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| NVENTI ON NACI* - A PLANT GENE ENCODI N CRLPTI ON FACTOR | NVOLVED | N
COTYLEDON AND LATERAL ROOT DEVELCPIVEN@I nlleF THE | NVENTI ON The NAC
genes (i ncWOdOMY4INAM ATAF1, ATAF2 an ' g to arcebewiomly | arge
gene famly found only in plants thus farH&se genes encode proteins

whi ch are conserved in their NNtermnal ~ 170 am no acids but are highly

[ L'Efbf:tf“r ~1e Ig'Nni. Previ ous genetic studies in petunia (Sower et

aI.,19' ' t _ g}y _sone
e BRI s o

fail to_devel op a shoot apical neristem GQCccasional shoots on nam seedl i ngs
bear f| BAEKEROENDLLFHEINVENTION: oad of five prinordia in the second
whor | . Doubl ' [ t nam
acts i ndepen&éﬁég%?esg%gﬁhg eﬁﬁ’nﬁgﬁﬁ’ 'ghﬁgﬁzl &(Zﬁggg@):[fc?(?ié?? g%%&s@ rinordi um
nunber ilangename| faBily Sounidkond iy plantarthwsRia dbewgngenest ersoda poedidsswhith takee
boundari es of  neri.stens .and imordi a. .1t has.been shown that nam plays a
ol e nCREarhi G NERRRLoHL0 s pee s bl e DR e e St aay e
1996) . Wdvidhub garfetit BrudldSin paehiSKadies b, CLIE) SRR (op8iy M aMhioohy are
genes of Arabidopsis, cause defects in the separation of cotyledons

(enmbr yoR#\e syegssied yhat sapamembers @f the Ny Sampily) plpsap rede Hepaitpring afdhg sheat i n t he
formati Qﬁhﬁ’éraﬁﬁ&ﬁﬁmﬁpi cal meristens. These defects are nost apparent in the
doubl e mutant. Phenotypes of the nutants suggest a conmon mechani sm for
separ at i ng abjteriermboiogaasying thei ro el sraristewh@nin) mutdtion Haik trodsvelpand

fl owers., The . ne s.clan nd foupn 0 _encade a protein honol ogous
to tne. ML EPEIRIERS SR Bl Hibe S0 BEgbods SRSty FRCITSRe NG oner
mat er i alisteds efifiveeprithdidiatn thelsedthd atherlt Deutlatlugmauvith ©é hoheotic pesdrean or
provi de additi On@::a detail s, respecti ncg the practice, are incaorporated by
r ef er en&/alaHaWt BA BeR\ASHi BrtReNdREY rd sprery 197atY 1grehpsed 4 ke 2aBfpiiended
Li st of ,Raf eiaRCRbeSWYNARY OF SHRANMENH DRda ngseAkiall dorsiis NAG fani 1y
nenber, NACL, Is described. This gene was originally isolated by the
abi | i t y boiindaties efDiiagstes ahd erimpediat 16 hap bedvestowinl thaongh allaygya whein WO
00/ 4774%etPC1;41§1699/i100nC;§£ %is ver ex rnesos%dééoéieraet%{ @EG 1996). Northern
anal ysi s SHOWEE PPHA GRS expprné§ TR B L?é-speci fic manner with
hi gh | evel s Mutdtiond ine@UCH and I0&G2! (Sori CUP-SEMEED CWDYIEDIMNivhich agd fdhes
experinments showed expression in actively dividing root and shoot
mer i st e ATAUREPYS.RBICSEIeRIS R FiT SERATFHIGN agpﬁylg%ﬁgﬂe@ymwga&} #2281 her
nerber s st hd@1oNNGr A6 Gis RFeRY G thel tBrntafin D {HBHMAPNAP mefiflentd. t TR sOMehié Ndi Ng
studies utilizing a reconmbi nant GSTNAC 1 protein and different truncated
NAC 1 deéred mast apperegieinoins tdoxblednutanti nfhenetypdsorf themusants syegestgocoeypon of t he
35S pro : t ) i. onain : r :
ntor ootRRgy T o, ApaSERZ SEE, orioft SR Rt W Dol BB and, |
GAL4 DNAlobiersdi T d0I0RI gene avas antdried ahé foundne cancqatei 0 protefm dbmslogowsftodhé f er ent
del etion fusil\?@}sq sho.w?g. hat tlﬁ& transactivation domain is located in the
C ter mi AEEBHANSRRE _“{ﬁrcb‘ilei ) n addi tion, twohybrid assays denonstrated
that NAC carhegiBlidhioHsiasé o8 mhRadls Lka HieitPlol iAdhingfe HOBRK ol bfogat ed i n
t he conserved N-termnal region of the protein. A 21 by {Jeutatlve bi partite
nucl ear inwaten orrpyde additienel datailsarpecting shef miastige e inqerPiyated birirrisTenesonser ved
NAC dongj j I | nad B8 HHR ALY GFP-NAC 1 fusion
constr Hgdtnaaoﬁgé@%tﬁ%gwcﬁo%{%%o 1%?;9% Og%éﬁérgltc%gg%’ne r?Dex) ci n%ﬁ?:si bl e pronoter-G/G
system Analysis of transgenic lines expressing a GFP-NAC | fusion protein
under i nduct i }@Meveal ed nucl ear localization of the chineric
pol ypem . VIO(‘]}BF N indicate that NAC | belongs to a newy
identified fauinky Afabidopsis WA@ttudily nfepitef, SNACI, is described. This gene was

originally isolated by the ability of its cDNAs to alter yeast S. pombe cell morphology when
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One aspect of the invention is a transgenic plant conprising a gene which
encodes NACI or a functionally equivalent protein (nmeaning a protein which
binds to the same DNA binding site as does NACI and which is at |east 70%

i dentical vddurRpeferably 80%identical with, nmore pr efg 2RLY6/09
identical wt and nost preferably at |east 95% i denti ca b%ﬁ) QIXC 1)

whi ch causes the transgeni c plant to2grow | arger than a nontransgenic
plant. The plant nmay be | arger because it is heavier, because it has bigger
| eaves, ovrsexmrestsd Kimetsals 90 e Nostherrgnalyds shosied ithat AHAC hypsexnerssesl inand/ or

becausey ks?ﬁi%?e%tdc%gﬁ \Kl‘ﬁpltugtrt] (};ﬁ:ﬁ fERBOaRATRE Fve ' in feles) AR 1|r18\5]-|t I, i 9ene

encodlng or a unc I y equi val ent proteln wherei t's’ whi ch
ar e tr aeggenmests Slorwed ek sregy@mean getivelyldividjeg rdohaml Qomtmtﬁmamsgenl c pI ant. A

third aspect ..t elnvetlonls NAC 1 or fm nal | y equjvalent protein
wher i n 1 T NBCAIEATSS HERamE A genees pmdoryani Rt TRt AL BAtsal d
functi ogéttelp\fo&ﬂtsluvete@ntenarnqt einifADNAL KRN RRIM;Es l.mlt%ﬂl a%bdombia@VGE A ger than
a plant "which is not transgenic. wo 0o~4~~a2 3 PCTI'SE9/ 00011 Anot her

aspect O¥AGHwoteinand diffarent uecated AAGleddrivativea demensiratedvan interastion bétwsena gene
encodln [ t he pl ant
col 1t oo P oEuk S JrBRR dnd Y RN 1P Bl W R BRSRRY o T
DRAW NG&tEnegngy jtcast'laswsu shosypthati the C-termpms 96 NC | dfhiselACa GAJ&TONA-binding

Aut or adi,ogr.aphy of. RNA ot on 1 t ot i sol at ed
from di PP‘S?‘@rﬁaXtalc‘s%aﬁeeg %P‘t"&be&éaﬁysws@eﬁfp’%a‘sgwég’@ %ﬂ?%?to@'a Nﬁ‘?"‘éﬁ‘?et wo weeks
ol d pl afafisactiatibh BEmAiR 3/ RSatéd Rathy C-BBhiAusAGT0hd RIAET1Hro®ine MR al&itiewof | Ower
clusters (flower), and siliques of different stages were har vest ed from 35

to 40 day‘éﬂctﬂsa%&iemogﬁtretﬁé W%Mﬁlscanmwél%%atda frthe Aipgrizelipndostain verti cal
rowt h 0, | Qt bnpi | abel ed
C?]term ﬁiﬁ’%%%a ﬁg\glel Q%étah]gﬁ&}ne%épg%&gl P}]V‘@Etgﬂ?’a ﬂ%gg’lu dt%@% pr obe
as a | oadéleay lomlizatioh sighhlggreen@e wathfolued irp thetN-temminiak cpnsﬁzrwdyNefl dda@inl i n
seedlin and.fl.o Whol e-mount in s idization were rfornmed in
Seedl | nTaRET ARsE ate Gielaarh et SHHERRC] iR cORuR FaRF e T ¢
ant i sengentfl @08 deksmethaséae (De@Niddikibl@ prbnitdr GG Y sterh.ababigds sensRegiobe (F -

and Q. A and F are 12 daqgs ol d seedlings. Root materjals are form 12 day
seed| | ngnETRXPrSSHag 7 CHRINAT b fusion ratei undsr Hiss indugiioneondifien revealed mMsleany ol d

SOi | 9r QYali 4BbABE fhe cﬁh&%i I?pep@'éér il\fbol THASE @l RERLR Lt RARY] B Q1AM 35S
pronmoter -90 region Inity of GST-NACL fusion protein birnding to 35S

pr onot emeWBOdmél@ﬁd)fﬁsmlymfmmcrlmorﬁMO@ ns is as foI | ows: Lane 1, 500 ng GST
protein. Lan r 1. fus| i ns. nes ng;
gﬁte f t gf @ mv'élﬁ op is a dtr ef%of%‘n CO{ngl‘lSl Blch gBH)dgs

| anes 3 and g; ranes 8 nes ng. As the
col d comeCi o4 funbliﬂrﬁbﬁb@lﬂvaﬁi@ﬂ’ﬁrofeﬁlﬁ@ﬁ’ﬂaﬂihg @fprd})ﬁ\hﬁvhm&tm&dthe(sﬁ)le BNA of

di fferent del etions sjon to ) Differen Ietlon of NAC
1 fusio@lrﬁt"zﬁ%teﬁsgtqtﬁft@ WW*@%&S@ teasma%lé%&vlge@ fmbﬁe 0% Hgnticg of each

reconbi nedh, RERd Bleferiis 99@,eidemﬂlgwm¢ aftdl meRE pleferdbly B easaes%oilaelhﬁawwm NAC 1
and NAC 1 in the yeast two-hybr system assay. Yeast HF7c cells were

co-tr ané‘f@@ﬁeﬂhlﬁh’ chnspd ﬁlsrﬁaetsgeemﬂleé 3¢ srpvt kegecthan anenyensgenicalani- he 1
L) on, S 5 o8 0 iR 0 L6 R B e L (9
(Sigm) stemAO)@J@thSd?t’ZﬂEm@re roots, and/or because it has larger roots.
A second aspect of the invention is a gene encoding NAC! or a functionally
equivalent protein wherein plants which are transgenic for this gene grow larger than a
nontransgenic plant.
A third aspect of the invention is NAC1 or a functionally equivalent protein wherein if

a plant is made transgenic for a gene encoding NAC1 or said functionally equivalent protein

said transgenic plant will grow larger than a plant which is not transgenic.



PCT/ S&9/ 00011 according to the distribution shown in the center of
picture. ‘The ability to grow in the absence of histidine depends on the
functional reconstitution of a GAL4 activity. (B) The nmap of different

del eti ons WO ONAG4A protein fusion to pGA vector. (C) Thepretisddotoyo1of
interaction between the different deletions of NAC 1 versions in two-hybrid
system assay. Figure 5. Localization of transacti vation domain in NAC 1
protein. D fferent de]eti,on versi d into Gal 4 DNA

bi ndi ng vectYP%h4* ‘feflaﬂéflber ‘a’“"ﬂt‘% ayteﬁg%c"éct Plﬁi’t ce” wﬁlﬁ EOM Y s BY¥nat i on

i Xt ur eendedind Nf@doon fMtiphalyesuivaleht Prosein dihia csaﬁsewmehpluﬁt ddlisiol ghowe

suppl enent wth necessary am no acids. The results were taken fromthree

days griaweenthpn apeiranggenigoelle. Affect of overexpression of NAC 1 in plants.

(A) WId-type plants grown in the absence of Dex. (B) WIld-type plants

gr own |n the presence of Dex (C) Transgenic plants grown in the absence of
RIPTIQ HE DRAWINGS he presence of Dex. Figure 7.

Cot yl "opent al-_changes i pl ant
Cot ! e, eyt opIel o <130 iomgsaeg%&e AR Resent o v S B Pl ype, 6
and E (¢&hataniihg l6”‘1@ofl&)tzﬂN@A@w@lﬁﬁﬂ%ﬁpﬂﬂffeﬁnﬁﬂﬁku& abldheied aiskddlidp e weRver e
phenotyg . Boxes with letters in B and C show the regions that are

det ai | asfegufram Bvo weeks.oldplantsy C@Ph‘??s‘@@ﬁﬁ €leaf). amain apd ldergli stamsystemlense NAC

wer e I e absence
of Dex; ﬂ%‘ﬁpéﬁ egsd tﬁgvgwfn uc hﬁle\%)\jlo?ﬁlf@?m%S%%ﬁ%gir%cﬁﬁlg?ﬁ%hggé%nce of

Dex; anqld(sb)) gtoveth phersi dmomﬁdwcredalm fiilomDavo. w%ﬂ'AtlLlEdb eDFGERe4AThEINICPMTHE

| NVENTI T | gene 1S |s | at.e

cyt os keﬁ\{t hﬁlegglfelr “g‘\’}é’r‘/‘é‘- ragl g"’b"ﬁ a%ggllpr%?heﬁnnrgprﬂgedng

Schi ZOS@ﬁBhﬁrrﬁﬂTMﬁﬁﬁed)mmENWm% astahadduagr@neaNA I i brary under the control of
the thiam ne-repressible nntl pronoter of pREPSN was transfornmed into wld
type S. ponbe cells. One transformant showed el ongated cells and

mul i SCpglERe WHBI it i 9APLELy YRS ALERE CaREHzs AdGIMAC! WREICHR| B! at ed
fromthis transformant and retransfornmed into S. ponbe to contfirmthe cell
shape canbridizaterewers perfoymedOin 47edhing SHCP@G'W@@@ @@Cgbmgemp-rl@sl@ddﬁl@)‘ t he

CDNA. T AtO 2 n d| ng (OLZF)
of 324" Girmiar Gk REr Gy BENH SR B s BRE TR EE hirb el

sear cheghd@Ri Aahd BaieBardeys Ad Béeﬁﬁﬁgss mac:haths graff@sh iy stddbnpa Biin i S
novel . The N-term nus of the protein was found to c?ntal n a NAC domain, a
domai n ¥ deheldi SFFdHB%b%ng’f’fdf‘”ef%ték?(!&@ngé%@yf%kﬁ‘ﬁql&gf?MM AMTAFL, ATAF2) CUC2).
This domain covers the first 175 am no acids of the protein. The rest of
the protein encoded by nac.l has no high honol ogy to any known sequence.
Honol ogVigufeod. oy I 8ision proteiny pindiak |ty Gpéé‘é&igdpmswpm -8® erpeorce (Ahal ysi s
sof t war e e |y, P Geneti cs
Comput ef TS5 BERNACL RS RRE AR 5 55 TRbdBY BT RERPC AthohiSr

Uni ver siptoyeidvie wﬂbnow&dLm 500 S@GITIpﬂ)tﬁB?QEnes Bro?d ererNAﬁalﬁ;skinSprstem.war e

mat ches sim_| ar seguences, usj asures h | 0 n to ari ous
Subst | ¢ bERGACd ol CRE:anes AA6e bADAE: ot piepael e Bl Ste

subst i t kel QI chipétidy, hilab&led Wafe GHRadH: tdﬁlbl@)ilswélﬂ &éaa n Bhevdobt aeRait gr oups:
gl ycine, alanine; valine, isoleucine, |eucine; artic acid, glutamc

2ci O | adpaengion SAGH futiamiaaS T oD DhderentioledRs A NAGLER PEER HInAE tand
phenylal identified only
in pl ant?Zdvegiﬁlelgie&é@?ejss%epﬁac_lgﬁgyg?o%gﬁéﬁm%c ﬁgg "ni gﬁFy c((!)nser ved in the
N-term nus but which vary in the rest of the protein. The first two

menber s,.. ATAF re fr I S and d by thelr
abi |ty BBt | 59‘2“’ 'ﬂ‘ﬁraﬁ%@ eéﬁf‘infllgg}\;ﬁ mﬁﬁ\g&?i l'l'eu%ea grb‘h 8¥r0€f

yeast (lssablil Weast BBk vAEE S GARfbrbdWRE plaXdidlf BXprasitg M&EA)BD aﬁENldS c DNA
isolated_ ingstudies of |eaf senescence jn tonma (\&r At GenBank Acceﬁg 8n Nunber
275524; Yevth NG} Tusiopoapd)the plagmidp exmpaoing bt B4 SRt oetise to Nab t he

product (@) delle wel gﬁea@emm;gﬁsgewuﬁr& Wittt hAddihe piRr APaM c!semlengmt of
shoot apical neristens and have been proposed to determ ne neristem

| ocation. CUC2 (Aids et al., 1997) is a nenber of the NAMfamly and is an
Ar abi dopsi s honol ogue of NAM The Arabi dopsis NAP protein is al so a nenber
of the famly (Sabl owski and Meyerowitz, 1998). Finally, GRAB 1 (GenBank
Accessi on Nunmber AJ010829) and GRAB2 (GenBank Accession Number AJ010830)
are two nore recently reported nenbers of the NAC famly. These are from
wheat and can interact with wheat dwarf virus (WDV) RepA protein. The
trans- overexpressi on of GRAB 1 and GRAB2 genes under the control of 35S
pronoter can inhibit the WDV replication in wheat cell culture. The work
reported here details the NAC domain in five bl ocks based on the
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WO 00/ 47742 6 PCT/ S&9/00011 conservation and the charge of each bl ock.
Sequence alignment of NAC 1 protein with all these proteins reveal ed that
NAC 1 has simlar features with other NAC fam |y nmenbers which corresponds
to the rec ,dentified NAC domain. The genomi c struc cl was
anal yzed bﬁ%ﬁﬁé‘fi ng the genom c sequence with the eDNAiglg%(t}J%fr(l)%og?The NAC
| gene is located on chronosone 1. |4 includes two introns in the

N-term nal coding region. The first intron is 1215 base pairs and occurs

Wi t hi n acherdingdorthé distribntiom shaayndingthe cppter abpishie. i Fhe @hilitys tol @@whisepai rs and
is |ocated 1 ] I ] . i arch was
perfor n%gengggkﬁgg&{l gﬁ?;ﬁ.gﬁsl é‘gheiatmll%%??%g%?&g&ﬁu a ?iglle“z‘t?lc b‘ggm‘iﬂ T?]lgcl ear

| ocal i zmap of diffgeral delibi of NAC INBGteito fimsion ®f pGAGsector. () STha lablity ned aci d
signal sequence is |ocated fromamn cid 117 to 7 and was the first

f ound iwteaacﬁ%beéwee&fthqﬁ em@efeaﬁﬁ c;f.NOPF@r YSHPRsg twcnév FESIERAFEN with the
other reported NAC famly nenbers failed to reveal a simlar signal. NAC
honol ogues were seen in a rice EST database but no honol ogues were seen in
ot her oFigameiSs fwcalizationad tiansaptinatiomdonmyin Sd3ACH arotainl Ridtstent daiios|versivent al

ReQ!Jl até) A%fl tef}g cMﬁ‘f%li %%{4T8Nhnﬁllgg’1}lé gl@étgr ix}laetrarng)i;oﬁﬁedoifntt e%st%%%nl' gene
during plant devel oprrennt, I'ts expresston pattern was anal yze rby Ror t her n
anal ysi HF&s i Tignsformatibn giacicfwas phitaben MBE phates evithehidvidine o fwithbvet Hidideam |y are
very conse[fved at,. the N-termni ,even at the DNA level, a C.term nal probe
was usetHPPIFREN Wik NECRSSrY RRYROE 1°Uth eLienrertlssae aken Jtat tees IR e ihzati on. A
rel ati vglyshi gh Ievel of expression of nacl RNA was detected in the roots
(Figure 1). A lower expression was seen in two week ol d seedlings which
contain all vegetative tissue. Very | ow expression was detected in nmateri al
obt ai ned. fro n Ves. IO d,.i - m xed
otages DU 11 ACEE o RN o MPACY R FRAk X0 PR IR BERE krbBn BT EEC,
| ong expissnteef DAROI(B)Y Wildrtypd plarss prowstinidheggesofice bf dmy. A6 TikAsgdaig planant s wer e

perfornmed usi é1Hoth sense anti.se%ge rohes to C—terf i nal encodi ng
region SPWH%ﬂg ¥nos o Px- ERh1RLEeNR P ?gg"e"ghmi BEI& % vi ding roots
and shoot apical neristens (Figure 2). Expression was especially high in
the root tip dividing region (Figures 2A and 2B) and | ateral root formation
regi on FrEuguT-e Cotyjedondp eatabFlangesol Guiesmipak meeifig antiseasstBIaNEH oREMNd young

leaf. T I p t e § I | ear
specific yb{b?ﬂ?z%??%nl&vsggiegg?eg?%g I?B&E%Q/\%QO‘%P@%%ZB? %P%%%@S‘/% 0%811

fl ower Edviepphendtfpe, CAhd 6, Giidetal) greasevanaphetietype t Bakes with ldtegue 4, Bragd £t ens
(data not shown). specific signal was observed in seedlings hybridized
with sefs®’ eg)bmy%tf“%ﬁ&ﬁ’rleég 2F and 2G . DNA Bi ndi ng and DNA Bi ndi ne
Domains The first two NAC fam |y genes, ATAFl and ATAF2, were cl oned by
their abil itg/ to activate a cauliflower nosaic virus (CaW) Siﬂé r onot er
const r utgures.y ddrtyperprdEansaeRis Rl sesfs with gatisgpse|NAG] wag ggipjaste mly
genes, aF MLHNSBEY Gldiumh. NaD &Vild-H9t idWAE aBRAB ot Dekh @) FrfiBlypa ifduéddAe Pr ot ei ns
fromwheat also bind to thé 35S pronoter -500 region. The CaW 35S pronoter
cont ai nPexeid trahsgrmiovthOrbsetriend Pay ani dakiansgenik intgnbﬁéwitbpepl ant
transcriptional factors have been identified as binding to different
elements in the regulatory region of the pronoter. To test whether NAC 1
pr ot ei n DETAIIEDI DESCRIPTIEN BFSBIDINVBNEIQON t he - 90 regi on of the

The nacl gene was isolated in a project to isolate plant cytoskeletal, cell cycle-related

and polarity-related proteins using Schizosaccharomyces pombe. An A. thaliana cDNA
library under the control of the thiamine-repressible nmtl promoter of pREP5SN was
transformed into wild type S. pombe cells. One transformant showed elongated cells and
multiseptimas when the promoter was depressed. A cDNA clone was isolated from this

transformant and retransformed into S. pombe to confirm the cell shape change is due to



35S pronoter was first used as a probe. nacl was cloned into the GST fusion
vector pGEX4-2T and transfornmed into E. coli. The reconbi nant GST fusion
protein was purified and an assay was performed to test for specific

bi ndi ng t owldNb478Bence a GST fusion protein was bei ng assayedcofgodiii t sel f
was used as a control. GST had no ability to bind to the -90 region of the
35S pronoter even when 500 ng of purified protein was used (see Figure 3A).

D fferent anoun of rified T tein were tested. Binding was
et ect cERRRERY B theGRFA The S5laieg B FABLAr athe i ioeleSiep Tonchsu oy
exposur @ORA) &24f drhifd (aEidg YSEQ IB)NOLY. kS thub8ve Biotdin khiflendehRadithichéeed GST
protein contained only about 10% of intact GST fusion form Mst of the

pr ot ei naghéngt Sigelprdurd By ASHeserrale inslivated that shat progivois pavelf ThatN-minwhps is
becauseth%fptrﬁginlve%QO{l%i %d&%flié?m@g aiﬁ,haeg&ﬁagﬁ T G RERARAOL d Rgpacteria
can not grow well and the protein begins to degrade before the

puri fi caédecamily (AR ANTARINATAF2XCEE3). ClHiddadiath poversahefirst DTipahinb agidONA

abol i shed the forpgation DNA: prot ei.n co ex in concentrat i ondependent
monner | SR GRRC AT FRLYans GO SoteiON SR LS o RERSIGEP G KHVBY has
speci fi g@jukscet 0 the -90 region of the 35S pronoter. Binding of NACI to an

AS-1 elenent_and a nmutant formof the elenent, -83 to -63 of the 3 5 S
pronot er, waHomplogy.tfespadyperidesns typiqally measeqd; using seaueaes anplysin softvaseen

i dentifi i ndi LS T €GN, i.adi IRy uced and
no cl earS g%i??'é?%éggé&\%ﬁéeof%ghg’s b%t%v\“g%np ﬂ%g%ro?gbﬂg?e%%%{slté%gyn@gr and the
nmut at ed University BifiW&isaoasit Biotedhdologyt Eantérhal0 BiAiCerdity AViBuOM4dsoh?2 WRCHhHE09/ 00011

8 had a djfferent. hi ndi ng si than bZI P transcriptional. K factors and
tho Seaushose PEtbn ey is MHetae Baldhet Prdrn oI WHE PRI uBD 3t PGB nt ng of
NACL. Tasdigsll theabNd Riukdiviigng 08 dndT atdAGlher OnbdifEfiahs. del®hidvutilor N5 of
nacl were cloned in the GST fusion vector and the fusion proteins were

i sol at eduishtutieny typiral lDRgsludr subpstiptians pithip the fellpwingygropesyi ghiciss, dlaninezss

pr onot er,,.1:20 : e olg [ | all : e resul are
shown in® ﬂf‘ugeg u rgcgcl%k‘.e’ ?ﬁlegm?’r %Ln‘%gt{& egag’og%%brrl\%&%i %%ﬁ?%%e%ﬂ?ﬁé&f issrg{élﬁe?lgg

am no achrdenind; hysinerdrgiatneNivd ptenydalanine] tyrasimeai nt ai ned si m | ar bi ndi ng
specific to the robe. A truncated versign.coptaining only the first 3
i ntact bl ock?nﬁmégﬂg@’%%‘??ﬁ? hasg?‘? nb%l"f‘ﬁ?‘f’fso’ﬁy 6‘&?& 2 Int)}??e Fﬂﬁgﬁﬂﬁ&%ﬁi ndi ng
abi i ty.proviad hidhyare il OSMREREE T alel 10AerBiinuk NHus wihelarpin HRr ikt dth@er est of
the protein containing part of block IV and intact block V does not bind to

t he DNA BiteiBe. Theofist hee mambses, AdARiLt apdi AGAERt were Hiam tAqabidymaisnddvely domai n
R N . Hhns T PO
ond b1 oA '2Y B0 R, 538 oty imbek® AIDREAGO plcbldoh DI g

IS not eno an
Di ner i zgteast (H Ddinta GanDankrscession NombescX BH785 U476 FENWT oBN4, isbletedt hey

bind to, .. To.det.erm ne whet he forns di ngrs ] t wo- hybri d

t echni ngglﬁ“ﬂ?é ofrg‘?a%Sa’e\ﬁiaegcee\“fHog’iaé’n@%%ﬂg(eémte%s“i“er@?mmr%é Sg‘ggﬁ"@‘h egﬁd to

st udy t hi®9py, @h®the-NDANL SroRin (Sodrat hi.,0r96Y) ehdistod@t of thRPefimia fim gdlaarent act
NAC 1 was fused to both a Gal4 DNA activation domain and a DNA bi ndi ng
domai n dREEd fornREIrsE devrlonmegt PE sheat apicpb astistems and diave hegdy BIOPPHA Ras

obser vedieuagihe NistmBeatdy P CERIqAidWet ROLDOMEE h HefuberSARE NARK €andl)} £t O 9r ow
in three days even when 10 nM 3AT was aggl iI'’ed to block the nonspecific

i nt er actis emargbijogeip bomelpgue af NANMt TheArabriopgindAPipreteinwhalse annemberiof thex pr essed

only in [, Jadi i an.. a I u .V he
system s%g? %%(ﬂ%&gé%%wg%%&gzﬁol\t/)vg@'e&ﬁgé\yb%\%lﬁﬁ?%&4§?&g%nﬁ elr)l%ri fy the
regi on oAJOUAEL29) anhe (ERAB2 (GeBaik nedckssivhi umbateAJOOOR30) uet exb amosetacaslyof

del etions and anal yzed thejr .abjli to formconplexes in yeast. First a
del et i onf®Bt HEG‘%?%? Hﬁdmg%\ééarﬂ%e%‘?sﬁﬁf"a Hovheg ﬂ“é?j‘ﬁ Wﬁ%ﬁ&'ﬁﬁt"ﬁ@atend of
the prot @vdf vikki Gvibef Repa PFMiRi ThdfrarshiedekprédsichdF GABD aRC GRAB2 Idehes 199

amino acid protein fragnment contains the intact NAC domain and it was able
t o f or m endgeths coptrohof }ﬁ%az@tnmmam Inhjpit the YOOV senlisdfioadn wheat eell etufave no
background si-gha i il Gl L ps, . f Vv [ f

Therefore t heﬂ{%Qlévogém%S}tg(gihg“evgertésll}éoﬁlemgjébugggggg nt ﬁ‘;ees Ifb ?’Elé% bggag?tc%%?het o test
other deletions. A variety of different WO 00/ 47742 PCT/ SC99/ 00011 9
deletions in the activation domain vector were prepared (Figure 4B). Wen
the sane deletion (lack of sequence beyond ami no acid 199) was prepared in
pPGA the interaction was as strong as with the intact protein. But when the
deletion affected block IV of the NAC donmain and the construct contai ned
only the first three intact blocks of the NAC domain, formation of diners
was abolished (Figure 4C). Deletion of the NNterminus | eaving only the
latter half of block IV and intact block V resulted in a protein unable to
formdinmers. The data strongly support the conclusion that the NAM donai n
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| ow | evel but the C-termnal deletion can not. Therefore we used a nodified
one-hybrid nethod with the hybrid transcription factor to |dent|fy t he
activation domain of the NAC | gene. The vector pGBT8 which contains only
the Gal 4 DR dalsrdb Ng donmai n but no activation donmain waspgﬁgggm?l{fer ent
del etions of the NAC 1 gene were cloned into this plasmd in a fusion to
the Gal 4 DNA bi nding domain and the 6esulting plasmds were transforned
into yeast containing UASga~, - CYCL- Hl S3 reporter gene. Sel ection was
per f or nesdsagyrtio snd denchargernisag blods . Sqqﬁleltchetlipmmm of NA{E praginowitprbt ei n
contain d act tion ' o b rec nstruct ed
and swi ro{ei"% e pr %ﬁgtﬁaet\rﬁh‘%gf ﬂ%ﬁlmltﬁ ?‘%a%ﬁés |°nnheersyu¢ haé%?y 8§t can
gr ow onwmemtmwrﬁhmxhe l‘Bc&itlydddMﬁediQCthﬁnﬁCtl vation donmai n was used as
the positive contro|l and it gave full @Fg{wty as, shown in Figure 5. As

ment i oned abld\eBenomis ERpFerkraAcHs Prlyrel By GaRRATDg e genopis seavraeat i on

acti Vit i mecﬁmrseadeﬂ&e foigd QRS Ph@kMoBled HE clirbfdlonke3? AThARIAGKES or the

first 199 amno acids gave no activity. Simlarly, a fusion wth a peptide

f r agmenintrofs iatets-termiired cddia region g Abefinbintion isvizd § base mammﬂ rog@trs withihusi on

cont ai njn oamds t he % m_nus Iy t|v edthe

Fepor t oo geR BF oPf B8 IR 1EB0f MR AbFRE B Wit ol PR

transcrccmbhprorfmh@ramd?h«smme mﬂ aAfdtﬁnaﬁm s€xfohl avad) iperformed ind@de ari ds

143- 269, al sp gave_ full i Vit This is a highly. . 47742

PCT/ SCOBFRBIEIoN of S haiite SRR nelear fOéehzeﬁon Sign @IW&VQF 3\&40 dawpigof

cont ai NNIAE 10MtYs 3 1NSnih8 Stid 2fbnA e fitndCis Ascate@ Front Blinb RcliQW? 88 13 Midd¥wasThe

results indicate that the activation domain of NAClL is located in the

C-t er mi Hadirgdeundsia atrneminof theVAG faaidy. b%@fonweﬁh%ww searclpwithttike ethef not in

ot her of nﬁ[ﬁ [ ivity in

pl ant s. e%grté C ﬁmﬁé#%% fc\f;\l/gosrcggal gggﬁﬁf E1E§ N%%S%%OI Cg? %g\/\g?rl g%etndonm n.

Two pl aﬁm s m éatabagestiut ne hemlologins Werd ebn inn@her atganihs ik aGadatniaNAD,

bi ndi ng I\g %erm nal cassette tagged with a CaW 35S pronoter. The

t est ed 8@9‘?81’13 A'HEEE oned into MCS in flame with Gal 4 DNA bi ndi ng domain.

The other plasmd contains the reporter gene construct 6xUAS- TATA-Luc which’

can express Iumferase if some prot eins can bind to the 6xUAS el enent to
idhatg sty e dipit wWith the two plasm ds together at

different c t ?ﬂﬂ

appl i cabl e. O@Qk Used Q?Egggdg%ﬂ%g‘?gﬁ% ﬁe ﬁé{ \};%Fﬁeg%%ﬂgqsl& e%gtg]i tive

cont r ol patteeh whs @yalyeedabyw Nonhem g’mlys[stumgtawacj spemﬁntprcﬁ;st Beqaaset thanberdef second

pl asm d A ,alone nor it e vector ficant

et fer HEOVACCRBIT g% Yerk cppetred ob g N St siieafhBn DR sk SRHEHIPRE yeast
syst em prose whabthded! 1 @SFGSthMAVA GRnAGER mswww@sea e Al bridiRdon. nAfrélama@pt i de of
am no acids 143-269. The |l ast 54 anmino acids al so gave the |low activity.

The N-t Bighi KV offexmsesian ghvigc h&Nfe tayjdetectsd rin dhe reofe (Kigee dp- coHNEVE itsel f.
Bot I N exifaSlonafd skl iR A0 vesycil SeBBinds it coRBRMAREDBNC RURC VehplowNAC 1
contains a transactivation domain and the region corresponding to this

act i vi t gxpressipot wascdetestedrio maeris ObmﬁleQEf@:m Temnnd denves. ANalskprogssinsw®l ant s
whlchQ/r X S al nder ress nth st udy, .

gl ucocor ? | go‘iP ?hn u‘ée%lf{égﬁsrogbr(fglg é’ieg TaRg: °§N§8 agds m@lpree\s/‘fe s 1°V*Hescri bed
(Aoyanmua afitrch Joigiékpo@7) . A gl ucocortl c0| d- regul ated transcription factor is
encoded by a_GVG whose transcription is controlled by the CaMv/ 35

promot er.  ThdVholesmewtiipsiy studies of hAggaKe! 3 davcripnts Weézfrfesmdwﬁmg bot

gl ucocorgise %@laﬁﬁéasv%;&@s RS @iGal LRYGASISIA of dd cn%z%ZL PaSeRabE waonpl et e
NACL encodi ng cDNA NG 1) vvas cloned into The binary plant

t r ansf orspgit inogetivelyt VldprAFPOGZaﬂdnShb@tt #piel mecgisiens s(Figwer 2k p&xprcesian ¥eainsf or med

over expraterng rit g8y BOSAE G GFAIARE aWwf A 3he IBIRETRELOR, 0 "o

hygr ony aegiore (igwre 3Chg Anieelieri nxpréSsion iwad dpectee it cdtyledngediyoulg leels Tifese

ALT of " uran P See g SERIP G ST pket BETLC BAGrAl i Eoieteohp b0/ 47742

11 hygromycin resistant segregation ratios. PCT/539/00011 The Si X
overexpressing transgenic plants were of three different phenotypes. Four
of the Iines were of one phenotype while the renmaining two |ines each
showed a different phenotype. These |atter two phenotypes are simlar to
antisense plants as will be described below Studies of the first four
lines of simlar phenotype showed that those plants grow nore quickly and
grow | arger than nontransgenic plants both under in vitro and in soi
grow h conditions. Mire lateral roots were produced when inducing
condltlons wer e enployed such as on plate vertlcal or |n plantcon gr owt hs.
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WO 00/ 47742 12 neristem died later. PCT/SG9/00011 One of the antisense
i nes and one dverexpression line did not appear any different from

uni nduced plants during all seedling and vegetative growh stages. But at
t he stage ®odéonfitser escence devel opnent, floral organs werpergtigmigd,
particularly petals and stanens. The phenotypes were found in the first
several flowers of the inflorescence? Those flowers have short petals and
stamens, and in those with the nore severe phenotypes the flower could not
open at flaw¢r (Figuiee2Fof Aldeens aannl pigefeteaied ialsdignessind stemsi(daiens sbewn)bdNoseen.

Those f . War ~Sbarihe. i } eno. e, overl aps
the over S S Fes Rkl B AR iy 208 YA ol 0 RER B B A e
Trans~e2GE Arabi dopsi s Pl ant Underexpression of C-termnal Specific NACL

Gene As nenbers of the NAC gene famly are highly conserved at the
N-term nus, not only at the amno acid | evel but also at the nucl eotide

sequencNAENRHingahd DRABRAME Platnsaci ds to this region will affect
honol ogous genes as shown in petunia. Therefore, Cterminal specific
anti sense cohtfirsicive N dampiliegenes o Ty Irapd AATS:, weTEAT@®@2 by titirt abilivg foor med

by | MR ERUAS ARSI OAM: WYY X pllie CARSHEL ! ealt® HRE Gl O 0 K

BanmHl - NO erm na ragne hern ots on one band
COr r espepfothing ad well Aethblbed NgEnfamilp garked, dre sanservedvina-temsiirah NIAIG donfidiggnent  as

probe for the four g honozygous | i nes selecied for analysis. All
showed SPWR%B lp‘méln@%‘@ %?,mﬁ‘B%/ ?TPV wherpEe ind 4o Weeﬁgrf’r%’ﬁﬂte? 080 TeRIR I oprrent .
No cl earrhpbnet 3536 7oMbte ookt Gh Rk UHEWNDNA bin@ihf Elemeita 08 SuRberdrPint 9r owt h.
One representative line of the C ;;FGCI fic anti sense plants is described

here. Ctegsceptinmsl faetorsihaye Yesa idantified ardbindine sedifferengalemenssiadharoghlatpi

curved- surface. In the first week of germ nation no clear
phenotyg%mv}\lfaoga%ﬁgg%g in cotyl edon devel opnent, but in 10 day old

seedl i ngs, 200 test Rbéther NAL b protie candd Yind do theASB\peanatpr, fleefd tagien ofAhd ew al so

showed ur ved- bac henot ype.. The phenqnenan can easi ly de ted under
gt S BOEG Y6 Cerrdaprie dgt] YegoRano e GRE ARRreietit BHER bl ack
dots can-JreinaeRRnsBiddNBlo lcbRCEhOfecGiRbiNArR GRTSfusidM BrofdewhsilrifRRlA@hal  sel |'s
wer e checked by SEM and abnormal cell expansion was found over all

cotyl ﬁd@ﬁiax Wes aer&rml med [tQ krSUPR serciiicdrieding teDWAs Sincese (B8 fusiomprotein aan (Fij gurg
7). T . > - | e
1) O3Bl OS¢ AR RLAR PUAELE G S UV AR BESAEh sor 0o o

Cot yl edofisheof53 prasetetSeven vaeho ¥oar ohgarifiddi prbteivh ome dsedo(sse¥iuee BA).cl ear
curved- henot ype ynder |j 1 Cr 0Sco al s r.e checked . SEM WO
501 4574 Pihon SRS spetiod GBaLl HrRak N Gupl SEhBe it AscaeLBiRetor ( hose
cotyl edginfe 801t peoteiRARE With onlGed hdurd SdPEsuSHSH the Rilrd (Kl gire Bﬁe.emaursded- The
root phenotypes were eas&lﬁ/_\é detected on vertical growmh seedlings. Seeds

p

wer e geranplsd gt tg pysfied ptein comiainggeanily aount Q% of intast GSE Kusi@y feimat i on,
seedlin t f : . j 1 ! y grown
For one b B RR CERER Ak IF; GRS ESM BRFRUTLANG, Al KLY Tuni oh
cont ai neferdPTérivadded tamduseths eraxip cegsssom, thflagerid caneot bad welbaind e f ewer

| ateral roots _and one l.ine. alunpst.had no | ateral roots. seedl i ngs

whi o ndtEh BRI e BFiaRul Pl 3o hCiadh o e 8035 sol PECeBHE ana s ¢
was foundmpéitbr DNA labblivhed thieo Edrfatian oD DN Aiprdteih ecbniplix 1A Nhcdntragdrongat ed.
Therefore the seedli n%s | ogk _as_j f the){ contain fewer_roots in conparison
to uni nd§eddeciamendFiaErgdre syhess; ity demansirate thitr WAGHt Browsy bdsm 1 i qui d
growt h %-gg&ﬁml\llggdth@[tjdrgggl@gfﬂgggggﬁmm%g week ol d seedlings were added to
liquid or plus Dex nmedium and after 12 days growth uni nduced roots
are | arger t [Bindingefidad] towt AS-dfelegeatiindragyutamifernpeiabe slememty8attd i3 dfs
further detailed in the follow anpl . whigh are offered way of

1 ot r 405 38 Bigpoi, MSAE i ol AT R rpll BloBd hes AindeaaRner

St andar chifidhghtel thisasgive| Thd biading iaffirdityavarrtduwed ditend dedvrdiffu@re Syae doundcal |y
descri bed below are ytilized. E LE 1 Pl ant terials and 0

Cond t 1 QHEveRp b Gl A h & Teish RIS B Oty (b it By ef Hal
experinments. Seeds were surface sterilized with 20% bl each plus 0.01 %
Triton X-100 and washed three lines with sterile water. Aftcr the final
wash, 0.15% agarose was added to the seed and they were plated on M5 or MS
pl us Dexanet hasone (Dex) at different concentrations with 3% sucrose.

Pl ates were uicubated at 4C for two days and transferred to a tissue
culture roomat 22C under long day ( 16 hour light/8 hour dark) conditions.
After two to three weeks, seedlings were potted in soil and grown in a
growt h chanber with a photoperiod of 16 hours light/8 hours dark at 22C and
75% hum dity. For Dex treatnent, dexamethasone (Signma) was dissolved in
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PCTI S&9/ 00011 week. Photocon and plantcon were used. Dex was first
dissolved in sterile water at |/25th volune of medium and then was added to
the surface of the nedium For treatnment of soil growth plants, Dex was
added to stwasbd@74pat er containing 0.01% Triton X-100 at %@T)SM»MBEH sprayed
to cover all surfaces of the plant, once every two days. For controls,
sterile water containing 0.01 %Trit@n X-100 was sprayed on the sanme nunber
of plants. Exanple 2 Transformation Constructs and Pl ant Transformati onThe

bi nary b?dahélf%ﬁ?hp?“énb‘ﬂ‘lha& sitedthpredBomnsesintionah fastprs and thofagrences arandc onponent
1 UCOCORLT L0} relREd BliBra S AMAAOY AR, BRYAERUA, 1997) was used as a
vector. For overexpression and conplete antisense constructs, a | 287
basepair Sal Te Mst thefIDIa{gntamdmgdmnanmf ﬂgl\(ﬂhehffﬂmplcbteaomm @moﬂmg cDNA was

phosphaf 2ot HiFRR RTAYBUY DAttt OB Saeed [ e L”e

ant i senggili§O0Ihd Y0otregidd6r O35 aBRIBEY." 2Bagr‘df eddRptotdih FAEVERU if &I$ Asiy. N
C-term nal specificregion of NAC 1 encodl ng cDNA was bl unt ended and cl oned

i nto pTAheoBukiscare shovgsingiigire dhe d hg tupeatedform GSINSG ngontaingd she fiust £99

cont ai ni S @%&ﬁﬂt ted by
PCR conta@?lmq;gfs:\@gt&a&lé@mggcfﬁ%g ?Egssgﬁﬂﬁvﬁgﬁc 5@21') dlil%o an |tﬁ?§€§eﬁ§ ate G-P
fusi on pebtoA true@ed2¢rsian Sbritaiding @slyabe byst Blamhct hlvdkSafl the Nandamhmcmcbl asmd

pGFPNAC 1. n,t PNABN%\/ ion was ¢ t ..out Xbal us Pacl .and
cloned PAY 6}33‘}%}(0%}2? l?(;gélfeo Ll?ginﬁga s%%%&g%ﬁﬂpglgmg%taté%e this

Ar abi dofslesor foath] the fest NG Brogein amtasmm@pﬂt biS26LkAY dndentpdt BIYck VAEESS gl for
transformation %al vekens et al., 1988). T2 seeds were germ nated on SM

pl ates ®BHt!QithT RN orabgi r@gﬁyarfé?ﬁydmﬂts indicateothalcthe r@%’?*sbﬂfﬁimg ﬁcrraﬁm! gﬂ and
transf eideda o uRNAC UBmERNGE B:f bAOE 1Y % BiRfofthft HOFRA s TWo

i ndependent [1nes of honmpbzygous T4 plants with a single nsertl on from each
const r uapt epengh fios PH A kindidgt ai | anal ysis. Exanple 3 Northern Anal ysis and
Wiol e Mount In Situ Analysis Total RNA was isolated fromdifferent tissues
by using the Q agen RNA preparation kit. Northern blot analysis was

per f or mNA @ICHoimadi rsta!ﬂle& mefizatibn Do#@8) . For probes, a PCR fragnment

covered am no acids 2 | O 32 \Iiya | abel e vvlth a 32P_dCTP_usi ng .a Redi
Y deray i

prined | abel i F?@S‘IHPE“"( %H%Hﬂ meroram heywrgddogpiift sTO A MlRr s wer e
fixed fQimewaPNACT MhORKAGE! G2 vl SR EPRchnidRe. Mk Yhethfd Shd Efficiently

hybri di zati ons. Antisense RNA fromthe Ctermnal specific regi on of NACL
was | abaisesdtovgst Idm@hrlg@i)anqed itmstuAsPthe Brsddin-progein xrmrmhe mch@imgl\mmmmhm

Cor many rne WG NRE) ETUAN 5 SRLALDRA Wl i ddll 98K h9F0 A gk, T a0Ten!
conj ugat ed 'to"al |ne ospha ase. COATTO sénse transer i i pts
were pr elpmamchnﬂ rcounartsfmm&hmm xej)cmmyd:m nﬁgcl’E{& mtbaétﬁmrwaatoaseevedEM&lﬁmmm Yeast

Two- Hybri d Ana T anal ysis (Bartel et, al 199 Fi.el ds and
Song 198 RS b bR e RIS oo e desisyn W 1N PE ¢ o

di meriz am %s é}gﬁb&&i Blocklthe nmp&iﬁ&hfemcﬂoddﬁf«‘%u&emya I4hes8 b diehii hdd 200
ade2-101 01 trpl-90I |eu2 112 gal 4 al 80-S38 LYS2: : GALI

UAS- GALlthAM@H saexmmd onlycin|te) DNy Binding vesarit quwAaLlawzemhfﬂéhac%m ains the
two rep t cotransformation with

pl asm dgl;%: thg‘?ri}gﬁ?@% S?P%réggf%é@%“ﬁ&qﬁmﬁ f\g domain and the Gal 4
activati on ddweaientifyuthe ocgiovast IRECT cequired fiy dinpdrizatibs, e comstructed hosesof ski | |

ot al -, Sese™ S B B Rl EBinebich oPbea I SRt G 9 8ESher o and

are wel | tedaiinwwdsandde G%eh Mihins kdid 00 thrduk thfehd offBie fANHI0THIALe® atfigteindfer act i on
bet ween fusi on rot.ei ns a-gal act osj dase activity was as ed by a
i Frsbr53 abip VAS 4

replica This $9%praingracidaprotein jaemepy eaniains the dntagi N
bi ndi ng ghaim £hd\/i€%§£bld3@ﬂ_ﬁa ditheplOWiny AldcY R AR nﬁ@ng Qﬂ&%ﬁm}mé{me&@

contains a nore versatile polylinker. Plasm d pGBNAC 11-324 contains the
conpl et encoprskground pigppl flikg Wdﬂ typadull lenghedersion oA MAGHI. 4 Tilots il dommi n.
Pl asm d Iy enc rst 199
o, acind S erkOf yROHA ol e ML phif A B BRI O BRI (il T o e
fused to the Gal 4 activation domain vector pGAD424. Plasm d pGANACI | - 324
contains the conplete open reading franme for NAC 1. Plasm d pGANAC 11-199
contains nucleic acid encoding the first 199 ami no acids of NAC 1. Plasm d
PGANACI 1-142 contains nucleic acid encoding the first 142 am no acids of
NACL1 and plasm d pGANAC1143-324 contains nucleic acid encoding am no acids
from143 to the Cterm nus of the peptide. WO 001 47?47




16 Exanple 5 Transfection of Epidermal Cells by Particle Bonbardnent

PCT/ SG9/°'00011 Petals were cut into 2x2 cm pieces and put on a filter
soaked with liquid M5 medium 2 ig of each plasm d conbi nati on was used for
each shoot “i‘%“”g”?écuum of 27 inches of mercury using a h&CTgaMEssure of
1100 psi. After bonbardnent plates wgre i ncubated in plant growth room
overnight (16 hours) and 50 mMluciférin (Pronmega) was sprayed on the

mat er i .The Syhncubati o Exanpl e

pr oductieHORT ne Bk ol o EEE et o et R A i M Qg i g
t he confcRiofseq0elicd Geyondiadiindicid\FsO) v@ﬁﬁﬁpw&ﬁm@@m&d 1hﬂafa6t1d3@§-a4's&a-ngt 0
produce pGST-NACL fusi.on _construct. ener at ed

di gest i HVIFGBTINEREPIotein: BuBYRE) tharﬁ*alett,%n ?ff%& btl%awe%f tm gf @M

rel egat gd L&t@&%u&ﬁlee%ﬂ e G dhred Factbdclls GPHAAE Lhlat, %ﬁailax gt 199
amino aci ds of NAC 1 protein. was obtal ned cutting
pGST- NAdimierswiasrabdlished (H1gwc 4g).1 Daln’ubrr @l tbgblt-tauhm@sa'avmn])w@ 18&4 haléisf

const rugt ed agy Not | a nt. fromthe o cl one
Chro peassgnoind ol ARR, S A brelR BB oo R doafee*EhS 49E mesgly

Tr ansf ofppstt shevddhelugowat thz MAMODInIn of NA.B mtaals&haaﬁndrhmbnl duduged to
express the fusjion praotein aéoémOC for 4 hours by the addition of IPTGto

. 4 M Blesk i% li/\léf}Pé’“Msfﬂ’e‘HmGh W%I‘FP“PB@C]&P(CI‘“FE%%%@H% tp formydimerf er ( GCB:
50 " TihSniAd Fteﬂﬁsaﬁ f3rm %QQOHME, d this WM &Ghfifned!09 -Fr l'ﬁlﬂ ioh, "en 10 ™
a- mer capt oet i g/ nL each eupeptin, pepstdtrn an aprotinin, and
1 nM Pl\ﬂé)ena@btessedm protejs of tlm/ﬁmrw%ammm acigs ot NAGI 3he pmu:ﬁnddmpndand t he

| ysat es. eared b trifugation (| S mnutes at, 12 The
ot on: BFBEEE RS BB SAS i M7 H ieeyhe Reb it bFs sy 0 denkihg

gl ut at hgene- Sephar ose beads (Pharmacia). The DNA bi nding reacti on contai ned
2x1 OS epm DNA probe, 5 iL of 4x reaction buffer ( 100 nM NaCl, 40 niM
HEPES, pH 7.5, 2 nmM EDTA, 20% gl ycerol, 140 nM a-nercaptocthanol), 0.5 ig
pol y dl Gt RhaRGh e Thskoibefé¥osthget P40 and different anount’ of
proteins in a total volume of 20 L. 10 iL of reaction were used on a 4-6%
1 /2 TBE natinvbe yesist twiy-hyboid masse yee fowRhthid Nﬁﬂégnenutoagmam thee nyst@B ® a 90

regi on sIbI y. a-.32PdCTP in a Kl eno abel i n i.on.

00f 472 3% Vi e BrisRaina deidhion an el TRREIERE s airseids Bty
inventi Qﬁthotltwﬁlﬁthb Chybﬁd uaﬂkaﬁpﬁ@pﬁctbh&i ldbllitﬁydhé@dt@mmeddmn of tiededcin an
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activity, Gal4 transcription should be reconstructed and switch on the promoter of HIS3.

With histidine synthesis, yeast can grow on medium without histidine. The Gal4 activation
domain was used as the positive control and it gave full activity as shown in Figure 5. As
mentioned above, the complete NAC1 protein gave only a low activation activity. The N-
terminal fusion containing the first 132 amino acids or the first 199 amino acids gave no
activity. Similarly, a fusion with a peptide fragment of amino acids 143-199 gave no activity.
In contrast, a fusion containing amino acids 133 to the carboxy terminus fully activated the
reporter gene giving a signal as strong as the positive control Gal 4 transcription factor. The

use of a fusion containing only amino acids 143-269 also gave full activity. This is a highly
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(89) .. (14380%d to check the activation domain. Two plasmids were constructed. The first one

carried the Gal4 DNA binding-MCS-Nos terminal cassette tagged with a CaMV 35S
promoter. The tested gene can be cloned into MCS in frame with Gal4 DNA binding domain.
The other plasmid contains the reporter gene construct 6XUAS-TATA-Luc which can
express luciferase if some proteins can bind to the 6xUAS element to activate the promoter.
Co-bombardment with the two plasmids together at different combinations demonstrated the
system is reproducible and applicable. We used the activation domain from virus VP16 as a
positive control and it gave a very high activity. In contrast, neither the second plasmid
(pTALuc) alone nor it plus the vector pGal gave significant luciferase activity. A similar
result was obtained as that from the yeast system. The full transactivation activity was
identified in the peptide of amino acids 143-269. The last 54 amino acids also gave the low
activity. The N-terminus of NAC1 gave no activity nor did the vector control itself. Both in
yeast and in plant systems, it has been demonstrated that NAC1 contains a transactivation

domain and the region corresponding to this activity is between amino acids 142-269.

Transgenic Arabidopsis Plants which Overexpress and Underexpress NAC1

In this study, a glucocorticoid-inducible transgenic system was used as previously
described (Aoyama and Chua, 1997). A glucocorticoid-regulated transcription factor is
encoded by a GVG whose transcription is controlled by the CaMV 35S promoter. The
transcription of transgene is controlled by the glucocorticoid-activated promoter (6XUAS,,},).
The 1287 basepair complete NAC1 encoding ¢cDNA (SEQ ID NO:1) was cloned into the
binary plant transformation vector pTA7002 in both directions and separately transformed
into Arabidopsis thaliana lansberg ecotype by a root transformation method. Overexpressing
and underexpressing transgenic lines were selected from hygromycin containing medium.
Six independent transgenic lines of overexpressing and 4 independent lines of

underexpressing were selected. All of the lines segregated for one T-DNA locus according to
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Seedlings of different ages were transferred from MS medium to both MS medium and MS

plus 10 iM Dexamethasone (Dex), then checked after one week of growth. Ten plants of each

homozygous line were weighed after cleaning the agar or soil off of the plants. One week old

seedlings transferred to Dex medium were 1.1 to 1.3 times heavier than uninduced plants, 15

day seedlings were 1.3 to 1.8 times heavier, and 25 day old seedlings were 1.4 to 2.6 times

heavier. The increased weight in the induced plants resulted from bigger leaves, thicker

stems and more roots, with the leaf size being the major contributor. Leaf epidermal cells

from different parts of plants were analyzed by scanning electron microscopy (SEM). SEM

showed that the cell size of old leaves was bigger than control cell size while there was no

clear difference in cell size of new growth leaves. Vertical growth roots of a representative

line are shown in Figure 6. More and longer lateral roots were produced in Dex induced

lines. Total RNA was prepared from 48 hour induced plants and mock controls and measured

via Northern blots probed with the C-terminal specific probe for nac!. The results indicated

that all four transgenic lines show that the transgene is expressed. The transgene mRNA size

is larger than the native mRNA size and is easily distinguished.

The two remaining overexpression lines as well as all four selected lines of antisense

transgenic plants showed some sharing of different combinations of phenotypes. One of the

two overexpression lines and one of the antisense lines showed cotyledon curved-up

phenotype in seedling stage. No clear phenotypes were detected in later vegetative

inflorescence development stage. Two antisense lines showed very typical phenotypes in

seedling stage as well as cuc2 mutant. In this case, single, heart-shaped and fused cotyledon

and more severe, rosetie seedlings were detected at a low percentage around 7-10% of

germination seedlings. Most of these seedlings, which cannot produce the shoot apical
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Transgenic Arabidopsis Plant Underexpression of C-terminal Specific NAC1 Gene

As members of the NAC gene family are highly conserved at the N-terminus, not only
at the amino acid level but also at the nucleotide sequence level, antisense nucleic acids to
this region will affect homologous genes as shown in petunia. Therefore, C-terminal specific
antisense constructs were prepared using vector pTA7002 and transformed into Arabidopsis
as described above. For this construct, we used the 0.6 kb BamHI-Nofl C-terminal fragment.
Northern blots developed only one band corresponding to the NAC1 gene in all tissues when
using this fragment as probe for the four of 6 homozygous lines we selected for analysis. All
showed similar phenotypes, mainly affected cotyledon and root development. No clear
phenotypes were detected during all other stages of plant growth. One representative line of
the C-specific antisense plants is described here. Cotyledons of wildtype or uninduced
seedlings showed a slight curved-down and smooth surface. In the first week of germination
no clear phenotype was detected in cotyledon development, but in 10 day old seedlings, 20 to
25% show severe cotyledon curved-up phenotype. A few also showed a curved-back
phenotype. The phenomenon can be easily detected under light microscopy or even seen
directly by eye. At the later stage, black dots can be seen on the surface of cotyledons. The
abaxical epidermal cells were checked by SEM and abnormal cell expansion was found over
all cotyledon surfaces, although different levels of severity were seen (Figure 7). Those cells
lost the normal puzzle-like structure and became disordered with different cell sizes and cell
shapes (Figures 7C, 7F and 7G). Cotyledons of those 75 to 80% seedlings which showed no

severe or clear curved-up phenotype under light microscopy also were checked by SEM.
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and it was found that the lateral roots can be initiated but cannot be elongated. Therefore the

seedlings look as if they contain fewer roots in comparison to uninduced seedling (Figure 8).
Similar results were obtained from liquid growth C-terminal antisense plants. One week old
seedlings were added to liquid MS or MS plus Dex medium and after 12 days growth

uninduced roots are larger than induced roots of seedlings.

The present invention is further detailed in the following Examples, which are offered
by way of illustration and are not intended to limit the invention in any manner. Standard

techniques well known in the art or the techniques specifically described below are utilized.

EXAMPLE 1
Plant Materials and Growth Conditions

Arabidopsis thaliana lansberg ecotype was used for the experiments. Seeds were
surface sterilized with 20% bleach plus 0.01% Triton X-100 and washed three times with
sterile water. After the final wash, 0.15% agarose was added to the seed and they were plated
on MS or MS plus Dexamethasone (Dex) at different concentrations with 3% sucrose. Plates
were incubated at 4°C for two days and transferred to a tissue culture room at 22°C under
long day (16 hour light/8 hour dark) conditions. After two to three weeks, seedlings were
potted in soil and grown in a growth chamber with a photoperiod of 16 hours light/8 hours
dark at 22°C and 75% humidity.

For Dex treatment, dexamethasone (Sigma) was dissolved in DMSO to make 100 mM
dexamethasone stock solution which was stored at -20°C. For in vitro growth plants, Dex

was added to the plates at 0.1, 1 and 10 iM. Dex was continually added to medium once a
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(Aoyama and Chua, 1997) was used as a vector. For overeéxpression and complete antisense
constructs, a 1287 basepair Sall-Notl fragment containing the complete NAC1 encoding
cDNA was blunt-ended and cloned into Xhol digested and calf intestinal alkaline phosphatase
treated pTA7002 vector. To prepare a C-terminal specific antisense construct, the 605
basepair BamHI-Notl fragment containing C-terminal specificregion of NAC! encoding
cDNA was blunt ended and cloned into pTA7002 vector as mentioned above, For transgenic
constructs containing GFP-NAC! fusion cassette, an Nael-Sall fragment generated by PCR
containing just NAC1 coding region was cloned into an intermediate GFP fusion vector
pGFP2(GA)SII digested by Nael and Sall to produce plasmid pGFPNAC1. Then the
GFPNACI fusion was cut out by Xbal plus Pacl and cloned into pTA7002 vector by using
the same procedures as above. Arabidopsis thaliana lansberg roots were used as the plant
material for transformation (Valvekens et al., 1988). T2 seeds were germinated on SM plates
containing 20 ig/mL hygromycin B to select resistant plants and transferred to soil to generate
and to obtain homozygous T3 seeds. Two independent lines of homozygous T4 plants with a

single insertion from each construct were used for detail analysis.

Example 3
Northern Analysis and Whole Mount /a Situ Analysis
Total RNA was isolated from different tissues by using the Qiagen RNA preparation
kit. Northern blot analysis was performed according to Nagy et al. (1988). For probes, a
PCR fragment covered amino acids 200 to 324 was labeled with 4P dCTP using a Redi-

primed labeling kit (Amersham International). Whole plants or flowers were fixed for whole-

f claim9 wherein
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pGBT8, a derivative of pGBTS (Clontech) which contains a more versatile polylinker.

Plasmid pGBNACI11-324 contains thc complete open reading frame for NACI1 fused to the
Gal4 DNA binding domain. Plasmid pGBNAC11-199 contains only the nucleic acid
encoding the first 199 amino acids on the same vector. Different truncated versions of NACI
were fused to the Gal4 activation domain vector pGAD424, Plasmid pGANACI11-324
contains the complete open reading frame for NAC1. Plasmid pGANAC11-199 contains
nucleic acid encoding the first 199 amino acids of NACI. Plasmid pGANAC11-142 contains
nucleic acid encoding the first 142 amino acids of NAC1 and plasmid pGANAC1143-324

contains nucleic acid encoding amino acids from 143 to the C-terminus of the peptide.
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10MM 10% & () - & S10%rgavclio A3 Ferhdiod Prafdih Snd DNA Binding
PCR product containing the complete coding region of NAC1 gene was cloned into
pGEX-4-2T to produce pGST-NACI fusion construct. GST-NACI1 1-199 was generated by
digesting pGST-NAC1 with BamHI and Sall and treated with Klenow and religated to

produce pGST-NAC]1 1-199 which contains only the first 199 amino acids of NAC1 protein.

GST-NAC1 1-132 was obtained by cutting pGST-NACI with XAol plus Sall and religated.

GST-NACI1 133-324 was constructed by cloning an Xhol-Notl fragment from the original
cDNA clone into pGEX-4-2T. Plasmids were transformed into E. coli BL21(DE3).

Transformants were grown to an ODgg, of 0.6 to 0.9 and then induced to express the fusion
protein at 30°C for 4 hours by the addition of IPTG to 0.4 mM. Cells were washed once with
PBS and resuspended in GST buffer (GCB: 50 mM Tris-HCI at pH 8.0, 200 mM NaCl, ] mM
EDTA, 1% Triton X-100, 10 mM &-mercaptoethanol, 5 ig/mL each of leupeptin, pepstatin
and aprotinin, and 1 mM PMSF). Cells were lysed by sonication on ice (5x30 seconds), and
the lysates were cleared by centrifugation (15 minutes at 12,000 rpm). The fusion protein
was recovered by affinity chromatography on glutathione-Sepharose beads (Pharmacia). The
DNA binding reaction contained 2x10° cpm DNA probe, 5 iL of 4x reaction buffer (100 mM
NaCl, 40 mM HEPES, pH 7.5, 2 mM EDTA, 20% glyccrol, 140 mM &-mercaptoethanol), 0.5
ig poly dIdC (Pharmacia), 1 iL. 1% Nonidet P40 and different amount of proteins in a total
volume of 20 iL. 10 iL of reaction were used on a 4-6% 1/2 TBE native gel. A 100 basepair
BamH] fragment containing 35S -90 region was labeled by 4-"*PdCTP in a Klenow labeling

reaction.
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<120> NAC1l - A PLANT GENE ENCODING A TRANSCRIPTION FACTOR
INVOLVED IN COTYLEDON AND LATERAL ROOT DEVELOPMENT

<130> 2248-115

<140> Not yet assigned
<l41> 1999-02-11

<160> 2

<170> PatentIn Ver. 2.0
<210> 1

<211> 1287

<212> DNA
<213> Arabidopsis thaliana

<220>

<221> CDS

<222> (89)..(1060)
<400> 1

gtcgaccacg cctccgtcectt tatctctett ttectcttaa ccatccacta atcaaacact 60

aaaacctaga aaaaaaaagg atcaaate atg gag acg gaa gaa gag atg aag 112
Met Glu Thr Glu Glu Glu Met Lys
1 5

gaa agt agt ata agc atg gtg gag gea aag ttg cct ccg gga tte aga 160
Glu Ser Ser Ile Ser Met Val Glu Ala Lys Leu Pro Pro Gly Phe Arg
10 15 20

ttt cac ccg aag gac gat gag ctt gte tgc gat tac ttg atg aga cga 208
Phe His Pro Lys Asp Asp Glu Leu Val Cys Asp Tyr Leu Met Arg Arg
25 30 35 40

tcg ctt cac aat aat cat cga cca cct ctt gtec ctg atc caa gtc gat 256
Ser Leu His Asn Asn His Arg Pro Pro Leu Val Leu Ile Gln Val Asp
45 50 55

ctc aac aag tgt gag cct tgg gac atc cca aaa atg gca tgc gtg gga 304
Leu Asn Lys Cys Glu Pro Trp Asp Ile Pro Lys Met Ala Cys Val Gly
60 €5 70

ggg aag gat tgg tat ttc tac agec caa aga gac cga aaa tac gcg acg 352
Gly Lys Asp Trp Tyr Phe Tyr Ser Gln Arg Asp Arg Lys Tyr Ala Thr
75 BO 85
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1001pp3wAnEWEWQNTWOC 10109& ()-Y Z109& ()- 105 105

1059! 10% &wv0)0e4BADYD & () - 9910% & () - Twws{ | | | ?z[ 9bC PCT/SG99/00011
10/ L' 1109 () -9%10%& ()-g! 9%10%& ()-g!s!109& () -
y! 109&' () -y! 109%&' () - ?=>?2@Q.O uV7 19

10t 1 10% & ()- @1 gl0% & ()-F10% & ()-1 FGL0% & ()- 10 10

10! L' !1Qg%&t%)agkgﬁﬂguﬁﬁp cga gca acg gcc acc gga tat tgg aaa gcc acc 400

10t | @ TONEY Sy BE1HUR Y )‘*l%féafd% Br(§i% EToRbRs (y2sTo% & () - SLON & ()- "k
| mxmbC 103Y109& ()- 10\ 18% 10\ 6L!10% & {§-L3 110% & ()-2S210% & ()-1 0
10% & Q}é /\aigté(;cl:%!a! W@@\&ICQQ 'algla!a]agcy&t( ;égl' §§a gtt ggg atg agg 448

Gly Lys Asp Arg Thr Ile Leu Arg Lys Gly Lys Leu Val Gly Met Arg
105 110 118 120

aag aca ttg gtt ttc tat caa ggt cga gct cct cga ggc cgt aaa acc 496
Lys Thr Leu Val Phe Tyr Gln Gly Arg Ala Pro Arg Gly Arg Lys Thr
125 130 135

gat tgg gtc atg cac gaa ttec cgt ctc caa gga tet cat cat cct ccce 544
Asp Trp Val Met His Glu Phe Arg Leu Gln Gly Ser His His Pro Pro
140 145 150

aat cat tct ctg agce tet cca aag gaa gac tgg gtc ttg tgt agg gta 592
Asn His Ser Leu Ser Ser Pro Lys Glu Asp Trp Val Leu Cys Arg Val
155 160 165

ttc cat aag aat acg gaa gga gtt ata tgt aga gac aac atg gga agc 640
Phe His Lys Asn Thr Glu Gly Val Ile Cys Arg Asp Asn Met Gly Ser
170 175 180

tgt ttt gat gag aca gee tct geca teg ctt cet cca ctg atg gat cct 688
Cys Phe Asp Glu Thr Ala Ser Ala Ser Leu Pro Pro Leu Met Asp Pro
185 190 195 200

tac atc aac ttt gac caa gaa ccc tct tet tat cte agt gat gat cat 736
Tyr Ile Asn Phe Asp Gln Glu Pro Ser Ser Tyr Leu Ser Asp Asp His
205 210 215

cac tac atc atc aat gag cac gta ccc tgc tte tce aat ttg tca cag 784
His Tyr Ile Ile Asn Glu His Val Pro Cys Phe Ser Asn Leu Ser Gln
220 225 230

aac caa acc tta aac tcg aac cta acc aac tca gte tect gaa ctce aag 832
Asn Gln Thr Leu Asn Ser Asn Leu Thr Asn Sexr Val Ser Glu Leu Lys
235 240 245

att cca tgc aag aac cct aac ccc ttg ttt act ggt ggt tca gcc tca 880
Ile Pro Cys Lys Asn Pro Asn Pro Leu Phe Thr Gly Gly Ser Ala Ser
250 255 260

geec acg c¢tc aca gge ctce gac tea tte tgt tect teca gat cag atg gtt 228
Ala Thr Leu Thr Gly Leu Asp Ser Phe Cys Ser Ser Asp Gln Met Val
265 270 275 280

ctc aga gct cta cte agt cag ctc act aag att gat gga age ctc ggg 976
Leu Arg Ala Leu Leu Ser Gln Leu Thr Lys Ile Asp Gly Ser Leu Gly
285 290 295

cct aaa gaa tca cag agt tat gga gaa ggt age teg gag age ctc ctg 1024
Pro Lys Glu Ser Gln Ser Tyr Gly Glu Gly Ser Ser Glu Ser Leu Leu
300 305 310



! () - ' ()-bC
% ()-!SS 100& ()-f!10% ()-F10%& ()-|

ig!/qs&l(()z% & ()-S10% & ()-10% & ()- YF10% & () -
ety PRt LI L P OR ST

' ()-z! Ff 109& () - 10%&' () - g ()- . | 1696 d
1o fS! Ilggf;&'(%)-zf51ow&' (Qsm%&' ()-, 10% (}-S 10%: ()-S E)}/gyf‘)ELT}ngEg o
igi 1 1098 ()-y! 10% & ()-y! 10%& ()-y! 109%& ()- L0v& Obgl/é' & () e
10 10" 4100 o4 e coa 3¢ ot Jove “gona th Camressi () YFLOSHR () -
10! ! 010%H8, Algp -T1e %&'11(3 prj-@.f%‘?h Na1 E%z% ggs ,

048" - I

?goaﬁy\l ?) ! %:%142‘/.&(&)5 Q 10%4&' () - 105448 () - ! &310%&H&HE’ () - UpPdBYNC

g AgRaqtradifatt getatattee tatccatgat tggaacaatt 0
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daataacgtg tgcttgtetg attgtacaaa catttectca ctcttgtacc cacggtagat 1190

10 10 10s'!10%&' ()-m *CQdEbC

10

tcatgtaaaa taccacttat gacgctagac atacatatat ttcatcgtag ttccatttgt 1250

ttcaaaaaaa aaaaaaaaaa aaaaaaaggg cggcegce 1287

<210> 2

<211> 324

<212> PRT

<213> Axabidopsis thaliana

<400> 2
Met Glu Thr Glu Glu Glu Met Lys Glu Ser Ser Ile Ser Met Val Glu
1 5 10 1is

Ala Lys Leu Pro Pro Gly Phe Arg Phe His Pro Lys Asp Asp Glu Leu
20 25 30

Val Cys Asp Tyr Leu Met Arg Arg Ser Leu His Asn Agn His Arg pro
35 40 45

Pro Leu Val Leu Ile Gln Val Asp Leu Asn Lys Cys Glu pro Trp Asp
50 55 60

Ile Pro Lys Met Ala Cys val @ly Gly Lys AsSp Trp Tyr Phe Tyr Ser
65 70 75 80

Gln Arg Asp Arg Lys Tyr Ala Thr Gly Leu Arg Thr Asn Arg Ala Thr
85 90 95

Ala Thr Gly Tyr Trp Lys Ala Thr Gly Lys Asp Arg Thr Ile Leu Arg
100 105 110

Lys Gly Lys Leu Val Gly Met Arg Lys Thr Leu Val Phe Tyr Gln Gly
115 120 125

Arg Ala Pro Arg Gly Arg Lys Thr Asp Trp Val Met His Glu Phe Arg
130 135 140

Leu Gln Gly Ser His His Pro Pro Asn His Ser Leu Ser Ser Pro Lys
145 150 155 le0

Glu Asp Trp Val Leu Cys Arg Val Phe His Lys Asn Thr Glu Gly Vval
165 170 175

Ile Cys Arg Asp Asn Met Gly Ser Cys Phe Asp Glu Thr aAla Ser Ala
180 185 180
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%R ()-SJ%[9uVv7
010%& () ng éLL Ser Val Ser @lu Leu Lys Ile pro Cys Lys Asn pro Asn

Leu Phe Thr Gly Gly ser Ala Ser ala Thr Leu Thr Gly Leu Asp Ser

Phe Cys Ser Ser Asp Gln Met Val Leu Arg Ala Leu Ley Ser Gln

Leu
275 280 285

Thr Lys Ile Asp Gly Ser Ley Gly Pro Lys Glu Ser @in Ser Tyr Gly
290 295 300

Glu Gly Ser Ser Glu Ser Leu Leu Thr Asp Ile Gly Ile Pro Ser Thr
305 310 315 320

Val Trp Asn Cys
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7. A method of growing a plant compnsmg transforming said plant with the nucleic acid
of claim 4 and growing said plant wherein said plant will grow larger than a wild-type
plant.
8. The method of claim 7 wherein said nucleic acid is controlled by a glucocorticoid
activated promoter.
9. The method of claim 8 wherein said plant is treated with a glucocorticoid.
10.  The method of claim 9 wherein said glucocorticoid is dexamethasone.
11. A method of growing a genetically altered plant larger than a wild-type version of said
plant comprising overexpressing NACI in said aitered plant.
12. The method of claim 11 wherein said plant produces larger leaves than said wild-type
version.
13.  The method of claim 11 wherein said plant produces larger roots than said wild-type
version.
14, The method of claim 11 wherein said plant produces more lateral roots than said wild-
type version.
15. A method of growing a genetically altered plant larger than a wild-type version of said
plant comprising overexpressing a protein of claim 3 in said altered plant.

16.  The method of claim 15 wherein said plant produces larger leaves than said wild-type

version.

17. The method of claim 15 wherein said plant produces larger roots than said wild-type
version.

18.  The method of claim 15 wherein said plant produces more lateral roots than said wild-

type version.

19. A transgenic plant made by inserting a nucleic acid of claim 4 into a wild-type plant.



