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The Iniérsciion between Aralidopsi nmld the peporvirug
ihnccs ringspol virus (TRSY) wis charscterized, OF 97
Arabidapgiv lines bested, all werd susceptible when Laoci-
Inted with TRSY prape strain, Even though there was svs-
temibe spriwd of the virus, there was o lorge degree of
variution in symploms ax the most censitive lines dicd 10
days aflor inoculation, while the most tnleromi lines cither
were sympliinless or developed anly mild sy pplims. Foar
lines were selected For forthur stiedy baed an their dilfer-
epiial resctions 1o TRSV. Infecied planls of line Col-0F and
Cold-0 gl Nowered and prodoeced seeds like noninfected
plivniy, while those of lnes Estlaad and HSE died befire
producing seeds. Symploms appearsl on sensitive plants
approximately 5 in 6 doys nlier inccolation, Serolegiond
studies lpelented that in mechanically Ipoculsied seed-
lings, the virus, as measared by cost protein accomulation,
developed o essenilully the samo rates wnd Ga the same
lewkls i ench of the four lnes, desnonsirating that diller-
erice in sympiom development were pol due o b ssppres-
iy ol virus sccumalatlon Tveo adhlithmal TRSY strains
gave dimilor resulis when tnocaloted on the four Hies, G-
nefic studies wilh these foor Arabilapsic Hoes revealed
segregution of a single Incompleicdy dominnnt focos con-
trolling ioleérance o THRSY grape stealn, 'We luove deyig-
nafed this locus TTRL. By using S5LF and CAPS murkers,
TIRE was mopped o chmmosome YV onear the agal %
murker, Seed tranamizsion Trequency of TRSY for Ul
und Cobb gl wps over 95% and thelr progeny from
crosses ill bad seed trunsmissbon freqoencies of vver B35
which masde it possible to evalunie the segreguiion of TTE!
in Fy progeay from infected F; plunts without neculating
F; planis, Seeil transmission of THSY will be furiher ex-
plolted 1o streamling selection of individuals far e mag-
phregg e PR peae, The hlentilication of talerant aivd sen-
sitive infermctions between. THEY and A thalioms ines
provides o madil system for genellc snd molocelor smaly-
sis al pluni tolerance W viros infectbm,

Crirrengeivmbmng auhoe G L Harman] Bl gharmon @ ulde cdu

klenuon nf @ ook v propriciary. prodecs doo g comise o
puonnkes of wanamiy of the prodoact by ke 1S Depanesens of Apri-
oty wngl des ! inply disapguovel 0 e sxdlushon of nikger -
licts thial may dbss e cmeakde.

Trhawes vingspod wieus (TRSY ) & the ivpe member of the
mepiEvirus grodp of plant vimases. Nepiving genomes are bi-
partite, consisting of 1wo single-stranched pogitive-wnss poly-
adanyluted BNA molecubs (Muring ¢ bl 193110 Some TRSWV
strdins have satefliie BNA gssocistod with their pendimed
vhchneider ot al. 19725 The smathite RNAS of TRSY cithar
decresse of have Jiuke offéci on ihe severity of symptoms
cousgd by THEY (Duzayan of ol 1986, Gueelech < al. 14861
TREY i wilespretd and imfects botl decotyledomsis ood
monscolyledonois pluiks {5isce-Sinigl 19851 For sovbeans,
the wirms 8 rranamitted pronurily by pemagodes (Berpeson o
al. |92} and seeds (Adhow and Bunoroft |95, The vinm con
cnuse gixmomicilly imporiam disesses 6 aich diverss crops
i hluiherry (VWoesinien spb, grepes (Viry sp, soyboan
[EFyrine e f, sl iohacos iNearaae el | Stace-Smit
and Romsae]] 987,

Arabidupaix dradiane (L Heyoh hin been widely used as o
moded plant system for the stody of ploat-pathogen fnisoe.
tions including the identiffenion of diaoise resislinee genes
aiivE apabia bactierin, fungl, nematodes, and vinmsies | S
P9 Crole el al. [994] Bijmions o1 al 1994 Thangl 1995
Eunkal 19961 A hypersenaitive jesgonss (HRY has been re-
ported for some Arakidopsis lince infecied with beet curly i
virus {Lew e al. DM, coulilfower mosadc vuorus {[eisner o al,
153, cucwmbier minalc vinds (Takahmshi et ol 1994), and
b crinkle virug {(Dempsey e ul, 19937 A sl eatelanee
by comieming & HE 16 beel cwrly top virus s sdentifisd i
some Apabidopris lines (Lee 1 al, 1594,

With the receni isolation of plant discase redlsimme genes
iangl P9US: Steskawier of al, 19955, the molecular basis for
the “'gong-lorgpens” model (Flor 19497) of host-pathagen ioter-
ustiony hus been further defised. o this model, the pathogen
usunily produces an svinalence Dicior il elicits o mesistant
respanie i the hodl came A fesisance gene ol wpgopriaie
specificiny. Gene-for-pone resisiance 16 often mepcinted witl a
HE (Kzea 1990), K ture 4 o6 absgnce ol palppen necogni-
tacith by At hoat either diss 10 the lnck of a remstance gene i
thee ool oz the lack of oo avimlence gowe in the padogen, a
resisinnce response 8 ol induced, and the inlection procesds
iowerd diseasie. Besivance ssancialed with o HR hus been re-
(emreed foe many plagt hosts o g variety of plast palhogens:
honwrewer, ot all hosi-paihopen intemations G nealy oo te
gene-for-rene moded
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Many plapi-pathopen imermciony leaa 1o o host response
izrmad inlemnce. Tolemnee ond sensitivity have been used o
degenibe digtingtive respenacs of plasts 1o pahogen infection
{Mussel (980 Cooper and Jones 1953 Tolerancs oocxm
when plomis are suscepiible to infection by & pahogen, bl the
fection cawsey only mild of no evmgtoma, Plant sre wmmed
sepeifive o ipnfecton when the infeciion dauses conapiooors
aymiptoms aeverely reducing the growth of the plam (Mussel
1950, Cooper and fones 19830, [haesse tolemnce and disose
rosEsiance ore not matually exclesive, and plant breeders oiien
select for both iraiis, Tiderance can be prescnt in the ghience
of gens-for-gene resistance, and one highly decrmble agtrbaie

of wheramce @5 5 endency o be effective acrods 8 broad:

range il pathogen airaing or mces,

Tolerance of plants (o abidtic sroises hia been extensively
studied (Minomsky 1988 Chundler and Robennon 1954 Tho-
mashow 1994; Viering 1991). ABA, cthylene, and Co'* have
been propesed 1o medite the wokerence fespoise of plants to
these Eingds of envismmmenal siressss {Then e al, 1983 M-
o mid Soitle (001G Usao et ol 1994) While icletonce pe-
spomises of plarts 6 partkopen miection hove nod besn clearly

Tabde L bfectiviny sml sympeon desebopmoens in selecied Asabidouii
rlariiana binex moculabed with ibscoe ringset vine | TESY) gpe siniis
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dofined at the moleculor level, Benal ¢f al. (1992 associated
ribabkens (il couse reduced sensibivity 10 etlivlene with (ol
erancy of Arobidopsiy 1o infection by bacterial pothogena. To
understand the machanism of iglernce w0 plant pathopens,
biorit {octoes gonferring nletunce must be cloncd and analyzed.
Such on effont ks in progress for KXC/, o gane thet controls
telerunce of Aralidopsis 1o nlecton by Xambomonas com-
petareis p, cerrpearnis (Teuji et gl 199 Buell and Somerville
15 In slditon, Zamir et ol (§994) redenly mapped the
chromeandil kecation of o gene m iomatoe, TF-1, the confers
tislierance o tomado vellow keaf curl vine

In this paper, we describe the miersotion berwesn TIEY
and- Arabddegsdy, A iol2ranes esponse 0 TREY infection in
specifie lines of Arahidopsis s reponsl ALl of the Arabideay-
v lines soreened becames syslemsically infeciec by TRSY
upon inoculation. Both the tolerdnt and sensitive plonts dccu-
mulmed viras (o edsentially the wume level, yel the toleram
plants were sympiomiless, while 1he senablive plania became
necristic aler moculeton, A slngle locuy contmling the ke
pnce plopolype: was ideniified and named TTRT TTE! wa
minpped f chromnsome V' nedr markes nga) 29,

RESLULTS

Virnlence of TREY strains on A, theliomna,

Minety-sevien Arabidopris s went inoculiged wilh TRSY
prape straln. Afier 7 days, young noninoculsied mosellz beaves
were prnind in' PBS and plont estrects were bested Top the
presence of TREV by hoth ELISA and batk inoculation of a
senative wvbean colivar (ov, ‘Williams)' All 97 Tincs were
shown b be infected by TRSV, Mock-tnocoloted plants did
not trensmit TREY 10 soyhean plants ancd had eneyme-linked
immennsstben dsssy (ELISAY madings nol significonly
above backgrmmdd Mosr lines were tideran) ty TRSY and de-
veloped only mild symptoms or were aympomlazs slies in-
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Ciays sier inoodlation

Fiig. L. Tirow courss of com protein aceums|ntm m Col-0, Col-4 gl HES
and Fedlanil Moanmnculard ugper leoves Gom Cial<d, Cald gl HSS
amd Euilnnd were upliu-:-lﬂl and !:I'I:I_I.I.ld in PAS buffes. The cout |1.mln-i.|1
in incoubaed plangs wuy defecsed by BLISA, The aversgs amount of the
codl peniin sh fwi indfependéal ELISA il i shenm by ihe shiorhanoy
a4 mim



palatiom with TREY grope strain (Tobde 11 Wi Tines wary
sdivilbivid b0 infectbon ind eshibdoed severs aymopeoma. that
veere leorly distipet foym those observed on the tolemnn Hoes
pich s Col0 pid Lundeborg. The nine senaiiive lines doval
oped pimdlir sympiorms altay wrlacion wilh either the mape or
Tidl blipht srnins of TREY, althooyph the smpe strxin coosed
i papd symiphom development by all senditive lines oom:
parrecd with e il blsght srrde. Wil BR3A privificd frosm soy-
beman plamtd infecied s ihe grope stin confaimed lesa g
cpied satzilite BNA thon the ol bHghr drmde (date ool
shownk which ‘moy account for the differences in observed
wrmplors. Bused on thew differential respowses o TRSW, the
wi zenzilive Arabigopay lines HSS (oG] and Baland
icab T3 were selecied Tor fupther siudy togedhies with e Lal-
erand lisie Colurnbim (Col -]

TREV chused either b vimble symaplomuon mild evosocma
o plands of Hna Cal-0 o om it glabrods mealon (Cnl0 g,
Severz aymptoms sorimed oo pleass of fines Baland and HS5.
Dhisesie symppiones weare s obiiereed ol oewly emcerging
feriven, FESS plants were aeverely samied while Ealund planis
wite ghlormoisc 5o 6 doys after inoculabon with TRSY prupe
erain By 10 doye e inoculasong olb plonts of boes Bailsned
iad H35 uied withowi producing seedd. o comtrasl, mifekied
plams @l Bne Col0omned Col0 el grew, Dowesod, sl pro-
ihiced seed like nonmnfeciod lnin

Wiral eont profedn accammiation in sensithoe
wid tolerand lines.

o deétermmime i yimas accomlation ns mepsored by com
perlein wis eorrelated with sympaons: developmsn, mochani
cully inncsliied: plopis vere amlyied by BLISA. Thirky-two

pants ench of H55, Esland, Col-0, wwl Col-0 o) weie-in-
oculated and proway wder e same conditions: The ooz amsg-
baticey of viral conl protemn in-neninocituted ngper leaves wis
el bver Hme using ELISA Tl wiml cosl probein se-
cumatlared: cesontially mi the same ko and to the e levels
b ench of the oo wniil § duys aller inoculadon (Fig: 15 Al
ler ¥ adays, the semmitive lines wiee nearly dedd and the virm
comcemrmEinng ceEnld no longor be oelinhdy delemmined,

Giepebicn of TREY tolersmee,
The number of ool comesllbng. Cal-0 olemnce 1 THSY in-
fettlon weas determined using o series of reciprocal crosses

Thibile 2. Segimpwtlion ratiis af By plants il Fala] = Col-0osml Calo gl
o HA T iohies Angipel vires [TESV] nboctsm®

Crmas® Talerant 1IN Seostiive r* f

Caslelt o Ean /=] fil | [LEH LN
o il i) il 4 1.4y {40
Cal gl = M55 e 41 if L {158
Fi35 w Gl = 2 I (156 01K

* Pt ure preseniied fom ooe o moch por ol eopeceil coossss

¥ The female’ parem |5 lissd fesi for §l) crogam Fy pamia wirrn [mnon
Eapod nl Hour- g Tiva-dead snige. Sympiom evadunison unl BLES A aeis
ko B adapn el anmookinome st TREY grape dimmin for orsases ColD
o Bt Calb gl b H3RY, whibe s (fove Ealw Col and 1555 6 Clol0
s Jiw b inocubateed dry sl tramsmEasknn el the vy

SN introee S wymginim, iad i Al dmg e Col = HSS and

“""'ll",U anad chilnrmeks for Ba = Ol
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batween the foberant tines, Col-0 or Col-O gff, and the sensl-
tive linew, H35 and Estlind {Table 2} F; plants from wll of the
crasses developed aymipiotng fermediate 1o those of the 1wo
parental lines (Fig 23 Even after Inoculation with TRSY, all
of the F)' plonts survived and produced seeds bot at modisgéed
levels. Based on these msulis, 0 s Tikely s olerunce is
controlled by the nuclear genome. The propoction of todersn.
infermiediale, and sensitive progeny obsacved dn Fo plants wak
consisem with 0 1:2:1 scgregation ratlo, indicating that - the
tolerance trait is commolled by @ single locus in hese crosses
anil that 1he imlemnce gene b incompletely dominani with re-
Rpect 1o The servivity. gene (Tisble 2, Fig. 2) When F, fomi-
Hes derived from 25 tolerant wnd 16 senstitive individuals
wore mocilated with TRSY the expression of twlerant pheng-
types did il segregoie firther in folemnt and sensitive F,
faniilies (data ot stioem), forther suggessing that the toicmnce
irail rs controlled by a single locos, The tolerinee locus (i
segregates ln the progeny of crsses between Col-0 and Est-
lnnd wis aamed TTRT, for “miemnnce o obaves fAngspol,” F,
rlunts of Estland = Col-d and ColQ gl % H55 lod difl=reat
symimoer b TREY infection. TRSV-infected F|, plants of
Estland = Col-( were chiomtic and suntsd, while F; plants al
Col-0 gl = H55 only had len! curling. To datennine i Lhe
sensilive genes in lines HSS and Estlimd are in ibe same com-
plementation group, rociprocal cmsses between fines HSS and
Estland were made Al infecied Fy and F; plamis of eciprocal
cromses died withizn 10 doys of inoculation with TREY idata
fiod shivaq), dugpesting that bidh of the lines are sensitve due
L the same Jucus. The posibility remains, however, that sen-
sitivity an the I, v oddue |o concurmem heterogy gosity sl Hwoe
seporsie incompletely domvinan olesamce boci.

Seed transmission of TRSV in Arabidopsis,

The raie ut which TRSW infection was munsmitied theough
seed in Ammbidoporis was over 8% Tor most Hones tested with
the exception of Lor-0 which had @ seed trmnsmission e of

Tabde 3. Seed cransmisiion mig of TRNY i osome Aabddipns Unes and
segregmine of TFEY in progerny af infected Fy aod ¥, plenis of Cob-0 g/
w HAS il Extlond = Cal )

Frogesy
Sl
Parental Leal  Seedimg Mol iransmision
gy Tulernmt  ciufllng  deuth  infecied (%)
Cod-0 #d ] il F s
[T 4 ] il ] &l
Wil e} i} 1] 4 @
Ol £ il ] k] a
Cind-1 gi ad 0 i 0 L)
FiufBa = 12 ] n 7 ®
Cod-l
Fiof (ol gl o 5 W i o
= {55
P if Ea, i2 o i4 1] o
Choef #
Fy of Cailol¥ gl 6l T i i T
w gt
Py o Ciol 0 gl 13 L] 7} 1 oy
w {55t
Paaf Cl ) gl EH L A% H L]
o HALs

* ¥y vt o these plans dispfayeil shemscilate sympiome
" Fy paresd of ihess planc diiplayed tnleceni sympsins

TA2 S Mptesidar Plant-Microme Intaractions

6% (Table 31 The progeny from infected Col-) were symyp-
tomieas by over 979 were infected by TRSY, a0 detocied by
ELISA {Table 3), Because of the high seed trunamission rae
from F soeds, the segregation of TTRI in F. secdiings could
be evalusted without lorther mechanical fnoculstions, The
V2D segregution ratlo of | dymplomless:2 leal qurfing ]
seediing death ubserved m inoculaied Fy plants was also oh-
served b ihe progeny from Infected F) plants of crosses of
Col) gl = H55 snd Bstland = Col-0: These duta from F;
plants infected by seed mansmission furher suppan the cuan-
chuabon drawn from inocubnred F; seediings tng the 1wierinee
tritll ks controfled by o single locus. Most of the sympiomlass
F; plants from. these infected Fy plants were infected by
TRSV, an detected by ELISA, The F, progeny from infecied
tolerant F; plants were all wierant ond mos were infected
(Table 3} Infected F. planss displsying intermedione discase
reaction peoduced F. propeny displaving essentislly the sime
-2} segregation ratho and range of phenotypes ns the ariginal
Fy pupulstion (Takle 3). This again sugeests o single gene for
tleranee in thewe populations,

Chromosomal lecation of ihe tolerance lecus TTR1.

Aset of genelic markers widely dispened thrmughoul the
Arubleiziz genome was chosen for linkage analyshe Seven-
leen markens diuplaped  polymomphism between Col-0 and

Chromosome V

— ngalb T

EdeM

50 eM

6.7 M

[ neald 18 eM

——LFYs L

Flg. A The idemance bocss, TTRT. uwiaa paniticnedfmpped  boiwess
ags 128 and THE markend om chomosome ¥, The-figurs mdicibs g=me-
bic dmanee bweth fhese markers 35 the Segel loom: o » pensiisior-
g



Estland. inctuding 11 S5LF morkers (ngah, nge#, ngasd
mgadl e T, nga b, ngalll, ngal2s, ngal6k, ogells, und
nEaZddy; Bve CARPS markers (LFYDY, DHS ], mI46, AG, und
CIATA ) and vne wisible mardmer (g ) Inatial mappimg using 31
Fy familics indicated fhot the walerance phonoiype was [inked
oily i markers LEYS and nga?d, whech are both: Jocsied on
chromosonte Y, Becomhinstion [frequencies were (3% for
LFY3 and I7% fod nguTh, Purher mapping wis condicied
peing 42 additonal Fy farmilies and the markers ngal 20 and
DOFR, which ane localed beoween npaTh smd [FY 3 The ol
aniy locus TVRE wiad linked withdn 6,7 e of pgal 2% aml 5.4
cM ol IR on chromasonys Y, Three-point data indicated thal
i TTHS o locsted betweon the matdoen DFR ond sgol 20
iFig. 3, duls pol shaown)

DISCUSSION

Several sysiems have heen edtabbished so sty ihe esis-
wnce of Ambddopsis plonts 1o vino infection (dolcher 1988;
Tshikavwn et sl 1991, Simon et al. 1992, Lediner of al, 1993;
Lee el al, 1994; Takohashi of al. 1984, 'We have developed an
eaperimenti] wyaserm for (e stedy of plam wlerance v
infection, In sir sdudy, line Col-O amd iy other A rabidoms
lines were foursd 40 be tolerand 10 TRSY infection, whils nine
limes including HES and Estlund were senitive, Lisually, Col-
i1 wen: sympiomless afier moculastion with TRSY allhough
pccagionally o few planta were snumed when inoculated with
very lilgh concentratione of vins. However, unbke the sengi-
tive plants, thess Cof0 individuals recovered wid developed
iiey normal-appearing  planis, By i smodan)  ecclzison
reetled, no visible symapeoos were obaarvaed oo indected Col0
or Col-ib gl TREV as moasured by cood protein accumbated
i Col-lf and sensiftve Esiland essentinlly. to the sasme vl
wndd gt the same rofe, I appiact thad Col-00 doey ol restnet vi-
s mvasten, replication, or lecsl or long distence movencm,
micheding movemend indo peed. Tolerpnco in Cal-0 fond geoha.
by miany other Arabidopors linea) 48 appareatly due o an gh-
sence of symptom devebopment as (e prowih of infccled
plints was nol sdveriely affectsd. This could be disa 1o scieve
suppression of symplorm develogement, bo pamive meensiivity
o vinm replication, or 1o pciide mespomse by sansisive fines
Faor example, Col0 may constitslively expoess i [wmctonal
Ikerance gend whise cupression leads w8 meduciim m
syrmpioma in espome o TREY infection, or may be able io
recognize TREY wvimnl proseme and indece a tolemnco fe-
iponse which dogs nol resull 1o an HE. AHemmatively, Col-0
misd oihimr tkerwn lines may Bk o functonel protebn thal in
sistrmfive liises, allows interaction with ihe vine that fonds 1o
b viEY

TRSY has & vory hrosd host range. Many imfecied hosg
platits are hsyenpromatic (Stace-Sirith 1963). Tolerance may
represend @ commeon st rorponge 10 TRSY miection. Archi-
dopity ppparenily did pol evolve & specfic hog-patogen in-
iepaeton with TRSY that world lesd 1o 8 specilic gene-for-
peng mieraction: When Col0, 1155, and Gatlond were inoca-
fated with pwo sdditionnl TRSY strains, cymploms on these
three limes were. similar (o those coosed by the TREY-grope
ftrain, All except ning of the 97 Arabidopsix lines displayed
inlerunce (o TRSY infeciion, These melis suppon the ilea
thol tolermmee o TRSY infection = o typical responsc of
Arabidapiiy, However, HRs lave been observed in Arabidop

Alr dn response e several plant vireses (Lefsner and Howell
1992; Simam et al. 1992 Lescer gl 1954 Takahashi el al
1994, From the resnlts of crosses of Estland wnd FUSS, (0 ap
pears had hath sensitive lines have the same gene for toler
mnce. The diffcsent responses of Bstland wsd HES 10 TRSV
infeetion muy b due (o difersnt elleles of TTRI or to olher
physiolrmoeal differences between theze twi linoi. Wi found
ihat the time donng widch Argbrdupeis seediings ane siscepti-
b 10 infection by THSY in relutively namow, The plans are
yery suscoplible st the foor- fo five-lesi stage under lagh Light
inlensiey, Fewaer planty became infecied f inoculated after the
nin-benf suge. Thik s very similar 1o the “developmensal ie-
snktanse ™ elescribed dn Arsdidopsds Tor ety 10 canliflower
morsaic varan {Lobaer et gl 1903,

Cenersl mechoniems of reastonce and iolernnce ate ugpar
atily conserved among diverse plant species. Thiv concepr ik
apported by reports that suggesr the exiatsncy of similar dis
eise mEpanse genes in Arahtdopsis vl other cop plings
(Whnker el al 1983 Staikewicr ek al. 1995, In sovbeans, o
effechive sources of TREV mwatstance or Lolersmee hive besn
dentified. In initlol srodies; we screened more than 700 soy-
besn gerinplaim Hnet using the grape and bud Blght stralng ol
TREV (1-M, Lee and G, L Hanmén, unpubbihed), Most in-
Fected sybean plins, unlike o8 Admbideesi lines, werns
seiisative wnd devedoped bud blight sympioma. possbly be.
cause of the nomow genetic base of soyvbeans compared 16 el
of Aralldppriee, U of Armbidopsis should factlitue study of
folernnee ai well & the selaion and chamclenrsion of
TREV w¥ecrance genels) from Arabfdopsis or from saybean
anl other agronomie erops

écause of seed tansmisston of TRSY in Arabidopis,
fairty high ries of mfection can be achieved by using (he
progeny of TREV-nfecied plavin, We used this method oo
comlirm that the tolersn o was contreldled by o sangle bocus
anl [ sereen & large sumber of e Fy fahivighisal plants pener-
aled from infeciad Fy plasts, With teis method, withoal fumhes
trechanical Invonldion, we were able o soieeh thowands of
Fy seeds from infected F) plants w idaniily. hvmoeyaaan
Pty il o 1%y Inclewiddeinls, As o foriher lest of this method, we
are axing socd tnsmossion 1o screen for Wansposon nsedion
avents inlo TTRE i Arabidopris DefAc Tines Viros-infectod
ik Nedenines o or TTRT function due o breeetion of o D
or Ac element @ the mrgeled Jocos ore expected i display
chivsoais and stunting. In pdditlon, foe mapping is in progess
1o mwae precisely Wcute the toleranoo bocus by testing mose
markiers on i barge rumber of F; individuals idemificd by aeed
lumumissicn. By audying e genetic and molecobar basis of
the seigsitpvity sl jolerance responses, we hope 10 ghin 3 ber
ler inderdanding of the molecular hasls of (e intesctenn of
wiral gene products with [wet factors and the ways in which
this inlgraction cortriutes 1o viral dissise

MATERIALS AND METHODS

THSV sirnins
Three strains, of obuico Angepol vires have bean whed in
this study. THSV grape sirun wus obinined fiom  ATCC

AATOC puI3T) TREV bud biight strain was obizined oom O,

Brisening. Universiiy of Calilionia, Prawvis, ©8, One field ool
lection of TREY wan inoduedd Trom sovbean germplonm s
seeifhorie vrus s Uirhama, [L
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Arabidopriy lines and pluot growih,

Mincty-six lines obiuined fiom Sodnghom Seed Center aimd
Oibde State Universdty Geeetie Cemler were used for initlal
pcrpening. ol mmd Col-l gl wore our sbomory  lines
(onpmally ebtened from 5. Somerville and £ Samesnlle s
Michignn Sate Univarsicy ), Shigle sceds were planted i 5-
im-dismeter peal poid, Seeds wore vemabired for 2 dayd sl
45 and then moved o 2270 with o doy deagth of 16 h under
{00180 B m* 0 light inlemsity. Plants were subirmpaied
weskly with matrient medinm

Yirms purification and inocultion,

TEEY bud blight apnd grape struing wose penified Do ay-
bean (Ceiveine wax (L Merr v, Wilhams) (Stesre 19561
Bovbenn seedlings were inscilaled al the tvo leal sags. Tri-
folinlsie lenves wire collected und TREY was purfed
Argdrdippds plants having four o Dve fally Eeveioped [oaves
were fnechamrcully inoculfared with 22 ppfml af TREY n
phosphate-buffered saline (FBS), pH 74 with Curbomndum
(60 mesh) or weie mock-noculoted with POS belfer. Planta
were gmwm dnder the comditions described phowve. The &)
Arafidopsis liney were moculated with TREV grape wrain
Cobd, Cold g, Eslumd, and H3S were inocilsed witl all
thres ptmims; and the genelics and mapping wudies werg done
i TREY jrape spemin,

Detection of vires coat protein o THYY iofected planis.

The accumalafion of wiml coal poodein was onalvesd by
ELIEA. Bich line was planted dn 1w replicstes wiih 1o plass
im ench bleck. Two ploats were tnken fegan eoch replicse each
Jimer-peer day afler moculaton, Noninooilaed apper leaves of
cnch plam were collocted snd weighed | eaves were ground in
| ml of PBS bulfer per gram lonl Uasiee, Sseples (100 b
were taken for ELISA annbreis. TRSY antibody and TRSY-
conjugited alkaling phosphatase weore purchosed Tom Apdia,
I, (Elkhast, INp Alkdling phosplalase subsiale Kil was ob-
twined from Bre-Rad Laboralores (Richmend, CA) ELIRA
wiki camed o accormiing 0 the manigfnciurer's feconmila-
pon PFlotes were read o1 05 pm by EL3460 pesdir ( Ruo-Tek
[nstrumante. Wincosks, YT,

Crenetic analysls

I nrmlyze the genetics of the respromse to TREY, reciprocal
crivhsss wers hade betwesn de sentitive Hne Exiland mid the
et fise Col-0, aml betwien the alérant lsofine Col-0 gif
und the sengitive line H35 F) and ¥y scods were collected and
plams were teated by TESY an described above. Slinklarly,
reciprocal coomaei betwesn WSS wwl Bstlond were also mado
Crmsea wore performed acoording 10 the methad describied by
Ciizerpan s Ecker (1990} Whisn scorng Fs Familizs for 161-
erance phenotype, o mimimmems of 12 Fy indieiduads were

lesizd,

Sevel irpmsmisssion of TERSY in Arabidopsis,

Sted ransmazsion rale of TESY v Aradidopei was thiter
mined by inoculsting Hae Col0 aml Cal-0 gl and she F; and
F; plants of crosses of lines Caol-i g ® H35 and B, = Col-0
and colbecting aeeds from the Infected plamts. Infecinn of
TIREY ki U projgeny vwas detected by visal observagtin and
by ELISA

T34/ Molpeyisr Parm - Slerobs imeractang

Sebection of the Fy families and F; individaals
for mapping.

Two methods were used Do oadentily Colh » Estland ¥,
familiey hoenocy g for the tolemnce loous Pina, healihy 1,
lamalles were enllected dnd then mechanically mogulated o
test the respomses of e fumilies (o0 TRSY Seonsigve and 1al-
erant farnilies wene selected by (s method for mappeng, The
necond method was based on seed (ramdmizsion of TRSV in
Avatddupeir. The Fy planta of lines Estlund w Col-( weee (n-
aculated with TRSV. The F, seeds from the infected | plants
werm collecied and plamted. The dympromizss F; plants were
tesled by ELISA. Infecied inlermnt ¥ pluss were |demificd
ind the Fy seede from the olemnd Fy plans were collegizd,
Cinly inlerant Fr familles were séleciad by this method,

Chrimrmdrmal location of the tolernnce locus,

Thirteen SSLP murkers, ngst, ngof; ngatl ngady, nga’h,
mzga il ngal 1), ngulls, ngaléd, ngi225, nga2qd (Bell und
Ecker 1994, seven CAPS markens, LFY3, DHS L, m248, AL,
GAPA (Romeczny and Ausubel 19935 and vne visible marker
gl were wted on Col-t) and Estlind 1o identify  pohymor-
phizmm, All of fhe primess of the S5LF ant CAPS markers
wens purchased fmm Basearch Cenctics, Inc (Humsville,
AL | For mesi markers, the POR conditions were follewed s
published previowsly by Bell and Ecker {1984y for S5LF
markers e Eondvcrny wnd Ausubel (19935 for CAPS meark-
org The mackers that displuyed polymorphizma botwaen Col-0
ind Extlond were imirially tested on o mankmaem of 11 Fy (ain-
Fizs homsieypouy. for inkéesnee of senstitnvity, ©hl-square tests
Wi sed 0 texl for abience of linkape beraeen malecular
markers ond the folerance phenedvpe, Upoy idenification of
linknge for markers LEY aod fga7s, the markers nga b 29 and
DFR were uied b more precisoly define the map position of
TTED using 42 sddivicnal woderam ond senmitiva Fy famibics
Map distamee were calealafed wskingt the formuln BF = Wl -
=), where BF = secombinan frequency and m = meun nuedber
ol Crossovers per meiosis or genefic map unk (Criihs of al
199
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