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    We  haye used  a  modification  of  the classical ABA-in-
sensitive screen  (Koornneef et  al.  1984) to isolate novel

mutations  in the ABA  signal  transduction pathway of

ArabidQpsis  thaliana.  In our  screen,  mutants  were  reco-

yered  on  the basis of  their growth-insensitivity to ABA
(GIA) rather  than germination-insensitivity. Here we

present the isolation of  the gial mutant  as well  as the

identification of  the gial gene by  positional cloning  and

complementation  studies.  GL41  is predicted to code  for
a  bZIP  transcription factor with high homology to pre-
vious]y  characterized  plant bZIP  transcription factors

(DPBFI, ABFs  alld  TRABI)  known  for their Ebility to
bind ABA-responsiye  DNA  elements.  Our results proyide
in yiyo  eyidence  that a  bZIP  factor may  indeed be involved
in ABA  signaling. Since GL  l1 turned  o"t  to be identical to
ABI5, we  designated GLr41 as ABI5  in the present paper.

Key  words:  Arabidopsis -  Abscisic acid -  Genetics -

Positional cloning.

   Abscisic acid  CABA), a  phytohormone  and  growth
regulator  in higher plants, plays a multivariate  and  com-

plex role  in plant development (Reviewed in Himrnelbach
and  Iten 1999). During early embryogenesis,  ABA  is es-
sential  for maintaining  seed  dormancy and  preventing

precocious germination, In the vegetative  phase of  the

plant ABA  also  mediates  plant stress responses  to the en-

vironmental  pressures of  drought, cold  and  osmotic  im-

balances (Himmelbach and  Iten 1999). As such,  it is of  vital

importance  to the survival  of  a  plant and  therefore under-

standing  its mechanism  of action  could  lead to valuable

insights into plant stress  response  pathways.

   One  approach  to elucidating  the ABA  signaling  path-
way  is to isolate mutants  that are  insensitive to ABA,
In Arabidopsis, .A. .BA-insensitive (ABI) molecular  genetic

   Abbreviations: ABA,  abscisic  aeid;  ABREs,  ABA-responsive

elements;  BAC,  bacterial artificial chromosome;  CAPS,  cleaved

amplified  polymorphic sequences;  SSLPs, simple sequence  length
polymorphisms,
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screens  based upon  positive selection  of  mutant  plants
capable  of  germinating on  ABA  have been performed
(Kornneef et  aL. 1984, Finkelstein 1994). This has led to the

identification of  four different genes whose  products affect
embryonic  as well  as vegetative  ABA  responses  (Giraudat
et al. 1992, Leung et al.  1994, Meyer  et al. 1994, Lellng et
al. 1997, Rodriguez et al, 1998). The abil  and  abza  muta-

tions primarily affect vegetative  responses  such  as  gene  in-

duction and  sromatal  closure  after  ABA  exposure.  Their
wild  type gene produets ABII and  ABI2  are  two  highly
homologous  protein serine-threonine  phosphatases 2C,

The abil  and  abde  mutations  are  dominant  and  in both case
the  same  amino  acid  (Gly) was  substituted  by Asp located
in a  homologous domain of  the proteins (Leung et al.

1997), ABI1 and  ABI2  have  been suggested  to be negative

regulators  of  ABA  responses  (Gosti et al. 1999), Contrary
to abil  and  abi2, the abts  mutation  is recessive (Kornneef
et al, 1984) and  its wild-type  (wt) gene product, ABI3, is
believed to be a transcriptional  activator  exerting  its func-
tion  through  ABA-responsive elements  (ABREs) located in
the promoters  of  ABA-responsive genes (Hobo et al, 1999
and  references  therein). Its mode  of  action  still needs

clarification  as  no  direct ABRE  binding activity has been
demonstrated. ABI3 operates  in embryonic  ABA  signaling

and  its expression  is restricted  to embryonic  tissues and
rapidly  declines upon  germination (Parcy et al. 1994), Fi-
nally,  ABI4  wEts recently  identified (Finkelstein et  al.  1998)

as an  AP2  domain transcription activator,  which  acts

primarily in ernbryos  as well.  The ABL5  gene disrupted in
abi5  (Finkelstc:in 1994) was  not  published at  the time we

started  our  project.
   Clearly, rnore  genes are  likely to be involved in ABA
signaling  and  their identification is required  for a  better
understanding  of  the mode  of action  of  this important

phytohormone.  We  have hypothesized that  additional  ge-
netic  loci might  be recovered  using  the classical ABA-in-
sensitive screen  (Kornneef et al. 1984). The diMculty with
this approach  is that one  has to use  relatively high ABA
concentrations  (5 to 1O ptM) in order  to significantly  inhibit

(that is, below 5%)  wild  type  seeds  from germinating, In-
deed, at low ABA  concentrations  the germination criterion
is no  longer valid  because too  many  false positives are

recovered.  Nevertheless, we  chose  to perform  the same

positive screen  at lower ABA  (2"M) concentrations  than
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S.4? An  Arah:,dopsis bZIP r`actovrequifed f-r .dLBA sjgnaling

pffeviously usecl  <Kornnec:fel, aS, 19S4, FinkeEsl'ein 1994). .fikt
this canceiltrat{on,  even  thoiigh wiEd  eype  seeds  ei,entually

killy gevtninale after 5 d, g:cening and  .ff.rowth cf' thc see-
cliings are tiramaticaily inhibitedi thereafter. Vlterefure,
by screening  tbr not  only  genninution but aRso  vegetative

gxo-wt.h nt Ifikv ABA  concentrataoils  we  iwight ctetect novel

mutatiens  in ABA  signating,  We  named  the mLitants  reco-

vered  frem tkjs s#recn  g, iti t'gro",th-inseiisitive te AB.eq). "ie
have beeF able  te identify at  1･casv t'ouv i'ec;essivc  gies loei
diff'even!/ ttrom the know- ahti loci.

    In the present study,  we  repert  the  identifieation ofthe

reces$ive  mut,aot  giaj and  the identificfition oi' thc GiA?
gene by pesitional elonizig  and  cemp}em ¢ ntatioi'i arralysis.

DLirl.ng t.he preparatien of  this manusgript  wc  learned tkat
Nnkelstcln and  Lynch <Finke.estean anci  Lynch  (in pTess))
haci simultaneously  cloned  Anif  by positional cioning  and

CMI  iuyned  gut  lo be ideiit'lcal to ,4ssl)S  (b'inkelstein per-
sonul  cemmunicntion).  As gSai is a twvel  allele ot' abi.S･ we

designated it as abiS-4. Becavse }i'iyakelstein (Figikclstein
1994) ilrst isoiated abiS  muta"ts,  we  zarill no"･' refer  (J'L4i as.
f4Bas.  

'The
 AB15 ORii 2s prcdiicted to eude  fer a 1)asic

reggt'm  leucine zEpper  (bZIP) transcriptit)ll factor wlth  se-

quemce  homolo.cy tc DPBFI  from suntlower  <.Kim et al.

199'7,), Arffbidopsis bZIPs ABITs (Choi et al. 2000)t and  the
rice  TRABI  (Uobo et  al, t999), Tfte C-termina! bZIP
demain of  ABI5  is aimost  identical to  tliose etheT  bZIP
f'nctors whieh  ]iave been shown  lo 1i:'nd ABA  responsive

elements  (Kim et ai. 199T,, H.obo et  ae. I999, Clioi et al,

2000>. We  show  that  ABj5 is expressed  duying embryeni#
eievelopment as weil  as in wctg.etative  tiss'd･.'Ms. Mt')TeDver, twe

eate embryonic  abundanr  (lecr) and  ABA-gndiucible genes
as'e strongly  down  r･ egulated  in abi5-4  pgants, Oui' rcsulTs.
provide in vivo  evidence  lhat ABIS  plays a  r"le  in A.BA
tiignalirig,

MfiIerials aRd  Methotis

   Pgartt ,Tnateriai anaJ  mtitairt  seieciion  procedure-T-DNA
IN RA-Vecsailles }iiies ava[ixible  fiom the NottinLu.hani Arat')idoi)sis
S.tock CetitcT {NASC) svere  used  jn the screeniiig,  abt.5-4  was  ob-
taiiied frcm  a set of  2,40g] lines (Stock. numbers  N53S9  atrd NS4S.C,)
3nd  sc:'eetied as  poe]s of  100. I,OOO to 2,UeU st".ed! were  so'w"n in
Ycni petri disheE containia!g  e.41#,'o pt･fui'ashige afid  Skoog s2ilts

CMurasliige apd  Sk.ooe 1962), ldth suc.,'ose, O,OSg'J,', pa'!ES,, O.8lk
agar,  pHS.7)  snppjen]entcd  -'ith  2,uM ,'XBA  {ABA, ni:,.v.ed iso-
mers.  SigTna, tX7383),  ABA  was  disso:,i,eti in met'nepoi  a.'td centTol

dishes wlT.hovt  ABA  received  equai  amouiits  of  met'hEmol  tts ABA
sttpplemented  ones.  Plates were  r･ o"tinel),' kept tl  d in the  dinrk a±

4"C transt'erred  thereafter to a  gro"ih  chamber  (22"(:', l6h pho-
toperiod).  Growth-insensiSix,,e to ABtX  vlaitts wer'e  selected  tb}
th{=ir ltbility to greeL] iind  develop  roots  5 to : d aftev  their  lrallst'er
to the  arowth  chamber  and  [raitsferreti to  plazes wiLhaut  ABA  aiid

finalLy transfevreti fo sotl altes  ̀2 weeks.  1'l'ie next  generation was
tested iii the samc  tnaniier  in petri dishes contaim{iig  l, 1}, S aTid  5
itM ABA.  Oniy the  velants that kept the ability  ta gre,en ai2･ti d-s-
i'elop  

'foots
 in 2,esM ABA  ",ere  finally selected fc)r fur+.l er study.

   tsotarion oj' reconib,tnani  pgants nffif inoiecatar  ma.ppin,v,-･

1'lie ffbi)"-4 mutamt  was  c,utcrossed  wi:h  Coiunibia CCoi') vvild type

plants and  rnappiitg  popvlations wcre  isolateti by se]eeting  ABi-X-

Achr.
 se-Trt-m323 (67.9 cM} veO17  (69.t cM>

BACS

Rec

B

1

  T20,F21 F9C22  FICil "

"Tl'manvM'l!g-Tr
'1/i9

,ff,filliF.ew,t,-,:,F)li}!sg-,,3K3 1
'F

                    /i  ""

               /.x"'
 

X''...x.

            ..xJt' 

L...t..
          '/' """

         
-' x

Affg5

t.-.--

-"
start

avas----
  step  SOO  hp

prgteM  i
        L

ABes

abS5-4

=::--ew

,r','..Lr:.I,.]

Fig. 1 (A) Fine mapping  or' ABts  loctts ori chromosome  2, l!) rec"mbinant.s  were  isglated be:ween CAPS  Tnarkers/  mli23  antl veOlr,.

New  C]tXg'S and  SSt･I' rnErkti's  were  geneTuted  and  veiticnHifi[t,s  incli'cate their relatjve  pesitioB tn t.he BAC  t'.ontig.  Numbers  below
rftnrker

 
lines

 indicate thc recgmbiuatfon  ua'ents  (REC}. (B) Stnicture of  the  .nLnlS gene. Boxes indicute exons,  Thu  triangle liidicates the
Fite of  the 37 bp inserttot! in the abi)"-4  mutatkt,  Translatien start'. and  stcp  sitcs are  indicated as  well  as tke predlpt.ed pfotein prodLset.s
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Table 1 abi5-4  complementation  wirh  single insertion in-
dependent transgene (T2 generation)

Plant Kanamycin
sensltlvlty

 Germination and
growth  in 3 "M  ABA

Wsabi5-4abi5-41P208,1

abi5-41P208,2

abi5-41P208,3

abi5-41P208,4

1009b (n=251)
loom  (n=2on)
25.3glb (n-182)
24,8orb (n=149)
27,8va (n==115)
23,8% (n=88)

 1.3opD (n=232)
95.2% (n =:  208)
24.8% (n =:  205)
23.5M  (n=229)
232%  (n -:  l51)

20.3% (n=153)

Complementation analysis  by single  transgene insertion in four
independent  abif-4 lines, Ws, wild  type, Percentages indicate
frequencies.

insensitiye F2 families. abi5-4  was  initially mapped  to the lower
arm  of  chromosome  2 using  28 F2 progeny  plants, For map-

ping, a combination  of  cleaved  amplified  polymorphic sequences

(CAPS) markers  (Konieczny and  Ausubel  1993, Glazebrook  et al,

1998) and  simple sequence  length polymorphisms  (SSLPs) mar-

kers (Bell and  Ecker 1994) was  used.  DNA  preparation and  PCR
conditions were  exactly  as Glazebrook et al. 1998, For fine map-

ping, noyel  CAPS  and  SSLPs were  generated between CAPS
markers  m323  and  VeOl7 as indicated on  Figurel, The sequences
of  the  oligonucleotides  and  restriction  enzymes  for these markers

are  available  upon  request,

   Complementation studies-The  bacterial artificial chromo-

some  F2H17  was  obtained  from  the Arabidopsis Biological
Resouree Center (ABRC, http:!!aims,cps.msu.edufaimsl). A
BamHI  sub-fragment  of F2H17  (Accession number:  ACoo6921,
positiens +31670  to t37348)  containing  1.5 kbp and  2 kbp of

upstream  and  downstream ABI5  sequences,  respectiyely,  was

subcloned  into binary vector  pBin19  (Bevan 1984), This com-

plementation vector  (called P208)  was  electroporated  into

Agrobacterium tumefbciens  and  abif-4  plants were  vacuum-

infi]trated as  described (Bechtold and  Pelletier 1998). Four in-
dependent T2 families were  selected  for antibiotic  and  ABA  sen-

sitivity (see Table 1).

   cDINL4  isolation and  5' RACE  analysis-A  cDNA  library (a
gift of  Dr. Hiroharu Banno) was  censtructed  in the ZiploxTM
system  (Life Technologies,  Inc) from  whole  seedlings Columbia
mRNA.  The library was  screened  according  to the manufacturer

instructions, 5' RACE  was  performed from Columbia leaf total
RNA  using  the SMARTTM  PCR  cDNA  synthesis  kit according  to

the manufacturer  instructions,
   RAL4  isolation and  analysis-Silique  and  dry seed  RNA  was

isolated according  to Vieient and  Delseny  1999. RNA  from  yege-

tative tissues was  isolated using  the Qiaqen Plant Mini Kit (Qiagen
Inc.). For  Northen  Blot analysis,  RNA  was  size fractionated on

formaldehyde agarose  gels and  transferred to nylon  membranes

(Duralon, Stratagene) according  to standard  procedures (Sam-
brook et al, 1989), Hybridization conditions were  as Church and

Girbert (Church and  Gilbert 1984), Ribonucrease assays  were

performed as  described (Lopez-Molina et  al. 1997),

   Ilybridization probes-AtEm6  and  AtEml  specific  DNA
probes  (Gaubier et al. 1993) were  generated  by PCR  amplification

of  Ws  genomic DNA  using  the following primers: 5' CAAG

TGATAGTAGTTACGAGCTAC  and  5' ACATACTATCAC
AAGTAAGACACG  (AtEml), 5' GAAGGAGTCGAGATAG
ACGAATCC  and  5' CAATTCTAGTCGAATTAGCTCTACC

(AtEm6). The Cor47 and  rab18  probes were  from Foster and

Chua  (Foster and  Chua  1999). The  ABIS  probe consisted of the
largest ABI5  cDNA  insert (see Resutts). For RNase protection a
Tiboprobe  encompassing  position +34410  to +34555  of  BAC
F2Hl7  was  used.

   Computer  sqftware-The  following internet sites were  used

for sequence  comparison  and  phosphoaminoacid  prediction:
BLAST,http:flwww,ncbi,nlm,nih,govfblastlblast.cgi;PROSCAN,
http:flpbil,ibcp,frlcgi-binlnpsaautomat.pl?page=INPSAfnpsa

prosean.html;  NETPHOS,  http:flwww.cbs,dtu,dk!services/
NetPhos.

   The alignment  shown  in Figure 2 was  produced with  the

prograrn Megalign (DNASTAR lnc. 1997),

Results

   abi5-4  identptcation andpositional  cloning  ofABI5-
abi5-4  was  isolated from a set of  2400 INRA-Versailles T-
DNA  lines available  from the Nottingham  Arabidopsis
Stock Center (NASC). The  T-DNA  lines were  screened  as

pools of  1oo and  putative mutants  were  selected  for their
ability to germinate and  grow  in a  medium  supplemented

with  2"M  ABA.  Putative mutant  plants weTe  transferred

to soil  and  progeny  from  the next  generation was  tested

again  at different ABA  concentrations.  abi5-4  plants were
capable  of  germinating in concentrations  as high as 5 ptM
ABA  (90th of  the  plants having full radical  tip emergence

after  3 d of  breaking dormancy) although  their growth was
limited. At 31tM ABA  they could  germinate and  grow
normally  but slower  than in the absence  of  ABA.  In 3 ptM
ABA  wild  typc: plants germinated  5 d after breaking dor-
mancy  but the seedling  failed to green.
   Having  established  the germination and  growth-in-
sensitivity  of  abi5-4  plants we  attempted  to directly identify

genomic DNA  fianking the site of  the presumed T-DNA
insertions generated by the plant transforrnation  vector

pGKB5  used  in these lines, We  failed to detect any  inser-
tion  by southern  blot analysis  and  growth on  kanamycin
(data not  shown).  We  therefore used  a positional cloning

approach  to discover the  responsible  genetic lesion of

abi5-4.

   The abi5-4  mutant,  which  is in a  Wassilewskija (Ws)
ecotype  background, was  backcrossed into Colurnbia (Col)
and  Ws  wild  type background, The F2 generation from
these crosses  established  that abi5  was  a  monoallelic,

recessive mutation  (data not  shown).  We  used  cleaved  am-

plified polymorphic  sequences  (CAPS) (Konieczny and

Ausubel 1993) and  simple  sequence  length polymorphisms
(SSLPs) (Bell and  Ecker 1994) developed for Arabidopsis
as genetic markers,  Initial analysis  of  28 individual F2

abi5-4  plants from the abi5-4 × Col backcross established

closed  linkage with  CAPS  marker  m429  and  SSLP  marker

nga168  on  chromosome  2. Because  ABI4  is also  closely

linked to these markers,  we  amplified  its open  reading

frame by polymerase chain  reaction  (PCR). Sequencing
of  independent PCR  fragments showed  that the ABI}l
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sequence  was  unaffected  in the abi5-4  mutants.  This

prompted  us  to further analyze  a larger number  of in-
dividual segregants  demonstrating that the abi5  locus was
in fact between CAPS  markers  m323  and  veO17  (REF)
about  2Mb  proximal of  AB14  (see Fig,1), In order  to

perform  a  fine mapping  of  the ab6-4  mutation  we  ran-

domly amplified  1 kbp fragments using  the sequence  in-

fermation from the bacterial artificial chromosome  (BAC)

contig  covering  the interval (see Fig. 1). Single nucleotide
polymorphisms  were  found between Col and  Ws  ecotypes

for each  BAC  which  were  used  to generate novel  CAPS
markers  (see Fig, 1), Analysis of  1920 meiotic  events  al-

lowed us  to identify 19 recombination  events  between
markers  m323  and  veO17  (Fig, 1). These recombinants  en-

abled  us  to finally narrow  down  the interval containing

the abi5  mutation  within  approximately  60 kbp on  BAC
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F2H17  (GenBank accession  number:  ACO06921). PCR
amplification  of  abi5  genomic DNA  within  this interval
followed by sequencing  analysis  showed  that predicted

gene  F2H17.12 (accession nurnber  ACoo6921,S) had a  37
bp insertion 330 bp downstream of  the start codon  of  the

first exon  (Fig. 1). As  this insertion causes  a  premature
translation stop  (Fig. 1) the abi5-4  mutant  gene  product is

predicted to be one  third the length of  the ABI5  protein.
The F2H17.12 ORF  encodes  a putative bZIP  transcription

factor containing  at the C-terminus, the basic domain sig-
nature  followed by a leucine zipper  domain.

   To demonstrate that the mutated  gene was  indeed
responsible  for the  abif  phenotype  we  constructed  a  corn-

plernentation vector  (called P208) consisting  of  the pBIN19
binary plasmid with  a S.6 kbp BamHI  fragment from BAC
F2H17  encompassing  F2H17.12.  P208  was  used  to  trans-

form  abif  plants and  the ability of  the transformants to

germinate and  grow  on  ABA  was  tested. Analysis of  T2
seeds  from four independent lines carrying  single  inser-
tion transgene  showed  conclusively  that  P20g  was  indeed

suthcient  to complement  the abts-4  rnutation,  since both
kanamycin sensitiyity  and  ABA-insensitivity segregated

with  Mendelian  ratios (see Tablel),
   ABI5  ana(ptsis-To  verify  the gene structure  of  ABJ5
we  screened  a cDNA  library constructed  from RNAs  made

from 3 week  old  wt Columbia seedlings.  Sequence analysis
of  three  independent cDNA  clones  indicated the presenee
of  at least two  different polyadenylation sites separated  by
15 nucleotides.  The longest cDNA  insert (1,561 bp) con-
firrned the occurrence  of  the predicted introns and  exons

but revealed  the presence of  an  additional  exon-intron

junction (Fig. IB) located seven  nucleotides  upstream  of

the presumed  start  codon.  This 5' intron is 782 bp long. 5'
RACE  analysis  confirmed  the presence of  this intron and
extended  the total length of  the first exon  to 145 bp. Figure
IB depicts the genomic  structure  of  AB6  along with  the

position of  the insertion generating the new  abi5-4  allele.
Despite the presence of  this additional  exon,  the predicted
start codon  is likely to be correct  since there is an  upstream

ATG  which  is imrnediately followed by a stop  codon

(ATGTGA).
   ABL5  protein structure  analysis-Comparison  of

ABI5  with  other  proteins in the database using  BLAST

software  shows  that it has the highest hornology to five
bZIP plant transcription factors: DBPF-1 (Kim et al,

1997), ABFs  (Choi et al. 2000) and  TRABI  (Hebo et al.
1999) from  sunflower,  ArabidQpsis and  rice  respectively.

The  highest homology  is found with  DBPFI  (49% identi-
ties, 57M  positives, 8th gaps), followed by  ABF2  (38va,
47va, 27ca), ABFI  (35M, 42M, 23%), ABF4  (34th, 42lh,
23va), TRABI  (34%, 43%, 26%) and  ABF3  (31%, 42%,
19M). An  alignment  of  the six  proteins is shown  in Figure
2. Highest homology  is observed  in the C-terminal part of
the protein within  the basic region,  which  is either identi-

A

B

                  Dry  seeds

                 m
 F 2 11 21 aois-4  ws

i'meg.tt･i:･,･,Il/II･I.lleei,'ill,..""i'i'i"'",'i,I",11i.ii

F S 5d L 20d

ABts

rRNA

ABI5

Hg.  3 ABLS  expression,  (A) ABts  expression  by Northen blot
analysis in flowers (F), siliques  2, 1 1 and  21 d after  flowering. Dry
seed  expression  is shown  for abi5-4  and  wild  type (Ws). 2#g  per
lane of  total RNA  was  used. (B) ABb  by RNase proteetion
analysis  in vegetatiye  wild  type (Ws) tissues, F, fiowers; S, stem;
Sd, fived old  seedlings;  L, leaves; 20d, 20 d old  plants, 3ug  of

input total RNA  were  used  per lane,

cal {24124) or  only  differs by a  single amino  acid  (23124).
Three highly homologous domains are found in the N-ter-
minal  region  (see Fig. 2) with  minimum  amino  acid  identi-
ties of  60%  for the first (43 aa), 63M  for the second  (22 aa)
and  81%  for the third domain (22 aa). PROSCAN  and

NETPHOS  (see material  and  methods)  software  analysis

of  these domains predict potential conserved  serines  and

threonines as possible targets for phosphorylation (see
Fig. 2). This suggests  that the activity of  these proteins may
be regulated  post-translationally by phosphorylation and

dephosphorylation from upstream  ABA  signal-transduc-

tion pathway components.  In addition,  ABI5  contains  two

bipartite nuclear  localization signals  located at  amino  acid

positions 344 and  366. This finding is not  surprising  since

ABI5 is presumed to play a  role  as a transcription factor,

   ABrs  mRAL4  exipression-We  studied  the tissue dis-
tribution  of  .`IBI5  transcripts  by Northen blot analysis

and  RNase  pretection assay.  Figure 3 shows  that ABI5
was  expressed  in both vegetative  and  embryonic  tissues,

throughout  most  stages  of  silique development. From
alrnost  undetectable  levels O to 2 d after pollination (DAP)
ABI5 expression  levels showed  a slow  and  gradual increase
cu!minating  in dry seeds  where  the highest levels were  ob-

served.  High  expression  levels were  also  observed  in flowers

(Fig.3). In contrast  to fiowers and  dry seeds,  lower tran-
script  levels were  found  in vegetative  tissues such  as  stem

and  leaves of  20 d old  seedlings.  ABI5  transcript levels were

undetectable  in 5 d old  seedlings.

   ABrs  target genes-DBPF-1  has been cloned  by yeast
one-hybrid  screen  for its ability to bind to the promoter
region  of  Dc3  (Kim et al. 1997), a  carrot  lea gene highly

NII-Electronic  



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  of  Plant  Physiologists

546 An  Arabidopsis bZIP factor required foT ABA  signaling

ausc  Ws

AtEnd

AtEm6

ResblS

Cer47

rRNA

Fig. 4 Gene expression  in abi5-4  dry seeds,  Northern blot anal-
ysis using 2 "g  of  total RNA  from dry seeds  per lane,

expressed  in embryos  and  whose  expression  is ABA-in-
ducible (Kim et al. 1997). The  ability of  DBPF-1  to bind
ABRE  containing  promoters  of  a  lea gene and  the in-
creased  ABI5  expression  in late embryogenesis  prompted
us  to analyze  the expression  of  similar Arabidopsis lea
genes in the abi5-4  seeds.  Figure 4 shows  that the ABA-
responsive  tea genes AtEm6  and  AtEml  (Gaubier et al.

1993) expression  was  strongly  diminished (but not  elimi-

nated)  in abi5-4  dry seeds  as  compared  to Ws  control  seeds.

By  contrast,  the expression  of  two  other  ABA-responsive

genes Cor 47  (Gilmour et al. 1992) and  Rab18 (Lang and
Palva 1992) were  identical in abi5-4  and  wt. Therefore, our
results  suggest  abts-4  affbcts  a subset  of  ABA-regulated

genes late in embryogenesis.  Interestingly, ABI5  expression
was  strongly  diminished in abts-4  seeds  suggesting  auto-
regulation  of  i4BI5  andfor  a lower stability  of  the abif-4     ,transcrlpt.

Discussion

   Here we  report  the identification of  a  novel  abif  allele

(Finkelstein and  Lynch, in press) as well  as the identifica-

 tion of  the  ABL5  gene by map-based  cloning  and  com-

 plementation analysis. ABI5  encodes  a protein highly
 homologous to bZIP transcription factors known  to bind
 ABRE  elements.  abif-4  mutarit  plants were  isolated for

 their ability to germinate and  grow on  medium  supple-

 mented  with  ABA.  Moreover,  we  have shown  that AtEml

 and  AtEm6, two ABA  regulated  genes (Gaubier et al. 1993)

 were  strongly  down  regulated  in seeds. Thus, our  results

 provide in-vivo evidence  that this class of transcription

 factors plays a  role  in ABA  signal transduction pathway.
 This novel  allele likely generates a  null-mutation  of  ABI5

 as only  a third of  the protein would  be translated without

 the capability  of  dimerizing and  binding to DNA.

    The role  of ABI5  in ABA  signaling  remains  to be
 further explored  and  placed in the context  of similar fac-

 tors such  as the ABF  family recently  identified (Choi et al.
 2000), It remains  to be investigated how  these different

 factors interact and  mediate  ABA-induced  gene responses

 and  also other  environmental  responses  such  as drought,
cold  and  high salinity,  As members  of bZIP transcription
factor family, they might  heterodimerize in order  to exe-
cute  specific functions. In vegetative  tissues some  func-
tional redundancy  is expected.  For example,  the induction
of  kin2 and  rzt29a,  two  ABA  responsive  genes (Kurkela and

Borg-Franck 1992, Yamaguchi-Shinozaki  and  Shinozaki

 1993) with  ABREs  in their promoters, appeared  to be
normal  in abts-4  plants (data not  shown),

    Another  area  for future investigation is the regulation
the activity of  these bZIP  factors by ABA  and  other  en-
vironmental  cues.  Potential sites of  phosphorylation are
found in the homologous  regions  in the N-terminal part of
these  proteins. Phosphorylation and  dephosphorylation
are very  likely to play an  important role  in ABA  signaling

as suggested  by microiniection  experiments  (Wu et al.

1997) and  the fact that ABII  and  ABI2  are PP2Cs.

   In embryos,  ABI5  is apparently  not  completely  func-
tionally redundant  since it could  be recovered  from the
mutant  screen  and  shows  altered gene expression  in can-
didate target genes, The  relationship  of  ABI5  and  ABI3
needs  to investigated furtheT as well. First, abB  mutants

also  show  down  regulation  ofAtEml  and  AtEm6  in seeds
(Parcy et al, 1994), Second, TRABI,  which  is homologous
to ABI5, has been shown  to interact with  OSVPI  (ABI3
ortholog  in rice)  by a yeast two-hybrid assay  (Hobo et al.
1999). It is, therefore, tempting to speculate  that such  an- - s
interaction  may  exist between ABI3  and  ABI5. ABI5 could
mediate  the known ABI3  activation  effect of  ABRE-con-
tammg  promoters by binding to ABI3 and  to ABREs  si-

multaneously,  and  these  processes might  be ABA  regulat-

ed, Indeed, experirnents  done by  Parcy et al. (Parcy et al.
1994) suggest  that ABI3 activity  is ABA-dependent. They
have shown  that embryo-specific  genes (such as AtEml)
could  be induced in vegetative  tissues in an  ABA-depend-
ent manner.  It will  be interesting to repeat  the experiment
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in an  abi5-4  background to see  if these  gene inductions are

ABI5-dependent.
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