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boundaries of meristems and primordia. It has been shown that nam plays a role in

determining positions of meristems and primordia (Souer et al., 1996).

Mutations in CUCI 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 within the same whorl in both embryos and
flowers. The CUC2 gene was cloned and found to encode a profe‘in hoinologous 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, NAC]1, is described. This gene was

originally isolated by the ability of its cDNASs to alter yeast S. pombe cell morphology when
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newly identified family of transcription factors.

One aspect of the invention is a transgenic plant comprising a gene which encodes
NACI or a functionally equivalent protein (meaning a protein which binds to the same DNA
binding site as does NAC] and which is at least 70% identical with, preferably 80% identical
with, more preferably 90%- identical with, and most preferably at least 95% identical with
NACI1) which causes the transgenic plant to grow larger than a nontransgenic plant. The
plant may be larger because it is heavier, because it has bigger leaves, because it has thicker
stems, because it has more roots, and/or because it has larger roots.

A second aspect of the invention is a 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
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.
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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 NAC1 fusion to GST. (C) Different deletions of NAC1 fusion protein binding to

-90 region of CaMV 358 promoter. 20 ng of each recombined protein was used.

Figure 4. Specific interaction between NACI1 and NACI in the yeast two-hybrid system
assay. Yeast HF7c cells were co-transformed with plasmids expressing the GAL4®® alone or
GAL4"P-NAC! fusion and the plasmids expressing the GAL4"" alone or fused to NAC].
(A) Cells were streaked on plates with or without histidine plus 10 mM 3-AT (Sigma)
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Figure 7. Cotyledon developmental changes in C-terminal specific antisense plants. SEM
shows abaxial surface of cotyledon. A and D (detail) are wild-type, B and E (detail) are no
severe phenotype, C and F, G (detail) are severe phenotype. Boxes with letters in A, B and C

show the regions that are detailed.
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 pREPSN was
transformed into wild type S. pombe cells. One transformant showed elongated cells and
multiseptimas when the promoter was depressed. A c¢DNA clone was isolated from this

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



expression of the cDNA. The isolated cDNA (At 012) encodes a single open
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protein. The first two members, ATAF1 and ATAF2, were from Arabidopsis and were
isolated by their ability fo activate the 35S cauliflower mosaic virus (CaMV) promoter in
yeast (H. Hirt, GenBank Accession Numbers X74755 and X74756). SENU5 ¢DNA, 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 nam 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 interact with wheat
dwarf virus (WDV) RepA protein. The trans-overexpression of GRAB1 and GRAB2 genes

under the control of 35S 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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by conparing the genom c sequence wth the cDNA sequence. The NACI gene is
| ocated on chronpbsone 1. It includes t introns in the NNterm nal coding

regi on. I Lrs an occ r hi t he n
o0 oni sRSridon and The Qe o 4ch BARE, RRhISCE ARG & MALY, Moty Rl

bet ween thdé@ciﬁﬂt&ﬂsqfev@dlédﬂﬂlaﬁwml 1ah safillarlRdurdd HRARIIREr SIGALC Bin\iRS nRESHepd Med
and led to the identification of a putative bi partite nucl ear 1 ocal 1 zati on

si gnal wihith eprespondady therresontlpidentifigl NAHomail ani no acid signal sequence
is located fr mam no ap%ln 17 t01137 g%i‘éz\rg%ﬁb the first found. in a nmenber
of the NAC fanr|&OPs oY f e SWe SnFIAPAE T HESNOMIG SIICBEE NAC
fam |y RREbekSINaA! :s%ﬂuén@e r q\h%@hA@ﬁgeﬁh li@located i chrbibsdifh ' : CRUASNES fg? D
in a rice EST database but no honoblogues were seen I n ot organi sns suc
as nmammiticans in tHer Ndemptindlaoding rygas.t ThOfvwse impoment 2l 5 Mlﬁaﬁb aﬂdll oodur$ ethiACL
Gene To i nve if%ate,the a&g of the NAC1 gene during plant devel oprrent
its expf¥sEidn Opaming Aciled- ahbf §erend Bfratoist HEr brsapalry and it dqcatsd fWé{@frn

speci fi h I at
Theon t SoRidDr U668 RRCTRIDANE 181, DGl S Wel el SRNMEN VSthe'
t ot al Rb&nfificationacha puttive bmﬁtltﬂ amdlcho tochlyhitiod i sigial MthuAtHeeNATG ‘d@lln‘dm &f gh

| evel of exgressmn of nacl RNA was detected in the roots (Figure 1). A
| ower sdhis hipaing el signal dpnugaesisdpentedoiom; anso apidcH can]t3a?| andawas
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regi on @ ﬁ%% ng. nacl expression was seen in actively dividing roots
and shotto8BMeaf st ens (Figure 2). Expression was especially high in
the root tip dividing region (Figures 2A and 2B) and lateral root formation
region (Figure 2C). A |l ower expression was detected in cotyl edon and young

| eaf . TDheweopmental Regulation of the NAC1 Gene

To investigate the roles of the NAC1 gene during plant development, its expression

(

pattern was analyzed by Northern analysis using a nacl specific probe. Because members of
the NAC family are very 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 nac! 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. nac/ 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



results all correspond to the Northern results. No clear specific

hybri di zati on was detected in -8 AUG 2003 7 flower (Figure 2E) Al so, no
signal was detected in siliques and stens (data not shown): '- ?FZ@
signal was observed in seedlings hybridized with sense RNA probe | gur es
2F and 2G) DNA Bi ndi ng and DNA Bi ndi n DOITB.I ns The first two NAC famly
genes, b|||t to activate a

T%%:Z were cl oned 8

caul i fl o ﬁg:(s]lg?r@ Ir G5 BQMIEnakBag %t? Fb?l 1S SPH Stems; (ﬁa‘?é@ﬁﬁho"mﬁes}@ t Wo
t I gﬁsq’

th ? erelmnflg?e‘:% Slgigﬁrra"}&ﬁa@osérrﬂgd %{?g\%mll j % pr o%%l ns gpor%\/\ﬁi: r%?l iioalbq nd

to the 386)pronoter -500 region. The CaW 35S pronpter contains several
known DNA bi nding el ements. A nunber of plant transcriptional factors have
been identified as bindi ng to dlfferent elements in the regulatory region
of the pgg r,-. o ; hodaGk Protein could bind to the 35S
pronmoter; T 35S pronoter was first used as a probe.
nacl was cl on@He Iﬁﬂstawbh@&%ﬂyﬁbﬂés NI andGEKAFS ﬁa_reQ:MeH’kgﬁﬁ&Pﬁﬁﬁi to
into-E. coll. The reconbinant GST Vision protein was purified and an~ assay
was per f #hthvip 2 Gaﬂleflqwqrdnosegfwms GCMM i385 prormmMer cEistruet i 38T f Thesentwo

Bor 1ty PR RCRARY Bfher KGR oS e BB Te Aol E dotreig of

purifiedmmmw@c;m:z &8 E'fﬂ#ﬁ@vh%@al il I Ied
GSTNACI protein were testeg)i Bllnndl ng was dsé(% Elélt etg ﬂ\?\n@?ﬁgg%m{jl tt Oopfégio

of prote @Mﬁ&pmqtemohMNe@sémmeuDHﬁobmdimg eldnhemty| Eﬁ@lm‘fbeﬁéﬁplalhtt

must be_noted.t fle te n Co i ned, onl y about 10% of

i nt act (%al“sfﬁgtf%’r?f%%?} ‘?e“d e‘ﬁﬁ&@d @f@eea elﬂﬂeinégmt the regadaterni al

growt h aRgicawrithd fRARAG: This is because after | PTG i s added to induce the
protein expression, the bacteria can not grow well and the protein begins
to degrade befoitsst Mrhetlpul\ﬁﬁ(ihpmtm colldebimdl tti thle(ﬁrSSqfromtee,sme CO0 eegddrSof the

prormte onpetitor olished the formatiaon of roteln complex in
a concent rggwter etIE‘)FNA ‘t‘ﬁ;egr?‘éﬁd’é? bee Fragd s, nedmfe§be Lﬁﬂﬁ@ndéﬁ*ﬁhﬁﬁﬁéi e

To?gﬁm'{\lg\ S-QE%% | ng oph %@ é?gg%lﬁ] Xgé #ééo{nenen GS%Q“‘EISQ fv*’%hpr’f\r g’fse {@hd an

el enent ,assBBwho peridmedd totths 35 Speptfibinding thZ&NA' SSlnéeﬁétG’ST AR ANprofdiR was

transcription factors have been identified as
being assayed, GST itself was used as a control. GST had no ability to bind to the -90 region

of the 35S promoter even when 500 ng of purified protein was used (see Figure 3A).
Different amounts of purified GSTNAC]I protein 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 fo induce the protein expression, the bacteria can not grow well and the
protein begins to degrade before the purification. The addition of excess cold 35S promoter
competitor DNA abolished the formation of DNA-protein complex in a concentration-
dependent manner (Figure 3A). These results demonstrate that NACI protein binds
specifically to the -90 region of the 35S promoter.

Binding of NACI to an AS-1 element and a mutant form of the element, -83 to -63 of
the 35S 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
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DNA bi nding vector it can at a |ow | evel autoactivate the system so that
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used to test dimerization and to study the protein-protein interaction including dimerization.

The intact NAC1 was fused to both a Gal4 DNA activation domain and a DNA binding
domain and cotransformed into reporter yeast. A clear interaction was observed when NAC1
was expréssed 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 NACI 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 NACI. 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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gene. The vector pGBT8 which contains only the Gal4 DNA binding domain but no

activation domain was used. Different deletions of the NAC1 gene were cloned into this
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 fusion 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 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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NAC1 encoding cDNA (SEQ I D NO 1) was cloned into_the
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 Arabidonsis Plants which Overexpress and Underexpress NACI

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,,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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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 nacl. The results indicated
that all four transgenic lines show that the transgene is expressed. The fransgene 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 cotylerion 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 seedlings. Most of these seedlings, which cannot produce the shoot apical
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showed similar phenotypes, mainly affected cotyledon and oot 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 énd 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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seedl i ng®%hi LROST%e tWiyeh hadishorf gx Evwear latersl soqte meere pleasked bisymistascos ope
and it wasd fi (RGoleHh 1 L tiated but .cannot b

el ongat ed. Ther ef or e ?ﬂ@g %@%ﬁﬁ%ﬁﬁ%ﬂﬁ%g%ﬁggdi t%ﬂ%§*§%ﬁ°§?ﬁe?e ?3&58%? in
conpar i sseedtingsinbkdsifeheysenein fgvdr @S irecdMparisSh 16 hﬁhdﬁ&a%bé@mwgﬁlﬁ% i ned
fromliqyi romth C-termnal antisense plants. One week old seedlings

d . is
were add liag IeSuga et aabiained/drom liguithexowibo-terminad aafisemse plintiay@ngywoeilt bld
i nd : i f dl i ngs.
vent | e Bt wBteCad SUOGT b BN RRE B bR s and B 1 %P% Bov e

by way ofnihddoed ot herlargeethan éduedd lobtsafdestilings.! i Mt the invention in any

manner. Standard techniques well known in the art or the techniques
specifically described below are utilized. EXAMPLE | Pl ant Materials and

Growth Condi ti i dopsi li apa | ansb d for th
exper i ments.  Repis SR RLARER Bl @Rlen SLER T P B8 Binal i o
Triton YylG@y afdilnaahies ahd bREndt iTREIM 1 imFHEE ihvniBl & a%f‘fg%ag%ell. N8tahlifld!

wash, 0.15% agarose was added to the seed and they were
techniques well known in the art or the techniques specifically described below are utilized.

EXAMPLE 1
Plant Materials and Growih 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



on M5 or MS plus Dexanet hasone (Dex) at different concentrations with 3%
sucrose. Plates were incubated at 4C for two days and transferred to a
tissue culture roomat 22C under |ong day (16 hour light/8 LAU@rzgoa
conditions. After two to three weeks, seedlings were potted in soil and
grown in a growh chanber with a photoper4 od of 16 hours |ight/8 hours
dark at 22C and 75% hum dity. For Dex treatnent, dexanethasone (Si gma) vvas

di ssol ved¥sak. CRIBtean anlelaniOgn mivte ahed AMMhRSORRE aisaitecs il Wirig %&QJ &Ny
stored at_ 420C. .For..in vitro growh plants, Dex was ad es at

0.1, 1 an®YBCP{madinm fad thesnrasadded jo ﬂzfd%mfat:mfrﬁ:dlmnmmnc@oa treanw@oz@eﬁ 14
e ClAPTRNAS PSSR AR S bl ALY B

wat er at 1/ 25t vol unme o medi um an

medi um  Borayed ¢atcoeertalbfurfiesd of gHeopbdt, BPh@NSvery RRX MRS
wat er cont aining.0. 019 Triton X-100 at 30 Mt hen X%prlgtggﬁg%%g%%}os Séﬁf

sur f aces V998 ab‘FJ&ﬁp 018 Eeitam %P0 %8 sprayed orFthe same kumbat ofgllants. St er i | e
wat er containing 0.01% Triton X-100 was sprayed on the sane nunber of
pl ants. Exanple 2 Transformation Constructs and Plant TransformationThe

binary transformation plasnmd pTA70@Z,59) A1 ning the conplete
t wo- conponent gl ucocorti coi d-i nduci blf'e system (Aoyama and Chua 1997) was

used as a vecL@MMe&mmL_ ol i C'Dﬂﬁﬁifﬁﬁ@ti@ﬁﬂ“héeﬁﬁ a
1287 bas t con aining the co encodi ng cDNA
was bl un egﬂh@ﬁﬁc |°8’P18'&‘%Tgnﬁ’8 efaut\jescpwoa&m rgép@qomntmmdsndmmeaaykmm ne
phosphat mﬁgg@i@ﬂmp‘[ a C-termna ecific

ant i sensgS?gnst ruct, t h?@oéay%gggéglv}%pnﬁ?ﬁ%ﬁ}{pﬁsﬁ@ﬂ@ﬁ?° Feé‘? Atipgnse

C-t er mi néANSYBels; i ]c;?rgégbasnpeof SbMotElﬁxagdseﬂlgcorﬁQMﬁgV\@i% Qntiéte OGA LY @ﬁ'&%diﬂ oned
into pTAZOQ2 vector. as ge a E) above. For tra;a?enl c constructs

cont ai ni Y éﬂaﬁ@&“& eridgdiapd e é’howgmang flﬁ&stgmbaikﬂymﬁrmpﬂiaﬁy
PCR conf@itsi BT A7 ol C I to an internmedi ate GFP
f usi on vect or P pGFg%( GA) 5 |?gl 9 ;{,@% gnte'}%g% 5‘?1381 §aF‘%‘SFBS“pFQR¥H@§t pheyHP5d

P GFPNACI basapeéin Harret1- 5P NRdgmient Uﬁiﬂfﬁﬁmﬂ@g«}@étmﬁ!tspgb’iﬁmglonpbf' NAaS! en%nging

cl oned 'cgl?l\g TA? 02 vector by using the sane proceduifes as abov
Ar abi dopg1EAt¥Rs %Faenfiafh @HE?IQH%@G@MF @%mhbras memmpadaauove nﬁbﬁﬁm@geﬁ@r

transf ordgBtieis £k 1988 germ nated on SM

pl ates contai ni ng %%l%e?ﬂi%?{agr SRS gasge Zﬁ'@g% Jﬁﬁggte&hgeftﬁrﬁﬁ@ dydeR

t r ansf ercopthiting gostl NAG1gesisi@k&ion was cloned into an intermediate GFP fusion vector
pGFP2(GA)SII digested by Nael and Sall to produce plasmid pGFPNACI. 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 Whele Mount Jn 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-



and to obtain honbzygous T3 seeds. Two i ndependent |ines of honbzygous T4
plants with a single insertion fromeach construct were used_for detail
anal ysis. Exanple 3 Northern Analysis and Wiol e Mount In Sitm MBSNKQ[B
Total RNA was isolated fromdifferent tissues by using the Q agen R
preparation kit. Northern blot analysislSwas perforned according to Nagy et
al . (198\%%1. Faor probes,. a, PCR fragnent covered am no acids 200 to 324 was
| abel ed P\‘szf’jég'" ngwsng’ﬁalsm RNpr fremcthe Sbistriingl pecificArmpioa hkAMACT

| nt er nat i : . fixed f le -8 AUG 2003 15
mount 1 S R Sk B T SRl Bioehiien Mertbr, aermapie: fhe

regi on ofhylAGikativeswisaldeleed Wvith shitDaxbgerhn Bl a?%fﬁ i ljoghem ¢
Mannhei m Gernmany). The hybridi zati oargbvv%s Tdet elgtfg W tEh&)glﬁ{%a-%gi g‘%fa gaglﬁllen
Fab f r agriRsPhaasFu gt @atrobpedbkalsente trapiseripph ateaes prepaved devm 1ed sapicollBHe uSRESE

transcri l&Eepared fromthe sanme clone using T3 transcriptase.
Exanpl e ?ﬁ%%%gg 0-H brid Analysis Two-hybrid analysis (Bartel et al.,

1993; Fields and Song, 1989; Chevray and Nathans, 1992; Lee et al., 1995)
was applied to dinerization analysis. The yeast strain HF7c (MATa ura3-52
hi s3-200 ade2-101 |ys2-801 trpl-901 |ExathwpB:i412 gal 4-542 gal 80-538 LYS2::
GALI UAS- GALI TATA- HI S3 URA3:: - CYCITATA- LacZ which contains
the two reporter genes LacZ and-$f abybidAnalxgiss st cotransformation with

pl asmi ds car r yjiy ' &Rt Bk ndi ng. domein a he,Gal4
activati %r;lﬂflo?av?%h%}ﬁisﬁg%&%s pe??%fr?éﬂ gghh?fﬂ%d@gﬁ%?ﬂg’ ?@3%@@% ad ||
in the aMNathaBeel992; bes etBily K29Hnhs dpbanto difRB atRuIRaRR;etTIHR  gPakai
et al., b%%% Cltage ondi ti ongg hasvae@pbeer? desc?ai1 bed a?ﬁlsdgt}gi%eagﬂsgg%nere and
are wel At “-{zngéfé'w §Re3-{ 0] ys@0lainpl-Nd bw2robbt ®abl-54E gal 80-538

i nteractj . t ' WSEPN 2| a- gal act gsi,dase activity was
assayed %gﬁzz"ab‘rgg%?ﬁgg @"?Iflfj\tﬁ@‘(; %Z%‘gy. Wﬁﬁ%ﬁ%@%ﬂ@@fl‘w a4 on&thisht o
t he Galdcdiinbithelitwg réporeirngenes TatZ REEAB3 Vadsdd/atyosg e&@%ﬁﬁﬁéﬂ g@{hec h)

con

whi ch corh'éfai ns a npre_versatile poIKII i nker. Plasm d pGBNAC11- ai ns
the conpP@tBldsFaHYIEP Fifierent Eald JPNMAinding stadndin andi¢he Gald activation domain

fusion was performed by methods known to those of skill in the art. See, e.g., Burke and
Olson, 1986; Rudolph et al., 1985; Sakai et al., 1984. Other conditions have been described

in detail elsewhere and are well known to those of skill in the art. To corroborate the
interaction between the two fusion proteins, &-galactosidase activity was assayed by a replica
filter assay.

Two versions of NAC1 were cloned into the Gal4 DNA binding domain vector
pGBTS, a derivative of pGBT9 (Clontech) which contains a more versatile polylinker,
‘Pla_s,mid pPGBNAC11-324 contains the complete open reading frame for NACI 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 pGANACll—324
contains the complete open reading frame for NAC1. Plasmid pGANACI11-199 contains
nucleic acid encoding the first 199 amino acids of NAC!. Plasmid PGANACI11-142 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.



Gal4 DNA bi nding domain. Plasm d pGBNACL11-199 contains only the nucleic
acid encoding the first 199 am no acids on the sane vectbr.o%-f-f“'r‘ nt
truncated versions of NAC 1 were fused to the Gal4 activati dAii&érﬂﬂﬂa
vector pGAD424. Plasmid pGANAC | 1-324 contains the conpl ete open readi ng
frame for NACL. Plasmd pGANACI | -199 cojgains nucleic acid encoding the
first 199 amno acids of NACI . Plasm d pGANACI 1-142 contains nucleic
acid encoding the first 142 -am no ackgg,qf sNACI and pl asm d pGANACL1143- 324
contains nucleic acid encoding am no acrds from 143 to the Cterm nus of
the peptide. - 8 AUG@208Bctidh oftB 1 Gelly iclt Bombatddegitder mal - Cel | s by
Particle Borrbfr ment Petals were cut into 2x2 cm pieces and put on a filter
soaked with | TGS ravRCHdRto e coppiegesandgnt an g flisrienked withdiguid MSwaedivsnd
for each i u i ' LCULY USjn hel i um.pressure
of 1100 g:%?efA?%&grﬁ gééﬁ@ar rr@fr}%t?oél g’tgigg e\?\i/elﬁbfé “"ia%gﬁ (g{telg%i F\acgﬁﬁla%f%r‘%&%ﬁ Offgom
over ni ghhercify wsing a)helins fa6ssodd SULI00esi.N AGRE DORGAIMABS phRisayad ifibhied in
material. The results were checked after 10 m nutes incubation. Exanple 6

Pr oduct i Rigntrovhioems p vnighbE16; hesrs mad DR leiferin @opmpga)duast speaedainmthag
th i i f . Cl d int GEX-4-2T t
br odue ekl At Wl E AL ek o ier SRR BHEE. s geher at od by

di gesting pGST-NACL with Banml{ and Sall and treated with Kl enow and
religated to produce pGST-NACL 1-199 which contains only the first 199
amino acids of NACl protein. GST-NAGZmEmpld@2 was obtai ned by cutting

pGST- NAC1 wi t hxhol plys ,Sall reli.gated.. GST- 1 133-324 was
constructed by cl oni ng> g “?u?lgﬁéFPj'?fPs1 1 inal cDNA clone

i nto pGEX- 4- PR Brathict BoatiiBIrg the RBHpRASBHAD Fi lal B%&é(\pfﬁ i
Transformant s werBe grown to an 03608) of 0.*@%%1% %Pgﬁé:lt en ind%lgré%i %néo
expr ess PORX-AGET tmprognes pGRTAVAGD Grdfion conshroctr SGHH-NAG! addiot wangaeratdiey t o

Coce sogrig PO Sfn A SR et Rnom i HekERted 190
10 nM a- 11 180 i : o, i nd . .

Sor o1 1 aPrOREREETAALE, 1155 WiltdEcofBGL iy UERAPI0 i REHELE RAC Hoteip
secondsﬁS"JéhId\(?] X h?i312y:se&ftcésaimi by chitiap @GSTYNa@1t with Ugal hied Sel%andi reliffsd. at
12,000 rGrg?—NAE 161351-%!22 Qva%rc%glgtlrgcted by cloning an XAhol-Nofl fragment from the original

¢cDNA clone into pGEX-4-2T. Plasmids were transformed into E. coli BL21(DE3).

.

Transformants were grown to an ODgyg 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-HC! at pH 8.0, 200 mM NaCl, 1 mM
EDTA, 1% Triton X-100, 10 mM &-mercaptoethanol, 5 ig/mL each of leupeptin, pepstatin
and aprotinin, and 1 mM PMSF). Cells were lyséd 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 afﬁm'ty 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 &-mercaptoethanol), 0.5
ig poly dIdC (Pharmacia), 1 iL. 1% Nonidet P40 and differént 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.



was recovered by affinity chromat ography on gl utathi one- Sephar ose beads
(Pharmacia). The DNA binding reaction contained 2x105 cpm % E‘uﬁez I L
of 4x reaction buffer (100 M Nad, 40 nmM HEPES, pH 7.5, 2 , ()

gl ycerol, 140 nM a-nercaptoethanol), 0.5 ig poly dldC (Pharnmacia), 1 iL 1%

Noni det P40 and different anmpount of protldins in a total volunme of 201L. 10
iL of reaction were used on a 4-6% 1/2 TBE native gel. A 100 basepair

BanHl f r algtadlatof poeferaechempoddments 9F thecigiventionait is ablsd welebyo@l BAPAETRcid3uR is

Kl enow | abel i ncp. rea%on., - 8. A 2003 17 .details of preferred

enbodi medPEnAed inean ushiptive, rather faan i e limities sep% ashift is rentemplatess thas | s
i nt ended .}, h; i r.at i [ 1N imti. nse. it is..

cont onpl A SBEticRs WAL Bl ncc ol 1Tl o8 Wil BEIBEL Fib imlePrige, e
art, w thind thdweoppof the appenidbé clafivent i on and t he scope of the appended
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<110> Xie, Q Chua, NamHai Institute of Ml ecul ar Agrobiol ogy, The
National University of Singapore <120> NACl1 - A PLANT GENE DEGEH@S%@E*
TRANSCRI PTI ON FACTOR | NVOLVED I N COTYLEDON AND LATERAL ROOT

<130> 2248-115 <140> Not yet assigned <1841> 1999-02-11 <160> 2 <170>
Patentln Ver. 2.0 <210> 1 <211> 1287 <212> DNA <213> Arabi dopsis thaliana
<220> <221> CDS <222> (89)..(106GFe&EB>-LESTgF@gaccacg cctccgtctt

tatctctctt ttcctcttaa ccatccacta atcaaacact 60 aaaacctaga aaaaaaaagg

at caaat é”a‘Png%g Qa’*cgal?aa gaa gag atg aag 112 Met Gn Thr Gu Gu Gu Mt
Lys 1 5 gaa o E %% agc at t ca_ aag ttg cct ccg gga ttc aga 160
du Ser Ser éniéierg%l\% fMgch%ag %rgb%?g’ggefhﬁr tli'Pga]G y Phe Arg 10 15 20
ttt cac ccg aag gac gat gag ¢tf gtc tgc gat tac ttg atg aga cga 208

<120> NAC1 - A PLANT GENE ENCODING A TRANSCRIPTION FACTOR
INVOLVED IN COTYLEDON AND LATERAL ROOT DEVELOPMENT

<130> 2248-~115

<140> Not yet aésigned
. o<141> 1989-02-11 e e e

<160> 2
<170> PatentIn Ver. 2.0

«<210> 1

<211l> 1287

<212> DNA

<213> Arabidopsis thaliana

<220>
<221> CDS
<222> (89)..(1060)

<400> 1
gtcgaccacyg cctecgtett tatctetett ttcecctcecttaa ccatcocacta atcaaacact 60

daaacctaga aaaaaaaagg atcaaatc 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 gca aag ttg cet ccg gga tte aga 160
Glu Sexr Ser Ile Ser Met Val Glu Ala Lys Leu Pro Pro Gly Phe Arg
10 15 20

ttt cac ceg aag gac gat gag ctt gte tge 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

teg ctt cac aat aat cat cga cea cect ctt gte ctg ate caa gte gat 256
Ser Leu His Asn Asn Hig 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 geca tge gtg gga 304
Leu Asn Lys Cys Glu Pro Trp Asp Ile Pro Lys Met Ala Cys Val Gly
60 65 70

ggg aag gat tgg tat tte tac agce caa aga gac cga aaa tac geg acg 352
Gly Lys Asp Trp Tyr Phe Tyr Ser Gln Arg Asp Arg Lys Tyr Ala Thr
75 80 B85



19 ggg ctg a% 461 Ac
n

Pro Lys Asp Asp Qu Leu Val Cys Asp Tyr Leu Met Arg Arg 25 30 35 40
cac aat aat cat cga cca cct ctt gtc ctg atc caa gtc gat 256 Ser
Asn Asn His Arg Pro Pro Leu Val Leu Ile G n Val Afp G)QL[}ﬂactc
tgt gag cct tgg gac atc cca aaa atg gca tgc gtg gga 304 eu Asn
Au Pro Trp Asp IIe Pro Lys Met Ald Cys vVal Ay 60 65 70 ggg aag
t at ttctaca cga aaa tac gcg acg 352 Ay Lys Asp
e A T Sk e g@ g gngf-‘Fy%%ltatMﬂ 7% goc BB HOAUG 2003
o™y T:}?@?: T&ECGUgg}’féffrpt@gs &4a Hec acc 400 Ay
Thr Arg Al a Thr A3 Thr Gy Tyr Tr°Lys Ala Thr 90 95 100 ggc

y Lys
8 AGCoAL Logtaaga aag %Ct a, ot Ea% g atg agg 440

%g{, ﬂylseig,{e%rg\rﬁlrw& &Ly ﬁ%s f% 9@ M’i§5agf10 4ff5 120 aag

gbt ttc tat caa ggio cga gét cot 3 §§96 Lys Thr
Phe Tyr Gn Gy Arg Ala Pro Arg Gly Arg Lys Thr 30 135 gat tgg

eag agaattd gt€QtcCisr ¢aad gFacdLigetadotCaga %EE @g%ca%l%c Asplrp Val
. Gra TRIRELAT gal etheCGlyr: Gy d36T atd 214 B-oPhfy ,]ﬂéo 50 aat cat tat

tct cca aag gaasgac tgg gtc ttgabgt agg gta 5 21356\sn Hi s Ser Leu
Pro Lys Gu Asp Trp Val Leu Cys Arg Val 155 160 165 ttc cat aag aat

tgutotat aty ghcagye ghc @acolt gaggyaage: 640 cadehectHicecLy$4Asn Thr

B TEP &ValyNe\Hg s/ Ey Rhe AvbtLad PlSanylTe HI5 Hi80Pro Pro
140 145 150

Thr

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

tte cat aag aat acg gaa gga gtt ata tgt aga gac aac atg gga age 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 gea teg ctt cct ceca ctg atg gat cct 688
Cys Phe Asp Glu Thr Ala Ser Ala Ser Leu Pro Pro Leu Met Asp Pro
185 150 195 200

tac atc aac ttt gac caa gaa cce tet tet 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 atc aat gag cac gta ccc tge tte tee aat ttg tea cag 784
His Tyr Ile Ile Asn Glu His Val Pro Cyg Phe Ser Asn Leu Ser Gln
220 225 230

aac caa acc tta aac teg aac cta acc aac tea gtc tet gaa cte aag 832
Asn Gln Thr Leu Asn Ser Asn Leu Thr Asn Ser Val Ser CGlu Leu Lys
- 235 240 245

att ceca tge aag aac cct aac ccc ttg ttt act ggt ggt tea gec tea 880
Ile Pro Cys Lys Asn Pro Asn Pro Leu Phe Thr Gly Gly Ser Ala Ser
250 255 260

gee acg cte aca gge cte gac tea tte tgt teot tea gat cag atg gtt 928
Ala Thr Leu Thr Gly Leu Asp Ser Phe Cys Ser Ser Asp Gln Met Vval
265 270 275 280

¢te aga get cta cte agt cag cte act aag att gat gga age ctec ggg 976
Leu Arg Ala Leu Leu Ser Gln lLeu Thr Lys Ile Asp Gly Ser Leu Gly
285 290 295

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



t gt
Phe
tac
Ile
tac
I'le
acc
Leu
tgc
Lys
aca
Ay
get
Leu
tca
dn
acc
I'le

ttt gat gag aca gcc tct gca tcg ctt cct cca ctg atg gat cct 688 Cys
Asp Qu Thr Ala Ser Ala Ser Leu Pro Pro Leu Met Asp Pro 5,190 195 200
atc aac ttt gac caa gaa ccc tot tct tat ctc agt gat gat=ant %}3&

Asn Phe Asp Gn GQu Pro Ser Ser Tyr Leu Ser Asp Asp His 205 210 215 cac
atc atc aat gag cac gta ccc tgc ttc tgc aat ttg tca cag 784 His Tyr
Ile Asn Qu His Val Pro Cys Phe Ser n Leu Ser A n 220 225 230 aac caa
tta aac tcg aac cta acc aac tca gtc tct gaa ctc aag 832 Asn G n Thr
Asn 3SEr IFS AL HPETRES ASR BT avklgttSeqy Gh theutdarga®3m 240 2450att cca
aag BAcRWladtlvcdte (Brg $au ThetVaggtrrgdsntva gec tca 880 Ile Pro Oys
Asn Pro Asi'Pro Leu Phe Thr3®y Gy Ser Ala Ser 250 255 260 gcc acg ctc
ggc %ga%ac tcattttc tgt tct tca gat cag atg gtt 928 Ala Thr Leu Thr
Leu FAE 25879 PITE “B§ P e PO Ser t D taF FPatatt \FaP22E5 R MFt29%92801 13t ¢ aga

cta C c..acl. a att gat a agc ctc ggg 976 Leu Arg Ala
Leu a%%‘rga%%%gf%%t% i tﬁygtﬁ%gci?sapc 'i/tcgg?a IS56H G2 85 Cg8tRIRE51 ¥t aaa gaa

cag a8t gda@k 2 492 92349 age, c ct a10 4 Pro Lys du Ser
Ser TyrQy audy %e%a%%?a%%g aREheRe %ﬁa,.ﬁg %o%cﬁibttﬂtsy%me 2003 20

gac t&t:@aa@@ha%%aﬁ%a@g&aﬁgﬁa%g c%%&g@at tgc tgatgatcga :|‘070128-I;hr ASp
Gy Ile Pro Ser Thr Val Trp n s 315 320 gtgtaacgag agttactatt

gctatattcc tatccatgat tggaacaatt cttcgggggg 1130 aaataacgtg tgcttgtctg
attgt acaazoxcatttcctca ctcttgtacc cacggtagat 1190 '

<211l> 324
<212> PRT
<213> Arabidopgis thaliana

<400> 2
Met Glu Thr Glu Glu Glu Met Lys Glu Ser Ser Ile Ser Met Val Glu
1 5 10 15

Ala Lys Leu Pro Pro Gly Phe Arg Phe His Pro Lys AsplAsp 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 80 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
145 150 155 160

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

Ile Cys Arg Asp Asn Met Gly Ser Cys Phe Asp Glu Thr ARla Ser ala
180 185 150



tcat gt aaaa taccacttat gacgctagac atacatatat ttcatcgtag ttccatttgt 1250

tt caaaaaaa aaaaaaaaaa aaaaaaaggg cggccgc 1287 <210> 2 <211> 324 <212> PRT
<213> Arabi dopsis thaliana <400> 2 Met Qu Thr Gu Au Gu Me§ AHGCQQU er
Ser Ile Ser Met Val GQu 1 5 10 15 Ala Lys Leu Pro Pro Gy Phe Arg Phe His
Pro Lys Asp Asp Qu Leu 20 25 30 Val Cys Asp Tyr Leu Met Arg Arg Ser Leu
H's Asn Asn Hs Arg Pro 35 40 45 Pro Leu Val Leu Ile An Val Asp Leu Asn

Lys Cys Gdt Be® plbPoASE 55 6Q Ile Pro Lys Met Ala Cys Val Ay dy Lys
Asp Trp Tyr Phe 1Byr Sereuggt S%grgoieyﬁ ﬁfeArAjnA@}f gxg% Qlgsepypral a Thr Ay

Leu Arg Thr Asn Arg Ala Thr 85 8 95 Ala Thr Gy r Trp Lys Ala Thr Ay
Lys Asp Aveg & ThlerdvebeAndp AQ0n105:;11 s leu Val Gy Mt Arg
Lys Thr Leu ¥ad Phe Tyr G npq% 115 112%(1?2/[26 l§ 5%%(3 Po A8y Arg Lys

Thr Asp Trp Val Met Hs Gu Phe Arg 130 135 146 Leu @ n Ay Ser Hs Hs

Pro Pro ASm ¢ PBerserenstSeeu So%r BI® kb So1nl 4R, 130 ﬂé?s%?g;sg L Asp Trp Val

Leu Cys AR§ Val Phe H s LgsoAsn Thr Qu dysdal 165 I7 43Ie Cys Arg
Asp Asn Met Gy Ser Cys Phe Asp Gu Thr Ala Ser Ala 180 185 190

Thr Asn Ser Val Ser Glu Leuy Lys Ile Pro Cys Lys Asn Pro Asn Pro
245 250 255

Leu Phe Thr Gly Gly.'Ser Ala Ser Ala Thr Leu Thr Gly Leu Asp 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 Ile Asp @Gly Ser Leu Gly Pro Lys @Glu Ser Gln 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 Asm Cys



- 8 AUG 2003 21 Ser Leu Pro Pro Leu Met Asp Pro Tyr Ile Asn Phe Asp Gn Qu
Pro 195 200 205 Ser Ser Tyr Leu Ser Asp Asp His His Tyr Ile lle Asn Qu

Hs Val 210 215 220 Pro Cys Phe Ser Asn Leu Ser dn Asn G n-iF A@ 2@9?
Ser Asn Leu 225 230 235 240 Thr Asn Ser Val Ser Qu Leu Lys I'le Pro

Lys Asn Pro Asn Pro 245, 250 255 Leu Phe Thr Gy.Ay_-Ser Ala Ser Ala Thr
Leu Thr Gy Leu Asp Ser 260 265 270 Phe Cys Ser Ser Asp G n Met Val Leu
Arg Al a I‘.’éﬁﬂ@eﬁ&%@_]&u 275 280 285 Thr Lys Ile Asp Ay éer Leu Ay
Pro Lys u Ser dn Ser, Tyr 290 295 300 QG u Ser Ser u Ser Leu
Leu Thr f5p | Fengisie ppid © rlglggbwﬁs893l(§l§09g§E@1@}j VaI Trp Asn CQys -8 AUG

2003 22 YHAT Ia3 1 %ﬁeb{?[?otbﬁ dco?aswf% %ﬁn@?&lg 5&@{&%& SHoWh i a@g@ aﬁggé&go of

SEQIDNO1. 2. Anis rot n consi s an ann nce
shown by3SEQ IR ibidatd pr&emmnlaasmoazs Romplogbes 10 said greft of @l ogous to
said protein of claim?2. 4. A nucleic acid encoding the protein of claim 3.

5. A traﬁsgenﬂcn‘ml%{ﬁﬁ“’lé@ﬁfﬂq“ﬁW@Pf%@ﬂmﬁélaﬁné acid of claim4. 6. A o
transgengc pl g claim4. 7. A netho
of grow l?'lg a. p an co%g?éqlﬁn%{%gaﬁgf]{g@%cﬁﬁl gcgmﬁ‘l‘{ant with the nucleic
acid 6. A transgenic plant cell comprising the nucleic acid of claim 4.

7. A method of growing a plant comprising 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 NAC1 in said altered 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.



of claim4 and growi ng said plant wherein said plant will grow | arger than
awld-type plant. 8 The nethod of claim7 wherein said nucleic acid is
controlled by a glucocorticoid activated pronoter. 9. The ne{hqﬂ[ﬂg - m
8 wherein said plant is treated with a glucocorticoid. 10. The netho
claim9 wherein said glucocorticoid i g3dexanet hasone. 11. A nethod of
growi ng a genetically altered plant larger than a wild-type version of said
pl ant conprising overexpressing NACL in said altered plant. 12. The net hod
of claim 11 wherein said plant produces |arger |eaves than said wld-type
version. 13. The nethod of claim 11l wherein said plant produces |arger
roots than said wild-type version. 14. The nethod of claim 11 wherein said
pl ant produces nore lateral roots than said wild- type version. 15. A

net hod2®f gﬂmqhajedam@@trew%eﬂcp@nalt@ eleizr) | shbgipatiglbyrag diereinrdgneribedwitl refpromce to
versi on of i ?Eqﬂiagpnpr|5|ng overexpressing a protein of claim3 in
sai d altered plan 16. The nmethod of claim 15 wherein said plant produces
Iarger eaves .t saj v 17. Th tho of c |n115
wherel H-ca £ HOME BPBRACCEIRE G BF SORSRTTAK S AP AR iieg Heh SR am g
The net hod aﬁmpk&hamﬁS wherei n said plant produces nDre Iateral roots than
said wild- type version. 19. A transgenic plant nmade by inserting a nucleic

) of £ i i koA fodinlobaay B GREC] bty SR o i R Gl

reference t@ampleghessodnpl e thereof. 21. An isolated protein according to
claim2 substantially as herein described with reference to any exanple

thereafs, 224 riBleicS@idbOBrdMO i b1mnA e GabMnRalyl B fibrdih NMedorbed Sl VekAdnky t@Sny

herein described with reference to any exanple thereof.
cxample thereof,

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

25, A transgenic plant cell according to claim 6 substantlally as herein desctibed with reference to any
exarmple thereof.

26. A method according. to claim 7 substartjally as herein described with refetence to any example
thereof.

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



23. A nucleic. acid according to claim4 substantially as herein described
with reference to any exanple thereof 24. 25. A transgenic plant accordi ng
to claim5 substantially as herein described with reference # G 200! e
t hereof A transgenic plant cell accordi ng to claim6 substantially as
herein described with reference to any24exanple thereof. 26. A nethod
according, to claim7 substantially as herein described with reference to
any exanple thereof 27. A transgcnic plant according to claim 19

subst ant i AHCY -ad ReANTH GINE BNRODENGhAr ER ANSTRIPTIONR WA@’F@W&T@VW‘C
NAC1 - FﬁbWNG A _TRANSCRI PTI ON FACTOR | NVOLVED I'N I'EHG\I
AND LATE RABFONFTDENEEQPNBERTLOSURE A novel gene, nacl,
has been isolated from Arabi dopsis. This gene encodes a protein (NAC1)

whi ch has been identified as a nenber of the NAC fam|ly. NACI shares a high

am no aci ABSERACICEFTTHR DISyL @SR ©t her nenbers of the NAC gene products in
the NN term nus. Data show that NACL belongs to a newy identified famly
of transcri ption factors. NACL is involved in the regul ati on of cotyl edon

and | ateral gl opnent,. .Overexpression of the gene can lead to
| arger plants [\?\}19 ﬁe I%P%éﬁﬂc?ﬁw;eﬁﬁﬁoﬁg‘?ﬁ?’&t‘@ﬁm dopgot %hlStgﬁamelimde\i 4 pratsipe
pl ant‘ S.  (NACI) which has been identified as a member of the NAC family. NACI shares a high

amino acid sequence homology with other members of the NAC gene products in the N-
terminus. Data show that NACI belongs to a newly identified family of transcription factors.
NACI is involved in the regulation of cotylédon and lateral root developmenf.

Overexpression of the gene can lead to larger plants with larger roots and more lateral roots

than in wild-type plants.



