
Fig. 24 is the results of the PCR analysis of normal

individuals obtained from the line which could not form an
extreme shooty phenotype in Example 5.-

Fig. 25 is a diagram of the construction of pNPI702.

Fig. 26 is the-restriction_endonucleaSe map of the T-
DNA reglon in the structure of pNPI702.

Fig. 27 is a photograph of normal shoots dlfferentlated

from an extreme shooty phenotype of the hybrid aspen in Example

7.

Fig. 28 is the restrlction endonuclease map of the T-

DNA reglon in the structure of pNPI140.:

Fig. 29 is the results of the PCR analysis of a normal
shoot differentiated from an'extreme-shooty phenotype after

multitudinously introduction of genes in Example 8.
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Best Mode for Practicing Invention

As used therein, the MAI gene is a gene that induces
into a tissue of _'a plant morphologically abnormal
differenfiation such as a dwarf, destruction. of apical
dominance, change in pighents, formation of a .crown gall,
formation of hairy.rooté, waving of the leaves or the_like.
With respect to-preferred MAI.gene,.those genes.isolated from
bacteria of the genus Agrbbaétérium of the like that induce
tumor or teratoma (e.g., formatiqn_of adventitious shoots and
adventitious roots) in Qarious plants can be used. Examples of
these Va:ious”MAI genes include cytokinin synthesis genes

(e.g., ipt (isopentenyltransferase) gene (A. c. Smigpcki, L. D.

. Owens, Proc. Natl. Acad, Sci. U.S.A., vol.85, p.5131, 1988)),

iaaM_(tryptophan monooxygenase)'gene (H. J. Klee et al., GENES
& DEVELOPMENT, vol.l, p.86, 1987), gene 5 (H. Kdrber et al.,.

EMBO Journal, vol.;o,.p;3983, 1991), gene 6b (P. J. J. Hooykaas

-_ét a;.; Plant Mol. Biol.,lvol.ll, p.791, 1988), and rol genes

such as rola, rolB, rolC, and rolD (F. F. White et al.,_J.

~ Bacteriol., vol.164, p.33, 1985).  Furthermore, examples

thereof include an iaal (indoleacetic acid-lysine synthetase)

gehe as Pseudomonas syringae subsp. savastanoi (A. Spena et

al., Mol. Gen. Genet., vol.227, p.205, 1991), homeo box genes

- and;phytochrome genes in various plants. Preferably, the

cytokinin synthesis genes such as the ipt gene or at least one

gene selected from the rol genes (more preferably, rol genes

 containing genes rolaA, rolB énd rolC) are used. The ipt gene

- 15 -
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is present in the T-DNA of Agrobacter.ium tumefaciens and

induces destruction of apical dominance. ' The. rol genes

containing genes zclA; rolB and rolC are present in the T-DNA

of Agrcbacterium rhizogenes'and at least one of these induces

the formation of hairy roots, dwarf, waving of the leaves and

the like of a plant regenerated from-the'hairy root.

Using the techniques of the present invention, one can

design a combination of these marker genes, so that a specific

‘structure, such as an adventitious shoot, an adventitious root

- or the like is redifferentiated in a specific plant into which

these marker genes are?incrdduced. _In:the'present invention,
such a combination of.MAi'genes'can be used, according to the
conditions of producing ﬁﬁe transgenic piant,'such as the kind
of a plant-into which rhe genes are to be introduced.

The morphologically abnormal tissue produced by

'introducing the MAI'gene'into the cell is made up cnly of the

‘cells containing thisigene.' Therefore, using'this'gene as the

marker gene, a vector'isuccnstrﬁCted together with the desired

'gene. When this vector is introduced into the plant cell and
"the transgenic cell is cultlvated, ‘the tissue made up only of
‘this cell lnto which the marker gene and the desired gene are

'1ntroduced 'can' be selected by v1sually selectlng the

morphologlcally abnormal ‘tissue formed from this cell.

Sultable vectors useful in accordance with the present

invention have a DNA sequence whlch 1ntroduces a forelgn gene
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into a host cell and which expresses the foreign gene within a
cell of a host.. |

When the gene is introduced using-thé vecfor of_fhe
present invention, the plant tissue lmade up only of the

transformed cell can be visually selected by merely cultivating

~the cell after the operation for the gene introduction in a
. common culture medium such as MS'(Murashige-Skoog) culture

medium-under ordinary cultivation conditions. Since there is

no. need to use a special substance for selecting the
transformed tissue, such as a plant cell growth inhibitory
substance or the like, not only is the procedure simplified,
but also the aci_:ivi.ty' of the plant cell is not decreased

through such a substance. In addition, the plant has

" inherently the MAI gene, or the MAI gene is spontaneously

introduced into the plant through infeétion.with'bacﬁeria or
the like. Accordingly, a plant obtained using the vector of

the present invention is no different from naturally occurring

| plants which have this morphologic abnormality.

Suitable vectors in accordance with the present

invention include a vector where the MAI gene is positioned

such that it behaves integrally with a removable DNA element
and the desired geﬂé is.pbsitioned'such that it:does not behave
inteégrally with the"rémovéﬁle DNA element.

" As used herein, a removable DNA element is an_element
of a .'l)NA éequence which its__elf' is removable from the DNA

wherein the DNA element exists and functions. In plants, a
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transposon present in a chrdmdsome is known as this element.
The structure, activity and behavior of transposons have been

almost completely identified. For the transposon to function,

two components are required'in-principle, (1) an enzyme which

is expressed from the gene présenf-therein and which éatalees

the excision and transposition .of the transposon itself -

(transposase) and (2) DNA bihding sequences which are present

in the terminal region of the transposon and upon which the

transposase acts. By these elements, the transposon is excised

from the chromosome in which it exists, and is then~usuélly'

transposed to a new position in the DNA. However, at a certain -

ratio, the transposon alSo-disappears_without.being transposed.

 The present invention makes use pf such a transposition error

of the transposon.
The.transposon can“be'of-one of two types, either an
autonomous transpoSon. or a non-autonomous transposon. The

autonomous transposon maintains the  two elements, “the

transposase and the DNA bindihg-sequence; ‘In the autonomous-

transposon, the.transposase'is expressed and binds to the DNA
binding séquenqe_'fo: action, £whereby " the ltransposon is
autonomouély excised from the dhrombsome.' The  non-autonomous
transposon'retains the“terminal DNA binding sequence to which

the ‘transposase is bound. for action. ' In the non-autonomous

transposon, the transposase gene undergoes mutation such that.

the transposase is not expressed; thus the ﬁraﬁspbsqn cannot be

excised from the chromosome autonomously. However, when

- 18 -
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transposase - is supplied to the nOn-autonomous'transposon'ffom

 the autonomous transposon or from an independent transposase

'gené; the nbn-autonomoué'transpOSOn_behavés similafly to the
' autonomous transposon. |

Examples of the autonomous transposons include Ac and
'Spm isolated from maize (A. Gieri and H. Saedler, Plant Mol.
Biol., vol.19, p.39, 1992). Ac can be obtained by digesting
wx-m7 gene - locus in the chromosome ‘of the maize with
restriction endonuclease Sau3A (U. Behrens et al.('MbI[ Gen.
Genet., vol.194, p.346, 1984). This autonomous trénsposbn is

_'the most analyzed among plant,tranSpbsons. In fact, the DNA
Sequehce-has alreadjfbeen;determined (M. Miiller-Neumann et al.,
Mol. Gen. Genet., vol.198, p.19, 1984).

Examples of non-autonomous transposons'include Ds and
dSpm obtained by deleting-theiinnerﬂrégions-of Ac and Spm[
respectively (H.-P} Dﬁfing and P. Starlinger}fAnn; Rev. Genet.,
vol.20, p.175, 1986) and f.hdse isolated from many plants, other
than maize, such as snapdragon, morning glory“and-the-like'(for-
example, Y. Inagaki et al., Plant Cell, vol.6, p.375, 1994).
Wwhen these transposons are. introducédi into. chrqmosomes of
exogenous plants, these transposdns are also excised from a
chfomosome and transpdsed upon_exhibiting the activity (for
example,.B.-Bakef et'al.; Proc. Nétl.'Acada Sci. ths.A.{
vol.83, p.4844, 1986)..

In the present.inventidn, both the autonomous and non-

autonomous . transposons can be used. The non-autonomous
- 19 -
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trénsposon may be used upon inserting thereinto a functioning
transpoéaseagene. | | o |

Another removable ﬁNA_element, which is not present in
plants, but which can be used in accordance with the present
invention is an element derived from a site-specific
:ecombination system. A site—specific'recombihation system
cohsists of ;wb elementé, (1) a ‘recombination Site
(co;responding to the :emgfable DNA element_of.thé'present

invention) having a characteristic DNA sequence, gnd'(z) an

~enzyme that binds to the DNA, sequence specifically and

catalyzes'the_recombination.between-DNA-sequenceS-if two or
more of the sequences exist (recombinase).. When the two DNA
sequences are oriented in the same: direction at a given
interval on the same'DNAnmbléculei.the region held by these DNA
sequenées is excised from thé DNA molecule, such as a plasmid,
chromosome or ‘the like.  When the two DNA sequences are
oriented in'oppqsite'directions'on-thé"same DNA molecule; the
region held by'these:DNA;sequenceé is inverted.

The present invention preferably utilizes the former

. excision. Both excision and inversion within the recombination

site occur as a result of homdlogougvrecombination*through the
site-specific reéombinationESYStemq-which-is different.frcmrthe
;mechanism- using the -t:anéPdson, It is knowﬁ' that the
recombinase gene is not necessarily present in the same DNA
molecule, in--which-.the-_recombinétion“ site exist. The

recombinase gene only needs to be present in the same cell and

- 20 -
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‘expressed to excise or invert the region held by the two DNA

sequences (N. L. Craig, Annu. Rev. Genet., vol 22, p.77, 1988).
At present, s:.te—spec:.fic recombination systems have
been identified in microorganisms 'such as phage, bacterium
(e.g., E. coli), yeast and the like. Examples thereof include
a Cre/lox system, a pSR1 system, a FLP system, a cer systenm,
and.a fim system .(for example, N. L. Craig, 'A_nnu. Rev. Genet.,
w}ol.22, p.77, 1988). When the site-specific recombination

system separated from these microorganisms with the use of a

- Cre/lox system derived from Pl phage (WO 93/01283) is

introduced into organisms (including plants) different from the
organism from which this system had been deriv'ed, it behaves in
the same way as in- the original organism. The site-specific
recombination system of yeast ( Zygosaccharomyces .rouxii) (pSRl.
system (H. Matsuzaki et al., J. Bacteriology, vol.1l72, p.élO,
1990)) can also be used in accordance w:.th the present
invention. This pSR1 system also maintains its inherent
function in higher: plants (H. Onouchi et al., Nucleic Acid
Res., vol.19, p.6373, 1991).

- In the present invention,- the morpholo'gical--abnormality

J.nduction (MAI) gene may be- inserted into a position where this

gene -is excised along w:.th the removable . DNA element. For

J.nstance, when the-:..transposon-- is used as the removable DNA
element, the MAI gene can be inserted into a position which
does not influence the excision of the transposon and which is

upstream of the promoter region of the transposase gene but
- 21 -
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: do#m_stream- _of_ the terminal region to which the transposase
binds. When the psﬁl _'syst_éxn_ is ué_ed, _thé MAI gene can be
_ inser_ted into any_. position within_ the region heid by the
characteristic DNA sequences which does not inhibit. the
expression of the ré._c;qmbinase. N |
_ In the present invention, . the idAI g_ene'_ is preferably
present With_in_ the re,_xh__ovableDNA ele_merit-. On the o_ther hand,
the position of the desiréd gene is not _particularly limited_;
however, preferably, the desired gene is present outside of the
remov_able DNA element.. | |
Using the vecfb_r of such a structure after the desired
gene 'intro.duc.tion, ‘the MAI gene can bé removed at a certain
frequency, along with the removable DNA element, from the.DNA
in whj.ch it is _ihtroducedi and functions. The desired gene
which does not behave .integraily with the marker gene remains
in the samé_- DNA. .. The vector can be used to multiply introduce
a desired gene. into a certain plant. 1In addition, since the
loss of the function. of th_i-s--'M.AI.- gene can be visually detected
as a morphological change of the _trénsgenic ' tissue during
cultivation, ‘the tissue made up only of the cell with the
desired ge:ie- but without 'i:he-- marker gene can be _selected with
ease. and without the jr.xeec_'l_l for a. special procedure.
Consequently, .even whén. sucﬁ a cell is actua'nlly formed at a low
ratio, the cell can be sufficiently selected ‘to make  the
procedure . practically useful. Further, not- only can the
o multipie introduction of the gene using this vector be repeated

S
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‘many times, but this can be repeated before a mature plant is

regenerated. . Thus, multiple introduction ‘can be conducted

. efficiently. In order to obtain the individual transgenic

plant made up only of such cells, the plant may be regenerated
frcm;the ;hus-selecced tissue without having to undergo the
crossing step. The thuseobtained.individual transgenic plant
is completely free from any adverse; effects on the human body
caused by the marker gene as menticned above. Moreover, the
use of this vector does not require a cell growth inhibitory
substance that might decrease the activity of the cell in the .
step of selecting the transgenic tissue.

The vector of the present invention can be used in any

: plants into which the gene can be introduced by genetic

~ engineéring methods. The desired gene in accordance with the

present invention can be. any gene by which agriculturally

excellent characteristics can be'imparted and any gene which

" ‘allows for studies of gene expression mechanisms and the like,

~ though agriculturally excellent characteristics are not

necessarily lmparted.

For producing a proteln such as enzyme from a gene, a
structural gene sequence encoding information_ of the
polypeptlde and ‘regulatory sequences of the structural gene,
snch as a promoter seguence (expressxcn initiation seguence),
a=terninator sequence (expression terminetion sequence) and the
like, are generally required. Examples'of'snitable ﬁrcmoter

sequence that functions in the plant include the 35S promoter
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of a cauliflower mosaic virus (J. T. Odell et al., Nature
(London), vol.313, p;810; 1985);'the promotef 6f a nopaline
§ynthetase (W. H.-R.'Langridgé et al., Plant Cell Rep., vol.4,
p.355, 1985), and the: prdmoter- of ribulose diphosphate
carboxylase/oxygenaée small subunit (Rf Eluhr-ét al., Proc.
.Natl.--Acad; Sci. U.S.A., v61.83, p.2358, 1986). Examples of

suitable terminator seqqence'include the‘polyadenylatibn signal

‘of a nopaline sYnthetasé (A. Depicker et al., J. Mol. Appl.

. Gen., vol.1l, p.561, 1982)-and thé polyadenylation signal-of an

octopine synthetase (J. Gielen et al., EMBO J., vol.3, p.835,
1984). Accordingly,_when-necessary,-a gene on the vector of
the present invention-compriEQS:a structural gene and the gene
expression regulatory sequences théreof; The gene, or gehe.and
regulatory_sequenceﬁ, cah be obtained by chemical synthesis or
by'cldning-chA-or.genomic_bNA.

The vector éf'the present invention can be indirectly

introduced into the.plant cell through viruses or bacteria with.

- which plants are infected (I. Potrykus, Annu. Rev. Plant

Physiol. Plant Mol. Biol., vol.42, p.205, 1991). Examples of
suitable viruses inc_ludei cauliflower mosaic_ virus, geminivirus,
tobacco mosaic virus andubrome-mésaié virus. Examples. of
suitable  bacteria .inciude . Agrobacterium - tumefaciens.
(heréinafter,refer:éd’to,as A.,tumefaciens), and Agrobacterium
rhizogenes. . (hereinafter_gxefekred. to as A. rﬂizogénes).
Dicotyledonous Plants are genérally known.to=be;infected with

the hacteria. of the 'genusi Agrobacterium. Recently, .the

- 24 -
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introduction of genes into the monoébtyl‘edonous” plants by the
infect:.on of these plants with them has also been reported (for
example, in International Laid-Open No. WO 94/00977).

The vector of the. present invention can be dJ.rectly
introduced into the plant cell by physical and chemical methods
such as-a mi'croin_j_ect.ion, an electroporation, a polyethylene
glycol method, a fusion méthod and a  high-speed baliistic
penetration (I. Potrykus, Annu. Rev. Plant Physiol. Plant Mol.
~Bi-ol., vol.42, p.205, 1991). Since the general indirect
introduction method using the Qenus_' Agrobacterium cannot be
applied - to many of the monocotyledonous plants  and the
dicotyledonous plants whicﬁ are resistant to infection with
Agrobacterium, the above-mentioned direct introduction methods
are effective for these plants-.

The vector for use in the present invention is not
particularly limited as long as the requireme.nts of the pfesent |
invention are satisfied.. For example, if the vector is

indirectly introduced into the: plant cell, the vector may be a

Ti vector or a virus vector. Examples of the Ti vector for use

'in the present . invention include Binl9 - (M. Bevan et al.,

Nucleic Acids Res., vol.l1l2, p.8711, 1984), pRAL3940 (A. ‘Hoekema

et al., Plant Mol. Biol., vol.5, p.85, 1985), pGA492 and pGA482

(G. " An, Plant Physiol., vol.8l, p.86, 1986), pC22 (C.
Simoens et al., Nucleic Acids Res., vol.l4, p.8073, 1986),
PAGS111 (P. ..van den Elzen et al., Plant Mol. Biol., vol.5,
p.149, -1985), pEND4K (H. J. Klee et al., . Bio/ Technology,
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vol.3, p.637, 1985), pGV83l (R. Delaere et al., Nucleic Acids

.. Res., vol.13, p.4777, 1985), and pMON200 (R. T. Fraley et él.,

Bio/ Technology, vol.3, p}629, 1985). Examples of the virus.

vector for use in the present invention include cauliflower

mosaic virus vector (N. Brisson et al., Nature (London),

'vol.310,-p.511,_1984),-geminivirus vector (R. J. Hayes et al.,

Nature'(London), vol.334, p.179, 1988), brome mosaic virus

vector (R. French et-al., Science vol.231, 'p.1294', 1986),

tobacco mosaic virus vector (N. Takamatsu et al., EMBO J.,

vol.6, p.307, l987),-and.agroinfection vector (N. Grimsley et
al., Nature (London), 'vol.325, p.177, 1987). However, the
vectors for use in t.h_e'- present invention are n'otl'_._limited
thereto.

Furthermore, the"desifed gene for use in the présent
ihvention.is.hot particularly limited. - The nature of thel

desired gene itself is not critical to the present invention.

.Examplesfof,the:desired_gene_fof use in the present invention

include genes:fdr'disease-resistance-(e.g., gene for endotoxin
of Bacillus thuringiensis, WO 92/20802), herbicide resistance
(e.g. mutént.acetolactate synthase. gene, WO 92/08794), seed
sthage-pxoteinr(e.g., gluteliﬁ.gené,.WO,93/18643), fatty acid
synthesis (e.g., acyl-ACP thioesterase geﬁé, WO 92/20236), cell
wallihydrolysiS=(e.g”, polfgaladturonase-gene.(D. Griérson et
al., Nucleic Acids Res., vol.l4, p;8595,'1986)), anthocyanin.
biosynthesis (e.g., chaiconefsfnthaéétgene:(H.-Ja'Réif et al.,

Mol. Gen. Genet., vol.199, p.208, 1985)), ethylene hiosynthesis
- 26 =
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(e.g., ACC oxidase gene (A. Slater et al., Plant Mol. Biol.,
vol.5, p.137, 1985)), active oxygen-scavenging system (e.g.,

'glﬁtathione reductase gene (S. Greer' & R. N. Perham,

- Biochemistry, vol.25, p:2736, 1986)), and lignin biosynthesis

(e.g., phenylalanine ammonia-lyase gene, cinnamyl alcohol

-_dehydrogenase gene, o-methyltransferase gene, cinnamate 4- _

hydroxylase gene, 4-coumarate-CoA ligase gene, cinnamoyl CoA
reductase gene (A. M. Boudet et al., New Ph?tol., vol.129,
p.203, 1995)). However, the desired genes for use in the
present invention are not limited thereto.

Moreover, the host plant fér use in the ‘present
‘invention is not particularly limited. Examples of herbaceous
plant used as the host plant include tobacco-(iabacum); tomato
(Lycopersicom), sweet potato (Impoea), potato (Solanum), carrot
(Dacus), lettuce (ZLactuca), cauliflower (Brassica), cabbage
(Brassica), oilseed rape (Brassica), sunflower (Helianthus),
sﬁgar-beat (Bela), asparagus (Asparagus), banana (Musa), cotton
'(Gossypium)f.arabidopsis (Arabidopsis), alfalfa (Medicago),
‘peas (Pisum), soybean'(Glyciné), rice (Oryza), éorn (Zea), and
fye'(Secale).- Ethplés;of arboreous.piant-uséd as the host
plant include poplar (Populus), eucalypti (Bucalyptus), aéacia
(Acacia), pear (RyruS),-apple'(Malus); grape (Vitis), walnut
(Juglans), plum (Prunus), fose (Rosa), énd spruce (Picea).
However, the host plants for use in'thespresentlinventién are

not limited thereto.
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Y

In the present-inventioh,'the MAI gene is expressed to
make the .inside of ‘the . cell physiological abnormal.
Physiological abnormalities_indlude the production of piant
growth hormone in a plant cell, with the result that the
prolifeﬁation and differentiation of the cell containing the
MAI _gene are confused to -induce various morphological
abnormalities. For example,.an.aggregate of disordered shoots
with the apical dominance destroyed (e#treme shooty phenotype;
ESP), hairy roots or the like, ¢an be derived from a cell into
which such an MAI gene is introduced. This phenotype is formed

by abnormal p;oliferation_and;differentiation of the ébove-

mentioned cell. Thus,-this-mo:phologicallylabnormal tissue is

made up only of the cell containing this gene. Accordingly, if

the vector is constructédiusing this-géne-as the marker gene
together with the desired gene and is introduced inﬁo the plant
cell and the cell is cultivated, the tissue made only of the
gell into which the marker gene gnd:the desired'gene have been
introduced can be selectedfby;me:ely visually selecting the
morphologically abnormalatissue-formed-from_the'piant cell.
Thus; it is possible to visuaily select-the:transgenic tissue
without conducting any special proceduﬁes such as the addition
of the plant.cell.growth'inhibitory substance and:the like-to
a culture medium. .

- Whereas conventiohal marker genes, Such;as.NPTII gene,
are not introduced into plants without génetic engineering; the
MAI gene of the preent invention is a gene which planf.s

\\\
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inherently retain or which is naturaily introduced into plants
by infection with bacteria or the like. For this .reasbn,” the
safety of that gene product to the human body is. considered to
be quite high.

 Further, in the present invention, the MAI gene is
inserted into a position such that it behaves integrally with
the rembvable- DNA element. After the vector having such a
structﬁre is introduced into the plant, the MAI gene used as
the marker gene is removed from_DNA along with the removable
'DNA element at a fixed frequency reéulting in the loss of its
function. Meanwhile, the desired gene which does not behave
integrally with the removable DNA element remains in the same
DNA and maintains its function. So, the expression of the same
markei géné can be used as an index for the introduction of a
desired gene again and again. Accordingly, this vector causes
the multiple introduction of the gene. into a 'cerfain plaxit by
merely changing the structure related to the desired gene tp'be
introduced without imposing 'a.ny c.hange on the structures of i:he
marker gene and the others. For this reason, the vector can be
repetitively used for an unlimited amount of times.

-Since the loss of the functq'.on of the marker gene, that

is, "the loss of:the“funct;on.of_the MAI gene, can be visually

" detected, the tissue made up cells lacking the marker gene and

containing the desired gene can be obtained surely and easily.
‘That is, the cultivation, the visual ' selection and the

separation may be repeated without the need for any special
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procedure to obtain'such a tissge. ‘Further, the plant made up
only of the above-mentioned cell can be ocbtained by only
regenerating the plant.frqm the obtained tissue, without having

to undergo the crdséing step. Still further, although a

_ trégsposon_is hard.to_completely remove from DNA because this

elemént has a high;_t:ansposability,. the .invéntion can be
Sufficiently_put.to préctical use beéause the*seiection is’
highly efficient.
| - Example
The preéent inventioh_will-be illustrated by referring
to the following_Examples;_bgt_the present invention shoﬁld not
be construed as being;limited-thereto.  |
In the following Examples, the experiments were
conducted according to the instrﬁctions-of Molecular Cloning,
2nd_ edition (Sambrook et al. eds., Cold Spring Harbor
Laborato;y-P:ess, New York, 1989) or through a manufacturer
-unless otherwise instructed. | |
. EXAMPLE
“An . ipt gene present in T-DNA of pathogenic A.
_tumefaciené-strain-Pozz (H. Wabiko, Chemical_Regulatian of
~Plants, vol.24,.py35, 198? (see Fig. 1)) was cut out with

restriction endohuclease;PstI,.and plasmid pIPT1l was obtained

. by ligating the ipt:gene_iﬁto the PstI.restriction_endonuclease

site of plasmid pUC7 (Molecular Cloninggﬂan'edition;2vql..1,

4.10). From this plasmid,.aniipt gene containing a native
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promoter and a native pblyadenyiation signal was cut out with
restriction endonucleases BamHI and PstI, and plasmid pIPT2 was
obtained by ligating the ipt gene into the BamHI-PstI
restriction endonuclease sites of plasmid pUC119 (obtained from
Takara Shuzo Co., Ltd.). From this plasmid, the structural
gene and the native polyadenylation signal of the ipt gene were

cut out with restriction endonuclease Rsal, and plasmid pIPT3

' was obtained by ligating the ipt gene-ihto'the SmaI.restriction

endonuclease site of plasmid pUCl119. Further, the ipt'gene

. inserted into pIPT3 was cut out with restriction endonucleases

BamHI and Sacl, and plasmid pIPT4 was obtained by ligating the

fragment into the BamHI-SacI restriction endonuclease sites of

vector plasmid pBI121 (obtained from Clontech Co.) which is

_usefui for the gene introduction into a plant. When a plaht is
infected with A. tumefaciens having the plasmid'pIPT4, a T-DNA
region which exists between an LB site and an RB site, here a
région of approximately 5 kb having the NPTII gene and the ipt
gene, comes to be integrated.intoithe chromosome of the plant.

This plasmid pIPT4"was introdﬁced~ into E. ¢éli
(Escherichia zgoli)"JMIOS--Strainrl and it was deposited in

accordance with the Budapest Treaty as E. coli JM109 (pIPT4)

_ under Deposit No. FERM BP-5063.

The strategy for constructing the'plasmid“piPT4'is
‘schematically shown in Figs. 2 to 4. The restriction
-endonuclease map of the T—DNA region thereof is shown'inzrig.

5. . In Figs. 2 to 4 and 5, encircled "P" and "T" indicate a
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native promoter and a natii_re- p__o]_.ya_denyla-t-i_ori signal of the ipt
gene itself- respectively. 35S-P indieates a 35S promoter of a

cauliflower mosaic virus, and Nos-P indicates a promoter of a

nopaline synthetase gene. T (Fig. 4) or Nos-T (Fig. 5)

indieates a polyadenylation signal of the nopaline synthetase
gene. | |
| In this Example, as shown in Fig. 5, for the MAI gene
as the mar_kei:_ gene, the ipt gene which contributes to formation
of an ESP by iriducing the _deet-tuction of apical dominance was
used, -and the NPTII gene was_.used- as a model of the desired
gene. The ipt gene. ie- a ,memher- of oncogenes. that. pathogenic A.
tumefaciens teta-ins. A plant cell into which this ipt gene is
introduced causes dif_fere_nti-ation which is led to the formation
of an ESP through the overproduction of cytokinin ’ which is a
plant hormone |
In this Example, 358-' promoter of .a ‘cauliflower mosaic
virus was ﬁsed for a promoter sequence of the ipt gene, and the

native polyadenylation signal of. the .1.pt gene itself was used

. for a term:.nator sequence.

IT. __Introdnc.t;on of pIPT4 into Agrobacter.iwn.

A. tumefa'ciens straih-LBA4404' .(obtained from Clontech
Co )- was J.noculated into 10 ml of YEB liquid culture med:.um

(containing 5 g/liter of . beef extract, 1l g/liter of yeast

extract, 1 g/l-:l.ter of peptone, 5 g/liter of sucrose, and 2-mM

MgSO,, pH of 7.2 at 22°C (the pH at 22°C is applied to the

following unless otherwise instructed)), and was cultivated at
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28°C until obﬁm.was_within the range of from 0.4 to 0.6. Then,
the culture was centrifuged at 6,900 x g for 10 minutes at 4°C
to collect the cells. The cells were suspended in 20 ml of 10-
mM Tris-HCl (pH_S.O), and the suspensien was recentrifuged at
6,900 x g for 10 minutes at 4°C._.Subsequently,-the'collected
cells were resuspended in 200 ul of YEB liquid culture medium,
and thisfsuspension was used as a cell solution for introducing
a plasmid;

In a 15-milliliter tube (made by Falcon), 200 pl of the
cell solution for introducing the plasmid were mixed with 6 pg
of plasmidepIPT4 obtained in the abqve-deseribed-step I, and
the.mixture was cooled by dipping it for 5 minutes in ethanol
which had been cooled in liquid.nitrogen for from 30 to 40
minutes. The thus-cooled solution, together with the tube, was

allowed to stand in a water bath of 29°C for 25 minutes. Then,

| 750 pl of YEB liguid culture medium were added thereto, and the

mixed solution was. cultivated at 29°C for 1 hour while being
shaken. This.cell'solutioh was epread'on YEB agar culture
medium (containing 1.2 w/v%.agar'and the same ingredients  as
those of the above-mentioned culture medium) to which 50
mg/liter of kanamycin were added, and cultivated at 28°C for 2
days. The thus-obtained cel; colonies were inoculated into YEB
liquid.culture.medium:andafuither cultivated. Thereafter, the
plasmid was extracted from the cells by an alkali method, and
cleaved with reStriction'endonucleases'PBtI, BamHI end EcoRI.

The . thus-obtained fragments“of=the'plasmid were analeed by
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agarose gel electrqphores’i's, and it was confirmed that the

plasmid pIPT4 was introduced into A, tumefaciens strain

III. Introduction of ‘pIPT4 from Agrobacterium into a tobacco

Matured leaves of a tobacco (Nicotiana tabacum cv.

xanthi, hereinafter a tobacco means this variety unless

- otherwise indicated) grdwn' in a greenhouse were dipped in a 1

v/v% sodium hypochlorite _aqheous solution for sterilization,
and.-w'ashed three times with sterile water. Then, the midrib of
the leaf was removed to form leaf discs of approximately 8 mm

square. - The thus-obtained leaf discs were then dipped for

approximately 1 minute in a cell suspension of A. tumefaciens

strain LBA4404 introduced pIPT4 in the above-described step II,

and was infected therewith (which suspension was diluted with

a sterilized water at ODg,=0 .25 after the overnight cultivation

‘in YEB 1liquid culture medium). - The infected leaf disc

was put on a. sterilized. filter p_apei: to remove any
extra cell suspension.. Then, it was .laid on hormone-
free MS agar culture medium (T. Mu:ashiges' and F. Skoog,
Physiol. Plant., vol.15, p.473, 1962 (provided that 0.8 w/v$
agai: was added -th,_éreto)-) . containing. 50 . mg/liter of

acetosyringone with the back of the leaf facing'ﬁpward . and was

- cultivated for 3 days, at 25°C. in full light (cultivation of an

explant, a plant tissue and a plant were conducted under these

t'emperatﬁ_r_e and lighten_ing. conditions unless -.-oth'erwise

instructed). The thus-cultivated leaf disc was then
- 34 -
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transplanted. into hormone-free MS agar culture medium
containing -only 500 mg/liter of carbenicillinl and the
cultivation was continued. As a result, 22 adventitious shoots
were redifferentiated. These"adventitious shoots were
separated and further cultivated'in a culture medium having the
above-mentioned composition ﬁo obtain 6 ESP lines. These ESP

lines were subcultured in the same culture medium every month,

" and were subcultured in hormone-free MS agar culture medium not

containing - carbenicillin several times 3 months after an

infection. After the prdliferatibn'of Agrobacterium was not

" observed, a test for kanamycin resistance and PCR analysis were

" carried out.

IV. Analysis of a tobacco iﬁto which the gene has been

introduced

A. Test for kapamycin resistance
The 6 ESP lines obtained in the above-deséribed step

IIT were cultivated as such without subculture.  Leaves

'developed.from these ESP lines were cut out to fbrm leaf discs

of approxim;tely 3 mm square. The thus-obtgined_leaf dis;é_.
wé:e.laid on Ms_agazléulture mgdium_(;_ng/lite: of benzyl
adenine and 0.2 mg/liter of a-naphthalene acetic acid were
_addeq_thereto) contaiﬁigg ZOQ mg/lite:_of kanamycin, After
cpltivation ih_this kanamycin qontaining éqlture medium for 1
month, the forﬁétidn.of E§§ lines was_alsq_obsé;ved on the leaf

discs obtained from-these ESP lines.

- 35 -



10

15

20

25

WO 96/15252 PCT/IP95/02283

B. PCR analysis
Chromosomal DNAs were extracted from all of the 6. ESP

lines obtained -in the above-descrlbed step III, and the genes
:Lntroduced thereinto were analyzed by the PCR method.
The  chromosomal =_DNA was extracted by using the
following modified CTAB method. | |
First, approxz.mately 1l g of the leaves . developed from

the ESP was ground in: lJ.un.d nitrogen using a chilled mortar

and pestle, ~and suspended in 5 ml of a buffer (containing 2

w/v% CTAB (__hexadecyli:rimethylamonium bromide), 1.4-M NaCl, 0.2
v/v% B-mercaptoethanol, 20-mM EDTA, and 100-mM Tris~HC1 (pH
8.0)) .lwhich had been heated at 60°C. This suspension was
heated at 60°C for from 30 to 60 minutes while bein_g. gently
shaken, and was then cooled to room temperature. To this
suspension a mixture of ehlorofofm and isoamyl alco.hol' (24:1)
at an equal volume was added ,- and these v}e:&e gently mixed.
Then, the mixture v}as cenfr'iftiged at 1,'6(:]0 xg f_oi' 5 minutes to
recover a supernaﬁant.f Suﬁ_sequently, -2/3 volume of isopropyl

alcohol was added to the supernatanf , and these were gently

. mixed again. The mixture was allowed t‘d‘ stand on ice for 10

minutes to precipi’t'ate the 'chromo'sox_nal DNA. This chromosomal

DNA  was E:ollected_'by 'cent.-ri.fugation 'at"1,600 X .g for 10

' minutes. The thus-collected chromosomal DNa was' washed with 70

v/vs ethahol, then vacuum-?dried,_ and dissolved in 300 ul of TE

(comprising 10-mM Tris-HCl and l1-mM EDTA).
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Meanwhile, in order to detect the ipt gene by the PCR

- method, a couple of primers (oligonucleotide) to bg used was

synthesized by a .DNA synﬁhesize‘r (manufactured by Applied
Biosystems Co.). When they were binding to the ipt gene the
distance between the two primers bécame approximately 800 bp.
To amplify the ipt géne, 1 ng of the extracted chromosomal DNA

was dissolved in 50 pl of a mixed solution containing 0.2 uM of

. these primers, 10-mM Tris-HCl (pH of 8.8 at 25°C), 50-mM KCl,

1.5-mM MgCl,, 1 w/v% Triton X-100, 0.1-mM ANTP and 1.25 units

- -of Taq polymerase (obtained from CETUS CO.). After the mixture

was heated at 94°C for 1.5 minutes; a three-part heating cycle,

" namely at 94°C for 1 minute, at 55°C for 2 minutes and at 72°C

for 3 minutes was repeated for a total of 30 times to complete
the reaction. The obtained reaction mixture was analyzed by
‘agarose gel electrophoresis to detect the presencé of the ipt

gene in the chromosomal DNA by the amplification of the gene of

approximately 800 bp.

The results are shown in Fig..e. As is clear from Fié.-
6, the amplificatibn of the gene of approximately 800 bp was
observed in all 6flthe-6'ESPs; In Fig.16,~the values shown on
the 1eft~sidé'indicate the length of bases, which was of band
ingredients detected (hereafter réferred-to-as the "band") in
the electrophoresis of the DNA size marker.

COMP. TIVE EXAMPLE 1

The analysis*was“coﬁducted-with réspect-to 16 shoots

‘which had no ability of forming an ESP and were obtained from
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-the adventitious shoots redifferentiated from the A.

tumefaciens-infected leaf in step III of Example 1. That is,
at the time the 22 adventitious shoots were cultivated and the
6 ESP llnes were selected in step III- of Example 1, those

showing morphologlcally normal shoots (hereinafter referred to
as "non-ESP") were also freed from A. tumefacienS'and-subjected
to the test for kanémybin resistance in the same manner as in
steps III and IV of Exampie 1. Further, the 9 ﬁon-ESP lines
were subjected'to PCR'analysis.. However, with respect to these
noneESP.lines, the leaf discs laid on the kanamycin-containing

culture medium all turned brown and withered after

. approximately 3 .months.; . Further, in the PCR - analysis,

ampllflcatlon of a DNA fragment of approximately 800 bp whlch

. proves- the presence of the ipt gene was not detected in any of

the analyzed nine lines.
The resulte'ef the PCR analysis are shown in Fig. 6.

EXAMPLE 2

I. Construction of a vecto;'

Plasmld PHSG398- (obtained from Takara Shuzo Co., Ltd.)
was dlgested.with restrlction.endonuclease BamiI. The cohesive
termini produced by the digestion were changed into blunt-ended
termini with T4DNA polymerase I_(large-subunit), end piasmid
'PNPI100 was obtained by ligating these termini. That is, the
pNPI100 was the pHSG398. losing the BamHI - restriction
endoﬁuclease site. -Meanwhiie; plasmid pCKR97 (T.Izawa et al.,

Mol. Gen. GEhet.,-vol.227, p.391, 1991) was digested with
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" restriction endonuclease Pstl. Transpbson Ac of a maize was

‘cut out, and inserted into the PstI restriction endonuclease

_ site of the pNPI100 to obtaln plasmid pNPI102.

‘Subsequently, from the plasmid pIPT4 constructed in

Example 1, a cauliflower mosaic virus 35S promoter' and an ipt

- gene linked thereto were cut out with restriction endonucleases

HindIII and SacI. The cohesive termini of the thus-obtained
fragment were 'changed into blunt-ended 'termini_ with T4DNA
polymerase i, and the ‘fragment was ir;sertéd into the HincII
‘restriction endonuclease site of the .pl.asmid pUC119 to 'o_btain_
plasmid pNPI10l. From this plasmid pNPI10l1l, the 'cauliflbwer'
mosaic virus 35S promoter and the ipt gene wére cut out again
with restriction endonucleases Psti ‘and EcoRI, and the cohesive
f.ermir'xi of the fragment were cha’rigéd into blunt-ended termini
with T4DNA polymerase I. Furthei',' plasmid pNPI103 was obtained
by ligating the fragment into the blunt-ended BamHI
endonuclease site of pNPI102. That is, in the plasmid pNi’IIO3,

the 35S promoter and the ipt gene linked’ ther_eto- existed in

‘the old BamHI restriction endonuclease site within transposon

Ac.

The desired vector was obtained by cutting out
transposon Ac - conta:.m.ng the caul:.flower mosaic virus 358
'promoter and the ipt gene from the _plasmid pNPIlO3 w:.th
restriction endonuclease PstI, and- _.msert:.ng this transposon Ac
into the Ssel restriction endonuclease site of vecto.r- plasmid

pBI121. This was designated as plasmid PNPI106.
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This plasmidipNPIIOG wes'also introduced into E. coli
JM109 strain, ‘and it was deposited in accofdance_' with the
Budapest Tresty as E. coli JM109 (pNPI106) under Deposit No.
FERM BP-5064. | | |

' The strategy for constructlng the plasmld pNPI106 is
schemetlcally shown in Figs. 7 9.- A restrlction'
endonuclease map of the T-DNA regxon thereof is shown in Fig.
10. In Figs. 7 to 9 .and 10, the terminal region of transposon
Ac is shown by opposite black triangles, respectively. In Fig.
10, Ac-P is a native promoter present within Aac.. Other symbols
are the same as those shewn_in Figs. 2 to 5. |

~ As is clear from Fig. 10, this plasmid has the ipt gene

as the marker gene; _and_sthe _NPTIi:ngene:_and GUS (B~
galactosidase) gene as a model_of.the desired gene in the_T;DNA
region, namely in the region: to be integrated into the
chromosome of the plant. Further,. the ipt gene is preSent.as
inserted within the transposon Ac. . Since=the»ce11 having the
GUS gene metabolizes a special substrate to produce a blue.
pigment, the'“expression of the gene: can be identified by
detecting this pigment. Thus, the GUS-éene is often used for
analysis of the expression oﬁ_the-genefin the plant. |

II. Introduction of pNPI106 into a tobacco.and analysis of a

" tobacco into which the gene-has'been'intrOduced

expression of the lntroduged gene

In the same manner as in steps.II and III of,Exemple_l,

pNPI106 was introduced into A. tumefaciens strain LBA4404, and

\
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leaf discs 6f-toba¢co_were infected with this A. tumefaciéns.
The thus-infected tobacco leaf was cultivated in hormone-free
MS agar cultﬁre medium containing 50 mg/liter of
acétosyrinéone, and then in the”hdtmbne~free MS agar culture
medium to which 500 mg/liter of céibenici‘llin were added.
After two months of such cultivation, 63 ESP lines were
separated.

These ESP lines were transplanted in the culture medium
of the same composition (hormone-free MS agar culture medium -
containing 500 mg/liter'§f carbenicillin). One month latér,
frbm among the shoots of the ESPs which had grown slightly, 9
shoots (those_which are generated from ESPs are called simply
*shoots" ﬁereinafter) were selected visually which had gfown
approximately two or more times in compériéon to the other
shoots, in which the gfowth of the side shoots was not observed
.and in which the influence of the ipf gehe appeared to be
decreased. The leaves of those shoots were subjected to the -
same test fof kanamycin resistance as conducted in-step IV-A of
Example l.aﬁd the_tesﬁ'fof_thé expreés;on of the GUS géne (test
fo£'GUSHacti§itY).based on the ﬁethoa Of-Jeffersén et al. The 
shoots obtained after the leaves were cut off ﬁére transplanted
}n hormone-free MS agar culture medium and cultivafed. One
month lﬁter, the shapes weré observed to detect the ability of
forming the ESPs of the shoots, thus exhibiting, the expression
of the ipt gene. |

The results are shown in Table 1.
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SHUiLE l

Results of a test for expression of a gene introduced into a tobacco
by vector pNPIlOﬁ .

' ' N Morphology after
Shoot Kgnamycin GUs 1 month of

5 - _No. resistance activity cultivation
Example'z' 1 + o+ ESP
2 + + ESP
3 + - ESP
4 + + ESP
10 5 + - ESP
6 + - ESP
7 + + ESP
8 + + normal
9 + + ESP
15 Comparative 10 = - - - " normal
Example 2 = 11 N N .~ .normal
: 12 - ' - normal
Notes: 1. In the kanamycin resistance, + is "resistant®, and - is "not
resistant' o
20 2. In the cUs activity, ¥ is "active", and - is "inactive'
3. The 'no:mal' means an individual that causes fhe dominant growth

of an apical shoot and the formation of roots.
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As is .-appaxh':ent' from Table 1, -althoizgh the leaf of shoot
No. 8 'haé ka'iiamycin resistance and GUS activity., an ESP is not
forxﬁed even .if the shoot: is cﬁltivatéd for 1 month. This is
éresumably because the ipt gene that .c'auses' the formatioﬁ of

the ESP is present in the inéefted form within the transposon

 Ac in thé'plasmid 'pNPIlOG.'" That is, the ipt gene, which is

‘introduced into the chromosome of the tobacco by the infection

with the A. tumefaciens containing this plasmid to the tissue
and expressed at the initial stagé_ of the tissue cultivation
just after the _J'.nf,ec-t'ion', is removed together with Ac through
the action of Ac during the subsequent cultivation. Meanwhile,
in the same vector, the NETII. gene and the GUS _.gene are
ins'ert.'ed into a position where tﬁey_ do not_ behave integraily
with Ac, so th&t these genes still remairi. in the plant
chromosome and are ‘expressed. ' -
In Table 1., although kanamycin resistance and ESP-
forming ability are observed in shoots Nos. 3, 5 and 6, only
the GUS activity is negative. -This means that in these shoots
only the GUS gene of the genes introduced by using the pr’IIOG
is not expressed. This is considered to be owing to the
erroneous integration that ‘occurred when these gehes wére
ihtegfa}:ed J'._nto the plant chromosome. That is, when the gene
is introduced via A. t’umefa--c'.iens containing the plasmid which

has the structure of pNPI106 or the like, the T-DNA region,

‘namely, the overall inner region between the RB site and the LB

site must be normally'integrated into the plant chromosome..
- 43 -
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However, this region Ls sometlmes not completely integrated,
but is torn and. the deflclent piece lacklng some portlon of the
-LB terminals is lnserted _ In the T-DNA region of the pNPI1(6,
the GUS gene lS present in the closest pos;tlon to the LB sxte.'
Accordlngly, it is .cons1dered that due to the erroneous
lntegratlon_ in the gene .introduction, the GUsS Qene is
integrated into the'chromosome in a condition which the GUS
gene is torn_to pieces and its own function is lost, or the GUS

gene is not at all lnserted therelnto, so that the GUS gene is

‘not expressed in these shoots and the activity thereof is not

observed. _ _
rhe:photograph_of_shoot No.p2 and No. 8 after one month
of cultivatiOn are'shown'in figs. 11 and 12.
With respect to the leaf grown from shoot No. 8 and

subjected to the test for kanamyc;n ‘resistance here, the

cultivation was further. continued after the test. Five

adventitious shoots were-obtained from this leaf, and these
were all non-ESPs..

_ECR analysis _ _ _ _ .
On shoots Nos. 1 to 9 in Table 1}, after ESP-forming

ability Was'observed,,the PCR analysis was conducted in the
:same manner as in step IV-B of Example 1 to further examine the
presence of the ipt gene in. the chromosome, provided that the
couple of-przmers which were designed to be bound to the NPTII
-gene and the_GUS‘gene-respectively'were=used-in addition to the

primers used in step IV-B of Example 1. In the case that these
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primers were used, when the Ac and the ipt gene inserted

- thereinto (Ac-ipt gene complex) are excised from the T-ﬁNA

region of thé pNPI106, a DNA fragment of approximately 3 kb is
amplified in the PCR. Accordingly, the excision of the Ac-ipt
gene complex from the DNA can be detected using this
amplification as an index.

The results of the PCR analysis on shoot No. 8 are
shown in Fig. 13, in which the values indicated on the left

side are the same as those shown in Fig. 6.

As is apparent from the results, in thé chromosomal DNA

‘extracted from shoot No. 8, the amplification of the DNA

fragment of approxiﬁately'3 kb which proves the excision of the

Ac-ipt gene complex is observed, while the amplification of a

-DNA fragmentlof approximétely 800 bp which proves the presence

of the ipt gene is not observed. This means that the ipt gene
is excised from the chromosomal DNA of this shoot together with
the Ac and disappears. |

- On the othe:"hand, with respectlto shoots Nos. 1 to 7

and 9, the amplification of the DNA fragment of approximately

'3 kb was not detected in any of the chromosomal DNA samples
~ thereof, ' while the ‘amplification .of the DNA. fragment of

‘approximately 800 bp was detected in all of the chromosomal DNA

samples thereof. 'Abcordingly,'it.iSfconsidered-that in these
shoots,'the-ipt:gene-ié still present in the chromosomal DNA

along with the Ac. -
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COMPARATIVE EXAMPLE 2

In the cultivation of the A. tumefaciens-infected leaf

- in step II-A of.Example 2, the 3 non-ESPs redifferentiated

-along with the ESPs were_separated, and subjected to the test
fer-kanamycin'resistance,-the test for GUS activity, visual
observation after 1 month of cultivation and PCR analysis in
the same manner as in II of Example 2.

The results are shown in Table 1. The shoots obtained

from these non-ESPs did not possess any of the kanamycin

-resistance, the GUS activity'and ESP-forming ability. Besides,

the amplification of the DNA fragments of approximately 800 bp
and approximately 3 kb was not detected in the PCR analysis.
| - EXAMPLE
‘Further, the cultivation of the 63 ESP lines separated

in Example 2 were continued in hormone-free MS agar culture

_mediums Approximately two months later after the separation,

a total of seven shoots Nos. 13-1 to 13-3 and 14-1 to 14-4

‘which were normal shoots capable of being identified visually, -

that is,-which exhibited the apical dominance; were. obtained
from. the. 2 ESP llnes. ~ These- shoots ‘were separated to
transplant in - the culture medium having the: above-mentioned
comp951t10n, then they were normally extended,and rooted. Of
these, the indlviduals obtained from shoots Nos. 13- 1 and 14-1
were subjected to PCR analysis in the same manner as in step
II-B of Example 2. As a result, the-ampiifrcation‘of a- DNA

fragment ef apnroximately-soo bp was observed in neither shoot
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Nos. 13-1 nor 14-1. Meanwhile, the amplification of a DNA

vf;agmeht of approximately 3 kb was observed in both of these

shoots. It was thus determined that the ipt gene had been
excised from the chromosomal DNA of these individuals along

with the Ac and had disappearédq The results are shown in Fig.

14, in which the values indicated_on the left side are the same

as those shown in Fig. 6. 'Further, the expression of the GUS
gene was detected in all of the individuals obtained from the

seven shoots.

"Fig. 15  shows the .state "of a normal shoot

‘differentiated from an ESP.

EXAMPLE 4

The leaf obtained from a shoot which is shown as shoot

" 'No. 7 in Table 1 among the 9 shoots selected in Example 2 was

| cultivated in hormone-free MS- agéri culture medium for

.approximately51 month. One normal shoot was visually selected

and separated from 6 - adventitious. shoots which were

redifferentiated from the cultivated leaf. This nérmal shoot:

was transplanted'ip'a culture medium of the above-mentioned

composition, then a normal extended and rooted individual was

obtained:  Further, this individual was subjected to PCR

analysis in the Same manner as in step II-B of Example 2, and
on ‘the grounds of the disappearance of the DNA fragment of

approximately 800 bp and the amplification of the DNA fragment

of approximately 3 kb, it was determined that the ipt gene had

been excised from the’ chromosomal DNA along with the Ac and had
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disappeared. The results are shown in Fig. 16, in which the
values indicated on the left side are the same as those.shown
in Fig' 6. FurthermOre;3'1n the same"individuals,_ the
expression of the GUS gene was also detected.

EXAMPLE S

I. Segaratlon of a 51te-sgec1f1c recomblnatlon sxstem {pSR1

: sxstem) from xeast

- Yeast  (Zygosaccharomyces rouxii - (obtained from

| Institute for Fermentation)) was inoculated in 5 ml of YPAD

liquid culture medium (containing 10 g/liter of yeast extract,

20 g/liter of polypeptone, 0.4 -g/liter of adenine and 20
g/liter of glucose), and was cultivated at 30°C for 24 hours.

The culture solution was centrifuged at 6,900 x g for 3 minutes

‘at 20°C to collect the cells (hereinafter, the cells were

collected under the same donditions)., The.obtaLned celis vere
suspended in 2 ml of a sOlution-cbmprising O.Z-M Tris-HCl1l (pH
B.O)Jand-s v/v% merceptoethanol. : The:Cell'suspension was
allowed to stand at 25°C for 30 minutes while being gently
etifred-SOmetimee, and cells were then collected. Further, the'
collected cells were suépended-l ml- of a solution (pH 6.8)

containing 2.5 mg/ml of Zaimolyeis-20T (obtained-: fz_'bm SEIKAGAKU

- CORPORATION), 10 w/v% sorbitol and 5 w/v% KPO,. The suspension
'was;allowed to stand at 30°C for 90 minutes, and-reeentrifuged

to collect the cells again.  The collected cells were

resuspended in 1 ml of a solution containing 0.2-M NaCl, 0.1-M

.EDTA, 5 w/v% SDS, 50-mM Tris-HCl (pH 8.5), and'P:oteinase-K
- 48 -
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‘were added - to be 20 mg/ml thereto. The mixed solution was

- allowed to -stand at 60°C for 1 hour, then returned to room

temperature, and extracted with a mixture of phenol and

chloroform and then with chloroform to purify. To the thus-

obtained supernatant was added in an- equal volume of
isopropanol to precipitate chromosomal DNA and plasmid pSR1.
The mixture was centrifﬁged at 6,900 x g for 10 minutes_at_4°c
to collect the DNA, and the collected DNA was washed with 70.
v/v% ethanol, then vacuum-dried and dissolved in 100 pl of TE.

‘Using the thus-extracted DNA (the mixture of -the

chromosomal DNA and the plasmid PSR1) as a template, oﬁly a

- site-specific recombination system which was present in the

plasmid pSR1 (hereinaftet referred to as FpSRl system") was
-amplified by the PCR method. The pSRl1 system consists of an R
'gene Which is a fecombinaSe gene ahd a recombination sequeénce
Rs, and their DNA sequences have been already determined (H.
Araki et al., J. Mol. Biol., vol.182, p.191, 1985). In the
-present:invention, in Ordermtp amp;ify_the R~gene; a primer-in'
‘which an Xbal festrictionféndonucléase site was added to a 5'-
position of 22 bases, namely, 5,596th - 5,617th bases in the
.séquence of the plasmid pSRl" |
(5'=CCTCTAGAATGCAATTGACCAAGGATACTG-3') and a primer in which
the SacI restriction endonuclease site was added to the
5¢-position of 22 bases, namely, 4,126th - 4,147th bases in the
sequences of plasmid pSR1 (5’-CCGAGCTCTTAATCTTGTCAGGAGGTGICA-

'37), were synthesized to use. On the other hand, in order to
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. amplify Rs,. two cqﬁplesJof primers each comprising 30 bases (a

_total_of four types) were synthesized to use. That is, one

.couple was composed of a primer in_which the three of 287th -

_316th bases of the seQuénce of the plasmid pSR1 were replaced =

and an Ssel restrigtioh_ endonuclease site was. introduced

(5 -AGGATTGAGCTACTGGACGGGAATCCTGCA-3’) and a primer in which

the four of 690th - 719th bases of the sequence of the plasmid
PSR1 were replaced and the HindIII restriction endonuclease

site and the XhoI restriction endonuclease site were_introduced

 (5'~CAACTCGAGCAATCAAAGCTTCTCGTAGTC-3' ). Rs to be amPlified

with this primer_set%wa#'called.“Rsl", Another couple was

compdsed of a primer in which the.three'pf 287th - 316th bases

of the sequence of the.plasmid:pSRi were replaced and an Xhol

restriction endqnucleasé 'site and an EcoRI festriction
endonucleasé-site were introduced:

(5'-AGGATTGAGCTACTCGAGGGGAATTCTGGA—3’) and a érimer in which
the five of 688th -~ 717th bases of the sequence of the plasmid

| PSR1 were replaced and the Ssel restriction endonuclease:site
‘was introduced (5’-ACTGGACCAATCCCTGCAGGTCGTAGTCAA-3'). RS to

- be amplified with this primer set was called "Rs2".

In order to amplify-the R genejand the Rs’s, 1 pl of

the extracted DNA.solutiqq_was added,to,every;sd ul of the

- mixed solution used in step IV-B of Example 1 containing 0.2 uM
- @ach primer seﬁ_respectivelyu A three-part heating cycle,

_namely, at 95°C for 30. seconds, at 55°C for 30 seconds and at

72°C for 1.5 minutes was repeated on the mixture for a total of
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.30 times. - The thus-obtained reaction mixture was analyzed

through agarose gel electrolysis to confirm the amplification
‘of the R gene and the Rs’s.

II. Construction of a vector

The Rsl amplified by the PCR method was digested with
restriction endonucleases PstI and XhoI, and plasmid pNPI126

‘'was - obtained by inserting this Rsl into the PstI-Xhol

‘restriction endonuclease sites of pSB1180 (obtained from

Pharmacia Biotech Co.).

Subsequently, in order to ' eliminate the EcoRI
restriction endonuclease site and the HindIIT restriction
endonuclease'éite of pHSG398, digestion of these restriction
endonucleases, changing the digéSted termini infb’blunt-endéd
termini with T4 polymerase I (large subunit) and ligation of
the blunt-ended termini were repeated in séQuence. In this
way, plasmid pNPI121 with these restriction endonuclease sites
eLiminated was: Obtained. Plasmid pNPI127 was produced'by
digesting the Rs2 amplified by the'PCR.method-with restriction
endqnucleases'XhoI and- PstI, and inserting this Rs2 into the
'Sall-PstI restriction éndbnucléase éites' of the plasﬁid
pNPI121. -

Plasmid pNPIlZB Was;obtained by cutting-oﬁt.Rsl from
thelbupllzs with :esﬁtictidn.endonucleasés SmaIl and Spel and
inserting this ~ fragment into the SmaI-Xbal restriction

endonuclease sites of the pNPI127.
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- Thé;R'gene amplified by the PCR method waé digeéted
yith_reétiiction ehﬁonucleases Xbal and Sacl, éhd inserted into
the.XbaI-SacI restriction endonuclease sites. of pHSG398f The
thus-obtained pl&smid was designated.pNP1124; 

Then, pBI221 (obtained from Clontech Co.) was digested

with restriction endonuclease PstI. The digested termini were

_éhanged into blunt-ended termini and then ligated as the above-

_descrihed'manner._ Thus, the plasmid:pNPI;ll with the Ssel and

PstI restriction endonuclease sites eliminated was obtained.

Thereafter, the R gene cut out from the PNPI124 with

- restriction endonucleases Xbal and Sacl was inserted into the

Xbal-Sacl restriction endonuclease : sites of the pNPI1ll
replacing the GUS geneatq,produce.plasmid pNPI125. Further, a
'cauliflowe:imosaic virus 3ssrpromoter,'the-ﬁ gene linked to the
promoter and a polyadenylation-signal;of nopaline synthetase-
ﬁerescut out with féstricticn-endonucleases HindIII and EcoRI
énd:inserted into'the-HindIII-EbaRI'réstrictioh endonuclease
sites of the pNPI128 to obtain plasmid pnpxlzsb-'

| 'pPNPI101 wasw'digested, with: restrictioﬁ _éndonuclease
Smai,¢and'a 5!-ph§§pholy1ated HindIII linker (obtained from
Takara Shuzo Co., Ltd.) was inserted into the digestion site to
obtain plasmid pNPI122. ' That is, this pNPIizz is one in whiéh
the'SMaI :eétriction.endonuclease site of the pNPI10l was
replaced with the HindIIX res;tiction7-endonuclease site.
Further, the pNPI122 was digested with ;'estr_iction endonuclease-

Pstl, and the digested termini'were changed into blunt-ended
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termini and ligated to produce plasmid pNPI123 with the SseI
and PstI restriction endonuclease sites eliminated. From this
plasmid.pNP1123, a cauliflower-mosaic virus 35S promoter and
ipt gene linked to the promoter were cut out with restriction
endonnclease HindIII, and inserted into the HindIII restriction
endonuclease site of the pNPI129 to obtain the plasmid pNPI130.
_ _The_desired-nector_was obtained by cutting out the
fragnent containing .the. ipt gene, and the R gene, the
cauliflower mosaic vircs 355. promoters linked to them
respectlvely and the Rs s present on both termlnals of these
genes with restriction endonuclease PstI, and inserting this
fragment into the Ssel restrlctlon endonuclease sxte of the-
pBIl21. The thus-obtalned plasmid was designated pNPIlBZ.

| Thls plasmid pNPI132 was also Lntroduced into E. col;
JM109 strain, and was deposited in accordance with the Budapest
Treaty as E. coli JM109 (PNPI132) under Deposit No. FERM BP-
5065

The strategy for constructxng the plasmid pNPIlBZ is

schemat;cally shown in Flgs. 17-19. The restrlctlcn
endonuclease map of the T-DNA region thereof is shown in Fig.

20. In Figs. 17 to 19 and 20, a hatched trlangle indicates the

'recomblnatlon sequence Rstderlved from the plasmid PSR1 of

yeast and the direction of its sequenCe. Other symbols are the
same as those shown ln Flgs. 2 to 5.

As is apparent from Fig. 20, the plasm;d pNPIl32, as
the same as the plasmid pNPIlOG has the ipt gene as the marker
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gene and the NPTII gene and thehGUS gene as models of the
desired gene in the T-DNA region. However, in this case, the
region between the two recombination sequence Rs’s of the pSR1
system hehaves as the renovable DNA element. Therefore, the
ipt gene is inserted such that it is held by the two same

directed recombination sequences.-

III. Introduction of pNPIl32 into a tobacco and ana1131s of
the tobacco into whlch the gene has been lntroduced

In the same manner as in steps 11 and III of Example'l,
the plasmid pNPIl32.was lntreduced into A. tumefaczens strain
LBA4404, and leaf discs of a tobacco (Nucotzana tabacum cv.
SRl1) were lnfected with thls A. tumefac;ens. Then, the
'lnfected leaves were cultured in hormone-free MS agar culture
medium contalnlng 50 mg/llter of acetosyrlngone and then in
.hormone-free MS agar culture medium contalning 500 mg/llter of
carbenlclllln. | | _

One mcnth-later; the cultured leaves were transplanted
ln the culture . mediun. of the same: compositicn, _and'.the
cultivation uas further ccntinued for l.month. Then, 48 ESP
llnes were separated. | _ |

These ESP lines were transplanted agaln in the culture
medium of the same compos;tion, and the cultivation was further
ccntlnued} ' Approximately .one- month later (namely,
approximatelf'. 3 months after the | infeCtion : with A.
tumefaciens), shoots which.were v;suallj detectable to have a

normal morphology were generated from seven of 48 ESP_lines.
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These shoots were separated and transplanted in the culture
medium of the same compos;tlon, and then ten normal individuals

could be obtalned.

These individuals were subjected to the PCR analysis in

_the same manner as in step II-B of Example 2, provided that a

couple of primers for detection of'the_GUS gene were used in
addition to the primers nsed in step II-B of Example'z. By
conducting PCR using these primers, a DNA fragment of
approkimately 800 bp was amplified when the ipt gene was
present; a DNA fragment of aﬁproximately 3 kb was amplified
when the ipt gene.was excised from the T-DNA region of the
plasmid pNPI132 through the excision of the portion held by
Rs’s (these results are the same as in the analysls of step II-
B in Example 2); and a DNA fragment of approxlmately 1.7 kb was
amplifled when the GUS gene was present. The results are shown

in Figs. 21-23 and Table 2. In Figs. 21-23, the wvalues

-indicated on the left side are the same as those shown in Fig.

6.
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TABLE 2

Resulté{of_analySis of a transgenic gene in a tobacco-
into which the gene is introduced with vector pNPI132

ESP Individual ' re ipt re GUS -
5 | line No. plant No. - 800be  3kb L7 kb
15. 1. : _ o + .
2 - + +
16 I ' - | , + '-f
_ 17 B - + +
10 . a1g 1 - + +
19 1 - + +
-2 - + o+
20 1 - : N : +
2 - + .+
15 2 1 - R +

Notes: + indicates that the corresponding DNA'fragment

is ampiified, and - indicatés that it is not amplified. -
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As is'apparent-frqm'Tabie 2, the presence'Of the ipt
| Qene which'Waé the marker gene was not detected in any of
Cﬁromosomes of the individuéis that had been selected simplﬁ'by
k ﬁhe visual observation of their morpﬁology, and.instead, the

amplification of the DNA fragment Whi¢h indicates the excision
of the ipt gene was detected. Meanwhile, the presence of the
GUS gene used as the desired gene was detected in-ali of the
inaividuals;= | |

On the other hand,' thé_ kanamycin resistance ﬁas
examined by using the terminal buds Qf-individuals,'which.were
obtained from-hon;ESPs,differentiating almost simultaheoﬁéiy
with the 48 ESP lines and showed normal éloﬁgatioﬁ and rooting,
with the use of a hormone-free MS agar medium containing 200
mg/i-of kanamycin. As a result, it was found qut that two
émong 16 individuals have resistance tofkanamycin.

Subsequently, these-'kanamycinéreéisﬁant individuals
were. further examined by subjecting to PCR anélyéis together
with three individuals selected émong’14'kanamycinésensitive
individuals in the same manner'as.ﬁhat-employed for individuals
obtained from the ESPs. Fig. 24 shows the results wherein the
‘values indicated on the left side are the same as those shoﬁn
in Fig.-G. |

As Fig. 24 clearly-shows;.each of the two kanamycin-
resistant individuals exhibited the amplification of a DNA
fragment which indicated the excision of a region containing

the ipt gene and held by Rs’'s, and the presence of the GUS
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gene. Thus it was proved that genes originated in pNPI132 had
been intégra_ted into these chromosomes. In contrast, no such

amplification was observed in the three kanamycin-sensitive

.individu'als.  Further, any of these ',i_ndj.iriduals (namely,

neither kanamycin-resistant individuals nor kanamycin-sensitive

individuals) showed the amplification of a DNA fragment

indicating the presence of the ipt gene.

It is assumed that these kanamycin-resistant

 individuals obtained _froni a strain lacking an ability to form

._ ESPs, as the same as the kanamyciné-sensitive ixidividuéls_ ’
originated in cells into the _ch_romo_soiues- of which pNPi132 had
not been introduced ét the infection with A.- tumefaciens.
Based on this _a__ssu_mption,.' it is impoééible' that _the. genes
originatihg in thi's_' _veétor; are contained in- the chromosomes.
Moreover, it is unreasonable that individuals, which lacked the
ipt gene but contained the NPTII gerie— (as indicated by the fact
thét these individuals were resistant to kanamycin) and the GUS

gene each in the complete form in the chromosomes, appeared at

such a frequency t_:ons_._i.dering all these genes originated in the

same vector. . Ny

Namely, it is reasonable to 'con_clude that, in these

_kanamyéin—resistant individuals, pNPI132 had been once

iptroduq_ed into the - chromosomes. That is to say, it is
estimated that the T-DNA region of pNPI132 was once introduced
into the chromosome due to the infection with A, tum_efac_.iens,

but the excessively efficiency function of the pSR1 system used
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for this vector induced the excision of.the ipt gene prior to
the formation of ESPs following the infection with A.

tumefaciens. As a result, the NPTII gene and the GUS gene

exclusively remained in the chromosome. The fact that the
kanamycin-résistant individuais showed in PCR analysis,:the
excision of the region containing the-Ipt'gene and held by Rs's

also supports this estimation.

EXAMPLE 6

I. Construction of a vector

Rol genes (S. Kiyokawa, Plant Physiol., vol.104, p.801,
1994) containing rol_A, rolB and rolC and having a total size of
7.6 kb, which genes had been inserted‘ into the EcoRI
restriction endonuclease site of pBluescriptII SK+ (made by
Toyobo Co., Ltd ), was cut out with a restriction endonuclease
EcoRI. This fragment was inserted into the ECaRI restriction
endonuclease site of tne pNP1129 ts produce_plasmid_pNPI?OO.

Frem this plasmid pNPI?OO,_ the ‘rol genes, the
cauliflower'mosaic virus 35S promoter, the R gene linked to the
promoter and the Rs’s present on both terminals of these genes
were cut out with restriction endonuclease SseI, and inserted _

into the SseI restriction endonuclease site of the PBI121 to

"obtain the desired plasmid pNPI702.

This plasmid pNPI702 was also introduced into E. coli

JM109 strain, and was depqsited in accordance with the Budapest

Treaty as E. coiquMlOBi(pNPI?OZ) under Deposition No. FERM BP-

5066.
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The strategy for constructing the plasmid pNPI702 is
schematically shown in Fig. 25. The restriction endonuclease
map of the T—bNA.region.thereof;is shown in Fig. 26, The
symbols in Figs. 25fand.26 are the same as those in Figs. 2 to

5. | |
As is apparent from Fig. 26, the plasmid pDNPI702 is

| similar to the pNPII32, but only the marker gene was changed

from the ipt gene to the rol genes. The rol genes used for
this vector is present in the T-DNA of A. rhizogenes in nature.

_It.is_known that whensthe rol genes'are introduced into plant

celis;,hairy'roots are generated in the plant tissue and that

the plant regenerated from this hairy root shows morphological

abnormality such as drawfism or the like.

II. Introduction of pNPI702 into a tobacco and analysis of
the tobacco into which the'gege has-been introduced

In the same manner as in steps I1 and III of Example 1,
the plasmid PNPI702 was introduced into A. tumefaciens strain

LBA4404, and leaf discs of a tobacco were infected'with this A,

tumefaCiens.

The thus-infected tobacco leaf disc was cultivated in -

hormone-free MS agar culture medium containing 50 mg/liter of

acetosyringone in a dark place for 3 days, ‘and then in hormone-
free MS agar culture ‘medium to. which 400 mg/liter of

ticarciliin were added. Approkimately 15 days later from the

beginning of cultivation, differentiation of the hairy roots

was observed. The hairy' roots were separated one after
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another, laid on a shoot lnduction culture medium (Ms agar
Culture medium containlng 0.1 mg/llter of a-naphthaleneacetic
uacid, 2.0 mg/liter of benzyladenine and 400 mg/liter of
ticarcillin). Then among the redifferentidted shoots, 18
shoots considered to have a normal morphology were visually

selected, and subjected-tb the PCR analysis in the same manner

-as  in step II-B of .Eiample .2, using the primers for the

detecting to excise the region containing the rol genes and
held by Rs’s through the amplificauion“of-a DNA fragment of
approximately 3 kb (as the same primers used in Examples 2 to
5 and'Comparativé Examplé 2) and the primers for detection of
the presence of the rol genes through the amplification of a
DNA fragment of approximately 1.1 kb. As a result, it was
confirmed that the region containing'thelrbl genes and held by
‘Rs’s was excised from the chromosomes of the 9 shoots.:
. EXAMPLE 7 |
By using the vector'pNPIIOG constructed in the aboue
Example 2, a hybrid aspen (Populus Sieboldii x Papulus.
'gzandidentata; ‘'a woody  plant) was subjected to gene
1ntroduct10n. . '. |
- The stem.of the hybrid aspen strain Y63 (harvested in
the ‘experimental forest of Akita Jujo Chemicals Co., Ltd.)
grown in a sterilized'fiask-Was cut into a nod-free section of
5 mm in length. Then it was.further vertically cut into two
piéces to use as a sahple; and the sample was infected with the

pNPI106-introduced A. tumefaciens strain LBA4404 in the same
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manner as. in step of Example' 1. After the infection, 'the stem

section was 'placed ona hormone-free mod_if'ied'-ns agar culture

" medium (containing 2 w/v% sucrose and 0.8 w/v% agar) to which

40 mg/liter of acetosyringone was added and c_:'u-l'tivat'ed'theréin-
for 3 days. Subseﬁuent_ly :.t was transplanted into the same
medium but containing 500 mg of carbenicillin instead of
acetosyringone and further cultivated therein. The modified MS
culture medium employed herein is one prepared by changing the
concentrations of ammonia-nitrogen and nitrat'e-nit"rog'en of the

usual MS culture medium respectively to. 10-mM and 30-mM,

. respectively.

After approximately two months, the adventitious buds

growing from this section were separated and further cultivated

- for 2 months. Thus 6 ESP lines were obtained. These lines

were further subcultured, and approximately 4 mohths thereafter

(i.e., approximately 8 months after the infection with A,

 tumefaciens), morphologically. normal shoots. growing from the

ESPs were ob_sefv__ed_for _the_firSt. time. Then these shoots were

..transplaxited. into 2 2/3-diluted MS gellan gum medium

(containing 2 w/v% sucrose and 0.3 w/v% gellan gum) to which

0.05 mg/liter of IBA _(indolebutyric acid) were addéd and

cultivated therein.  Thus, seven: normal indiwiiduals growing

roots.,w_ére. obtained in total from the 2 EPS lines within ten

months following the infection with A. tumefaciens.

. These individual_s- ‘were then subjected to the PCR

ar_lalysisin the same manner as in step III of Example 5. As a
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result, the.ipt.géne was detected frdm none of them. On the
other hand;;the'preéence of the GUS geﬁe was_deteqted in two
individuais among them. Thus it was confirmed that the vector
of the present invention wbuld work_efficiently in a WOody
plant too.

Incidentally, in the remaining 5 normal individuals,

~ only a part of the GUS gene was detected. It seems that, in

such an individual, when the'transposon Ac introduced by thé
vector pNPI106 was excised from the chromosome together with

the ipt gene, the GUS gene located in the vicinity thereof was

involved in the excision and thué tore off.

Fig. 27 shows  the state of a - no:mal' shoot
differentiated from an ESP. |
. EXBMPLE 8

The normal individual (obtained via ESP) having the

. genes introduced thereinto by pNPI132 in Example 5 was further

subjected to gene introduction with the use of the vector of

. the present invention.

~ The GUS gene of pNPIL32 was replaced by an HPT gene
(hygromycin  resistance gene). By using the thus-obtained
vector . (pNPIl40, Fig. 28), -the  above-mentioned normal
indi#iduals were-subjeéted.to gene introduction in-the'same
manner as ih-steps-II and IiI of Example I. Thus 10 ESP lines
were obtained 40 days after the infection with A. tumefaciens

having this vector introduced thereinto. These ESP lines were

.separated, transplanted'--into a culture medium of the same
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compos;tlon (hormone-free.MS agar culture medium containing 500'
mg/liter of carbenicillin) and further cultivated therein. As
a result, the differentiation of shoots, which visually normal
_mbrphologYi ~was observed in one:-of these lines 20- days .
thereafﬁer (namely, approximately 2 months after the infection

with A. tumefaciens).

One of these normal shoots thus differentiated was

- subjected to PCR analysis in~the.same'mannér'as in steps of 1IV-

B of Example 1. 'Fig.-29 shows the result. It is to be noted
that a couple of primers designed to bind onto the NPTII gene
and the HPT gene respectively, for deteécting the excision of
the region conﬁaining the ipt gene and held by Rs’s, from the
chromosomal DNA, andlanother couple of primers for détecting

the presence of the HPT gene (detected through the

-amplification of DNA fragments of. approximately 4 kb and

: approximately 1 kb, respectiVely) ' were 'en'iployed herein in

addition to the prime:s.hséd in step IVQB of Example 1. In

Fig. 29, the values indicated on the left side are the same as

. those shown in Fig. 6.

- As Fig. 29 clearly shows,finithe PCR' analysis, the

_ch:omosomal' DNA extracted from the: shoot showed the

amplification of-the.DNA_frggmént of approximately 4 kb, whigh
inc_iicatec_i. ‘that the ipt gene had been- exc_iéedf through f,he
excision of the region held by Rs’s, and the amplification of
~the DNA fragment of approximately 1 kb, which indicated the
presence of the HPT gene. On the Other'hahd,-ﬁhe amplification
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of the DNA fragment of approximately 800 bp, which indicated
the presence of the ipt gene, was not detected in the;same,DNA;
These results suggést that the ipt gene, whidh had been once

introduced into the chromosomal DNA of this shoot, was excised

_theréfrom through the excision of the region held by Rs'’s and

. thus disappeared, while the HPT gene still remained in the DNA.

That is to say, ah individual introduced with the desired genes

“(i.e., the NPTII gene and the GUS gene) by pNPI132 was further

introduced with a novel desired gene (i.e., the HPT gene), by
using a vector, wherein the construction relating to the

desired gene was exclusively'altered (i.e., the same ipt gene

~used as the marker gene) with repeating the Cultivation, the

visual selection and the separation usually. Moreover, the
resulfs showed it’s quité posSible that the third, fourth or
more desired genes could be introduced with the use of the same
marker gené.

As is apparent: from the above;describedJExamples, the
obtained ESP lines'-always- had the: ipt gene within their
chromosomes as-shown in Fig. 6. Further, the ESPs, which

showedq:réma:kable morphological abnormality that. could be

_visuallynidentifiéd,-exhibited_kanamycin-resistance, without

'exception, by the. expression of the NPTII gene which was the

desired gene-as a model and introduced together with the ipt
gene. This proves that such an MAI gene is fuliy available as
‘a marker gene for-introducing a gene into a'plant;~and that the

vector of the present:invention.containing3this_MAI gene-as the
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marker:gene"is also'avaiiable as a vector for introducing a
gene into a plant.

When a gene was introduqed into a plant using thé
vector pNPIlOGIin-which the ipt gene was integrated’within the
transposon Aé; a shoot or the like that lost its ESP-forming

ability as a result of the ipt gene'disappearance-from the

. chromosome, while retaining characteristics provided by the

desired gene (NPTII gene and/or GUS gene), was obtained from
the tissue that once formed the ESP at fhe'initial'stage of the
cultivation just after the 0peration of-intfoduCing the géné;
as shown in Table 1 and Figs. 13; 14 and 16. Besides, the
morphology of this obﬁained-tissue-(i.e;, shéot or ihe like

that lost its ESP-forming ability) could be visually identified

- as shown in Figs. 15 and'é?. Further, when this was selected,

- separated and cultivated, an extended and rooted individual

having a normal morphology was obtained. .Furthermore, tissues
which were redifferentiated from the tissue obtained from the
shoot that. lost the ESP-forming ability a1so showed normal

morphologies without. having ESP-forming ability. -This_proves

-that sﬁchﬁaﬁshoot:or the like consisted of uniform cells.

"The same resuits-were also observed when one derived

:from-thefsitépspecific=reqombinationssystem was used as the
'remévablé DNAHelement'and-Qhen'the rol genes were used as the
-MAI gene. That is, when.a.gene was introdhced:ihto a plant
_using a vector; in which the' construction- relating to the

transposon or the transposon- and the ipt gene of the vectors
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_ﬁsed in Examples 1 to 4 and 7 was réplaced with that relating

to the above-mentioned recombination,system'and/or'#ol-genes as
described in Examples 5 and 6, the morphologically normal
tissue and plant in which the MAI gene disappeared from its
chromosome, while maintéining the desired gene, was obtained

from the tissue that showed the abnormal morphology immediately

..after thé gene introduction (Figs. 21-23, Table 2).  Further,

it is also possible to mulﬁitudinously introduce desired genes
into the same individual with repeating the steps of gene
introduction, cultivation and visual-selection.by using the
vector wherein the construction relating to the desired gene is

exclusively-altered while the same morphological abnormality-

_inddcing.gene is employed as the marker gene (Example 8, Fig.

29).

Accdrdingly; when such a vector is uséd, in which the
MAI gene is used as the marker gene and is inserted into the
position such that it behaves integrally with the removable DNA
eleﬁent, a tissue made only of célls in which the desired gene 

alone remains in the chromosome or the like and maintains its

function is obtained only by conducting the following steps:

(1) cultivating the cells just after the operation of

introducing the gene, and visually selecting a morphologically

" abnormal tissue which appears during the cultivation, (2)

further cultivating that morphologically abnormal tissue, and
visually selecting a morphologically normal tissue which

appears during the cultivation. Further, a plant made only of

- §7 -
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‘such cells can be also obtained from. that_: morphologically
normal tissue. - '

Besides, _whén one derived froﬁ the site-specific
recombination sjstem was used as the removable DNA element,
';ince the excision the:eof-occu;red quickly ahd quite a high
frequency, the morphologitcally normal tissue appearing from the
mo:phologicallY’abnOrmal tissue could also'be'détected quickly,
and many normal individuals'were obtained therefrom at gobd
efficiency;

Table 3 shows. the efficiency at which the normal.
.individual- was obtained from the morphologically abnormal
tis_sué when the transposon or one derived from the site-
specific recomhination.sjstem was used as the removable DNA

element in the vector of the present invention.
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TABLE 3

Difference in efficiency of obtaining normal .
individuals dependlng on a type of a removable DNA

Example 3'

Example 5 -

- element:
| - Number of lines
Number in which normal
. . Removable ' -of ESP ‘individuals
Vector DNA element _ lines regenerate
pNPI106  Ac (transposon) 63 2
. : : - . (7 individuals)
pNPI132 ‘the region 48 7
held by Rs’s (10 individuals)
of pSR1 system - '
(site-specific
" recombination

Notes:

1.

2.

system)

The ESP was separated after two months of the
-cultivation. -

The normal shoot could be detected after four
months of cultivation in Example 3 and after
three months of cultivation in Example 5.

Each of the above-mentioned normal individuals
contained a GUS gene as a model of the des1red

' gene.

- 69 -



10

15

- 20

25

WO 96/15252 PCT/JP95/02283

In,ExampIea 1l to 5, under the hormone-free COnditions,
the tissue~_containing the_ transgenic celle proliferated,
differentiated the adventitious shoot;.anditegenerated the
plant. This is presumably ascrihable.to the action of the ipt
gene which was introduced into the chromosome in the transgenic
cell as the marker gene. That is, by the expreSSLon of thls
gene, the plant hormone was overproduced within the cell.
cOnsequently, the plant hormone-produced in the cell containing
the ipt gene influenced not only did the .cell itself to

differentiate the tissue such as the ESP or the like, but also

| the tissue adjacent to the.cell to some extent, whereby the

same state as that given'by the artificial addition of the
plant hormone to the culture medlum was created |

In the vector of the present invention, the MAI gene
is used as the marker gene. Iherefore, when the gene
introduction is conducted on the plant uaing'this vector, the
tissue into which the desired gene is introduced may be
selected by cultivating the cell subjected the treatment for
the gene introduction, in a common culture'medium_under common
Cultivation_conditions without adding any chemical substance
for ISelection, ‘and  visually identifying the resulting
morphologically abnormal tissue. Accordingly, the procedure is
simplified, and the activity of the plant .cell does not
decrease during the selectionj | '

Fnrther, such an MAI gene is inherent in the plant or

is introduced into the plant'by infection with bacteria or the
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like in nature. For this reason, even if the MAT gene is
'exéressed within the plant cell into which the gene has been
introduced, its safety is considerably high when ingested into
the human body. |

Still further, when the ipt gene is used as the MAI
gene, the tissue containing the transgenic cell pfoiiferated
and differentiated the adventitieus shoot by the actien of this
gene, making'it possible to eiiminate'the need for the addition
of plaht hormones to the culture medium which is generally
deemed lndlspensable for the prollferatlon and dlfferentlatlon
in the cultlvatlon of the plant cell

In addltlon, in thls vector, the MAI gene used as the
ﬁarker gene is inserted into the p051tlon such that it behaves.
integtaliy with the temovable DNA element, whereby.the marker
gene is removed from the DNAL where this gene exiets and
functions through the excision of the DNA element at a given-
tatio after'the'gene.has been inttodﬁced into the plant cell,
and this loses its own function. Thus, only the desired gene
preseht in a poeitiep-of the-vector-suchtthat.it does not
behave integraily'with thet:emovable DNA element remains in the
same ﬁN#; and maintain the ability'te,exp:ess its function.

Accordingly, in this structure, the vector causes. the multiple

' introduction relating to the gene into a certain plant by

merely changing the portion of the desired gene to be

inttoduced-without'ahy chenginq the"structures of the marker
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gene and the others. Thus, the multiple introduction can be
conducted an unlimited number of times. '

Besides, in this case, the loss of the fnnction of the

MAI gene as the marker gene can be visually.detected through

5 the morphological change of the transgenic tissue as in the
'introduction of this gene. Therefore, tissue made up only of
the'cellsiin which the desired gene alone remains in the
chromosome or the. like and naintalnsl its function can be
selected surely and .easily. . As a result, the multiple

10” ; lntroductlon of the gene can be conducted at hzéh efflcrency,
.ﬁﬁand the transgenrc plant made only of such cells, namely, the
lndrvidual free from the Lnfluence of the marker gene and
completely free from any health rlsks posed by the marker gene

product can be obtarned wrthout havrng to undergo the crossrng
15 step. .

*%k%k Notes * %k
‘Regarding INDICATIONS RELATING TO A DEPOSITED -

MICROORGANISM llsted in the speclflcatlcn as
follows : :

20 . 1) FERM;BP-SOGS-on page 31, line 22
2) FERM BP-5064 on page 40, line 4
3) FERM BP-5065 on page 53, line 16-17
4) FERM BP-5066 on page 59, line 25-26

The ‘above four identified with the Accession Numbers were
25 .. simultaneously deposited in the following depositary
' institution.
Name of deposztary 1nst1tut1on P '
~National Institute of Bioscience and Humaanechnology

B Agency of Industrial Science and Technology’
30 ( Osamu Suzukl, Dr. ,DIRECTOR GENERAL )

Address of depositary institution :
1-3, Higashi 1 chome, Tsukuba-shi, Ibaraki~ken 305 JAPAN

Date of deposit : 5th of April, 1995
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CLAIMS

1. . A vector for introducing a desired gene into a
plant, which comprises said desired gene, and at least one
morphqiogical abnormality induction gene as a mafker gene.

2. The vector of claim 1, wherein said morphological
abnormality induction gene is obtained from a microorganism of
the genus Agrobacterzum

3. The vector of claim 1, whereln said morphologlcal
abnormality induction gene is a cytokinin synthesis gene.

4;_ The vector of claim 3, wherein said cytokinin
synthesis gene is an ipt,'isopentenyltransferase, gene which is
present in the T-DNA of Agrobacterium tumefacieﬁs; |

5. The vector of claim 1, wherein said morphélogical
_abnormality inductibn gene is at least one gene selected from
rol genes.

6. The vector of claim 5, wherein said rol genes are
rol genes ccntaining'genes rolA, rolB and rolC, which are
present in the'T-DNA.of_Agzobacteriumlrhizogenes._ (

7. A vector fbr introducing-afdesired gene into a
plant cell aiong-with a marker gene, wherein said marker gene
is removed from the: DNA where it exists and functions to |
disappear the function thereof after its expression, and the
expression of said-marker_gene and thé diéappearance of the

_function thereof-are:detéctable-byhmorphological.change'of the
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tissue derived from the plant cell into which said marker gene
is introduced. | | h

8. A vector for introducing a desired gene into a -
plant,  which coﬁprises said desired gene, at least one
morphological abnormality induction gene as a marker gene, and
a removable DNA element, wherein saidxmorphOIOgical abnormality

induction gene is positioned such that it behaves integrally

"~ with the removable DNA element, and wherein said desired gene

is positioned such that it does not behave integrally with the
removable DNA element.

9. The vector of claim 8, wherein said morphological
ébnormality induction gene is preseht within said removable DNA
element.

- 10. The vector of claim 8, wherein said removable DNA

.element is a transposon.

11. The vector of claim 8, wherein said removable DNA

element is derived from.a_site-specific-recombination systen.

12. The vector of claim 8, wherein said mdrphologica;
abnormality induction éene.is obtained;from-a:micrporganism of
the genus Agrobécterium, _ |

'13. The vector of claim~8,'wheréin said morphological
abnormality induction gené”is a cytokiniﬁ synthesis:gene.

14. The vector of claim 13, wherein said cytokinin
synthesis gene is an ipt, isdpentenyltraﬁSféraSé,'gene which is

present in the T-DNA of Agrobacterium tumefaciens.
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15. The vector of claim 8, wherein said morphological
abnormality induction gene is at least one gene selected from

rol genes.

16. The vector of claim 15, wherein said rol genes are
rol genes containing rola, rolB and rolC, which are prese_nt in
the T-DNA of Agrobacterium rhizogenes.

| 17. A method for producing a transgenic plant free
from the .infl'uence- of a. marker gene, which comprises the
following steps: |

(A) introducing a vector ini:o a plant cell, wherein
said veci:or comprises a desired. gene, at. least one
morphological abnormality induction gene as a marker gene, and
a reniévable'DNA element, wheréin said morphological Iabnor:mality
induction gene is positi_oned sﬁch' that it behaves int_egral_iy

with the removable DNA element, and wherein said desired gene

is positioned such that it does not behave integrally with the

removable DNA. element,
(B) cultivating the plant cell obtained in (A),

detecting a morphologically abnormal plant tissue which appears

during the cultivation  and selecting said morphologically

abnormal tissue, and _
(C) cultivating -said morphollogicallja.r abnormal tissue
selected in (B)-,. detecting  a morphologically normal tissue

which appeai:s during the cultivation r and selecting #aid

morphologically normal tissue.
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18. The method of claim 17, wherein said morphological
abnormality inductiori_ gene is present within said removable DNA

element. _
19. The method of claim 17, wherein said removable DNA

element is a transposon.

20. The method of claim 17, wherein said removable DNA
element is derived from a site-specific recombination sYs_tem.
21. The method of claim 17, wherein said morphological

abnormality induction gene is obtained from a microorganism of

-the genus Agrobacterium.

22. The method of claim 17, wherein said morphological

abnormality induction gene is a cytokinin synthesis gene.
23. The method of claim 22, wherein said cytokinin

sjmt.h_esis gene is an ipt, iSopentenylt'ran_sf.erase-, gene which is

- present in the T-DNA of Agrobacterium tumefaciens.

24. The method of claim 17, wherein said morphological

abnormality induction gene is at least one gene selected from

rol genes. .

25. The method of claim 24, wherein said rol genes are

fol. genes cbntaining genes rolA, rolB ahd;- rolC, which are
present in the T-DNA of Agrobacterium rhizogen_eé'-..

- 26. A m.ethod. fbr introducing- at . least two desired

'genes into a plant, which comprises- conduct.mg the follow:.ng

steps at least two times:

(A) introducing a vector into a plant cell, wherein

said vector comprises a desired gene, at least .one '

—_—
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morphological abnormality induction gene as a marker gene, and
| a removable DNA element, wherein said morphological gbnomality
induction gene is positioned such that it behaves integrally
with the removable DNA element, and wherein said desired gene
is positioned such that it does not behave integrally with the
;emovable DNA elément,_

| (B) cultivating the plant cell obtained in (a),
detecting a morphologically'abnomél plant tiésue which appearé
during the cultivation, and selecting said morphologically
abnormal tissue, and

(C) cultivating said morphologically abnormal tiséue
selected ih'(B); detecting a morphologically normal tissue
which appears during the _cultivation;, and selecting said
mprﬁhologically normal tissue.

27. The method of claim 26, wherein said morphological
abnormality induction.gene is present within said removable DNA
eiement.
| 28. The method of claim 26, wherein said removable DNA
element is a transposon.

29. The method of claim 26, wherein said removable DNA
element is derived_from.a site-specific redombination_system;

- 30, The method of claz.m 26, wherein said morpholog:.cal
abnormallty induction gene is obtained from,a microorganism of .
the genus Agrobacterium.

~ 31. The method of claim 26, wherein said morphblogical

abnormality induction géne_ is a cytokinin synthesis gene:
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32 The method of claim 3".1, wherein said cytokinin
synthesis gene is an ipt, isopentenyltransferese, gene which is
present in the T-DNA of Agrobacterium 'tumefaciens

33. The method of claim 26, wherein said morphological

abnormality induction gene is at least onée gene selected from

-rol genes.

34. The method of claim 33, wherein said rol genes are

rol genes containing rola, rolB and rolC, which are present' in

the T-DNA of Agrobacterium rhizogenes.

. 35. A transgenic plant free from the influence of é
marker gene produced by a method, which comprises the following
steps:

(2) introducing a vector into a plant cell, whetein
said vector comprises a 'deeired gene, at least one

morphological abnormality induction gene as a marker gene, and

" a removable DNA element, wherein said morphological a'bnorn\elity

induction gene is positioned such that it behaves integrally

with the removable DNA element, and wherein said desi'red gene
is positioned such that it does not behave integrally with the

removable DNA element ’

(B) cultivating the plant cell obtained in (A),

,detecting a morphologically abnormal plant ‘tissue which appears

during the cultivation, and selecting said morphologically
abnormal tissue, S .
(C) cultivating said ‘morphologically abnormal tissue

selected in '(B), detecting a morphologically normal tissue
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which appears during the cultivation, and selecting said'
morphologicallf normal tissue, and

 (D) cultivating aaid morphologically normal tissue to -
regenerate a plant.: | |

36; A plant containing two or more desired genes
produced by a method, which comprises the following steps:

() introducing a vector into a plant cell, wherein
aaid vector comprises a desi:ed gene, at least one
morphological abnormality induction gene as a marker gene, and.
a removable DNA element, uherein.said.morphological abnormality
induction gene is positioned such that it behaves integrally
with the removable DNA element, and wherein said desired gene
is positioned such that it does not behave integrally with the
removable DNA element, | | '

(B) cultivating the plant cell obtained in (A),
detecting'a:morphologically'abnormal plant tissue which appears

during the cultivation, and selecting said morphologically

. abnormal tissue,

(C) cultivating said morphologically abnormal tissue

Hselected in (B), detecting morphologically normal tissue which

appears during ‘the cultivation, and selecting said

morphologically normal tissue,
(D) conducting steps (A) to (C) at least one time, and

(E) cultivating said morphologically normal tissue to

regenerate a plant.
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