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TRANSGENI C CARNATI ONS EXHI Bl T, PROLONGED
POST- HARVEST LI FE The present invention relates generally to

transgeni c plants which exhibit prolonged post- 5 harvest |ife properties..
More parti cubyagdgmnsrdzhe present invention is directed to trarPIfATSS/00286
carnation plants nodified to reduce expression of one or nore enzymnes

associated with the et hyl ene bi osynthetic pathway. Flowers of such
carnation plants do not produce ethylenei- or produce ethylene in reduced
anounts, and are, therefore, capable of surviving |onger post- har vest

than fl owers of non-genetically nodified, naturally-occurring carnation

plants. 10  Bi bl i ogr GNARSGENIC CARNATIONS EXEIBIPPROLONGED! t 0

hereifafter in the-specifications are collected at the end of the.
description. Sequence Identity NunbBOST(RABVESRELEE [ eferred to herein
in rel@tion to nucleotide and am no acid sequences are defined after the
Bi bl i ogr aphy. -15 Thr oughout this specification and the clains which

fol low, unles Srlieliﬂa{éﬂn”keﬁudn&eutds ga:mlly&bltﬁuggmphmwhmhabxhibammlmgéd past-

Yﬁ{):;t{ﬁgsiﬁgr&?&h&p%@g{so corrprlgf"g? vaI be . u&pﬂg{?ﬁtoodto.
carnation plants modified to reduce expression of one ormoreenzymesassoaatedmththe
ethylene biosynthetic pathway. Flowers of such carnation plants do not produce ethylene,
or produce ethylene in reduced amounts, and are, therefore, capable of surviving longer post-
harvest than flowers of non-genetically modified, naturally-occurring carnation plants.

10
Bibliographic details of the publications referred to hereinafter in the specification are
aﬂhandat&wemdpfﬂuuk&ﬁbﬁon.S&mummehhmﬁmyrﬁnnbus@ﬂKQILNNKmﬂndhne&
to herein in relation to nucleotide and amino acid sequences are defined after the |
Bibliography.

15
Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, or variations such as "comprises” or "comprising", will be
understood to imply the inclusion of a stated integer or group of integers but not the
exclusion of any other integer or group of integers.

20
The flower industry strives to develop new and different varieties of flowering plants, with
improved characteristics ranging from disease and pathogen resistance to altered

_ inflorescence and improved post-harvest cut-flower survival. Although classical breeding

techniques have been used with some success, improvements in one characteristic are often

25 achieved at the expense of one or more other important characteristics. Recombinant DNA
technology provides a means wﬂereby precise improvements are able to be made to one
characteristic of a particular cultivar or cultivars, without altering any other commercially-
valuable trait. Substantial effort has therefore been directed towards the exploitation of
recombinant DNA technology to manipulate the genetic make-up of plants and generate

30 transgenic plants which exhibit desirable characteristics or in which undesirable traits are



exclusion of any other integer or group of integers. 20 The fl ower
I ndustry strives to devel op new and different varieties of flowering

plants, with i nproved characteristics ranging fromdi sease and pat hogen
resistance to altered i nfl orescence and inproved post-harvest
cut-flower survival. Al though classical breeding t echni ques have been

used Wi th songosksHeEss, | nprovenents in one characteristic aRGI/AYSH/0028625
achi eved at the expense of one or nore other inportant characteristics.
Reconbi nant DNA t echnol ogy provides a means whereby precise

i nprovenents are able to be made to one-2- characteristic of a partlcul ar
cultivar or cultivars, without altering any other commercially-

valuable trait. Substantial effort has therefore been directed towards the

expl oi tation Qﬁgpresse& eDaebf thecharabiéristics must sogghttafterbyicpusvatess efftwt-Howes isa
make-up of plants a ner at e 0 nsgeni c ant s. whi ch _exhi.bi t _
desirabl e charpaelmeam%gm h%].@ﬁgﬁﬁg’ggﬁté’gh@gﬁ °f%‘m’°wt
ggﬁiﬂggl 0028} sp_emes,mdudmgforexamplemmanon,wouldofferasxgm_ﬂzcs_mtopportumtyma
suppr essed. Ovarflowertmarketowish revail silésds excessiof USEAbillic er by consuners of

cut-flowers is a prol onged post-harvest vase |ife. The devel opment of

| onger-1ivi nﬁ varieties of the major cut- fl ower species, including for
exanpl e car natpigRer sifkHesked ds@iciated Wit the produedion ofiethylene) Brhylene isidifettiyner
market with reta|I sales in excess of 25 II|

~ involved in plant growth and devel opment 1ts pr%gucuon is strictly regulated. The
 pathway for ethylene biosynthesis in higher plants, as elucidated by Adams and Yang (1979),
involves utilization of the endogenous pool of methionine to create S-adenosyl-methionine
10 (SAM) by the enzyme SAM synthetase.' SAM is a ubiquitous component of all living cells
and is involved in a variety of metabolic processes. The initial step in ethylene biosynthesis
occurs when SAM is converted to 1-aminocyclopropane-1-carboxylic acid (ACC) by the
enzyme ACC synthase (ACS). This conversion is essential for ethylene production and
often constitutes the raté-limiﬁng step in the pathway. The final step is the subsequent
15 conversion of ACC to ethylene by the enzyme ACC oxidase (ACO), also known as
Ethylene Forming Enzyme (EFE). Additional information concerning ethylene biosynthesis
may be found in a review by Kende (1993).

Regulation of the genes encoding these enzymes determines the temporal and spatial patterns
20 of ethylene biosynthesis. This regulation is complex and varies among different species and
different tissues as well as in response to different stimuli. Therefore, the ability to control
the level of either of these enzymes, but especially the level of ACC synthase since this
enzyme controls the production of ethylene, affords control of ethylene levels and, hence,
regulation of plant development characteristics controlled by ethylene. These include seed
25 germination; abscission; stress and wound response; fruit ripening and leaf and flower

senescence.

As has been shown in tomato (Rottmann ez al.; 1991) and Arabidopsis (Liang et al.; 1992),
carnation ACC synthase is encoded by a multigene family (Park et al.; 1992), which helps
30 explin the differential regulation of its various isozymes at different developmental stages



5 FIl ower senescence is associated with the plant's production of
ethylene. Ethylene is directly I nvol ved in plant growth and devel opnent
and its production is strictly regulated. The pahway for ethyl ene

bi osynthesis in higher plants, as elucidated by Adans andYang (1979),

I nvol ves utilization of the endogenous pool of_ nethionine to create

S- adenosyl - magbogssse 10 (SAM by the enzynme SAM synt het ase. PCpAl9600286

ubi qui t ous conponent of all living cells and is involved in a variety of
nmet abol i c processes. The initial step in ethyl ene biosynthesis occurs
when SAMis converted to 1- anmi nocycl opr epane- 1- carboxylic acid (ACC) by the
enzyme ACC synthase (ACS). This conversion is essential for ethylene
production and often constitutes the rate-limting step in the pathway.
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but especially the level of ACC synthase since this enzyme controls the '

production of ethylene, affords control of et hyI ene |l evel s angd, hence,
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carnati on ACC synthase is encoded by rrul ti gen (Par al; 1992),
whi ch hel ps 180sugk pivay as florveens exbi ‘%ﬁ‘?g Si'easv% - i sozymes

at different devel opmantal st ages

Accordingly, one aspect of the present invention contemplates a method for producing a
transgenic plant exhibiting reduced production of climacteric ethylene, compared to its non-
transgenic parent or a non-transgenic plant of the same species, said method comprising

15 introducing into a cell or cells of a plant a genetic construct comprising & mucleic acid molecule
encoding, or complementary to a sequence encoding ACC synthase or ACC oxidase or a
derivative of said nucleic acid molecule, and regenerating a transgenic plant from said cell or
cells.

20 Preferably, the transgenic plant produced by the subject method exhibits one or more of the

following properties:
@) a reduction in productton of ACC synthase-specific mRNA or ACC oxidase-
specific mRNA;
() a reduction in production of ACC synthase or ACC oxidase enzyme; and/or
25 (iii) delayed senescence of flowers or flower buds cut from said transgenic plant.

In a related embodiment there is provided a method for producing a transgenic carnation
plant, said method comprising introducing into said plant a genetic construct containing an
isolated nucleic acid molecule encoding, or complementary to the sequence encoding, ACC
30 synthase or ACC oxidase, or a derivative of said nucleic acid molecule characterized in that
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various tissues. Availability of isolated nucleic acid nol ecul es encoding, -
or conpl ementary to sequences encodi ng, carnation ACC synt hase or ACC
oxi dase permts t he manufacture of reconbinant materials, "such as
geneti c const wedgasropsef ul for controlling the | evel of tphemsumnsgses in
plants. The genetic constructs can be introduced into carnation 5 plants,
thereby affording the possibility of regulating the plants' production of

et hyl ene. Furthernore, availability4ef isolated nucleic acid nolecul es
encodi ng particul ar isozynes of the said enzynes permts the manufacture
of genetic constructs which can be introduced into carnation plants and

afford the posgidtidsjeticqlact eshibitt biior Keraufehu ellowingiiropirtis ene | n 10 such

a was as to produce Tlowers exhibiting a prol onged post-harvest vase |ife.
Accordi ngly, de aspmmemwpﬁMMMQMMr

produci ng a ;Fap {.Cc plant exhibiting reduced production of
climacteric etsﬁy ene, cg’rrpared to its non- transgeni c parent or a
non-transgeni ofipl ant reductiteirstheprodietivs of ACC syntiniséorlAOCntidase emzyhie;
I ntroducing [nt,Q a cell, or cell]s of, a,plant, a geneti¢ construct conprising
a nucl ei c ac#o(t“ﬁbl ec feduction in productx&o chmactcjenceéhy?ene;md/or

(iv) delayed senescence.

Even more particularly, the present invention contemplates a method for producing a

transgenic carnation plant exhibiting prolonged post-harvest life properties, said method
10 comprising introducing into said carnation plant a genetic construct comprising a non-full-
* length fragment of a nucleic acid molecule encoding ACC synthase or ACC oxidase.

By “climacteric” ethylene is meant the developmentally-regulated production of ethylene
which induces a series of chemical events leading to ripening or senescence of an organ. The

15 term was originally used to describe the metabolic state of ripening fruit, but also applies to
the senescence of carnation flowers. A peak of production of climacteric ethylene by a
control plant can be readily seen in Figure9.

Preferably, the non-full-length fragment is approximately 800-1200 base-pair in length.
20 Preferably, the non-full-dength fragment is an internal fragmeant of the nucleic acid molecule
encoding ACC synthase or ACC oxidase.

.Preferably, the non-full-length fragment is inserted in the sense orientation such that
reduction of ACC synthase or ACC oxidase expression is by co-suppression.
25
The genetic constructs of the present invention comprise an isolated nucleic acid molecule -

encoding, or complementary to the sequence encoding, ACC synthase or ACC oxidase, or
a derivative of said nucleic acid molecule and where necessary comprise additional genetic
sequences such as promoter and terminator sequences which regulates expression of the
30 molecule in the transgenic plants, ‘When the genetic construct is DNA it may be cDNA or



encodi ng, or conplenentary to a sequence encodi ng ACC synthase or ACC

oxi dase or a derivative of said nucleic acid nol ecule, and regenerating
a transgenic plant fromsaid cell or cells. 20 Preferably, the
trangeni ¢ plant produced by the subject nmethod exhibits one or nore of the
foll owi ng properties: (1) a reduction in production of ACC

synt hase- specwbiwe3sy®NA or ACC oxi dase- sSpeci PCT/ADSE00286

(1) a reduction in production of ACC synthase or ACC oxi dase
enzynme; and/or 25 (iii), . del ayed senescence of flowers or flower buds
cut fromsaid transgenic plant " In-#H+¥elated enbodiment there is

provi ded a nethod for producing a transgenic carnation pl ant, said

met hod conprising introducing into said plant a genetic construct |
cont ai pi ng an genomicMINAL he ACC symhase of AQT ogidise genetiedidugnces areqireferasblefroni v

of sai d nucl o GABAPHBRG HAVEvE e Botst F7etioe Al 0o Sahe geacikpo eSS kDR
PCT/ ARG/ 00286yther plants such as related flowering plants and which have a geriefic sequence capable of
. acting via antisense or co-suppression methods.

s :
By;nuddbaddnuﬂamkfasundlmnﬁnisnnnnxanyconﬁguoushnksofnmdhoﬁdebaﬁw
specifying a sequence of amino acids in ACC synthase or ACC oxidase. The nucleic acid
may encode the full-length enzyme or a derivative thereof. Furthermore, the nucleic acid
molecule may not encode a full-length ACC synthase or ACC oxidase but is of sufficient

10 length to down regulate an endogenous ACC synthase or ACC oxidase gene by co-
- suppression or antisense. By’duﬁmﬁwfisnmnmtmnrdnﬁeownmﬂﬁpkzmnﬁu:aid

~ substitutions, deletions, and/or additions relative to the naturally-occurring enzyme. In this
regard, the nucleic acid includes the naturally-occurring nucleotide sequence encoding ACC
synthase or ACC oxidase or may contain single or multiple mucleotide substitutions,

15 deletions and/or additions to said naturally-occurring sequence. The terms "analogues” and
"derivatives" also extend to any chemical equivalent of the ACC synthase or ACC oxidase,
thecuﬂyramﬁnunmncﬁtheaﬁdnmdkﬂ:midnuﬂanﬂebdngﬂh&vdmntuuiﬂ:pnxhuxa
transgenic plant in accordance with the present invention said transgenic plant exhibits one
or more of the following properties:

20 @) reduction in the production of ACC synthase-specific nRNA or ACC oxidase-
specific mRNA;

(i) reduction in the production of ACC synthase or ACC oxidase enzyme;
(i)  reduction in the production of climacteric ethylene; and/or
() delayed senescence.

A derivative of the subject nucleic acid molecule is also considered to encompass a genetic
molecule capable of hybridising to the nucleotide sequence set forth in SEQ ID NO:3 under
low stringency conditions at 30°C. Reference to low stringency conditions includes
hyhﬁﬁdngIHiANﬁdmﬂﬂbﬁxnnnﬂhun30%3.Ahznmﬁweandkhﬁsamhasnuﬂhnnand

30 high stringency conditions may also be employed depending on the derivative.



said transgenic plant exhibits one or nore of the follow ng properties:

(i) reduction in the production of ACC synthase-specific nRNA or ACC
oxi dase- specific mMRNA;, - (ii) . reduction in the production of ACC
synt hase or ACC oxi dase enzynme; 5 (iii) reduction in the production of
climacteric ethylene; and/or (1v) del ayed senescence. - Even nore

particul arly, wdwsssreesent invention contenplates a nethod foPCpuvsimmessy a
transgeni c carnation plant exhibiting prolonged post-harvest life
properties, said method 10 conpri si ng i ntroducing into said carnation. pI ant
a genetic const r uct conpri sing a non-f ul-6- | ength fragnent of a nucleic
aci d nol ecul e encodi ng ACC synt hase or ACC oxi dase. By "climcteric"

et hyl ene is neant the devel oprrent aI I y regul at ed production of ethylene

whi ch i nduces Mofegaiticaladlf, th ﬂbtrenslopﬂnwamdsmdﬂdf;mnce

of an organ. The 15 ermwas |y ,used to descrlbe the met aQol i c -
state of rlperﬁ“ﬁ P&&%‘%P{M WM& on

flowers. A peagof @BQW,Q{, bd: TaCteric et hyI ene by a cont rol plant
can be.readily-seen in Figur Pr ef er ab| the non-full-length

fragnent is ap@r oxi naredugedbyels 2640G: MNMOQAQQWQWIB%
non-full-1len th fra rr%ge I s an ianternal fragnment of the nucleic acid
nol ecul e g or ACC oxi dase. Preferably, the
non-ful | -| engt i) f r agnpedieed deviels of ACT sy 6r AQC 6xidise eitiyiid befovs iethtiafigenic
reduction of A synt hi';\se or ACC oxi dase expression is by co-suppression.
or
(iii) reduced levels of climacteric ethylene production below non-transgenic
endogenous levels;

10
In a preferred embodiment of the present invention, there is provided a method for
producing transgenic carnation plants, said method comprising introducing into said plants
a genetic construct containing an isolated nucleic acid molecule encoding, or complementary
to the sequence encoding, a non-full-length portion of ACC synthase or ACC oxidase,
15 characterized in that the flowers of the said transgenic plants exhibit one or more of the

following properties:
()  reduction in the production of ACC synthase-specific mRNA or ACC oxidase-
specific mRINA; .

@) reduction in the production of ACC synthase or ACC oxidase enzyme;
20 (iii) reduction in the production of climacteric ethylene; and/or

_The present invention further extends to such transgenic plants having one or more of the
. . .above-mentioned properties and to cut flowers or cut parts from said plants including flower
25 buds from said plants.

More particulaﬂy, the flowers of the said transgenic plants exhibit one or more of the

following properties:

(@  reduced levels of ACC synthase-specific mRNA or ACC oxidase-specific mRNA
30 below non-transgenic endogenous levels;



25 The genetic constructs of the present invention conprise an isolated

nucl ei ¢ acid nol ecul e encodi ng, or conplenentary to the sequence
encodi ng, ACC synthase or ACC oxi dase, or a derivative of said nucleic
acid nol ecul e and where necessary conprise additional genetic sequences

such as pronoter and term nator sequences which regul ates expression of the
30 nol ecul e -mwo 9dmBs792r ansgeni ¢ pl ants. When the genetic constROFAUISROBAIA | t
may be cDNA or WO 96/ 35792 :
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DNA. The ACC synthase or ACC oxi dase gen&tic sequences are preferably from
carnation plants. However, the present invention extends to sim/lar genetic
sequences from ot her pI ants such as related flowering plants and which
have a geneti {{)seqredncel bmiabf AO!&Zf synthase tair PAICCi axidusé esaynmcbelow non-transgenic
CO- suppr essi on t hod "nucleic acid nol ecul e" ‘as used herein is
meant any conﬂ‘ﬁﬁﬂﬁ“ Bs of nucI eoti de bases speci fying a sequence of

anmino acids I Clredicad RedeoflimitebriOethyRae probiaetish /Bl 6 aoatidsgenicddido

t he fuII-Ieng enzynme or a derivative thereof Furthernore, the nucl ei c
acid nol ecbwds,msl/orot encode a full-length ACC synthase or ACC oxi dase

but is of sgf& )CI eﬁayedsenescence.

Reference herein to the level of ACC synthase enzyme relates to a reduction of 30% or
more, or more preferably of 30-50%, or even more preferably 50-75% or still more preferably
75% or greater below the normal endogenous or existing levels of enzyme. Such reduction

10 may be referred to as *modulation” of ACC synthase or ACC oxidase enzyme activity. It
is possible that modulation is at the level of transcription, post-transcriptional stability or
translation of the ACC synthase or ACC oxidase genetic sequences.

The nucleic acid molecules used herein may exist alone or in combination with a vector

15 molecule and preferably an expreésion-vector. Such vector molecules replicate and/or
express in eukaryotic and/or prokaryotic cells. Preferably, the vector molecules or parts
thereof are capable of integration into the plant genome. The nucleic acid molecule may
additionally contain a sequence useful in facilitating said integration and/or a promoter
sequence capable of directing expression of the nucleic acid molecule in a plant cell. The

20 nudleic acid molecule and promoter may be introduced into the cell by any number of means
such as by electroporation, micro-projectile bombardment or Agrobucterium-mediated
transfer.

~Accordingly, another aspect of the present invention provides an isolated nucleic acid

25 molecule comprising a sequence of nucleotides encoding, or complementary to a sequence

. encoding a carnation ACC synthase or ACC oxidase or a mutant, derivative, part, fragment,
‘homologue or analogue of said ACC synthase or ACC oxidase. In one embodiment, such

mutants may also be functional, meaning that they exhibit at least some ACC synthase or

ACC oxidase activity. In all cases, the nucleic acid molecules are capable of suppressing

30 ACO or ACS gene expression, mediated by the nucleic acid molecule being in one or the



10 length to down regul ate an endogenous ACC synt hase or ACC oxi dase gene

by co- suppression or antisense. By "derivative" is nmeant any single or
mul tiple am no acid substitutions, deletions, and/or additions relative
to the naturally-occurring enzynme.. In this regard, the nucleic acid

I ncl udes the naturally-occuring nucl eoti de sequence encodi ng-ACC

synt hase or A@fesyasfhase or may contain single or nultiple nupteatIan28e
substitutions, 15 deletions and/or additions to said naturally-occurring

sequence. The terns "anal ogues” and "derivatives" also extend to any
chem cal equival ent of the ACC synthase -@&-ACC oxi dase, the only

requi renment of the said nucleic acid nol ecul e being that when used to
produce a transgenic plant in accordance with the present invention said
transgenic pl %Ba%ﬁh&érdiﬁ@etous%aﬂ&ﬂﬂr onidiéy; i@l by ?pmﬂbﬁﬁms&&e
(1) reductlon in the- productlon of A "ynt hase speciTic mRNA or ACC
oxi dase- peppression;Rilhe expressiops "ACC symghase’ aml ALCE ipxidased dncladeprefesencace

ol et er ¢ ’Qt PBSRRRE i bilios hering ACE syt é%’?;%%%ﬁ%%%%%ﬂﬁwf
derivative of shinanss,) deivatives, pares, fragments, rhuntalogues os amdl es:aﬁmchipblnbepﬂdesor _
Comemas o ¥ i e alh herm 05 St o AR Bt iyt h e ook

30[err] C. Ref apafkie b ACTofidise A8y maPilss be Rficn Polyptphide or profiin BEttves a

DNA wi th 50% formanm de at 30[err] C. “Al t'ernative conditions such as nmedi um
and 30 high stpdlypeptids o praseinihaving AGC synthass or AGHT opidase detiityindgnomtraneous

derivati ve. tide, polypeptide or protein.

10 As used herein, the term “isolated nucleic acid molecule” is meant to include a genetic
- sequence in a non-naturally-occurring condition. Generally, this means isolated away from
its natural state or formed by procedures not necessarily encountered in its natural
environment. More specifically, it includes mucleic acid molecules formed or maintained iz
vitro, including genomic DNA fragments, recombinant or synthetic molecules and nucleic
15 acids in combination with heterologous nucleic acids such as heterologous nucleic acids fused
or operably-linked to the genetic sequences of the present invention. The term "isolated
nucleic acid molecule” also extends to the genomic DNA or ¢cDNA, or part thereof
constituting ACC synthase or ACC oxidase or a mutant, derivative, part, fragment,
homologue or analogue of ACC synthase or ACC oxidase, whether in sense or in reverse
20 orientation relative to its or another promoter. It further extends to naturally-occurring
sequences following at least a partial purification relative to other nucleic acid sequences.
The term "isolated nucleic acid molecule" as used herein is understood to have the same
meaning as a "nucleic acid isolate”. In a particular embodiment, mutants and other like
- variants of ACC synthase or ACC oxidase retain at least some ACC synthase or ACC
25 oxidase activity and are therefore considered functional.

The expression "genetic sequences” isuse&hereininitsmostgeneralsenseandencompasses
any contiguous series of nucleotide bases specifying directly, or via a complementary series of
bases, a sequence of amino acids oomprising an ACC synthase or ACC oxidase molecule
30 including a polypeptide or protein having ACC synthase or ACC oxidase activity. Such a
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particularly, the trangenic carnation plant carries flowers or flower buds
whi ch, when cut fromthe carnation plant, exhibit prol onged post-harvest
life properties as well as one or "nore of the follow ng properties:

(i) r edwomdnss®™rel s of ACC synt hase-specific nRNA or ACEBCDAUSGHR8MDel ow
non- 5 transgeni c endogenous | evel s; (1) reduced | evel s of ACC
synt hase or ACC oxi dase enzyne bel ow non-transgenic endogenous | evel s;
and/ or (rii) reduced | evels of cli-®acteric ethylene production bel ow
non-transgeni c endogenous | evels; 10 In a preferred enbodi nent of the
present invention, there is provided a nmethod for produci ng transgenic

carnatjon pl amseqenceaif dminotabidsimayconstitsteagulldengtil ACCsynthase suchais s szt Sottls in, fora
genetic construct copiaiing..an isol at nucl ei ¢ acid nol.ecul.e encogi ng,  ,or
conpl enent ar y- X3Mp Eﬁ@ Ig’elgﬁén‘?fé '@W&‘Fgﬂm ﬁ%‘fﬂ@%ﬁﬁ{‘ﬁ"ﬁ%m%&%ﬁﬂsﬁm

synt hase or AMW&WCAM&@ %lefaﬂﬁ{o defifselticdt&hiy Bdmprik? pastiof,

transgeni c plants exhibit one or nore of th follow ng properties:

(i)  reduct i dorexamplecthesesgquencas or all oryas ofithe sequencegrstforthdin SEQADINOA0Es can
oxi dase- eclfi. TN ii) . reduction_in the producti.o A

synt hase or i@&%.“@%@%ﬁ%‘eﬁMﬁ ST &%@ﬁgﬁemmtﬂ%cﬁ%ﬁ%e
climcteric etggyseforth iaSEQID NO:¢i The piesestyifvention efcaipasses nucleic hbid Mdlecutet
i nvention further_ extends to sych trgnsgenic plants hayi ng ope or, _nore of

the  above- rfBFRdiRg the ﬂrm&m@@dm G, teanenset A% Wil a8 uclsis acid rmelgcules ¢
plants i ncl udiggadih@¥ino acid sequences having at least about 60%, more preferably about 70%, even

more preferably about 80%, and still more preferably about 90%, or above, similarity to the
10 amino acid sequences set forth in either SEQ ID NO:3 or SEQ ID NO:7.

B In accordance with the present invention, a nucleic acid molecule encoding, or complementary
to the sequence encoding, ACC synthase or ACC oxidase may be introduced into and expressed
in a transgenic carnation, thereby providing a means whereby the production of climacteric

15 ethylene by flowers of the said plant may be reduced to below naturally-occurring levels. This
allows the onset of flower senescence to be prevented or delayed and flowers to exhibit a
prolonged vase life following harvest. Background information on antisense and sense
suppression technologies can be found in US Patent Number 5,107,065 and in US Patent
Numbers 5,034,323; 5,231,020 and 5,283,184, respectively.

20
Accordingly, the present invention provides a method for producing a transgenic flowering
plant wherein the flowers exhibit reduced levels of ethylene production below non-transgenic

. levels, said method comprising introducing into a cell of a.carnation plant, a genetic construct
comprising a nucleic acid molecule encoding, or.complementary to the sequence encoding,

25 ACC synthase or ACC oxidase under conditions permitting the integration of said nucleic acid
molecule into the plant's genome, regenerating a transgenic plant from the cell and growing said
transgenic plant for a time and under conditions sufficient to permit the transcription of the
mcleic acid molecule into the ACC synthase-specific mRNA or ACC oxidase-specific mRNA
and, if necessary, the further translation of the ACC synthase mRNA or ACC oxidase-specific

30 mRNA into the enzyme ACC synthase or ACC oxidase. Preferably, the introduced genetic



25 buds from said plants. More particularly, the flowers of the said

transgeni c plants exhibit one or nore of the follow ng properties:

(1) reduced | evel s of ACC synt hase-specific nRNA or ACC oxi dase-specific
MRNA 30 bel ow non-transgenic. endogenous | evel s; WO 96/ 35792

PCT/ AU96/ 00286 -7 (i)
reduced | evelwo9éss#$3C synt hase or ACC oxi dase enzyne bel ow rrOTiAUIHO28€NI C
endogenous | evel s; (tii) reduced levels of climacteric ethylene
production bel ow non-transgeni c endogenous | eves; and/or 5 (iv) del ayed
senescence. Reference herein to tRhd0l-evel of ACC synthase enzyne
relates to a reduction of 30% or nore, or nore preferably of 30-50% or
even nore preferably 50-75%or still npre preferably

construct comprises a non-full-length segment of a nucleic acid molecule encodmg ACC

_synthase or ACC oxidase. This aspect of the present invention extends to flowers cut or
otlwrw:sesevetedﬁumsmdiransgmlcplams, mcludmgpans of flowers andparts of transgenic
plants carrying flowers or flower buds.

The present invention further extends to functionally-equivalent methods for achieving the
production of a transgenic carnation plant and flowers therefrom exhibiting the said
characteristics.

10 The present invention is exemplified by generation of transgenic carnation plants of the

varieties Red Corso; Ember Rose; Crowley Sim; White Sim; Scania, containing introduced
. ACC synthase and/or ACC oxidase genetic sequences. The use of these cultivars in no way

limits the applicability of the invention described herein, and the results obtained from these
transgenic cultivars are generally applicable to other camation cultivars.

15 |
In a preferred embodiment, the transgenic carnation plant produces flowers which exhibit
delayed senescence properties coincident with reduced levels of climacteric ethylene
production. Consequently, the present invention extends to a transgenic carnation plant
containing all or part of a nucleic acid molecule representing ACC synthase or ACC oxidase

20 and/or any homologues or related forms thereof and in particular those transgenic plants which
produce flowers exhibiting reduced ACC synthase- or ACC oxidase-specific mRNA. and/or
reduced ACC synthase or ACC oxidase levels and/or reduced ethylene production and/or
delayed senescence properties. The transgenic plants, therefore, contain a.stably-ihtmduced
‘micleic acid molecule comprising a nucleotide sequence encoding the ACC synthase or ACC

25 oxidase enzyme. The invention extends to flowers cut from such transgenic plants and to seeds
derived from same.

Another aspect of the present invention is directed to a prokaryotic or eukaryotic organism
canying a genetic sequence encoding an ACC synthase or ACC oxidase extrachromasomally
30 in plasmid form. In one embodiment, the plasmid is pWTT2160 in Agrobacterium tumefaciens.



75% or greater below the normal endogenous or existing |levels of enzyne.
Such reduction 10 may be referred to as "nodul ati on" of ACC synthase or ACC

oxi dase enzyne activity. It . is possible that nmodulation is at the |evel
of transcription, post-transcriptional stability or translation of the
ACC synt hase or ACC oxi'dase genetic seguences. The nucleic acid

nol ecul es usegglgssvsn may exi st alone or in conbination W t hPEI/XB0028615
nol ecul e and preferably an expression-vector. Such vector ol ecul es
replicate and/ or express in eukaryotic and/or prokaryotic cells.
Preferably, the vector nolecules or parisi- thereof are capable of
integration into the plant genonme. The nucleic acid nolecule may
additionally contain a sequence useful in facilitating said integrati on
and/or a pr Omﬁrﬁnﬂler%ﬁﬁmiﬁ,ﬁamini’dﬁ OGiP407 il B@herichicecadi. (Theahictdogganisms

nucl eic aC|d nol ecule in a plant_cell he 20 nucl eic, acid
pronot er mmb@ammmnequ fmefacieny straig. Aﬁgim

by el ectrOporqﬁgggg?gasﬁi 09 Jafi Wfrﬁ%abﬁs Qberé @ With 4A2 MRAHraliaR 0

transfer ano er ‘aspetct thé present | nvention
provi des an |mmmmmﬂammm1&mmapwhgm&qumﬂm

Car hat | on ack Apraindoatis. . OB A st Supin pHeTa) mu P28t a3 efpectvely.

fragnent, honol ogue or anal ogue of said ACC synthase or ACC oxidase. In
one enbodi nent, such nmut ant s may aI so be functional, npeaning.that, they
exhibit at | edEhe present invsotion istferthes described byweforence to-ih %bmaw%mwn&h

cases, the nucl J%@ﬂg? nol ecul es are capabl e of suppressing 30 ACO or ACS
gene expressi o"r\l ‘ed by the nucleic acid nolecule being in one or the

10 In the Figures:

_Figure 1 _is an alignment of nucleotide sequences for ACC synthase-encoding cDNAs froma
variety of species. Camnation sequences from cultivars White Sim and Scania are compared
with sequences from petunia (EMBL accession number Z18952); tomato (van der Stracten ef

15 al, 1990); orchid (Genbank accession number 1L.07882); Arabidopsis thaliana (Liang et al.,
1992) and zucchini (Sato et al,, 1991). Alignments were performed for the coding regions of
the sequences using the Clustal V programme of Higgins efal,, 1991. Translation initiation
and termination codons are underlined. Asterisks indicate conserved nucleotides.

20 anure 2 is a diagrammatic representation of the binary expression vector pWIT2160,
construction of which is described in Example 4. Tc resistance = the tetracycline resistance
gene; LB = left border; RB = right border; SurB = the coding region and terminator

. sequences for the acetolactate synthase gene; 355 = the promoter region from the cauliflower
mosaic virus 35S gene; car ACS = the nucleic acid molecule encoding carnation ACC

25 synthase; nos 3' = the terminator region from the Agrobucterium tumefaciens nopaline

* ~ synthase gene. Selected restriction enzyme sites are indicated.

Figure 3 isan alignment of nucleotide sequences for ACC oxidase-encoding cDNAs from
a variety of plant species. Carnation sequences from cultivars Scania and White Sim are
30 compared with sequences from Arabidopsis thaliana, tomato (Eloldsworth et al., 1987; EMBL
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orientation relative to its or another prom)ter i.e. by sense suppression
or antisense suppressi on. The expressions "ACC synt hase” and "ACC

oxi dase" include reference to pol ypepti des and proteins having ACC

synt hase or AQ¥oemss@ase activity as well as any nmut ant s, PET/AUISI0286S,
parts, fragments, honol ogues or anal ogues of such pol ypeptides or 5

protei ns and whi ch have ACC synt hase or ACC oxi dase activity. A nolecule
havi ng ACC synt hase or ACC oxi dase a€idwvity nmay al so be a fusion

pol ypeptide or protein between a pol ypeptide or protein having ACC

synt hase or ACC oxi dase activity and an extraneous peptide, polypept | de
or protein.  atéesion wanbeh X G4702); oichid MNadein endl21933; eribe:Llc

is meant to include a etlc S quence n a -n tur occurr

](c:ondl Ejl gn GeREP1R): apple; n%”z mwna% n, ¥ ﬂ&"@t"&’lﬂ é-t“é?'él or
ormed by progggy mﬁ?eﬁﬁ'w fogalt} ?@,ggm# 199 "

environment. Mre s%“ ecifical It 1 n&Fudes nucl e?cnmkl | gWLsrgeetal ? 4

or I’Yﬁ.i nt.ai ned Ahglnmenzs " ; mghgemtbngt:gbmdw&uﬁmahbmfm\br
synthetic noLecul es an clei mbi. nat i on mhi ch het er 9l ogous
nucl ei ¢ aci ﬁm” %%SI%CICL@ o‘“‘"i P’mg éodon3 are

oper abl y- i nkQﬁxdEﬂitieﬂ.e AstesithisCindigtecositerved xﬁxbl@oﬂﬁee.seﬁktdﬁkéeﬁﬂi@ﬁ codsgrvidr m
"isol ated nuc| ei_g acid nol ecul e" also extends to the genom c DNA or

cDNA, or part ® constituting ACC synthase or ACC oxi dase or a-
nmutant, derivative, part, fragment, honol ogue or anal ogue of ACC

synt hase or ACC oxi dase, whether in sense or in reverse 20 orientation

relative to itEigere dnis diagmmomticaepresentationt ofcthe birtaey éspression vector pCGP407,
naturally- O(iﬁucro;:g:g;cuonofwhchxsdwibedmlkample& Gm = the gentamycin resistance gene; RB

. .= right border; LB = left border; car ACO = the nucleic acid molecule encoding carnation
ACC oxidase: MAC = the mannopine synthase promoter enhanced with cauliflower mosaic
virus 35S gene sequences; mas 3' = the terminator region from the Agrobacterium tumefuciens
mannopinesyntbasegene;.iiss = the promoter region form the cauliflower mosaic virus 355

15 gene; NPT Il = neomycin phosphotransferase IT; tml 3' = the tml terminator region, DNA
sequences 11207-10069, from pT;A6 (Barker ez l, 1983). Selected restriction enzyme sites
are indicated. '

Figure 5 is an autoradiographic representation of a Southern hybridization of DNA isolated

20 from leaf tissue from a number of different carnation cultivars, which had been transformed
with a genetic construct (pWTT2160) containing the acetolactate synthase gene (ALS), as
selectable marker, and an internal fragment of the nucleic acid molecule encoding ACC

- synthase, Carnation genomic DNA was digested with EcoRI and the Southern blot was

probed with a *P-labelled-760 base pair fragment derived from the ALS coding region.

25 Filters were washed in 0.2 x SSC/1% w/v SDS at 65°C. Numbers 1-4 represent cultivars
‘White Sim; Crowley Sim; Ember Rose and Scania, respectively. The negative control (N) )
is non-transformed White Sim, Multiple bands in lanes 1-4 indicate where copies of DNA
derived from pWTT2160 have been integrated into the genome of plants. No bands were
detected in the non-transformed negative control.

30



sequences following at |east. a partial purification relative to other
nucl ei ¢ aci d sequences. The term "isol ated nucleic acid nol ecul e" as
used herein is understood to. have the sane meani ng as a "nucleic acid
isolate". In a particular enbodi mrent, nutants and ot her |ike vari ants of
ACC synt hase or ACC oxi dase retain at | east some ACC synthase or ACC 25
oxi dase acti vwioweasm2 are t herefore considered functional. PCT/ATI96/00286
expression "genetic sequence" is used herein in its nost general sense and
enconpasses any contiguous series of nucleotide bases specifying
directly, or via a conplenmentary series-b- bases, a sequence of am no
aci ds conprising an ACC synt hase or ACC oxi dase nol ecule 30 including a
pol ypeptide or protein having ACC synthase or ACC oxi dase activity. Such a

WD 96/ 35792  Figure 6 manmnom&ogmph:creprmﬂuonofaSomhemhybndamnonofDNAmohted
PCT/ AU96/ 0028

sequence of a o leaf; W%MPB W%Wﬂ&%hﬂé@%@%

is set.forth 'thsfo%ed vﬁmanpl gene‘%Qdon&lQ:?» 73 Or%t Redrftin
a nut ant derivative, part ment honol ogue Or anal og ereof
Al ternativel y phosph omsgwa ectaplegoariser, gndpauqlexemdmolemﬂedeﬁmng '

5 ACC oxidase, in reverse orientation relative to the promoter. Carnation genomic DNA was
digested with the restriction enzyme Hind III. The Southern blot was probed with a *P-labelled
EcoRI DNA fragment from the coding sequence of the NPT II gene. Filters were washed
in 0.1 x SSC, 0.1% w/v SDS at 65°C. The bands indicate single or multiple copies of the
DNA derived from pCGP407 have been integrated into the genome of the plants. In lane

10 2, the Scania plant #705 shows 6 copies of the NPT II gene and White Sim plant #2373B, in
 lane 5, has a single copy of NPT IL. No bands were detected in the non-transfarmed negative
control. ‘The size of the fragments detected is indicated in kilobases on the left-hand side of -
the figure,

15 Figure 7 is an autoradiographic representation of 2 Northern blot of RNA isolated from
lateral shoot tissue from carnations transformed with pWTT2160. The control is non-
transformed White Sim. Eight independent transgenic lines are shown. Filters were probed
with 2 *P-labelled HindIll DNA fragment from the acetolactate synthase gene coding region,
and washed for 30 min in 2 x SSC, 1% w/v SDS at 65°C, followed by 2 x 30 min in 0.2 x

20 SSC, 1% w/v SDS at 65°C.

Figure 8 is an autoradiographic representation of a Northern blot of ACC oxidase mRNA
and ACC oxidase antisense RNA isolated from petals. Total RNA (10pg/lane) was analysed
from day 0-petals of control, non-transgenic White Sim (lane 1), transgenic Scania (lane 3)
25 and transgenic White Sim (lane 5) flowers; and day 5 petals of control, non-transgenic White
Sim (lane 2), transgenic Scania (lane 4) and transgenic White Sim (lane 6) flowers. Also
analysed was total RNA isolated from transgenic Scania (ane 7), transgenic White Sim (lane
8) day 5 flowers which had been exposed to ethylene (150ppm) for the preceding 18 h.
Filters were hybridised with either a strand-specific antisense RINA probe, to detect ACC
30 oxidase mRNA, or a strand-specific sense ACC oxidaseRNAprobeto detect antisense ACC



for exanple, these sequences or all or part of the sequences set forth in
SEQ ID NGO 3, as can 5 be seen in SEQ ID NO 4. The am no acid sequence nay
alternatively constitute ACC oxi dase as set forth in SEQ 1D NO 7. The
present invention enconpasses nucleic acid nol ecul es encodi ng the .
above-nenti oned am no acid sequences as well as nucleic acid nol ecul es
encodi ng am nwoagisshesequences having at | east about 60% norBCHABIMN0286| v
about 70% even nore preferably about 80% and still nore preferably
about 90% or above, simlarity to the 10 am no acid sequences set forth in
either SEQID NO 3 or SEQID NGO 7. ° - l4-accordance with the present

I nvention, a nucleic acid nol ecule encoding, or conplenentary to the
sequence encodlng, ACC synt hase or ACC, oxi dase may be introduced into and
expr essed l@&s&Mgmﬁmhedmﬂxssclt%w/sB@sm6Mmgm€dlwm y

be' reduced t o SSCH/4t WA PR ot 3Gt n Hon aidnf the Sk plantiscasd ACOL bl R0

f I ower Senescesﬁtygtﬁ#hﬁmsm%m ho6. REBEmatudseithaauérit w48 isbohpdried A

pr ol onged vase: e ow ng harvest Background information on antsense
and sense suppressi on technol ogi es can be found I n US Pat ent Nunber

5,107, 065 an °€’§q e

respecti vel yg %"‘%§ E@%?m w e presengél nvent l on prov of matoa%gs

for produci ng ScahiaandWhite Sinf hced@naysaightﬁhnmbﬂfmﬁm&mmmmt

reduced | evel STOf et hyI ene ﬁ ductlon Eelp&m%mc%ag ﬁﬁ%lfﬁsa | ev I géd

nmet hod conpri s

construct C EHibin hﬁgﬁﬁgﬁ Q%&ibﬁd%tﬂaﬁﬂeegﬂ Eth?[éﬁ@@hdﬁﬁ:re:ﬁénw adsy
codi

to the sequence en ACC synt hase or ACC oxi dase under caqnditiqQns
permtting t henmhwnﬁethﬁmewdgﬁdm itigsue (notipeluding stem) per houe  Yalugs: s

O anageni ¢ o e fbofiol P%ﬁﬁﬁﬁnﬁéﬁ%%@%%%suﬁhrc. el B0 pjne

transcription Mﬁ&mmwmuuemmdsmmlwmmmmmms flowers
synt hase-specifi¢c nRNA or ACC oxi dase-specific nRNA and, if necessary,
the further tr8 ation of the ACC synt hase nRNA or ACC oxi dase-specific 30
MRNA into the enzyme ACC synthase or ACC oxidase. Preferably, the

I ntroduced genetic
Figure lO(A)-lO(F) is a black and white reproduction of colour photographic plates

15 representing a:
(A) non-transgenic control Scania flower, 0 days post-harvest;
(B) non-transgenic control Scania flower, 4 days post-harvest;
(C) non-transgenic control Scania flower, 7 days post-harvest,
(D) transgenic ACC synthase sense-suppressed Scania flower, 0 days post-harvest;
20  (E) transgenic ACC synthase sense-suppressed Scania flower, 4 days post-harvest; and
(F) transgenic ACC synthase sense-suppressed Scania flower, 11 days post-harvest.

The transgenic flower remains fresh at 11 days post-harvest, while the non-transgenic control
has inrolled by day 4 and is completely senesced by 7 days post-harvest. Original colour plates
25 are available for inspection from the Applicant.

Figure 11(A)-11(F) is a black and white reproduction of colour photographic plates
reﬁresenﬁng a:
(A) non-transgenic control Red Corso flower, 0 days post-harvest;
30 (B) non-transgenic contro! Red Corso flower, 7 days post-harvest;
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construct conprises a non-full-length segnent of a nucleic acid nol ecul e
encodi ng ACC synt hase or ACC oxi dase. This aspect of the present

I nvention extends to flowers cut or =~ oterw se severed from said
transgeni c pl weoigsssopcl uding parts of flowers and parts of tpenayeswogss
plants carrying flowers or flower buds. 5 The present invention further
extends to functionally-equival ent nmethods for achieving the producti on
of a transgenic carnation plant and fl owd§s therefromexhibiting the said
characteristics. 10 The present invention is exenplified by generation of
transgeni c carnation plants of the varieties Red Corso; Enber Rose;
Crowl ey Sim Whi(Cpndi-fansgeaivtoftrolRud Corst iwérN9 dsye postcharvestACC synt hase
and/ or ACC oxi dase genetl c_sequences. The use of thes- cu tlvars I.n no way

limts the appl (Phisans WéﬁCM\ﬁ fearsa flower,0 dayspostrharvests | ¢ s
obtaingd fromt f@%)aﬁnls i s KO Bfthdse Eéﬂké—kdﬁfeﬁseﬁrl&d%%rm ‘f"&% 6t hhivedtOand

ot her carnation
(F) transgenic ACC synthase sense-suppressed Red Corso flower, 9 days post-harvest.

The ﬁansgenic flower remains fresh at 9 days post-harves;c, while the non-transgenic control has
inrolied and completely senesced by 7 days post-harvest. Original colour plates are available
for inspection from the Applicant.

10 Figure 12(A)-12(F) is a black and white reproduction of colour photographic plates
representing a:
. (A) non-transgenic control Ember Rose flower, 0 days post-harvest;
(B) non-transgenic control Ember Rose flower, 4 days post-harvest;
(C) non-transgenic control Ember Rose flower, 7 days pdst-harvest;
15 (D) transgenic ACC synthase sense-suppressed Ember Rose flower, 0 days post-harvest;
(E) transgenic ACC synthase sense-suppressed Ember Rose flower, 4 days post-harvest; and
(F) transgenic ACC synthase sense-suppressed Ember Rose flower, 7 days post-harvest.
Original colour plates are available for inspection from the Applicant.

20 Figure 13(A)-13(D) is a black and white reproduction of colour photographic plates
representing a;
(A) non-transgenic control Crowley Sim flower, 0 days post-harvest;
(B) non-transgenic control Crowley Sim flower, 4 days posi-harvest;
(C) transgenic ACC synthase sense-suppressed Crowley Sim flower, 0 days post-harvest; and
25 - (D) transgenic ACC synthase sense-suppressed Crowley Sim flower, 4 days post-harvest.
Original colour plates are available for inspection from the Applicant.



15 In a preferred enbodi nent, the transgenic carnation plant produces

fl owers which exhibit del ayed senescence properties coincident with
reduced |l evels of climacteric ethylene production. Consequently, the
present invention extends to a transgenic carnation plant containing all

or part of a nucleic acid nolecule representing ACC synthase' or - ACC oxi dase
20 and/ or anywpagmsmegues or related forns thereof and in parpdradesioishose
transgeni c plants which produce flowers exhibiting reduced ACC synt hase- _
or ACC oxi dase-specific nmRNA and/ or reduced ACC synt hase or ACC oxi dase
| evel s and/or reduced ethyl ene productiors.and/ or del ayed senescence
properties. The transgenic plants, therefore, contain a stably-introduced
nucl ei ¢ acid nol ecul e conprising a nucl eotide sequence encodi ng the ACC

synthase or AQpdfe M(AJAIECY NBYdTBlack fagd iwhite 'Yeprddudtioh SsFsoléu? ﬂhbﬁﬁﬁb&ccplﬁws

fromsuch transgenic plants and to seeds derived from sane.
Anot her aspectf%@m present invention is directed to a prokaryoti c or

eukaryotic organi qu rwﬂﬂ AbGG 3 &)
synt hase or ACC o RS OEN ﬁﬂo“?}aﬂg%rra @g I'n g?%l;ﬁrz“n gﬂfogr ggﬁh and
enbodi nent, the pmmmECsynwmﬁppmwguﬁQmeﬂmhMﬁgoamm

\Ié\gT? 2/US 2/7 8 (2) 236 (B) one non-transgenic control White Sim flower (on the left of the photograph), and three

ACC synthase sense-suppressed transgenic flowers at 11 days post-harvest; and
(C) one non-transgenic control White Sim flower (on the left of the photograph), and three
ACC synthase sense-suppressed transgenic flowers at 20 days post-harvest.

10 All flowers were kept in distilled water and under controlled light and temperature conditions
following harvest. The non-transgenic control flower has inrolled and is senescing by 11 days
post-harvest and is completely senesced by 20 days post-harvest, while the control flowers
remain fresh at 20 days post-harvest. Original colour plates are available for inspection from
the Applicant.

15
Figure 15 is a black and white reproduction of a colour photographic plate representing one

on-transgenic control Scania flower (on the left of the photograph), and one antisense ACC
oxidase transgenic Scania flower, taken at 6 days post-harvest. Vase life measurements were
carried out in distilled water and under controlled light and temperature conditions. An original

20 colour plate is available for inspection from the Applicant.

Figure 16 is a black and white reproduction of a colour photographic plate representing one
non-transgenic control White Sim flower (on the right of the photograph), and one antisense
ACC oxidase transgenic White Sim flower, taken at 8 days post-harvest. The flowers were kept

25 in distilled water and under controlled light and temperature conditions foliowing harvest. An
original colour plate is available for inspection from the Applicant.



- 11 - In a further enbodinent, the plasmd is pCG407 in Echerichia
coli. The m croorgani sns Escherichia coli strain XL1 -Blue and

Agrobact eri um tumef aci ens strain EHAL01 cont ai ni ng t he plasm ds pCGP407
and pWIT2160, respectively, were deposited with the Australian

Government Anal ytical Laboratories, 1 Suakin Street, Pynble, ‘New South

Wal es, 2037, woMéssmalia on May 1, 1995 under AcceSS| on Nunbecs/au8ébozssl 2 1

and N95/ 26122, respectively. The present invention is further

descri bed by ref erence to the following non-limting Figures and

Exanpl es: 10 In the Figures: "Figul®-1 is an alignnent of nucleotide
sequences for ACC synthase-encoding cDNAs from a variety of species.

Carnation sequences fromcultivars Wite Simand Scania are conpared
with sequences from petunia (EMBL accession nunber Z18952); tomato (van der
Straeten et 15 al, 1990); - orchid (Genbank acce55| on nunber L07882);

Ar abi dopsi s thaliana (Liang et al, Em zucchini (Sato et al’,
1991).,Alignments were perfornmed forlﬁi&e cOo regi ons of t he
sequences using the Custal V progra et al, 1991. Transl ation

initiation . AEWW&G&M&FM mmwwaga
conserved nucl eot1 des 0 Figure 2 diagramati c representation o

the binary eXgeaensilypaccondingro thewmaufcturer's recommendationson of which is
described in Exanple 4. Tc resistance = the tetracycline resistance
gene; LB = left border; RB = right border; SurB = the coding region and
t erm nat or The cloning vector pBluescript II (KS+) was obtained from Stratagene.

EXAMPLE 2
10 _ Bacterial Strains
The bacterial strains used were:
Escherichia coli : .
XL1-Blue supE44, hsdR17 (r,-, my +), recAl, endAl, gyrA96 (Nal), thi-1, relAd,
15 lac, [F'proAB, lacly, lacZAM15, Tn10(tet")] (Bullock et 4/.,1987).

DH5z  supF44 A(lacZYA-ArgF)U169 280dlacZAM15 hedR17(r,-, m, +),
recAl, endAl, gyrA96 (Nal), thi-1, relAl, degR (FHanahan, 1983 and BRL, 1986).
JM83  FamA(acproAB) rpsL (Str)[280dA (lacZ)M15] (Vieira and Messing, 1982)
IM 109  F'traD36 lac s A(lacZ)M15, proA*B+/el4-(McrA) A(lac-proAB)
20 thi gzrA96 (Nal) endAl hsdR17 (r,-, my +) relAl supE44 recAl
(Yanisch-Perron et al, 1985)

Agrobacterium tumefaciens :
AGLO  Lazoetdl. (1991)
25 EHA101 Hood et ol. (1984)

. EXAMPLE 3
Growth Conditions
Unless otherwise stated, plants were grown in specialised growth rooms with a 14 h day
30 length at a light intensity of 10,000 lux minimum and a temperature of 22 to 26°C.



sequences for the acetol actate synthase gene; 35S = the pronoter region

fromthe cauliflower nosai ¢ virus 35S gene; car ACS = the nucleic acid
nol ecul e encodi ng carnation ACC 25 synthase; nos 3" = the term nator region
fromthe Agrobacteriumtunfaciens nopaline synt hase gene. Sel ected
restriction enzyne sites are indicated. Figure 3 is an alignnment of

nucl eoti de saghapsdss f or ACC oxi dase-encodi ng cDNAs fraom PCEY/AGGIoedsy Of
pl ant species. Carnation sequences fromcultivars Scania and Wite Simare .
30 conpared with sequences from Arabi dopsis thaliana, tomato (Hol dsworth et
aL, 1987; EMBL " WD 96/35792 -18-
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accessi on nunber X 04792); orchid (Nadeau et al, 1993; Genbank accession

nunber L 07912); apple (Dong et al ,E'%?gﬁ%:[awqtuni a (Wang and Wodson,
1992); sunflower (Liu and Rei d, unpublished; Genbank accession nunber L

29405) and ger ani ulsoldtiondfalcatiation | RGE) synthasé\{ACS) ctoriesfrony cv. WhiteSimed f or
t he codi ng regi ons .of the_ sequences using the Custal V 5 programre of
H ggins et al % 1%!?%9@%@%9”%“% and termnation codons are
under | i ned. E+r|'u§:ti§1 ' 'é}ﬂﬂﬁse“(ﬂ PR ' -égsiﬁw',ﬁﬁ.e'; 'ﬁﬁf‘a
conserved A?%Jc eot | d%gé < 16k E2ir 46 Wi diéd
5 reversetranscriptase Polymerase Chain Reaction (PCR) method. PCR primers were
synthesized based on highly-conserved regions occurring within the approximarely 1,500
base pair (bp) coding sequence. An approximately 1,100 bp fragment was obtained after
amplification. The primer sequences employed were :

10 5' ATGGGT(C/T)TNGCNGAAAATCAGC3' SEQID NO:1
5' A(G/A)CANACNCG(A/G)AACCANCCNGG 3’ SEQ ID NO=2

b.  Isolation of an ACS clone from carnation flowers
RNA was isolated from carnation cv. White Sim petals harvested at the fully open stage and
15 then exposed to 1 part per million ethylene overnight to induce climacteric ethylene
synthesis. A standard phenol lysis method was used for the RNA isolation (Jones et 4/,
1985). PolyA* RNA was prepared from the total RNA preparation using standard oligo(dT)
cellulose chromatography (Aviv and Leder, 1972). The reverse-transcriptase reaction and
subsequent PCR amplification were performed according to Ausubel ez 4l. , 1992. A
20 fragment of the predicted size of approximately 1,100 bp was obtained after reverse-
transcriptase PCR of PolyA* RNA from ethylene-treated carnation flowers.

EXAMPLE 5
Sequence analysis of carnation cv. White Sim ACS cDNA clone
25 The approximately 1,100 bp carnation ACS cDNA fragment was cloned into the vector
pBluescript I (KS+) and the terminal nucleotides were sequenced using SEQ ID NO:1 and
SEQ ID NO:2 oligonucleotides as sequencing primers. DNA sequencing was performed
essentially by the method of Sanger et 4l. (1977) using the Sequenase enzyme (USB, version
2.1), and showed this approximately 1,100 bp fragment to be part of the climacteric ACS
30 gene of carnation, based on nucleotide sequence similarity to the sequence from Park e 4l



Figure 4 is a diagranmatic representation of the binary expression vector
pCG&P407, 10 construction of which is described in Exanple 8. Gn = the

gentamyci n resi stance gene; RB = right border, LB = left border; car ACO
= the nucl eic acid nol ecul e encodi ng carnation ACC oxi dase: MAC = the
mannopi ne synt hase pronoter enhanced with cauliflower nosaic’ virus 35S
gene sequencewpofssyerd’ = the term nator region fromthe AgrOoPCKAE6/00286

t umef aci ens mannopi ne synt hase gene; 35S = the pronoter region formthe
caul i fl ower nosaic virus 35S 15 gene; NPT Il = neonycin phosphotransferase
[1; tm 3 = the tnml term nator regdion,-T8NA sequences 11207-10069, from
pTlerr] A6 (Barker et al, 1983). Selected restriction enzyne sites are

i ndi cat ed. ~Figure 5 is an autoradiographic represent ation of a -

Sout her n hybr i¢fbiogatyia fulliendehlfarhiiitinot nA CSinwleotidle sqheé is praatial 4 SEQ ID NOBand of

di fferent car atlon cultivars, which had been transfor th a genetic
construct (pWikeappopximstelyi.A %@MM&FMMH@&@N&%ALS) as
sel ectgbl e marker, and an internal fragment of the nucleic acid nol ecul e
encodi ng ACC synt hase. Carnation genom ¢ DNA was digested with EcoRl and

t he Sout hern bl ot™ was probed with ZEXAMILEdAe! | ed- 760 base pair
fragment derived fromthe ALS coding region. 25 Filters were washed in 0.2
X SSC/ 1% w/ v5 SDS at Bolationjof a carnationAC ﬂwe@\ﬁS) lome fromyey. Scanjgi te S m

ngO\rllvloﬁyt rsenmsfme gﬁ%ﬂé’camm&g’s s |n anes I? %%deﬂl cate V\/ner‘giél)

copi es of DNA cyltivdeSéan®d from pWT2160 have been integrated into the genone
of plants. No bands were detected in the non-transfornmed negative
control. 30 :

4. Polymerase Chain Reaction Primers
10 A petunia ACC synthase cDNA fragment from cv. Old Glory Blue was prepared using
‘PCR.  Primers were synthesized based on known coding sequence from the tomato ACS
cDNA, pcVV4A, of van der Straeten et 4l (1990). The primer sequences employed were:

5 CGGGATCCGCTACTAATGAAGAGCATGGC 3’ SEQID NO:5
15 5' GCGGTACCAGGTGACGAAAGTGGTGACA 3" SEQIDNO:6

b.  Kolation of an ACS clone from petunia flowers
RNA was isolated from petunia cv. Old Glory Blue senescing flower petals which were

producing greater than 5 nL ethylene/gram fresh weight/hour. A standard CsCl cushion
20 method (Sambrook et 4l., 1989) was used for the RNA isolation. The reverse-transcriptase -

reaction and subsequent PCR amplification were performed according to Ausubel ez 4l,,

1992. A 1,380 bp fragment was obtained after 35 amplification cycles. Determination of the

mudleotide sequence of the PCR product confirmed that it encoded a polypeptide similar to

the deduced translation product of the corresponding region from tomato pcVV4A cDNA.
25

¢. Construction of a carnation cv. Scania cDNA library

A cDNA library was consuuctedﬁsinngNA'ﬁom senescing carnation petals of the cv.

Scania and the Lambda ZAP cDNA cloning vector (Stratagene). The cDNA was generated

by oligo(dT) priming of PolyA *-enriched RNA using Maloney's Murine Leukaemia Virus
30 Reverse Transcriptase (MMLYV) (BRL). The second strand of cDNA was produced with
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6 is an autoradi ographic representation of a Southern hybridization of DNA
I sol at ed fromleaf tissue fromthe carnation cultivars Wite Simand
Scani a, which had been transformed with a genetic. construct

(pCGP407) cqpfg%pg t he neonycin phosphot r ansf er ase ( NicfraAdosomese as
sel ect abl e marker, and a nucleic acid nolecule defining 5 ACC oxi dase, in

reverse orientation relative to the pronoter. Carnation genomi c DNA was

digested with the restriction enzyne Huop.11. The Southern bl ot was probed
with a [err]P-labelled EcoRI DNA fragment fromthe codi ng sequence. of
the NPT Il gene. Filters were washed in 0.1 x SSC, 0.1% w v SDS at

6sterr] C._The fhoRdSaladhg %%ﬁgnt)’mi\ﬁt &, EndTilieRSwele s34l to crb\EcoRT-

derived fromp en int grated Into the genorre of &Ee pl ant s. In

| ane 10 2, t he compatibleleads. Fhis DNAowas then sizeedectsd amha SR9Tcqlnms,

det eotod i n ¢ WERELIER Jaw@%?ﬁ@ﬁ%@éﬁ TR e

fragnents det%g@d veorkingatdck (Sanitrrack eriad 1989).
the figure Fi gure -7 I s an aut oradl ographl C representation of a
Nort hern bl ot of RNA i sol ated from | at eral shoot tissue from carnations

transforned w w;m%&@mﬁ'g{;ﬁ Efw;'{“%” transfornmed White Sim
Ei ght i ndepen ent Fanegenic 1T Aes are shown. ‘?Iters wer e W|th a

robed
[err]P-1abell el msompmeummn&gmhase-fenoodmge@chmm éP-Eﬂknﬂqde@é
codi ng region, shed f Omn|n|n2 %
65[err]C, fol |%‘iﬁg°%rﬂ? ev.Scaitt p aWXﬁ%?ﬁx@h
éc., above), under conditions of low stringency: the filters were hybridized in 50%
10 formamide at 30°C, and washed for 30 min in 5 x SSC, 1% w/v SDS at room temperature,
followed by 2 x 30 min in 5 x SSC, 1% w/v SDS at 42°C.

From the heterologous screening, 10 cDNA clones were isolated. Analysis of five of these
'clones showed that they all represented the same gene. The longest of the clones contained
15 an insert of approximately 1,820 bp.

EXAMPLE 7

Sequence analysis of carnation cv. Scania ACS cDNA clone

The longest clone, approximately 1,820 bp, was sequenced on both strands. It was found
20 to be 99.6% similar to the nucleotide sequence of the cDNA encoding ACC synthase from

carnation cv. White Sim, isolated by Park et al. (1992) (see Example 5, above). The Scania

sequence is 133bi>shortetandconﬁins several nucleotide differences, leading to three amino

- acid changes: serine to glycine at position 131; arginine to glycine at position 381; isoleucine

to serine at position 500. It also contains an additional threonine at position 130. '
25

Homology searches against Genbank, SWISS-PROT and EMBL databases were performed

using the FASTA and LFASTA programmes (Pearson and Lipman, 1988). Alignment and

comparison of the carmation cv.s White Sim and Scania ACC synthase sequences with five

other sequences as follows: petunia; tomato; orchid; arabidopsis; zucchini, can be seen in -
30 Figurel. Alignm@tswerej;erformedusingthe Clustal V programme (Figgins and Sharp,



20 SSC, 1% w v SDS at 65[err]C Figure 8 is an autoradi ographic
representation of a Northern bl ot of ACC oxi dase nRNA and ACC oxi dase
antisense RNA isolated frompetals. Total RNA (10[err] g/l ane) was anal ysed
fromday O petals of control, non-transgenic Wiite Sim (lane 1), transgenic
Scania (lane 3) 25 and transgenic Wite Sim(lane 5) flowers; and day 5
petal s of congoeésswon-transgenic Wite Sim (lane 2), treCR4B608288cani a
(lane 4) and transgenic Wiite Sim (lane 6) flowers. Also anal ysed was
total RNA isolated fromtransgenic Scania (lane 7), transgenic Wite Sim

(1l ane 8) day 5 flowers which had beei-exposed to ethyl ene (150ppn) for
the preceding 18 h. Filters were hybridised with either a
strand-specific antisense RNA probe, to detect ACC 30 oxidase mRNA, or a

str ang speci f 19895 higdins ¥ 4, m1)dmmmmam¢émm;mmm
WD 96/ 35792

PCT/ AU96/ 002 8eultivars, to 65. l%betweencamanonandzucchml. - 14- oxi dase

RNA, and washed in 2 x SSC/ 1% w v SDS at 65C for 1 hour followed by 0.2 x
SSC/ 1% w v SDS at 65C for 1 hour and, in the case of antisense ACO, finally

in 0.1 x  SSCO0.1%wv SDS at 65C f EXAMPLE 8Ri bonucl ease treatment was
I ncor por at ed.-

5 Construction of pWIT2160
The 1,100 bp carnation cv. White Sim ACS cDNA fragment (see Example 5) was inserted
between a cauliflower mosaic virus 35S promoter/chlorophyll ab binding protein (Cab) 5
region and the nopaline synthase 3' region (Harpster et 4l., 1988). The resulting fragment
comprising a chimaeric, partial carnation ACS genetic sequence was inserted into T-DNA

10 vectors containing a suitable selectable marker gene, such as one which comprises the 355

. promoter together with the SurB gene (tobacco acetolactate synthase). allowing selection of
chilorsulfuron-resistant transformants, - One such resulting vector was given the designation
pWTT2160, and is shown in Figure 2.

15 EXAMPLE 9

Transformation of E. coli and A. tumefaciens with pWTT2160
Escherichia coli strains M 83 (Vieira and Messing, 1982) and JM 109 (Yanisch-Perron et al.,
1985), used for routine manipulations, were transformed according to standard procedures
(Sambrook et 4., 1989) .
20
To transfer the binary vector pWTT2160 (see Figure 2) from E. coli to Agrobacterium
tumefuciens strain EHA101, the technique of triparental mating (Ditta et al., 1980) was used.
E. coli strain NE 47, containing the mobilizing plasmid pRK 2013 (Gutterson et 4l., 1986),
~ was the helper strain. The EHA101 strain was rifampicin-resistant (Hood et 4l., 1984),
25 enabling transconjugants to be selected on LB-agar plates (Ausubel ez 4l., 1992) containing
10 pg/ml gentamycin and 100pg/mL rifampicin at 28°C.



5 Figure 9 shows a graph of ethylene production in carnation flowers.

Fl owers of carnation cvs. Scania and Wite Simwere placed in a
gas-tight chanber for three hours each day after harvest. The et hyl ene
content of a gas sanple taken fromthe chanber was neasured using gas

chr omat ogr aphy, as described in Exanple 19. Ethyl ene neasurenents are
expressed as wogsasokitres of ethyl ene produced per gram of PptmaBsed2ssSUe
(not including stem per hour. Values 10 for the control, non-transgenic
flowers are the average of ethylene measurenents fromnine . individual
flowers. The transgenic Scani a and Wi t€2%t m val ues are averaged from 3
flowers each. Figure 10(A)-10(F) is a black and white reproduction
of col our photographic plates 15 réepresenting a: (A) non-transgenic
control Scania flower, 0 days post-har EXAMPLE10 (B) non-transgenic

O e o el R S wich g B e e

synt hase sense; sugpiass&sklScani a flower, 0 days post-harvest; 20 (E)
transgenl c ACC synt hase sense- suppressed Scania flower, 4 days
post - har vest ; Riaathus caryophylas cvs. mmmmw,mmmdmgo

-I-UJ

Froon at 11 adedsRl RelRoind Yaehine Valmeinshd AshlefT SRRRkSpre Biflnet S P

IoPr ol | efl byI dawryk rﬁSbnl;lomaﬁ Iw@eﬁmhymemh?mh&?maﬁdmdthe
i gi nal col our plates 25 gre gvai i nspegtion fromthe ant
Fi gure 11(A) - 1oP¢H98s; Werg %F@Wd;m&% é’ﬁ?cﬁ’é’?f ?ﬁ) % i
pl ates I € Diypodilbitadwith Tween 20) for6mmandnnsedthreenmesmthsterilewater. All the
visible leaves and axillary buds were removed under the dissecting microscope before co-

10 cultivation.

- For cv. White Sim, stems grown in thegreenhousewere harvested, surface-sterilized for 2

min in 75% v/v ethanol followed by 20% v/v commercial bleach + 0.1% v/v Tween-20 for

20 - 30 min, and rinsed three times in sterile water. Shoot tip meristems were isolated, nodes

15 of approximately 1 cm in length were cut from the stem, and both were cultured, at a

density of 10-12/standard Petri dish, on a shoot multiplication medium consisting of

Murashige and Skoog’s (1962) medium (MS) supplemented with B5 vitamins (Gamborg ez

al., 1968); 590 mg/L 2{N-morpholino] ethane sulphomate (MES; 1 mg/L

benzylaminopurine (BAP); 0.02 mg/L a-naphthalene acetic acid (NAA); 30g/L sucrose; 0.25

20 % w/v Gelrite Gellan Gum (Schweizerhall), pH 5.8. All phytohormones were added after

autoclaving. Cultures were incubated in a growth chamber with a 16-hour photoperiod

(~30 uE/m?/s) at 24 1 1° C. The light source was always above the cultures, as heat from

light below caused condensation and resulted in poor regeneration and multiplication. Each
meristem produced a few vitrified shoots within two weeks. These were excised and sub-

25 cultured monthly on fresh shoot multiplication medium. After 34 sub-cultures, shoot

cultures which multiplied at a high rate were established; i.e.: each shoot with 3-4 leaves

produced a cluster of shoots with a total of 20-25 leaves within a month. These were used

routinely as a source of leaf explants for transformation.

30

c



(A) non-transgenic control Red Corso flower, O days post-harvest; 30 (B)

non-transgeni c control Red Corso flower, 7 days post-harvest; WO
96/ 35792 '

PCT/ AU96/ 00286 ' 15 -

(© non-transgenic control Red Corso flower, 9 days post-harvest; (D)
transgeni c AGyoeg@é7baise sense-suppressed Red Corso flower, OPCEAE96/00286
post - har vest ; (E) transgeni c ACC synt hase sense-suppressed Red Corso
fl ower, 7 days post-harvest; and (F) transgeni c ACC synt hase
sense-suppressed Red Corso flower, 9 day23 -post-harvest. The transgenic
flower remains fresh at 9 days post-harvest, while the non-transgenic
control has |nroIIed and conpl etely senesced by 7 days post- har vest
Original col oy P’ab&iﬂrﬁm and Dianthiss(Tosie on from t he Applicant.
10 Figlire 12(A)-12(F |sab ck and whi repro lon of, ¢ r
phot ographl c( gmbgécr)mm stra?nAGLO(i.azoet%L,i%% contamning ? t(il i ‘vector
- pWTT2160, was maintained at 4°C on LB agar plates with 50 mg/L tetracycline. A single
~ colony was grown overnight in liquid LB broth containing 50 mg/L tetracycline. The
5 following day it was diluted to 5 x 10° cells/mL with liquid MS medium, before inoculation.
Acetosyringone was added to the Agrobacterium suspension to a final concentration of
20uM. Diantbus stem tissue was co-cultivated with Agrobacterium for 5 days on MS
medium supplemented with 3% w/v sucrose, 0.5 mg/L BAP, 0.5 mg/L 2,4dichlorophenoxy-
acetic acid (2,4-D), 100 M acetosyringone and 0.25% w/v Gelrite (pFH 5.7).
10 ~ ' .
-For co-cultivation with the Dianthus cultivar White Sim, Agrobacterism tumefaciens strain. -
' EHA101 (Hood et l., 1984).containing the binary vector pW'T T2160 was taken from frozen
mplesinglycaoLculturedfoeraysat28‘Cinthedarkonsolidbbroth(Ausubeletd.,
1992) containing the appropriate antibiotics for selection, and suspended overnight in liquid
15 MinA (Ausubel et al. , 1992) for inoculation. Bacterial concentration for inoculation of
plant tissue was 0.5 - 1.0 x 10° cells/mL. Acetosyringone was added to the Agrobucterium

suspension to a final concentration of 20uM.

Leaves of the cultivar White Sim were isolated by pulling from shoot cultures. For selection

20 with chlorsulfuron it was advantageous to remove only the axillary meristems larger than

t mm. Leaves were mixed with bacteria for a few minutes, then taken off the mixture and

placed on a filter paper on a co-cultivation medium for 5 days. The co-cultivation medium

_was the same as the shoot multiplication medium but contained 0.5 mg/L BAP and 0.5 mg/L

'2,4-D instead of 1 mg/L BAP; 0.02 mg/L NAA, as well as 100uM acetosyringone. Plates
25 were sealed with parafilm,

¢.  Recovery of Transgenic Dianthus Plants

For selection of transformed stem tissue, the top 6-8 mm of each co-cultivated stem was cut

into 34 mm segments, which were then transferred to MS medium supplemented with 0.5
30 mg/L BAP, 0.5 mg/L 2,4-D, 1 ug/L chlorsulfuron, 500 mg/L ticarcillin and 0.25% w/v



representing a: (A) non-transgenic control Enber Rose flower, 0O days

post - harvest ; (B) non-transgenic control Enber Rose flower, 4 days
post - har vest ; (© non-transgenic control Enber Rose flower, 7 days
post - harvest; 15 (D) transgeni.c- ACC synt hase sense-suppressed Enber Rose
fl ower, O days post-harvest; (E) transgeni c ACC synt hase

sense- suppresswdodasiar Rose flower, 4 days post-harvest; andPpcrAvsAipEse
transgeni ¢ ACC synt hase sense-suppressed Enber Rose flower, 7 days

post - har vest . Original colour plates are available for inspection from
t he Applicant. 20 Figure 13(A)-13(D) i-24a bl ack and white reproduction of
col our phot ograhi c pl ates representing a: (A) non-transgenic
control CGowey Simflower, O days post-harvest; (B) non-transgenic

control Crow eﬁe&mmwmmﬁmﬁdmm mediGm doniEiGL0.16

synt hase sense-suppressed: Crova ey Sim. fl ower, a%s post - haryest; and 25
#g/ nchlogsylfpro

(D) transgeni ctinderson (FBZ), 03 %@mm@m ng 580,
fﬁzt Agglr Ygztnt nmﬁﬁ%@%ﬁ@%&ﬁh%%@%%ﬁm%% rdflR Sl Y WboR™ -
PCT/ AU96/ 00286 from stem explants. After 3 weeks, healthy adventitious shoots were transferred to
5 hormonefree MS medium containing 3% w/v sucrose, 3 ug/L chlorsulfuron, 500 mg/L
ticarcillin, 0.25% w/v Gelrite. Shoots which survived 3 ug/L chlorsulfuron were transferred
to MS medium supplemented with 3% w/v sucrose, 500 mg/L ticarcillin, 5 pg/L -

chlérsulfuron and 0.25% w/v Gelrite for shoot elongation.

10 After 2.3 weeks, leaves were pulled from the shoots which had survived selection and were
- placed on a regeneration medium consisting of MS medium supplemented with 0.22 mg/L
. TDZ, 0.5 mg/L IBA, 3 ug/L chlorsulfuron, 500 mg/L ticarcillin and 0.25% w/v Gelrite, to
_ obtain shoot regeneration in the presence of selection. Regenerated shoots were transferred
to hormonefree MS medium containing 5ug/L chlorsulfuron, 500 mg/L ticarcillin and
15 0.25% w/v Gelrite for 2-4 weeks, then to hormonefree MS medium containing 200 mg/L
ticarcillin and 0.4% w/v Gelrite, in glass jars, for normalization. Suncaps (Sigma) were
placed on top of the glass jars to speed up the normalization of shoots. All cultures were
maintained under a 16 h photoperiod (120 uE/m?/s cool white fluorescent light) at 23+
2:C. Normalized shoots, approximately 1.5-2 cm tall, were rooted on 3 g/kg IBA rooting
20 powder and acclimatised under mist. A soil mix containing 75% perlive/25% peat was used
for acclimation, which was carried out at 23°C under a 14 hour photoperiod (200 E/m?/
mercury halide light) and typically lasted 34 weeks. Plants were fertilized with a carnation
mix containing 1g/L CalNO,and 0.75 g/L of a mixture of microelements plus N:P:K in the
ratio 4.7:3.5: 29.2,
25
For selection of transformed leaf tissue, leaves were transferred to a fresh medium consisting ’
of MS medium supplemented with B vitamins; 590 mg/L MES: 0.5 mg/L BAP; 0.5 mg/L
2,4-D; 30g/L sucrose; 0.25 % w/v Gelrite; 500 mg/L carbenicillin and 2 ug/L chlorsulfuron,
pH 5.8, for 2 weeks. Leaf explahts were then transferred to a regeneration medium
30 consisting of MS salts supplemented with B5 vitamin; 590 mg/L MES 0.5 mg/L IBA; 0.22



- 16 - Figure 14(A)-14(C) is a black and white reproduction of col our
phot ogr aphi ¢ pl ates representi ng: (A) one non-transgenic control
White Simflower (on the | eft of the photograph), and t hree ACC
synt hase sense-suppressed transgenic flowers at 0 days post-harvest; 5

(B) one non-transgenic control Wiite Simflower (on the left of the

phot ogr aph) , wWodéssT92e ACC synt hase sense- suppr essedPCT/ATSNO286C
flowers at .11 days post-harvest; and (© one non-transgenic control
Wiite Simflower (on the |left of the phot ograph), and three ACC
synt hase sense- suppressed transgeni'c fl-@%rs at 20 days post-harvest. 10
Al flowers were kept in distilled water and under controlled light and
tenperature conditions foll owi ng harvest. The non-transgenic cont roI

fl ower_has i nag/t erDZNA0 &mspons%bwlileslw@ 500 :ﬁﬁﬂi cirbeni6illin and 3 §g/L
corrpl etely se&lsmz (asy pos -harvest e control ro rs
remai n fresh hi tS: MF’@‘M&I VeS¢ e

for ingpecti O&Pm&@ &ﬁﬁ@ u&?r G .gﬂg.‘ &Ag e
reproduction of a C(‘).?OUI‘ phot ographi c ?mé:epr e’?g@l ng %‘r}g&g M;
ggg ;L?P:gﬁn; ACCofuheom dase t?‘::s en Sc#:tgn?lplgﬁ t aken a'?ﬁm )
post - har ves 9, underge é“ﬂﬂg’é'& g“he& B'\CIJ&GL?P @%b@r
and under cONleavds! Wihin thitde Widks! €T AohaliR, ﬂﬁ&%&h%sfeﬁ@d%llﬂixﬂﬁhe&%em

colour plate is ava| | abl e for | nspection fromthe Appl i cant Figure 16
Is a black an R&ﬂ-@hlo for

representing ?ﬂﬁi meﬁﬁﬂhs Ot 2! '
of the photogfap fndangnone ant1 sense R)k%xe"dﬂ‘ase Firansge g [ Ié&%lg?n
flower, takens&otﬁoﬁﬂghnﬁ&&e%&fd&ﬁhoﬁbﬁ&ﬁé%lﬁed&\ﬂiﬁoﬂtﬁﬁingo2%w/vGelrite. '
10 Rooted plants were transferred to soil, hardened off gradually, and then transferred to
greenhouse conditions.

EXAMPLE 11
Isolation of carnation ACC oxidase (ACO) clone from cv. Scania
15 a.  Preparation of “P-labelled probes
Twenty micrograms of total RNA was incubated at 100°C for 2 minutes and then cooled on
- ice for a further 2 minutes, The RINA was added to a reaction mixture containing 20xg/ml
oligo-dT, 50mM TrisHCI pH 8.0, 75mM KCl, 30mM MgCl, 10mM DTT, 0.5 mg/mL
actinomycin D, 2004M dATP, 200uM dGTP, 200sM dTTP, 2.5xM dCTP, 100uCi [P} -
20 dCTP (Bresatec, 3000Ci/mmol), 40 units ribonuclease inhibitor (Promega), and 600 units
MMLYV reverse transcriptase (BRL) and incubated for 1 hour at 37°C. EDTA and NaOH
were added to a final concentration of 50mM and 0.2M, respectively and the mixture was
incubated for 20 minutesat 70°C. The mixture was then neutralised by addition of HCl to
~-a concentration of 0.2M. Unincorporated [a-*P}dCTP was removed by chromatography
25 on a Sephadex G-50 (Fine) column.

. b ”P—Mng of DNA fragments
DNA fragments (50 to 100 ng) were radioactively labelled with 50 uCi of [&->P}-dCTP using

an oligolabelling kit (Bresatec). Unincorporated [x-*P}dCTP was removed by
30 chromatography on a Sephadex G-50 (Fine) column.



25 in distilled water and under controlled |light and tenperature conditions

foll ow ng harvest An original colour plate is avail able for inspection
fromthe Applicant. WO 96/ 35792
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EXAVPLE 1 Bi ol ogi cal Reagents All

restriction. ewpwsssrepnd ot her reagents vvere obt ai ned’ f r om cOPGRAGIHP286
sources and used 5 generally according to the nmanufacturer's

recomendat i ons. The cloning vector pBluescript Il (KS+) was obtained
from Strat agene. ' -26- EXAMPLE 2 10
Bacterial Strains The bacterial strains used were:

¢.  Differential Screening of carnation co. Scania cDNA library
A cDNA libfary was constructed using mRNA from senescing carnation petals of the cv.
Scania and the Lambda ZAP cDNA cloning vector (Stratagene), as described in Example 6c,
 above. A differential screening approach was used to isolate cONA clones representing
5 genes expressed in senescing carnation petals but reduced in flowers at the time of harvest.
Thirty thousand colonies were screened at 1,500 colonies per 15cm plate. Duplicate plaque
lifts were hybridized with cDNA probes from either () day 0 petal or (i) in rolling petal and
washed under high stringency conditions: hybridization on nitrocellulose in 50% v/v
formamide, 6 x SSC, 1% w/v SDS at 42°C for 16 h and washing in 0.2 x SSC, 1% w/v SDS
10 at 65°C for 3 x 30 min. Filters were then exposed to Kodak XAR film with an intensifying
screen at -70°C for 16 hours. Clones which hybridized with the in rolling petal cDNA, but
not with the day 0 cDNA, were selected for further investigation.

EXAMPLE 12
15 Sequence analysis of carnation cv. Scania ACO cDNA clone
Several senescence-associated cDNA clones were identified. The DNA sequence of one of
the clones, a 1,156 bp sequence designated pCGP363, had 68% homology to the DNA
sequence of a tomato cDNA clone, pTOM13, associated with ethylene production and fruit
ripening. Later, pTOM13 was identified as encoding ACC oxidase (Hamilton ef al., 1991;
20 Holdsworth ef al,, 1987; Spanu ef al., 1991). The deduced amino acid sequence of 321 amino
acids shares 68% identity with the tomato ACO amino acid sequence (Holdsworth et al, 1987),
74.6% identity with apple ACO (Dong ef al., 1992) and greater than 99% identity with the
ACO sequence from another cultivar of carnation, White Sim (Wang and Woodson, 1991).
. ‘The Scania sequence differs from that of White Sim only at amino acid residue 147. An alanine
25 in the White Sim sequence is replaced by a glycine in the Scania sequence.

DNA sequencing of this and other clones was performed essentially by the method of Sanger
et al. (1977) using the Sequenase enzyme (USB, version 2.1). The 1,156 bp carnation cv.
Scania ACO sequence is presented as SEQ ID NO:7.

30



Escherichia coli: XL1- Bl ue supE44, hsdR17 (r[err], nmferr]), recAl,
endAl, gyrA96 (Nal[err]), thi-1, rel Al, 15 | ac, [F proAB, | acl,
| acZ[ err] ML5, TnlO(tet[err])] (Bullock et al., 1987). DH5[ err]

supE44[ err] (I acZYA- ArgF) UL69[ err] 80dl acZ[ err] ML5 hsdR17(r[err], nferr]),
recAl, éndAl, gyrA96 (Nal[err]), thi-1, rel Al, deoR (Hanahan, 1983 and BRL,
1986) . JMwWaoess7éz aralerr] (|l ac- proAB) rpsL PCT/AU96/00286
(Str[err])[[err]80d[err](lacz)M5] (Vieira and Messing, 1982) JM 109
FtraD36 lac I[err] (lacZ)M5, proAlerr]Blerr]/eld4(MrA)[err](lac-proAB) 20
thi gyrA96 (Nal[err]) endAl hsdR17 (r[e27]-, nferr]) rel Al supE44 recAl
(Yani sch-Perron et al, 1985) Agr obact eri um t unef aci ens: AGLO Lazo
et al. (1991) 25 EHA101 Hood et al . (1984)

EXAWMPLE 3 Homology searches against Genbank, SWISS-PROTY amdt BMBL ditibasesswere again
;Jnlléelsrs] SECeg\é\npse stat ed ants rﬂ“gn&w*& sgem aldgsed gr V\ih rooagsyth
tenperature Okhéﬁnén&?a&ﬁéoﬁfpsﬂis‘anofﬂwmaﬁouv. Scania ACC oxidase sequence with eight other
sequences as follows: carnation cv. White Sim; Arabidopsis thaliana; tomato; orchid; apple;
5 petumia; sunflower and geranium, can be seen in Figure 3. Alignments were performed using
the Clustal V programme (Higgins ef al., 1991). Percentage similarities ranged from 95%,
between carnation cultivars, to 72 % between carnation and for geranium. :

EXAMPLE 13
10 Construction of pCGP 407
Vector pCGP407 was constructed using the standard techniques described in Sambrook e
al. (1989). The carnation ACO cDNA fragment, contained within pCGP363. (see Example
12), was inserted in reverse orientation into a binary expression vector, pCGP293 (Brugliera
et al., 1994), between the MAC promoter (Comai et @l., 1990) and the mas 3' terminator
15 region (from the Agrobacterium mannopine synthase gene). According to Comai et 4. (1990),
MAC is a strong constitiutive promoter. The binary vector pCGP407 contained the
neomycin phosphotransferase (NPT II) gene, in addition to the antisense ACO nucleic acid
molecule, allowing selection of transgenic shoots by growth on kanamycin (Figure 4).

20 : EXAMPLE 14 .
Transformation of E. coli and A. tumefaciens with pCGP407
Transformation of the Escherichia coli strain XL1-Blue with the vector pCGP407 was
performed according to standard procedures (Sambrook ez al., 1985) or Inoue et al., (1990).

25 The plasmid pCGP407 was introduced into Agrobacterium tumefaciens strain AGLO by
adding 5 ug of plasmid DNA to 100 uL of competent Agrobacterium tumefaciens cells
s prepared by inoculating a 50 mL MG/L (Garfinkel and Nester, 1980} culture and growing
for 16 h with shaking at 28°C. The cells were then pelleted and resuspended in 0.5 mL of
85% v/v 100 mM CaCl,/15% v/v glycerol. The DNA-Agrobacterium mixture was frozen
30 by incubation in liquid N, for 2 min and then allowed to thaw by incubation at 37°C for 5
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EXAMPLE 4 | sol ation of a carnation ACC synthase (ACS) clone from
cv. Wite Sim a. Polynerase Chain Reaction Prinmers A carnation ACC

synt hase (ACS) cDNA clone fromcv. Wite Simwas prepared usiing a 5
reverse-transogdpgager Pol ynerase Chain Reaction (PCR) nethodpcraBegéozser s
wer e synt hesi zed based on hi ghl y-conserved regi ons occurring within the
approximately 1,500 base pair (bp) coding sequence. An approxinately
1,100 bp fragnent was obtained after -a8plification. The prinme sequences
enpl oyed wer e: 10 5° ATGGGT(C/ T) TNGCNGAAAATCAGC 3' SEQ I D NO 1 5'
A( G A) CANACNCE A/ G) AACCANCCNGG 3' SEQ I.D NG 2 b. Isolation of an ACS

clone from car pahi The DINAPSaterial B ueas ol liced oh3a¥of 3 fidier 90 néi. THE c4lB
Simpetals harvested at the fully open stage and 15 then exgosed to 1 art

per mllion et wyteshen mixedwithi MM%M sﬁs

A standard phe L FE qu @g W Qgggﬁ g%
1985) . Pol yAl e?ﬁ?’m S pre Bé rom’%%e= ?%&kﬁ p%}gr a{'l on usl
standard ol i.goug/mL gentamiycin, (Fhe présencendf quwwwmwmymﬁfe
reverse-transc as ctipn and | subsequent, PCR anplification were

per f or med acéoMM% %Wﬂ@?‘&ﬁn\ent of the predicted
size of approximtely 1,100 bp was obtai ned after reverse-

transcri ptase- PCR of PoI yAlerr] RNA from ethyl ene- treated carnation
fl owers. LE 15

Transformation of Diantbus caryopbyllus with ACC oxidase

10 & letMatmal
D:mtbasmyopbyllas (cvs.WhmeSamandSma)mnngswereobmnedfromVanWykand
. Son Flower Supply, Victoria, Australia, The outer leaves were removed and the cuttings
were sterilized briefly in 70% v/v ethanol followed by 1.25% w/v sodium hypochlorite
(with Tween 20) for 6 minutes and rinsed three times with sterile water. All the visible
15 leaves and axillary buds were removed under the dissecting microscope before co-cultivation.

b. Co-cultivation of Agrobacterium and Dianthus Tissue
Agrobacterium tumefaciens strain AGLO (Lazo et 4., 1991), containing the binary vector
pCGP407, was maintained at 4°C on LB agar plates with 50 mg/L tetracycline. A single
20 colony was grown overnight in liquid LB broth containing 50 mg/L tetracycline. The
following day it was diluted to 5 x 10* cells/mL with liquid MS medium, before inoculation.
Diantbus stem tissue was co-cultivated with Agrobucterium for 5 days on MS medium
supplemented with 3% w/v sucrose, 0.5.mg/L BAP, 0.5 mg/L 24D, 100 M acetosyringone
and 0.25% w/v Gelrite (pH 5.7).
25
¢.  Recovery of Transgenic Dianthus Plants :
For selection of transformed stem tissue, the top 6-8 mmofmchco-cuﬂnmedstemwasmt
into 3-4 mm segments, which were then transferred to MS medium supplemented with 1
mg/L BAP, 0.1 mg/L NAA, 150 mg/L kanamycin, 500 mg/L ticarcillin and 0.8% Difco
30 Bacto Agar (selection medium). After three weeks, explants were transferred to fresh



EXAMPLE 5 Sequence anal ysis of carnation cv. Wite Sim ACS
cDNA cl one 25 The approximately 1,100 bp carnation ACS cDNA fragnent was

cloned into the vector pBl uescript Il (KS+) and the term nal nucleotides
were sequenced using SEQ ID NO t and SEQ I D NO 2 oligonucl eotides as
sequenci ng priners. DNA sequenci ng was performed essentially by the

met hod of Sarnwewemsroml . (1977) using the Sequenase enzyne (USHE/AU26/08286n
2.1), and showed this approxinmately 1,100 bp fragnent to be part of the
climacteric ACS 30 gene of carnation, based on nucl eotide sequence

simlarity to the sequence from Park et-29-. WD 96/ 35792
PCT/ AU96/ 00286 -19- (1992). The
full-1ength carnation ACS nucl eotide sequence is presented as SEQ Il .NO 3

and  the appseudtivatmédium, ahd Qatepwaswakemat thﬁsnggmotremevpnn'ﬂamédous&@@em
NG 4. explants. After 68 weeks on selection medium hezithy adventitious shoots were traniferred
- to hormonefree MS medium containing 3% w/v sucrose, 150 mg/L kanamycin, 500 mg/L
" ticarcillin, 0.8% Difco Bacto Agar. At this stage, NPT II dot-blot assay (McDonnell et al.,
5 1987) was used to identify transgenic shoots. Transgenic shoots were transferred to MS
medium supplemented with 3% w/v sucrose, 500 mg/L ticarcillin and 0.4% w/v Gelrite for
shoot elongation. All cultures were maintained under 2 16 hour photoperiod (120 uE/m?*/s
cool white fluorescent light) at 234 2°C. ‘When plants were rooted and reached 4-6 cm tall
they were acclimatised under mist. A mix containing a high ratio of perlite (75% or greater)
10 soaked in hydroponic mix (Kandreck and Black, 1984) was used for acclimation, which
- typically lasted 4-5 weeks. Plants were acclimatised at 23°C under a 14-hour photopenod
(200 pE/m*/s mercury halide light).

EXAMPLE 16
15 Southern Analysis
a. Isolation of Genomic DNA from Dianthus
DNA was isolated from tissue essentially as described by Dellaporta et 4l., (1983). The DNA
preparations were further purified by CsCl buoyant density centrifugation (Sambrook et al.,
1989).
20
b.  Southern Blots
The genomic DNA (10 pg) was digested with EcoRI (for sense ACS) or HindIlI (for antisense
ACO) and electrophoresed through a 0.7% w/v or 0.8% w/v, respectively, agarose gel in a
running buffer of TAE (40 mM Tris-acetate, 50 mM EDTA). The DNA was then denatured
25 in denaturing solution (1.5 M NaCl/0.5 M NaOH) for 1 to 1.5 hours, neutralized in 0.5 M
Tris-HCl (pH 7.5)/ 1.5 M NaCl for 2 to 3 hours and the DNA was then transferred to 2
Hybond N (Amersham) filter by capillary transfer (Sambrook et al., 1989) in 20 x SSC.



5 | sol ation of a carnation ACC synthase (ACS) clone fromcv. Scania
An al ternative approach was used to isolate another ACS cDNA clone, this
time, fromthe cultivar Scani a. a. Polynerase Chain Reaction Prinmers
10 A petunia ACC synthase cDNA fragnent fromcv. O.d dory Blue was
prepared using PCR Primers were synthesized based on known codi ng
sequence fromwdesasmaat o ACS cDNA, pcWA4A, of van der Str ®€TANGAI0288 .
(1990). The primer sequences enpl oyed were: 5'
CGGGATCCCCTACTAATGAAGAGCATGEC 3' SEQ ID NO'5 15 &
GCGGTACCAGGTGACGAAAGTGGTGACA 3' SEQ' I D Mape b. Isolation of an ACS
clone frompetunia flowers RNA was isolated - frompetunia cv. Add dory
Bl ue senescing fl ower pet al s which were, produci ng greater than 5 nL

et hyl ene/ gr am $cwrhdin umilpdis veAraisgandaDduMhmsbmda&efMehmhonather

( Sanbr ook et al,. 89 s useqd for.th I so)] ati 0 The

r ever se- t r anscfil wé@go& or kanAmRYcim, coRfirmed sbe tpeerARop oA thé ApRTPPTiaEe Fhimacsis gene
per f or med aCCO{tﬂbﬂﬁf%@mﬁH &' Sdwitin 5 92 A 1,380 bp fragment was
obtai ned after -35 anplification cycres.- Deternination of the nucl eoti de

sequence- of the PCR product confirnmed that it encoded a polypeptide simlar
to the deduced transl ation product of the correspondl ng region from
tomat o pcVW4A cDNA. 25 c, ConstrucEXAMABLE 1Zar nati on cv. Scania cDNA

library A cDNA |library was constrycted [ JIRNA from senesci ng
carnation petals of the cv. Scamﬁﬁﬁﬁlfqa@gﬂé'ﬁbda ZAP cDNA cl oni ng
vector (Strat agsRPRNA R isoldbll H6m tHRRAhAIRE been frEenGh GGRIAN, \f? sgké??gﬂﬁogffine

Pol yAlerr]-enriched RNA using l\/al oney's Murine Leukaem™a, Rever se

Transcri ptase mmmmmmmwwummm incyatate,
50 mM Tris-HCl (pH 8.0), 20 mM EDTA, 0.1% v/v Sarkosyl, was added to the tissue and

10 the mixture was homogenized for 1 -minute using a polytron at maximum speed. The

suspension was filtered through Miracloth (Calbiochem) and centrifuged in a JA20 rotor for

- 10 minutes at 10,000 rpm. The supernatant was collected and made to 0.2 g/ mL CsCl w/v.

Samples were then layered over a 10 mL cushion of 5.7 M CsCl, 50 mM EDTA (pH 7.0) in

38.5 mL Quick-seal centrifuge tubes (Beckman) and centrifuged at 42,000 rpm for 12-16

.15 hours at 23°C in a Ti-70 rotor. Pellets were resuspended in TE/SDS (10 mM Tris-HCI (pH

7.5), 1 mM EDTA, 0.1% w/v SDS) and extracted with phenol:chloroform:isoamyl alcohol

(25:24:1) saturated in 10 mM EDTA (pH 7.5). The RNA was then maintained as an ethanol
precipitate, and appropriate aliquots pelleted prior to use.

20 RNA samples were electrophoresed through 2.2 M formaldehyde/1.2% w/v agarose gels
using running buffer containing 40 mM morpholino-propanesulphonic acid (pH 7.0}, 5 mM
sodium acetate, 0.1 mM EDTA (pH 8.0). The RNA was transferred to Hybond-N filters
(Amersham) as described by the manufacturer and probed with *P-labelled cDNA fragment
(10* cpm/pg, 2 x 10 cpm/ml). Prehybridization (1 h at 42°C) and hybridization (16 h at

25 42°C) was carried out in 50% v/v formamide, 1 M NaCl, 1% w/v SDS, 10% w/v dextran
sulphate, 100 2g/mL salmon sperm DNA.

Filters were washed in 2 x SSC/1% w/v SDS at 65°C for 1 hour and then 0.2 x SSC/1% w/v
SDS at 65°C for 1 hour. In the case of antisense ACO, however, filters were also washed in
30 0.1xSSC/0.1% w/v SDS at 65°C for 1 hour. All filters were exposed to Kodak XAR film
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Pol ymerase | (Kl enow fragnent.), blunted, and |inkers were added to create
EcoRI - conpati bl e ends. This DNA was then size-selected on a S200 col um
(Pharmaci a) and | i gated i nto Lanbda ZAP bacteri ophage arns to create a
library with @%B8rzeconbi nant phage. This library was amwgiriAfteaob286
provi de a working stock (Sanbrook et aL 1989). 5 d. Heterol ogous
screening of carnation cDNA |ibrary A 1,380 bp petunia ACC synt hase-
encodi ng PCR fragnment was [err] P-1abel | €31 and used to screen the 60, 000
pl aques of the senescing carnation cv. Scania petal cDNA |ibrary (Exanple
6¢c., above), under conditions of low stringency: the filters were

hybri dj zed inﬁﬂ%ﬂ&ﬁ@ﬁyfﬁgk&m 36C foraghymshed for 30 minin 5 x SSC, 1%
w v SDS at room tenperature, followed by 2 x 30 mn in 5 x SSC, 1% w v
SDS at 42[err] C From the heterol ogous screening, 10 cDNA clones were

:‘Zgl’ 2tsgﬁt eg\ntalfﬁ sane ge€ne. %“twgg%?%e cpﬁnes COﬂ%enl ﬁﬁélje”edmthe

leaves ofsxxofthee;ghthnesassayed (see Figure 7).

5
Northern analysis of antisense ACO plants indicated that petals from transgenic Scania and
‘White Sim flowers produce only very low levels of ACO and ACS mRNA at days 4 to 6, the
time when inrolling would occur in normal, contro! flowers (see Figure 8). |

10 EXAMPLE 18
| %P.Labelling of DNA Probes
'DNA fragments (50 to-100 ng) were radioactively labelled with 50 uCi of [-*P}dCTP using
an oligolabelling kit (Bresatec). Unincorporated [-*P}dCTP was removed by
.chromatography on a Sephadex G-50 (Fine) column,
15
EXAMPLE 19
Transformation of Dianthus cultivars
The genetic contructs contained in the plasmids pWTT2160 and pCGP407 were introduced
into various varieties of carnation using Agrobacterium-mediated gene transfer, as described
20 in Examples 10 and 15, above. Integration of the appropriate DNA into the plant genome
was confirmed by Southern analysis of plants obtained after kanamyrcin or chlorsulfuron
selection, as described in Example 16.

--Plants successfully rendered transgenic, in accordance with the present invention, have
25 significantly reduced levels of climacteric ethylene production, compared with non-
transgenic controls. For example, measirements of ethylene production, using a Varian

’ model 3300 gas chromatograph equipped with a Porapak® N column (80C), flame ionization
detector and Varian 4400 Integrator, indicated that flowers of carnation cvs. Scania and

‘White Sim carrying the introduced antisense ACO genetic construct had a greatly reduced

30 capacity to produce ethylene. - The graph in Figure 9 shows ethylene evolution by transgenic



15 an insert of approximtely 1,820 bp.

EXAVPLE 7 Sequence anal ysis of carnation cv. Scania ACS
cDNA cl one The | ongest cl one, approximtely 1,820 bp, was sequenced on
both strands. It was found 20 to be 99.6% simlar to the nucl eotide
sequence of the cDNA encodi ng ACC synthase from carnation cv. Wite

Sim isol at edweyes3grek et al . (1992) (see Exanple 5, above). Hdwatssaoniss
sequence is 133 bp shorter and contains several nucleotide differences,

| eading to three amno acid changes: serine to glycine atposition 131;
arginineto glycine at position 381; isol3kine to serine at position
500. It also contains an additional threoniine at position 130. 25

Honol ogy searches agal nst Genbank SW SS-PROT and EMBL dat abases Were

28{3;? ... d ' corp ot the 2 Cafttobglink pRéited
|gnrrent an conparison _of the carnation cv.s ite an
Scani a ACC sy fiomeess amgmfmml 0% iﬂﬂe WSIC%RB‘W
petuni a; tomatf, iP'“‘QJ“ﬁ OPﬁn%%%E {ag‘g
Alignments were pe&?‘g the usta ra gﬁl gqgl ns an Eﬁr p,

WD 96/ 35792 SmmaandWthxm lessthanO%ofthelevelofethyleneptoducedbycontro
PCT/ AU96/ 00286, D97 -
EXAMPLE 20
Prolonged post-harvest survival

The introduction of one or more additional copies of either the ACC synthase or ACC
10. oxidase DNA sequences into a plant's genome is capable of having a marked effect on the
" post-harvest life of the cutflower. It has been possible to suppress the expression of the
. endogenous gene, using either a sense transcript and the co-suppression technology disclosed
in US Patent Numbers 5,034,323; 5,231,020 and 5,238,184, or an antisense transcript and the
antisense technology disclosed in US Patent Number 5,107,065, thereby generating
15 transformed carnation flowers which produce significantly reduced levels of climacteric
ethylene. These flowers exhibit post-harvest survival times often in excess of twice the
‘normal vaselife of their non-transformed equivalents, and in the absence of the usual
treatment with chemicals such as the environmentally-toxic silver thiosulphate.
Exemplification of the "long-life" phenotype, using the sense ACS approach, is shown in

20 Figures 10(A)-10(F), 11(A)-11(F), 12(A)-12(F), and 13(A)-13(D).

All flowers were kept in water and under 12h day/night cycle in controlled conditions,
(1000 lux, 22°C, 65% relative humidity) following harvest. Figure 10(A)-10(F) shows
‘transgenic camation flowers of the cultivar Scania at 0, 4, and 11 days post-harvest. Contrc;l
25 non-transgenic flowers are shown at 0, 4 and 7 days post-harvest. The transgenic flower still
looks fresh at 11 days, while the non-transgenic equivalent already shows petal in-rolling,
typical of senescing carnation flowers, at 4 days post-harvest and is totally senesced by 7 days
post-harvest. Comparable results have been obtained for the cultivars Red Corso; Ember
Rose and Crowley Sim, as seen in Figures 11(A)-11(F), 12(A)-12(F), and 13(A)-13(D),
30 respectively. In each case, the transgenic carnation flower appears fresher for longer, when



1989, Higgins et al, 1991). Percentage simlarities ranged from 99.6%

bet ween the carnation cultivars, to 65.1% between carnation and

zucchi ni . EXAMPLE 8 5

Construction of pWT2160 The 1,100 bp carnation cv. Wite Sim ACS cDNA
fragment (see Exanple 5) was inserted bet ween a caulifl ower nosaic virus
35S pronot er/ wo %8Pyl | ab binding protein (Cab) 5 r egi ®CTAUNG/G0RSS
nopal i ne synthase 3' region (Harpster et al, 1988). The resulting fragnent
conprising a chimaeric, partial carnation ACS genetic sequence was inserted
into T-DNA 10 vectors containing a 'suitd8l- sel ectabl e marker gene, such as
one which conprises the 35S pronoter together with the SurB gene
(tobacco acetol actate synthase) allow ng sel ection of

chl or syl f ur oncempared with the acstransgesit sontéble such resul ting vector was given
t he designation pWT2160, and is shown in Figure 2. 15

EXAMPLE 9 . Transformation of E. coli and A tumefaciens with
pWIT2160 Esq*eﬁfs%m,' i L-M&%SJM &, Witk Bsenp}(?&&a IM
109 (Yani sch-Perron et , . . 1985 used for r(% ng@arrgdm pultati ons, re
t ransf or ned. athesense m:ﬂmm&hnbspmtizﬁmbmmakmybabeemﬂﬁf@)e '

fo Agrobact 3???!1@»?54@%%%%%%% A ??%t‘wfﬁr%%wﬁ%om
tri parent al s g ihdoll aod scabce by QB% (Gutt mafleeaymwmorayw
erson

cont ai ni ng the |Z|ng pl asmi d pRK , 1986)
was the hel pePo% % : %é’&shat

(Ausubel & aﬁsﬁ%?zﬁm%%éi‘?'%mgﬁﬁe *?’QE'% o0 i

100[err]g/nL rifanmpicin at 28[err]C.

10 Furthermore, flowers from plants rendered transgenic using antisense ACO have also been

- produced for the carnation cultivars White Sim and Scania. The level of ACO mRNA has

 been suppressed and, hence, climacteric ethylene production all but eliminated and carnation

flower vase life correspondingly extended. The normal vase life of these flowers is

approximately 5 days from day of harvest to the beginning of inrolling. Flowers from

15 transgenic Scania and White Sim had a vase life of 8 to 9 days, after which the petals slowly

discoloured and dessicated without displaying the inrolling behaviour typical of carnation

flower senescence. All control plants produced flowers of normal senescence phenotype.

A transgenic, "long-life” flower of Scania, compared with a non-transgenic control flower

at 6 days post-harvest, can be seen in Figure 15. Figure 16 shows a photograph of a

20 transgenic, "long-life* White Sim flower next to a flower from a non-transgenic White Sim

control plant, both at 8 days post-harvest. The transgenic flower still appears fresh while the
control non-transgenic flower has completely senesced.

FISEE LW

Those skilled in the art will appreciate that the invention described herein is susceptible to
25 variations and modifications other than those specifically described. It is to be understood that
" the invention includes all such variations and modifications. The invention also includes all of
the steps, features, compositions and compounds referred to or indicated in this specification,
individually or collectively, and any and all combinations of any two or more of said steps or
features. ' |
30
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EXAMPLE 10 Transformation of Di anthus caryophyllus with partial ACC
synt hase sequence a. Plant Materi al D ant hus caryophyllus (cvs.

Crowm ey Sim Scania, Dark Picerrot, Enmber Rose Laguna, Mango,- 5 Monte Lisa,
Red Corso, Tawgoessyez Val encia and Ashley) cuttings were obtecmsubsibozssn Van
Wk and Son Fl ower Supply, Victoria, Australia. The outer |eaves were

renoved and the cuttings were sterilized briefly in 70% v/v et hanal
foll owed by 1.25% w' v sodi um hypochl-®4ite (with Tween 20) for 6 mn and
rinsed three tines with sterile water. Al the visible | eaves and

axillary buds were renoved under the dissecting mcroscope before co- 10
cultivation. REFERENCES/. Wite Sim siens grown in the greenhouse were
harvest ed, surface-sterilized for 2 mnin 75%v/v ethanol followed by
20% v/ v conmercial bleach + 0.1%v/v Tween-20 for 20 - 30 mn, and

rinsed three Uigghs D). ShEVhAe SUR!Abe NeORbad K. DEA B! EOBIMETR) SOl at ed,
nodes 15 of approxinmately 1 ¢émin length were cut fromthe stem and bot h

were cultured, at a
Ausubel, FM.,, Brent, R, Kingston, R.E., Moore, D.D., Seidman, J.G., Smith, J.A. and Struhl,
K. Current Protocols in Molecular Biology John Wiley and Sons, Media, Pennsylvania, USA,
1992,
Aviv, H. and Leder, P., Proc. Natl. Acad. Sci. USA 69: 1408-1412, 1972.

‘Barker, RF., Idler, K.B., Thompson, D.V. and Kemp, I.D. Plant Mol. Biol. 2: 335-350, 1983.

Bethesda Research Laboratories. BRL pUC host: E. coli DHSa™ competent cells. Bethesda
Res. Lab. Focus. 8(2): 9, 1986.

Brugliera, F., Holton, T.A., Stevenson, T.W., Farcy, E., Lu, C-Y. and Cornish, E.C., The Plant
Journal 5(1): 81-92, 1994. '

Bullock, W. O., Fernandez, J.M. and Short, JM. Biofechniques S: 376, 1987.
Comai, L., Moran, P. and Maslyar, D., Plant Molecular Biology 15: 373-381, 1990.
Dellaporta, S.J., Wood, J. and Hick, J.B., Plant Mol. Biol. Rep. 1. 19-21, 1983.

Ditta, G., Stanfield, S., Corbin, D. and Helinski, D.R. Proc. Natl. Acad. Sci. USA 77: 347-51,
1980.
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Gamborg, O.L., Miller R A, and Ojima, K., Exp. Cell Res. 50: 151-158, 1968.



density of 10-12/standard Petri dish, on a shoot mnultiplication nedium
consi sting of Mur ashi ge and Skoog's (1962) nedi um (MS) suppl enented with
B5 vitam ns (Ganborg et al., 1968); 590 ng/L 2-[N-norpholino] ethane
sul phonate (MES); 1 ng/L benzyl am nopurine (BAP); 0.02 ng/L
[err]-napht hal ene acetic acid (NAA); 30g/L sucrose; 0.25 20 %wv Celrite
Gel l an Gum ( Sedpwgiageghal 1), pH 5.8. Al phytohornones were aBdBAUN00285
autoclaving. Cultures were incubated in a growh chanber with a 16-hour
phot operi od (~30 [err]E/nerr]/s) at 24 [err] 1[err]C The light source
was al ways above the cultures, as heat $3%m | i ght bel ow caused
condensation and resulted in poor regeneration and nultiplication. Each
meristem produced a few vitrified shoots within two weeks. These were
excised and shyfisde), DU, atd NestefDBIW, V. Ruttério 144:513a543)11980; pl i cati on nedi um

After 34 sub-cultures, shoot cultures which multiplied at a high rate
were established; i.e.: each shoot vmth 3-4 | eaves produced a cluster of
shoots_wi th a cupfenly viot, 190 's) s WalfB) . ST RGOS, 458°1586.
routinely as a source oT%ea exp ts for transfor rratisgn
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b. Co-cultivation of Agrobacteriumand D anthus Ti ssue Agrobacterium
tunefaciens strain AGLO (Lazo et al., 1991), containing the binary vector
pWT2160, was nai ntained at 4[err]C on LB agar plates with 50 ng/L
tetracycline. A single colony was grown overnight in liquid LB broth
containing 50 ng/L tetracycline. The 5 followng day it was diluted to 5 x
10[err] cell swuosmsstol | i quid M5 nmedium before inocul ati on. PCT/IAU96/00286
Acet osyri ngone was added to the Agrobacterium suspension to a final

concentration of 20[err]M Dianthus stemtissue was co-cultivated with
Agrobacterium for 5 days on M5 medi«gé-suppl enented with 3% w v sucrose,
0.5 ng/L BAP, 0.5 ng/L 2, 4-dichl orophenoxy- acetic acid (2,4-D), 100

[err] M acetosyringone and 025% w'v Celrite (pH 5.7). 10 For

co- cul ti vat i ofLayd, GIRY, Paschl, AB. lané Ladwig) RAL BitiTéchndlbgy 9: 063-067,4981.i um
tumefaci ens strain EHA101 (Hood et al., 1984) containing the binary
vector pWT2160 was taken from frozen sanples in glycerol, cultured for

2 days at 2801%5}1&%9&{&‘ Ralie? 34, Shbss, K12 aHd TRESIOMIE A Prod Narl, Acad 382 Uis4 89:

contai ning the appropriate anti s for I"on, suspen

over ni ght in [11ed6-1056, M9RA ( Ausubel et al., 1992) for inocul ation.
Bacterial concentration for inocul ation of plant tissue was 0.5 - 1.0 x
10[err] cells/m.. Acetosyringone was added to the Agrobacterium

suspensi on t o McDonhdél, RE)Claké RD.] ShiitOf. A2 @h@Hidchke, M.A., PRid¥5] Biol [Hep. 4: 380-
cultivar Wiite Simwere 1solated by pulling fromshoot cultures. For

sel ection 20 WB6HBH orsul furon it was advant ageous to renove only the
axillary meristens |arger than 1 nm Leaves were m xed with bacteria
for a few mnutes, then taken off the m xture and pl aced on a filter
paper on a co-MurhshigeaTi and Skodg, BnPhypsiolSPldrf\ds: 738, 1962.cul ti vati on nedi um
was the sanme as the shoot multinplication nmedium but contained 0.5 ng/L BAP
and 0.5 ng/L 2,4-D instead of 1 ng/L BAP; 0.02 ng/L NAA as well as

100[ er r] M acet’udihi, RAC Fhang 3256 Nad SHVRE O'N&H] 1. PhykioD Rldi 103731-39, 1993.
Park, K.Y., Drory, A. and Woodson, W.R., Plant Mol. Biol, 18: 377-386, 1992
Pearson, W.R. and Lipman, D.J., Proc. Natl. Acad. Sci. USA 8S: 2444-2448, 1988.
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. Campbell, A.D. and Theologis, A. J. Mol. Biol. 222: 937-961, 1991.

Sambrook, J., Fritsch, EF. and Maniatis, T. Molecular Cloning: A Laboratory Marmal (2nd
edition), Cold Spring Harbor Laboratory Press, USA, 1989.
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o Recovery of Transgenic Di anthus Pl ants For sel ection of transforned
stemtissue, the top 6-8 nm-of each co-cultivated stemwas cut into 3-4
nm segnent s, which were then transferred to M5 nmedi um suppl enented with 0.5
30 mg/L BAP, 0.5 ng/L 2,4-D, 1 [err]g/L chlorsulfuron, 500 ng/L ticarcillin
and 0.25% w v WD 96/ 35792 :

PCT/ AU96/ 002 3@ 0 96/35792 - Pé1/AU96/00286
Gelrite. After 2 weeks, explants were transferred to fresh M5 nedi um
containing 0.16 ng/L thidiazuron (TDZ), 0.5 ng/L indolbutyric acid
(IBA), 2 [err]g/L chlorsul furon 50 ‘ng/ =37~ ticarcillin and 0.25% w v
Celrite and care was taken at this stage to renove axillary shoots from
stem explants. .After 3 weeks, healthy adventitious shoots were transferred
to 5 hornone- ng%ndmmmmkamg’)ﬂ%h\ﬂﬁ 1900-1061019H. [err] g/ L '
chlorsul furon, 500 ng/L - ticarcillin 0.25%w v Gelrite. Shoots which
survived 3 [err]g/L chl orsul furon were transferred to M5 nedium

suppl egent ed w ahg,ﬂ%wlw WR, FAaf PRySIbL. 10629352'556 i1992,5 [errg/L

chl orsul furon and 0. 25% w v Irite for shoot elongdtion. 10 After 2-3
weeks, |eaves weré pulled fromthe shoots which had survived sel ection and

were Wang, H., Arteca, J.M. and Arteca, RN. Pilant Physiol. 107: 797-798, 1994,
Vieira, J. and Messing, J. Gene 19: 259, 1982.

Yanisch-Perron, C., Vieira, J. and Messing, J. Gene 33: 103, 1985,



pl aced on a regeneration medium consisting of M5 nmedi um suppl enented with
0.22 ny/L TDZ 0.5 ng/L IBA, 3 [err]g/L chlorsul furon, 500 ng/L
ticarcillin and 0.25% wWv Gelrite, to obtai n shoot regeneration in the
presence of sel ection. Regener ated shoots were transferred to

hor none-free M5 nmedi um containing 5[err]g/L chlorsul furon,. 500 ng/L
ticarcillin awdgtfssqezZS%vv/v Celrite for 24 weeks, then to heermxuvsspbésee NS
medi um cont ai ning 200 ng/L ticarcillin and 0.4% wW v Gelrite, in glass
jars, for nornalization. Suncaps (Sigma) were pl aced on top of the gl ass
jars to speed up fhe nofmalization of sB8ets. Al cultures were

mai nt ai ned under a 16 h photoperiod (120 [err]E/nferr]/s cool white
fluorescent light) at 23 [err] 2[err] C. Normalized shoots, approxi mat el y
1.5-2 cmtall, were rooted on 3 g/kg I'BA rooting 20 powder and acclimatised
under m st. A soil mx co litel 25% peat was used for
acclimation, .which was camﬁgﬁ{%err]c under a 14 hour phot operi od
(200 [err]E/merr]/s nmercury halide light) and typically.lasted 34

weeks. Plants were fertilized with a carnation m x containing 1g/L CaNG
and 0.75 g/ L d) GENERALBFORMATION:| enents plus N'P:K in the ratio
4.7:3.5: 29.2. 25 | For selection of transforned |eaf tissue, |eaves were

transferred to @) APBEICANT!i ABLRARNO{L PEY LTDa@Rd VS nmedi um suppl enented with
B5 vitam ns; 590 nuFLORIGENEDINVBSTMEBRAR PTY BTDU/ L 2,4-D, 30g/L sucrose;
0.25 % wv Gelrite 500 ng/L carbenicillin and 2 [err]g/L chlorsulfuron,

pH 5.8, for 2 VEPYTEILEEPRINVERTIONS TRANSGRRIC CARNATIONSEXHIBYT €generati on
medi um 30 consi sting of NSpROIICNGEBPOITCHARYEYTTAFES vitami n; 590 ng/L MES
0.5 ng/L IBA; 0.22 VO 96/35792

PCT/ AU96/ 00286 i3 NUMBER OF SEQUENCES: 7
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- 25 - ng/ L TDZ, 30g/L sucrose; 0.25%wv Gelrite; 500 ng/L
carbenicillin and 3 [err]g/L chl orsul furon, pH5.8. |If small shoot
clusters had fornmed after 2-3 weeks, they were separate into 24
sections. After another three weeks, regenerated shoots were harvested;
| eaves of the regenerated shoots were pulled apart and plated on fresh

regeneration | to undergo secondary regeneration. TrapgtRAusimese
vitrified shoots regenerated fromthe | eaves within three weeks. To
normal i ze, they were transferred to hornone-free M5 medi um cont ai ni ng 1%

TC agar and 3[err]g/L chlorsul furon andqyu tured for three weeks in .

pl ates and for an additional three weeks in Magenta[err] GA-7 cubes. Wthin
2- 3 weeks nornal shoots formed and were rooted in hornone-free M5 medi um
containing 0.2% w v Gelrite. 10 Rooted plants were transferred to soil,

har dened of f ggaduwdrMarIONMROR SREIIDINCANST erred to greenhouse conditions.
EXAMPLE 11 | sol ati on of carnation ACC oxidase (ACO done from
cv. Scania 15 a. Pr | GMRMFTERTRTLCP. | abel | ed probes Twent y

m crogranms of total RSt nts Qa'r'*eaa*éf 100[err]C for 2 minutes and then
cooled on  ice for il _; 0 fs- The RNA was added to a reaction
m xture containing 20k{r4dp : 1lin 0-dT, 50mMM Tris-HO pH 8.0, 75mM KO,
30mM Mgl [err], 10mM DIT, 0.5 ng/nL actinonycin D, 200[err] M dATP,

200[ err] M dGTP, 2@} monsbbiedTER; ®AS[ err] M dCTP, 100[err]C [err] 20 dCTP
(Bresatec, 3000C /mmol), 40 units ribonucl ease inhibitor (Promega), and 600
units MWLV r eVest)s EEQUENGESBESCRIRTIEON :( BB O FReL:i ncubated for 1 hour at 37C.
EDTA and NaOH .were added to a final concentration of 50nmM and 0.2M

respectively 29 J ] Ezgz%\?é incubated for 20 minutes at 70C. Thg,
m xture was t% n ngz?)iﬁé%itcge y addi tion of HO to

(2) INFORMATION FOR SEQ ID NO:2:

. (1)} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNRESS:. single
{D) TOPOLOGY: linear

{(ii) MOLBCULE TYPE: DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

A(G/A) CANACNCG (A/G) AACCANCCN GG 22

{(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1942 base pairs
(B} TYPE: nucleic acid
{C). STRANDEDNESS: single
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: DNA
{ix) FEATURE:
" (A) NAME/KEY: CDS
(B) LOCATION: 134..1684

¢ {(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GGTCTTAATC TITGTCACTT TACAACAACA TAAATTATAT TCTCAATCAT TTTCTCIATA 60

TATATATATA TACCCTCCAT TTTTCCTACT CCCCCTCCAC AAARAATATA ATAATAGTGA 120



a concentration of 0.2M Unincorporated [err]-dCTP was renoved by

chromat ography 25 on a Sephadex G 50 (Fine) colum.

[err] P-Label ling of DNA fragnents

b.

radi oactively labelled with 50 [err]C of [err]-dCTP using
oligolabelling kit (Bresatec). :
chr omat ogr aphyogssyepephadex G- 50 (Fine) col um.

PCT/ AU96/ 00286
D fferenti al

Screeni ng of carnation cv.

Uni ncor porated [err]-dCTP was renpved by 30

DNA fragments (50 to 100 ng) were

\2/\?(91%%9%6

Scania cDNA |ibrary

c

A CDNA

i brary was constructed using nRNA'fromggnesci ng carnation petals of the

CV.

above.

A differential

Scani a and the Lanbda ZAP cDNA cl oni ng vector
descri bed in Exanpl e.6c,

(Stratagene),
screeni ng approach was

as.

used t o isol atererddhirc himnass sep res ex ARy 6eD GUEITRS GAR [IGE TARATT N Senesss Ng

carnation petals

pl aque

but

robes from

et her
G GAG

Do _ A TC
or (ii) inr Olﬂﬁr@:aileaﬁ Thr Aen Asp Gly His Gly Glu Asn Leu Glu
. 15

TTT
Phe

AAT
Asn
45

TTC
Phe

Gly

ATG
Met
125

AAC
Asn

GCA
Ala

GTC
Val
205

GAT GGG TGG AAA

Asp Gly Trp Lys
30

TCT AAT GGC GTT
Ser Asn Gly Val

GAT TTA GTIT ACG
Asp Leu Val Thr
65

- ACC AAC GAA GGT

Thr Asn Glu Gly
80

TAT CAT GGT TTG
Tyr His Gly Leu
95

AAG GCA AGA GAT
Lys Ala Arg Asp
110

AGT GGT GGA GCC
Ser Gly Gly Ala

CCC GGT GAC GCC
Pro Gly Asp Ala
145

CGC GAT TTA CGG

Arg Asp Leu Arg
1s0

TCG AGC
Sexr Serx
175

TCG AAT
Ber Asn

GCT
Ala

ATT
Ile

50
GAG
Glu

GTA
Val

cce

Glu

aeT

Serxr
130

Phe

TGG
Trp

AAT
Asn

-AAT ARG

20

TAT GAT AGA GAT

Tyr Asp Arg Asp
35

CAA ATG GGT CTC
Gln Met Gly Leu

TGG CTA
Trp Leu

CTC AAA
Leu Lys
70

TTC ATG
‘Phe Met
85

Asn Lys

GAG TTT AGA AGT
Glu Phe Axrg Ser
100

AAA GTC ATA TTC
Lys Val Ile Phe
115

GCA AGT GAA ACT
Ala Ser Glu Thr

TTA ATT
leu Ile

CCG ICT
Pro Serxr
150

AGA ACT GGA GTA
Arg Thr Gly Val
165

TTC AAA ATC ACT
Phe Lys Ile Thr
180

TAT GAA GAC GCC CTT ARA AAG AAC ATC
Tyr Glu Asp Ala Leu Lys Lys Asn Ile

190

ACA AAC
Thr Asn

210

195

CCG TCA AAT CCC TTA GGA ACG
Pro Ser Asn Pro Leu Gly Thr Val

ccr
Pro

GCT
Ala

85
AAC
Asn

GAT

GCT
Ala

Asn

CTT
Leu
135

CCT

AAT

‘Asn

Lys

AR
Lys

iy

218

25

TAT CAT

Tyr His
40

GAA AAT

Glu Asn

CCA

ATT
Ile

GCcC
Ala

Val Ala

105

CCA GAT
Pro Asp
120

Leu Phe

TAT TAT
Tyr Tyrx

TTA ATC
Lieu Ile

GAA GCC
Glu Ala
185

GIT AAG
Val Lys
200

CTA GAC
Leu Asp

TCT ACC
S8ex Thr

CAG
Gln Leu

GCC TCA
Ala Ser
75

Ile
90

Fhe

Lys Phe

AGA ATT
Arxg Ile

Cys

cce
Pxo Ala
155

CCA TTT
Pro Phe
170

TTA CAA
Leu Gln

GGT ATIT
Gly lle

AAG GAC
Lys Asp

I edu¥etd Gy 8¢z Cywekps Sly Rk Tyt (hep Gfrg Ifn dst .
t housand col oni es were screened at 1,50 col oni es per ¥5cm pl at e.

lifts were hybridized with cDNA
ACG AAC GAT GGC CAT GGT GAG AAT TT

Thirty
Dupl i cate
i) day_ 0 petal
T&c) y217 P
Tyrx
ARG 265
Lys
TGC 313
Cys
€0
ATT 361
Ile
CAG 409
Gln
ATG 457
Met
GTA 505
Val
Gee 553
Ala
140
TIT 601
Phe
ACT 649
Thr
TCE 697
Ser
ATC 745
Ile -
ace 793
Thr

220

~



washed under high stringency conditions:
50% v/ v formam de, 6 x SSC, 1% v SDS at 42C for 16 h and washing in 0.2
X SSC, 1% w vSDS 10 at 65C for 3 x 30 min. Filters were then exposed'to
Kodak XAR filmw th an intensifying screen at -70[err]C for 16 hours.

Cl ones which hybridized wwth the in rolling petal cDNA, but - not with
the day. 0 cDnoosisse sel ected for further investigation. PCT/ATU96/00286
EXAMPLE 12 15 ~ Sequence anal ysis of carnation cv. Scani a ACO
cDNA cl one Several senescence-associ ated cDNA clones were identifi ed.
The DNA sequence of one of the clord$~ a 1, 156 bp sequence desi gnated
pCGP363, had 68% honol ogy to the DNA sequence of a tomato cDNA cl one,
pTOML3, associated with ethylene production and fruit ri pening. Later,
pTOML3 was i CeratAxn &k 2EA ©TK ACA OTC ANCANKCIGIBA (A ATAIAS AT 6., 19%%1 20

Hol dsviort h etieaml Lys NOSReu Spnfbr &he Xal Asn 334 Lys Pfa Bedtsdsudalno aci d
sequence of 321 am no 28%i ds shares 6338 dentity wi t ¥*Bhe tomato ACO

igon?Dgﬁbdefe%uencegé&Hohaﬁ %&eﬁ %}ﬁgﬁ Jcé &@ﬁ%l ty Wlatsb appl’e

Qté:EYb
sequence from An6Th cargggi on, Wiite Siggg(Wang and V‘bodson

1991). ‘The Scani a sequence differs from that of White Simonly at am no
aci d resi due fdt/erriochlsmicre A25 Ane cht) ATYVOCT cCAS| GTASAATUCHACERC| CITr epl ac’38 by a
gl yci ne in t heexSesinAla Sbyjehdae Lys Asp MBN/RrocdHactadi @n 24mi &eugnd ot her

cl ones was perfornme@5%®ssentially b;?‘? he met hod of nger et al. (1977)

o T s i S

hybri di zati on on nitrocellulose in

t Pro Gly Phe

270 275 280
AGG GTT GGG ATC ATT TAC TCT TAT AAT GAC CGT GIC GTC TCA ACT GCT 1033
Arg Val Gly Ile Ile Tyr Ser Tyr Asn Asp Arg Val Val Ser Thr Ala
285 2%0 295 300
CGT .CGA ATG TCG AGT TTT GGA CTT GTT TCT TCT CAA ACT CAG TIT ATG 1081
Arg Arg Met Ser Sex Phe Gly Leu Val Ser Ser Gln Thr Gln Phe Met
305 310 315
ATC GCG GCA TTG CTC TCA GAT GAT GAT TTT GTT AGA CGA TTC TTG GIT 1129
Ile Ala Ala Leu Leu Ser Asp Asp Asp Phe Val Arg Arg Phe Leu Val
320 325 330
GAG AGT AGA GAC AGA CTC TTT CGA AGG CAC CAGC CAT TTC ACA AGC GAG 1177
Glu Ser Arg Asp Arg Leu Phe Arg Arg His Gln Ris Phe Thr Ser Glu
335 340 345
CTG GCT AAG ATA GGA ATA GGA TGC CTC CAA GGA AAC GCG GCA TTG TTIT 1225
Leu Ala Lys Ile Gly Ile Gly Cys Leu Gln Gly Asn Ala Ala Leu Phe
350 355 360
GIT TGG ATG GAT TTG AGG CAT CTA TTA GAC GAA GCA ACG GTT GAA AGA 1273
Val Trp Met Asp Leu Arg His Leu Leu Asp Glu Ala Thr Val Glu Arg
365 370 375 380
GAG TTA AAG TTA TGG AGA GTG ATC ATC AAT GAA GTG AAA ATC AAT GIG 1321
Glu Leu Lys Leu Trp Arg Val Ile Ile Asn Glu Val Lys Ile Asn Val
385 390 : 395
TCA CCG GGT TCG TCC TTC CTG TGC TCT GAG CCA GGG TGG TTT AGG GTT 1369
Ser Pro Gly Ser Ser Phe Leu Cys Ser Glu Pro Gly Trp Phe Arg Val
- 400 405 410
TEC TTT GCC AAC ATG GAC AAT GCG ACC TTA GAC GTT GCA CTC RAT CGA 1417
‘ Cys Phe Ala Asn Met Asp Asn Ala Thr Leu Asp Val Ala Leu Asn Arg
415 420 425
ATT AGG TCT TTT GTA ACC CGT GGA AGG GTG GAC AAT TCA ACA ATG ACA 1465

Ile Arg Sex Phe
430

Val Thr Arg Gly Arg Val Asp Asn Ser Thr Met Thr
435 440



WD 96/ 35792

PCT/ AU96/ 00286 - 27 - Honol ogy
sear ches agai nst Genbank SW SS- PROT and EMBL dat abases were again
performed using the FASTA and LFASTA programres (Pearson and Li pnman, 1988).
Al'i gnment and conparison of the carnation cv. Scania ACC oxi dase sequence
with ei ght otweresss®gguences as follows: carnation cv. Wi t cPCH/AT9I6/00286

Ar abi dopsis thaliana; tomato; orchid; apple; 5 petunia; sunflower and

geranium can be seen in Figure 3. Alignnents were performed using t he

Clustal V programme (Higgins et al., 199#2- Percentage similarities ranged
from 95% bet ween carnation cultivars, to 72 % between carnation and for
ger ani um EXAMPLE 13 10 '

standard technFepuBs 8exdid BestiAls Audbt gBk T8F o e carnation
ACO cDNA fragn®h, contai ned &% hin pCGP363 (4see Exanpl e ), was

inserted in rey ﬁfm ﬁ&gﬁgﬁ g&'ﬁ%ﬁn@b%ﬁkﬂm%&m ARCdeRr ., PGEER 93
(Brugliera Fhr &t WRE Tt ey MAE 16 Qplige Hysaimicigt al ., 1990)
and the mas 3' termnator 1&sregion (fromarhe Agrobacteriamh mannopi ne

synt hase gene). According to Comai et al., (1990), MAC is a stron

constitutive pPrEATBTGGAG THE CEA GIT \PCO STE RAC FBITIED AGR FTE FAAHRCt FRT 1609
Gln Met Glu Leu Arg Leu Ser Phe Asn Asn Arg Arg Phe Glu Asp Gly

Const ruct i BOPTQOGCA AGA/EGA GFA GEAARY ACHASA AGh t HE12
nstruction ohcxp g Tgfﬁ%ﬁ%ng

480 485 490
PTA ATG TCA CCT CAT AGC ATC CTA TTA TCT CCT CAC TCT CCT ATG cer 1657
Leu Met Ser Pro His Ser Ile Leu Leu Ser Pro His Ser Pro Met Pro :
495 500 505
CAA TCA CCC CTT GTT AAA GCA AGA ACA TAAGTCTAAA ATCATGAGTT ’ 1704
Gln Ser Pro Leu Val Lys Ala Arg Thr :

510 515
'.ATTAATAATA AATTTATCGA ACCAGTGTGA CGCCATTGAA ACGGTGCGAC GGGACTTGAA 17¢4
ACGGTGTGAA AGACCACATT CAGATGAAGC ATTATATCTT CTCAACAAAA CATTGAACTT 1824
AATATAATTC AATATAACTT CTCTGTAATT TCATGTATAC AAACACTATA AATATGTAGT 1884

CATGTGTAAG ATCATTGATA TAGAAAAATA TAAATGATTT TCTGATTTTA AAARAAAAA 1942

{2) INFORMATION FOR SEQ ID NO:4:

(1) SEQUENCE CHARACTERISTICS:
{2) LENGTH: 1087 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: lineaxr

. {ii) MOLECULE TYPE: DNA
(ix) FEATURB:

{(A) NAME/KEY: CDS

(B) LOCATION: 1..1087

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

ATG GGT CTC GCT GAR AAT CAG CIT TGC TTC GAT TTA GTT ACG GAG TGG 48
Met Gly Leu Ala Glu Asn Gln Leu Cys Phe Asp Leu Val Thr Glu Trp

1 5 10 15 '
CTA CTC AAA AAC CCA CAA GCC TCA ATT TGT ACC AAC GAA GGT GTA AAT 96

Leu Leu Lys Asn Pro Gln Ala Ser Ile Cys Thr Asn Glu Gly Val Asn
20 25 30



neonmyci n phosphotransferase (NPT Il) gene, in addition to the antisense
ACO nucl eic acid nol ecul e, allow ng selection of transgenic shoots by
growt h on kananycin (Figure 4). 20 ,

EXAMPLE 14 Transformation of E. coli and A tunefaciens

w th pCGP407 Transformation of the Escherichia coli strain XL1-Bl ue
with the vectwoogsd@107 was performed accordi ng to standeCTAVA6H2BAUr €S
(Sanbrook et al., 1989) or Inoue et al., (1990). 25 The plasm d pCGP407
was introduced into Agrobacteriumtunefaciens strain AGLO by addi ng 5
[err]g of plasmid DNA to 100 [err]L of -@Bmpetent Agrobacterium tunefaciens
cells prepared by inoculating a 50 m. MJ L (Garfinkel and Nester, .1980)
culture and grow ng for 16 h with shaking at 28C. The cells were then
pel |l et ed and RaG @TEARE ST (AET FCE ART TBF CAG GATSTAT\FAT GRFOTIRLRCAC€AS err] /8% v/ v
gl ycerdl . ThelynRbaYetBae Tde iAdIde Bhe@lnfee Troentlyoleyy PinEbati on in
liquid Nferr] for 2 A n and then al fBwed to thaw by""l ncubation at 37[err]C

for 5 gm%%@%%ﬂ%cmmmmcmmscamsmsmm 192
PCT/ AU96/ 00286he Arg Ser Ala Val Ala Lys Phe Met Gly Lys Ala Axg Asp a1l Bys
Yy Lys
50 55 60
GTC ATA TTC AAT CCA GAT AGA ATT GTA ATG AGT GGT GGA GCC AGT GCa 240
Val Ile Phe Asn Pro Asp Arg Ile Val Met S8er Gly Gly Ala Ser Ala
65 70 75 80
AGT GAA ACT CTT TTG TIT TGC TTG GCC AAC CCC GGT GAC GCC TIT TTA 288
Ser Glu Thr Leu Leu Phe Cys Leu Ala Asn Pro Gly Asp Ala Phe Leu
85 90 95
!
ATT CCG TCT CCT TAT TAT CCC GCA TTT AAC CGC GAT TTA CGG TGG AGA 336
Ile Pro Ser Pro Tyr Tyr Pro Ala Phe Asn Arg Asp Leu Arg Trp Arg
100 105 110
ACT GGA GTA AAT TTA ATC CCA TTIT ACT TGC TCG AGC TCG AAT AAT TTC 384
Thr Gly Val Asn Leu Ile Pro Phe Thr Cys Ser Ser Sexr Asn Asn Phe
: 115 120 125
AAA ATC ACT AAGGAAGCCTTACMTCGGCATATGAAGA.C GCC CTT AAA 432
Lys Ile Thr Lys Glu Ala Leu Gln SBer Ala Tyr Glu Asp Ala Leu Lya
130 135 140
AAG AAC ATC AAA GTT ARG GGT ATT ATC GTC ACA AAC CCG TCA AAT CCC 480
Lys Asn Ile Lys Val Lys Gly Ile Ile Val Thr Asn Pro Ser Asn Pro
145 150 155 160
TTA GGA ACG GTC CTA GAC AAG GAC ACC CTA AAA ATG TTA TTA ACA TTC 528
Leu Gly Thr Val Leu Asp Lys Asp Thr Leu Lys Met Leu Leu Thr Phe
165 170 175
GTA AAT GCG AAA AAT ATA CAC CTT GTG TGT GAC 'GAG ATA TAT GCA ACC . 576
Val Asn Ala Lyes Asn Ile His Leu Val Cys Asp Glu Ile Tyr Ala Thr
180 185 180
ACAGTA'I'.I‘TAATTCGCCGAGCTTTKTAAGTGTTGCTGAGGITATAM 624
Thr Val Phe Asn Ser Pro Ser Phe Ile Ser Val Ala Glu Val Ile Lys
195 200 205
GAC ATG CCT CAT GTA AAT CAA GAC CIT GTT CAT ATT TTA TAT AGT TTG 672
Asp Met Pro His Val Asn Gln Asp Leu Val His Ile Leu Tyx Sexr Leu
i 210 215 220
TCC ARG GAC ATG GGC ATG CCG GGC TTT AGG GTT GGG ATC ATT TAC TCT 720
+ Sexr Lys Asp Met Gly Met Pro Gly Phe Axg Val Gly Ile Ile Tyr Ser
. 225 230 235 240
TAT AAT GAC CGT GTC GTC TCA ACT GCT CGT CGA ATG TCG AGT TTIT GGA 768

Tyr Asn Asp Arg Val Val Sexr Thr Ala Arg Arg Met Ser Ser Fhe Gly
. 245 250 255



m n. The DNA/ bacterial mxture was then placed on ice for a further 10 mn.
The cells were then mxed with 1 nL of MJL nmedia and incubated with
shaking for 16 h at 28C. Cells of A tunefaciens carrying pCGP407 were
sel ected on MJ L agar plates containing 100 [err]g/nL gentamycin. The
presence of the plasmd was confirmed by Southern analysis of 5 DNA

i sol at ed frorydsssaRnt anyci n-resi stant transfornmants. PCT/AU6/00286
EXAMPLE 15 Transformation of Di anthus caryophyll'us with ACC
oxi dase 10 a. Pl ant Materi al D ant hus caryophyllus (cvs. VWiite Sim
and Scania) cuttings were obtained froma4n Wk and Son Fl ower Supply,
Victoria, Australia. The outer |eaves were renpved and the cuttings wer e
sterilized briefly in 70%v/v ethanol followed by 1.25% w v sodium |
hypochl orite crr(eortrier Thoecuaa 207 cAGrTI® ATIGNAYICCECGaEMA TIGNERSOTAANEATe ti meddséwi t h
sterile wat er LeW\vhal tdee Seir Hlh|Thr F8n|Rha\Met Fhedrlaxhlal kauyLey 8ar M?re renpved
under the dissecting nmi2Poscope before®®o-cul tivati on?7°

Co-cul tivation of A obact e S teriup

t unef aci ens s Iﬁ%ﬁgﬂ%dng %9 M;l; e AGAA{%p?gnary vect or
pCGP407, was rﬁ’ﬁl.p, d “at agar ﬁfs W|th 50 ny/L
tetracycli ne. A single 20 coI ony was grown overm ght in liquid LB broth
cont ai ni ng 50 cap/aAcctacraasyenri Tre. AcAhmse cAcf Cid GOV RAF NER/GGX ATIAGGA]i | ut e¥2t 0 5 X
10[ err] cel | s/mry asgtHis| dlguid TWe Therdsem$lupbduoAla LyroEld 8 &k Gl¥ Dj ant hus
stemtissue was @&9cul tivated w3k Agr obact eri um®% or 5 days on M5 nedi um

suppl enmented w t h 3% WA ,pG d-ads 4P 100gderriM
acet osyrl ngong Leu Gl B%n\,\ﬁ Ju ‘9 Leu frg His\€COVErYy of

Transgeni c Di 310 315 320

CTA TTA GAC GAA GCA ACG GTT GAA AGA GAG TTA AAG TTA TGG AGA GTG 1008

Leu Leu Asp Glu Ala Thr Val Glu Arg Glu Leu Lys Leu Txp Arg Val
325 . 3320 335

ATC ATC AAT GAA GTG AAA ATC AAT.GTG TCA CCG GGT TCG TCC TTC CIG 1056
Ile Ile Asn Glu Val Lys Ile Asn Val Ser Pro Gly Ser Ser Phe Leu
340 345 350

TGC TCT GAG CCA GGG TGG TTT AGG GIT TGC T 1087

‘Cys Ser Glu Pro Gly Trp Phe Arg Val Cys
355 360

(2) INFORMATION FOR SEQ ID NO:5:
.{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: .

CGGGATCCGC TACTAATGAA GAGCATGGC ) ' 29



For selection of transfornmed stemtissue, the top 6-8 mm of each
co-cultivated stemwas cut into 3-4 mm segnents, which were then
transferred to M5 medi um suppl enmrented with 1 ng/ L BAP, 0.1 ng/L NAA, 150
ng/ L kananycin, 500 ng/L ticarcillin and 0.8% Difco 30 Bacto Apr (selection
medium). After three weeks, explants were transferred to fresh WO
96/ 35792 WO 96/35792 PCT/AU96/00236

PCT/ AU96/ 00286 - 29 -

sel ection medium and care was taken at this stage to renopve axill.ary shoot s
from-stem explants. After 6-8 weeks o#5sel ecti on medi um heal t hy
adventitious shoots were transferred to hornone-free M5 nmedi um _
-containing 3% w v sucrose, 150 ng/L kanamycin, 500 ng/L ticarcillin,
0.8% Dj f co Bacieb TRPRRMATION FORjSEostaNe:s: NPT | | dot - bl of assay (MDonnell et
al., 5 1987) was used to-identify transgeni c shoots. Transgenic shoots were
transferred to Mgt 8 M d with 3% w v sucrose, 500 ng/L
ticarcillin and 0.4% eﬁ:’fc? *®shoot el ongation. Al cultures were
mai nt aj ned under a 16 rys@eid 120 [err]E/nferr]/s cool white
fluorescent |ight) at @3reroideyd[BmedC. When plants were rooted and reached

4-6 cmtall they were acclimatised under mist. A nix containing-a high
rati o of perlite {(¢95%RCULH mﬁerl)mlo soaked i n hydroponic m x (Kandreck and
Bl ack, 1984) was used for acclimation, which typically lasted 4-5 weeks.

Plants were accl ikt FEUENCE DBSCRIPTION: SEQ|IP N3:6:4_ hour phot operi od (200
[err]EfmMerr]/s mercury halide |ight). '

GCGGTACCAG GTGACGAAAG TGGTGACA 28

" (2) INFORMATION FOR SEQ ID NO:7:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1156 base pairs
(B) TYPE: nmucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA
(ix) FEATURE:
(3) NAME/KEY: CDS
(B) LOCATICN: 53..1015

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

AAAACAAATA CAAATACAAA TACAAATACR TTGAATTTGT TAATTAACGA AC ATG 55
Met
1
GCA AAC ATT GTC AAC TTC CCT ATC ATT GAC ATG GAG AAG CTC AAT AAT 103
Ala Asn Ile Val Asn Phe Pro Ile Ile Asp Met Glu Lys Leu Asn Asn
5 10 15
'TAT AAT GGT GTT GAG AGG AGT CTT GTT TTG GAC CAA ATT AAG GAT GCT 151
Tyr Asn Gly Val Glu Arg Sexr Leu Val Leu Asp Gln Ile Lys Asp Ala
20 25 30
TGT CAC AAC TGG GGA TTC TTC CAG GTG GIG AAC CAT AGT TTG TCA CAT 199
” Cys His Asn Trp Gly Phe Phe Gln Val Val Asn His Ser Leu Ser His
as 40 45
o GAA CTG ATG GAC AAA GTG GAG AGG ATG ACA AAA GAG CAT TAC ARG AAA 247

Glu Leu Met Asp Lys Val Glu Arg Met Thr Lys Glu His Tyr Lys Lys
50 85 éo €5



EXAMPLE 16 15 Sout hern Anal ysi s a.
| solation f Genom c DNA from D ant hus DNA was isolated fromtissue
essentially as described by Dellaporta et al., (1983). The DNA
preparations were further purified by C(ferr]C buoyant density

centrifugation (Sanbrook et al. 1989). 20 b. Southern Blots The
genom c DNA (Wodemsmkg) was di gested with EcoRl (for sensepéfiiyociozss

H ndlll (for antisense ACO) and el ectrophoresed through a 0.7% w v or
0.8% w v, respectively, agarose gel in a runni ng buffer of TAE (40 nmM

Tris-acetate, 50 mM EDTA). The DNA was tHém denatured 25 in denaturing
solution (1.5 MNaCl /0.5 M NaOH) for 1 to 1.5 hours, neutralized in 0.5 M
Tris-HC1 (pH 7.5)/ 1.5 MNadl for 2 to 3 hours and the DNA was then
transferred tOrEE AGG GAdyEPNAACNTTICANY GAmRYe It (B¢ ADY ABRmweF Tas \6T6 r ansf ess
(Sanbr ook et afke, M3987'5’&1) GlnnLEOPl)@ LBChsp Met Val Gln \Afx 38 337 Jgu Val

PCT/ AU96/ 00286 - - 880 -
'I_.‘CTGCI‘GAGTC‘I‘CAAGTC AAT GAC ATT GAT TGG GAG AGC ACC TTC TAC 343
Ber Ala Glu Ser Gln Val Asn Asp Ile Asp Trp Glu Ser Thr. Phe Tyr

85 950 85
CIT CGT CAT CGT CCC ACC TCC AAC ATC TCC GAG GIC CCT GAT CTC GAC 391
Leu Arg His Arg Pro Thr Ser Asn Ile Ser Glu Val Pro Asp Leu Asp :
100 108 110
GAC CAA TAC AGG AAG TTG ATG AAG GAG TTT GCA GCC CAG ATT GAG AGG 439
Asp Gln Tyr Arg Lys Leu Met Lys Glu Phe Ala Ala Gln Ile Glu Axg
115 120 125
TTA TCC GAG CAA CTGC TTG GAC TTG TTA TGT GAG AAC CTT GGC CTT GAG 487
.Leu Ser Glu Gln Leu Leu Asp Leu Leu Cys Glu Asn Leu Gly Leu Glu
130 135 140 145
. ARA GGC TAC CTT AAG AAT GCC TTC TAT GGT GCC AAT GGC CCC ACT TTT 535
Lys Gly Tyr Leu Lys Asn Ala Phe Tyr Gly Ala Asn Gly Pro Thr Phe
is0 . 155 160
GGT ACC AAG'C_%TC AGC AAC TAC CCG CCT TGC CCC AAA céc GAC CIT ATC 583
@ly Thr Lys Val S8or Asn Tyr Pro Pro Cys Pro Lys Pro Asp Leu Ile
165 170 175
AAAGGACTTAGGGCCCACACCGACGCTGGTGGCATCATTC‘I‘CTTG'I.TC. 631
Lys Gly Leu Arg Ala His Thr Asp Ala Gly Gly Ile Ile Leu Leu Phe
180 185 190 '
CAG GAC GAC AAG GTC AGC GGC CTC CAG CTC CTC AAG GAT GGT CAT TGG 679
Gln Asp Asp Lys Val Ser Gly Leu Gln Leu Leu Lys Asp Gly His Trp
195 200 205
GTT GAT GIT CCT CCC ATG AAA CAC TCC ATT GTT GTT AAC TTG GGG GAC - 727
Val Asp Val Pro Pro Met Lys His Ser Ile Val Val Asn Leu Gly Asp
210 215 220 225
. CAA CIT GAG GTT ATT ACA AAT GGC AAG TAC AAG AGT GTG ATC CAC CGC 778
Gln Leu Glu Val Ile Thr Asn Gly Lys Tyr Lys Ser Val Met His Arg
230 235 240
GTG ATA GCG CAG ACA GAT GGT AAC AGG ATG TCG ATA GCA TCA TTC TAC 823
Val Ile Ala Gln Thr Asp Gly Asn Arg Met Ber Ile Ala Ser Phe Tyr
245 250 255
AAC CCG GGA AGT GAT GCC GTG ATT TAC CCG GCG CCA ACA TTG GTG GAA 871
Asn Pro Gly Ser Asp Ala Val Ile Tyr Pro Ala Pro Thr Leu Val Glu
260 265 270
ARA GAA GAG GAG AAA TGC AGA GCA TAC CCA AAA TTT GTG TTC GAG GAT 919

Lys Glu Glu Glu Lys Cys Arg Ala Tyr Pro Lys Phe Val Phe Glu Asp
275 . 280 285 .



Sout hern anal ysi s of put ative transgeni c D ant hus plants obtained after

sel ection on either chl orsul furon or kananycin confirnmed the integration
of the appropriate chinmaeric gene into the genonme, as shown in Figures 5
and 6. 5 EXAMPLE 17

Nort hern Anal ysi s Total RNA was isolated fromtissue that had been
frozen in |igwelesddswar] and ground to a fine powder usi Ng PCTAVS6/0286.Nd
pestle. An extraction buffer of 4 M guani di nium i sothi ocyanate, 50 nM

Tris-HO (pH 8.0), 20 mM EDTA, 0.1%v/v Sarkosyl, was added to the tissue
and 10 the m xture was honogeni zed for %4%-nute using a polytron at maxi num
speed. The suspension as filtered through Mracloth (Cal bi ochem and
centrifuged in a JA20 rotor for 10 minutes at 10,000 rpm The

super nat ant waTACCHIG AR €TF TN TR BAG (CTC BAQ THE AR GBS GAGVEAE. ccC AGBanl e§5v\er e
then | ayered oWfErMes A heu Tvps fpp hYefew Lys Pheiln 613 0hyR EBTHRo( 7.0)

38.5 nL Qui ck- %’é’al centrifuge2®ibes (Beckman)®®8nd centrif ugetf®at 42, 000 rpm

for 12-16 15 God old 70 ﬁe;l?eé resuslggglded
1 TE S08 (JonpImSPr A e bt ng o LR T e

extracted w.th phenol chl osgd or m i soanyl aheohol 4 1) saturat ed in
10 mM EDTA (pH 7.5). The RNA was then naint ai ned as an et hanol

precipitate, arcAMMIABT® BRTESATTTS ATATARTGCH) ATGCTTENSA JICARGCARTY BANGTATTIQ(N RINAS
sanpl es were el ectroghoresed t hrough 2.2 Mfor mal deh de/l 2% w/ v agar ose

gel s usi ng TAMMIARSC SRFTEFATCOTRAT IR T2TF SHTOTER® s ul Pfidni c
acid (pH 7.0), n%Ms ?ldﬂr‘tlﬂ etate, 0.1 nM EDTA (pH 8 0). The S
transferred to”&y ongl-'ﬁé I eﬁg'f (Amersham as described by the Raspe
manuf acturer and probed with [err] P-1abell ed cDNA fragnent (10[err]

cpm[err]g, 2 x 10[err] cpm ). Prehybridization (1 h at 42[err]C) and
hybridi zation (16 h at 25 42[err]C) was carried out in 50%v/v formam de, 1
M NaCl, 1% w v SDS, 10% w v dextran sul phate, 100 [err] g/ nL sal non sperm
DNA. .



Filters were washed in 2 x SSC/ 1% w v SDS at 65[err]C for 1 hour and then
0.2 X Sscdmnmwull"ﬂmml 65[err]C for 1 hour. In the case of antisense
ACO, howe al so washed in 30 0.1 x SSC/0.1% w v SDS at 65C

for 1 hour." A filfers Were exposed to Kodak XAR film VO

96/ 35792

PCT/ AUR6/ 0028%;0 9635792 - 3PCT/AU6/00286i t h
an intensifying screen at -70[err]C for 48 hours. . Northern anal ysis of
sense ACS plants indicated that the ALS transgene was expressed in the

| eaves of six of the eight |lines assayed4§see Figure 7). Nor t her n

anal ysis of antisense ACO plants indicated that petals fromtransgenic

Scani a and White Simflowers produce only very |ow |l evels of ACO and ACS

MRNA at days A4cLAIMS: t he time when inrolling woul d occur in nornal,

control flowers (see Figure 8). .
1. Amethod for pro'ducing a transgenic plant exhibiting reduced produciion of climacteric
ethylene, compared to its non-transgenic parént or a non-fransgenic plant of the same species,
said method comprising introducing into a cell or cells of a plant a genetic construct comprising
a nucleic acid molemleenoodiné,or complementary to a sequence encoding ACC synthase or
ACC oxidase or a derivative of said nucleic acid molecule, and regeneratingaﬁ'ansgenic plant
from said cell or cells.

2. A method according to claim 1 wherein the transgenic plant exhibits one or more of the

following properties:
@) a reduction in production of ACC synthase-specific mRNA. or ACC oxidase-
specific mRNA;
@i a reduction in production of ACC synthase or ACC oxidase; and/or

(1ii) delayed senescence of flowers or flower buds cut from said transgenic plant.

3. A method according to claim 1 or 2 wherein the genetic construct comprises a non-full
length fragment of a nucleic acid molecule encoding ACC synthase or ACC oxidase.

4. A method according m claim 3 wherein the non-full iength fragment is approximately
800-1200 base pairs in length. '

5. A method according to claim 3 wherein the non-full length fragment is an interial
fragment of the nucleic acid molecule encoding ACC synthase ar ACC oxidase.

6. A method according to claim 3 or 4 or 5 wherein reduction in production of ACC
synthase-specific nRNA or ACC oxidase-specific mRNA or reduction in production of ACC
synthase or ACC oxidase is achieved by co-suppression.



10 ' EXAMPLE 18
[err]P- Lalw, , J ,”m\l"[obes DNA fragments (50 to 100 ng) were
radi oact i I h 50 [err]C of [err]-dCTP using an

ol i gol abel ling kit (Bsres*at ec). Unincorporated [err]-dCTP was renoved by
chromat ogr aphy on a Sephadex G 50 (Fine) columm. 15 '

EXAVPLE 19 wo 96/35792 Transformati on of Di ank{vaussnoesesar s
The genetic contructs contained in the plasmds pWT2160 and pCGP407 were
i ntroduced into various varieties of carnation using .

Agr obact eri um nedi at ed gene transfer, as4%escribed 20 in Exanples 10 and
15, above. Integration of the appropriate DNA into the plant genome  was

confirmed by Southern analysis of plants obtained after kanamycin or

chl or sg!c f H‘ on7. dA@?ﬁdimeemMExﬂmWEgﬂhowm orﬂ?ivm_bads'évhiph,
succes ully regnaer transgeni c N accordance w t preser,lt I hyent-.0on,
nave 25 si ghi RSP ol et plash SXRIPE BTOIREY DY harusst RIS R
conpar ed Wi t h J3eheansgentc! ' n%gﬂncz%lmﬁ%rmaﬂ@km ! ﬁaﬁmfﬁm

et hyl ene production,” using a Varian el 3300 gas chromat ographe

equi pped wi t h intrédincingaintoNa cell emeells 8 @)plant lazgeneticospnstauct comprising-a gon-5ill length
Varian 4400 Ingeqgratar. Lndicated that flowers of rnati i nd
Wi te St m oar ARGk & ot el oding B atnetey @' icilS sesfifly. Act
greatly reducegniBibe@r ATU biidise, at pebeferaiigy plaicfrond keid Gslixiritellswhérgin fidwrs of

shows et hyl ene evol uti on by transgenic - ) )
the said transgenic plant exhibit one or more of the following properties:

)] a reduced level of ACC synthase-specific mRNA or ACC oxidase-specific mRNA
below non-transgenic endogenous levels:

(i) a reduced level of ACC synthase or ACC oxidase below non-transgenic
endogenous levels; and/or

Gil) - ‘a reduced level of climacteric ethylene production below non-transgenic
endogenous levels.

8. A method according to claim 7 wherein the non-full length fragment of the nucleic acid
molecule is approximately 800-1200 bp in length and the reduction in ACC synthase-specific
mRNA or ACC oxidase-specific mRNA or, reduction in ACC synthase or ACC oxidase or
reduction in climacteric ethylene production is by co-suppression.

9. A method according to claim 1 or 8 wherein the nucleic acid molecule comprises a
sequence of nucleotides substantially as set forth in SEQ ID NO:3 or is a derivative thereof or
is a mucleic acid molecule capable of hybridising to the sequence of micleotides set forth in SEQ
ID NO:3 under low stringency conditions at 30°C or is a nucleic acid molecule having a
nucleotide sequence having at least about 60% similarity to the sequence of nucleotides set
forth in SEQ ID NO:3.

10. A method according to claim 1 or 8 wherein the nucleic acid molecule comprises a
sequence of nucleotides substantially as set forth in SEQ ID NO:4 or is a derivative thereof or
is a mucleic acid molecule capable of hybridising to the sequence of nucleotides set forth in SEQ
ID NO:4 under low stringency conditions at 30°C or is a nucleic acid molecule having a



WD 96/ 35792

Egﬂ /rA\(L)JI%/ ﬂﬂmm"l “Jﬂlulllu ||Il owers from day of harvest onvv:ar gg ) Cont rofind

pl ants producéd Y1 oer’s which synt hesi zed normal amounts of ethylene,
show ng the expected clinmacteric rise in ethylene production at the
onset of i nrowWogsgsredr ansgenic flowers of carnation cvs. BCHAU26/00286
White Sim produced | ess than 10% of the | evel of ethylene produced by.
control 5 flowers. EXAMPLE 20

Pr ol onged post - harvest sur vi val The rA@roduction of one or nore

addi tional copies of either the ACC synthase or ACC 10 oxi dase DNA .
sequences into a plant's genone is capable of having a marked effect .on the
post - har vest | infcteotifle séquememamgmhasthboutéﬂ%bmﬂam»mﬂhlsqmmmfppdwsiﬂ e

expressi on of ous gene, using either a sense transcript and
t he co-suppres&@@ﬁéﬂﬁ%&y di scl osed i n US Patent Nunbers 5, 034, 323;
5,231,020 and 5, 238,184, or an antisense transcript and the anti sense

t echnol ogy disel osed in US Patent Nunber 5, 107, 065, thereb generatl ng 15
transformed cathaid metholaweordingite ehaim rloen & wherein-the imeleic| agid maleeule| comprises o

clinacteric et h erEé'fv%

often in exces¥ WM&& nor %@é@‘#?ﬁ@’ﬁﬂg’?"‘?ﬂ ra‘)r%orne >

equihval enLS aRG hﬁblﬁbﬁmldhmmhl dafmﬁldlﬂﬁ‘ hybﬂﬁakmgtothﬁ@eqlmetof\mclhohdhesuf ¢ foxthsin

such as the environnenta -toxic silver,.thio at e | t|on

of the "long:- |$EQEH%H&‘%I9W%§W §§J Pﬂﬁﬁﬁ““ﬁ?@ YHE 30

Figures 10(A) - ffliéokide %%céﬂa@ﬁhﬂi&ﬁt’%bﬂt%@mmﬁﬂﬁy%@ﬁﬁ)ﬁ&%@d mucleotides set
forth in SEQ ID'NO:7.

-12. A method according to claim 1 or-8 wherein the nucleic acid molecule encodes an amino
 acid sequence substantially as set forth in SEQ ID NO:3 or having at least about 40% similarity
thereto.

13. A method according to claim 1 or 8 wherein the nucleic acid molecule encodes an amino
acid sequence substantially as set forth in SEQ ID NO:4 or having at least about 40% similarity
thereto.

14. A method according to claim 1 or 8 wherein the nucleic acid molecule encodes an amino
acid sequence substantially as set forth in SEQ ID NO:7 or having at least about 40% similarity
thereto.

15. A method for producing a transgenic flowering carnation plant wherein the flowers exhibit

" reduced levels of ethylene production relative to:levels in its non-transgenic parent plant or a
non-transgenic plant of the same species, said method comprising introducing into a cell or cells
of a camnation plant, a genetic construct comprising nucleic acid molecule encoding, or
complementary to a sequence encoding, ACC synthase or ACC oxidase or a derivative of said
nucleic acid molecule and regenerating a transgenic plant from the cell or cells.



water and under 12h day/night cycle in controlled
condl tﬂm ,m'm,m]“! 22[err]C, 65%relative humdity) follow ng
har vest .* Fiegure shows transgeni c carnation flowers of the

cultivar Scania at 0,4, an 11 days post-harvest. Control 25 non-transgenic

fl owers are shown at 0, 4 and 7 days post-harvest. The transgenic fl ower

still | ookKwoP6nsI at 11 days, while the non-transgeni c e(RCTANSMA0286
al ready shows petal in-rolling, typi cal of senescing carnation flowers,
at 4 days post-harvest and is totally senesced by 7 days post - har vest .

Conpar abl e results have been obtained #&1-the cultivars Red Corso; Enber
Rose and Crow ey Sim as seen in Figures 11(A)-11(F), 12(A)-12(F), and
13(A)-13(D), 30 respectively. In each ¢ase, the transgenic carnation flower

appears freshté. fAomethadegcordingireciaim 15 wherein the M@lG6 G4 mdlecule comprises a sequence
PCT/ AU96/ 00286 . L S
conpared wit howel%wm‘mseﬂmw&PQmNO'3?r§ﬁé@awewthqf@§§fmwdm
flowers of thgidmblaid c@pableof hybridisingtd the se4ferntk SPmtIEINAEY sef fordldn SEQID NO 3t he
sense ACS approach, in accordance wth the present invention, as may b

seen in Fi gurgnderlowsmugency conditions at 30°C or is a nucleic acid molecule havmganucleotxde _

sequence having at least about 60% similarity to the sequence of nucleotides set forth in SEQ
ID NO:3.

17. A method according to claim 15 wherein the nucleic acid molecule comprises 2 sequence
of nucleotides substantially as set forth in SEQ ID NO:4 or is a derivative thereof or is a nucleic
acid molecule capable of hybridising to the eequenoe of nucleotides set forth in SEQ ID NO:4

~under low stringency conditions at 30°C or is a mucleic acid molecule having a mucleotide
sequence having at least about 60% similarity to the sequence of nucleotides set forth in SEQ
ID NO:4.

18. A method according to claim 15 wherein the nucleic acid molecule comprises a sequence
of nucleotides substantially as set forth in SEQ ID NO:7 or is a derivative thereof or is a nucleic
acid molecule capable of hybridising to the sequence of nucleotides set forth in SEQ ID NO:7
under low stringency conditions at 30°C or is a nucleic acid molecule having a nucleotide
sequence having at least about 60% similarity to the sequence of nucleotides set forth in SEQ
ID NO:7.

19. A method according to claim 15 wherein the nucleic acid molecule encodes an amino acid
- “sequence substantially as set forth in SEQ ID NO:3 or having at least about 40% similarity
thereto.

20. A method according to claim 15 wherein the nucleic acid molecule encodes an amino acid
sequence substantially as set forth in SEQ ID NO:4 or having at least about 40% similarity
thereto.



5 14(A)-14( ﬂ""m M)E llgenic control Waite Simflower (on the left in
each phot og u ntoinroll and senesce by 11 days post-harvest
and is conpl et ely Serdesded*at 20 days post-harvest. By contrast, the

three ACS sense-suppressed transgenic fl owers appear as fresh as new at
11 days post-harvest and are still not in-rolling at 20 days-post-harvest.
10 Further norwod%sBsmers from pl ants rendered transgeni c usi necmabssmemse ACO
have al so been produced for the carnation cultivars Wite Sim and

Scani a. The | evel of ACO nRNA has been suppressed and, hence,
climacteric ethylene production all” but-34 m nated and carnation f1 ower
vase |ife correspondingly extended. The nornal vase |life of these flowers
S approximately 5 days from day of harvest to the begi nning of

inrolling. Fl &berA nfethodhadcdrdingsmelajen] Scwlitireimthe nacleic aiid mele@ilernvadesan anrmo dcid e

of 8 to 9 days after t he pet.al i scol an ess| cat ed
wi t hout di spi & “tﬂ‘é’%‘@?ﬁ%%ﬂ%@%?%ﬁ“ gﬁﬂﬁ%&@t"ﬂh&ﬂm
senescence. Altﬁq@@ntrol pl ants produced flowers of nornal senescence

phenot ype. A transgenic, "long-life" flower of Scania, conpared with a
non-transgeni c control flower at 6 days post-harvest, can be seen in

Figure 15. Figy ilﬁpgw ﬁ @R t f 0 tr.a eni I|
VWhite Simfl ower nex b o?n%éq ?@n W 3@%?%"&?/\3?‘?&“%.

control pl ant pWiDT2168t orSplasmid Woﬂatepasiﬁed withether Mgl Govérimert Ahdlytical
appears fresh cont has .conpl etely

| h fl
senesced. LWWBE t%ﬂ%ﬁ#&?ﬁww%n@gﬁgfﬂ%%@é@gﬁmmb i nvention

described herein is susceptible to 25 variations and nodifications other -
t han t hose speC|f|caI |y described. It is to be understood that t he
i nvention i ncRéded tansgenic rcamations planh scomprising da frucleici mé mﬁleaule rencodiig)nor

al so i ncl udes e co conpoupnds
referred to o?ﬂlﬁgﬁgﬂ"%g‘ I%&Mﬁé@pﬂ&pe@%&: Bﬁﬁ rrp said
col | ecti vel y, maeldicoaejd molbculk wheritisalthtrardgeni blast ekhibi® ofié or'ibR: 6Ffthé Rdllbwidg DS
or f eat ures. er3n'0

@ a reduction in the production 6f ACC synthase-specific mRNA;

§1)) a reduction in the production of ACC synthase enzyme;
(iii) a reduction in the production of climacteric ethylene; and/or

@v) . delayed senescence of flowers or flower buds cut from said transgenic plants.

24, A transgenic plant according to claim 23 wherein the nucleic acid molecule is a non-full
length fragment of a nucleic acid molecule encoding ACC synthase or ACC oxidase..

25. A transgenic plant according to claim 24 wherein the non-full length fragment is
approximately 800-1200 base pairs in length.

26. A transgenic plant according to claim 25 wherein the non-full length fragment is an
internal fragment of the nucleic acid molecule encoding ACC synthase or ACC oxidase.

27. A transgenic camation plant capable of carrying flowers or flower buds with prolénged
post-harvest life properties relative to its non-transge_nic parent or a non-transgenic part of the
same species, said plant comprising a non-full lenéth fragment of a nucleic acid molecule
encoding, or complementary to a sequence encoding, a ACC _syntﬁase or ACC oxidase wherein
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flowers or flower buds of said transgenic plant exhibit one or more of the following properties:

@) a reduced level of ACC synthase-specific mRNA or ACC oxidase-specific mRNA
- below non#ransgenic endogenous levels; '
‘ . Gi) a reduced level of ACC synthase or ACC oxidase enzyme below non-transgenic
- endogenous levels; and/or |

(i) a reduced level of ethylene production below non-transgenic endogenous levels.

28. A transgenic plant according to claim 27 wherein the non-full length fragment of the
nucleic acid molecule encoding ACC synthase or ACC oxidase is approximately 800-1200 bp
in length and endogenous ACC synthase or ACC oxidase gene expression is reduced by co-
suppression.

29. A method according to claim 23 or 27 wherein the nucleic acid molecule comprises &
sequence of micleotides substantially as set forth in SEQ ID NO:3 or is a derivative thereof or
is a nucleic acid molecule capable of hybridising to the sequence of mucleotides set forth in SEQ
ID NO:3 under low stringency conditions at 30°C or is a micleic acid molecule having a .

nucleotide sequence having at least 60% similarity to the sequence of nucleotides set forth in
SEQ ID NO:3. '

30. A method according to claim 23 or 27 wherein the nucleic acid molecule comprises 2 -
sequence of mucleotides substantially as set forth in SEQ ID NO:4 or is a derivative thereof or

is a nucleic acid molecule capable of hybridising to the sequence of nucleotides set forth in SEQ
ID NO:4 under low stringency conditions at 30°C or is a nucleic acid molecule having a
nucleotide sequence having at least 60% similarity to the sequence of nucleotides set forth in
SEQID NO4.

31. A method according to claim 23 or 27 wherein the nucleic acid molecule comprises a
sequence of mucleotides substantially as set forth in SEQ ID NO:7 or is a derivative thereof or
is a nucleic acid molecule capable of hybridising to the sequence of mucleotides set forth in SEQ
ID NO:7 under low stringency conditions at 30°C or is a nucleic acid molecule having a
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mucleotide sequence havmg at least 60% similarity to the sequence of mucleotides set forth in
SEQ ID NO:7. '

32. | A transgenic plant according to claim 23 or 27 wherein the mucleic acid molecule encodes
an amino acid sequence substantially as set forth in SEQ ID NO:3 or having at least about 40%
imilarity 1 .

33. AMG plant according to claim 23 or 27 wherein the mucleic acid molecule encodes
an amino acid sequence substantially as set forth in SEQ ID NO:4 or having at least about 40%
similarity thereto.

34. A transgenic plant according to claim 23.or 27 wherein the nucleic acid molecule encodes
an amino acid sequence substantially as set forth in SEQ ID NO:7 or having at least about 40%
similarity thereto. '

35. A cut flower from a transgenic carnation according to any one of claims 23 to 34.

36. Seeds or other reproductive material from a transgenic carnation according to any one
of claims 23 to 34,
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Phe Gy
330
1177

Ser

Bp5

Ser Thr Ala 285
305

325
Leu Ala Lys Ile=Qy Ile Ay

Val

CGI CGA ATG TCG AGT TTT GGA
CTG GCT AAG ATASEGA ATA GGA

1081 Arg Arg Met Ser
350

1225

300
345

Phe

GIT TGG ATG GAT T1G AGG CAT CTA TTA GAC GAA GCA ACG GI'TGAA AGA

1440

Cys Leu A n Gy Asn Ala Ala Le

360

320

Ile Ala Ala Leu Leu Ser Asp Asp Asqri/Atvenodsss Arg

ATC GCG GCA TTG CTC TCA GAT GAT GAT TTT GIT AGA

d n Phe Met

295

CTIT GIT TCT TCT CAA ACT CAG TTT ATG

315

CGA TTC TTG (W0 96/35792 1129

Arg Phe Leu Val

340

TGC CTC CAA GGA AAC GCG GCA

Adn Thr

Ay Ilelle Tyr Ser Tyr Asn Asp Arg Val
Ser

Ser

GAG AGI AGA GAC AGA CTC TTT CGA AGG CAC CAG CAT TTC ACA AGC GAG

Gu Ser Arg Asp Arg Leu Phe Arg Arg Hs An His Phe Thr Ser GQu

Arg Val
290
Leu Val
310
335
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400 405 410 TGC TTT GCC AAC ATG GAC AAT

GCG ACC TTA GAC GIT GCA CTC AAT CGA 1417 Cys Phe Ala Asn Met Asp Asn
Ala Thr Leu Asp Val Ala Leu Asn Arg 415 420

425 - ATT AGG TCT TTT GIA ACC CGI GGA AGG GTG GAC AAT TCA ACA ATG ACA
1465 Ile Arg Ser Phe Val Thr Arg Ay Arg Val Asp Asn Ser Thr Met Thr

430 WO 96/357924 35 440 WO 9@C2ATIR00286

PCT/ AU96/ 00286 - 42 - ACA ACA TCA

GCA AGA GCA GCA GCA ACA ACA ACA ACA ACA ACA ACA ACA 1513 Thr Thr Ser
Ala Arg Ala Ala Ala Thr Thr Thr Thr Thr Thr Thr Thr

15/40

FIGURE 1N
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445 450 455 460  ACA ACA
ACA ACA ACA ACA ACA ACA ACG ACA ATT AAG AAG AAA CGA GGG 1561 Thr Thr
Thr Thr Thr Thr Thr Thr Thr Thr Ile Lys Lys Lys Arg Gy )
465 470 475 CAA ATG GAG CTT CGA CTT ACGC
TTC AAC AAT CGA AGA TTC GAA GAC GGT 1609 Gn Met Gu Leu Arg Leu Ser
Phe Asn Asn WQP6/8Y2Phe G u Asp Ay 480 PCT/AU96/002863 5
490 TTA ATG TCA CCT- CAT AGC ATC CTA TTA TCT CCT CAC TCT CCT ATG CCT
1657 Leu Met Ser Pro Hs Ser Ile Leu Leu Ser Pro His Ser Pro Met Pro

495 500 505 CAA TCA CCC CTT GIT AAA GCA
AGA ACA TAAGICAAA ATCATGAGIT 1704 dAn Ser Pro Leu Val Lys Ala
Arg Thr 510 51516 TAATA AATTTATCGA ACCAGIGIGA

CGCCATTGAA ACGGTGCGAC GGGAGITGAA 1764 ACGGTGTGAA AGACCACATT CAGATGAAGC
ATTATATCTT CTCAACAAAA CATTGAACTT 1824 AATATAATTC AATATAACTT CTCTGTAATT
TCATGTATAC AAACACTATA AATATGTAGT 1884 CATGTGTAAG ATCATTGATA TAGAAAAATA
TAAATGATTT TCTGATTTTA AAAAAAAA 1942 (2) | NFORMATION FOR SEQ I D

NG 4: - '

Kpnl bal

nos 3'
| car ACS
HindII[_ /7 358
RB4
pWTT2160 hol
22.00 Kb 35S
LB
FIGURE 2

SUBSTITUTE SHEET (Rule 26)



(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 1087 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | i near (ii) MOLECULE TYPE: DNA (i x) FEATURE:

(A) NAME/ KEY: CDS . (B) LOCATION: 1..1087 (xi) SEQUENCE
DESCRI PTI ON:  SEQ I D NO 4: ATG GGTI' CTC GCT GAA AAT CAG CTT TGC TTC GAT
TTA GIT ACGC BWBI6IED2 48 Met Ay Leu Ala A u Asn G n [rewADScR®@Ee Asp
Leu Val Thr Qu Trp 1 10

5
15 CTACTCAAAAACCCACAAGCCTCAAJ;T ACC AAC GAA GGT GTA AAT
96 Leu Leu Lys Asn Pro A@n Ala Ser Il éﬂSThr Asn u Gy Val Asn
20 25 30 .

18/40
19/40
20/40
21/40
22/40
23/40
24/40

25/40
26/40.
27/40
28/40
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384
145
170
%)
e
o
O
o

Pr
Leu

Leu Asp Lye
200

Lys u Ala Leu
"135
165
Phe Asn Ser

C CIT GIG TGI' GAC GAG ATA TAT GCA ACC

Asn Ala Lys Asn Ile His Leu Val

Ser Asn Asn Phe

AAA ATC ACT AAG GAA GCC TTA

Lys Ile Thr

TTA GGA ACG GIC CTA GAC. AAG

528 Leu Ay Thr Val

Thr Asn Pro Ser Asn Pro:

ACA GTA TTT AAT TCG CCG
624 Thr Val

H's Ile Leu Tyr Ser

Ser
432
130
195

AAG AATOARESIEA GTT AAG GG ATT ATC GTC ACA AAC CCG THATA¥SENGRE

Cys Asp Qu lle Tyr Ala Thr

125
160
190
220

Cys Ser

s

GTA AAT GCG AAA AAT ATA

Ile Lys
Asn G n Asp Leu. Val

Lye Ay lle Ile Val

120
155
185
Ala du Val
215

GAC ATG CCT CAT GTA AAT CAA GAC CTT GIT CAT ATT TTA TAT AGI TTG

Asn Leu Il e Pro Phe Thr

Leu Lys Met Leu Leu

Ay Vval

»

ACT GGA GTA AAT TTA ATC CCA TTT ACT TGC TCG AGC TCG AAT AAT TTC

Thr

CAA TCG GCA TAT GAA GAC GCC CTT AAA

Gn Ser Ala Tyr Qu Asp Ala Leu Lys

140
TTT ATA AGT GIT GCT GAG GIT ATA AAG

GAC ACC CTA AAA ATG TTA TTA

Asp Thr
175
672 Asp Met Pro Hi s Val

480 Lys Asn Ile Lye Val
210

150
Phe | Le Ser Val

115
576 Val
180
205
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720
Ser
Ser

225
Val

TAT AAT GAC CGTI GIC GIC TCA

260

Ser
245
PCT/AU96/00286
44 - CIT GIT TCT
816 Leu Val

Gy lle lle Tyr
768 Tyr Asn Asp Arg Val

- 240
WD 96/ 35792

Phe Gy

235

ACT GCT CGI' CGA ATG TCG AGT TTT GGA

WO 96/3579255

PCT/ AU96/ 00286

Lye Asp Met Ay Met Pro Ay Phe Arg Val

TCC AAG GAC ATG GGC ATG CCG GEC TTT AGG GIT GGG ATC ATT TAC TCT
TCT CAA ACT CAG TTT ATG_AfC GCG GCA TTG CTC TCA GAT

Ser An Thr A n Phe Met Ile A : L
Ser e Mt e zdlaﬁu eu Ser Asp

Thr Ala Arg Arg Met Ser Ser

Ser
230
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864

295 .

CGA AGG CAC CAG CAT TTC ACA
TGC CTW@RGSSABA AAC GCG GCA TTG TTT GIT TGG ATG GAT T ¥eriXd9soniss

912 Arg Arg His G n His Phe Thr

290

G u Ser Arg Asp Arg Leu Phe
285

280

Arg Arg Phe Leu Val
AGC GAG CTG GCT AAG ATA GGA ATA GGA

GAT GAT TTT GIT AGA CGA TTC TTG GIT GAG AGT AGA GAC AGA CTC TTT
Ser Qu Leu Ala Lys Ile Gy Ile Ay

Asp Asp Phe Val
300

275

305
CTA TTA GAC GAA GCA ACG GIT
Ser Pr

Trp Met Asp Leu Arg His
1008 Leu Leu Asp A u Ala Thr Val
325

320

G
I

.
ATC AAT GAA GTG AAA ATC AAT GTG TCA CCG

Ly

Ile Ile Asn A u Val

P
AT

960 Cys Leu @ n @y Asn Ala Ala Leu Phe Val
315
335

GQu Arg Qu Leu Lys Leu T

GAA AGA GAG TTA AAG TTA T

310
330

y
7

345
355

(i) SEQUENCE CHARACTERI STI

Lys Il e Asn Va

Cys

340

1056
TGC TCT GAG CCA GGG TGG TTT AGG OIT TGC T
Cys Ser u Pro Ay Trp Phe Arg Val

Phe Leu

| NFORVATI ON FOR SEQ I D NO 5

Ser

TCG TCC TTC CTG

(2)

Ser

T I T IR T ST I T I T I I R L ¥
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(xi) SECUENCE DESCRI PTION: SEQ | D NO 5:

CGCGGATCCGC TACTAATGAA GAGCATGEC

WD 96/ 35792

PCI/A96/00286

i near
45 -

nucl eic acid

(B) TYPE

(D TOPOLOGY:

singl e

MOLECULE TYPE: DNA
| NFORVATI ON FOR SEQ | D NG 6:

(A) LENGTH 29 base pairs
(C) STRANDEDNESS
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Asn Phe Pro Ile Ile -Asp Met Qu Lys Leu Asn Asn-

AAAACAAATA CAAATACAAA TACAAATACA TTGAATTTGI TAATTAACGA AC ATG

Met

AAC ATT GIC AAC TTC CCT ATC ATT GAC ATG GAG AAG CTC AAT AAT

Asn |l e Val
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TTC AGG GAG
295 Phe Arg Gu
70
95
391
™

120

46 -

Asn Asp pdmavsp0286 0 G U

90
Pro Asp Leu Asp
GAC CAA TAC AGG AAG TTG ATG

439 Asp G n Tyr Arg Lys Bu Met

dn Val

110
115

Lys Gy Leu Val
145

TCT. GCT GAG TCT CAA GIC AAT GAC.ATT'GAT TGG GAG

343 Ser Ala A u Ser

o
TTA TCC GAG CAA CTG TTG GAC TTG TTA TGI GAG AAC CTT GGC CTT GAIM

Adn Thr
85

o

Lys Gu Phe Ala Ala Gn lle Gu A'g
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140

80
Phe Tyr

487 Leu Ser Gu Gn Leu Leu Asp Leu Leu Cys G u Asn Leu Gy Leu G ul130
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CTT CGI' CAT CGI CCC ACC TCC AAC ATC TCC GAG GIC CCT GAT CTC GAC

Leu Arg Hs Arg Pro Thr Ser Asn Il € Ser du Val
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CAA AAG TTC AAA GAC ATG GIT CAG ACC AAA GGT TTA GIG
G n Lys Phe Lys Asp Met Val
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AGC ACC TTC Tw@96/35792
AAG GAG TTT GCA GCC CAG ATT

PCT/ AU96/ 00286
Ser Thr
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AAA GEW@EIGESZG GCC CAC ACC GAC GCT GGT GGC ATC ATT CPCI/ADSH/ 0286

Ser Gy

')

dAl AAT
Ile THE Asn

un

& ATA

Ser Asn Tyr
P

: 200 _
CC ATT GTT GIT AAC TTG GGG GAe

Phe
GGTI ACC AAG GIC AGC AAC TAC
Lys Val
Asn Leu Ay As
230

165
Val

583 dy Thr
CAG GAC GAC AAG GTIC AGC GcC
679 Gn Asp Asp Lye Val
I1e Val
CAA CTT GAG GIT ATT A
775 dAn Leu Gu Val
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@y Ala Asn Ay Pro Thr
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asjao

Pro Pro Met Lys Hfs Ser

GIG ATA GCG CAG ACA GAT GGT AAC AGG ATG T

Met His Arg.

Leu Lys Asn Al a Phe Tyr
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Asp Val
Lys Ser Val

GIT GAT GIT CCT CCC ATG
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631 Lys Gy Leu Arg Ala Hi's Thr Asp Ala Ay Gy Ile Ile Leu Leu Phe

AAA GGC TAC CTIT AAG AAT GCC TTC TAT GGI GCC AAT GGC CCC ACT TTT

Pro Pro Cys Pro Lys Pro Asp Leu Ile
CTC CAG CTC CTC AAG GAT GGT CAT TGG
Leu A n Leu Leu Lys Asp Gy Hi sal,

GCC AAG TAC AAG AGT GIG ATG CAC CcC

175

CCG CCT TGC CCC AAA CCC GAC CTT ATC

Ay Lys Tyr

Lys Ay Tyr
150

180

205

727 Val
215

235
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871
Leu Val Gu
AAA GAA GAG GAG AAA TGC AGA
919 Lys GQu Qu GQu Lys Cys Arg
280
_ PCT/AU96/00286
- 47 - TAC ATG AAT CTC
967 Tyr Met Asn Leu
295

g 290

AAGGCCATGGAAACCACGGGT_CCC.

Met Lys Ala Met A u Thr Thr Ay Pro

275

Pro Ala Pro Thr
270
u Pro Ar

5740

I1e Tyr

Phe G u Asp

W6587925792

PCT/ AU96/ 00286

305 TTT GAA
1015 Phe du Al

265

GCA TAC CCA AAA TTT GIG TTC GAG GAT
Pro Lys Phe Val
Leu Lys Leu Lye Phe G n Qu L

AAC CCG GGA AGT GAT GCC GIG ATT TAC CCG GCG CCA ACA TTG GIG GAA

TAC TTA AAG CTC AAG TTC CAA GAG AAG GAG CCC AGG -

Asn Pro Ay Ser Asp Ala Val

Ile Pro Thr Al a

ATT CCA ACT GCT

Ala Tyr

260
285
Tyr
300
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310 315 320 TGAAATAATG ATTTGATTTG
ATATAATGCA ATGCTTCTCA TCAACCAATT TAAGTATTTC 1075 TAATATACGC CACTCTCATC
TCATCTCATA TATTCATATT CATATTATTA GIGITTGITG 1135 AATAAGACCT TCCTTTTAAG
T . 1156 WD 96/ 35792
PCT/ AU96/ 00286 _ - 48 -. CLAI MS:

1. A ret hod wosegsrezduci ng a transgeni c plant exhibiting redgegaielo@gs/cti on
of climacteric ethylene, conpared to its non-transgenic parent or a
non-transgeni ¢ plant of the sane species, said nmethod conprising
introducing into a cell or cells of a plant a genetic construct conprising
a nucl eic acid nol ecul e encodi ng, orz%g‘rent ary to a sequence encodi ng-
ACC synt hase or ACC oxidase or a deriWwatTVe of said nucleic acid nolecule,
and regenerating a transgenic plant '

pCGP407
1760 Kb '
NPT ) EcoRI

FIGURE 4
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fromsaid cell or cells. 2. A nethod according to claim1 wherein the
transgeni c plant exhibits one or nore of the follow ng properties:

(1) a reduction in production of ACC synthase-specific nRNA or ACC
oxi dase- . speci fic MRNA; (i) a reduction in production
of ACC synt hase or ACC oxi dase; and/or (rii) del ayed senescence of
flowers or flower buds cut fromsaid transgenic plant. 3. A nethod
accordi ng towsissilsm2 or 2 wherein the genetic construct conPEVAERs/08286
non-ful | | ength fragment of a nucleic acid nol ecul e encodi ng ACC .
synt hase or ACC oxi dase. 4. A nmethod according to claim3 wherein the
non-full length fragnent is approximately 800- 1200 base pairs in | ength.
5. A nmethod according to claim3 wherein ghe non-full length fragnent is
an internal fragment of the nucleiqggy'd*cplecule encodi ng ACC synt hase
or ACC oxi dase. 6. A nmet hod accordi O claim3 or 4 or 5 wherein

reduction in production of ACC synt hase-speci fic nRNA or ACC
oxi dagse-specific mRNA or reduction in production of ACC synt hase or ACC
oxi dase is achi eved by co-suppression.’

N1234

FIGURE5
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WD 96/ 35792

PCT/ AU96/ 00286 - 49 - 7. A

met hod for producing a transgenic carnation plant having flowers or flower
buds which, when-cut fromsaid carnation plant, exhibit prolonged
post-harvest life properties relative to its non-transgenic parent or

non- transgenlc ant of the sane species, said nethod conpri

i nt roduci ng i §M§ﬂ9e|| or cells of a plant a genetic constF%%pH?8W%*fS|ng
a non-full length fragment of a nucleic acid-nol ecul e encoding or

conpl ementary to a sequence encodi ng, ACC synthase or. ACC oxi dase, and
regenerating a plant fromsaid cell or cells wherein flowers of the said

transgenic plant exhibit one or nore of the follow ng properties: (1)
a reduced | evel of ACC synt hase-speci30 or ACC oxi dase-specific nmRNA

bel ow non-transgeni ¢ endogenous | evel s: 1) a reduced | evel of" ACC
synt hase or ACC oxi dase bel ow non-transgenic endogenous
| evel s4 and/ or (rii) .a reduced level of climcteric ethylene
producti on bel ow non-transgenic endogenous | evel s.

Ry

WoAACAY
(\Q@«Q‘J qpp\- Q)Q qu g, q&,\v ’&% CPQ

kb

8.5
4.8

2.8

1.5

S FIGURE 6
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8. A nethod according to claim7 wherein the non-full length fragnment of
the nucleic acid nolecule is approximately 800-1200 bp in length and the
reduction in ACC synt hase-specific mRNA or ACC oxi.dase-specific mRNA or,
reduction in ACC synthase or ACC oxidase or reduction in climacteric

et hyl ene production is by co-suppression. 9. A nethod according to claim
1 or 8 wherein the nucleic acid nolecule conprises a sequence of

nucl eoti des VP¥HM2 ally as set forth in SEQ ID NO 3 or isPETAIONLG ve
thereof or is a nucleic acid nol ecule capable of hybridising to the .
sequence of nucleotides set forth in SEQ |1D NO 3 under |ow stringency
conditions at 30[err]C or is a nucleic acid nolecule having a nucleotide
sequence having at |east about 60%sinilapity to the sequence of

nucl eqtides set forth in SEQ 1D NO 839 40 A nethod according to claiml
or 8 wherein the nucleic-acid nolecul efLonprises a sequence of nucleotides
substantially as set forth in SEQID NO 4 or is a derivative thereof or 1is
a nuckeic acid nol ecule capable of h@eridising to the sequence of

nucl eoti des set forth in SEQ ID under |ow stringency conditions at
30[err]Cor. is a nucleic acid rmlo e gevin&aq,_ o /\V\D%;S/35792
PCT/ AU96/-00286

! F& &L S

9.5kb— (i
7.5kb— [
4.4Kb—
2.4kb—

1.35kb—

FIGURE 7
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- 50 - nucl eoti de sequence having at | east about 60%simlarity to the
sequence of nucleotides set forthin SEQ | D NO 4. 11. A nethod according
to claim1 or 8 wherein the nucleic acid nolecule conprises a sequence of
nucl eoti des substantially as set forth in SEQID NO 7 or is a derivative
thereof or is a nucleic acid nolecul e capable of hybridising to the
sequence of nucleotides set forth in SEQ ID NO 7 under |ow stringency
condi tions atWBBf¥7R]| C or is a nucleic acid nol ecul e havi ng PSTAFA&038s | de
sequence having at |east .about 60% simlarity to the sequence of )

nucl eotides set forth in SEQ ID NO 7. 12. A nmethod according to claim1
or 8 wherein the nucleic acid nol ecul e encodes an am no acid sequence
substantially as set forth in SEQ ID NO 3 or having at |east about 40%
simlarity thereto. 13. Anmethod acgcording to claim1 or 8 wherein the
nucl ei c acid nol ecul e encodes an & eﬁ;gl d sequence substantially as set
forth in SEQ-1D NO 4 or having at t out 40% simlarity thereto.

14. AJrethod according to claim1 or 8 wherein the nucleic acid nolecule
encodes an amno acid sequence substantially as set forth in SEQ ID NO 7
or having at |east about 40%simlarity thereto.

antisense
ACO mRNA ACO RNA

FIGURES8
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15. A method for producing a transgenic flowering carnation plant wherein
the flowers exhibit reduced | evels of ethylene production relative to
levels in its non-transgenic parent plant or a non-transgenic plant of the
sanme species, said nethod conprising introducing into a cell or cells of a
carnation plant, a genetic construct conprising nucleic acid nolecule

encodlng or ementary to a sequence encodlng ACC synt hase or ACC

oxi dase or aﬂ&’fq’&g? %ve of said nucleic acid nol ecul e and rRGIEATIO60286g o
transgenic plant fromthe cell or cells. WQ-96/ 35792

PCT/ AU96/ 00286 16. A nmethod according to claim 15 wherein the nuclelc
acid nol ecul e conprises a sequence of n cl eotides substantlally as set
forth in SEQID NGO 3 or is a deriv sgereof or is a nucleic acid.

nol ecyl e capabl e of hybri di sing to uence of nucl eotides set forth in

SEQ I D NO 3 under |ow stringency conditions at 30[err]C or is a nuclei-c
aci d nol ecul e having a nucl eoti de sequence having at | east about 60%
S|n1IaW|ty to the sequenceuof nucl eoti des set forth in SEQ ID NO 3.

O
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17. A nmethod according to claim15 wherein the nucleic acid nol ecul e

conpri ses a sequence of nucleotides substantially as set forth in SEQ

IDNO 4 or is a derivative thereof or is a nucleic acid nol ecul e capabl e of
hybri dising to the sequence of nucleotides set forth in SEQ ID NG 4 under

| ow stringency conditions at 30[err]C or is a nucleic acid nolecule having
a nucl eoti deigw havi ng at | east t.60%simlarity to the sequence
of nucleotid orth in SEQ I D 40 A met hod acc@®criAvg6dHmse| ai m
15 wherei n t he -Aruelet _Qi hucl eot i des

. " e 2 ¢
30[errJCor is a nuc1 ere : I ng;~&; 4 B &€ - havi ng
at |east about 60% sizmi I3 C in
SEQID NGO 7. 19/ SA et S5 i'm 15: ’ B8 cic acid
nmol ec e encodes an. am. iy - &N R Adn SEQ
ID NO-3 or having at:1 &8 o ' et h
according to clai'm15 : ] stk 3 m no
acid sequence substant d in .SE 1D _ » | east

about 40%simlarity

P
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WD 96/ 35792
PCT/ AU96/ 00286 ‘ - 52 - 21. A

met hod according to claim 15 wherein the nucleic acid nol ecul e encodes an
am no aci d sequence substantially as set forth in SEQID NO 7 or having at
| east about 40% simlarity thereto. 22. A nethod according'to claim1l or
7 or 15 wherejn the genetic construct is plasmd pWIT2160 or plasmd
pCGP407 depoﬂ?w h the Australian @?/%gnt Anal yt i cal PCTIAW96/00286/
under Accession Nunber.s .N95/ 26121--and. N9 - resoect | veI V. 23. A
transgeni c car ngy on pla i siAg. a nucl eic eell e i:encodi ng, or
conpl ementary to0%a sequefEsiBnaEding.s ACC synt hase™ or AN B. or a
derivative of said nu¢ o ‘

exhi bits one or nore o RS O 11 properties: R BUCt i on
in the production of ACH gcific mRNA i tion in
the production of ACC sl s (iii) |
production of clinmacter ‘ ~and/ or

CONTROL
TRANSGENIC

SUBSTITUTE SHEET (RULE 26)



(1v) del ayed senescence of flowers or flower buds cut from said
transgeni c pl ants. 24. A transgenic plant according to claim23 wherein
the nucleic acid nolecule is a non-full length fragnment of a nucleic acid
nmol ecul e encodi ng ACC synt hase or ACC oxi dase. . 25. A transgenic pl ant
according to claim 24 wherein the non-full length fragnent is approxi mately
800- 1200 base pairs in | ength. 26. A-trgnsgenic plant according to claim
25 wherein t EOMMRul | | ength fragnen 6; i nt ernal fr ag®CWAUBGOIREsC

nucl ei¢c acid no sale ase.. dase, 27. A
transgeni c carn S rryif Ve ds Wi th
prol onged post - el at i i

parent or a non¥fd : Eanme i sing
a non-Jull |ength .acid

conpl ementary tg "ACC n
WD 96/ 35792 -

PCT/ AW96/ 00286

TRANSGENIC"
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- B3 - flowers or flower buds of said transgenic plant exhibit one or

nore of the foll ow ng properties: (i) a reduced | evel of ACC

synt hase-speci fic nRNA or ACC oxi dase-specific mRNA bel ow
non-transgeni ¢ endogenous | evels; (i) a reduced | evel of ACC

synt hase or ACC oxi dase enzyme bel ow non-transgenic endogenous
| evel s; and/ gr a reduced IeveI of ethyl ene production bel ow

non- transgenlvg nous | evel s. %I@ggem c pl ant PST/A®96/00285 t O
claim 27 wherein the non-full Ilength frag the nucleic acid nolecule

encodi ng ACC synt hase or ACC oxi dase is approxi mately 800-1200 bp in
| engt h and endogenous. ACC synthase or ACC oxi dase gene expression is

reduced by co- suppression. 29. A pethod according to claim23 or 27
wherein the nuclelc aC|d nDIecuIe conprlses a sequence of nucl eoti des

substantially as: et t hereof or is
a nucleic acid: ;

nucl eoti des set: }‘ 0 : ' : at
30[err]Cor is. _' ! : ‘ g Vi o avi ng
at | east 60% si- 1Tk : N : i SEQ | D
NO. 3. 30. A e N Y Sl ; aci d
mol ecul e conpr ‘%‘ N i L e thin

SEQ I D NG 4 or
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Is a nucleic acid nol ecul e capable of hybridising to the sequence of

nucl eotides set forth in SEQ ID NGO 4 under |ow stringency conditions at
30[err]C or is a nucleic acid nolecule having a nucleotide sequence havi ng
at least 60%simlarity to the sequence of nucleotides set forth in SEQID
NG 4. 31. A nethod according to claim23 or 27 wherein the nucleic acid
nol ecul e CO"&?&?@E sequence of nucleotides substantially as set forth in
SEQ ID NO 7 derivative thereof o, is a nucleic aci ZCEAUSA285
capabl e of hybridising to the sequen38f4x@cl eotides set forth in SEQ ID
NG 7 under |ow stringency conditions at #30{err]C or is a nucleic acid

nol ecul e hawl
PCT/ AU96/ 00286 ;
sequenge haV|ng
forth in SEQ I O

bobuy = hicl eoti de
ST IEWINOt | dés set

_ Day .20 post-harvest
‘FTGURE‘1'4 “Cultivar: White Sim~
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32. A transgenic plant according to claim23 or 27 wherein the nucleic acid
nol ecul e encodes an ami no acid sequence substantially as set forth in SEQ

I D NO 3 or having at | east about 40%simlarity thereto. 33. A transgenic
pl ant according to claim23 or 27 wherein the nucleic acid nol ecul e encodes
an am no acid sequence substantially as set forth in SEQ ID NGO 4 or having
at | east about 40% simlarity thereto. 34. A transgenic plant according
to claim23 SYO¥BSMRerein the nucleic aci,d nol ecul e encodesPEHAEMA286aci d
sequence substantially as set forth |§%§4 D NO 7 or having at | east about
40% simlarity thereto. 35. A cut fTOWET Troma transgenic carnation
according to an BT g oductive
material froma g8 &5 23 to
34. - '

&
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(57) Abstract

ethylene

(54) Title: TRANSGENIC CARNATIONS EXHIBIT PROLONGED POST-HARVEST LIFE

The present invention relates generally to transgenic plants which exhibit prolonged post-harvest life properties. More particularly,
the present invention is directed to transgenic camation plants modified to reduce expression of one or more enzymes associated with the | -
biosynthetic pathway. Flowers of such camation plants do not produce
therefore, capable of surviving longer post-harvest than flowers of non-genetically modified, naturally-occuring camation plants.

ethylene, or produce ethylene in reduced amounts, and ere,




