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This invention relates to a nethod for regul ation of gene expression in

eukar yot es. This invention has particul ar but not exclusive
application wossestati on of. highly speci fic expressi on PCH/ACA7PA8IOr gans
or functions of plants, and for illustrative purposes 5 reference will be

made to such application. However, it is to be understood that this
i nvention could be used in other applications, such as regul ati on of
expressi on of other
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REGULATION OF GENE EXPRESSION IN EUKARYOTES

This invention relates to a method for regulation of gene expression in
eukaryotes. '

This invention has particular but not exclusive application to regulation of highly
specific expression in target organs or functions of plants, and for illustrative purposes

5 reference will be made to such application. However, it is to be understood that this
invention could be used in other applications, such as regulation of expression of other
eukaryotic genes such as regulation of specific expression in target organs and
functions of yeasts and animals.

Eukaryotic organisms of commercial benefit including plants, animals and lower

10 organisms such as yeasts often divert growth resources into non commercial structures,
or express other genes of economic detriment. Other commercial species may benefit
from the intraduction of characteristics which would enhance commercial worth.

For exampie, the development of reproductive structures on forest trees
represents a significant burden on the resources of the trees, the reproductive effort

15 occurring at the expense of wood growth. Seeds from mature frees produce an
undergrowth of saplings which must be removed periodically to prevent competition with
the tree crop for soil resources and to minimize the risk of damaging fire.

Australian Patent Specification No. 86224/91 discloses a method of enhancing
vegetative growth in a plant. This disclosure exemplifies a method wherein a

20 substantially tissue-specific promoter for reproductive-structure specific genes was
selected on the basis of induction by the flowering regulator gibberellin A4/7, the early
appearance of the gene product, and specificity of expression in both male and female
reproductive buds. The gene and promoter wers isolated and characterised, the gene
was modified by fusing a portion of the gene including the tissue-specific promoter of

25 the gene with a structural gens for a ribonuciease.

Whilst the transformants exhibit a lack of reproductive structures, promoter
jeakage tends to resuit in a low level of accumulation of the lethal ribonuclease in non
target tissues, rasulting in reduced growth and thus reduced commercial potential.

Gene expression promoters are to be generally regarded as falling in one of
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eukaryotic genes such as regul ation of specific expression in target organs
and functions of yeasts and ani nal s. Eukaryoti c organi sns of
comercial benefit including plants, aninmals and | ower 10 organi sns such as
yeasts somao9mselsdi vert grow h resources i nt o non conmer CPEI/AU97/08089UCt Ur €S,
or express other genes of economc detrinment. O her conmercial species

may benefit fromthe introduction of characteristics which woul d enhance
conmer ci al wor t h. For exanpl e, the devel opment of reproductive
structures on forest trees 15 represents a significant burden on the
resources of the trees, the reproductive effort occurring at the expense
of wood growth. Seeds from mature trees produce an under gr owt h of

sapli'ngs wires broat cldsses.c NOoRslitiRe! Srohfbters)corfinDbeslp Expfeb3pll gérhin altWi t h
the tree crop for soil resources and to mnimze the risk of damaging fire.
tissues. Developmental promoters express the gene in specific tissues or in tissues at
specific stages. Inducible promoters respond by switching expression on or off in
response to the presence of metabolites, foreign compounds or other stimuli such as
5 light, heat or pressure.
it is known that the expression of a lethal gene product such as Bamase under
the control of a substantially flower-tissue specific promoter may be rendered more
tissue specific by constitutive coexpression of an inhibitor (B* or "Barstar") for the gene
product. The action of the expressed gene product in the target cell will occur where
10 the inhibition is insufficient to suppress gene product action, and non target cell
Barnase activity arising out of a degree of non-specificity of the promoter or promoter
leakage is substantially suppressed.
However, the inserted promoters are often isaky and the preferred strong
promoters may deleteriously express in other tissues with insufficient inhibition to
15 prevent death of non target cells, which may adversely affect commercially important
non-target tissues. Promoter leakage cannot be predicted and, for example, where the
transformants such as tress have a long growth to first flowering, the resulting gene
product activity in non target cells may negate or reduce the advantage of flower
suppression. The generally preferred strong promoters limits the promoter choices.
20 The present invention aims to substantially alleviate at ieast one of the above
disadvantages and to provide a method for regulation of eukaryotic gene expression
which will be reliable and efficient in use. Other objects and advantages of this
invention will hereinafter become apparent.
With the foregoing and other objects in view, this invention in one aspect resides
25 broadly in a method of regulating a eukaryotically active gene, comprising transforming
a cell with construct expressing a modulator gene product regulating the eukaryotically
gene or its product and a further gene product regulating said moduiator gene or its
product, the promoters of two of said gene, modulator gene and further genes being
selected from inducible promoters and developmental promoters for the same or
30 complementary tissues.
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Australian Patent Specification No. 86224/91 discloses a nethod of
enhanci ng 20 vegetative growmh in a plant. This disclosure exenplifies a

nmet hod wherein a substantially tissue-specific pronoter for
reproduct i vav@9maeseur e specific genes was sel ected on t RETIHIRTA00EX t he
early appearance-of the gene product and specificity of expression in
both mal e and fenal e reproductive buds. Several genes and pronpbters wer e

i sol ated and characterised, each gene was nodified by fusing a portion of
the 25 gene including the tissue-specific pronoter of the gene with a

structural gene for a ri bonucl ease. 3 Wil st the transformants
exhi bit a lack of reproductive structures, pronoter I eaka'g: tends to
result 'in a | owTheeskarybtically aetive gona msy camprise & native genaitd thaosganismef

R i e e
as fal | i ngprometerootomprise a heterologous construct with the gene. The eukaryotically
' active gene may code for an expression product of any selected cellular function. For
5 example the gene may code for an active polypeptide including enzymes such as a
ribonuciease having a lethal effect on a target tissue or a peroxidase conferring
nematode resistance on root tissue. The gene may code for an enabling product for
pathways for production of pigments and dyes such as anthocyanin, an insecticidal
compound such as Bti foxin, or fragrances.
10 Expression of reporter genes under controf of inducible promoters may dispiay
exact location of target cells in target tissues without any leakage to surrounded cells.
This may be very useful for investigation of primary steps of interactions between
pathogens and insects and plant cells. The GUS, Luc, anthocyanin gene and GFP may
comprise candidates as réporters. Colourimetric or fluorescent analysis may be made
15 of micropropagated materials before commecialisation.

As used herein, the expression "lethal gene” is taken to mean a gene or genes
which encode a peptide or antisense or ribozyme or other non peptide which
significantly disrupt a target celt leading thereby to the death of the target cell. The
invention will be described hereinafter with reference to embodiments comprising a

20 eukaryotically effective lethal gene.

The lethal gene may be any gene or combination of genes which encode a
peptide or antisense or ribozymes which significantly disrupt a target cell leading
thereby to the death of the target cell. For example, the lethal gene may be seiected
from those that encode ribonucleases such as Bamase from B.amyioliquefaciens,

25 RNase T1 from A aryzae, bovine RNase A, RNase | and RNase H from E.coli and set
of plant RNases (family of S-proteins). Alternatively, the lethal gene may be selected
from nucleases such as the family of restriction endonucleases, enzymes including
glucanases such as 1-4-RB-glucanases or 1-3-R-glucapases, ubiquitins, acid
pyrophosphatases and inhibitors of plant cell wall synthesis.

30 Preferably, the lethal gene is an RNase. A chimaeric lethal gene may be
i —-—



2 three broad classes. Constitutive pronoters continuously express the
gene in all ti ssues. Devel opnental pronoters express the gene in
specific tissues or in tissues at specific stages. Inducible pronoters
respond by wowiakéang expression on or off in r esponse PCT/AURE0088% Sence
of netabolites,- foreign conpounds or other stinmuli such as

4

constructed including the coding region of Bamase from B.amyloliquefaciens under the
control of upstream (promoter) sequences of genes expressed in the male and female
parts of plant reproductive organs at the early stages of development.
Restriction of expression of a iethal gene in target cells during first events of
S5 pathogen-host plant interaction in target cells may be achieved. For example,
expression of Bamase or other taxins like 8-glucanase or chitinase in attacked cells will
lead to necrosis of these celis which will prevent spreading of infection to surrounding
celis. The critical stage in this artificial hypersensitive reaction project is blocking of
possible promoter leakage in surrounding cells.

10 Expression of bacterial salicylate-hydroxylate gene may reduce level of salicylic
acid which is responsible for systemii: expression of cassettes under control of
pathogen-inducible promoter in all plants. For example, a pathogen-inducible promoter
may be isolated from bariey which is strongly expressed after inoculation with powdery
mildew Eresify qraminis {Mouradov et al.,1993). The genomic clone of this gene was

15 isolated and characterised {Mouradov et al.,1994). This promoter region may be fused
to cassettes including a lethal or other functional gene.

Three sucalypt genes designated EGM1, 3 & 2 with homology to other plant
MADS-box genes have been cloned and sequenced. Phylogenetic analysis has been
performed to examine the relatedness of the eucalypt genes to other MADS-box genes.

20 This revealed that EGM2 is likely to be homologous to the GLOBOSA MADS-box gene
group which are involved in development of petals and stamens, EGM3 and EGM1 both
fall in the AGL2 group of MADS-box genes. These genes are most commonly expressed
in the inner three whorls of the flower (petals, stamens and carpels).

The patiern of expression of all three EGM genes has been characterised.

25 Expression of these genes was not detected in any vegetative tissue. The EGM1 gene
is expressed in the petals, stamens and the carpel of eucalypt flowers. EGM3 is
expressed in the floral meristem and in sepals. EGM2 is expressed in petals and
stamens. The EGM3 and EGM2 genes have been shown by Southern analysis to be
single genes. EGM1 is also likely to be a singis gene.

30 The promoter regions of all three of these genes may be used in sterility gene
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5 light, heat or pressure. However, the inserted pronoters are
often | eaky and the preferred strong pronoters nmay del eteriously express
in other tissues with insufficient inhibition to prevent death of non
target cel | SVOMPUR2 may adversely affect commercially i nporRGHAUI700089
non-target tissues. Pronoter |eakage cannot be predicted and, for exanple,
where 10 the transformants such as trees have a long gromh to first

fl owering, the resulting _gene product activity in non target cells my
negate or reduce the advantage of fl ower suppression. The generally
preferred strong pronoters limt the prodoter choices. It is

known that the expression of a |ethal ggne product such as Bamase under
t he cont r olcopstryctsmey Paisqlated\fran g\auicalypt genomicdibrary angrenginesredrinjo fathal

render ed ' e specific by constitutive coexpression of an
I nhi bi tor"?gﬁeéc?n& a‘?g’t ar") for the gene product. The action of the

expressed gene {ghededkaryotically active @enes moduidtbr gene andfertber gene and their
: respecive promoters may comprise a transformation cassette with which the target

5 organism may be transformed by any known means. The promoters of the
aukaryotically active gene, modulator gene and further gene or genes are selected in

combination such that the specificity of expression of the eukaryotically active gene is

enhanced. For example, the eukaryotically active gene may be promoted by a promoter

which is inducible or developmental whereas the modulator gene may be constitutive.

10 Specificity and the usefuiness of even weak promoters may then be enhanced by
promoting the futher gene or genes with a promoter with the same specificity as that
used to promote the eukaryotically active gene.

Altemnatively, a tissue specific promoter for the eukaryotically active gene may
be inhibited by a constitutively-promoted inhibitor gene product, which in tumn is

15 controlled by an inducibly-promoted further gene product.

In a yet further alternative, the eukaryotically active gene product may be
contitutively expressed subject to the modulating effect of a modulator gene expressing
under the control of a tissue specific promoter, the modulator gene or product being
itself controlled by the expression of a further gene under the control of a promoter

20 specific for a different or complementary tissue. By this means for example, a
constitutively-promoted gene conferring insect resistance may be localized in its effect
to exclude the seeds by expressing a gene inhibitor under the control of a seed specific
promoter, the gene inhibitor itself being controlled by a further gene product expressed
under the control of a promoter specific for nbn-seed tissues.

25 In a further aspect, this invention resides broadly in a method of regulating
expression of a eukaryotically active gene, comprising transforming a cell with a
transformation cassette comprising said eukaryotically active gene, a modulator gene
expressing a product regulating the eukaryotically gene or its product, and a further
gene expressing a product reguiating said modulator gene or its product, the promoters

30 of two of said gene, modulator gene and further genes being selected from inducible
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the inhibition is insufficient to suppress gene product action, and non
target cell Bamase activity arising out of a degree of non-specificity
of the pronoter or pronoter |.eakage is substantially suppressed. 20

The presenwosmsendzi on ains to substantially alleviate at Ppemavsmosessof the
above di sadvant ages and to provide a nmethod for regulation of eukaryotic
gene expression which will be reliable and efficient in use. Qher

obj ects and advantages of this i.nvention will hereinafter becone
apparent. Wth the foregoing and other objects in view, this
invention in one aspect 25 resides broaglly in a method of regulating a
eukaryotically active gene, conprising transformng a cell with

const  uct pyRidtErsaritiddveltmertalprofiishs I6fE Sanic i bomipliBehiafy tissues.

eukaryotlcally active gene or |ts product and a further ene” product

regul ating sailg a furthe @saeet thigdnuerdion '£9§1q95chmadl¥ i atiop aasselid of
sai d geneoRlihd P eulGY6tiédly active gene, a modulator gene expressing a product
regulating the eukaryotically gene or its product, and a further gene expressing a
§ product regulating said modulator gene or its product, the promoters of two of said
gene, modulator gene and further genes being selected from inducible promoters and
developmental promoters for the same or complementary tissues.
In a yet further aspect this invention resides broadly in a method of
transformation of a propagatable eukaryotic cell with an expression cassette including:-
10 a lethal gene expressing a cytotoxic peptide in a target tissue under the control
of a promoter substantially specific to said target tissue;
an modulator gene constitutively expressing an inhibitor of the production or
action of said cytotoxic peptide, and
a further gene under the control of said substantially specific promoter and
15 functioning to block said inhibitor or modulator gene.
in a further aspect, this invention resides broadly in an expression cassette
including:-
a gene expressing a peptide cytotoxic to a target tissue under the control of an
inducible promoter substantially specific to said target tissue;
20 an inhibitor gene expressing an inhibitor of the production or action of said
cytotoxic peptide, and
a repressor gene under the control of said inducible promoter and functioning to
block said inhibitor or inhibitor gene.
in a further aspect, this invention relates to primers for PCR isolation of the
25 Barnase and Barstar genes from an extract of B.amyloliguefaciens, designated P1 and
P2 (for Barstar) and P3 and P4 (for Barnase) and comprising:

P1 5 GCG AAT TCC GCA CAT GAAAAAAGC 3
EcoR|
P2 5 GCAAGC TTA AGA AAG TAT GAT GGT G3'

— o
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further genes being selected frominducible pronoters and devel opnent al
pronmoters 30 for the sanme or conplenentary tissues.

3

The eukaryotically active gene may conprise a native gene to

t he organi snw#97301&2nt er est or nay conprise an introduced gBAFAUYASO#ecne
may be pronoted by its

10

15

20

25
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P3 5" GCC CAT GGC ACA GGT TAT CAA CAC G3'
Ncol
P4 5 CGG Kpg !A’ CCTTAT CTGATT TTT GTAA3
n

The cytotoxic effect of the lethal gene expression product may be increased by
coupling a localisation signal sequence to the construct. For example, the cytotoxic
effect of the preferred RNase may be increased by targeting into the nucleus where
most of the pre-RNAs and mature RNAs exist in non-protected form. For this purpose
the coding region of, for example, the Barnase gene may be modified by fusion of a
nuclear localisation signal {NLS) sequence to the RNase gene.

Accordingly in a further aspect this invention provides a set of PCR primers for
fusing the NLS sequence from VirD2 gene of A.tumefaciens to the Barstar gene and

comprising:
Pa 5' GCC CAT GGC ACA GGT TAT CAACAC G3
Ncot
BD1 §' CCT TAC AAA AAT CAG A GT CCT TTC AAA GCG TCC G3'
3’ end of Bamase & end of NLS of VirD2
BD2 5 CGG ACG CTT TGA AAG GAC TCT GAT TTT TGT AAAGS
5 end of NLS of VirD2 3' end of Barnase
D23 5 CGG GTA ATC TCC TAT TTC CCC CAG G3'
Kpnl

The tissue-specific or developmental promoter may be selected from those tissue
specific promoters that are controlling genes in plant reproductive organs during the
early stages of flower development. These genes are maintained in the repressed state
in all plant organs during the non-flowering period and are induced substantially in
reproductive organs during the flowering period.

The developmental promoter can be isolated by any known means. For example,

SUBSTITUTE SHEET (RULE 26)




natural pronoter or conprise a heterol ogous construct wth the gene. The
eukaryotically active gene may code for an expression product of any
selected cellular 5 function. For exanple the gene may code for an active

pol ypept i dewbwehseied Ng enzymes such as a ribonucl ease hapdrigyeanéess hal
effect on a target tissue or a peroxidase conferring nemat ode resistance

on root tissue. The gene may code for an enabling product for pathways
for production of pignents and dyes such as anthocyanin, an i nsecti ci dal
conmpound such as Bt toxin, or fragrances. 10 Expressi on of reporter
genes under control of indu0|ble pronotgrs may display exact |ocation of
target cells in target tissues without any |eakage to surrounded cells.

Thi's may Hﬂwﬁbﬁly?%éﬂt dufihg Y 8&0dIasthe bfthe iﬁrbéﬂ" %u%trﬁis}sb@idédﬁmﬂ @Adi ons

ns and I nsects an Bl ant cel ant hocyani n

bet ween @pa?t o}
gene and tﬂd,yc NA fomp these sparific JaRNASs preparpd andruseddo psobe the genomie
f1 uor escepleaaANflibwed by identfyiddAflé portion of the plant genome which contains promoter
region of these genes. The tissue-specific promoters may be homologous (native) or
5 heterologous {foreign) in origin. For plant reproductive organ tissues, the promoters
may be selected from those that are expressed in celis of different floral tissues in both
maie and female organs, or 6nly in specific tissues such as sepais, petals, ovary, style,
stigma, ovule, corola and others. For the generation of the sterile plants, promoters
which express in tissues at early stages of both male and female organ development

10 are preferable.

For example, the gene family encoding homeotic MADS-box genes which play
an important role in flower development express at the early stages of the developing
floral primordia. We have isclated MADS genes from P.radiata which display strong
homology to the Arabidopsis homeotic MADS-box genes known as the AGAMOUS

15 AGL-2 and AGL-4 genes. These genes express in young floral primordia and are not
expressed in the inflorescence meristem.

The gene encoding an inhibitor of the lethal gene product may comprise a gene
repressing expression of the lethal gene, a gene transcribing an antisense RNA, or may
comprise a gene expressing a protein capable of deactivating the iethal protein. The

20 inhibitor gene will generally be under the expression control of a constitutive promoter
which expresses the inhibitor in non target tissues, although it is envisaged that a
packaged operator-repressor system may be used.

For example, a Barnase genefreproductive organ-tissue specific promoter system
may be associated with an anti-Barnase (B* or Barstar) gene/promoter system.

25 In the alternative, negative regulation in expression of bacteriophage lambda N
gene and SOS system in E.coli could be used in expression cassettes. Expression of
the bacteriophage lambda N gene is tightly regulated via the P* promoter and controls
the level of expression from this promoter. This system may be used to provide the
requisite negative control of the expression of an inhibitor gene in the target tissue.

30 The SOS system is regulated by the interplay of two proteins. A transcriptional
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15 of m cropropagated materials before commercialisation. As used
herein, the expression "lethal gene" is taken to nean a gene or genes

whi ch encode a peptide or antisense or ribozynme or other non peptide which
significant|wodrsmepts a target cell |eading thereby to t h®CEAXSFHESES t he -
target cell. The- i nvention wll be described hereinafter with reference
to enbodi nents conprising a 20 eukaryotically effective | ethal gene.

The | ethal gene may be any gene or conbi nati on of genes which encode a
pepti de or antisense or ribozynme which significantly disrupt a target cel

| eadi ng thereby to the death of the t@rget cell. For exanple, the letha
gene may be sel ected fromthose that encode ribonucl eases such as Banase
from B. ansepoésspreiexArinbibitddh&liitiatioriof ramscription trrough specific Biding 1 itfNase

o0 Nl B, ke i o L R BRI bl bhion a s
specific site. This would be a one component lethal gene system and wouid not require
a toxin blocking gene.

5 The repressor gene under the control of the inducible promoter may be selected
to repress transcription of the inhibitor gene, translation of the RNA transcript or action
of a peptide product thereof. Preferably, the repressor gene codes for a peptide
product which directly represses expression of the inhibitor gene. Accordingly, it is
preferred that the repressor gene and inhibitor gene be adapted to form a specific

10 repressor/operator couple. For example, the E.coli laclq gene under controt of
the same tissue specific promoter as the lethal gene construct may be used to repress
the action of the repressor gene promoter modified by insertion of a lac operator
sequence.

The repressor gene promoter may be a modified 35S-RNA-CaMV promoter

16 having at least one lac operator between the promoter and coding region of the
repressor. In the selection of the modified 35S-RNA-CaMV promoter exemplified
hereinafter, the present inventors have developed primers for amplification of the
modified 35S-RNA-CaMV sequences.

Accordingly, in a further aspect this invention provides primers for PCR

20 amplification of modified 355-RNA-CaMV sequences, designated 35S1 and 3582 and

comprising:
3581 5' GCC TCG AGC ATG GTG GAG CAC GAC AC3
Xhol
3582 8 GCG TCG ACT CTC CAAATG AAATGA ACY
25 Sall

For the introduction of fac operators into both the 3' and &' region of the modified
35S5-RNA-CaMV promoter, the sequence may be amplified by PCR primers:

OP1 5 GCCTCGAGC TTTGTGAGC GGATAACY
Xhol
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sel ected from nucl eases such as the famly of restriction endonucl eases,

enzynes I ncl udi ng gl ucanases such as 1-4-[err]-glucanases or
1-3-[err]-glucanases, ubiquitins, acid pyr ophosphat ases and inhibitors
of plant ceNdowsdié2 synt hesis. 30 Preferably, the | et hghaoneooss an_
RNase. A chimaeric | ethal gene may be
4
10
3582 §' GCG TCG ACT CTC CAA ATG AAA TGA AC3
Sali

The molecular mechanism of the lactose operon, interaction between the DNA-

binding protein {repressor, laclq) and the target promoter sequence {operator) is

S understood in great detail. Expression of the lac operon is under the strong and tightly

negative control from the laciq repressor. Purified repressor is a tetramer, formed from

four identical subunits, each with 360 amino acids (MW 38,350 kDa). The operator

sequence constitutes 35 base pairs, including 28 base pairs of symmetrical sequence.

For the maximum rapression of the expression of the inhibitor gene, the

10 repressor protein is preferably targeted into the nucleus of the target cells. This may

be achieved by fusion of a the nuclear localisation signal sequence to the C-end of the

repressor.

In a further aspect this invention relates to a set of primers suitable for isolation

of the laclq gene and having suitable restriction enzyme cleavage sites for cloning into

15 the plant vectors, the two primers corresponding to the §' and 3' ends of the gene and
designated AM 1 and AM 2:

AM1 S5GCTCTA GAC CAT GGAACC AGT AAC GTT ATAZ
Xbal

AM2 5GCGGTACCTCAC TGC CCGCTTTC3
20 Kpn |

In a yet further aspect of the present invention, there is provided a set of PCR
primers for use in fusing the NLS sequence to the 3’ end of the laclq gene and

comprising:

AM1 5GCT CTA GAC CAT GGAACC AGT AAC GTT ATA 3
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constructed including the coding region of Barnase from B.

anyl ol i quef aci ens under the control of upstream (pronoter) sequences of
genes expressed in the nmale and femal e parts of plant reproductive
organs at thewveamsopest ages of devel opnent. Rest r i ®CTAVITH0089 -

expression of a lethal gene in target cells during first events of 5

pat hogen-host plant interaction in target cells may be achi eved. For

exanpl e, . expressi on of Barnase or other toxins like [err]-glucanase or
chitinase in attacked cells will lead to necrosis of these cells which
w ||l prevent spreading of infection to 1q4surrounding cells. The critical
stage in this artificial hypersensitive reaction project is bl ocki ng of
possi bl e pronoter | eaiske in surrounding cells. 10 Expressi on of
bacterial salicyl ate-hydroxylate gene may reduce |evel of salicylic acid

whi ch is respongiphe 5 QTCBANAGE GGASGMC@TF?EAA_@QN@Q@“HN of

pat hogen-i nduci bl e proapakd bfladld 5 enliot NUSOInANAPa6ne @ Pat hogen-i nduci bl e
pr onot er

LD2 5 CGGACGCTT TGA AAG GACCTG CCC GCTTTC CAG Y
5 Sendof NLSinVirD2 3'end of laclg

D23 5 CGGGTACCTATC TCC TAT TTC CCC CAG G3'
Kpnl

If desired, the method of the present invention may be a reversible method. For
example, the gene cascade may use molecular elements which will allow the reversal

10 of the engineered sterility to fertility thus permitting seed production. The reversal
mechanism may consists of placing an anti-repressor gene under the control of a
chemically switchable promoter. When, for example, restoration of fertility is required
plants may be sprayed or otherwise administered a chemical which induces expression
of anti-repressor RNA which will block inhibition of expression of the modified inhibitor

15 gene. Accumulation of the inhibitor product in floral organs will inhibit lethal gene
function, thus allowing normat flower formation.

For example, for the lac/laclq system described, a chemical may be sprayed on
the plant which induces expression of anti-laclq RNA which will block inhibition of
expression of a modified Barstar gene. Accumulation of the Barstar product in floral

20 organs will inhibit lethal gene function, thus allowing normal flower formation. The
promoter region of the maize glutathione-S-fransferase (GST 1) gene could be used for
chemically-induced expression. Expression of the GST I promoter can be switched on
by chemicals such as dichloramin (N,N-diallyl-2,2-dichloracetamide), or fluorazole
(benzyl-2-chloro-4-trifiuoromethyl-5-thiazole-carboxylate).

25 in the case of Eucalyptus, the EGM3 promoter, comprising the upstream
sequences of the EGM3 gene, may be used to express the lethal gene specifically in
eucalypt floral tissue. Using this promoter, the cytotoxic Barnase gene lﬁay be
specifically expressed in the floral meristem at a very early stage of development. The
inhibitor Barstar may be expressed under the control of 35S-RNA-CaMV promoter
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may be isolated frombarley which is strongly expressed after inoculation
w th powdery m | dew Eresify gramnis (Muradov et al., 1993). The
genom c clone of this gene was 15 isolated and characteri sed (Muradov et
al ., 1994) .wodbwseigy onot er regi on may be fused t 0 cassetrcrUInedossli ng_a

| et hal or other.functional gene. Three eucal ypt genes desi gnated
EGM, 2 & 3 with honol ogy to ot her plant MADS- box genes have been cl oned
and sequenced. Phyl ogenetic anal ysis has been performed to exam ne the
rel at edness of the eucal ypt genes to other MADS-box 20 genes. This reveal ed
that EGW is likely to be honol ogous to he GLOBOSA MADS- box gene group
whi ch are involved in devel opnent of p | s and stanens, EGWB and EGVL

Cormonty YD LoRAN? s8hudfls oy oencs, Thoge penes e st
and car pel sThe E. coli laclq gene under the control of the EGMS3 promoter could be used as ’
repressor gene to prevent expression of Barstar in the floral meristem tissue during
flowering initiation. During flowering, the EGM3 promoter would express Barnase and
5 laclq in the floral meristem while the modified 35S-RNA-CaMV promoter would express
Barstar in all tissue except the floral meristem, giving protection from promoter leakage.
During non-flowering period, the 35S-RNA-CaMV promoter would express Barstar
generally, giving protection from leakage.

Nematodes causes annual losses well in excess of US$100 billion to world

10 agriculture. The most important pathogens by far are the nematodes Meloidogyne
incognita and Meloidogyne javanica which attack a wide range of plants. Control
measures include use of hazardous chemicais, cultural practices such as rotation and
the use of resistant varieties in a limited range of crops. The advantages of engineering
resistance to nematodes include no requirement for specific cultural practices and

15 reduced environmental risks.

The lethal genefinhibitor/irepressor approach can be used to engineer resistance
to nematodes. The ideal site to activate a plant defence against nematodes is in the
feeding cells in the vascular region of the plant root. In several plant-nematode
interactions, gene promoters are being identified by differential screening which couid

20 be used to express the Barnase gene specifically at the site of nematode feeding.
Recently two genes (Lemmi9 and LemmilO) have been identified that are expressed at
high leveis in giant cell feeding sites in tomato roots infected with Meloidogyne
incognita. (Van der Eycken et al., {1896) Plant Journal 8, 45-54).

Expression of a lethal gene in feeding cells would rapidly kill the cell and disrupt

25 thefeeding process which is very critical particularly for the development of the females.
Expression of the inhibitor gene in non-target tissue would be required to prevent
damage to other parts of the root due to promoter leakage. This is particularly important
since the promoter which shows high ievel expression in the giant feeding cell is also
expressed at lower levels in non target tissue. Expression of the repressor gene under

| 31_) the feeding site promoter shouid block the expression of the inhibitor gene sufficiently
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25 The pattern of expression of all three EGM genes has been

characterised. Expression of these genes was not detected in any
vegetative tissue. The EGWL gene is expressed in the petals, stanens and
t he carpel oWe9EMI&pt fl owers. EGWB is expressed in t hePCHAUAT/O00MRY | st.em
and in sepals. EGW is expressed in petals and stanens. The EGVB and
EGW genes have been shown by Sout hern analysis to be 30 single genes. EGVL
is also likely to be a single gene. . The pronoter regions of all
three of these genes nmay be used in sterility gene

13

in the target tissue to allow the lethal gene to destroy the cell,

In order that this invention may be more readily understood and put into practical
effect, reference will now be made to the following Exampies and the accompanying
drawings which illustrate preferred embodiments of the invention and wherein:

5 FIG. 1 represents the construction of the Barnase/NLS gene localised lethal
gene system;

FIG. 2 represents constructs including lac operon- modified 355-RNA-CaMV

operator/Barstar inhibitor gene system;

FIG. 3 represents the construction of laclg/NLS localised repressor gene system;

10 FIG. 4 represents the mode of action of Barnase/Barstar:iac/laclqg cascade in
accordance with the present invention;

FIG. 5 represents an alternative cascade Barnase:op/LexA/RecA in accordance

with the present invention;

FIG. 6 represents the mode of action of a reversible

15 Barnase/Barstar.iac/laclqfantisense-laclq cascade in accordance with the
present invention;

FIG. 7 is a diagrammatic illustration of the contro} cassette and modes of action

of the lethal gene/NLS system of FIG. 1;

FIG. 8 is expression of PrMADS1, PrMADS2, PrMADS3, PrFL1 and PrCON1

20 genes in reproductive and vegetative tissues of P. radiata.

FIG. 9 is expression of PrMADS3 gene in male and female cones,

Fig. 10 is the gel mobility shift assay of PrMADS1, PrMADS2, and PrMADS3.

FIG 11 is the nucleotide sequence of the EGM1 promoter;

FIG. 12 is the nucleotide sequence of the EGM2 promoter;

25 FIG. 13 is the deduced sequence of the promoter of the eucalypt floral-specific

MADS gene EGMS3;

Fig. 14 is a graphical representation of Northern biot of total RNA extracted from

Eucalypt tissue probed with the EGM1 ¢cDNA (6 hours exposure);

Fig. 15 is a graphical representation of Northern blot of totat RNA extracted from

30 Eucalypt tissue probed with EGM3 cDNA;
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5 constructs and may be isolated froma eucal ypt genomc library and
engi neered into | et hal gene constructs. The eukaryotically

active gene,

nodul at or gene and further gene and their respective

pronoters wyemRekpri se a transformati on cassette w th whipdrAbserooeseget _ 5

or gani sm may

be transformed by any known neans. The pronoters of the

eukaryotically active gene, nodul ator gene and further gene or genes are

selected in

conbi nati on such that the specificity of expression of the

eukaryotically active gene is enhanced. For exanple, the eukaryotically
active gene may be pronoted by a pr ggoter which is inducible or

devel opnent al

10

15

20

25

30

wher eas the nodul at or gene nay be
Fig. 16 is a graphical representation of Northern biot of total RNA extracted form

Eucalypt tissue probed with EGM2 cDNA (6 hour exposure);

Fig. 17 is an alignment of the predicted protein sequence of the MADS-box
region of several plant MADS-box genes;

FIG. 18 is a phylogenetic tree showing relatedness of severat plant MADS-box
genes;

FIG. 19 is a Southern blot of Eucalyptus grandis DNA digested with EcoRl and
HinDIll and then probed with the EGM3 and EGM2 genes;

FIG. 20 is a Northemn biot of total RNA extracted from eucalypt tissue probed with
the EGM3 cDNA (6 hour expasure).;

FIG. 21 is a diagrammatic illustration of plasmid 7 prom Barstar;

FIG. 22 is a diagrammatic illustration of plasmid pBR Barnase prom Barstar
containing \VV1-promoters;

FIG. 23 is a diagrammatic illustration of a plasmid containing V2-promoters;
FIG. 24 is a diagrammatic represenation of agarose seperation of a Pst1 digest
of an EGM3 double bin. Given that the EcoR! cloning site is at base 6772 in
EGM3 bin, the predicted fragment sizes from the map for this digestion are 4.9,
48,44,33,1.9,1.1, and 0.6 kb.

FIG. 25 is a diagrammatic representation of two gel exposures of a Pstf digest
of an EGM3 bin showing the other possible orientations of the cloned insert. The
sizes of fragments expacted from this digest are 7.4, 4.9, 4.4, 1.1, 0.7, and 0.6
kb.

FIG. 26 is a plasmid diagram of EGM3 double bin.

FIG 27 is a plasmid diagram of EGM3 V1 sense.

FiG 28 is a plasmid diagram of plasmid V1 (Barnase-Barstar).

FiG. 29 is a plasmid diagram of plasmid V2 (LaclgNLS-35s promoterOp-Barstar).
FIG. 30 is a representation of a promoter finder strategy;

FIG. 31 is the nucleotide sequence of PrMADS2 promoter,;

FiIG. 32 is the nucleotide sequence of PrMADS3 cDNA,;

FiG. 33 is the amino acid sequence of PrMADS3 protein;
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10 constitutive. Specificity and the useful ness of even weak pronoters may
t hen be enhanced by pronoting the further gene or genes with a pronoter
with the sane specificity as that used to pronote the eukaryotically
active gene.wo9730162 Alternatively, a tissue specific proPEVAVITOMESt he -
eukaryotically active gene may be inhibited by a constitutivel y-pronoted
I nhi bitor gene product, which in turnis 15 controlled by an

i nduci bl y-pronoted further gene product In a yet further
alternative, the eukaryotically active gene product may be

constitutively expressed subject to the 4®dul ating effect of a nodul ator
gene expressing under the control of a tissue specific pronoter, the

modul ator gene PIG. 34 I@rtndmblebﬁdﬁseqma&ﬂefofwmm proindtgr;t he expression of a
ool reboe S AL B o e Tk pERBbRS, "o @ 1 rerent o
constitutivel y- pj@nag RAnS affing abidyequBacd OFRFL1 pibteit;ance may be | ocal i zed
FIG. 37 is the nuclectide sequence of PrFL1 promoter,;
5 FIG. 38 is the nucleotide sequence of PrCon1 gene (partial); and
FIG. 38 is a Northemn bilot of total RNA extracted from eucalypt tissue probed with
the EGM2 cDNA (3 day exposure).

EXAMPLE 1
A chimaeric reproductive organ-specific expression cassette was constructed
10 including a reproductive organ-specific promoter and Bamase gene from
B.amyloliquefaciens, under the positive control of a gene encoding an inhibitor of
Barnase, Barstar (B*), from B.amyloliguefaciens under control of the modified
constitutive promoter {358 RNA CaMV) with introduced lac-operator sequence, and
under the negative control of the E.coli laclq gene under control of the same
16 reproductive organ-specific promoter as used to express the iethal gene as per FIG. 4.

The reproductive organ specific promoter comprises the upstream sequences of
genes expressed in reproductive organs at the early states of flower development as
described hereinafter. The cytotoxic effect of the Barnase was increased by targeting
it into the nucieus where most of the pre-RNAs and mature RNAs exist in non-protected

20 form. For this purpose the coding region of the B gene was modified by fusion of the
nuclear localisation signal (NLS) sequence from VirD2 gene of A.tumefaciens strain
C58 to the 3'-region of the B gene, as illustrated in FIG. 1.

The inhibitor Barstar (B*) gene portion vectors carrying iac-operator sequences

in 5-, 3'- and 5'- plus 3'- regions of the 35S-RNA-CaMV promoter region were
25 constructed as per FIG.2.

The E.coli laclq gene under control of the same reproductive organ-specific
promoter as used to express tha lethal gene has its laclq protein targeted into the
nucleus by fusion of the NLS from VirD2 gene of A.tumefaciens to the C-end of the laciq
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inits effect to exclude the seeds by expressing a gene inhibitor under the
control of a seed specific pronoter, the gene inhibitor itself being
controlled by a further gene product expressed under the control of a
pronot er spwoishBmet or non-seed tissues. 25 In a furt heorsAmrecdss t his

I nvention resides broadly in a nethod of regulating expression of a
eukaryotically active gene, conprising transformng a cell with a
transformati on cassette conprising said eukaryotically active gene, a
nodul at or gene expressing a product regulating the eukaryotically active
gene or its product, and a further ggme expressing a product regulating
sai d nodul ator gene or its product, the 30 pronoters of two of said gene,

nodul at or pgetemh adlperl FIG.IBer genes being sel ected from i nduci bl e
EXAMPLE 2
An alternative chimaeric reproductive organ-specific exprassion cassette was
constructed as per FIG. 5, wherein the reproductive organ-specific promoter and
5 Barnase gene is under the positive transcriptional control of the LexA product under
control of 35S-RNA-CaMV promoter, and under the negative control of the RecA gene
product under control of the same reproductive organ-specific promoter as used to
express the lethal gene, as per FIG. 5.
EXAMPLE 3
10 A reversible system was constructed substantially in accordance with Exampie
1. In addition a chemically switchable promoter from the maize glutathione-S-
transferase (GST |l) gane regulating an antisense Laclq RNA gene was included. This
allowed seed production as per FIG. 8. Restoration of fertility may be thus achieved by
spraying with an inducer such as dichloramin (N,N-diallyl-2,2-dichloracetamide) or
15 fluorazole(benzyl-2-chloro-4-trifluoromethyl-5-thiazole-carboxylate). This chemical
induced expression of anti-laciq RNA blocks inhibition of expression of modified 35S-
RNA-CaMV-B* gene. Accumulation of the B* in floral organs will inhibit lethal gene
function, thus aliowing normal flower formation.
EXAMPLE 4
20 Modification and insertion of the laciq repressor gene into plant expression
vectors.
The pRT99GUS vector was digested with Xbal and Kpnl to reiease the coding
region of the GUS gene and bscome a suitable vector for expression in plants.
The laclq repressor is available on almost all commercial E.coli strains. Some

25 commercial plasmids also contain the repressor gene. in order to express this gene in
piants, the prokaryotic translational initiation codon {(GTG) was changed into ATG. In
order to isolate the laclq gene two primers corresponding to the §' and 3' ends of the
gene were designed {(AM 1 and AM 2). Both primers have suitable restriction enzyme
cleavage sites for cloning intd the plant vectors.

30 AM1 §'GCT CTA GAC CAT GGAACC AGT AAC GTTATA Y
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6 pronoters and devel opnental pronoters for the sanme or conpl enentary
tissues. In a further aspect this invention resides broadly in a
transformati on cassette conprising a eukaryotically active gene, a

nmodul at or geWw® %IBM62ssi ng a product regul ating the eukar@@i’#@ﬁmactl-ve
gene or its product, and a further gene expressing 5 a product regulating
sai d nodul ator gene or its product, the pronoters of two of said gene,
nodul at or gene and further genes being selected frominduci ble pronoters
and

17
Xba |
AM 2 5'GCG GTACCT CACTGC CCG CTT TC3'
Kpn |

After amplification the PCR fragment was digested with Xbal and Kpni and
5 ligated into the pBR-35SGUS vector digested with same enzymes in order fo replace
the GUS gene (pBR-35Slaclq).
In order to fuse the NLS sequence to the 3' end of the laciq gene severati PCR
were performed.
Primers:
10 AM1 as mentioned above.

LD 1 5 CTG GAAAGC GGG CAGGTC CTTTCAAAGCGT CCG ¥
3'end of faclg &' end of NLS in VirD2 gene

LD2 5 CGGACG CTTTGAAAGGAC CTG CCC GCTTTC CAG 3
S'endof NLS inVirD2 3' end of laclq
1 D23 5 CGG GTA CCTATC TCC TAT TTC CCC CAG G3'
Kpnl

Final PCR fragment containing NLS from VirD2 gene from A.tumefaciens fused
to the coding region of the laciq gene was digested with Xba { and Kpn | and ligated into
the plant expression vector pBR322-35SGUS digested with the same enzymes (pBR-

20 35Slaclg-NLS). This vector was transformed from the XL1 Blue into the JC 8697(recA-)
E.coli strain in order to eliminate possible homologous recombination.
EXAMPLE 5 |
Barnase and Barstar genes.
These genes were isolated by PCR from the crude extract -of the
25 B.amyioliquefaciens using P1 and P2 (for Barstar) and P3 and P4 (for Barmnase) primers.

P1 5 GCG AAT TCC GCA CAT GAAAAAAGC 3
EcoRli

IR




devel opmental pronoters for the sane or conplenentary tissues.

a yet further aspect this invention resides broadly in a nmethod of
transformati on of a propagatabl e eukaryotic cell with an expression
cassette | moewhborsg: 10 a |l ethal gene expressing a cyrOr/a¥$unopsspt i de
a target tissue under the control of a pronot.er substantially specific
to said target tissue; an nodul ator gene constitutively
expressing an inhibitor of the production or action of said cytotoxic

pepti de,

and a further gene under the control of said

In

in

substantially specific pronoter and 1548unctioning to bl ock said inhibitor
or nodul at or gene. In a further aspect, this invention resides

broadly ipgan expr & GCAAGT TEAAGA AAGTATUGAT-GGT G3'

a peptide cytotoxic twinaif ar get tissue under the control of an

10

16

20

25

P3 5' GCC CAT GGC ACA GGT TAT CAA CAC G¥
Ncol
P4 5 CGGGTACCTTATCTGATT TIT GTAAZ
Kpnt

The P1-P2 PCR fragment (Barstar) was digested with EcoRl and Hindi and
ligated into the Biuescript SK vector digested with same enzymes (BS-B*). The BamHI-
Hindill fragment of the BS-B* vector was introduced into the protein expression vector
pQE32 (pQE-B").

The P3-P4 PCR fragment (Barnase) was ligated into the PCR cloning vector
p/GEM-T {pGEM-T-B). In order to fuse NLS sequence to the 3' end of the B gene
several PCR were performed.

Primers:

P3 5' GCC CAT GGC ACA GGT TAT CAACAC G3'
Ncol

BD1 5 CCT TAC AAA AAT CAG A GT CCT TTC AAA GCG TCC G3'
3'end of Barnase 5' end of NLS of VirD2

802 5 CGG ACG CTT TGA AAG GAC TCT GAT TTIT TGT ¥
5 end of NLS of VirD2 3' end of Barnase

D23 5 CGG GTACCT ATC TCC TAT TTC CCC CAG G3
Kpnl

Final PCR fragment containing NLS from VirD2 gene from A tumefaciens fused
to the coding region of the Barnase gene was ligated into the PCR cloning vector
pGEM-T (pGEM-T-B-NLS).

EXAMPLE 6

Introduction of lac-operator sequence into the 35S-RNA-CaMV promoter.

swsmmsemronca il

a gene expressing



I nduci bl e pronoter substantially specific to said target tissue; 20
I nhi bitor gene expressing an inhibitor of the production or action of said
cytotoxi c peptide, and a repressor gene under the control of said

i nduci bl e prw@978#163nd f uncti oni ng

gene.

AAA ACGC 3'

10

15

20

25

30

an

to bl ock said inhibi tRTANYOME? bi t or

I-n a further aspect, this invention relates to priners for
PCR isolation of the 25 Barnase and Barstar genes from an extract of B.
anyl ol i quef aci ens, designated P1 and P2 (for Barstar) and P3 and P4 (for
Bar nase) and conpri si ng: P1 5" GCG AAT TCC GCA CAT GAA

EcRI

The commercial plasmid pQE-32 contains the ideal combination of two lac-
operators {operators | and il). As a first step the Hindill fragment from the pRT99GUS
vector was introduced into the Bluescript SK vector (A 1). The EcoRI-Sall fragment of
the A 1 vector carrying the GUS gene fused into the 35S-RNA-CaMV promoter and
terminator regions was introduced into the pQE32 vector digested with the same
enzymes.

" The resulting vector contains 35S-RNA-CaMV promoter with two lac operons in
the upstream region {Op+ 358-GUS).

In order to introduce the lac operator between the 35S-RNA-CaMV promoter and
coding region of the GUS gene initially a BamHI-Sall fragment of the A1 vector carrying
promoteriess GUS gene was ligated into the pUC19 vector digested with same enzymes
(PUC19-promoterGUS). In the next step the pUC 19-promoterGUS vector was digested
with EcoRli and Sall enzymes and ligated into the pQE32 vector digested with the same
enzymes (pQE-promoterGUS). The 35S-RNA-CaMV promoter region was amplified by
PCR using the 35S1 and 35S2 primers, corresponding to the §' and 3'-region of the

35S-RNA-CaMV promoter.

3581 5' GCC TCG AGC ATG GTG GAG CAC GAC ACY
Xhol

3582 5 GCGTCG ACT CTC CAA ATG AAATGA AC3
Sall

The PCR fragment was digested with Xhol and Sall and introduced in to the
pQE-promoterGUS digested with Xhol. Clones containing the promoter in the correct
orientation were selected and resuiting plasmid {35S- GUS) was transformed from the
XL1 Blue into the JC 8697 (recA-) E.coli strains in order to eliminate passible
homologous recombination.

In order to introduce lac-operators into both, the 5'- and 3'-region of the 35S-
RNA-CaMV promotsr the operator-35S promoter region of the -35S-GUS vector was
amplified by PCR using the OP1 and 3582 primers, corresponding to the 5'- and 3'-
region of the -35S promoter.

OP1 5 GCCTCGAGC TTT GTG AGC GGATAAC3
Xhol
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P2 5' GCA AGC TTA AGA AAG TAT GAT GGI' G3' 30
H ndl | | 7

WO 97/30162 PCT/AU97/00089

20

The PCR fragment was digested with Xhol and Sall and introduced into the pQE-
promoterGUS digested with Xhol. Clones containing the promoter in the correct
orientation were selected and resulting plasmid ( -35S-promoterGUS) was transformed
from the XL1 Blue into the JC 8697 (recA-)E.coli strains in order to eliminate possible

5 homologous recombination.

Barstar gene was cloned into the pQE-promoterGUS vector after digestion of
both with EcoRI+Kpnl.

One difficuity with the tissue ablation approach is the effect of promoter leakage or
expression in other tissues. To overcome this we have developed a control system
10 (gsne cascade) whereby expression of a lethal gene(s) is countered in non-arget
tissues (Fig. 7). Two different vectors carrying Bamase (V1) and Barstar plus repressor
(/acig) (V2) parts of these cascade were designed.
in order to clone promoter regions into the vectors V1 and V2 they have been
amplified using sets of primers with Sall restriction sites on the ends for V{1 (Safl
15 primers) and EcoRl restriction site for V2 (EcoRl primers). In order to check the
orientation of the promoters in V1 and V2 vectors an EcoRl restriction site was designed
in the forward Sall primer downstream from Safl site and a Safl site was designed in the
ECORI primer downstream from EcoRl:

Safl primers:
20 PrMAD romoter:
Forward primer:
5 CCGGTCGACGAATTCCGACAGTGGAGTCCACAAAGAAAGATGCG3
Safl EcoRl

Reverse primer: 5 CCGGTCGACTTCTTTCCTTCTITICTTTCTGE 3
© 25 Sall

PrMADS3 promoter:

This Shee

senrsseerons I



P3 5' GOC CAT GGC ACA GGT TAT CAA CAC G3'

Ncol P4

5' CGG GIA CCT TAT CTG ATT TTT GIA A3" 5

Kpnl The cytotoxic effect of the | ethal gene expression product

may be i ncr e Y¥Q/39462

coupling a localisation signal sequ@FTAUSTDONS):  _

construct. For exanple, the cytotoxic effect of the preferred RNase may
be increased by targeting into the nucl eus where nost of the pre-RNAs

and mature RNAs exi st

in non-protected form For this purpose 10 the coding

region of, for exanple, the Barnase gene may be nodified by fusion of a
1

Forward primer; 5 ACGCGTCGACGAATTCAAGATTTCAAATCAGTCC 3

Sall EcoR}

Reverse primer: §' ACGCGTCGACCAAGATCCCTCTGCTTCTTCACC 3

5 P om

Forward

Sall

r

primer: 5' ACGCGTCGACGAATTCGAACTTCTGGAATAAGCTGC 3

Sah EcoRl

Reverse primer: 5 ACGCGTCGACTTCATCTTACGTCACGCGAGG 3'

10

Sall

EcoRl primers:

PrviA

Forward primer:
5 CCGGAATTCGTCGACCGACAGTGGAGTCCACAAAGAAAGATGCGS

15 EcoRlI

Sall

Reverse primer: 5 CCGGAATTCTTCTTICCTTICTTITTCTTTCTGC 3

EcoRl

PrVIADSS promoter;
Forward primer: 5 CGGAATTCGTCGACAAGATTTCAAATCAGTCC 3'

20

EcoRlI  Safl

Reverse primer: 5 GCGAATTCCAAGATCCCTCTGCTTCTTCACC 3

EcoR}

PrFL1 promoter;

Forward primer:

25 & CGGAATTICGTCGACGAACTTCTGGAATAAGCTGC 3
EcoRlI  Safl
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nucl ear | ocalisation signal (NLS) sequence to the RNase gene.
Accordingly in a further aspect this invention provides a set of PCR

prinmers for fusing the NLS sequence fromVirD2 gene of A tunefaciens to
t he Bar st arwgemasiend conpri si ng: 15 P3 5' GOTAIATO®SC ACA
GGT TAT CAA CAC G3' Ncol BD1 5' CCT TAC
AAA AAT CAG AGT CCT TTC AAA GCG TCC G3' 3' end of Barnase
5" end.of NLS of VirD2
22
Reverse primer. 5 GCGAATTCTTCATCTTACGTCACGCGAGG 3

EcoRl

PCR fragments of Safl primers were digested with Sall restriction enzyme and

introduced into the V1 vector digested with Sa/l. The orientation of promoters was
5 checked using digestion with EcoRl enzyme.

PCR fragments of EcoRI primers were digested with EcoR! restriction enzyme
and introduced into the V1 vector digested with EcoRIl. The orientation of promoters
was checked using digestion with Salf enzyme. Maps of the resulting plasmids are
shown in Figs. 21 and 22.

10 These vectors were linearised with Hindlll enzyme and introduced into the Bin19
binary vector digested with Hindlil. Colonies carrying modified Bin 19 vectors were
selected on plates with kanamycin and ampicylin antibiotics. As a next step Bin19-V1-
promoter and Bin19 V2-promoter vectors were transformed into several agrobacterium
strains. Arabidopsis thaliana Eucalyptus grandis and Pinus radiata embryos and

15 explants were co-transformed with Agrobacterium strains.

The Hindill fragment from the plasmid pRT 99 gus (T&pfer ef a/. Nucleic Acids
Research (1988) 16 (17). 8725) was cloned into the Hindill site of pBR 322. This
insertion resulted in two plasmids corresponding to the insert being cloned in both
orientations. The inserted region contains the Cauliflower Mosaic Virus {CaMV) 358

20 RNA promoter, beta glucoronidase (GUS) gene, and CaMV 35S terminator region.
These plasmids were called pBrGUS1 and pBrGUS2 and provided the basis for the
lethal gene constructs. The orientation of the insertion event was checked with a
BamHI digest pBRGUS 2 resuits in BamHl fragments of 2.5kb and 4.4kb, pBRGUS 1
in fragments of 6.1kb and 0.8kb.

25 The DNA encoding the laclq nuctear localisation signal peptide was amplified
from the plasmid pGEM lacigNLS by PCR using the &' primer Lac | {this has an EcoR1
site) and the 3’ primer D23 which has a Kpni site. The amplified DNA fragment was
restricted with EcoR| and Kpnl and cloned into pBRGUS 2 cut with the same enzymes.
The resulting plasmid was called pBRLac. The pBRLac plasmid was then cut with Sphi

30 and run on an agarose gel to allow the purification of the plasmid fragment containing
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BD2 5' CGG ACG CTT TGA AAG GAC TCT GAT TTT TGT AAA &B' 20

5" end of NLS of VirD2 3' end of Barnase D 23 5" CGG GTA CCT
ATC TCC TAT TTC CCC CAG G3' Kpnl The

ti ssue-speci W@YBOI&evel opment al pronoter may be sel ect ed f PERAUSAHESS -
ti ssue specific pronoters that are controlling genes in plant reproductive
organs during 25 the early stages of flower devel opnent. These genes are

mai ntai ned in the repressed state in all plant organs during the
non-flowering period and are induced substantially in reproductive
organs during the flowering period. 23 The devel opnental pronoter can

be isolated by any known neans. For
) the Laciq gene, Ampicillin resistance gene, and origin of replication away from the

small Sphi fragment, which contained restriction sites that we wished to remove. The
resulting plasmid was called pBRLac BH-.

The second stage in the plasmid construction was the preparation for cloning of

5§ the Barstar gene under the regulation of the modified CaMV plus lac operator promoter.
This was amplified from the plasmid p35S-op-Barstar EcoRI- which contained the
promoter/gene sequence which had been modified to remove the EcoRl site between
the promoter and coding sequence. This modification was accomplished by cutting the
35S-op-Barstar plasmid with EcoR|, carring out a blunting reaction with T4 DNA

10 polymerase, and then religating the blunted plasmid. The PCR was carried out using
the 5 primer pQE-F and the 3' primer Bar-3'. The PCR fragment was cut with Xhol and
Kpnl. This was cloned into the 35S-op-Barstar EcoRI- plasmid also cut with Xho!l and
Kpni, and from which the unwanted gene had been purified away by gel
electrophoresis. This enabled the removal of restriction sites at the three prime end of
15 the Barstar coding region. This plasmid was called p35S-op-Barstar EcoRI- 2.

The Barstar gene was then cut out of the p35S-op-Barstar EcoRl- 2 plasmid with
Xhol and Sall and cloned into pBrLac BH- cut with Sal1. The Barstar gene could go into
the Sall site in either orientation but only one orientation was found. The orientation of
the insert was ascertained by a Kpnl digest. Only a 1kb band was seen which was

20 indicative of the orientation of the insert seen in plasmid pBRLac Op Barstar 1. The
resulting plasmid was called V2.

The plasmid was then ready for the cloning of, in this case, a flower specific
promoter, into the unique EcoRi cloning site 5 prime of the laclq gene. The EGM3
promoter from the Eucalyptus MADS gene EGM3 was used for this purpose. This was

25 cut from plasmid pEGM3 with EcoRl. This promoter was cloned in both orientations,
and the resuiting piasmids were called V2 EGM3 sense and V2 EGM3 antisense. The
pltasmid V2 EGM3 sense was used as a source the EGM3 regulated laclq and CaMVop
Barstar genes for the plant transformation vector. The ocrientation of the EGM3
promaoter was determined by an Xbal Pstl digest. The presence of a 2.3 and 0.9 kb

30 band was indicative of the correct orientation.
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exanpl e, 8 nRNA onl y
present during the devel opnent of the target tissue nmay be identified and
i sol ated, cDNA fromthese specific nRNAs prepared and used to probe the

genomni c WO 97/30162 PCT/AUS7/00089 -
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The second construct V1, containing the promoterless Barnase gene, was
constructed using pBrGUS 2 as the starting point. A bamase gene was amplified from
genomic Bacillus amiloliquefaciens using the primers Bamase 5 prime Sal, and Bamase
3 prime Kpn. The resulting PCR product was restricted with Kpn | and Sal | as was

§ pBrGus 1 and a ligation reaction performed. The plasmids from the resulting colonies
were used as templates for sequencing using the amplification primers. Plasmid SB4
was found to contain a Bamase fragment of the same sequence as the B.
amiloliquefaciens Barnase gene and this called pBRBarnase and was used for further
constructions.

10 Previous work using Barnase as a lethal gene in plants had shown that the anti-
toxin gene for Barstar was required to be present and expressed from the same plasmid
as the Barnase before a promoter region could be cloned 5 prime of the barnase gene
{Paul et al. 1892 Plant Molecular Biology 19: 611-622). This was achieved by using a
plasmid that contained the Barstar gene and promoter from B. amiloliquefaciens in cis

15 with the bamase sequence. To this end the promoter plus barstar DNA region was
amplified from the 8. amiloliquefaciens genomic DNA using primers 5 prime Barstar
promoter and Bar 3 prime. The PCR fragment was restricted with Kpnl as was pGEM
3f and a ligation reaction performed. The resulting white colonies were screened for
inserts. The DNA from colony 7 was used for seqencing and found to contain the

20 Barstar promoter plus Barstar sequence as in the genomic B. amiloliquefaciens DNA.
This plasmid was cailed 7 prom Barstar, as shown in Figure 21.

The 7 prom Barstar plasmid was resticted with Kpn | as was pBR Bamase and
the Promoter Barstar fragment was cloned into the Kpn | site of the PBR Barnase DNA.
This resulted in a plasmid known as V1. The EGM3 promoter was cut out of pPEGM3

25 using EcoRi, blunted using DNA polymerase | {Klenow fragment) and cloned into the
unique Sall cloning site of the V1 DNA which had also been restricted and blunted. The
resulting plasmid with the promoter inserted in the correct orientation was called EGM3
Vi sense (FIG. 27)

The EM3 V1 sense DNA was linearised with Hindlll and cloned into the plant
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l'i brary, followed by identifying the portion of the plant genome which
contai ns pronoter regi on of these genes. The tissue-specific pronoters
may be honol ogous (native) or 5 heterol ogous (foreign) in origin. For

pl ant reprodusko ymsepg2zgan ti ssues, the pronoters may be seber/avstidoosom
those that are expressed in cells of different floral tissues in both

mal e and femal e organs, or only in specific tissues such as sepals, petals,
ovary, style, stigma, ovule, corola and others. For the generation of
the sterile plants, pronoters whi ch express in tissues at early stages
of both male and femal e organ devel opment 230 are preferable. For
exanpl e, the gene fam |y encoding homeotic MADS-box genes which play an

i mport ant  r ofrghsigimiatiONPECIEIEBIAY 9 BIEB The 8N E5Pwith Fﬁndlhem?&ﬂeﬁuﬁé&mogﬁa&ﬁﬂs

devel opi ng floral pr| nordia. We have isolated MADS genes f radi ata

whi ch di spl &EMBVLRIG 1 andid RoMesponding tedhewmerirsiationsrefiiesartion. | wiansation
genes known fisng o £26IPSIRes present in EGM3 V1 Bin are approximately 80 bp appart. The
EGM3 V1 Bin 2 was cut with EcoR! and biunted using DNA polymerase 1 (Kienow
5 fragment). The EGM3 promoter laclq gene, and the CaMV 35S op Barstar genes were
cut out of EGM3 V2 sense using Aatll and Hindlll. This fragment was aiso blunted and
ligated into the EcoRI cut and blunted EGM3 V1 Bin 2 to create the piasmids EGM3
Double Bin | and Il (FIG. 26), again corresponding to the two possibie orientations.

These plasmids were used for transformation of plants via A. Tumefaciens.
10 The proceedure was then repeated with further Eucalyptus MADS promoters.

These were EGM2 long and shorl, and a shorter version of EGM3.

Primers.

~ Bamase 5 prime Sal

5 CCGTCGACATGGCACAGGTTATCAA 3
15 Sall

Barnase 3 prime Kpn

5 CGGGTACCTTATCTGATTTTTGTAAAGG 3’
Kpni

Five prime Barstar promoter
20 5 CGGGTACCGTCCAATCTGCAGCCGTCCGA R

Kpni
Bar 3
5 GCGGTACCTTAAGAAAGTATGATGGTG 3
Kpnl
25 D23
5 CGGGTACCTATCTCCTATTTCCCCCACG 3
Kpni
This Sheet Has Been Re
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15 AG.-2 and AGL4 genes. These genes express in young floral prinordia and
are not expressed in the inflorescence neristem The gene
encodi ng an inhibitor of the | ethal gene product nmay conprise a gene

repressi ngwex@nesii on of the | ethal gene, a gene transcripefgueiossdt i sense

RNA, or may conprise a gene expressing a protein capable of deactivating
the lethal protein. 20 The inhibitor gene will generally be under the
expression control of a constitutive pronot er which expresses the
inhibitor in non target tissues, although it is envisaged that a
packaged operator-repressor system nmay Jge used. For exanple, a
Bamase gene/reproductive organ-tissue specific pronoter system nay be

associ at ee QeLgh an anti-Banmase (B* or Barstar) gene/pronoter system 25
In the alternative, ne atlve re ulatlon in expression of bacteriophage
| anbda 5’|\G§GTQRTM 'E. coli could be used in expression
cassettes. Expression

Lacl

5 GCGAATTCAACATGGAACCAGTAACGTTATA 3
5 EcoRl

EXAMPLE 7
isolation of reproductive organ-specific promotoers
Five cone-specific genes displaying strong homology to Arabidopsis thaliana and
Anthirrhinum majus floral meristem and organ identity genes were isolated from P.
10 radiata cONA librasy prepared from immature female and male cones. Three of them,
PrMADS1, 2 and 3, belong to the family of MADS-box genes showing homology to
Arabidopsis AGL-2, AGL-4 and AGL6 genes and dalf gene from another non-
angiosperm, Picea abies (Norway spruce), respectively. The PrFL1 gene is the pine
ortholog of Arabidopsis Leafy (Lfy } and Floricaufa (Flo ) gene from Anthirrhinum. The
18 PrCon1t shows strong homology to Arabidopsis CONSTANS {co) gene. To elucidate
the function of these genes we took the approach of characterising their expression
pattern in male and female cones during different stages of cone development.

A significantly lower level of expression was detected in vegetative tissues:

vegetative buds, needles, stem and roots. In situ hybridisation showed that expression
20 of these genes is detectable only in reproductive tissue cells.

Expression analysis revealed that all five genes show different patterns of
expression in different stages of development of male and female cones (Figs. 8 and
g9). PrMADS1, 2 and 3 genes are cone-specific: expression of both genes was
restricted to reproductive organ primordium tissues. No detectable exprassion of these

25 genes was observed in vegetative tissues: vegetative buds, needles, stems, roots. For
PrFL1 and PrCon1 low detectable expression was observed in vegetative buds.

In reproductive organs low level of expression of both genes was detected at
sarly stages of cone development (5 mg cones) which was increased during cone
development {50 mg cones). In male cones expression of both genes was restricted to

swsrmrssesons il



of the bacteriophage | anbda N gene is tightly regulated via the p[err]
pronot er and controls the | evel of expression fromthis pronoter. This
system may be used to provi de the requisite negative control of the
expressi on owoanemehi bitor gene in the 30 target tissue. PCT/AUI7TO008He SOS
systemis regul at-ed by the interplay of two proteins. A transcriptional

9

27

microsporangium containing primary sporogenous cells. In female cones expression
of both genes was restricted to premature ovules.
To characterise MADS proteins as DNA-binding proteins in vitro, we expressed
both proteins in £. coli and characterised their DNA-binding properties. PrMADS1,2,3
5 proteins are sequence-specific DNA-binding proteins. Their DNA-binding consensus
sequence is similar to that of the AGAMOUS protein. Ail three proteins bind a DNA
sequence matching the consensus sequence of CArG  box
THAMCC(ATIARL(T/IAINNGG(-GYA/T), (oligo A) for PrMADS1 and PrMADS2) {Fig.
32). Mutation of these consensus sequences (oligo B) significantly decreases their
10 binding of PriMADS 1,2 or 3 proteins. Compsetition with non-radioactive oligos did not
decrease binding of any of the proteins to the CArG consensus. This indicates that we
are dealing with specific DNA-protein interactions.
Upstream sequences were isolated using a ‘Promoter finder’ strategy (Fig. 30). A
special adaptor was ligated to the ends of DNA fragments generated by digestion of
15 genomic DNA from P. radiata with ECORV, Scal, Dral, Pvull and Sspl separately. The
enzymes used were selected because they have six-base recognition sites and
generate blunt ends. Following adaptor ligation, these DNA fragments were used as
a template for PCR using first adaptor primers AP1, AP2 and gene-specific primers
GSP-1,2.
20 The sequences of adaptor (first sequence), adaptor-primers and polymerase
biocking primer shown below. it is noted that adaptor primer AP1 corresponds to bases
1 to 22 of 22 of the adaptor, adaptor primer AP2 corresponds to bases 13 to 31, and the
polymerase block corresponds to bases 41 to 48.

Adaptor: .
25 5 GTAATACGACTCACTATAGGGCACGCGTGGTCGACGGCCCGGG-CTGGT-3'
Polymerase block: ,
AP1 '-NH,-CCCGACCA-PO,-5’
AP2
Adaptor primer 1, (AP1}: 5’-GTAATACGACTCACTATAGGGC—3’
This Sheet Has
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repressor (LexA) inhibits the initiation of transcription through specific
binding to its operator targets. A RecA protein blocks LexA protein and
t hus prevents inhibition at its specific site. This would be a one
conmponent | wolsadoene system and woul d not require a tacmatd7medssng _
gene. 5 The repressor gene under the control of the inducible
pronoter may be sel ected to repress transcription of the inhibitor gene,
translation of the RNA transcript or action of a peptide product
thereof. Preferably, the repressor gene codes for a peptide pr oduct
which directly represses expression of tge inhibitor gene. Accordingly, it
IS preferred that the repressor gene and inhibitor gene be adapted to

form a speaddptér primecR(AP2Y / SPACTATAGBEBCAECGCGTGGBT-37 For exanple, the E
coli /aclqg gene under control of the sanme tissue specific
The presence of the amine group on the 3' end of the lower strand blocks
polymerase catalysed extension from free adaptor molecules that have not been ligated,
thus preventing the generation of the primer binding site unless a defined, gene specific
5 primer extends a DNA strand opposite the upper strand of the adaptor.
Primary PCR was performed using Avantage Tth Polymerase Mix (Clontech) and
adaptor primer AP1 and GSP-1 for PrMADS2,3 and PrFL1 genes.

GSP-1 sequences:

PrMADS2: 5 CGGCGCTTCCGAACTCATAGAGTTTITCCTC 3
10 PrMADS3: 5 TTAGCGCCACTTCGGCATCGCACAGC 3'
PrFL1: & CAAGGGACTTCAAATCCTTTCTCCCATTCATGG 3.

PCR two step cycle parameters:
7 cycles: 94°C 25 sec
72°C 4 min
15 32cycles: 94°C 25 sec
67°C 4 min

87°C for an additional 4 min after the final cycle.

The 1 ml of primary PCR was used in secondary PCR using the same cycling
parameters and a second set of GSP primers with AP2 adaptor-primer.

20 GSP-2 primers sequences:
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pronoter as the |ethal gene construct nmay be used to repress the action of
t he repressor gene pronoter nodified by insertion of a | ac operator
sequence. The repressor gene pronoter nay be a nodified

35S- RNA- CaWwwo smwiar 15 having at | east one | ac operator bBCHAUHTA0PRY -
pronoter and codifng region of the repressor. In the selection of the
nodi fi ed 35S RNA- CaW pronoter exenplified hereinafter, the present

i nventors have devel oped prinmers for anplification of the nodi fi ed

35S- RNA- CalW sequences. . Accordingly, in a further aspect this

i nvention provides primers for PCR 20 am@gi fication of nodified

35S- RNA- CaMvsequences, designated 35S1 and 35S2 and conpri si ng:

35S1° = S5PrMADNSZCGSAGGOOTY TIMCAGCAGACCATTECBGC 3

PRMADS3: & CAGCAGTCCGTTTCCGGCGCTTCG 3’
PrFL1: § CGTCCATGGTCCTTGTTAAAGACAGTTGTTGTTGG 3

The 1-2 kb PCR fragments were cloned into the TA-type cloning vector and
§ sequenced. Sequences of cDNAs, proteins and promoter regions for PrMADS2,
PrMADS3 and PrFL1 are shown in Figs 31, 34 & 37.

EXAMPLE 8

Introduction of the chimaeric DNA sequences into the plants

Chimaeric DNA sequences were co-transferred into the piant tissue using the

10 Atumefaciens system. Transformants were retained by growing on selective medium.
Presence of two plasmids was proved using standard molecular biclogy techniques
(Southern, northern hybridizations, PCR). Plasmid A has Barnase gene and plasmid
B has Barstar gene under control of plant promoters. This creates an additional
selection for co-transformation.

15 The vector system designed involves a cascade of genes exprassing under the
positive control of the reproductive organ-specific promoters and negative controt of the
E.coli lactose (lac) repressor-operator system. During the non-flowering period, in the
absence of the repressor protein, the operator sequence will permit constitutive
expression of the Barstar gene or antisense RNA in all organs. Because of possible

20 leakage of the reproductive organ-specific promoter, low level of the lethal gene product
will exist in different plant organs and cells.

Accumulation of the Barstar protein in cytoplasm or antisense RNA in nuclei of
these cells will biock the cytotoxic effect of the lethal gene product. At the early stages
of flowering, expression of the B (or other RNases) and laclg genes in the appropriate

25 celis of the reproductive organ will dramatically increase. Accumulation of the laclq
protein in the nucieus of these reproductive organ cells will block expression of the
Barstar gene (or antisense RNA) via the lac repressor-operator interaction which will

eet Has Been Tlaced
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Xhol 3582 5" GCG TCG ACT CTC CAA ATG AAA TGA AC3' 25
Sal | For the introduction of |ac operators into both the 3" and
5' region of the nodi fi ed 35S- RNA- CaMV pronoter, the sequence may be

anplified waBQEblpjl mer s: oP1 5' GCC TCG p@iathidooss G AGC
GGA TAA C3' Xhol

30

increase the level of lethal gene products in the target reproductive organ celis.
EXAMPLE 8
Three eucalypt genes (EGM1, 3 & 2) with homology to other plant MADS-box
genes have been cloned and sequencead (Figures 10-13 and 17). Phylogenetic analysis
5 has been performed to examine the relatedness of the eucalypt genes to other MADS-
box genes (Figure 18). This revealed that EGM2 is likely to be homologous to the
GLOBOSA MADS-box gene group which are involved in development of petals and
stamens. EGM3 and EGM1 both fall in the AGL2 group of MADS-box genes. These
genes are most commonly expressed in the inner. three whorls of the flower {petals,

10 stamens and carpels) but their function in flower development is yet to be determined.

The pattern of expression of all three EGM genes has been characterised (Figure
14, 15 & 16). Expression of these genes was not detected in any vegetative tissue. The
EGM1 gene is expressed in the petals, stamens and the carpel of eucalypt flowers.
EGMB3 is expressed in the floral meristem and in sepals. EGM2 is expressed in petals

16 and stamens. The EGM3 and EGM2 genss have been shown by Southem analysis
(Figure 18) to be single genes. EGM1 is aiso likely to be a single gene.

The promoter regions of all three of these genes may be used in sterility gene
_constructs and have been isolated from a eucalypt genomic fibrary. The EGM3
promoter has been engineered into lethal gene constructs.

20 Northern blots were performed on a range of tissues in order to determine the tissue
specificity of expression of the three EGM MADS-box genes. Tissue used for isolation
of RNA from roots, seedlings stems shoots leaves and mature flowers was obtained
from Eucalyptus grandis plants. Tissue for isolation of RNA from floral tissues including
receptacles, petals, stamens, carpels, and styles was collected from E. globulus flowers.

25 This species was used because it produces very large flowers, making collection of
sufficient amounts of RNA much easier. Ten micrograms of total RNA was used in the
blots which included the different floral tissues and 20 micrograms was used in-blots of
E. grandis RNA which included the vegetative tissue. Blots were probed with the three
EGM genes which had been digested with appropriate restriction enzymes to remove

30 the MAD&box.
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10 bi nding protein (repressor, laclq) and the target pronoter sequence
(operator) is understood in great detail. Expression of the | ac operon
is under the strong and tightly negative control fromthe | acl

repressor. PYWQ¥/8i% epressor is a tetraner, formed from PCI/AUST -

31

The northemn blots indicated that all three EGM genes are expressed at a high
level in eucalypt flowers. When northerns were exposed to film for long periods, weak
expression of the EGM2 and EGM1 genes was detected in vegetative fissue. The
EGM3 three gene was specifically expressad in vegetative tissue. Within the flower,

5 the EGM2 gene was observed to be expressed in stamens and petals. The EGM3 gene
is expressed in receptacles, petals, stamens, carpels and styles.

Example 10

The first part (component 1} of the cascade contains the reporter GUS gene under

control of floral meristem identity gene promoter (ie. LEAFY from Arabidopsis thaliana)
10 with lac-operator (LEAFY-op). The second construct {component 2) contains the

repressor /Jaclg gene under control of maize GST-27 gene promoter. This promoter is

up-regulated by treatment of plants with the safeners, dichlormid and R-29148. The

Arabidopsis plants were co-transformed with two campaonents.

An aiternative strategy is for two transgenic Arabidopsis lines carrying

15 components 1 and 2 separately to be crossed. Expression from component 1 alone

produces blue flowers after staining with X-gal. Chemically-inducible induction of

expression from component two, in plants expressing component one, eliminate of the

biue colour seen in flowers.

Example 11
20 The first component of the cascade contains the barnase gene under control of
floral meristem identity gene promoter (ie. LEAFY from Arabidopsis thaliana) with /ac-
operator. The second component contains the repressor faclg gene under control of
maize GST-27 gene promoter. Arabidopsis plants were co-transformed with the two
components. In non induced plants expression of only component one produces sterile
" 25 Arabidopsis plants. Induction of expression from component two, in plants exprassing
component one, stopped expression from LEAFY-0p promoter and restored the fertility
in initially sterile Arabidopsis piants.
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four identical subunits, each with 360 am no acids (MN 38,350 kDa). The
oper at or 5 sequence constitutes 35 base pairs, including 28 base pairs of

symmetri cal sequence. For the maxi mum repression of the
expr essi on W 9¥IS2 nhi bitor gene, the repressor prot ePEVAYYIOBY:r abl y
targeted into the nucleus of the target cells. This may be achi eved by

fusion of the nuclear |ocalisation signal sequence to the Cend of the
repr essor. :

32

Example 12
A number of abbreviations are used in the following text. These are in common
use in the field of plant tissue cuiture.

BA: benzyladenine also known as 6-benzylaminopurine.
§ IBA: indole-3-butyric acid.
NAA: 1-naphthaleneacestic acid
TDZ: thidiazuron also known as 1-phenyl-3-{1,2,3-thiadiazoi-5-yi] urea.

The following is a detailed description of the preferred steps for producing transgenic
Eucalyptus from shoot and seedling explant material.

10 Shoot explants

1. Subculture shoots monthly on solid KG medium containing 0.2mM BA. Keep in low
light (16 hour photoperiod, 100-350 Lux or 1-8 mmoim?s PAR) and 22.5°C.

2. Use whole shoots 3-4 weeks after subculture.

3. Remove lower leaves leaving the top 4-6 leaves.

15 4. Wound leaves 5 to 6 times with a needle (e.g. 25G) and ,place whole shoots in an
Agrobacterium suspension {(approximately 1x10% cfu~ nli )} containing 10-100mM
acetosyringone for 10 minutes to 2 hours. An Agrobacterium suspension with an optical
density of 1.0 at 600nm diluted 1/20 is approximately 1X10® cfu mL*. Best results when
wound near base of leaf. Alternatively, instead of leaving the wounded shoots in an

20 Agrobacterium suspension for 1 hour, the shoots can be vacuum-infiltrated with the
Agrobacterium for 10-30 mins at 40-100 Kpa. The shoots do not need to be wounded
for the vacuum infiltration procedure. However, callus fbrmation is greater when
wounding is effected with a needie rather than by vacuum-infiltration.

5. Blot shoots between sterile filter papers and insert shoots verticaily into KG medium

25 containing 0.2mM BA. Co-cuiture for 2 days in the dark.

6. Transfer shoots (still upright) to KG medium containing 0.2mM BA and 200 mgL"
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10 In a further aspect this invention relates to a set of priners

suitable for isolation of the laclg gene and having suitable
restriction enzyne cl eavage sites for cloning into t he pl ant $rs,
the two prineVe@9%¥¥Meksponding to the 5 and 3' ends of the ~
designated AM 1 and AM 2: AM 1 5" GCT CTA GAC CAT GGA ACC AGT AAC GIT
ATA 3' 15 Xbal
33
cefotaxime. Keep in low light for 5 days (16 hour photoperiod, 100-350 Lux or 1-8
mmoim?s? PAR).

7. Excise 4-6 upper leaves and place them, adaxial face up, on salid callus induction

medium G22 containing 2mM BA, 2.5mM NAA, 200 mgL"* cefotaxime and 5-10 mgL™
5 geneticin, incubate for 2 weeks in the dark.

8. Transfer explants to G22 medium containing 2mM BA, 2.5mM NAA, 1.0mM TDZ, 200

mgL! cefotaxime and 15 mg.L" geneticin. Subculture every 2 weeks in the dark. Brown

phenolic compounds are produced when incubated in the light.

9. After 6 weeks transfer explants to shoot induction medium GBA (i.e. G22 containing

10 S5mM BA and 0.5mM NAA) containing 200 mgL" cefotaxime and 15 mgl' gensticin.
Leave in dark for 5-6 days then move into light {16 hour photoperiod, 100-350 Lux or
1-8 mmolm3s™' PAR). Subculture every 2 weeks.

10. After 8-10 weeks on GBA with 200 mgL™* cefotaxime and 15 mgL"! geneticin transfer
pieces of callus with buds and callus formed on the original expiants to GBA with 200

15 mgL* cefotaxime and 30 mgL™ geneticin. Subculture every 2 weeks.

11. After 4-6 weeks on this medium place regenerated shoots in liquid KG medium
containing 0.01 mM BA, 50 mgL™ cefotaxime and 5 mgL! geneticin for 2 weeks then
transfer to medium with higher geneticin (10 mgL™) for 2-4 weeks. The liquid cultures
are shaken at 100-120 rpm with 8 ml of fiquid in a 70 mi container.

20 12. Transfer surviving shoots and callus to solid mediuin (KG containing 200 mgL"!
cefotaxime and 10 mgL™ geneticin but with no hormones) and higher light intensity (16
hour photoperiod, 450 Lux or 10 mmoim?s™ PAR). Subculture every 2 weeks.

13. Assay putative transformed shoots for marker gene(s) activity.
14. Regenerate plants from the confirmed positive shoot material. induce rooting by

25 transferring shoots onto KG containing 10 mgL™ geneticin but with no hormones.
However, if there is no rooting after three weeks then move to the same medium
containing IBA 0.2 mgL™ (8.8 mM).

The protocol detailed above will take between 1 and 8 months from
transformation to regenerated shoots.

SUBSTITUTE SHEET {(RULE 25)



AM 2 5' GCG GTA CCT CAC TGC CCG CTT TC3' Kpnl In a
yet further aspect of the present invention, there is provided a set of PCR
20 primers for use in fusing the NLS sequence to the 3' end of the laclq
gene and WOSHMNE2 si ng: AM 1 5' GCT CTA GAC CATTRES988Y AGI. AAC
GIT ATA 3 - Xba |

gediing explants

1. Disinfest seeds and germinate on KG containing 0.2 mM BA.

2. Using 10-12 day old seedlings, remove roots and place them in an ovemight-grown

Agrobacterium  suspension (approximately 1x10° cfu thi ) containing 50mM

5 acetosyringone. An Agrobacterium suspension with an opfical density of 1.0 at 600nm

diluted 1/20 is approximately 1X10° cfu mL"!. Wound the cotyledons and hypocotyl by

gently stabbing with & 30 gauge syringe needle under a dissecting microscope.

incubate for 1 hour then remove the seedlings from the suspension and blot them

between sterile filter papers to remove excess liquid. Instead of leaving the wounded
10 cotyledons in an Agrobacterium suspension for 1 hour, the cotyledons can be vacuum-

infiltrated with the Agrobacterium for 20 mins at 95 KPa (28mm Hg). The cotyledons do

not need to be wounded for the vacuum infiltration procedure. However, the hypocotyls

require wounding even when using vacuum infiltration.

3. Co-cultivate on KG medium (containing 0.2 mM BA) for 2 days in the dark making
15 sure that the seedlings are standing upright in the medium.

4, Transfer the seedlings (still upright) to KG medium (containing 0.2mM BA) and

containing 200 mgL™! cefotaxime. Continue incubation in low light {16 hour photoperiod,

100-350 Lux or 1-8 mmolm?s™? PARY) for 5 days.

5. Excise the hypocotyls and cotyledons. Transfer the hypocotyls to callus induction
20 medium G22 containing 0.5mM BA, 1.0mM NAA, 1.0mM TDZ, 200 mgL™* cefotaxime and

10 mgL™ geneticin. Transfer the cotyledons to G22 medium containing 1.0mM BA,

1.0mM NAA, 0.3mM TDZ, 200 mgL™ cefotaxime and 10 mgll geneticin. Continue

incubation in the dark for 2 weeks.

6. Transfer explants to the same medium containing 15 mg.L"! geneticin and 200 mg.L™
25 cefotaxime. Continue dark incubation. Subculture every two weeks until about 6 weeks

have elapsed.

7. After 6 weeks, transfer to shoot induction medium GBA (i.e. G22 containing 5mM BA

and 0.5mM NAA) containing 15 mgL™ geneticin. Leave the cultures in the dark for 5-7
days then transfer them to the light (16 hour photoperiod, 100-350 Lux or 1-8 mmoim?s™
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laclqg 5 end of NLS in VirD2 gene
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PAR).
8. After about 10 weeks on the GBA with 15 mgL! geneticin and 200 mgL™! cefotaxime,
a number of explants will have produced shoots. These shoots are excised and
transferred to KG medium (containing 0.2mM BA) with 30 mgL™ geneticin and 200 mgL"!
cefotaxime. Meanwhile, the callus that has also formed on the original explants is
subcultured back to GBA with 15 mgL"! geneticin and 200 mgL* cefotaxime and left for
a further month, by which time more shoots may develop which can then be transferred
to KG medium (containing 0.2mM BA) with 30 mgL™’ geneticin and 200 mL
cefotaxime.
9. All shoots and callus are now transferred to fresh KG médium {containing 0.2mM BA)
with 30 mgL™ geneticin and 200 mgL"* cefotaxime for another month or so.
10. After 4-6 weeks on this medium place regenerated shoots in liquid KG medium
containing 0.01 mM BA, 50 mgL™" cefotaxime and § mgL"* geneticin for 2 weeks then
transfer to medium with higher geneticin (10 mgL™) for 2-4 weeks.
11. Transfer surviving shoots and callus to solid medium (KG containing 200 mgL™
cefotaxime and 10 mgL™! geneticin but with no hormones) and higher light intensity (16
hour photoperiod, 450 Lux or 10 mmolm?s™! PAR). Subculture every 2 weeks.
12. Assay putative transformed shoots for marker gene(s) activity.
13. Regenerate plants from the confirmed positive shoot material. Induce rooting by
transferring shoots onto KG containing 10 mgL™ geneticin but with no hormones.
However, if there is no rooting after three weeks then move to the same medium
containing IBA 0.2 mgL? (9.8 mM).

Seedlings of 12 days ofd or younger are best for transformation but seediings up
to 20 days old can be used for regeneration.

Shoot regeneration frequencies for non-transformed cotyledon and hypocotyl
explants without selection are approximately 80%.

Experience has shown that removal of cefotaxime from the medium, even after
3 months, will result in rapid overgrowth by Agrobacterium. The concentration of
cefotaxime varies between liquid and solid media.

Shoot material grew faster in fiquid medium and formed more shoots when
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LD2 5 CGG ACG CIT TGA AAG GAC CTG CCC GCT TTC CAG 3'

end of NLSin VirD2 3 end of laclqg 5 D 23 5° CGG GTA CCT ATC TCC
TAT TTC CCC CAG G3' : Kpnl | f
desired, tNOMMOI3Id of the present invention nay be a revBFHAEIO0BE% hod-

For exanpl e, the gene cascade may use nol ecutar el enments which wll
all ow the reversal of the engineered sterility to fertility thus
permtting seed production. The reversal 10 mechani sm may consists of
pl aci ng an anti-repressor gene under the control of a chem cal ly
swi tchabl e pronoter. \Wen, for exanple,38estoration of fertility is
required

compared to shoots grown on solid medium. This liquid selection step has the

advantages of reducing false positives by increasing selection pressure, reducing

residual Agrobacterium and increasing the amount of shoot tissue compared to solid

grown cultures.

S The regenerated rooted transgenic plants are then moved to a soil based

10

16

20

25

medium and grown into trees of a size and form suitable for planting. Clones can be
micropropagated by tissue cuiture propagation techniques and grown into trees of a
size and form suitable for planting.

The media used in this study were G22, GBA and KG as described by Laine and
David (1994). However, various basal media, inciuding MS, BS and P24, have been
tested and found to support shoot regeneration. The plant growth regulator regimes
were generally different from those of Laine and David {1994), which were in the
combination of 1-3 mM BA, 0.05-2 mM TDZ and 0.5-2.5 mM NAA for callus induction
from leaves; 1-3 mM BA, 0.05-1 mM TDZ and 0.5-2.5 mM NAA for cotyledons; and 1-3
mM BA, 0.05-2 mM TDZ and 0.5-2.5 mM NAA for hypocotyls. The differantiation
medium was generally a GBA medium, which was a G22 but supplemented with 2.5 -
5 mM BA and 0.5 mM NAA (Laine and David, 1994). A KG medium containing 0.2 mM
BA is generally used as subculture medium for clone materials. Al media were
solidified with 0.25% Gelrite or Phytagel. pH was adjusted to 5.7 - 5.8 using potassium
hydroxide before autoclaving for 15 minutes at 121 C.

A preferred method for the preparation of Agrobacterium inoculum is described
below.

1. Streak out the Agrobacterium strain containing the construct onto plates with
selection, eg YEP + rifampicin (50 mg/L) + kanamycin (100 mg/L) for LBA4404, EHA105
and AGL1 containing the pBin GUSINT construct.

2. Incubate piate at 280C for 2 days.

3. Pick a single colony into YEP broth with setection and grow on shaker overnight at
280C.

4. Use the ovemnight culture to inoculate (1% inoculum) fresh medium with selection and
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pl ants may be sprayed or otherw se adm nistered a chem cal which induces

expr essi on of anti-repressor RNA which will block inhibition of
expression of the nodified inhibitor gene. Accunul ation of the inhibitor
product in f1WOMBWans will inhibit |ethal gene 15 functi ofCTAYRIO008
all owi ng normal fl-ower formation. For exanple, for the lac/laclq
system descri bed, a chem cal nmay be sprayed on the plant which induces
expression of anti-laclg RNA which will block inhibition of expressi on
of a nodified Barstar gene. Accunul ati on of the Barstar product in floral
organs will inhibit lethal gene function, 3%us allow ng nornmal flower

formation. The 20 pronoter region of the naize gl utathione-S-transferase
(GST 11) gengrowtan shaker ovartight af 280G .HEhis additionairsten will progduce ainore consistent

e o gl Hary BB RRED . ey o0 O Y cnemeal s sueh
(benzyl - 2- chbdqarvéstiAgrbbactenum; wash ant hesuspbad irntiSsue/curues medium. Dilute to an
appropriate concentration ready for transformation. '

5 6. Streak out the resuspended Agrobacterium on to lactose yeast medium plates and
incubate plate at 280C for 2 days. Do a Benedict's test (Bernaerts and Deley, 1963) on
the colonies to confirm they are Agrobacterium.

This strategy will give good thick cultures of Agrobacterium on the day of
transformation. A culture grown overnight which was inoculated from a piate or glycerol
10 stock will give variable resuits.
An AGL1 culture grown as described above and diluted to an optical density
(600nm) of 0.98 had a viable count of 2.37 x 10° cfu/mi.
It will of course be realised that while the above has been given by way of
illustrative exampie of this invention, all such and other modifications and variations
15 thereto as would be apparent to persons skilled in the art are deemed to fall within the
broad scope and ambit of this invention as claimed in the claims appended hereto.
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In the case of Eucal yptu

ter, conprising the upstream 25
sequences of the EGVB geﬁ“m [Imﬁmo express the |ethal gene
or alw

speci fi cal :éé in eucal ypt
cyt ot oxi ¢ 167

sssue. Using this pronoter, the
$cne may be specifically expressed i n FCRAUSTRN08

meristemat a very early stage of devel opnent. The I nhi bitor Barstar
be expressed under the control of 35S- RNA- CalW pronoter

12

38

CLAIMS |

1. A method of regulating a eukaryotically active gene, comprising transforming a
cell with a construct expressing a modutator gene product regutating the eukaryotically
gene or its product and a further gene product regulating said modulator gene or its
product, the promoters of two of said gene, modulator gene and further genes being
selected from inducible promoters and developmental promoters for the same or
complementary tissues.

2, A method of regulating a eukaryotically active gens according to claim 1, wherein
said eukaryotically active gene is selected from a native gene to the organism of
interest or an introduced gene.

3. A method of regulating a eukaryotically active gene according to claim 2, wherein
said eukaryotically active gene codes for an expression product selected from an active
polypeptide, an enzyme or an enabling gene product for a synthetic pathway.

4. A method of regulating a eukaryotically active gene according to claim 3, wherein
said synthetic pathway is seiscted for production of pigments and dyes.

5. A method of regulating a eukaryatically active gene according to claim 4, wherein
said dye is such as anthocyanin.

6. A method of regulating a eukaryotically active gene according to claim 4, wherein
said synthetic pathway is selected for production of an insecticidal compound.

7. A method of reguiating a eukaryotically active gene according to claim 86, wherein
said insecticidal compound is Bti toxin.

8. A method of regulating a eukaryotically active gene according to claim 3, wherein
said enzyme is selected from a ribonuclease having a lethal effect on a target tissue
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carrying the Iac-operatorsﬁ,ences - The E. coli laclqg gene

under the control of the ,ﬂ:"”j d be used as repressor gene
ﬂ ral merlstemtlssue
A, -

to prevent expression of
flowering i nMA%BPYA. During floverfng the EGVB promoter WA

Banase and 5 laclq in the floral neristemwhile the nodified 35S RNA- CaW
pr onot er woul d express Barstar in all tissue except the floral neristem
gi ving protection from pronoter | eakage. During non-flowering period,

t he 35S- RNA- CaW pronoter woul d express Barstar generally, giving
protection from | eakage. Nem@8odes cause annual |osses well in
excess of US$100 billion to world 10 agrl culture. The npbst i nportant

pat hogens #yd & peroxidaseconienmingawnateds msistgnceon root tigguyni t a and

Mel oi dogyne iavani ca which attack a wi de range of plants. Control

measures include use of hazardous chem cals, cultural practices such as
rotation a&d Amethod of regulating a eukaryotically active gene according to claim 8, wherein

said ribonuclease gene is that of Barnase from B.amyloliquefaciens.

10. A method of regulating a eukaryotically active gene according to claim 8, wherein
said gene is constructed including the coding region of Barnase from
B.amyloliquefaciens under the control of promoter sequences of genes expressed in the
male and female parts of plant reproductive organs at the early stages of development.

11. A method of regulating a eukaryotically active gene according to any one of the

preceding claims, whersin said eukaryotically active gene is constructed with a

promoter selected from those promoting eucalypt genes designated EGM1, 3 & 2 in
fvplu: ndis.

12. A method of regulating a eukaryotically active gene according to any one of
claims 1 to 10, wherein said eukaryotically active gene is constructed with a promoter
selected from those promoting pine genes designated PrMADS1, 2 and 3 in Sinus

radiata.

13. A msthod of regulating a eukaryotically active gene according to any one of the
preceding claims, wherein said eukaryotically active gene, modulator gene and further
gene and their respective promoters may comprise a transformation cassette with which
the target organism may be transformed.

14. A method of regulating a eukaryotically active gene according to claim 13,
wherein said the eukaryotically active gene is promoted by a developmental promoter
and wherein the promoter of said modulator gene is constitutive.

156, A method of regulating a eukaryotically active gene according to claim 13,
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the use of resistant vari ZH’M[ L ted range of crops. The advant ages
of engi neering resistand M/ﬂ%ﬂll ncl ude no requirenent for
specific cultural 15 practices ahnd & A& envi ronmental risks.

The | et hal VW@AEMEhi bit or/ repressorapproach can be used t RETAUS00089 -

resi stance to nematodes. The ideal site to activate a plant defence
agai nst nenmatodes is in the feeding cells in the vascul ar region of the
pl ant root. In several plant-nenatode i nteractions, gene pronoters are

being identified by differential screening which could 20 be used to
express the Barnase gene specifically 4 the site of nematode feeding.
Recently two genes (Lemm 9 and Lenm | O) have been identified that are

expr essewherein aaid ippmoter ¢brssaid dlikanjotieally abPRsigBde 3¢ tigsud Bpbcifi®afd/igot S
I nfected, w.t.h | oi dogyne Irt]ecdo niita. (Van der Eycken et al., (1996)
Pl ant JoliiRiied 8y aponstiitively-promoted inhibitor gene preduc, Wiieh in tug iicantrolied di ng

cel |'s WOy gnlikdRicibly-prombtetTariRér gen hodlict UPt

16. A method of regulating a eukaryotically active gene according to claim 13,
wherein said eukaryotically active gene product is contitutively expressed subject to the
modulating effect of a modulator gene expressing under the control of a tissue specific
promoter, the modulator gene or product being itself controlled by the expression of a
further gene under the control of a promoter specific for a different or complementary
tissue.

17. A method of regulating expression of a eukaryotically active gene, comprising
transforming a cell with a transformation cassette comprising said eukaryotically active
gene, a modulator gene expressing a product regulating the eukaryotically gene or its
product, and a further gene expressing a product regulating said modulator gene or its
product, the promoters of two of said gene, modulator gene and further genes being
selected from inducible promoters and developmental promoters for the same or
complementary tissues.

18. A method of transformation of a propagatable eukaryotic cell with an expression
cassette including:-

a lethal gene expressing a cytotoxic peptide in a target tissue under the control
of a promoter substantially specific to said target tissue;

an modulator gene constitutively expressing an inhibitor of the production or
action of said cytotoxic peplide, and ,

a further gene under the control of said substantially specific promoter and
functioning to block said inhibitor or modulator gene.

19. A method of regulating a eukaryotically active gene according to any one of the
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25 the feeding process mhlch s very critical particularly for the

devel opment of the f emal eﬂmmnmﬂ”ﬂmﬂ' the inhibitor gene in
non-target tissue would be r vent damage to ot her parts of
the root due"PS"BM8hoter | eakdge® This i$ particularly i BETA ﬂ@”%lnce
t he pronoter which shows high | evel expression in the giant feeding cel
Is also expressed at |lower levels in non target tissue. Expression of the
repressor 30 gene under the feeding site pronoter should block the

expression of the inhibitor gene sufficiently
41

preceding claims 1 {0 16, wherein said eukaryotically active gene is selected from
Bamase and Barsiar genes from an extract of B.amyloliguefaciens, isolated by PCR by
the primers designated P1 and P2 (for Barstar) and P3 and P4 (for Barnase} and

comprising:

P1 §5'GCGAAT TCC GCA CAT GAAAAAAGC T
EcoRl

P2 5' GCA AGC TTA AGA AAG TAT GAT GGT G3'
Hindlll

P3 5 GCC CAT GGC ACA GGT TAT CAACAC G3
Ncol

P4 8 CCG GTACCT TATCTGATT TTT GTAAY
Kpnl

20. A method of regulating a eukaryotically active gene according to any one of the

preceding claims 1 to 16, wherein said eukaryotically active gene is a lethal gene
wherein the cytotoxic effect of the lethal gene expression product is increased by
coupling a localisation signal sequence to the construct.

21. A method of regulating a eukaryotically active gene according to claim 20,
whersin said eukaryotically active gene codes for an Rnase targeted into the nucleus
by fusion of a nuclear jocalisation signal {NLS} sequence fo the RNase gene.

22. A method of regulating a eukaryotically active gene according to claim 21,
wherein the gene is the Bamase gene and said fusion is by PCR, wherein a set of PCR
primers for fusing the NLS sequence from VirD2 gene of A.tumefaciens to the B gene
are used and comprising: '

P3 5 GCC CAT GGC ACA GGT TAT CAACAC G3
Ncol
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13 In the target tissue to all o w the | ethal gene to destroy the cell.

In order that this mve““ﬂ \w Ia readily understood and put into
practical effect, refer made to the foll owi ng Exanpl es and
t he acc‘Uﬁﬁ%ﬁ’R}%g dr awi'ngs illustrate preferred RETNIPHPIBL of -t he
I nvention and -5 wherein: FIG 1 represents the construction of
t he Banmase/ NLS gene | ocalised | ethal gene system FI G

2 represents constructs including |ac operon- nodified 35S RNA- CaW
operator/Barstar inhibitor gene system

42
BD1 5 CCT TAC AAA AAT CAG A GT CCT TTC AAA GCG TCC G3'

3'end of Barnase 5' end of NLS of VirD2

BD2 5 TT TGAAAG GAC T T TTT TGT AAA G3'
&' end of NLS of VirD2 3 end of Barnase

D23 § CGG GTA CCT ATC TCC TAT TTC CCC CAG G3'
Kpni

23. A method of regulating a eukaryotically active gene according to any one of the
preceding claims 1 to 22, wherein said repressor gene and inhibitor gene are adapted
to form a specific repressor/operator couple.

24. A method of regulating a eukaryotically active gene according to claim 23,
wherein said repressor/operator coupie comprises the E.coli lacig gene under control
of the same promoter as the eukaryoticaily active gene construct and used to repress
the action of the repressor gene promoter modified by insertion of a lac operator
sequence.

25. A method of regulating a eukaryotically active gene according to claim 24,
wherein said repressor gene promoter is a modified 35S RNA CaMV promoter having
at least one lac operator between the promoter and coding region of the repressor.

26. A method of regulating a eukaryotically active gene according to claim 25,
wherein said modified 35S-RNA-CaMV sequences are amplified by PCR using primers
designated 35S1 and 3552 and comprising:

3581 5 GCC TCG AGC ATG GTG GAG CAC GAC AC3'
Xhot

3582 5'GCG TCG ACT CTC CAA ATG AAA TGA AC3'
Sall

27. A method of regulating a eukaryotically active gene according to claim 25,
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10 FIG 3 represents the construction of |acl g/ NLS | ocal i sed repressor

gene system Jmum"l ﬂlmmlﬂm sents the node of action of
Banase/ Bar st ar : | ac/ I acl g ca F accordance with the present
invention; WO9M62 [ G 5 "opfeshnt® ah dlternative cascdfd/AUS? -

Bar nase: op/ LexA/ RecA in accordance 15 with the present invention;
FIG 6 represents the node of action of a reversible
Bar nase/ Barstar: | ac/l acl g/ anti sense-1acl q cascade in accordance with the

present invention; FIG 7 is a diagrammatic illustration of the
control cassette and rmdes of action 2043 of the |l ethal gene/NLS system
of FIG. 1; I S expression of PrMADS1, PrMADS2, PrMADS3,

PrEL1 and whereiRsaid modrfed 358-RNA-CaMV sequsnces are amplified by PCR using primers
designated OP1 and 3552 for the introduction of lac operators into both the 3' and §'
region of the modified 35S promoter:

OP1 5 GCCTCGAGCTTTGTGAGC GGATAAC3
Xhol

3582 5§ GCG TCG ACT CTC CAA ATG AAA TGA ACT'
Sall

.28. A method of regulating a eukaryotically active gene according to claim 24,
wherein said laclq gene is isolated with enzyme cleavage sites for cioning into the plant
vectors, using two primers corresponding to the ' and 3' ends of the gene and
designated AM 1 and AM 2:

AM1 SGCICTAGAC CAT GGAACC AGTAAC GTTATA T
Xba |

AM2 S5GCGGTACCTCACTGC CCGCTTTCS
Kpni

29. A method of regulating a eukaryotically active gene according to claim 28,

wherein the 3' end of the laclq gene is fused to the NLS sequence by a set of PCR
primers:

AM 1 5'GCT CTA GAC CAT GGAACC AGTAAC GTTATAZ
Xba i

LD1 5§ CTGGAAAGC GGG CAG GTC CTT TCAAAGCGTCCG 3
3 end of faclg §' end of NLS in VirD2 gene

LD2 5 CGGACGCTT TGAAAGGAC CTGCCCGCTTICCAG S
Sendof NLSinVirD2 3' end of laciq

D23 & CGG GTACCTATC TCC TAT TTC CCC CAG G3'
Kpni

30. Atransformation cassette comprising a eukaryotically active gene, a modulator
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genes in reproductive and vegetative tissues of P. radiata. FI G
9 is expression of PrMADS3 femal e cones. Fig. 10
is the gel nobility shift Hmmm“m Pr MADS2, and Pr MADS3. 25

FIG 11 i s W96 eot i de sefuehce- of* t He EGML pronoter; PCIAUS70008F| G .12

I's the nucl eoti-de sequence of the EGW pronoter; FIG 13 is the
nucl eoti de sequence of the pronoter of the eucal ypt floral-

speci fi c MADS gene EGVB; Fig. 14 is a graphical representation of
Northern bl ot of total RNA extracted 30 from Eucal ypt tissue probed
wi th EGVL, EGW and EGVB cDNA, 44 Fig. 15 is a graphical
representation of Northern blots of total RNA extracted from

Eucal ypigete sxgressing acprodictiregiditing the‘eyl@arynticrganeparsts prpdactdafd-aBurther

CONA; gone expressing a product regulating said modulator gene or its product, the promoters
of two of said gene, modulator gene and further genes being seiected from inducible
promoters and developmental promoters for the same or complementary tissues.

31. Anexpression cassette including:-

a gene expressing a peptide cytotoxic to a target tissue under the control of an
inducible promoter substantially specific to said target tissue;

an inhibitor gene expressing an inhibitor of the production or action of said
cytotoxic peptide, and

a repressor gene under the control of said inducible promoter and functioning to
block said inhibitor or inhibitor gene.
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14 Fig. 16 is an alignment of the predicted protein sequence of
t he MADS- box regi on of several plant MADS-box genes;
FIG 17 is a phylogenetic tree showi ng rel atedness of several &J,’
MADS- box  weo97/30162 genes; PCL/A

1/39
P3
PEN
r 1 Bamase
B8D1
BD2
e
NLS
-4
D23
wo?
P3
—
r — Barnase
— NLS
-
D23
— ] Barnase - NLS
Bamase NLS
T Figure 1

BT —




5 FIG 18 is a Southern blot of Eucal yptus grandis DNA digested with
EcoRl and HnD Il and then probed with the EGVM3 and EGW genes;
FIG 19 is a Northern bl ot of total RNA extracted from eucal ypt tissue

pr obed WO the EGVB cDNA (6 hour exposure). PCT/AUTR0GS 20 _
is a diagrammatic illustration of plasmd 7 prom Barstar; 10 FIG 21
is a diagrammatic illustration of plasm d pBR Barnase prom Barstar
containing V1 -pronoters; FIG 22 is a diagrammatic illustration
of a plasm d containing V2-pronoters; FIG 23 is a diagranmatic
representation of an agarose sepag&rg f a Pstl di gest of an
EGWMB -doubl e bin. Gven that the E ning site is at base 15 6772
in EGM bin, the predicted fragnent sizes fromthe nmap for this digestion
are 4.9, 4.8, 4.4, 3.3, 1.9, 1.1, and 0.6 kb.

op

Y
ZZZZ7Z7777777777 \7-355-8

355 13° —
op
Y
P77 7777777777777 358-\7-B
358 B* hos V
op op
Y*W—_‘l -358 .\7.
355 B — YV -358-Y/-B
Figure 2
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FIG 24 is a diagrammatic representation of two gel exposures of a Pstl

di gest of an EGVB bin show ng the other possible orientations of
the cloned insert. The sizes of fragnents expected fromthis
digest are 7. WO%BM62,4 4 1.1, 0.7, and 20 0.6 kb. PCT/AU97/60088 25 _

Is a plasm d di agram of EGVB doubl e bin. The fragment contai ni ng

EGWMB pronoter driving lac/gNls and the fagnent containing 35S ponoter OP
driving Barstar can be cloned in either orientation. FIG26 is a
pl asm d di agram of EGVMB V1 sense. 25 Fl %@ is a plasm d di agram of

pl asm d V1 (Barnase-Barstar). I-'3(3/ is a plasmd V2

(I ac/-gNL.S- 35s pronot er Op-Barstar) . FIG 29 is a representation of
a pronoter finder strat e%‘/ FIG 30 is the nucl eotide sequence of
Pr MADS2 pr onot er;

laciq
<+
LD1
LD2
-
NLS
<+
D23
\io?
AM1
-

faclg

-
C—aa———— NLS
-

D23

— — {ac
- NLS
laclq NLS

Figure 3
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FIG 31 is the nucl eotide sequence of PrMADS3 cDNA; 30 FIG 32 is the

am no aci d sequence of PrMADS3 protein; FIG 33 is the nucl eotide
sequence of PrMADS pronoter;
15 WO 97730162 PCT/AUY7/00089 -
4/39
A. non - flowering period
laclq
i‘ """""""" |
h 4 !
o BENEEEENE \\\N\N g o V7770 -~
RO B T 358 B* T RO laclq T
l
|
\J
8 /v
%
\/
B. flowering period
laclg
b 4
- NSSN—71 V77778 -/
RO 8 T 358 B T RO faclq T

Figure 4
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FIG 34 is the nucl eotide sequence of PrFL1 cDNA cl one; FIG 35

I's the am no acid sequence of PrFL1 protein; FIG 36 is the
nucl eoti de se %%g of PrFL1 pronoter; and FIG 37 is the
nucl eoti de segﬁ‘g PrConl gene (partial). 5 EXAMPLE #cCT/Au9m00089 A .

chi maeric reproductive organ-specific expression cassette was constructed
I ncl udi ng, a reproductive organ-specific pronoter and Barnase gene from B.
anyl ol i quef aci ens, under the p05|t|ve control of a gene encodi ng an

i nhi bitor of Bar nase, Barstar (B*) }ﬁ@i@}B anyl ol i quef aci ens under
control of the nodified

A. non - flowering period

op | 2 l
A 4 |
7 INNNNN o VR E——
RO B T 358 lexA T RO recA T
|
X
\ 4
8 /o

B. flowering period

 Znas

op I v'
v |
- ANN\N o - S—
RO B T 358 lexA T RO recA T
B /v
B N
B /"
Figure 5
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10 constitutive pronmoter (35S RNA CaW) with introduced | ac-operator
sequence, and under the negative control of the E. coli |aclqg gene under
control of the sane reproductive organ-specific pronoter as used to
express the WQ¥MGene as per FIG 4, The r epPEHAEYY0r gan
specific pronoter” conprises the upstream sequences 15 of genes expressed in
reproductive organs at the early stages of flower devel opnent as

descri bed hereinafter. The cytotoxic effect of the Barnase was increased by
targeting it into the nucl eus where nost of the pre-RNAs and nature RNAs
exist in non-protected form For this purpose the coding region of the B
gene was nodi fied by fusion of the nﬁglgﬁg | ocal i sation signal (NLS)
sequence from VirD2 gene of A 20 tunefaciens strain C58 to the 3'-region
of the B gene, as illustrated in FIG 1. The i nhi bitor Barstar
(B*) gene portion vectors carrying | ac-operator sequences

A- non-flowering period

aan i Glaese
Gva. f ¥

-17-4!!!!!!§§§El1?ﬂ§§§§2§§!!*%ﬂ!!gE!EE%EEEEE‘[JLE!!!!!EEEEEEEEIE%L
RO 83 T S§ 8% 17 [ aclkq Chewmice] QntiSenseT

prowotey }ac.'[a'

c {\I"" \GJ:D'

F flowering period

]
ﬁhmwr#&&mwmﬂ
B

Figure 6

This Sheet 1,

JE————— T}



in 5 -, 3- and 5 - plus 3'- regions of the 35S RNA-CaMW pronoter region
wer e constructed as per FIG 2. The E.coli |acl g gene under
control of the sanme reproductive organ-specific 25 pronoter as used to
express thhevwieéimiszgene has its laclq protein targeted i nt BCHAEI/00089,c| gus
by fusion of the NLS from VirD2 gene of A tunefaciens to the Cend of the
| acl g

7/39

A. non - flowering period
(in all tissues)

laclq
' ——————————— |
A A ] I
ROS| toxin CcP E‘,\,: anti-toxin ROs| Jlaclg ¢ NLS
!
|
toxin -
anti-toxin
B. flowering period
(in reproductive tissues)
lacig
ROS| toxin CP |99 antl-toxin ROs| Jaclg ¢ NLS
|
toxin

Figure 7
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16 protein as per FIG 3. EXAMPLE 2 An alternative
chimaeric reproductive organ-specific expression cassette was
constructed as per FIG 5, wherein the reproductive organ-ﬁgﬁgﬁ;' ronot er
and 5 Barnwx2781% i s under the positive transcriptional ‘control of the
LexA product under control of 35S-RNA-CaM/ pronoter, and under the
negative control of the RecA gene product under control of the sane
reproductive organ-specific pronoter as used to express the | ethal gene,
as per FIG 5. EXAMPLE 3 10 A reversi ble system was constructed
substantially in accordance with Exanple

8/39

Female Male Vegetative
» B ¥ 2 8 F g

& - - & £
Ez88 Z58s3 s3:¢

| off) 9@
PrMADS3 *o )

Ll | OO0 eow

Veg. cones
Needies

§ g Female
5 mp Male

g

PrMADS!
RTPCR |

i-anllcn PrCON}

Figure 8
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1. In addition a chemcally swi tchable pronoter fromthe maize
gl ut at hi one- S- transferase (GST Il) gene regulating an antisense | aclq
RNA gene was included. This al | oned seed production aspP@iudiesnsss. -
Rest or atio%&&&gﬁ“ lity may be thus achieved by spraying with an

ch as

I nducer su I chloram n (N, N—Q?Og : 2, 2-di chl oracetam de) or 15
fluorazol e(benzyl -2-chloro-4-trifl yl -5-t hi azol e- carboxyl ate). This
chem cal i nduced expression of anti-laclq RNA blocks inhibition of
expression of nodified 35S RNA- CaMV- B* gene. Accumul ation of the B* in
floral organs wll inhibit |ethal gene function, thus allow ng nornal

fl ower formation. EXAMPLE 4 20 Modi fication and insertion of the

| acl g-repressor gene |r3;r< «@t‘ﬁﬁ%‘* expressi on vectors. The
pRT99GUS vect orgwas %‘.?“ ';ﬁwhﬁ(bal and Kpnl to rel ease the coding
_~.';='-
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region of the GUS gene and becone a suitable vector for expression in

pl ant s. The laclq repressor is available on alnobst all comerci al
E. coli strains. Some 25 comrercial plasm ds al so contain sor_
gene. | n orwewwsasexpress this gene in plants, the prol?aryotic
translational initiation codon (GIG was changed into ATG In order to

I solate the |aclq gene two priners corresponding to the 5° and 3' ends of
t he gene were designed (AM1 and AM 2). Both priners have suitable

restriction enzyne cl eavage sites for cloning into the plant vectors. 30
AM 1 5' GCT CTA GAC CAT GGA ACC AGT AAC GIT ATA 3

Xbal

PrMADSE
PrMADS2
PeMADS)

Dimer »

Monomer o

AG consensus CArG-box
NTT(A/T)CCIA/TINNGG(-G) A/t)2N

A: TTACCAAAAAAGGAAA
B: TTAGGAAAAAACCAAA

Figure 10
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5 the GUS gene (pBR-35Sl acl q) .PCT/AUITA0089 | n -
tie/?:_'sgnd of the lacl-g gene several PCR

order to fuse the NLS sequence to

wer e perforned.

5' GCG GTA CCT CAC TGC CCG CTT TC3'

After anplification the PCR fragnent was digested with Xbal

ligated into the pBR- 35SGUS vector digested with sane

enzynmes in owe@e3e62r epl ace

AM 2
and Kpnl and

17
Kpn |

11 emnbiy

HIVOVYYVYDHHDOVYVOVOVYIVOVYVYVIOVOVVVYOIVOLOOLLDDOLOLLYODOLDL

LLVYVVOVVYOLOVVOVYOLLLLOIDLVOVOVYOVOOOVVOVODLLDOVYVOVYYIVOVOVLODDLV.LOVVIVOILYIOVOVD

VOVOVYHOHYHOOODOVOVOHVOVVLIDLLODOVOVIDLOHOOVLLLLOVOLLDLLLOLVIOVIODDODVOVIVIVIDVYVVY

VYOVOLVYILLODDILLYYVYV.LLO000LIVYLDLIVOVOLLOL019910119910D0OLLYILIDDLIOLIBIODDDHDDHOL
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end

CGG ACG CTT TGA AAG GAC CTG CCC

| acl g 5'
-D

CTG GAA AGC

5I
end of

10 LD 1
3I
enPCITAUHB08Y

5I
end of NLS in VirD2 3

5|

as nentioned above.
LD2

AM 1

5' CGG GIA CCT ATC TCC TAT II'2?C39‘AG G' 15

GGG CAG GIC CTT TCA AAG CGT CCG 3

of NLS in VirD2 gene

GCT TTC CAG WO 97330162

Pri nmers:

23
Kpnl

2t enbiy

(91v pejejnw)
OVOL995IVOVVYYOVYYYYDHHINDDOVYOVOHVYVYOVOHVOVVYIVYOVOVOVOIVLYV.LVOVYOOVVLIYDY 09-

0BVYHYYOVYVYVYIDLLIVOLLLIODVOLDIL0DL0LIVIOODVILLVYLIODVYILOLOVILIOLOL0L01010LOLO10LD1D10LD Obl-
L009VOLLLELLIIOOLOL00VLIOLDO110VILIO1IDIDLLDIVYYDDLYVYVYIOOIVVY.LLODDD L OVODILDVYYVOVYYOODL 02e-
O11110111130VI10L00VVYVYOLVIOVLILLOVOVLDVIVYOLYVLYV.LODJDVVYOVIOVY.LYVYOOVYVOVVOVOVYVYODOL 00€-
YOVH1909090VIVILODOLYOIOVOLYYYVDLILOLVODVYIOIODVILOIVILOOVIVVOLYLIVYLLLODJ1DD0D1IVIYVYY 08€-
VOVHIIOVVYIII2IVIVVOVOHHVYIOVVIVLLOVIDLIOVYVYOOIVOLYLYVYIVODOVVYVYVOLLILVOVVLLOVYVILLIOVYVLIVD 09b-
111199190010VIVOLYYOOQVLIVOVYLDLVID1D11D1VIOJOVYDOVYLIDDLOVLYVVVOVDDVVYLYVYVLIOVYVOVD ObS-
VV.L1OVOOLD19H0VI09199D300VYILVILLYLLVIVIVIOLOLYYVOVOODDVVYVYYVODVYVLOOIVVYYILIOVOOOVLOL 029-
1991 1VI199111VOVOLLOVYDLLYVILOD1VOLLLVOLOI1DD0LYIVIDLYLIVVOVVLIYVOLLVLIVILIOIVLILIOL1D0 00L-
10100VVLLOLLLOVILLIOVVVYYOOVYYIDDLODVYOOVVYLLYILODVYVYYOILYOOVIODYLOVOVIVOVOLLVVYYYVYYY 08L-
ViLOLVLIDLLIVIODVYOOVIOODHVYVLIYLIOVLIDLIOOIVIDODVYVYVOLIDOVIVVILLIOIVAIVLLIVOVOLVYYVILYD 098-
1vOVOLDDDLOIVOVVIOLLOLLLIOVVYIVLDOVYLVIVOLLIYYODOOVYIDOVOOYODDVYLIIOVIOVIOVODVOVILY 0v6-

|
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Fi nal PCR fragnent containing NLS fromVirD2 gene fromA. tunefaciens fused
to the coding region of the laclqg gene was digested with Xba | and Kpnl and
| i gat ed into the plant expression vector pBR322-35SGUS @#@?’3 W th
the sane enWh$0162 (pBR- 35Sl acl g-NLS). This vector was t from
the XL1 Blue into the JC 20 8697(recA-) E. coli strain in order to

el i m nat e possi bl e honol ogous reconbi nati on. EXAMPLE 5

13/39

GATTGTTACGATCACTATAGGGCGAATTGGGRCCCGACGTCGCATGCTCCCGG
CCGCCATGGCCGCGGGATTTAATACGACTCACTATAGGGAGCTCGATCTCTT
GAAAGGGAAAATCCGTGTCGTTTTICTTCGTAAACAAAAGTCGATGAAATAATA
TGTATTGTTACTATATATAAAACAAAAGTGCTCGTGAACATTGTCAAATACTATA
AGGTATAGACAGGTTTATGACTCACAATTACGAAGGGGCCTAAAAGCCGAGAG
GGAAAAGGTAATGCTAGGTATAGTACATCTAGACTATTAATTGATATAATAAGTA
AGTGGATCATGTTCAATTTCAGATAAAAATTTCTATGTCACGTTGTTTAATATTTG
AATTTAATTATTGATTTITATTATATTATTCTTTGTCATATTAATTAATTAGATTGTG
GATATTTGCCGATTCTCATGAGAGAAAATTGATCTTTAATTAATTTCAAAATACC
ATGGCAAGAAATCATAAGAAAACTCACTCTTCCCCACACGCACGCCACATCG
TGCTCTAGGTTAAATAGAGATGTGATCTCCAAATTITTTGTCTGGAGCAATGCT
AAAGATGCTAAAAAAGT TTAGCAAGTAGGATGACTAACTTGAAATAGGGCAGTC
AATAAACCAAGTCTAACGATCAATTACTACATTACACGTAATGAGAAACATTTC
GAGAAAATCTCTCTATTTATTGTGGTTACATAAGTAGCCTACCTATTTGTAATTA
TGCAAATTAACCTAGGACGAGCCATATATGCAGTCGACATTCATAAGGCTTTAT
AGTTTGTGC'ITCC GGAAATAGCTTAGAAAACCACATACACTTTTCATCAAGACT
AATCTGACAGTAAAAAAAGGAAAAAGAAAAGAACACCATCAAGACTAATGTAAT
GAAAAGAAAACCCTATTACTAATTTTGAGAGTTTTCTTGTAGACCCATCACGTC
ATCCATCTAAAACGATGCAATGCACACAACTAATGACAAGGGACATGTTAATAT
ACAGCAAACCTACCAGGTTTCCCCTTCCTTCATTAGAGTATAATAACTGTTCCC
TTTTCTACCT! CCTTT!T GTACCCTAGCTCTCGAGCTCCTTAAGAAAGTTTGCTC
GCCTCTTAACCAGGACTAGAAAAGATCAGAGAGAGAAAGAGAGAAAGAGAGA

CAGAGATATCGGAATTC
Figure 13
eet Has Been Replaced
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S TT—
These genes were isolated by PCR from

genes.
B. anyl oliquefaciens using P1 and P2 (for
5 GGG

Bar nase and Bar st ar
f_the
P1

the crude extract
Barstar) and P3 gﬁ@’ﬁﬂhﬁ?or Bar nase) 25 prinmers.
AAT TCC GCA CAT GAA AAA AGC 3' EcoR
. PcrfAU’Wooosg
il Tl root
. s gﬂ-"._'_. N,
B VY - “.. - M » .i‘:? .
* . .‘. . .‘. ‘- ‘
. B xS
- ' zz sEed!'
Stem
shoot
leaf
mature flower

Figure 14

Y e—

This Sheet .

W



18 P2 5' GCA AGC TTA AGA AAG TAT GAT GGTI G3'
H ndl I '] P3 5' GCC CAT GEC ACA GGI' TAT CAA CAC &3

Ncol
WO 97/30162 : PCT/AU97/00089

15/39

TR

carpel

style

vl

i
-, 4
R -
matot
5§ - 2 shoot
ar v ]
Eedd P
. .1
Ly : leaf :
®3
o i Figure 15
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o
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5 P4 5" CGG GTA CCT TAT CTG ATT TTT GIA A3’

Kpnl The P1-P2 PCR fragnment (Barstar) was digested with EcoRl and
H ndl Il and at ed into the Bluescript SK vector digested with sane
enzynes (BS- B*‘Y°”ﬁ% BanHl - Hi ndl I'| fragment of the BS-B* py¢alussese _
i ntroduced into the protein expression 10 vector pQE32 (pQE-B*).

The P3-P4 PCR fragnment (Barnase) was ligated into the PCR cloning vector

16/39

. »t
'
.

e,
st
-5

Figure 16

||||Ti1Tfiii|Tﬁii’ \lfﬂ‘““‘ someine s ot



5

end of the B
15 P3
BD1
PCT/AUSTRO0089 3: -5

Ncol

Prinmers:
17/39

p/ GEMT (pGEM T-B). In order to fuse NLS sequence to the 3
several PCR were perforned.
GCC CAT GGC ACA GGTI' TAT CAA CAC &3
CCT TAC 92 CAG A GT CCT TTC AAA GCG TCC &3
end of NLS of VirD2

of Barnase 5'

gene
5I
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BD2 5" CGG ACG CTT TGA AAG GAC TCT GAT TTT TGI AAA G&3' 20
5 end of NLS of VirD2 3' end of Barnase D 23 5" CGG GrA CCT ATC

TCC TAT TTC CCC CAG G3' Kpnl i nal
fragment cepbaismes NLS from VirD2 gene from A turrefameﬁg'r’f‘ygg‘gw to the

codi ng region of the Barnase gene was ligated into the PCR cloning vector
25 pGEM T (pGEM T-B- NLS) . EXAMPLE 6 I nt roducti on of
| ac- operat or sequence into the 35S- RNA- CaW pronot er.

slms
tdrd
squa
apl AP1/SQUA GROUP
saapl
ORPHAN GROUP
tdr$
AG/PLE GROUP
PI/GLO GROUP
— L_.._._..:}’:f AP3/DEF GROUP
dall
- aglé
fbp2
tdrS
admad
egml AGL2 GROUP
agi2
agid
cmbl
mdlegm?:
T Figure 18
cet Has Been Replaced
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19 The commercial plasmd pQE32 contains the ideal conbination of
two | ac- operators (operators | and Il1). As a first step the H ndll
vector was introduced into the Bluescript SK

fragnent fro 99@US
vector (A 1)mhbﬁzmﬁ§gRl Sa/l fragnent of the A 1 vector ®REWAGYIgOBhe CUS
gene fused into the 35S- RNA-CaM/ pronoter and _

19/39
EGM1 EGM2 EGM3
E 3 3 £ 5 _ F =
§:3%  §83 g %3
23kb — - _
94kb — W - - T
66kb — -
®:T Y - .~
a4ikb — B -
— -
- "
-
23kb — _ - - ) -
@
L
e,
Figure 19
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5 term nator regions was introduced into the pQE32 vector digested with the

sane enzymnes. The resulting-vector contains 35S RNA- CaW
pronoter with two | ac operons in the upstreamregion (Op+ 35S-GAJS).
In order to wowwsmeére the | ac operator between the 35S- RNARCIYS ter-10

and coding region of the GUS gene initially a BanHl -Sall fragment of the Al
vect or carrying pronoterl ess GUS gat ed into the pUC19 vector
digested with same enzymnes (pUClQ%Ejp%@ In the next step the
pUC19- pr onot er GUS vectar uyas. digasted with EcoRI and Sa/l enzymes and
ligated into the pQE32|vector digestdd with the sanme enzynes

(pQE- pronot er QJS). The| 35S- RNA- CaMV prorpter 15 region was anplified by PCR
using the 35S1 and 35 priners, corresgonding to the 5' and 3'-region
of the 35S- RNA-CaW prpnoter. root

seedling

stem

shoot

leaf

mature flower

Has Been Reﬁaced Figure 20
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3551 5" GCC TCG AGC ATG GIG GAG CAC GAC AC3'

Xhol 3582 5" GCG TCG ACT CTC CAA ATG AAA TGA AC3' 20

Sa/ | The PCR fragnent was digested with Xhol and Sa/l and

i ntroduced i n™OP'PRE2  pOE- pronot er GUS di gested with Xhol . XTTiAees/00089 -
contai ning the pronoter in the correct orientation were selected and
resulting plasmd (35S @QJS) was transfornmed fromthe XL1 Blue into the
JC 8697 (recA-) E. coli strains in order to elimnate possible 25

honol ogous recomnbi nati on. In order to introduce | ac-operators
into both the 5 - and 3'-region of the 35S RNA- CaMV pronoter the
oper at or-- 35S pronoter region of the -35S GUS vector was

Promoter + Barstar

3596 bp

Figure 21

Cee—
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anplified by PCR using the OP1 and 35S2 priners,

and 3' - regi on of the -35S pronoter. 30
TTT GIG AGC '
I I
22/39
EcoR | 260
Pst 4221
Barstar
Bacterial promoter
Nde | 2909
4713 bp
Figure 22
eet Has Been Re‘ilaced
BT —

OP1

corresponding to the 5' -

5'GCC TCG AGC
Xhol

PCT/AU97/00089

Pst1910

Apn i 923

PrMADS3

PrMADS2  PrFL1

Promoters



The PCR fragnment was digested wth Xhol and Sa/l and introduced into the
pQE- pronot er QUS digested with Xhol. C ones containing the pronbter in the
correct orientation were selected and resulting plasmd

(- 35S- pr onpt MOAISP163as t r ansf or ned fromthe XL1 Bl ue i ntRCENEI7DOPE8G6O7 ~
(recA-) E. coli strains in order to elimnate possible 5 honol ogous
reconbi nati on. Barstar gene was cloned into the pQE-pronoter GUS
vector after digestion of both with EcoR +Kpnl . One
difficulty with the tissue ablation approach is the effect of pronoter

| eakage or expression in other tissues. To overcone this we have

devel oped a control system 10 ( %/nggade) wher eby expression of a | ethal
gene(s) is countered in non-targe

Nde | 6106

Aatl! 1838
EcoR 1 1913

Kpn 1 3107 PrMADS3 PrMADS2 PrFL1

Promoters

Figure 23

—
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Two different vectors carrying Bamase (V1) and Barstar
(laclgq) (V2) parts of these cascade were designed.

In order to clone pronoter regions into the vectors V1 and V2 they have
been anpl iIWDE®382 ng sets of priners with Sa/l restricti eaxcTAusenen t he

ends for V1 (Sa/l "15 prinmers) and EcoRl restriction site for V2 (EcoR
primers). In order to check the orientation of the pronoters in V1 and

V2 vectors an EcoR restriction site was designed in the forward Sa/l
primer downstreamfrom Sa/l site and a Sa/l site was designed in the
EcoRl prinmer downstream from EcoRl : Sa/l prinmers:

24/39

tissues (FIG 7).
pl us r epr essor

Reference
Molecul
PSﬂ s,z :Cu ar
EGM3 Mark
Double bin arkers
P K
= =3 ———— Marker Size
e = % 5090
! ! prm—— - 4.072
| , f—:- < 3052
L r] < 203
‘ ' e <« 1635
| . I I
' I [— - 1018
Weak ! [ i f
band ™ | ——
< 0.516/0.506

— ]
1
==
—_—
‘—'———l

Figure 24
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20 Pr MADS2 pronoter: Forward pri ner: 5'
CCGGTCGACGAAT TCCGACAGT GGAGT CCACAAAGAAAGAT GCG3! Sal/ | EcoRl
5' CCGGTCGACTTCTTTCCTTCTTTCTTTCTGC 3" 25

Reverse priner:
Sa/ | Pr MAREP T30 ot er - PCT/AU97/00089 -
25/39
P K K P
= — — -—
E 7.126 —— [ — 1
B L i 3 ———

S— — < 5.090 — e e
I l~| <%— 1,653 —*Ml i
I I i

: | — 4072 —».___: ": :
|

|

lﬁ €—3.054 — P b |
¥ ]

]
i
Il I
i
|
J

| :;—74—-10 — '
.18 S
P—i i
C— = :_-_Jt—.:tv“-"a""s

Figure 25
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WD 97/ 30162 PCT/ AU97/ 00089
21 Forward prinmer: 5 ACGCGTCGACGAATTCAAGATTTCAAATCAGTCC 3'

WO 97/30162 PCT/AU97/00089

26/39

t 1904

17588 bp def4280
HinD it 12632
Pst] 12620

Kpn! 12401
Pst] 12013 EGM3 promoter
Kpni 1200

Cloning Site

\
t1 7606
Kpn12355
Pst12574

EGM3 Promoter 358
LacigNLS pmrmmtorosr;rs tar
CaM¥ teminator Cald¥ terminator
Figure 26
SUBSTITUTE SHEET (RULE 26)
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Sa/ | EcoRl Reverse priner: 5 ACGCGICGACCAAGATCCCTCTGCTTCTTCACC 3'

Sal | 5 PrFL1 pronoter: Forwar d primer: 5

ACGCGTCGACGAATTCGAACTTCTGGAATAACGCTCGC 3! Sa/ | EcoRl

Reverse pri meWO 9830180GCGT CGACT TCATCTTACGTCACGCGAGG 3! PCT/AU97/00089
Pst 15781

Ava | 3599 al 1 2140

MBI s sveer e



10 Sa/ | EcoRl priners: Pr MADS2 pronot er:

Forward pri ner: 5' CCGGAATTCGTCGACCGACAGT GGAGTCCACAAAGAAAGATECG3' 15
EcoRl Sa/l Reverse priner: 5 CCGGAATTCTTCTTCCTTCTTTTCTTTCTGC 3
WO 9730162 PCT/AU97/00089 -

coR 1260
HinD I 291

Barstar
Bacterial promoter

YS&J 1 1265
inC Il 1265

Nde 1 2909

4713 bp

Figure 28
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EcoRl Pr MADS3 pr onot er: Forward priner: 5

CGGAATTCGTCGACAAGATTTCAAATCAGTICC 3' 20 EcoR  Sa/l

Reverse priner: 5 GCGAATTCCAAGATCCCTCTGCTTCTTCACC 3

EcoRl Pr F—‘B"’b’f’%ﬁ’mt er: PCT/AUS7/00089
Ri1
Aatil 6183
Pst 1 5506

LaclgNLS

_Kpn |I1195

C ; stl 1414

aMV terminator ¥ isoh 1 1420

35S Promoter Op

Barstar
CaMV terminator

“Kpn | 2304
inD IN 2535
al | 2550
6257 bp
Figure 2¢g
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Forward priner: 255
EcoRl Sa/l

WO 97/30162

CGCGAATTCGT CGACGAACTTCTGGAATAAGCTGC 3!
22

PCT/AU97T/00089

30/39

AP 2+ GSP 2

gene

adaptor
AP 2o

- genomic fragment
upstream region
o1 ,
<4—GSP 1
4— GSP 2
l PCR
\ AP 1 + GSP1
Figure 30

AP 1 —pp-
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Reverse prinmer: 5 GCGAATTCTTCATCTTACGICACGCGAGG 3

EcoRl PCR fragnments of Sa/l primers were digested with Sa/l
restriction enzynme and i ntroduced into the V1 vector di ?rested with Sa/l.
The ori ent atworwmeéiepr oot ers was 5 checked using di gesti o GWARPTRMSR -
enzyne. - PCR fragnents of EcoR priners were digested with EcoR
restriction enzynme and introduced into the V1 vector digested with
EcoRI. The orientation of pronoters 3\@5 nged usi ng digestion with
Sa/l enzynme. Maps of the resulting plasm ds are shown in FIGS. 20 and
21. CTCCCGGCCGCCATGGCCGCGGGATACTATAGGGCACGCGTGGTCGACGG

CCCGGGCTGGTAAAAGACGTCCCTCCGATGAATTCGACAGTGGAGTCCACA
AAGAAAGATGCGTACGCTGAATGCCACGTGTCTATAGTTTGCCCACACCTTT
CAAACATACTCTGTACGCAGATCGGCGGACCTGAAAATTTTCTTCGTATAAAT
CGTCTGTGTTAAGGATATTTGACCATCGGTCCGAAAGATGCGACTGTCCGAC
TGCATCTCGTCTCTGGTAATGTTTTITTTTCAAATTTATAAAGATTGTTTITGCATT
ATTATTATTTATCATGTTGCGTAAGATCTGGTGAGCAGTATTATTTGTCACTTTG
TGTGGAATCCCTTATGAAAATATATATTTATTICCAGAAAAGTATTTTAGCTTGTC
AAATTGTCGTGGAATCTGGTATAAGTACCTGTATTTATCAGACGTATTATTTGTTA
AATTGTGTGGAATCTGGTATAAATTTATATACTTCGTGAGGAAATGTATTTATTA
GCAGTATTACTGGTCAAACAGAGTGGAATCCTGTATAAATTTATCATATTTAGG
AACAAATGTATTTATCAGCGTTATTATCTGTCAAAATGTGTGGAGACGCGATG
ACTTTAATTTTTIGATAATAGGCGGAGCGTATAGGTACGCTGTAGTATTGTAGA
CTGGCATGTAGAGTACAAAGTTTAGATATTAACCTAGATTATTTTTGCTATTCG
CAGGCTATCGCGTACTCATGGTGAAATGCGTACAGTTTCAAAGTAAATGGTTG
ATGTTGAGTGCGGTGGCGGGGGCAGACACACAAATAGGAATCGGAGAGCGA
GAGTACTGCAGCAATTGTTGTTTACTTTTTGAGCAAGACGAGGATCAAAGAAG
AATAAGGAAGAGGCCGAGAGAGGGAGCATTATCGTCGAGCAGGAGGGGGAA
AGAAAGAAAGAAAGAAGGAAAGAATGGGGCGAGGGCGCGTCGAGCTGAAGE
GGATCGAGAATAAGATTAACCGTCAGGTCACGTTTTCGAAACGCCGGAATGG
TCTGCTGAAAAAGGCG

Figure 31
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10 These vectors were linearised with Hndlll enzyme and introduced
into the Bi n19 binary vector digested with H ndlIl. Col onies carrying
nodi fied Bin 19 vectors were sel ected on plates with kananycin and

anpi ci | i n awopisone2i cs. As a next step Bi n19- V1- pr onot echﬁ -
V2-pronoter vectors were transfornmed into several agrobacterium stral ns.
Ar abi dopsi s thaliana, Eucal yptus grandl s and Pinus radiata 15 enbryos and
explants were co-transforned with AgRg Gz( m strai ns. The

H ndl Il fragnment fromthe plasm d pRT99GUS (Topfer et al. Nucleic Acids
Resear ch ( IWE3GGETGEGGTCGERT NEGAGCTGASGCGAATAGAAAACAAAATARATOGATAA 322.
This  insertion resulted in two plasmds corresponding to the i nsert
being cl onegTCACBINITTC Gmememcémcmemmmm ﬁféA
Caul i fl ower Msaic Virus (CaMV) 35S 20 RNA pronoter, beta g ucurom ase

(QUS) gene.graeTEAMCERFCCUEANRTRGCGETAATAATTTTCTCTACCAGAGGAAAGCTTT
ACGAGTTTGCCAGTTCCAGCATGAACAAGACGTTGGAAAGATACGAAAAATGTTC

ATATGCAATGCAAGATACCACAGGCGTTTCGGACCGGGAAGCACAGAATTGGCA
CCAAGAAGTTACAAAGTTGAAGGGTAAGGTTGAGCTCCTGCAGCGATCACAAAG
GCATTTGTTGGGGGAAGATCTGGGTCCGTTAAATGTTAAGGAGCTACAGCAGCTT
GAACGTCAGCTGGAGGTTGCTCTGACACATCTTAGGTCAAGGAAAACGCAGGTA
ATGCTGGACCAGATTGAGGAACTTCGCCAAAGGGAACGGTTGCTACATGAAGTA
AACAAGTCTCTGCAGAAAAAGCTTTCCGAAACAGAGGGAAGAGATGTAATAACTG
GCATAGAGCAAACTTCTAATACTAATACTGGTACTAACGGTCCTTGGGATTCTTCT
ATCACAAACACTGCGTATGCTCTCTCACACCCTCAACAAGATTCAAATTCAAGCC
TCCACCATGTGGACTGTGAACCCACGCTACAGATTGGTTATCAGCCTGTGGCTC
CTGAAAGCATCGTCCCTCCTCATCAGCCGCCGCACAACCAAACGCCGAACCAA
TACATGCAAGGATGGTGGGTTTGATATTTAACATTTATCATTATCAGTTACTTCAAT
CACAACAAAAGCCCAAAGCGTGGTAAATTACGAAATTAGAATTATATTATCATTAA
AAAAAAACCCTATTTTCATTGTATAGCAGTAGGCTTGATTTACTGCTATGATAGCG
GAGGTTTTATTGGGCAAACAAACCCTACTGGTATATTAGACCTTCTTGTCGACAAA
GTTTAATTGCATAAATCTTGTATGCTAATCTGGCCGCTAAAAGAGCGATGGAAAAA
TAGTTGTCCCATTCACAACACATGATATGTTTAAATCCAACGTGTATGTGTCTGCA
AAATATTATTATACACTACGGTTTATCAAAAAAAAAAAAAAAAAA

e =y

Figure 32

\\\\\\\nmu M \ﬁ“’““ unsrors stz



These plasm ds were called pBrGJS1 and pBrGUS2 and provided the basis for

t he | et hal gene constructs. The orientation of the insertion event was
checked with a BanH digestion: pBRGUS 2 results in Ba ,1; ts of
2.5kb and 4 wm®/30162 pBRGUS 1 in fragnents of 6.1kb and 0. 8kD. The

DNA encodi ng the | acl g nucl ear |ocalisation signal peptide was anplified
fromthe plasmd pGEM I acl gNLS by PCR using the 5 prinmer lacl (this has an
EcoR1 - site) and the 3" priner D23 which has a Kpnl site. The anplified
DNA fragment was restricted wwth EcoRl and Kpnl and cloned into pBRGUS 2
cut with the sane enzynes. The resulting plasm d was cal |l ed pBRLac. The
pBRLac plasmd was then cut with 30 Sphl and run on an agarose gel to allow

the purification of the plasmd frag§3/3g)ntai ni ng

- * » * -

MGRGRVQLRRIENKINRQVTFSKRRNGLLKKAYELSVLCDAEVALIFSTRGKLYEF

» ] w - » »

ASSSMNKTLERYEKCSYAMQDTTGVSDREAQNWHQEVTKLKGKVELLQRSQRH

L) - * » »

LLGEDLGPLNVKELQQLERQLEVALTHLRSRKTQVMLDQIEELRQRERLLHEVNKS

* » - » ~ -

LOKKLSETEGRDVITGIEQTSNTNTGTNGPWDSSITNTAYALSHPQQDSNSSLHH

» L 4 L *

VDCEPTLQIGYQPVAPESIVPPHQPPHNQTPNQYMQGWWY
(261)
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23 the laclq gene, anpicillin resistance gene, and origin of replication

away fromthe small Sphl fragnment, which contained restriction sites
that we wi shed to renove. The resulting plasm d was Cal@A@%‘% BH- .
The second womgsoiea t he pl asm d construction was the prepa

cloning 5 of the Barstar gene under the regulation of the nodified CaW
pl us | ac operator

34/39

GGCCCGGGCTGGTATTTGGTGTAAGTTTTAAAGGAAGCTGGAAGATTTC
AAATCAGTCCTAATCCTTTAAAAACTCAGCTTTTGCAAACATGTAACAAT
CTATGAGTATTATTATGCGTTATGGATGTGGCATTTCCACTGCCTTTTAA
GTACTTCGGTTTGTAAGTAAAACTAAAACAGAAAATTTCTCTTCTAGTATT
CTTAAACCGAGTGGAGTTGAGCTGAAGTGAGAGGAGGTATATATATATA
TGTATATTTATTTAGAGTCCAAAGAATCGAGGCGAAAGGCATGTGATGG
ACGAAAGCAACCTTAATCTCTCTGCAAATTGTCCCTCCAAATTCCAACT
AAAATCAATCCGGACCCGCATGAGCATCGATCGAATCATTTGGGTCATG
CATCCTATGCATGCTCA

Figure 34

This Sheet Has Been Replaced
T SUBSTITUTE SHEET (RULE 26)

IIIIll Illlll IIII




pronoter. This was anplified fromthe plasm d p35S-op-Barstar EcoR - which
contai ned the pronoter/gene sequence which had been nodified to renove the
EcoRl site between the pronoter and codi ng sequence. Thjis L fication
was acconpl WHE@I62 phy cutting the 35S-op-Barstar plasmd WY’HB , T
carrying out a blunting reaction with 10 T4 DNA pol ynerase, and then
religating the blunted plasm d. The PCR was carried out using the 5

primer pQE-F and the 3' primer Bar-@SW@@R fragment was cut with
Xhol and Kpnl. This was cloned into the "35S-op-Barstar EcoRl - plasmd al so

cut  wi tBAKASTCRECABRAGGRTAGAGAGATORCTRRGORTAGANGTGITTICEBRGGAGT

st 1 on i ACACHRCRTTCTARTIHRARARATATGE ATECRAAFEACT TTEE TG aT TG,

Thi s pl asiTIFAGGTEGGATCAGAGAGCASCAREAGTIRTABCGGCAGCAGCABCABTAAGHA

gene vas tHRACTHTEMTRAICAREARRA PEAREACE GTTRRARGTEATF A S TaARAT
GGGAGAAAGGATTTGAAGTCCCTTGAAGATCTGTTTAAAGAGTATGGAGTTCGATAC
GTAACTCTTGCCAAGATGACCGAGATGGGCTTCACTGCCAACACCCTTGTCAATAT
GACAGAGGAAGAGATTGAAGATTTGATGAAGACCCTGGTAGAACTCTATCATATGGA
TCTTCTTATAGGGGAGAGATATGGGATTAAATCTGCCATAAGAGCAGAGAAGAAAAG
GTTGCAGGATAGCTTGGAGATGCAAAGGTTGGAAATCTTGTCTGAGGCAGAGAGAA
AGAGGATATTACATGATGATCAGAATACTTTTGCAGCTGCTATGGCATCOGAAGGAA
CATCTAAGGGAACTGAGAGCAAATGACCCACTGATTTTCCCAGAAAGCACAAGTGS
ACGATCATGCCCCAATGAATATAGCCAGCTGCAAAGACAGTACTCTCATTCTCCAG
AACAGTAACCAGGCACAGTTTTGTGGCTCGGGATTGATTGGAGTECCTGAGCACAG
CAGTGAGAGCGATGAAAGGAAAGCTGATACGAATAAGCAGAAAAGGAGGCGGTCE
AAGGAGCCTGGAGAGGATGGGGAGGACAGGCCTAGAGAGCATCCTITCATTGTCA
CGGAACCAGGAGAACTGGCAAGAGGGAAGAAAAATGGTCTGGATTATCTCTTTGAT
CTCTATGAGCAGTGTGGGAAATTTTTATTAGAAGTACAAAGGATTGCTAAGGAAAAG
GGAGAAAAATGCCCAACAAAGGTTACAAATCAAGTGTTCCGTCATGCCAAGCAGAA
TGGTGCTGTCTACATAAACAAACCTAAAATGCGACATTATGTTCATTGCTATGCTCTG
CATTGCTTGGACAGTGAGCAATCCAATCACCTCAGAAGACTATACAAGGAGAGGGG
AGTAAATGTTGGGGCCTGGCGCCAGGCCTGTTACTATCCCCTGGTAGCCATAGCCA
GAGAGAATAATTGGGATATTGAGGGCATTTTTAATAGGAACGAAAAGCTTAAGATTTG
GTATGTTCCCACAAAACTTAGACAACTGTGTCATATGGAGAGAAGCAAAGAGTGTCA
ATAGTTTCATTGAGATTAATGTGTGTAATTTAACTTAGGCAGCTGTGTCACATAGAGA
GAAGCAAAAAGTGCCAATAGTTTCATTGAGATTAATGTGTGTAATTTGAGCTGCTCAG
CTTCAAGTGTAGCTCCGTGATTATTGGGCATTTGTGTTCTCATTGTGACCTTGCATAT
CAGATTTGATATGCATTGTGTCATGCCGTTCTTTCAAACATTGTATATGTATTGGCAA
CTGGGTATGGATCTGCTCCTTTCTCCGTCACTAAACATGCGGAAACCTTTGTTTCTC
CTTGTGATAAATTTCAGTACATTACTGTTCATAGTTATTTTCTTTCAAAAAAAAAAAAA
AAAAA

Figure 35
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Xhol and Sa/l and cloned into pBRLac BH cut with Sa/l. The Barstar gene
could go into the Sa/l site in either orientation but only one
orientation was found. The orientation of the insert was ascertai ned by
a Kpnl di geswoenbisza 1kb band was seen 20 which was i ndi caXGHAUH 0@ -
orientation of the insert seen in plasmd pBRLac Op Barstar 1. The
resulting plasmd was cal led V2. The plasm d was then ready for
the cloning of, in this case, a flower specific pronoter, into the

uni que EcoR cloning site 5 prime of the laclqg gene. The EGW pr onot er
fromthe Eucal yptus MADS gene EGVMB was used for this purpose. This was 25
cut fromplasmd peEGMB with EcoR . This pronoter was cloned in both
orientations, and the resulting plasm ds were called V2 EGM3 sense and
V2 EGWMB antisense. The pl asm d Vggﬁ se was used as a source of the-
EGWB reqgul ated | acl g and CaMvop r@nes for the plant
transformation vector. The orientation of the

- » - | 4 *

MDAEHFPVGFFRWDQRPAPVVAAAAAPTTTVFNKDHGRPLEVILPMNGRKDLKSL

- - L ] - L ] »

EDLFKEYGVRYVTLAKMTEMGFTANTLVNMTEEEIEDLMKTLVELYHMDLLIGERY

* * » - »

GIKSAIRAEKKRLQDSLEMQRLEILSEAERKRILHDDQNTFAAAMASEGTSKELRAN

- * - » L] »

DPLIFPESTSADHAPMNIASCKDSTLILONSNQAQFCGSGLIGVPEHSSESDERK

- - » - »

ADTNKQKRRRSKEPGEDGEDRPREHPFIVTEPGELARGKKNGLDYLFDLYEQCGK

- » - L 4 - -

FLLEVOQRIAKEKGEKCPTKVTNQVFRHAKHNGAVYINKPKMRHYVHCYALHCLDS

» » - L 4 »

EQSNHLRRLYKERGVNVGAWRQACYYPLVAIARENNWDIEGIFNRNEKLKIWYVPT

t -

KLRQLCHMERSKECQ
(404)
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EGVB pronoter was determ ned by an Xbal Pstl1l digest The presence of 2.3 and
0.9 30 kb bands was indicative of the correct orientation.

24 The second construct V1, containing the pronpter|ess Barnase
gene, was W@8TdM6cted using pBrGUS 2 as the starting po?’ﬁ?’."‘L P hase
gene was anplified

37/39

GCCGCACTAGTGATTCGTCCATGGTCCTTGTTAAAGACAGTTGTTGTTGGTGCTGCT
GCTGCCGCTACAACTGGTGCTGGTCTCTGATCCCACCTAAAGAAACCTACAGGAAA
GTGCTCTGCATCCATATTTTTTTCCGAAGTAGAATGCAGTGCGCTCCTACACCAAAC
AAAAACCACTCATAGAATTAGCACATGGGTGATAAATTCTGAGATGCTTTTCATTGAT
TACCGATTGAACTGCAAGATTTGAAGTTGATGGGTTACAAATTCCTCCAGATATTTAA
CCAGACCAAGTGGGTTCCAAGCGGTACTTGAAGAAGCAGAATGTGTACCTCCGAAA
ACACTTCTAGGCCCAGGGACCTCTCTACCATCCAGTGACTTTACATTAGAAAATGTA
AGGCTGCTCCCATATTTAAGGCTGTCTTGTGAGTTTAATGCTTCTTAATCTAGTTTAC
TGGAACACCATTTTCTTCTAATCACATCACAGTAGTAGCTATCATCCAAACTTATCCA
AGACAAAATATCTGAAACCATTCCTGAACTAATGATTTGACTATACTTTGAGTTAGCG
TTGTACTCAAATTATTCATTGCGGGGCCATGTTTGCAGGTTAAACAAAAATCTCCACA
GTCTGATTGCTATGTTTTATCAAATGATTTCTCAAATAATAATTCAGTGTACCCATTTG
TATTTTTACTTTAATACTTTTCATTAATGTCCTCGAGAGCAATGGCTCTAGGGTCAAA
GGAACCTTATCCCAGTACCGTACGCTGTAAATACTGTAATGTTGCTTTTATGGTGTC
CTATAGATTACAGCGAGACTTGCTAGTCATGTGACTTTTAAAAATTTCATGTCAGGCA
CTTGAAAATTGTTTCAAGTACAATGCAATTTTCCCATGGACTACTGGAACTGCCTGCT
AAAACTGTCTTTIT CATGGTCTAATGAGAAGTM:ATGACCAGGCCT CTTCTCCCTCCA
TTTTAAGAAAAACAAATTAAATTATTTAAAAAATAAAATTACAATAATAATCTTGACAGA
TTGATTTTGAGTTGAATGTTAGAATAGATGGAGTGCTGCCTAAGATTTGTTGGCCAAG
AAATCCGCAGCTTATTCCAGAAGTTCACTCATTACAATGTTTTATCTAAGAAATCCTC
AACTTATTCCAAAATGTAACTTATTACAATACCAGCCCGGGCCGTCGACCACGCGT
GCCCTATAGTATCCCGCGGCCATGGCGGCCGG

Figure 37
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from genom c Bacillus anyloliquefaciens using the prinmers Barnase 5 prine
Sal, and Barnase 3 prinme Kpn. The resulting PCR product was restricted
with Kpnl and Sa/l 5 as was pBrGus 1 and a ligation reaction perforned.
The pl asni dwd swsniezhe resul ting col oni es were used as tRFFABYTO0080 o,
sequenci ng using the anplification primers. Plasm d SB4 was found to
contain a Barnase fragnent of the sanme sequence as the B.

anyl ol i quef aci ens Barnase gene and this called pBRBamase and used for
further constructions. 10 Previ ous work using Barnase as a | et hal
gene in plants had shown that the antlglﬁlﬁgg gene for Barstar was
required to be present and expressed f t pl asm d as the Bamase
before a pronoter region could be cloned 5 prine of the Bar nase gene
(Paul et al. 1992 Plant Mol ecul ar Biology 19: 611-622). This was

GAACAACTACTATTACAACGCCAATAAACCCCACTGCCAATATGGGGGC
AGATAGTATGGTTCCTGTTCACACTCCTGAAGTTATTGAGCATTCTTCTAC
AAAAGTTTCTATTGATACAGCTGGGTCAATGGATGTGGATGCAGCATCCA

AGTGCAATCACGTTTAGAGAACTACATCTCTCAATCACTGTGTCTCTTCCT
CCCCCATAGATGTTGGAATTGTACCTGACAGCAACATTACATCTGATATTT
CAAGACCTTACCATGACCCAAGAGGAGTATTCGAGATTCCTCCTCGGGT
TGTTCATCCTGGAGGCCAAGGTGAGGTCATGGGAAGAGAAGCAAGAGTT
CTCAGATACAGAGAAAAAAGAAAGAACAGAAGGTTTGAGAAGACAATACG
ATATGCTTCTAGAAAAGCCTATGCAGAGACTCGGCCCAGGATAAAAGGC
CGATTTGCCAAGAGAACAGAGGTANAAGTGGAACAGATATACTCATCTTC
TTTGCTTCCTGATCAAGGATATGGAGTTGTTCCATCTTATTGAACCAGTCA
ATATAAATAATTAACTCTTCTCTAGTATCTATCCTTGTTATTCTAATTGTAAC
TGCCATCACAATCATAATGCCTTATAACTTCAATTTATTCCATGCCTATGA
GATTGGGCTGGTATGTAAAACTCATGGCAGGTCTATTCACATTTGGGTTGT
TCGCATACTCAAAGCCTCCTCCTTACTCATTCTGCCTTGCTCATTGATGT
GGGTCAGACTGCAGTAAGATGAAGTCGGTGTGACTCACACTTTGAAGAA
CAGCCATACATACTATTAGTGTTTCAAGTCGATCGAAGTTTGTITATTCAG
CTTCCTGCAATCTTCTCTGCTCATGAATAAATCTTTTCCCAGTCTCCTACT
AAAAAAAAAAAAAAAAAA

e Figure 38
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achieved by using a plasm d that contained the Barstar gene and pronoter
fromB. 15 anyloliquefaciens in cis with the Barnase sequence. To this end
the pronoter QJ Us Barstar DNA region was anplified fromthe B.

anyl ol i quefaci’e Ehe ”ﬁb“ﬁom ¢ DNA using Pl s 5 prime BarstB€T/sUewpoes2r and
Bar 3 prine. The PCR fragnment was re39,€t§§ with Kpnl as was pCGEM 3f
and a ligation reaction performed. The resulting white col oni es were
screened for in The DNA from colony 7 was used for segencing 20 and
found to contai Qﬂ;' 7 oGBSt ar sequence as in the
genom ¢ B. an¥: , “Aci ensd gasm d was called 7 prom

Bar star,- as show&f&mim' Fi gure 20.  The 7 prom Barstar plasnid
was resticted mn;h;ﬁ nl as was pBR Barna hnd t he pronoter Barnase
fragment was cl #to t he Kpnl si;té. e PBR Bar nase

root

shoot

leaf

mature flower

Figure 39
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: rerauy 7 /0008 9
25 DNA. This resulted in a plasmd known as V1. The EGVB pronoter was cut"
out of PEGMB using EcoRl, blunted using DNA pol ynEREEé)lIVEBI anowinY 1097
fragnent) and cl oned into the unique Sa/l cloning site of the V1 DNA
whi ch had al so been restrl cted and bl1unt ed. The resulting plasmd with
t he pronoter mseré 33 ed EGVB VI

sense (FIG 26). NS 2 ed Wth H ndlllI
and cloned int guid'§WiniBh relates to a method for regulatlon of gene expression in

eukaryotes.

This invention has particular but not exclusive application to regulation of highly
specific expression in target organs or functions of piants, and for illustrative purposes
5 reference will be made to such application. However, it is to be understood that this
invention could be used in other applications, such as regulation of expression of other
eukaryotic genes such as regulation of specific expre_ssioh in target organs and
functions of yeasts and animals.
Eukaryotic organisms of commercial benefit including plants, animals and lower
10 organisms such as yeasts sometimes divert growth resources into non commercial
structures, or express other genes of economic detriment. Other commercial species
may benefit from the introduction of characteristics which would enhance commercial
worth. |
For example, the development of reproductive sfructures on forest trees
15 represents a significant burden on the resources of the trees, the reproductive effort
occurring at the expense of wood growth. Seeds from mature trees produce an
undergrowth of saplings which must be removed periodically to prevent competition
with the tree crop for soil resources and to minimize the risk of damaging fire.
Australian Patent Specification No. 86224/91 discloses a method of enhancing
20 vegetative growth in a plant. This disclosure exemplifies a method wherein a
substantially tissue-specific promoter for reproductive-structure specific genes was
selected on the basis of the early appearance of the gene product and specificity of
expression in both male and female reproductive buds. Several genes and promoters
were isolated and characterised, each gene was modified by fusing a portion of the
25 gene including the tissue-specific promoter of the gene with a structural gene for a
ribonuclease.
Whilst the transformants exhibit a lack of reproductive structures, promoter
leakage tends to result in a low level of accumulation of the lethal ribonuclease in non
-target tissues, resuiting in reduced growth and thus reduced commercial potential.
30 Gene expression promoters are to be generally regarded as falling in one of
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25 transformati on vectorBinl9 also linearised with H . ndl!ll

resulted in two plasmds, EGVM3 V1 Bin 1 and 2, c &E)Biﬁﬁnéto fhedg
orientations of insertion. In orientatio 2, the two ECoR site pres ZD
in EGMB V1 Bin are approximately 80 bp agpart The EGVB V1 Bin 2 was

cut th EcoRl and bI nt ed | (Kl 5 t). Th
EUGIVBWIpr onottlres broag 2 a#ﬂ“?tﬂﬁwﬂgo@ are gggﬂlﬁ lﬁ‘yeggﬁ\;vr@? r\%éggn 35%" ou'ta

of EGMB V24 W RS nt ed
and | i gat eoi I nto l%%Vé\%col?l t and LPrté%%I E In fi2 tom%l'rs?aﬁtmeﬂ?%lé$
pl asnmi ds Ea\§peDificstages. nfﬂdu&MB pronictes r@pndé:yawﬁobmgmgadon@ntm affi t wo

POSSible gt et AR Ssenkd SHnBlaRedSroHEA caﬁ?p%ukag ot o SRATR'd. 2 o

pl ants vi a'®
5 light, heat or pressure.

However, the inserted promoters are often leaky and the preferred strong
promoters may deleteriously express in other tissues with insufficient inhibition to
prevent death of non target cells, which may adversely affect commercially important
non-target tissues. Promoter leakage cannot be predicted and, for example, where

10 the transformants such as trees have a long growth to first flowering, the resulting
gene product activity in non target cells may negate or reduce the advantage of flower
suppression. The generally preferred strong promoters limit the promoter choices.

it is known that the expression of a lethal gene product such as Barnase under
the control of a substantially flower-tissue specific promoter may be rendered more

15 tissue specific by constitutive coexpression of an inhibitor (B or “Barstar") for the gene
product. The actiqn of the expressed gene product in the target cell will occur where
the inhibition is insufficient to suppress gene product action, and non target celi’
Barnase activity arising out of a degree of non-specificity of the promoter or promoter
leakage is substantially suppressed.

20 The present invention aims to substantially alleviate at least one of the above
disadvantages and to provide a method for regulation of eukaryotic gene expression
which will be reliable and efficient in use. Other objects and advantages of this
invention will heteinafter become apparent.

With the foregoing and other objects in view, this invention in one aspect

25 resides broadly in a method of regulating a eukaryotically active gene, comprising
trénsfonning a cell with construct expressing a modulator gene product regulating the
eukaryotically active gene or its product and a further gene product regulating said
modulator gene or its product, the promoters of two of said gene, modulator gene and
further genes being selected from inducible promoters and developmental promoters

30 for the same or complementary tissues.
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10 Tumef aci ens. The procedure was then repe e@g\wéﬂf lmrt~h’e
Eucl ypt us MADS pronoters. These were EGW2 | ong an ‘SKort, a
ver si on of EGMB. “Prinmers. Barnasg 5 prine Sal 15 5
CCGTCGAATGGCACAGGTTATCAA 3 Sa7 | Bar nase 3 prine Kpn

10

15

20

25

30

The eukaryotically active gene may comprise a native gene to the organism of
interest or may comprise an introduced gene. The gene may be promoted by its
natural promoter or comprise a heterologous construct with the gene. The
eukaryotically active gene may code for an expression product of any selected cellular
function. For example the gene may code for an active polypeptide including enzymes
such as a ribonuciease having a lethal effect on a target tissue or a peroxidase
conferring nematode resistance on root tissue. The gene may code for an enabling
product for pathways for production of pigments and dyes such as anthocyanin, an
insecticidal compound such as Bt toxin, or fragrances.

Expression of reporter genes under control of inducible promoters may display
exact location of target cells in target tissues without any leakage to surrounded cells.
This may be very useful for investigation of primary steps of interactions between
pathogens and insects and plant cells. The GUS, luc, anthocyanin gene and GFP may
comprise candidates as reporters. Colourimetric or fluorescent analysis may be made
of micropropagated materials before commercialisation.

As used herein, the expression "lethal gene" is taken to mean a gene or genes
which encode a peptide or antisense or ribozyme or other non peptide which
significantly disrupts a target cell leading thereby to the death of the target cell. The
invention will be described hereinafter with reference to embodiments comprising a
eukaryotically effective lethal gene.

The lethat gene may be any gene or combination of genes which encode a
peptide or antisense or ribozyme which significantly disrupt a target cell leading
thereby to the death of the target cell. For example, the lethal gene may be selected
from those that encode ribonucleases such as Barnase from B. amyloliquefaciens,
RNase T1 from A. aryzae, bovine RNase A, RNase | and RNase H from E. coli or a
set of plant RNases (family of S-proteins). Alternatively, the lethal gene may be

selected from nucleases such as the family of restriction endonucleases, enzymes
including glucanases such as 1-4-B-glucanases or 1-3-R-glucanases, ubiquitins, acid
pyrophosphatases and inhibitors of plant cell wall synthesis.

Preferably, the lethal gene is an RNase. A chimaeric lethal gene may be
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5' CGGGTACCTTATCTGATTTTTGIAAAGG 3 Kpnl 20 -Fi y& prime. Barstar
pronot er 5" CGGGTACCGICCAATCTGCAGCCGICCCA 3! Kpnl Bar 3'
S' GCGGTACCTTAAGAAAGTATGATGGTG 3 4

constructed inciuding the coding region of Barnase from B. amyloliquefaciens under

the control of upstream (promoter) sequences of genes expressed in the male and
female parts of plant reproductive organs at the early stages of development.

Restriction of expression of a lethal gene in target cells during first events of

5- pathogen-host plant interaction in target cells may be achieved. For example,
expression of Barnase or other toxins like B-glucanase or chitinase in attacked cells
will lead to necrosis of these cells which will prevent spreading of infection to
surrounding cells. The critical stage in this artificial hypersensitive reaction project is
blocking of possible promoter ieakage in surrounding cells.

10 Expression of bacterial salicylate-hydroxylate gene may reduce level of salicylic
acid which is responsible for systemic expression of cassettes under control of
pathogen-inducible promoterin al plants. For example, a pathogen-inducible promoter
may be isolated from bariey which is strongly expressed after inoculation with powdery
mildew Eresify graminis (Mouradov et al.,1993). The genomic clone of this gene was

15 isolated and characterised (Mouradov et al., 1994). This promoter region may be fused
to cassettes including a lethal or other functional gene.

Three eucalypt genes designated EGM1, 2 & 3 with homology to other plant
MADS-box genes have been cloned and sequenced. Phylogenetic analysis has been
performed {0 examine the relatedness of the eucalypt genes to other MADS-box

20 genes. This revealed that EGM2 is likely to be homologous to the GLOBOSA MADS-
box gene group which are involved in development of petals and stamens, EGM3 and
EGM1 both fall in the AGL2 group of MADS-box genes. These genes are most
commonly expressed in the inner three whorls of the flower (petals, stamens and
carpeis).

25 The pattern of expression of all three EGM genes has been characterised.
Expression of these genes was not detected in any vegetative tissue. The EGM1
gene is expressed in the petals, stamens and the carpel of eucalypt flowers. EGM3
is expressed in the floral meristem and in sepals. EGM2 is expressed in petals and
stamens. The EGM3 and EGM2 genes have been shown by Southem analysis to be

30 single genes. EGM1 is also likely to be a single gene.

The promoter regions of all three of these genes may be used in sterility gene
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constructs and may be isolated from a eucalypt genomic library and engineered into
lethal gene constructs.

The eukaryotically active gene, modulator gene and further gene and their
respective promoters may comprise a transformation cassette with which the target
organism may be transformed by any known means. The promoters of the
eukaryotically active gene, modulator gene and further gene or genes are selected in
combination such that the specificity of expression of the eukaryotically active gene is
enhanced. For example, the eukaryotically active gene may be promoted by a
promoter which is inducible or developmental whereas the modulator gene may be
constitutive. Specificity and the usefulness of even weak promoters may then be
enhanced by promoting the further gene or genes with a promoter with the same
specificity as that used to promote the eukaryotically active gene.

Alternatively, a tissue specific promoter for the eukaryotically active gene may
be inhibited by a constitutively-promoted inhibitor gene product, which in tumn is
controlied by an inducibly-promoted further gene product.

In a yet further alternative, the eukaryotically active gene product may be
constitutively expressed subject to the modulating effect of a modulator gene
expressing under the control of a tissue specific promoter, the modulator gene or
product being itseif controlied by the expression of a further gene under the control of
a promoter specific for a different or complementary tissue. By this means for
example, a constitutively-promoted gene conferring insect resistance may be localized
in its effect to exclude the seeds by expressing a gene inhibitor under the control of a
seed specific promoter, the gene inhibitor itself being controlled by a further gene
product expressed under the control of a promoter specific for non-seed tissues.

In a further aspect, this invention resides broadly in a method of regulating
expression of a eukaryotically active gene, comprising transforming a cell with a
transformation cassette comprising said eukaryotically active gene, a modulator gene
expressing a product regulating the eukaryotically active gene or its product, and a
further gene expressing a product regulating said modulator gene or its product, the
promoters of two of said gene, modulator gene and further genes being selected from
inducible
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promoters and developmental promoters for the same or complementary tissues.

In a further aspect this invention resides broadly in a transformation cassette -
comprising a eukaryotically active gene, a modulator gene expressing a product
regulating the eukaryotically active gene or its product, and a further gene expressing
a product regulating said modulator gene or its product,.the promoters of two of said
gene, modulator gene and further genes being selected from inducible promoters and
developmental promoters for the same or compiementary tissues.

In a yet further aspect this invention resides broadly in a method of
transformation of a propagatable eukaryotic cell with an expression cassette including:

a lethal gene expressing a cytotoxic peptide in a target tissue under the control
of a promoter substantially specific to said target tissue;

an modulator gene constitutively expressing an inhibitor of the production or
action of said cytotoxic peptide, and

a further gene under the controt of said substantially specific promoter and
functioning to block said inhibitor or moduiator gene.

in a further aspect, thfs invention resides broadly in an expression cassette
including:

a gene expressing a peptide cytotoxic to a target tissue under the control of an
inducible promoter substantially specific to said target tissue;

an inhibitor gene expressing an inhibitor of the production or action of said
cytotoxic peptide, and

a repressor gene under the control of said inducible promoter and functioning
to biock said inhibitor or inhibitor gene.

In a further aspect, this invention relates to primers for PCR isolation of the
Barnase and Barstar genes from an extract of B, amyloliquefaciens, designated P1
and P2 (for Barstar) and P3 and P4 (for Barnase) and comprising:

P1 5' GCG AAT TCC GCA CAT GAA AAA AGC 3'
EcoRl
P2 5' GCA AGC TTA AGA AAG TAT GAT GGT G3'
Hindlll
AMENDED SHEET
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EXAMPLE 7 | sol ation of reproductive organ-specific promoters
cone-specific genes displaying strong honol ogy to AralpgemsisE phal nagay ajedz
Ant hi rrhi num majus floral neristem and or7gan identity genes were isolate
from10 P. radiata cDNA library preparedffromimuature femal e and nmal e
cones. Three of them PrMADS1, 2 and 3, belong to the famly of MADS- box
genes show ng honol ogy to Arabidopsis AGL-2, AGL-4 and AG-6 genes and
dal 1 gene from Bfot her nof-GCC GAJi GGE-ABA BGIleTAIICAA GABIG3ly spruce),
respectively. The PrFL1 geneNooit he pine orthol og of Arabidoosis Leafy
(Lfy) and Floricaula (Flo) gene from Anthirrhinum The
P4 5'CGG GTACCT TATCTGATT TTT GTAA3'
5 Kpnl

The cytotoxic effect of the lethal gene expression product may be increased by
coupling a localisation signal sequence to the construct. For example, the cytotoxic
effect of the preferred RNase may be increased by targeting into the nucleus where
most of the pre-RNAs and mature RNAs exist in non-protected form. For this purpose

10 the coding region of, for example, the Bamase gene may be modified by fusion of a
nuclear localisation signal (NLS) sequence to the RNase gene.

Accordingly in a further aspect this invention provides a set of PCR primers for
fusing the NLS sequence from VirD2 gene of A, tumefaciens to the Barstar gene and
comprising:

15 P3 §' GCC CAT GGC ACA GGT TAT CAA CAC G3'
Ncol

BD1 5'CCT TAC AAA AAT CAG A GT CCT TTC AAA GCG TCC G3'
3'end of Barnase §'end of NLS of VirD2

BD2 5' CGG ACG CTT TGA AAG GAC TCT GAT TTT TGT AAA G3'
20 5 end of NLS of VirD2  3' end of Barnase

D23 5' CGG.GTA CCT ATC TCC TAT TTC CCC CAG G3'
Kpni

The tissue-specific or developmental promoter may be selected from those
tissue specific promoters that are controlling genes in plant reproductive organs during
25 the early stages of flower development. These genes are maintained in the repressed
state in all plant organs during the non-flowering period and are induced substantially
in reproductive organs during the flowering period.
The developmental promoter can be isolated by any known means. For
example,
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15 PrConl shows strong honol ogy to Arabi dopsis m&gsp#lggégggg@eqTﬂg}

el uci dat e the function of these genes we too
characterising their expression pattern in mal e and fenmal e cones during
di fferent stages of cone devel opnent. 8 A significantly | ower

| evel of e sion was detected jn vegetatiye tissues: eget atj ve buds,
ne\édl es, SW&&T& present ﬁ?‘l'f‘rg ‘ﬁﬁ @SHP%M&P% iﬁ\? @fﬂ?&gas‘ﬁ]ﬁ'@y gaeg%ﬁ%#ﬁ of
these genegdigted SINAIRIMS tide)sgabificARNALHiep8red awaséﬂd Srobe the genomic

Expression analysis revealed that all five genes show different patterns of
expr essi onlibrarylifeliowesihy identifving dire portion@f the plantfgename whighicontains promater

o e Pion ofthesE AREL e a8 Ladfe e RS Hhaots Bia) 80,
det ect ablse hetepoiogduo(forkigm)in bhigine JFBEPlanBrdpRIARLIVE brgdh HesiRisatHe/ Sromdterses:
veget ati ve buds, needles, stens, . . .
may be selected from those that are expressed in cells of different floral tissues in both
male and female organs, or only in specific tissues such as sepals, petals, ovary, style,
stigma, ovule, corola and others. For the generation of the sterile plants, promoters
which express in tissues at early stages of both male and female organ development
10 are preferable.

For example, the gene family encoding homeotic MADS-box genes which play
an important role in flower development express at the early stages of the developing
floral primordia. We have isolated MADS genes from P. radiata which dispiays strong
homology to the Arabidopsis homeotic MADS-box genes known as the AGAMOUS

15 AGL-2 and AGL-4 genes. These genes express in young floral primordia and are not
expressed in the inflorescence meristem.

The gene encoding an inhibitor of the lethal gene product may comprise a gene
repressing expression of the lethal gene, a gene transcribing an antisense RNA, or
may comprise a gene expressing a protein capable of deactivating the lethal protein.

20 The inhibitor gene will generally be under 'the expression control of a constitutive
promoter which expresses the inhibitor in non target tissuss, although it is envisaged
that a packaged operator-repressor system may be used.

For example, a Barnase gene/reproductive organ-tissue specific promoter
system may be associated with an anti-Barnase (B* or Barstar) gene/promoter system.

25 In the alternative, negative regulation in expression of bacteriophage lambda
N gene and SOS system in E. ¢oli could be used in expression cassettes. Expression
of the bacteriophage lambda N gene is tightly regu!ated via the P* promoter and
controls the level of expression from this promoter. This system may be used to
provide the reqdisite negative control of the expression of an inhibitor gene in the

30 target tissue.

The SOS system is regulated by the interplay of two proteins. A transcriptional
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roots. For PrFL1 and PrConl | ow detectabl e expression was observed in

veget ative buds. In reproductive organs | ow | REE bY E€kpt dsK0YN 1997

both genes was detected at early staqgs of cone devel oprment (5 ng cones)
whi ch was increased during cone 30 devel®pment (50 ng cones). In nale cones
‘3’7"“” essl Onregrtests)glt' B.e%r)] Ffr%hi I éstr{ee%t{éti%eoq transcription through specific binding to its
operator targets. A RecA protein blocks LexA protein and thus prevents inhibition at
its specific site. This would be a one component lethal gene system and would not
require a toxin blocking gene.

5 The repressor gene under the control of the inducible promoter may be selected
to repress transcription of the inhibitor gene, translation of the RNA transcript or action
of a peptide product thereof. Preferably, the repressor gene codes for a peptide
product which directly represses expression of the inhibitor gene. Acoordingly, it is
preferred that the repressor gene and inhibitor gene be adapted to form a specific

10 repressor/operator couple.

For example, the E. coli fac/q gene under control of the same tissue specific
promoter as the lethal gene construct may be used to repress the action of the
repressor gene promoter modified by insertion of a lac operator sequence.

The repressor gene promoter may be a modified 35S-RNA-CaMV promoter

15 having at least one lac operator between the promoter and coding region of the
repressor. In the selection of the modified 36S-RNA-CaMV promoter exemplified
hereinafter, the present inventors have developed primers for amplification of the
modified 35S-RNA-CaMV sequences.

Accordingly, in a further aspect this invention provides primers for PCR

20 ampilification of modified 35S-RNA-CaMV sequences, designated 35S 1 and 3582 and

comprising:
3581 5'GCC TCG AGC ATG GTG GAG CAC GAC AC3'
Xhoi
3582 §'GCGTICGACT CTC CAA ATG AAA TGA AC3
25 Safl

For the introduction of lac operators into both the 3' and 5' region of the
modified 35S-RNA-CaMV promoter, the set;uence may be amplified by PCR primers:

OP1 5GCCTCGAGCTTT GTG AGC GGA TAAC3
Xhol
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to m crosporangi um containing primry sporogenous cells. In fenmal e cones
expr essi on of both genes was restricted to premat &=, gvliFes.? - "7 " TTo
characteri se MADS proteins as DNA-binding proteins in vitro, we expressed
both proteins in E. coli and characteris t hei r DNA- bi ndi ng properti es.
PrMADSL, 2,3 5 proteins are sequence-specific DNA-binding proteins. Their
DNA- bi ndi nBingisigs preteis (reprgéa@reﬂ@@lq) and; the targetpromater sequenoectionanator) is
protein. Al three proteins bind a DNA sequence mat chi ng the consensus

sequence ofind@rs®dddir greatTietall Expiéssion) ¢fahe Jdcopdronisynddéttiie Srong and tightly
(oligo A) for PrMADS1 and Pr MADS2) (FIG 31). Mutation of these

consensus RegatecntroPiromhSlacty @prédsornPLifistRpPEssR? isldtetrafier, formed fenof
PrMADS 1 ,2 or 3 proteins. Conpeﬁp':’i on with non-radioactive oligos did

i”(r)];i gg tC ;gaﬁﬁr hadHticaPsMuritaY eQéh Wih FHPARinS"adids (MOy SA'4505KDE) FHS opefitSr
5 sequence constitutes 35 base pairs, including 28 base pairs of symmetrical sequence.
For the maximum repression of the expression of the inhibitor gene, the
repressor protein is preferably targeted into the nucieus of the target cells. This may
be achieved by fusion of the nuclear localisation signal sequence to the C-end of the
repressor.

10 In a further aspect this invention relates to a set of primers suitable for isolation
of the laciq gene and having suitable restriction enzyme cleavage sites for cloning into
the plant vectors, the two primers corresponding to the 5' and 3' ends of the gene and
designated AM 1 and AM 2:

AM1 5GCICTA GAC CAT GGAACCAGTAACGTTATA S
15 Xba t

AM2 5'GCGGTACCT CAC TGC CCG CTT TC3'
Kpnt .

in a yet further aspect of the present invention, there is provided a set of PCR
20 primers for use in fusing the NLS sequence to the 3' end of the /acl/q gene and
comprising: |

AM 1 5'GCT CTA GAC CAT GGAACCAGTAACGTTATA 3
Xba |
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that we are dealing with specific DNA- proteln interactions.” ¢ ¢ AR
Upst ream sequences were isolated using a ' Pronoter flw wsgnatzegya“()ifl @q?
29) . A special adaptor was ligated to the ends of Tragfen
generated by digestion 15 of genomic DNAlfrom P. radiata W|th EcoR’V Scal ,
Dral, Pvull and Sspl separately. The enzynes used were sel ected becagse
t hey have si x-base recognition sites and generate blunt ends. Foll ow ng
adaptor ligation, these DNA fragnents were used as a tenplate for PCR

using first adapDot B'CTES SANAGC'EBGIOAG TOAANG CGosP-1 2.
20 The sequences gofemdloblaely (Q'Ig‘rﬂtofw_@m’lwbg tor-prinmers and

pol yner ase bl ocki ng primer shown bel ow. is noted that adaptor prinmer
AP1 correspondsipg 5'%%5&”2?GNAK§ kdﬁ?@&ém?%%ﬂ G &rimer

AP2 corresponds to basgSerdfof HLSn VirD2 3' end of /aclg

5 D23 5 CGG GTA CCTATC TCC TAT TTC CCC CAG G3'
Kpnl

If desired, the method of the present invention may be a reversible method. For
example, the gene cascade may use molecular elements which wiil aflow the reversal
of the engineered sterility to fertility thus permitting seed production. The reversal

10 mechanism may consists of placing an anti-repressor gene under the control of a
chemically switchable promoter. When, for example, restoration of fertility is required
plants may be sprayed or otherwise administered a chemical which induces expression
of anti-repressor RNA which will block inhibition of expression of the modified inhibitor
gene. Accumulation of the inhibitor product in floral organs will inhibit lethal gene

15 function, thus aliowing normal flower formation. .

For example, for the lac/laclq system described, a chemical may be sprayed on
the plant which induces expression of anti-/aclq RNA which will block inhibition of
expression of a modified Barstar gene. Accumulation of the Barstar product in floral
organs will inhibit lethal gene function, thus allowing normal flower formation. The

20 promoter region of the maize glutathione-S-transferase (GST 1I) gene could be used
for chemically-induced expression. Expression of the GST I promoter can be
switched on by chemicals such as dichloramin (N,N-diallyl-2,2-dichloracetamide), or
fluorazole (benzyl-2-chloro-4-triflucromethyl-5-thiazole-carboxylate).

In the case of Eucalyptus, the EGM3 promoter, comprising the upstream

25 sequences of the EGM3 gene, may be used to express the lethal gene specifically in
eucalypt floral tissue. Using this promoter, the cytotoxic Barnase gene may be
specifically expressed in the floral meristem at a very early stage of development. The
inhibitor Barstar may be expressed under the control of 35S-RNA-CaMV promoter
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and the pol ynerase bl ock corresponds to bases 41 to 48. A i _

5' GTAATACGACT CACTATAGGGCACGCGT GGTCGACGECCCEEG- CTGAT- 3 - 4, 1 Rol ynerase. _

bl ock: AP1 .

3' - NH2- CCCGACCA- P04- 5' < AP2 Adapt or pri nmer
: ' - TACGACTCACTATAGGCC- 3

1. (APL) carry5mg %repéc-opera r sequences.

The E. coli faclq gene under the control of the EGM3 promoter could be used
as repressor gene to prevent expression of Barstar in the floral meristem tissue during
flowering initiation. During flowering, the EGM3 promoter would express Barnase and

5 laclqinthe floral meristem while the modified 35S-RNA-CaMV promoter would express
Barstar in all tissue except the floral meristem, giving protection from promoter
leakage. During non-flowering period, the 35S-RNA-CaMV promoter would express
Barstar generally, giving protection from leakage.

Nematodes cause annual losses well in excess of US$100 billion to world

10 agriculture. The most important pathogens by far are the nematodes Meloidogyne
incognita and Meloidogyne javanica which attack a wide range of plants. Contro!
measures include use of hazardous chemicals, cultural practices such as rotation and
the use of resistant varieties in a limited range of crops. The advantages of
engineering resistance to nematodes include no requirement for specific cultural
15 practices and reduced environmental risks.

The lethal genefinhibitor/repressor approach can be used to engineer resistance
to nematodes. The ideal site to activate a plant defence against nematodes is in the
feeding cells in the vascular region of the plant root. in several plant-nematode
interactions, gene promoters are being identified by differential screening which could

20 be used to express the Barnase gene specifically at the site of nematode feeding.
Recently two genes (Lemmi® and LemmilO) have been identified that are expressed
at high levels in giant cell feeding sites in tomato roots infected with Meloidogyne
incognita. (Van der Eycken et al., (1996) Plant Journal 9, 45-54).

Expression of a lethal gene in feeding cells would rapidly kill the cell and disrupt

25 the feeding process which is very critical particularly for the development of the
females. Expression of the inhibitor gene in non-target tissue would be required to
prevent damage to other parts of the root due to promoter leakage. This is particularly
important since the promoter which shows high level expression in the giant feeding
cell is also expressed at lower levels in non target tissue. Expression of the repressor

30 gene under the feeding site promoter should block the expression of the inhibitor gene
sufficiently
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_ in the target tissue to allow the lethal gene to destroy the cell.

In order that this invention may be more readily understood and put into
practical effect, reference will now be made to the following Examples and the
accompanying drawings which illustrate preferred embodiments of the invention and

5 wherein: _,

FIG. 1 represents the construction of the Barnase/NLS gene localised lethal

gene system;

FIG. 2 represents constructs including lac operon- modified 35S-RNA-CaMV

operator/Barstar inhibitor gene system;

10 FIG. 3 represents the construction of /acig/INLS localised repressor gene
system;

FIG. 4 represents the mode of action of Barnase/Barstar:lac/faclq cascade in

accordance with the present invention;

FIG. Srepresents an alternative cascade Barnase:op/LexA/RecA in accordance

15 with the present invention;

FIG. 6 represents the mode of action of a reversible

Barnase/Barstar:lac/lac/q/antisense-laclq cascade in accordance with the

present invention;

FIG. 7 is a diagrammatic illustration of the control cassette and modes of action

20 of the lethal gene/NLS system of FIG. 1; |

FIG. 8 is expression of PrMADS1, PrMADS2, PrMADS3, PrFL1 and PrCON1

genes in reproductive and vegetative tissues of P. radiata.

FIG. 8 is expression of PrMADS3 gene in male and female cones.

Fig. 10 is the gel mobility shift assay of PrMADS1, PriMADS2, and PrMADS3.

25 FIG 11 is the nucleotide sequence of the EGM1 promoter;

FIG. 12 is the nucleotide sequence of the EGM2 promoter;

FIG. 13 is the nucleotide sequence of the promoter of the eucalypt floral-

specific MADS gene EGM3;

Fig. 14 is a graphical representation of Northern biot of total RNA extracted

30 from Eucalypt tissue probed with EGM1, EGM2 and EGM3 cDNA,

Fig. 15 is a graphical representation of Northern blots of total RNA extracted

from Eucalypt tissue probed with EGM2 cDNA (6 hour exposure) and EGM3

cDNA;
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28 Adaptor primer 2. (AP2): 5- ACTATAGGGCACGCGIGGT- 3

presence of the amine group on the 3' end of the |owerk&tyangd bl dcks:'y 577

pol ynmer ase cat al ysed extension fron1freegﬂdaptor nol ecul es that have not
been |i gat ed, t hus preventing the g&heration of the priner binding

site g{\l etsrs] a d Egirngi, egggg&g&%&ﬁgm&r&e E)roetéitnesneds aﬁgDqufA Str nd§-box

opposite e uppét %ﬁa . qhien W%\B

performed using .Cl ontech) and adapt or
1eRGH b S6vell pIEA| WIS B Weies:

primer APl and genes.
FIG. 17 is a phylogenetic tree showing relatedness of several plant MADS-box
genes;
5 FIG. 18 is a Southern blot of Eucalyptus grandis DNA digested with EcoRl and

HinDill and then probed with the EGM3 and EGM2 genes;
FIG. 19 is a Northern blot of total RNA exiracted from eucalypt tissue probed
with the EGM3 cDNA (6 hour exposure).; '
FIG. 20 is a diagrammatic illustration of plasmid 7 prom Barstar;
10 FIG. 21 is a diagrammatic illustration of plasmid pBR Barnase prom Barstar
containing V1-promoters;
FIG. 22 is a diagrammatic illustration of a plasmid containing V2-promoters;
FIG. 23 is a diagrammatic representation of an agarose separation of a Pst?
digest of an EGM3 double bin. Given that the EcoRlI cloning site is at base
15 6772 in EGM3 bin, the predicted fragment sizes from the map for this digestion
are 4.9, 4.8, 4.4, 3.3, 1.9, 1.1, and 0.6 kb.
FIG. 24 is a diagrammatic representation of two gel exposures of a Pst1 digest
of an EGM3 bin showing the other possible orientations of the cloned insert.
The sizes of fragments expected from this digest are 7.4, 4.9, 4.4, 1.1, 0.7, and
20 0.6 kb.
FIG. 25 is a plasmid diagram of EGM3 double bin. The fragment containing
EGMS3 promoter driving /acigNls and the fagment containing 35S pomoterOP
driving Barstar can be cloned in either orientation.
FIG 26 is a plasmid diagram of EGM3 V1 sense.
25 FIG 27 is a plasmid diagram of plasmid V1 (Barnase-Barstar).
FIG. 28 is a plasmid V2 (fac/gNLS-35s promoterOp-Barstar).
FIG. 29 is a representation of a promoter finder strategy;
FiG. 30 is the nucleotide sequence of PrMADS2 promoter;
FIG. 31 is the nucleotide sequence of PrMADS3 cDNA;
30 FIG. 32 is the amino acid sequence of PrMADS3 protein;
FIG. 33 is the nucleotide sequence of PrMADS promoter;
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GSP- 1 sequences: PrMADS2: 5' CGGOGCTTCCGAACTCATAGAGTTTTORTC 3 10~
Pr MADS3: 5' TTAGCGCCACTTCGGECATCGGACAGC 3! PrFL1: RECEW D ? gfslmj {597

CAAGGCGACTTCAAATCCTTTCTCCCATTCATGG 3' . 15 PCR two step cycle paraneters:

FIG. 34 is the nucleotide sequence of PrFL1 cDNA clone;
FIG. 35 is the amino acid sequence of PrFL1 protein;

FIG. 36 is the nucleotide sequence of PrFL1 promoter; and
FIG. 37 is the nucleotide sequence of PrCon1 gene (partial).

5 EXAMPLE 1

A chimaeric reproductive organ-specific expression cassette was constructed
including a reproductive organ-specific promoter and Barnase gene from B.
amyloliquefaciens, under the positive control of a gene encoding an inhibitor of
Barnase, Barstar (B*), from B. amyioliguefaciens under control of the modified

10 constitutive promoter (35S RNA CaMV) with introduced Iadoperator sequence, and
under the negative control of the E. coli /aclq gene under control of the same
reproductive organ-specific promoter as used to express the lethal gene as per FIG.
4,

The repro_ductive organ specific promoter comprises the upstream sequences

15 of genes expressed in reproductive organs at the early stages of flower development
as described hereinafter. The cytotoxic effect of the Barnase was increased by
targeting it into the nucleus where most of the pre-RNAs and mature RNAs exist in
non-protected form. For this purpose the coding region of the B gene was modified
by fusion of the nuclear localisation signal (NLS) sequence from VirD2 gene of A.

20 tumefaciens strain C58 to the 3'-region of the B gene, as illustrated in FIG. 1.

The inhibitor Barstar (B*) gene portion vectors carrying lac-operator seduences
in 5-, 3'- and 5- plus 3'- regions of the 35S-RNA-CaMV promoter region were
constructed as per FIG.2. | _

The E.coli /lacig gene under control of the same reproductive organ-specific

25 promoter as used to express the lethal gene has its /aclq protein targeted into the
nucleus by fusion of the NLS from VirD2 gene of A. tumefaciens to the C-end of the
laclq
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7 cycles: 94[err] C 25 sec 72[err]C

15 32 cycl es: 94[err]C 25 sec -'---'-‘*-H~6»7[erf]C

4 mn 67[err]C for an additional 4.nmin after the final cycle.

The 1 ml of primary PCR was used in secd'ﬁdary PCR using the sanme cycling

10

15

20

25

30

protein as per FIG. 3.
EXAMPLE 2

An alternative chimaeric reproductive organ-specific expression cassette was
constructed as per FIG. 5, wherein the reproductive organ-specific promoter and
Barnase gene is under the positive transcriptional control of the LexA product under
control of 35S-RNA-CaMV promoter, and under the negative control of the RecA gene
product under control of the same reproductive organ-specific promoter as used to
express the lethal gene, as per FIG. 5.
EXAMPLE 3

A reversible system was constructed substantially in accordance with Example
1. In addition a chemically switchable promoter from the maize glutathione-S-

transferase (GST ll) gene regulating an antisense /ac/iqg RNA gene was included. This

aflowed seed production as per FIG. 8. Restoration of fertility may be thus achieved
by spraying with an inducer such as dichioramin (N, N-diallyl-2,2-dichloracetamide) or
fluorazole(benzyl-2-chloro-4-trifluoromethyi-5-thiazole-carboxylate). This chemical
induced expression of anti-/ac/q RNA blocks inhibition of expression of modified 35S~
RNA-CaMV-B* gene. Accumulation of the B* in floral organs will inhibit lethal gene
function, thus allowing normal flower formation.

EXAMPLE 4

Modification and insertion of the /ac/q repressor gene into plant

expression vectors.

The pRT99GUS vector was digested with Xbal and Kpn! to release the coding
region of the GUS gene and become a suitable vector for expression in plants.

The faciq repressor is avaitable on almost all commercial E. coli strains. Some
commercial plasmids also contain the repressor gene. In order to express this gene
in plants, the prokaryotic translational initiation codon (GTG) was changed into ATG.
In order to isolate the /aclq gene two primers corresponding to the 5' and 3' ends of the
gene were designed (AM 1 and AM 2). Both primers have suitable restriction enzyme
cleavage sites for cloning into the plant vectors.

AM 1 5GCI CTA GAC CAT GGAACC AGT AACGTTATA 3
. Xba |
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paraneters and a second set of GSP prinmers with AP2 N el 2
GSP-2 priners sequences: a{%%f(fﬂyg[j T NOV 9335’9

17

AM 2 5'GCG GTA CCT CAC TGC CCG CTT TC¥
Kpn |

After amplification the PCR fragment was digested with Xbal and Kpnl and
ligated into the pBR-35SGUS vector digested with same enzymes in order to replace

5 the GUS gene (pBR-35Slaclq). '
In order to fuse the NLS sequence to the 3' end of the faciq gene several PCR

were performed.
Primers: |
AM 1 as mentioned above.
10 LD 1 5 CTG GAAAGC GGG CAG GTC CTT TCAAAGCGT CCG 3
3'end of laclg 5 end of NLS in VirD2 gene
LD2 5 CCGGACG CTT TGAAAG GACCTG CCC GCT TTC CAG 3
5 endof NLSinVirD2 3'end of laclg
D23 §5' CGG GTACCTATC TCC TAT TTC CCC CAG G3
16 Kpnl

Final PCR fragment containing NL.S from VirD2 gene from A. fumefaciens fused
to thé coding region of the /aclq gene was digested with Xba | and Kpnl and ligated
into the plant expression vector pBR322-35SGUS digested with the same enzymes
(pBR-35S/acig-NLS). This vector was transformed from the XL1 Blue into the JC

20 8697(recA-) E. coli strain in order to eliminate possible homologous recombination.
EXAMPLE §
Barnase and Barstar genes.

These genes were isolated by PCR from the crude extract of the

B. amyloliquefaciens using P1 and P2 (for Barstar) and P3 and P4 (for Barnase)
25 primers.
P1 5' GCG AAT TCC GCA CAT GAAAAAAGC 3
EcoRl
AMENDED SHEET
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PrMADS2: 5' CGCCTTTTTCAGCAGACCATTCCGEC 3! PRMADS3: 5/~ -.. - 5 ~ 7Y
CAGCAGTCCGTTTCCGGCCCTTCG 3 PrFL1: PEm et s
5' CGTCCATGGTCCTTGTITAAAGACAGITGITGITGG 3' 4 The 1-2 kb PCR

fragnents were cloned into the TA-type cl Bni ng vector and 5 sequenced.

et B Do HEALIGE AN TR QiR Gl G s

P3 5' GCC CAT GGC ACA GGT TAT CAA CAC G3'
Ncol
5 P4 5 CGG GTACCTTATCTGATT TTT GTAA3
Kpnl

The P1-P2 PCR fragment (Barstar) was digested with EcoR! and Hindili and
ligated into the Bluescript SK vector digested with same enzymes (BS-B*). The
BamHi-Hindlll fragment of the BS-B* vector was introduced into the protein expression

10 vector pQE32 (pQE-B"). .

The P3-P4 PCR fragment (Barmase) was ligated into the PCR cloning vector
p/GEM-T (pGEM-T-B). In order to fuse NLS sequence to the 3' end of the B gene
several PCR were performed.

Primers:

16 P3 5' GCC CAT GGC ACA GGT TAT CAACAC G3'
Ncol

BD1 5' CCT TAC AAA AAT CAG A GT CCT TTC AAA GCG TCC G3'
3'end of Barnase 5’ end of NLS of VirD2

BD2 5 A TT TGA AA CTCTGAT TTT TGT AAA G3'
20 5'end of NLS of VirD2 3' end of Barnase

D23 5 CGG GTACCTATC TCC TAT TTC CCC CAG G3'
Kpni

Final PCR fragment containing NLS from VirD2 gene from A. tumefaciens fused
to the coding region of the Barnase gene was ligated into the PCR cloning vector
25 pGEM-T (pGEM-T-B-NLS).
EXAMPLE 6
Introduction of lac-operator sequence into the 35S-RNA-CaMV promoter.

AMENDED SH
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I ntroduction of the chinaeric DNA sequences into the pl. ! 2 0§ MOY 19
Chi maeri c DNA sequences were co-transferred into the Blhzcrgﬂllgspsue usi ng %ar;/e
10 A tum anciens system Transformants &re retai ned by growi ng on

sel ective nedi um Presence of two plastm ds was proved using standard

nmol ecul ar bi ol o t echni ques So ern, northern hybridjzations, PCR).
Plasmid A has B ﬁa@@rgeﬂaala%sml(daEMZ °°’B3W§sth8da§@%$°'§€'ﬁ '%@Zrtwedﬁ?% ol
of pl ant ' S kdrk : [

P pbﬁgﬁt@ﬁio@am%ﬁanﬁ ASH ﬁ?é%%'t%;s m@%ggmi ff@(;ﬁéﬁvet idin tiy PRT99GUS

co-transfor vect or system design S a cascade o
genes expr ¥gstonwasriotoduded into theBlueseript &K vecton (A tihe ThegrenRIcSaA ragment

o7 92 Pt b A SRk LA B EUS 8ng Wle e a5t RSB g B SR .
ggﬁgtnlcteu ts:‘ bééhmétép FEGERS vRisCinfroBucéd intBNARPQE32 ¢ECigebted Wit Thé same
enzymes.
The resulting vector contains 3565-RNA-CaMV promoter with two lac operons
in the upstream region {Op+ 35S8-GUS).
In order to introduce the iac operator between the 35S-RNA-CaMV promoter
10 and coding region of the GUS gene initially a BamHI-Sall fragment of the A1 vector
carrying promoterless GUS gene was ligated into the pUC19 vector digested with
same enzymes (pUC19-promoterGUS). In the next step the pUC19-promoterGUS
vector was digested with EcoRl and Safl enzymes and ligated into the pQE32 vector
digested with the same enzymes (pQE—prorrioterGUS). The 35S-RNA-CaMV promoter
15 region was amplified by PCR using the 3581 and 35S2 primers, corresponding to the

§' and 3'-region of the 356S-RNA-CaMV promoter.

3581 5 GCC TCG AGC ATG GTG GAG CAC GAC AC3
Xhol
35S2 5 GCG TCG ACT CTC CAAATG AAA TGA AC3
20 Sal

The PCR fragment was digested with Xhol and Safl and introduced in to the
pQE-promoterGUS digested with Xhol. Clones containing the promoter in the correct
orientation were selected and resulting plasmid (35S- GUS) was transformed from the
XL1 Blue into the JC 8697 (recA-) E. coli strains in order to eliminate possible

25 homologous recombination.

In order to introduce lac-operators into both the 5'- and 3'-region of the 35S-
RNA-CaMV prorrioter the operator-35S promoter region of the -35S8-GUS vector was
amplified by PCR using the OP1 and 35S2 primers, corresponding to the 5'- and 3'-
region of the -358 promoter.

30 OP1 5 GCCTCGAGC TTT GTG AGC GGA TAAC3'
Xhot
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expression of the Barstar gene or antisense RNA in all organs. Betalse 0f ¥
possi bl e 20 | eakage of the reproductive organ-specific prampter. |l-ow [evel .~

of the |l ethal gene product will exist in different plant organs and
cells. Accumul ation of the Bar 2Par protein in cytoplasm or
anti sense RNA in_nuclei of these cells wi|l block the cytotoxic effect

of the lethal gehe BEbifragment wascdigested witha¥bel and Sallrangiatrodycedimedbei on

Phe. epr ou B PRSI ioBfed i S8 TBnéd oGP AferiR gfecartect
lacl g provientatioh verd selecidrmi reulting pristrid (- 35SspriovtoterGidS) was transforrhed
Peorsser” Sun oL bl eta Pane A Elmshy L. ool shains v orderlo iranats possbie

5 homologous recombination. :
Barstar gene was cloned into the pQE-promoterGUS vector after digestion of
both with EcoRI+Kpnl.

One difficulty with the tissue ablation approach is the effect of promoter leakage
or expression in other tissues. To overcome this we have developed a control system
10 (gene cascade) whereby expression of a lethal gene(s) is countered in non-target
tissues (FIG. 7). wa different vectors carrying Bamase (V1) and Barstar plus
repressor (faclq) (V2) parts of these cascade were designed.
In order to clone promoter regions into the vectors V1 and V2 they have been
amplified using sets of primers with Safl restriction sites on the ends for V1 {Safl
16 primers) and EcoRl restriction site for V2 (EcoRI primers). In order to check the
orientation of the promoters in V1 and V2 vectors an EcoRl restriction site was
designed in the forward Safl primer downstream from Sall site and a Sall site was
designed in the EcoRl primer downstream from EcoRl:

Safl primers:
20 PrMADS2 promoter:
Forward primer:
5 CCGGTCGACGAATTCCGACAGTGGAGTCCACAAAGAAAGATGCGY
Safl EcoRl

Reverse primer. 5 CCGGTCGACTTCTTTCCTTCTTTTCTTITCTGC 3
25 Sall

PrtMAD moter:
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30 I ncrease the level of |ethal gene products in the target
reproductive organ cells. EXAMPLE 9 Thré?aEElEdME/ﬁt 20813V 1997
(EGVL, 2 & 3) with honology to other pla MADS- box genes have been
cl oned and sequenced (FIGS. 10-13 and 16 Phyl ogenetic analysis 5 has

e P A S G T AT AR AGRRB S |0 oL

honol ogous to the - EcoRl

PCR fragments of Sall primers were digested with Sal restriction enzyme and
introduced into the V1 vector digested with Sall. The orientation of promoters was
5 checked using digestion with EcoRl enzyme. "

PCR fragments of EcoRI prirhers were digested with EcoRl restriction enzyme
and introduced into the V1 vector digested with EcoRI. The orientation of promoters
was checked using digestion with Sall enzyme. Maps of the resuiting plasmids are
shown in FIGS. 20 and 21.

10 These vectors were linearised with Hindlll enzyme and introduced into the
Bin19 binary vector digested with Hindlli. Colonies carrying modified Bin 19 vectors
were selected on plates with kanamycin and ampicillin antibiotics. As a next step
Bin19-V1-promoter and Bin19 V2-promoter vectors were transformed into severai

agrobacterium strains. Arabidopsis thaliana, Eucalyptus grandis and Pinus radiata
15 embryos and explants were co-transformed with Agrobacterium strains.

The Hindlll fragment from the plasmid pRT99GUS (Tépfer ef al. Nucleic Acids

Research (1988) 16 (17): 8725) was cloned into the Hindlll site of pBR 322. This

insertion resuited in two plasmids corresponding to the insert being cloned in both

orientations. The inserted region contains the Cauliflower Mosaic Virus (CaMV) 35S

20 RNA promoter, beta glucuronidase (GUS) gene, and CaMV 35S terminator region.

These plasmids were called pBrGUS1 and pBrGUS2 and provided the basis for the

lethal gene constructs. The orientation of the insertion event was checked with a

BamHI digestion: pBRGUS 2 results in BamHI fragments of 2.5kb and 4.4kb,
pBRGUS 1 in fragments of 6.1kb and 0.8kb.

25 The DNA enoodirig the Jaclq nuclear localisation signaf peptide was amplified

from the plasmid pGEM /ac/gNLS by PCR using the 5’ primer fac/ (this has an EcoR1

 site) and the 3’ primer D23 which has a Kpni site. The amplified DNA fragment was

restricted with EcoRl and Kpni and cloned into pBRGUS 2 cut with the same enzymes.

The resulting plasmid was called pBRLac. The pBRLac plasmid was then cut with

30 Sphl and run on an agarose gel to allow the purification of the plasmid fragment
containing

AMENDED SHEET
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GLOBOSA MADS- box gene group V\:hl ch are involved in devel oprrent of petals and
stamens. EGMB and EGML both fall in the AGL2 group of MADS”box yenes.: These,
genes are nost comonly expressed in thg? nner three whorls of the ¥l ower -
(petals, 10 stamens and carpets) but th function |n fl ower devel opnent
[ er.m ned er.n. of. e SSI on t hree

Eou sence hedeghgeMendhpicilin resistance gahdant Silinf SRatas pay Bopiths smdICe o

genes was gghl ﬁﬁéﬁ\@h?%l&h%ﬁt&lﬁﬁ@téﬁﬂéﬁon sﬂbbstﬁﬁﬁwe-r%h%@\ﬂolrm | The
expr essed |n the petals, stamens and the car pel of eucal ypt fl owers.

EGVB i s expesyliingplasmidiwas called pRREESEHN and in sepal s. EGVR is expressed
15 in petals and stanens. The EGM38 and EGW genes have been shown béh'
Sout her n anafl heisecomd siagedn the plasmid ﬁ:gn%tr@ﬁtmswaﬂmprﬁvaeatm for rlening o

gencs g S UELBATAT geny el Ey® nadlkiiin of the Redited ot s foq bHFRr,

from a eucplonmdterenthiscwhs amplifiedT ronE@E plasmid p35S-op-Barstar EcoRI- which
contained the promoter/gene sequence which had been modified to remove the EcoR}
site between the promoter and coding sequence. This modification was accomplished
by cutting the 35S-op-Barstar plasmid with EcoRl, carrying out a blunting reaction with
10 T4 DNA polymerase, and then religating the blunted plasmid. The PCR was carried
out using the 5’ primer pQE-F and the 3’ primer Bar-3'. The PCR fragment was cut
with Xhol and Kpnl. This was cloned into the 35S-op-Barstar EcoRI- plasmid also cut
with Xhol and Kpnl, and from which the unwanted gene had been purified away by gel
electrophoresis. This enabled the removal of restriction sites at the three prime end
15 of the Barstar coding region. This plasmid was called p35S-op-Barstar EcoRi-2.

The Barstar gene was then cut out of the p35S-op-Barstar EcoRI-2 plasmid with

Xhot and Safl and cloned into pBRLac BH- cut with Sall. The Barstar gene could go

into the Sall site in either orientation but only one orientation was found. The

orientation of the insert was ascertained by a Kpnl digest. Only a 1kb band was seen

20 which was indicative of the orientation of the insert seen in plasmid pBRLac Op
Barstar 1. The resulting plasmid was called V2.

The plasmid was then ready for the cloning of, in this case, a flower specific
promoter, into the unique EcoRlI cloning site 5§ prime of the /aciq gene. The EGM3
promoter from the Eucalyptus MADS gene EGM3 was used for this purpose. This was

25 cut from plasmid pEGM3 with EcoRl. This promoter was cloned in both orientations,
and the resulting plasmids were called V2 EGM3 sense and V2 EGM3 antisense. The
plasmid V2 EGMS3 sense was used as a source of the EGM3 regulated /aclq and
CaMVop Barstar genes for the plant transformation vector. The orientation of the
EGM3 promoter was determined by an Xbal Pst? digest. The presence of2.3and 0.9

30 kb bands was indicative of the correct orientation.

AMENDED
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promot er has -been engineered into I ethal gene constructs. 20 Northern blots
were performed on a range of tissues in order to detREGIDE/ERe & i0sEQY 1997
specificity of expression of the three EGVM MADS- box genes. Tissue used for
i sol ation of RNA fromroots, seedli n@é stens shoots | eaves and mature

fl owers was obtai ned from Eucal yptus, grandis plants. Tissue for
i sol ati on of RNHG seeend epastrugtlieeontainingcthedprametetess Rarease gene, was

Somens . iRt Mng DAY 2 % b RAAAG i B Bamalbliute Rt iR

Thi s species was us ause 1t produ ery lar

TP sty wt e e
{Pseues arBPII8Ss 3 e Kpra Ehe e ling PER pRGUS wes Estyrisrovitn Rl e S
gones ity i WAEBTLS tarld & Rion reabtioh beBifedy TRE Bisinids o iy B8URRY
renove t hecolgxibss iwere used as templates for sequencing using the amplification primers.
Plasmid SB4 was found to contain a Barnase fragment of the same sequence as the

B. amyloliquefaciens Barnase gene and this called pBRBarnase and used for further

constructions.

10 Previous work using Barnase as a lethal gene in plants had shown that the anti-
toxin gene for Barstar was required to be present and expressed from the same
plasmid as the Barnase before a promoter region could be cloned 5 prime of the
Barnase gene (Paul et al. 1992 Plant Molecular Biology 19: 611-622). This was
achieved by using a plasmid that contained the Barstar gene and promoter from B.

15 amyloliquefaciens in cis with the Barnase sequence. To this end the promoter plus
Barstar DNA region was amplified from the B. amyloliquefaciens genomic DNA using
primers 5 prime Barstar promoter and Bar 3 prime. The PCR fragment was restricted
with Kpnl as was pGEM 3f and a ligation reaction performed. The resuiting white
colonies were screened for inserts. The DNA from colony 7 was used for segencing

20 and found to contain the Barstar promoter plus Barstar sequence as in the genomic
B. amyloliguefaciens DNA. This plasmid was called 7 prom Barstar, as shown in
Figure 20.

The 7 prom Barstar plasmid was resticted with Kpnl as was pBR Bamnase and

the promoter Barnase fragment was cloned into the Kpnl site of the PBR Barnase

25 DNA. This resulted in a plasmid known as V1. The EGM3 promoter was cut out of

pEGM3 using EcoRl, blunted using DNA polymerase | (Klenow fragment) and cloned

into the unique Sall cloning site of the V1 DNA which had also been restricted and

biunted. The resuiting plasmid with the promoter inserted in the correct orientation
was called EGM3 VI sense (FIG. 26).

30 The EM3 V1 sense DNA was linearised with Hindill and cloned into the plant
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31 The northern blots indicated that all r
expressed at a high | evel in eucal ypt flowers. V%BE‘Q@I’EE& %m@ ?957
exposed to filmfor |ong periods, weak expression of the EGW and EGWL

genes was detected in vegetative tissue.sthe EGVB gene was specifically

expressed tirgnsfflvr%gft}ont s}esc?éjresin ¥¥ %Eicrﬁntegr?s ! with Hindtllp. e‘l’h'%sgr\é%ulted in two plasmids,
EGM3 V1 Bin 1 and 2, corresponding to the two orientations of insertion. in orientation

2, the two EcoRI site present in EGM3 V1 Bin are approximately 80 bp appart. The
EGM3 V1 Bin 2 was cut with EcoRl and blunted using DNA polymerase | (Kienow
5 fragment). The EGM3 promoter Iéclq gene, and the CaMV 35S op Barstar genes
were cut out of EGM3 V2 sense using Aatlt and Hindill. This fragment was aiso
blunted and ligated into the EcoRI cut and blunted EGM3 V1 Bin 2 to create the
plasmids EGM3 Doubile Bin | and Hl (FIG. 25}, again corresponding to the two possible
orientations. These plasmids were used for transformation of plants via A.

10 Tumefaciens.
The procedure was then repeated with further Eucalyptus MADS promoters.
These were EGM2 long and short, and a shorter version of EGM3.

Primers.
Barnase 5 prime Sal

15 5’ CCGTCGACATGGCACAGGTTATCAA 3
Safl

Barnase 3 prime Kpn

5 CGGGTACCTTATCTGATTTTTGTAAAGG 3
Kpnl

20 Five prime Barstar promoter
5 CGGGTACCGTCCAATCTGCAGCCGTCCGA &

Kpnt
Bar 3
5 GCGGTACCTTAAGAAAGTATGATGGTG 3
25 Kpnl '
D23
5 CGGGTACCTATCTCCTATTTCCCCCACG ¥
Kpni '
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5 gene was observed to be expressed in stanmens andpetals. The EG\B geng is.
expressed in receptacles, petals, stanens, carpels and styles:t < - Exanpl @

10 The first part (conponent of the cascade contains the
reporter GUS gene under control of fl«ral nmeristemidentity gene

pr onot er (ig. EAFY from Arabi dopsis 10 thaliana) with | ac-operator

( LEAFY- op)P e second construct (conponent 2) contains the repressor

up- 1 sg0t AR BOS TARAGEACERERERCT 1 The shfeners, di chiorm d and R

29148. The Arabi dopsis plants were co-transformed wth two conponents.

lacl

5 GCGAATTCAACATGGAACCAGTAACGTTATA S
5 EcoR}

EXAMPLE 7

Isolation of reproductive organ-specific promoters

Five cone-specific genes displaying strong homology to Arabidopsis thaliana and
Anthirrhinum maius floral meristem and organ identity genes were isolated from
10 P. radiata cDNA library prepared from immature female and male cones. Three of
them, PrMADS1, 2 and 3, belong to the family of MADS-box genes showing homology
to Arabidopsis AGL-2, AGL-4 and AGL-6 genes and dalff gene from another non-
angioSperm, Picea abies (Norway spruce), respectively. The PrFL1 gene is the pine
ortholog of Arabidopsis Leafy (Lfy) and Floricaula (Flo ) gene from Anthirrhinum. The
18 PrCon1 shows strong homoldgy to Arabidopsis CONSTANS (co) gene. To elucidate
the function of these genes we took the approach of characterising their expression
pattern in male and female cones during different stages of cone development.

A significantly lower level of expression was detected in vegetative tissues:
vegetative buds, needles, stem and roots. /n situ hybridisation showed that expression
20 of these genes is detectable only in reproductive tissue cells.

Expression anaiysis revealed that all five genes show different patterns of

expression in different stages of development of male and female cones (FIGS. 8 and

8). PrMADS1, 2 and 3 genes are cone-specific: expression of both genes was

restricted to reproductive organ primordium tissues. No detectabie expression of

25 these genes was observed in vegetative tissues: vegetative buds, needies, stems,

roots. For PrFL1 and PrCon1 low detectable expression was observed in vegetative
buds.

In reproductive organs low level of expression of both genes was detected at early
stages of cone development (5§ mg cones) which was increased during cone
30 development (50 mg cones). In male cones expression of both genes was restricted

AMENDED
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An alternative strategy is for two transgenic Arabi dopsis Ilrﬂeé' carrying 15
conponents 1 and 2 separately to be crossed. Express@ﬁ(jfgrwggogpgr@@y 1@37
al one produces blue flowers after st f“ ng with X-gal.
Chem cal | y-i nduci bl e i nducti on of ?res& on from conponent two, in
pl ants expre55| n c onent, one, eli m nated the e coI our seen in

flowers thHamm IWRSRNtaining PrimalySparogenous g9 T‘ malesgnes expregaion; r st
conmponent SRk rtePr?a ene under control of
floral rrer?it%det‘rqn Fggﬁﬁﬁ}’?egeneﬁpirz’;mt er (1e. LEAFY from Arabi doosis

thaliana) wth 1o chék‘écfé?i%b‘MRDS pTB@tmNACﬂﬁHﬂQ%Péteﬁﬁ% PidSweetXpFéydeds s or
| acl g gene under control mal ze GSI-27gene pronoter. Arabi dOpSI S

pl ant s werkotbproteinsdn E@uaml charamnsad their DNA-binding properties. PrMADS1,2,3
5 proteins are sequence-specific DNA-binding proteins. Their DNA-binding consensus
sequence is similar to that of the AGAMOUS protein. All three proteins bind a DNA
sequence matching the consensus sequence of CArG box
TTATCCATY{AR)(TIAINNGG(-G){A/T), (oligo A) for PrMADS1 and PrMADS2)
(FiG. 31). Mutation of these consensus sequences {oligo B) significantly decreases
10 their binding of PrMADS 1,2 or 3 proteins. Competition with non-radioactive oligos did
not decrease binding of any of the proteins to the CArG consensus. This indicates

that we are dealing with specific DNA-protein interactions.

Upstream sequences were isolated using a ‘Promoter finder’ strategy (FIG. 29).

A special adaptor was ligated to the ends of DNA fragments generated by digestion

15 of genomic DNA from P._radiata with EcoRV, Scal, Dral, Pvull and Sspi separately.

The enzymes used were selected because they have six-base recognition sites and

generate blunt ends. Following adaptor ligation, these DNA fragments were used as

a template for PCR using first adaptor primers AP1, AP2 and gene-specific primers
GSP-1,2.

20 The sequences of adaptor (first sequence), adaptor-primers and polymerase
biocking primer shown below. It is noted that adaptor primer AP1 corresponds to
bases 1 to 22 of 22 of the adaptor, adaptor primer AP2 corresponds o bases 13 to 31,
and the polymerase block corresponds to bases 41 to 48.

Adaptor:
25 5GTAATACGACTCACTATAGGGCACGCGTGGTCGACGGCCCGGG-CTGGT-3’
Polymerase block:
AP1 *-NH,-CCCGACCA-P0,-5'
AP2
r primer 1 1) ~GTAATACGACTCACTATAGGGC-3’
AMENDED SHEET
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conponents. In non induced plants expression of onIy corrponent ogegproduc‘és
25 sterile Arabidopsis plants. Induction of expression, f.rom.conponent two,

in plants expr essi ng conmponent one, iﬁopped expr essi omn 'If!reomLEAPY”o'pS o
pronot er and restored the fertility ¥ initially sterile Arabidopsis '
pl ants. 32

PrMADS2: 5 CGCCTTTTTCAGCAGACCATTCCGGC 3’
PRMADS3: &' CAGCAGTCCGTTTCCGGCGCTTCG 3
PrFL1: 5 CGTCCATGGTCCTTGTTAAAGACAGTTGTTGTTGG 3

The 1-2 kb PCR fragments were cloned into the TA-type cloning vector and
5 sequenced. Sequences of cDNAs, proteins and promoter regions for PrMADS2,
PrMADSS3 and PrfFL.1 are shown in FIGS 30, 33 & 36.

EXAMPLE 8
introduction of the chimaeric DNA sequences into the plants

. Chimaeric DNA sequences were co-transferred into the plant tissue using the

10 A. tumefaciens system. Transformants were retained by growing on selective medium.

Presence of two plasmids was proved using standard molecular biology techniques

(Southern, northern hybridizationé, PCR). Plasmid A has Barmase gene and plasmid

B has Barstar gene under control of plant promoters. This creates an additional
selection for co-transformation.

15 The vector system designed involves a cascade of genes expressing under the
positive control of the reproductive organ-specific promoters and negative control of
the E. coli lactose (lac) repressor-operator system. During the non-flowering period,
in the absence of the repressor protein, the operator sequence will permit constitutive
expression of the Barstar gene or antisense RNA in all organs. Because of possible

20 leakage of the reproductive organ-specific promoter, low level of the lethal gene
product will exist in different plant organs and cells.

Accumulation of the Barstar protein in cytoplasm or antisense RNA in nuclei of

these cells will block the cytotoxic effect of the lethal gene product. At the early stages

.of flowering, expression of the B (or other RNases) and /ac/q genes in the appropriate

25 cells of the reproductive drgan will dramatically increase. Accumulation of the laclq
protein in the nucleus of these reproductive organ celis will block expression of the
Barstar gene (or antisense RNA) via the lac repressor-operator interaction which will
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Exanpl e 12 A nunber of abbreviations are used i t’hé follow'ng”
text. These are in common use in the field of pl RECHIKEED QuUDtNID®. 1397
BA: benzyl adeni ne al so known as 6- benzybﬁm' nopuri ne. 5 | BA

i ndol e- 3-butyric acid. NAA: 1-naphtfal eneacetic acid

increase the level of lethal gene products in the target reproductive organ cells.
- EXAMPLE 9

Three Eucalypt genes (EGM1, 2 & 3) with homology to other plant MADS-box

genes have been cloned and sequenced (FIGS. 10-13 and 16). Phylogenetic analysis

5 has been performed to examine the relatedness of the et.;calypt genes to other MADS-
box genes (FIG. 17). This revealed that EGM2 is likely to be homologous to the
GLOBOSA MADS-box gene group which are involved in development of petals and
stamens. EGM3 and EGM1 both fall in the AGL2 group of MADS-box genes. These
genes are most commonly expressed in the inner three whorls of the flower (petals,

10 stamens and carpels) but their function in flower development is yet to be determined.

The pattern of expression of all three EGM genes has been characterised

(FIGS. 14 and 15). Expression of these genes was not detected in any vegetative

tissue. The EGM1 gene is expressed in the petals, stamens and the carpel of eucalypt

flowers. EGM3 is expressed in the floral meristem and in sepals. EGM2 is expressed

15 in petals and stamens. The EGM3 and EGM2 genes have been shown by Southern
analysis (FIG. 18} to be single genes. EGM#1 is also likely to be a single gene.

The promoter regions of all three of these genes may be used in sterility gene
constructs and have been isolated from a eucalypt genomic library. The EGM3
promoter has been engineered into iethal gene constructs.

20 Northern blots were performed on a range of tissues in order to determine the tissue
specificity of expression of the three EGM MADS-box genes. Tissue used for isolation
of RNA from roots, seedlings stems shoots leaves and mature flowers was obtained
from Eucalyptus grandis plants. Tissue for isolation of RNA from floral tissues
including receptacles, petals, stamens, carpels, and styles was collected from E.

25 globulus flowers. This species was used because it produces very large ﬂoweré,
making collection of sufficient amounts of RNA much easier. Ten micrograms of total
RNA was used in the biots which included the different floral tissues and 20
micrograms was used in blots of E. grandis RNA which included the vegetative tissue.
Blots were probed with the three EGM genes which had been digested with

30 appropriate restriction enzymes to remove the MADS-box.
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TDZ: thidiazuron also known as 1-phenyl-3-[1, 2, 3-thi adi azol -5-yl] urea.

The following is a detailed description of the preferrRECEIQBDf & § NOY 1997
produci ng transgenic Eucal yptus frorg,shoot and seedling expl ant

material . 10 Shoot expl ants 1. bcul ture shoots nonthly on solid
{000 Lo " MRS HER e oM fbhed 0 Sbodir G
level in eucalypt flowers. When northerns were exposed to film for long periods, weak
expression of the EGM2 and EGM1 genes was detected in vegetative tissue. The
EGM3 gene was specifically expressed in floral tissue. Within the flower, the EGM2
5 gene was observed fo be expressed in stamens and.petals. The EGM3 gene is
expressed in receptacles, petals, stamens, carpeis and styles.

Example 10

The first part (component 1) of the cascade contains the reporter GUS gene

under control of floral meristem identity gene promoter (ie. LEAFY from_Arabidopsis

10 thaliana) with lac-operator (LEAFY-op). The second construct (component 2) contains

the repressor /aclq gene under control of maize GST-27 gene promoter. This

promoter is up-regulated by treatment of plants with the safeners, dichlormid and R-
29148. The Arabidopsis plants were co-transformed with two components.

An alternative strategy is for two transgenic Arabidopsis lines carrying

15 components 1 and 2 separately to be crossed. Expression from component 1 alone

produces blue flowers after staining with X-gal. Chemically-inducible induction of

expression from component two, in plants expressing component one, eliminated the
biue colour seen in flowers that were not chemically induced.

Example 11

20 The first component of the cascade contains the Barmase gene under control
of floral meristem identity gene promoter {ie. LEAFY from Arabidopsis thaliana) with
lac-operator. The second component contains the repressor /ac/q gene under controf
of maize GS7-27 gene promoter. Arabidopsis plants were co-transformed with the two
components. In non induced plants expression of only component one produces

25 sterile Arabidopsis plants. Induction of expression from component two, in plants
expressing component one, stopped expression from LEAFY-op promoter and
restored the fertility in initially sterile Arabidopsis plants.
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2. Use whol e shoots 3-4 weeks after subcul ture. 3. E&gw@ Io&er &5 e
| eaving the top 4-6 |l eaves. 15 4. Wund | eaves 5 to 6 tR £l &£ fe el397

(e.g. 25G and place whol e shoots in an Agr obact eri um suspensi on
(approximately 1x10[err] cfu m[err]) coTfftaining 10-100nMV acet osyri ngone
for 10 mn S hours. An Agrobacterium suspension with an opti cal

tes to
density ofgf“ﬂ“%!?“ nmdiluted 1/20 is approximately 1X10[err] cfu niferr].
Best resul ts,whe nd near. base of |eaf. ternatively, instead of
Peavi ng t he vouPuirbst o ARV iaRS Ao dhest ithe ol Bt e avg i S3meton
the shoot sygéih e ficdd BF Plant tissueéditréat ed with the Agrobactrium for 10-30

m ns at 40-100 Kpa. The shoots do not need to be wounded for the vacuum
infiltration procedure. However, callus formation

BA: benzyladenine also known as e-benzylaminopurine;
5 1BA: indole-3-butyric acid.
NAA: 1-naphthaleneacetic acid

TDZ. thidiazuron also known as 1-phenyl-3-{1,2,3-thiadiazol-5-yl] urea.

The following is a detailed description of the preferred steps for producing transgenic
Eucalyptus from shoot and seedling explant material.

10 Shoot expl

1. Subcutture shoots monthly on solid KG medium containing 0.2mM BA. Keep in low
light (16 hour photoperiod, 100-350 Lux or 1-8 mmolm?s® PAR) and 22.5°C.

2. Use whole shoots 3-4 weeks after subculture.
3. Remove lower leaves leaving the top 4-6 leaves.

18 4. Wound leaves 5 to 6 times with a needle (e.g. 25G) and place whole shoots in an
Agrobacterium suspension (approximately 1x10° cfu mi') containing 10-100mM
acetosyringone for 10 minutes to 2 hours. An  Agrobacterium suspension with an
optical density of 1.0 at 600nm diluted 1/20 is approximately 1X10° cfu mL. Best
results when wound near base of leaf. Alternatively, instead of leaving the wounded

20 shoots in an Agrobagcterium suspension for 1 hour, the shoots can be vacuum-
infiltrated with the Agrobacterium for 10-30 mins at 40-100 Kpa. The shoots do not
need to be wounded for the vacuum infiltration procedure. However, callus formation
is greater when wounding is effected with a needle rather than by vacuum-infiltration.

5. Blot shoots between sterile fitter papers and insert shoots vertically into KG medium
25 containing 0.2mM BA. Co-culture for 2 days in the dark.

6. Transfer shoots (still upright) to KG medium containing 0.2mM BA and 200 mgL™
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I's greater when wounding is effected with a needle rather than by

vacuuminfiltration. 5. Blot shoots between steriie’fil/ta} papers/ anty
i nsert shoots vertically into KG nedi um%ﬁ containing 0.2mM BA. Co-cul ture
for 2 days in the dark. 6. Transfer oots (still upright) to KG nedium

cont ai ni ngw_gﬁmﬂg£ 200 nglL[err]

1. Disinfest seeds and germinate on KG containing 0.2 mM BA.

2. Using 10-12 day old seedlings, remove roots and place them in an overnight-grown
Agrobacterium suspension (approximately 1x10® cfu mi") containing 50mM
5 acetosyringone. An Agrobacterium suspension with an optical density of 1.0 at 600nm
diluted 1/20 is approximately 1X10° cfu mL"'. Wound the cotyledons and hypocotyl by
gently stabbing with a 30 gauge syringe needle under a dissecting microscope.
Incubate for 1 hour then remove the seedlings from the suspension and biot them
between sterile filter papers to remove excess liquid. Instead of leaving the wounded
10 cotyledons in an Agrobacterium suspension for 1 hour, the cotyledons can be vacuum-
infiltrated with the Agrobacterium for 20 mins at 95 KPa (28mm Hg). The cotyledons
do not need fo be wounded for the vacuum infiltration procedure. However, the
hypocotyls require wounding even when using vacuum infiltration.

3. Co-cultivate on KG medium (containing 0.2 mM BA) for 2 days in the dark making
15 sure that the seedlings are standing upright in the medium.

4. Transfer the seedlings (still upright) to KG medium (containing 0.2mM BA) and
containing 200 mgL™* cefotaxime. Continue incubation in low fight (16 hour photoperiod,
100-350 Lux or 1-8 mmoim?s™ PAR) for 5 days.

5. Excise the hypocotyls and cotyledons. Transfer the hypocotyis to callus induction

20 medium G22 containing 0.5mM BA, 1.0mM NAA, 1.0mM TDZ, 200 mgL"' cefotaxime
and 10 mgL! geneticin. Transfer the cotyledons to G22 medium containing 1.0mM BA,
1.0mM NAA, 0.3mM TDZ, 200 mgL cefotaxime and 10 mgL™ geneticin. Continue
incubation in the dark for 2 weeks.

6. Transfer explants to the same medium containing 15 mg.L" geneticin and 200 mg.L-
25 ' cefotaxime. Continue dark incubation. Subculture every two weeks until about 6
weeks have elapsed,

7. After 6 weeks, transfer to shoot induction medium GBA (i.e. G22 containing 5mM

BA and 0.5mM NAA) containing 15 mgL" geneticin. Leave the cultures in the dark for

5-7 days then transfer them to the light (16 hour photoperiod, 100-350 Lux or 1-8
30 mmolm?s™
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cefotaxine. Keep in low light for 5 days 316 hour pr&’{:%érvi%ﬁ,zl%gﬁ%%dgﬁhx
or 1-8 mmolnferr]s[err] PAR). ? Exci se 4-6 upper |eaves and

pl ace thempﬁgfxi al face up, on solid cal I us i nduction medi um Q22
cont ai ni ng "BA, 25mMM NM 200 ngL[err] cefotaxine and 5-10 nyglL[err]

8. After about 10 weeks on the GBA with 15 mglL™' geneticin and 200 mgL™
cefotaxime, a number of explants will have produced shoots. These shoots are
excised and transferred to KG medium (containing 0.2mM BA) with 30 mgL™ geneticin

5 and 200 mgL"' cefotaxime. Meanwhile, the callus that has aiso formed on the original
explants is subcultured back to GBA with 15 mgL geneticin and 200 mgL™ cefotaxime
and left for a further month, by which time more shoots may develop which can then
be transferred to KG medium (containing 0.2mM BA) with 30 mgL* geneticin and 200
mgL™ cefotaxime.

10 9. All shoots and callus are now transferred to fresh KG medium {containing 0.2mM
BA) with 30 mgL™! geneticin and 200 mgL"! cefotaxime for another month or so.

10. After 4-6 weeks on this medium place regenerated shoots in liquid KG medium
containing 0.01 mM BA, 50 mgL™* cefotaxime and 5 mgL geneticin for 2 weeks then
transfer o medium with higher geneticin (10 mgL™) for 2-4 weeks.

15 11. Transfer surviving shoots and callus to solid medium (KG containing 200 mgL*
cefotaxime and 10 mgL ! geneticin but with no hormones) and higher light intensity (16
hour photoperiod, 450 Lux or 10 mmolm?s™ PAR). Subculture every 2 weeks.

12. Assay putative transformed shoots for marker gene(s) activity.

13. Regenerate plants from the confirmed positive shoot material. Induce rooting by

20 transferring shoots onto KG containing 10 mgL™ geneticin but with no hormones.
However, if there is no rooting after three weeks then move to the same medium
containing IBA 0.2 mgL™ (9.8 mM).

Seedlings of 12 days old or younger are best for transformation but seedlings
up to 20 days old can be used for regeneration.

25 Shoot regeneration frequencies for non-transformed cotyledon and hypocotyl
explants without selection are approximately 80%.

Experience has shown that removal of cefotaxime from the medium, even after
3 months, will result in rapid overgrowth by Agrobacterium. The concentration of
cefotaxime varies between liquid and solid media.

30 Shoot material grew faster in liquid medium _and formed more shoots when
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5 geneticin. Incubate for 2 weeks in the dark. PG Tr%n—gféroegpga%t§to

&2 nmedi um contai ni ng 2mM BA, 2. 5mM NAA, 1. 0mM TDZ, ngx_.y ngL[erﬂ
cefotaxime and 15 ny. L[err] geneticin. gculture every’ 2 'Weeks i hthe
dark. Brown phenol i ¢ conpounds are g oduced when incubated in the

i ght. Kk f I sh di
Gon (i . €TPe 50 AoUTS 6rowh i 0l PeOia TR, Tl seletting 188 1A pos
cef ot axi e a@9én eaqif[xeaui:m FARG! 6¢§itwes by méaﬁng %ei&'tlbnf&ésé.xr@ ?@diﬁ::ﬁd“e“

move into light (16 hour phot operiod, 10

nmol n{ err] swﬁuq M@a_tmma neraasmgythg amm; of shoot tmuemrmared tosoligbk s
on GBA mﬁtggﬁﬁg rr] cefotaxine and 15 ng[err] geneticin transfer
olffme 1,

pi eces of buds and callus forned on the original explants to
GBA with 200 15 re
every 2 Wooks. _ The-tegBhblatcd 18G@H findienic Bigfis ot thef itled ¢ 2 SiE Bdsed
shoots in megium dqd grbwmmo trees of a size and form suitable for planting. Clones can be
" micropropagated by tissue culture propagation techniques and grown into trees of a
size and form suitable for planting.

The media used in this study were G22, GBA and KG as described by Laine
10 and David (1994). However, various basal media, including MS, B5 and P24, have
been tested and found to 'support shoot regeneration. The plant growth regulator
regimes were generally different from those of Laine and David (1994), which were in
the combination of 1-3 mM BA, 0.05-2 mM TDZ and 0.5-2.5 mM NAA for calius
induction from leaves; 1-3 mM BA, 0.05-1 mM TDZ and 0.5-2.5 mM NAA for
15 cotyledons; and 1-3 mM BA, 0.05-2 mM TDZ and 0.5-2.5 mM NAA for hypocotyls. The
differentiation medium was generally a GBA medium, which was a G22 but
supplemented with 2.5 - 5 mM BA and 0.5 mM NAA (Laine and David, 1994). A KG
medium containing 0.2 mM BA is generally used as subculture medium for clone
materials. All media were solidified with 0.25% Gelrite or Phytagel. pH was adjusted

20 to 5.7 - 5.8 using potassium hydroxide before autoclaving for 15 minutes at 121°C.

A preferred method for the preparation of Agrobacterium inoculum is desc;ribed
below.

1. Streak out the Agrobacterium strain containing the construct onto plates with
selection, eg YEP + rifampicin (50 mg/L) + kanamycin (100 mg/L) for LBA4404,
25 EHA105 and AGL1 containing the pBin GUSINT construct.

2. Incubate plate at 280°C for 2 days.

3. Pick a single colony into YEP broth with selection and grow on shaker ovemight at
280°C,

4. Use the overnight culture to inoculate (1% inoculum) fresh medium with selection
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contai ning 0.01 nM BA, 50 ngL[err] cefotaxinme and 5“r’rﬁL["er’r]f gjer:retr'-i ci b for

2 weeks then transfer to mediumwi th higher geRECEIY DOZnYL[E! ri}7
for 2-4 weeks. The liquid cultures ?e shaken at 100-120 rpmwith 8 m
of liquidina 70 m container. 20 12. ansfer surviving shoots and

oL} o el AR el o S e
hour phot orehsietentdrastuluns for plaht ramdfoirmatidre[ err] PAR). -Subcul ture every 2
weeks. 13. Assay putative transfornmed shoots for nmarker gene(s)

activity. 5, Hanldst Agpgioaaenim, wastnand fesuspene irctissueromtdreo@ediuny. Dikie & an

material. |Induce rooting by, 25 transferring shoots onto KG containing 10
ngL[err] g@pBIoRfiate sonceptrationsendy fertensformationowever, if there is no
rooting eks thendggve to the sane

fter three di um cqnt ai ni ng | BA
0.2 myL[ & 6 Steeas quyihe resuspended Ageabacterium an t9dacioss yeaslauedium platedad
between 1 g td'piatd'st 360> for 2 days. Do a Benedict's test (Bernaerts and Deley, 1963)
on the colonies to confirm they are Agrobacterium.

This strategy will give good thick cultures of Agrobacterium on the day of
transformation. A cuiture grown overnight which was inoculated from a plate or
10 glycerol stock will give variable restits.

An AGL1 culture grown as described above and diiute_d to an optical density
{600nm} of 0.98 had a viable count of 2.37 x 10° cfu/ml.

it will of course be realised that while the above has been given by way of

ilustrative example of this invention, all such and other modifications and variations

15 thereto as would be apparent to persons skilled in the art are deemed to fall within the
broad scope and ambit of this invention as claimed in the claims appended hereto.
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1. A method of regulating a eukaryotically active gene, comprising transforming
a cell with a construct constitutively expressing a modulator gene product regulating

LAl

the eukaryotically active gene or its product and a further gene product regulating said
modulator gene or its product, the promoter of said gene being developmental for a
target tissue and the promoter of said further gene being selected from inducible
promoters and developmental promoters for the same said tissue or complementary
tissues.

2. A method of regulating a eukaryotically active gene according to claim 1,
wherein said eukaryotically active gene is selected from a native gene to the organism
of interest or an introduced gene.

3. A method of regulating a eukaryotically active gene according to claim 2,
wherein said eukaryotically active gene codes for an expression product selected from
an active polypeptide, an enzyme or an enabling gene product for a synthetic pathway.

4. A method of regulating a eukaryotically active gene according to claim 3,
wherein said synthetic pathway is selected for production of pigments and dyes.

5. A method of regulating a eukaryotically active gene according to claim 4,
wherein said dye is such as anthocyanin.

6. A method of regulating a eukaryotically active gene according to claim 4,
wherein said synthetic pathway is selected for production of an insecticidal compound.

7. A method of regulating a eukaryotically active gene according to claim 6,
wherein said insecticidal compound is Bt toxin.

8. A method of regulating a eukaryotically active gene according to claim 3,
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1. Disinfest seeds and germ nate on KG containing O. (Zval gA / 09 q}g n9

10-12 day ol d seedlings, renove roots and place them Rri(bﬁlbzé}rﬂg}ﬁﬁjﬂgrmy
Agrobact eri um suspensi on (apprOX|nater §10[err] cfu m[err]) containing
50mM 5 acet osyrl ngone. An Agrobacteri um’Suspension with an optical density

Sours o SO Pl S R s b
syringe neqr&kae%e%pgrr Oo%%s%hf&nﬁg%%ﬁmres.stahéfah%@t:ts%uel hour then

remove the seedlings m t he suspensi on and bl ot bet ween sterile
filter papers to renbve excess |liquid. Instead of |eaving the wounded 10
cotyl edons in an Agrobacterium suspension for 1 hour, the cotyledons can be

vacuum g nfi A maétAgdVaft fagufatingos %kawuww aeaive'zeeﬂb rEecaldifg tkFilain? M

Hg) . The cotyl edons do not need to be wounded or he vacuum

i nfiltrati ovheretcsaid ribonugieasegene jscthat of Barnase from B gmylghgugfggg S.

10. A method of regulating a eukaryotically active gene according to claim 9,
whefein said gene is constructed including the coding region of Bamase from
B. amyloliquefaciens under the control of promoter sequences of genes expressed in
the male and female parts of plant reproductive organs at tﬁe early stages of
development.

11. A method of regulating a eukaryotically active gene according to any one of the
preceding claims, wherein said eukaryotically active gene is constructed with a
promoter selected from those promoting eucalypt genes designated EGM1, 3 & 2 in
Eucatl ndis.

12. A method of regulating a eukaryotically active gene according to any one of
claims 1 to 10, wherein said eukaryotically active gene is constructed with a promoter
selected from those'promoting pine genes designated PriMADS1, 2 and 3 in Pinus

13. A method of regulating a eukaryotically active gene according to any one of the
preceding claims, wherein said eukaryotically active gene, modulator gene and further
gene and their respective promoters may comprise a transformation cassette with
which the target organism may be transformed.

14. A method of regulating a eukaryotically active gene according to claim 13,
wherein said promoter for said eukaryotically active gene is tissue specific and is
inhibited by a constitutively-promoted inhibitor gene product, which in turn is controlied
by an inducibly-promoted further gene product.
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hypocotyl s requi re woundi ng even when using vacuum i nfi Itratlon . ‘3 -
Co-cultivate on KG nedium (containing 0.2 mM BA) for 2 days in the dark_
maki ng 15 sure that the seedlings are standing uprighi’Ensthe pedi um 5.
4. Transfer the seedlings (still uprigh to KG nedi um (containing 0.2nM

BA d t f ot bat
Pt (16 Your AT GauHInG RXpressint Gla SHkaryabeall| Sp0YP GRORcPoTDRRRS f or
5 days. tm:émrﬁiﬁg a%eamhaxmﬁrmaiioa%ass&é’wﬂ@@ng ala%%kafyo&aaaly actwe

hypocotyls to callus induction 20 nmedium &2 con ning O
NAA, 1. 0nigerez, a2omwduiatper gene csansifutively expnessing nngmdU]ct gmgsﬂatmgh the

Transferth euk%%éﬁc%ﬁk?ﬂéné r &? arorgfﬂi URd Ru‘fi\ep 'ggﬂe %x&[g&tﬁé a product regulating
said modulator gene or its product, the promoter of said gene being developmental for
a target tissue and the promoter of said further gene being selected from inducible
promoters and developmental promoters for the same said tissue or complementary
tissues.

16. A method of fransformation of a propagatabie eukaryotic cell with an expression
cassette including:

alethal gene expreésing a cytotoxic peptide in a target tissue under the control
of a promoter substantially specific to said target tissue;

an modulator gene constitutively expressing an inhibitor of the production or
action of said cytotoxic peptide, and

a further gene under the control of said substantially specific promoter and
functioning to block said inhibitor or modulator gene.

17. A method of regulating a eukaryotically active gene according to any one of the
preceding claims 1 to 14, wherein said eukaryotically active gene is selected from
Barnase and Barstar genes from an extract of B. amyloliquefaciens, isolated by PCR
by the primers designated P1 and P2 (for Barstar) and P3 and P4 (for Barnase) and

comprising:
P1 5' GCG AAT TCC GCA CAT GAA AAA AGC 3
EcoRl
P2 5' GCA AGC TTA AGA AAG TAT GAT GGT G3'
Hindill
P3 §' GCC CAT GGC ACA GGT TAT CAA CAC G3
Ncol
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1.0mM NAA, 0.3mM TDZ, 200 nglL[err] cefotaxinme and ngr‘;rgl._[%rZ]/goen%thgn.
Cont i nue I ncubation in the dark for 2 weeks. r I S

t he sane medi um containing 15 ny.L[err] ginet icin an?%%{iﬁ;ﬁ[z)ﬁﬁ'@fs ﬁéf
cefotaxi ne. Continue dark incubation. Subculture every two weeks until
about 6 week ave el a : f.er to shoot

I nducti on nediuﬁ?QBA (i.egﬁ@g¥3é§ﬁ%§¥ﬁﬁﬁéﬁéﬁﬁﬁﬁﬁ$ﬁirﬁt@ﬁgféﬁm|wmm :

contai ning 15 ngL[err] genetici ipnleave the cultures in the dark for 5-7
days then transfer themto the light (16 hour photoperiod, 100-350 Lux or
1-8 30 mmolnferr]s[err]

18. A method of regulating a eukaryotically active gene according to any one of the

preceding claims 1 to 14, wherein said eukaryotically active gene is a lethal gene
wherein the cytotoxic effect of the lethal gene expression product is increased by
coupling a localisation signal sequence to the construct. -

19. A method of regulating a eukaryotically active gene according to claim 18,
wherein said eukaryotically active gene codes for an RNase targeted into the nucleus
by fusion of a nuclear localisation signal (NLS) sequence {o the RNase gene.

20. A method of regulating a eukaryotically active gene according to claim 19,
wherein the gene is the Barnase gene and said fusion is by PCR, wherein a set of
PCR primers for fusing the NLS sequence from VirD2 gene of A. fumefaciens to the
B gene are used and comprising:

P3 5' GCC CAT GGC ACA GGT TAT CAACAC G3'
Ncol -

BD1 5 CCT TACAAAAAT CAGAGT CCTTTC AAAGCG TCC G3' .
3'end of Barnase 5' end of NLS of VirD2

BD2 5' CGG ACG CTT TGA AAG GAC TCT GAT TTT TGT AAA G3'
5'end of NLS of VirD2 3' end of Barnase

D23 5 CGG GTA CCT ATC TCC TAT TTC CCC CAG G3'
Kpni

21. Amethod of regulating a eukaryoticaily active gene according to any one of the
preceding claims 1 to 20, wherein said repressor gene and inhibitor gene are adapted
to form a specific repressor/operator couple.
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geneticin and 200 ngL[err] cef ot axi ne, a nunber of expl afdts'wi | [ -have.:~
produced shoots. These shoots are excjsed and transferred to KG medi um
(containing 0.2mvM BA) with 30 nglL[err] ggetlcm

22. A method of reguiating a eukaryotically active gene according to claim 21,
- wherein said repressor/operator couple comprises the E.coli faclq gene under control
of the same promoter as the eukaryotically active gene construct and used to repress
the action of the repressor gene promoter modified by insertion of a lac operator
sequence. .

23. A method of regulating a eukaryotically active gene according to claim 22,
wherein said repressor gene promoter is a modified 35S RNA CaMV promoter having
at least one lac operator between the promoter and coding region of the repressor.

24. A method of regulating a eukaryotically active gene according fo claim 23,
wherein said modified 36S-RNA-CaMV sequences are amplified by PCR using primers
designated 3581 and 3552 and comprising:

3581 5' GCC TCG AGC ATG GTG GAG CAC GAC AC3'
Xhol '

3582 5' GCG TCG ACT CTC CAAATG AAATGA AC3
Saft

25. A method of regulating a eukaryotically active gene according to claim 23,
wherein said modified 35S-RNA-CaMV sequences are amplified by PCR using primers
designated OP1 and 356S2 for the introduction of lac operators into both the 3'and §'
region of the modified 35S promoter:

OoP1 5'GCC TCGAGC TTT GTG AGC GGA TAA C3'
Xhol

3582 5 GCG TCG ACT CTC CAAATG AAA TGA AC3'
Sall

26. A method of regulating a eukaryotically active gene according to ciaim 22,
wherein said /aciq gene is isolated with enzyme cleavage sites for cioning into the
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5 and 200 nglL[err] cefotaxine. Meanwhile, the callus t t has aI so f ormed

on the original explants is subcultured back to GB va
geneticin and 200 nglL[err] cefotaxinme dleft for a further m)nt 1)%7
which tinme nore shoots rray devel op which n t-hen be transferred to KG

medi um (cont 2mM wlth 30 er.r eticip.and 2 L
cef ot axi me. Pi@ QVW%'EI PSE‘H "T%gggﬁq‘gbrﬁg@/‘ ya?{lcp% c%gh? Bsgg 4&&
medi um (co é’él@f’\é’(ﬁdmr’{“éndAl\d?’Z\) with 30 ngL[err] geneticin and 200
ngL[err] cefotaxime for another nonth or so. 10. After 4-6 weeks on

this medi um pl ace regenerated shoots in liquid KG nedi um cont ai ni ng
0.01 nM BA, 50 ngL[err] cefotaxine and 5 ngL[err] geneticin for 2 weeks

then trappar tQ‘GmmCWTQGgAE@@AGJTAA@GMTA@]) for 2-4

weeks. Xba |

AM2 5GCGGTACCTCACTGCCCGCTTTC3
Kpnt

27. A method of regulating a eukaryotically active gene according to claim 26,

wherein the 3' end of the faclq gene is fused to the NLS sequence by a set of PCR
primers:

AM 1 5'GCT CTA GAC CAT GGAACC AGT AACGTTATA 3

Xba |
LD1 5 CTG GAAAGC GGG CAG GTC CTT TCAAAG CGT CCG 3

3'end of Jlaclq 5'end of NLS in VirD2 gene

iD2 5 CGGACGCITTGAAAGGACCTGCCCGCTTTC CAG 3
5'end of NLS in VirD2 3' end of /aclq

D23 5 CGGGTACCT ATC TCC TAT TTC CCC CAG G3'
Kpni

28. Aftransformation cassette comprising a eukaryotically active gene, a modulator
gene constitutively expressing a product regulating the eukaryotic gene or its product,
and a further gene expressing a product regulating said modulator gene or its product,
the promoter of said gene being developmental for a target tissue and the promoter
of said further gene being selected from inducible promoters and deveiopmental
promoters for the same said tissue or complementary tissues.

29. An expression cassette including:

a gene expressing a peptide cytotoxic to a target tissue under the control of an
inducible promoter substantiaily specific to said target tissue;

an inhibitor gene constitutively expressing an inhibitor of the production or

AMENDED SHE®?
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. N o e B AN
15 11. Transfer surviving shoots and callus to solid ne$|ﬂn(1«£contaln|ng
200 nyglL[err] cefotaxinme and 10 nglL[err] geneticin butl_v,\.iit.t}.no,-hor_r:mne_s_)_?

and higher light intensity (16 hour pRgt operiod, 450 Lux or''i@ ' .. I

mol nferr] 2s[err] PAR). Subculture every weeks. 12. Assay putative
transfornmed shoois for r.ker ne(s) activity. 13. Regenerate plants
fromthe c@ﬁﬁ?'? ﬁa‘ﬂ(ﬁdqqg%@ p§ﬁg§? éﬂf‘{ erial. Induce rooting by 20

hormones, "9 S epessof gote GRer e dhtiob of S Hiddsitlé Rrormelel and upsioniR .
to the sang, pRek\$did inhititoR bRinhibitrigéfel- 2 noL[err] (9.8 mV).

Seedl ings of 12 days old or younger are best for transformation but
seedl i ngs up to 20 days old can be used for regeneration.
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hypocot yl

Experi ence has shown that renoval of cefgtaxime fromt

: M'Ag §0t7yllecg)rpag15 9

25 Shoot regeneration frequencies for non- t r ansf or me

explants without selection are approxinatﬁ%gG§§@6

3 nonths, will result in rapid overgrowh by Agrobacterium The
concentration of cef ot axi ne vari %m nliquid and solid nedia.
Shoot material grew faster in liquid i nd forned nore shoots when

There is provided a method of regulating a eukaryotically active gene, comprising
transforming a cell with a transformation cassette expressing a modulator gene
product regulating the eukaryotically gene or its product and a further gene product
regulating said modulator gene or its product, the promoters of two of said gene,
moduiator gene and further genes being selected from inducible promoters and
developmental promoters for the same or complementary fissues. The lethal gene
expressing Barnase, a ribonuciease of B. amyloliquefaciens, is placed under the
control of a tissue specific promoter, such as those derived from PrMADS 1, 2 or 3 of
Pinus radiata or EGM1, 2 or 3 of Eucalyptus grandis. The same tissue specific
promoter is used to express /aclqg gene, a repressor for Barnase (Barstar) being
promoted by a modified 35s RNA CaMV promoter including the lac operon. The
cassette is used to transform plant cells for regeneration into plants expressing the
Barnase in the target tissues with improved specificity and reduced promoter leakage.
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36 conpared to shoots grown on solid nedium Thpiqsrl?qgiz éepegtpoa gep

has the advant ages of reducing false positives by increasi.ng .selection,
pressure, reducing resi dual Agrobacterium and i ncreéasifg t-he ‘amount of:<
shoot tissue conpared to solid grown cul tures. 5 The regenerated
rooted transgenic plants are then noved to a soil based medi um and gr own

into trees of a size and formsuitable f?[37pl anting. C ones can be

P3
_.'_>
C ] : Barnase
BD1
BD2
————»
NLS
-
D23
ol
P3
—>
[ I Bamase
C NLS
<
D23
- — I Barmase - NLS
Bamase NLS
Figure 1
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T 37 /OG0
m cropropagated by tissue culture propagation techni ques and own |nto '
trees of a size and formsuitable for planting. RECEW%’B\eZFﬁE(ﬂEﬂéI 1997
used in this study were &2, GBA and KG as described by Laine 10 and David
(1994). However, various basal nmedia, including M5, B5 and P24, have
been tested and found to support shoot regeneration. The plant growth
regul at or regimes were generally different fromthose of Laine and David
(1994), which were in t he contéls tion of 1-3 nM BA, 0.05-2 nM TDZ and
0.5-2.5 nM NAA for callus i nd on fromleaves; 1-3 MM BA, 0.05-1 nM
TDZ and 0.5-2.5 mM NAA for 15 cotyl edons; and 1-3 nM BA, 0.05-2 nM TDZ and
0.5-2.5 nM NAA for hypocotyls. The differentiati on mediumwas generally
a GBA nmedium which was a &2 but suppl emented with 2.5 - 5 mM BA and
0.5 mM NAA (Lai ne and David, 1994). A KG .

op
v _
7777777777777 YV -355-8B
358 13* nos
op
::W - 38-Y-B
358 B* nos
op op
Em \/-355-Y/-B

358 B* nos

Figure 2
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rerian 37 /00092 9

medi um containing 0.2 mMMBA is generally used as subcul ture nmedi um for
cl one materials. Al nedia were solidified with RETRBJEElYI
Phyt agel . pH was adjusted 20 to 5.7 - 5.8 using potassium &Ggégiggvbggﬁﬁe

autoclaving for 15 mnutes at 121C. A preferred nethod for the
preparation of Agrobacteriuminoculumis described bel ow. 1. Streak
out the Agrobacterium strain containing construct onto plates with

selection, eg YEP + rifanpicin (50 ng/L) kanamycin (100 ng/L) for
LBA4404, 25 EHA105 and AG.1 containing the pBin GUSINT construct.

AM1
___> '
[ 1 ' laclq
LDt
LD2
—e
NLS
"— "
D23
W?
AM1
—>
- - laciq
L NLS
<+
D23
[ — faclq - NLS
laclq NLS
Figure 3
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Lal M

2 o >

TR AL ] U '-‘
2. Incubate plate at 280[err]C for 2 days. 3. Pick a,si.ngle golony |nto
YEP broth with selection and grow on shaker overni ght a%v-—wZS@[erv]C o
4. Use the overnight culture to inoculate (1% inoculum fresh nmediumwth

sel ection 37
4/37

A. non - flowering period

B. flowering period

laclq
v
— 7 72777HR - -
RO B T 358 B T RO laclg T
l
<+ - % - -
B /\v
B "\
B N\~
Figure 4
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PCT/ -
and grow on shaker overnight at 280[err]C This additionaq 7'st/ep()vgl(?s 9

produce a nore consi stent inoculumfor plant tranRFaTmetien.n ag
Har vest Agrobacterium wash and resuspend in tissue culture medi tm*~ i 1397
to an appropriate concentration ready for transformation. 5 6. Streak

out the resuspended Agrobacteriumon tg |l actose yeast nedium plate and

I ncubate plate at 280[err]C for 2 dayssl% a Benedict's test (Bernaerts and
Del ey, 1963) on the colonies to confirmthey are Agrobacterium

This strategy will give good thick cultures of Agrobacteriumon the day of
t r ansf or mai. oren Aflewering Pegedwn over ni ght whi ch was inocul ated froma plate
or

v b ,

op :
— NN S vz — R
RO B T 3BS exA T RO recA T
|
X
\ 4
B /\

B. flowering period

%
. ;

T S T2 —

RO B T 388 lxA T RO recA T
B /\v
B /1 \v
B /\
Figure 5
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P A AGL EUl turea o

10 glycerol stock wll give variable results. _ K
grown as descri bed above and diluted to an optical density (600nmM Tof’
0.98 had a viable count of 2.37'x 10[err] cfu/mnm. Teo:l 141, of

[err] RESSIFEN S0 06y g

course be realised that while the above has been given by way- of
illustrative exanple of this invention, all such and other nodifications
and variations 15 thereto as woul d be apgg@ient to persons skilled in the
art are deened to fall within the broad scope and anbit of this

i nvention as claimed in the clains appended hereto.

antisense
laclq

chemicals

Chemical
Promoter

T

laclq

RO
Figure 6
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38 CLAIM 1. A nethod of regulating a eukaryoti%%?fy Qc?. \/eogxgug,g 9
conprising transformng a cell with a construct const ht-ut Lygly., expressi ng a
nodul at or gene product regul ating the eukaryotically gct:i'%\e{:"lgé eé(cgr ?‘{iotvs 1897
product and a further gene product regulating said nodul ator gene or its
product, the pronoter of said gene being devel opnental for a target tissue
and the pronoter of said further gene F8#hg sel ected frominducible
pronoters and devel opnental pronoters for the same said tissue or

conpl ementary tissues.

A. non - flowering period

(in all tissues)
' laclq
Y . -~ !
A I
ROS| _toxin CP [BB anti-toxin ROS[ Jaclg_{ NLS
I
|
toxin <
anti-toxin
B. flowering period
(in reproductive tissues)
laclq
Ros| toxin cP |9 anti-toxin Ros| faclg ¢ NLS
|
toxin
Figure 7
AMENDED SHz.;
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2. A met hod of

to the organi sm of

active pol ypepti de,
pat hway.

regul ating a eukaryotically active
1, wherein said eukaryotically active gene is sel ect
i nterest or an introduced gene.
regul ating a eukaryotically active gene according to claim 2, mhereln sai d
eukaryotically active gene codes for an expression product selected from an
an enzyne or an enabling gene product for a synthetic

PCT/AT §
ene accor

Frovta ngatg y@

A net hod

3.

8/37
Female Male Vejgetative
g,gg g g E'E? £ & 8 =§ g s
w 3 § §. 7, 3 -S-l § 5 Z % 3
PrMADS2 .‘ .”
PrMADS3 *o P
PrFLI .."‘. o9
¥
g £ 3
§ g £ =
¢ 3 £F
5 Z v own
(' @8 s
RTPCR |
i- ale | rcon
Figure 8
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4. A nmethod of regulating a eukaryotically acti \?gr@enegazc'{)r&ngt&) 8 aim

3, wherein said synthetic pathway is selected for p ' ' nts
and dyes. 5. A method of regul atingy eukaryot i Bﬁgﬁgg{b \?és 03&%’?1397
according to claim4, wherein said dye i s such as ant hocyani n. 6. A
met hod of regulating a eukaryotically active gene according to claim 4,
wherein said synthetic pathway is sel ected for production of an :

i nsecti ci dal conpound.

o
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7. A nmethod of regulating a eukaryotically acti \rgrg,jenegaZCérgi QQOt% 3 aim
6, wherein said insecticidal conpound is Bt toxin. 8. A nmethod of

regul ating a eukaryotically active gene according t¢ elaiim3, ~ o "7 75

10/37

zZ 2 2 PrMADSI PrMADS2  PrMADS3
: 3 3 28 4

3 <

i § i 38 §§ §%
ABABA B S - - TR - - B -

Dimer » ||

{Uu e W

%.. Sen ode

Monomer » | |

AG consensus CArG-box
NTTA/TYCC(A/TINNGG(-G)(A/t)2N

A: TTACCAAAAAAGGAAA
B: TTAGGAAAAAACCAAA

Figure 10
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L | | rcT/ar 9 0008
wherein said enzyne is selected froma ribonucl ease Cﬁ.gw ng ZI/et al ‘effecCt
on a target tissue and a peroxidase conferring nenatode resistance on.root

tissue. 9. A nmet hod of regul ati qq{’% eukaryotically active gene
according to claim8, wherein said ri'tthhucl ease gene is that of Barnase
from B. anyl ol i quef aci ens. 10. A nethod of regulating a eukaryotically
active gene according to claim9, wherein said gene is constructed

i ncludi ng the coding region of Bana froE B. anyl ol i quef aci ens under the

control of pronoter sequences ®f gelges expressed in

Figure 11

-293 TGGGGGGGGGTGTTCTGGTT'I'ATTGGGTGGT'I'CTGGTCTCTTGACATTGTAATI’TCCCC'I'TAAAATTCCGCTI'CATGAC‘QA
-133 GAGACCATGCATAAGTATGGCTAGACACAAGAAAGGTTGCAGAACCGAGAAGAGATCTCTITI'GAAGAAGTGA_ACAAA

213 AAAAGTACATAGAGGGGCTACTATCTITGTTGACTT ! TACCGTGTAGAGGGTTCCTAAGAGAGAGGGGGGAGGGAAG

-373 TTI lACTTGGCATAATACATGCACGAACCACTATGCAATCAACCAATTGGGAAGGmTGl TITTTTTITITITIoT

-53 TGTGGGA'ITGTGGGTTGGTGACGAAAACAGCAAAGACAAGAGAAAGGGGAAAGAIQ

AMENDED SHz=3
IPEA/AU
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a
g

8 9
ey

according to any one of the precedi ng18/&i ns, wherein said eukaryotically

active gene is constructed with a pronoter selected fromthose pronoting
A

§
12.

fEp° 20

i
a

i

R

v 377000
yEi‘it-Fc

reproducti ve orga
regul ating a eukar
3 & 2 in Eucal yptus grandis.

regul ating a eukaryotically active gene according to any one of
g a

A met hod of

11.

the male and femal e parts of plant
eucal ypt genes designated EGVL

of devel opnent.
met hod of

2l ainbiy4

(91V pareinw)
OVHOLHOHIIVHVVVOVVYVVODDIINOVYOVOVVYYOVOVOVYYIVYOVYOVOVOOIV.LYVLIVOVYOOVVYIYOY 09-

OOVOVVOVYYODLLLYOLLIODYOLOO10DLOLIVIODVOLLYLODVOLOLOVOLOLOIOLOLOLO1010L0101010L0 Ol

e gene is constructed with
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claims 1 to 10,=wWhere

a pronoter
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selected fromthose pronoting pine genes desi gnat edPFFM&b&]Z/aQKDCQ& g
Pi nus radi at a. 13. A nmethod of regulating a eukarytically:acti.ve gene

according to any one of the preceding clains, wherein said eukaryotically
active gene, nodul ator gene and further gene and their respective pronoters
may conprise a transformation cassette w@8f3y which the target organi sm may
be transforned. 14. A nethod of reqgulating a eukaryotically active gene

accor di ng. ts‘gﬁ?r?ﬁ. SATACTAT AGEEOGARTEGEECOahE FrEabATGErECCEE! | Ve

CCGCCATGGCCGCGGGATTTAATACGACTCACTATAGGGAGCTCGATCTCTT
GAAAGGGAAAATCCGTGTCGTTTTTCTTCGTAAACAAAAGTCGATGAAATAATA
TGTATTGTTACTATATATAAAACAAAAGTGCTCGTGAACATTGTCAAATACTATA
AGGTATAGACAGGTTTATGACTCACAATTACGAAGGGGCCTAAAAGCCGAGAG
GGAAAAGGTAATGCTAGGTATAGTACATCTAGACTATTAATTGATATAATAAGTA
AGTGGATCATGTTCAATTTCAGATAAAAATTTCTATGTCACGTTGTTTAATATTTG
AATTTAATTATTGATTTTATTATATTATTCTITGTCATATTAATTAATTAGATTGTG
GATATTTGCCGATTCTCATGAGAGAAAATTGATCTTTAATTAATTTCAAAATACC
ATGGCAAGAAATCATAAGAAAACTCACTCTTCCCCACACGCACGCCACATCG
TGCTCTAGGTTAAATAGAGATGTGATCTCCAAATTTTTTGTCTGGAGCAATGCT
AAAGATGCTAAAAAAGTTTAGCAAGTAGGATGACTAACTTGAAATAGGGCAGTC
AATAAACCAAGTCTAACGATCAATTACTACATTACACGTAATGAGAAACATTTC
GAGAAAATCTCTCTATTTATTGTGGTTACATAAGTAGCCTACCTATTTGTAATTA
TGCAAATTAACCTAGGACGAGCCATATATGCAGTCGACATTCATAAGGCTTTAT
AGTTTGTGCTTCCGGAAATAGCTTAGAAAACCACATACACTTTTCATCAAGACT
AATCTGACAGTAAAAAAAGGAAAAAGAAAAGAACACCATCAAGACTAATGTAAT
GAAAAGAAAACCCTATTACTAATTTTGAGAGTTTTCTTGTAGACCCATCACGTC
ATCCATCTAAAACGATGCAATGCACACAACTAATGACAAGGGACATGTTAATAT
ACAGCAAACCTACCAGGTTTCCCCTTCCTTCATTAGAGTATAATAACTGTTCCC
TTTTCTACCTCCTTTTTGTACCCTAGCTCTCGAGCTCCTTAAGAAAGTTTGCTC
GCCTCTTAACCAGGACTAGAAAAGATCAGAGAGAGAAAGAGAGAAAGAGAGA
CAGAGATATCGGAATTC

Figure 13
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i nhibited by a constitutively-pronoted inhibitor ggﬁgﬁprod ct!, G
turn is controlled by an inducibly-pronoted further gene product.

40 15. A nethod of regulating expression of a eukaryotically active gene,
conprising transformng a cell with a transformati on cassette conpri sing

sai d eukaryotically active

14/37
@ XY ey
root
seedling
stem
shoot
leaf
S @ @ fower
| | I
o o 53
& & &
Figure 14
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gene, a nodul ator gene constitutively expressing a BW&uctg r;'edul&to rﬁgSt I‘@
eukaryotically gene or its product, and a further gen roduct
regul ating sai d nodul ator gene or its product, the profﬁg)% @E % @ gﬁde 1997
bei ng devel opnental for a target tissue ah§/3ghe pronoter of said further
gene being selected frominduci ble pronoters and devel opnental pronoters
for the sane said ti ssueg onpl enentary tissues. 16. A nethod of
transformation of a propa?gf‘%bl e eukaryotic cell with anE@MBesm on
cassette including: atetigl gene expressing E—mlf ot oxjic peptide in a
target tissue underfj the control df a pronoter substjntially speciffic to

said target tissue;
receptacle ' -
e ~ | @

carpel

- mature flower -

root

seedling
stem

shoot

leaf

Figure 15
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25 icker
Bar nase)

u

g
i sol ated by PCR by

regul ating a

AREER

a furt

A et hod of
Barstar) and P3 and P4 (for

and
16/37

of said substantially specific pronoter and f
17.

gene.

nodul at or

or
wherein said eukaryotically active gene is selected from Barnase and

Barstar genes from an extract of B. anyl ol i quefaciens,

the prinmers designated P1 and P2 (for

PCT/AU
an nodul at or gene constitutively expressing an inhibitor c%‘ 7tr(e (%rgocpugt igon
and conpri si ng:

or action of said cytotoxic peptide,
eukaryotically active gene according to any one of the preceding clains 1

control
said inhibitor

to 14,
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P1 5' GOG AAT TCC GCA CAT Gaa Aaaa acc a?et? 87/0008 9

'EcoR P2 5' GCA AGC TTA AGA AAG TAT;GAT-GGF -G8 v+ .-
Hi ndl |1 P3 5'GCCCATGGCACAGGTTAT'CAACAC_GS"‘ .
Ncol
17/37
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tdrd
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apl AP1/SQUA GROUP
saapl
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41 P4 5' CGG GTA CCT TAT CTG ATT TTT GTA A3 9
Kpnl 18. A nethod of regulating a eukaryotically aRECE gy Qcgasan nMag7
to any one of the preceding clains 1 to 14, wherein said eukaryotically ™
active gene is a lethal gene wherein the cytotoxic effect of the |ethal
gene expression product is increased by coupling a | ocalisation signal
sequence to the construct. '

18/37
EGM1 EGM2 EGM3
T = _ T = _ T =
S B F 2 T S E
§ T = § § S @ :g: =R
23kb — — -
# -
9.4kb — W - - '
w
6.6kb — ~ @ - - — w
® -
. -
44kb — ». _ -
-
- _
23kb — . @ _
@
e,
Figure 18
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19. A nethod of regulating a eukaryotically acti veP%I;a/ne cho/dan pcacl%i m
18, wherein said eukaryotically active gene codes for an RNase targeted
into the nucleus by fusion of a nuclear |ocalisation 8isgnat«ENLS) :sequence
to the RNase gene. 20. A net hod of rei ting a eukaryotically active
gene according to claim19, wherein the g e is the Barnase gene and said
fusion is by PCR, wherein a set of PCR prinmers for fusing the NLS sequence
fromVirD2 gene of A funefaciens to thel B gene are used and conpri sing:

root

seedling

stem

shoot

leaf

mature flower

Figure 19
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P3

"/OGC"I\BOI

5 GOC CAT GGC ACA GGT TAT caa cac aa €T 9
BD1 5' CCT TAC AAA AAT CAG AGT CCT TTC AAA Gﬁ%ﬁ
3' end of Barnase 5 end of NLS of VirD2 BD2 %&WQW@W
AAG GAC TCT GAT TTT TGI AAA G3' 5 end of NLS of VirD2 3' end
of Bamase D 23 5" CGG GTA CCT ATC TCC TAT TTC CCC CAG G3'
Kpnl
H
20/37

Promoter + Barstar

3596 bp

Fig.20
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21. A nethod of regulating a eukaryotically active gen«,9 aZ:c/orQingﬂao gny
one of the preceding clainms 1 to 20, wherein said riepressof.gene angd .-
i nhi bitor gene are adapted to forma specific repressor/ operatof coUpI-e

42

2137

HinC 11 4519 st | 303
Pst1 4221

Barstar
' n | 923
Bacterial promoter L Kp

all 1265

PrMADS3 PrMADS2 PrFL1
Promoters

4713 bp

Fig.21
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22. A nethod of regulating a eukaryotically active gene accgr({rQqugl agm
21, wherein said repressor/operator couple conprises t Ecﬁ acl g gene

under control of the sane pronoter as the eukaryotical%r HGNO 1397
construct and used to repress the action of the repressor gene prormt er

nodi fied by insertion of a |ac operator sequence. 23. A nethod of

regul ating a eukaryotically active gene according to claim 22, wherein said
repressor gene pronoter is a nodified 35S RNA CaW pronoter having at | east
one | ac operator between the prorggygy and codi ng region of the repressor.

Aatil 1838

EcoR1 1913

Sph [ 4441
Pst | 4435

Kpn {4216
Pst 13326 ! I l l
\
Kpn | 3107 PrMADS3 PrMADS2 PrFL1
Promoters
Fig.22
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24.

23, wherein said nodified 35S- RNA- CaMV/ sequences are app

A net hod of

prinmers designated 35S1 and 35S2 and conpri si ng:
TCG AGC ATG GIG GAG CAC GAC AC3
5' GCG TCG ACT CTC CAA ATG AAA TGA AC3

3582
Sa/ |

Weak
band

Psti
EGM3
Double bin
P

23/37

Figure 23
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Reference
Molecular
Size
Markers

regul ating a eukaryotically active gene according to claim

l-i.fi-ed sby VET B
i i-ed by FORps0p

Xhol

b4 ahA

Marker Size
(Kb)

5.090
4.072

3.052

2.036
1.635

1.018

0.516/0.506
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25. A nethod of regulating a eukaryotically active gene according to claim
23, wherein said nodified 355 RNA-CaW sequences ar eREMHE | p.3) N
prinmers designated OP1 and 35S2 for the introduction of aCEggergt%)r ﬁ?

both the 3 and 5 region of the nodified 35S pronoter OP1
GCC TCG AGC TTT GIG AGC GGA TAA C3' Xhol
3582 5 GCG TCG ACT CTC CAA ATG AAA TGA AC3
24/37
P K K P
[ ———— 7.126 el
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Sa/ | 26. A nethod of regulating a eukaryotically active gene accor‘al“ng

to claim22, wherein said laclqg gene is isolated wthienzype, -Gl eavage SI ks

for cIonlnglntothe 43 >4
25/37

17586 bp

Cap¥ terminator
Promot er + Barstar

Pst1 12013

—
Kpnl 12000

EGM3 promoter

Cloning Site
Pst1 7606
Kpni 2355
Pst1 2574
$phi 2580
EcoRI75 . Kpnli34s64

Xbal 257 Pst]3683

hl 3688
inD Il 3635
EGM3 Promoter 35S promotor QP
LaclgNL$ PO OO arster
CaM¥ terminator CaMY¥ terminstor
Fig.25
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pl ant vectors, using two priners corresponding to t’ﬁ%/%’ %nzl 13 Oeaog &)fghe
gene and designated AM 1 and AM 2: AM 1 5" GCT CTA@ T GGA ACC AGT AAC
GIT ATA 3 Xba | AM 2 5' GCG GTA

Kpnl  27. A nethod of regulating a eukaryotically active gene accordlc“ﬁggc3

cl ai m 26,

26/37

Bacterial promoter =IKpn | 1387
Barmnase ¥

Ava | 359¢ ~ 'Sal | 2140

AMENDED SHEEY
PEAL



wherein the 3' end of the laclq gene is fused to t'ﬁgfﬁls‘,sanel&Q ()}y§a get
3=

of PCR priners: AM 1 5" GCT CTA GAC CAT GGA ACC .AGI AAC,GIT AT
Xba | LD 1 5° CTG GAA AGC GGG CAG GIC CTT TCA'AAG-CGF CCG 3" ~° ~~-
3'-end of laclg 5 end of NLS in VirD2 gene - LD2 5 CGG ACG CTT TGA
AAG GAC CTG CCC GCT TTC CAG 3' 5" end of NLSin VirD2 3' end
of laclq

27137

HinC Il 4519,

Pst14221

Barstar
Bacterial promoter

YSal I 1265
inC 1l 1265
Nde { 2909

4713 bp

'Fig.27
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D 23 5' CGG GTA CCT ATC TCC TAT TTC CCC CAG G3'

28.

A transformation cassette conprising a eukaryoti

PCTis™ 3

o

S TRV
* “Kpnp ¥

eukaryotic gene or

its product,

nodul at or gene constitutively expressing a product regﬁééiiﬂgé\@ Gg%ﬂﬁ’ i€§7

and a further gene expressing a product

regul ati ng said nmodul ator gene or its product, the pronoter of said gene
for a target tissue and the pronoter of said further

gene being selected frominduci ble pronoters and devel opnental pronoters
for the sane said tissue or conplenentary tissues.

bei ng devel opnent al

28/37

LaclgNLS

CaMV terminator

35S Promoter Op

Barstar
CaMV terminator

6257 bp

Fig.28
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29. An expression cassette including: a gene ?e%r eég Zg/aopﬂ)ﬂ Be 9

cytotoxic to a target tissue under the control of an inducible pronoter
substantially specific to said target tissue; an ‘i:nhi bitor gene-.¥ 3/
constitutively expressing an inhibitor of the production or

44

29/37

AP 2+ GSP2

. gene

- genomic fragment
adaptor upstream region
o1 ,
AP 2 #— GSP 1
» <— GSP2
“ AP 1 + GSP1
Figure 29

AP 1—p
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action of said cytotoxic peptide, and a ref)(r’vg’é’éorq Jer‘i;e {Lr{\a;‘r%t hgr'
g(r)nit ;ﬁ: b?I 0faiggnie.nduci bl e pronoter and functi oni ngRtl:OCEW%kD sz?tidjNiGrV]i@é?t or
| 30/37

CTCCCGGCCGCCATGGCCGCGGGATACTATAGGGCACGCGTGGTCGACGG
CCCGGGCTGGTAAAAGACGTCCCTCCGATGAATTCGACAGTGGAGTCCACA
AAGAAAGATGCGTACGCTGAATGCCACGTGTCTA;TAGTITGCCCACACCTTT
CAAACATACTCTGTACGCAGATCGGCGGACCTGAAAATTTTCTTCGTATAAAT
CGTCTGTGTTAAGGATATTTGACCATCGGTCCGAAAGATGCGACTGTCCGAC
TGCATCTCGTCTCTGGTAATGTTTTTTTTCAAATTTATAAAGATTGTTTTGCATT
ATTATTATTTATCATGTTGCGTAAGATCTGGTGAGCAGTATTATTTGTCACTTTG
TGTGGAATCCCTTATGAAAATATATATTTATTCCAGAAAAGTATTTTAGCTTGTC
AAATTGTGTGGAATCTGGTATAAGTACCTGTAT!TATCAGACGTATTATT!'G‘ITA
AATTGTGTGGAATCTGGTATAAATTTATATACTTCGTGAGGAAATGTATTTATTA
GCAGTATTACTGGTCAAACAGAGTGGAATCCTGTATAAATTTATCATATITAGG
AACAAATGTATTTATCAGCGTTATTATCTGTCAAAATGTGTGGAGACGCGATG
ACTTTAATTTTTITGATAATAGGCGGAGCGTATAGGTACGCTGTAGTATTGTAGA
CTGGCATGTAGAGTACAAAGTTTAGATATTAACCTAGATTATTTITGCTATTCG
CAGGCTATCGCGTACTCATGGTGAAATGCGTACAGTITCAAAGTAAATGGTI'G
ATGTTGAGTGCGGTGGCGGGGGCAGACACACAAATAGGAATCGGAGAGCGA
GAGTACTGCAGCAATTGTTGTTTACTTTTTGAGCAAGACGAGGATCAAAGAAG
AATAAGGAAGAGGCCGAGAGAGGGAGCATTATCGTCGAGCAGGAGGGGGAA
AGAAAGAAAGAAAGAAGGAAAGAATGGGGCGAGGGCGCGTCGAGCTGAAGC
GGATCGAGAATAAGATTAACCGTCAGGTCACGTTTTCGAAACGCCGGAATGG
TCTGCTGAAAAAGGCG T e

Figure 30
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31/37
ATGGGGCGGGGTCAGGTTCAGCTGAGGCGAATAGAAAACAAAATAAATCGACAA
GTCACGTTTTCGAAGCGCCGGAACGGACTGCTGAAGAAGGCGTACGAGCTATCA
GTGCTGTGCGATGCCGAAGTGGCGCTAATAA'H_"!TCTCTACCAGAGGAAAGC'ITl' '
ACGAGTTTGCCAGTTCCAGCATGAACAAGACGTTGGAAAGATACGAAAAATGTTC
ATATGCAATGCAAGATACCACAGGCGTTTCGGACCGGGAAGCACAGAATTGGCA
CCAAGAAGTTACAAAGTTGAAGGGTAAGGTTGAGCTCCTGCAGCGATCACAAAG
GCATTTGTTGGGGGAAGATCTGGGTCCGTTAAATGTTAAGGAGCTACAGCAGCTT
GAACGTCAGCTGGAGGTTGCTCTGACACATCTTAGGTCAAGGAAAACGCAGGTA
ATGCTGGACCAGA'ITGAGGAAC'ITCGCCAAAGGGAACGG'!TGCTACATGAAGTA
AACAAGTCTCTGCAGAAAAAGCTITCCGAAACAGAGGGAAGAGATGTAATAACTG
GCATAGAGCAAACTTCTAATACTAATACTGGTACTAACGGTCCTTGGGATTCTTCT
ATCACAAACACTGCGTATGCTCTCTCACACCCTCAACAAGATTCAAATTCAAGCC
TCCACCATGTGGACTGTGAACCCACGCTACAGATTGGTTATCAGCCTGTGGCTC
CTGAAAGCATCGTCCCTCCTCATCAGCCGCCGCACAACCAAACGCCGAACCAA
TACATGCAAGGATGGTGGGTTTGATATTTAACATTTATCATTATCAGTTACTTCAAT
CACAACAAAAGCCCAAAGCGTGGTAAATTACGAAATTAGAATTATATTATCATTAA
AAAAAAACCCTATFFTCATTGTATAGCAGTAGGCTTGATITACTGCTATGATAGCG
GAGGTTT'I'ATTGGGCAAACAAACCCTACTGGTATATTAGACC'ITCTI’GTCGACAAA
GTTTAATTGCATAAATCTTGTATGCTAATCTGGCCGCTAAAAGAGCGATGGAAAAA
TAGTTGTCCCATTCACAACACATGATATGTTTAAATCCAACGTGTATGTGTCTGCA
AAATATTATTATACACTACGGTTTATCAAAAAAAAAAAAAAAAAA

Figure 31
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* * * * »*

MGRGRVQLRRIENKINRQVTFSKHHNGLLKKAYELSVLCDAEVALIIFSTRGKLYEF

» » * * * *

ASSSMNKTLERYEKCSYAMQDTTGVSDREAQNWHQEVTKLKGKVELLQRSQRH

w ~ * » R

LLGEDLGPLNVKELQQLERQLEVALTHLRSRKTQVMLDQIEELRQRERLLHEVNKS

* * * . » - *

LQKKLSETEGRDVITGIEQTSNTNTGTNGPWDSSITNTAYALSHPQQDSNSSLHH

* * * *

VDCEPTLQIGYQPVAPESIVPPHQPPHNQTPNQYMQGWWY
(261)

Figure 32
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GGCCCGGGCTGGTATTTGGTGTAAGTTTTAAAGGAAGCTGGAAGATTTC
AAATCAGTCCTAATCCTTTAAAAACTCAGCTTTTGCAAACATGTAACAAT
CTATGAGTATTATTATGCGTTATGGATGTGGCATTTCCACTGCCTTTTAA
GTACTTCGGTI'TGTAAGTAAAACTAAAACAGAAAATTTCTC‘!TCTAGTATF
CTTAAACCGAGTGGAGTTGAGCTGAAGTGAGAGGAGGTATATATATATA
TGTATATTTATTTAGAGTCCAAAGAATCGAGGCGAAAGGCATGTGATGG
ACGAAAGCAACCTTAATCTCTCTGCAAATTGTCCCTCCAAATTCCAACT
AAAATCAATCCGGACCCGCATGAGCATCGATCGAATCATTTGGGTCATG
CATCCTATGCATGCTCA

Figure 33
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‘GAAATTCGGCACGAGGGTAGAGAGATCCCTGGGCCTAGAAGTGTTTTCGGAGGAGC
GCACTGCATTCTACTTCGGAAAAAAATATGGATGCAGAGCACTTTCCTGTAGGTTTC
TTTAGGTGGGATCAGAGACCAGCACCAGTTGTAGCGGCAGCAGCAGCACCAACAA

- CAACTGTCTTTAACAAGGACCATGGACGACCGTTGGAAGTCATTCTTCCCATGAAAT
GGGAGAAAGGATTTGAAGTCCCTTGAAGATCTGTTTAAAGAGTATGGAGTTCGATAC
GTAACTCTTGCCAAGATGACCGAGATGGGCTTCACTGCCAACACCCTTGTCAATAT
GACAGAGGAAGAGATTGAAGATTTGATGAAGACCCTGGTAGAACTCTATCATATGGA |
- TCTTCTTATAGGGGAGAGATATGGGATTAAATCTGCCATAAGAGCAGAGAAGAAAAG
GTTGCAGGATAGCTTGGAGATGCAAAGGTTGGAAATCTTGTCTGAGGCAGAGAGAA
AGAGGATATTACATGATGATCAGAATACTTTTGCAGCTGCTATGGCATCCGAAGGAA
CATCTAAGGGAACTGAGAGCAAATGACCCACTGATTTTCCCAGAAAGCACAAGTGC
ACGATCATGCCCCAATGAATATAGCCAGCTGCAAAGACAGTACTCTCATTCTCCAG
AACAGTAACCAGGCACAGTTTTGTGGCTCGGGATTGATTGGAGTGCCTGAGCACAG
CAGTGAGAGCGATGAAAGGAAAGCTGATACGAATAAGCAGAAAAGGAGGCGGTCC
AAGGAGCCTGGAGAGGATGGGGAGGACAGGCCTAGAGAGCATCCTTTCATTGTCA
CGGAACCAGGAGAACTGGCAAGAGGGAAGAAAAATGGTCTGGATTATCTCTTTGAT
CTCTATGAGCAGTGTGGGAAATTTTTATTAGAAGTACAAAGGATTGCTAAGGAAAAG
GGAGAAAAATGCCCAACAAAGGTTACAAATCAAGTGTTCCGTCATGCCAAGCACAA
TGGTGCTGTCTACATAAACAAACCTAAAATGCGACATTATGTTCATTGCTATGCTCTG
CATTGCTTGGACAGTGAGCAATCCAATCACCTCAGAAGACTATACAAGGAGAGGGG
AGTAAATGTTGGGGCCTGGCGCCAGGCCTGTTACTATCCCCTGGTAGCCATAGCCA
GAGAGAATAATTGGGATATTGAGGGCATTTTTAATAGGAACGAAAAGCTTAAGATTTG
GTATGTTCCCACAAAACTTAGACAACTGTGTCATATGGAGAGAAGCAAAGAGTGTCA
ATAGWCATTGAGATTA&TGTGTGTAA'I'I’TAAGTFAGGCAGCTGTGTCACATAGAGA
GAAGCAAAAAGTGCCAATAGTTTCATTGAGATTAATGTGTGTAATTTGAGCTGCTCAG
CTTCAAGTGTAGCTCCGTGATTATTGGGCATTTGTGTTCTCATTGTGACCTTGCATAT
CAGATTTGATATGCATTGTGTCATGCCGTTCTTTCAAACATTGTATATGTATTGGCAA
CTGGGTATGGATCTGCTCCTTTCTCCGTCACTAAACATGCGGAAACCTTTGTTTICTC
CTTGTGATAAATTTCAGTACATTACTGTTCATAGTTATTTTCTTTCAAAAAAAAAAAAA
AAAAA

Figure 34
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* » »* » *

MDAEHFPVGFFRWDQRPAPVVAAAAAPTTTVFNKDHGRPLEVILPMNGRKDLKSL

* * * ] » *

EDLFKEYGVRYVTLAKMTEMGFTANTLVNMTEEEIEDLMKTLVELYHMDLLIGERY

® * * * *

GIKSAIRAEKKRLQDSLEMQRLEILSEAERKRILHDDQNTFAAAMASEGTSKELRAN

* * * * » »

DPLIFPESTSADHAPMNIASCKDSTLILONSNQAQFCGSGLIGVPEHSSESDERK

»* * * * *

ADTNKQKRRRSKEPGEDGEDRPREHPFIVIEPGELARGKKNGLDYLFDLYEQCGK

* * * »* * *

FLLEVQRIAKEKGEKCPTKVTNQVFRHAKHNGAVYINKPKMRHYVHCYALHCLDS

* * * * *

EQSNHLRRLYKERGVNVGAWRQACYYPLVAIARENNWDIEGIFNRNEKLKIWYVPT

* *

KLRQLCHMERSKECQ
(404)

Figure 35
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GCCGCACTAGTGATTCGTCCATGGTCCTTGTTAAAGACAGTTGTTGTTGGTGCTGCT
GCTGCCGCTACAACTGGTGCTGGTCTCTGATCCCACCTAAAGAAACCTACAGGAAA
GTGCTCTGCATCCATATTTTTTITCCGAAGTAGAATGCAGTGCGCTCCTACACCAAAC
AAAAACCACTCATAGAATTAGCACATGGGTGATAAATTCTGAGATGCTTTTCATTGAT
TACCGATTGAACTGCAAGATTTGAAGTTGATGGGTTACAAATTCCTCCAGATATTTAA
CCAGACCAAGTGGGTTCCAAGCGGTACTTGAAGAAGCAGAATGTGTACCTCCGAAA
ACACTTCTAGGCCCAGGGACCTCTCTACCATCCAGTGACTTTACATTAGAAAATGTA
AGGCTGCTCCCATATTTAAGGCTGTCTTGTGAGTTTAATGCTTCTTAATCTAGTTTAC
TGGAACACCATTTTCTTCTAATCACATCACAGTAGTAGCTATCATCCAAACTTATCCA
AGACAAAATATCTGAAACCATTCCTGAACTAATGATTTGACTATACTTTGAGTTAGCG
TTGTACTCAAATTATTCATTGCGGGGCCATGTTTGCAGGTTAAACAAAAATCTCCACA
GTCTGATTGCTATGTTTTATCAAATGATTTCTCAAATAATAATTCAGTGTACCCATTTG
TATTTTTACTTTAATACTTTTCATTAATGTCCTCGAGAGCAATGGCTCTAGGGTCAAA
GGAACCTTATCCCAGTACCGTACGCTGTAAATACTGTAATGTTGCTTTTATGGTGTC
CTATAGATTACAGCGAGACTTGCTAGTCATGTGACTTTTAAAAATTTCATGTCAGGCA
CTTGAAAATTGTTTCAAGTACAATGCAATTTTCCCATGGACTACTGGAACTGCCTGCT
AAAACTGTCTTTTCATGGTCTAATGAGAAGTATATGACCAGGCCTCTTCTCCCTCCA
TTTTAAGAAAAACAAATTAAATTATTTAAAAAATAAAATTACAATAATAATCTTGACAGA
TTGATTTTGAGTTGAATGTTAGAATAGATGGAGTGCTGCCTAAGATTTGTTGGCCAAG
AAATCCGCAGCTTATTCCAGAAGTTCACTCATTACAATGTTTTATCTAAGAAATCCTC
AACTTATTCCAAAATGTAACTTATTACAATACCAGCCCGGGCCGTCGACCACGCGT
GCCCTATAGTATCCCGCGGCCATGGCGGCCGG

Figure 36
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GAACAACTACTA'ITACAACGCCAATAAACCQCACTGCCAATATGGGGGC
AGATAGTATGGTTCCT: GTTCACACTCCTGAAGTTATI'GAGCATI'CTI'CTAC
AAAAGTTTCTATTGATACAGCTGGGTCAATGGATGTGGATGCAGCATCCA
AGTGCAATCACGTTTACAGAACTACATCTCTCAATCACTGTGTCTCTTCCT
CCCCCATAGATGTTGGAATTGTACCTGACAGCAACATTACATCTGATATTT
CAACACCTTACCATGACCCAAGAGGAGTATTCGAGATTCCTCCTCGGGT
TGTTCATCCTGGAGGCCAAGGTGAGGTCATGGGAAGAGAAGCAAGAGTT
CTCAGATACAGAGAAAAAAGAAAGAACAGAAGGTTTGAGAAGACAATACG
ATATGCTTCTAGAAAAGCCTATGCAGAGACTCGGCCCAGGATAAAAGGC
CGATTTGCCAAGAGAACAGAGGTANAAGTGGAACAGATATACTCATCTTC
TTTGCTTCCTGATCAAGGATATGGAGTFGTTCCATCTTATTGAACCAGTCA
ATATAAATAATTAACTCTTCTCTAGTATCTATCCTTIGTTATTCTAATTGTAAC
TG_CCATCACAATGATAATGCCTFATAACTI'CAATTTA;TTCCATGCCTATGA
GATTGGGCTGGTATGTAAAACTCATGGCAGGTCTATTCACATTTGGGTTGT
TCGCATACTCAAAGCCTCCTCCTTACTCATTCTGCCTTGCTCATTGATGT
GGGTCAGACTGCAGTAAGATGAAGTCGGTGTGACTCACACTTTGAAGAA
CAGCCATACATACTATTAGTGTTTCAAGTCGATCGAAGTTTGTTTATTCAG
CTTCCTGCAATCTTCTCTGCTCATGAATAAATCTTTTCCCAGTCTCCTACT

Figure 37
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