22~-FEB-95 189:37 FEQ]’.&, KILBURN AND STRODE b ID: 81712426638 - PAG;

.

g
A
4

" This Sheet Has Been Replaced

+ A

METHODS FOR THE PR UCTION OF MODIFIED P

This invention relates to the production of plants having one or more desired
phenotypic traits. In particular embodiments, the phenotypic trait is male sterility,

S and so the invemion relates in those embodiments to male sterile plants, which are
useful in hybrid seed production, and to the production of such plants.

Various routes for hlgh level expression of foreign genes in plant cells have been
explored over the years. lncreas'ing levels of transcription using strong promoters
io . have been obtained; promoters available include DNA virus promoters (such as
p35S from CaMV; Fang et al, The Plant Cell 1 141-150 (1989)), plant gene -
promoters (such as EFEl«; Curie er al, Plant Molecular Biology 18 183-1089
(1992)) and bacterial promoters (such as pMAS; Fox ef al, Plant Molecular
. Biology 20219-233 (1992)). These promoters give high level of transcription and
158 expression m many tissues (inc'luding leaves, stems, roots, flowers and seeds) of
thé plant. They are sometimes called constitutive promoters. Other promoters
‘confer better expression in particular tissues (for example, the MAS promoter
transcribes genes more efficiently in wounded tissues).

20 For certain applications, the expression of a gene is desired only in particular
| tissues or at a particular period of the blant development; for cxampie to increase
the level of expression of -a heterologous prorein, it is useful to express the gene
specifically in seeds, as seeds are the principal organ for protein storage in plants.
Expression of genes in certain tissues or organs of the plant or at a precise stage
_ _25_--‘ - of plant development generally requires tissue-specific promoters. * Seed- specific’
prbmo'te:s have been characterised (for example, the promoter of the S-conglycine
- gene:” Chen et al, The EMBO Journal 7 297-302 (1988) and Calgene’s-EP-A-
0255378), as have root-specific promoters (such as the Agrobacterium tumefaclens
 roll promioter: Leach and Aoyagi Plant Science 79 69-76 (1991)). .
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Seed-specific promoters have been used to express pharmaceutical proteins in plant
sceds (Vandekerckhove et al, Bio/Technology 7 929-932 (1989)). Stable
expression of a gene under the comtrol of seed-specific promoters has been

‘obtained, and heterologous proteins were expressed, only in seeds, at a high
5 expression level. Plants recovered from those seeds expressed the gene in their
' seeds, and the phcmlfpe was transmitted from progeny to progeny.

In the production of industrially or pharmaceutically useful proteins, or other
heterologous proteins, under the control of constitutive or seed-specific promoters
10 in plants, F1 seeds will be sold to farmers to grow the plants and to produce seeds
| which will contain the protein of interest. In this system of production, the F1 line
which expresses the gene of interest is grown by farmers and can be multiplied or
‘reproduced by growers themselves or by competitors. Moreover, if the plant
. breeding industry should become.reqnired by law to control the distribution of all
15 sceds sold, the fact that the above production process does not prevent the
dissemination of genetically modified plants becomes a very significant issue. |

- From the above, it is apparent that there is a need for hybrid plants which

20 ()  have a desired phenotypic trait as a result of the expression of a
' certain gene (or suite of genes), and '

(i)  are the result of a cross between two parents, neither of which
have, either at all or to a.substantial degree, the phenotypic trait in
25..; question. | |

However, the provision of such plants is not the whole extent of the pfoblem-. as

there are some phenotypic traii_s which result from the non-expression of a gene
(or suite of genes. One trait which may be (but is not necessarily) the resul¢ of
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non-expression of a gene is male sterility.

Hybrid seed production involves the cross of two different plants. Because most
crops are able to self-pollinate, the female parent in the cross must be prevented

5 from self-pollinating ("selfing") so that it will yield 100% of hybrid seeds. This
has been achieved in several differcnt ways:

@ | by mechahically removing or chemically inactivating the pollen-producing
organs of the female parent before they reach maturity; this method has
10 | -been used for example in maize (corn) and tomato;

(b) by using-cytoplasmic'male sterile (CMS) mutant plants; this method has
been used for example in oilseed rape and sunflower; '

15 ) by usitig a recessive nuclear male sterile mutant plant; and

(d) by using a dominant nuclear male sterile genetically engineered plant
(artificial male sterility or AMS) as described for example in Mariani ez af,
_Nature k7 7] 737-741 (1990) or in Worrall et al, The Plan: Cell 4 759-771
20 (1992).

There are practical difficulties with each of the above. . Mechanical male
sterilisation ((a) above) is easy and flexible. But it is labour intensive, costly and
also prone to human error, giving a pfoblem of quality of hybrid seeds batches,
25 - It is practical only for speci_eé. where the flower is big enough to be emasculated
manually; it is not practical, for examblc. for most cereals. An attempt to
overcome this difficulty and reduce costs is by using chemical instead of
mechanical emasculation. The efficiency of this techhique is ve;'y dependem on
environment conditions at the time of spraying the gametocide, and leads the ‘seed

*
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producer to take a considerable risk each season. The cost of the gametocide and

the spraying is also significant.

Cytoplasmic male sterility ((b) above) is very convenient, and allow easy
5 maintenance of the female line. But its use is Hmited by availability of the
appropriate mutant plant in each species of interest. The loss of cytoplasmic
genetic diversity when all breeders use the same cytoplasm in their breeding
program can be a serious problem as seen in the US on maize in the 1970s. And
the maintenance of sterility relies on the existence of a maintaining cytoplasm.
10 , _
- Recessive nuclear male sterility ((c) above) is not practical. Because the male .
sterility gene is recessive, maintenance of the male sterile line involves screening
. the 1/4 of male sterile plants out of 3/4 fertile in the selfed progeny of an
. - | hetcrozygous plants. In the absence of a tightly linked selectable or easily
15 screenable marker this is practically impossible. This is the problem that artificial -
‘male sterility has tried to solve.

Artificial male sterility ((d) above) has solved the problems of the other systems

but only to some extent. The AMS gene system is potentially universal, being
20 limited only to genetically transformable species. It does not rely on the existence
~of a mutant as in CMS. The maintenance of the male sterile line is obtained by
engineering a dominant male sterility gene linked to a marker gene that allows
selection of AMS plants in a population segregating 1/2 AMS plants.. To be
practical, this marker is often a herbicide resistance gene. But this process is
25° undesirable for several reasons: - '

. Agronomy: the seed production can be affected by the need to efiminate
half the female plants (the fenile segregants) from the field. The result is
a heterogenous plant density, and potentially lower yield and lower quiality
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of the seeds. The cost of spraying the herbicide is significant.

- Use of the herbicide: on some crops, such as vegetables, the use of a
herbicide resistance gene, and the subsequent use by farmers of the

5 herbicide is not desirsble. Generally speaking, there is a tendency to
' restrict the use of herbicide as much as possible. | |

- The female line can be stolen casily. Once sold on distant and not easily
- controllable markets, the basic seeds can be multiplied by the local seed
10 . producer without the breeder’s knowledge, control or share of the profit.

Disadvantages with a conventional AMS system can be appreciated by' looking at
a particular example. The AMS system which is the subjéct of EP-A-0344029
(Plant Genetic Systems (PGS)) is_based on the tissue-specific expression of a toxin

15 . geune (Ribonuclease, "Barnase”) to generate the male-sterile parent for hybrid seed
production. The genetic linkage of the toxin to a selection marker (herbicide
resistance) provides the basis for the selection of male-sterile plants. Fertility can
be restored during hybrid seed production by crossing with a male-fertile parent
(restorer line) that expresses a toxin inhibitor ("Barstar").

20 o | |
The problem with the PGS system lies in the production of the male-sterile line,
which is used as the female parent in hybrid seed production. Due 10 the dominant
character of the toxin, the female parent has to be propagated by crossing the
heterozygous line (-/+) with a male fertile line (+/+). As the toxin gene

25 segregates, only half of the progenies (male-sterile and herbicide resistant) from
this cross can be used for hybrid seed production; the other half (fnale—fertile and
herbicide sensitive) has to be eliminated and is therefore lost for hybrid seed
production. | ' '
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It is the post-genni_nat_ion selection of male-sterile plants that the seed producer

seeks to avoid for three reasons:
1. The production of the female parent is inefficient (50% loss).

2. The post-germinal selection in the field might cause heterogeneity
in plant distribution in the field, which could negatively affect seed yield.
-Co'mputer simulations revealed patches with a high number of plants and
. patches that are almost void of plants. Attempts to mitigate this problem
10 using agricultural practices, such as planting at higher density or going
" through the ficld with machinery more often, mean extra costs for the seed
: produ_cei. ' |

3. The use of a herbicide resistance selection marker could increase the
15 difficulty -in obtaining permission to release the crop and market the
pfoduct. especially for vegetables.

The maintenance problem of a dominant AMS gene has 10 some extent been
. addressed. First, a solution was proposed which involved making the AMS gene
20 inducible (WO-A-9008830 (ICT)). In the absence of the inducer, the plant is fertile
and can therefore be multiplied easily. Spraying with an inducer tuens the AMS
gene on and causes the plant to be sterile. This approach is widely believed to be
not practical because of its sensitivity to environmental condilioﬁs at the time of
spraying the inducer. The risk to the seed producer if the inducer fails to perform
‘28 ‘ ~ is enormous. This is basically no improvement on the use of gametocides. |

Secondly, a proposal to solve the same problem of maintaining the female line
(WQ-A-9201799 (Paladin Hybrids)) describes the use of a cross 1o generate the
female line, but relies on an inducible or conditional male sterility in the plant used
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as a female to perform that cross. It does not describe a workable system, only
a limited set of genes which are not shown in the application to work practically.

In sﬁmmary. AMS is the most satisfactory available male sterility system at the

- moment, but it does not provide a generally acceptable method for producing the

female parent. ‘The method involves some undesirable technology and costs, and
does not protect the valuable female variety from being .illcgally copied. So it
seems that a lot of work has been done to improve the efficiency of hybrid seeds
production. Nevertheless, in order to produce hybrid seeds economically,' there
is still the need for a system which would associate the advantages of the abdve

mentioned systems and overcome their limitation. In particular, the advantage of -

CMS in terms of maintenance and protection of the female line would be very
useful in conjunction with a potentially universal system based on AMS.

More recently, there has been disclosed (EP-A-0589841 (CIBA-GEIGY)) a method -

of producing plants which are made sterile, the method comprising:

(a)  transforming a first parent plant cell with a first expression cassette,

the cassette comprising a nucleotide sequence encoding an anther-specific .

regulatory region operably linked to a nucleotide sequence which
encodes a transactivator polypeptide;

(b)  regenerating a transformed plant, Parent 1, from -said first
transformed plant cell;

(c)  transforming 2 second parent plant cell with a second expression
cassette comprising 2 target nucleotide sequence which is capable of being
activated by said transactivator polypeptide operably linked to a nucleotide
sequence which encodes antisense RNA or a polypeptide capable of
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(d)  regenerating a transformed plant, Parent 2,.from said second

disrupting the formation of visible pollen; | I"ll

transformed plant cell; and

in

(6)  crossing Parent 1 with Parent 2 to obtain male-sterile offspring.

This document may represent prior art in certain states under certain
circumStgnces.__ |

10 | |
It has now. been found that it is possible by means of binary systcms to solve or .
at least mitigate the problems discussed above. '

‘According to a first aspect of the invention, there is provided a method for
18 producing a plant having a desired phenotypic trait, the method comprising
crossing a first line with a second line wherein each of the first and second lines
lack the phenotypic trait in question and wherein at least one of the first.and
second lines is transgenic, with the prow;iso that when the desired phenotypic trait
. is'male sterility this does not result from the action of a transactivator polypeptide
20 on a target nucleotide sequence. |

The term "transgenic", in the context of this invention, should not be taken to be
limited to referring 0 plants containing in their germ line one or more genes from
another species (plant.or otherwise), although transgenic plants may contain such
P a gene or genes. Rather, the term refers more broadly to any plant whose germ
line has been the subject of technical intervention by recombinant DNA
technology. So, for example, a plant in whdse germ line an endogenous gene has
been deleted, duplicated, activated or modified is a transgenic plant for the
purposes of this invention as much as a plant to whose germ line an exogénous
30 .DNA sequence has been added.
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In cerain important embodiments of the invention, the phenotypic trait is
(generally artificial) male sterility. In other unponant embodiments, the

|

phenotypic trait may be the production of a heterologous protein either specifically
in the seed or elsewhere in the plant.

Preferably,  both the first and second lines are transgenic.

The cross between the first and second lines will usually be achieved in a manner

-which avoids self-pollination. At least for the male sterility embodiments-of the
- invention, because of the small scale on which it has to be performed, the non-self-

pollinating cross can make use of processes which would be unacceptable for large
scale commercial hybrid seeds production, like chemical emasculation for cereals.

Illl I

It can also be more thoroughly controlled for quality than a non-self-poliinating -

Cross perfonned for commercial hybrid seeds producuon The scale of a non-self-
pollinating cross operation associated with the present invention will be- much
smaller than the current hybrid production surface since this process will be used
at the basic seed’s (hybrid parent) production level only; a multiplication factor of
200 (a conservative estimate for maize), for example, means that for producing

hybrid sceds needed to plant 40,000 surface units of hybrid maize, only one .

surface unit has 10 be manually detasseled (say) as opposed to 200 in the present

process. In the case of tomato, because the seed production process takes place |

in glasshouses, production of a male sterile female in accordance with the
invention may involve manual emasculation of the first line and pollination with
pollen from the second line, in a process similar to the one currently used to
produce hybrid seeds. The scale however will be very much reduced (perhaps a
thousand fold).

In relation to male steritity, the use of sufficiently fertile plants as parents of the

proposed, but not completely described, in WO-A-9201799 (Paladin Hybrids).

- female line distinguishes the present invention from the cryptocytotoxic AMS

Each of the two parents of the female line contains in the homozygous condition *
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a gene which has no effect by itself. Combination of the two genes in the same

plant, as obtained in the progeny of a cross between the two parenis, create jnale
sterility. o

It is not critical that plants of the first and sccond lines (which in the descﬁption
of preferred embodiments of the invention may be referred to as Line A and Line

- B, respectively) be fully fertile (or otherwise lacking the phenotypic trait sought
in the hybrid progeny). In relation to fertility, it is important that they be capable

of being selfed, and that in the homozygous condition they be fertile enough to be
multiplied at acceptable or reasonablé cost. Plants of the first and second lines can
be isogenic, or different in the case of a three way hybrid. The fertility of the
final product (the hybrid seed) is not always critical. For some outcrossing species
(eg maize), the hybrid need not be 100% fertile. In other cases (eg tomato), in
relation to male sterility embodiments of the invention, the hybrid needs to be fully

fertile; a restorer gene able to restore male sterility is used.

There are a number of different ways in which the invention can be implemented.
In certain embodiments of the invention, the first and second lines have the
following characteristics:

(a)  the first line comprises homologous or heterofogous DNA which
controls the desired phenotypic trait and in the first line is adapted
such that the line does not have the phenotypic trait, and

(b)  the second line has DNA which when present in the same plant as
the phenotypic trait control DNA adapts the phenotypic trait control

DNA to give rise to the phenotypic trait (this may be called a
sterility adapter DNA).

“The phenotypic trait control DNA may be male fertility or sterility control DNA.

© Received Time 23Feh 3:29  PrintTime 23 Feb. 4:01
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In this way, a gene in one of the first and second lines is capable of causing

11 |

absolute male sterility (or another desired phenotypic trait) in the presence of a

gene in the other of the first and second lines, both genes being present in the

heterozygous condition of the hybrid progeny, which then forms the female parent.
5  inthe crdss to produce commerical hybrid seeds. |

The male sterility control sequence in the first line may comprise a sequence
~ which, when expressed confers male. fertility on the plant. In these
circumstances, the male sterility control sequence is expressed in the first line,
10 - which is therefore phenotypically normal (at least in respect of male sterility). The
sterility adapter DNA of the second line would then act to prevent (at least
partially) expression of the -sterility control sequeme in a hybrid. These
embodiments of the invention may be said to involve inactivation of an "active”

artificial male sterility gene.

15
For example, the first line may comprise
(i) two genes, designated ms and ms*, respectively, expression of at
least one of which is needed for male fertility and
20 |
(i) a prevention or disruption sequence (such as DNA encoding a
vibozyme, designated R,,, or DNA encoding antisense RNA,
designated A, specific for ms) which. prevents or disrupts the
proper expression of the ms gene.
35¢ |
This line will be male fertile, by virtue of the expression of ms*, which is not |
disrupted by the ribozyme R, or the antisense A,,_.. The second line will in these
circumstances compnse
30 ' (i) the two genes, designated ms and ms*, respectively, expression of

at least one of which is needed for male fertility and

Reseived Time - 2.Teb 3:20  Print Time  23Teb 4:01
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- (i()  a prevention or disruption sequence (such as DNA encoding a
: ribozymc. designated R,., or DNA encoding antisense RNA,
designated A,,., specific for ms*) which prevents or disrupts the
proper expression of the ms* géne.

This line, too, will be male fertile, by virtue of the expression of ms, which is not

disrupted by the ribozyme R .. or the antisense A,... When the two lines ére

crossed, the resulting plant will be mile sterile, as the proper expression both the

ms and the ms* genes is dnsmpted Male fertility may be restored by the

| 10 expression of a third male fertility gene ms** which is resistant to both ribozymes
| R, and R,,. (ot the corresponding antisense or other disruptors). - “

This embodunem of the invention is not limited to the use of rxbozymes and
antisense. Any DNA which directly or indirectly disrupts or prevents, in a
15 sufficiently specific manner, the proper expression of the appropriate male fertility
gene (ms or ms*) can be used. Examples of male fertility genes ms or ms* include
ms2-C103 (Aarts et al, Nature, 363: 715-717 (1993), APRT (Moffatt et al, Plant B
Molecular Biology, 18: 653-662 (1992)) and any other suitable namral or artificial
-+ male fertility-controlling gene, which may for example be identified by mutation
20 ‘studies. The designation "ms" or "ms*" is not intended to be limited to any
particular gene, whether natural or artificial. '

Parenthetically, it should be noted that in this application, unless the context

) requires otherwise, the use of the word "gene” simply denotes a transcribable or
25 expressible DNA sequence and is not limited to mean an exact replica of an
expressible genomic DNA sequence (although that may be preferred in cértain
circumstances); it is to be understood, therefore that synthetic DNAs, cDNAs and-
"minigenes”, which contain some; but not all, of the introns in a natura.lly

occurring gene, are within the scope of the term. Also within the term are DNA

30 sequences which are transcribable 1o RNA but not necessarily subsequently
‘ translated to protein; such DNA sequences may encode antisense RNA and
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Another type of system involving inactivation of an "active" artificial male sterility

gene is as follows. The first line contains:

(i) an expressed gene givilig rise to artificial male sterility; this gene
n.ta'y' for example be the ribotmclease Barnase (from Bacillus
amyloliguefaciens; Paddon er al, J. Bacteriol. 171 1185-1187
(1989)) driven by a tapetum-specific promoter, such as one of those
10 - designated A3 and A9 (WO-A-9211379); and

(ii) ahe,xpt_'essed restorer gene which restores fnale fertility; 'in the case
of Barnase, this may be the Barstar toxin inhibitor (Hartley Trends
in Biochemical Sciences 14 450-454 (1989)).
15 , -
The first line will _bé male fertile because the Barstar (or other restorer) restores
male fertility in spite of the expressed Barnase. The second line contains:

- a repressor gene, which represses the activity of the restorer gene
20 : (which may be for example a gene encoding a ribozyme or
antisense to Barstar). |

A hybrid formed by crossing the first and second lines will be male sterile, as the
repressor gene will prevent the restorer gene from functioning, and therefore the
‘25 anificial male sterility gene will itself function.

Another major group of embodiments within the invention involves the use, in one
of the lines, of an inactivated phenotypic trait (for example, artificial male sterility) |
_ "gene. The genc becomes active on crossmg with the other line. g
30 .
' First, within this group, is the'case where a stop codon {(or more than one stop
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codon) in a gene responsible for a desired phenotypic trait (such as a dominamt
AMS gene) in the fifst line is suppressed. The first line contains an AMS gene, |
or other phenotypic trait gene, coding for a protein; the gene is inactivated by one
| ~ Or more nonsense mutations, which may be the same as or different from each
5 other. The second line contains a gene or genes coding for one or more
.Supprcssor tRNAs; these are designed to suppress the nonsense mutations) in the
. phenotypic trait .,(eg AMS) gene of the first line.

 For practical reasons, if more than one mutation is needed in the AMS or other
10 phenotypic trait gene of the first line, the mutations might all be identical, 80 that
only a single type of suppressor tRNA is needed in the second line. Several copies

of the tRNA gene can be used, if desired.

The genes can be introduced in plants by transformation (is may other foreign -
15 genes useful in this invention). In a simple implementation of this embodiment,
the transformants have no phenotype which could be used to fell that the t(RNA
suppressor gene is working properly. This is inconvenient, because of the large
 variability of uénsgenc expression between primary transformants due to position
. effects. However, for minimising any problem that there may be on this count,
20 a reporter gene (such as a glucuronidase (GUS) gene inactivated by the same
nonsense mutation as the male sterility or other phenotypic trait gene) may be
linked to, or at l_éast provided with, the suppressor tRNA gene so that the level of
suppressidn in transformants of the second line can be evaluated. If the suppressor
gene is functioning properly, the nonsense codom in the GUS gene will be
2%* suppressed and detectable glucuronidase will be expressed.

Transformants of the first line can be evaluated by performing the cross with the
second fine and screenmg t'or stenhty, or another phenotypic trait, in the hybrid. ‘
! . . : ¢ ’
30 Restoration of fertility in a commercial hybrid male sterile plant can be achieved -
by a géne suppressing the AMS gene activity either at the protein level (such as

© Recelved Time 23 Febh 3:29 Print Tine 23 Feb 4:00
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Barstar for Barnase) or-at the transcription/translation level (such as ribozymes or

antisense).

In more detail, a preferred implementation of an embodiment of the invention such
5 as this and relating to male sterility is as follows. The first line (Line A) will
express from the A9 promoter (which is tapetum specific and the subject of WO-
A-9211379) a mutated barnase gene. ‘The mutation will be introduced by -in vitro
mutagenesis. The :n_uﬁtion will change into an amber transiational stop codon
either the codon for isoleucine or the codon for uyptophan at position 4-or 35,
10 respectively, of the mature barnase protein sequence. (This numbering does not
take into account the artificial methionine codon introduced 5° during cloning of .
~the ORF coding. for the mature barnase protein.) The gene: hsed in this
- embodiment is described in WO-A-9211379 and Paul ¢t al. Plant Mol. Biol. 19
611-622 (1992). All alterations refer to published sequences (ftom B.
15 amyloliquefaciens; Paddon et al, J. Bacteriol. 171 1185-1187 (1989)) with
Genbank accession number M14442.

The second line (Line B) will express an amber suppressor tRNA which, when
crossed to Line ‘A, will insert at the artificial amber stop codon (UAG) of the
20 barnase mRNA either a leucine or a tryptophan into the amino acid sequence. In
the case of the feucine suppressor, the primary amino acid sequence of the active
toxin will be different from the published one (isoleucine-—sleucine).w The
supprcssdr tRNAs will not allow {or at least reduce the occurrence of) a read

through at the naturally occwrring ochre translational stop codon (UAA) of the
257 barnase mRNA. '

The suppressor tRNA-leucine gene can be constructed ir vitro from artificially
made oligonucleotides according to the published sequence (Green ef al, Plém
Mol. Biol. 10 13-19 (1987); Genbank accession number M21542) of the tRNA-
30 _lén3 gene from Phaseolus vulgaﬁs. ‘The construction process directly yiclds the
amber-suppressor gene _whgre the anticodon sequence is changed from CAA to
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The suppressor tRNA-tryptophan gene can be built by first isolating the wild type
tRNA-u'yptophanZ gene of Arabzdopsz: thaliana (Lin et al, Plant Mol. Biol. 18

5 159-160 (1992); Genbank accession number: 'X5793) by DNA amphﬁcanon from -
genomic DNA. The isolated gene will be converted by in vitro mutagenesis into
an amber-suppressof gene where the anticodon sequence is changed from CCA o
CUA. '

| 10 Both suppressor (RNA gehes can be expressed constitutively from their own
. (intemai) promoter. To select the lines that express a functional amber-suppressor
tRNA, an amber-mutated GUS gene transcribed from the cauliflower mosaic virus
(CaMV) 35S promoter 'will be linked to the respective suppressor | gexie.
_ Expression of GUS may thus aflows the evaluation of the suppressor activity in the
15 primary transformants of line B.

Lines A and B, respectively, can be obtained and propagated as homozygous lines.
When crossed to each other, the resulting F1 offsprings; however, will be male-
. sterile due to tapetum-specific expression of an active barnase protein. '
20 _
The invention, partiéular_ly in this embodiment, is not limited to the use of barnase
as an AMS gene: other AMS genes can be used. AMS genes encoding very
active proteins are preferred, since it can be assumed that cfficiency of suppression
may be low and so will the level of functional protein in the bybrid A X B.-
25 Codons other than Ile or Trp can be mutated, provided an efficient suppressdr
tRNA gene can be made. Other stop codons (ochre or opal) can be used, pi'ovided
efficient suppressor tRNA genes can be made.

Many plant nuclear tRNA gene sequences are publicly available and choice dould

, 30' be made between them; construction of an appropriate tRNA gene could be by
| ~ using synthetic DNA deriving the sequence from the chosen public sequence and
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changing the anticodon, for example by cloning from genomic DNA and normal

gene using PCR technology and mutating the anticodon by in vitro mutagenesis.

" It is expected that not all combinations of a mutation in an AMS gene and a
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suppressor tRNA would be efficient, and some routine experimentation could be
necessary (0 choose between combinations. Such evaluation can be done as
described in the examples below. In particular the efficiency of the stop signal

used in the AMS OREF in the first line should be evaluated; the AMS should have -

an effect on fertility low enough for the plant to be at least partially fertile. The
efficiency of stop suppression provided by the chosen suppressor tRNA gene

should also be cvaluated; the activity of the AMS gene in the presence of the.

suppressor gene should be high enough to cause sufficient male sterility; therefore
the use of a very active AMS gene is recommended.

unrelated work, Carneiro ef al, Plant Mol. Biol, 22 681-690 (1993) have shown
that the in planta expression of their suppressor tRNA,,..-leu3 gene alone had no
deleterious cffect on either growth or fertility of the transgenic tobacco plants.
The. authors also detected in protoplasts from those plants significant (20% of
GUS+ controls) suppression.of electroporated GUS genes that contained amber
mutations. The suppressor tRNA,,.-tryptophan2 was demonstrated by Franklin
et al, The Plant Journal 2 583-588 (1992) 10 suppress an amber-mutated CAT

To demonstrate the feasibility of this approach, it is.if interest to not that,.in -

(Chlofamp_hcnicol Acety] Transferase) gene (up to 10% of CAT+ control) when -

co-electroporated into carrot protoplasts. Although the level of suppression seems
to be “very low" in transgenic plants (W. R. Folk, personal communication) as

.compared to protoplasts, it is expected in the present embodiment of the invention

to be sufficiently high for toxins_ such as the bamase of which only one molecule
is supposedly lethal for the cell in which it Is expressed.

Another embodiment within the group involving the inactivation of a gene is based. |
on transactivation of the expression of the gene. The gene may be an artificial
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male sterility gene, or it may code for (or at least control) a phenotypic trait of
interest. -This embodiment of the invention is particularly suitable for expressing

genes encoding heterologous proteins, particularly high value proteins, of interest.
This embodiment of the invention, among others, is also suitable for expressing
genes giving rise to organ ablation.

In particular, the. AMS or other (eg heterologous) gene is present in the first line
but under the control of regulatory sequences (such as a promoter) which cannot
function (eiiher at all or sufficiently) for significant expression of the géne in the
first line. In the second line is a gene which, when present in the same plant as
the AMS or other (eg heterologous) gene with its associated regulatory sequences,
allow; those- regulatory sequences to function sufficiently to cause significant

* expression of the. AMS or other gene.. For example, the regulatory sequences in

the first line may comprise a promoter which does not function with endogenous

. RNA polymerase (such as the promoter from phage T7), and a gene encoding an |

RNA polymerase (which would be T7 polymerase in the specific case illustrated)
which does function with the promoter may be present in the second line. For
efficient use in eukaryotic cells the phage T7-RNA polymerase protein (T7RNP)
should be modified so that it is targeted to the cell nucleus. This has been
achxeved in plant cells (Lassner et al, Plart Molecular Biology 17 229-234 (1991))
by the addition of a nuclear-targeting sxgnal from the large T-antigen of SV40 to
the N-terminus of T7RNP.

This embodiment of the invention is particularly well suited (o the production of
a protein encoded by a heterologous gene of interest, in the seed or other parts of
hybrid F1 plants. Hybrid cells expressing the heterologous gene result from
crosses between a f' rst parental (eg female) line, designated line A, which contains
the heterologous gene under the control of the bacteriophage T7 promoter, and a

-second parental (cg male) line, designated line B, which constitutively expresses

the T7 RNA polymerase. Neither line A nor line B expresses the heterologous
gene of interest. The heterologous gene is expressed in F{ seeds harvested on line

l
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A, though, and is expreésed constitutively in F1 plants grown from those seeds.

F1 seeds expressing the heterologous gene can be harvested for the processing and
purification of the heterologous gene product. This binary system is typically
adapted for expression of high added value compounds. Growers who cultivate

L R

line A and line B grow only non-expressing plants, and so the system is susceptible .

of a high level of control.

the control of the bacteriophage T7 promoter in the first line (line A). The

- To describe a par_tii:ular embodiment in greater detail, a héterologous gene is under -

heterologous gene is not expressed in plant cells in line A, as the T7 promoter

' normally does not contzin a binding site for plant RNA polymerase. In animal

Methods in Enzymology 217 47-66 (1993)); if any non-specific transcription of the

cells, non-specific transcription of T7 polymerase has been observed (Lieber etal,

heterologous gene should occur in the plant, it is possible to suppress this non--

specific transcription bjr the use of modified T7 promoter. The modification may - .- -

be one or more mutations in T7 promoter which block plant RNA polymerase -

transcription without modifying iranscription mediated by the T7 RNA polymerase.
These kinds of mutation in T7 promoter sequences have been made ‘10 prevent
transcription of T7 by RNA polymerase of animal cells (Lieber ez al, Methods in
Enzymology 217 47-66 (1993)). |

The other parent in this embodiment is a transgenic, homozyéous line, designated

line B, which constinutively expresses T7 RNA polymerase in all tissues and

organs, particularly in endosperm and embryo tissues; expression is stable and
transmitted through progenies. The T7 RNA polymerase may be under the control
of a4 viral promoter, such as the p358 promoter from CaMV, a plant promoter,
such as EFlq, ora bacterial promoter which is transcribed in plant cells (such as

MAS). ‘A sui;able promoter may be the plant aconitase promoter. The T7 RNA
‘polymerase gene contains, at the N-terminal or C-terminal end of the cdding

sequence, a nuclear location signal (NLS)' sequence, The function of the NLS
sequence is to direct expression of T7 RNA polymerase 10 the nucleus. The NLS
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sequence my be a nucleotide sequence which codes for the subsequence Pro-Lys-

Lys-Lys-Arg-Lys-Val of the large antigen of $V40; this subsequence has been
shown to be sufficient to target T7 RNA polymerase to plant nuclct (Lasner et al,
1991).

Plants are obtained by crossing transgenic line. A and t_ransgenic line B. Various
techniques can be used to ensure a specific cross between line A and line B,
mcludmg artificial male sterility systems, cytoplasmlc or nuclear male sterility,

| ‘and manual or chenucal sterilisation of the female line. Pollen from the male line
“will fertilise the {emale line. Seeds which contain the expression product of the

heterologous gene will be harvested on the female line.

Expression of the heterologous geﬁe is restricted to tissues coming from

fertilisatien, namely the zygote and the endosperm. There is no expression in -
: tegument or maternal tissues. In Zygotic tissues (cotyledons, roots and apices) and
endosperm of the F1 seeds, the T7 RNA polymerase, which is expressed in the

nucleus, specifically recognises the T7 promoter and transcribes the heterologous
gene of interest to form mRNA. T7 RNA polymerase, when functional, allows
a high level and_'smble gene expression in seeds. .If F1 seeds are germinated and
grown, the heterologous gene is expressed in all tissues and organs of the plant,
particularly in cotyledons, young plantlets, roots, leaves, stems and flowers.

The heterologous gene may be a mammalian or microorganism gene encoding a
protein, for example for pharmaceutical or cosmetic use. However, the invention
is not at all limited by the purpose or fuaction of the expression product of the
heterologous gene. For example, the heterologous gene may encode an industrial
protein such as an enzyme or other bio-product; or the heterologous gene may
encode an enzyme for use in sifu to produce a substance of interest or to modify
the primary or secondary metabblism of tﬁe plant to produce an added *value
compound. | |

© Received Tine' - 23 Feb 3:29 - Print Time 23 Feb 4:00
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it is cqually contemplated in the ptésent invention that the heterologous gene may
not have a protein expression product. For example, the heterologous gene may =

be a gene coding for antisense RNA or a ribozyme. Antisense. RNA and
ribozymes may for example, like enzymes discussed in the preceding paragraph, -

5 ‘modify the metabolism of the plant, or the content or nature of plant molecules
such as polysaccharides or fatty acids, to produce food or feed with nutritional or
other economic benefits —-_or to produce plants for industrial, agricultural or
environmental uses.

10 Another example of the present category of embodiments would be the use in one
line of a promoter for the AMS (or other héterologous) gene which is not active
in the absence of its cognate trans-acting transcription factor; in the second. line
would be a tissue-specific gene encoding the zrans-acting transcription factor. -

15 In the embodiments of this group which relate to male sterility, restoration of male
fertility can be achieved, as described above, by suppressing the AMS activity.

A third embodiment within the group involving the inactivation of an active
artificial male sterility gene, or other heterologous gene, is based on transactivated

20 specific splicing of an inactivating sequence (such as an intron) placed in the gene
in question.

In this embodiment, the first line, Line A, contains a gene of interest, such as an
AMS gene, interrupted by an inactivating sequence which is capable of being
257 spliced out. The inactivating sequence may be an intron or. any other sequen-ce
which is capable of being spliced out by, say, a maturation enzyme. The intron’
may be a yeast mitochondrial intron, such as a derivative of the intron bl4 of the
Saccharamyces cerevisiae cytochrome b gene. In another implementation of this
embodiment, the intron may be the rRNA group I intron from Neurospora crdssa, |
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- intron.

The second line, Line B, contains a gene encodixig an enzyme capa_ble of splicing

out the inactivating sequence. In the specific case of the yeast mitochondrial intron
discussed above, the enzyme would be the corresponding yeast maturase (eg the

coding sequence from intron bl4 as above), cngincered to have the universal '
genetic code, to have a nuclear localisation signal, and expressed in the same tissue

as the gene of interest. As a generality, the maturase has no effect on the plant,

so phenotypic normality is preserved. In the hybrid A X B, the intron is spliced -

by the maturase and the gene of interest is functional. In the case of the rRNA

group I intron, the gene needed for splicing encodes the CYT18 protein, as has

been described.

For male sterility embodiments, restoration of male fertility can, as described
above, be achieved by suppressing the AMS activity.

In another important embodiment, the desired phenotypic trait is seed specific

. expression of one or more proteins. This can be useful for the production of
pharmaceutically useful proteins in seeds. Examples' of such pharmaceutically

useful proteins include lymphokines, EPO, tPA, interferons, blood factors and/or
enzymes.

In another embodiment, the phenbtypic trait results from the non-expression of a
gene. This can be brought about when, for example:

(i) the first line comprises an antisense sequence for the gene whose non-
expression gives rise to the phenotypic trait, the antisense sequence being
under the control of a promoter or other regulatory sequence which cdnnot

© Received Time 23 Feb 3:29 - Print Time  23.Feb 359
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function for significant expression of the antisense sequence; and

(ii) the second line comprises a gene which, when present in the same
plant as the antisense sequence with its associated regulatory sequence, -

5 allows that regulatory sequence to function sufficiently to cause significant -
expression of the antisense sequence, such expression leading'to down
regulﬁtionof the gene whose non-expression gives rise to the phenotypic
trait.

10 Plants obrainable using the methods of the invention form a second aspect of the

_ invention.

Artificially male sterile plants produced using the' methods of the invention are the -
result of a cross between two normal fertile, homozygous plants referred to above
15 as the first line and the second line (or, in specific embodiments, Line A and Line-
B). This cross between the first and second lines would have to be performed in * -
a manner to prevent self-pollination, but only on the small scale needed to produce
the basic seeds. Self-pollination can be prevented by using chemical, mechanical
or manual castration of one line and physical separation in the field of the other
.20 line (the pollinator). Careful examination of the hybrid seed production process
leads to the conclusion that a manual cross at the basic seeds production step is
practical and economical. The cost of crossing manually is largely overcome by
the advamtages of obtaining a genetically homogenous batch of (male sterile)
female parent seeds which can be used directly in the hybrid seeds production
25/ field, without selection, and which cannot be easily reproduced. An added
_ 5dvantage is that thi; cross could be the cross of a breeding scheme (as in 3-ways
hybrids commonly used), in which case there is no added cost beyond that of the
normal basic seed production process. | | |
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Similar considerations apply, mutatis mutandis, to other plants of the invention

having different phenotypes.

Heterologous DNA can be introduced in the desired plant by transformation, and
the transgenics are bred to homozygosity. Preferably, DNA is transformed into
plant cells using a disarmed Ti-plasmid vector and carried by Agrobacten'um by

- procedures known in the art, for example as described in EP-A-0116718 and EP-
A-0270822. Alternatively, the foreign DNA could be introduced directly into plant
cells using an electrical discharge apparatus. This method is preferred where

v

10 Agrobacterium is ineffective, for example where the recipient plant is
monocotyledonous. Any ot.ﬁer method that provides for the stable incorporation of
the DNA within the nuclear DNA of any plant cell of any species would also be
suitable. This inclﬁdes'species of plant which are not currently capable of genetic

. -~ transformation. |

15

Although the usefulness of the invention is not especially limited to any particular

- _species or other taxonomic grouping, it is expected that the greatest use of the
invention will be with ecommcally important crops. Examples include maize,
tomato and wheat. '

20
Male sterile plants in accordance with the invention are useful as female parents
in the production of commercial F1 hybrid seed. The precisc details for this final
cross will vary from crop to crop. For maize, the male parent (designated plant

| C) will be planted in one row alternating with several rows of female parent

28 (designated plant AB). After pollination the male parent rows are crushed, and
seeds harvested only from the female rows. No chemical treatment of the
production field is needed, and except for the absence of manval detasseling, the
process is very similar to the one currently used in the field.

i Received Time 23 Feb, 3:29 Print Time . 23 Feb 3:59 |
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The female parent cannot be reproduced since it is made through a cross that the

hybrid seed producer cannot perform. The hybrid seeds obtained (designated
ABC) will segregate male sterility. The actual frequency of male sterile plants in -
the hybrid seeds population will depend on the location of the heterologous DNA
5 in the genomes of the first and second lines, as described above. The highest
frequency of male. sterile would be if the two heterologous genes segregate
independently (are located on different linkage groups); - it would then be 25%.
Because wind driven cross pollination is very efficient in maize, in practical terms
the population would behave as a 100% fertile population, and a restorer- gene in
10 parent C is not compulsory. If it is however desired, it can be done as described
_ below for tomato. '

In the case of tomato, male sterile seeds in accordance with the invention can be-
planted in a hybrid seed-production glasshouse as the female parent (plant AB),

15 and pollination by pollen from the male parent (plant C) is done. No chemical
treatment, no sorting of plants, and no emasculation are nceded. In this case, the-
hyhrid plants obtained should preferably be 100% fertile since cross pollination is
not very effective naturally in the tomato production field. To achieve that, it is
possible to rely on two techniques. First, in a genetic approach, the heterologous

20 DNA in plant A (gene A) and the heterologous DNA in plant B (gene B) are
located at iighﬂy linked loci on opposite chfomosomes of a given pair, and
therefore have very little probability of cosegregating in the hybrid plant (as
explained in W0-A-9201799). Secondiy, plant C may be engineered to express
a restorer gene; any dominant.gene which prevents gene A or gene B activity is

257 suitable. A gene expressing Barstar (h proteinaceous inhibitor of Barnase (Hartley
Trends in Biochemical Sciences 14 450-454 (1989)) is appropriate (see for example
EP-A-0412911).

To obtain a phenotype using the described binary systems, one combines the two'
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genes in the same plant by crossing two plants, usually primary transformants or -
selfed progeny of primary transformants. Because of the well known “position

effect”, not all primary transformants containing the first gene will bé suitable for

crossing 1o all primary transformants containing the second gene, and parent plants

5 will generally have no conveniently detectable phenbtype allowing to screen the

' suitable plants among them. To identify the svitable parents among the
independent primary transformants, many CroSSes are perfonﬁed. and the hybrids

obtained are then evaluatéd for the desired phenotypic trait. Although this can be

done, itis a lengthy process. One way o lmplement the invention more qu;ckly

10 s the following: '

Target plant tissue is transformed with the first gene, but m)t aliowed to regeneme

into plants. Thc regenerauon capacity of the tissue is retained. The transformed

tissue is then transformed with the second gene, using a different selectable marker

15 if needed. The transformed tissue, now containing the two genes at independent
positions in the genome, is then allowed to regenerate a whole fertile plant.

Among the plants obtained in that way, some will have the desired phenotypic trait

asa consequéncg of them having the two genes at suitable positions in the genome.

_ In the progeny of such a plant, segregation plimts having only the first gene or
20 only the second gene and not having the desired phenotypic trait can be identified.

' Such plants are then multiplied and used as ‘parents in the cross to produce the

' hybrid plant with the desired phenotype. If an extensive back-cross process is
required to convert the primary transformant to a better agronomic variety, as is

. often the case for example with maize, this back-cross process can be done on the
252 plant containing the two genes and showing the phenotype. When an acceptable
' clite variety is obﬁined, usually after 3 to 6 steps of back-cross, the two genes are
allowed to segregate and the parent plants are identified among the segregants.

The parent pl’anis are then multiplied, and later used to produce the desired hybrid
- plant, showing the desired phenotype. If, however, it is desired that the "two
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parents are different, the back-cross process can be done using a different recurrent

1|

pollinatbr on each parent (having one of the two genes and not showing the .

' phenotype) and niot on the original transformant (havmg the two genes and showing

the phenotype).

Plants useful as either the first or secbnd lines, as used in the methods of the

-invention, form a further aspect of the invention.

According to another aspect of the invention, there is provided propagating

material, pa_rtiénl_arly seed, of a plant in accordance with the invention. -

According to a fifth aspect of the invention, there is provided a hybrid plant

obtainable by crossing a male plant with a male-sterile plant in accordance with the -

invention.

In yet a further aspect of the invemion,. there is provided a method of producing
a plant having a desired phenotypic trait, the method comprising crossing a first
line and a second line wherein each of the first and second lines does not have the

is transgenic.

Among the phenotypic traits that could be created using some of the binary
systems that we describe, a useful trait is cell ablation.

' phenotypic trait in question, and wherein at least one of the first and second lines -

Some plant tissues or organs can be undesivable. Examples of these include seeds

in fruits (grapes), hair on fruit skin (peaches), or petals in oilseed rape (as they
promote propagation of the pathogehic fungus sclerotinia). However, in many
cases it would be desirable to limit this trait to hybrid plants, produced by crossing
parents with no altered phenotypes. | L
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This can be achieved by ﬁsing a binary system made for example of an inactive

toxic gene under control of a promoter specific of the tissue or organ [0 be
destroyed, supplied by the first parent plant, activated in the hybrid plant by the
activator gene supplied by the second parent.

| Preferred genes are the Barnase ORF inactivated by one or more stop mutation,
under control of the appropriate tissue specific promoter, and a suppi'essor tRl\_lA '
gene able to read the stop codons.
10 Another example of a suitable system_ consists of a non-expressed toxic gene

supplied by the first plant, which expnessibn is activated in the hybrid in a tissue
specific manner by a tissue specific transactivator supplied by the second p_drem.

Preferred genes are the Bamase ORF under control of a suitably modified T7
15 _promoter and a TTRNA Polymerase gene under control of a promoter specific for
-' tissue 10 be destroyed. - Another possibility of the same example is to use the
CaMV translationél transactivator (gene VI) under control of a tissue specific
promoter to activate translation of.a toxic ORF present as the second cistron in a
mRNA expressed in the tissue to be destroyed. Another possibility relies on intron
20 splicing using a tissue specific maturase as explained previously.

Preferred features for each aspect of the invention are as for each other aspect,
mutatis mutandis.

252 The invention will now be illustrated by the following examples. The examples.
refer to the drawings, in which:

FIGURE 1A: shows the scheme for cloning transactivator reporter gene:
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FIGURE IB: shows the scheme for cloning the AMS mutant genes;

_FIGURE 2A: shows the scheme for cloning the transactivator and
reporter genes; '

FIGURE 2B: .shows the scheme for cloning an AMS mutant gene
(Barnase AMS);

FIGURE 3: is a description of pGA492 Hygro;
. FIGURE4: shows the structure of the A9 promoter-C103 chimeric gene

excised from pWP80 in Example 7;

_FIGURE 5: . shows the alignment of A. thaliana ms2 with B. napus C103 . .
DNA.

EXAMPLE 1
tRNA Mediated Suppression of a Stop Codon in an AMS Gene

A suitable Artificial Male Sterility (AMS) gene coding for a protein which prevent
male fertility can be made inactive by substitution of 1-3 bases in the coding
sequence (Open Reading Frame ORF) so that a valid codon is transfdrmed into a
Stop codon (TAA: ochre, TGA: 'opal, TAG: amber). This mutated gene (gene A) |
is therefore inactive and plants containing it (plant A) are fertile. A suppressor

'tRNA can be engincered w'hich' will read the Stop codon as an amino acid codon

and therefore allows trauslation of the mutated ORF. This gene (gene B) in ftself

. Reseived Time 23 Feb 329 Péint Time 23 Feb. 3:50
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will have no effect on the plant that expresses it (plant B) as shown for example

| in tobacco by Cameiro ef al., (Plant Mol. Biol. 22 681-690 (1993)). The product

of a cross between A and B will express the AMS ORF and be sterile.

Specifically, the codon ‘coding Trp at amino acid position 37 of the barnase ORF
encoding the mature protein (Paddon and Hartley, Gene 40 231-239 (1986);
Hantley J. Mol. Biol. 202 913-915 (1988) can be converted into an amber stop
codon. Some other minor sequerce aluéra;ions are also imtoduced as follows.

The sequence surrounding the amber codon is modified to facilitate identification
of the correct mutant, and to change it to a sequence closer to the plant consensus
sequence for end of ORF signals (sequences stast at the first base of the Trp codon
35): '

Normal nucleotide sequence: TGGGTGGCATCAAAAGGGAACCTTGCAGAC
Normal aa sequence: TrpValAlaSerLysGlyAsnLeuAlaAsp
Mutated nucleotide sequence: TAGATTGCATCAAAAGGGAACCTTGCAGAT
Mutated sa sequence: AmblleAlaSerLysGlyAsnleuAlaAsp

The mutated sequence has the ability to be translated into an active barnase protein
in the presence of an amber suppressor tRNA is demonstrated in E. coli. When
expressed in E. coli from the plant promoter A9, .which has by chance some
significant transcriptional activity in E. coli, the mutated barnase gene is toxic to
the host cells if the barstar region is deleted. This demonstrates that the introduced
amber codon is suppressed to some extent, even in the absence of known
suppressor tRNA genes. This suppression could be caused by translation mistakes.
It also demonstrates that the other mutations which were introduced in addition to
the amber codon did not impair the. activity of the barnase protein. However,
mutant constructs having lost toxicity could then be isolated only from Strain
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MC1061 which has no suptRNA genes; and in these mutants no other change than
the introduced mutations were found within the coding region of the barnase gene.
When reintroduced into strains MC1061 and LE392, these mutant constructs were
- non toxic to strain MC1061 which is not known to have suppressor tRNA genes,
5 but still toxic to stain LE_392 which has genes for tRNA supE44 (translating amber
as glutamine) and supF58 (tfanslating amber as tyrosine). It seems therefore that .
the spontanecous mutation selected in these constructs decreases the level of
expression of the mutated barnase gene, thus making the tRNA suppressor
| ibsolutely necessaryfor obtaining a toxic level of barmase. - The genotypes of the
10 bacterial strains are described in "Molecular Cloning: A Laboratoly Manual"
~ ‘Sambrook et al, Cold Spring Harbor Laboratory Press, USA, 1989, and the strains
are -available from public collections, as will be known to those skilled in the art.

15 This result demonstrates the feasibility of the system, and also suggests that a
tighter system could be useful. A second émbe; codon is therefore engineered at
the codon for Trp at position 71 of the barnase mature protein, as follows
(sequence starts at 1st base of' cadon 70):

20 Normal nucleotide sequence: ACATGGCGTGAA
Normal aa sequence: TheTrpArgGlu
Mutated nucleotide sequence: ACCTAGAGAGAA,
Mutated aa sequence: “ThrAmbArgGlu
25, ' 'The mutated genes described are expressed under co_:i’trol of the tapetum specific

promoter A9 (WO-A-9211379) and the resultant gene is introduced into
Arabidapsz‘s thaliana. Figure 1 shows the scheme used to clone the geties in the

* expression vector, and 1o transfer the construct in the piant transformation vector
pBinl9. Transgenic plants are obtained by Agrobacterium-mediated transformation

30 and are fertile; they are allowed to self, and selfed seeds are collected; the deeds
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obtained are segregaﬁﬂg the transgene, and plants homozygous for the transgene
(plant A) are identified. '

_ The gene c.:oding.for tRNA Trp2 (Tsai Yun Lin er al, Plant Mol. Biol. 18 159-160
5 (1992)) has been cloned from Arabidopsis thaliana ecotype C24, by PCR from
~ genomic DNA, using the published sequence to design the following primers:

TW1: 5'TATCGGATCCAGGAGGAAGCAAAGCAGTACC
10 TW2: SCCACTAGTAGATCTCCACTTCCCTTCCTTTGTTGGA

The anticodon region is then converted by in vitro mutagenesis from CCA to CTA.
The resultihg mutated tRNA (SupamtRNATrp) is now able to read the amber
codons as Trp codons. The suppressor tRNA gene is introduced in Arabidopsis,
15 after being cloned. in plant transformation vector pBinl9 as shown schematically

| in Figure 1. The T-DNA in which the suppressor tRNA gene is inserted also
contains a constitutive 355-GUS gene inactivated by a Trp to Amb mutation at
codon 35. This mutated GUS is used as a reporter gene for suppfessor tRNA
activity in the primary transformants..

20 o

A)  Numbering and construction of genes (Figures 14 and 1B)

The inactivated AMS gene (Figure 1B): ]

N The mutated A9-Barnase (Trp3Samber) was obtained by PCR mutagenesis from

25 the pWP127 (Paul et al, Plant Molecular Biology, 19:611-622 (1992)), and the
mutagenised Bamnase-Barstar fragment Xbal-BgllI was inserted in the Xbal-BamHI
sites of pl41.5 (described below), yielding p2013. One further round of
mutagenesis from p2013 yielded p2017:A9-Barnase (Trp35amber Trp71amber).
These genés were then inserted in the HindIII site of pBin19 (Bevan et al, Nucleic
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Acids Research, 22:8711-8721 (1987)) as HindllI fragments, yiclding p3086 and
p3088 respectively. Destﬁpﬁon of pl415-p1415 is a derivative of pWP91, where
the unique EcoRY site located 3” of the CaMB transcription terminator is replaced
by a HdeIl site. The cassette containing the A9 promoter and the CaMV
5 terminator can therefore be recovered from P1415 as a Hind II Fragmem
' - pWP9l is a deuvauve of pIIT60 where the duplicated 35S promoter region is
replaced by a 934 bases A9 promoter region from pWP75 (described in-Plant
Molecular Biology, 19, 611-622 (1992)). pWP91 therefore contains a cassette
made of the A9 promoter and the CaMV terminator. pJIT60 is a derivative of

10 pIIT30 (described in Plant Molecular Biology, 18, 127-136 (1990)), were the 35S

. promotér of pJIT30 has been duplicated.

The transactivator gene and the reporter gene (Figure IA):
Trp Suppressor tRNA: the PCT amplified fragment was cloned in pBlueScnpt
15 SK+ (Stratagene) as shown in the figure, yiclding p3071.

A BamHI-Spe insert from p3071 was reinserted in sites BglII-Spel of p3071,
yielding p3081 which contains tandem repeat of the suptRNA.

20 A reporter gene ir.as built by mutagenising Trp codon 35 to create an amber codon
in the GUS gene (obtained from pBI121 (Jefferson et al, EMBO Journal 8:3901-
3907(1987)), and then cloning the mutagenised gene (with all the regulatory
-sequences) in pBlue Script SK+, yielding p2010. The mutated GUS gene was
then inserted as a Hind[II-EcoRI fragment in the HindIl-Eco RI sites of pBin 19

28 ~ yielding p3092.

The suptRNA genes were inserted next to the reporter gene: a BamHi(Klenow)-
Spel fragment from p3071 or p3081 was inserted in sites EcoRI(Klenow)-Spel of
- p2010, yielding p3094 and p3096 respectively. . .
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Transfer of this construct to binary vectors: HindIIl linearised plasmids p3094 and
p3096 were inserted in the HindIII site of pBin19, yielding p3108 and p3109
respectively. These plasmids contain the suptRNA gene(s) and the reporter gene.
They were introduced into Agrobactcrium tumefaciens strain AGL1 ("AGL1") by

.s' electroporation. The Hin&m-SpeI insert from p3094 and p3096 was also inserted
in thc: HindIIl-Xbal site of another binary vector: pGA492Hygro (described below
and in Figure 3), yielding p3112 and p3113 respectively. These plasmids can be
introduced in AGL! by triparental mating.

10 Description of pGA492Hygro: it is a derivative of pGA492 (described in An et al,
" 1986, Plant Physiology; 81, 86-91) where a Hygromycin resistance gene made of
" the 35S promoter, the HygB ORF and the nos terminator has been inserted as a
SacI-EcoRI fragment in the SacI-EcoRI sites of pGA492, deleting approximately
280 bases from pGA492 including the 5’end of the CAT ORF.
15 | .
Combination of the AMS gene and the transactivator gene on the same T-DNA
(Figure 1B):
The Hmdm fragment of p2013 containing the A9-Bamase(Trp3Sambet) gene was
inserted in the HindIIl site of p3112 and 3113 yielding p3121 and p3119
20 respecuvely Sumlarly the Hind fragmem of p2017 containing the A9-Barnase
(Trp3SamberTrp71lamber) gepe was inserted in the HindIII site of p3112 and
p3113, yielding p3114 and p3120 respectively. These four plasmids were
" introduced into AGL1 by triparental mating. |

28 B) List of constructs introduced in plants and description

Genes are shown with their regulatory sequences (promoter and terminator); Genes
are separated by “/*.
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p3086 A9-Barnase(Trp35amber)-CaMV
p2088 A9-Barnase(Trp3Samber Trp7lamber)-CaMV
p3092 35S-GUS(Trp35amber)-Nos '
p3108 35S-GUS(Trp3Samber)-Nos/TrpsuptRNA/BlueScript SK+
5 p3109 355-GUS(TrpaSamber)-Nos/TrpsuptRNA/TrpsuptRNA/Blue Script
SK+ |
- p3ll2 35S-GUS(Trp35amber)-Nos/TrpsuptRNA
p3113 35S-GUS(Trp3Samber)-Nos/TrpsupfRNA/TtpsuptRNA
. P3121 A9-Barnase(Trp35amber)-CaMV/358-GUS(Trp35amber)
10 -Nos/TrpsuptRNA o
p3119 A9-Barnase(Trp35amber)-CaMV/358
-GUS(Trp3Samber)Nos/TrpsuptRNA/TrpsuptRNA
p3114 A9-Barnase(Trp3Samber Trp7lamber)-CaMV/35S-
| GUS(Trp3Samber)-Nos/TrpsuptRNA |
15 p3120 A9-Bamase(Trp3Samber Trp7lamber)-CaMV/358-
~ GUS(Trp35amber)-Nos/TrpsuptRNA/ TrpsuptRNA

() 'Dencriptlon of plants

20 Transgenic Arabidopsis plants were obtained by root transformation using
Agrobacterium and standard methods.
The plants were evafuated-for_ fertility and sceds harvested from-ferti-lc' plants.
Plants coritaining the mutated GUS gene were also assayed for GUS gene
expression by incubating some plant tissue (leaf and/or flower) in X-Gluc, using .

25-7  standard methods. GUS enzyme activity was detected by a blue staining... Most -
of the transformed plants had some leve! of GUS enzyme more noticeable in young
anthers which was called background GUS("bG"): This level is probably caused
by endogenous suppression of stop codons or by translation mistakes, as it could
be detected also in some plants containing the mutated GUS gene only, and no
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exogenous suppressor IRNA. In the presence of the exogenous suppressor ;RNA,
a significant fraction of the plants had higher level of GUS activity: above
background GUS "abG”,-as shown in the following table: '

~ Plasmids . iption of lants:
p3086: 21 plants obtained; 21 fertile.
- P3088: 22 plants obtained; 21 fertile; 1 sterile.
p3092: 11 plants obtained; 11 fertile.
. 1 plaht out of 10 tested shown bG.
| ~ No abG found.
p3108: . 19 plants scored for fertility; 19 fertile; 1 sterile (ﬂower )
' | abnormalities).

4 plants (1 sterile) out ot22 tested show abG.

- p3109: 21 plants scored for fertility; 21 fertile.

. 10 plants out of 22 tested show abG.
p3120: 4 plants obtained; 2 male sterile, 2 fertile.

- D). . Plant propagation, genetic analysis and crosses.

. Seeds from fertile transgenic plants (TO) have been harvested (T1 seeds), planted

and homozygous T1 plants can be identified by following the segregauon of the
nptll (Kanamycin resistance) gene in the T2 generation.

Homozygous T1 plants containing p3086 or p3088 can then be crossed with
homozygous T1 plants containing p3108 or p3109. The hybrid seeds (F1) are
harvested and planted on soil. -F1 families are scored for fertility. When both
Parents contain an efficient transgene the familly has 100% sterile plants.
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E) Conclusion.
The experiment demoastrates (hat:

5. The AMS gene, inactivated by 1 or 2 stop codons, has no detrimental effect on the
plaat fertility. It can be transactivated by suppressor tRNA in bacteria. Therefore
plant A can be obtained. .

Suppressor TRNA (the transactivator gene) has no effect on plant fertility but is
10 able in a number of plants to suppress a stop codon in the GUS gene as shown by
staining. the transactivator is efficient. Plant B can therefore be obtained.

The inactivated AMS gene and the suppressor TRNA gene put togethér by

cotransformation on the same T-DNA (p3120) cause male sterility in a number of

15 plants, showing that the presencc in the same genome of the 2 genes is causing
| male sterility.

A male sterile plant caﬁ therefore be obtained by crossing 2 fertile plants
“containing an inactivated AMS gene and a transactivator respectively.

20
EXAMPLE 2

tRNA Mediated Suppression of a Stop Codon in an AMS Gene

25, The procedure of Example | was followed, except that codon No. 4-in the.
sequence of the mature barnase protein is mutated so that the Ile codon is
converted to amber. The sequence surrounding the amber codon is modified as - -

follows, for the reason given in Example 1 (sequences start at first base of codon
1 of the mature protein):
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Normal nucleotide sequence: GCACAGGTTATCAAC -
Normal aa sequence: AlaGinVallleAsn

Muuated nucleotide sequence: GCACAAGTGTAGAAC
Mutared aa sequence: AlaGInValAmbAsn

The results obtained in E. coli are the same as those described in Example 1. A
second amber mutation is introduced at the codon for Leu at position 95 of the
barnase mature protein as follows (sequences start at first base of mutagenised Leu
codon 95): |
10 .
Normal nucleotide sequence: CTGATTTACAAA
Normal aa sequence: LeulleTyrLys
Muzated nucleotide sequence: TAGATTTACAAA
Mutated aa sequence:  AmblleTyrLys
15 '

A)  Numbering and t;,onstruction of genes (Figures 2A and 2B)

 The inactivated AMS gene (Figure 2B):
The mutated A9—Bémase_'_(llc4amber)' was obtained by PCR mutagenesis from
20 pWP127, and the mutagenised Bamase-Barstar fragment Xbal-Bg1Il was inserted
in the XbéI-BamHI sites of p.1415. yielding p2014. This gene was then inserted
in the HindII site of pBIN19 as a HindlII fragment, yielding p3087.

The transactivator gené and the reporter gene (Figure 2A):

25  Leu  Suppressor (RNA: the synthetic DNA fragment was cloned in
e pBlueScriptSK +-ds shown in figure 2A, yielding p3062 and p3063 (2 identical
clones). ' o

A BamHI-Bglll insert from P3063 was re-inserted in site Bgl!llofl p3063, yielding
30 p3077 which contains a tandem fepéat of the suptRNA.
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A reporter gene was bﬁilt by mutagenising Ile codon 123 to create an amber codon

in the GUS gene (obtained from pBI121 ), and cloning the ntutagenised gene (with

all the rcgulitory sequences) in pBlueScript SK+, }'ielding p3078. The mutated

GUS gene was then inserted as a Hind III-EcoRI fragment in the HindIII-EcoRI
5 sites of pBin 19 yielding p3093.

“The suptRNA genes were then inserted next to the reporter gene: an EcorRI-Spel
fragment from p3062 or p3077 was inserted in sites EcoRI-Spel of p3078, yielding
p308'3 and p3082 respectively.
_;o . |
Transfer of this construct to binary vectors: HindIlI-Spel fragments from p3083
and p3082 were inserted in the HindIII-Xbal sites of pBinl9, yielding p3090 and
p3089 respectively. These plasmids contain the suptRNA gene(s) and the reporter
gene. They were introduced into AGLI1 by electroporation. |
15

Combination of the AMS gene and the transactivator gene' on the same T-DNA

(Figure 2B):

The HindIII fragment of p2014 containing the A9-Barnase (Ile4amber) gene was
- 20 inserted-in the Hindlll site of p3090 yielding p3102. This plasmid was introduced

in AGL1 by electroporation. ' '

B) List of constructs introduced in plants and description. -

25. ¢ Genes are shown with their regulatory sequences (promoter and terminator);-Genes ~ -
are separated by "/".

p3087: A9-Barnase(Iledamber)-CaMV
p3093: 358-GUS(lel23amber)-Nos - ,
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p3090: 35S-GUS(lle123amber)-Nos/LeusuptRNA
p3089: 35S-GUS(Ile123amber)-Nos/LeusuptRNA/LeusuptRNA
p3102: A9-Barnase(Tledamber)-CaMV/35S-GUS(lle123amber)

-Nos/LeusuptRNA
5
C)  Description of plants.
Transgenic plants were obtained and _scored_ as in Example 1.
10 Plasmid Description of the plants
p3087:. 22 plants obtained; 21 fertile; 1 sterile with flower
abnormalities. '
p3093: - 16 plants obtained; 16 fertile
15 . . 8 out of 13 plants tested show bG.
' No abG observed.
p3090: 19 plants obtained; 15 fertile; 4 sterile.
6 plants (including the 4 sterile) show abG.
p3089: 8 plants obtained; 5 fertile; 2 sterile; 1 sterile with flower
20 abnormalities. '
No abG observed.

p3102: 8 plants obtained; 4 sterile, 4 fertile;

~ The toxicity of the LeusuptRNA is unexpected as it js in contradiction with

‘257  published data. It can be explained by taking into account the dual localisation
(bytqsoli'c and mitochondrial) of the bean LeutRNA chosen for the experiment: the

presence of a suppressor tRNA in the mitochondria where the pool of (RNAs is

limited might bé deleterious for thé cell. However, some planﬁ éxpressing the
LeusuptRNA have a normal phenotype and can be used in a cross to transactivate
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the inactivated AMS gene. And furthermore: the presence on the same T-DNA

of the 2 genes (in p3 102) increases the frequency of sterile plants showing that the

transactivation is efficient.
5 D)  Plant propagation, genetic analysis and crosses.

As in Example 1, seeds ffom fertile transgenic plants (TO) were harvested (T1
~ seeds) and planted. Heterozygous and homozygous T1 plants can be identified by
following the segregation of a single nptll (Kanamycin resistance) locus in the T2

10 generation.

Kanamycin resistant individuals from a TI population from a primary transformant
containing p3087 were crossed as female to individuals of T1 populations from 3
primary transformants containing p3090 and expressing the tRNA gene (as shown
15 by a RT—PCR expéﬁment). The hybrid seeds (F1) we_'re'obtained and planted on-

soil.
Sterile plants in the F1 families were identified with expected frequencies:

20 0% if one parent is Ka_namy.lcin sensitive;
25%. if both parents are heterozygous for the nprll gene;
50% if one parent is homozygous for the nptll gene;
100% if the two parents are homozygous.
E)  Conclusion

The experiment demonstrates that the AMS gene, inactivated by 1 stop codon, has
- no effect on the plant ferility. It can be transactivated by suppressor tRNAs in
bncteria. Therefore plant A can be obtained,
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The suppressor tRNA has a strong, gene dosage dependent effect, on.plant

viability and fertility. It .is nevertheless possible 10 obtéin normal plants expressing

the suppressor IRNA by screening a iarge population of transformants. The

suppressor tRNA is efficiently transactivating a mutated reporter gene. Plant B
5 can therefore be obtained. '

When plant A was crossed to plant B, male sterile F1 plants were found in

ﬁredicted ratios. This demonstrates the feasibility of generating a homogeneous

population of male sterile plants from a cross ofa ﬁomozygnus plant A expressing
10 . the transgene A with a homozygous plant B expressing the transgene B.

EXAMPLE 3

_ T7 RNA Polyxﬁerase-Médiated Expression of an AMS Gene

15 o
Construction of an A9 promoter-modified T7 RNA polymerase chimeric gene.
For efficient use in eukaryotic cells, the phage T7-RNA polymerase protein
(T7R'NP)‘ must be modified so that it is targeted to the cell nucleus. This has been
achieved in mammalian (Licber et al. Nucleic Acids Research 17 8485-8493

20 (1989)) and plant cells (Lassner ez al, Plant Molecular Biology 17 229-234 (1991))

~ by the addition of a nuclear-targeting signal from the large T-antigen of SV40 to |

the N-terminus of T7RNP A similar SV40 leader-T7RNP gene fusion was
constructed by Dr. Andrzej Plucienniczan in the following manner:

‘2% The T7RNP gene was isolated as an Nrul, BamHI fragment from plasmid pGP1-2
(Tabor and Richardson, Proc. Nat'l. Acad. Sci. USA 82 1074-1078 (1985)) and
cloned between the Accl (rendered flush with Klenow) and BamHI sites of pUC19
forming the plasmid pT75. A leader sequence from the SV40 large T-antigen gene
was then cloned in front of the Nri site of pT75, forming pT;ISL s
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The modified T7RNP gcné of pT751 is then placed under control of the tapetum- -
specific A9 promoter. The Xbal-BamHI fragment containing the modified T7RNP
gene is cloned between the Xbal and BamHI sites of pWP91 (described in WO-A-
9211379) forming pWP180 (Figure 24). The A9 promoter-TNP chimeric gene
S . is then cloned as an Xhol fragment into the Sall site of pSCV-nos-nptI (pSCV-nos-

" nptll was made by cloning a nos promoter-nptlI-nos terminator chimeric gene
between the EcoRV and EcoRI sites of pSCV1 (see Firek et al, Plant Molecular
Biology, 22: 129-142 (1993) for information on pSCV1). The resulting plasmid
(pPWP180-SCV) is then transformed into plants and bred to homozygosity (plant

10 A).

‘Construction of a T7 promoter PR~qucduase chimeric gene.
An EcoRl, Xhol fragment containing the A9 uniranslated 5’ leader sequence and
the 5° region of the PR glucanase gene from pDW8O0PR (Worrall et al, The Plant
‘15 Cell 4 759-T71 (1992)) is cloned between the EcoRL, Sall sites of the vector
pTZ18 (Pharmacia Lid) forming pWP178. Transcription by T7-RNA polymerase
‘from the T7 promoter produces RNA that is uncapped and thus may be unstable
or poorty translated in eukaryotes. Addition of a 5" leader sequence that allows
c.ap—ihdependent transla;io_n, such as the Tobacco Etch viral leader (TEV)
20 (Carrington and Freed, Journal of Virology, 64: 1590-1597 (199)), markedly
increases translation of protein from RNA transcribed by T7-RNA bolymerase
(Tuttle et al, 4th International Congress of Plant Molecular Biology, AbStracts
p478 (1994)). The TEV leader sequence is therefore cloned as an EcoRI-Ncol
fragment between the EcoRI and Ncol sites of pWP178, thus removing the A9-
25.;  leader, forming pWP178-TEV. | -

A modified T7 primer:
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5' GGGGCTCGAGTTAATACGACTCACTATAGGG 3’ (an Xhol site
added 5’ to the T7 promoter) '

44

and the M13 20" primer:

5' CGTTGTAAAACGACGGCCAG 3’ (primes outside the polylinker of
pTZ18) '

are then used in a polymerase chain reaction to obtain a T7 promoter TEV leader-
10 PRgluc’ fragment that is cloned into pBluescript Il KS- (Stratagene Ltd) as an
" Xhol, HindlIl fragment, forming pWPL88-TEV. The Kpnl-Ncol fragment of
‘pWPI88-TEV is r.hen used to replace the Kpnl-Ncol A9 promoter-leader fragment

of pDWSOPR, forming 'pWP22'2. ‘Primers:

15 - 5 CCGCATGCGATCCGGCTGCTAACAAAGCC 3’ and
5" GGATATCAGATCTCGATCCGGATATAGTTCC 3’

are used in polymerase chain reaction with plasmid ET-21-a (Novagen) as template

~ and the resulting T7 terminatdr sequence is cloned as a Sphl, EcoRV fragment

20 between the Sphl and EcoRV sites of pWP222, forming pWP224. The T7

promoter TEV-PRgluc chimeric gene is then cloned as a partial Xkol fragment into

the Sall site of the binary vector SCV nos-nptll, forming pWP224-SCV, and
transformed into plants and bred to homozygosity (plart B(PRgluc)).

25! Construction of a T7 promoter-TEV-Barnase chimeric gene.
‘The Neol. Sphl PR-Gluc and CaMV polyadenylation sequences of pWP224 were _
replaced with the Ncol Sphl Barnase and CaMV polyadenylation sequences of
pPWP128 (Paul er al, Plant Molecular Biolpgy, 19: 611-622 (1992)), forming
pWP226. This chimeric T7 promoter-TEV-Barnase gene was cloned as an Xhol
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fragment into the Safl-cut pSCB-nos-nptll, forming pWP226-SCV. The T7
promoter-TEV-Barnase gene could not be transferred intact into tobacco plants,

indicating that, as observed previously in. mammalian cells (Leiber et al, Methods
~in Enzymology, 217: 47-66.(1993)), the T7 promoter is recognised, albeit at low
S efficiency, by a eukaryotic RNA pdlymerase. Since Barnase is highly cytotoxic
to all plant cell types (unlike Pr-gluc (Worxall et al, The Plant Cell, 4: 759-771
(1992)), any low level "constitutive" exprgssion of Barnase would prevent
regeneration of transformed plants. Mutations of the T7 promoter sequence can
significantly reduce non-s_peciﬁc expression from the T7 promoter, whilst stiil
10 allowing récoguition by T7 RNA polymerase (Leiber er al, Methods in
Enzymology, 217: 47-66 (1993)) Thus the T7 promoter of pWP226.is replaced

with such a mutated promoter

A mutated T7 primer:

15 | _
| 5' GGGCTCGAGTTAATTCGACTCACTATACGG 3’ (A nXhol
site a@ded 5' to the T7 promoter)
-and the M13 20’ primer:
20

5’ CGTTGTAAAACGACGGCCAG 3’ (primes outside the
polylinker of pTZ18)

_ are then used in a polymerase chain reaction to obtain a mutant T7 promoter TEV
25.-2 leader-Prgluc’ fragment from pWP178-TEV, that is then cloned into pBluescript
IT KS- (Stratagene Ltd) as an Xhol, HindIII fragment forming pWP188-T7miut.
. The Kpnl-Ncol fragment of pWP188-T7mut is then used to replace the Kpnl-Ncol
fragment of pWP226 forming pWP226{1"7mu,tQ The T7-mut promoter TEV-
- Barnase chimeric gene is then cloned as an X/ol fragment into the Sall site of'the
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binary vector SCV nos-nptll, forming pWP226-T7mut-SCV, and transformed into
plants and bred to homozygosity (plant B (Barnase)).

In the progeny (plant AB(PRgluc) or plant AB(Barnase)), the TTRNP is present in

5 the mpetuni of these plants and promotes expression in the tapetum of either the
T7-TEV-PRgluc or T7-mut-TEV-Barnase genes therefore causing male sterility.
The use of the system in a hybrid seed production scheme is similar to the one d
described in Example 1 above. '

10 E E 4
T7 RNA Polymerase-Mediated Expression of GUS in Seeds

To demonstrate the utility of T7 RNA polymerase-mediated expression of proteins
15 or RNASs in seeds or in the other parts of the hybrid plant, expression of GUS
protein from such a system in seeds is described below.

Construction of a 35S CaMV promoter-modified T7.RNA polymerase chimeric
gene. | | _
20  For efficient use in eukaryotic cells, the phage T7-RNA polymerase protein
(T7RNP) must be modified so that it is targeted to the ccll nucleus. This has been '
achieved in mammalian (Leiber er al, Nucleic Acids Research, 17: 8485-8493
- (1989)) and plant cells (Lassner et al, Plant Molecular Bialogy, 17: 229-234
(1991)) by the addition of a nuclear-targeting signal from the large T-antigen of
"3 $V40 1o the N-terminus of the TIRNP. A similar SVAO leader -T7RNP gene
fusion was constructed by Dr Andrzej Plucienniczan in the following manner:

~ The TTRNP gene was isolated as an Nrul, BamHI fragment from plasmid pGP1-2
- (Tabor and Richardson, Proc. Natl. Acad. Sci. USA, 82: 1074-1078 (1985)) and
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cloned between the Accl (rendered flush with Klenow) and BamHI sites of pUC19
forming the plasmid pT75. A leader sequence from the SV40 large T-antigen gene

was then cloned in front of the Nrul site of pT75, forming pT751.

The modified T7TRNP gene of pT751 is then placed under control of a double 358
CaMYV promoter. The Xbal-BamHlfragment-coméining the modified T’RNP gém:
is cloned between the Xbal and BamHI sites of pWP90, forming pWP179 (Figure
2A). ﬁWP90- is identical to pWP91 (described in WO-A-921 1379) except that the
Kpnl, Xbal A9 promoter fragment of pWP91 is replac'ed by a Kpnl, Xbal double
35S promoter from piIT 60 (described in WO-A-9211379). The 358 CaMV
promoter-T7RNP chimeric gene iS-then cloned as an Ss71,Xhol fragment into the

il

Sstl. Sall sites of pBinl9. The resulting plasmid (pWP179-Bin) is then -

| transformed into plants and bred to homozygosity (plant A).

Construction of a T7 promoter-TEV-GUS chimeric gene.

An EcoRI,EcoRV fragment containing the Tobacco Etch Virus (TEV) leader
sequence and the 5' region of B-Glucuronidase (GUS) from pRTL2GUS

" (Carrington and Freed, Journal of Virology, 64: i590-1597 (1990)) is cloned

between the EcoRI,Smal sites of the vector pTZ18 (Pharmacia Lul) forming

PpGUSI (cap-independent leader sequences such as TEV (Carrington and Freed,

Journal of Virology, 64: 1590-1597 (1990)) have been shown to improve
significantly the stability and translatability of RNA transcriptS made by T7 RNA
polymerase in plant protoplasts (Tuttle ez al, 4th Internation Congress of Plant

Molecular Biology, Abstracts p478 (1994)). A modified T7 primer:

5' GGGGCTCGAGTTAATACGACTCACTATAGGG 3’ (An-
Xhol site added 5’ 1o the T7 promoter)
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and the M13 20° primer:

5 CGTTGTAAAACGACGGCCAG 3' (primes outside. the
polylinker of pTZ18) -

are then used in a polymer'ase._chain reaction to obtain a T7 promoter TEV leader-
GUS’ fragment that is cloned into pBluescript II KS- (Stratagene Ltd) as an Xhol,
HindIIl fragment forming pGUS2. The KpnI-Ncol fragment of pGUS2 is then
used to replace the Kpni-Ncol A9 promoter of pWP9I (describéd in WO-A-
9211379) forming pGUS3. | |

Primers:

5' CCGCATGCGATCCGGCTGCTAACAAAGCC 3’ and
5' GGATATCAGATCTCGATCCGGATATAGTTCC 3'

‘are used in polymerase chain reaction with plasmid ET21a {Novagen) as template
"and the resulting T7 terminator sequence is cloned as a Sphl, EcoRV fragment

between the SphI and EcoRV sites of pGUS3 forming pGUS4. The Ncol, Sphl
fragment from pRTLZGUS concammg the . GUS and CaMV' polyadenylation
sequences, are then cloned between the Neol and Sphl sites of pGUS4 forming
pWP225. The T7 promoter TEV-GUS chimeric gene is then cloned as an Xhol
fragment into the Sall site of the binary vector SCV nos-nptlI (pSCV-nos-nptll was

“made by cloning a nos promoter-uptll nos terminator chimeric gene between the

EcoRV and EcoRlI sites of pSCV1 (see Firek ez al, Plant Molecular Biology, 22:
129-142 (1993) for information on pSCV1), forming pWP225-SCV, and
transformed into plants and bred to homozygosity (plant B).

In the developing seeds resulting from a cross of plant A to B, T7RNP expression
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results in the transcription of the T7-TEV-GUS gene and GUS protcin
accumulation in all cells and tissues where the 35S promoter is active, This
demonstrates that expression of a heterozygous protein in a éeed-spec‘ific manner

can be obtained.
. .
| Activation of an AMS Gene by Specific Spllcing
10 An AMS gene, such as A9-bamase or A3-glucanase, is built containing an
aniﬁciai intron which prévents translation of the gene. An appropriate group I
intron derived from a mitochondrial rRNA gene from Neurospora crassa is
described in Guo et al, The Journal of Biological Chemisiry 266 1809-1819 (1991).
This -intron is not able to self-splice and needs a specific protein helper for
15 splicing. In plants, the intron should not be spliced. Plant A (the first line)

contains such an AMS gene, is fertile and bred to homozygosity. Plant B (the
second line) contains an engineered gene encoding the protein needed for splicing:
the CYT-18 protein from Neurospora crassa; the ORF is manipulated so that the
protein will be targeted to the nucleus, and if necessary so that its other activity
20 (tyrosyl-tRNA synthetase) is abolished (Mohr e al, Cell 69 483-494 (1992)). This
gene in itself has no cffect on the plant containing it; plant B is fertile and bred
to homozygosity. Cross between A and B is performed as described above and the
seeds obtajned give sterile plants. Thesc can be used in a hybrid seed production
scheme as described in Example 1 above. Other intron/helper protein pairs could -
257 be used.
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EXAMFLE 6

Activation of a Bicistronic AMS Gene by Protein VI of CaMV

5 An AMS ORF (such as Barnase or PR glucanase as described above) is.inscm;d.
in 3* of (after the Stop codon of) a first ORF (Zijlstra and Hohn, The Plant Cell
4 1471-1484 (19_92)# they describe the use of OREF VII from CaMV, but -
recommend the use of the ORF for NPT[I, such that the AMS OREF is present on
the same mRNA as the first ORF. Because only the first ORF is translated in
10 plant mRNA, the AMS ORF is not translated. The plant containing this bicistronic
| . gene (plant A) is fertile and bred to homozygosity.

An acti.valor of the translation of the AMS ORF in gene A is the product of ORF
VI of CaMV, (Zijlstra and Hohn 1992, ibid). Gene B is built by placing ORF V1

' 15" of CaMV under control of an appropriate promoter such as A9. In plants (plant
B), this gene has no effect and the plant is bred to homozygosxty

In plant AB resulting from the cross berween A and B, the product of gene VI
activates translatmn of the AMS ORF present on the bicistronic mRNA, and the
20 resulting protem causes sterlhty

The system is then used as described in Example 1 above 1o generate a
homogeneous population of male sterile plants, used to produce hybrid seeds.

25!  EXAMPLE?
Transcription Transactivation

Gene A is an AMS genc under control of a specific promoter which is not aetive
30 in the absence of its cognate transacting factor.

Recelved Time | 2.Feb 3:29  PrintTime . 23.Feb 3:56




.“22—.].=E..B'.-SS 19“_.;54' FROM: KILBURN AND STRODE 4~ = = 1ID: 217124286308 . PAGE 52
-

This Sheet Has Been Rep

. T

Gt.nc B is a gene codmg for the transacting transcription activator, expressed in
the appropnate tissue.

EXAMPLE
'Ri,b_ozyme Inactivation of a Gene Necessary for Male Fertility

'Dommant male. stcnhty can be obtamzd by mhlbmng expressmn of an endogenous -
gene needed for male femhty This gene suppression can be done using antisense, '
10 | RNA techoology or using ribozyme RNA technology. The latter can be deployed
| so that a binary sys_tem causing sterility can be designed and this is described
below. The target gene to be suppressed can be identified for example by analysis
~ of male steﬁlg mutants. There are many examples of potential target genes (such
as gene ms2 of Arabidopsis, Aars et al., }Vature 363 715-717 (1993)). Targét
15 -~ genes from plints.of interest can be cloned from other plants, using knowledge
| derived from the Arabidopsis gene or genes and using standard technologies (such
as the use of heterologous probes, antibodies and PCR reactions using degenerate
primers). A suitable target gene lS called in this description "ms" and its gene
product called "MS".
20 .
In plant A is introduced a T-DNA containing a ribozyme directed against a site
(called site 1) in gene ms, 'a_nd a mutated version of gene ms (called msf*-2) where
the ribozyme cleavage site has been_ mutated, and a different cleavage site created
(site 2) without destroying the MS protein function. In this plant endogenous gene
352 ms expression is -destroyed by the ribozyme, but this is complemented by

expression of gene ms1*-2 which is resistant to ribozyme cleavage.

Plant A contains MS, and is therefore fertile, this fertility being conferred by the
expression of ms/*-2, an allele of gene ms. It is bred to homozygosity. ~ *
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Plant B expresses a ribozyme divected against site 2 of gene ms[*-2, This site is

not present in gene ms, and therefore plant. B has normal MS activity. It is fertile
and bred to homozygosity.

5 Plant AB will lack MS activity because the ribozyme from plant A will inactivate
gene ms and the ribozyme from plant B will inactivate gene ms/*-2. This plant
will be sterile, and can be used to produce hybrid seeds.as described in Example -
1 above.

10 If restoration is needed, a new allele of gene ms (msl*—2*) can be made where
site 2 would be mutated to be resistant to ribozyme cleavage, without deéstroying
MS protein function.

For a given gene ms, such as ms2, characterised by the phenotype of a ms
15 deficient mutant, and where sequence of the mRNA is known, the information
needed to build the system is available. '

As an example of this approach, a test system is the restoration of fertility of an.
Arabidopsis thaliana ms2 ‘male sterile line (Aarts er al, Nature, 363: 715-717
20 (1993)), dsing an ms2 cDNA (C103) isolated from Brassica napus (Hodge et al,
| The Plant Journal, 2: 257-260 (1992)). The tapeturn-specific A9 promoter can be
used to drive expression of the Brassica napus ms2 ¢cDNA (C103). This construct
will produce ms2 protein in the tapetum and thereby restore fertility to plants in

which the native ms2 gene; RNA or protein has been distupted.
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Construction of a chimeric gene containing the tapetum-specific A9 promoter
linked to the sense bden_tatian_ of the C103 ¢DNA and transformation into ms2
Arabidopsis thaliana. '

The anthét—speci_ﬂc cDNA C103 was cloned into the EcoRlI site of Lambda. Zapll

(Stratagene) by the addition of EcoRI/Noil linkers (Hodge ez al, The Plant Journal,

2, 257-260 (1992)). The cDNA can be excised as a Notl fragment since there are
no intemnal Notl sites. The cDNA is then cloned into Norl-cut pWP80 (UK Patent
No 9028060.3) in the sense orientation. The chimeric gene is then excised from

- the pWP80 derivative with Xhol and is cloned into Sal-cut pBinl9 (Bevan et al,
Nucleic Acids Research, 22, 8711-8721 (1984) (Figure 4)).

The pBinl9 derivatives are transfonned' into the plant species of interest. Plants
which are male sterile due to disruption of native ms2 gene function are male
fertilc upon transformation or crossing in of this restorer gene.

Since sequences of the A. thaliana and B. napus ms2 are not identical (89%
identity between their coding regions, Figure 5), specific ribozymes can be
designed that cleave 'only the A. thaliana or only the B. napus ms2 mRNA. these
can be used in the binary system scheme as outlined previously.

EXAMPLE 9
Sterility Inducti_bn by Repressing the Inactivator of an Active AMS gene

In line A, the AMS gene is co-expressed with an inactivator of the AMS gene
producing fertile plants. Line A is then crossed to Line B that expresses a

-repressor of the inactivator such that the hybrid AB is male-sterile.

An example of such a system is Bamase as the AMS gene, Barstar as the
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inactivator and anti-Barstar as the repressor. Expression of Barstar from the

taperum-specific TA29 promoter restores fertility to sterile TA29-Barnase Brassica

napus plants (Mariani ez al, Nature, 357: 384-387 (1992)). Thus co-expression of
Barnase and Barstar from the same tapetum-specific promoter, for example A3 or
A9, will produce male-fertile plants. Barnase and Barstar expression can also be
driven from different promoters providing that the remporal and spatial pattern of

~ expression of Barnase is encompassed by the expression of Barstar. Thus the -

tapetum-specific promoters A3 and A9 which have similar patterns of expression

(UK Patent Application No 9028060.3) can be used to drive Barnase and Barstar
in the combinations A3-Barnase+A9-Barstar and A9-Barnase+A3-Barstar,
Similar promoter combinations may be advanmgeoﬁs either to provide Barstar prior

to Barnase expression in the cell or to produce more Barstar than Barnase in the
cell.

A)  Numbering and construction of genes.

The active AMS gene: AJ-Bamase (pWPI131 (see UK Patent Application No
9028060. 3).

‘The inactivator of the AMS gene combined with the AMS gene:

The inactivator gene is A9-Barstar: this was built by inserting the Barstar ORF as

‘a BamHI-Bg!1I fragment, produced by PCR from pWPI127, in the BamHI site of

pl415, in the sense orientation, yielding p3072. The Sphl fragment from p3072
containing the A9-Barstar gene was inserted in the sphl site of pWP131 which
contains the A3-Bamase-CaMV gene, yielding p2021. The sall-EcoRV fragment
of p202! which contains the 2 genes was then inserted in the Sall-Smal sites of
pBin 19 yielding p3118. This plasmid contains the 2 genes in the same T—DNA.
It was introduced in AGLL by electroporation.
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The repressor gene of the inactivator:

The same Barstar ORF BamHI-BglII fragment, produced by PCR from pWP127
as described above, was inserted in the BamHI site of p1415 in the antisense
orientation yiemmg p3073. The HindHI fragment of p3073 containing the A9-
antiBarstar gene was inserted in the HindIIl site of pBinl9 yielding p3076. This
plasmid was introduced in Agrobacterium by electroporation.

B)  List of constructs introduced in p_iants and description

Genes are shown with their regulatory sequences (promoter and terminator); Genes
are separated by "/, _ )

p3118 A3-Barnase-CaMV/A9-Barstar-CaMV
p3076 A9-antiBarstar-CaMV

C)  Description of plants

Tramgenic plants were obtained and scored as in Example 1.

Plasmid iption . la

p3076: 14 planis obtained:; 13 fertile; 1 sterile with abnormal flowefs.

D)  Plant propagation, genetic analysis and crosses

. As in Example '1 seeds from fertile transgenic plants (TO) are harvested (T1
~ seeds), planted and heterozygous and homozygous T1 plams can be identified by

tnllowmg the segregation of the marker gene in the T2 generatxon
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Homozygous plants from various primary transformants containing p3118 are

crossed to homozygous planté from various transformants containing 3076. The
hybrid sceds (F1) are planted and F1 plants are scored for fertilit)_l. When the 2
transgenes are efficient the F1 plants are sterile.

E)  Conclusion

mmmmw

" Given the known temporal and spatial activities of the A3 and the A9 |

promoter(Scott et al, Plant Molecular Biology, 17:195-207(1991) plant A can be T

: obtamed A gene able to reduce or suppress expreﬂslon of the restorer gene has no

effect on fertility. Plant B can be obtained.
PLE 10

fad?2 mutants of Arabfdopsis thaliana which are deficient in ER 18:1 desaturase are

inhibited in germination at low temperatures (M F Miquel and J A Browse, Plant
Physiology, 106: 421-427). This strongly suggests that driving seed specific
antisense to this gene, giving rise to high oleic acid in the seed oil as described in
w093/ ‘1 124S, would result in inhibition of seed germination of high oleate oilseed
rape. Indeed. the authors conclude that the production of commercially viable high
oleate (rape) oil “may not be possible”. High oleic acid rabe is a desired product
for industrial feed stock. '

Using the binafy system as described above in Example 3 can alle\fia(e this
problem. Thus, lines A and B are created. The A line carries the phage T7 RNA

polymerase protein (T7TRNP) linked to a seed specific 'promoter such as the napin -
promoter. Any suitable promoter may be used. including a seed specific promoter

which may be preferred over 358 since éxpression in the seed is higher. The B

line carries the T‘7 promoter linked to the desaturase gene in the antisense

orientation (this replaces GUS from Example 3). In the developing seeds resdlting
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from the cross A 10 B, T7RNP expression results in the transcription of the T7-

TEV-antidesaturase gene. 'Bo.th. A and B can be muitiplied separately without the

gene being expressed. The A line is chosen to be or subsequently rendered male

sterile (cytoplasmic male sterility is commonly used in the female parents of

5  oilseed rape) or otherwise. incapable of selfing, and the B line to be a suitable

pollinator, thereby ensuring that seed collected on the hybrid carries the two

components. There may be further refinements of the production system. (Note,

however, that the ratio of AEB. is céminly not 1:1, and'may be around 95:5,

thercby alleviating concems about dilution of the AB seed. Alternatively,

10 herbicide resistance may be added to the A line to allow elimination of

contaminating B plants after pollination has taken place.) Only when the lines

éarrying the two comp'onents'are crossed would expression of antisense ER18:1
desarurase OCcur. | | |

15  Inthe developing seeds resulting from the cross A 1o B, T/RNP expression results
in the transéripﬁon of the T7-antidesaturase gene. The desaturase enzyme level
is thereby down regulated in tissues where the napin promoter is active, and seed
resulting from the cross are hlgh in oleic acid and thus suitable for industrial
processing. Since these seeds are not intended for field planting, any gene

20 expression during germination is no longer a problem. Seed from plants carrying
the components can be germinated and therefore increased as normal.

As well as solving this particular problem, the binary system may be used in this
o way to express other enzymes involved in fatty acid synthesis, or in other
25" processes occurring in the seed of crop plants, thereby ensuring security of
production by having the target enzyme expressed onmly in the final product
produced by the seed producer.
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1. A method for producing a plant having a desired phenotypic trait, the
method comprising crossing a first line with a second line wherein each of the first

5 and second lines lack the phenotypic trait in question and wherein at least one of
the first and second lines is transgenic. and wherein when the desired phenotypic
trait. is male sterility, the male sterility does mot result from the action of a

" transactivator polypeptide on a target aucleotide sequence.

10 2. A method as claimed in claim 1 wherein each of the first and sccond lines
is transgenic. |

3. A method as claimed in claim 2 wherein the first and second lines have the

following characteristics:
15 | | |
()  the first line comprises homologous or heterologous DNA which
controls the desired phenotypic trait and in the first line is adapted
such that the line does not have the phenotypic trait, and
20 (b)  the second line has DNA ("adapter DNA") which when present in
the same plant as the phenotypic trait control DNA adapts the
phenotypic trait control DNA to give rise to the phenotypic trait.
’ 4. A method as claimed in any one of claims 1 to 3 whbrein the phenotypic trait
25 is male sterility.
5. A method as claimed in claim 3 or claim 4, wherein the phenotypic trait
sequence in the first line comprises a sequence which, when expressed, confers the
phenotypic trait on the plant, and wherein the adapter DNA of the second line acts
30 to prevent (at least partially) expression of the phenotypic trait control sequence
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6. A method as claimed in claim 4 or claim 5, wherein the first line comprises

-

() two genes, designated ms and ms*, respectively, expression of at
least one of which is needed for male fertility and

(i) a prevention or disruprion sequence (such as DNA encoding a

10 | ribozyme, designawed R, or DNA encoding antisense RNA,

| designated A,,, specific for ms) which prevents or disrupts the
proper expression of the ms gene: and

- wherein the second line comprises:
15 -
()  the two genes, designated ms and ms*, respectively, expression of
at least one of which is needed f_or male fertility and

o (ii) a prevention or disr‘uptlion-sequence (such as DNA encoding a
20 _ ~ ribozyme. designated R,,., or DNA encoding antiscnse RNA,
designated A,,., specific for ms*). which prevents or disrupts the
proper expression of the ms* gene.

7. - Amethod as claimed in claim 3 or claim 4, wherein the first line contains:

‘25
(i)  an expressed gene giving rise to the phenotypic trait: and
(i) an expressed restorer gene which restores the “absence of ‘the
phenotypic trait; and
30
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a repressor gene, which represses the activity of the restorer gene.

8. ' A method as claimed in claim 4 or claim 7, wherein: the expressed gene
. giving rise 10 anificial male sterility encodes the ribonuclease Barnase driveh by

a tapcmm-speclﬁc promoter; the exp:essed restorer gene which restores male
femhty is the Barstar toxin inhibitor; and the repressor gene is a gene encoding
a ribozyme or antisense to the Barstar gene.

9. Amethod as claimed in claim 3 or claim 4, wherein the first line comprises
an inactivated phenotypic trait gene, and the second line contains a gene which has

‘the effect of activating the phenotypic trait gene..

 10. A method as claimed in claim 9, wherein the first line contains a

phenotypic trait gene coding for a protein, inactivated by one or more nonsense
mutations, which may be the same as or different from each other. and wherein
the second line contains a gene or genes coding for one or more suppressor tRNAs
c.orrespondmg to the nonsense mutation(s).

11. A method as claimed in claim 4 or claim 10, wherein the first line
expreéses a mutated barnase gene driven by a tapetum-specific prbmomr. whetein
the mutat‘mn in the barnase gene changes into an amber translational stop codon

either the codon for isoleucine or the codon for tryptophan at position 4 or 35,

respectively, of the mature barnase protein sequence; and wherein the second line

expresses an amber suppressor tRNA which is capable of inserting. at an amber

stop codon (UAG). either a leucine or a tryptophan into the nascent amino acid

sequence. _ _ .

12. © A method as claimed in claim 9, wherein the first line comptiscs' a
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ﬁhenotypic teait gene under the control of a promoter or other regulatory sequence
which cannot function for significant expression of the phenotypic trait gene in the
first line; and wherein the second line comprises a gene which. when present in
the same plant as the phenotypic trait gene with its associated regulatory sequence.

s alloWs that regulatory 's,equence to function sufficiently to cause signi_ﬁcant
expression of the phenotypic trait gene.

13. A methodas claimed in claim 12, wherein the regulatory sequence in the
first line comprises a promoter which does not function with endogenous plant
10 RNA polymerase; and wherein the second line comprises a gene encoding an
~RNA polymerase which does function with the regulatory sequence in the first
line.

© 14, A method as claimed in claim 13, wherein thé promoter which does not

15 fonction with endogenous piant RNA polymerase is the promoter from phage T7;

and wherein the gene in the second line encoding an RNA polymerase is T7
polymerase. |

15. A method as clanned in claim 14, wherein the phage T7-RNA polymcrase
20 s modified so that it is ta:geted to the cell nucleus.

16. A method as claimed in claim 9, wherein the first live contains a
phenotypic trait gene which is driven by a promoter which is not active in the
absence of its cognate frans-acting transcription factor; and wherein the second
25 line compris_es a tissue-specific gene gncoﬁing the rran.r-ﬁc:ing transcription factor.

17. A metliod as claimed. in claim 9, wherein the first line contains a
. phcn_otypic trait gene interrupted by an inactivating sequence; and wherejn the
second line comprises a gene encoding an enzyme which is capable of splicing out
30 the inactivating sequence.
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'18. A method as claimed in 17, wherein the inactivating sequence is an intron:
" and wherein the enzyme is a maniration enzyme.

19. A method as claimed in 18, wherein the intron is derived from yeast
5. xmtochondnal intron bl4 of the Saccharomyces cerevisiae cytochrome b gene: and
wherein the enzyme is a yeast maturase.

200 A method as claimed in 18, wherein the intron is derived from the rRNA
group I intron from Neurospora crassa; and wherein the enzyme is the protein
10 CYT18.

21. A method as claimed in claim 2 wherein the phenotypic trait results from
the non-expression of a gene normally carried by the plant.
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15 22. A method as claimed in claim 21 wherein: ”II,I

" () the first line comprises an antisense sequence for the gene whose non-

|

i

expression gives rise to the phenotypic trait, the antisense sequence being
undct the control of a promoter or other regulatory sequence which cannot
20 function for significant expression of the amtisense sequence; and

(i) the second line comprises a gene which., when present in the same
plant as the antisense sequence with its associated regulatory sequence,
allows that regulatory sequence to function sufficiently to cause significant
25 expression of the antisense sequence. such expression leading to down -
regulation of the gene whose non-expression gives rise to the phenotypic
trait.
~23. A method as claimed in claim 22 wherein the antisense sequence is under
30 the control of the promoter from phage T7; and wherein the second line comprises
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o gone cncoding T7 RNA polymersse, RO R O

24. A method as claimed in any one of claims 21 to 23 wherein the gene whose
non-expression gives cise to the phenotypic trait is one coding for a desaturase

enzyme_.

25. A method as claimed in any one of claims 1 to 3 wherein the phenotyplc

trait results in seed specific expressxon of one or more protems

26. . A method as claimed in claim 25 wherein the protein is a pharmaceuucally

useful protein.

27. A method as claimed in claim 26 wherein the protein is a lymphokine,
EPO, tPA, an interferon, a blood factor or an enzyme.

28. A plant obiginable by a method as defined in any one of the preceding

claims.

29. A plant as claimed in claim 28 wherein the desired phenotypic trait is male
sterility. ' '

30. Propagating material of a plant as claimed in claim 28 or claim 29.
31.  Propagating material as claimed in claim 30, which is seed.

32. A hybrid plant obtainable by crossing a male plant with a female, male-
sterile plant as claimed in claim 29.

" 33. A plant which is useful as the first or second line as defined in any one or
‘more of the preceding claims.
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4. A 'xr;emod for producing a plant having a desired phenotypic trait, which

comprises crossing a first line wiih a second line wherein each of the first and

second lines fack the phenotypic trait in questwn and at least one of the first and
' second lines is transgemc

35. A method as claimed in claim 34 modified by one or more of the features
of claims 2 to 27.
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