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PURI FI ED PR@RENNGHSEECCNBIv;rr DNA SEQUENCES AND PROGIEIBISI7AL4)RS
CONTROLLI NG THE:RI'PENLNG.OF . - " COFFEE PLANTS 5
FIELD OF TEE I NVENTION : ¢ - =j' - This appllcatlon relates to purified

pr ot ei ns, reconmbi nant DNA sequences hosts transfornmed therewith
and processes for controlling the ripenin : of coffee plants. Mire
particularly, this 10 application relat®s to. purified proteins, and
reconmbi nant DNA sequénces that can be used to - suppress the expression
of coffee fruit-sgec ific 1- cIo ane- 1- car X I|c acid (ACQO)
synt hase and WEEF@%PdE§QT§§N§s R?ﬁ &N% AND 1 el at es
to coffee plants trappbesaBgsWwrbl eawmox.LINsemnmspstm render ed

i ncapabl e of synt’hesi'zi.ng et hyl ecessary for ripening.

Application of exogenous ethyl'ene tqpﬁﬁa ~+*2 transforned in accordance
with this invention makes 20 it p055|ble to synchronize and control fruit

ripening in coffee plants. BACKGROUND OF THE | NVENTI ON

Cof fee i s prep&AEIELD rafn THE INWENTIONeans of : the plants of the genus
Coffea, generally fromthe 25 speci es C. arabica. Beans are the seeds of
t he cof f ee mzmﬂhzsuhppknmﬁﬂxwmeﬁeb@t®$ob@sBuﬁgf%ﬁé protefingi,t, nost

ideally mature fruit whi.ch commands the
recombinant DNA sequences, hosts ‘transformed

therewithfand;processes for controlling the ripening
of coffee.plants.. More particularly, this

10 application relates to purifieé?proteins, and.
recombinant DﬁA_sequences that'oan be used to
suppress_the?expression of coffee'fruit-specific 1-
aminocycloprooane-1-carboxy1ic.aoid (ACC) synthase
and ACC oxidase:genes. This application further

15 relates to coffee plants transformed with such
sequences, thereby rendered 1ncapable of
synthe5121ng ethylene necessary for ripening.
Appllcatlon of exogenous ethylene to plants

transformed 1n_accordance w1thj' is invention makes

20 it possible to synchronize andfoontrol fruit

ripening_in-coffee plants.

BACKGROUND. or-mg INVENTION

Coffee_is;prepared from the roasted beans of
the plantseOf;the:genus Coffea, generally from the
25 species C. arabita. Beans ar héjseeds of the

coffee plantaanaware obtained by processing the

fruit, most.iﬁeaily mature fruit which commands the
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-2- - Daras/gess2ce due to its superior quality. In the PCPAISH7/140840 h
quality "gournmet"” coffee was hand pi cked. This is necessary because
the fruits of a coffee tree do not ripen uniformy and thus there are
bot h 5 mature and immature fruit on the sanme tree. 1In the past,
this was not a serious problemas nost coffee Is grown in areas of the
wor | d-where | abor is . plentiful and-Rot -expensive. However, nore
recently llack of abundant and inexpensive |abor has become a 10 mgjor
contributor to decreased productivity in cof fee production. To

i ncrease produlesyi Pyisgnfue Lo ALS SNPeFH A AURAIY - sidh e t he | ar gest
cof f ee +producing country, Brazil, have resorted tq strip,

harvest i ng mhe?%sﬁorgé Ldty (goprEeh" qaffiee was hasd Piskadh whet her

ri pe or unripe. I ncreases the speed. of, harvestl ut decreases
t he yleldTB%Stﬁﬁ HF§ﬁ§§FrHU§FF?ysﬁe %5 tﬁ§¥ fruit is

i mmat ure (green urt her, K of unlforn1r ni ng has
20 seriously IF%??eﬂotHBCeFFBEPIV@ﬁ ? ﬁ%ﬁ* Jeﬁﬁ} The
force required to renpve pat ure frU| I fromth &8 |s
simlar to %hem?BVEE L 1@@6& fgdffgl & (ﬁ@%rﬁﬁﬁe % echani ca

harvesters do noLedi shiBouhana8e! b Qetr%%e %rr%%ie?:{‘%s %&s@%&fyfé@d a large

amount of ure’ frui
is grown in areas of the world where labor is

plentiful and not expensive. HoWever, more recently
lack of abundant and inexpensivellabor has become a'
10 major contributor to decreased productivity in
coffee production. To increase productivity some
regions of the world, such as the largest coffee
producing country, Brazil, have resorted to strip
harvesting where workers rapidly_remove all fruit
15 from a branch whether ripe or unripe. This
increases the'speed of harvesting but decreases the
yield of the highest quality beans as much of the
fruit is immature (green). |
Furthermore, the lack of ﬁniform'ripening has
20 seriously limited the effectivenéss of mechanical
harvesting. The force requiredgéq remove mature
fruit (cherry) from the tree'isiéimilar to the force
required to remove green fruit.eiThus, mechanical
harvesters do not distinguish weil between green and
25 cherry and a large amount of imﬁéture fruit is

harvested along with mature fruit. This greatly



harvested along with mature fruit. This greatly WO 98/ 06852
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yield of mature fruit-and: limts productivity. If coffee fruit

ri pening could be controlled so that all fruit rjipened at one tine,
both the strip nmethod of hand harvesting and 5 nmechani cal harvesting
woul d be nuch nore efficient and a hi gher percentage of the harvested
fruit would be in the higher quality-drades. This would i ncrease
profitability of coffee production. As is the case with many
other fruit [Yang and 10 Hoffpman, Ann. Rev. Plant Physiol. 35:155
(1984)1, pldsnrensriidde arigdd RE gnaturantrubbr 2BAt LABAES| n t he

final stages of fruit ripening in coffee._Onge . . coffee fruit reach a
certain stage oPGAGUFLIViGHey 1L cofdge phrupb EtReringi FeHLPy Pene

exogenous application 15 of ethylene [Crjsosto, C.H , P.C Tausend, MA.
Nagao, L.H. Fuclfopfkokkee ﬁm.wa‘é& é’:’%ﬁmfl"?%’e?a at oRpg, time, 13 17
(1991)]. This d strates the | rtan of ethylene_for the final .
stage;s of Irui t%rgm?_‘ W%eﬁﬁ?}g’ i%%égg h?‘béeh?‘r."_e H?ﬁiﬁgdi s synt hefi_zted
in a tw-step reac - . irst step
S t he g@nf?ﬁéﬁ%?%ﬁ?%l}Eﬁﬁ%%%égﬁgﬁaggé%gg%ﬁ@%&%ox?%?cgkflgg%@%d (ACO)

from SAM by ACC_sypthasery, this |
S[gg‘_ il fyl AOC ) pJ'i"’}g.LeghéP PR edl A Sof the thhSvéscblesiate Wbk ng

' be in the higher quality grades; This would
3 increase profitability of coffee production.
As is the case with many other fruit {Yang énd
10 Hoffman, Ann. Rev. Plant Physiol. 35:155 (1984)],
plant-produced ethylene plays ah important role in
the final stages of fruit ripening in coffee. Once
coffee fruit reach a certain stage of maturity they
can be induced to ripen by the exogenous application
15 of ethylene {[Crisosto, C.H., P.C. Tausend, M.A.
Nagao, L.H. Fuchigami and T.H.H. Chen, J. Haw. Pac.
.Agri. 3:13-17 (1991)]}. This demonstrates the
importance of ethylene for the final stages of fruit
ripening in coffee. i |
20 Ethylene is synthésized in;a_two-step reaction
from'S-adenosylmethionine (SAMf;: The first step is
the synthesis of l-aminocycloprépane-1-carboxy1ic
-acid (ACC) from SAM by ACC syntﬁgse. In most plants
this is the rate limiting step.ErThe final step is
25 the conversion of ACC to ethyleﬁé-which is catalyzed

by ACC oxidase (Yang and Hoffma#, supra) .



25 the conversion of ACC to ethylene which is catalyzed

oxi dase (Yang and Hof f man, supra). WO 98/ 06852
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et hyl ene bi osynt hesi s by chem cal - (e.g., silver ions or carbon

di oxi de) or "bi ot echnol ogi-cal neans [Celler et al., Science

by ACC

254: 437 (1991)] inhibits the final stages of -5 ripening. This inhibition

is reversible by the application of, ethyl ene. Accordi ngly,

strategy for controllng the ripening of coffee plants is to prevent

synt hesi s of

bi osynt hesi s.
al teration of
"ACC
preferred enb

anot her,

codes on

antisense to tiyy M (1941 rPOESH OB €XPERS SEORal Ostages bhe enzyne whose
synthesis'is to be suppressed. See 20 OCeller et al., Science 254:437

(1991), whg r efigdrithg. - Tt {GhibIgish PEei Agvetsiblat BgstHei ng a sinilar

strat egy.

10

15

20

25

specific enzynes in the pathway for ethylene 10

TeBR L FRiyLeat Spl HTHRORs by EERERL U hase:
(.g OXI SPEPeSVIRESoP CarpdRPaEsREde) b Lhe presently
odi oth: 15 these .enzynes is
suppressed by JilAnsdit{d] 66 &Of fRans [0@1 BOESewi b, a BAlegeguence that

Mts, synthesis of one or 0

transcription for a nmessenger RNA (m#w» that is

application of ethylene. _

Accordingly, a strategy forfédntrollmg the
ripening of ¢o?fee plants is to prevent synthesis of
specific enzyﬁeé in the pathway for ethylene
biosynthesis;- iﬁ one embodiment this invention
relates to.genétic alteration of coffee plénts to
eliminate syﬁthesis of ACC synthaSe; in another, ACC
oxidase synthesis is suppressed._;In the presently
preferred emquiments, synthesis of one or both of
these enzymes”fé‘suppressed by tféﬁsforming coffee
plants with a-DNA éequence that éédes on
transcription for a messenger RNﬁ;(mRNA) that is
antisense to the mRNA that codesiéh expression for
the enzyme whéée-synthesis is tofge suppressed._ See

Oeller et al., Science 254:437 (£991), who reported

controlling ripening of tomatoesiiéing a similar
strategy.

' Recombinaﬁt-DNA technclogy_ﬁ;s been used to
isolate a number of ACC_synﬁhasefind ACC oxidase

genes. However, the genes for Aﬁb synthase and ACC

a

in



Reconblnant DNA t echnol ogy has been useg_Lg____.—-solate a nunber of ACC
synt hase andmmszjase. 25 .---:» ‘y‘gé,B“ENe.genes for ACCI‘WH’{/W&%

and ACC 5 oxi dase in coffee
have not been |dent|f|ed or quented = SUWVARY CF | NVENTI ON
5 The invention provides pu Ed protelns DNA sequences that code
on expression therefore and reconbi nant DNA nol ecul es, iI'ncl udi ng
hosts transformed therewith, for transfﬁin1ng cof f ee plants to suppress
t he expression of enzynmes necessary for ethylene 10 synthesis. The DNA
sequences and reconhi nant, DNA Iecules e characte gd I n that. they
code on expr eS&LGRSEy AT Iﬁ?fe"r?ﬁ/ 3?1? %éff O%xi dase t hat

are elenments of the path fQ ethylene blosynthe5|s in coffee pl ants.
15 Cof f ee FFFHEEC 5¥€¥¥}é#§?brned with vectors cont ai ni ng ACC

synt hase and/or with ACC OX|dase DNA sequences inserted so that the
transform ng 56?95§ pression for- the respective RNA -
that is antisense QC For E@E synt hase 20 and/or ACC oxi dase. The
resul ting antjsense R%mlwg&ot&wm SRIRe4 AR VALt e P

encodi ng one Or nore enzynes | pat’hway for e ne syn he5|s The

descri bed DNA seQygRces 6aN cnerRlsdd e anid otk dhull il wmécﬁeecc

synthase or 25 ACC oxidase using cO-suppression resul t ei t her

event is that thepthiaAshe MRStRl *assFRmed théélévﬁaﬂp%ﬁ?r
PCT/ US97/ 14184 i ncapabl e of

synthesi zing et hykeﬂsfo&ﬁﬁnghcetfiiee plantasmctsmp;fretémluheret abolismis not
affeCted expression of enzymes necessary for ethylene

10 synthesis. The DNA sequences and recombinant DNA
molecules are characterized in that they code on 1“;;
expression fof-the enzymes ACC s&nthase or ACC
oxidése that are elements of the pathway for
ethylene biosynthesis in coffee plants.

15 . Coffee.plants are transformed with vectors
containing AﬁC synthase and/or with ACC oxidase DNA
sequences inserted so that the'transforming
sequences code on expression fdr the respective RNA
that is antiéense to the mRNA for ACC synthase

20 and/or ACC oxidase. The ;esulﬁing antisense RNA
binds to mRNA(s), thereby inacﬁivating the mRNA
encoding one or more enzymes iﬁ;the pathway for
ethylene synﬁhesis. The descriﬁed DNA sequences can
also be used to block synthesie?of ACC synthase or

25 ACC oxidase ﬁSing co-suppressien. The result in

either eventeis that the transfbrmed plants are

This.Sheet Has Been Replaced .
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Ri pening in the transforned plants can be regul at ed by exogenous :
ethyl ene. Ryssaiipdsl cati on of 5 ethylene to the entire pl apérpkbmnragstire
plant will Ui fFripen- at:-once; maki ng nechani cal harvesting of coffee
nmore productive. SUNNARY OF THE DRAWNGS . = FIGURE 1 is the
conpl ete sequence of .the. cDNA" 10 encodi ng coffee fruit expressed ACC
synt hase. ‘-FIGURE 2 is the am no acid sequence of the cof fee
fruit.ACC synt hase deduced fromthe cDNA6- sequence shown in FI GURE 1.
FIGURE 3 is the sequence of the cDNA encoding. 15 coffee fruit expressed
ACC oxi dase. FIGURE 4 is the anmino acid sequence of the

coffee fruit A&Ebapaﬁaeeo&edymmhebaaangheuh&%&ne, themgle rmgheshown i n
FIGURE 3. . DETAI LED DESCRIPTI ON OF THE | NVENTI ON 20 I n order
that the invenaspecher eifn theder metdbolismedy motrafifdatdd. under st ood, the
foll ow ng detailed ‘description is set forth. |In the description the
fol | owing terns areRépphdpgdin the transfigemest pdants gamdemeric unit of
DNA or RNA 25 consisting of a sugar noiety (pentose), a phosphate,

and a ni trogenvasuhetéﬂchlePf@gﬁél@é‘s ethylgase |§Y app Wi 56 50

PCT/ US97/ 14184 -7- | i nked to the.
sugar nnlet§ v?&hYE§n§I§8b§PGi@nG&Fﬁoﬁlant' the entire plant will

ripen at once, “making mechanlcal “harvesting of
coffee more:prpductlve. |
SUMMARY OF m“{buwmss
FIGURE'lNis the complete seqﬁence of the cDNA
10 encoding coffee fruit expressed-icc synthase.
FIGURE 2 is the amino acid éequence of the
coffee fruithéC.synthase déduced_from the cDNA
sequence shown in FIGURE 1. | |
FIGURE 3 -is the sequence oﬁfthe_cDNA encoding
15 coffee trﬁit_é?piessed Acc OXidaég-
FIGURE 4 is the amino acid séquence of the
coffee fruit Acé oxidase deducedhffom the cDNA
sequence shown in FIGURE 3.

DETAILED DESCRIPTION OF THE INVENTION

20 In order-that the lnventhnr erein described

may bé'mbrg fully understood, é ﬁollowing detailed

descriptidﬁ_is.set forth., 1In ﬁh_ ﬁescription the

follow1ng terms are employed:
Nuclggtlde -- A monomeric. of DNA or RNA

25 con51st1ng.o£”a_sugar moiety (pe@tpse), a phosphate,

and a nitrbgéﬁdﬁs;heterocyclic base. The base is



(1 carbon of the pentose) and that conbination of base and sugar is
cal l ed a nucwessikess2 The base characterizes the nucl eot i RCT/USITHAAyr
DNA bases 5 are‘adenine ("A"), guanine ("G'), cytosine ("C"), and
thymine ("T"). The fourRNA bases are A, G C, and uracil ("U").
DNA Sequence -- A linear array of nucleotides - connected one to the
ot her by phosphodi ester bonds .10 between the 3' and 5' carbons of

adj acent pent oses. . Codon -- A DNA-sequence of three nucl eotides
(a triplet) whi.ch encodes through mRNA an . amno acid, a

transl ation start signal or a translation term pation signal. For

exanpl e, the nuc1%%¥$@et°15hetPPSPEt@OT?EY TTé,t€$TglE?851é%E &ﬁEQQFG

encode for Ihe am no aci.d | euci ne % h égeand JTGA
transl ati on stop %lQﬁ%?%oﬁnﬁfAﬁ i Beqtepg -ﬁ_ﬁat compination, of mhich

| des th ci d L hi o . Pol tid
T ary Ade "8 'h%u%%f'désnga 188 BonhichElslae 2 CFBSGPREE by pept i de
bonds bet ween cx&H& gﬁaeﬂecaﬁéfgéﬁ\%gups F 2dlL2CBRh %@s%g

aci ds. ent or a virus. | t

i ncl udes int Ughplh digag e (Reds peptldes of
t he substancgsr Zgéf%‘ve ({i@nfﬁé e &Dgg?g%{g ( @ )' cyEBéth ( @W

PCT/ US97/ 14184 and thymlne ("T"). -The four RNA‘ﬁases are A, G, C,

and uracil (*U")
-DNA Seggence -- A linear array of nucleotides
connected one to the other by phosphodiester bonds

10 between the'3’ and 5 carbons;éf'adjacent pentoses.

Qgggg'-- A DNA sequence otzthree nucleotides (a
tripletffwhidh_encodes through}ﬁRNA an amino acid, a
translation start signal or a translatlon
termlnatlon_51gnal. For example, the nucleotlde

15 tripletéfTTA- TTG, CTT, CTC, CTA and CTG encode for
the amino ac1d leucine ("Leu® ), TAG, TAA and TGA are
translatzon stcp signals and ATG is a translation
start signal, which also encode3=the amino acid

methionine-(iMET")

20 olxpgpglge -- A linear array of amino acids
connectgd:qqe to the other by p tide bonds between
the amind and darboxy groups o djacent amino
acids. | |

ggggg§ --'The entire DNA of a cell or a virus.

25 It include§ inter alia the st ural gene coding -

for the ébiigegpides_of the substance, as well as



pronoter, transcription and translation initiation and term nation
sites. Gene -- A DNA sequence whi ch encodes throu

tenpl ate &oﬂgegﬁger RNA ("nRNA") a sequence of - 5 ani noq’g‘kdengh%
characteristic of a specific pol ypepti de. . Transcription --
The process of produci ng mMRNA froma gene .or DNA sequence.

Transl ation -- The process of producing a 10 polypeptide from nmRNA
Expression -- The process undergone by g gene - or DNA sequence to
produce a pol ypeptide. It is a . conbi nation of transcription and
transl ati on. Plasm d -- A nonchronosonal doubl e-stranded DNA 15

sequence COMDE ek ) |dHaifder IRPIdie atid Sedndlition inibieapigami d is

replicated in“a host cell. \Wen the plasmd is placed within a

uni cel lul ar ogganitePmiddtion sitdEg acteristics of that organism my be
changed or transforned as a result of the DNA of the plasmd. 20 For

exanpl e, a plasni dgedd V"R DNA gaRfudride which eéfiecdes | tleroeghst ance
(TETR) transforms a cell previ ously sensi-tive to tetracycline into one

whi ch i Sites ltﬁ@”l.tatia) o messargidr tRNAS( tmRNA" bya as¢draentd of is
called a "transformant. WD 98/ 06852 o :
PCT/ US97/ 18184mino acids characteristic of a spéplflc Phage or
Bact eri ophage -- Bacterial virus nmany :
polypeptide.
Transcription -- The process of producing mRNA
from a gene or DNA sequence.
Translation -- The process of producing a
10 polypeptide from mRNA. _ By -
Expression -- The process undergone by a gene
or DNA sequence to produce a poljpeptide. It is a
' combination of transcription andi;ranslation.
Plasmid -- A nonchromosomal double-stranded DNA
15 sequence comprising an intact “réplicon" such that
the plasmid is replicated in a host cell. When the

plasmid is placed within a unicellular organism, the

characteristics of that organism may be changed or

transformed as a result of the p of the plasmid.

20 For example, a plasmid carrying The.gene for
tetracycllne resistance (TETR) tfansforms a cell
previously sensitive to tetracyCI?ne into one which
is resistant to it. A cell tranééo;med by a plasmid

is called a "transformant."”



of which consist of DNA sequences encapsidated in a . protein envel ope

or coat ("cusosiiepsz . Coning Vehicle -- A plasmid, pReFaISsiriss
cosm d 5 or - ‘other :DNA sequence which is able to repllcate in a host
cell, characterized by one:or. a small nunber of endonucl ease
recognition sites at which such DNA sequences may be cut in a

det er mi nabl e fashi on W thout attendant | oss of an essential biol ogical
10 function of the DNA, e.g., replicatiof" production of coat
proteins or |oss of pronoter -or binding . .sites and which contain a

mar ker suitable for use in the identification of transforned cells,
e.g. tetracycl B2 e LORNA |11|3F?%%F%? NERTUS AMARY

cIonlng vehicle is often called The process

of obtaining a ©f WH&ﬁﬂn?ﬂﬂ%ﬁ?Qﬁ°§) i%ﬁﬂ??ﬂcﬁﬁwﬁgﬁﬁﬁiﬁgggeﬂe??v@d

from one such organi sm or uence b sexu +aay F€production. 20
Reconbi nant DNAPMRSEH (,9”8’% %at Q éaps'l‘?rb)l edul e consi sti ng of
i HGlen!

f DNA f .
end-to-end - out sk APR D, WSO otaed:
er %sac@e@&@ zjﬂladﬂj i@%f@% aFdpl Qcé‘eenw

living cells 25"
t hat codes fér grbéﬁglcular

10 ’ a host cell, characterlzed by one or 2 small number
of endonuclease recognition 51tes at which such DNA
sequences may be cut in a determlnable fashion
without attendant loss of an es§ent1al biological

10 function of the DNA, e.g., replication, production
of coat proteins or ioss of proﬁoter or binding
sites and which contain a markét_suitabie for use in
‘the identification of transfoﬁﬁed cells, e.g.,
tetracycline resistance or ampﬁéillin resistance. A

15 cloning vehicle is often called;a vector.

Cloning -- The process offsttaining a

pOpulationfof'organisms.or DNA?ﬁequences derived

from one such organism or seguence by asexual

reproduction.

20

molecule cbnsisting of segmenté 6£_DNA from

different'gencmes which have been joined end-to-end

outside of living cells and able.ito be maintained in

living cells.

25 cDNA - A DNA strand complé@éntary to an mRNA

that codes;foi a particular pol?éeptide.




The strategy for controlling ethyl ene bi osynthesis in coffee plants
accor di ng {@ 52 present. i nvent ion relates in the first AsHR8FR1840
determ nat1 on of ‘the geneg LH Loue On ex ssion ‘5 for two enzynes in

t he et hyl ene pathmay ACC %ﬁ% E% }C oxi dase. ‘Transformati on of
wld type coffee plant ont ai ni ng either or both
genes .in an orientation that Is antisense to t he -normal genes is
expected to bl ock synthesis of 10 the regpective enzynes. Messenger RNA
transcri bed under direction fromthe transform ng sequence wil | bi nd
to MRMA transcri bed under direction fromthe - normal sequence, thereby

i nactivating the nornel stragegyageracdénpiredlisigneteiyawse synt hesis. 15

To isol ate the DNA sequences that code on - expression for ACC synthase
and ACC oxi daseidosynthesifetn veffeecepladts abiArdimgary pheduced from
coffee plant tissue with synthetic DNA probes . ' containing nucl eotide
sequences expeptesent bweentilfl Thdatesxpecthe fdgsendestemice kased on
studi es of nucl eoti de sequences that occur i.n genes that encode t he .
respective enzym@srmhmhelonlOﬁa&hergcnpsanhstaQOGE ont lexpresmion In the
present invention, the cDNA corresgondlng to t he gene encodi ng ACC 25.
synt hase or5 ADOHXEWRASENZ¥MES cdint bher ghBYdeRe Path@ﬁfiryoﬁiq,c coffee plants.
The plasmd pBl-121 is WO 98/ 06852

pCT/U397/144£M§ynthase and ACC oxidase. Transforg§plon of widdy as a

transform ng vector ﬂ gces n corres ondin% DNA t hat codes on
expressmn.fortyp %%k? SeviFhaepngkrysts Font %BPP@dePﬁP@Iihe

I d dia fl
R o L R LGP, SRR TSRS,
mMRNA h
i, con TR S T

hosts are;ql0 éﬂérf@éﬁé’c@%téﬁzﬁﬂ%' fi ﬁQs&@ﬁb@E Ria2tranledibeqg

under direction from the transfo;mlng sequence will

bind to mRMA transcribed undexr direction from the
normal sequence, thereby inactivacing the normal
message and precluding enzyme sYnchesis.

15 To isolate the DNA sequenceshthat code on
expression for ACC synthase and Adc oxidase in
coffee, we sc:eened-a CDNA iibrary produced from
coffee plant tissue with synthetic DNA probes
containing nucleotide sequences'eﬁpected to occur.

20 These expected sequences were based on studles of

nucleotlde sequences that occur 1n genes that encode

the respective enzymes, other c_;macteric plants and

other plants.

The cDNA corresponding to th ‘gene encoding ACC
25 synthase or ACC oxidase is used _o transform

embryonlc coffee plants The plesmld pBI-121 is

This Sheet Has Béen Rep laced
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colloidal gold particles. The gold particles with adherent vectors are
inserted i NWM® W88 plant . .. tissue by propelling the part PEFESIHI4] gh
speed at the cells as described in U S. patent..5 107,065. 15 Young

pl ants successfully transfornmed are identified | by antibiotic

resi stance. The transfornmed plants do not produce ACC synthase or ACC
oxi dase, dependi ng on the gene used io transformthe plants. R pening
of the transformed plants is initiated by 120 application of exogenous

et hyl ene. . EXAMPLE 1 | sol ati on of Coffee Fruit-Specific ACC

Synt hase cDNA In_order tq isolate ACC_synthase gene sequences

i nvol ved in t heUFPHeAtnd &F%&ﬁﬁéﬁ&lﬁg'Eﬁﬁ&qq1nwga% %ﬁgu%éteirepared froma
m xture of coffee_fruit ricar ' d carp tj different

st ages of ripensgg?egpongaﬁﬂégfgg§%2tﬂﬁl &ﬁﬁﬁf%&Péﬁﬁ?&é&fﬁn 2

PCT/ US97/ 14184 : i g ikt : s, library was
screened using ’a‘cﬁcﬁyﬁ%’éﬁa or Accsfr}]ctlt"uigssiezel(? fJ-'rnom ft-'ler%t%ns%o-rrzr}n%e cDNA made

fromthe SATE.HTNAINS Gl HAVERA Weli b dildl A Akhe o Legenerate

ol i gonucl eoti de” priners corresponding to S5 consensus sequences derived
from ACC syni hagg,y9e@€ewer moERI® ¢ihkes @ﬁs@,a?ir%?ﬁbtelhl s gaganpl e principally
i nvol ved the isolation of nRNA, the construction of a cDNA library,
and the subsequepanstepbelinvhkyedrom will GleoroiglichfentRAINORId akravz DNA.

that encodes the amino acid sequence of the
respective enzyme. Complete constructs are
amplified in bacterial hosts. The hosts are

10 disrupted and the amplified veétor is attached to
colloidal gold particles. The goid particles with
adherent vectors are inserted inﬁo coffee plant
tissue by propelling the particiés'at high speed at
the cells as described in U.S. patent 5,107, 065.

15 Young plants successfully tranéﬁérmed are identified
by antibiotic resistance. The ;ﬁansformed plants do
not produce ACC synthase or ACC oxidase, depending

on the gene used to transform the plants. Ripening

of the transformed plants is iﬁ;
20 application of exogenous ethylene.
EXAMPLE 1
Isolation of Coffee Fruit-Specif'c ACC Synthase cDNA

In order to isolate ACC sygthése gene sequences

involved in the ripening of cofﬁj'; a cDNA library

25 was prepared from a mixture of-éggﬁee fruit pericarp

and mesocarp tissue at differenﬁéstages of ripeness.



10 a) | sol ati on of NMRNA Total RNA was isolated from66 g of

pericarp woogidsgsiresocarp tissue fromseveral different pCrAso/DRBENt Al
stages of coffee.fruit (C. arabica L. cv. Guat emal an) using the method
of Levi et al. 15 [Hort Science 27(12):1316-1318 (1992)]. Frozen
coffee fruit pericarp and nesocarp tissue was powdered by grinding for
about 2 mnutes in a donestic coffee mll (Salton Mddel GC-5; Salton
Maxam Housewares Group, M. Prospect, It}2with a 20 snall piece of dry
ice. The powdered fruit tissue was added to 200 [err]L of 200 mM
tris[hydroxymet hyl ] am nonmet hane hydrochl oride (tris- HCl) (pH 8.5),

1. 5@6sod|un1doabap|menanxaq&ﬁxgcreened:unnngquzﬁR RXPdAEEi sodi um 25

et hyl enedi am netetraacetic acid (Na[err] EDTA), 5% 'sodi um

deoxychol at e (@ywnthesizmd\diraref sy gtFanh cDNA m%ﬁms@m

PCT/ US97/ 14184 Chem cal Co.)
(viv), 0.5 nNI?ﬁW@uﬂ@yA-Pﬁﬁﬁ to C°Qﬁﬁ¥4ﬂ9|Q§ﬁtkﬁ8W4%Yd%¢% 10 mv
dithiothreitol (DTT), nmv _B- nmer aptoethan 2%

pogyvigylﬁyrro S@ngate °%¥3ﬂ?“9%ﬁ? [ﬁﬁﬁF?ﬂPQQﬁ*ﬂ%n%o(PVPP)
P ek
3 nci nnat | SOLFORAFTSHE, THORAER t'scf%%ﬁ‘?‘?awgﬂm%cﬁfé??] L of

chloroforn1was added %er organfg%gx“”¥ﬁ¥g'é§! cig|§§§§bfq£lf.further 3

m nut es.
involved the isolation of mRNA, the construction of

a cDNA library, and the subsequent steps involved in
cloning the appropriate cDNA.

iO a) Isolation of mRNA

Total RNA was isolated from 66 g of pericarp g
and mesocarp tissue from several different
developmental stages of coffee fruit (C. arabica L.
cv. Guatemalan) using the method of Levi et al.,

15 [Hort Science 27(12):1316-1318 (1992)]. Frozen
coffee fruit pericarp and mesocarp tigsue was
powdered by grinding for about 2 minutes in a
domestic coffee mill (Salton Model GC-5; Salton
Maxam Housewares Group, Mt. Prospect, IL) with a

20 small piece of dry ice. The powdered fruit tissue
was added to 200 uL of 200 mM
tris [hydroxymethyl] aminomethane hydrochloride (tris-
HC1l) (pH 8.5), 1.5% sodium dodecyl sulfate (SDS),
300 mM ﬁiCl, 10 mM disodium .

25 ethylenediaminetetraacetic acid (Na,EDTA), 1.5%

sodium deoxycholate (w:v), 1.5% Nonidet P-40 (Sigma



- The honpgenate was transferred to 250 [err]L centrifuge 10 bottles

(Nal gene) &¥@9%ee62ifuged for 15 ninutes at 2,500 x g. PRTAUSIIp&Es
aqueous phase was rem)ved and - - nmixed with 12 [err]L of 5 M Nad ,
equal |y divided into two centrifuge bottles, and 150 [err]L of ethanol
was added to each bottle The m xture was stored at 15 20[err]C
overni ght. The RNA was col |l ected by entrifugation. at 4,000 x g for
15 nminutes at 4[err]C The RNA vvas-&‘igs'sol ved in 50 [err]L TE1 (50 nmM
tris-HCL [pH80] 10 mM Na[ err] EDTA) and clarifi ed by

centrifugation at 0 r..,10 4 r] 20 The

super nat ant maéﬁ{ (iwg%dptgya %eﬂ?ggn %%%u£§£ gg?yle and.3 [err]L of
5 M Nad and 3 T c ts were
m xed and stor edlr%tx{éhégrﬁ%&pierr] o%erlhog &1%98%e%§§1cg?ﬁ2fed by
centrifugation nu £ 1“%%: SeWashed mnth
20 [err]L of 78% |“é'g égg%ﬁ%}%%) ﬂ%& zLi%]ds%%} ect %%E%y centrl Fugat I on as
before. After (pyp) WAPYHDESRyvinylpoly-pyrrolidone (PVPP) and

PCT/ US97/ 14184 -14- dryi ng under

vacuum for 50 | iddre Wdvhgas Polyt F&sUspsdee chomogéni gee] L of TEL
buffer and 10 [err]L of.. 12 M Lid was added. The solution was.

i ncubated at 4[(raknar, cid@indtihows anditter RNAnimstesl bected by 5
centrifugation at 14,000 x g for 10 mi nutes and resuspended in 30

[err]L TE1l buf fh@inogeﬁ:tﬁtitdre, &b tlorof chlaﬁoﬂMavas}; ladded Ahgot assium
acet at e, I.he RNA was
homogenlzatlon continued for a further 3 minutes.
The homogenate: was transferred._t;c_) ‘250 uL centrifuge
10 Dbottles (ﬁaige_ne) and centrifuged for 15 minutes at
2,500 x g. . The upper aqueous phase was removed and
mixed with 12 ,_uL of 5 M NacCl, égually divided into
two centf_:i.,f_u_gé-_-bottles, and 150 uL of ethanol was
a'dded to each bottle. The mixture was stored at -
15 20°C overnight. The RNA was collected by
centrifugation at 4,000 x g for 15 minutes at 4°C.
The RNA was dissolved in 50 uL TE1 (50 mM tris-HCL
[pH 8.0], 10 mM Na,EDTA) and clarified by
centrifugatio;.:'n-};,at 12,000 x g for 10 minutes at 4°C,

20 The supernatant- was transferred. to a new centrifuge

bottle and 3 p;L of 5 M NaCl and__z,o uL of isopropanol

‘were added. The contents were ‘mlxed and stored at -

20°C overn'ignt:.- .The RNA was collected by
centrifugatlon at 14, 000 x g for 10 minutes. The
'~ 25 RNA was washed- with 20 uL of 70% ice-cold ethanol

~and colle_c-_ted_; b__y :centrlfugatlon __-_gis before. After



I ncubat ed overnight at O[err]C, recovered by centrifugati on at 14, 000

x g for 1qy5bgu&g§ and 10 suspended in 50 [err]L TEl buffe&eprushh®®s . -
[err]L of M Na ' and 110 [err]L of 95% et hanol were aégéd and the

RNA was |ncubated at -20[err]C overnight. The RNA was recovered

by centrifugation at 14,000 x g for 10 m nutes,. washed with 20 [err]L
of 70%ice-cold ethanol, recovered 15 by centrifugation as above, dried
under - vacuum f or 10 minutes and reagspended in 600 [err]L of TE1l
buffer. - The RNA was transferred into a mcrocentrifuge tube and
centrifuged at 14,000 rpmfor 30 mnutes at 4[err]C after which 300
[err]L was renimxihgcumdeh victum fiew 1@0minhutesenthef RYA twabes. The
original centrifuged tube was rinsed with.an additional 300 [err]L of
TE1l buf f eresushepde@nifes®] pLodLf5TRL NaCEfandas@61Pepl] bfofl2180%

et hanol were added to each of the three tubes. . After m xing by

i nverting, thdiGherserddedor cBhe2solubieni yas incukstkedr C. 4°The RNA was
col | ected by centrifugation at 14,000 rpm:for 30 m nutes and WO
98/ 06852 for 48 hours and the RNA was colleptgdiby7/ 14184

- 15- washed with lsierr L of 7096|ce col d- et hanol . After
centri fugatl orFe&’rﬁf’tﬂ‘W‘?l Bobh: 0PReX RUAEQRs10 minpgegsaBAded i n 400

errlLster SRl and 10100 B Fefmyrrag™ ACLEL BB MDY ne0 O

 of 15 pL of 5 M potassium acetate, the RNA was
incubated overnight at 0°C, feco&éred by
ceﬁtrifugation at 14,000 x g for 10 minutes and

10 suspended in 50 pL TEl buffer. Three uL of 5 M NaCl
and 110 uL of 95% ethanol were added and the RNA was
incubated at -20°C overnight. The RNA was recovered
by centrifugation at 14,000 x g for 10 minutes,
washed with 20 uL of 70% ice—cold;ethanol, recovered

15 by centrifugation as above, dried under vacuum for
10 minutes and resuspended in GOO,pL of TEl buffer.
The RNA was transferred into a miérocentrifuge tube
and centrifuged at 14,000 rpm for: 30 minutes at 4°C

after which 300 uL was removed to. each of two new

20 microcentrifuge tubes. The ori héi centrifuged
tube was rinsed with an additional 300 uL of TEl.

" buffer. Eighteen uL of 5 M NaCl. ;ﬁd 636 uL of 100%
etranol were added to each of the three tubes.
After mixing by 1nvert1ng, the tubes were stored

25 overnight at -20°C. The RNA was’ collected by

‘centrifugation at 14,000 rpm forféoimlnutes and




the Pol yATtract[err] nRNA Isolation System |V (Pronega Cor poration, -

Madi son, W o sghoesy al of two i sol ati ons were,done as f olPICaESS7/14184

each i sol ation, -0.48 ngtotal RNA was dissolved in 800 [err]L 10 of

RNase-free water. = After ‘heating at 65/ err]C for 10 mnutes, 3 [err]L

of 50 pnol e/ nL biotinylated oligo(dT). and 20.7 [err]L of 20 X SSC (1

X SSC contains 150 M~ - Nadl and 15 mM sodiumcitrate) were added and

t he - mxture was all.owed to slowmy codP-to room 15 tenperature over a

period of approximately 30 . - mnutes. An aliquot of streptavidin

par amagnetic particles:.(provided.in the PolyATtrack[errl nRNA

| sol ation Syst eWased s thished P& i 71R% J'rCFF'(F%]&F;('%%nOﬂ aﬁht?ﬁsuspended

in 0.1 nb of 0.5 X SSC. The: RNA . 20 sol ution:containi he_ bi oti nyl at ed
¢ n T AR nERRC

oligo(dT) was Centxddatgatciamanth Hatnd @ik,
articles. After a 10 mj nut.e incubatiqn at, rqon t er r t he
Bar amagneti ¢ paFF#Bﬁ??naﬁ#éiqﬁ.i%? i Sq'ﬁ‘?"éﬂﬁ %g?éd ﬁRﬁR% é’aft:g'p'?ytf‘r ed to
the side of the_ 2 t yb Si et * WD 98/ 06852

PCT/ US97/ 14184 ™9 Roca "Rt i BTN . -16- The

t ant . i o \ Y i th
o BT or 0, B Seu MESeRhigd: R (B0, rum) (S HEOTECeq U hgTES W

0.3 nL of 0.1 X SSC. B ¢

ol i go(dT) U bR S AT e PSR G o e e ter. 5

An addi ti onal eP’gltE i ('1)3%1%&;1*% éra_r ri e?ﬂgﬁ? qu&;ﬁ%fbﬂ%@g&%éeﬁw (ﬁf&ﬁe&@
Corporation, ‘Madison, WI). A total of two

isolationsjﬂﬁfe done as follows;' For each
isolation, 0.48 mg total RNA was dissolved in 800 uL

10 of RNase-ﬁrgé water. After heating at 65°C for 10

.0

minutes, 3 ﬁ#goi 50 pmole/mL bi@tinylated oligo(d4T)
and 20.7 L Of 20 X SSC (1 X SSC contains 150 mM
NaCl and lsf;ﬁiéodium citrate) were added and the
mixture w@sfﬁilowed to slowly qQ@l to room

15 temperatureﬁéyer a period of apéroximately 30
minutes.  An;aliquot of strepta;idin paramagnetic
particles_(ééévided in the PolyATtrack® mRNA
Isolation Sy tem IV) was washed 3 times in 0.5 X SSC
and resus?éﬂ@gdiin 0.1 mL of oig;x SSC. The RNA

20 solution qﬁﬁﬁéining the biotinfiéted oligo(dT) was
added . to théﬁﬁaghed streptavidiééparamagnetic
particles.__ﬁftér a 10 minute iﬁéﬁbation at room
temperature,q;hg paramagnetic p; ?icles containing
the trapped mRNA were captured énithe side of the

25 tube using a ‘magnet.




[err]L of water sequentially to each of the two tubes. The el ution
fractions we9gnésasr1L) were :pooled and centrifuged at 14008 hRE4i N 2
m-crocentrifuge for 30 ‘mnutes at 4[err]C. The supernatant was
divided into 10 two mcrocentrifuge tubes and, after the addition of
1/10th volune of 3 M NaC and 600 [err]L of ethanol, the - nMRNA was
recovered by incubating the tubes at -20[err]C . overni ght, foll owed by
centri fugati on as above. The MRNA-wds washed once with 1 nL of
ice-cold 70% 15 ethanol, dried and resuspended in 20 [err]L sterile
Herr]O ‘One [err]L was added to 1 nL of water and a spectrum was
obt ai ned from 230 rThe hsupefna8SMnwas reldbveddind Whe partfoles
spectrophotoneter. Approximately 6 [err]g of nRNA was recovered from
1.04 ng of tomEreRvashed fyurConbresicwitm ©f3 ambDbR Qi brXr$scC. First.
and second strand cDNA was synt hesi zed using the ZAP-cDNA synthesis
kit (Stratagef@e MRNA wag) gremovesh) from sher kiogtaykaved n@NdgotdZd [err]L
of wat er were incubated at 65[err]C for 5 minutes. Two 25
mcroliters ofP3RFGGHETEUHAUTRIRIATT Wit 2 BRIl B¥@se - freenvabari on was

continued at room¢} erature for 10 98/ 06852
PCT/ US97/ 121841 add%@lonﬁl elution was Carl\‘/\ﬁgd;_out-liv-adding 18P nut es.

Four nmicrolite sag &gg%#ﬂw ;i#Q-nercqgaqe%htnol wergugdd?d and the
i ncubati on wa& i BT adftli §F ThaPt 5-0F nbFR@stubEs- t he
' _ 'The elution fractions (550 uL) were pooled and
centrifuged at 14,000 rpm in a miérocentrifuge for
30 minutes at 4°C. The supernatant was divided into
10 two microceﬁtrifuge tubes and, after the addition of
1/10th volume of 3 M NaCl and soopr of ethanol, the -~
mRNA was recovered by incubating the tubes at -20°C
overnight, followed by centrifugation as above. The
mRNA was washed once with 1 mL of ice-cold 70%
15- ethanol, dried and resuspended in 20 uL sterile H,0.
One pL was added to 1 mL of water and a spectrum was
obtained from 230 nm through 330“ﬁm in a Shimadzu UV
160U spectrophotometer. Approximg;ely 6 pg of mRNA
was recovered from 1.04 ﬁg of tdﬁ%@ RNA.

20 b) Construction of a cDNA Libr 3

First and second strand cDNA ‘was synthesized
using the ZAP-cDNA synthesis kitix$tratagene, La

Jolla, CA). Six micrograms of mRNA in 20 gL of

water were incubated at 65°C for ¢ Two
25 microliters of 100 mM methyl meréﬁry were added and

incubation was continued at room temperature for 10



denatured nmRNA, 5 [err]L of 10 X first strand buffer 5 (provided in the
kit), 5 [er @69%{,68@0 nmv DTT, 3 [err]L nucl eoti de m xt urgernddy7nddseach
dATP, dGIP, dTTP.and 5-methyl -dCTP), 2 [err]L of 1.4 [err]g/[err]lL

| i nker-prinmer: o
5' - GAGAGAGAGAGAGAGAGAGAACTAGTCTCGAGTTTTTTTTTTTTITTITTTIT-3' 10

(SEQ 1D NO 1) 1 [err]L RNase block and 5 [err]L of water were
added. - The reaction was incubated-at7-roomtenperature for 10

mnutes to anneal the priner to the mRNA and then 3 15 [err]L of 20
Ullerr]L MMILV reverse transcriptase were .. added. Five microliters of
this reaction mminutes. Fowranienoliters aft %@ mMntaining 0.5 [err]L
(0.625 pnol es) of 800 Ci/mmole [[err]P] dATP. Both reactions wer e
i ncubat ed at 37[femegCamrodtianel wahe addedrandoblbei yatybhabbehewaseact i on
was frozen at -20[err] C for later gel analysis. To the 45 [err]L
mai n reaction, contizmed &9r ueE@AALEieRRl bRifFitRutes. [ eFe] Ehef 100 nM DTT,
6 [err]L of nucleotide mxture (10 nmM dATP, dGIP, dTTP and 26 nv
dCTP), 268.3 [edematyed WP J ofl 9L (20 X BErSHBFERAPUEEBTC / Mol

[[err] Pl dATP were added.., After ... mMxing, 4.5 Jerr]L of 1 UJferr]L RNase
H and 19.2 [érrﬂ@ﬁﬂ”%ﬁﬁg in the AL E 4 d??f%ﬂéx%%l?ﬂﬁraéeup wer e added
82?02222 _re%(ffcll()e%tvzv.adse Iﬁlfx%bfégd(f& n%'b? ecafo-r::‘ T 7?%@"5’1%4 diUBS and o
- 18- ‘reacti € ct i t 0, [eLFlL . i
phenol:chyorofo%ﬁggﬁﬁﬁgi 1§%dhasé§ﬂﬁ£§gpg%dgﬁééédfinker primer:
5’ -GAGAGAGAGAGAGAGAGAGAACTAGTCTCGAGTTTTTT -3
10 . : '-: " (SEQ. ID NO. 1)

" 1 uL RNase block and 5 upL of w@ﬁer'were added. The

reaction was incubated at roomftemperature for 10
minutes to anneal the primer tgithe mRNA and then 3

15 uL of 20 U/uL M—MhLV reverse t€énscriptase were
added. Five microliters of thisireaction mixture
were removed to a tube containi#g_o.s uL (0.625
pmoles) of 800 Ci/mmole[d&P]dAfP._ Both reactions
were incubated at 37°C for 1 hdﬁ:. The

20 radioactively labeled reaction.:was frozen at -20° C

for later gel analysis. To the 45 L main reaction,

40 ML of second strand buffer, t,yL of 100 mM DTT,
6 uL of nucleotide mixture (10éﬁ¥?aATP, dGTP, d4TTP
and 26 mM dCTP), 268.3 pL water and 2 uL (2.5

25 pmoles) of 800 Ci/mmol [a*’P1dATE:were added. After

mixing, 4.5 pL of 1 U/uL RNase H and 19.2 uL of 5.2
U/pL E. coli DNA polymerase I were added and the

reaction was incubated at 16° C}5or 2.5 hours. The




by centrifugation in a mcrocentrifuge for 5 mn and t he aqueous phase

renoved a - racted with 5 chloroform The aqueous p, %ﬁ@
recoveredng§;§idaé&centrifugation as before. ; . The do e- stranded

cDNA was precipitated by - the addition of 33.3 [err]L of 3M sodi um
acetate (pH 5.2) and 867 [err]L of 100% et'hanol and incubation 10
overnight at -20[err]C. The cDNA was recovered by centrifugation at
14,000 X g in a mcrocentrifuge at -dderr]C for 60 minutes. The cDNA
was washed with 1 nL of 80% et hanol, recovered by centrifugation at
room tenperature in a n1crocentr|fuge at 14, 000 X g, 15 dried under

vacuum and di ss@h¥edohnwaB ERtihbtel wit®r 400 pL BFee nmicroliters of the
resuspended doubl e- stranded cDNA was rennved and stored at -20[err]C

for | at erppeAbYschlbyogelmel(ectt) ophdhesiphiases were separdted enai ni ng
42 ML of the doubl e-stranded 20 cDNA, 5 [err]L of 10 X Kl enow buffer

(buf fer #3; by eenprifdghyibhr dhagemdrozentidifuge dor?.5 miv and

nucl eoti des (dCTP, dGIP, dATP and dTTP), and 0.5 [err]L of 5 Uflerr]L
E. coli DNA potheragseousKpbase temgwedtand resext ragted widfllt er 30 m nutes
at 37[err]C, 50 [err]L of 25 water were added :and the reaction was :
extracted wbt hchlorofarmgquafheoRraduecys phass W@ﬁl@ﬁ@pMﬁﬁqﬁlﬂm and then

WO 98/ 06852 PCT/ US97/ 14184
-19- centrifugation as before. _

The double-stranded cDNA waé precipitated by
the addition of 33.3 uL of 3M sodium acetate (pH
5.2) and 867 uL of 100% ethanol énd incubation

10 overnight ét -20°C. The cDNA was recovered by
centrifugation at 14,000 X g in'é'microcentrifuge at -
4°C for 60 minutes. The cDNA was washed with 1 mL
of 80% ethanol, recovered by cedérifugation'at room
temperature in a microcentrifﬁgé at 14,000 X g,

15 dried under vacuum and dissolvedfin 45 ulL of water.
Three microliters of the resuspéﬁded dduble—
stranded cDNA was removed and stored at -20°C for
later analysis by gel electrophﬁgesis.

To the remaining 42 ML of ﬁie double-stranded

20 cDNA, 5 uL of 10 X Klenow‘buffeté(buffer #3;
supplied by Stratagene), 2.5 pLS&f 2.5 mM
nucleotides (dCTP, dGTP, GQATP and dTTP), and 0.5 L

of 5 U/uli E. coli DNA polymerasé?:;Klenow fragment

were added. After 30 minutes at’ 37°C, 50 uL of
25 water were added and the reactidﬁ-was extracted with

an equal volume of phenol:chlor@ﬁormf(l:l) and then



chl orof orm as descri bed above. After the addition of 7 [err]L of 3M
sodi um acet w(egd,m;kgﬁ 2) and 226 [err]L of 100% et hanol , ptirass9sr/14184

bl unt - ended doubl e-stranded €DNA was incubated on ice for 30 ninutes
and recovered by = 5 centrifuging at 14,000 rpm'at 4[err]C for 60 ninutes
I n a mcrocentrifuge. The cDNA was washed with 300 [err]L of
70% et hanol , centrifuged and dried as before. ‘ Seven mcroliters of
0.4 [err]g/[err]L EcoRl linkers were -lBadded to the dried cDNA. The
structure of the EcoRI 10 [Ilinkers are: 5' - AATTCGGCACGAG 3
(SEQ ID NO 2) "3 GCCGTGCTC—S' After
vortexing to resh%QQQﬂormeaSDﬂﬂscrlpedrPPOUE 10Agter tﬂagﬁﬂdkﬁ1Qnﬁfer 1
[err]L 10 mM ATP and 1 [err]L of 4 Weiss 15 'Uf[err]L T4 DNA |igase were
added and the r@fc¥ish @fis3 SOdFH@uB§?§ét8véPHn gRY? #NG8224 & OfThe

| i gase was i nactivat ed b at 7 for 30 mnutes. The

5 ends of the kQB?UeFFﬁR@ & gp Bﬂﬁgts kg -strandeq PN2pNA, wer e

phosphoryl ated usin Iynucleot One mcroliter of 10 X
AR kPF

buf fer #3 of th#d% €9nPReFE gtPéP&ﬁ@ﬁeand recoyerfd &Y ca), 2

L of 10_mM ATP L f 0 Ly L T4
Lg{;LucFeotlﬁe ??ﬂ%gégﬂéFﬁgaﬁﬁéa4m@bgrFBmtﬁg te 8aFLerr d 62;130

B B oA TR 08 08
PCT/U597/14184'0f 70% ethapgl,_centrlfuged and¢dr1ed as before.
- | Seven midfoiiﬁérs of 0.4 pg/uL E%QRI linkers were
added tO'thé-dried cDNA. The structure of the EcoRI
10 1linkers are~- .
57 - AATTCGGCACGAG-3’ (SEQ. ID NO. 2)
_ 3’ -GCCGTGCTC-5'
After vortéxiﬁg_to resuspend the cDNA, 1 pL of 10 X
ligation buffé;, 1 pL 10 mM ATP §nd 1 ubL bf 4 Weiss
iS U/uls T4 DNAEligase were added éﬁd_the reaction was
incubated ove:;night at 8°cC. Tﬁé_ligase was
inactivatédfbi.heating at 70°C'§;£ 30 minutes. The

5’ ends of the EcoRI linkers, ;hé; are now attached

to the cDNA, were phosphorylated using

20 polynucleotid ;kinase One micro;iter of 10 X

buffer #3 of the ZAP- cDNA synth is kit (Stratagene,

La Jolla, CA), 2 uL of 10 mM ATP 6 pL of water and

1 uL of 10 U/HL T4 polynucleoti jklnase were added

to the ligatidn:reaction Afte 30 minutes at 37°C

25 the kinase reactlon was stopped by heating the

reaction at??’l' XhoI "sticky ends”



- 20- were generated at the end of the cDNA correspondi ng to the
3! end of by di gestion of the Xhol . site in the #g ﬁ@%;ner
Twenty-ei ght Terr of Xhol “buffer-and 3 [err]L of 40 ?{ ol
wer e added to the 5 cDNA and the reaction was incubated at 37[err]C for
1.5 - hours. . The cDNA, with EcoRl sticky ends at the 5 end
and Xhol sticky ends at the 3' end (relative to the origi nal nmRNA),
was size fractionated by passage 10 tigeugh a Sephacryl S-400 spin colum
prepared as follows. Five [err]L of 10 X STE [100 mM Tris (pH 7.0),

5 mM EDTA and 100 mM NaCl] were added to the cDNA . and the cDNA was
applied to theweépp génardtet at theyenﬂgefcmmbmcmnxgd&ﬁﬁﬁﬁy@ﬂdﬁmﬁoo
(Pharmacia 15 Biotech, Piscataway, NJ). A 500 [err]L microcentrifuge

t ube was pl acetoobhéeh2’ bendoafothehmRﬂyrbygd_"_Uﬂmn of theolxhor was pl aced
in a centrifuge tube and centrifuged at about 400 X g for. 2 minutes.

Si xty [ ersiteoinltkeSTinkerepadaed .t o Tweatiyopightt ki of-iXigs, 20 a
new m crocentrifuge tube was placed on the bott:em of the colum and .
the col utm wasowugken aedidi phged 40 U/ad B&O3rwereThiddegk deeshenas repeat ed
until six fractions had been collected. About 10% of each

fracti on wes e‘F%WPr%‘ﬁoF€§eHeéﬁt&°¥%’&§ai8§§bééledt gt 37°G&ar di-Fe the size
di stribution qi the cDNA in each fraction.. The remai nder of each
fraction was 1T9UTSwWO 98/ 06852

PCT/US97/ 14184 The cDNA, with EcoRI stickaends at the 5’ end

—

and Xhol sticky ends at the 3’ end (relative to the
original mRNA), was size fractionated by passage

10 through a Sephacryl S-400 spin délumn prepared as
follows. Five uL of 10 X STE [100 mM Tris (pH 7.0),
5 mM EDTA and 100 mM NaCl] were added to the cDNA
and the cDNA was apﬁlied to the top of a 1 mL
syringe containing Sephacryl S-&ﬁd (Pharmacia

15 Biotech, Piscataway, NJ). A SOOfyL microcentrifuge
tube was placed on the bottom offﬁhe syringe and the
column was placed in a centrifugéftube and

centrifuged at about 400 X g for 2 minutes. Sixty

uli of 1 X STE were added to the top of the syringe,

20 = a new microcentrifuge tube was pi ced on the bottom

of thé'column and the column was:again centrifuged
as before. This process was repéated until six

fractions had been collected. .Aﬁéut 10% of each

fraction was electrophoresed on a 1% agarose gel to
25 determine the size dlstrlbutlon of ‘the cDNA in each

fraction. The remainder of eachgﬁ;actlon was



-21- extracted with an equal volume of phenol:chloroform = and

t hen chl or ofvoregasszdescri bed above and preci pitated by tPEST/HIWWIYN of
2 volunmes of 100% . ethanol. After overnight incubation at -20[err]C the
5 cDNA was recovered by centrifugation in a m crocentrifuge at 14, 000
rpmfor 60 mnutes at 4[err]C Each cDNA fraction was washed wi th 200
NL of 80% et hanol and dried as described above. CcDNA fraction 1
was resuspended in 3 [err]L of sterile walr, and cDNA 10 fraction 2 was
resuspended. in 10.5 [err]L of sterile water. One-half [err]L of each
of the two fractions was. | .used to detern1ne t he uantlay of DNA using
t he et hi di ewrEreErdevWhEht 8ngegBAaL| ¥R1IHEENSS. Ppﬁééﬁ roform 5ng 2,

containing the largest cDNA nolecul es, were P§ il%G'rrbln The 12.5 nL
conblned fracti3md ERERaFRLAroform,3s, desrrip cDNA. This

fract L ) d d
HECICN ey st Sl e ke
d at -20C f | at ' ! f f f ti
ﬁlld SCA wePERRTghe gdi?ﬁ?s %’ﬁ%”r‘%?é‘ o?nB 7 e ?ﬂ%egge RIL d
Xbol., Fr;ct onégp dg r%ﬁé&8£e& ?g géﬁtggFE?aﬁéPe a d%detom% 5 [g?r]Lagf

10 X |i.gat L A °C
[err] g} ?; Ir fE EQHéﬁéflngéV%g %]rl g%g gMg ngr %E[ gt;lhhllt\?‘g Sasl;: 6/ [err]L T4

DNA | i gase. Each cDNA fraction was washed with 200 NL of 80%
3 ethanol and dfiéd as described above. cDNA fraction
1 was resuspehded in 3 uL of sterile water, and cDNA

10 fraction 2 waédresuspended.in 1Q.S uL of sterile
water. Oné—half uL of each of the two fractions was._
used to determine the quantity of DNA using the
ethidium bromide piate detection method. Fractions
1 and 2, containing the largestchNA molecules, were

15 combined. The 12.5 mL combined fractions contained
approxlmately 100 ng of cDNA. This fraction was
reduced to 2.5 yL in a Speed-Vac and stored on ice.
cDNA fraction 3 was resuspended in 10.5 uL of
sterile water, and saved at 20°C for later use.

20 One- hundred ng of cDNA from fractlon 1 and 2
were ligated into 1 pg of Uni-Z%P“ (Stratagene, La
Jolla, CA),‘a lambda ZAP vector?ﬁhat.had been
digested with EcoRI and XhoI. ??:action 1 and 2 cDNA
(2.5 pL) were added to 0.5 uL Qf;io X ligation

25 buffer, 0.5 L 10 mM ATP, 1 uL of 1 pg/uL Uni-Zap XR

vector and O.SfﬁL of 4 Weiss U/uxl T4 DNA ligase.
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-22- . ction was incubated at 8[err]C for about 4 rs.

1 [err] L aTv;H(}(l:sot of the ligation reaction was . added to éﬁgug? {Qg%t of
t he ' Freeze- Thaw extract fromthe G gapack Il Cold bacteriophage X
packagi ng 5 kit (Stratagene, La Jolla, CA). Fifteen mcroliters of
Soni ¢ extract were added and the contents were gently m xed. The
packagi ng was carried out at room ienperature. After. 2 hours, 500
[err]L of SM buffer and 20 [err]L of chlorof ormwere added to each

packaging 10 reaction and the debris was removed by a short
centrifugati onThe peattionewhsi fingebated paclsagedor abovtagms were nmoved to

a new mcrocentrifuge tube. Ten [err]L of chloroformwere added and
the packages hourphagRsiwgLeastiqued af 4her 1iGation reaediorAwdd er of 15
this primary library indicated the presence of 0.7 X 10[ err]

reconbi nant pladdesd.to onechliqAopl offi takei dFrekzerThaw |yt

Si x-hundred [err]L of E. coli XL1-Blue MRF - (Stratagene, La Jolla,
CA), grown to fromntheyGigapack JI5GaildCbBctemipphage A2 phdkagilg of
primary library stock were added to each of 16 tubes. After

i ncubati on &t kit (%Wfé??ﬁ%ﬂﬁ@rLQSJﬁiha:6QBhn.@ﬂfESF@rmPGnQﬁ;quﬂ (5 g/L
NaCl, 2 g/L MgSO err].7H err]O 5 g/L yeast extract, 10 g/L NZ am ne
[pH 7.5], and @F 78pBYar BXEFaGEs v!eaadééd?é azé éa@hcmsnéﬁd%er:@ contents
wer e plated on 150 X 15 nm NZY Rlates g/L NaCl, 2 g/L

Ngsq err] ..7H[ egqqtré.ygngﬁcgd The packaging as carried out at room

temperature. After 2 hours, SOO“pL of SM buffer and
20 pL Of chloroform were added to each packaging

-10 reaction and the debris was removed by a short Lo
centrifugation in a microcentrifuge. The packaged
phages were moved to a new microcentrifuge tube.
Ten'uL of chloroform were added énd the packages
phages were stored at 4°C until.used. A titer of

15 this primary library indicated the presence of 0.7 X
108 recombinaﬁt plagques.
¢) Amplification of primary liﬁfary.

Six-hundred uL of E. coli XL‘J.--Blue MRF’

(Sstratagene, La ‘Jolla, Ca), grown to a density of

20 0.5 at O.D.g, and 32.5 uL of prlmary library stock
were added to each of 16 tubes. After 1ncubatlon at
37°C for 15 min, 6.0 mL of 48°C tep agar (5 g/L
NaCl, 2 g/L Mgso,.7H,0, 5 g/L yeastwextract 10 g/L
NZ amine [pH 7.5}, and 0.7% agarose) were added to

25 each tube and the contents were plated on 150 X 15

mm N2Y plates (5 g/L NaCl, 2 g/L ‘MgS0,. 78,0, 5 g/L
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- 23- : woasnessxtract, 10.g/L NZ amne: [pH 7.5], and 15 g¢dI/US97/14184
Difco agar). The plates.were incubated overnight at 37.C and then
overlayed with 10 .nL of SMbuffer and i ncubated for a further 8 hours
at 4[err]Cwth gentle 5 shaking. The SMbuffer was collected with a
sterile pi pette and stored in a sterile 250 nmL centrifuge bottle.
Each pl-ate was rinsed with an additional -28- . nL of SMbuffer which were
col |l ected and added to - the previous SM buffer. Chloroform to a
final 10 concentration of: 5% was, added and the p hag sol ution was

i ncubat ed at rcxﬁﬁ%%ﬁnﬁﬁ%ﬁ§ﬁ§¥f¥ﬁ g6k NZ amingisBHadd @heﬁnéeﬂﬁrBV@ged at

2,000 X f 1 || -deb h t
recover eg t gr a Sqlefrq 5{?07 pE %ﬁ eﬁe"rjp%%? tc‘f?‘aer?angn‘r:‘iéatﬁal §Y§¥ ggad\c/ivgfi

e g "*ché A ien ararlaYes vi‘%ai’@ il 8 PlchfFbeFonnd *' 0 ¥
ZEﬁSLT‘CASSPﬁi. SRORPSE GO Aot En® pragudE e E 81 ER 8R0bTRC coo.
Ater 15 min Sﬁ'éha%@i’fse?'[ zﬁ@%t@&rmwﬁ%ﬁ?@?@d aﬁlﬁ?%#ﬁ%ﬁéé’vzm
the 25 cells yaiRdial 200 L ko At %@%Mwifé@m 59ﬂ£nfu ghl ates

containing a to I nant aques were prepared and
i ncubated at 37fRitkhe. Each plate was rlnsedf'lth an additional 10

-

mL of SM buffer which were collected and added to
the prev1odeﬁsm_bufferr Chloroform, to a final

10 concentratlo§70f 5%, was addedfand the phage
solution waeﬁlﬁcubated at roomccemperature for 15
minutes and then centrifuged at 2 000 X g for 10
minutes to remove cell debrls rThe supernatant was
recovered to a»sterlle polypropflene bottle and

15 chloroform was added to a flnal concentratlon of
0.3%. The ampllfled library was ‘stored at 4°C.

d) Plating of amplified library for screening for
specific genes. _

20 The amplifred library wasfz“tered as described

above. Appro 1mately 50,000 rec mbinant plaques

were added to 600 uL of E. col. XLl Blue MRF’ that

were grown as descrlbed above._ fter 15 min at

37°C, 6.5 mL of 48°C top agar-were added and the

25 cells were plated on 150 X 15 mm‘NZY plates. Four
plates containing a total of-é_ 000 recombinant

plaques wereﬁgrepared and incdbated at 37¢°C

overnight.:}mﬁe plates were then chilled for 4 hours




overnight. The plates were then chilled for 4 hours WD 98/ 06852

PCT/ US97/ 14184 - 24- at 4 err]C t hen
used for PYRIBPERSY pl aque lifts as descri bed bel ow. PCT/gg97/13184 .
I dentification and Construction of 5 A i gonucl eoti des Honol ogous to
Cof f ee ACC Synt hase Genes I n previous studies, described
In United States patent application serial number 08/485,107 the 10
specification of which is incorporated_ Egreln by ref erence, we

i dentified base sequences conmon to ACC synt hase occurring in a
variety of plants, referred to herein as consensus sequences. Based
on these tydi t 3 I 15 degenerate
prinmers for anéflflcatlon of d?r%égrfﬁg é#gﬁh%filé %ré ? strand cDNA
correspondingd%%grlbeé: HSERSUS sequences .The sequence of the priners

used is: . 5 CGCCAAGCTTCCRTGRTARTCYTGRAA-3' 20

(SEQ 1D NO 3) ACS289: 5' - TTYCARGAYTAYCAYGCHYT- 3'

(SEQ 1D NO 4)  1daeieiifivdtfon GEEARNGRIAVETLTIE - 3’ o :
(SEQ 1D Ne 5) 29plilgonud¥acyided HisIoddws ces co6££68 Agcobtain first-
strand coffee cDNAgynthase Genlde reverse transcriptase reaction to obtain

In previous studies, described in United States
patent application serial number 08/485,107 the
10 specification of which is incorporated herein by
reference, we identified base sequences common to
ACC synthase eccurring-in a variety of plants,
referred to herein as consensus sequences. Based on
these studies, we developed a set of three (3) fully
15 degenerate primers for PCR amplification of regiomns
of coffee first strand cDNA'corresponding to
consensus sequences. The sequence of the primers
used is:
ACS167: 5'-GCCAAGCTTCCRTGRTARTCYTGRAA-3’
20 | (SEQ. ID NO. 3)
ACS289: ©5’-TTYCARGAYTAYCAYGGHYT-3'’
_ (SEQ. ID NO. 4)
ACS885: 57 - CCHGGDARNCCYAWRTCTTT- 3’
(SEQ. ID NO. 5)

25 ff. Reverse Transcriptase reaction to obtain first-
strand coffee cDNA.

The reverse transcriptase reaction to obtain
first-strand cDNA was performed in a final volume of

30 20 uL using the GeneAmp RNA PCR Core Kit (Perkin



first-strand cDNA was perforned in a final volume of 30 20 [er ’l usmsg
PCT/US97/141

t he GeneAnp WRASPSHE2Core Kit (Perkin WO 98/ 06852

PCT/ US97/ 14184 . -25- El mer,
Foster City, CA). First, 0.9 [err]g of coffee fruit nRNA in 3 [err]L
water was mxed with 1 [err]L of 50 [err] M random hexaner and 6
[err]L of sterile water in a nicrocgﬁvalfuge tube and i ncubated at
65[err]C for 5 5 mnutes. The m xtur s left at roomtenperature

for 2 mnutes and the liquid was recovered to.the

by a brief cent
(fromthe above
mM dNTP' s
transcri pt ase (
42[err] C for

I nactivated in
Pol ynerase chai
A pol ynerase ch

bottom of the tube

) In’g'?ﬁ'i"%ﬁe':cil%’t)CM [eﬁ?%gﬁom?ﬂ[erEJl’FeFC]‘%fbg{gr] L 10
Sy ey R P A G f dak) wiB08 w1 bB" L by 8¥e%§5bﬁt ed at
Qfﬁgﬁaﬁi&% Pﬂé&&rﬂe{'h&d %aﬁﬁ' ?feégériié”v}?ﬁ{:égt gﬁe was heat

err wat er m nut es

Fubl %&émif’? uthy Qﬁéffﬁcubated at 6&ecS¥ }hgse gene.

aln reacti

using the CeneAmp dfides 20 THESHRIxDEFe by el bt aaéorb@mrtémlseéatuge

containing 10 |
[err]L-25
NO. 3), 2.

[err]L sterile

10

15

20

25

err]L . first-strand cDNA nmix, 4 [err]L PCR buffer

CR) (Sal ki et -al ., 1988) was perforned

, 1

EIMClrh it es 2arid [hie | li@hi@Owder rédbiebdd7corthar (SEQ ID

5 [err]L 20 [err] M AC5885 priner(SEQ ID. NO 5),
HosrrdnO, ofanchd . tuherby Lla T &N Acent yhfugseidh. To

this mixture 2 uL PCR buffer II (from the above
mentioned kit), 4 uL 25 mM MgCl,, 2 uL 10 mM ANTP's,
1 uL RNAsin (20 u/uL), and 1 pL reverse
transériptase (S0 u/yL) were added. The reaction
was incubated at 42°C for 1 hdu: after which the
reverse transcriptase was hea;finactivated in a 95°C
water bath for 5 minutes. |

g) Polymerase chain reaction to amplify coffee
ACC-synthase gene.

A polymerase chain reactidn (PCR) (Saiki et
al., 1988) was performed using the GeneAmp Kit

described above in a 50 uL rea_c_";t_"'éi.on containing 10 uL

first-strand cDNA mix, 4 uL PCR
mM MgCl,, 2.5 pL of 20 uM ACS1
3), 2.5 uL 20 pM AC5885 primer (SEQ. ID. NO. 5),

29.5 uL sterile H,0, and 0.5 pﬁ;i—f’f‘é.é DNA polymerase (5
u/pL) . PCR conditions were 35 : cles of 94°C for 1
minute, 44°C for 1 minute, and ::"’.C for 2 minutes.
The product of the PCR reactio as analyzed by

agarose gel electrophoresis usiﬁg 1.5% SeaPlaque

29.5



25 u/[err]L) PCR conditions were 35 cycles of 94[err]C for 1

m nut e, 4%&% 1 mnute, and 72[err]C for 2 m nutes. The

pr oduct of reaction was analyzed by . agarose gelPC'WUS’"l“m4

el ect rophor eS| s using 1.5% SeaPl aque WO 98/ 06852

PCT/ US97/ 14184 - 26- agarose (FMC
Bi oProducts, Rockland, M) and Hae I11- dlgested [err] X174 DNA .
(Promega Corporation, Madison, W.heas size markers. A single PCR
product of approxi mately 650 bp was obt ai ned. 5 h) Amplification
of PCR product with different prinmers. The 650 bp

fragment obt aifipgdrodOV EFMOSBLSPES8Ects, REERTUHAS 7.na l.s
mL mcrocentrifuge 10 tube. After t he add?%?on 0 2§§Q[er%|§%bf sterile

wat er, the 65%i§b§ﬁ&ﬂm7mﬂeﬁﬁﬁﬁn§§a9@6%6}:&&&1 SMadisod, nut es,
cool ed to roomtenperature and centrifuged o= at 14,000 rpmfor 5 mnutes

in a nicrocentwl uge.size mé?ﬁen@permaéﬁmgléoptalﬁradubheoﬁnp|lfled DNA was
15 renoved and placed in a new sterile 1.5 ni- m crocentrifuge tube. A
25 [err]L PCRapmuximateky 650 hmrwasdobtainsding 0.4.[err]L of the
previously anplified DNA as tenplate, 2.5:{err]L 10 X PCR buffer (10
MM Tris- 5 WHd Rapglifidatidon rof oPCK- nﬁ@duce ‘weth] di2BerbhbyC [err], 5
20 [err]L of 1 mvippNmsexrs.d [err]L of 20 [err]NIAC8289 prinmer (SEQ
ID. NO. 5), 1 [err]L of 20 [err]M ACS885 priner. (table 2), 12.8 [err]L
H[err] O and 0.3 [ &hg Ls%daml\f&‘m%ﬁar%@xﬁe@/%b@v?was excised
from the gel and placed in a 1.5 mL microcentrifuge
10 tube. After the addition of 200 uL of sterile
water, the 650 bp fragment was heated to 90°C for 5
minutes, cooled to room temperatgre and centrifuged
at 14,000 rpm for 5 minuteS'ig a microcentrifuge.
The supernatant containing the amplified DNA was
15 removed and placed in a new sterile 1.5 mL
microcentrifuge tube. A 25 uL PCR reaction was
carried out u51ng 0 4 pL of the prev1ously amplified
DNA as template, 2.5 uL 10 X PCR buffer (10 mM Trls-
HC1 pH 9.0, 0.1% triton X-100), 2 uL 25 mM MgCl,, 5 |
20 uL of 1 mM ANTPs, 1 uL of 20 uM ACSZSB primer (SEQ.

ID. NO. 5), 1 uL of 20 uM ACSS&S prlmer (table 2},

12.8 gL Hg) and 0.3 pL Tag DNA poﬂymerase (5 u/ul)
(Promega Corporatlon, Madison, W The PCR was
performed using 35 cycles of 94° or 1 minute, 45°C

25 for 1 minute, and 72°C for 2 minutes. Five uL of

this reaction was electrophoresed in a 1.5% agarose

gel as described above. A singlﬁ: roduct of

approximately 603 bp was observe Eighty uL of



(Promega Corporation, Madison, W). The PCR was performed using 35
cycl es of 94e dgMsgda M nute, 45[err]C 25 for 1 mnute, and 72Carushrifigs 2
mnutés. Five [err]L of - - this reaction was el ectrophoresed in a 1.5%
agar ose gel as described above. A single product of approxi mately -
603 bp was observed. Eighty [err]L of WD 98/ 06852

PCT/ US97/ 14184 _ . = 27- sterile
water, -10 [err]L of 3 Msodium acetate ({3V5. 2), and 220 [err]L of
100% et hanol was added to the : remai nder of the reaction. After

I ncubation at 20[ err] C overnight, the DNA-was recovered b 5
centrifugation atezfider watieay, 30 win@®fed M spdingp agahate (PHHe- DNA was
washed with 400 [err]L of ice-cold 75% ethanol . and resuspended in 25
AL of sterile wandr220 pL phel9Qk eshedrd Mordded F&@ &8 ned to be 10

ng/[err]L using the ethidiumbronide plate assay. 10 i Labeling
Cof f ee Frui t - SpEEMRLRARECOS, s FEABRAOR - Aft_???-ﬁ%ﬁ’rﬂﬁﬁﬂrbr%?reﬂ probe was

produced using the PCR- gener at ACC synthase and the Prinme-a-Gene
Kit (Promega CofBoFafVEany ps&ﬁ? @%ﬁ V&ﬁ&g%ﬁﬁYere Bhe-hal f AL of the

DNA (25 dded 1.9 ! 15 aqf .eril he DNA
. dena’guregg%)y\slvascgnﬁgflﬁ"qﬁa%ﬂﬁ? é‘%:na]ﬁ’lc gy ngf)es_t-.]%lrlit&% gﬁ‘!ﬁ’de tgrqefﬁ‘ffer\,,va;
AL of | abel ed,dNTP; : X P. dGIR, , 2 L1
1o/ L acetyl at eEPBoRYA; WA, WAkl FIER a8 in OF dce-qquf Y, 2 LoT]

Kleno“’fragnenteéﬂgnél[Qhﬁlkegagpended in 25 uL of sterile water.

-

The DNA concentration was determined to be 10 ng/uL
using the. ethidium bromide plaﬁe assay. |

10 1) Labeling Coffee Fruit-Specific ACC Synthase DNA .

A randqﬁ-primed probe was pfoduced using the
PCR-generated ACC synthase DNA and the Prime-a-Gene
Kit (Promega Corporation, Madiseon, WI). Two and
one-half uL of the DNA (25 ng) Qés added to ﬁ7.5 pL
15 of sterile water and the DNA waé;denatured by
boiling for 5 min. Ten pL of:S?X labeling buffer, 2
uL of unlabeled dNTP's [20 uM each; dCTP, JGTP,
4dTTP], 2 uL 1. .mg/ml, acetylated BSA, 1 pL 5u/gL E.
coli DNA polymerase I Klenow fﬁ'gment and 5 uL (50
20 i) of [a-"PJAATP (3,000 Ci/mﬁ"é) (Dupont - NEN)

were added to give a final volume of 50 uL. After 1

hr at room temperature, the reaction was terminated

by the addition of 2 uL of 0.5 ] Né,EDTA and boiling

for 2 min.

25 §) Screening of amplified library with the ACC
' synthase-specific probe. o




20 J[err]C) of [[err]-[err]P] dATP (3,000 G /mvl e) (Dupont-NEN) wer e
added to give a final volune of 50 [err]L. After 1 hr at room

t enper at ur 30 P8RE852act i on was 't er m nat ed by the additi oRCIIUSITR4S4]
of 0.5 M Na[err] EDTA and ‘boiling for 2 min - 25 j) Scr eeni ng of
anplified library with the ACC synt hase-speci fic probe. WO
95/ 06852 S - PCT/ US97/ 14184

- 28- Plaque lifts of the four &50x15;nn1NZY pl at es

cont ai'ni ng 50, 000 reconbi nant cl ones each were . prepared. Four 132 mm
Magna nylon transfer - menbranes (M cron Separations, |ncorporated, 5
West bor ough, MA). we wet t ed by placgin hem. Qi . C toqr aphy paper
saturated with 5 X éiéqb*&r ﬁ'é‘;f@é Ota%(])’lreq . oﬂ%lﬁ Mg‘h@g??f&ﬁé menbr anes
-were pl aced . plzat es, cQnt ai Ri. Jrieeomj t ques for

5 mn, rermvedcgﬂggﬁsﬁgﬁgatsgdj%gh%g%ég’nr}%&r\é{]ﬁ%l?gfea%bé{%p vﬁé.m;]!;-eafor 2 mn on

chr omat ogr aphyp?ﬁ.gﬁgeaqt U@%tu%d 11‘51:2'[ Bdf%r& %ﬁ&?%ﬁi&é‘r 5 MNaCdl. The

menbr anes wer e neutrali ze ransferring onto chromatography

paper SaturateﬂeMbEQan5(MHB@S%‘@@de%E?&dB,fﬁﬂté&ﬂbratedﬁ”“9011 for 5

mn. After a brief 20 sec treatnent on chromat ography sheets
saturated Wt hw@s¥XbSe6ugh, MAONkire RMetked ¥ Jﬁﬁ&&iﬂ§égﬁédﬁéﬁ, the filters
were - blotted dry. "After 1 hour of air dryihg, was

cross-1inked t@hfbﬂa&ﬁﬁb&@hgspbwe&f@NUﬁﬁHtedtﬁ;gh 5 X SSC buffer

- for approximéﬁély 10 sec. The mémpranes were placed
on the plates_ﬁdntaining the recgﬁbinant plaques for
5 min, remo?éd;;nd incubated, ph?ge containing side

10 up, for 2-miﬁ 6n chromatography éaper saturated with
0.5 M NaOH aﬁ&-l.s M NaCl. The-ﬁembranes were then
neutrélized.ﬁyjtransferring onto chromatography
éaper saturated;with 0.5 M tris-#@l (pH 8.0) and 1.5
M NaCl, for_5 min. After a briéfizo sec treatment

15 on chromatogyaphy sheets saturaﬁéﬁ with 2 X SCC
containing d;é;m tris-hcl (pH-7;$), the filters were
blotted dry;;}After 1 hodr of_ai?:drying, DNA was
cross-linkédgﬁp‘the membranes bﬁiﬁreatment with

12,000 pJoules of a 260 nm UV 1 Ght in a UV

20 Stratalinker 1800 (Stratagene, Ca) .
Tﬂe four membranes were pre &bridized at 65°C
for 2 hours in 100 mL 6 X SSPE (52.2 g/L NaCl, 8.3

g/L NaH,PO,.H,0, 2.2 g/L Na,EDTA,: [pH 7.4]), 5 X

Denhardt’s solution (1 g/L Fice
25 polyvinylpyrrolidone, 1 g/L BSA[pentax fraction

Vv]l), 0.5% Snéﬁéﬁd 100 pg/ml. denatured herring sperm




12,000 [err]Joules of a 260 nm UV light in a U/ 20 Stratalinker 1800
(Strat agenewdssnésdzl a, CA). The four menbranes wer ePOTABYIHILEN zed
at 65[err]C for 2 hours in 100 mL 6 X SSPE (52.2 g/L NaCl, 8.3
gH.MWmHPQmH Herr]O, 2.2 g/L Na[err] EDTA, [pH 7.4]), 5X

Denhardt's solution (1 g/L Ficoll, 1 g/L 25 potyvinylpyrrolidone, 1 g/L

BSA [pentax fraction ~V]), O. 5@6SDS and 100 [err]g/nL denat ured herring
sperm - WO 98/ 06852 -29-

PCT/ US97/ 14184 - u-29- DNA in a Hybald
Mark 11 hybridization oven (National Labnet’ Conpany, Wodbri dge,

usi ng HB- Ov- BL DNA imoatHgbaid Mark II hybrndnzaﬁn@ﬁ-ﬂ&?ncdmauaynii

65[err]C for 12 5 hours in 10 nL of 6 X SSPE-containing 0.5% SDS, 100
[err] g/ nL denathakrethcfompany peWardhridgnd ¥J) [ Bpipg §B-ONeBL random
pri med probe described above. At the end of the hybridization period
t he hybrldlzatlhﬁF%%ﬁﬁnl(an‘ was renmoved and the menbranes were briefly

hed 10 th 100 SSC t 0.5% SD
¥ﬁ2yemere thg% mashé@ﬁ%5+é%ﬁasﬂﬂ?tV%%gFg%gkn n° R; g Esqrct%é’k é%% anount of

f h buff t, 65 d

for 30 mn d erere]i +6 ioh 0B Pﬂfgﬁﬂﬁéiﬂ@ R aeRo1g 10850 08,

15 d i t f hed Fuj

B e TP " SRR SR VRLEDERR BB, 80l 82 yr off kAN P
random primed probe described above. At the end of

| the hybridization period the hybridization solution
was removed and the membranes wéré briefly washed

10 with 100 mL of 2 X SSC containiﬁé_- 0.5% SDS at 65°C.
They were then washed for an additional 30 min with |
the same amOunt of fresh buffer;ggain at 65°C. The
membranes were washed twice moré for 30 min at 65°C
with 100 mL of 0.2 X SSC contai;ﬁf‘ii;g 0.5% SDS,

15 wrapped in a céllophane envelopéfénd exéosed to pre-
flashed FujilRXmm X-ray £ilm atr;70°C for 24 hours.
Ten positive clones were obtainéa; The region of

the original plates correspondi@g}to the identified

plaques were removed and placed"in 1 mL of SM buffer
20 c¢ontaining 20 ﬁL chloroform. Q£ ghese ten, S were

re-plated at lower densities and rescreened as above
to obtain individual plagues. )

k) Characterization of Coffe

it ACC synthase
¢DNA clones. .

25 _ :
The size of the putative coffee ACC synthase

cDNA clones was determined by po gmerase chain

reaction using primers homologod }to a portion of




Ten positive clones were obtained. The regi on of t he ori gi nal plates

correspondhngm&ﬁmége i denti.fied pl aques were_renoved angcph% 1 1
er

mL of SM buf contaitning 20 [err]L chlorofornl O these ten, 5 were
re-plated at |ower densities and rescreened as above to obtain

I ndi vi dual pl aques. k) -. Characterization of Coffee-Fruit ACC synthase
cDNA cl ones. 25 The S|ze of the putative coffee ACC synthase

cDNA cl ones was determ ned by pol yneraseghain . reaction using priners
hormol ogous to a portion of = = WD 98/06852

PCT/ US97/ 14184 ' - 30- the T3 and T7
promoters presené TB &ha& Thopirbfioters peesentadd fthankilogitie cDNA

i nsertion site. The sequence of the priners are: T3:

5' - TAATACGACT Gred¥dAGRRE3 £1a8kOngl PhEOcDEA 1n§ert10n Bite. The

5' - AATTAACCCTCACTAAAGGG- 3" ((SEQ 1D NO. 7) The conditions for PCR were
as descri bed ahvegqeence oéxthptprhmersherEenperature cycle was 95[err] C for
1 mn., 50[err]C for 1 min. and 72[err]C for 2 min. Analysis was
by agarose gel eIedTBoph&fe?AéTagGﬂﬁﬁﬁﬁSTATBGGG 3’ (PEQ. t APe @10 -arfdest

cl ones were recovered as ‘- hagen1ds by in vivo excision. Two hundred
[err]L of 5  phag®7stoBk- N\@&ﬂé SCRGRE ~Ras (FEQed TR &NQ -200
[err]L.of E. coli XL1-Blue MRE' grown to a den5|ty at OD.[err] of

1.0." One [errTheoforsiAtarss: £y RFRgWREe Rpg described above

except that the temperature cycle was 95°C for 1
min., 50°C fqul min. and 72°C for 2 min. Analysis
was by agarQsergel electrophoresis as before.

10 The threejlargest clones'were recovered as
phagemids byliﬁ-vivo excision. ITWO hundred uL of
phage stock from a single plaque was mixed with 200
uL of E. c011 XLl Blue MRF’ grown to a density at
0.D.go Of 1.0._ One uL of ExA551st (Stratagene, La

15 Jolla, CA) he;per phage (>1 X 10?7pfu/pL) was added
and the tubeerpere incubated atfi7°c for 15 min.:
Three mL of sterile LB broth were:added and they

were incubated;fpr 3 hours at 31ﬁc with shaking.

After heating_at'70°c for 20 min and centrifugation

20 at 1,000 X g-fbr’is min, 1 mL o he supernatant,

contalnlng the exc1sed pBluescrlptfphagemld packaged

as fllamentqus_phgge particles, as_transferred to a

sterile 1.5'mL_mi¢rocentrifuge and stored at
4°C. Phagemids_ﬁere recoveréd'by édding 25 uL of

25 the stock seiution to 200 uL of ‘E. coli Solar cells

(Stratagene;;ngr-élla, CA) grown: to a density of 1




15 Jol | a, CA) hel per phage (>1 X 10[err] pfu/[err]L) was added and
t he tubes \A%Sa%pat ed at 37[err]C for 15 mn. Three mMp@Eiyshakishe

LB breth wer and t hey were incubated for 3 hours at 37[err]C
wi t h shaki ng. After heating at 70[err]C for 20 min and centrifugation
20 at 1,000 X g for 15 mn, 1 nL of the supernatant, containing the -
exci sed pBl uescript phagem d packaged as filamentous phage particles,
was transferred to a sterile 1.5 nL-gicrocentrifuge tube and stored at
4[err] C. Phagem ds were recovered by adding 25 [err]L of 25 the stock
solution to 200 [err]L of E. coli Solar cells . -~ (Stratagene, La Jolla,

CA) grown to a ¢eRw meadfured at 0MQQ8/ 088%2r incubation at 37°C
PCT/ US97/ 14184 .~ 31- when measured at

O D.[err]. Aftebd neulkln oped 43/[(cf rdke cell foixtireiwas 20Datedroh of the
cell mxture was plated on 100 X 15 mm NZY ‘agar plates containing 50
[err] g/ m amp o 1115 m NBY @Egeepleres |a:mﬂ:mimrlng)vm niegfmL at 5
37[err]C. Individual colonies were picked into 10 nL of LB broth

cont ai ni ng 50 [ emplig/itil imwi @He iplates grene incubated noyexnighe %[ err] C
shaki ng i ncubator. The cells: were concentrated in a 1.5 nL sterile

m crocentri f Bge377¥e bylnddpestuad cﬂQﬁtQﬂl‘f%éﬁ%ﬁ] rieked ointe bPaBhi @ DNA was
purified usmgthe plasmd mni kit from Q AGEN., The bacterial pellets
wer e washed LBbme tila tcamn taddr imes G eriyael |"#“E)1%1H1%fa%f$€?ml

Next , 0 3 nL of alkaline lysis buffer P2 was, added, _
overnight in a 37°C shaking incubator. The cells

were concentrated in a 1.5 mL gterile
microcentrifuge tube by repeated cen;rifugation ang’
10 the phasmid DNA was purified using the plasmid mini
kit from QIAGEN. The bacterial pellets were washed .
with water and resuspended in 0.3 mL of buffer Pl.
Next, 0.3 mL of alkaline lysis buffer P2 was added,
mixed gently, and incubated for less than 5 min at
15 room temperatﬁre. Following the addition of 0.3 mL
of chilled buffer P3 and mixing by ihverting the
tubes 6 times, the extracts were incubated on ice
- for 10 min and_centrifuged_at 14,000 rpm for 15 min
in a microcéﬁ;rifuge. The supernatants were removed
20 and applied fé'QIAGEN—tip 20 céiﬁmns that had been
prev1ously equlllbrated with 1. mL of QDT buffer.
The extracts were allowed to enter the resin of the
columns by gravity flow. Once the flow had stopped,
the columns were washed 4 timeéZWith 1 mL buffer QC.
25 The DNAs were eluted by washing the QIAGEN-tip 20

columns with 0.8 mL buffer QF which was collected



m xed gently, and incubated for less than 5 mn at 15 roon1tenperature.

Fol | owi ng &,ﬁ%ﬁg&%t ion of 0.3 nL of chill.ed buffer ?39'0 9;.(I.}'I!gg,“by

inverting t tubes 6 tines, the extracts were |ncubat nce

for 10 min and centrifuged at 14,000 rpmfor 15 mn in a

m crocentrifuge. The supernatants were renmoved 20 and applled to

Q AGEN-tip 20 colums that had been previously equilibrated with 1 nL
of QDT buffer. ~ The extracts were aghowed to enter the resin of the
columms by gravity flow. Once the flow had stopped, t he col ums were

washed 4 times with 1 nL buffer QC. 25 The DNAs were el uted by washing the

Q AGEN-tip 20into 106 W%Wﬁ&&&ﬂﬁué@fﬁtﬂisé} e hpnBswse! | ect ed
WO 98/ 06852 . PCT/ US97/ 14184

- 32- npxrekipitiated e et lafdaxia::‘tdrbeﬁf 0 Tmarmnwstsso p.L)
preC|p|tated by the addition of 0.7 volumes (560 [err]L) :

i sopropanol . oEhd sioplvepamale i ittty were inemddidtger at 14 000 rpm for
30 min and the 5 supernatant carefully renoved. The pellets,

cont ai ni ng t heediikifuged \adts lidd OO wipnh flomBOoftumeand thecold 70% et hanol
centrifuged as above, and air dried for 5.7in. The DNA was
resuspende@ |ﬁu9@qnaﬁqn; Careﬂﬂk&ﬂIR?N%WQ@](DThaTREbbmwﬁntratlon of DNA

fromone 10 plasnmid isolation was 0.1 enggyéerr]L by fluorpmetric
anal ysis. . containing the DNA, were washe with 1 'mL of ice-

cold 70% ethanol, centrifuged as;above, and air
dried for 5 min. The DNA was réééépended in 50 uL
sterile H,0. The concentration of DNA from one
10 plésmid isolation was 0.1 ug/uL b&sfluormetric
analysis.
Sequencing reactions were pe;formgd by mixing 8
uL of phagmid DNA (0.8 pg) with 4.pL of either T3 or
T7 sequencing primers (0.8 pmol/pL). Automated DNA
15 sequencing was carried out on théée samples at the
University of Hawaii BiotechnclogyiService Center.
About 350 bp of sequence from bdthfthe 5’ and the 3’

end of the cDNA was obtained. New sequencing

primers were synthesized based on"equences near the

20 end of the previous sequences an sed in the same
mannerﬂto complete the sequence of both strands of
the cDNA. The complete sequence of the coffee
fruit-expressed ACC synthase cDN - 8 given in Figure
1. The deduced amino acid sequence of the coffee

25 fruit-expressed ACC synthase is given in Figure 2.



Sequenci ng reactions were perforned by mxing 8 [err]L of phagm d DNA
(0.8 [err]g%vd/g [err] L of either T3 or - T7 sequenci ngppiiidsf 18- 8
prol /{err]L Xutonated DNA® 15 sequenci ng was. carried out on these
sanples at the UnlverS|ty of Hawaii Bi otechnol ogy Service Center.

About 350 bp of sequence fromboth the 5 and the 3 end of the cDNA
was obt ai ned. New sequenci ng- priners were synthesized based on
sequences near the 20 end of the previ-@ss sequences and used in the sane
manner to conpl ete the sequence of both strands of the cDNA. The
conpl ete sequence of the coffee fruit-expressed ACC synthase cDNA is
given in Figure THe sé@geeneducfdthei noffeedASeqsgynthaske htiAcof fee 25
fruit-expressed ACC synthase is given in Figure:2. WO 98/ 06852

PCT/ US97/ 14184 clone and deduced protein was comp8%ed with other The
sequence of the coffee ACC synthase cDNA clone and deduced protein was
conpared w th ACRrsynthag€geyes hpresgnheinpfesBankin TheBePRA The cDNA

i solated fromcoffee fruit shows from68.3%to 58.1% 5 identity to other
ACC synt hases pragieatted nfxempapkfee frujpdshows fromeff-3&qtens8-ddduced
fromthis cDNA shows from 67.9%to 50.5% identity to other ACC

synt hases. owe@gntify st ORphex %ﬂ?qﬁﬁthaﬁﬁﬁtPﬁssen igt FenBaskuence

greater than 1500 bp showed reater 10 g 3% identity to it.
EXAMPLE 2 And, the protein sequence e uce from this CDNA

shows from 67.9% to 50.5% 1dent1ty to other ACC

synthases. _HQWever, this cDNA ie'unique in that no

other sequence. greater than lsod’bp showed greater
10 than 68.3% ideﬁﬁity to it.

EXAMPLE 2 |

Isolation oferffee Fruit—Specific ACC Oxidase

15. a) Synthesis of ACC Oxidase specific
oligonucleotide primers.

The isolaﬁion of total RNA, mRNA, and the
éynthesis of coffee fruit-specific cDNA was as
20 described above. | |
Twelve-ACC oxidase sequences, obtained from
GenBank, were allgned u51ng the Plleup program of

GCG (Genetlcs Computer Group, Madison, WI). A

region approxlmately 1000 bp from'the translation

25 start codon was found to be con erved and a
degenerate oligonucleotide primeéi
5 - TCATIGCKKCRAKIGGTTC-3' (SEQ. ID NO. 8)

corresponding to this region wa

Inosine (I) wagﬁplaced at positigys showing no

30 sequence consgéervation, since position could be any



| sol ation of Coffee Fruit-Specific ACC Oxidase 15 a) Synt hesis of ACC
Oxi dase sp, ol i gonucl eoti de prinmers. | tion
of total ﬁi%’f"m and the synthesis of coffee frui ts’;’){@?’ﬁ@%

was as 20 described above. Twel ve ACC oxi dase sequences,
obt ai ned from GenBank, were aligned using the Pileup program of

GCG (Cenetics Conputer G oup, Madison, W). A regi on approxi mately
1000 bp fromthe translation 25 starL3quon was found to be conserved and
a degenerate ol i gonucl eoti de pri ner

5' - TCATI GCKKCRAKI GGTTC-3'" (SEQ 1D NO. 8) corresponding to this

region was syysesi zed.g or c'n0§¢§EtiéﬂsW@§oﬁiﬂgedw§tfBQéitiOnS showi ng no
30 sequence conservatlon since position could be any WO 98/ 06852

PCT/ US97/ 14184mbiguity were(Prepared with mixed r@didues (TPE Or T, G or
C. Positions show ng two anbiguity were prepared wth m xed

residues (T/Gaye). WeANdJso reparedremseecnd seitmed hoimokogbasol ogous
to a region of t he papaya fruit-expressed ACC 5 oxidase cDNA that had
been previouslty & aeedom afirthe papagymor fxwity- expressedt AACappr oxi mat el y
372 bp from the translational start codon:

5' - GACACTGEGGARAGEEEGADNA (ISR had been Previoughy chonedi imrsuwere used

in a PCR reaction to .
laboratory and situated approximately 372 bp from

- the translational start codon:
5’ -GACACTGTGGAGAGGCTGAC-3’ (SEQ. ID NO. 9)

The two primers were used in a PCR reaction to

10 amplify a portion of the coffee fruit-expressed ACC
oxidase. The PCR contained 0.2 ul (10 ng) cDNA
fraction 3 (described in Example 1), 5 gL 10 X PCR
buffer, 3 ulL 25 mM MgCl,, 1 uL of each of the four 10
mM dNTPs, 1 uL of a 20 uM solution of each primer,

15 0.3 L Tag DNA polymerase (promega Corporation,
Madison, WI) and 38.5 uL water. PCR conditions were
35 cycles of 94°C for 1 min, 50°C for 1 min, and
72°C for 1 min. A S min incubation at 72°C was
carried out after the last cycle. A 20 uL aliquot

20 of the product was electrophoresed in a 1.5% agarose
gel as described previously and revealed an
approximately 800 bp product. The DNA was excised
from the gel and mixed with 200 uL of sterile water
in a 1.5 mL microcentrifuge tube. After boiling for

25 5 min, 2 uL was used as a template in a 50 uL PCR

reaction as above using the same primers. Gel



10 anplify a portion of the coffee fruit-expressed ACC oxi dase. The

PCR cont ai n@h ébsosssLerr] L (10 ng) cDNA fractiqQn 3 (descri peunisarBépl e
1), 5 [err]L 10 X PCR . “buffer, 3 [err]L 25 mM MyCl [err], 1 [err]L of
each of the four 10 mM dNTPs, 1 [err]L of a 20 [err]NIsqution of each
primer, 15 0.3 [err]L Tag DNA pol ynerase (promega Cor poration,

Madi son, W) and 38.5 [err]L.-water. PCR conditions were 35 cycles of
94[err].C for 1 nmin, 50[err]C for 1 nin, -&% _72[err]Cfor 1 mn. A5
mn incubation at 72[err] C was carrled out- after the last cycle. A 20

[err]L aliquot 20 of the product was el ectrophoresed in a 1.5% agarose
gel as descri beellecevophorgsagdpeefermed af descr&ﬁﬁﬂoﬁpﬁﬁﬁePFIGGb bp

product. The DNA was exci sed fromthe an xed with 200 Jerr]L of
sterile water 20 phpof the HERn¥€?6EéﬁPrFF8Q€aF3 ther PERSEHAS & for 25

2 T SR B RS, [l ki a0 i 7 2
PCT/ US97/ 14184 h
performed as desk®iBeH 5%%9513§|%8 pL ChﬁﬁrngFTLa8P £R8 #&Rw égéfPogreSIS

orri ot % N PiedeacTrenoBt PE) FO2R B RRE Al oM R 1T
> uas added  Jhe £9p1 A0 SsVE gelaﬂ 566 28f] EANAI hibgBentrichofe 2 m nutes

at 14,000 rpmiha n1crocen e upper aqueous phase cont ai ni ng
the DNA was The upper agueous phase containing the DNA was

removed to a ¢lean microcentrifuge tube. A portion
of this DNA was radioactively labeled by random
10 primed synthesis as described above.

b) Screeniﬁé_of amplified library with random
primed probe.

The amplified coffee-fruit cDNA described in
15 Example 1 was used to prepare four 150 X 10 mm NZY
plates as préviously described.:iPrehybridization,
hybridizatioﬁ and recovery of ciones was as
previously described except that the ACC oxidase
sequence obtained by PCR was uséd as the probe.

20 e) Characterization of Coffee- Fruit ACC-oxidase
cDNA clones. :

The slze of: the coffee ACC oxldase cDNA clones
was determlned by polymerase chaln reaction using
25 primers homologous to the T3 and T7 promoters as

described in Example 1.

The sequence of the largest coffee ACC oxidase

CDNA clone was obtained as descﬁibed in Example 1

and comparedTwith ACC oxidase geﬁés present in



renoved to a clean mcrocentrifuge tube. A portion of this DNA was
radi oact i webysheadpel ed by random 10 prinmed synthesis as degernsewfabove.
b) Screening of anplified library with random pri med probe.

The anplified coffee-fruit. cDNA described in 15 Exanple 1 was used to
prepare four 150 X 10 nm NZY pl ates as previously described.

Prehybri di zati on, hybri di zati on and recovery of clones was as
previously described except that the AG®-oxidase sequence obt ai ned by
PCR was used as the probe. 20 «c) Characterization of Coffee-Fruit

ACC- oxi dase cDNA cl ones. | The size of the coffee

ACC- oxi dase cEermBanknesFigurendsgdvesr fheecSogiepae) @l £#he aafifes eaction
using 25 priners honol ogous to the T3 and T7 pronoters as descri bed
in Exanpl e 1.fruit-speciffig 2§y eHdEase -t hELTHTGe St FddPEedENRCC oxi dase
cDNA cl one was obt ai_ned, as desgribed in Ex%n%%i 1 .and c gpared W th
ACC oxi dase (ePR4CBlc2BARO; #C1d Seqypngg Gssshis protein. T

PCT/ US97/ 14184____ . - 36- GenBank. Fi :
3 gives the sERRRNERSASFREMIGPALEC encopﬁuﬁfﬁéﬁg3%ﬁ%? R@Eaﬁfgﬁa . F:gﬂig

4 gi . dedugced,am [ thi in. Th DNA
oS e ot EFER SRS RTEBO 050 TARNERERC S ek i N THE, DY
| denti cal 10 GhPhall nuc1eI¥NhR3aCBRENRE Bl tRIUANERBHASEN 1N

Also, the deduced protein sequence is from 32.5% to
86.5% identical.to other ACC oxidaées.
" The foregging examples are for illustrative
10 purposes only, and should not be viewed as limiting
the scope of applicants’ invention, which is set

- forth in the claims appended hereto.



Al so, the deduced protein sequence is from32.5%to 86.5% identical to

ot her ,ACC o9 a&es852 .The foregoing exanpl es are for RQIEW7A4584e
10 purposes only, and shoul d not _be viewed as limting t he scope of
appl i cants' invenSEQUENGR| ERSTINGet 3orth in the claims appended

her et o. WO 98/ 06852

PCT/ US97/ 14164  GENERKG ENFERRYATIONG 37 (1) GENERAL | NFORVATI.ON

[ °  APPLI CANT; STI l. '

m SYAD| | STEFO (l) @LI&%' STILES

BPENEL-kABI R i |
TITLE OF | NVENTI O\t PURI FI ED PROTEI NS, REEEQ§§§§§$ g@ﬁgpéA DNA ()

SEQUENCES AND PROCESSES FOR CONTROLLING T KABL R. Rl PENI NG. OF

COFFEE (i1} NUNBE&@ rEY) props = SRR e
ADDRESS: i) (A) pyALE PRggg ¥oR gﬁ%%ﬁ@ﬁa:yg THE
(B) STREEF: NORTH PO NT, : : .
CLEVELAND (D : (E) COUNTRY: USA
(F) ZIP: 44114 (v) gﬁngﬁw ! agﬁgg LE1FORM (A
VEDI UM TYPE: Di sk& ) 1. 44§@8 #:E15 ' st or age

(B) COWUTER: | BM_‘BC Corrpaé¢1@2§SPONDENCE ADDRES@C) OPERATI NG SYSTEM

MS-DOS v. 5.1 - (af D apSRESSRRE: sUqedPephect Reavisl ¢ pocuH Vi)
CURRENT APPLI CATI ON DATA: (B) STREET: NORIH ﬂBENt’CAibQ\ILNME AVENUE

08/ 695, 412 - (8)) RITHNG CAEZELAND- AUG 1996 (C
CLASSI FI CATI ON: 435 (D) | ) STATPRI GRIOPPLI CATI ON DATA:

(A) -APPLITCATI ON NUMBER  USEB/ 48GUNTRY: USA (B) FILING DATE

07- JUN- 1995 (viii)  @ATORKEY! AGEMT4| NFORVATI ON: (A
NAVE: GRI FFI TH, CALVIN P. (B) _REG STRATI ON NUMBER 34, 831

(C) REFERENCE/ DAGKET NUVBEFOME'BERGRBADABLE FORM:
{A) MEDIUM TYPE: Diskette, 3.5 inch, 1.44 Mb

: storage o )
(B) COMPUTER: IBM PC compatible DU
(C) OPERATING SYSTEM: MS~-DOS v. 5.1
(D) SOFTWARE: WordPerfect v. 6.1

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: 08/695,412
(B) FILING DATE: 12-AUG-1996
(C) CLASSIFICATION: 435

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US08/485,107
(B) FILING DATE: ' 07-JUN-1995

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: GRIFFITH, CALVIN P.
(B) REGISTRATION NUMBER: 34,831
(C) REFERENCE/DOCKET NUMBER: 265036600002

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (216) 586-7050
(B) TELEFAX: (216) 579~0212

(2) INFORMATION FOR SEQ ID NO: 1;53

(i) SEQUENCE CHARACTERISTIQS{
{(A) LENGTH: 15 amino _acj_i_‘_cfi residues
(B) TYPE: amino acid
(C) STRANDEDNESS: N/A
(D) TOPOLOGY: linear



(1x) TELECOVMUNI CATI ON | NFORMATI ON: TELEPHONE:

(216) . 586- (B) TELEFAX: (216) 579- 0212

| NFORMATI Q1D NO 1: (i) $FQUENCE CHARACTERI ST%@"S”’“‘“
(A) LENGTH 15 anmin s (B) TYPE: amino acid

(O STRAl\lDEDl\lEsf:Lé?‘.1)|\|/(}9£§)1938mr‘E Ng?D) Per%tf%ev i near VO 98/ 06852

PCT/ US97/ 14184 (i) MOLECULE TYPE:

pepti de (i(xl)x_)F KEY: Fragnent A
(B) LOCATION: 17.. 148 %,SEF CRIPTION: SEQ I D NO 1:
Il'e Asn Tyr Al a Ser eu Asp G n Xaa Ay 1

5 5 se¢2kp! REORYATI ON FOR SEQ I D
UENCE nzscamxo SE§Zip
NO 2: (i) “?E)QJ]% L GHARACTER STT S ¢ ?A) LENGTH. 14 ani no

d d 2 d ¥
acid residues r1je asn FR IF ESeﬁr@W ﬂ?é Ser %]E%CIRiﬁgl'lELu gggégfﬁD#ﬁS 5( '

(ii) MOLECULE TYRE: peptide 5 (x1)” SEQUENCE
IIeAsnTyrAIaSerGIyAIaSerGIyIIeLeuAspGInThr

5 10 14 (2) 1 NFORMATI ON FCR SEQ | D NO 3: .
(i) SEQUENGE GNFOMIHTRIGH IR SEQ ID N0:34) LENGTH 20 base pairs

(B) TYPE: nucleic acid . (C) STRANDEDNESS: single (D)
TOPOLOGY: linear(i) SEQUENCBATHXRAGTERFETICEHER NUCLEI C ACI D (A
DESCRI PTION: PRI MER (A) LENGTHRAQVEMIIAYRECidnresbdles (i x) FEATURE

(A) OTHER | NFORVATI I8) TYPE: | NGBImMME acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
Ile Asn Tyr Ala Ser Gly Ala Ser Gly Ile Leu Asp Gln Thr
1 5 10 _ ~14 -
{2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base p_airs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear '

(ii) MOLECULE TYPE: OTHER NUCLEIC ACID
(A) DESCRIPTION: PRIMER

(v) FRAGMENT TYPE: Internal

(ix) FEATURE:
(A) OTHER INFORMATION: N IS INOSINE

(xi) SEQUENCE DESCRIPTION: SEQ' ID NO:3:
' ATNAAYTAYG CNAGYGGNGC 20
(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



(xi) SEQUENCE DESCRI PTION: SEQ I D NO 3: ATNAAYTAYG CNAGYGGNGC

20 (2) | NFORPOBASRF2-OR SEQ LD NO 4:

(A) LENGTH. 20 base

i) SEQJENCE CHARACPER(USPT/ 144834

(i
airs Cld (O
STRANDEDNESS:  si ngf Etiy M°LE°ULEQ:§)‘§ g?&t D o 98/ 06852

PCT/ US97/ 14184
OTHER NUCLEAR ACI D
FRAGVENT TYPE: | NTER\A
| NFORVATION: N IS, J
ATNAAYTAYG CNAGY

SEQUENCE CHARACTER! sTI c&*

(B) TYPE: nuclei
TOPOLOGY: |inear Gt
DESCRI PTI ON: PRI MER.

(2) (| i) MOLECULE TYPE:

meugnﬁ#ypgﬁigﬁéﬁﬁg\' - (NE)R OTHER( V)

Xi ) SEQUENCE. DESCRI PTI ON: SEQ | D NO 4:

Tk SRR TGS ()
SeoymygE R SR BE e 301 ¢ 16

ATNAX&TAEBA@&”E&EEGENEE "\EERNA'— (i x) FEATURE

(A) OTHER | NFORVATION: N IS-1 NOSI NE SEQUENCE DESCRI PTI ON: SEQ
I D NO 5: CGNCCAGNGG. NYTAYTTNAT 205 (2) I NFORMATI ON FOR SEQ
| D NO 6: (2)( | ) INEGUENESN CFORASEERISTHESS : - (A) LENGTH 20
base pairs (B) "TYPE.. nucleic acid ' (C©  STRANDEDNESS:
single (@) TOPEHEENCE! CRRRACTERISTLES) MOLECULE TYPE:  DNA

(genomi ) (A)(ADE@TBCN ZOPB&QEFbaJ.rs

(ii)

(v)

(ix)

(xi)

(B) TYPE: nucleic acid:
(C) ~STRANDEDNESS: single
(D) TOPOLOGY° linear

MOLECULE TYPE: OTHER_NUCLEIC ACID
(A) DESCRIPTION: PRIMER

FRAGMENT TYPE: INTERNAL

FEATURE
(A) 'OTHER INFORMATION: N IS INOSINE

SEQUENCE DESCRIPTION: SEQ ID NO:5:

ccncc;gcncc NYTAYTTNAT - 20

(2) INFORMATION FOR SEQ ID NO:6:

(1)

(ii)

(v)

(ix)

(xi)

SEQUENQE'CHARACTERISTICS'
(A) “LENGTH: 20 base pdirs
(B) :TYPE: nucleic acid.
(C) STRANDEDNESS: single
(D) -TOPOLOGY: 1linear

MOLECULE' TYPE: DNA (genomlc)
(A) ‘DESCRIPTION: PRIMER

FRAGMEN fTYPE. INTERNAL

FEATURE.
(A) OTHER INFORMATION

SEQUENQF_DESCRIPTION: SEQ .ID NO:6:

CGNCCYCTYG CYTAYTTNAT




(v) FRAGVENT TYPE: | NTERNAL (i x) FEATURE (A) OTHER

| NFORMATI Go 98idéssz | NOSI NE (xi) SEQUENCE DESCRI PTI ON:  SEEIuByINNi s
CGNCCYCTYG CYTAYTTNAT 20% WO 980 06852
PCT/US97/14%§? INFORMATION FOR SEQ ID No49: (2) | NFORMATION FOR SEQ ID

i) ~ SEQUENCE CHARACTERI STI CS: (A) LENGTH: 14 anino
acid residues (i sgqﬁﬁﬁcﬁW&ﬁinmmzmasmids,__ (C STRANDEDNESS:
single - D) (BQPOKENGTHI nep4 amino a¢id)r&E&GREE TYPE: peptide
(v) FRAGMVENT TYPE: | NESRNRYPE: amina)a&fhTURE (D) OTHER
| NFORVATI ON: Xaa is efic)herSTRANDEDNBSS: singlei) SEQUENCE DESCRI PTI ON:
SEQ I D NO 7: GI(rD)TerQBOLMY). Q/.‘SlﬂgarPhe Xaa Phe Ile Asp Asp A n Asp
1 5 - 14 (2) | NFORNATI ON
FOR SEQ I D NO 8: (ii) MOI(BQULESHXH\C@@’N@@T ERI STICS: (A
LENGTH: 20 base pairs : (B) TYPE: nucleic acid (O
STRANDEDNESS: single (v) FRAGMENY TYRPO INRERNAhear (ii) MOLECULE
TYPE: OTHER NUCLEI C ACI D (A) DESCRI PTI ON: PRI MER (v) .

'FRAGVENT TYPE: | dtia)ndEATURE FEATURE . (A) OTHER

| NFORVATI ON: N IS | NGGINE OTHER I’%EQWNCEXESERI &3t THD PD ASPS:

CAWATGING OMIGTIALIT s Bl SEERETEEN ERGER D MRS ()

Gln Tyr Val Pro ch Tyr Phe Xaa Phe Ile Asp Asp Gln Asp
1 10 .14

(2) INFORMATION FOR SEQ ID NO:8:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: 51ngle
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: OTHER NUCLEIC ACID
(A) DESCRIPTION: PRIMER

{v) FRAGMENT TYPE: Internal

(ix) FEATURE
(A) OTHER INFORMATION: N IS INOSINE

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

CAWTATGTNC CNTGTTATTT 20

(2) INFORMATION FOR SEQ ID NO:9: -

(i) SEQUENCE CHARACTERISTIC
. (A) LENGTH: 20 base p

" (B) TYPE: mnmucleic aci

(C) STRANDEDNESS: sin

(D) TOPOLOGY: 1linear

(ii) MOLECULE TYPE: OTHER NUCL:IC ACID
(A) DESCRIPTION: PRIMER

(v) FRAGMENT TYPE: Interna



(A) LENGTH e pairs (B) TYPE: nucleic acid
(O STRANDEBﬁéQg"’E”é? ngl e (D) 4,fOPOLOGY: i near PCT/URR7(1f184

MOLECULE TYPE: OTHER NUQLEL G AO "7 "(A)- DESCRIPTION: PRI MER
(v) FRAGMVENT TYPE(1X) nf%%’ﬁ‘é’l‘

!
PCT/ US97/ 14184 THER aﬁf? 03%9-6@?&) ﬂE/R‘FUéE"SINE (A)

Noo O g '%@%@%@ﬁ%ﬁb oo B on 08 St
Cs:

| D NO 10: (i) é@@. (A) LENGTH:
488 ami no acid residue ST : a% no acid (O

STRANDEDNESS: si ngl e o (D) TCPO_OGY- l.i'near (i1) MOLECULE
TYPE: protei T A): NAME/ KEY: CDS

(B) LOCATI on:(3yg TNE @?@Tf&é\ Hﬁ? 752 SE&ERIC?:‘SDESCH PTION. SEQ I D NO 10:
Met G u Phe Ser Le(“'.x)'-ysﬁf&'ibﬁﬁ' SARrAbPEfrsTked sLeu Ser Lys 1

5 . t Asn Asp Ay
Hs Gy Gu Asn Ser Pr o(B‘l) r s AS] pam:ﬁg i’gig" ac&/ﬁ ré&‘}}dﬂ%%

25. 30cy st NOEBNESS : Aggn'q"xé Asp Ser Asp Pro Tyr His
Pro Thr Arg Asn (D) TOPOLOGY: Bbnear . - 40

45 Pro Asn Ay Val IIeGInIVEtGIyLeuAIa__GIuAsnGInLeuQ/s

50 ] (115 MOLECULE TYPE: prof@in . Phe Asp Leu Ile Gu Gu
Trp Val Leu- Asn Asn Pro Gu Ala Ser ' 65

70 (1x)7£‘r"EATURBIe Cys Thr Al a GI 3] Gly Ala Asn Lys Phe Met
Gu Val Alalle 80 85

90. Tyr A n Asp HW)NME/GEK-I@B Pro Au Phe Arg Asn Ala Val Al a

(B) LOCATION:178..1653

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Met Glu Phe Ser Leu Lys Asn Glu Gln Gln Gln Leu Leu Ser
1 - 5 10

Met Ala Thr Asn Asp Gly His Gly Glu Asn Ser Pro Tyr Phe
T 20 25.

Gly Trp Lys Ala Tyr Asp Ser Asp Pro Tyr His Pro Thr Arg
o 35 o 40 _

Pro Asn Gly Val Ile Gln Met Gly Leu Ala Glu Asn Gln Leu
' 50 55

Phe Asp Leu Ile Glu Glu Trp Val Leu Asn Asn Pro Glu Ala
65 S 70

Ile Cys Thr Ala Glu Gly Ala Asn Lys Phe Met Glu Val Ala
80 3 85

Tyr Gln Asp Tyr His Gly Leu Pro Glu Phe Arg Asn Ala Val
B -- 95 e 100

Arg Phe Met Glu Lys Val Arg C : - Asp Arg Val Lys Phe Asp

110

Asn Arg Ile Val Met Ser Gly G Ly Ala Thr Gly Ala His Glu

125

Lys
15

Asp
30

Asn
45

Cys
60

Ser

75

Ile
90

Ala
105

Pro
120

Thr

135



95 100 105 Arg Phe Met du Lys Va

. Arg Ay Aspygéshedsl Lys Phe Asp Pro 110 pcrruseinaigdls
120 Asn Arg Ile Val Mt SerGyG;yAIaThrGyAlaHls G u Thr
125 0 3 6
PCT/ US97/ 14184 Leu a12%pne Cys §.4e1; Ala Asia @ o Glu \Aglf%loa %ﬁée (E’ Val ro
Asp Pro Qu Asp Ala Phe Leu Val Pro
145 Thr pe80ryr TerbtoPGQyT?heTEBpPWQqGEEﬂgﬁéd¥ﬂigvﬁkﬁ¥§%di¥hr '
Arg Trp Arg Thr . 160 165
165 Gy Met A n Leu Leu Pro IIe VaI Cys Arg Ser Ser Asn Asp Phe
170 . Gly Mé#561n Leu Leu Pro I1180Val CyslpatrgV@erTiSed MsrEaspSehe
Met Au Ala Ala Tyr Adn Lys Al ai@on . 175 -185 180
190 195 Gu Ala Asn |Ile Arg Val Lys Ay Phe Leu Leu
Asn Asn Pro SerLys Val Thr Lys Glu Ser2@et Glu Ala Ala Tyr2@n Lys Ala Gln
210 Asn Pro Leu Ay Thr VaBSLeu Asp Arg-Ju 180 Leu Ile Asp Ile 195
215 220 225 . Val Thr Phe Ile Asn Asp .
Lys Asn |le H SlwlAlaeAsnsIhepAeguValolys Gly Phe Leu IZ36Asn Asn Pro Ser
240 lle Tyr Ser Ala Thr VaPOPhe Ser A n Pro G2@5Phe Ile Ser Ile 210
245 250 255 ~ Ser Au llelle u H's
Asp Val dn q,sAsxgan@ngngEgqureVal Leu Asp Arg Glu Thypd.eu Ile Asp Ile
265 270 HEd5Leu val Tyr Ser L&&0%Ser Lys Asp Leu G23g5
Phe Pro Ay Phe
285 _Arg vﬁﬁld$®r|?EeLé&engnséFPTQVSAéﬁnAéﬁe sw%e“WQIQaQY%AAFP Glu
290 295 300 " AR2SArg Lys Met Ser S0
Phe Ay Leu VaI er..Jhr n r n
310 Ti¥ i s Algkggngﬁll?heA§§r58}“w§§°Lel“s%%@mﬁ}%yﬁfﬁm§gs
Phe Met Asp Lys 320 325
330 [le | T. S AL U 1Aa A i
339 $&r ¥fy [PiePle gzg%s AgpL o4y ban kg ﬁ\%n"'Aﬁ'gGP}'spteﬂé%Ile
Gn Val Ay Ile Ay Thr Leu Lys Ser
355 His L&®0val TyrSSérALéuGbﬁrL%&sThémeQﬁT@Qﬂwﬁhewﬁ%diﬁ&ywﬁhe
é;g Leu Leu Arg 275 280 '285

Arg Val Gly Ile Leu Tyr Ser Tyr Asn Asp Ala Val Val Ser Cys
290 295 300

Ala Arg Lys Met Ser Ser Phe Gly Leu Val Ser Thr Gln Thr Gln
305 ~ 310 315

His Leu Ile Ala Ser Met Leu Ser Asp Glu Ala Phe Met Asp Lys
320 , f 325 - 330

Ile Ile Ser Thr Ser Ser Glu Arg Igé_u Ala Ala Arg His Gly Leu
335 T 340 345

Phe Thr Arg Gly Leu Ala Gln Va;-Iff':_fly Ile Gly Thr Leu Lys Ser
350 ... 355 360

Leu Arg Arg Leu Leu Arg

Ser Ala Gly Leu Tyr Phe Trp
’ 370 375

365

Leu Trp Arg Ile Ile Ile
385 390

Glu Ser Thr Phe Glu Ala Glu
380

His Glu Val Lys Leu Asn Val > Pro Gly Leu Ser Phe His Cys
395 L 400 405



Gu Ser Thr Phe Gu Ala Gu Met Qu Leu Trp Arg lle lle lle

380 WO 98/06852 385 _ 4390 H's Gu Val RGT{US93/14184

Val Ser Pro Gy Leu Ser Phe'H s Cys 395

400 Ser 43Ba Pro GV DepOBRg2Arg Val Cys Phe 23@a Asn Met Asp Asp
PCT/ US97/ 14184 Ser Au Pro €9 Trp Phe Arg VaI é4$ Phe Ala Asn Met 420
Asp Asp 420

Gu Ser. Val Arg \@lu Bexr L‘é%llﬁbtﬂAVng\%a FPQUL%GPBEGVQM_@&S Lys Phe Val Leu
425 430 435 ~ Vval 48P0 @y Lys Ala Thr 435
AQu Pro Thr Thr Pro L Ser ‘Arg

445 Valzé&ﬂ Gly LI?;X%%rT%ErclysPEEUTEFnnguégﬁ'HXﬁJSﬁQ‘A?HéCYs
Arg Arg Leu Asp 455 460 '

465 Gu Arg Val Mt _dvy. Ser_H t. Met .Ser. Pro.H P

470 N %1y £RF SeryLys Let'zssf/b n Leu Segrkf.rgo g' S E&grgoﬁg hegx Asp.
A a Thr . 485 455 (2) I NFORMATI ON*BOR SEQ ID NO 11: 465
(i) SEQUENCE CHAI | S 4Q,_ha s

(B) TYPE nucl B R VAT Met Gly 3&% %ﬁﬁ%ﬁsﬁgn %Ijl%eiﬁso e pro net
(D) TOPOLOGY: | inear (ii) MEECULE TYPE oDNA 43 5nRNa (i

) Feat ur e: ) LOCATI ON: 178. . 1653
(xi) SEQUENCE DESR %%é@? %%lﬁg Aﬁpﬁ%CTT CTAAAATCAA CCATTCTCTT

CATTCTTCAC TTGACAAGEC . GCATTC TTCATTCTTT CTTGATATAT AGCCATTTTT
TTCATTCTTT 100 CTTGATATAT AGCCATTTTT TTCATTCTTT CTTCATTCAT TGICTGGAGA
150  AGITGGITGA GITTTCTTGA AAATTCAAGC AAAACA ATG GAG TTC AGT 198

I\/Et d u Phe Ser

(2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2040 base pairs ]
(B) TYPE: nucleic acid e
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA to mRNA
(ix )Feature:
-(A) NAME/KEY :CDS
(B) LOCATION:178..1653

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

GTAATCTCTT CTAAAATCAA CCATTCTCTT CATTCTTCAC TTGACAAGGC 50
CACTGCATTC TTCATTCTITT CTTGATATAT AQCCATTTTT TTCATTCTTT 100
CTTGATATAT AGCCATTTTT TTCATTCTTT CTTCATTCAT TGTCTGGAGA 150

AGTTGGTiGA GTTTTCTTGA AAATTCAAGC AAAACA ATG GAG TTC AGT 198
; Met Glu Phe Ser
1

TTG AAA AAC GAA CAA CAA CAA CTC TTG TCG AAG ATG GCA ACC 240
Leu Lys Asn Glu Gln Gln Gln Leu Leu Ser Lys Met Ala Thr
5 10 S 15



TTG
Au
15

AAC
Hi s
30

Tyr
40

TTA
50

GIT
Asn
GCA
Al a
GCT
Adn
100
Val

110
GCA
120
TTC
Al a
GTA CCC
Pro

AAA AAC GAA CAA CAA CAA CTC TTG TCG AAG ATG GCA ACC 240 Leu Lys Asn
G n G wabswodssas Leu Ser Lys Met Al Q4Thr 5 PCTuk97/14184
WO 98/ 06852 - 44 PCT/ US97/ 14184

GAT GOApGAT GHEC 3 A€ GES G IHT 738 @e@" ﬁﬁf i@@ GAT2 8T TG SP %&
Ay G updy %dﬁﬁp Hilyrc Bpec As s YSd¥ PPro’ Tyr?2 h_le_ légﬁ Gly 23FP,

AAG GCA TAT 26AT AGT GAT CCT TAC ZBMTCCC ACC AGA AA ys Al a

Asp Ser Asp Pro Tyr Hs Pro Thr Arg Asn Pro- '

45  AAT GGT GIT ATA CAGA'I?G_GGACTCGCA GAA AAT CAG .

TGC 3AAGASTAGTATVAAT | AGTI GATVECCTH TAC eCAR @CC GAOCARGAGRAATLerTCYS 324
Lys Ala Tyx Asp Ser Asp Pro Bfr HISPRATTHF QAAFCASACPEAA TCG

CTG AAC AAT CCA @AG CGCT 408 Phe Asaneuile Gu Gu Trpsval Leu Asn
Pro Qu Ala 65 5 70 TCC ATT TGC ACA

GAA GGA GCG AAC AAA TTC ATG GAA GIT 450 ‘Ser Ile Cys Thr Ala Gu Gy

Asn LysARAe GGt GOQT, ARA -CAS ATG GGA CTC GCA GRA AAT CAG TTA TGC 85 366

ATC TATASRAGEXT VRAT IG&T Ao Mats G3on I@Gmm R Gln4BeuAcys! |l e Tyr.
Asp Tyr His Ay Leu b G u Phe Arg Asn 55 90 60 95
GCTGTAGCAAGGTTCATGGAGAAGGTGAGAGGTGACAGAGTC 534 Al a.

Ala Arg Phe Met (JQu s Val Ar As Ar Val
9771 AT ae A m AR A eEATBARCICEGT o8
Acc .Bhg ApD BRE AR I\k_j“ RN FTOEyuppiathr

125 130 G BCT CAT GAA ACT CTG GCC
TGT T¥A GCT GAC CCT GAA 618 Ay Ala Hi _s.__G.u Thr Leu Ala Phe Cys Leu
Asp Pro GG TTT TIG

T : GCG o TPro
Tyr Tyr ggggé %@%%ﬁma @ﬁ%gé Fﬁgt El 155+HP

GCT ATC TAT CAA GAT TAT CAT GGC TTG CCA GAG TTC AGA AAT 492
Ala Ile Tyr Gln Asp Tyr His Gly Leu Pro Glu Phe Arg aAsn-
90 95 | 100

GCT GTA GCA AGG TTC ATG GAG AAG GTG;;AGA GGT GAC AGA GTC 534
Ala Val Ala Arg Phe Met Glu Lys Val'Arg Gly Asp Arg Val
105 110 : : 115

AAG TTC GAT CCC AAC CGC ATT GTG ATGE?AGT GGT GGG GCA ACC 576
Lys Phe Asp Pro Asn Arg Ile Val Met Ser Gly Gly Ala Thr :
120 125 130

GCT GAC CCT GAA 618
Ala Asp Pro Glu

GGA GCT CAT GAA ACT CTG GCC
Gly Ala His Glu Thr Leu Ala
135

CCA GGA TTT GAT 660
Pro Gly Phe asp
155

GAT GCG TTT TTG GTA CCC ACA
Asp Ala Phe Leu Val Pro Thr
145 150

CTT CTT CCA ATT 702
Leu Leu Pro Ile
170

CGG GAT TTG AGG TGG CGA ACA -
Arg Asp lLeu Arg Trp Arg Thr
160 165




CGG
Arg
170
45

Arg
180
ATC
190
AAT
Asn
AGG
Leu
ATC
Lys
240
Al a
250
CTC
260
AAG
dy
ATT
Ser
AGC
Arg
310
Thr

GAT

Trp

GIT
Ser
AGA

CCA T
Pro
GAA ACT TTG ATT GAT ATR'GTC ACA TTC
Ile Asp Ile Val Thr Phe 215 -

ol R e ARt B

TTG AGG TGS CGA ACA GGG ATG CAA CTT CTT CCA ATT 70 : eu
Ar g WROBEE 160 10% Crbs gl
WD 98/ 06852 y CT/ US97/ 14184
TGT c@@TA@@Tré‘éGAAFC‘G&PFC P 4 TCG,
ATG GAA GCT ATCAGAAAGCTCAABéAAGCCAAC
786 Met Qu Ala Ala Tyr An Lys Ala @ n Gu Ala Asn Ile Arg
Leu 19 T GAC
870 E-1"hr V Leu Asp Arg u Thr
220
'Ppé’cﬁ‘T AT, c8A2rrt! BeASD _A8Bs
sn Pro2sér asn Pro Leu G%EZP,SSer

Zvet G n Leu Leu Pro I4s |
T G
Ser AyﬁlAQqagg_ﬁlerVéerTmsrL G(EK(%AQ\A@ %C?ng: e u Ser 44
or g Dees b SR EE AR e
225
GAA TTC ATGAGC ATC T

Thr Val Phe Ser @ n Pro Glu Phe Ile Ser Ile. Ser 245
255 GAA ATA ATT GAG CAT 'GAT GIT CAA TGC AAC CGT GAT
A_TA . 9981l I lcacCasHeaMRTYarTE AT EYSARSATAY gTésAChewTE € 870
Thr Val2Geu Asp Arg Glu ThP7feu: II‘&TA@TIHGIJATTAEQDQG TCC
GAC TTG GegsTTC CCT GGA™  103&20Hi s Leu Val Tyr Sez2feu Ser Lys Asp Leu

Phe Pro Ay 275 280 TTC AGA GIT G&C
TTG TAT TCA TAT AAT GAC GCT GIT GIC 1080 _Phe Arg Val Ay Ile Leu Tyr
Tyr Asn AaRCARATVEACVAAA 288 ATC CAC TTG ATT2DGT GAT GAG ATA TAT295 912
TGT GCT ABRAeAAANARSPT C@SAGENT IQ eCEICTIRGTIIgCAYAdsp Glw2Ilgefyetys Al a
Lys Met Ser S@B80Phe Gy Leu Val S&35hr 300 240 305
CAA ACT CAG CAT CTG ATT GCA TCA ATG TTA TCG GAC GAA GCA 1164 dn

An Hs Leu lle Ala Ser: I\/Et Leu Ser Asp u Ala -
AG ATC AGC ATC TCT.

TCT GCC ACC GTC TT C CAG CCC GAA TTC - 954

Ser

GAA
Glu

CAT
His

TTC
Phe
285

AGC
Ser

Gln

Ile Ser

Ala Thr Va:_L Phe Ser Gln Pro Glu Phe

ATA
Ile

cTT
Leu

AGA
Arg

TGT

cys.

300

ACT
Thr

245

ATT

Ile

GTG
vVal

GTT
val

GCT
Ala

CAG
Gln
315

GAG
Glu
260

TAT
Tyr

CAT
His

AGC
Ser

- 275

GGC
Gly

AGA

Arg:

CAT
His

ATT

Ile

AAA
Lys

CTG
Leu

GAT
Asp

CTG
Leu

TTG
Leu
290

ATG
Met

ATT
Ile

GTT
vVal

TCC
Ser

TAT
Tyr

TCG
Ser
305

GCA
Ala

250

CAA
Gln

TGC
265

AAC
Asn

TTG
Leu
280

AAG
Lys

‘GAC
Asp

AAT

TCA T
Ser

AGT ‘TTC

TCA
Ser
320

CGT
Arg

GGC
Gly

GAC
Asp
295

CTT
Leu

TCG
Ser

GAT
Asp

™rC
Phe

GCT
Ala

GTT
val
310

GAC
Asp

Ile Ser

255

CTC
Leu

CcCT
Pro

GTT
val

TCA
Ser

GAA
Glu
325

ATA
Ile
270

GGA
Gly

GTC
val

ACa
Thr

GCA
Ala

296

1038

1080

1122

1164



315

320 325 WO 98/ 06852

PCT/ US97/ 1Wi9B/06852 46 TTT ATG GAC )ﬁéaﬁm%?ﬁlﬁi i TCC

ACG
Au

Ser
465
Val

475

AGC TCA GAG AGA TTA GCT * 1206 Phe#8kt Asp Lys Ille Ile Ser Thr Ser Ser
Arg Leu Al a 330 335 . 340
AGG CAT 16GT X% GHEC XOA AGA EfA TIT £CT 68 TTA GRE ach?4%a Ao A g ddes
Leu Phe PHe Mety X3y Leys Ne Lle Setr Thy Ser Ser Glu Arg L#b Ala
- ATT GGC ACC TTA AMPOAGC AGI GCG GGC CIFISTAT TTC TGG ATG 2P0 lle
Thr Leu Lys Ser Ser Ala Ay Leu Tyr Phe Trp Met 355
365 GAC TTA AGG AGA CTC CTC AGG GAG TCC ACA TTT GAG
GAA 1%ZA M CAT G¢P PFD TBC ACH AGH GBA SPT BT PAA GTA Acr G u248
Ala Arg i Gly Leu Phe Thr Rgg GlyAlenGAAaCEINT®@AIAGIyATC ATA
CAT GAA GTC AAG CTC AAT 343374 Met Gu Leu 3B Arg lle llelle Hs Qu
Lys Leu Asn 385 390 395 GIT -
CCA GEC_TTA TCT TTC CAT TGC TCA GAA CCA GGA TGG 1416 Val Ser Pro Ay
Ser PheAF‘ﬁTs Cﬁ% Fd By X§G AGP GCG GGC CTT TAPOTTC TGG ATG 1290
GIy Thm Leu s 9t e Mok 193y deﬁ“A';BucrA?tseGmthAA AGT
AGA 13§§ Phe Arg Val Cys HH® Ala Asn Met Asp A8P Qu Ser Vval Arg .
420 .. GIT GCT CTC AGA AGA ATC CAC AAA TTT GIG CTIT GIT

e 13 4l %&&k‘ & &8 Aéc?% Jfééﬁ%’ﬁ(ﬁ* RO R CAM ]
ACéAAACAIAé?
AG AGTACECLEE 05 IRE Ve 353 g B Lys Ser
Oys Gy Ser 440 445 450 AGC AAA
Chi CTC AGC TTA TCT TTC 0G0 AGH TTG GAC GhA 1584 Ser Lys Leu Gn Leu

Leu Ser alfae A0 A8 P! X6 £3¢ aTa aTaA cﬁ'ﬁ5s TC :%2 4

ACG Glfa+AER P T@"f;;),op 5 AT T 6 A*

ety e R e e B R B Aﬁc%ﬁ%c@g\ %‘; :
480

GTT TCA CCA GGC TTA TCT TTC CAT TGC TCA GAA CCA GGA TGG- 1416
Val Ser Pro Gly Leu Ser Phe His Cys Ser Glu Pro Gly Trp
400 405 : 410

TTC AGA GTT TGC TTT GCC AAC ATG GAC GAC GAA AGT GTG AGA 1458
Phe Arg Val Cys Phe Ala Asn Met Asp Asp Glu Ser Val Arg
415 420

GTT GCT CTC AGA AGA ATC CAC AAA TTT GTG CTT GTT CAG GGC 1500
Val Ala Leu Arg Arg Ile His Lys Phe Val Leu Val Gln Gly
425 430 435

AAG GCA ACA GAG CCA ACA ACT CCA AAG AGT CGC TGC GGA AGC 1542
Lys Ala Thr Glu Pro Thr Thr Pro Lys Ser Arg Cys Gly Ser
440 445 - 450

AGC AAA bTT CAA CTC AGC TTA TCT TTC CGC AGA TTG GAC GAA 1584
Ser Lys Leu Gln Leu Ser Leu Ser Phe Arg Arg Leu Asp Glu
455 _ - 460 " 465

AGG GTG ATG GGA TCG CAT ATG ATG ch-__CCT CAC TCC CCG ATG 1626
Arg Val Met Gly Ser His Met Met Ser ‘Pro His Ser Pro Met :
' 470 475 480



WD 98/ 06852 PCT/ US97/ 1418

47  GCT TCAMSPFI2 GTT CaG GCT ACA TAAATCATTT CTTGATCAGA %‘fgﬁ”’mlﬁ“

Ser Pro Leu Val Arg Ala Thr ‘ 485 TCATATAGCA AAGATTCCTG

AGTAAATACT CGAAACCCTT TCTGGAT @gﬁy CTTTGCTGTA
FAGAATCAAAPRED

TCATACAAAC ACGEEAERAGCCT {iifte G %A%‘%ﬁ%wé&&gl
CTTTTATTAT  Aigofer FERCASY IEI'TGGTTTTC CTTGCCCTTC AGTCCTCCTT
1870  GTTTTTTGIT TCTTTGTTAT TTCTTC CAGTTGATCA GTTAAACGAA 1920

GGAAGCTCAA TTGTTTCAAG CTATTAGIAA CAGATCATTT TGTAATAGCA 1970 ATAGTTTCAG

2040 (2) | REHIARIGT ARPES T N 1o et deiaccelt ARARRATAE A 1920

CHRACTER! ST! reanaacaca G'r'ré'ﬁc;};f%) TrSdfopi 'f‘@A@RtM@S heeR%acace 1770

(B) TYPE: an1no STRANDEDNESS: si ngl e (D)
TOPOLOGY: n hdAbd) 7.2 ¥ PpATURE:
( A) NANVE/ KEY c%‘é&TTTTTGG (ddpg%%ocm%\li%(a 1%%0¢@A@cm%‘§<;l CWEgﬁENCE 1820

EESCE'S PT'GO'\‘ G@’é@c‘a@ﬁ@cl%rmcwci\&é étmd’imﬁhec'f’rcctemtl AG&@T&MG u h%?o
eu p y

Arg Ala Al a Th:'rrh‘@ﬁm@m edrttertys mmﬁmscﬁm&'rm GTTAA.ACGAA 1920
Trp Ay Phe Phe Au Val Leu

Asn Hs'd Y I beAScrcmm @TGTEICAAG CTAT’I’AGTAA CAGATCABBT TGTAATAGCA 1970
40 45 Met Asp Thr Val @u-Arg Leu Thr Lys Qu His Tyr
Lys Lys Cys ATAGTTTCAG GATTCTGAAGCIGAAAGTTTA TCATTTTBEC ATCATTTTAA 2020

AAAAAAAAAA AAAAAAARAA - 2040

(2) INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS: 3"41
(A) LENGTH: 318 amino acid residues _ :
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) . TOPOLOGY: linear
(ii) MOLECULE TYPE: protein -
(ix) FEATURE: '
(A) NAME/KEY:CDS
(B) LOCATION:46..1003 L
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12

Met Ala Thr Phe Pro Leu Ile Asp Met Glu Lys Leu Asp Gly Glu
' 10 1S

Gln Arg Ala Ala Thr Met Gly: Val Ile Lys Asp Ala Cys Glu Ser
20 25 30

sn His Gly Ile Ser Asn Glu Leu

Trp Gly Phe Phe Glu Val Leu
40 45

35

hr Lys Glu His Tyr Lys Lys Cys
55 60

Met Asp Thr Val Glu Arg Leu
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65

Asn Asp
85
Au
105
110
Leu
130
Phe
150
155
Lys
175
Val
195
200
Ile
220
Ile Al a
240
245
Al a
265
Au
285
290
du
310

Val

Leu

Tyr

Ay

Ser

Ay

Pro

Asp

Ser

PCT/ US97/ 14184
Lys Phe Lys Gu Met Val Gu Ser Lys @
M%JOQ/M“ ys 1o nys = 48 7? ! era {//Zl upkﬁ)ﬁsgémaﬁle
Leu As
ou P Jr&o 89‘8 §§{1 i‘rp%hgﬁg Yir Slﬁu g!eEeHalg’r o%als%eg‘yﬁs F 14 é‘%’elﬁlu

Pro Asp _ 100
- Leu A%ﬁ%lg é'ﬂyﬁhéralhyilé’ahgwéhsbyie@ gﬁbr@ %@e%eg Thg, T fhe
Leu Asp Leu Leu Cys.Qu Agn 125

Phe Ueé? Arg HikeHeld i‘rbeva@ Beb@sﬁ‘ il-'éVrSelre'd:lluyilaliyspr%I dsp
95 ’

Gy Thr

: 100 105
Lys Gy Pro Thr Phe Ay Thr Lys Val - Ser Asn Tyr Pro Pro Cys
Leu A Asp Glu Tyr Arg L§55Va1 ‘MetPLYSAGLWPIPheCALal gléul G2n
Leu Arg Ala His Thr. Asp Ala 115 170 120

180 GyGyIIeIIeLeuLeuPheGnAspAspLys

Gy LeuLeu Glu Lys Leu Ala Gli8GEeu Leu Leu Asp Lel9Qeu Cys Glu Asn
A n Leu Leu Lys Asp Gy2& u Trp Val Asp Valt3Bro Pro Met "Arg 135
205 . . 210 ©  His Ser Ile Val Ile Asn

Asp G nleu Gly Mah Gle Iys Gly Tyr Leu Lys Lys Al3dlPhe Tyr Gly Thr

225 AZ40d y Lys Tyr- Lys Sads5vVal Met His Arg Valso
Adn Pro 230 235
~Asp lesﬁéﬂmr%r%'?hISe?hEeﬁlw ‘ahSeLYPhEatyseAsasmr 8ye@ pPreePro Cys
250 55 255 A3f0 AIa val Ile Tyr PA§5
Ala Leu Val Qu ly '
Pro ArgPro Gluc?@“pébeLygscﬁﬁYlFE“nggpﬁé3L§§SPWQIV§FPPﬁéa
Tyr Met 275 280

S L 21 ¥ betal BB Bng B Reb1aB % B 8 Aﬁ,&yv@eu

Thr Val Asn Leu Gy Pro ?‘?5 305

¢ln LeilXLeu Lys'Ai\QpTeiyVé‘iu Trp val Asp 943 Pro Pro Met Arg
200 205 210
His Ser Ile Val Ile Asn Ile Gl'y .Asp Gln Leu Glu Val Ile Thr
215 | 220 225
Asn Gly Lys Tyr Lys Ser Val Met His Arg Val Ile Ala Gln Pro
230 : 235 240
Asp Gly Asn".l\;rg Met Ser Leu A]_.a Ser Phe Tyr Asn Pro Gly Ser
245 N 250 255
Asp Ala Val Ile Tyr Pro Ala Pro Ala Leu Val Glu Lys Glu Ala
260 265 270
Glu Asp Lys Gln Ile Tyr Pro Val Phe Glu Asp Tyr Met
: - 275 280 285
Lys Leu Tyr Ala Gly Leu Lys Ala Lys Glu Pro Arg Phe
290 295 300
Glu Ala Met Lys Ala Val Glu Val Asn Leu Gly Pro Ile
' 305 310 315

Ala Thr Val

318
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49  (2) | NMGMAPEEN FOR SEQ | D NO 13: (i) SEQUENCE Petrussmese

CHARACTERI STI CS: ‘(A) LENGTH 4320 base pairs (B)
TYPE: nucleic acid _ Féﬁ STRANDEDNESS: si ngl e (D
TOPOLOGY: | i) INFORMATION RPRESEREIRYHR: EDNA to MRNA (i x
) Feat ur e (ALNAVES KEY: 0D 5, BLLOCATI O 46, 1003

ERIS
(xi) SEQUENCE DESCREPTI | W AAACGAA GCATAAGCAC
AAGCAAACAC AAACTAGAAA G Iq 'ﬁ base pairs

Met E: nucle:.c acid 1 CCT ACA TTC

CCC CTA ATC GAC ATG GAG(‘éA Wﬁs%"glﬁo Ala Thr Phe Pro Leu Ile

Asp Met Gu Lys Leu Asp! 10

15 0 0% A5 GO 6 Al e Cofpceq mfplcT TOT AR a2

25 AGC TGG GGC EJ'T% i,l"t[ %ﬁSGTG TTG AAT CAT GGG ATA TCT AAT 174 Ser
Trp Ay Phe Phe G a n Hs Ay Ile Ser Asn 30
35 NA@?K £JCohdG GAC ACA GIG GAG AGG CTA ACA AAG GAG
CAT TAC 216 d u eu Asp Thr Val Gu Arg Leu Thr Lys Gu H's Tyr
45 ggg LOCATION:46..10035 AAG AAA TGT ATG GAA CTA AAG
TTC AAG GAA ATG GIG G) 258 Lys Lys Cys Met G u Leu Lys Phe Lys
du Met Val 23?‘%& SEQUENC@ODESCRIPTION SEQ IB5NO:13: 70
AAG GAA TTG GAA T CAG ACT GAG ATC AAT GAT.TTG GAC 300 Lys Qu
Leu Qu Aa Val G n Thr Qu'lle Asn Asp Leu Asp. 75
80 TGTAAACGSR GCATAAGCAC AAGCAAACAC AAACTAGAAA GAGAG ATG 48
Met
1
GCT ACA TTC CCC CTA ATC GAC ATG GAG AAG CTT GAC GGT GAA...- 90
Ala Thr Phe Pro Leu Ile Asp Met Glu Lys Leu Asp Gly Glu '
5 10 15
GAG AGG GCT GCC ACT ATG GGA GTC A'J.’_A'__ AAA GAT GCT TGT GAA 132
Glu Arg Ala Ala Thr Met Gly Val Ile Lys Asp Ala Cys Glu
20 25

AGC TGG GGC TTC TTT GAG GTG TTG AA'I' CAT GGG ATA TCT AAT 174

Ser Trp Gly Phe Phe Glu Val Leu Asn His Gly Ile Ser Asn

30 35 N 40

GAG CTC ATG GAC ACA GTG GAG AGG C'I’A ACA AAG GAG CAT TAC - 216

Glu Leu Met Asp Thr Val Glu Arg Leu Thr Lys Glu His Tyr

45 - 50 - 55
AAG AAA TGT ATG GAA CTA AAG TTC AAG GAA ATG GTG GAG AGC 258
Lys Lys Cys Met Glu Leu Lys Phe Lys Glu Met Val Glu Ser
60 65 ... 70
AAG GAA TTG GAA GCT GTT CAG ACT GAG ATC AAT GAT TTG GAC 300

Lys Glu Leu Glu Ala Val Gln Thr Glu Ile Asn Asp Leu Asp



50 1. A substantially
pure ACC sywbgmeesstr om a cof f ee e am no amcrresyusee:
(SEQ ID NO' 10). 2. The ACC § ‘1 wherein the coffee

plant is Coffea arabica. 3. e nucl eic acid sequence
t hat codes on expression for an produced by a coffee

p ng the nucl eoti de sequence set forth in (SEQ ID
N’Iﬂﬂmmiﬂngaﬁ”ﬂ‘,subst antially pure nudPeic acid sequence that codes on
‘expr ession s Ols ACC synt hase produced by a coffee plant, wherein
t he ACC synthase has the am no acid sequence: (SEQ ~ ID NO 10). 5.

A substantially pure ACC oxidase from &IdciM®e pl ant conpr|5|ng the am no
aci d sequence: 1. (SEQ bRoBOMni a1 Ppure Hoe Aty claim 5,

wherein the coffee plant is Coffea_arabi ca. tant| Iy pure
nucl ei ¢ acid sédeREh ?ﬁépl€8d§§38h55%89e§§§6ﬁ1tﬂ§|11é(n OﬁCG -

produced by a C@é{@es@dlaahcgnd(sggprmgl ngot.heonucl eot i de sequence set forth
in (SEQ ID tantial |y pure nucleic acid

sequence that codes %n ex§P€§E?‘Bﬁlé‘biyaﬁuﬁécnﬁﬁl&&&a‘:l sequenfifced by a

f%f Lge Elz?nt gvmaela:\odés ?@Ceﬁprdsseohasot—hehfemm @lhae@uegce (?EQ o
C uence of .an | or 8,
wherein the cofl?ré%d‘b?%ﬂ?g Se%fffzgaaraggca SPQBF&E ¥1910( E%Amz[@f pI ant

transforned wi t¥tla nucl eic acid sequence isolated froma coffee pl ant,

wherein the nucleic §1C| dn%ﬁgugﬁggtggggglgg g{&gsgﬂl gte& ‘15 an RNA that S

anti sense-to es” oh expression or an ACC synt hase
havi ng t he hi rﬁ?‘&éﬁ@%eﬁ’ﬁ%ﬁc@odes on exBEespmOROLOrOFhewAELlei n t he RNA has

a length SUff'%ﬁfﬂhd@e'ﬁi@ﬁﬁ@é& Wit BoFReackPR®IThOBE claim 2f, the ACC
synthase. 11. A coffee plant transformed with a nugleic acid sequence

i sol ated from dR&FFEL Pranpucleic acjf.peAHeRRE Frﬁclléf“&téél dos&dFence
codes on transdodingnrégions GBASEQatIDS Roti sense to the MRNA t hat

codes on expression for [ e h ¥in no.aci d_sequence’
(SEQ ID NGO 12), V\,helr el na$h ggﬁﬁéhggéac 1gng %lsu flgg:ee PSPt g’%f ere with
t he expressifon Coffea atabhoa NGIpRiebeg: :

51 a) transforming coffee plants with a DNA
sequence that is antisense to the DNA sequence
SEQ. ID. NO. 11; o
b) growing plants transformed with the
20 DNA sequence of a} above; and
c) applying exogenous ethylene to the
transformed plants after coffee fruit has
matured. ,
'5. The method for controliing the ripening of
25 C(Coffea arabica of claim 4, whereln the DNA sequence
used for transforming is 11m1ted to a sequence that
is anplsense to the coding reglqp_of SEQ. ID. No.
11, : f,
6. The method for controliipg fruit ripening

30 of claims 4 or 5, wherein gaseoju_sji éthylene is

applied to the entire plant, to:':'"aﬁs,e ripening of
substantially all of the fruit 51multaneously
7. A substantially pure ACC oxidase from

Coffea arabica consisting essentlally of the amino
a5 __a.c1d sequence- (SEQ. ID. NO. 12)___
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12 A coffee plant transforned v&r‘[‘%ig'"ﬂ‘[é RN (ji c acid seguence

accordi ng two%keégEe7, and (ii) | AN ei c_#cid seque ’ﬂ?&@f‘{ff‘ng
to claim8. 13. A coffee plant transformed wih a nucleic acid seqguence
i sol ated from-a—coffee-plants-——- whetein the nucleic acid sequence '
codes on transcription for an RNA that is sense to the MRNA t hat
codes on exprelsllllﬁtmmﬂlm synt hase having the am no acid sequence:
(SEQ I D NO 10)%E s . has a 1ength sufficient to interfere with
t he expression of the ACC synthase. 14. A cof fee pl ant

transfornmed with a nucleic acid sequence isol at gd froma coffee plant,

wherein the nucleic &id SubgEassidddds PHFa i DA FTTRRE that is

sense to the NAst el «5@PREsARbe HYTe T ffed airan ACACRI dase havi ng

the am no acid ‘s:gaﬁe%e: ° . m(gtSEQ IB N&Erlﬁq \:ﬁﬁr ein the RNA has a

l.engt h suffici eaxigasenCORPEREIRGh W ‘expressio : of the ACC

oxi dase. 15. A cobfee phansubstasitdaIad wude @ycleic racidi c acid

sequence according to claim13, and ' (é is) 4 ]p%é | & 8§h e SE€QUENCE
9% OB FEETTE & WERcare)

accor di ng t oScl GPARERCE FHAL CR ranstor e h an isol at ed
nucl ei ¢ aci d se?&aaﬁeemaiy udttes mmsipas siforelaim 8, fwhexgdnafi®o acid
D

sequence: (SEQ 1.10) . . _ ; ol e of FEAS FPRo acid
rRe18i kool Baguetie odf hagutlanicofeid saify

nucleie acid se opera uy transcription pronoter
in an antisenseregiemsatciforSEQ.18D . Nrhe 1doffee plant of claim 16, wherein

the nucleic acid sequ.l%nceAi ShepRIR ot |dditadbt16my ripenidgadscription
pronpter Ln a sense orientation. 19. A coffee plant transformed with an
i sol at ed hutbPei Coffied SPRLRR AHRTIEIAE on expression - for the

anino acid sequence: (SEQ4)D N@rk2sfording CUEEemffkmnts antthfacb8Am 19,

wherein the nucl eic acid sequence i,s qper.ably li .
transcription pronot &Y mcséﬁséap 'Seﬁ{%/sa |€og<n%%clbﬁ SRECoFFée pl ant

of claim 19, wherein (gEp.nud.eiNp.adi2d ;sequence is operably linked to.a
transcription pronoter |n_b§ Se'ﬁg:vﬁfﬂae?laéﬂ@-trgr?sfom?e&%ieﬁ phant - *
i'sol ated nu

transfornmed with a first Ic acl d sequence that codes on
expressi on fier the amNfo seguenaeihdd: agNg| 3 10), and a second

i sol ated nucl eic acd')d c llys_,!r@; éf&géﬂ&j@@&@plémgueﬁcenéhat codes
on expression for the am no aci

sequence (SEQ 1D NQ 12). 23. The
coffee plant of clai rexensfigi@ed @]énq%ésqt%ec%ﬁé??le ]f‘i”rlg\ltq’%? second
nucl eic acid sRuaReEsS is operably linked to a transcription
pronoter in an antisense QLientation.c. : : ; of
52 24. A transf or ned cgtghfeeé“egtlt%?n ﬁoorro u%net %]S/hf To]r'%ecrééggof i nserting
into the pl aut griffen arabica afudtléiim 3 d vherrRHe LR PHR BSHRBRFE cof f ee

plant that codes on t A iRy @ FAMited to 4heéqhenast tagese to
Phe nRNA t hat  cBE8S GPt s f |

an ACC synt hase_havi t
am no acid sequémt@mqﬁH§QSQDUQ)t@RDQ9d¥EH regg%?fﬁéf%aﬁed ofpée plant
produced by theqprocess of inserting into the plant genonme a ~ nucleic
o RNA T that i azmt (SRR g Ry g oe AR cxprecd n"for an
ACC oxi dase Zsavigey dlliims 9 and 10, wherein the gaseous ethylene 1is
applied to the entire plant,_téfcause ripening of
substantially all of the fruit simultaneously.
'13. A coffee plant havinéfsuppressed
expression of ACC synthase. :
30 14. A coffee plant having suppressed
expression of ACC oxidase.
15. A coffee plant having suppressed
expression of ACC sYnthase andéguppressed expression

of ACC oxidase.
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ansfornmed coffee pl ant

ani no aci d sequence: (SEQ | D IPPHEEDBHAS BEEN
pr oduced b%(?tmsggzocess of ingerti MEALACED he pllant genone (#Q'rms97/14184a
nucl ei ¢ acl'd sequUieénce isol atee—fromra coffee plant that codes :
transcription for an RNA . that |§ antisense _t.o_the nRNA- that codes on.
expression for an ACC synt hase havi ng he - am no aci d sequence: (SEQ

| D NO. 10), and (ii) a nucleic acid sequencl\mllmmﬂmumuﬂm cof f ee
plant:that codes on transcription for an R e to the MRNA

t hat codes on expression for an ACC oxi dase havi ng the amino acid
sequence: (SEQ ID NO 12). 27. A transforned cof fee pl ant
produced by the proq%ss dorsd | ritﬂtébzﬁﬂlelﬁ&é‘tam@eq"uence nucl ei ¢
aci d sequence |soI ate rom a cof Iant hat:codes aon transcription for
an RNA scglttdf% OF RSTNH B33F eX8ion for an ACC

synt hase havi ngntlieeammmo the mR&tActrsaaqu&Es QrbEXp e 1 dR) for 28. A .
t ransf or ned CORE%es&J,I %ntaoroduced by the process of inserting into the

pl ant genone a €ic acid sequence isolated froma coffee plant

that codes Bn transdfi.pt foredfifleenrfrRNA from théiatoffesapbant cof he nRNA

t hat codes on gﬁﬁaﬁb&"‘m for an ACC oxi dase having the amino aci d.
sequence: (SEQ A transforned coffee plant produced by

the process of insedsi. ngA mq;'ftetﬁe ReammiExpendhe (g9ffee plant €l eic acid

sequence isol ated;ify 9@ a coffee plant that codes on transcription for an

RNA that is sense_to the nRNA that codes, on ex ressmn for an ACC

synt hase having t hel8ni nd coffee Rlapts SAMHCSinGE) YR \eIUBHCeand (ii) a
nucl ei ¢ acid sepdeneodesolon etdamsypiptdefid eor a mRNF| et tiat codes on

transcription for.an RNA th to des n
expression for 5?‘? LRERSSiT a?«%‘eniﬁiﬁ\gstt rfeos awpaeﬁé%ﬁlsc cer €%TEQ | D NO
12). 30. A AGLCf exibeae.from t he coffee pI ant according to any one of
clainms 19 through 2 3L t %qﬁj i w§6d Yo r 1Sl .
transcription prono gr’ o%erca:bq%felri n elg:r?oﬁgn 'q‘-'ro;a% éf#ggnﬁfcl eic aeid
sequence: (SEQeLBiINOL911 ); or (b) a nucleic acid sequence-t hat

codes on exgressi onzfor phecFHdRO D SN coffee plant of (SEQID
NG 10); or t he nucleic acid sequence: (SE(‘SI D NO 13); or

(c
53 (d) CIaas“négl'ei c aci d sequence that codes on expression for the
amno aci d sequence22. A coffee planifQdnpA@i¥Y).(i)3Za fiddwe DNANnsform ng

vector of cl aim gl wetsi LN dIIGIei AGldL SRAUEN G S, HAN AL | nked

to the transcr|p Sh -pr oroter I h a senss orie
transform ng vast antiBepiss mcerhamm thate andasian R¥RFeIFARMCce i s

oper abl y 'wkeﬂor ACC s%cmeet I IR AN QN JHURY TNA Nsfuankd sense
orientation. A coOffee plant cell, transfornmed with an, isol ated

nucl ei c acid séﬂéénéédﬁﬁato"cGﬁé'é‘S&’Flptl"n fon @ S8, $hat (312 ani no acid

sequence: (SEQahalbl@nb&) to ¥he mrRiNre Rl eddsinin cetprads tbmi fvB4, wherein
the nucleic achg % ﬁnce is operably linked to a transcription
pronmoter in an fit PE&REESsri entation.  36. The coffee plant cell of claim -
34, wherein the nuckéi.c acichffegudimdti £uppetdid \cdfifgediant of a
transcriptbon pigERt gL in a sense orientation. -

24. A coffee bean from thefébffee plant of
claim.22. | -

25. A coffee plant compriéing a DNA sequence
that is antisensé to all or parf?of the DNA sequence

30 specified in SEQ ID NO:11. '

26. A coffee plant comprlslng a DNA sequence
that is antisense to all or part;of the DNA sequence
specified in SEQ ID NO:13.

27. A coffee plant compr1s1ng (i) a flrst DNA

35 sequence that is antisense to_ all or part of the DNA
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37: A coffee plant- -cell transfor -1 sol ated nucleic acid

sequence t ha¥O&¥0E852 on exp jo aci d seRfeHERIHBEQ
ID NO 12). 38. The coffeé pl &
aci d sequence is operably linked to

'.: ption
antisense orientation. 39. The cof fee pl ant cell of cl alz‘l! I@[’nﬂ"ﬂi" !III
ToCk s x

the nucleic acid sequence is operably linked to a tr
pronoter in a sense orientation. 40. A coffee plant cell transforned
with (i) an isolated nucleic acid sequence that codes on expression

for the am no acid seguence; EQ.I D 1Q)- 1 [ ol ated nucleic
acid seqURFEEERRGt sBSﬁéglgﬂ é?ggggs&?n@galt 5)n§§1n(rf'&s)acar d sequence:
(SEQ I D NO 12).seddnd DNheseghiémeepthat del angflseinsiemt0 aMhenmpam | east
one of the nuclei S a

transcription pr%ﬁro'ta]i?dmgﬁ %ggﬁgﬁg%ns Srllfé'n?atq?lo%% z{“?]w‘f"he cof f ee pl ant
cell of claim 40 whe2@in Atcoffse phansf produced diyc the prospameds s
operably lin coJf s@rtt. Sfﬁtﬁttﬁg ﬁuce tggnbﬁ\e aS DRBE gk | A e 43

A transforme t ce rocess nserting a
transf or mi ng vectthieS On trwerap’éwneéom anzuke% thakhdseiantigense

transform ng veglQre KOMRNACEhAL { £38ES' bAL b&@r@é@ﬂf&he"for acc operably
linked to (i) an isaolated nucleic acid sequence that codes on expression
for the . FHHP3RE d sequence: (SEQ ID NO '10), or (ii) an isol ated
nucl eic acid sequence29 hata cedefee plantopredpcedsbynther prweed® F aci d
sequence: -(

34 a4 THD: CRATHH HRFP CEh BHERE PSR Pa M SO RRES e
nucl ei ¢ aci d seq::mmse o opEasdtiption foki akwB8NRothht tisapsthisgnisen

promter n 3 S BMAURD: cdfes ofNExbianshanTEd oakloc plant cel|

of ec¢laim43, wherein the nuclelc acid sequencte 1S opera linked to
the transcripti mlﬁ%ﬁﬁ)f er in an antisense orientation. 46 A

transfornmed coffee plsmt cgléopfaesusEsnbyptbaupeacsystht proeckisnara First
transform n%\§h vect or, and ahsec nd transfor 3 vector |nto a coffee
pl ant cel | erdtIe LG | {00 the p ??Sng?ﬁpﬂ?ng] eét Bt SREPES

transcription pn:mmi efodgera| tyransdetpbt boanfosoaaRNA that 1IUC| e| c aci d
sequence that cqdes .on ex agy, acpd QID
NG 10), and- thé& o 1 &a%:’f}o? %‘%bg&v%{é%%r g%%r&s‘e%ﬁégf#gg%gé‘r |‘G‘|c§) ion
pronot er oper ablACC synthdsenkethnd ol &) | 3 oPHAcgdegueheecthardcodesente t hat
codes on expresgl 'ﬁ%eécﬁioﬁtpf‘or?@ép aqm&m that §§qa39£§en£§E90I Phfo 12).

47. The transfor ee plant cell of claim 46, wherein at |east one
of the nucl 80c ZRNA that c%dﬁﬁlé?fb&%"??%%?’&b#?ﬂf\gﬁeﬂx%@aﬁﬁs

transcription pronote in @inHddd efse @f&@@f@hhﬂﬂg a4§offeé ﬁQ&h&e IOI ant
regener at ed fromthe trd%\psformed coffee pl a(gt cell _accor

cl ai ms R FEReB oS FRONRERIBEEoRNESFof f e
pl ants of cl ai rra4&RNA50:hat: A svetritoieduse t tanshermRNy thaof €edepl ant cel |

wth a nucleic g (1. e I}ﬁ-_t quéq% omoris CLhlt EpApEor an RNA
that is antlsense ﬁ n%t at codes for an II’A\CC %t%ase P froma
coffee pl an®3 o@ﬁﬁr_l sing the steps of: o .provi d| ng a transformng
vector conprising a nucl eigrcaidi i Gl aiens SO LY VEOERR €6hpLesing
~ a DNA sequence that codes__'_‘_._".;qn expression for ACC
" synthase, wherein the DNAf‘f“;_s"equence is inserted
into the transforming vector in an inverted
30 orientation; and '
inserting the transforming vector into the

tissue of the coffee plant, wherein the
inverted DNA sequence thereafter becomes
inserted into the genome of the coffee plant.
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pl ant that codes on trans

} that has a length sufficient
It THIS SHEEE $HORER

tointerfe t n ACC synt hase hguiRgad; m no
aci d sequefice’ 20 1D Nil 10) REPLACED vvhergi n the nucleic ag(l\"*(ﬁgeq{}gsrﬁe i's
operably linked to a tranRse

s‘ﬁ*‘ﬂﬁ—oﬂ—p'rvrrg.—er' in an anti sense
orientation; and. "~ inserting the % ansf orm ng vector into a coffee

ph TR ] lm Hiln. the nucl ei c acid sequence t hereafter becones
||I\ﬂ"mm"““ nmllg'enome of the coffee plant cell. 51. A method for
transforhiny & cdffee plant cell with a nucleic acid sequence that codes on
transcription for an RNA that is antisense to -the nRNA that codes for an
ACC oxi dase BROM A GiiRR B lorBYrbidY d NP PAne

provi ding a transformp&vector conprising a nucleic acid sequence isol at'ed

froma coffee with a SIS Fie o F S i PEABIFFRE N @ t hat  has
a length suffigi pRNAt @hiatt dif @t iWednse to thd MRNXUMESicbded & ACC

oxi dase having the am.no acid uence: ( SE D.NQ_ 1
o5 whopEPreRRs o, 2ox atEl i GEins, TR IaAd e 19588 9%
transcriptidn pronoter i prawviding a antnsfoming erdciomgomprising

inserting the transform.n [ f I reiln the
nucl eic acid sequen]éebﬁh. %e&%[%%’gquﬁtagr %gce&c%osfng’g: gﬁ%&%{%ﬁé%t%@fh}gégenone of
the coffee plant cebkidage, whanedimhddel GNA me®mianad i@ dnsgftadpl ant cel |
with (i) a nucleic 3gid $EQUEREH SR MITRISCcor i %t-rrg;ar?'&)tion for an
RNA that is anti senget_"to the nRNA t hat q%gdes? fc?r J'ann ACCJ:' synt hase

froma coffee plant OTARBLELLPIE nucl ei ¢ aci d sequence that codes on

]EranscriAgEion_ Lor a][l RNAinsefrftith[ﬂhei % raid foREad Q{éd’tﬁ)ﬁTﬂr\fﬁ:é Faiecoges

or an oxi dase froma c e p : c ri.si t he steps of:
providing a first tFaASH&r r#n{ﬁ\?e&?%&te@oﬁ}ﬁnﬁ'né&?rﬁﬁigﬁ anscription
pronoter operably invertkednbdA segaehcesthardafiteradataespience i sol at ed
froma coffee plant, d n anscripti t hat has
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synt hase havi ng t he33ni nd aeitiosef@ansransfamipang cafifee plant provi ding
a second t{ans{OrHi Ng)VECEIrsCOMNN BiclkfhchcTLMRE (dRSLIdPt i on pronot er,
operably linked to a secgnd nucl ei c_aci d_sequence isolated frogma coffee

pl ?P't _that dej%é:nsgrlptéﬁgbﬁ?;Z& Lo sy ;fén'wsc%e e ’-'é“friggt hh _
surticren 0 Rl thhe Yodes expression dor ACC s e oxarithse havi ng
the am no acid seﬂuence: %‘?EgE#ADSNQ anc)e, that .code %r?lg{tn at | east one of -
the first or s&:?) d2ndEre d se&l&ences I's operably linked to its
transcripti on pransteiptioan famt asoRdd Ehagnti® iagkisense to thejnserting
each of thfo”ﬁﬂﬁﬁix%ﬁhggc\ﬁ%%% ieg%g‘e%sg%fnf P pHbldasarherein each of
t he nucleic acid sequences thereafter becomes inserted into the
genone of the eemPEésppantheesterss9L: A nethod for transforming a coffee

plant cell with a nucl ei grefidingdaeFigsithaliragedRsnihg vectod ranscription
for an RNA that is sense.,in orie t.atio# 0 _t he mRNA h%t ccgles for an ACC
synthase from a cof FEEPEREAI éo%d‘rrisézi b“%[ﬁ?%‘[_eélﬁse at codes R oviding a
transform ng vect or expepsisiong fart RO cynrhase ,pwirextesm ey abinst i nked to
a ygl el c achaSeautugee S8 Ahel eaMideepihe AlA that codes on
transcriptton for an ~~ that has a length sufficient to interfere
with the expressi ontsANSEOROLNGy NEIGEOE RAV By E{Yj’&rCEd OTIfR TR ¥R
sequence: (SEQ ID NQ 10hro0h@ieigh al 3@ comd framPdinbiey srectds operably

linked to the pronoter in a sensé orientation;: and
comprising a second DNA sequence that codes on

expression for ACC oxidase, - wherein the second
30 - DNA sequence is inserted iﬁgé the second
transforming vector in an i ?erted orientation;
inserting the first t#éésforming vector
into the tissue of the coff é%plant, wherein
the first inverted DNA éeqﬁéhée thereafter
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inserting the transfornng VeciOTHliSrHHEH gt Beenpl ant cel |, '
nucl ei ¢ aci &’%m%ce tﬂper eaf REPLAGEDNE | q!serted i nt om?ﬁémégﬁmg‘ of
the coffee plant cell.

56 54. A nethod-for-transform-ng-a coffse plant cell with a nucleic acid
sequence that codes on ranscription for an RNA that is sense in

tr
orientation to thej= "u m ﬁ'lllﬂamfor an ACC - oxi dase froma coffee
pl ant, “conpri sing - ' : o lhise provi ding a transform ng vector

conprising a transcription pronoter operably linked to a nucl ei ¢
aci d sequence from apQidnees Pir?éﬁréé@tiﬁweéné’rgéﬂém@”g%%h%fg%% a
‘| ength sufficient tointerfere with the expression of an oxi dase

having the am no aci gplant; _a%‘%quence: (SEQ ID NG 12), wherein the nucleic
aci d sequence is operably jiddeadindg tHe second traSEsSHRIAGNRELBPLEr iNn a

sense orientation; and Jnserti the transformng vector into a
coffee plant cell, w8 Fhgh&Ififii g?ﬁi %‘é{ffe%&{ant' wher@tRaf t er
becone i nsersed i ntothee ARk infvdited O asanhmiceatheredfter A nMet hod
for transformng a coffe ng |, wi.t.h (i,). & nucleic i d seguence that
codes on tr an%gﬁog'[‘%oﬁ' oe(r:lqgaerﬁi gﬁk‘{ htﬁe i e LF ﬁtﬁb? i ‘é‘ﬁgg??on to

t he nRNA t hat codes Pdandn . ACC synthase froma coffee plant, and
(ii) a‘nucleic acid sequence that codes on transcription for an RNA
that is sense in orientation to the mRNA that codes for an ACC

oxi dase froma coffee plant, conprising the steps of: provi ding a

first transformnm ngThie8hcerHasBesRegicag a first transcription pronoter

oper abl y | i nk Il nucl ei ¢ aci d sequence isolated froma
coffee plant that c transcription for an RNA that has a

| ength sufficient to interfere With the expression of an ACC

synt hase having the am no acid sequence: (SEQ ID NO 10), provi di ng
a second transform ng vector conprising a second transcription pronoter
operably linked to a second nucleic acid sequence isolated froma coff-ee

pl ant that codes on transcription for an RNA that has a |l ength
sufficient to interfere wwth the expression of an ACC oxi dase havi ng
the ami no acid sequence: (SEQ ID NO 12), wherein at |east one of
the nucleic acid sequences is operably linked to its transcription
pronoter.in a sense orientation; and inserting each of the
transformng vectors into.a coffee plant cell, wherein each of the

nucl ei ¢ aci d sequences thereafter becones inserted into the genone of the
coffee plant cell.



