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This invention relates to the application of recombinant DNA technology to plants,
specifically for the purpose of achieving male sterility.

The production of hybrids via sexual hybridisation of parents with differing genetic
backgrounds is an important practice in modemn agriculture. Due to the
manifestation of heterosis or hybrid vigour the offspring are superior to the parents
in such key agronomic characters as yield and disease resistance. Further, where
10 the parents are extensively homozygous, the resulting offspring are genetically very
uniform and therefore the crop behaves in an equally uniform manner in such
important characteristics as germination time, height of growth, susceptibility to
disease, flowering time, seed ripening time etc, which greafly improves the
efficiency of crop management. For these reasons hybrid seed is attractive to the
15 farmer and therefore sells at a premium.

In nature, the reproductive organs of many plant species are arranged in a manner
that greatly favours self-fertilisation and consequently the production of non-hybrid
offspring. Therefore, in order to produce hybrid seed free from contamination

20 with selfed seed, cross-fertilisation is carried out using a variety of mechanical,
chemical and genetic methods that prevent self-pollination.

An important mechanical method for hybrid seed production is available for Zea
mays. In this species, the male and female reproductive organs are located on
25 different parts of the same plant, which facilitates emasculation by a process
known as detasseling - removal of the anthers. However, the reproductive organs
of most other major crops are not so conveniently arranged making emasculation
a very labour-intensive operation; as a consequence, hybrid seed produced by this

method is very expensive.
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pollen production. However, such chemicals are usually expensive and difficult
to administer, particularly to crops with an indeterminate flowering habit.

Two commonly used genetic methods for preventing self-pollination are self-
incompatibility and male sterility. In self-incompatibility systems, viable pollen
is produced but a biochemical block prevents self-pollination by interfering with
poilen germination or pollen tube growth. However, such systems are complicated
by the scarcity of self-incompatible female lines, propagation difficulties and the
frequent instability of the self-incompatibility. In some cases, the problems of
propagation can be eased by chemical suppression of the self-incoxhpatibility or by
the hand pollination of immature buds ("bud pollination”) before activation of the
biochemical block to self-pollination. However, suppressible self-incompatibilities
are often vulnerable to climatic stress which reduces the effectiveness of the

‘ system. The important crop genus Brassica provides a good example of the

difficulties associated with self- incompatibility systems for hybrid seed production.
Although self-incompatibility is widespread in Brassica spp., the system is
complex, female lines are very difficult to propagate and the self-incompatibility
is prone to breakdown under stressful climatic conditions.

In agricultural terms, the most important natural mechanism employed to prevent
self-pollination is so-called male sterility. Male sterility usually results from the
manifestation of certain mutations carried in the nuclear or organellar
(chloroplastic and mitochondrial) genomes that result in the degeneration of the
anthers or pollen prior to dehiscence (release of pollen). Plants expressing male
sterility are therefore female only, and any seed produced by such plants must be
the product of cross-pollination from a male fertile plant. Currently, the greatest
bairrier to the widespread availability of hybrid seed is the absence of effective
male-sterility.
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sugarbeet, oilseced rape and sunflower. Many have flaws such as the breakdown
of sterility and the production of pollen under stressful climatic conditions.
Genetically controlled male sterility has previously relied mostly upon the chance
discovery of male sterile plants in the breeding population. The development of
an effective male sterility system would remove this dependence on an
unpredictable event and give more control to the plant breeder. The present
invention relates o such a development.

The promoter is that region of a gene which regulates its expression, for example
by specifying the time or location of expression. Promoters can be separated from
the coding region of a gene and used to drive a different coding region, thus
allowing the expression of a different product. A promoter can in principle be
used to effect male sterility if it is specific to the cells/tissue involved in the
production of male gametes. The tapetum is a specialised cell layer within the
anther that plays a crucial role in the su15ply of nutrients to the developing
microspores. Malfunction of the tapetum is the cause of many types of natural
male sterility.

According to EP-A-0329308 (Paladin Hybrids Inc), many of the difficulties
associated with naturally-based male-sterility and sexual incompatibility systems
can be overcome by a proposed "artificial” male-sterility system. EP-A-0329308
describes several possible variants of the system. In one type, the central element
is a chimeric gene consisting of a microspore- specific promoter and a male
sterility DNA. Microspores are immature pollen grains. The important property

~ of male-sterility DNA is that its expression is designed to cause the termination of

microspore development, by interfering with processes unique or essential to it.
Since the promoter is microspore-specific, the male-sterility DNA is transcribed
into RNA only in the microspores. The application describes several types of

This Sheet Has Been Replace

L

I

i
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male- sterility DNA, specifying: anti-sense RNA to microspore-specific genes and
to proteins with a general, but essential, cell function (eg actinidin and tubulin);
and the cytotoxic proteins Ricin A and diphtheria toxin.

5 However, the system as described appears to have a serious drawback, in that the
teaching of EP-A-0329308 would not produce plants which are necessarily male-
sterile plants. Since the action of the microspore-specific promoter described in
the invention occurs post-meiosis, segregation of the male sterility DNA in the
microsporocytes of plants heterozygous for the factor would result in only half the

10 pollen grains receiving the factor.

A possible way to circumvent the segregation problem would be to generate plants
homozygous for the sterility factor. However, propagation of such a plant would
have to proceed via asexual processes since any pollination would again return the

15 offspring to heterozygosity. This limits the application of the invention to plant
species where such propagation is commeicially viable. It would therefore be
desirable for male sterility DNA to be expressed in the mother tissue thereby to
affect all the pollen grains.

20 EP-A-0344029 (Plant Genetic Systems (PGS)) also describes an artificial male
sterility system for use in hybrid seed production. It is based on a chimeric gene
consisting of an anther-specific promoter (from the gene designated TA29) isolated
from Nicotiana tabacum and a male sterility DNA. In this case, the promoters are
derived not from microspore-specific genes as in the Paladin system, but from

25 genes expressed exclusively within the tapetum. Hence, the chimeric gene is
designed to prevent microspore development and cause male-sterility by disrupting
or destroying the tapetum.
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5 Two comonly used genetic nethods for preventing self-pollination
are self- inconpatibility and male sterility. In self-inconpatibility
systens, viable pollen is produced but a biochem cal block prevents
self-pallination by interfering with pollenggerm nation or pollen tube
grow h. However, such systens are conplicat%d by the scarcity of
self-inconpatible female |ines, propagation difficulties and the 10
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sel f-inconpati bij ithat e cR¥bice of a promoter which is active in a cell-type not subject to
mejosis, avoids the problems associated with genetic segregation. Destruction of
the tapetum prevents the maturation of all microspores regardless of genetic make-
5 up.

As part of the continuing endeavour to improve the means available to the plant
geneticist for inducing male sterility in commercially important crops and other
plants, the identification of further useful genes and associated promoters is

10 actively sought, Among the commercially most significant crops in the world
today are included members of the family Brassicaceae, partiéularly Brassica
napus, commonly known as oil-seed rape. If tapetum-specific genes and promoters
from members of the family Brassicaceae could be elucidated, plant breeders
would have at their disposal powerful tools to use in the development of male

15 sterile B. napus and other members of the Brassicaceae family. There is an
attraction in being able to keep heterologous DNA within the family or smaller
taxonomic division, as unpredicted effects may be reduced or minimised. Further,
transgenic members of the family Brassicaceae incorporating heterologous DNA
from other members of the same family may well be more acceptable from the

20 regulatory point of view than Brassicaceae family members incorporating DNA
from more remote sources.

The present invention is based on the discovery of novel and useful genes and
promoters from the family Brassicaceae and relates to methods, genetic constructs
25 and transgenic plants hamessing the discovery.

According to a first aspect of the present invention, there is provided a
recombinant or isolated DNA molecule comprising a promoter which naturally
drives expression of a gene encoding an 11.6 or 12.9 kDa tapetum protein in
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Brassicaceae.

In this specification, the gene encoding the 12.9 kDa protein in A. thaliana and
equivalents of that gene in other members of the family Brassicaceae will be
referred to as the A3 gene; the gene encoding the 11.6 kDa protein in 4. thaliana
and equivalents of that gene in other members of the family Brassicaceae will be
referred to as the A9 gene. The A9 and A3 are different in sequence and pattern
of expression from the tapetum-specific promoters described in EP-A-0344029.

Induction by external factors such as heat shock or herbicide application, as is
described in one embodiment of EP-A-0329308, is not required for this invention
to function, so it need have none of the attendant problems with, for example,
indeterminate flowering habits.

A3 temporal expression spans the period in anther development when the
microsporocytes are in meiotic division to early microspore interphase. A9 gene
is expressed in tapetal cells. Expression of A9 is initiated in anthers that contain
meiocytes and continues into anthers that contain microspores in early first
interphase.

The molecular weights quoted above are putative and derived from the number of
amino acids believed to be present, as deduced from the DNA sequence. The 12.9
kDa protein encoded by the A3 gene of A. thaliana has 118 amino acids; the 11.6
kDa protein encoded by the A9 gene of A. thaliana has 107 amino acids. It will
therefore be appreciated that the molecular weights refer to the un-glycosylated
protein. In addition, the effect on any other post-translational processing such as
partial proteolysis is discounted.

Although figures given above relate only to proteins of 4. thaliana, those skilled
in the art will readily be able to identify equivalent proteins from other members
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napus encodes a putative protein of 96 amino acids in length having a calculated
molecular weight of 10.3 kDa. Such equivalent genes may be identified by
hybridisation studies, restriction fragment length polymorphism (RFLP) and other
methods known in the art. Genes encoding closely equivalent proteins may for
example hybridise under stringent conditions (such as at approximately 35°C to
65°C in a salt solution of approximately 0.9 molar) to the 4. thaliana A3 and A9
genes, or fragments of them of, for example, 10, 20, 50 or 100 nucleotides. A
15-20 nucleotide probe would be appropriate under many circumstances.

The preferred A3 and A9 promoters described in this specification are from
Arabidopsis thaliana and can be isolated by methods known in the art, for example
by (a) synthesising cDNA from mRNA isolated from the stamens of the plant
Brassica napus, (b) isolating this cDNA, (c) using this cDNA as a probe to
identify regions of the plant genome of Arabidopsis thaliana that encode stamen-
specific mRNA and (d) identifying the upstream (5°) regulatory regions that
contain the promoter of this DNA. This procedure also demonstrates that probes
based on, or derived from, the coding regions of a stamen-specific DNA from one
species of plant may be used to isolate DNA sequences encoding stamen-specific
mRNAs from other species. A3 and A9 promoters from other members of the
family Brassicaceae, for example from B. napus itself, are also included within
the scope of the invention, as are those which include non-essential variations from

the natural sequences.

Particularly preferred promoters are those upstream of the coding regions of the
sequences shown in Figure 4 (for the A. thaliana A3 gene) and Figure 7 (for the
A. thaliana A9 gene) as will subsequently be described in the examples. Those
skilled in the art will be able to identify with sufficient precision the promoters
driving the coding regions and to isolate and/or recombine DNA containing them.
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Promoter-containing DNA in accordance with the invention can be used to confer

male sterility on plants, particularly those belonging to the family Brassicaceae,

in a variety of ways as will be discussed below. In an important embodiment of

the invention, therefore, a promoter as described above is operatively linked to
5 DNA which, when expressed, causes male sterility.

Since an effective sterility system is complete, propagation of the seed parent must
proceed either by asexual means or via the pollination of the male-sterile by an
isogenic male-fertile line, and the subsequent identification or selection of male

10 sterile plants among the offspring. Where vegetative propagation is practical, the
present invention forms a complete system for hybrid production.. Where fertility
restoration is necessary to produce a seed crop, the present invention forms the
basis of a new male sterility system. In some seed crops where the level of cross
pollination is high, seed mixtures may enable restoration to be bypassed. The

15 male sterility will be particularly useful in crops where restoration of fertility is not
required, such as in the vegetable Brassica spp., and such other edible plants as
lettuce, spinach, and onions.

DNA in accordance with the invention and incorporating the A3 and/or A9
20 promoter can drive male sterility DNA thereby producing male sterile plants,
which can be used in hybrid production. The promoters are highly tapetum
specific and so the sterility DNA is only expressed in the tapetum. The control of
expression is very strong and the DNA is not expressed in other cells of the plant.
The system prevents the production of viable pollen grains. All transformed plants
25 and their progeny are male sterile; there is no problem with meiotic segregation.

A construct comprising a promoter operatively linked to a male sterility DNA can

be transformed into plants (particularly those of the genus Brassica, but also other
genera such as Nicotiana and Hordeun) by methods which may be well known in
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of sterility and the production of pollen under stressful climtic
conditions. Cenetically controlled nmale sterility has previously relied
nostly upon the chance 5 di scovery of male sterile plants in the
breedi ng popul ati on. The devel opnment of an effective nale sterility system
woul d ¥ enove this dependence on an unpredi @ abl e event and give nore
control to the plant breeder. The present invention relates to such a
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which contain a foreign chimeric DNA sequence composed of the promoter and

a male sterility DNA. Male-sterility DNA encodes an RNA, protein or polypeptide
which, when produced or over-produced in a stamen cell of the plant, prevents the
5 normal development of the stamen celi.

The tapetum specific promoters may be used to drive a variety of male sterility
DNA sequences which code for RNAs proteins or polypeptides which bring about
the failure of mechanisms to produce viable male gametes. The invention is not

10 limited by the sequence driven, but a number of classes and particular examples
of male sterility promoter-drivable sequences are preferred.

For example, the drivable male sterility DNA may encode a lytic enzyme. The
lytic enzyme may cause lysis of one or more biologically important molecules,

15 such as macromolecules including nucleic acid, protein (or glycoprotein),
carbohydrate and in some circumstances lipid.

Ribonuclease (such as RNase T1) and barnase are examples of enzymes which
cause lysis of RNA. Examples of enzymes which lyse DNA include exonucleases
20 and endonucleases, whether site-specific such as EcoRI or non-site-specific.
Glucanase is an example of an enzyme which causes lysis of a carbohydrate. The
enzyme glucanase is naturally produced in anthers where it functions to release the
young microspores from a protective coat of poly-glucan laid down before meiosis.
The appearance of the enzyme activity is developmentally regulated to coincide
25 with the correct stage of microspore development. One important attraction of
glucanase as a potential sterility DNA is that plants are found in nature that are
male-sterile due to mutations causing mistiming of glucanase expression and the
destruction of the microspores. Two types are recognised depending on whether
the appearance of glucanase activity is premature or late. The expression of many
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temporal regulation. Therefore, in order to use glucanase as a sterility DNA, the
promoter chosen to drive expression of the gene must provide an appropriate
developmental regulation of glucanase activity, preferably by mimicking the pattern
5 of expression found in association with natural male-sterility. One means of
achieving male sterility is to isolate the promoter from a tapetum-specific gene
with the same pattern of expression as found for glucanase activity in male-sterile
mutant plants. Since late expression of a glucanase is unlikely to produce sterility
in plants with a functional anther glucanase gene, the sterility factor would require
10 a promoter capable of driving transcription before the appearance of normal
glucanase activity. In the RM cms mutant of Pefunia (izhar, S. and Frankel, R.
Theor. Appl. Genet., 41 104-108 (1971)) glucanase expression within the anther
first appears at the end of meiotic prophase, and increases to a maximum by the
completion of meiosis. This pattern of expression contrasts with that in normal
15 Petunia plants, where glucanase activity within the anthers appears concomitantly
with the breakdown of the tetrads and the release of the young microspores. The
aberrant pattern of glucanase activity found in the cms mutant is thought to be
responsible for the destruction of the microspores and male sterility. Thus, to
mimic this mutation using a sterility DNA encoding a glucanase enzyme requires
20 a promoter capable of driving transcription of the male sterility DNA within the
anthers, and preferably within the tapetum, during the phase of anther development
between prophase of meiosis and the appearance of the tetrad of microspores; the
A3 and A9 promoters discussed above are therefore well suited to drive this gene.
A tapetum-specific (or at least anther-specific) promoter is also advantageous since
25 B(1,3)-glucans are found elsewhere within plants, for example in phloem sieve
elements, where they presumably perform essential functions.

The spatial regulation of the enzyme should also ensure access to the target cells.
Secretion into the locular space is ensured by the provision in a preferred
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glucanase coding sequence

DNA encoding glucanase is advantageous as male sterility DNA, as it has no
product which is cytotoxic outside the target cell. Glucanase as a male sterility
DNA mimics natural systems and is inherently less destructive than for example
ribonuclease, and so does not present such a problem if the promoter is slightly
active in certain conditions in other cell types.

Actinidin is an example of a protease, DNA coding for which can be suitable male
sterility DNA. Other examples include papain zymogen and papain active protein.

Lipases whose corresponding nucleic acids may be useful as male sterility DNAs
include phospholipase A,.

Male sterility DNA does not have to encode a lytic enzyme. Other examples of
male sterility DNA encode enzymes which catalyse the synthesis of
phytohormones, such as isopentyl transferase, which is involved in cytokinin
synthesis, and one or more of the enzymes involved in the synthesis of auxin.
DNA coding for a lipoxygenase or other enzymes having a deleterious effect may
also be used.

Other male sterility DNAs include antisense sequences. Introducing the coding
region of a gene in the reverse orientation to that found in nature can result in the
down-regulation of the gene and hence the production of less or none of the gene
product. The RNA transcribed from antisense DNA is capable of binding to, and
destroying the function of, a sense RNA version of the sequence normally found
in the cell thereby disrupting function. Examples of such anti-sense DNAs are the
anti-sense DNAs of the A3 and A9 genes which may be produced in the anther
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under control of the A3 and A9 promoter. Since these genes are normally
expressed in the tapetum, antisense to them may be expected to disrupt tapetal
function and result in male sterility.

It is not crucial for antisense DNA solely to be transcribed at the time when the
patural sense transcription product is being produced. Antisense RNA will in
general only bind when its sense complementary strand, and so will only have its
toxic effect when the sense RNA is transcribed. Antisense DNA corresponding
to some or all of the DNA encoding the A3 or A9 gene products may therefore be
produced not only while the A3 and A9 genes are being expressed. Such antisense
DNA may be expressed constitutively, under the control of any appropriate
promoter,

According to a further aspect of the invention, therefore, there is provided
antisense nucleic acid which includes a transcribable strand of DNA
complementary to at least part of the strand of DNA that is naturally transcribed
in a gene encoding an 11.6 or 12.9 kDa tapetum protein in Arabidopsis thaliana
or an equivalent protein in another member of the family Brassicaceae.

Antisense DNA in accordance with this aspect of the invention may be under the
control of any suitable promoter which permits transcription during, but not
necessarily only during, tapetum development. As indicated above, the promoter
may therefore be constitutive, but the use of tapetum-specific promoters such as
A3 and A9 as described above in relation to the first aspect of the invention is
certainly not excluded and may be preferred for even greater control. Such
antisense DNA would generally be useful in conferring male sterility on members
of the family Brassicaceae.
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5 However, the system as described appears to have a serious drawback
in that the teaching of EP-A-0329308 woul d not produce plants which are
necessarily male- sterile plants. Since the action of the

m crospore-specific pronoter described in the invention occurs
post-mei osi s, segregation of the nale steriggty DNA in the m crosporocytes
of plants heterozygous for the factor would result in only half the 10
poll en grains receiving the factor. A possible way to circunvent the
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a ribozyme) capable of highly specific cleavage against a given target sequence
(Haseloff and Gerlach Nature 334 585-591 (1988). Like antisense DNA, ribozyme
DNA (coding in this instance for a ribozyme which is targeted against the RNA
5 encoded by the A3 or A9 gene) does not have to be expressed only at the time of
expression of the A3 and A9 genes. Again, it may be possible to use any
appropriate promoter to drive ribozyme-encoding DNA, including one which is
adapted for constitutive expression.

10 According to a further aspect of the invention, there is therefore provided DNA
encoding a ribozyme capable of specific cleavage of RNA encéded by a gene
encoding an 11.6 or 12.9 kDa tapetum protein in Arabidopsis thaliana or an
equivalent protein in another member of the family Brassicaceae. Such ribozyme-
encoding DNA would generally be useful in conferring male sterility on members

15 of the family Bmssicac.eae.

In preferred embodiments of DNA sequences of this invention, including those
comprising the A3/A9 promoter-male sterility DNA construct, 3’ transcription
regulation signals, including a polyadenylation signal, may be provided. Preferred

20 3 transcription regulation signals are derived from the Cauliflower Mosaic Virus
35S gene. It should be recognised that other 3 transcription regulation signals
could aiso be used.

The antisense nucleic acid and ribozyme-encoding nucleic acid described above are

25 examples of a more general principle: according to another aspect of the
invention, there is provided DNA which causes (for example on its expression)
selective disruption of the proper expression of the A3 and A9 genes.
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have to proceed via asexual processes since any pollination wuld again
return the 15 of fspring to heterozygosity. This Iimts the application
of the invention to plant species where such propagation is conmercially
viable. It would therefore be desirable for male sterility DNA to be
expressed in the nother tissue thereby to g4fect all the pollen grains. 20
EP- A- 0344029 (Pl ant CGenetic Systens (PGS)) al so describes an artificial
mal e sterility systemfor use in hybrid seed production. It is based on a
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vector. The vector may for example be a plasmid, cosmid or phage. Vectors will
frequently include one or more selectable markers to enable selection of cells
transfected (or transformed: the terms are used interchangeably in this

5 specification) with them and, preferably, to enable selection of cells harbouring
vectors incorporating heterologous DNA. Appropriate start and stop signais will
generally be present. Additionally, if the vector is intended for expression,
sufficient regulatory sequences to drive expression will be present; however, DNA
in accordance with the invention will generally be expressed in plant cells, and so

10 microbial host expression would not be among the primary objectives of the
invention, although it is not ruled out. Vectors not including regulatory sequences
are useful as cloning vectors.

Cloning vectors can be introduced into E. coli or another suitable host which

15 facilitate their manipulation. According to another aspect of the invention, there
is therefore provided a host cell transfected or transformed with DNA as described
above.

DNA in accordance with the invention can be prepared by any convenient method

20 involving coupling together successive nucleotides, and/or ligating oligo- and/or
poly-nucleotides, including in vitro processes, but recombinant DNA technology
forms the method of choice.

Ultimately, DNA in accordance with the invention (whether (i) A3/A9 promoter

25 plus male sterility gene, (i) antisense DNA to A3/A9 gene or ribozyme DNA
targeted to A3/A9 RNA) will be introduced into plant cells, by any suitable means.
According to a further aspect of the invention, there is provided a plant cell
including DNA in accordance with the invention as described above.
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from N cotiana tabacum and a nmale sterility DNA. In this case, the
pronoters are derived not from m crospore-specific genes as in the Pal adin
system but from 25 genes expressed exclusively within the tapetum
Hence, the chineric gene is designed to prevent microspore devel opnent and
cause nal e-sterility by disrupting or destggying the tapetum

10

15

20

Preferably, DNA is transformed into plant cells using a disarmed Ti-plasmid vector
and carried by Agrobacterium 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 Agrobacterium is ineffective, for example where
the recipient plant is monocotyledonous. Any other method that provides for the
stable incorporation of the DNA within the nuclear DNA of any plant ceil of any
species would also be suitable. This includes species of plant which are not
currently capable of genetic transformation.

Preferably DNA in accordance with the invention also contains a second chimeric
gene (a "marker” gene) that enables a transformed plant containing the foreign
DNA to be easily distinguished from other plants that do not contain the foreign
DNA. Examples of such a marker gene include antibiotic resistance (Herrera-
Estrella et al, 1983), herbicide resistance (EP-A-0242246) and glucuronidase
(GUS) expression (EP-A-0344029). Expression of the marker gene is preferably
controlled by a second promoter which allows expression in cells other than the
tapetum, thus allowing selection of cells or tissue containing the marker at any
stage of regeneration of the plant. The preferred second promoter is derived from
the gene which encodes the 35S subunit of Cauliflower Mosaic Virus (CaMV) coat
protein. However any other suitable second promoter could be used.

A whole plant can be regenerated from a single transformed plant cell, and the
invention therefore provides transgenic plants (or parts of them, such as
propagating material) including DNA in accordance with the invention as described
above. The regeneration can proceed by known methods. When the transformed
plant flowers it can be seen to be male sterile by the inability to produce viable
pollen. Where pollen is produced it can be confirmed to be non-viable by the
inability to effect seed set on a recipient plant.
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5 The nost inportant difference between this approach and that of

EP- A- 0329308, is that the choice of a pronoter which is active in a
cell-type not subject to neiosis, avoids the problens associated with
genetic segregation. Destruction of the tapetum prevents the maturation of
al+ moecrospores regardl ess of genetic make-yé up. As part of the

conti nui ng endeavour to inprove the neans available to the plant genetici st
for inducing male sterility in comercially inportant crops and ot her

The invention will now be illustrated by the following Examples. The following
restriction enzyme and other abbreviations are used:

A, Accl; B, BamHI; Bg, Bglll; C, Clal; H, Hincll; Hd, HindIIl; K, Kpnl;

5 M, Mlul; N, Nofl; Nc, Ncol, Nr, Nrul; P, Pst; R, Rsal; RI, EcoRI; RV,
EcoRV; S, Ssi; Sa, Sall; Sp, Sphl; Sm, Smal; Ss, Sspl; SII, Sacll; X,
Xhol; Xb, Xbal.

ORF = open reading frame

10
The Examples refer to the accompanying drawings, in which:
FIGURE 1 shows the DNA sequence of the B. napus cDNA A3 together with the
deduced protein sequence of the ORF contained in A3;

15

FIGURE 2a shows a comparison of the DNA sequences of the B. napus cDNAs
E3 and E3 with the A. thaliana A3 gene. The underlined trinucleotides indicate the
end of the ORF encoded by each sequence;

20 FIGURE 2b shows a comparison of the putative polypeptides encoded by B.
napus cDNAs E3 and ES with that encoded by the A. thaliana A3 gene;

FIGURE 3 shows a restriction enzyme map of the A. thaliana genomic clone
G3.6. Only relevant sites are shown and these may not be unique in G3.6. The

25 position of the coding region of A3 is indicated as a filled box. Also the extent of
inserts cloned into the plasmids pRS5 and 15 is shown;

FIGURE 4 shows the DNA sequence and putative primary structure of the A.
thaliana A3 gene. The underlined sequence is conforms to a TATA box motif;
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plants, the identification of further useful genes and associated promoters
Is 10 actively sought. Anong the commercially nost significant crops in
the world today are included nenbers of the fam |y Brassicaceae,
particularly Brassica napus, conmonly known as oil-seed rape. If

t apet um specific genes and pronoters from genbers of the famly _

Brassi caceae coul d be elucidated, plant breeders would have at their

di sposal powerful tools to use in the devel opnent of nmale 15 sterile B.

" bei ng abi o+ EXRORE 5abawd ol SR B i Finabius iERA 40° e peiquiaie "

primary structure of the ORF contained in the cDNA;

FIGURE 6 shows a restriction map of the A. thaliana genomic clone G9.1. The
5 position of the A9 coding region is shown as a filled box and the extent of inserts
in the plasmids pWP39, 55 and 64 is indicated;

FIGURE 7 shows the DNA sequence and putative primary structure of the A.

thaliana A9 gene. The underlined sequence is conforms to a TATA box motif:
10 '

FIGURE 8a shows the DNA sequence homology between the B. napus A9 cDNA

and the A. thaliana A9 gene. Underlined nucleotides indicate the position of stop

codons for the ORFs contained in these sequences;

15 FIGURE 8b shows the homology between the putative products encoded by the
B. napus A9 cDNA and the A. thaliana A9 gene;

FIGURE 9 shows the construction of a chimeric gene containing a transcriptional

fusion between the A3 promoter and an E. coli gene encoding S-glucuronidase;
20

FIGURE 10 shows the construction of chimeric genes containing transcriptional

fusions between the A9 promoter and an E. coli gene encoding 8-glucuronidase;

FIGURE 11 shows S-glucuronidase activity in anthers of A9-GUS transformed
25 tobacco plants;

FIGURE 12 shows the construction of intermediate cloning vectors used in the
production of chimeric genes that express sense and anti-sense RNA from the A3
and A9 promoters in transgenic plants.
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t axonomi ¢ division, as unpredicted effects may be reduced or m nim sed.
Further, transgenic nenbers of the famly Brassicaceae incorporating
het er ol ogous DNA from other nmenbers of the same famly may well be nore
acceptable fromthe 20 regul atory point of view than Brassicaceae
fam | y*nenbers incorporating DNA from nore4 genpote sources. The present

I nvention is, based on the discovery of no& | and useful genes and
pronoters fromthe fam |y Brassicaceae and relates to nethods, genetic

' [ t he di scovery.
constructs 25 FIGIﬂi& Haaa{]risdgfiﬂal ghog} &{e]tc%nstmharcrt]ite)g%f rc]:lgfme,riec gelnfas9 meQén the A3
and A9 promoters and the RNAse barnase; and

FIGURES 14a and 14b show the construction of chimeric genes between the A3

5 and A9 promoters and a N. rabacum $-1,3 glucanase gene which Iacks a C-
terminal extension. Figure 14a illustrates the preparation of transcriptional fusion
constructs and Figure 14b illustrates the preparation of translational fusion
constructs,

10 In the Examples, unless stated otherwise, all procedures for making and
manipulating recombinant DNA were carried out using standard procedures
described in Maniatis ez al., Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory, 1982.

15 EXAMPLES

Example 1 Isolation of the anther-specific genes A9 and A3 from Arabidopsis
thaliana

20 Anther-specific cDNAs were isolated by differential screening of Brassica napus
¢DNA libraries constructed from RNA extracted from dissected anthers, as
described below. cDNA clones A3 and A9 were isolated from a library constructed
from anthers that were 1.4-1.8 mm in length, This library was constructed in the
vector Lambda Zap (Stratagene). The A3 and A9 cDNAs were used as probes to

25 isolate homologous genes from an A.rhaliana genomic library constructed in the
vector Lambda Dash (Stratagene).
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According to a first aspect of the present invention, there is provided a
recombi nant or isolated DNA nol ecul e conprising a pronmoter which naturally
drives expression of a gene encoding an 11.6 or 12.9 kDa tapetumprotein in

6 Arabi dopsis thaliana or an equivalent protein in another nmenber of the
fam|y*

10

15

19
Materials and methods

Plant material. All seeding material for nucleic acid isolation was obtained from
2-3 week old plants grown in a controlled environment growth cabinet with 18h
photoperiod at 24oC. Seedling RNA for differential screening and Northern blot
analysis was obtained from B. napus oleifera var *Topaz®. Male fertile buds were
collected from field grown plants of B. napus oleifera var. "Lictor" (Nickersons
Seeds, Cambridge, UK). Male-sterile buds were obtained from field grown B.
napus var. CMS "Ogura” (Nickersons Seeds, Cambridge, UK) plants.

Dissection of anthers. For cDNA library construction, flower spikes were quickly
harvested and kept at 4oC until required, but no longer than Sh. Anthers were
dissected from appropriately sized buds using fine forceps and immediately frozen
in liquid nitrogen.

Pollen isolation. Microspores were isolated from fresh buds of the appropriate
length using the method of Choung and Beaversdorf (Plant Sci. 39 219-226
(1985)), and frozen at -80°C prior to RNA isolation. (Pollen isolated from frozen
buds yielded only highly degraded RNA).

Collection of buds. Large samples of complete whorls of buds, at a stage
immediately prior to the opening of first flowers, were frozen in liquid nitrogen
and stored at -80°C.

Cytological staging of anthers and buds. The developmental stage of buds of
predetermined length was assessed by light microscopic examination of
sporogenous cells, microspores or pollen grains extruded from whole anthers
squashed in the presence of aceto-orcein or acridine orange. Accurate
determination of bud length was performed using a low-powered light microscope
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Brassicaceae. In this specification, the gene encoding the 12.9 kDa protein
in A thaliana and 5 equi val ents of that gene in other nenbers of the
t he gene encodi ng

the 11.6 kDa protein in A thaliana and equival ents of that gene in other

fam |y Brassicaceae will be referred to as the A3 gene;

menbers of the fam |y Brassicaceae will beggeferred to as the A9 gene. The
A9 and A3 are different in sequence and pattern of expression fromthe

tapetum specific pronoters described in EP-A-0344029. 10

ext ernal T act or gospl @ WalivaRF Eyepleod GHicble I BAPRhp 82 sl wdt ndasured
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20

from the base of the pedicle to the tip of the outermost sepal.

RNA isolation and analysis. Material intended for low resolution Northemn dot blot
analysis or for mRNA isolation was ground to a fine powder in a mortar cooled
with liquid nitrogen. Total RNA was isolated from the powder using a phenol
based method as described previously (Draper et al., "Plant Genetic
Transformation and Gene Expression: A Laboratory Manual”, Blackwell Scientific
Publishers, Oxford (1988)). Poly(A)* RNA was purified by two rounds of
oligo(dT)-cellulose chromatography essentially as described in the Maniatis et al
manual. RNA for high resolution dot blots was isolated according to the method
of Verwoerd et al., Nuc. Acids Res. 17 2362 (1989)).

¢DNA library construction and screening. ¢DNAs were synthesised from
poly(A)* RNA using (Amersham or Pharmacia) cDNA synthesis kits, according
to the manufacturers instructions. cDNAs were ligated into EcoRI cleaved
dephosphorylated lambda Zap I (Stratagene) ("sporogenesis” library) or lambda
Zap II (Stratagene) ("microspore-development” library) and packaged using
Amersham ir vitro packaging extracts. Clones were screened differentially, on
duplicate HYBOND-N filters (Amersham) with [*2P]-labelled single-stranded
¢DNA probe prepared from either the appropriate anther poly(a)* RNA or
seedling poly(A)* RNA according to Sargent Methods in Enzymol. 152 423-432
(1987)). (The expression HYBOND-N is a trade mark.)

RNA dot and gel blots. Total RNA for dot-blots was spotted onto HYBOND N
(Amersham) according to the manufacturers instructions. Northern gels were run
and RNA transferred to HYBOND-N according to Fourney (BRL Focus 10 5-7
(1988)). Hybridisation and washing of HYBOND-N filters was according to
manufacturers instructions.

This Sheet Has Been Reﬁll

IR

| nducti on by



descri bed in one enbodi rent of EP-A-0329308, is not required for this
invention to function, so it need have none of the attendant problens wth,
for exanple, indetermnate flowering habits. 15 A3 tenporal expression
spans the period in anther devel opnent when the m crosporocytes are in
nmeiotic division to early mcrospore interpgase. A9 gene is expressed in
tapetal cells. Expression of A9 is initiated in anthers that contain

nmei ocytes and continues into anthers that contain mcrospores in early

first interphas9n sin hybridisation. For embedding and sectioning B. napus buds were frozen
in CRYO-M-BED (TAAB Laboratories Equipment Ltd). (The expression CRYO-

M-BED is a trade mark.) Sections were cut nominally 10 um thick, mounted on

subbed slides (Van Prooijen-Knegt et al., Histochemical J. 14 333-344 (1983))

5 fixed in 4% paraformaldehyde and dehydrated. [*S}rUTP (>1000 Ci/mmol,
Amersham SJ.1303) labelled sense and anti-sense RNA probes were transcribed

from the T3 and T7 promoters of BLUESCRIPT SK- (Stratagene), in which the

cDNAs are cloned. (The expression BLUESCRIPT SK° is a trade mark.)
demﬁngtmmanﬁmbn,pnﬂmskueckmwaibyaﬂmﬁne!wdnﬂyﬁsuagmmmue

10 probe fragments approximately 150bp in length. The hybridisation solution was
50% formamide, 300mM NaCl, 10mM Na,HPO, pH 6.8, 10mM Tris-HCl pH

7.5, SmM EDTA, 0.02% bovine serum albumin, 0.02% Ficoll, 0.02%
polyvinylpyrrolidone, 10mM dithiothreitol, 10% dextran sulphate, 0.7mg/ml E. coli

tRNA, 50-100ng/ml probe stock (6.7x10° cpm/ng probe). Sections were

15 hybridised in 30 pl hybridisation solution at 50oC for 16h. Slides were washed
3x1h at 50°C in 50% formamide, 300mM NaCl, 10mM Na,HPO, pH 6.8, 10mM

Tris-HCl pH 7.5 and then rinsed in RNase A buffer to remove formamide. RNase

A treatment, (150 ug/ml RNase A in S00mM NaCl, 10mM Tris HCI pH 7.5), was

carried out at 370C for 1h. The slides were then washed twice in 2xSSC (0.3M

20 NaCl, 0.03M Na citrate, pH 7.0) at 65°C for 30 min, dehydrated through graded
alcohols and dried. For autoradiography, slides were dipped at 45¢C in ILFORD

KS nuclear track emulsion (1g/ml in 1:59 glycerol:water mix). (The expression

ILFORD K5 is a trade mark.) Exposure time was between 2 and 14 days.
Development was in KODAK D19. (The expression KODAK D19 is a trade

25 mark.) Following development sections were stained with methylene blue and

made permanent.
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20 The nol ecul ar wei ghts quoted above are putative and derived from

t he nunber of am no acids believed to be present,
sequence. The 12.9 kDa protein encoded by the A3 gene of A

118 amino acids; the 11.6 kDa protein encoded by the A9 gene of A. thal

has 107 am no aci ds,

wei ghts refer to the un- gl ycosyl ated 25 protein. In addition, the
ef fect on any other post-translational processing such as parti al

proteolysis is
proteins of A

10

15

20

h%ﬁgt‘g\r‘]i‘gﬂiﬂi AItho,ugh flgtﬂgis tg&lm@%&rel ate only to

Northern hybridisation analysis using RNA extracted from B. napus anthers,
pollen, carpels and seedlings indicated that A3 was only expressed in anthers of
length 1.6-2.3mm with maximal expression between 1.8-2.3mm. Thus A3
temporal expression spans the period in anther development when the
microsporocytes are in meiotic division to early microspore interphase. In situ
hybridisations suggest that in B. napus, A3 is expressed solely in the tapetum of
the anther. The A3 cDNA is 347 bp in length and contains an open-reading frame
(ORF) extending from position 1-329 bp (Fig 1) suggesting that this clone is not
full-length. The estimated size of B. napus A3 mRNA from Northern gel blots is
about 500 bp, and again suggesting that this clone is not fuil length. The A3 cDNA
was used to isolate homologous cDNA clones (E3 and E5) from the same B. napus
library. E5 cDNA is 422 bp long and contains an ORF. from position 1-333
(Fig.2a). This ¢cDNA is identical to A3 ¢cDNA over the region they overlap and
extends the A3 sequence 5 bp 5’ of the start of A3 and 69 bp 3’ of the end of A3.
The E3 ¢DNA is 398 bp in length with an ORF extending from position 1-314 bp
(Fig.2a). The E3 cDNA is 95% identical to the ES cDNA at the nucleotide level
and the putative ORF products are 91% identical. The cloning of ES which is
homologous but not identical to A3 is evidence that probes based on the sequence
of the anther-specific gene A3 would enable the cloning of homologous anther-
specific genes.

A 15 kb A. thaliana genomic clone (G3.6) was isolated that hybridises to A3
¢DNA (Fig.3). The 2300 bp HindIII-HincIl region which hybridised strongly with
the A3 probe, was subcloned from G3.6 and partially sequenced (Fig.4) revealing
an ORF (positions 770-1126) that is highly homologous to the B. napus E5 cDNA
(82% at the nucleotide level and 76% at the protein level) (Fig.2a,b). The 4.
thaliana A3 gene does not apparently contain introns. The putative protein encoded
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It wll therefore beﬁppremated that the nol ecul ar
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in the art wll

| engt h having a cal cul ated nol ecul ar wei ght of 10.3 kDa. Such equi val ent

readily be able to identify equival ent proteins from other
nmenber s 7 of the famly Brassicaceae. For exanple, the equival ent A9
gene in Brassica napus encodes a putative protein of 96 am no acids in

genes may be identified by 23
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by A3 consists of 118 amino-acids with a molecular mass of 12.9 kDa. A search
of the NBRF protein database (release 34) did not reveal any proteins homologous
to the putative A3 protein. There is a TATA box consensus sequence (Joshi, 1987)
between positions 699-707 bp, 63 bp upstream of the putative start of the A3

coding region.
b) Isolation and characterisation of the A9 gene

Northern analysis and in situ hybridisations indicate that the B. nqpus A9 gene is
expressed in the tapetal cells of anthers of length 1.5-2.3mm, with maximal
expression between 2.0-2.3mm. Expression of A9 is initiated in anthers that
contain meiocytes and continues into anthers that contain microspores in eatly first
interphase. The A9 cDNA is 490 bp in length containing an ORF from position 1-
296 bp (Fig.5). From Northern gel blots, the estimated size of the A9 mRNA in
B. napus is about 550-600 bp. The abundance of the A9 mRNA was estimated at
between 0.1 - 0.2 % of total anther polyA+ mRNA.

A 13 Kb A. thaliana genomic clone (G9.1) was isolated that hybridised to the A9
¢DNA (Fig.6) and a 3145 bp Xbal fragment cloned and partially sequenced
(Fig.7). This fragment contains an ORF at position 1461-1781 that is 76%
identical to the A9 cDNA OREF at the nucleotide level (Fig.8a) and the putative
products of these ORFs are 73% identical (Fig.8b). Comparison of the cDNA and
genomic sequences suggests that the ORF in the cDNA starts at position 9 bp
(Fig.5) and that the A9 gene contains no introns. 70 bp upstream of the putative
start of the A9 gene (positions 1382-1389 bp) is a TATA box conforming to the
consensus sequence of Joshi (1987). The putative ORF encoded by the B. napus
c¢DNA is 96 amino-acids in length with a calculated molecular mass of 10.3 kDa
and that of the A. thaliana gene 107 amino-acids with a mass of 11.6 kDa.
Although no overall homology was found to the putative A9 proteins by searching
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hybri di sati on studies, restriction fragnment |ength pol ynorphi sm (RFLP) and
ot her 5 met hods known in the art. Genes encoding cl osely equival ent
proteins nmay for exanple hybridise under stringent conditions (such as at
approximately [err] to 650C in a salt solution of approximtely 0.9 nolar)
to the A thaliana A3 and A9 genes, or frq?pents of them of, for exanple,
10, 20, 50 or 100 nucl eotides. A 15-20 nucl eoti de probe woul d be
appropriate under many circunmstances. 10 The preferred A3 and A9 pronoters

described in ths bﬁﬁpbltdt&ﬁl%h&ﬂas%rtﬁe I\b%%tem contains a cysteine motif that is present

in several 2S plant storage proteins and in some plant protease inhibitors.

To demonstrate that the putative promoter regions of A3 and A9 are capable of

driving the expression of a foreign gene in A. rhaliana and N. tabacum,

transcriptional fusions of the promoters were made to the Escherichia coli gene
10 encoding S-glucuronidase (GUS).

a) A3 -GUS fusion (Fig.9)

The 1030 bp HinclI fragment of G3.6 is subcloned between into the Hincll site

15 of the vector pTZ18 (Pharmacia Ltd.) forming pRS5 (Fig.9). This is cut with Ssf
and the fragment cloned into SsiI-cut pIC19H (Marsh et al., Gene 32 481-485
(1984)) forming pWP87. The A3 promoter is then recovered as a HindIII-Nrul
fragment from pWP87 and cloned into HindIII, Smal-cut pBI101.1 (Jefferson et
al., EMBO J 6 3901 (1987)). The resultant plasmid (pWP92) (Fig.9) contains 745

20 bp of A3 sequence upstream of the SstI site (position 745 bp in Fig.4) fused to
GUS.

b) A9-GUS fusions (Fig.10)

25 The 329 bp HinclI-Rsal fragment (positions 1105-1434 bp in Fig.7) was cloned
into HincII-cut pTZ18 forming pWP70A. DNA sequence analysis revealed the loss
of a ’G’ residue at the Rsql, Hincll junction which resulted in the recreation of
the Rsal site. The HindIll, BamHI fragment of pWP70A containing the A9
promoter was cloned into BamHI, HindIll-cut pBluescript (Stratagene) forming
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Ar abi dopsi s thaliana and can be isolated by nmethods known in the art, for
exanpl e by (a) synthesising cDNA from nRNA i solated fromthe stanens of the
pl ant Brassica napus, (b) isolating this cDNA, (c) using this cDNA as a
probe to 15 identify regions of the plant genone of Arabidopsis

thal i ana that encode stanmen- specific nRNAsnd (d) identifying the upstream
(5'") regulatory regions that contain the pronoter of this DNA This
procedure al so denonstrates that probes based on or derived from the

Egcehdn?oriegglogf 1sequences enéiagnng s{ﬂg speC| M gg&JS%E %‘mbe
HindIllI fragment of pWP71 was replaced with the 900 bp HindII, EcoRI fragment
of pWP64 (Fig.6) (which contains a 1486 bp Accl, Bglll fragment cloned into
Accl, BamHI-cut pTZ19) forming pWP72. Also the EcoRI, HindIII fragment of

5 PWP71 was replaced with the 1397 bp HindIII, EcoRI fragment of pWP55 (Fig.6)
(which contains a 3146 bp Xbal fragment cloned into Xbal-cut pTZ19) forming

PpWP73. The Hindlll, Xbal fragments of pWP71, pWP72 and pWP73 were cloned

into HindIIl, Xbal-cut pBI101.1 forming pWP74, pWP7S5 and pWP76 respectively.

Thus pWP74 contains a 329 bp A9 promoter fragment (positions 1108 - 1437 bp),

10 PpWP75 a 936 bp A9 fragment (positions 501-1437 bp) and pWP76 a 1437 bp A9

fragment (positions 1-1437 bp) all fused to GUS.

All the GUS constructs are then transformed into N. tabacum and A. thaliana using
standard transformation techniques. Analysis of transformed plants demonstrated
15 that GUS activity was localised to anther tissues, specifically to tapetal cells. The
temporal regulation of GUS activity was identical to the temporal expression
observed for the A3 and A9 genes as described in Example 1. Figure 11 shows
the activity of the A9-GUS fusions in the anthers of transgenic tobacco plants.
GUS activity was assayed fluorometrically in the anthers staged precisely in terms
20 of the development of the sporogenous cells. The pattern of expression of GUS
was the same (quantitatively and qualitatively) irrespective of the length of
upstream region employed in the fusion. These experiments clearly demonstrate
that the A9 promoter drives transcription in tapetal cells through a period
commencing at the meiocyte stage of development and terminating during early
25 microspore interphase.
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20 NMRNAs from ot her species. A3 and A9 pronoters from other nenbers of
the famly Brassicaceae, for exanple fromB. napus itself, are also

i ncluded within the scope of the invention, as are those which include
non-essential variations fromthe natural sequences. 25 Particularly
preferred pronoters are those upstream of gghe coding regions of the
sequences shown in Figure 4 (for the A thaliana A3 gene) and Figure 7 (for
the A thaliana A9 gene) as wll subsequently be described in the exanples.
Those skilled i preci si on
the pronoters

Either anther-specific or constitutive promoters can be used to drive the expression

b of sense or anti-sense RNA corresponding to anther-specific transcripts in

transgenic plants, thus potentially creating anther mutations and male-sterility.

The same anther-specific promoters can be used to drive the anther-specific

expression of genes encoding proteins or enzymes detrimental to anther function

thereby creating male-sterility. The use of the expression cassettes, the construction

10 of which is described in this example, for this application are described in
Examples 4 and 5.

a) Construction of an intermediate vector to express sense and anti-sense RNA
utilising the A9 promoter.
15
pWP72 (Fig.10) is digested with Xbal and religated, thus removing the BamHI site
in the polylinker, forming pWP78 (Fig.12). The Kpnl, SsA (the Ss7I end rendered
blunt with Klenow) A9 promoter fragment of pWP78 is ligated into Kpnl, Smal-cut
pIIT60 forming pWP80 (Fig.12). pJIT60 is identical to pJIT30 (Guerineau et al.,
20 Plant Mol. Biol. 15, 127-136 (1990)) except that the CaMV 35S promoter is
replaced by a double CaMV 35S promoter (Guerineau et al., Nuc. Acids Res. 16
(23) 11380 (1988)). The pWPS80 intermediate vector consists of a 936 bp A9
promoter fragment fused to a polylinker derived from pBluescript with a 35S
CaMYV polyadenylation signal to stabilise the transcript.

This Sheet Has Been RT

AT



driving the coding regions and to isolate and/or reconbi ne DNA cont ai ni ng
them REPLACEMENT SHEET 2 8 FEB 1997 Pronot er-containing DNA in
accordance with the invention can be used to confer nale sterility on

pl ants, particularly those belonging to the fam |y Brassi caceae,

. , 27

b) Construction of an intermediate vector to express sense and anti-sense RNA
utilising the A3 promoter.

The CaMV promoter of pIIT60 is replaced with the A3 promoter by cloning the

5 745 bp Kpnl, HindiIl fragment of pWP87 (Fig.9) into Kpnl, HindIiI-cut pIIT60
forming pWP88 (Fig.12). pWP80 and pWP88 are therefore identical apart from
the promoter region and surrounding restriction enzyme sites.

¢) Construction of chimeric genes containing the tapetum-specific A9 promoter
10 linked to the sense or anti-sense orientation of the A9 cDNA.

Anther-specific B. napus cDNAs were cloned into EcoRI-cut Lambda Zapll by the
addition of EcoRI linkers (Pharmacia Ltd) to the ends of the cDNA. These linkers
also contain internal Nofl sites, so the entire cDNA can be recovered as a Nofl
15 fragment provided the cDNA contains no internal NoA sites. The B. napus cDNA
for A9 is therefore recovered as a Nod fragment and cloned in both orientations
(sense and anti-sense) into NofI-cut pWP80. The promoter, cDNA and terminator
regions are excised from the pWP80 derivatives with a HindIII, Xhol digest and
are cloned into Sall, HindIll-cut pBinl9 (Bevan et al., Nuc. Acids Res. 22
20 8711-8721 (1984)).

The pBinl9 derivatives are transformed into B. napus. The resulting transgenic
plants expressing anti-sense A9 RNA are male sterile.

25 Other chimeric genes that can be constructed to produce male sterility are:-

i) A9 promoter linked to the coding region of the A. thaliana A9 gene, such that
anti-sense A9 RNA is expressed;
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in a variety of ways as wll be discussed below. In an inportant enbodi nment
of the invention, therefore, a pronoter as descri bed above is operatively

| inked to 5 DNA whi ch, when expressed, causes nmale sterility. Since an
effective sterility systemis conplete, propagation of the seed parent nust
proceed either by asexual neans or via theggpollination of the nmale-sterile
by an isogenic male-fertile line, and the subsequent identification or
selection of male 10 sterile plants anong the of fspring. \Were

syatem for hybiDacpiSihoet aivid bifsioh W fio'as, R kS RUTNAG © ©
from the A. thaliana A9 gene;

iii) A9 promoter expressing anti-sense RNA to A3, using either the A3 cDNA or
5 the A. thaliana A3 gene;

iv) A3 promoter expressing anti-sense RNA to A3, using either the A3 cDNA or
the A. thaliana A3 gene.

10 These plasmids could also be transformed into other members of the Brassicaceae
causing male sterility in the transgenic plants.

|

To demonstrate the utility of the A3 and A9 promoters they are used to drive the

expression of the RNase, barnase, in tapetal cells. Use of the barnase gene to

create male sterile plants has been described in EP-A-0344029 (Plant Genetic
20 Systems) and has been published by Mariani ez al., Nature 347, 737-741.

The oligonucieotide primers :-

5’ GGGTCTAGACCATGGCACAGGTTATCAACACGTTTGACGG 3“4 and
25 5’ GTAAAACGACGGCCAGTGCC 37

are used in a polymerase chain reaction (PCR) to generate a fragment encoding
barstar and the mature barnase product from the plasmid pTG2 (Horovitz et al.,
J. Mol. Biol. 216, 1031-1044 (1990)). The first primer is homologous to
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restoration is necessary to produce a seed crop, the present invention

forms the basis of a new nale sterility system
of cross pollination is high, seed m xtures may enabl e

the | evel

In sone seed crops where

restoration to be bypassed. The 15 male sterility will be particularly
useful- in crops where restoration of ferti29ity is not required, such as in
the vegetabl e Brassica spp., and such other edible plants as |ettuce,

spi nach, and oni ons.

the A3 and/or AQcibtides 95-@21019%?@1@39 19| HEIEH!I.W! 27 Mol.! Biobf03, AR

producing male sterile pla

10

15

20

25

30

(1988). The second pnmer is homologous to a sequence immediately next to the
HindIlI site of pTZ18U (Pharmacia). Barstar is retained on this fragment since
active barnase cannot be cloned in the absence of the specific inhibitor barstar
(only barnase is expressed in the transgenic plants). The PCR fragment is digested
with Xbal, HindIII and cloned into Xbal, HindllI-cut pBluescript forming pWP120
(Fig.13a).

a) Transcriptional fusion of the A9 promoter to barnase

pWP120 is digested with Xbal, Hincll and the barnase/barstar fragment cloned into
Xbal-Smal cut pWP91l forming pWP127 in which the A9 promoter is
transcriptionally fused to the mature bamase sequence (Fig. 13b) (pWPI1 is
identical to pWP80 except that the polylinker region between Xbal and EcoRI has
been replaced with the sites Spel, BamHI, Smal and Psd). This gene fusion is
transferred to pBin19 by ligating the Xhol fragment of pWP127 to Sall-cut pBin19.

b) Translational fusion of the A9 promoter and gene to barnase

The primers
5/ GGGTCTAGACCATGGTAATTAGATACTATATTGTTTGTAC 3’/ and
5’ AATACGACTCACTATAGG 3/

are used in a PCR reaction to generate an A9 promoter fragment from pWP64
(Fig. 6) that contains the entire 5° untranslated region of the A9 gene and has the
sequence around the initiating methionine of the A9 gene mutated to an Ncol site
(the second primer is homologous to a sequence within the pTZ19U vector). This
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whi ch can be used in hybrid production. The pronoters are highly tapetum
specific and so the sterility DNA is only expressed in the tapetum The
control of expression is very strong and the DNA is not expressed in other
cells of the plant. The system prevents the production of viable pollen
grains, Al transformed plants 25 and3gheir progeny are nmale sterile;
there is no problemw th neiotic segregation. A construct conprising a
pronoter operatively linked to a nale sterility DNA can be transformed into

plants (parti culfagment Beaewith HEARNY XBESand dcredGto pWESFROSHWRYT Hplacing the
existing A9 promoter fragments in these intermediate vectors. The new
intermediate vectors are pWP112 and pWP113 respectively.

5 PWP120 is cut with Neol, Hincll and the bamnase/barstar fragment cloned into
Ncol, Smal-cut pWP113 forming pWP128 (Fig. 13b). The chimeric gene is then
cloned as an Xhol fragment into the Sall site of pBin19.

¢) Transcriptional fusion of the A3 promoter to barnase

10
The A9 promoter of pWP127 is replaced with the A3 promoter by cutting pWP127
with Sall, Xbal and cloning in the Sell, Xbal A3 promoter fragment of pWP88
forming pWP131 (Fig. 13b). The chimeric gene is transferred as a Kpnl, Xhol
fragment into Kpnl, Sall-cut pBin19.

15

The pBin19 derivative plasmids are transformed into N. tabacum where expression
of barnase in transgenic plants results in the degradation of the tapetal cells of the
anther causing complete male sterility. The plants are female fertile. Thus both the
A3 and A9 promoters are tapetum-specific and are suitable for driving the

20 expression of any cytotoxic agent within tapetal cells leading to the production of
male sterile, but otherwise phenotypically normal transgenic plants. These plasmids
could also be transformed into other crop species such as B. napus, Zea mays and
Hordeum vulgare leading to male sterility in the transgenic plants.

This Sheet Has Been Reraced

AR




9 t hensel ves.

cel |
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10

15

20

This transformation results in the production of plants, the
cells of which contain a foreign chinmeric DNA sequence conposed of the
pronoter and a male sterility DNA. Male-sterility DNA encodes an RNA,

protein or polypeptide which, when produced or over-produced in a stanen
of the plant, prevents the 5 norgjal devel opnent of the stanen

The temporal pattern of expression of the A3 and A9 genes determined from
Northern analysis (Example 1) and promoter-GUS fusions (Example 2) show that
both promoters are active at stages of anther development prior to the release of
microspores from tetrads. Thus either promoter is suitable for driving the
premature expression of 8-1,3 glucanase in anthers leading to male sterility, as
previously discussed.

c¢DNAs encoding an N. rabacum basic 8-1,3 glucanase has been described by
Shinshi ez al. (PNAS 85 5541-5545 (1988)) and Neale ez al. (Plant Cell 2 673-684
(1990)). This enzyme is located in the vacuole and it has been suggested that a C-
terminal sequence may be responsible for its intraceltular location (Van den Bulcke
et al., PNAS 86 2673-2677 (1989)). An engineered cDNA for this glucanase is
cloned by using two oligonucleotides complementary to the sequence of an N.
tabacum glucanase (Shinshi ez al., 1988, Neale er agl., 1990) and using the
polymerase chain reaction to isolate a glucanase cDNA from N. tabacum mRNA.
The first oligonucleotide has sequence :-

5’ CGCTCTAGACCATGGCTGCTATCACACTCCTAGG 3/
This primer contains an Xbal and an Ncol site followed by a sequence identicat to
a 5 region of glucanase (positions 7-29 in Shinshi ez al., 1989). The second
oligonucleotide has sequence:-

57 GGGCCGCGGTCACCCAAAGTTGATATTATATTTGGGC 37

This primer has a SaclI site followed by a trinucleotide that is a stop codon and
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The tapetum specific pronoters may be used to drive a variety of male
sterility DNA sequences which code for RNAs proteins or polypeptides which
bring about the failure of nechanisns to produce viable mal e ganetes. The

i nvention is not 10 limted by the sequence driven, but a nunber of

cl asses and particul ar exanples of male st3lity pronoter-drivabl e sequences
are preferred. For exanple, the drivable nmale sterility DNA may encode a

|l ytic enzyme. The lytic enzynme may cause |ysis of one or nore biologically

:Oprgf(ralt ﬁnE O;rolglemlaom plenferaly R5theRegionlabaicodés the O-téeriitis 0 tHeahftursci d,

glucanase (posmons 1017-993 in Shinshi e al., 1988). The glucanase is therefore

cloned with restriction enzyme sites at both ends for ligation into the intermediate

vectors pWP80 and pWP88. Also the enzyme is been engineered so that the C-

5 terminal targeting signal is removed. The enzyme will therefore be secreted rather

than be directed to the vacuole when expressed in transgenic plants. T h e

glucanase gene is cloned as an Xbal, Sacll fragment into Xbal, Sacll-cut pWP80

forming a transcriptional fusion between the A9 promoter and glucanase forming

pDWBS80PR. An A3-glucanase transcriptional fusion is constructed by replacing the

10 Sall, Xbal A9 promoter region of pPDW8OPR with the Sall, Xbal A3 promoter

fragment of pWP88 forming and pDWSSPR (Fig.14a). A translational fusion of

the A9 promoter and gene to the glucanase is made by cloning the glucanase as

an Ncol, Sacll into Ncol, Sacll-cut pWP112 forming pDW112PR (Fig. 14b). The

chimeric genes in pDW8OPR and pDWI112PR are transferred as Sacl, EcoRV

15 fragments into Sacl, Smal-cut pBinl9 and the chimeric gene in pDWS8SPR

transferred as a Sall, EcoRV fragment into Safl, Smal-cut pBin19. The pBin19

derivatives are transformed into N. tabacum. Callose surrounding the

microsporocytes prematurely disappears in the transgenic plants causing male

sterility. These plasmids could also be transformed into other crop species such as

20 B. napus, Zea mays and Hordeum vulgare leading to male sterility in the
transgenic plants.
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carbohydrate and in some circunstances |ipid. Ribonuclease (sgﬁ“l@ﬂﬁlﬁ'@ll]"lm
T1l) and barnase are exanpl es of enzynmes which cause |ysis of

of enzynmes which |yse DNA include exonucl eases 20 and endonucl eases,

whet her site-specific such as EcCoRl or non-site-specific. ducanase is an
exanpl e-of an enzyme whi ch causes |ysis of %ncar bohydrate. The enzyne

gl ucanase is naturally produced in anthers ere it functions to rel ease

t he young microspores froma protective coat of poly-glucan |aid down

bef ore nei osi s. S{ﬁg@gpear ance of the enzyme activity is devel opnentally

regul ated to coi

1. Recombinant or isolated DNA comprising a promoter which naturally
drives expression of a gene encoding an 11.6 or 12.9 kDa tapetum protein in
5 Arabidopsis thaliana or an equivalent protein in another member of the family

Brassicaceae.

2. DNA as claimed in claim 1 comprising a promoter which drives expression
of a 10.3 kDa tapetum protein in Brassica napus, which is equivalent to the 11.6
10 kDa tapetum protein of A. thaliana.

3. DNA as claimed in claim 1, including the promoter 5’ to the coding region
of the sequence shown in Figure 4.

15 4 DNA as claimed in claim 1, including the promoter 5’ to the coding region
of the sequence shown in Figure 7.

5. DNA as claimed in any one of claims 1 to 4, wherein the promoter is

operatively linked to DNA which, when expressed, causes male sterility in a plant.
20

6. DNA as claimed in claim 5, wherein the male sterility DNA encodes a Iytic

enzyme.

7. DNA as claimed in claim 6, wherein the lytic enzyme causes lysis of
25 nucleic acid, protein, carbohydrate or lipid.

8. DNA as claimed in claim 7, wherein the lytic enzyme is a ribonuclease or
a deoxyribonuclease.
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25 with the correct stage of microspore devel opment. O[Hml l‘ I ﬂllll”"l
attraction of glucanase as a potential sterility DNAis tha
found in nature that are male-sterile due to nmutations causing mstlmng of
gl ucanase expression and the destruction of the mcrospores. Two types are
recogni sed dependi ng on whether the appeargpce of glucanase activity is
premature or |ate. The expression of many

0. DNA as claimed in claim 6, wherein the Iytic enzyme causes lysis of a

carbohydrate.

10. DNA as claimed in claim 9 wherein the lytic enzyme is glucanase.

5

11. DNA as claimed in claim 10 including a signal sequence in a translational
fusion with the glucanase coding sequence.
12. DNA as claimed in claim 6, wherein the lytic enzyme causes lysis of a

10 protein.
13. DNA as claimed in claim 12, wherein the proteolytic enzyme is actinidin
Or papain.

15 14.  DNA as claimed in claim 5, wherein the male sterility DNA codes for RNA

which is antisense to RNA normally found in a plant tapetum cell.

15. DNA as claimed in claim 14, wherein the male sterility DNA codes for
RNA which is antisense to RNA encoding the 11.6 or 12.9 kDa tapetum protein
20 in Arabidopsis thaliana or an equivalent protein in another member of the family

Brassicaceae.

16.  Antisense nucleic acid which includes a transcribable strand of DNA
complementary to at least part of the strand of DNA that is naturally transcribed

25 in a gene encoding an 11.6 or 12.9 kDa tapetum protein in Arabidopsis thaliana
or an equivalent protein in another member of the family Brassicaceae.

17.  Antisense nucleic acid as claimed in claim 16 wherein transcription is under
the control of a constitutive promoter.
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10 genes, including those expressed within the anther, exhi qmu@u‘g’mgmmm
patterns of tenporal regulation. Therefore, in order to use

sterility DNA, the pronoter chosen to drive expression of the gene must
provi de an appropriate devel opnental regulation of glucanase activity,
pteferably by m mcking the pattern 5 3%f expression found in
association with natural nmale-sterility. One neans of achieving nale

~ sterility is to isolate the pronoter froma tapetumspecific gene with the

. same pattern of18&xprAstisense meldicacidias claingidlin slaim 46 adierein trgnscription &y wider i | e

the control of a tapetum-specific promoter.

19. DNA as claimed in claim 5, wherein the male sterility DNA codes for RNA
5 which is capable of cleavage of RNA normally found in a plant tapetum cell.

20. DNA as claimed in claim 19, wherein the male sterility DNA codes for

RNA which is capable of cleavage of RNA encoding the 11.6 or 12,9 kDa tapetum

protein in Arabidopsis thaliana or an equivalent pronéin in another member of the
10 family Brassicaceae.

21. DNA encoding a ribozyme capable of specific cleavage of RNA encoded
by a gene encoding an 11.6 or 12.9 kDa tapetum protein in Arabidopsis thaliana
or an equivalent protein in another member of the family Brassicaceae. Such

15 ribozyme-encoding DNA would generally be useful in conferring male sterility on
members of the family Brassicaceae.

22. Ribozyme-encoding DNA as claimed in claim 21 wherein transcription is
under the control of a constitutive promoter.

23,  Ribozyme-encoding DNA as claimed in claim 21 wherein transcription is
under the control of a tapetum-specific promoter.

24, DNA capable of specifically disrupting the proper expression of a gene
25 encoding the 11.6 or 12.9 kDa tapetum protein in Arabidopsis thaliana or an
equivalent protein in another member of the family Brassicaceae.

25. DNA as claimed in any one of claims 1 to 24 comprising a 3’ transcription
regulation sequence.
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nutant plants. Since |ate expression of a glucanase is unli H“I mlﬂﬂw)wﬂﬁm
sterility in plants with a functional anther glucanase gene}¥ (i B e
factor would require 10 a pronoter capable of driving transcription
before the appearance of normal glucanase activity. In the RM[err] nutant
ofe Petunia (lzhar, S. and Frankel, R Theo3¢ Appl. Genet., 41 104-108
(1971)) glucanase expression within the anther first appears at the end of
nmei oti c prophase, and increases to a nmaxi mum by the conpletion of neiosis.

This pattern sz&xprﬁﬂﬂﬁuﬁﬂﬁhfiﬁé&ﬁ% 5 | Whdrbiml ?t?ﬁfs@ﬁﬁuoﬁeg‘ ulatior 2
pl ants, where glucanase activity wt ?er;\’ t he arﬁ‘%ers appears concom  Ttantly
are derived from the Cauliflower Mosaic Virus 35S gene.

27. DNA as claimed in any one of claims 1 to 26 which is recombinant and
5 which in the form of a vector.

28. DNA as claimed in claim 27, wherein the vector is a cloning vector and

comprises one or more selectable markers.

10 29. A microbial host cell transfected or transformed with a vector as claimed
in claim 27 or 28. .

30. DNA as claimed in any one of claims 1 to 28, which includes a marker
sequence which enables a plant transformed with the DNA to be distinguished
15 from plants not so transformed.

31. DNA as claimed in claim 30, wherein the marker sequence confers
antibiotic or herbicide resistance or codes for glucuronidase.

20 32. DNA as claimed in claim 31, wherein the marker sequence is under the
control of a second promoter, which is not tapetum-specific.

33. DNA as claimed in claim 32, wherein the second promoter is derived from
the Cauliflower Mosaic Virus (CaMV) 35S gene.

34. A plant cell including DNA as claimed in any one of claims 1 to 28 and 30
to 33.
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wi th the breakdown of the tetrads and the release of the y

The aberrant pattern of glucanase activity found in the cngmﬂlmmrlmmﬂ 1“'
t hought to be responsible for the destruction of the nicrosporés dnd"nafe *
sterility. Thus, to mmc this nutation using a sterility DNA encoding a
glucanase enzyne requires 20 a pronot3r capable of driving
transcription of the male sterility DNA within the anthers, and preferably
within the tapetum during the phase of anther devel opnent between prophase

of meiosis and 351C 3R Gt 4 Pnt 8 it S GONBNRUSS ard 1P cfifindth A9

pronoters di scussed above are therefore well suited to drive 'S gene.

claim 34.

36. Propagating material from a plant as claimed in claim 35.
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A tapetumspecific (or at |east anther-specific) pronoter is also

advant ageous since 25 [err] are found el sewhere within plants, for
exanpl e in phl oem si eve el enents, where they presumably perform essenti al
functions. The spatial regulation of the enzyne should al so ensure access
tQ the.target cells. Secretion into the | @ggul ar space is ensured by the
provision in a preferred

5 Tapetum-specific promoters, designated A3 and A9 and capable of driving
expression of 12.9 kDa and 11.6 kDa proteins in Arabidopsis thaliana and related
proteins within the family Brassicaceae, have been discovered, isolated and cloned.
The promoters can be used to drive male sterility DNA such as that coding for a
nuclease, protease or glucanase. Alternatively or in addition, male sterility can be

10 achieved by disrupting the proper expression of the A3 and/or A9 genes, for
enmmﬂebytmm&nﬂﬁngFmU&wmkmjsanﬁmuwek)ﬁmlniAtunnhnyUmnsxﬂmd
from the A3 and A9 genes, or by expressing DNA coding for a ribozyme specific
for at least one of the A3 and A9 genes.
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does not present such a problemif the

of a suitable signa
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certain conditions in other cel

a protease,
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sterility DNA. O her exanples include papain zynogen and papain active

pr ot ein.

sterility DNAs include phospholipase [err].

transf er ase,

which is involved in ¢

the enzynes involved in the synthes

F T M V N P

FIG.11212)
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Li pases whose correspondi ng nucl ei ¢ acids nay be useful

as mal e

15 Male sterility DNA does not
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anti-sense DNAs of the A3 and A9 genes which may be produced
Since these genes are nornmal ly
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expressed in the tapetum antisense to them my be expected mmh““
tapetal function and result in male sterility. 5 It is n !
anti sense DNA solely to be transcribed at the time when the n

transcription product is being produced. Antisense RNA will in general onIy

bi nd when its sense conplenmentary strand, and so will only have its toxic

ef fect when the sense RNA is transcri 5(92 3ﬁnt I sense DNA corresponding to

sonme or all of the DNA encoding the 9 gene products nmay therefore be
10 produced not only while the A3 and A9 genes are bei ng expressed.

Such antisense .

BRERER
RN

(3/4)
209 TCACAATGGTTAACCCTAACGTTCCAACARAACCATCTGGAGCTCAAGAG 258

228 TCACAATGGTCAACCCTAACGTTCCAACAAACCCATCTGGAGCTCAAGAG 277

FIG. 2a

SRR RN RN RN AR RERERRERE

SRR EERER RN
RERERRRRE

LEEEE Trrriied
I 1

l
LEETTTT T

EEER

278 GAATCAGAGAAGCTACCTTCTTCCCCAAGCAAACTTAACAAAGCTGGACG 327

I
Prrrererind

259 GAATCAGAGAAGTTACCTTCTTCCCCAAGCAAACTTAACAAAGATGGACG 308

1070 GAATCCGCAAAGTTACCTTCTTCTCCAAGCAAAGACAACAAAGATGGACG 1119

1020 TCCCTATGGTTAACCCTAATATTGCAACAAACCCATCTGGAGCTCAAGAG 1069



DNA may be expressed constitutively,

pr onot er.
is provided 15

under the control of aFW‘ m‘m[

anti sense nucl eic acid which |ncludes a t

According to a further aspect of the invention,

i

strand of DNA conplenentary to at |east part of the strand of DNA that is
naturatly transcribed in a gene encoding an 11.6 or 12.9 kDa tapetum
| ent protein in another nenber
e DNA in accordance with this

protein in Arabi dopsis thallana or an e
of the fam |y Brassicaceae.

Ant

R

aspect of the invention may be under the

FIG. 2a (414)

‘

9

1120 AAACGCTIGAAGATTAGAGTT.TACTTATTTATATGGTTT....TTACCA 116

FHEit

328 AAACGCATGAAAATTGTTGTTGGAAACATTTCTATGGTTTTACATTTTCA 377

prrrrrrrerrrerrbrrrerrrerrerrrbn

P

309 AAACGCATGAAAATTGCTGTTGGAAACATTTCTATGGTTTTACATTTTCA 358

1170 TTGCATCAAATAAARAAATGTACCTTTAACAATTAAATGGTAAAAGAAAAA 1219

378 TTAAAATAAAATAAAATTGTATCTTTAACAATTGAATGGTAAGCG.....

N
N
<

359 TTAAAATAAAG..AAATTGTATCTTTAACAATTGAATGGTAA........

EERURERRR

398



but
t he

As i ndicated above,

but the use of tapetumspecific

t apet um devel opnent .

may t herefore be constitutive,
pronoters such as A3 and A9 as descri bed above in relation to the first

of any suitable pronoter which permits transcription during,
not necessarily only during,

contr ol
pr onot er
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13 A still further exanple of male sterility DNA encodes an RNA enzyne
(known as a ribozyne) capable of highly specific cleavage agai nst a given
target sequence (Hasel off and Gerlach Nature 334 585-591 (1988). Like
anti sense DNA, ribozyne DNA (coding in this instance for a ribozyne which
I's targeted against the RNA 5 encoded by the A3 or A9 gene) does not
have to be expressed only at the tineewyb

FIG. 3
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Arabidopsis
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sequences
q pTZ vector

I A3 coding region



expression of the A3 and A9 genes. Again, it may be possi blldissShe \Replaced
appropriate pronoter to drive ribozyne-encoding DNA, incl udim H S
adapted for constitutive expression. 10 According to a

of the invention, there is therefore provided DNA encoding a ribozyne

capabl e of specific cleavage of RNA g iﬁd by a gene encoding an 11.6 or
12.9 kDa tapetum protein in Arabi dopé'zﬁ aliana or an equivalent protein

i n anot her nenber of the fam |y Brassi caceae. Such ri bozyme- encodijng DNA
woul d general |y be usef ugloconf errllﬂg@al e sterf |g/ on man%r@

24

50
110
170
230

40
100
160
220

20
80
140
200

FIG. 4 (115)
DNA sequences of the A.thaliana A3 gene.

10
70
130
190

GTCGACACTATTTGTTAATCAGTAGACTCATTTGTGCTGCCTTTGGCTTCTTTTCGTC
30

AAAAACAGCTGAATGTGACTCTAATTTCGGCGGCAGCAAACGCGGCGGCGTTCAT GGC
90

AGGTAGGAAAGAACGGGAACAAACACGCGAGATGGGACAAAATCTGTGACAGATTCGC
150

CTTACTGTGATCACGGCGCCGGAGCATTAATCGCCGCATTCGCCGGCGTAATCCTTAT
210




In preferred enbodi nents aﬂmQN&fhsBamRelmz

15 of the famly Brassicaceae.
sequences of this invention, including those conprising the A
il 3" transcription regul HMH"’

pronoter-nale sterility DNA construct,
[ [ may be provi ded. Preferre

i ncludi ng a pol yadenyl ati on signal,
transcription regulation signals are derived fromthe Caulifl ower Msaic

Virus 35S gene. It should be recognls Bzft other 3' transcription
regul ation signals couldg?lso be used! anti sense nucleic acid anﬁ
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vector. The vector may for exanple be a plasmd, cosmd or aced
wll frequently include one or nore selectable rrarkers to e “ﬁ&
of cells transfected (or transfornmed: the terns are used int

this 5 specification) with them and, preferably, to enable selection

of “cel Is harbouring vectors incorporating heterol ogous DNA. Appropriate

start and stop signals wll generany present. Additionally, if the,
vector is intended for expression, sufficient regulatory sequences to frive
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10 m crobi al host expression would not be anmong the pri T She® BpOSehd NSBced
regul at ory sequences are useful as cloning vectors. C oning v?ﬂiﬁﬂ"ﬁﬂﬂ"ﬁ"
or anot her suitable host which 15 a i
t hei r mani pul ati on. :
therefore prqvided a host cell transfect g or transfornmed with DNA as
faff e invention can be prepared by

of the invention, although it is not ruled out. Vectors not i
i ntroduced into E. coi

Accordi ng to anot her aspect of the invention, there is
descri bed abqve. DNA in accordance w
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reconbi nant DNA technol ogy fornms the nmethod of choice. Uti
accordance with the invention (whether (i) A3/ A9 pronoter 2 ma
sterili‘ty gene, (ii) antisense DNA to A3/ A9 gene or ribozyne DNA targeted
to A3A9 RNA) will be introduced into ghg@dlcells, by any suitable neans.

According to a further aspect of the invention, there is provided asplant

20 I nvol vi ng coupling together successive nucl eoti des, Tais@hetHdsi Replaped
ol i go- and/or poly-nucleotides, including in vitro processe;ulmm" II IW
5 pl us e

cell including DNA in acd& d@hce wit hGh€i nventi & descri Gopve.
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5 This method is preferred where Agrobacterimis ineffective, for
exanpl e where the recipient plant is nonocotyl edonous. Any other nethod
that provides for the stable incorporation of the DNA within the nucl ear
DNA of any plant cell of any species would al so be suitable. This includes
speci es’ of plant which are not currently capable of genetic transformation.
10 Preferably DNA in accordance with the invention also contains a second

chinmeric gene (a "marker" gene) ]té?\b enabl es a transformed plant contai ni ng
t he foreign A

FIG.6
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DNA to be easily distinguished fromother plants that do na I““i
foreign DNA. Exanpl es of such a narker gene include antlblot [
(Herrera- 15 Estrella et al, 1983), herbicide reS|stan

(EP- A-0242246) and gl ucuroni dase (GQUS) expression (EP-A-0344029).

Expression of the marker gene is preferably controlled by a second pronoter

whi ch all ows expression in cells ot an the tapetum thus allomﬁng
selection of cells or ti cont ker y st
regeneration of the pla %ue pr eds %pro t edfrom20
t he gene whi ch encodes t 5S flo salc {CaWv)
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protein. However any other suitable second pronoter could [57 ﬁﬁﬁlaswemm’ aged

pl ant can be regenerated froma single transfornmed plant ce
i nvention therefore provides transgenic plants (or parts of

25 propagating material) | ncl uding DNA in accordance with t
I nvVenti bn as descr{bed above. mliq*eneratlon can proceed by knovvn
nmet hods. When the {ransforned pl owers it can be seen to be male

sterile bytheina)ll y.to produce viapl olle VWiere pollen is produced
it can be confirned ét@non[%aﬁe by hélnabl to effez gej set on
a recipient plant. [_. m

6

AATCGTTATAAGGCATAAGTGTGGGTATTGATCGTGGTACGAACAACCGCCTTGGCAT
410

350
470
530
590

340
400
460
520
580

FIG. 7 (217)

320 330
ACATTAGCCACGATATCCAACATTTGAAGCATTGCCTATGGCGAGTGTTTGGTTGGT
380 390
GAAACTGATGATGATAACCAGAACGAGAAATGTCTTGTGAAGTATAATGTTCCGAT
440 450
TGGGATTATAATAATGTGTAGACATTGTAGGTTGGTTTTGATGATGATAAGTAATCA
500 510
GAGAATTGTCTAACACATGCACTGGAGAATTATTGACTCTACCACGTTCTCTTTGATA
560 570

310
370
430
490
550
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conpari son of the DNA sequences of the B

shows the DNA sequence of the B
t hal i ana A3 gene.
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encoded by each sequence,
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20 FI GURE 2b shows a conparison of the putative pol ypepthis laced
by B. napus cDNAs E3 and ES with that encoded by the A thali

FIGURE 3 shows a restriction enzyne map of the A thaliana ge

&3. 6. Owly rel evant sites are shown and these may not be unique in

The 25 position of the coding region of A3 is indicated as a f| IIed

box. Also the extent of inserts cloned into the plasm ds pRS5 and 15 is
shown; FI GURE 4 shows the DNA seﬁjﬁg and putative primary structure of

the A thaliana A3 gene. The und d sequence is confornms to a TATA box

notif;
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17 FIGURE 5 shows the DNA sequence of the B. napus cDNA A9 8
primary structure of the ORF contained in the cDNA, FlI GURE 6

restriction map of the A



in the plasmds pWP39, 55 and 64 is indicated; FIGURE 7 shows the DNA
The

sequence and putative prinary structure of the A. thal ana A9 gene.
10 FI GURE 8a shows the

underlined sequence is conforns to a TATA box notif;
napus A9 cDNA and the A thaliana A9

DNA-sequence honol ogy between the B.
gene. Underlined nucleotides indicate the position of stop codons for the

ORFs contained in these sequences; 15 Iﬂ% 8b shows the honol ogy
bet ween the putative products encoded by t
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the production of chineric genes that express sense and anti
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18 FIGURES 1

show the construction of chineric genes between the A3
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FI GURE 12 shows the construction of intermnediate cloning vect

the A3 and A9 pronoters in transgenic plants.



and A9 pronpters and the RNAse barnase; and FI GURES 14a andisfhsst aced
construction of chineric genes between the A3 5 and AQL li a
N. tabacum [err] glucanase gene which lacks a C termnal e re
14a illustrates the preparation of transcriptional fusion constructs and

Figure<14b illustrates the preparation of translational fusion constructs. -

10 In the Exanpl es, unless stat e&szﬁrw se, all procedures for nmaking
and mani pul ati ng regonbi nant DNA wer t ed out using standard procedures

-

1888 AGTTTGGTCTGCAAACGACAAGACGAATARAATAAAATAATGAGAAATAC 1937

1838 TGCAGGCATAAGTGCCTAGTTGAACAACATTCAGTTCCGAGGATTTGGGG 1887

»

339 TTGGTCTGCAAAAGACAACAAGAATAAAAGTATTAAAATAACGAGAAAGT 388

FiG.8a (3/3)
]
N | ]

1788 TTGTTTTATATTTGTTCTCATGATTTTTTGGACTTATGTTTTGTGAACTG 1837
389 GTGTGTGTTTTTTTTTAATTTGGTCTGTTGTTCGGTTGGTTCAATACTTA 438
439 AATATGACCCATCAATTAATATCGTTTTCATATTTATTATGGTAATATTT 488

489 TT 490
1938 AC 1839




described in Maniatis et al., Mdlecular Aoning: A Laboraicwxps e tlgs Be iaced
Spring Harbor Laboratory, 1982. 15 EXAMPLES Exanple 1 Is ﬂn H
ant her-specific genes [err] anu A3 from Aabi dopsis thaliana 2
Ant her-specific cDNAs were isolated by differential screening of Brassica
napus cDNA |ibraries constructed from Rl\gﬁti‘.act ed fromdi ssected anthers,

Al R

as descri bed bel ow. cDNA cl ones A3 and Isolated froma library
const ruct ed

51 VNPAPNSNCCIALQATNKDCICNALRAATTFTTTCNLPSLDCGITI.... 97

. I
At A9 1 MEFLKSFTTILFVMFLAMSALETVPMVRAQQCLDNLSNMQVCAPLVLPGA 50

imi

46 VNPAANSNCCAALQATNKDCLCNRLRAATTLTSLCNLPSFDCGKMIHRLK 95

96 LFHQ 99
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fromanthers that were 1.4-1.8 mmin length. This library waShigs X eplaced
In the vector Lanbda Zap (Stratagene). The A3 and A9 cDNAs vverl Il

probes to 25 i sol at e honol ogous genes froman A thaliana
Ii\br“ary constructed in the vector Lanbda Dash (Stratagene). 19
FEs
SaH X SHd H
- -1 —
RSS5
Hinci] P
3.93 kb ApR
ErseSnlS a G2
R > wE L pTZ18
derivative
pA3—»
lSstl pWP87
I ek tear rirde 3.69 kb Ap?
e mememT T < L\':?' piC-19H
derivative
pA3——>»
pWP92
Hindl1, Nrul 5
£ 12.7 kb Km
w3
...... R Y derivative
1
pA3—> GUS——»J
0.5kb
— Arabidopsis
Key to DNA

sequences 1 Promoter region

I A3 coding region



Materi als and net hods Plant materi al .

Al seeding naterial TEgh
I sol ati on was obtained from 2-3 week old plants grown in a c u
phot operiod at [

envi ronment growth cabinet with 18h 5

agd

RNA for differenti al

screening and Northern bl ot anal ysis was obtai ned from

B.» napus ol eifera var "Topaz". Mle f?@%3ﬂ¢ buds were collected fromfield

grown plants of B.

napas ol eifera

% x(;l zjr' (Ni ckersons Seeds,
ME?. b? ned fromfield grown B.

Canbridge, UK). Male-sterile buds napus
var. OMB ' Qgura’ (N gkersong Sgeds,g Canprigdpe, f<) plgnt sgg
0 1
Ege _wfab-os’ PWP70A
e e 32kb Aph
[ — ] pTZ18
derivative
=
< Sreaa _n:ﬁmﬁz%m pWP71
ldedabdt B30 kb APR
<t ( —t 'pBluescript SK-
= derivative
n=g-3 —
’."f"_’?_‘.“’f“{’f e ;L%‘Ef?_‘?‘? pWP72
(—-—:"J = FL'J 3.8 kb ApP
- L pBlugscr'ipt SK-
T wa =4 o = derivative
ELSTIYIT  « == pWPT3
‘f.._l s X X 3 b I S 4‘3 kb Ap R
pBluescript SK-
derivative
Y az3emes
:l_:?—la- &ttty pWP74
i = A
pBi101.1
derivative
I o
S = SEET PWP75
m! R
[ AS —»  GUsS—s | 12.9Kkb Km
pBI101.1
derivative
<<
=,
BHa 3R _ pWP76
L =< T &=
3 13.4 kb Km"
PAS—s  GUS—> ] pBI101.1
' derivative
Arabidopsis
Key to DNA .
sequences [— A9 promoter region

BN A3 coding region



10 Di ssection of anthers. For cDNA |ibrary construction, fl e ¥ d
qui ckly harvested and kept at 40C until required, but no |lon l
Ant hers were dissected from appropriately sized buds using fi

i medi ately firozen in liquid nitrogen. 15 Pollen isolation. Mcrospores
were’i sol ated fromfresh buds of the appropriate |Iength using the nethod of
Choung and Beaversdorf (Plant Sci. 39 219-226
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(1985)), and frozen at -800C prior to RNA isolation. (PollenT B laced
frozen buds yielded only highly degraded RNA). 20 Col |l ection o*( '
sanpl es of conplete whorls of buds, at a stage imedi ately pri
opening of first flowers, were frozen in liquid nitrogen and stored at

- 800C. 925 Cyt ol ogi cal stagi ng of anthers and buds. The devel opnent al

stage of buds af predete gth ssessed by light m croscopic
exam nati on ofE F/@ 721 3M§ki |

s i ==
.. ,‘,4' = & -
iy Ly pWP78
R
3.8 kb Ap
—
PA9 pBluescript
derivative
<{
; ——
e i i | S S= SZoe
Tees -7 = & L N ;
Y et L i " v/
pWP80
pA9 —»> CaMV poly A 3.8 kb Apa
pJiT60
derivative
m:co%cngc:'g "3.5.?;-'?2.52‘2 AEs<
s r" >l< h\~ l" A S 4
y pWP88
PA3 —» CaMV poly A 36k Ap”
pJIT60
derivative
T kb

Key to DNA [ promoter



sporogenous cells, mcrospores or pollen grains extruded frdhis Idas BedntReplaced
squashed in the presence of aceto-orcein or acridine orange.

determ nation of bud | ength was perforned using a | ow powered

m croscope REPLACEMENT SHEET 28 FEB 1997 . :

32/3k
FIG. 13a
pT162
= V7272722727
pPhoA Barnase pBTa?s.tar Barstar

Xbal, Hindll into pBluescript

l PCR fragment cut with

—_— —p
Mature Barnase pBarstar Barstar

1 kb

Signal peptide
N-terminal extension
Mature Barnase

Barstar




20 equi pped with a calibrated eyepiece graticule. Bud IengtTI‘? aced
nmeasured fromthe base of the pedicle to the tip of the oute m
RNA i sol ation and anal ysis. Material intended for |ow resolu
dot blot 5 anal ysi s or for nMRNA isolation was ground to a fine powder
I n~a"mprtar cooled with é%o%en Total RNA was isolated fromthe

=

povvder usi ng a Jghenol ba |bed previously (Draper et al.,

o]
"Plant Genetic « B2, FoaolE T 2o

~ -

pWP127

‘*'\ ’o’ E—W \\ / L4
N : T 4.8 kb
: ‘ Apﬂ
pAg ——» Maturep Barstar CaMV poly A
Barnase
=<
<3 -~ . - —— s>
N DCUI LIV O =aa.es az><
- = v E - = pwWP128
~~o - Z=Z=E= v \ 7 LY ;
hy 4 4.9 kb
! Aph
pAg ——P Mature-p Barstar CaMV poly A
Barnase
<<
< m£§§§5 Peoa & SE pWP131
\v/' 7 4.7 kb
ApR
pA3 —» Mature-p Barstar CaMV poly A
Barnase
TS ' Key to DNA

sequences
Barnase

y/rl/A Barstar

[ 1 Tapetum-specific promoter

B CaMV polyadenylation signal



Transformation and Gene Expression: A Laboratory Manual ", Bl 3&i HaSBee“Re Ia°ed
Scientific Publishers, Oxford (1888)). Poly(A)+ RNA was puifi ﬂ" IH
rounds of 10 ol i go(dT)-cel |l ul ose chromat ography essenti alll

described in the Maniatis et al nmanual. RNA for high resolution dot blots
wae %ol at ed accor di ng to the met hod of Verwoerd et al.,Nuc. Acids Res. 17
2362 (1989)). cDNA library construction and screening. cDNAs wer e

synt hesi sed from 15 | y(A) + RNA usi ng (Amersham or Pharmaci a) cDNA

0
isyg;?gzldsn&t SEco%lc;Cglrﬂé (743 manujfu)tﬁ'rers i nstructions. cDNAs were

o xxwu:l:w o =2 - S« PDWBOPR
~\~\ ',l’ 3.9 kb
N\‘I Apa
pA9 —  Glucanase —» CaMV poly A
<t
«~ e T &S o [ =%
LN [ 7o P—i= =g e > DWS88PR
) TSR fr rr
N/ >f \\’, >E 'Y \ul 3.7Bkb
ENNONANRNNNSANN Ap
pA3 —» Glucanase —» CaMV poly A
< S e Ba = S < pDW112PR
et J 1.1 11 4‘ H l._l__l‘ r
~eo. .’ Ei% >< N/ \ 3.9Rkb
NANNAAAANNNN Ap

pA9 —» Glucanase—» CaMV poly A

1kb Key to DNA
sequences

Coding

[ Promoter region
HEE PolyA signal



dephasphoryl ated | anbda Zap | (Stratagene) ("sporogenesi s" library) or
| anbda Zap |l (Stratagene) ("m crospore-devel opnent " I|bra§) and packaged-

usi ng Anershamin vitro packaging extracts.

on 20 duplicate HYBOND- N :‘ﬁﬁwn( me

differentially,

H0m 8

singl e-stranded cDNA probe prepared from eitBer the appropriate ant her
poly(a)+ RNA or seedling poly(A)+ RNA according to Sargent Methods in
Enzynol . 152 423-432 (1987)). (The expre55| on HYBC]\IDN |s a trade mark )

RNA dot and gel

10

15

20

25

bl ot sTAPE

This invention relates to the application of recombinant DNA technology to plants,
specifically for the purpose of achieving male sterility.

The production of hybrids via sexual hybridisation of parents with differing genetic
backgrounds is an important practice in modem agriculture. Due to the
manifestation of heterosis or hybrid vigour the offspring are superior to the parents
in such key agronomic characters as yield and disease resistance. Further, where
the parents are extensively ﬁomozygous, the resulting offspring are genetically very
uniform and therefore the crop behaves in an equally uniform manner in such
important characteristics as germination time, beight of growth, susceptibility to
disease, flowering time, seed ripening time etc, which greatly improves the
efficiency of crop management. For these reasons hybrid seed is attractive to the

farmer and therefore sells at a premium.

In nature, the reproductive organs of many plant species are arranged in a manner
that greatly favours self-fertilisation and consequently the production of non-hybrid
offspring. Therefore, in order to produce hybrid seed free from contamination
with selfed seed, cross-fertilisation is carried out using a variety of mechanical,
chemical and genetic methods that prevent self-pollination.

An important mechanical method for hybrid seed production is available for Zea
mays. In this species, the male and female reproductive organs are located on
different parts of the same plant, which facilitates emasculation by a process
known as detasseling - removal of the anthers. However, the reproductive organs
of most other major crops are not so conveniently arranged making emasculation

2 very labour-intensive operation; as a consequence hybrid seed produced by this
method is very expensive.

REPLACEMENT SHEETS SG
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(Amersham according to the manufacturers instructions.

Northern gels were

run and RNA transferred to HYBOND-N according to Fourney (BRL Focus 10 5-7
(1988)7)". Hybridisation and washing of HYBOND-N filters was according to

manuf acturers i nstructi ons. 21

10

15

20

25

2

Chemical methods rely on gametocide, such as etherel, which kill or block viable
pollen production. However, such chemicals are usually expensive and difficult

to administer, particularly to crops with an indeterminate flowering habit.

Two commonly used genetic methods for preventing self-pollination are self-
incompatibility and male sterility. In seif-incompatibility systems, viable pollen
is produced but a biochemical block prevents self-pollination by interfering with
pollen germination or pollen tube growth. However, such systems are complicated
by the scarcity of self-incompatible female lines, propagation difficulties and the
frequent instability of the self-incompatibility. In some cases, the problems of
propagation can be eased by chemical suppression of the self-incompatibility or by
the hand pollination of immature buds ("bud pollination") before activation of the
biochemical block to self-pollination. However, suppressible self-incompatibilities
are often vulnerable to climatic stress which reduces the effectiveness of the
system. The important crop genus Brassica provides a good example of the
difficulties associated with self- incompatibility systems for hybrid seed production.
Although self-incompatibility is widespread in Brassic~ spp., the system is
complex, female lines are very difficult to propagate and the self-incompatibility
is prone to breakdown under stressful climatic conditions.

In agricultural terms, the most important natural mechanism employed to prevent
self-pollination is so-called male sterility. Male sterility usually results from the
manifestation of certain mutations carried in the nuclear or organellar
{chloroplastic and mitochondrial) genomes that result in the degeneration of the
anthers or pollen prior to dehiscence (release of pollen). Plants expressing male
sterility are therefore female only, and any seed produced by such plants must be
the product of cross-pollination from a male fertile plant. Currently, the greatest

barrier to the widespread availability of hybrid seed is the absence of effective
male-sterility.

REPLACEMENT SHEET
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In situ hybridisation. For enbeddi ng and sectioning B. napus buds were
frozen in CRYO-M BED (| AAB Laboratories Equi pment Ltd). (The expression
CRYO MBED is a trade mark.) Sections were cut nomnally 10 [err] thick,
nount ed on subbed slides (Van Prooijen-Knegt et al., H stochemcal J. 14
333-344 (1983)) 5 fixed in 4% par af or dal dehyde and dehydrated. [err]
(> 1000 G I mmol, Amersham SJ. 1303) | abelled sense and anti-sense RNA
probes were transcribed fromthe T3 and 17 pronoters of BLUESCRI PT SIC
(Stratagene), i Namhixitahocdmrin@m steelityl systechs afd heailakleriassevenl BlopkESGRIzET

Lerr] is at rad?ugar eet, oﬂseed rape and sunflower. Many have flaws such as the breakdown
of sterility and the production of pollen under stressful climatic conditions.
Genetically controlled male sterility has previously relied mostly upon the chance
5 discovery of male sterile plants in the breeding population. The development of
an effective male sterility system would remove this dependence on an
unpredictable event and give more control to the plant breeder. The present
invention relates to such a development.

10 The promoter is that region of a gene which regulates its expression, for example
by specifying the time or location of expression. Promoters can be separated from

. the coding region of a gene and used to drive a different coding region, thus
allowing the expression of a different product. A promoter can in principle be

used to effect male sterility if it is specific to the cells/tissue involved in the

15 production of male gametes. The tapetum is a specialised cell layer within the
anther that plays a ~crucia1 role in the supply of nutrients to the developing

microspores. Malfunction of the tapetum is the cause of many types of natural
male sterility.

20 According to EP-A-0329308 (Paladin Hybrids Inc), many of the difficulties
associated with naturally-based male-sterility and sexual incompatibility systems
can be overcome by a proposed "artificial” male-sterility system. EP-A-0329308
describes several possible variants of the system. In one type, the central element
is a chimeric gene consisting of a microspore- specific promoter and a male

25 sterility DNA. Microspores are immature pollen grains. The important property
of male-sterility DNA is that its expression is designed to cause the termination of
microspore development, by interfering with processes unique or essential to it.
Since the promoter is microspore-specific, the male-sterility DNA is transcribed

into RNA only in the microspores. The application describes several types of

REPLACEMENT ST



Fol l ow ng transcription, probes were cleaved by al kaline hydrolysis to
generate 10 probe fragnments approximtely |50bp in I ength. The

hybri di sati on sol uti on was 50% f or mam de, 300mM NaCl, IO [err] pH 6.8,

| OM Tris-HCl pH 7.5, 5mM EDTA, 0.02% bovi ne serum al bumin, 0.02% Fi col |,
0. 02% pol yvi nyl pyrrol i done, 109mM dithi othdeitol, 10% dextran sul phate,
0.7nmg/ M E.coli tRNA, 50-100ng/m probe stock [err] probe). Sections were
15 hybridised in 30 [err] hybridisation solution at [err] for 16h.

Sli geg wer e washar- seshifityolDNIAS spdciflylngd 26-5nse RN A > moekpdie. etific lpeXeylahar r |
H 6.8, [err . . . )
P [ ] to proteins with a general, but essential, cell function (eg actinidin and tubulin);

and the cytotoxic proteins Ricin A and diphtheria toxin.

5 However, the system as described appears to have a serious drawback, in that the
teaching of EP-A-0329308 would not produce plants which are necessarily male-
sterile plants. Since the action of the microspore-specific promoter described in
the invention occurs post-meiosis, segregation of the male sterility DNA in the
microsporocytes of plants heterozygous for the factor would result in only haif the

10 pollen grains receiving the factor.

A possible way to circumvent the segregation problem would be to generate plants
homozygous for the sterility factor. However, propagation of such a plant would
have to proceed via asexual processes since any pollination would again return the
15 offspring to heterozygosity. This limits the application of the invention to plant
species where such propagation is commercially viable. It would therefore be

desirable for male sterility DNA to be expressed in the m.ather tissue thereby to
affect all the pollen grains.

20 EP-A-0344029 (Plant Genetic Systems (PGS)) also describes an artificial male
sterility system for use in hybrid seed production. It is based on a chimeric gene
consisting of an anther-specific promoter (from the gene designated TA29) isolated
from Nicotiana tabacum and a male sterility DNA. In this case, the promoters are
derived not from microspore-specific genes as in the Paladin system, but from

25 genes expressed exclusively within the tapetum. Hence, the chimeric gené is

designed to prevent microspore development and cause male-sterility by disrupting
or destroying the tapetum.
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Tns-HC pH 7.5 and then rinsed in RNase A buffer to renove formam de. RNase
A:treatnment, (150 [err] RNase Ain 500nM NaCl, O Tris HCI pH 7.5), was

carried out at [err] for I h. The slides were then washed twice in 2xSSC
(0.3M 20 NaCl, 0.03M Na citrate, pH 7.0) at [err] for 30 mn,
dehydrated through graded al cohols and drigd. For autoradiography, slides
were di pped at [err] in ILFORD KS nuclear track emulsion (1g/m in 1:59
gl ycerol :water mx). (The expression ILFORD KS is a trade nark.) Exposure

time was betweeqy, {
e e koo € pRRir ol GisfeRELE bOREER tni¥ EFprodlr! Sl Hia B e («6?29308
is that the choice of a promoter which is active in a cell-type not subject to
melosis, avoids the problems associated with genetic segregation. Destruction of

the tapetum prevents the maturation of all microspores regardless of genetic make-
5 up.

As part of the continuing endeavour to improve the means available to the plant
geneticist for inducing male sterility in commercially important crops and other
plants, the identification of further useful genes and associated promoters is

10 actively sought. Among the commercially most significant crops in the world
today are included members of the family Brassicaceae, particularly Brassica
napus, commonly known as oil-seed rape. If tapetum-specific genes and promoters
from members of the family Brassicaceae could be elucidated, plant breeders
would have at their disposal powerful tools to use in the development of male

15 sterile B. napus and other members of the Brassicaceage family. There is an
attraction in being able to keep heterologous DNA within the family or smaller
taxonomic division, as unpredicted effects may be reduced or minimised. Further,
transgenic members of the family Brassicaceae incorporating heterologous DNA
from other members of the same family may well be more acceptable from the

20 regulatory point of view than Brassicaceae family members incorporating DNA
from more remote sources.

The present invention is, based on the discovery of novel and useful genes and

promoters from the family Brassicaceae and relates to methods, genetic constructs
25 and transgenic plants harnessing the discovery.

According to a first aspect of the present invention, there is provided a
recombinant or isolated DNA molecule comprising a promoter which naturally

drives expression of a gene encoding an 11.6 or 12.9 kDa tapetum protein in

REPLACEMENT SHEET
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25 mark.) Foll ow ng devel opment sections were stained with nethyl ene
bl ue and nade pernmanent. 22 a) lsolation and characterisation of the A

thal i ana A3 gene Northern hybridisation analysis using RNA extracted from
B. napus anthers,

6

Arabidopsis thaliana or an equivalent protein in another member of the family
Brassicaceae.

In this specification, the gene encoding the 12.9 kDa protein in A. thaliana and

5 equivalents of that gene in other members of the family Brassicaceqe will be
referred to as the A3 gene; the gene encoding the 11.6 kDa protein in A. thaliana

and equivalents of that gene in other members of the family Brassicaceae will be

referred to as the A9 gene. The A9 and A3 are different in sequence and pattern

of expression from the tapetum-specific promoters described in EP-A-0344029.

10 Induction by external factors such as heat shock or herbicide application, as is
described in one embodiment of EP-A-0329308, is not required for this invention

to function, so it need have none of the attendant problems with, for example,
indeterminate flowering habits.

15 A3 temporal expression spans the period in anther development when the
microsporocytes are in meiotic division to early microspore interphase. A9 gene
is expressed in tapetal cells. Expression of A9 is initiated in anthers that contain
meiocytes and continues into anthers that contain microspores in early first
interphase.

20 The molecular weights quoted above are putative and derived from the number of
amino acids believed to be present, as deduced from the DNA sequence. The 12.9
kDa protein encoded by the A3 gene of A. thaliena has 118 amino acids; the 11.6
kDa protein encoded by the A9 gene of A. thaliana has 107 amino acids. It will
therefore be appreciated that the molecular weights refer to the un-glycosylated

25 protein, In addition, the effect on any other post-translational processing such as
partial proteolysis is discounted.

Although figures given above relate only to proteins of A. thaliana, those skilled

in the art will readily be able to identify equivalent proteins from other members
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pol l en, carpels and seedlings indicated that A3 was only expressed in
anthers:of 5 l ength 1.6-2.3mm w th maxi mal expressi on between
1.8-2.3mm Thus A3 tenporal expression spans the period in anther

devel opment when the m crosporocytes are in neiotic division to early

m crospore interphase. In situ hybridisatiogs suggest that in B. napus, A3
IS expressed solely in the tapetumof the anther. The A3 cDNA is 347 bp in

| engt h and contains an open-reading frame 10 (ORF) extending from
position 1-329 b ' : afe! ' <l [l .
The estimated si ?feﬁlc?f %iyngg‘%gﬁ%agnﬂ\ﬁ&?%xgﬁb@rttﬁhceégﬁ“)a%f]p&boéégeiIg ERShiba

napus encodes a putative protein of 96 amino acids in length having a calculated
molecular weight of 10.3 kDa. Such equivalent genes may be identified by
hybridisation studies, restriction fragment length polymorphism (RFLP) and other
5 methods known in the art. Genes encoding closely equivalent proteins may for
example hybridise under stringent conditions (such as at approximately 35°C to
65°C in a salt solution of approximately 0.9 molar) to the 4. thaliana A3 and A9
genes, or fragments of them of, for example, 10, 20, 50 or 100 nucleotides. A
15-20 nucleotide probe would be appropriate under many circumstances.
10
The preferred A3 and A9 promoters described in this specification are from
Arabidopsis thaliana and can be isolated by methods known in the art, for example
by {(a) synthesising cDNA from mRNA isolated from the stamens of the plant
Brassica napus, (b) isolating this cDNA, {¢) using this cDNA as a probe to
15 identify regions of the plant genome of Arabidopsis thaliana that encode stamen-
specific mRNA and (d) identifying the upstream (5°) regulatory regions that
contain the promoter of this DNA. This procedure also demonstrates that probes
based on, or derived from, the coding regions of a stamen-specific DNA from one
species of plant may be used to isolate DNA sequences encoding stamen-specific
20 mRNAs from other species. A3 and A9 promoters from other members of the
family Brassicaceae, for example from B. napus itself, are also included within

the scope of the invention, as are those which include non-essential variations from
the natural sequences.

25 Particularly preferred promoters are those upstream of the coding regions of the
sequences shown in Figure 4 (for the A. thaliana A3 gene) and Figure 7 (for the
A. thaliana A9 gene) as will subsequently be described in the examples. Those
skilled in the art will be able to identify with sufficient precision the promoters

driving the coding regions and to isolate and/or recombine DNA containing them.
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about 500 bp,

and again suggesting that this clone is not full
A3 cDNA was used to isolate honol ogous cDNA clones (E3 and ES) fromthe
same B. napus library. E5 cDNA is 422 bp |ong and contains an ORF from

| ength. The

position 1-333 15 (Fig.2a). This cDNA is identical to A3 cDNA over the
region they overlap and extends the A3 seqence 5 bp 5 of the start of A3

and 69 bp 3

extending from position 1-314 bp (Fig.2a).

the E5 cDNA at Prumoter-tantaiviog RNA|In aenprdance prithahe invemivm qandgutsed taaganf@1%
i dentical. The ¢l

10

15

20

25

ma?enisttra]glit?ffonEglanV\Q,i gg.lrtii:lﬁarly those belonging to the family Brassicaceae,
in a variety of ways as will be discussed below. In an important embodiment of
the invention, therefore, a promoter as described above is operatively linked to
DNA which, when expressed, causes male sterility.

Since an effective sterility system is complete, propagation of the seed parent must
proceed either by asexual means or via the pollination of the male-sterile by an
isogenic male-fertile line, and the subsequent identification or selection of male
sterile plants among the offspring. Where vegetative propagation is practical, the
present invention forms a complete system. for hybrid production. Where fertility
restoration is necessary to produce a seed crop, the present invention forms the
basis of a new male sterility system. In some seed crops where the level of cross
pollination is high, seed mixtures may enable restoration to be bypassed. The
male sterility will be particularly useful in crops where restoration of fertility is not
required, such as in the vegetable Brassica spp., and such other edible plants as
lettuce, spinach, and onions.

DNA in accordance with the invention and incorporating the A3 and/or A9
promoter can drive male sterility DNA thereby producing male sterile plants,
which can be used in hybrid production. The promoters are highly tapetum
specific and so the sterility DNA is only expressed in the tapetum. The control of
expression is very strong and the DNA is not expressed in other cells of the plant.
The system prevents the production of viable pollen grains. All transformed plants

and their progeny are male sterile; there is no problem with meiotic segregation.

A construct comprising a promoter operatively linked to a male sterility DNA can
be transformed into plants (particularly those of the genus Brassica, but also other

genera such as Nicotiana and Hordeum) by methods which may be well known in
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20 honol ogous but not identical to A3 is evidence that probes based on
t he sequence of the anther-specific gene A3 would enable the cloning of
honol ogous ant her- specific genes. A 15 kb A thaliana genom c clone (G3.6)
was isolated that hybridises to A3 25 cDNA (Fig.3). The 2300 bp

H ndlI'I-H ncll region which hybridised stroggly with the A3 probe, was

subcl oned from G3.6 and partially sequenced (Fig.4) revealing an ORF
(positions 770-1126) that is highly honol ogous to the B. napus E5 cDNA (82%

at the nucl eoti dgelnSfGls, A AlbréimatiDE rBhuBs hthd Brodubtdd bf phaisPine i ot
which contain a foreign chimeric DNA sequence composed of the promoter and
a male sterility DNA. Male-sterility DNA encodes an RNA, protein or polypeptide

which, when produced or over-produced in a stamen cell of the plant, prevents the
5 normal development of the stamen cell.

The tapetum specific promoters may be used to drive a variety of male sterility
DNA sequences which code for RNAs proteins or polypeptides which bring about
the failure of mechanisms to produce viable male gametes. The invention is not

10 limited by the sequence driven, but a number of classes and particular examples
of male sterility promoter-drivable sequences are preferred.

For example, the drivable male sterility DNA may encode a lytic enzyme. The
lytic enzyme may cause lysis of one or more biologically important molecules,

15 such as macromolecules including nucleic acid, protein (or glycoprotein),
carbohydrate and in some circumstances lipid.

Ribonuclease (such as RNase T1) and barnase are examples of enzymes which
cause lysis of RNA. Examples of enzymes which lyse DNA include exonucleases
20 . and endonucleases, whether site-specific such as EcoRI or non-site-specific.
Glucanase is an example of an enzyme which causes lysis of a carbohydrate. The
enzyme glucanase is naturally produced in anthers where it functions to release the
young microspores from a protective coat of poly-glucan laid down before meiosis.
The appearance of the enzyme activity is developmentally regulated to coincide
25 with the correct stage of microspore development. One important attraction of
glucanase as a potential sterility DNA is that plants are found in nature that are
male-sterile due to mutations causing mistiming of glucanase expression and the
destruction of the microspores. Two types are recognised depending on whether

the appearance of glucanase activity is premature or late. The expression of many
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t hal i ana A3 gene does not apparently contain introns. The putative protein
encoded 23 by A3 consists of 118 am no-acids with a nol ecul ar nmass of
12.9 kDa. A search of the NBRF protein database (release 34) did not reveal

any proteins honologous to the putative A3 protein. There is a TATA box
consensus sequence (Joshi, 1987) 10

genes, including those expressed within the anther, exhibit various patterns of
temporal regulation. Therefore, in order to use glucanase as a sterility DNA, the
promoter chosen to drive expression of the gene must provide an appropriate
developmental regulation of glucanase activity, preferably by mimicking the pattern

5 of expression found in association with natural male-sterility. One means of
achieving male sterility is to isolate the promoter from a tapetum-specific gene

with the same pattern of expression as found for glucanase activity in male-sterile

mutant plants, Since late expression of a glucanase is unlikely to produce sterility

in plants with a functional anther glucanase gene, the sterility factor would require

10 a promoter capable of driving transcription before the appearance of normal
glucanase activity. In the RM cms mutant of Petunia (Izhar, S. and Frankel, R.

Theor. Appl. Genet., 41 104-108 (1971)) glucanase expression within the anther

first appears at the end of meiotic prophase, and increases to a maximum by the
completion of meiosis. This pattern of expression contrasts with that in normal

15 Petunia plants, where glucanase activity within the anthers appears concomitantly
with the breakdown of the tetrads and the release of the young microspores. The

aberrant pattern of glucanase activity found in the cmys wutant is thought to be
responsible for the destruction of the microspores and male sterility. Thus, to

mimic this mutation using a sterility DNA encoding a glucanase enzyme requires

20 a promoter capable of driving transcription of the male sterility DNA within the
anthers, and preferably within the tapetum, during the phase of anther development

between prophase of meiosis and the appearance of the tetrad of microspores; the

A3 and A9 promoters discussed above are therefore well suited to drive this gene.

A tapetum-specific (or at least anther-specific) promoter is also advantageous since

25 B(1,3)-glucans are found elsewhere within plants, for example in phloem sieve

elements, where they presumably perform essential functions.

The spatial regulation of the enzyme should also ensure access to the target cells.

Secretion into the locular space is ensured by the provision in a preferred
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bet ween positions 699-707 bp, 63 bp upstream of the putative start of the

A3 5 . coding region. b) Isolation and characterisation of the A9 gene
Northern analysis and in situ hybridisations indicate that the B. napus A9
gene is 10 expressed in the tapetal cells of anthers of |ength

1.5-2.3mm with maximal expression betweenyg.0-2.3nm Expression of A9 is
initiated in anthers that contain neiocytes and continues into anthers that
contain mcrospores in early first interphase. The A9 cDNA is 490 bp in

! engt.h cont ai ni BgLadinfRf, &f QMuAASe! sighi Sequence in a translational fusion with the

glucanase coding sequence.

DNA encoding glucanase is advantageous as male sterility DNA, as it has no
5 product which is cytotoxic outside the target ceil. Glucanase as a male sterility
DNA mimics natural systems and is inherently less destructive than for example

ribonuclease, and so does not present such a problem if the promoter is slightly
active in certain conditions in other cell types.

10 Actinidin is an example of a protease, DNA coding for which can be suitable male
sterility DNA. Other examples include papain zymogen and papain active protein.

Lipases whose corresponding nucleic acids may be useful as male sterility DNAs
include phospholipase A,.

15
Male sterility DNA does not have to encode a lytic enzyme. Other examples of
male sterility DNA encode enzymes which catalyse the synthesis of
phytohormones, such as isopentyl transferase, which is involved in cytokinin
synthesis, and one or more of the enzymes involved in the synthesis of auxin.

20 DNA coding for a lipoxygenase or other enzymes having a deleterious effect may
also be used. '

Other male sterility DNAs include antisense sequences. Introducing the coding
region of a gene in the reverse orientation to that found in nature can result in the
25 down-regulation of the gene and hence the production of less or none of the gene
product. The RNA transcribed from antisense DNA is capable of binding to, and
destroying the function of, a sense RNA version of the sequence normally found
in the cell thereby disrupting function. Examples of such anti-sense DNAs are the

anti-sense DNAs of the A3 and A9 genes which may be produced in the anther
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296 bp (Fig.5). FromNorthern gel blots, the estimted size of the A9 nMRNA
in 15 . B. napus is about 550-600 bp. The abundance of the A9 nRNA was
estimated at between 0. 1 - 0.2 % of total anther pol yA+ nmRNA. A 13 Kb A
thaliana genom c clone (3. 1) was isolated that hybridised to the A9 cDNA
(Fig.6) and a 3145 bp Xbal fragment cloned2and partially sequenced 20
(Fig.7). This fragnment contains an ORF at position 1461-1781 that is 76%
identical to the A9 cDNA ORF at the nucleotide level (Fig.8a) and the

put ati ve productedesfcontreb of ARFARard 280 praiester. c a¥in¢dithess [genesCanpacimably of
the cDNA and expressed in the tapetum, antisense to them may be expected to disrupt tapetal

function and result in male sterility.

S It is not crucial for antisense DNA solely to be transcribed at the time when the
natural sense transcription product is being produced. Antisense RNA will in
general only bind when its sense complementary strand, and so will only have its
toxic effect when the sense RNA is transcribed. Antisense DNA corresponding
to some or all of the DNA encoding the A3 or A9 gene products may therefore be

10 produced not only while the A3 and A9 genes are being expressed. Such antisense
DNA may be expressed constitutively, under the control of any appropriate
promoter.

According to a further aspect of the invention, therefore, there is provided
15 antisense nucleic acid which includes a transcribable strand of DNA
complementary to at least part of the strand of DNA that is naturally transcribed
in a gene encoding an 11.6 or 12.9 kDa tapetum protein n Arabidopsis thaliana

or an equivalent protein in another member of the family Brassicaceae.

20 Antisense DNA in accordance with this aspect of the invention may be under the
control of any suitable promoter which permits transcription during, but not
necessarily only during, tapetum development. As indicated above, the promoter
may therefore be constitutive, but the use of tapetum-specific promoters such as
A3 and A9 as described above in relation to the first aspect of the invention is

25 certainly not excluded and may be preferred for even greater control. Such

antisense DNA would generally be useful in conferring male sterility on members
of the family Brassicaceae.
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genoom ¢ sequences suggests that the ORF in the cDNA starts at position 9
bp (Fig.5) and that the A9 gene contains no introns. 70 bp upstream of the

put ative 25 start of the A9 gene (positions 1382-1389 bp) is a TATA
box conform ng to the consensus sequence of Joshi (1987). The putative ORF
encoded by the B. napus cDNA is 96 amno-ag ds in length with a cal cul ated
nol ecul ar mass of 10.3 kDa and that of the A thaliana gene 107 am no-acids
with a mass of 11.6 kDa. Although no overall honol ogy was found to the

putative A9 prohekinSrulMe &bl Sinale sterility DNA encodes an RNA enzyme (known as
a ribozyme) capable of highly specific cleavage against a given target sequence

(Haseloff and Gerlach Nature 334 585-591 (1988). Like antisense DNA, ribozyme

DNA (coding in this instance for a ribozyme which is targeted against the RNA

5 encoded by the A3 or A9 gene) does not have to be expressed only at the time of

expression of the A3 and A9 genes. Again, it may be possible to use any

appropriate promoter to drive ribozyme-encoding’ DNA, including one which is
adapted for constitutive expression.

10 According to a further aspect of the invention, there is therefore provided DNA
encoding a ribozyme capable of specific cleavage of RNA encoded by a gene
encoding an 11.6 or 12.9 kDa tapetum protein in Arabidopsis thaliana or an
equivalent protein in another member of the family Brassicaceae. Such ribozyme-

encoding DNA would generaily be useful in conferring male sterility on members
15 of the family Brassicaceae.

In preferred embodiments of DNA sequences of this invention, including those
comprising the A3/A9 promoter-male sterility DNA construct, 3’ transcription
regulation signals, including a polyadenylation signal, may be provided. Preferred
20 3’ transcription regulation signals are derived from the Cauliflower Mosaic Virus

35S gene. It should be recognised that other 3’ transcription regulation signals
could also be used.

The antisense nucleic acid and ribozyme-encoding nucleic acid described above are
25 examples of a more general principle: according to another aspect of the
invention, there is provided DNA which causes (for example on its expression)

selective disruption of the proper expression of the A3 and A9 genes.
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24 the NBRF protein database the A9 protein contains a cysteine notif that
Is present in several 2S plant storage proteins and in sone plant protease
inhibitors. Exanple 2 The use of the A9 and A3 pronpters to drive the
expression of [err] 5 gl ucuroni dase in anthers of Arabidopsis thaliana

and Nicotiana tabacum To denonstrate thajythe putative pronoter regions of
A3 and A9 are capabl e of

Recombinant DNA in accordance with the invention may be in the form of a
vector. The vector may for example be a plasmid, cosmid or phage. Vectors will
frequently include one or more selectable markers to enable selection of cells
transfected (or transformed: the terms are used interchangeably in this
5 specification) with them and, preferably, to enable selection of cells harbouring
vectors incorporating heterologous DNA. Appropriate start and stop signals will
generally be present. Additionally, if the vector is intended for expression,
sufficient regulatory sequences to drive expression will be present; however, DNA
in accordance with the invention will generally be expressed in plant cells, and so
10 microbial host expression would not be among the primary objectives of the

invention, although it is not ruled out. Vectors not including regulatory sequences
are useful as cloning vectors.

Cloning vectors can be introduced into E. coli or another suitable host which
15 facilitate their manipulation. According to another aspect of the invention, there

is therefore provided a host cell transfected or transformed with DNA as described
above.

DNA in accordance with the invention can be prepared bjr any convenient method
20 involving coupling together successive nucleotides, and/or ligating oligo- and/or

poly-nucleotides, including in vitro processes, but recombinant DNA technology
forms the method of choice.

Ultimately, DNA in accordance with the invention {(whether (i) A3/A9 promoter
25 plus male sterility gene, (ii) antisense DNA to A3/A9 gene or ribozyme DNA
targeted to A3/A9 RNA) will be introduced into plant cells, by any suitable means.
According to a further aspect of the invention, there is provided a plant cell

including DNA in accordance with the invention as described above.
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driving the expression of a foreign gene in A thaliana and N. tabacum
fusions of the pronoters were made to the Escherichia coli
encoding [err] (QJS). a) A3 -@US fusion (Fig.9) The 1030 bp

transcri pti onal

gene 10

[err] fragnment of G3.6 is subcloned between into the [err] site 15

t he vector

[err] (Pharmacia Ltd.) form nggsRS5 (Fig.9). This is cut with

[err] and the fragnent cloned into [err] (Marsh et al., Gene 32 481485
(1984)) form ng pWP87. The A3 pronoter is then recovered as a [err]

10

15

20

25

Preferably, DNA is transformed into plant cells using a disarmed Ti-plasmid vector
and carried by Agrobacterium 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 Agrobacterium is ineffective, for example where
the recipient plant is monocotyledonous. Any other 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 includes species of plant which are not
currently capable of genetic transformation.

Preferably DNA in accordance with the invention also contains a second chimeric
gene (a "marker" gene) that enables a transformed plant containing the foreign
DNA to be easily distinguished from other plants that do not contain the foreign
DNA. Examples of such a marker gene include antibiotic resistance (Herrera-
Estrella er al, 1983), herbicide resistance (EP-A-0242246) and glucuronidase
{GUS) expression (EP-A-0344029). Expression of the marker gene is preferably
controlled by a second promoter which aliows expression in cells other than the
tapetum, thus allowing selection of cells or tissue containing the marker at any
stage of regeneration of the plant. The preferred second promoter is derived from
the gene which encodes the 35S subunit of Cauliflower Mosaic Virus (CaMV) coat
protein. However any other suitable second promoter could be used.

A whole plant can be regenerated from a single transformed plant cell, and the
invention therefore provides transgenic plants (or parts of them, such as
propagating material) including DNA in accordance with the invention as described
above. The regeneration can proceed by known methods. When the transformed
plant flowers it can be seen to be male sterile by the inability to produce viable

pollen. Where pollen is produced it can be confirmed to be non-viable by the
inability to effect seed set on a recipient plant.
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fragnment from pW87 and cloned into [err](Jefferson et al., EMBO J 6 3901

(2987)).. The resultant plasmd (pWP92) (Fig.9) contains 745 20 bp of
A3 sequence upstreamof the [err] site (position 745 bp in Fig.4) fused to
@JUS. b) A9-@US fusions (Fig. 10) 25 The 329 bp [err] fragnent

(positions 1105-1434 bp in Fig.7) was clongd into Hncll-cut [err] form ng
[err] DNA sequence analysis revealed the loss of a 'G residue at the Rsal,
[err] junction which resulted in the recreation of

The invention will now be illustrated by the following Examples. The following

restriction enzyme and other abbreviations are used:

A, Accl; B, BamHI; Bg, Bgill; C, Clal; H, Hincll; Hd, HindIIl; K, KpnI,

5 M, Miul; N, Nodl; Nc, Ncol; Nr, Nrul; P, PstI; R, Rsal; RI, EcoRI;, RV,
EcoRV; S, SstI; Sa, Sall; Sp, SphY; Sm, Smal; Ss, Sspl; SII, Sacll; X,
Xhol; Xb, Xbal.

ORF = open reading frame

10
The Examplés refer to the accompanying drawings, in which:
FIGURE 1 shows the DNA sequence of the B. napus cDNA A3 together with the
deduced protein sequence of the ORF confained in A3;

15 '

FIGURE 2a shows a comparison of the DNA sequences of the B. napus cDNAs
E3 and E3 with the A, thaliana A3 gene. The underlined trinucleotides indicate the
end of the ORF encoded by each sequence;

20 FIGURE 2b shows a comparison of the putative polypeptides encoded by B.
napus cDNAs E3 and ES with that encoded by the 4. thaliana A3 gene;

FIGURE 3 shows a restriction enzyme map of the A. thaliana genomic clone
G3.6. Only relevant sites are shown and these may not be unique in G3.6. The

25 position of the coding region of A3 is indicated as a filled box. Also the extent of
inserts cloned into the plasmids pRS5 and 15 is shown;

FIGURE 4 shows the DNA sequence and putative primary structure of the A.

thaliana A3 gene. The underlined sequence is conforms to a TATA box motif;
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the [err] site. The [err] fragnment of pWP70A containing the A9 pronoter
was cloned into [err] pBluescript (Stratagene) formng 25 pWP71. To
reconstruct plasmds with [arger A9 upstream regions the EcoRl, H ndll]l
fragment of pWP71 was replaced with the 900 bp Hindlll, EcoRl fragnent

17

FIGURE 5 shows the DNA sequence of the B. napus cDNA A9 and the putative
primary structure of the ORF contained in the cDNA;

FIGURE 6 shows a restriction map of the 4. thaliana genomic clone G9.1. The

5 position of the A9 coding region is shown as a filled box and the extent of inserts
in the plasmids pWP39, 55 and 64 is indicated;

FIGURE 7 shows the DNA sequence and putative primary structure of the A.

thaliana A9 gene. The underlined sequence is conforms to a TATA box motif;
10

FIGURE 8a shows the DNA sequence homology between the B. napus A9 cDNA

and the A. thaliana A9 gene. Underlined nucleotides indicate the position of stop
codons for the ORFs contained in these sequences;

15 FIGURE 8b shows the homology between the putative products encoded by the
B. napus A9 cDNA and the A. thaliana A9 gene;

FIGURE 9 shows the construction of a chimeric gene containing a transcriptional

fusion between the A3 promoter and an E. coli gene encoding g-glucuronidase;
20

FIGURE 10 shows the construction of chimeric genes containing transcriptional

fusions between the A9 promoter and an E. coli gene encoding 8-glucuronidase;

FIGURE 11 shows #-glucuronidase activity in anthers of A9-GUS transformed
25 tobacco plants;

FIGURE 12 shows the construction of intermediate cloning vectors used in the

production of chimeric genes that express sense and anti-sense RNA from the A3
and A9 promoters in transgenic plants.
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of pWP64 (Fig.6) (which contains a 1486 bp Accl, Bglll fragnent cloned into
Accl, BanHl -cut pTZ19) form ng pWP72. Also the EcoRI, H ndlIl fragment of 5
pWP71 was replaced with the 1397 bp H ndlll, EcoRl fragnment of pWP55
(Fig.6) (which contains a 3146 bp Xbal fragnment cloned into Xbal-cut pTZ19)
formng pWP73. The HindlIl, Xbal fragnmentd48of pW71, pWP72 and pWP73 were
cloned into Hindlll, Xbal-cut pBl101. 1 form ng pWP74, pWP75 and pWP76
respectively. Thus pWP74 contains a 329 bp A9 pronoter fragnent (positions

1108 - 1437 bp)FIGHRES 13a AXPT3b shdds thetdndBuckiba @ehimeriROentd Bétve&DeldB87 bp)
and pWP76 a 1437 bp A9

and A9 promoters and the RNAse barnase; and

FIGURES 14a and 14b show the construction of chimeric genes between the A3
S and A9 promoters and a N. tabacum 8-1,3 glucanase gene which lacks a C-
terminal extension. Figure 14a illustrates the preparation of transcriptional fusion

constructs and Figure 14b illustrates the preparation of translational fusion
constructs.

10 In the Examples, unless stated otherwise, all procedures for making and
manipulating recombinant DNA were carried out using standard procedures
described in Maniatis er al., Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory, 1982.

15 EXAMPLES

Example 1 Isolation of the anther-specific genes A9 anu A3 from Arabidopsis
thaliana

20 Anther-specific cDNAs were isolated by differential screening of Brassica napus
¢DNA libraries constructed from RNA extracted from dissected anthers, as
described below. cDNA clones A3 and A9 were isolated from a library constructed
from anthers that were 1.4-1.8 mm in length. This library was constructed in the
vector Lambda Zap (Stratagene). The A3 and A9 cDNAs were used as prabes to

25 isolate homologous genes from an A.thaliana genomic library constructed in the
vector Lambda Dash (Stratagene).

REPLACEMENT SHEET
-

28 FEB 1997




fragment (positions 1-1437 bp) all fused to GQUS. Al the GUS constructs are
then transfornmed into N. tabacum and A thaliana using standard

transformation techni ques. Analysis of transfornmed plants denonstrated 15
that GUS activity was localised to anther tissues, specifically to tapetal
cells. The tenporal regulation of GUS actity was identical to the
t enporal expression observed for the A3 and A9 genes as described in
Exanple 1. Figure 11 shows the activity of the A9-GUS fusions in the

ant hers of tranagepkglstaadagaBody ants. GUS activity was assayed
fluoronetrically in the anthers staged precisely in terns

Plant material. All seeding material for nucleic acid isolation was obtained from
2-3 week old plants grown in a controlled environment growth cabinet with 18h

S photoperiod at 240C. Seedling RNA for differential screening and Northern blot
analysis was obtained from B. napus oleifera var "Topaz". Male fertile buds were
collected from field grown plants of B. napus oleifera var. "Lictor” (Nickersons
Seeds, Cambridge, UK). Male-sterile buds were obtained from field grown B.
napus var. CMS "Ogura" (Nickersons Seeds, Cambridge, UK) plants.

10 _
Dissection of anthers. For cDNA library construction, flower spikes were quickly
harvested and kept at 4°C until required, but no longer than Sh. Anthers were
dissected from appropriately sized buds using fine forceps and immediately frozen
in liquid nitrogen.

is
Pollen isolation. Microspores were isolated from fresh buds of the appropriate
length using the method of Choung and Beaversdorf (Plant Sci. 39 219-226
(1985)), and frozen at -80°C prior to RNA isolation. (Pollen isolated from frozen
buds yielded only highly degraded RNA).

Collection of buds. Large samples of complete whorls of buds, at a stage

immediately prior to the opening of first flowers, were frozen in liquid nitrogen
and stored at -80°C,

25 Cytological staging of anthers and buds. The developmental stage of buds of
predetermined length was assessed by light microscopic examination of
sporogenous cells, microspores or pollen grains extruded from whole anthers
squashed in the presence of aceto-orcein or acridine orange.  Accurate

determination of bud length was performed using a low-powered light microscope

REPLACEMENT SHEET

28 FEB W97




20 of the devel opnent of the sporogenous cells. The pattern of
expression of GUS was the sane (quantitatively and qualitatively)

irrespective of the length of upstreamregi on enployed in the fusion. These
experinments clearly denonstrate that the A9 pronoter drives transcription
in tapetal cells through a period commenci¥#y at the neiocyte stage of

devel opnent and term nating during early 25 m crospore interphase.

equipped with a calibrated eyepiece graticule. Bud lengths stated were measured
from the base of the pedicle to the tip of the outermost sepal.

RNA isolation and analysis. Material intended for low resolution Northern dot blot
5 analysis or for mRNA isolation was ground to a fine powder in a mortar cooled
with liquid nitrogen. Total RNA was isolated from the powder using a phenol
based method as described previously (Draper er al., "Plant Genetic
Transformation and Gene Expression: A Laboratory Manual", Blackwell Scientific
Publishers, Oxford (1988)). Poly(A)*™ RNA was purified by two rounds of
10 oligo(dT)-cellulose chromatography essentially as described in the Maniatis et al
manual. RNA for high resolution dot blots was isolated according to the method

of Verwoerd et al., Nuc. Acids Res. 17 2362 (1989)).

c¢DNA library construction and screening. cDNAs were synthesised from

15 poly(A)* RNA using (Amersham or Pharmacia) cDNA synthesis kits, according
to the manufacturers instructions. cDNAs were ligated into EcoRI cleaved
dephosphorylated lambda Zap I (Stratagene) ("sporogenes:s” library) or Jambda
Zap II (Stratagene) ("microspore-development” library) and packaged using
Amersham in vitro packaging extracts. Clones were screened differentially, on

20 duplicate HYBOND-N filters (Amersham) with [*?P]-labelled single-stranded
cDNA probe prepared from either the appropriate anther poly(a)® RNA or
seedling poly(A)* RNA according to Sargent Methods in Enzymol. 152 423-432
(1987)). (The expression HYBOND-N is a trade mark.)

25 RNA dot and gel blots. Total RNA for dot-blots was spotted onto HYBOND N
(Amersham) according to the manufacturers instructions. Northern gels were run
and RNA transferred to HYBOND-N according to Fourney (BRL Focus 10 5-7
(1988)). Hybridisation and washing of HYBOND-N fiiters was according to

manufacturers instructions.
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26 Exanple 3 The constructi on of expression cassettes and their use in
produci ng sense and anti-sense RNA to anther-specific nessages in
transgenic plants. Either anther-specific or constitutive pronoters can be
used to drive the expression 5 of sense or anti-sense RNA
corresponding to anther-specific transcriptyg in transgenic plants, thus
potentially creating anther nutations and nale-sterility. The sane

ant her-specific pronoters can be used to drive the anther-specific

. In situ hybridisation. For embedding and sectioning B. napus buds were frozen

in CRYO-M-BED (TAAB Laboratories Equipment Ltd). (The expression CRYO-

M-BED is a trade mark.) Sections were cut nominally 10 um thick, mounted on

subbed slides (Van Prooijen-Knegt et al., Histochemical J. 14 333-344 (1983))

5 fixed in 4% paraformaldehyde and dehydrated. [SS)UTP (> 1000 Ci/mmol,
Amersham SJ.1303) Iabelled sense and anti-sense RNA probes were transcribed

from the T3 and T7 promoters of BLUESCRIPT SK™ (Stratagene), in which the

cDNAs are cloned. (The expression BLUESCRIPT SK° is a trade mark.)
Following transcription, probes were cleaved by alkaline hydrolysis to generate

10 probe fragments approximately 150bp in length. The hybridisation solution was
50% formamide, 300mM NaCj, 10mM Na,HPO, pH 6.8, 10mM Tris-HCl pH

7.5, 5SmM EDTA, 0.02% bovine serum albumin, 0.02% Ficoll, 0.02%
polyvinylpyrrolidone, 10mM dithiothreitol, 10% dextran sulphate, 0.7mg/ml E. coli

tRNA, 50-100ng/ml probe stock (6.7x10° cpm/ng probe). Sections were

15 hybridised in 30 gl hybridisation solution at 50°C for 16h. Slides were washed
3x1h at 50°C in 50% formamide, 300mM NaCl, 10mM Na,HPO, pH 6.8, 10mM
Tris-HCl pH 7.5 and then rinsed in RNase A buffer to remove formamide. RNase

A treatment, (150 pg/ml RNase A in 500mM NaCl, 10mM Tris HCI pH 7.5), was

carried out at 370C for 1h. The slides were then washed twice in 2xSSC (0.3M

20 NaCl, 0.03M Na citrate, pH 7.0) at 65°C for 30 min, dehydrated through graded
alcohols and dried. For autoradiography, slides were dipped at 45°C in ILFORD

KS nuclear track emulsion (1g/ml in 1:59 glycerol:water mix). (The expression
ILFORD K5 is a trade mark.) Exposure time was between 2 and 14 days.
Development was in KODAK D19. (The expression KODAK D19 is a trade

25 mark.) Following development sections were stained with methylene blue and
made permanent.
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expressi on of genes encodi ng proteins or enzynes detrinental to anther
function thereby creating male-sterility. The use of the expression
cassettes, the construction 10 of which is described in this exanple,
for this application are described in Exanples 4 and 5. a) Construction of
an internedi ate vector to express sense angh anti-sense RNA utilising the A9

pronmoter. 15 pWP72 (Fig. 10) is digested with Xbal and religated, thus
renoving the BanHl " site

a) Isolation and characterisation of the A. rhaliana A3 gene

Northern hybridisation analysis using RNA extracted from B. napus anthers,
pollen, carpels and seedlings indicated that A3 was only expressed in anthers of
5 length 1.6-2.3mm with maximal expression between 1.8-2.3mm. Thus A3
temporal expression spans the period in anther development when the
microsporocytes are in meiotic division to early microspore interphase. In situ
hybridisations suggest that in B. napus, A3 is expressed solely in the tapetum of
the anther. The A3 cDNA is 347 bp in length and contains an open-reading frame
10 (ORF) extending from position 1-329 bp (Fig 1) suggesting that this clone is not
full-length. The estimated size of B. ngpus A3 mRNA from Northern gel blots is
about 500 bp, and again suggesting that this clone is not full length, The A3 cDNA
was used to isolate homologous cDNA clones (E3 and ES) from the same B. napus
library. ES c¢DNA is 422 bp long and confains an ORF. from position 1-333
15 (Fig.2a). This cDNA is identical to A3 ¢cDNA over the region they overlap and
extends the A3 sequence 5 bp 5° of the start of A3 and 69 bp 3’ of the end of A3.
The E3 cDNA is 398 bp in length with an ORF extending irom position 1-314 bp
(Fig.2a). The E3 cDNA is 95% identical to the ES cDNA at the nucleotide level
and the putative ORF products are 91% identical. The cloning of E5 which is
20 homologous but not identical to A3 is evidence that probes based on the sequence
of the anther-specific gene A3 would enable the cloning of homologous anther-

specific genes.

A 15 kb A. thaliana genomic clone (G3.6) was isolated that hybridises to A3
25 c¢DNA (Fig.3). The 2300 bp HindIII-HincllI region which hybridised strongly with
the A3 probe, was subcloned from G3.6 and partially sequenced (Fig.4) revealing
an ORF (positions 770-1126) that is highly homologous to the B. napus ES cDNA
(82% at the nucleotide level and 76% at the protein level) (Fig.2a,b). The A.
thaliana A3 gene does not apparently contain introns. The putative protein encoded
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in the polylinker, formng pW78 (Fig. 12). The Kpnl, [err](the [err] end
rendered blunt with Kl enow) A9 pronoter fragnment of pWP78 is ligated into
Kpnl, Smal-cut [err] forming [err] (Fig. 12). [err] is identical to [err]
(Guerineau et al., 20 Plant Mol . Biol. 15, 127-136 (1990)) except tha
the CaWw 35S pronoter is replaced by a dogBl e CamW 35S pronoter (Guerineau
et al., Nuc. Acids Res. 16 (23) 11380 (1988)). The pWP80 i nternedi ate
vector consists of a 936 bp A9 pronoter fragment fused to a polylinker

derived from pByRS @bhdits of 1 18 amioadiddMVith @l ialecuin! Rhds AT 121 9RBh. AGearch
stabilise the transcript. .
of the NBRF protein database (release 34) did not reveal any proteins homologous
to the putative A3 protein. There is a TATA box consensus sequence (Joshi, 1987)

between positions 699-707 bp, 63 bp upstream of the putative start of the A3
5 coding region.

b) Isolation and characterisation of the A9 gene

Northern analysis and in situ hybridisations indicate that the B. napus A9 gene is

10 expressed in the tapetal cells of anthers of length 1.5-2.3mm, with maximal
expression between 2.0-2.3mm. Expression of A9 is initiated in anthers that
contain meiocytes and continues into anthers that contain microspores in early first
interphase. The A9 cDNA is 490 bp in length containing an ORF from position 1-
296 bp (Fig.5). From Northemn gel blots, the estimated size of the A9 mRNA in

15 B. napus is about 550-600 bp. The abundance of the A9 mRNA was estimated at
between 0.1 - 0.2 % of total anther polyA+ mRNA.

A 13 Kb A. thaliana genomic clone (G9.1) was isolated that hybridised to the AS
cDNA (Fig.6) and a 3145 bp Xbal fragment cloned and partially sequenced
20 (Fig.7). This fragment contains an ORF at position 1461-1781 that is 76%
identical to the A9 ¢cDNA ORF at the nucleotide level (Fig.8a) and the putative
products of these ORFs are 73% identical (Fig.8b). Comparison of the cDNA and
genomic sequences suggests that the ORF in the cDNA starts at position 9 bp
(Fig.S) and that the A9 gene contains no introns. 70 bp upstream of the putative
25 start of the A9 gene (positions 1382-1389 bp) is a TATA box conforming to the
consensus sequence of Joshi (1987)., The putative ORF encoded by the B. napus
c¢DNA is 96 amino-acids in length with a calculated molecular mass of 10.3 kDa
and that of the A. thaliana gene 107 amino-acids with a mass of 11.6 kDa.

Although no overall homology was found to the putative A9 proteins by searching
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25 27 b) Construction of an internedi ate vector to express sense and

anti-sense RNA utilising the A3 pronoter. The CaMV pronoter of pJIT60 is
replaced with the A3 pronoter by cloning the

24

the NBRF protein database the A9 protein contains a cysteine motif that is present

in several 28 plant storage proteins and in some plant protease inhibitors.

Example 2 The use of the A9 and A3 promoters to drive the expression of 8-
5 lucuroni in anthers of Arabi s thaliana and Nicotiana tabac

To demonstrate that the putative promoter regions of A3 and A9 are capable of

driving the expression of a foreign gene in 4. thaliana and N. tabacum,

transcriptional fusions of the promoters were made to the Escherichia coli gene
10 encoding S-glucuronidase (GUS).

a) A3 -GUS fusion (Fig.9)

The 1030 bp Hincll fragment of G3.6 is subcloned between into the Hincll site
15 of the vector pTZ18 (Pharmacia Ltd.) forming pRSS (Fig.9). This is cut with Ssi
and the fragment cloned into Sstl-cut pICI19H (Marsh er al., Gene 32 481-485
(1984)) forming pWP87. The A3 promoter is then recovered as a HindIII-Nrul
fragment from pWP87 and cloned into HindIIl, Smal-cut pBI101.1 (Jefferson er
al., EMBO J 6 3901 (1987)). The resultant plasmid (pWP92) (Fig.9) contains 745

20 bp of A3 sequence upstream of the Sstl site (position 745 bp in Fig.4) fused to
GUS.

by A9-GUS fusions (Fig.10)

25 The 329 bp Hincll-Rsal fragment (positions 1105-1434 bp in Fig.7) was cloned
into HincH-cut pTZ18 forming pWP70A. DNA sequence analysis revealed the loss
of a 'G’ residue at the Rsal, Hincll junction which resulted in the recreation of
the Rsal site. The HindIll, BamHI fragment of pWP70A containing the A9

promoter was cloned into BamHI, IindIIl-cut pBluescript (Stratagene) forming
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5 745 bp Kpnl, HindlIl fragnent of pWP87 (Fig.9) into Kpnl

H.ndl I l-cut [err] form ng pWP88 (Fig. 12). pWP80 and pWP88 are therefore

i dentical apart fromthe pronoter region and surrounding restriction enzyne
sites. c) Construction of chineric genes containing the tapetumspecific A9
pronoter 10 | inked to the sense or an2§-sense orientation of the A9
cDNA. Ant her-specific B. napus cDNAs were cloned into EcoRl-cut Lanbda ZapH
by the addition of [err] linkers (Pharnmacia Ltd) to the ends of the cDNA

These linkers NeP7ICOTY @éddnitiice Pamidd WithSlatgRs  AS @pithant négiots GBNEcoRan be
recovered as a Hl\ilgclllll fragment of pWP71 was replaced with the 900 bp HindIII, EcoRI fragment
of pWP64 (Fig.6) (which contains a 1486 bp Accl, Bglll fragment cloned into
Acel, BamHI-cut pTZ19) forming pWP72. Also the EcoRI, HindIlI fragment of
5 pWP71 was replaced with the 1397 bp HindIII, EcoRI fragment of pWP55 (Fig.6)
(which contains a 3146 bp Xbal fragment cloned into Xbal-cut pTZ19) forming
pWP73. The HindIll, Xbal fragments of pWP71, pWP72 and pWP73 were cloned
into HindlIl, Xbal-cut pBI101.1 forming pWP74, pWP75 and pWP76 respectively.
Thus pWP74 contains a 329 bp A9 promoter fragment (positions 1108 - 1437 bp),
10 pWP75 a 936 bp A9 fragment (positions 501-1437 bp) and pWP76 a 1437 bp A9
fragment (positions 1-1437 bp) all fused to GUS.

All the GUS constructs are then transformed into N. ¢abacum and A. thaliana using
standard transformation techniques. Analysis of transformed plants demonstrated
15 that GUS activity was localised to anther tissues, specifically to tapetal cells. The
temporal regulation of GUS activity was identical to the temporal expression
observed for the A3 and A9 genes as described in Example 1. Figure 11 shows
the activity of the A9-GUS fusions in the anthers of transgenic tobacco plants.
GUS activity was assayed fluorometrically in the anthers staged precisely in terms
20 of the development of the sporogenous cells. The pattern of expression of GUS
was the same (quantitatively and qualitatively) irrespective of the length of
upstream region employed in the fusion. These experiments clearly demonstrate
that the A9 promoter drives transcription in tapetal cells through a period

commencing at the meiocyte stage of development and terminating during early
25 microspore interphase.
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15 fragnent provided the cDNA contains no internal Notl sites. The B
napus c¢DNA for A9 is therefore recovered as a Notl fragnent and cloned in
both orientations (sense and anti-sense) into Notl-cut pW80. The pronoter,
cDNA and term nator regions are excised fromthe pW80 derivatives with a
HindlI1, Xhol digest and are cloned into pgrr] pBinl9 (Bevan et al., Nuc.
Acids Res. 22 20 8711-8721 (1984)). The pBinl9 derivatives are
transfornmed into B. napus. The resulting transgenic plants expressing

anti-sense A9 FiNAn@ile 3Bl S&dlirhidtRn of expression cassettes and their use in producing
sense and anti-sense RNA to anther-specific messages in transgenic plants.

Either anther-specific or constitutive promoters can be used to drive the expression
5 of sense or anti-sense RNA corresponding to anther-specific transcripts in
transgenic plants, thus potentially creating anther mutations and male-sterility.
The same anther-specific promoters can be used to drive the anther-specific
expression of genes encoding proteins or enzymes detrimental to anther function
thereby creating male-sterility. The use of the expression cassettes, the construction

10 of which is described in this example, for this application are described in
Examples 4 and 5.

a) Construction of an intermediate vector to express sense and anti-sense RNA
utilising the A9 promoter.
15

pWP72 (Fig.10) is digested with Xbal and religated, thus removing the BamHI site
in the polylinker, forming pWP78 (Fig.12). The Kpnl, Ss¢i {the S5/ end rendered
blunt with Klenow) A9 promoter fragment of pWP78 is ligated into Kpnl, Smal-cut
pIIT60 forming pWP8Q (Fig.12). pJIT60 is identical to pJIT30 (Guerineau ef al.,

20 Plant Mol. Biol. 15, 127-136 (1990)) except that the CaMV 358 promoter is
replaced by a double CaMV 35S promoter (Guerineau et al., Nuc. Acids Res. 16
(23) 11380 (1988)). The pWP80 intermediate vector consists of a 936 bp A9
promoter fragment fused to a polylinker derived from pBluescript with a 35S
CaMV polyadenylation signal to stabilise the transcript.
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25 O her chinmeric genes that can be constructed to produce nal e

sterility are:- i) A9 pronoter |linked to the coding region of the A

thaliana A9 gene, such that anti-sense A9 RNA i s expressed, 28 ii) A3

pronoter driving expression of anti-sense A9, either fromthe A9 cDNA or
27

b) Construction of an intermediate vector to express sense and anti-sense RNA
utilising the A3 promoter.

The CaMV promoter of pJIT60 is replaced with the A3 promoter by cloning the

5 745 bp Kpnl, HindIll fragment of pWP87 (Fig.9) into Kpnl, HindIIl-cut pJIT60
forming pWP88 (Fig.12). pWP80 and pWP88 are therefore identical apart from
the promoter region and surrounding restriction enzyme sites.

¢) Construction of chimeric genes containing the tapetum-specific A9 promoter
10 linked to the sense or anti-sense orientation of the A9 cDNA.

Anther-specific B. napus cDNAs were cloned into EcoRI-cut Lambda ZapIl by the
addition of EcoRI linkers (Pharmacia Ltd) to the ends of the cDNA. These linkers
also contain internal Nod sites, so the entire cDNA can be recovered as a Nod
15 fragment provided the cDNA contains no internal No sites. The B. napus cDNA
for A9 is therefore recovered as a No/l fragment and cloned in both orientations
(sense and anti-sense) into NorI-cut pWP80. The promoter, cDNA and terminator
regions are excised from the pWPS80 derivatives with a HindIIl, Xhol digest and

are cloned into Safl, HindllI-cut pBinl9 (Bevan er al., Nuc. Acids Res. 22
20 8711-8721 (1984)).

The pBinl9 derivatives are transformed into B. napus. The resulting transgenic
plants expressing anti-sense A9 RNA are male sterile.

25 Other chimeric genes that can be constructed to produce male sterility are:-

i) A9 promoter linked to the coding region of the A. thaliana A9 gene, such that
anti-sense A9 RNA is expressed;
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fromthe A thaliana A9 gene; iii) A9 pronoter expressing anti-sense RNA to

A3; using either the A3 cDNA or 5 the A thaliana A3 gene; iv) A3
pronot er expressing anti-sense RNA to A3, using either the A3 cDNA or the
A. thaliana A3 gene. 10 These plasm ds could also be transfornmed into

ot her nenbers of the Brassicaceae causing 28l e sterility in the transgenic

pl ants. Exanple 4 Construction of chineric A3-barnase and A9- barnase genes
and their :

i) A3 promoter driving expression of anti-sense A9, either from the A9 cDNA or
from the A, thaliana A9 gene;

iii) A9 promoter expressing anti-sense RNA to A3, using either the A3 ¢cDNA or
5 the A. thaliana A3 gene;

iv) A3 promoter expressing anti-sense RNA to A3, using either the A3 cDNA or
the A. thaliana A3 gene.

10 These plasmids could also be transformed into other members of the Brassicaceae
causing male sterility in the transgenic plants.

Example 4 Cons ion of chimeri - d A9 and their
15 expression in transgenic plants,

To demonstrate the utility of the A3 and A9 promoters thvy are used to drive the

expression of the RNase, barnase, in tapetal cells. Use of the barnase gene to

create male sterile plants has been described in EP-A-0344029 (Plant Genetic
20 Systems) and has been published by Mariani et al., Nature 347, 737-741.

The oligonucleotide primers :-

57 GGGTCTAGACCATGGCACAGGTTATCAACACGTTTGACGG 3’/ and
25 57 GTAAAACGACGGCCAGTGCC 3°

are used in a polymerase chain reaction (PCR) to generate a fragment encoding
barstar and the mature barnase product from the plasmid pTG2 (Horovitz ef al.,
J. Mol. Biol. 216, 1031-1044 (1990)). The first primer is homologous to
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15 expression in transgenic plants. To denonstrate the utility of the
A3.and A9 pronoters they are used to drive the expression of the RNase,
barnase, in tapetal cells. Use of the barnase gene to create male sterile

pl ants has been described in EP-A-0344029 (Plant Genetic 20 Syst ens)
and has been published by Mariani et al., Nfure 347, 737-741. The
ol i gonucl eotide prinmers :- [err] are used in a polynerase chain reaction

(PCR) to generate a fragnment encodi ng
nucleotides 95-221 bp of Figure 1 in Hartley R.W. J. Mol. Biol. 202, 913-915

(1988). The second primer is homologous to a sequence immediately next to the
HindIl site of pTZ18U (Pharmacia). Barstar is retained on this fragment since
active barmase cannot be cloned in the absence of the specific inhibitor barstar

S (only bamase is expressed in the transgenic plants). The PCR fragment is digested
with Xbal, HindlI and cloned into Xbal, HindIlI-cut pBluescript forming pWP120
(Fig.13a).

a) Transcriptional fusion of the A9 promoter to barnase
10
pWP120 is digested with Xbal, HincIl and the barnase/barstar fragment cloned into
Xbal-Smal cut pWP91 forming pWP127 in which the A9 promoter is
transcriptionally fused to the mature bamase sequence (Fig. 13b) (pWP91 is
identical to pWP80 except that the polylinker region between Xbal and EcoRI has
15 been replaced with the sites Spel, BamHI, Smal and Pstl). This gene fusion is
transferred to pBinl19 by ligating the Xhol fragment of pWP127 to Sall-cut pRin19.

b) Translational fusion of the A9 promoter and gene to barnase

The primers

$¢ GGGTCTAGACCATGGTAATTAGATACTATATTGTTTGTAC 3’ and

25 57 AATACGACTCACTATAGG 3/

are used in a PCR reaction to generate an A9 promoter fragment from pWP64
(Fig. 6) that contains the entire 5* untranslated region of the A9 gene and has the
sequence around the initiating methionine of the A9 gene mutated to an Ncol site

30 (the second primer is homologous to a sequence within the pTZ19U vector). This
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barstar and the mature barnase product fromthe plasmd pT&Q (Horovitz et
al., J. Mol. Biol. 216, 1031-1044 (1990)). The first prinmer is honol ogous
to 29 nucl eotides 95-221 bp of Figure 1 in Hartley RW J. Ml. Biol.
202, 913-915 (1988). The second primer is honpol ogous to a sequence

i medi ately next to the 30

fragment is cut with HindIll, Xbal and cloned into pWP80 or pWP91 replacing the
existing A9 promoter fragments in these intermediate vectors. The new
intermediate vectors are pWP112 and pWP113 respectively.

5 pWPI120 is cut with Ncol, Hincll and the bamase/barstar fragment cloned into
Ncol, Smal-cut pWP113 forming pWP128 (Fig. 13b). The chimeric gene is then
cloned as an Xhol fragment into the Sall site of pBinl9.

¢) Transcriptional fusion of the A3 promoter to barnase

10
The A9 promoter of pWP127 is replaced with the A3 promoter by cutting pWP127
with Sall, Xbal and cloning in the Sall, Xbal A3 promoter fragment of pWP88
forming pWP131 (Fig. 13b). The chimeric gene is transferred as a Kpnl, Xhol
fragment into Kpnl, Sall-cut pBin19.

15

The pBin19 derivative plasmids are transformed into N. tabacum where expression
of barnase in transgenic plants results in the degradation oi .the tapetal cells of the
anther causing complete male sterility. The piants are female fertile. Thus both the
A3 and A9 promoters are tapetum-specific and are suitable fér driving the

20 expression of any cytotoxic agent within tapetal cells leading to the production of
male sterile, but otherwise phenotypically normal transgenic plants. These plasmids
could also be transformed into other crop species such as B. napus, Zea mays and
Hordeum vulgare leading to male sterility in the transgenic plants.

25
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H ndlll site of pTZ18U (Pharnmacia). Barstar is retained on this fragnent
si-nce active barnase cannot be cloned in the absence of the specific

i nhi bitor

barstar 5 (only barnase is expressed in the transgenic

plants). The PCR fragnment is digested with [err] and cloned into [err]

Hi ndl | l-cut pBluescript formng pWP 120 (Fig. 13a). a) Transcriptional
fusion of the A9 pronbter to barnase 10 pWP 120 is digested with [err]
t he barnase/ barstar fragment cloned into

10

15

20

25

Example S Construction and expression in transgenic plants of chimeric gene
fusions between the A3 and A9 promoters and a 8-1.3 glucanase gene.

The temporal pattern of expression of the A3 and A9 genes determined from
Northern analysis (Example 1) and promoter-GUS fusions (Example 2) show that
both promoters are active at stages of anther development prior to the release of
microspores from tetrads. Thus either promoter is suitable for driving the

premature expression of 8-1,3 glucanase in anthers leading to male sterility, as
previously discussed.

c¢DNAs encoding an N. tabacum basic $-1,3 glucanase has been described by
Shinshi ez al. (PNAS 85 5541-5545 (1988)) and Neale er al. (Plant Cell 2 673-684
(1990)). This enzyme is located in the vacuole and it has been suggested that a C-
terminal sequence may be responsible for its intracellular location (Van den Bulcke
et al., PNAS 86 2673-2677 (1989)). An engineered cDNA for this glucanase is
cloned by using two oligonucleotides complementary to the sequence of an N.
tabacum glucanase (Shinshi er al., 1988, Neale er al., 1990) and using the

polymerase chain reaction to isolate a glucanase cDNA from N. tabacum mRNA.
The first oligonucleotide has sequence :-

57 CGCTCTAGACCATGGCTGCTATCACACTCCTAGG 37
This primer contains an Xbal and an Ncol site followed by a sequence identical to

a 5’ region of glucanase (positions 7-29 in Shinshi er al., 1989). The second
oligonucleotide has sequence:-

57 GGGCCGCGGTCACCCAAAGTTGATATTATATTTGGGC 3

This primer has a Saclf site followed by a trinucleotide that is a stop codon and

REPLAGEMENT SHEET

28 FEB 1997

and



[err] cut [err] form ng pWP127 in which the A9 pronoter is

transcriptionally fused to the mature barnase sequence (Fig. 13b) (pWP9l is
identical to pWP80 except that the polylinker region between Xbal and EcoRl
has 15 been replaced with the sites Spel, BamH , Smal and Pstl). This

gene fusion is transferred to pBinl9 by lig¥ing the Xhol fragment of pwWp

127 to [err] 19. b) Translational fusion of the A9 pronpter and gene to
barnase 20 The priners

a sequence complementary to the region that encodes the C-terminus of the mature
glucanase (positions 1017-993 in Shinshi e al., 1988). The glucanase is therefore

cloned with restriction enzyme sites at both ends for ligation into the intermediate

vectors pWP80 and pWP88. Also the enzyme is been engineered so that the C-

5 terminal targeting signal is removed. The enzyme will therefore be secreted rather
than be directed to the vacuole when expressed in transgenic plants. T h e
glucanase gene is cloned as an Xbal, Sacll fragment into Xbal, Sacll-cut pWP80

forming a transcriptional fusion between the A9 promoter and glucanase forming
pDWBS80PR. An A3-glucanase transcriptional fusion is constructed by replacing the

10 Sall, Xbal A9 promoter region of pDW80PR with the Sall, Xbal A3 promoter
fragment of pWP88 forming and pDW88PR (Fig.14a). A translational fusion of

the A9 promoter and gene to the glucanase is made by cloning the glucanase as

an Ncol, Sacll into Ncol, Sacll-cut pWP112 forming pDW112PR (Fig. 14b). The

chimeric genes in pPDWS8O0PR and pDW112PR are transferred as Sacl, EcoRV

15 fragments into Sacl, Smal-cut pBinl9 and the chimeric gene in pDW88PR
transferred as a Sall, EcoRV fragment into Sall, Smal-cut pBinl3. The pBinl9
derivatives are transformed into N. rabacum. Callose surrounding the
microsporocytes prematurely disappears in the transgenic plants causing male

sterility. These plasmids could also be transformed into other crop species such as

20 B. napus, Zea mays and Hordeum wulgare leading to male sterility in the
transgenic plants.
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are used in a PCR reaction to generate an A9 pronoter fraHm"H"m“lulmul
(Fig. 6) that contains the entire 5'

untransl at ed regi on of the tA9*gefie a
has the sequence around the initiating nethionine of the A9 gene mutated to

an Ncol site 30 (the second prinmer is honol ogous to a sequence wthin
the pTZ19U vector). This 30 33
LAIMS
1. Recombinant or isolated DNA comprising a promoter which naturally
drives expression of a gene encoding an 11.6 or 12.9 kDa tapetum protein in
5 Arabidopsis thaliana or an equivalent protein in another member of the family
Brassicaceae.

2. DNA as claimed in claim 1 comprising a promoter which drives expression

of a 10.3 kDa tapetum protein in Brassica napus, which is equivalent to the 11.6
10 kDa tapetum protein of 4. thaliana.

3. DNA as claimed in claim 1, including the promoter 5’ to the coding region
of the sequence shown in Figure 4.

15 4, DNA as claimed in claim 1, including the promoter 5° to the coding region
of the sequence shown in Figure 7.

5.  DNA as claimed in any one of claims 1 to 4, wherein the promoter is
operatively linked to DNA which, when expressed, causes male sterility in a plant.

20
6. DNA as claimed in claim 5, wherein the male sterility DNA encodes a lytic
enzyme.
7. DNA as claimed in claim 6, wherein the lytic enzyme causes lysis of
25 nucleic acid, protein, carbohydrate or lipid.
8. DNA as claimed in claim 7, wherein the lytic enzyme is a ribonuclease or

a deoxyribonuclease.
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fragment is cut with Hndll, Xbal and cloned into pW80 or H&“H “MHH‘H““!M“I
ec

the existing A9 pronoter fragnents in these internediate v

i ntermedi ate vectors are pWP 112 and pWP 113 respectively. 5 pWP120 i s
cut with [err], and the barnase/barstar fragnent cloned into [err] form ng
[err] (Fig. 13b). The chineric gene is theidd4cl oned as an [err] fragment

into the [err] site of pBin 19. c) Transcriptional fusion of the A3
pronoter to barnase 10

9. DNA as claimed in claim 6, wherein the lytic enzyme causes lysis of a
carbohydrate.

10.  DNA as claimed in claim 9 wherein the lytic enzyme is glucanase.

I1. DNA as claimed in claim 10 including a signal sequence in a translational
fusion with the glucanase coding sequence.

12. DNA as claimed in claim 6, wherein the lytic enzyme causes lysis of a
10 protein.

13. DNA as claimed in claim 12, wherein the proteolytic enzyme is actinidin
Or papain.

15 14.  DNA as claimed in claim 5, wherein the male sterility DNA codes for RNA
which is antisense to RNA normally found in a plant tapetum cell.

15. DNA as claimed in claim 14, wherein the male sterility DNA codes for
RNA which is antisense to RNA encoding the 11.6 or 12.9 kDa tapetum protein

20 in Arabidopsis thaliana or an equivalent protein in another member of the family
Brassicaceae.

16.  Antisense nucleic acid which includes a transcribable strand of DNA
complementary to at least part of the strand of DNA that is naturally transcribed
25 in 2 gene encoding an 11.6 or 12.9 kDa tapetum protein in Arabidopsis thaliana

or an equivalent protein in another member of the family Brassicaceae.

17.  Antisense nucleic acid as claimed in claim 16 wherein transcription is under

the control of a constitutive promoter.
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The A9 pronoter of [err] is replaced with the A3 pronoter mnwﬂuﬂwmuﬂ
with [err] and cloning in the [err] A3 pronoter fragnent of% L *
[err] (Fig. 13b). The chinmeric gene is transferred as a [err] fragnent into
[err] pBinl9. 15 The pBinl9 derivative plasmds are transformed into N.
t abacwn where expression of barnase in trad8genic plants results in the

degradation of the tapetal cells of the anther causing conplete nale
sterility. The plants are female fertile. Thus both the

18.  Antisense nucleic acid as claimed in claim 16 wherein transcription is under
the control of a tapetum-specific promoter.

19.  DNA as claimed in claim 5, wherein the male sterility DNA codes for RNA
5 which is capable of cleavage of RNA normally found in a plant tapetum cell.

20. DNA as claimed in claim 19, wherein the male sterility DNA codes for
RNA which is capable of cleavage of RNA encoding the 11.6 or 12.9 kDa tapetum

protein in Arabidopsis thaliana or an equivalent protein in another member of the
10 family Brassicaceae.

21. DNA encoding a ribozyme capable of specific cleavage of RNA encoded
by a gene encoding an 11.6 or 12.9 kDa tapetum protein in Arabidopsis thaliana
or an equivalent protein in another member of the family Brassicaceae. Such

15 ribozyme-encoding DNA would generally be useful in conferring male sterility on
members of the family Brassicaceae.

22.  Ribozyme-encoding DNA as claimed in claim 21 wherein transcription is
under the control of a constitutive promoter.
20

23.  Ribozyme-encoding DNA as claimed in claim 21 wherein transcription is
under the control of a tapetum-specific promoter.

24. DNA capable of specifically disrupting the proper expression of a gene
25 encoding the 11.6 or 12.9 kDa tapetum protein in Arabidopsis thaliana or an

equivalent protein in another member of the family Brassicaceae.

25. DNA as claimed in any one of claims 1 to 24 comprising a 3’ transcription
regulation sequence.
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A3 and A9 pronoters are tapetumspecific and are suitable 1;] l““ |(l U"@ﬂ“l‘
20 *expression of any cytotoxic agent within tapetal cel p *
| .

the production of male sterile, but otherw se phenotypically norma

transgeni c pl ants.

These plasm ds could also be transformed into other crop

speci es such as B. napus, Zea mays and Hoﬂ&eun1vulgare | eading to nale
sterility in the transgenic plants. 25

26.

DNA as claimed in claim 25, wherein the 3" transcription regulation signals

are derived from the Cauliflower Mosaic Virus 35S gene.

27. DNA as claimed in any one of claims 1 to 26 which is recombinant and
5 which in the form of a vector.
28.

DNA as claimed in claim 27, wherein the vector is a cloning vector and

comprises one or more selectable markers.

10 29,

A microbial host cell transfected or transformed with a vector as claimed

in claim 27 or 28.

30.

DNA as claimed in any one of claims 1 to 28, which includes a marker

sequence which enables a plant transformed with the DNA fo be distinguished
15 from plants not so transformed.

31.

DNA as claimed in claim 30, wherein the ma-ker sequence confers

antibiotic or herbicide resistance or codes for glucuronidase.

20 32.

DNA as claimed in claim 31, wherein the marker sequence is under the

control of a second promoter, which is not tapetum-specific.

33.

DNA as claimed in claim 32, wherein the second promoter is derived from

the Cauliflower Mosaic Virus (CaMV) 358 gene.

25
34,

A plant cell including DNA as claimed in any one of claims 1 to 28 and 30

to 33.
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31 Exanple 5 Construction and expression in transgenl c pI antHlm’I”Hm“mulm”“l

gene fusions between the A3 and A9 pronoters and a [err] gl ucanase igeme. s
The tenporal pattern of expression of the A3 and A9 genes determined fromb5
Nort hern anal ysis (Exanple 1) and pronoter-GUS fusions (Exanple 2) show
that both pronoters are active at stages of37ant her devel opnent prior to the
rel ease of mcrospores fromtetrads. Thus either pronoter is suitable for
driving the

35. A plant or part of a plant at least some of whose cells are as claimed in

claim 34,

36.  Propagating material from a plant as claimed in claim 35.

. Bl a
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premature expression of [err] glucanase in anthers leading to nale
sterility, as previously discussed. 10 cDNAs encodi ng an N. tabacum basic
[err] glucanase has been described by Shinshi et al. (PNAS 85 5541-5545
(1988)) and Neale et al. (Plant Cell 2 673-:684 (1990)). This enzyne is

| ocated in the vacuole and it has been sug@ﬁested that a G term nal
sequence may be responsible for its intracellular |ocation (Van den Bul cke

15 et al., PNAS 86 2673-2677 (198%2&3. An _engi neered cDNA for this
gl ucanase is ABSTRACT

TAPETUM-SPECIF ROM: RS FROM BRASSICACEAE SPP

S Tapetum-specific promoters, designated A3 and A9 and capable of driving
expression of 12.9 kDa and 11.6 kDa proteins in Arabidopsis thaliana and related
proteins within the family Brassicaceae, have been discovered, isolated and cloned.
The promoters can be used to drive male sterility DNA such as that coding for a
nuclease, protease or glucanase. Alternatively or in addition, male sterility can be

10 achieved by disrupting the proper expression of the A3 and/or A9 genes, for
example by transcribing RNA which is antisense to the RNA normally transcribed

from the A3 and A9 genes, or by expressing DNA coding for a ribozyme specific
for at least one of the A3 and A9 genes.

{No appropriate figure)
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cl oned by using two oligonucleotides conplenentary to the sequence of an N
1990) and using the

t abacum gl ucanase ( Shi nshi

The first oligonucleotide has sequence 20 5'
CCCTCTAGACCATGECTGCTATCACACTCCTAGG 3' T
Ncol site followed by a sequence identi
(positions 7-29 in Shinshi

“REPLACEMENT SHEET
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FIG.T(1/2)

DNA sequence of the B.napus cDNA clone A3.
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25 | ol igonucl eoti de has sequence: - 32 a sequence conplenmentary to
the region that encodes the C-term nus of the mature gl ucanase (positions
1017-993 in Shinshi et al., 1988). The glucanase is therefore cloned with
restriction enzyne sites at both ends for ligation into the internediate
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fragnents into [err
Eco

The chinmeric genes

derivatives are transforned i

Cal | ose surroundi ng the m crosporocytes prematurely di sappear

transgenic plants causing nale sterility. These plasm ds

(Fig. 14b).
transforned into other crop species suc

EcoRV 15

formng [err]
[err] The [err]

are transferred as [err]

[err]

the .A9 pronoter and gene to the glucanase is nmade by cloning the glucanase

the chinmeric gene in pDWBBPR transferred as a [err],

as an [err]

[err]
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Zea mays and Hordeum vul gare leading to male sterility in
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napus,

B.
the transgeni c pl ants.
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CLAI M5 1. Reconbi nant or isolated DNA conprising a
nat'ural I'y drives expression of a gene encoding an 11.6
protein in 5 Ar abi dopsi s thaliana or an equival en
menber of the fam |y Brassicaceae. 2. DNA as cl ai ne

conprising a pronoter which drives expression of a 10§

I n Brossica napus, which is equival ent tcB/tj]E 11.6 10
protein of A thaliana. _
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1120 -AAACGCTIGAAGATTAGAGTT . TACTTATTTATATGGTTT. .. . TTACCA 1169
|
328 AAACGCATGAAAATTGTTGTITGGAAACATTTCTATGGTTTTACATTTTCA 377

FIG. 2a (L14)
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309 AAACGCATGAAAATTGCTGTTGGAAARCATTTCTATGGTTTTACATTTTCA 358

NEREN
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enzyne. 7. DNA as clainmed in claim6, wherein the |yticaemz)ieiEausss
lysis of 25 nucleic acid, protein, carbohydrate or Iigi-t—8:-"""DNA:a$
claimed in claim7, wherein t he lytic enzyne is a rlbonuquasfsong 1997 % :

deoxyri bonucl ease.
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DNA as clainmed in claim9 whereijn ¢
9/34

DNA as clained in claim10 including kb Bi
fusion with the glucanase codi ng sequehcg.

. DNA as claimed in claim6, wherein the |ytic endypgpcaCEAENTI §
10. '
11.

of a carbohydrate.

i s glucanase.
claimed in claim6, wherein the lytic enzynme causes |lysis|o

in a translationa
pr ot ein.
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13. DNA as claimed in claimi12, wherein the proteol {thrpLapEMEET SHEET
actinidin or papain. 15 14. DNA as clained in ¢l qiﬁﬂ'ﬁ,"”\‘/ﬁé’?’é‘i’ﬁ} the
mal e sterility DNA codes for RNA which is antisense t ?N@%&;r liboyy f pu
in a plant tapetumcell. 15. DNA as clained in claiml4, fein the fpale
sterility DNA codes for RNA which is antisense to RNAlencodi-phg-the—t1? 6]or
12.9 kDa tapetum protein 20 I n Arabdpsi s Dhiana dr an equi val ent

protein in another menber of the fanil{/ Blassicaceae. 1
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16. - Antisense nucleic acid which includes a trfa of DNA

conplenentary to at |east part of the strand of rally

transcri bed 25 in a gene encoding an 11.6 protein
of the

i n Arabi dopsis thaliana or an equival ent protei
fam |y Brassicaceae. 17. Anti sense nuftsz actd as clained 1n c]ai.m 16
wherein transcription is under the cont f a conmst+uidae pronpt 4r.
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530
590
650
710

520
580
640
700

510

FI1G. 4 (3/5)

500
560
620
680

490
550
610
670

-
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18.  Antisense nucleic acid as claimed in claim 16 wherein transcription is under
the control of a tapetum-specific promoter.

35

19. DNA as claimed in claim §, wherein the male sterility DNA codes for RNA
5 which is capable of cleavage of RNA normally found in a plant tapetum cefl.

20. DNA as claimed in claim 19, wherein the male sterility DNA codes for

RNA which is capable of cleavage of RNA encoding the 11.6 or 12.9 kDa tapetum

protein in Arabidopsis thaliana or an equivalent protein in another member of the
10 = family Brassicaceae.

21. DNA encoding a ribozyme capable of specific cleavage of RNA encoded
by a gene encoding an 11.6 or 12.9 kDa tapetum protein in Arabidopsis thaliana
or an equivalent protein in another member of the family Brassicaceae.

15 : | | '

22, Ribozyme-encoding DNA as claimed in claim 21 wherein transcription is
under the control of a constitutive promoter.

23." Ribozyme-encoding DNA as claimed in claim 21 wherein transcription is
under the control of a tapetum-specific promoter.

24. DNA capable of specifically disrupting the proper expression of a gene
25 encoding the 11.6 or 12,9 kDa tapetum protein in Arabidopsis thaliana or an
equivalent protein in another member of the family Brassicaceae.

25. DNA as claimed in any one of claims 1 to 24 comprising a 3’ transcription
regulation sequence.
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