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METHODS FOR mE PRODUCTION OF MODIFIED PLANTS 

This invent'fon relates to the Pl'.oduction of plants 113.ving one or more desired 

phenotypic traits. In particular embodimentS, the phenotypic trait is.male sterility, 

s and so the invention relates in those embodiments to male sterile plants. which are 

useful in hybrid seed production, and ~ the production of such plants. 

Vadous routes for high level expression of foreign genes in plant cells have been 

explored over the y~s. Increasing levels of transcription using strong promoters 

10 have been obtained; promoters available include DNA virus promoters (such .as 

p35S from. CaMV; Fang et al, The Plant Cell 1 141·150 (1989)). plant gene 

promoters (such as EFEloi; Curie er al, Plant .Molecular Biology 18 183-1089 

(1992)) and bacterial promoters (such as pMAS; Fox et al, Planr Molecular 

Biology ~O 219-233 (1992)). These promoters give high level of tran~ription and 

15 expression in many tissues (including leaves, stems, roots, flowers and seeds) of 

the plant. They are sometimes called constitutive promoters. Other promoters 

confer better expression in panicular tissues (for example, the MAS promoter 

transcribes genes more efficiently in wounded tissues). 

20 For certain applications, the expression of a gene is desired only in particular 

tissues or at a particular period of the plant development; for example to increase 

the level of expression of·a beterologous prorein, it is useful to express the gene 

specifically in seeds, as seeds are rhe principal organ for protein stQrage in plants. 

Expression of genes in certain tissues or o;rgans of die plant or at a precise stage 

2 S·· : of plant development genera.Uy requires tissue-specific promoters. · Seed- specific · 

promoters have been characterised (for example. the promoter of the a-conglycine 

gene:· Chen et al, The EMBO Jo_umal 7 297-302 (1988) and Calgene's,·EP-A-

025S378), as have root-specific promoters (such as the Agrobacterium tume/aclens 

roll promoter: Leach and Aoyagi Plant Science 79 69-76 (1991)). • 

.-... ~··•'' . ,..· 
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Seed~specific promoters have been used to express pbannaceutical proteins in plant 

seeds· (Vandekerckhove er al, Bio/Technology 7 929-932 (1989}). Stable 

expression of a gene under the control of seed-specific promoters has been 

·obtained, and heterologous proteins were expressed, only in seeds. at a high 

s expression level. Planls recovered from those seeds expressed ·the gene in their 

~s, and.the phenotype was transmitted from progeny to progeny. 

In the production of indusnially or pharmaceutically useful proteins, or ·other 

heterologous proteins, under the.comrol of ~nstitutive or seed-s~ific promoters 

10 in plants. Fl seeds will be sold to ·tanners to grow the plants and to produce seeds 

which will contain the protein of interest. In this system of production, the Fl line 

which expresses the gene of interest is grown by fanners and can be multiplied or 

reproduced by growers themselves or by competitors. Moreover, if the plant 

breeding industry should become required by law to control the distribution of all 

15 seeds sold, the fact ·that the above production process does not prevent the· 

dissemination of genetically modified plants becomes a very significant issue. 

20 

2S· .. -: 

From the above, ic is. apparent dlat there is a need for hybrid plants which 

(i) have a desired phenotypic rrait as a result of the expression of a 

certain gene (or suite of genes). and 

(ii) are the result of a cross between two parents. neither of which 

have. either at au or to a.substantial degree, the phenotypic trait in 

question. 

. -
However, the provision of such plants is not the whole ex.tent of the problem. as · 

there are some phenotypic traits which result from lhe non-expression of a gene 

(or suite of genes. One trait which may be (but is not necessarily) the result of 

. ... ~ .. . . ~ .. 
- . . . : .. ~-.~ .... 
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non-expn:ssion of a gene is male sterility. 

Hybrid sCed production involves die cross of two different plants. Because most 

crops are able to se1f ~po1linate, the female parenc in the cross must be prevented 

5 from self-pollinating ("selfing") so that it will yield 100% of hybrid seeds. This 

has been achieved. in several different ways: 

(a) by mechanically removing or chemically inactivaring the pollen-producing 

organs of rhe. female _parent. before they reach maturity; this method has 

io ·been used for example in maize (com) and tomato; 

15 

(b) by using -cytoplasmic male sterile (CMS) mutant plants; this method has 

been used for example in oilseed rape and sunflower; 

(c) l>Y using a· recessive nuclear -male sterile mutant plant; and ''I 

(d) by using a dominant nuclear male sterile genetically engineered plant 

(artificial male srerility or AMS) as described for example in Mariani er al, . 

Na1ure 341737-741 (1990) or in Worrall et al, The Planl Cell 4 759-nl 

20 (1992). 

, . , 

There are practical difficulties with each of the above. . Mechanical male 

sterilisation ((a) above) is easy and flexible. But it is labour intensive, costly and 

also, prone to human error, giving a problem of quality of hybrid seeds batches. 

2 5 ;. It is practical only for species. where lhe flower js big enough to be emasculated 

manually; it ~s not practical, for example, for most cereals. An attempt to 

overcome this difficulty and reduce costs is by using chemical instead of 
'° mechanical emasculation.. The efficiency of this rechiuque is very dependent on 

environment conditions at the time of spraying the gametocide, and leads the'seed 

. , 
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pnXlucer to take a considerable risk each season. The cost of the gametocide and 
. . 

the spraying is also significant 

Cytoplasmic male sterility ((b) above) is very convenient, and allow easy 

s maintenance of the female line. But its use is limited by availability of the 

appropriate mutant plant ·in each species of interest. The loss of cytoplasmic 

genetic. diversity when all breeders use the same cytoplasm in their breeding 

program can be a serious problem as seen in the US on maize in the 1970s. And 

the maintenance of sterility relies .on the existence of _a maintaining cycoplasm. 

l.0 

Recessive nucl~ male sterility ((c) above) is not practical. Because the male 

sterility gel)C is reeessive, maintenance of the male sterile line involves screening 

the 1/4 of male sterile plants out of 3/4 fenile in the selfed progeny of an 

heterozygous plants. In me absence of a tightly linked selectable or easily 

15 screenable marker this is practically impossible. This is the problem that artificial 

male stcrility·bas tried to solve. · 

Anific~al male sterility ((d) above) .has solvea the problems of the other systems 

but only to some extent. The AMS gene system is potenti.llly universal, being 

2 o limited only to genetically transformable species. It does not rely on the existence 

ot' a mutant as in CMS. The maintenance of the male sterile line is obtained by 

engineering a dominant male sterility gene linked to a marker gene that allows 

selection of ~S planrs in a population segregating 112 AMS plants.. To be 

practical, this marker is often a herbicide resisca.nce gene. But this process is 
' . , 
25 • undesirable for several reasons: 

Agronomy: the seed prodUction can be affected by the need to eliminate 

half the female plants (the fenile segregants) from the field. The tesult ls 

a heterogenous plant dcnsir:y, and potentially lower yield and lower quality 

Received Time 23. Feb. 3:29 Print Time 2 3. Feb. 4: 01 



22-PEB~SB 1_9• 39 PROM• KILBURN AND STRQI):E l PAG:E 6 

;; 

> " 

5 

10 

5 

of the seeds. The cost of spraying the herbicide is signiflcaru. 

Use of the herbicide: on some crops, such as vegetables, the use of a 

herbicide· . resistance gene, and the subsequent use by fanners of the 

herbicide is ru>t desirable. Generally· speaking, chere is a tendency to 

restrict the use of herbicide as much as possible. 

· The female line can be stolen easily. Once sold on distant and not ~ily 

controllable markets. the basic seeds can be multiplied. by the local seed 

producer without the breeder"s knowledge, control or share of the profit. 

Disadvantages with a conventional AMS system can be appreciated by looking at 

a panicular example. The ·AMS system which is the subject of EP-A-0344029 

(Plant Genetic Systems (PGS)) is based on the tissue-specific express~on of a toxin 

15 gene (Ribonuclease, "Bamase") to generate the male-sterile parent for hybrid seed 

production. The ·genetic linkage of the toxin to a selection marker (herbicide 

resistance) provides the basis for the selection of male-sterile plants. Fertility can 

be restored during hybrid seed production by crossing with a male-fertile parent 

(restorer line) that expresses a toxin inhibitor ("Barstar"). 

20 

·The problem with the PGS system lies in the production of the male-sterile line, 

which is used as the female parent in hybrid seed.production. Due to the domina1tt 

character of the toxin, the female parent bas to be propagated by crossing the 

heten1zygous line (-/+) with a male fertile line (+/+). As the toxin gene 

'2·s : segregates, only half of the progenies (male-sterile and herbicide resistant) from 

this cross can be used .for hybrid seed produ¢tion; the other half (male-fertile and 

herbicide sensitive) has to be eliminated a.rid is therefore lost for hybrid seed 

production. 

• 
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It is the post-gennination selection of male-scerile planes chat the seed producer 

seeks to avoid for three reasons: 

1. The p~uction of the female parent is ~nefficient (50% loss). 

2. The post-germinal selection in the field might cause heterogeneity 

in plant distribution in the field. which could negatively affect seed yield. 

-Computer simulations revealed patches with a high number of- plants and 

patches tbat are _almost void of plants. Attempts to mitigate this problem 

using agricultural practices, such as- planting at higher density or going 

through the field with machinery more often. mean extra costs for the seed 

producer. 

3 . The use of a herbicide resistance selection marker could increase the 

difficulty -in ob'-ining permission to release the crop and market the 

product, especially for vegetables. 

·The maintenance problem of a dominant AMS gene has to some extent been 

addressed. First, a solution was proposed which involved making the AMS gene 

2 o inducible (WO-A-9008830 (ICI)). In the absence of dle inducer. the plant is fertile 

and can th~refore be multiplied easily. Spraying with an inducer turns the AMS 

' - , 

- -

gene on ~ causes ~e plant to be sterile. This approach is widely believed to be 
- . 

not practical because of its sensitivity to environmental conditions at the time of 

spraying the ind~r. The risk to the seed producer if the inducer fails-to perform 

-as• is enormous. This is basically no improvement on che use of aametocides. 

.. · .. 

Secondly. a proposal to solve the same problem of maintaining the female une­
_ (WO-A-9201799 (Paladin Hybrids)) describes the use of a cross to generate the 

female line, but relies on an inducible or conditional male sterility in the plant used 

._~eceived Time 23. Feb. 3: 29 Print Tinie 2 3. Fe b. 4 : 0 1 
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as a fem•le to perform that cross. It does not describe a workable system, only 

a limited set of genes which are not shown in the application to work practiCally. 

In summary, AMS is the most satisfactory available male sterility system at the 

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

female parent. The method involves some undesirable tecbnblogy and costs, and 
• 

does not procect the valuable female variety from being illegally copied. So it 

seems that a lot of work basbeen done to improve the efficiency of hybrid seeds 

production. Nevenheless, in order to produce hybrid seeds economically, there 

1 o is still the need for a system which. would associate the advantages of the above 

mentioned systemS and overcome their limitation. In particular. the advantaBe of . ~ 

CMS in terms of maintenance and protection of the female line would be very 

useful in conjunction with a potentially· universal system based on AMS. 

15 More recently. there has beendisclosed"(EP-A-0589841 (CIBA-GEIGY)) a method . 

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

20 

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

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

5 • regulatory region operably linked to a nucleotide sequence which 

encodes a cransactivator polypeptide; 

(b) regenerating a transformed plant, Parent 1. from , said first 

transformed plant cell; 

(c) transforming a second parent planl cell with a ~o.nd expression 

ca.~sette comprising a target nucleotide sequence which .is· capable of belng 

acdvated by ~aid tnmsactivaror·polypeptide operably linked to a nucleotlde 

sequence- which encodes ancisense RNA or a polypeptide capable of 
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dis1Upting dte ·ronuation of visible pollen; iii1iii11iiUf. 
(d) regeµCrating a transformed plant, Parent 2,. from ·said second 

transformed. plant ~ll; and 

(e) crossing Parent 1 with Parem· 2 to obtain. male-sterile offspring. 

This document may represent· prior art. in certain states under certain 

circwnstances. 

It has now. been fuund that it is. possible by means of binary systems to solve or 
at least mitigate the problems discussed above. 

According to a first aspec~ of the invention, mere is provided a method for 
producing a plant having a ~ired phenotypic trait, the method. comprising 
crossing a first line with a second line wherein each of the first and second lines 

lack the phenotypic trait in question and wherein at least one . of the first. and 
second lines is transgenic, with the proviso dtat when the desired phenotypic traic 
is· male sterility this ~oes not result from the action of a transactivator polypeptide 

2 o on a ·target nucleotide sequence. 

The tenn "transgenic", in the context of this invention, should not be taken to be 

limited to ~femn1 to plants containing in dleir germ line one or more genes from 
another species (plant or otherwise), although transgenic plants may contain such 

-~is: a aene or genes. Rather, the tem l'efers more broadly to any plant whose germ 

line has been the subject of technical intervention by recombinant DNA 

technology. So, for example, a plant in whose germ line an endogenous gene has 

b~n deleted, duplicated, activated or modified is a cransgenic plam for the 

purposes of this invention as much as a plant co whose genn line an exogenous 
30 . DNA sequenc;e has been added. 
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In cenain imPortant embodiments of the . invention. the phenotypic trait is 
(generally artificial) male sterility. In other important embodiments, the 
phenotypic trait may be the production of a heterologous protein either specifically 
in the seed or elsewhere in the plant. 

Preferably, both the first and second lines are transgenic. 

The cross between the first and second lines will usually be achieved in a manner 
. which avoids self-pollination. At least for the male sterility embodiments ·of the 

· 1 o invention, because of the small scile on which it has to be performed, the non-self­
poJlinating cross can make use of processes which would be unacceptable for large 
scale commercial hybrid seeds production, like chemical emasculation for ce~s. 
I~ can also be more thoroughly controlled for quality than a· non-self-pollinaring · 
cross perfonned for commercial hybrid seeds production. The scale of a non-self.., 

1 s pollinating cross operation associated with the present invention will be- milch 
smaller than the. current hybrid production surface since this process will be-used 
at the basic seed's (hybrid parent) production level only; a multiplication factor of 
200 (a conservative estimate for maize), for example,. ineans that for producing 
hybrid seeds needed . to piant 40,000 surface unirs of hybrid maize, only one . 

2 o surface unit has to be manually detasseled (say) as opposed to 200 in -the present 
process. In the case of tomato, because the seed production process takes place 
in glasshouses. production of a male sterile female in accordance with the 
invention may involve manual emasculation of the first line and pollination with 
pollen from the second line, in a process similar to the one currently used to 

is: produce hybrid seeds. The scale however wm be very much reduced '(perhaps a 
d10usan~ fold). 

30 

. '· .. ·. 
. ~ ':'.· ~.: f~L>:~~· ..... .. · ·· ·.· · .. ··. · ·.:- · .. 

In rclalion lO male sterility, the use of sufficiendy fertile plants. u parents· of lhe 
female line distinguishes the . present invention from the cryptocytoto.x.ic. AMS 
proposed, but not .completely described, in WO-A-9201799 (Paladin Hybrids). 
Each of the two parenES of the female line contains in the homozygous condition 
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a gene which has no effect by iiself. Combination of the two genes in the same 

pla~t, as obtained in the progeny of a cross between the twl' parents, create anale 

sterility. 

s It is not critical that plants of the first and second lines (which in the description 

of preferred embodiments of~ invention may be refemd to as Line A and Line 

B, ~speaively) be fully fertile (or otherwise lacking the phenotypic trait sought 

in the hybrid progeny). In relation .to fettility, it is important that they be capable 

of being selfed, and that in the homozygous condition they be fenile enough to be 

1 o multiplied at acceptable or reasonable cost. Plants of the first and second lines can 

be isogenic, .or different in the case of a three. W•Y hybrid. The fertiiity of the 

final product (the hybrid seed) is not always critical. For some outcrossing species 

(eg maize), the hybrid need not be 100-% fenile. In other cases (eg tomato), in 

relation to male sterility embodiments of the invention, the hybrid needs to be fully 

. 15 

20 

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

There are a number of different ways in which the invention can be implemented .. 

In certain embodiments of the invention, the first and second lines have the 

following characteristics:. 

(a) the first line comprises homologous or heterologous DNA which 

c~ntrols the desired phenocypic trait and in the· first line is adapted 

such that the line does not have the phenotypic trait, and 

(b) the second line bas DNA_ which when present in lhe same plant as 

the phenotypic trait control DNA adapts lhe phenotypic trait control 

DNA to give rise ro the phenotypic trait (Ibis may be called a 

sterility adapter DNA). 
• 

Jo 'The phenotypic trait control DNA may be male fertility or sterilir:y conuol DNA. 
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In this way, a gene in one of the first and second lines is capable of causing 

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

gene in the other of the first and second 14ics. both genes being present in the 

heterozygous condition of the hybrid progeny, which then fonns the female parent-

s in the cross to produce commerical hybrid. seeds. 

The male sterility conttol sequence in the first line may comprise a sequence 

whicht ~hen .exp~essed, confers male. fertility on the plant. In these 

circumstances, the ~e sterility control sequence is expressed in the first l~, 

10 which is therefore phenotypically norinal (at least in respect of male sterility). The 

sterility adapter DNA of the second line -would then act to prevent (at least 

15 

20 

30 

. . 

partially) expression of the· sterility control sequence in a hybrid. These 

embodiments of the invention may .be said [0 involve inat.1ivatfon of an "active" 

artificial male sterility gene . 

For.example, the first line may comprise 

(i) two genes. designated ms and ms•, respectively. ~xpression of at 

least one of which is needed for male fertility and 

(ii) a prevention or disruption sequence (such as DNA encoding a 

ribozym.e, desigmted R.m. or DNA encoding antisense RNA, 

ciesignated AN• specific: for. m.s) which. prevent.~ or. disrupts _the 

proper expression of the ms gene. 

This line will be male fertile, by virtue of the expression of ~·. which· is not 

disrupted by the ribozyme Rmr or the antisense. AME. The second line will in these 

circumsWJCes co~prise 

(i) 

• 

the two genes, designated ms and ms•, respectively, expression of 

at least o~. of which is needed for male fertility and 
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(ii) a. prevention or disNption sequence (such as DNA encoding· a 
ribozyme, designated R., ••. or DNA encoding antisense RNA, 
designated·~., specific for ms*) which prevents or disrupts the 
proper expression of the ms* gene. 

This line, too, will be male fertile, by vim,ie of the expression of ms, which is not 
disrupted by the ribozyme a_. or the antisense Am•· When the two lines are 
crossed •. the resulting plant will be male sterile, as the proper expression both the 
ms and the ms• genes is disrupted. Male fertility may be restored by the 

1 o expression of a third male fertility gene ms** which is resistant to both dbozymes 
R"" and R,,.,. (or the corresponding cuitisense or other disruptors). 

This embodiment of the invention is not limited to the use of ribozymes and 
antisense. Any DNA which directly or indirectly disrupts or prevems, in a 

15 sufficiently specific manner, the proper expression of the appropriate male fertility 
gene (ms or ms*) can be used. Examples of male fertility genes ms or ms• include 
nu2·Cl03 (Aans et al, Nature, 363: 715-717 (1993), APRT (Moffatt et al, Plant 
Molecular Biology, 18: 653-662 (1992)) and any other suitable natural or artificial 

· male fenility-conttolling gene, which may for example be identified by mucation 
20 studies. The designation "ms" or "ms*11 is not intended to be limited to any 

panicular gene. whether natural or anificial. 

• . > ..... :;. 

25 

Parenthetically. it should be noted that in this application. unless the context 
requires otherwise, the use of the word "gene" simply denoces a transcribable or 
expressible DNA sequence and is not limited to mean an exacl replica of an 
expressible genomic DNA sequence (although that may be preferred in certain 
circumstances): it is to be understood, therefore that synthetic DNAs. cDNAs and 
"'minigenes", whiclt contain some. but not all, of the introns in a naturally 

• o.ccurring gene, are within the scope of the tenn. Also within lhe term are DNA 
30 sequences which are transcribable to RNA but not necessarily subsequently 

transla[Cd to protein; such DNA sequences may encode antisense RNA and 
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ribozymes. 

Another type of system involving inactivation of an "active" artificial inale sterility 

gene is as follows. The fint line contains: 

(i) an expressed gene giving rise to artificial male sterility; this gene 

may for example be· .the ribonuclease Bamase (from Bacillus 

am:yloUquefaciens; Paddon er al, J. Bacterial. 171 1185-1187 

(1989)) driven by a taper.um.~specific p'(Omoter, such as one of those 

designated A3 and A9 (WO-A-9211379); aa4 

(ii) an exp(essed restorer gene which restores male fertility; · in the case 

. of Bam&Se, this may be the Batstar toxin inhibitor (Hartley ~rends 

in Biochemical Sciences 14 450-454 (1989)). 

The first line will be male fertile because the Barstar (or other restorer) restores 

male fertility in spite of the expressed Bamase. The second line contains: 

a repressor gene, which represses the activity of the restorer gene 

(which may be for example a gene encoding a ribozyme or 

antisense to Barstar). 

A hybrid fonned by crossing the first and second lines will be male sterile, as the 

rcpres.~or gene will prevent the restorer gene from functioning, and therefore ·the . . ~ 

. · 2S ~ anificial male sterility gene will itself function. 

30 

Anorher major group of embodiments within the invention involves the use, in one 

of the lines, of an inactivated phenotypic ttait (f~r example, artificial male sterility) 

·gene. The gene· becomes active on crossing with che other line. ' 

First. within this grou,p, is the case where a stop codon (or more than one stop 
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14. il1i1in1r~nr~r 
codon) in a gene responsible for a de5ired phenotypic trait (such as a dominant 
AMS gene) in the first line is suppressed. The first line contains an AMS gene, 
or other phenotypic trait gene, coding for a protein; the gene is inacti\rated by one 
or more nonsense mutations, which may be the same as or different from eacb 

s other. The second line contains a gene or genes coding . for one or more 
suppressor tRNAs; these are desiped 10 suppress the nonsense mutation(s) in the .. 

10 

15 

phenotypic trait (eg AMS) gene of me first line. · 

For practical reasons,· if more r.ban one muwion is needed in the AMS or other 
phenotypic trait gene of the first line, lhe mutations might all be identical, s0 that 
only a single type of suppressor tRNA is needed in the second line. Several copies 
of the tRNA gene can be ~d, if desired. 

The genes can be introd.Uced in plantS by transfonnation (as may other foreign 
genes useful in this invention). In a simple implementation of this embQdiment, 
the transformants.have no phenotype which could be used to cell dlat the tRNA 
suppressor gene is working properly. This is inconvenient. because of die large 
variability of ttansgene expression between primary transform.ants due to position 

. effects. However, for minimising any problem that there may be on this count. 
2 o a reporter gene (sue]) as a glucuronidase (GUS) gene inactivated by the same 

nonsense mwation as the male •terility or other phenotypic trait gene) may be 
linked to, or at ~east provided with. the suppressor tRNA gene so Ulat the level of 
suppression in transfo:nnams of the second line can be evaluated~ If the suppressor 
gene is functioning properly, the nonsense codon· in the GUS gene will he 

2-s: suppressed and detectable glucuronidase will be expressed. 

Transformants of the firs1 line can be evaluated by perfonning the cross with the 
second line and screening for sterility. or another phenotypic [rail, in the hybrid . 

• 
3 o Restoracion of fertility in a commercial hybrid male sterile plant can be achieved 

by a gene suppressing the AMS gene activity either al dte protein level (such as 
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Barstar for BarnaSe) or· at the transcription/translation level (such as ribozymes or 

antiscnsc). · 

In more detail, a preferred implementation of an embodiment. of the invention such 

s as this and relating to male sterility is as follows. The first line (Line A) will 

express from rhe A9 promo~r (which is tapetum specific and the subject of WO­

A-9211379) a mutated bamase gene. The mutation will be introduced by·in vilro 

mutagenesis. The mutation will change ·into an amber translational stop codon 

either the codon for isoleucine or the codon for ttyptophan at position 4 or 35. 

10 respectively, of the mature bamase protein sequence. (This numbering does not 

take jnto account the artificial methionine codon inuoduced S' during cloning of 

the. ORF coding. for the mature barnase protein.) The gene: used in this 

embodiment is described in WO-A-9211379 and Paul et· al. Planl Mol. Biol. -19 

611-622 (1992). All alterations refer .to published sequences (from B. 

15 wnyloliquefaciens; Paddon et al. J. Bacteriol. 171 1185-1187 (1989)) with 

Genbank accession number M14442. 

The second line (Line B) will exptess an amber suppressor tRNA which; when 

crossed to Line A, will. in.sert at· the artificial amber stop cod.on (UAG) of the 

2 o bamase m.RNA eirher a leucine o.r a ttyptophan into ~ amino acid sequence. In 

the case of the leucine suppressor, the primary amino acid sequence of the active 

toxin will be different from the published one (isoleucme-.leucine)."·.· The 

suppressor tRNAs wiil not allow (or a[ least reduce the occurrence ot) a read 

through at the naturally occurring ochre translational stop codon (UAA) of rhe 
, . ~ 

2s· • barnase mRNA. 

The suppressor tRNA-leucine gene can be .conscrucced in virro from artificially 

made oligonucteotides according to the published sequence (Green et al, Plant 

Mol. Biol.· 10 13-19 (1987); Genbank accession number M21542) of the tRNA-

30 leu3 gene from Phaseolus. vulgaris. ·The construction process directly yields the 

amber-suppressor ge~ .where the anticodon sequence is changed from c_M to 
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CUA. 

The suppressor tRNA-tryptophan gene can be built by fir.st isolating lhe wild type 

tRNA-tryptop~ gene of A.rabidopsis rhallana (Lin et al, Platu Mol. Biol. 18 

s 159,..160 (1992); Genbank: accession number~ X5793) by DNA amplification from 

genomic DNA. The isolated gene will be converted by In vitro mutagenesis into 

an amber-supp~sot gene where t_be anticodon sequence is changed frotn CCA w 

CUA.-

10 Both suppte$sor tRNA genes can be expressed constitutively from their own 

(internal) promoter. To select the lines that express a functional amber-suppressor 

tRNA, an amber-mutated GUS gene uanscribed from the cauliflower mosaic virus 

(CaMV) 3SS ·promoter will be linked co the respective suppressor gene. 

Expression of GUS may thus allows the evaluation of the suppressor activity in the . . -

is primary transformants of line B. 

20 

Lines A and B, re.•pectively, can be. obrained and propagated as homozygous lines. 

When crossed to each other, the resulting Fl offsprings, however, will be male­

- see.file due to tapetum .. specific expression of an active bamase protein. 

The invention, particularJy in this embodiment, is not limited to the use of bamase 

as an AMS gene~ other AMS genes can be used. AMS genes encoding very 

active proteins are preferred. since it can be assumed that efficiency of suppression 

may 'be low and so will the level of functional protein in the hybrid A x B. 

·2·s: Codons other than Ile or Tq> can be mutated, provided an efficient suppressor 

tRNA gene can be made. Other srop codons (ochre or opal) can be used, provided 

efticient suppressor tRNA aenes can be made. 

Many plant nuclear-IRNA gene sequences are publicly available and choice c!ould 

3 o be made ~tween them; construction of an appropriate tRNA gene could be by 

using synthetic DNA .deriving the sequence from the chosen public sequence and 
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changing the anticodon. for·example by cloning from genomic_DNA and nomaal 

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

It is expected dlat not all combinations of a mutation in an AMS gene and a 

s suppressor tRNA would be efficient, and some routine experimentation could be 

necessary to choose between combinations. Such evaluation can be done as 

described in the examples below. In particular the efficiency of the stop signal 

used in the AMS ORF in the fLISI line should be evaluated; the AMS should have 
an effect on fenility low enough for the plant to be at least partially fertile. The 

lo efficiency_ of stop suppression provided by the chosen .suppressor ERNA gene 

should also be evaluated; the activity of che AMS gene iu the presence of the· 

suppressor gene should be high enough to cause sufficient male sterility; rherefore 

the use o~ a very active AMS gene is recommended. 

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

unrelated work, Carneiro et al, Plant Mol. Biol. 22 681-690 (1993) have shown 

that the in plan1a expression of their suppressor tRNA..mtJu-leu3 gene aJone had no 

deleterious .. effect on eidler growth or fertility of the transgenic tobacco plants. 

The. authors also derected m protoplasts from those plants significant (20% of 

20 GUS+ controls) suppression.of electroporated .GUS genes that contained amber 

mutations. The suppressor tRNAam11cr~tryptophan2 was demonstrated by Franklin 

et al, The Plant Journal 2 583-588 (1992) to suppress an amber-mutated CAT 

(Chloramphenicol Acetyl Transferase) gene (up to 10% of CAT+ control) when 

c~electroporated into carrot protoplasts. Although die level of suppression seems 

"25": to be 1'very low" in transgenic plants (W. R. Folk, personal communication) as 

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

to be sufficiently high for toxins such as the ba.mase of which only one molecule 

i~ supposedly lethal for the cell in which it ls expressed. 

• 
3 o Another e~bodiment within the group involving the inactivation of a gene is based. 

on transactivation of tile expression of the gene. The gene may be an artificial · 
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male sterility gene, or it may code fc>:r (or at least control) a phenotypic trait ~f 
interest. ·This embodiment of the invention is particularly suitable for exprelsing 
genes encoding heterologous proteins, particularly high value proteins~ of interest. 
This embodiment of the invention, among others, is also suitable for expressing 

s genes giving rise to organ ablation. 

In particular, the. AMS or other (eg heterologous) gene is present in the flrs.t line 
but under die control of regulatory sequences (such as a promoter) which cannot 
fUnction (either at au or sufficiendy) for significant expression of the gene in the 

10 first line. In the. second line is a gene which. when present in the same plant as 
the AMS or other (eg heterologous) aene ·with its associated regulatory sequences, 
ailows those. regulatory sequences to function sufficiently to cause significant 
expression of the-AMS or other gene .. For example, the regulacory sequences in 
the first line may comprise a promoter which does not function with endogenous 

15 RNA polymerase.(such as the promoter from phage TI), and a gene encoding an 
RNA polymerase (which would be T7 _polymerase in the specific case illusttared) 
which does function with the promoter may be present in the second line. For 
efficient use in eukaryotic cells tile phage T7-RNA polymerase protein (liRNP) 
should be modified so that it is targeted to the cell nucleus. This has been 

20 achieved.in pla~t cells (Lassner el al, Planl Molecular Biology 17 229-234 (1991)) 
by lh~ addition of a nuclear-targeting signal from che large T-antigen of SV40 co 
the N-tenninus of T7RNP; 

-. ~ 

This embodiment of the invention is panicularly well suited co che production of 
·is;. a protein encoded by a hererologous gene of interest, in the seed or other parts of 

hybrid Fl plants. Hybrid cells expressing the heterologous gene result .from 
crosses between a first parental (eg female) line, designated line A~ which contains· 
the hcr.erologous Jene under me comrol of the bacteriophage T7 promor.er, and a 
second parental (eg male) line, designated line B, which constitutively expresses 

3 o the T7. RNA polymerase. Neither fme A nor line B expresses the heterologous 
gene of interest .. The heterologous gene is expressed in FI seeds harvested on line 
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A, though. ancl'is expressed constitutively in Fl plants grown from those seeds. 

Fl seeds expressing the heterologous gene can be harvested for the processing and 

purification of the heterologous gene product. This binaiy system· is typically 

adapted for expression of high added value compounds. Growers who cultivate 

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

of a high level of control. 

· To describe a particular emb()(iiment in greater detail, a heterologous gene .is under ,. 

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

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

normally does not contain a binding site for plant RNA polymerase. In; animal 

cells, non'.'"specific transcription of TI-polymerase has been observed (Lieber et al.­

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

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

15 specific transcription by the use of modified T7 promoter. The modification may .. 

be one or more mutations in 1i promoter which block plant RNA polymerase 

trc1nscription without modifying transcription mediated by the T7 RNA polymerase. 

These kinds of mutation. in T7 promoter sequences have been made 'to prevent 

transcription of T7 by RNA polymerase of animal cells (Lieber et al, Methoth in 

20 Enzymology 217 47-66 (1993)). 

$.,' , 
·"'5;; 

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

line B. which _constitutively expresses T7 RNA polymerase in all tissues and 

organs. panicularly in endospenn and embryo tissues; expression is stable and 

cransmitted through progenies. The 'Ii RN~ polymerase may be under the control 

of a: viral promoter, such as the p3SS promoter from CaMV. a plant promoter. 

such as EFla, or a bacterial promoter which is transcribed in plant cells (such as 

MAS). ·A suitable promoter may be die plant aconitase promoter. The T7 RNA 

-~lymerase gene contains., at the N-tenninal or C-tenninal end of the cdding 

30 sequence, a nuclear location siioal (NLS) sequence. The function of the NLS 

sequence is to direct expression of T7 RNA polymerase to the nucleus. The NLS 
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sequence may be a nucleocide sequence which codes for the subsequence Pm~Lys­
Lys-Lys-Arg-Lys-Val of the large· antigen of SV40; this subsequence has heen 

shown to be sufficient to target TI RNA polymerase to plant nuclei (Lasner et al, 

1991). 

Plants are obtained by crossing transgenic line A and transgenic line B. Various 

~hniques can ·be used to ensure a specific cross be~ween line A and line B, 

including: artificial male srerility systems, cytOplasmic or nuclear male sterility, 

·and manual or chemical sterilisation· of the female line. Pollen from the male line 

1 o will fertilise the female line. ·Seeds which contain rhe expression product of the 

heterologous gene will be harvested on the female line. 

. 15 

; 

Expression of the heterologous gene is restricted to tissues coming from 

fertilisation, namely the zygore ~.the endospenn. There is no expression in 

cegument or maternal tissues. In zygotic tissues (cotyledons, roots and apices) and . 

endosperm of the Fl seeds, the 1i RNA polymerase, which is expressed in lhe 

nucleus, specific~lly recognises the TI_promoter and transcribes the bcrerologous 

rene of intc:rest to form mRNA. T7 RNA polymerase, when f~nctional, allows 

a high level arul stable gene expression in seeds. . If F 1 seeds are germinated and 

2 o grown, the heterologous gene is expresSed in all tissues and organs of the plant, 

, . , 

1>anicularly i11 cotyledons, young plandets, roots, leaves, stems and flowers·. 

The heterologous gene may be a mammalian or microorganism gene encoding a 

pro~in, for example for pbannaceutical or cosmetic use. However, the invention 

· 2·5 is not at all limited by the purpose or function of the expression product of the 

heterologous gene. For example, the hererologous gene may encode an industrial 

protein such as an enzyme or other bio-product; or the heterologous gene may 

encode an enzyme for use in situ to produce a substanec of interest or to modify 

the primary or secondary metabolism of the plant to produce an added 'value 
30 compound. 
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It is equally contemplated in the present invention that the becerologous gene may 

not have a protein expression product. For example, the heterologous gene may . 

be a gene ·coding for antisense RNA or a ribozyme. Antisense ~A and 

ribozymes may for example, like enzymes discussed in the preceding paragraph, ·· · 

s . modify the metabolism of the plant,· or the content or DalUre of plant molecules 

. such as polysaccharides or fauy acids, to produce food or feed with nutritional or 

other economic benefits or to . produce plants for industrial, agricultural or 

environmental uses. 

lo Another example of the present category of embodiments would be the use in one . 

line of a promoter for the AMS (or odler heterologous) gene wbich is not active 

in the absence of its cognate trans-acting tramcription factor; in the second line 

would be a. tissue-specific gene encoding the trans-acting transcription factor .. 

15 In the embodiments of this group which relace to male sterility, restoration of male 

fertility.can be achieved, as described above. by suppressing the AMS activity. 

A third embodiment within the group involving die inactivation of an active 

artificial male sterility gene, or other heterologous gene, is based on transactivated 

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

in question. 

In th.is embodiment, the fll'St line, Line A. contains a gene of interest, such as an 

AMS gene, intemipted by an inactivating sequence which is capable of being 
• . > 
2 s • · spliced out. The inactivating sequence may be an intron or. any other sequence 

which is capable 6f being spliced out by, say, ·a maturation enzyme. The intron 

may be a yeast mitochondrial intron. such as a derivative of the intron bl4 of the 

Sa.ccharomycu cerevisiae cytochrome b gene. In another implementation of this 
. . 

embodiment, the intrQn may be the rR.NA group I intron from Neurospora crthsa, 
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which is spliced by the protein CYT18. The gene of interest is inactivated by the 

intron. 

The second line, Line B, contains a iene encoding an enzyme capable of splicing 

· s out th~ inactivating sequence. In the specific case ~f the yeast mitochondrial incron 

discussed above, the enzyme would be the corresponding yeas[ maturase (eg the 

coding sequence· from· intron bl4 as above), engineered to have che universal 

genetic code,. to have a nuclear localisation sigaal, and exp~ssed in the same tissue 

as the gene of interest. As a gencralif1, the maturase has no effect on the plant. 

lo . so phenotypic normality is preserved. In the hybrid A x B, the intron is spliced 

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

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

been described. 

ls For male sterility embodiments, restoration of male fertility can, as described 

above, be achieved by suppressing the AMS activity. 

In anolher important embocliment, the desired phenotypic traic . is seed specific 

, expression of one or more proteins. This can be useful for the production of 

2 o ph;umaceutically useful proteins in seeds. ExamJ?les of such pharmaceutically 

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

enzymes. 

In another embodiment, the pbenotypic trait. results from the non-expression of a . . ~ 

25" gene. This can be brought about when, for example: 

(i) the first line comprises an amisense sequence for the gene whose non­

expression 1ives rise EO die phenotypic trait, the. antisense sequence being 

under the control of a promoter or other regulatory sequence which cinnot 
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function for significant expression of the antisense sequence; and 

(ii) the second line comprise$ a. gene which, when present ln the same 

plant as the antisense sequence with its associated regulatory sequence, · 

aUows that iegulatory sequence to function sufficiently to cause s~fi.cant -.· 

expression . of the antisense sequence. such expression leading to down 
. . 

regulation. of the gene whose non-expression gives rise to the pllenotypic· 

ttait. 

1 o Plants obtainable using the methods of the invention form a second aspect of the 

. .invention. 

A.rtificially male. sterile plants produced !15ing the' methods of the invention are the · • 

result of a cross between two normal fertile, homozygous plants referred to above . 

15 as the first line and the second line (or, in specific embodiments, Line A amt Line-· 

B). This Cl'.OSS between the first and second lines would have to be performed in 

a manner to prevem self-pollination, but only on the small scale needed to produce 

the basic seeds. Self-pollination can be prevented by using chemical, mechanical 

or manual castration of one line and physical separation in the fu:ld or the other 

. 20 line (the pollinator). CarefQI examination of the.hybrid seed production process 

leads to. the conclusion that a manual cross at the basic seeds production step is 

practical a~ economical. The cost of crossing manually is largely overcome by 

the advantages of obtainin& a genetically homogenous batch of (male sterile) 

female parent seeds which can be used directly in the hybrid seeds production 

25-1 field, without selection, and which cannot be easily reproduced. An added 

advanrage is that this cross eould be the cross of a breeding scheme (as in 3-ways 

hybrids commonly used). in which case there is no added cost beyond ~t of the 

normal basic seed production process. 

• 
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Similar considerations· apply, mutatis mutandis, to ocher plants of the invention 

having different phenotypeS. 

Heterologous DNA can be introduced. in lhe desired plant by uansfonnation, and 

5 the transgenics are bred to homozygosity. Preferably, DNA is transfonned into 

plant. cells using. a disarmed Ti·plasmid vector and earned by Agrobacterlum by 

procedures known in the art, for example as described in EP-A-0116718 ~ EP­

. A-0270822. Alternatively ,:the foreign DNA could be introduced direcdy into plant 

cells. using an electri~ discharge apparatus. This method is preferred where 

lo Agrobacttrium .is ineffective, for example where the recipient plant is 

monocotyledonous. Ally other method that provides for cbe 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 

transfonnation. 

15 

20 

. . ~ 

Aldtough the usefulness of the invention is not especially limited to any panicular 

species or odler taxonomic grouping, it is expected that the greatest use of the 

invention will be with economicaJ,ly important crops. Examples include maize, 

tomato and wheat. 

Male sterile plants in accordance with the inv~ntion are useful as female parents 

in the production of commercial Fl hybrid seed. The precise deiails for this final 

cross will vary from crop to crop. For maize. the male parent (designated plant 

C) will ~ planted in one row alternating with several rows of female ~nt 

·25;; (designated ·plant AB). After pollination the male parent rows are crushed, and 

seeds harvested only from the female rows. No chemical treatment of the 

production field is needed, and except for the absence of manual detasseling, the 

process is very similar to the one currently used in the field. 
• 
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The female parent cannot be reproduced since it is made through a cross thi~ lhe 

hybrid seed producer cannot perform. The hybrid seeds obtained (designated 

ABC) will segregare male sterility. The actual frequency of male sterile plants in 

the hybrid seeds population will depend on the location of the heterologous DNA 

s in the genomes of the fi.rst and second lines, as described above. The highest 

frequency of male st~ile would be if the two heterologous genes segregate 

independently (are located on different linkage groups);· it would then be 253. 

Because wind driven cross pollination is very efficient in maize, in practical renns 

the population would· behave as a 100~ fertile ~pulation. and a restorer· gene in 

1 o . parent C is not compulsory. lf it is however desired, it can be done as described 

. below for. tomato. 

In the case- of tomato, male sterile seeds in accoJ;dance with the invention can be· 

planted in a hybrid seed-production glasshouse as the female parent (plant AB), 

1s and pollination by pollen from- the male parent (plant C) is done. No chemical 

treatment. no sotting of plants, and no emasculation are needed. In this case, the· 

hybrid plants obtained should preferably be 100% fenile since cross pollination is 

not very effective naturally in the tomato.production field. To achieve that, it is 

possible ·to rely on two techniques. First. in a genetic approach. the heterologous 

20 DNA in plant A (gene A) and the heterologous DNA in plant B (gene B) are 

located at tightly linked loci on opposite chromosomes of a given pair, and 

therefore hav~ very little probability of cosegregating in the hybrid plant (as 

explained in WO-A-9201799). Secondiy. plant C may be engineered to express 

a ICStorer gene; any dominani.1ene which prevents gene A or gene B activity is· 

. suitable. A gene expressing Barstar (a proteinaceous inhibitor of Bamase (Hartley 

Trends in Biochemical Sciences 14 450-454 (1989)) is appropriate (see for example 

EP-A-0412911). 

To obtain a phen~type using the d~bed. binary systems, one combines· thd &wo 
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genes in the same plant by crossing two pla.ntS. usually primary transformants or · 

selfed progeny or primary rransformants. Because of the well known "position 

effect" .• not all primary transformants containing the first gene will be suitable for 

crossing to all primary ttaDSformants containing the second gene, and parent plants 

s will generally have no conveniently detectable phenotype allowing to screen the 

suitable plants among them. to identify the suitable parents among· die 

independent primary lrlDSformants, many crosses are performed, and the hybrids 

ob~i~ are then evaluated for the desired phenotypic trait. Although this can be 

done. it is a Ienathy process. One way to iJRPlement the invention more quickly 

i o is the foUowina: 

Target plaDt tissue is transformed with the first gene, but not allowed to regenerate 

into plants. The regeneration capacity of the tissue is retained. The transformed 

tissue is then transfonned·with lhe second gene, using a different selectable marker 

15 if needed. The traQsfonned dssue, 110w containing the two genes at independent 

positions in . the aenome, is then allowed to regenerate a whole fenile plant. 

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

as a consequence of them having the two genes at suitable positions in the genome. 

In lhe progeny of such a plant, segregation plants having only lhe first gene or 

20 only the second-gene and not having the desired phenotypic uait can be identified. 

Such plants are then multipli~ and used as ·parents in the cross to produce the 

hybrid plant with the desired phenotype. If an exrensive back-cross process is 

required .to convert the primaey U'al15formant to a ·better agronomic variety, as is 

often the case for example with maize, this back-cross process can be done on the 

2s-: plant conraining ihe two genes and showing the phenotype. When an acceptable 

elite variety is obtained, usually after 3 to 6 steps of back-cross, the two genes are 

allowed to segregate and the parent plants are identified among the segregants. 

The parent plants are then multiplied. and later used to produce the desired hybrid 

plant, showing tbe desired phenotype. If, however, it is desired that the 'two 
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parents are different, me back~cross process can be done using a different recurrent 

pollinator on each parent {having one of the two ge~s and not showing the . 
' 

phenotype) and not on the origmal ttansfonnant (having the two genes and showing 

the phenotype). 

Plants useful as either the first. or second lines, as used in the methods ·of the 

invention, fonn a further aspect of the invention. 

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

10 material. particularly seed, of a plant in accordance with the invention •. · 

15 

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

obtainable by crossing a male plant with a male-sterile plant in accord~ with the 

invention. 

In yet a further aspect of the invention. there is provided a method of prod~ing 

a plant having a desired phenotypic trait,. the method comprising crossing a fust 

line and a second line wherein each of the fust and second lines does not ba:ve the 

· phenotypic tfait in question, and wherein at least one of the first and second lines 

2 o is transgenic. 

Among the phenotypic traits that could be created using some of the binary 

systems that we describe, a useful trait is cell ablation. 

2'5·· 1 Some plant tissues or organs can be undesirable. Examples of these include seeds 

in fiuiui (grapes). hair on fruit skin (peaches), or petals in oilseed rape (as they 

promote propagation of the pathogenic fUngus sclerorinia). However. in many 

cases it would be desirable to limit dlis trait to hybrid plants, produced by crossing 

parents with no altered phenotypes. ' 

Rece I ved· Time 23. Feb. 3:29 . Print Time 23; Feb. 3:59 
. · ....... y 



I 

2~,..l'.'EB-96 19.•47 PROM•. KILBURN A~D STR(>D:E· ! .ID• 0171-2426630 PAGE 29 

•· 

5 

28 

This can be achieved by using a binary sysrem made for ·example of an inacrive 

. toxic gene under conlTOl of a promoter specific of the tissue or organ to be 

destroyed, supplied by the farst parent plant, activated in the hybrid plant by the_ 

activator gene supplied by the .second parent. 

Preferred genes are the- Bamase ORF inactivated. by one or more stop mutation, 

under control. of the appropriate tissue specific promoter, and a suppressor tRNA 

gene able to read the stop codons. 

lo Another example of a suitable system. consisrs . of a non-expressed toxic gene 

supplied. by the first plant, which expression is activated in the hybrid in a tissue 

specific manner by a tissue specific transactivator supplied by the second parent. 

15 

Preferred genes are the Bamase ORF under control of a suitably modified T7 . . 
_pto~ter, and a T7RNA Polymerase gene under.control of a promoter specific for 

tissue 10 ·be destroyed. . . Another possibility of the same example is to use the 

CaMV translational . transactivator (gene VI) under control of a tissue specific 

promoter to activate translation of .a toxic ORF present as lhe second cistron in a 

mRNA expressed in the tissue to be destroyed. Another possibility relies on intron 

2 o splicing using a tissue speci~c mawrase as explained previously. 

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

mutatis m111andis. 

2'5-' ~ Tbe invention will now be illustrated by the following examples~ The examples. 

refer to ~ drawings, in which: 

FIGURE lA: s~s the scheme for cloning transactivator reporter gene; 

• 
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FIGURE lB: shows the scheme for cloning the AMS mutant genes; 

FIGURE 2A: shows the scheme for cloning the transactivator and · 

reporter genes; 

FIGURE 2B: .shQws the scheme for cloning an AMS .mutant gene 

(Bamase AMS); 

FIGURE 3: is a description of pGA492 Hygro; 

. FIGURE·4: shows the structure of the A9 promoter-Cl03 chimeric gene 
excised from pWP80 in Example 7; 

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

DNA. 

EXAMPLE 1 

tRNA Mediated Suppression of a ·Stop. Codon in an AMS Gene 

A suitable Artificial Male Sterility (AMS) gene ·coding for a protein which prevent 
male fenility can be made inactive by substitution of 1-3 .bases in the coding 

2 Sr J sequence (Open Reading Frame .ORF) so that a valid codon is transformed into a 
Stop codon (TAA: ochre. TGA: opal, TAG: amber). This mutated gene (gene A) 
is therefore inactive and plants containing it (plant A) are fenile. A suppressor 

.. 

·tRNA can be·engineered which will read the Stop codon as an amino acid codon 

and therefore allows translation of the mutated ORF. This gene (gene B) in itself 
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will have no effect on the plant that expresses it (plant B) as shown for example 

in tobacco by Carneiro et al., (Plant Mol. Biot 22 681-690 (1993)). The product 

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

s Specifically, the codon 'coding Trp at amino acid position 37 of the bamase ORF 

encoding the mature protein {Paddon and Hartley, Gene 40 231-239 (1986); 

Ha.rtley J. Mol. Biol. 202 913-915 (1988) can be converted into an amber stop 

codon. Some other minor sequence al~ions are also introduced as follows. 

1 o The sequence surrounding the amber codon is modified to facilitate identification 

of the correct mutant. and to change it to a sequence closer to dle plant consensus 

sequence for end of ORF signals (sequences sW't at the first base of the Trp codon 

35): 

.15 . 

20. 

Nonnal nucleotide sequence: TOGGTGGCATCMAAGOOAACC'M'OCAGAC 

Normal aa ~quence: TrpValAlaSel'l,.ysGJy.AsnLeaAlaAsp 

Mutated nucleocide aequence: TAGATTGCATCAAAAGOGAACC'ITOCAGAT 

Murarecl aa aequence: Am1>JleAlaSetLysGlyAml.euAlaAsp 

The mutated sequence )las - ability to be translated imo an active bamase protein 

in the presence of an amber suppressor ERNA is demonstrated in E. coli. ~en 

expressed in E. coli Crom the plant promorer A9, which has by chance some 

significant transcriptional activity in E. coli, the mutated bamase gene is toxic to 

;!.5 ~ the host cells if the barstar region is, deleted. This demonstrates that the introduced . _, .. ;.. 

amber codon is suppressed to soine extent, even in the absence of known 

suppressor tRNA genes. This suppression could be caused by translation mistakes. 

It also demonstrates that the other mutations which were introduced in addition to 

the amber codon did nor impair the. activlty of the bamase protein. However, 

3 o mutant constructs having lost· toxicity could then be isolated only from Attain 
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MC 1061 which has no suptRNA genes; and in these mutants no other change chan 

the introd\lced mutations were found within the coding region of the barnase gene. 

When reintroduced into strains MC1061 and LE392, these murant consttucrs were 

non toxic to suai~ MC1061 which is .not known to have suppressor tRNA genes. 

s but still toxic to stain LE392 which has. genes for tRNA supE44 (translating am~r 

as glutaminc) and supF58 (translating amber as tyrosine). It see:ms therefore ~c .. 

the ~pontaneous mura~ion selected in these constructs decreases the level of 

expression ·of the muwed bamase gene. thus making the tRNA suppressor 

absolurely necessacy. for obtaining a toxic level of bamase. -The genotypes of the 

l.O bacterial strains are ·described in "Molecular Cloning; A Laboratocy Manual". 

Sambrook et al, Cold Spring Harbor Laboratory Press, USA, 1989, and the strains 

are ·available from public collections. as will be known to those skilled in the an. 

15 'fhis result demon.urates the feasibility of the system. and also suggests that a 

tighter system could be useful. A second ~be~ codon is therefore engineered at 

the codon for Trp at position 71 of the bamase mature prorein, as follows 

(sequence stans at 1st base of codon.70): . · .. 

2 0 Nonml nucleodde sequence:. ACATGOCGTGAA 

Normaha acquencc: ThrTrp/\rgGl11 

Muwed nuclcodde SCQUencc~ ACCTAGAOAGM. 

Mucawt aa sequence: ·'ThrAmbArgGlu 

3 ~~ t . The mutated genes d~scribed are expressed under cortrrol of the tapetum specific 

promoter A9 (WO-A-9211379) and the resultant gene is inttoduced into 

Arabidopsis thaliana. Figure 1 shows the scheme used co clone the genes in the 

expression vector, and to transfer the construct in the plant transformation vector 

pBinl9. Transgenic plants are obrained by Agrobacterlum-mediated ttanstormatlon 

3 o and are fertile; they are allowed to self, and selfed seeds are collected; rhe Seeds 
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obtained are segregating the uansgcne, and planrs homozygous for th~ tr~gene 
(plant A) are identified . 

. 
The gen~ coding.for tRNA Trp2 (Tsai Yun Lin et al. Plant Mol. Biol. 18 159-160 

s (1992)) has been cloned from A.rabidopsis thaliana ecotype C24, by PCR from 

genomic DN_A. using die published sequence to design the following primers: 

10 

15 

. 20 

' . , ....... 
25 

TWl: S~TATCGGATCCAGGAGGAAGCAAAGCAGTACC 

TW2: S'CCACTAGTAGATCTCCACTTCCCTrCC11'TGTTGGA 

The anticodon region is then converted by in vitro muragenesis from CCA to CT A. 

The resulting mutated tRNA (SupamtRNATrp) is now able to read the amber 

codons as. Trp codons. The suppressor tRNA gene is introduced in Arabidopais. 

after being cloned in plapt traDsfonnation vecror pBin19 as shown schematically 

in Figure 1. The T-DNA in which the suppreisor tRNA gene is inserted also 

contains a constitutive 3SS-GUS gene inactivated by a Trp to Amb mutation at 

codon 35. This mutated GUS is used as a reponer gene for suppressor tRNA 

activity in the primary transfo~ . 

A) Numbering and coa&tructlon of pnes (Figures 1A and. lB) 

771e inactlrated AMS gene (Pigure lBJ: 

The mutated A9-Bamase (Trp35ambcr) was obtained by PCR mutagenesis from 

the pWP127 (Paul et al. "Plant Molecular Biology, 19:611-622 (1992)). and the 

mutage'nised Bamase-Barstar fragment Xbal-Bglll was inserted in the Xbal-BamHI . 

sites of pl41.5 (described. below), yielding p2013. One further round of 

mu_ragenesis from p2013 yielded p2017:A9-Bamase (Trp3Samber Ttp71amber). 

These genes were then inserted in the HindID site of pBinl9 (Bevan et al, Nacleic 
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Acids Research, 22:8711-8721 (1987)) as Hindlll fragments. yielding p3086 and 

p3088 respectivelf. Description of pl41S:pl41S is a derivative of pWP91, where 

the unique EcoRV site located 3' of the CaMB transcription terminator.is replaced 

by a HindIIl site. The cassette containing the A9 promoter and the CaMV 

s terminator can therefore be recovered from P1415 as a Hind Ill Fragment. 

pWP91 is a derivative ~f pJIT60 where the duplicated 3SS promoter .region is 

replaced by a 934 bases A9 promoter region from pWP75 (described· in ·Plant 

Molecular "iology, 19, 611-622 (1992)). pWP91 therefore contains a cassette 

made· of the A9 promoter and the CaMV terminator. pnT60 is a derivative of 

10 pJIT30 (described in Plant Molecular Biology, 15, 127-136 (1990)), were the 3SS 

. promoter of pJIT30 bas been duJ?licated. 

77ae transacti'WJIOT 11111 an4 lh1TIJIOl'Ur11n1 (Flpre lAJ: 

Trp Suppressor tRNA: the PCT amplified fragment wu cloned in pBlueScript 

15 SK+ (Strar.agene) as shown in the figure, yielding p3071. 

A BamlU-Spe insen from p307l was reinserted in sites Bglll-Spel of p3071 1 

yielding p3081 which concains tandem repeat of the suptRNA. 

2 o A reporter gene was built by mutagenising Trp codon 35 to create an amber codon 

in the GUS gene (obcained from pBl121 (Jefferson el al, EMBO Journal 8:3901-

3907(1987)), and then cloning the mutagenised gene (with all the ,regulatory· 

sequences) in pBlue Script S~+. yielding p2010. The mutated GUS gene was 

. then insened as a HindW-F.coRI fragment in the HindDI-Eco RI sites of pBin 19 

·'2·s~ yielding p3092. 

The ~uptRNA genes were inserted next to the reporter gene~ a BamHi(Klenow)­

SpeI fragmeni from p3071 or p3081 ~was inserted in sites EcoRl(Klenow)-Spcl of 

p2010, yielding p3094 and p3096 respectively. • 
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Transfer of this construct to bhwy vectors: H~ linearised plasmids p3094 and 

p3096 were inserted in the Hindlll site of pBinl9, yielding p3108 and p3109 

respectively. These plasmids contain the suptRNA gene(s) and the reponer gene. 

They were inttOduced into Agrobacterium tumefaciens strain AGLl ("AGLl ")by 

s electroporation. The HindlII-SpcI insert from p3094 and p3096 was also inserted 

in the Hindlll-Xbal site of anorher binary vector: pGA492Hygro (described below 

and in Figure 3)1 yielding p3112 and p3113 respectively. These plasmids can be 

introduced in AGLl by triparemal mating~ 

10 Description of pGA492Hygm: it is a_ derivative of pGA492 (described in An et al, 

1986. Plant Physiology, 81, 86-91)where a Hygromycin resistance gene made of 

the 35S. promoter. the Hy1B ORF and the nos terminator has been inseried as a 

Sacl-F.colU fragment in the SacI-EcoRI sites of pGA492, deleting approximately 

280 bases from pGA492 including the S'end of the CAT ORF. 

15 

Combination of the AMS. g1n1 and the trans~rator gene on the $1U111 T-DNA. 

·(Figure lB): 

The Hindlll fraament of p2013 containing the A9-Barnase(Trp35amber) gene was 

insened in the Hind'QI site of p3112 and 3113 yielding p3121 and p3U9 

20 respectively. Similarly the HindlII fragment of p2017 containing rhe A9-Bamase 

(Trp3SamberTrp7l~r) gene was inserted in the Hindlll sice of p3112 ~ 

p3113, yielding p3114 and p3120 respectively. These four plasmids were 

· introduced into AGLl by uiparent&l mariDg. 

. . , 
· 2·s" B) List of constructs Introduced In plants and descripdon 

Genes arc shown with their regulatoi:y sequences (promoter and terminator); Genes 

are separated by "I". 

• 
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p3086 A9-Bamase(Trp35amber)-CaMV 

p2088 A9-Barnase(Trp3Samber Trp7lamber)-CaMV 

p309i 35S-GUS(Trp3Samber)-Nos 

p3108 3SS·OUS(Trp35amber)'.""Nos/TrpsuptRNA/BlueScript SK+ 

p3109 35S·GUS(Trp35amber)-Nos/TrpsuptRNAITrpsuptRNA/Blue 

SK+ 

p3l12 3SS-GUS(Trp35amber)-Nos/TrpsuptRNA 

p3113 3SS-OUS(Trp3Samber)•Nos/TrpsuptRNA/Trp~ptRNA 

· P312 l A9-BaMase(Trp35am.ber)-CaMV /35S-OUS(Trp3Samber) 

10 -Nos/TrpsuptRNA 

p3l19 A9-Bamase(Trp35amber)-CaMV /35S 

· -GUS(Trp35amber)Nos/TrpsuptRNA/TrpsuptRNA 

p3114 A9-Barnase(Trp35amber Trp71amber)-CaMV/35S­

Gl}S(I'rp35amber)-Nos/TrpsuptRNA 

15 p3120 A9-Bamase(Trp3Samber Trp7lamber)-CaMV/3SS­

GUS(Trp35amber)-Nos/TrpsuptRNA/TrpsuptRNA 

C) Description of plants 

Script 

2 o Tran.~genic Arabidopsis plants were obtained by root transformation using 

Agrobacterium and- standard. methods • . 
The plant$ were . evaluated for fertility and seeds harves~ from ferule plants. 

PAGE 36 .. 

Plants containing the mutated GUS gene were also assayed for GU~ gene 

expression by incubating some plant tissue (leaf and/or flower) in X·Gluc, using . 

:z5.-1 standard ltlethods. GUS enzyme activity was detected by a blue staining.:· Most 

of the transformed plant! had some level of ~US enzyme more noticeable in young 

anthers which was called background GUS("bG"); This level is probably caused 

by endo1enous ~uppression of stop codons or by translation mislakes, as it could 

be decected also in .some plants containing .die muraled GUS gene only, ~ no 

.. 
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exogenous suppressor tRNA. In the p~nce of the ex.ogenous suppressor tRNA, 

a significant friction of· the plants had higher level of GUS activity: abOve 

background GUS "abG", as shown in the following table: 
• 

Plasmids . 

p3086: 

P3088: 

p3092: 

p3108: 

p3109: 

p3120: 

DescJjption of the plants: 

21 pl~ obtained; 21 fenile. 

22 planes obtained; 21 fertile; l sterile. 

U plants obtained; 11 fenile. 

1 plant out of 10 tested shown bG. 

No abG found. 

19 planrs scored for fenility; 19 fenile; 1 sterile (flower _ 

abnormalities)-. 

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

21 planrs scoied. for fertility; 21 fertile. 

10 plants out of 22 tested show abG. 

4 plants obtained; 2 male sterile, 2 fertile. 

D). . Plant propagation, aenetlc analysis and crosses. 

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

and homozygous Tl plants can be identified by following tile segregacion of the 

nptll (Kanamycin resistance) gene in the T2 generation. 

Homozygous Tl plants comaining p3086 or p3088 can then be crossed with 

2.S , homozygous Tl plants containing p3108 or p3109. The hybrid seeds (Fl) are .... •;. 

harvested and plamed on soil. · Fl families are scored for fertility. When both 

!farents contain an efficient ttansgene rhe family has 1003 sterile plants. 

• 
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E) CondUslon. 

The cxperimc;nt demoosuateS lliaL: 

s The AMS gene,- inactivated by 1 or 2 stop codona, has no detrimental effect on the 

plant fertili~. lt can be transactivated by suppressor tRNA in _bacteria. Therefore 

plant A can be obtained. 

Suppressor TRNA (rhe transactivator gene) has no effect on plant fenility but is 

lo able in a number of plants to suppress a stop codon in the GUS gene as shown by 

staining. the tramactivator is efficient. Plant B can therefore be obtained. 

The inactivated. AMS· gene and the suppressor TRNA gene put together by 

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

15 plants, ~howing that the presence in the same genome or the 2 genes is causing 

male sterility. 

20 

A male sterile plant can therefore be obtained by crossing 2 fenile pl~ 

. containing an inactivated· AMS gene and a tranSa.ctivator respectively. 

EXAMPLE2 

tRNA Mediated Suppression or a Stop Codon in an AMS Gene 

2 ?.. : The procedure Qf Example l was followed, except that codon No. 4.d.n the .: 

sequence of the mature barnase protein is mutated so that the Ile codon is 

converted to amber. The sequence surrounding die amber codon is modified as . -­

follows, for the reason given in Example 1 (sequences swt at fmt base or codon 

1 of me mature protein): • 
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Nonna! nw:lcodde sequence: OCACAGG1TATCAAC 

Normal aa aequeoce: AlaGlnVaJileAsn 

Mura~ nuclcoride sequenee: GCACAAGTGT AGAAC 

Mucared aa sequenee: AlaGlnValAmbAsn 

The resulrs obtained in E. coli are the same as those described in Example 1. A 

second amber mutation is . introduced at the codon for Leu at position 9S of the 

bamase marure protein as follows (sequences start al first base of mutagenised Leu 

codon 95): 

Normal nucleodde sequence: CTGAnT ACAAA 

Normal aa sequence: LeuUeTyrLy11 

Mu11tl:d.nucleotide sequence: TAGATITACAM 

Mutated aa sequc:nee: Amblle"fyrLys 

A) Numbering and construction of _genes (Figures 2A and 2B) 

The inacti11ateil AMS gene (Fipre 2B): 

The mutated A9-Barnase .. (Ile4amber) · was obtained by PCR mutagenesis from . 

20 pWP127, and the mutagenised Bamase-Barstar fragmenc Xbal-Bglll was inserted 

in rhe Xbal-BamHI siles of pl4U, yielding p2014. This gene was then inserted 

in the HindHI site of pBIN19 as a HindIII fragment, yielding p3087. 

25 

, , ... ·;. 

The cransaclivacor gene and the reporter gene (Figure 2A): 

Leu . Suppressor tRNA: the synthetic DNA fragment was cloned in 

pBlueScriptSK + as shown in figure 2A, yielding p3062 and p3063 (2 identical 

clones). 

A BamHI-Bglll insert from p3063 was re-inserted in site Bg 1 U of p3063. yielding 

3 o p3077 which coniains a mndem repeat of the suptRNA. 

' 
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A reporter gene was .built by mutagenising Ile codon 123 to create an amber codon 

in the GUS gene (obcained from p81121 ) •. and cloning the ntucagenised gene (with 

all the regulatory sequences) in pBlueScript SK+. yielding p3078. The mutated 

GUS gene was then inserted as a Hin~ III-EcoRI fragment in the HindllI-EcoRI 

s sites of pBin 19 yielding p3093. 

10 

15 

·The suptRNA ge'1CS were then inserted next to rhe reporter gene: an EcorRI-Spel 

fragment from p3062 or p3077 was. inserted in sites BcoRl-Spel of p3078, yielding 

p3083 and p3082 respectively. 

Tran.~fer of this construct to binary vectors: Hindill-Spel fragments from p3083 

and p3082 were insened in the Hindlll-Xbal sites of pBin19, yielding p3090 and 

p3089 respec~vely. These plasmids contain the suptRNA gene(s) and rhe rep9rter 

gene. They were introduced into AGLl by electroporation. 

Combination of the AMS gene and the transactivator gene on the same T-DNA 

(Figure 2B): 

The Hindlll fragment of p2014 containing the A9·Bamase (Ile4amber) gene was 

2 o inserted in the Hindlll. site of p3090 yielding pJ 102. This pla11mid was introduced 

in AOLI by electroporntion. 

B) List of constructs introduced iD plants and description. 

25.- ! Genes are shown with their regulatory sequences (promoter and tenninator);-Genes · 

are separated by "I". 

p3087: A9 .. Bamase(Ile4am!'Cr)-CaMV 

p3093: 3SS-GUS(Ile123amber)-Nos 
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p3090: 35S-GUS(Ilel23amber)-Nos/LeusuptRNA 

p3089: 3SS-GUS(lle 123amber)-Nos/LeusuptRNA/LeusuptRNA 

p3102: A9•Barnase(Ile4amber)-CaMV /3SS-GUS(lle123amber) 

-Nos/LeusuptRNA 

C) Description of plants. 

Transgenic plants were obtained and scored as in Example 1. 
. . 

Plasmid 

p3087:. 

p3093: 

p3090: 

p3089: 

p3102: 

Description of the plants 

22 plants ob1ained; 21 fertile; 1 sterile with flower 

abnormalities. 

l6 plants obtained; 16 fertile 

8 out of 13 plants tested show .bG. 

No abG observed. 

19 plants ol>lained; 15 fertile; 4 sterile. 

6 plants·(including the 4 sterile) show abG. 

8 plants obtained; 5 fenile;_ 2 sterile; 1 sterile with flower 

abnonnalities. 

No abG observed. 

8 plants obtained; 4 sterile, 4 fenile; 

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

· 2 s· : published data. It can be expl~d by taking into account the dual localisation 

(cytosolic and mitochondrial):of the bean LeutRNA chosen for the experiment: the 

presence of a su~pressor tRNA i~ the mitochondria where the ~~I of tRNAs is 

limited mighr be deleterious for rhe cell. However. some planes expressing lhe 

LA:usuptRNA ha:ve a normal phCnotype and can be used in a cross to transacdvate 
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the inactivated AMS gene. And furthermore: the presence on the same T-DNA 

of the 2 genes (in p3102} increases the frequency of sterile plants showing that the 

transactivation is efficient. 

0) Plant propagadon, genetic analysis and crosses. 

As in Example 1.. seeds from fertile transgenic plants (TO) were harvested (Tl 

seeds) and planted. Heterozygous and homozygous Tl plants can be identified by 

following the segregation of a single nptll (.Kanamycin resisr.ance) locus in. the T2 

l O generation. 

Kanamycin resiscant individuals from a Tr population from a primary transfonnant 

containing p3087 were crossed as female to individuals of Tl populations from 3 

primary tr-nsfonnants containing p3090 and expressing the tRNA gene (as shown 

15 by a R!-PCR experiment}. The hybrid seeds (Fl) were obtained and planted on 

soil. 

Sterile .pla~ts in the Fl families were identified with expecced frequencies: 

20 0% if one parent is Kahamycin sensitive; 

25 % . if borh parents are heterozygous for dle nptll gene; 

50% if one parent is homozygous for the nptll gene; 

1003 if the two parents are homozygous. 

E) Conclusion 

The experiment demonstrates that the AMS gene, inaetivaced by 1 stop codon, has 

no effect on the plant fenility. It can be transactivated by ·suppressor- rRNAs in 

bacteria. Therefore plant A can be obtained. 

• 
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The suppre.°'sor tRNA has a strong. gene dosage dependent effect. on . plant 

viability and fenmw. lt is nevertheless possible to obtain nonnal plants expressing 

che suppressor tRNA by screening a large population of transfonnants. The 

suppr~ssor tRNA is efficiently transactivating a mutated reponer gene. Plant B 

5 can therefore be obtained. 

When plant A was crossed ro plant B, male sterile .Fl plants were found in 

predicted ratios. This demonsuates the feasibility of generating a homogeneous . . 

population of male sterile plants from a cross of a homozygous plant A expressing 

l.O the tran.~gene A with a homozygous plant B expressing the transgene B. 

15 

EXAMPLE3. 

T7 RNA Polymerase--Mediated Expression of an AMS Gene 

Construction .of an A9 promoter-modified Tl RNA polymerase chimeric gene. 

For efficient use in eukacyotic cells. the phage 17-RNA polymerase protein 

(T7RNP) must be modified $0 that it is targeted to the cell nucleus. This has been 

achieved in mammalian. (Lieber et al. Nucleic Acids Research 17 84SS-8493 

20 (1989)) alid plant cells (Lassoer er al. Plane Molecular Biology 17 229-234 (1991)) 

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

the N-cenninus of T7RNP. A similar SV40 leader-'IiRNP· gene fusion was 

constructed by Dr. Andrzej Plucienniczan in the following. manner: 

.~ i~ The T7RNP gene was isolated as anNrul, BamHI fragment from plasmid pGPl-2 

(Tabor and Richardson, Proc. Nat'l. Acad. Sci. USA 82 1074-1078 (1985)) and 

cloned between the Accl (rendered flush with Kienow) and BamHI sites of pUC 19. 

fonning the plasmid pT75. A leader sequence from the SV40 l~ge T·antigcngene 

was then cloned in fronr of the Nrul site of pTIS. forming pT7Sl. • 
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The modified T7RNP gene of pT7S 1. is chen placed under control of ·the tapetum- · 

specific A9 promoter. The Xbal·BamHI fragment containing the modified T7RNP 

gene is cloned between the XbaI and Bam.HI sites of pWP9l (described in WO-A-

9211379) forniing pWP180 (Figure 2A). The A9 promoter-T7NP chimeric gene 

s is then cloned as an Xhol .fragment into the Sall site of pSCV-nos-nptII (pSCV-nos­

np1II was made .by cloning a nos promoter-nptII-nos terminator chimeric gene 

between the EcoRV and EcoRI sites .of pSCVl (see Firek et al, Plo.m Molecular 

Bicllogy • .22: 129-142 (1993) for infonnation on pSCVl). The resulcing plasmid 

(pWP180-SCV) is lhen transfonned into plants and bred to homozygosity (plant 

10 A). 

15 

Construction of Q 77 promoter PR-gl11canase chimeric gene. 

An Eco RI, Xhol fragment containing the A9 untranslated S' leader sequence and 

rhe 5• region of the PR glucanase gene from pDWSOPR (Worrall et al, 'The Plant 

Cell 4 7~9-771 (1992)) is cloned between the EcoRl, Sall sites of the vector 

pTZ18 (Pharmacia Lui) forming pWP178. Transcription by T7-RNA polymerase 

· from the T7 promoter produces RNA that is uncapped and thus may be unstable 

or poorly lraDSlaced in eukaryotes. Addition of a S' leader sequence chat allows 

cap-independent translation. such as the Tobacco Etch viral leader (TEV) 

2·0 (Carrington and Freed. Journal of Virology, 64: 1590-1597 (199)), markedly 

in~reases translation of protein from RNA tran.~ribed by TI-RNA polymerase 

(Tuccle et al, 4lh International Congress of Plant Molecular Biology, Abstracts 

p478 (1994)). The TEV leader sequence is therefore cloned as an EcoRl-Ncol 

fragment between rhe EcoRl and Ncol sites of pWP17.8, chus removing the A9-

25.-: leader, fanning pWP178-TEV. 

A modified 1i primer: 

• 
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5' GGGGCTCGAGTIAATACGACTCACTATAGGG 3' (an Xhol site. 

added 5' to the T7 promoter) 

and the M13 2or primer: 

S' CGTTGT AAAACGACGOCCAG ·3• (primes outside che polylinker of 

pTZ18) 

are men used in a polymerase chain reaction to obtain a T7 promo[er TEV leader-

1 o PR glue• fragment that is cloned into pBluescript II KS- (Stratagene Ltd) ·as an 

15 

. · · Xhol~ Hindlll fragment, fQnning pWP188-TEV. The Kpnl-NcoI fragment of 

·pWP188•TEV is then used to replace the Kpnl-Ncol A9 promoter-leader fragment 

of pDWSOPR, fonning pWP222. Primers: 

S' CCGCATGCGATCCGGCTGCTAACAAAGCC 3' and 

5' GGATATCAOATCTCGATCCGGATATAGTTCC 3' 

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

and the _resulting 'Ii tenninator sequence is cloned as a Sphl, EcoRV fragment 

2 o between the Sphl and EcoRV sites of pWP222, fonning pWP224. The T7 

promoter TEV •PRgluc chimeric gene is then cloned as a panial Xhol fragment into 

che Sall site of chc binary vector SCV nos·npcll, Conning pWP224-SCV, and 

transfonned into plants and bred to homozygosity (plant B(PRgluc}). 

2 S·: · Construction of a 'l7 promoter-TBV-Bamase chimeric gene. 

·The Nr.ol. Sphl PR-Gluc and CaMV polyadenylation sequences of pWP224 were 

replaced with the Ncol Sphl Barnase and CaMV polyadenylation sequences of 

pWP128 (Paul el al, Plmrl Molecular Biolpgy, 19: 611-622 (1992)). forming 

pWP226. Thi.Ii chimeric T7 promoter~TEV-Barnase gene was cloned as an Xhol 
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fragment into the San-cut pSCB-nos-nptII. forming pWP226-SCV. The T7 

promoter-TEV-Bamase gene could not be transferred intact into tobacco plants. 

indicating that, as observed previously in.mammalian cells (Leiber er al, Methods 

in Enzymology, 217: 47-66 (1993))t the T7 promoter is recognised, albeit at low 

s efficiency t by a eukaryotic RNA polymerase. Since Bamase is highly cytotoxic 

to all plant cell types (unUke Pr-glue (Worrall et al. The.Plam Cell. 4: 759-771 

(1992)), any low level "constitutive" expression of Bamase would prevent 

regeneration of cransfonned plants. Mwations of lhe T7 promoter sequence can 

i;ignificantly reduce non-specific: expression from the T7 promoler, whilst still 

1 o allowing recognition by T7 RNA polymerase (Leiber et al. Methods in 

Enzymologyt 217: 47-66 (1993)). Thus the T7 promoter of pWP226.is replaced 

with such a mutated promoter. 

15 

20 

A mutated T7 primer: 

S' GGGCTCGAGTrAATTCGACTCACTATACGG 3• (A nXhol 

site added S' to the T7 promoter) 

·and the Ml3 20' primer: 

S' COTIGT AAAACGACOGCCAG 3' (primes outside the 

polylinker of pTZ18) 

are then used in a polymerase chain reaction to obtain a mutant T7 promoter TEV 
2-s .. -: leader-Prgluc· fragment from pWP178-TEV, that is then cloned into pBluescripc 

II KS- (Stratagene Ltd) as an Xhol. Hlndlll fragment fanning pWP188-T7niut 

. The Kpnl-Ncol fragment· of pWP188-T7mut is men used to replace che Kpnl-Ncol 
fragment of pWP226 fonning pWP226-pmut. The T7-mut promoter TEV­

. Barnase chimeric gene is then cloned as an Xliol fragment into the Sall. site of'the 
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binary vector SCV nos-npdl, forming pWP226-1imut-SCV, and transformed into 

plants and bred co_homozygosity (plant B (Bamase)). 

In the proaeny (plant AB(Piqluc) or plant J\B(Bamase)), the T7RNP is present in 

5 the tapetum of these plants and promotes expression in the tapetum or either the 

T7-TEV-PRgluc or T7-mut-TEV-Bamase genes therefore causing male sterility. 

The use of the system in a hybrid seed production scheme is similar to the one d 

described in Example 1 above. 

10 ~XAMPLE4 

15 

T7 RNA Polymerase-Mediated Expression of GUS in Seeds 

To demonstrace the utility of T7 .RNA polymerase-mediated expression of proteins 

or RNAs in seeds c;>r in the other parts of the hybrid plant, expression of GUS 

protein from such a system in seeds is described below. 

Conslruction of a 35S CaMV promoter-modified T7. RNA polymerase chimeric 

gene. 

20 For effi~ient use in eukaryotic cells, the phage T7-RNA polymerase protein 

(T7RNP) must- be modified so that it is targeted to the cell nucleus. This has been 

achieved in mammalian (Leiber et al. Nucleic Acids Research, 17: 8485-8493 

(1989)) and plant cells (Lassner et al, Plant Molecular Bialogy, 17: 229-234 

(1991)) by the addition of a nuclear-rargeting signal from dle large T-antigen.of 

· ~-s SV40 to the N-tenninus of the T7RNP. A similar SV40 leader -T7RNP gene 

fusion was constructed by Dr Andrzej Plucienniczan in the following manner: 

The T7RNP gene was isolated as an Nrul, BamHI fragment from plasmid pGPJ...,2 

(Tabor and Richardson, Proc. Natl. Acad. Sci. USA~ 82: · 1074-1078 (198S)) and 
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cloned between the ~eel (rendered flush with Kienow) and BamHl sites of pUC19 

forming the plasmid p1i5. A leader sequence from the SV40 large T-antigen gene 

was then cloned in front of the Nrul site of pTIS, fonning pT751. · 

s The.modified T7RNP gene of pTISl is then placed under conrrol of a double 35S 

CaMV promocer. The Xbal-BamHlfragment containing che modified TIRNP gene 

is cloned between d1e XbaI and BamHI sites of pWP90, forming pWPl 79 (Figure 

2A). pWP90 is i<lentical to pWP91 (described. in WO~A-9211379) except that the 

Kpnl. Xbal A9 promoter fragment of pWP91 is replaced by~ Kpnl, Xbal double 

10 3SS promoter from pJIT 60 (described in WO-A-9211379). The 35S CaMV 

promorer-T7RNP chimeric gene is· then cloned a.~ an Sstl,Xhol fragment into the 

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

transformed into plant.I\ and bred to homozygosity (plant A). 

·is Construction of a 77 promoter-TBV-GUS chimeric gene. 

An EcoRI,EcoRV_ fragment containing the Tobacco Etch Virus (TEV) leader 

sequence and the S' region of fj-Glucuronidase (GUS) from pRTL2GUS 

· (Carrington and Freed, Journal of Virology, 64! 1590-1597 (1990)) is cloned 

between the EcoRl,Smal sites of the vector pTZ18 (P~nnacia Lui) forming 

2 o pGUS-1 (cap·independent leader sequences such as TEV (Carrington and Freed. 

25··: 

Journal of Virology, 64: ~590-1597 (1990)) have been show~ to improve 

significantly_ the stability and translatability of RNA transcripts made by T7 RNA 
. . 

polymerase in plant protoplasts (Tuttle et al, 4th lntemaiion Congress of Planr 

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

s· ·ooGGCTCGAG'ITAATACGACTCACTATAGGG 3' (An. 

Xhol site added s· to the T7 promoter) 

• 
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and the Ml3 20' primer: 

S' CGTTGTAAAACGACGGCCAG 3• (primes outside· the 

polylinker of pTZ18) 

are then used in a polymerase chain reaction to obtain a T7 promoter TEV leader­

GUS' fragm~nt that is cloned inlo pBluescript ll KS- (Stratagene Lui) as~ Xhol, 

Hindlll fragment forming pGUS2. The Kpnl-Ncol fragment of pGUS2 is then 
. . 

used to replace the KpnJ.-Ncol .. A9 promoter of pWP91 (described in WO-A-

. 10 9211379) fonning pGUS3. 

15 

Primers: 

S' CCGCATGCGATCCGGCTGCTAACAAAGCC 3' and 

.S' GGATATCAGATCTCGATCCGGATATAGITCC 3' 

are u.~d in polymerase chain reaction with plasmid ET21a (Novagen) as template 

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

between the Sphl and EcoRV sites of pGUS3. fonning pGUS4. The NcoI, Sphl 

2 o fragment from pRTL2GUS, conraining the .GUS and CaMV · polyadenylation 

scqu,ences, are then cloned between me Ncol and Sphl sites of pGUS4 fonning 

pWP225. The T7 p~omoter TE~~GUS chimeric gene is then cloned as an Xhol 

fragment into the Sall site of the binary vector SCV nos-nptll (pSCV-nos-nptll was 

made by cloning a nos promoter-nptll nos tenninator chimeric gene between the 

2'5..-: EcoRV and Eco~ sites of pSCVl (see Firek er al, Plant Molecular Biology. 22: 

129-142 (1993) for information on pSCVl), forming pWP225-SCV. and 

transt'ormed into plants and bred to homozygosity ·{plant B). 

In the developing seeds resulting from a cross of plant A to B, T7RNP expression 
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results in the ttanscription of the T7-TEV-GUS gene and GUS protein 
accumulation in all cells and cissues where the 35S promoter is active. This 
demonstrates that expression of a heterozygous protein in a seed-speeific manner 
can be obtained. 

EXAMPLE s 

Activation of an AMS Gene by Specific Spllclng 

10 An AMS acne,. such as A9-bamase or A3-glucanase, is built containing an 
artifici~l intron which prevents translation of the gene. An appropriate group I 
intron derived from a mitochondrial rRNA gene from Neurospora crassa is 
described in Guo et al, The·Joumal of Biological Chemisrry 2661809-1819 (1991). 
This . intron is not able to sel_f-splice and needs a specific protein helper for 

15 splicing. In plants, the intron should not be spliced. Plane A (the first line) 
contains such ~n AMS gene, is fertile and bred co homozygosity. PJant B (the 
second line) contains an engineered gene encoding the protein needed for splicing: 
me CYT-18 protein from Neurospora crassa; the ORF is manipulated so that the 
protein will be targeted to the nucleus, and if necessary s9 that its other activity 

20 (tyrosyl-tRNA.syndletase) is abolished (Mohr et al, Cell 69483~94 (1992)). This 
gene in itself has no effect on the plane containing it; plant B is ferti~e and bred 
to homozygosity. Cross between A and B is performed as described above and the 
seeds obtained give sterile plants. These can be used in a hybrid seed production 
scheme as described in Example 1 above. Other intron/helper protein pairs could 

zs.,: be used. 

• 
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Activation of a·Bidstronic.AMS. Gene by Protein VI of CaMV 

PAGE ·51 

s An AMS ORF (such as Bamase or PR glucanase as described above) is.inserted. 

i'1 3' of (after the Stop codon ot) a first ORF (Zijlstra and Hohn, The Plant Cell 

4 1471-1484 (1992); chey describe the use of ORF VII from CaMV, but· 

recommend the use of the ORF for NPTII, such that Ebe AMS ORF is present on 

the same mRNA as the first ORF. Because only the tirsc ORF is ~ranslated in 

lo plant mRNA, the AMS ORF is not translated. The plant containing mis bicistronic 

. gene (plant A) is fenile and bred to homozygosity. 

An activator of the translation of the AMS ORF in gene A is the product of ORF 

VI_ of CaMV. (Zijlstra and Hohn 1992, ibid). Gene Bis built by placing ORF VI 

is of CaMV under conrrol of an appropriate promoter such as A9. In plants (plant 

8), this gene has no effec~ and the plant is bred to homozygosity. 

In plant AB ~esulting. from the cross between A and B, the product of gene VI 

activates translation of the AMS ORF present on the bicistronic mRNA. and the 

2 o resulting protein causes sterility. 

The system is then used as described in Example 1 above to generate a 

homogeneous population of male sterile plants, used to produce hybrid seeds. 

·25-: EJAMPLE 7 

Transcription rransactivation 

Gene A is an AMS gene under control of a specific promoter which is not active 

3 o in the absence of. its cognate transacting factor. 
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Gene B is a gene coding for the transacting transcription activator. expressed in 

che appropriate tissue. 

EXAMPLE 8 

Ribozyme Inactivation of a Gene Necessary for Male Fertility 

·oominant male sterility can be obtained ·by inhibiting expression of an endogenous 

gene· needed _for .in:ale fertility. This gene !;Uppression can be done using antisense, 

io RNA technology or. using ribozyme RNA cecl,lllology. The latter can be deployed 

so that a binary system causing sterility can be designed and this is described 

below. The target gene to be suppressed can be identified for example by analysis 

of male sterile mutants. There are many examples of potential target genes (such 

as gene ms2 of Arabidopsis, Aarts el al., Nature 363 715-717 (1993)). Target 

15 genes from plants.of interest can be cloned from other plants. using knowledge 

derived from .the Arabidopsis gene o~ genes and using standard technologies (such 

as chc use of heterologous probes, antibodies and PCR reacLions using degenerate 

primers). A suitable target gene is called in this description "ms" and its gene 

product called "MS". 

20 

In plant A is introduced a T-DNA containing a ribozyme directed against a site 

(called sice 1) in gene ms, and a mutated version of gene ms (called ms!*-2) where 

che ribozyme cleavage site has been mutated. and a different cleavage site created 

(site 2) without destroying the MS protein function. In this plant endogenous gene 

25·-: ms expression is -destroyed by the ribozyme, but this is complemented by 

expression of gene miJ•.2 which is resisrant to ribozym.e cleavage. 

Plant A contains MS,. a~ is therefore fertile, lhis ~enility being conferred by the 

expression of m.sl.._2, an allele of gen.c ms. It is bred to homozygosity. · • 
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Plant B expresses a ribozyme directed against site 2 of gene msl*-2. This site is 

not present in gene ms. and Therefore plant B has normal MS activity. It is fertile 
and bre.<l to homozygosity. 

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

1 above. 

io If restonltion is needed, a new allele of gene ms (msl*-2*) can be made where 
sice 2 would.be mutated to be resistant to ribozyme cleavage, without destroying 
MS protein function. 

f(>r a given gene ms, such as _ms2, characterised by dte phenotype of a ms. 
15 deti~ient mumnt, and where sequence of the mRNA is known, the information 

needed to build the system is available. 

A'\ @n example of chis approach, a tesc sysrem is the restoration of fcnility of an. 
Arabir)opsis thaliana ms2 ·male sterile line (Aarts er al. Nature, 363: 715-717 

20 (1993)), using an ms2 cDNA (C103) isolated from Bras~ica napus (Hodge et al. 
The Plant Journal, 2: 257-260 (1992)). The tapetum-specific A9 promoter can be 

used to drive expression of the Brassica. napus ms2 cDNA (C 103). This construct 
will produce ms2 protein in the tapenun and thereby restore fenility to plants in 

which che native.-ms2 gene. RNA or protein has been disrupted. 

• 
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ConstructiOn of a chimeric gene containing the tapetum-speciflc A9 promoter 
. . . 

linked to the sense orientation of the C103 cDNA and transformation into m2 

Arabidopsis thaliana. 

The anther-speci.fic cDNA C103 was cloned into the EcoRI site of Lambda.Zapll 

s (Stratagene) by the addition of EcoRl/Notl linkers (Hodge et al, The Plant Journal, 

2, 251 .. ~60 (1992)). The cDNA can be excised as a Nori fragment since there are 

no intemaJ Notl $ices. The cDNA is then cloned into NotI~cut pWPBO (UK Patent 

No 9028060.3) in the sense orientation. The chimeric gene is then excised from 

the pWPSO derivative.with Xhol and is cloned into Sal-cut pBin19 (Bevan et al, 

10 Nucleic Acid$ Research, 22, 8711-8721 (1984) (Figure 4)). 

15 

20 

"'· ·_ .. t 

The pBinl 9 derivacives are transfonned · into the plant species of jnterest. Planes 

which are male sterile due to disruption of native ms2 gene function are male 

fertile upon transfonnation or crossing in of this restorer gene. . 

Since seque.nces of the A. lhaliana and B .. napus ms2 are not identical (89" 

identity between their coding regions, Figure 5), specific ribozymes can be 

designed chat cleave only the .4.. thaliana or orily the B. napus ms2 mRNA .. these 

can be used in the binary system scheme as outlined previously. 

Sterility Induction by Repressing the lnactivator of an Active AMS gene 

2 5 In line A, the AMS gene is co-exp~ssed with an inactivaror of the AMS gene 

producing fenile plants. Line A is then crossed to Line B that expresses a 

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

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

mperum-specific TA29 promoter res~res r~nility to sterile TA29-Bamase Bra.ssica 

napus plants (Mariani et al. Nmure, 357: 384-387 (1992))._ Thus co-expression of 

Bamase and Barstar from the same tapetum-specific promoter, for example AJ or 

5 A9, will produce male-fertile plants. Bamase and Barstar expression can also be 

driven ftom different promoters providing that the temporal and spatial pattern of 

.expression of Bamase is. encompassed by the expression of .Barsrar. Thus the 

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

.(UK Patent Applicatic;>n No 9028060.3) can he used to drive Barnase and Barstar. 

1 O in the combinations A3-Barnase+ A9-B.arstar and A9-Barnase + A3-Barstar. 

. 15 

Similar promoter combinations may be advantageous either to provide Barscar prior 

to Barnase expression in the cell or ro produce more Barstar than Bamase in the 

cell. 

A) Numbering and construction of genes. 

·The acli11e AMS gene: AJ-Bamase (pWP131 (6ee UK PaJent Applicallon No 

9028060.3)) . 

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

20 The inactivator gene is A9-Barstar: this was built by insening the Barstar ORF·as 

a BamHI-BgllI fragment, produced by PCR from pWP127, in the BamHI site ot" 

pl415, in the sense orientation. yielding p3072. The Sphl frag1nenc from p3072 

containing the A9·Barstar gene was inserted in the sphI site of pWP131 which 

e<mtains the A3-Bamase-CaMV gene, yielding p2021. The sall-EcoRV fragment 

~5: of p202l whicb contains the 2 genes was then insened in the Sall-Smal sites of 

pBin 19 yielding p3118. This plasmid contains me 2 genes in the same T-DNA. 

It was introduced in AGLl by electroporation. 

' 
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The repnssor gene of the inacti.Wdor: 

The same Barstar ORF BamHI-Bglll fragment, produced by PCR from pWP127 

as described above, was insened in the B~ site of pl415 m the antisense 

orientation yieldini p3073. The Hindlil fragment of p3073 containing the A9-
s antiBarstar gene_was inserted in the Hind.III site of pBinl9 yielding p3076. This 

plasmid was _introduced in Agrobacterium by electroporation. 

B) List of constructs iqtroduced In· plants and descriptlon 

1 o Genes are shown with their regulatory sequences (promoter and terminator);. Genes 
are separated · by "/." • 

15 

20 

~· , 
,s~ 

p3118 A3-Barnase-CaMV I A9-Barstar-CaMV 

p3076 A9-antiBarstar-CaMV 

C) Description of plants 

Transgenic plants were obrained and scored as in.Example 1. 

Plasmid Description of the plants 

p3076: 14 plants obtained; 13 fenile; 1 sterile with abnonnil flowers. 

D) Plant propagation, genetic analysis and crosses 

. As in Example 1, seeds from fertile transgenic: plants (TO) are harvested (Tl 

seeds). planted and heteroz~gous and homozygous Tl plants can be identified by 
ff.lllowing rhe segregation. of the marker gene in the T2 generation. 

• 
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Homozygous plants from various primary transformants containing p3l18 are 

crossed to homozygous plants from various transfonnants containing 3076. The 

hybrid seeds (Fl) are planted and Fl plants are scored for fenilit~. When the 2 

transgenes are efficient the Fl plants are sterile. 

E) Conclusion 

Given the known temporal and spatial activities of the A3 and the A9 . 

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

<>btained. A gene able to reduce or suppress expression of the restorer gene has no 

· 1 o effect on fertility. Plant B can be obtained. 

E'.XAMPLE 10 

fad2 mutants of Arabidopsis thaliana which are deficient in ER 18: 1 desaturase are 

15 inhibited in· germination ac low temperatures (M F Miquel and J A Browse. Plant 

Physiology_, 106: 421-427). This strongly suggests that driving seed specific 

antisense to this gene, giving rise to high oleic acid in the seed oil as described in 

.WO 93/11245, would result in inhibition of seed gennination of high oleate oilseed 

rape. Indeed. the authors conclude th~t the production of commercially viable high 

20 oleate (rape) oil "may not be possible". High oleic acid rape is a desired product 

for industrial feed stock. 

#. ~ ... •;. 
2s· 

Using Ebe binary syscem as described above in Example 3 can alleviare this 

problem. Thus, lines A and B are created. The A line carries me phage T7 RNA 

polymerase protein (T7RNP) linked to a seed specific promoter such as the napin · 

promoter. Any suitable promoter may be used. including a seed specifi~ promo~r 

which may be preferred over 3SS since expression in the seed is higher. The B 

line carries the T7 promoter linked to the desaturase gene in the antisense 

orientation (this replaces GUS.from Example 3). In the developing seeds resdlting 
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t'rom the cross A to B, T7RNP expression results in the transcription of the 1i­

TEV-antidesaturase gene. ~th A and B can be multiplied separately wilhout the· 

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

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

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

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

components. There may ~ funher refinements of the production system. (Note, 

however, that the ratio of A:B is cenainly not 1:1, and may be around 95:5, 

. thereby alleviating concerns about dilution of the AB seed. Alternatively, 

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

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

carrying the two components are crossed would expression of antisense ER18: 1 

desaturase occur. 

15 In the developing seeds resulting from the cross A to B, T7RNP expression results 

in the transcription .of the T7-antidesaturase gene. The desaturase enzyme level 

is cherc:by down regulaced in tissues where the napin promoter is active, and seed 

resulting from the cross are high in oleic acid and thus suitable for industrial 

processina. Since these seeds are not intended for field planting,· ariy gene 

2 o expression during germination is no longer a problem. Seed from plants carrying 

the components can be genninated and therefore increased as normal. 

-. . ....... ;. 
25 

As well as solving this panicular problem, the binary system may be used in this 

way to express other enzymes involved in fatty acid synthesis, or in other 

processes occurring in the seed of crop plants, thereby ensuring security of 

production by having che target enzyme expressed only in the final product 

produced by the seed producer. 

.. 
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CLAIMS 11111111111111111111111111 1111
1 

*CL MS*, 

1. A method for producing a plant having a desired phenotypic trait, the 

method comprising crossq a ·first line- with a second line wherein each of the tlrst 

s and second. lines lack the phenotypic aait in question and wherein at least o~ of 

the first and second lines is tramgenic. 3J1d wherein when the desired phenotypic 

trait. is male sterility. the. male sterility does not result from the action of a 

~vator polypeptide on a target nucleotide sequence. 

10 

15 

20 

. . , ..... ;. 

2. A medlod as claimed in claim 1 wherein each of the fint and second lines 

is U"aD_Sgenic. 

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

following characteristics: 

(a) the fmt line comprises homologous or heterologous DNA which 

conuols the desired phenotypic trait and in the first line is adapted 

such that die line does not have Ille phenotypic ttait. and 

(b) the second liDc has DNA ("adapter DNA") which when present in 

the same. plant as the phenotypic trait control DNA adap11 the 

phenotypic trait comrol DNA to give rise to the phenotypic a'lit. 

4. A method as claimed in any one of claims 1 to 3 wherein the phenotypic trait 

2 s is male sterilit¥. 

S. A mc:thod u claimed ln claim 3 or claim 4, wherein the phenotypic trait 

sequence in me first line comprises a sequence which, when ex.pressed. confers the 

phenocypic uait on the plant. and wherein the adapter DNA of the second line acts 

3 o to prevent (at least partially) expression of the phcnotypic aait c0ntr0l sequence 
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in a. hybrid. I 1111111 111111111111111111 1111 
* C L M S * 

6. A method as claimed in claim 4 or claim S, wherein the fmt line comprises 

.. 

(i) ·two genes. designated ms and ms*, respectively, expression of at 

least one of which is needed for male feniliiy and 

(ii) a prevention or disruption sequence (such as DNA encoding a 

ribozyme, designated R,,.,, . or DNA encoding amiscmc RNA, 

designated A,,., specific for · ms) which prevents or disrupts the 

proper expression of the ms gene: and 

wherein the second line comprises: 

(i} dle two genes, desigliared ms and ms•. respectively, expression of 

at least one of which is needed for male fenility and 

(ii) a prevention or disruption sequence (such as DNA cacoding a 

ribozyme. desipwed a_.. or DNA encoding anriscnsc RNA, 

designated A,.., specific for ms~. which prevents or disruprs the 

proper expression of the ms• sem:. 

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

(i} an expressed gene giving rise to the phenotypic trait: and 

(ii) an expressed. restorer gene which restores thC · absc:ncc of' the 

-phenotypic ttait; and 
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wherein the second line conraiDS: I 1111111111111 111111111111 1111 
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5 

10 

a rcpressor gene, which represses the activity of the restorer aeflC. 

8. A melhod as claimed in claim 4 or claim 7, wherein: the expressed gene 

giving rise to aniflcial male sterility encodes the ribonuclease Bamase driv~n by 

a tapetum-specific . promoter; the expressed restorer gene which restores male 
. . 

fertility is the Barstar toxin inhibitor;· and· the reprcssor gene is a gene encoding 

a ribozyme or antisense ro me Barstar gene. 

9. A method as claimed in claim 3 .or claim 4, wherein the first lirui comprises 

an inacdvated phenotypic trait 1ene, and the. second line conmins a gene which has 

the effect of.actlvatiq the phenotypic trait gene .. 

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

phenotYpic uait gene codin1 fQr a protein. inactivated by one or more nonsense 

mutidons. which may be the same as or different from each odler. and when:in 

the second line contains a gene or genes coding for one or more suppressor tRNAs 

corresponding to the nonsense mutation(s). 

20 

- . > ....... ;. 

25 

11. A mechod as claimed in claim 4 or claim 10, wherein the first line 

expresses a mutated barnase gene driven by a r.apetum-specific promoter. wherein . 
the muration in the bamase gene changes into an amber ttanslationai stop codon 

either the codon for isoleucine or the ·codon for tryptophan at position 4 oi 35. 

respectively r of the mamre bamase. protein sequence; and wherein the second line 

expresses an amber suppress9r tRNA which is capable of insening. at an amber . 

stop codon (UAG). either a leW:ine_.or a ayptophan into the s.1ascent amino acid 

.sequence. • 

30 12. A medlod as claimed in clahn 9, wherein th~ fnt line comprises a 
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phenotypic trait gene under rhe control of a promote~ or other regulatory sequence 

which cannot function for significant expression of the phenotypic crai1 gene in the 

first line: and wherein the second line comprises a gene which. when present in 

the same plant as the pheno&ypic trait gene with its associaU?<f regulatory sequence. 

s allows that regulatory sequence to (Unction sufficiently to cause significant 

expression of the phenotypic: trait gene. 

13. A melhod-as claimed in claim 12, wherein the reSU)a~ry _sequence in the 

first line comprises a promoter which does no1 ftmction wilh endogenous plant 

l.O RNA polymerase; and wherein the second line comprises a geae encoding an 

. . -RNA polymerase which does fuaction with Ebe replatoty sequence in the fmt 

line. 

14. A method as claimed in claim 13. wherein the promoter which does not 

is funcQ.on with endogenous plant RNA polymerasC is tbe promoter from phage 17; 

and. wherein the. gene in tbe second line encodiag an RNA polymezue is T7 

polymerase. 

15. A method as claimed in c!aim 14t wherein the phage T7-RNA polymerase 

2 o is modified so that it is cargetcd to me cell nucleus. 

. . , ... .-;. 

25 

16. A medlod as claimed in claim 9, wherein the fust line comains a 

pbenotypic trait gene which is driven by a promoter which is not active in the 

absence of its cognate trans .. acting uanscripiion factor; and wherein lhe second 

line comprises a tissue-specific gene encoding the rran.r-acting transcription factor. 

17. A method as claimed. in claim 9, wherein the f111t line CODlaiDs a 

phenol)'pic trait gene interrupted by an inactivating sequence; and wbaejn the 

second line comprises a gene encoding an enzyme wbic:b is capable of splicing out 

3 o the inactivatiDJ sequence. 
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· 18. A method as claimed in 17. wherein the inactivating sequence is an intron; 

and wherein rhe enzyme is a mamration enzyme. 

19. A method as claimed in 18, wherein the intton is derived from yeast 

s mitochondrial intr0n bl4 of the Saccharomyces cerevisiae cytochrome b gene~ and 

wherein the enzyme is a yeast mawrase. 

20. A method as claimed in 18. wherein.the inlron is derived from the rRNA 

pup I intton from Neurospora crassa; and wherein the enzyme is the protein 

10 CYTl8. 

lS 

20 

- . > .... ·;. 

25 

21. A method as claimed in claim 2 wherein the pbenotypic trait results from 

die non-ex~ssion of a gene normally carried by the plant. 

22. A method as claimed in claim 21 wherein: 

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

expression gives rise to me phenotypic trait, the antisense sequence being 

under me conuol of a promoter or other regulatory sequence which cannot 

function for significant expression of the an~ensc sequence; and 

(ii) the second line comprises a gene which. when present in the same 

plant as the amisense sequence with its associated regulatory sequence, 

allows that regulatory sequence to fUnction sufftciently to cause significant 

expression of the antisense sequence. such expression leadh~g to down 

regulation of the gene whose non-expression gives rise to the phcnot;ypic 

trait. 

• 
23. A memod as claimed_ in claim 22 wherein the antisense sequence is under 

3 o the control of the promoter· from phage T7; and wherein the second line comprises 
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a gene encoding T7 RNA polymerase. 1111111111111111111 11111111111 : 
* C L M S * , 

24. A method as claimed in any one of claims 21 to 23 wherein the gene whose 

non-expression gives rise to the phenotypic trait is one coding f~r a desawrase 

s enzyme. 

25. A method as claimed in any one of clllims 1. to 3 wherein the pbenotypic 

trait resulrs in seed s~ecific ex.pxession of one or more proteins. 

lo 26. A method as claimed in claim 2S wherein the protein is a pharmaceutically 

useful procein. 

27. A melhod. as claimed in claim 26 wherein the protein is a lymphokine, 

a>o. tP A, an interferon, a bloOd factor or an enzyme. 
15 

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

claims. 

29. A plant as claimed in claim 28 wherein the desired phenotypic · ttait is mate 

2 O sterility. 

, . ' ... -:;. 

25 

30. Propagating material of a plant as claimed in claim 28 or claim 29. 

31. Propagating material as claimed inc• 30, which is seed. 

32. A hybrid plant obtainable by crossing a m_ale plant with a female, male­

sterile plant as claimed in claim 29. 
• 

33. A plant which is useful as the first or second line as defined in any one or 

3 o more of the preceding claims. 

.Received Time 23. e b. 3: 29 Print Time . ·23. Feb. 3: 54 
. . , .. 
.. . ;-'•. -· . . · ... : .. ·· : .. 



2~-.PEB.-96. is·: se PROM.; KILBURN AND S.TRODE ' ID: 017l2426630 · .. PAGE. 6~. 

5 

. . , .... -;. 

64 
I 1111111 "''" 11111 fllf I 111111 * C l M S * 

34. A method for producing a plant having a desired phenotypic trait, which 

comprises crossing a first line with a second. line wherein each of che first and 

second liiies lack the phenotypic trait in question and at least one of the first and 

second lines is uansgenic. 

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

of claims 2 to 27. 

I 
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