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al . 1997P)rev10us genetlc studxes in petuma (Souer et al,, 1996) and Arab1d0p315 (Aida et al., 1997)

havc suggested that some members of the NAC farmly play a role in pattermng of the shoot
and floral meristem.

Petunia embryos catrying the no apical meristem (nam) mutation fail to develop a
shoot apical meristem. Occasional shoots on ﬁam' seedlings bear flowers that develop ten
instead of five primordia in the second whorl. Double mutants with the homeotic gene green
petals show that nam acts independently of organ identity. in whorl 2 and also affects
primordium number in whorl 3. Strikingly, nam mRNA..accumulates in cells at the
boundaries of meristems and primordia. It has been sh.own that nam plays a role in
determining positions of meristems and primordia (Souer et al., 1996).

Mutations in CUC] and CUC2 (for CUP-SHAPED COTYLEDON), which are genes
of Arabidopsis, cause defects in the separation of cotyledons (embryonic organs), sepals, and
stamens (floral organs) as well as in the formation of shoot apical meristems. These defects
are most apparent in the double mutant. Phenotypes of the mutants suggest a common
mechanism for separating adjacent organs witPin the same whorl in both embryos and
flowers. The CUC2 gene was cloned and found to encode a profe;in hdmologous to the
petunia NAM protein (Aida et al., 1997).

The publications and other materials used herein to illuminate the background of the
invention or provide additional details respecting the practice, are incorporated by reference,

and for convenience are respectively grouped in the appended List of References.

SUMMARY OF THE INVENTION
A new Arabidopsis NAC family member, NACI, 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 inventian is a transgenic plant comprising 2 gene which encodes
NACI or a functionelly equivalent protein (meaning a protein which binds to the same DNA
binding site as does NACI and which is at least 70% identlcal with, prefersbly 80% identical
with, more preferably 90% identics] with, and most preferably at least 95% identical with
NACI1) which causes the transgenic plant to grow larger than a nonfransgenic plant. The
plant may be larger because it is heavier, because it has bigger leaves, because it has thicker
stems, because it hus more roots, and/or because it has larger roots.

A second aspect of the invention is = gene encoding NACI 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
2 plant is made transgenic for a gene encoding NAC! or said functionally equivalent protein

said tranagenic plant will grow Jarger than a plant which is not transgenic.

AMENDED 1
vl
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Figure 3. GST-NACI fusion protein binding to CaMV 35S promoter -90 region. (A)
Affinity of GST-NACI fusion protein binding to 35S promoter -90 regions. Amount of

——

proteins is as follows: Lane 1, 500 ng GST protein. Lanes 2 to 9 are NAC1 fusion proteins.
Lanes 2 and 6, 10 ng; lanes 3 and 7, 100 ng; lanes 4 and 8, 250 ng; lanes 5 and 9, 500 ng, As
the cold competitor, unlabeled same fragment of DNA was used. (B) Map of different
deletions of NACT fusion to GST. (C) Different deletions of NAC1 fusion protein binding to
-90 region of CaMV 35S promoter. 20 ng of each recombined protein was used.

Figure 4. Specific interaction between NACI and NACI in the yeast two-hybrid system
assay. Yeast HF7c cells were co-transformed with plasmids expressing the GAL4®® alone or
GAL4"P-NACI fusion and the plasmids expressing the GAL4* alone or fused to NACI.

(A) Cells were streaked on plates with or without histidine plus 10 mM 3-AT (Sigma)
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) Figure 8. Wild-type or transgenic plant seeds with antisense NAC1 were germinated on MS
or MS plus Dex medium. (A) Wild-type in the absence of Dex; (B) wild-type induced with

Dex; (C) transgenic in the absence of Dex; and (D) transgenic induced with Dex.

DETAILED DESCRIPTION OF THE INVENTION

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



absence of Dex. (B) WIld-type plants grown in the presence of Df§< U%
Transgenic plants grown in the absence of Dex. (D) Transgenic™ aA m

in the presence of Dex. Figure 7. Cotyl edon devel opnental changes in
C-termnal specific antisense plants. SEM shows abaxial surface of
cotyledon. A and D (detail) are wild-type, B and E (detail) are no severe
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isolated by their ability to activate the 35S cauliflower mosaic virus (CaMV) promoter in

yeast (H. Hirt, GenBank Accession Numbers X74755 and X74756). SENU3 ¢cDNA, isolated
in studies of leaf senescence in tomato (GenBank Accession Number Z75524; John et al.,

1997), and the NAM protein (Souer et al., 1996), the product of the petunia rnam gene, are
required for proper development of shoot apical meristems and have been proposed to
determine meristem location. CUC2 (Aida et al., 1997) is a member of the NAM family and
is an Arabidopsis homologue of NAM. The Arabidopsis NAP protein is also a member of the
family (Sablowski and Meyerowitz, 1998). Finally, GRAB1 (GenBank ‘Accession Number
AJ010829) and GRAB2 (GenBank Accession Number AJ010830) are two more recently
reported members of the NAC family. These are from wheat and can inferact with wheat
dwarf virus (WDV) RepA protein. The trans-overexpression of GRAB1 aﬁd GRAB2 genes
under the control of 358 promoter can inhibit the WDV replication in wheat cell culture.

The work reported here details the NAC domain in five blocks based on the
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probe. Begaus® FRERSLE Oy conserved at the N-termini even at the DNA level, a C-terminal
probe was used. 10 ig of total RNA from each tissue was used for hybridization. A relatively

) high level of expression of nacl RNA was detected in the roots (Figure 1). A lower
expression was seen in two week old seedlings which contain all vegetative tissue. Very low
expression was detected in material obtained from stems and leaves. No expression was
detected in the mixed stages of siliques and mixed mature flower and inflorescence, even
after a long exposure.

Whole-mount in situ studies of 7 day and 12 day plants were performed using both
sense and antisense probes to C-terminal encoding region of the gene. nacl expression was
seen in actively dividing roots and shoot apical meristems (Figure 2). Expression was
especially high in the root tip dividing region (Figures 2A and 2B) and lateral root formation
region (Figure 2C). A lower expression was detected in cotyledon and young leaf. These

results all correspond to the Northern results. No clear specific hybridization was detected in
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7 day and 2, day plants were performed using both sense and antisense
probes to C'term nal encoding region of the gene. nacl expression was seen
in actively dividing roots and shoot apical neristens (Figure 2).
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CaW 35S pronpot contai ns several known DNA bi nding el enents. A nunber of
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vector p - 4-2T and transforned _nto -K coll. The reconbinant GST fusion
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Di fferent%a[rj%ugéﬁ of purified GSTNACI protein were tested. Binding was
det ect ed Hi nromppies exsn Fhergo Yk ng raft irHiednproidin rvasnnsgd Asem Figiref3A).

exposur e Bl i dohduihd & Q}Hf?ed%%mhblrﬁg{em were tested. Binding was detected with as
little as 10 ng of protein and with only 4 hours of exposure of the film (Figure 3A). It must

be noted that the purified GST protein contained only about 10% of intact GST fusion form.

Most of the protein degraded during the bacterial growth and purification. This is because
after IPTG is added to induce the protein expression, the bacteria can not grow well and the
protein begins to degrade before the purification. The addition of excess cold 358 promoter
competitor DNA abolished the formation of DNA-protein complex in a concentration-
dependent manner (Figure 3A). These results demonstrate that NAC1 protein binds
specifically to the -90 region of the 358 promoter.

Binding of NACI to an AS-1 element and a mutant form of the element, -83 to -63 of
the 358 promoter, was also tested. Plant zip transcription factors have been identified as
binding to this region. The binding affinity was reduced and no clear difference was found

between the original AS-1 element and the mutated form. This result indicates that NACI



be noted that the purified GST protein contained only about 10% of intact

*GST fusion form Mst of the protein degraded during the bactgr] h
and purification. This is because after IPTGis added to inHLEsAﬂ&%m

protein expression, the bacteria can not grow well and the protein begins
to degrade before the purification. The addition of excess cold 35S

pr onot er aRal. t@q?ﬁ rggél n
B Concont Patanrtiyat DERELRRRle SRyl D21 QERb ARl Tac I o] (UG REP b ol

t hat NACL tigg ABel ¢ledemdse irspeatint fccabd:cyﬁct binttig of NACEQi on of the 35S

pronoter. Binding of NACI to an AS-1 elenent and a nutant formof the -
el enent, -83 tdo kst e DNﬁeb@é@gpqim@ipecrf N{&d. diffesent ddelatign ﬁrramofzaagl were

Lfﬁﬁfﬁg' D FlRRa R BERET BREIEER g B kiR Bertins PERCLAhcl % bl e THEMMRdite e
ori gi nal ABily el 81D régish bhﬂle 18hofeR! M0 nphéfeatle wtémlmlﬁea%ﬂhbaﬁsaw

- 8 AU G 2003 8 had a different bi nding site tﬁan bZlI P transcri ptional
factors aﬁdtetrhﬂlltselmjdtmsmaFlguchC.t Ade ASntated é@mnGSéTNe\thmtmad tlieoﬁrst 199

f bi ndi t t DNA bi f
oPF T o ont A pelgs th ivact AT dofiair L BisoRgiReh S DR RPRRe cJaé%P%d
the fusi on Y0t £ RS NES GersR@ &h@ﬂlﬁ% Blévst'he tha ONACPLIEkOSE m@@&kpﬁd@:ﬁ]

-90 regionh of the 355 pronoter eac protelin was ‘use
assay. Thertrefsbiotls T&T &ss hioavDNA lﬁn@ugeabﬂﬁy THanilarlyn dht edrnfptnm\armibhm thxs

i it ai nedelsinp o, BB g&%ﬁ%@@ﬁﬁ@% biosk Sy T At oSk erters st on
bf g}gﬂt ?I\/n:bﬂﬂt &nﬁ% % %"lo,b fnrgo‘glaegie?%esgl I'm I arl’ }‘*Q%’E‘#%cw?‘ a’{ﬁgt |Ogl?1é%f19f

this del ddcated ihaherNAG domeaiit andf thitislogit DY &4 hnmfahafdmmgApﬁﬁdmgfanblbmik Vs
and intact block V does not bind to the DNA probe. Together these, results
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block 1V is inmportant for DNA binding and block Vis not enough for DNA
bi ndi ng NAM Honodi ners and the Dinmerization Domain Transcription factors
usual |y fsracdigeiodinde and HR\Dibiardatich Db ainlo det erm ne  whet her NACI forns
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domain and cotransformed into reporter yeast. A clear interaction was observed when NAC1

was expfessed by both vectors. Yeast were able to grow in three days even when 10 mM 3-
AT was applied to block the nonspecific interactions (Figure 4A). It must be mentioned that
when NACI is expressed only in the DNA binding vector it can at a low level autoactivate
the system so that the yeast can grow very slowly (Figure 4A).

To identify the region of NAC1 required for dimerization, we constructed a series of
deletions and analyzed their ability to form complexes in yeast. First a deletion of the C-
terminus was made from amino acid 200 through the end of the protein. This left a protein of
the first 199 amino acids. This 199 amino acid protein fragment contains the intact NAC
domain and it was able to form dimers with intact NAC1. This 199 amino acid version gave
no background signal like the wild-type full length version of NAC1. Therefore the 199

amino acid version was used as the fixed partner to test other deletions. A variety of different
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tw ce thgesize in a native gel as in a denaturing gel. Transactivation and
the Transactivation Domain In the yeast two-hybrid assay we found that NAC
can auto-activate the systemto a |low level but the Cterm nal deletion

can not. _Therefore we seipl a npdi,fied one-hybrid method with the hybrid
transcriMﬂM—é@%’M&@ﬁvation domain of the NAC 1 gene.
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plasmid in a fusion to the Gal4 DNA binding domain and the resulting plasmids were

transformed into yeast containing UAS,;-CYC1-HIS3 reporter gene. Selection was
performed on histidine minus plates. If the part of the fuéion protein contained activation
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 contro! 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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(6XUASgal4d). The 1287 basepair conplete NACI encoding cDNA (SEQ I D NO 1)
was cloned into the

Transgenic Arabidopsis Plants which Overexpress and Underexpress NAC1

In this study, a glucocorticoid-inducible transgenic system was used as previously

L
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 .glucocorticoidwactivated promoter (6XUAS,,4).
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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via Northern blots probed with the C-terminal specific probe for nacl. 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 cotyle;lon 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, rosette seedlings were detected at a low percentage around 7-10% of

germination scedlings. Most of these seedlings, which cannot produce the shoot apical



I nfl orescence devel opnent stage. Two anti sense |ines showed very typical

phenotypes in seedling stage as well as cuc2 nutant. In this aas Gsmﬂae
heart - shaped and fused cotyl edon and nore severe, rosette S€E€ i@d

detected at a | ow percentage around 7-10%8of germ nation seedlings. Most
of these seedlings, which cannot produce the shoot apical - 8 AU G 2003 12
meri st em netrietdm, dieglrlatefne of the anti sense |lines and one overexpression
line did not appear_ any different from uninduced plants during all

seedl i ng and v%@toitth%éﬂ@?eﬁw Hnest angleene Garesgressive lsteadid mt appeut laoy eliffesne

devel opne . re,af f.ected articul arl etal s and stanens.
e phengpyoutlBed HATT IR 1S irk BRe Beiueruriuy sbis he X the stege of
i nf | or esciifiotascditeRvEILAVNEIS fIBAY Brganh , L.t hase
with the nore Sgever evphenot ypes tfige f ?Jg\%\(;'eiﬂ%ccgéijiﬁBﬁg?ﬁlgggﬁﬁa%@ayﬁ%oﬁ@eof
t hem can Plswatypes weretund iothe Stshsevesl dwebeofthe infldtbsrsacd, | Divie FlowREEhave

male., and female-sterile.. This kind_of . phenotype overl aps the

over expr € méﬂ'f and, Stamens: ard 4p thasp avith Kamarg §pYspe phenséres thenBowearoglheot
Trans geny i i i C.termnal.Speci fic NACL
Gene: Ao nalceh B, PO GF (R Sin LRRER 1 R s Sl B e e fpyets vere
N-t er mi nusaleretd fembafe-siatilet h@hisnkind @tplbnbipel overbpatieOoRrelif@sioH CdeAldims:
sequenceuéte a}? antisense nucleic acids to this region will affect )
horol ogo ﬂé B81S PAG ily mempbest oihedNARgeR®f ore, C-terninal specific
antisense constructs were prepared using vector pTA7002 and transforned
into Arabidopsis as described above. For this construct, we used the

0{ 6} kb Belrthsehioic Afabidepsts PRInt {Jh ssiorNo ¢ A hiindd ISpb S fill Rat p@ggk only one
band corresponding to the NACL gene 1 n all tissues en using S
fragment as prabaembersiifshd NAC grnedamiyramiyghly conserredvat tieaNdamsidus aot only
anal ysi s.; owed,sim | ar. phepot s,..,mainly affected cotyl edon and

. r oot de\%iﬁ%épan%%} @ l%vﬁgg?taalﬁ(ﬁéﬁﬁ%eﬁ% _O\tlig‘?‘ &5 ‘éec[eé’& AUHSCR %‘i‘qh‘_’l@)taﬁ’élﬁ to
st ages ofthiph&fibn 0 WiBet Hoad1d "s%@ﬁé&taﬁtshé!ﬁnliﬂg@tuﬁ& ThlRfre SPEGih G 38%%130

antisense plants is described here. Cotyledons of w ldtype or unin

seed| i ng@NEFRRGR orStRICIsGHere puepacwl ehing vente STAIN2 audr tasformed-itth Adbidepsive ek

of germ LOn, _Ro. cle enot ype, was detected.i | edon devel opnent,

but in 18‘%8%”3’% Aavsy o Copstiust, Wenused 50 E ko ofl Gttswminal Gragment.
henot y peNoAhdra W@ = T non, can

p ypeNo bﬂ@veﬁﬁéﬂ%ﬁo%aﬁﬁ@oﬁﬁ{#&gr gQQ%e)’IQﬁCI é& eﬂpﬁpgg%es \é\f{}%n At

be easily detected under |ight mcrosco ven seen I'Tect y
the | at evsisgslis fragimeokadippbe farthdfous e£6 homotpgowslintave selbcted ol dBESE. Alhe

abaxi cal i dermal cells were checked by SEM and abnormal cell expansion
was founﬁE(gV\"ﬁéf’S qr @W?W@%rfng‘&ﬁf é%%%t?gépmha‘m fqasrdevelopment. s Nt clear
severity ' : I narmal _puzzl].e-l.i ke
St ot uy ERGLRYIRS Wert BLRUES glting ML Sk oL NN b TORLRepeBeiye ine St

the C-specific antisense plants is described here. Cotyledons of wildtype or uninduced

H
i

seedlings showed a slight curved-down and smooth surface. In-the first week of germination
no clear phenotype was detected in cotyledon development, but i.n 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 eind 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.



shapes (Figures 7C, 7F and 7G. Cotyl edons of those 75 to 80% seedl i ngs
whi ch showed no severe or clear curved-up phenotype under Ii,gatégljgrfgggpy
al so were checked by SEM 8 AUG 2003 13 SEMresults indicated¥t u e
cells of those cotyl edons were al so abnorygal . Cells | ooked swollen and
nore expanded. The root phenotypes were easily detected on vertical growh

seed| i ngs. SBdedsultsendicatge tird snafaedlcedls oFBioRE cldabHS woRXal SRS, I'.A‘fé&gfs 1054
week germ natI seedlings were transferred to the sane fresﬁ medi um and

j on,

cont i nuousi®P GP&RHW‘E?GWd%ek and then checked. A few roots were

produced in se | ' ntained C-termnal anti sense expression.

Three |ines hagﬁksdng}(rat% P }gér}{c’?@\ﬁé%r%lﬁ%ﬁlgl &%ﬁ%ﬁ@%ﬁﬁ‘t@ ‘lerr&é Seapge Raersnwere

lateral rgeahihatcinessSeetls pEs MO gRdRad : gral. neot s vere

checked by microscope and i? was found thgi%%tﬁgglv‘é{eggﬁnlrn%gg{sl’ 45’59110 were

i ni tiat ed tsasferad ot theesagieo figstt exkdifheanef comtinubasly s@eohi figSoA NeeRSard! tHehey

contain f%\(\l/er ro\(l)\és in cg arison, to_ uninduced seedling (Figure 8).

Similar r&8EREd e BYOEIs fete prosieed guserdinganirhich containgd| C-4erminal rngisense

pl ants. OgepM8fkn OHGreesS I 0. | 1.qui .or u X

medi um and after 12 d%y@%rﬂggwgﬁoﬁﬁﬁﬁ%gg%rélorg? issq%{rdgorf’\%%ee?f\r/?s%ghaﬁ% HBDEE@EPJ

roots of gewsl ilhgse scBdbngs whishthadrshentdr dewerslafeult06ts Wakahkadd By MiGoscope
offered by way of illustration and are not

f ol | ow les, i
| nt encieq e85 P timd ol e i bR bstcamusti clongaive, (ilec el he

known in : : I i.fically descrihbed pel Qw are

il zeq. EOURE I8k b CARAR R RRE it b Rpmt et iRt diesdinb e we ©)

t hal i ana Binddeegilsoodry pbtaves et dghiRy o j rfigce
Sot T oet witn 200 bl oo, Mg dali g CHeRrhERRlRens it "BhE nlidde
with stef§dingamere addadeto Bﬁ@ldfMSapr WAS tplup Dex58tedigar ond afies 1addiad growilhe

seed and I I NS, or . M5, pl us xanet hasone (Dex) at
di ff erent %ﬁ%aééﬁtrrggt?iag%@%rﬁh%nég)gusqﬁgfoc%g?fjﬁgfe‘gﬁ’eg& were incubated at 4C for
two days and transferred to a tissue culture roomat 22C under |ong day

(16 hour light/8 hour dark) conditions. After two to three weeks, seedlings
were potted i hhepraserdriavegtionds fusther dptailedtin deafollewing Exaraplps)otidie sieasdtepéd 16

hou [ k at 22C d.75% idity. For Dex t t t,
dexanet hado iy ARty o e Bt BFn0fT ER BN theriikentibncnrmmy roesmsie indend
st ock sol tethfuestivedikyvden Siths 84 oﬁhe'tg@lgiqu:é%péﬁg(c\élv%gﬁgscgi'i)g%&ow £0 tgﬁgée . ;(0

was added to the plates at 0.1, 1 and 10 s continually
nedi um once a - 8 AUG 2003

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



14 week. Photocon and plantcon were used. Dex was first dissolved in

sterile water at 1/25th volume of nedium and then was added .Lg gﬁﬁsznb?ce
of the medium For treatnment of soil growth plants, Dex was add (0]
sterile water containing 0.01%Triton X-10p at 30 IMthen sprayed to cover
all surfaces of the plant, once every two days. For nock controls, sterile
wat er cont aieslk.NBh8t8dYald blagRoXwid ed gn.the same number of
plants. Exanple 2 . Tr ansPorngtionQE%\%Et]?g%%‘sglﬁg dﬁsgﬁf’ T siesiovaicaet diRFHe

bi nary t r anelimeraftiediumpndsthérd wad ATOA2to GRA k@iee e 1k, | .
t wo- conponent ng Pcoﬂcgt I coi d-induci bl eosyst em (Aéyﬂﬁlggfg'% gﬁxﬁ%?a%gwf ?/9&%
used as a YECFRPANEL D Eseiddrd i penleanatcrompiining G010 TeinseX- OMNEIOURE $herd

1287 basepgy Ty I t ntaining the conp] ete NAC1L encodi ng cDNA
was bl unt ps’éjiﬁ%ree?qgncg%'gﬁd%@]g%q{%? 8@%0?1%8{366@% EYFIYAEO Cays Fat Bwck wantralsk steitee
phosphat aswatet cendinihgTRPO T2itMERL V0. wakss Pc{y%@%ﬁ%easa&etnmcggt%%ﬁtgpi fic

i ni ng

anti sense construct, the 605 basepair BafH Notl Tragren
C-term nal specificregion of NACL encoding cDNA was blunt ended and cl oned

into pTA7002 vector as nentioned abov%é For transgenic constructs
contai ning GFP-NAC | fusion cassette, -Sal |l fragnent generated by

PCR cont ai ni nQI'akiTbr 1 CRS-9s ' S lL.pned.into an internediate

GFP fusion_vector s (,Qﬂ ] ad Lt l %%r%ﬁﬁé@matlon

pl asmi d thqSNﬂ@IP.TIWE)Qﬁ cohtiniGFANAGIMBlORI 10V0-VRSp Bt glu&oclamaéﬁtﬁhdﬂug%e g}%?ém
ove.

and cl oned,i TAZQ02 vector by using the sane procedures as a
A[[/ abi dopsiq‘g‘b?zi{%i1 E%‘ﬁég}l%m]sg%g} Y2 Berdsasieyestass dr axerekmregsicandnd comsete ahtifaise
t {apsf or mabhsucisVal v : . ' seeds were germnated on SM
pl a?es cont ai ni nlg)1 Z%P%E%g%agﬁ%t?%?@eyg@%ﬁn&% E?Igﬂiaepmk eapefling

t r ansf er r 8@NAowes blunt-endpdramd alaned ditd YOI Aipeatbd alPEmZN -
i ndependeﬁ_t 'I(% m@f honozygous T4 pl ant S@\EI:\A: th a si ngﬁgﬁ?ﬁg{éﬁﬁggﬁo@ﬁéﬁse
each consPFife 0gs¥ftaror Tgepgpare ot 41-tesminal Erenifit @nBsdyes tchastrucANdleY 665

d Wol ' l,S.. Tat.al i sol d.f di ff t
1 Ssues by clilk AR RS coHiBing: s itenl, Spexlicrseiom o) NACn ahgpeling
was per f oelDd. wachiodi élgleﬂ@n&\la@)‘le@int@bTA@@)@ﬁ%ct%lF é%rrg%ﬁggﬁﬁb&e. I%gﬁgf La glecnt
a_ -

covered am n%l'aci ds 200 to 324 was | abeled w't usin

ori med | R0 TgS igplfxta%ﬁ§ﬁ%mt@sinatﬁmﬁt,)an Nt Sallplragih ént Genéla@aesys pogy €

L%, A e e R, M) A o e

di goxi gemGFRIBA)Bllelipbstee hyBhaehand o MABEIE pIRRLIPHAPNIRS. 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

E——

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 n 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 4-°2P dCTP using a Redi-

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



hybri di zati on was detected with anti - di goxi genin Fab fragment conjugated to

al kal i ne phosphatase. As control probes, sense transcripts vve.rvg awazmjb
fromthe same clone using T3 transcriptase. Exanple 4 Yeast Two- [

Anal ysis Two-hybrid analysis (Bartel et akg, 1993; Fields 'and Song, 1989;
Chevray and Nathans, 1992; Lee et al., 1995) was applied to dinerization

anal ysi s. tanysasty Bivrlidatibhy C Anfidhia i b $a3na0q adeg- 101 | -3
trpl-901 | eu2-3, 112 la}tam- 542 gal 80- gslsmxl%ég?%egﬁ%@%g—s@gcﬂﬁﬁﬂ%@éAgﬁ
UR, 43:: GAPaY Iehsled with- dixaxigaidT AJTR(Bosliringler BiceHesiiets NhhHewR, GRRRIAYS The
genes Lac abnd.HI S3 was ysed.. Yeast cotransformation with plasmds

carrying t WPTHiFOPeRES (atePtednmit dalintieaxigenim Eshd fregmenta tanjagated abi alaline

domai n  f ugi p ~kno to those of skill in the art.
Seor 0. g. - PHAPARS. RS bR il Bt H3 B 4if prétpisE Rowsibsiseme Signe vsing
1984. -Ot hef3 transdriptasers have been described in detail el sewhere and are
wel | known to those of skill in the art. To corroborate the interaction
between the two fusion proteins, a-gal actosidase activity was assayed by a
replica filter assay. Two versions of NACll were cloned into the Gal4 DNA
bi ndi ng donai n vector pGBT8, a derivatidl8# HGBT9 (A ontech) which

contains a nore versatile polyl i%@g’tq‘wﬂ{@' gn%éﬁglACI 1- 324 contains the
conpl ete open reading franme for fused 10 “Gal4d DNA bi ndi ng domai n.
Pl asni d pGBNACI Twadybddnnalysis (Barfel tdtealnutd9s; Fields candeSengli 1989; hehdvrhptank99
am no aci iR tgggg's_taL‘rre %/%[ct %r D fferent truncated versions of NAC I’ were
fused to thE tw14” %etioG &t Fort ‘dohirharpied & disazation aplyssi Hho rvasndtn SRV c
cgnyai ns YheimowRLEES B g f F.am \ i d cCl _1-199
cd'n?ai ns t(nucl ei ¢ acid gﬁgg%?%{g&?% ;}?g?? }M #%“%?3? %‘%19132% 3“1Pfgé"sgr7§d
PGANACI  1-LIB2:- AT G ASSGARUTY Bird1I81 d BRADOGADY | Hfe Sk ty@ﬁAggiﬂa@zaci WhicA
NACI and pl atsm'd R NACI 143-324 _contajns nucleic acld encoding am no

aci ds fromTHSS Gt EreErnemes kack md F%i s, ussd AUTea0 Gotransforxaiop] with
Transfect'mgn@asgsgb';;ﬁé ; I € rdnent Petal s.were cut |
into 2x2 (I'[:Jm.pi eces andﬂ%'u?lﬁg}néng(%yi @Aggléﬁne%%\ng?'ﬁ %B?iqtl%‘leaé aﬁ’éﬁﬁ’tﬁ’ﬁfn&nﬁm?g
of each pifesson was petfonntd by malsodssadwinon ®asNBYAtn ithe artY HHUBLO B2 e an

i nches of nergg%%@ nﬁia hel i um pressure of 1100 psi. After bonbardnen
pl ates wePisqo, thalolph etala AP Saketetiabo k& cOHieg honditiGasieave HeemdeschibedM

luci feri nif BeRIMEAPwWHES afil =2 SEICRAIWE to those of skill in the art. To corroborate the

interaction bet_wgen the two fusion proteins, d-galactosidase activity was assayed by a replica
filter assay.

Two versions of NAC1 were cloned into the Gald DNA binding domain vector
pGBTS, a derivative of pGBT9 (Clontech) which contains a more versatile polylinker.
.Pla_t_s,mid PGBNACT1-324 contains the complete open reading frame for NAC! 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 NAC1
were fused to the Gal4 activation domain vector pGAD424. Plasmid pGANAC11-3é4
contains the complete open reading frame for NAC1. Plasmid pGANAC11-199 contains
nucleic acid encoding the first 199 amino acids of NAC1. Plasmid pPGANACI11-142 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.



material. The results were checked after 10 m nutes incubation. Exan‘pJ e 6 -
Production of GST-Fusion Proteins and DNA Bi nding PCR product -eenwrjg 2903
the conplete coding region of NACI gene was cloned into pGEX-4-2

produce pGST-NACI fusion construct. GST-NACI 1-199 was generated by

di gesting pGST-NACI with Baml -H and Sal | gnd treated with Ki enow and
religated to produce pGST-NACI 1-199 ontains only the first 199
anino acids of NACI protein. GST-NACE® was obt ai ned by cutting

pGST- NACI wi t hxhol pl CﬁaxﬁﬁéchoﬂBf]E i%hﬂa"}@eﬂsb m&a’}ﬁnﬁz&é vas
constructed by cloning an cDNA cl one

into pGEX- 4 2TPeﬂalsasemetst ity axz cmrpséoes amdiputmm ftercohledBliZd I@E&)Mq medium.

Tr ansf or fﬂe %‘8 own. to an QD600 of 0.6 to 0.9 and then induced to
express t 15 S 3KG) [?F’&‘%F?fn mateye vas usad ferupashiiophian ageeuinoef 37 InpFS ob

0.4 ™ Gl q GST bu
(e 50 ERiop SR PR pRSGeE S100 A, At SSRRRBAT e, Yo oo
10 ™M a- rplanegroueh hamolovoighg 6 b d

apr o1 mi e g | PNED) - oLl S ware | yeed by Loy Coeried) il sRBfed o the

seconds) , matsgal. tﬂ&eqe?‘ﬂ?t‘é@eﬁmf&e@ﬂﬁm]&ﬂwt@emubaﬁfugat|on (15 minutes at
12,000 rpnm). The fusion protein was recovered by affinity chromatography
on gl ut at hi one- Séphar ose' beads (Pharnraci-a). The -DNA bi-nding reaction _
contai ned 2x105 cpm DNA probe, 5 |IL ofixdhpiegaction buffer (100 nM Nadl, 40
n1VI HEPES, pH 7.5, 2 nmM EDTA, 20% gl ycerolI T40 nmM a- ner capt oet hanol ), 0.5

oly dl dC (Phar naci &Q@E@M@&E@LM&IM&SM&WAB&[M amount of
poe|n5|n algé)ﬁ | une. of ﬂ%iv“ reac% n.were used on_a 4-6%
1/2" TBE native gel® f°9&‘°¥68“ e o IC0 gJhene o %1 HPRfyvas glongd) into
regi on wassEEbEb B pyod@g@gGeqﬁwmmomcsmd 288N Ct epsd 4»@9 petierdted 57

2003 17 details of preferred enbodi nents of the i nvention,
under st octigesting nhET-WAC] owith Bardl eur:d Shfleahd trezted iviith Semsv wad rali ed tthan

I dth di f t | di |
B TN o S S STBS e Se Fott onns
th " et
18 s Sy L EFRTEEIRG A0 4l B,

11: 605- GmT-BHk(EbIl3314324e~tfasa¢onstr(1cﬂt@c91b$)clomh§ lafl AN Biydrhént Boat8 drQinal
detect pr In Cellular Interactions in

Devel ophEA 1B iFiocRbBX BT Fisesit rerfapiosmied nio £ cofi BL21(DES).
Transformants were grown to an ODgj, 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, 1 mM

EDTA, 1% Triton X-100, 10 mM &-mercaptoethanol, 5 ig/ml. each of leupeptin, pepstatin

p—

and aprotinin, and 1 mM PMSF). Gells were lysed by sonication on ice (5%30 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% glycerol, 140 mM 4-mercaptoethanol), 0.5
ig poly dIidC (Pharmacia), 1 iL. 1% Nonidet P40 and diffefent 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
BamHI fragment containing 35S -90 region was labeled by 4->*PdCTP in a Klenow labeling

reaction.
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<222> (89)..(1060) <400> 1 gtcgaccacg cctccgtctt tatctctctt ttcctcttaa

gag
atg
Val
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Pro
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()

R
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ctc

Gln.

gag gca aag ttg
Ala Lys Leu Pro
gtc tgc gat tac

Cys Asp Tyr

Leu

ChioPhgecig atc
Val LQ@L_HL! rafd.aival Asp 45 50 55 ctc aac aag tgt gag cct tgg gac
aaa atigsgL@itledss Hclle 80 r30drobh€1baAS NTHeY §aldnad U Pro Trp Asp Ile
Met AlpaiysiY¥el ofGsyn& 88 70 ggg aag gat tgg tat ttc tac agc caa
cga aaa tac gcg acg 352 dy Lys Asp Trp Tyr Phe Tyr Ser G n Arg
Lys20by wadl a Ehprafr 8ENBENcoANALL GREOGORIPOI@YEaCIcy aga act aac cga
gcc acciggaveat IN goTasmoycavoacsTER@) rRa@TypivemodERTIhr Asn Arg Al a
Thr Ay Tyr Trp Lys Ala Thr 90 95 100 ggc aaa gac aga acc att cta
ggeoazg4ttiasgtt ggg atg agg 448 Gy Lys Asp Arg Thr Ile Leu Arg
G.y Met Arg 105 110 115 120 .aag aca ttg gtt ttc tat

Lys Leu Val _
cga0ydetcemt egal

ccatccacta atcaaacact 60 aaaacctaga aaaaaaaagg atcaaatc atg qgg aﬂgﬁgﬂa aa
o AUG2063
Met

cct ccg gga ttc ag% 160 du Ser Ser Ile Ser
Pro Gy Phe Arg 10715 20 ttt cac ccg aag gac gat

ttg atg ag H's Pro Lys Asp Asp G u
Met Arg Ar}@ge%%ogggﬁggtcg ctt cac aat aat cat cga
caa gtc gat 256 Ser Leu His Asn Asn His Arg Pro

HGE cgt aaa acc 496 Lys Thr Leu Val Phe Tyr Gn

CARREPr @A PGy Argtys-Thr -125 130 135-gat tgg gtc atg cac gaa ttc
caa gga tat cat cat cat ccc 544 Asp Trp Val Met H's.d u.'Phe Arg
Hs Hs Pro pro

G50 Ser

<170> PatentIn Ver. 2.0

<210> 1

«<211> 1287
<212> DNA
<213> Arabidopsis thaliana

<220>

<221> CDS
«222> (89)..(1060)

<400> 1

gtegaccacg cetecegtett tatctctett ttectettaa ccatccacta atcaaacact 60

aaaacctaga aaaaaaaagg atcaaatc atg gag acg gaa gaa gag atg aag 112

gaa agt
Glu Ser
10

ttt cac
Phe His
25

teg ott
Ser Leu

cte aac
Leu Asn

ggg aag
Gly Lys

agt
Ser

ccg
Pro

cac
His

aag
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gat
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75

ata
Ile

aag
Lys

aat
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tgt
Cys
60

tgg
Trp

Met Glu Thr Glu Glu Glu Met Lys
1 5

age atg gtg gag gca aag ttg cct ccg gga tte aga 160
Ser Met Val Glu Ala Lys Leu Pro Pro Gly Phe Arg

15 20

gac gat gag ctt gte tge gat tac ttg atg aga cga 208
Asp Asgsp Glu Leu Val Cys Asp Tyr Leu Met Arg Arg

30 35 40

aat cat cga cca cet ettt gte ctg ate caa gte gat 256
Asn His Arg Pro Pro Leu Val Leu Ile @&ln Val Asp

45

50 55

gag cct tgg gac atc cca aaa atg gca tge gtg gga 304
Glu Pro Trp Asp Ile Pro Lys Met Ala Cys Val Gly

65 70

tat tte tac age caa aga gac ¢ga aaa tac gog acg 352
Tyr Phe Tyr Ser Gln Arg Asp Arg Lys Tyr Ala Thr

80 85



140
592
160
Phe
t gt
Phe
tac
Ile
tac
I'le
acc
Leu
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Lys
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get

Leu
tca
Adn
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i

145

165
Hi s
ttt
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atc
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cta
Leu
cag
Ser
gac

1S0 aat cat tat ctg agc tat cca aag gaa gac tgg gtc ttg tgt agg gta

] Lys A u Asp Trp Val Leu \/o
Asn His Ser Leu Ser Ser Pro Ly p Trp Q(B ?gﬂgggﬂg 2640

ttc cat aag aat acg gaa gga gtt ata tgt aga gac aac
Lys Asn ThgJ Gu Glg Val Ile Cys ArgoAsp Asn Met Ay Ser 170 175 180
gat gag aca gcc tct gca tag ctt cat cca ctg atg gat act 688 Cys
G 9P9TREY Al9a B ap¢ arg8eycd eug Rrce 8o gheedvbtgAspa Ry 185 130,195 200
adtin teu dae Bargadrockla Fhr tde Tat GOy CTyagtrmalysgata eat 736  Tyr
Phe Asp°A n A u Pro Ser®sSer Tyr Leu Serichsp Asp Hi s 205 210 215 cac
atc aat gag cac gta ccc tgc tto tcc aat ttg tca cag 784 His Tyr
Asgf C{ % g 73 2PF GtEyEPRE” 38 e 2R rtSegttGons 22Q 285 238 aac caa
aag ta}éjs 58 ‘z&ﬁgaﬂé’"ccuaa??”t 859 e ?det L %é*e@t ¥alagyy 882 2#Asn A n Thr
Ser Asn Leu Thr As Ser val . Ser 5Leu Lys 235 2401245 att cca

tl jact tca cc tca 880 Ile Pro Cys
I%?d%gzgé{f %@g 3?\30 q"’é 3)" Q%e?9°25@t2355 2B0 g¢¥s acg ctc
ctLgsgac tca ttcP r}{lntcai" P’é‘f T8t 11¥0289 ATy Leu Thr
Asp Ser Phe Q/s Ser Ser Asp GI n t Val 265 270 278 280 ctc aga

Clyet atly §8d & Ccaa.cgaé-qg;ca&ét %f& gga ag%cg tg 976 Leu Al'4ga2|a gaa
Sabp Grid &l MEBruiey 811k IBe ASRY & ﬂ_ du Ser -
agt tat ggaaigaa ggt agc tcg gag agc ctc ctg ro Lys u Ser
Tyr Ay AQu Gy Ser Ser Au Ser Leu Leu 300 305 310 - 8 AUG 2003 20
abet ggtt Bttt ctgammgtenebaGidy §80 Aat tddges -L0BSCHAy LAL0 5oz
Asn His Ser Leu Ser Ser Pro Lys Glu Asp Trp Val Leu Cys Arg Val
i55 160 165

tte 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 Azp Asn Met Gly Ser
170 175 180

tgt ttt gat gag aca gec tect gca teg cbt cot cca ctg atg gat ceot 688
Cys Phe Asp Glu Thr Ala Ser Ala Ser Leu Pro Pro Leu Met Asp Pro
185 190 195 200

tac ate aac ttt gac caa gaa cce tet tot tat cte agt gat gat cat 736
Tyr Ile Asn Phe Asp Gln Glu Pro Ser Ser Tyxr Leu Ser Asp Asp His
205 210 215

cac tac atc ate aat gag cac gta ccc tge tte teoo aat ttg tea 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 tecg aac cta ace aac tea gtc tet gaa cto aag 832
Asn @ln Thr Leu Asn Ser Asn Leu Thr Asn Ser val Ser Glu Leu Lys
- 235 240 245

att cca tgc aag aac cct aac ccc ttg ttt act ggt ggt teca geo tea B8O
Ile Pro Cys Lys Asn Pro Asn Pro Leu Phe Thr Gly @Gly Ser Ala Ser
250 255 260

gcc acg ctc aca ggo cte gac teca tte tgt tet teca gat cag atg gtt 928
Ala Thr Leu Thr Gly Leu Asp Ser Phe Cys Ser Ser Asp Gln Met Val
265 270 275 280

ctec aga got cta cte agt cag cte act aag att gat gga agc ctec ggg 976
Leu Arg Ala ireu 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 agc tecg gag age cto ctg 1024
Pro Lys Glu Ser Gln Ser Tyr Gly Glu Gly Ser Ser @lu Ser Leu Leu
300 305 310



Thr Asp Ile Gy Ile Pro Ser Thr Val Trp Asn Cys 315 320 gtgtaacgag
agttactatt gctatattcc tatccatgat tggaacaatt cttcgggggg 1130 .q@apgfggagu3
tgcttgtctg attgtacaaa catttcctca ctcttgtacc cacggtagat 1190 tcCa
taccacttat gacgctagac atacatatat ttcatcgtag ttccatttgt 1250 ttcaaaaaaa
aaaaaaaaaa aaaaaaaggg cggccgc 1287 <210> 20 <211> 324 <212> PRT <213>

Ar abi dopsi s thaliana <400> 2 Mt Qu Thr u Gu Gu Mt Lys Qu Ser Ser
Ile Ser Mafc Yak dBklggtl abr 1QalBgMade Lyt koY BEO Y ngggﬁg e Arg PQgEyl s Pro
Lys Asp Amjr &bl d1eucly?@125:30sMalmneyeai1AeR, b U Arg Arg Ser Leu Hi's
Asn Asn Hi's ArgsBso 35 40 45 Prazbeu Val Leu I'le A n Val Asp Leu Asn Lys
Cys Qu Pro Trp Asp 50 55 60 Ile Pro Lys Met Ala Cys Val Ay Ay Lys Asp
Trp Tyr RhetIgegaSeagttBotI€: goc8ircha %&gca%%atﬁiﬁahya&t’éy{&tﬂg?gﬂﬁ] 18y Leu
Arg Thr Asn Arg Ala Thr 85 90 95 Ala Thr Ay Tyr Trp Lys a r dy Lys
Asp Arg HAmetpicuthetgditgtct0@tidimeddd daystddrya lpettghcabaddayaddt 1/6@ Lys
Thr Leu Val Phe Tyr dn dy 115 120 125 Arg Ala Pro Arg Gy Arg Lys Thr
Asp Trp VERTHERRaR| Kaqgagtite dapgrtagae at36aths ot LigaGigtadl yrBacttdts 1bks Pro
Pro Asn Hi s Ser Leu Ser Ser Pro Lys 145 150 155 160 G u Asp Trp Val Leu
Cys Arg VAFPH{EeR BIPF82% 299226890 @Y°S®l 165 170 175 |l e Cysizsy Asp
Asn Met Ay Ser Cys Phe Asp Gu Thr Ala Ser Al a

<210> 2
<211> 324
<212> PRT
s <213> Arabidopsgis thaliana
L) <400> 2
Met Glu Thr Glu Glu Glu Met Lys Glu Ser Ser Ile Ser Met Val ¢lu
1 5 10 15

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 Asn 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 Gly Gly Lys Asp 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 20 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 ﬁrg Lys Thr Asp Trp Val Met His Glu Phe Arg
130 135 140

Leu Gln Gly Ser His His Pro Prc Asn His Ser Leu Ser Ser Pro Lys
145 150 158 160

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

Tle Cys Arg Asp Asn Met Gly Ser Cys Phe Asp Glu Thr Ala Ser Ala
180 185 150



180 185 190 -8 AU G 2003 21 U Ser Leu Pro Pro Leu Met Asp Pro Tyr Ile Asn
Phe Asp G n Qu Pro 195 200 205 Ser Ser Tyr Leu Ser Asp Asp Hl&%@pa
Ile Ile Asn Gu H's Val 210 215 220 Pro Cys Phe Ser Asn Leu Se

A n Thr Leu Asn Ser Asn Leu 225 230 235 249; Thr Asn Ser Val Ser GQu Leu
Lys Ile Pro Cys Lys Asn Pro Asn Pro . 245. 250 255 Leu Phe Thr

Ay Ay =Ser Ala Ser Ala Thr Leu Thr Ay Leu Asp Ser 260 265 270 Phe Cys
Ser Ser AspTGMTUMEC ¥EP LeduMer Sl ReoLByr lIde Ser PE mshetin 276 280 285 Thr
Lys Ile Asp Gy Ser Leu Gy Pro Ly®°G u Ser G n Sero¥yr Gy 290 295 300
Gu Gy Se%e‘?'%rAquu er Leu Leu Thr Asp Ile Ay Ile Pro Ser Thr 305 310
315 320 Val Tt 'S 58% 5B 8 B BLEvL 7R BB R8h ¢I30%is Retei ve ac ber

n
00 d 22 WHAT FEOCLAI MED IS : 1%An isolated nuck¥ c acid cal ici ng bases
89- 1060 ofp,QEQ.DIR E% 2. An_isqlated protein consisting of an am no acid
sequence sﬁgvmgyby g rllﬁsﬂl(gig 5 %Aﬂ PPt FEF kot PR Ser Remdeu701
honol ogous to said protein of claim2, wher’dPn said isolated4proteinis a

functi onalrHraned eguevOf sNAGh, 1eu Lys Tle Pro Cys Lys Asn Pro Asn Pro
245 250 255

H

Leu Phe Thr Gly @ly.-‘Ser Ala Ser Ala Thr Leu Thr Gly Leu Agp Ser
260 265 270 ‘

Phe Cys Ser Ser Asp Gln Met Val Leu Arg Ala Leu Leu Ser Gln Leu
275 280 285 .

{,) Thr Lys Tle Asp Gly Ser Leu Gly Pro Lys Glu Ser Gln Ser Tyr Gly
280 2895 300

Glu Gly Ser Ser Glu Ser Leu Leu Thr Asp Ile Gly Ile Pro Ser Thr
305 - BIQ 315 320

Val Trp Asn Cys



4. A nucleic sold encoding the protein of claim 3. 5. $ transge iﬁ ﬁg‘ant
which is transgenic for a nucleic acid cornprising the Nuegei,ﬁa_]éc'g
claim4. 6. A tranagenic plant cell which is.transgenic for__a nucleic: acid

conprising thegugheisc acid of claim4. 7. A nmethod of g A1/SGIPOeENM1
conpri sing transf orﬁn‘: ng said plant with the nucleic eltﬂcd%%g%%mznoand
growi ng said plant wherein said plant 2&ill grow | arger than a wld-type

plant S. The nethod of claim7 wherein said nucleic acid is controlled by a
gl ueocorti cm&@ﬁ&&é 1% onot er, 9. The nethod of claim S wherein said
plant is treat ednWsbiied Wcl30GRLd beaiting nddds ebNRsdTBE BAONG Nos] 2l M 9 wherein

sai d glucocorticoid is doxanetliasone. I I. A nmethod of growing a -
geneti cal | y Zal t ekdgplagdrtein eangjging ofpagmisiowrid seqpopprshaney iSER IBNQSAi d  :pl ant

11 vhey of o CESEa R as et Hof pREL R Lo BBl a BT ype.
version, 13. Thehtmihedddboiated grotkin Wharfhdtichal Hoplatd opragduces | ar ger
roots than said wld-typge, ,(veralon, ., The-method of claim1l i wherein
sai d pl ant odugé‘?gf?d%ig?“WP%W&P’“F%%@”WM-sai d wild- type version, 1.5.
A method of Qr OV AGndReH8 Pebde GRbdnY 10l daflofflc READ trukiRE D& A iR Andiuled- Ly Pe

version of said plant conprising overéxpressing a protein df tlaim3 in
sai d altered pl amtiziclgid Phelamthod of clai m 15 wherein said plant produces
| arger | eavgés than said wild-type version. 17. The nmethod of claim15
wherei n sai d* pl %Fﬁﬁ%ﬁﬁ@@fqﬁi‘gm S fEbgeRly fo8iddnuRteig seifoemRigingi on. 18.
The met hod of Cltﬁé rrpulls V\hecggf%\la[%ud pl ant produces nore |ateral roots than

said wild- type vers on. - ransgeni ¢ plant made by inserting a nucleic

acid of cl.ain 4 4 metbodot gowingapirat gemamsing trapemidEmeiEpiE with PERIclde scidg AUG 2003
£ 20 Do e R e PESUMAR Al BB o
plant. - ‘ )
8,  The method of claim 7 wherein said nucleic acid is controlled by a glucocorticoid
activated promoter, ‘
" 9 Themethod of claith 8 wherein said plant iz treated with 2 plucocorticoid.
i0, The method of claim 9 wherein said glucocorticoid is dexamethasone.
i, A method of growing a genetically altered plant larger than a wild-type version of said
| plant comprising overexpressing NAC! in said altered plant.
12. The method of claim 11 wherein said plant produces larger leaves than said wild-typc
" version, ‘ '
13, The method of claim 11 wherein said plant produces larger toots than saiq‘wild-typ&
version, -
14, The method of claim 11 wherein said plant produces more Jateral roots than said wild-
 type version, |
15, Amethod of growing a genetically altered plant larger than a wild-type version of said
. plant comprising o'verexprcssing a protein of claitn 3 in said altered plaat.
" 16, The method of claim 15 wherein said plant produces larger leaves than said wild-type
o vcrsioﬁ. '
17.  The method of claim 15 wherein said plant produces larger roots than zaid 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 {nserting a nucleio acld of claim 4 into a wild-type plant.

AMENDED SHEET
. IPEARD



any exanple thereof. 21. An isolated protein according to claim 2
substantially as herein described with reference to any examlh& @1@3%03
22 An isolated protein according to claim3 substantially as B
described with reference to any exanple thereof 2:. A nucleic acid
according to claim4 substantially as ein described with reference to-
any exanple thereof 24 A transgenic plant according to claim5
substantially as herein described with reference to any exanple thereof
25. A transgenic plant cell according to claim6 substantially as herein
described with reference to any exanple thereof: 26. A nethod according..
to claim7 substantially as herein described with reference to any exarrpl e
t her eof . t

her ei n escrf@e%él\%\ne%ﬁgd?ée! g@%%ﬁ% ar??“ggx%]ﬁ%ﬁg t"her e%ﬁﬁ&%& radna”e %Qﬁ'w
GENE ENCODI N&WexpmaN3@mRedsT| ON FACTOR | NVOLVED I N COTYLEDON AND LATERAL
ROOT DEVELOPMENT ABSTRACT OF THE DI SCLOSURE A novel gene, nacl, has been

i sol atedyfr OMnAEﬁhbded&ﬁduS acobiiir 10 @REn QNUBESS Ry &Y IRk ResciBNAGH I kG BAshy
been identified as,a nenber of the NAC famly. NACI shares a high am no
aci d sequenc& Wiﬁl {}Ttevmth ot her nenbers of the NAC gene products in the
N- termnus. Data show that NACI belongs to a newy identified famly of
transcr 2pt i oAnfigittat protehiAGoidmgitn vipiov 8 dubseantidiby mdgudimtdsatbed witkfraaton apd
| ateral root .de I,Q_g&nt. Over expression of the gene can lead to |arger
plants with Faréer roots and nore lateral roots than in wild-type plants.

{7}y 23 A nucleic acid according to claim 4 substantially as herein described with reference to- any
' example thereof,

24. A transgenic plant accofding to claim 5 substantially as herein described with reference to any
example thereof, '

25. A transgenic plant cell according to claim 6 substantially as herein described with reference to any
example thereof.

26. A method according. to claim 7 substantially as herein described with reference to any example
thereof.

27. A transgenic plant according to claim 19 substantially as herein described with reference to any
example thereof,





