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Abstract

Two cDNA clones, plIG1 andplIG2, correpondingto mRNAs thataccumulatan maizeroot tips subjectedto
10 min of physcal impedancewere isolated by differental screenng of a cDNA library. The deducedoroteins
basd on DNA sequenceanalysis, have molecubr masses of 13 and 23 kDa for plIG1 and plIG2, respectiely.
plIG1 showed97% similarity atthe nucleic acidlevel to a maizeroot cortical cell delineatirg protein (pZRP3J and
was also similar to somebimodular proteinsthat aredevelopmenélly or stress regulatedin other plant species In
situlocalizatian of pliIG1 shovedsomeexpressiorin corticalcellsof controlmaizeroots;however, aftera 10 min
physcalimpedancdreament pllIG1 accumulatiorincreasedjreatlyin cortical cellsandextendedto includethe
procambal region. plIG2 did not show seqience similarity with ary identified gene of known function, but a
bipartite nucleartargeting sequence occusin its deducedamino acid sequence which indicatesit mayfunctionin
thenucleus Thus rapidaccumulatiorof specific MRNAS occursin maizerootsin repong to impedancetress,

andthese mRNAs may beregonsble for someregonssof the rootsto physcalimpedance.

I ntr oduction

As roots encouner the physcalimpedanceresented
by soils, turgor presure in the root cels increags
the rate of extengon growth is reducedand expan-
sion growth is promoed. Thes rapid changesn root
developmernt eventualy reduce the plart’s ability to
aborb water and nutrients by redricting the volume
of soil permeatdby its roots [29, 35]. Feldman[14]
attempted to explain root repongsto physcal im-
pedancehroughturgor effects on cell wall extengon.
However, in experimensin whichanexternalpresure
was applied to a solid medum to inhibit root growth,
the necesary presure was less than1 bar, andthus
it was far smaller thantheturgor presure, suggesing
that a physcal regriction is probably not the primary
cau of rootreponges Severalinvestigatorshadpre-
vioudy propogd a hormone-meaited mechansm to

The nucleotidesequencedata reportedappearin the EMBL,
GenBankand DDBJ Nucleotide SequenceDatabass under the
accesion nunbersAF001634(plIG1) and AF001635(plIG2).

explain plant repongsto soil compacion [18, 25,
27]. Recentevidencesuggess that ethyleneplays a
critical role in the regulation of repon®sto physcal
impedanceSarquis et al. [33] shavedthatarapidin-
creasdn ethylenebiosynthesisoccurredwhenmaize
seedingswere subjeciedto phydcal impedanceEth-
yleneevolution and ACC and conjugatd ACC con-
centationsall increasdby 2- to 3-fold beforegrowth
was inhibited. It was also demonsrated[33] that the
morphobgical changesand reducedgrowth rates re-
sulting from phydcalimpedanceverelargelyreversed
by pretreatmenof seedings with a combination of
AV G, anethylenebiosynthesgsinhibitor [1], andsilver
ion, anethyleneacion inhibitor [6].

We apply physcalimpedancéorootsgrowingina
membrane-enobked columnof bakedclay granuksin-
sideof apressurizedcel [33]. Thebaked clay granukes
are not compressibleput pressureon the membrane
increagsthe rigidity of the matrix throughwhich the
roots elongate. Theresstanceto growth inhibits elon-
gation and promotesswelling of theroot tipsonly [33],
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arepong mimicked by unimpededoots exposedto
ethylene. After exposure to impedance roots show
no discoloraion, wounding or leaking of fluids un-
derunadedor microsopic visual examinaion. When
the pressure on the column is relea®d, the rate of
ethylene producton drops rapidly, which is another
indicaion that the experimentl systemis simulating
resstanceto growth rather than wounding the roots.
In addtion, phydcaly impededroots develop inter-
nal air spaceq20], aerenchymawhich are visually
idenicalto aerenchymavhich develop in repong to
low Oz or transientdeficienciesof N and P [12, 13].
Thelatter treamens do notinvolve any physcal con-
tact,but they, alongwith physcalimpedanceincreae
ethyleneproducton rates[13, 33] or sengtivity to eth-
ylene[20]. Finally, elongaton rates of impededroots
areregoredto 90%of contol ratesby pretreamentof
seedingswith ethylere biosynthesisand action antag-
onists, a restut illustrating that the fritted clay matrix
doesnot physcaly limit growth but rather impedes
it so asto acivate a phydological repon®. Thee
relationdhipshave led usto concludethat phydcalim-
pedanceof root growth is not smply anoher ca® of
thigmomorphogenésor seismomorphogeneas|[7, 8,
23, 30, 31]. Aswill be discussedlater a preliminary
screeimg of maize root MRNAs with cDNA probes
for threeof the TCH geneq8] producedesults con-
sistent with the suppodtion that impedanceof root
growthis notatouchor wounding phenomenon.

While changesn root morphobgy and hormone
levels for plants subjecied to physcal impedance
have beendocumengd, the mechansms that regu-
late thesechanges, esgecially in the early stages of
stress exposure, remainunknavn. Although ethylene
biosynthess in the root increagswithin one hour of
imposition of impedarce stress[22, 33], the early
stefs in signa trarsduction which initiate the rapd
and specific reponsesare still unclear We have dif-
ferentiallyscreenedor genesexpresed preferentially
in 10 min physcaly impededmaize roots to eluci-
datk early stepsin the signaltranslucion pathway. In
this paperwe reporttheisolationand characterization
of two cDNA clones, plIG1 andplIG2, which corre-
spondto poly(A)™ RNAs whichaccumulatefteronly
10min exposureto phydcalimpedance.

M aterials and methods

Plantgrowth andtreaiments

Maize (ZeamaysL.) cv. TX 5855seedsweresurface
sterilizedin 1% NaOCI solution for 10 min, rinsedand
kept in aerateddistilled waterat 25 °C overnight. Af-

ter germiration on moist germination paper for 72 h

in the dark at room temperatureseedlingswere se-
lecied for uniform root length (about25 mm) and
trangerredin groupsof 8 to 10 into a column of

premdstered, fritted clay enclosedin a triaxial cell.

All physcal impedancesxperimens were conduced

in modified triaxial cells which have beendescribed

in detil by Sarquis et al. [33]. Thetriaxial cels al-

lowed application of a controlled gas pressue in the

space surrounding a membranewhich encbsed the

fritted clay growth medum; the pressue increased
the rigidity of the clay matrix thereby increasiny the

physcalimpedancéo growth. Afterplansweretrans

ferred to the triaxial cells, the cells were placedin

a growth chamberat 25 °C for 12 h before treat-
ment Treamens congsted of controls (no pressure)

and 100 kPa gas presure (N2) applied exterrally to

the memlrare enclosedgrowth medum in the triaxial

cels for 10 min. Compresed, humidified breahing

air (medcal grade) with normal O, contentflowed

throughthe growth medum while seedingswere en-

closed.After treatmentthetriaxial cellswererapidly

disassembled and 1 cm secionswere cutfrom theroot

tips, frozenimmedately in liquid nitrogen and then

storedat —80°C until extracted.

RNA isdation

Total RNA was isdated from root sectiams follow-
ing the method of Changet al. [10]. The poly(A)*
RNA isdation utilized the polyATtractmRNA isola-
tion system (Promega, Madison, WI). Thebiotinylated
oligo(dT) primer was hybridizedin 75 mM NaCl +
7.5 mM sodium citrate (0.5x SSC)to the 3’ poly(A)
region of the mRNA. Poly(A)™ RNA wasisolatedby
magneitc separaton and, the beadswerewashedsev-
eral timeswith 0.1x SSC after which the poly(A)™
RNA waselutedby Rnase-freewater

Congruction of maize root cDNA library

The cDNA synthesis reactilm was primed with a
50 bp pair oligonuckotide which contained both an
Xhad restrictian enzyme recggnition site ard an 18 bp
poly (dT) sequencgStratagene,La Jolla, CA), using



poly(A)™ RNA isolatedrom 1 cmof 10 minimpeded
root tip secions EcaRl adapors wereligatedto the

blunt ends of cDNAs and digestedwith Xhad to re-

leasethe EcaRl adapbr from one end. This metod
permits the cDNA to be directionally cloned, with the

EcoRl and Xhd ‘sticky end’, at the 5 and 3’ ends

regpecively. Double-drandedcDNASs were directon-

ally clonedinto thecommercal bacieriophage, Uni-

Zap XR (Stratagene)and packagedusng lambdain

vitro GigapackGold packagingextracts.

Differential screenng of cDNA library and isolation
of IIG clones

Differertial screernng of the cDNA librarywas carried
out to deermine if mRNA levels for specific genes
changedn regpong to phydcal impedance Single-
strandedcDNA probeswere preparedfrom mRNA
from maizeroots segments exposedto 0 min (contol)
or 10 min impedancetreatmenin triaxial cells.Dupli-
catefiltersof eachNZY (cainenzymatichydrolyzate
and yeastextract) phage plate with a dersity of ca.
2000plaqueger plateweremadeaccordingo Mani-
atisetal. [28]. Thetwo cDNA probeswereseparately
hybridizedto the duplicae filters. Plaqueshybridiz-
ing preferertially with cDNA derived from the 10 min
stress probewere isolated. After secondaryscreening,
plaguesvereexcisedandthe plagnmidswere isolated.

In situ hybridization

Root tips 1 cm in length were cut, fixed with 4%
formaldehyde and 0.5% glutaldehydein 100 mM
phogphae buffer (pH 7.0) and embeddedn para-
plag plus (Sigma, St. Louis, MO). Sectons(10 um)
were cut with a microtome and placed on poly-
L-lysine-coateddlides [3]. Becausethe cDNA was
clonedinto pBluegript SK+ (Stratagene)either T3
(sene trangript) or T7 (ani-sense trangript) poly-
merag was used to genera¢ a digoxigenin-labeled
RNA probefrom the linearizedplasmid(Boehringer
Indianopois, IN). In situ analysiswas performed
with digoxigenin-labeledRNA probe addedto the
dlides and the hybridizaion temperatire was 50 °C
overnight Prehybrdizaion treament hybridizaion
conditionsandpog-hybridizaiontreamenswereper
formedasdesribedby deAlmeida Engler et al. [5].
The tisste image and blue color of the resuting sig-
nal wasvisualized by applying alkaline phogphatse-
conjugakd, ani-digoxigenn antibodies and enzyme
subdrate. The hybridizaion signal was then pho-
tographedhrougha Zeiss Photomicroscopelll.
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Northem blot analyss

Pdy(A)™ RNA (15 ng) was separatedon a 1%
agaros gel contining formaldehyde for 3 h at
70 V, usng 20 mM MOPS [3-(N-morpholno)-
propaneslfonic acid] solution as a running buffer.
The gel was blotted to a nylon membrane(Hybond
N+, Amerstam) [3] with 20x SSC (sodium chlo-
ridesodium citrate) [28]. The denatired RNA was
fixedto nylon membraneswith UV light (150 mJ),ard
theblots wereprehybridizedvith 0.5M sodiumphos
phat (dibasc andmonobagc combinaion at pH 7.2),
7% SDS (sodium dodeg! sulfate), 1% BSA, 1 mM
EDTA anddenaturedsalmonspermDNA (50 pg/ml)
at 65 °C for 4—6 h. After alabeling reacton and de-
nauration, the purified 32P-lateled cDNA fragmerts
were addedo the prehybrdizaion buffer, andthe hy-
bridizationwas carriedout at 65 °C overnight. After
hybridization the blots werewashedtwice for 10 min
in 2x SSG 0.1% (w/v) SDS at room temperature,
oncein 1x SSC,0.1% (w/v) SDSfor 15 min at65 °C,
andoncein 0.1x SSC,0.1% SDSfor 15 min at65 °C.
Theblotswere expoedto X-ray film (Kodak)for var-
iousperiodsof time dependngonthe signalintensty.
Hybridization signals on developed X-ray film were
quantfied usng a phoghorimager (Fuji-2000, Fuji
Photo Film Co. and Kohshin Graphic Systems Tokyo,
Japan).

DNA sequencanalyss

Plagmid DNA for nucleotide sequenang was pre-
paredusing a DNA plasnid purificaion system (Qi-
agen,Chalsworth, CA). Partia nucleotide sequences
of cDNA insertsweredetermineddy fluorescencee-
tectionmethodusingdye-labeledl'3 andT7 primers.
Cycle sequencing was performedwith a Catalyst 800
Molecuar Biology LabStation (Perkn Elmer, Foster
City, CA). A model373A sequencer(Perkin EImer)
was used for aubmated sequenceanalysis.

Results

cDNA library construction and differertial screering

Pdy(A)T RNA (5 ug) was extractedfrom 10 min
physcalimpededmaizeroottips and usedfor second-
strard cDNA synthesiswith acommerciakit basedon
the Gubler andHoffman[15] procedureThe cDNAs
were sizeseparaed by passing samplesthrougha pre-
paredspin column (SephacrylS-400)and60 ul frac-
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Figure 1. Northernanalyss of the expresion of trangripts (plIG1

andpllG2) in 1 cm maize root tips with (Stres) andwithout (Con-

trol) 10 min physcal impedancel.5 ;g eachof mRNA was loaded
for eachsample. The blot was hybridized with different probes

A. IIG1 cDNA insert was used as a probe.B. [IG2 cDNA insert

was used as aprobe.C. Theconditutively expresed actingenewas

usedto verify thatloading of the control laneegualedor exceeded
loadingof the stress lane.

tions were collectedand separatecbn a 8% agarose
gel. cDNAs rangng in size from 0.5 to 1.5 kb, con-
taining EcaRl andXhd restrictin sites on both ends,
wereselectedasthe source materialfor cDNA library
construction. The size selection eliminated smaller
cDNA moalecues; the larger cDNAs used weremore
likely to contain completeor nearly completemes-
sages Theprimary library containeds x 10° original
A phagesind was estimatedto have contained97% of
the recanhbinarts. 45,000 plaques were differertially
screerdin duplicate with labeled RNA from control
andimpededoottips. Two uniquecDNA clones des
ignatd plIG1 (impedance-inducedene)and pliG2,
which appearedo be regulated by impedancewere
choserfor furthercharacterization.

To verify the initial differertial expressiam pat-
terns and deermine the tran<ript size, cDNA clones
pl1G1 and pI1G2 werehybridizedto northernblots
continingpoly(A)* RNA from control andphyscaly
impededmaizeroottips.

Identification andcloning of cDNA clones
correppondingto poly(A)t RNAsthat accumuatein
10 min physcal impedanceteated maize roots

cDNA clonepliG1, whos complemengry poly(A)™
RNA wasinducedn maize root tips by 10 min phys
ical impedance,had a total lengh of 678 bp. The
northern analysis using cDNA plIG1 as a probe to
hybridize with both control (left lane) and stressed
(right lane) poly(A)™ RNAs (1.5 ug each)is shown
in Figure 1A. The hybridizaion signal was strongly
inducedin impeded(stress) treatment at a poly(A)*
RNA tran<ript size of about0.8kb. Calculation of the
signalintensty measiredby Phogphorimagereveakd
a 4.38-fold increasdn intensityof theimpededover
the control sample.Furtherverificationof theincrease
inthelevel of clonepllG1 by impedancevasacheved
by in situ analysig(seebelow).

cDNA plIG2insert conssted of ca.830bp. North-
ern analysis with the pllG2 cDNA shaved two hy-
bridization bands on the mRNA blot from the stressed
treatmentshown in Figure 1B. The more strongly ex-
pressedandwasca. 1.5kb in size, while thewealer
bandwas ca. 1.0 kb. The 1.5 kb hybridizaion band
was expresed more strongly in the stress treatnent
while the 1.0 kb bandwas unique to stressed roofs.
Equalloading of mMRNA was verifiedby reprobngthe
blots with the actin gene from soybeanas shown in
FigurelC[28]. Over expresionof the poly(A)™ RNA
complementaryo plIG2inrepongto impedancec-
curredin five addtionalexperimensin which the 1.5
kb bandwas aways increagd over 3-fold (phopho-
imagerdai) andthe 1.0 kb bandconsstently appeared
in theimpededoots and notin the control roofs.

The nucleotide and predicted amino acid sequencef
IG1

Excluding 95 bp of the 5'-untrandated region and
193 bp of the 3-untrandated region, plIG1 contins
a 390 bp openreadng frameencoding a polypeptde
of 129 amino acids with a predcted molecuar mass
of 13.6 kDa and estimatedPi (isoelectric point) of
6.52(Figure 2). The deducedamino acid sequenceas
richin Leu (17%) and Pro (11%) (Figure?2). It con-
tains a putatve hydrophobt signal sequenceet the
aminoterminusbecaus the hydropathyplot showed
the presnce of very hydrophobt resduesat pos-
tions 1 through21 of the deducedamino sequence
(Figure 3A). The nucleotide sequenceof plIG1 had
anextremelyhigh similarity (97%) with a previously
repored cDNA clone(pZRP3J, which corregpondsto
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Figure 2. The nucleotidesequenceand deducedamino acid sequenceof the cDNA insert plIG1. The whole sequencencludingthe poly(A)
endis 678 bp. Below theline of the DNA sequencethe longes openreadingframe and deducedpolypeptidesequencecontaininga total of
129amino acidsis shown with methionine (M) as a start codonandan asterisk as a stop codon.

anmRNA thataccumulatespecificallyin maizeroots
and delineatesa subsetof developing cortical cells
[24]. Themajor differencebetweenpllG1 andpZRP3
was that plIG1 had an additional 75 bp in the 5'-

untrandated region (Figure4). A comparson of the

deducedpolypeptdes shows a differenceof only 4

amino acids (Figure4). Thedifferencesathoughfew,

were confirmedby sequencing both DNA strandsof

plIG1. In addition to the homology of clone plIG1

with pZRP3 a computerassistedearchalsorevealed
significanthomobgy of the deducedpolypeptde of

plIG1with other proteinsincluding: pEARLIlinduced
by 2 h aluminum expoaure in Arabidopss [32]; the
cold-inducedCorC in alfalfa[9], the carra cDNA DC

2.15inducedn somaic embryogends[4] andthetu-

mor cell-inducedTid 23 in tobaccd15]. Theseamino
acid sequencesvere comparedo the deducedamino
acid sequencef plIG1 asshownin Figure5.

The nucleotide and predicted amino acid sequencef
11G2

Sequencig plIG2 from both ends with T3 and T7
primersconfirmeda size of 830 ph. Detailed analysis
of this sequencesuggesed an apparenbpenreadig
frame of 630 bp which would encodea polypeptde
of 210 amino acids with a predcted molecuar mass
of 23 kDaand Pi 11.98,if trandated (Figure6). This
suggesedthata 5 -untrandated sequencef ca.70bp,
and a 3 non-codng region of about130 bp were
preent which includedthe poly(A) tail. A search
of GenBank (releag November1996)did not reveal
ary published sequenceswith significart similarity to
plIG2, but a bipartite nuclear targeting sequence was
foundin the deducedaminoacid sequencet postion
108—124(RRQSRRRNERRAGRRRA) [11, 16, 17]).
The preenceof this sequenceuggess thatthetrans
lated protein would be imporied into thenucleus The
deducedamino acid sequenceof this geneis shown
in Figure6, and the associatedcomposgtionalanalysis
suggess that the protein contains a high percenége
of Arg (15%), Va (10%), Ala (10%) and Ser (10%)
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Figure 3. Hydropathyplots of deducedpolypeptide sequenceof
cDNA plIG1 (A, top) and plIG2 (B, botton). Hydrophobicity is
indicatedby postive valuesandhydrophilicity is indicatedby nega-
tive values Plots were dravn by the DNA strider software program
andscaledby the Kyte-Doolittle method.

anda very hydrophilicregion (Figure3B). No amino
acid sequencerepeas were found in this polypep-
tide. A compuerassisted protein homobgy search
failedto findary known proteinswhich hadsignificant
wholepolypeptdesequencaimilarity to the predicted
polypeptde of plIG2.

IIG1 accunuatesin protocamhbiumand root cortical
celsinrespon® to physcal impedancestress

The spatial distribution of plIG1 expresionin maize
subjectedto physcal impedancevasvisualized with
in situ hybridizaion experimens. Sense and anisens
probesconsgsting of plIG1 were hybridizedto longk
tudinal secionsof roots of maize seeding which had
beensubjectedto treatmentsof 0 min and 10 min
physcal impedance.The reallts of thes analyses
are shown in Figure 7. In the ab®nce of physcal
impedance, the antiserse plIG1 transcriptswere de-
tectedonly in cortical cell region of the meristem
about0.5 mm to 2 mm behind the root tips and not
in the apical meristem or protocambum (Figure7A).
The intersity of the signa waslow. However, after
10 min physcal impedance the intensty of plIG1
signalincreagdgreaty, notonly in cortical cels, but
also in the protocambumregion (Figure7B). Thisre-

sult confirms the increagd abundanceof the mRNA
complimentary to pllIG1 in regpon® to physcal im-
pedanceseenin northern blots (Figure 1A) andver
ified by Phoghorimager Control experimens using
sense strand probesshowed very low levels of back-
groundhybridizaion andalkaline phogphatseacivity
(Figure7C).

Discussim

Becauseroots constantlyexperiencesomedegree of
physcalimpedanceasthey grow throughsoil, it seems
plausble that therr regpon® to impedancecould be
differentfrom theregons of aerél organsto wound-
ing, rubbing, shaking and other types of contact
which producemorphogent changesn the aerél or-
gans The study repored here was not desgnedto
distinguish such differencesif they exist, but rather
to characerize the reppon® to physcal impedancef
growth applied in away to minimize any type of thig-
momorphc or seismomorphtsignal At anearly stage
of this project, cDNA probesfor three of the touch
genesof Arabidopss thaliana [7, 31], kindly sup-
plied by JanetBraam wereusedto determinevhether
physcalimpedanceltered expresionof homobgous
genesin maize. Of the threegenes(TCH1, TCH2,
TCH3), only TCH1 strongly hybridizedwith maize
poly(A)* RNA in anorthernanalysis[22]. TCH1 was
strongly expresed at 0, 10, 30and60 min of physcal
impedance with no differerce from control expres-
sion. In addtion, Braamhasrepored that expresion
of TCH genesis not promotd by ethylene[7] noris
ethyleneproducton ateredin thetime thattouchgene
expresion changeswhich suggess thatthey occurin
atrangluction chain beforeethyleneor separa¢ from
one involving ethylere. After initial screering using
thes and otherknown probesthe present experimens
were conduced to specficaly seekgenegegulatedin
roots by physcalimpedance.

With differental screenng, we foundgeneexpres
sion in maizeroot tips to be alteredafter only 10 min
of expoaire to physcal impedanceand two cDNA
cloneswereisolated fromacDNA library. Theamount
of the mRNA complemenéry to cDNA plIG1 was
strongly increasdby physcalimpedanceThis cDNA
is very similar to the cDNA clone pZRP3which en-
codes a cortical cell-delineatirg protein [24]. The ex-
isterce of amulti-gene family of ZRP3was confirmed
by Southernanaysis. Use of plIG1 asahybridizaion
probe with maizegenomic DNA digestedwith either
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5 F‘—’—/—é——{ Open Reading Frame }%@Kﬂl ¥y
390 bp
I————AAAAAI P

Open Reading Frame

P \\\
1 MAPKVALFLALSLLFGATAHGCEPNCSGPVVPTPPVVPTPSSHSHGRCPIDALKLKVCAN %0
1 MAPKVALFLALSLLFAATAHGCEPNCSGPVVPTPPVVPTPSSHSHGRCPIDALKLKVCAK 60

1 VLGLVKVGLPQYEQCCPLLEGLVDLDAALCLCTAIKANVLGIHLEVPLSLNEILNNCGRI 120
1 VLGLVKVGLPQYEQCCPLLEGLVDLDAALCLCTAIKANVLGIHLNVPLSLNFILNNCGRI 120

21 CPEDFTCPN 129
21 CPEDFTCPN 129

Figure 4. The comparion of the deducedamino acid sequencedbetweenpllG1l andpZRP3 Undeltined amino acidsindicatethe difference
betweenthes two sequencesComparison of the DNA sequenceshowed anadditional75 bp in 5 -untransatedregion of pllG1 andsequence
similarity of 97%in the openingreadingframe and3'-untrangated region.

*k * Kk ok Fokk * * & *k o, *ot * Ak Ak R
pIIG1 24 GRCPIDALKLKVCANVL--GL-VK---VGLPQYEQCCPLLEGLVDLDAALCLCTA 94
PZRP3 24 essvsecvevecsesKeo—ee_se_——csssserescssrscsssssecsscass 04
PEARLI1 61 essseersReGeeresSSLe sNIQ-—-LeQeSAQPesSeIQeosecceclocces 134
CorC 82 QE"T'T.'.G."B..~—'.—.N_VI"S'ASSK"T'EQ"A.""Y""' 132
DC2.15 41 eK**Rec¢essGeeeDee~~Neo—¢HNVVI*S+PTLP*+SeeeseeNeEeeVassee 103
Tid 23 3 eessRececrGeooeLV-—0e—eG-ATI**SePTLPe+SeIAc*AssEoeVereee 54
ok Aok * ko * * * * * M
pPIIG1 85 IKANVLGIHLHVPLSLNLILNNCGRICPEDFTC 127 10 min-impeded root
PpPZRP3 95 essscceessNeveseeFococassccascsce 127 root cortical cell
PEARLI1 135 LReseceeNeNeeTeeSVLesVeN+KVeSG*Qe 167 aluminum stress
CorC 133 eeseIeseN+N++IT*S+L*SA*EKSI*NG+Q* 165 cold stress
DC2.15 104 =e++Ie*KN*NL*IA*S*Ve++++KQV*NG*E* 136  somatic embryogenesis
rid 23 55 .B......E.g.....§-Y......NP.TGN. 87 tumor cell

Figure5. Thesmilarity of thed

educedacid sequencebetweenpllG1 anda seriesof proteins Dotsindicatepostions of identicalamino acids

betweenpllG1 andtheotherpolypeptidesUndetined amino acidsindicateconseved replacenentsof amino acids Dash meansgapsthatwere

introducedin the sequenceo optimize thealignmentsand* indicatespostions where amino acidsare identicalin all proteins

Bglll or Hindlll also revealedseveral bands(related
gene3 (datanotshown). Thus both plIG1 andpZRP3
may encode differert geresin the same multi-gene
family. A GenBank searchof the deducedpolypep-
tide sequencealso foundasignificantsimilarity to two
othergroupsof proteins Onegroupconssts of stress-
inducedproteins the CorC gene product a cold-
inducedproteinfrom af alfa(Medicagosativa) [9] and
the pEARLI1geneproduct[32], a protein inducedin
Arabidopss by 2 h expoaureto aluminumstress. The
othergroupconsstsof developmenally regulatedpro-
teins: the protein encoded by carrd cDNA DC 2.15
inducedin the early stageof somaic embryogends
[4] and a tobaccotumorrelatedprotein encodedby

Tid23 [15]. Even thoughthe funcions of these pro-
teins are not known, a cold pretreament promoed
somaic embryogendsin carrotcell sugpensons[26],
which indicatesthat there are relationships between
genegegonsblefor in vitro regenerahlity and stress
regpon®es The similarity betwveen CorC, pEARLI1
and plIG1 may indicat that they play similar roles
in differentstress conditions John et al. [23] also
showed that the cortical cell delineatirg protein en
codedby ZRP3accumulatedn the inner region of
the cortical groundmeristem about0.5 mm to 2 mm
behind the root tip in the region of maximum cell
divison. That finding is similar to our resilts (Fig-
ure 5A) which showed low expresion of plIG1 in
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1/~ 33/~

GG CAC GAG CTG TGG TGC GGG GAG GIC ACG GIG GAG AGC CTC CGI TGG GGG AAT GAG GIC
CrC

63/ ~ 93/8

AAG AGG AGG ATG CAG CCC GGC GAC GCC AAC GCC GAG GIC AGC CCC GAG ATG CTC AGG CGA
M Q P G D A N A E V s P E M L R R

123/ 18 153/ 28

ATC AAA AGG GCT AAG AGG GTG AGC CAA ATA TCT GAG AAA GTG GCG ACT GGG ATT TTG TCC

| K R A K R V s Q | S E K V A T G | L S

183/ 38 213/ 48

GGA GIG GIG AAG GIC ACT GGT TAC TTC ACA AGC TCT CTG GCC AAC TCG AAA GCT GGC AAG

G VvV vV K VvV T GG Y F T S S L A N S K A G K

243/ 58 273/ 68

AAG TTC TTC CAA CAT GIT GCC TGG AGA GGA TCC GIT CTT GCT TCG CTT GAC GGA TTT GGG

K F F Q H V A W R G S V L A s L D G F G

303/ 78 333/88

GAA GAT CTT GCG ACG CCC GIG GAG GGT GGC CGG AAA GAA CGT TTT GIC CAC GIC GTC AAC

E D L A T P V E G G R K E R F V H V V N

363/ 98 393/ 108

TGT GAC GAC CGG GCT AGT ATC TCA CAG GTA CGG AGA CAA AGC CGC CGC CGC AAC GAA CGA

cC D D R A s | S Q V R R Q S R R R N E R
Bi partite nuclear targeting sequence

423/ 118 453/ 128

AGG GCT GGA CGC CGC CGG GCA CGC CAT CGG GAC GGC GTG GGC CGT GIT CAA GAT CCG GCA

R A G R R R AR H R D G V G R V Q D P A

483/ 138 513/ 148

GGC CTT GAA CCC CAA GAG CGT CCT CAA ACC CAC GGC GCT GGC CAC GIC CAC CAT CAG G&C

G L E P Q E R P Q T H G A G H V H H Q G

543/ 158 573/ 168

CAA CGT TGC CGA GCT TCG CGC GAT GCA CAG CAG CAA GTA GCT CGC GCC TGC CGT CcC

Q R R R P

603/ 178 633/ 188

GG
S R DA R Q Q Q V A R A C
TCT
s

C A
CGT TTC GITA AAC TCT CTA TTA TCT CGC GTC ACG ACC AAC GAT GCA CTC GCT GCT TCC
R F V N S L L S R v T T N D A L A A S
663/ 198 693/ 208
AGC AGC AGC GIT GGC CGTI TGG CCT GTA AAT TCG TGI GGC TGA AAC TGG GAA AGC CAG GAA
s § § v G R W P V N § C G *
723/ ~ 753/ ~
CTG AAA GGC TTA CCG CTT CCG CTT TGT TAC TTT GIT AGI GAT GCT GGI GAT GIT CTA AGA

783/ 261 813/ 271

GCT TTT ACC ACT GCT GTA AAA AAA AAA AAA AAA AAA AAA AAA AA
Figure 6. The nucleotidesequenceand deducedanino acid sequencef the cDNA insert plIG2. Thewhole sequenceéncludingpoly(A) endis
826 bp. Below theline of the DNA sequencethe longes openreadingframe andthe deducedpolypeptidesequenceontainingatotal of 210
amino acidsis shown with methionine (M) as a start codonandan asterisk as a stop codon.

A B

Figure7. Insitu localizationof IIG1 mRNA in maize roottips. A. Maizerootin triaxial cell hybridizedwith the [IG1 antissn probe.B. Maize
rootin triaxial cell with 10 min physdcal impedancénybridizedwith thellG1 antissns probe.C. Maizerootin triaxial cell hybridizedwith the
1IG1 sense probe.



cortical cells of rootsof unimpededseedlings How-
ever, physcal impedanceinducedpllG1 expresion
in both protocambialand cortical cells (Figure 5B).
Phydcal impedancénducesethylenebiosynthess in
onehour[20, 33], but in fact theinducton of pliG1
occursmuch earlierthanthe earliestobsenred effect
on ethylene producton. The evidencesuggess that
the geneencoding pliIG1 may be activatedearlierin
the repons to phydcal impedancehanis ethylene
producton.

cDNA plIG2was830bpinlength, anditsdeduced
sequenceencodeda hydrophilic polypeptideof 210
amino acids(Figure6). Northernanalysisyieldedtwo
hybridizaion bands(1.5 kb and 1.0 kb) (Figure 1B).
Use of plIG2 as a hybridization probe with maize
genomic DNA digestedwith BamHI, Bglll, Hindlll
andKpnl revealedone strongbandin eachlaneand
up to four less digtinct bandsin other lanes(dat
not shown). The same probehybridizedto revealone
strongbandin riceDNA notdigesedandthatdigeged
with Xba. Thes Southernanalsis reallts led us to
believe that plIG2 is part of a small multigene family
andthatthetwo bandsseenin Figurel repregnttwo
membersof thatfamiy. At this time we do not have
evidenceto disprove other possible explanatonsfor
the occurrenceof two bandsin the northern analysis
of pliG2.

A GenBank searchdid not reveal homobgy of
plIG2with ary publishedsequenceTheoccurrencef
ahipartitenucleartargetingsequenceuggessthatthe
geneproductmayfunctioninthenucleus A portion of
the deducedbolypeptde structure (resdues100-173)
containeda high percenage of arginine. Arginine is
a basic, positive chaged amino acid which canneu-
tralize and bind DNA sequencesn the nucleus The
high arginine conentregion suggess thatthe plIG2-
encodedprotein may funcion in binding to nuclear
chromosmesand thusrepregnta DNA-binding pro-
tein or trangription facor. It ssemsrea®nabk that
in the initial stagesof the repon® to physcal im-
pedanceheforetranription of mog funcionalgenes
is altered some transcription factas and trars-actirg
proteinswhich cancontol and acivate theexpresion
of morespecific geneswould be requred and should
be expresed. However, trangription facors are of-
ten very low alundanceproteins and detecion of a
mesage for a low abundanceprotein is incongstent
with the strong expressia of plIG2 deecedby north-
ern analysis (Figure 1B). Thus the protein encoded
by plIG2 may have some other function. Regardess
of the function, the timing of the increaseof plIG2
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transcriptdndicateghatthis eventoccursearlyin the
regpon of rootsto phydcalimpedance.

The primaryfinding of this study is that the abun-
danceof thetrangript which encodelIGlincreased
several-fold after only 10 min physdcal impedance.
Thattiming, which is earlierthan the earliestevidernce
for increasd ethylene producton, plus the fact that
similar genesarestressand developmentallyregulated
in othersystems, sugges that the genewhichencodes
cDNA plIG1 maybe acomponentn the early stepsof
the signaltranglucion of streses, andthatits regula-
tion preceedghe regulationof ethylenebiosynthesis.
Our data also sugges that early evensts in the signal
tranglucion pathway may involve proteins like the
peptde encodedby 11G2, which actin the nucleus to
medate reponsesto phydcalimpedance.
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