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Trienoic fatty acids and plant tolerance of temperature

plants in which the gene encoding the chlora-pIast (1)-3 fatty acid desalurase (FAD7) WolS silen• ceci. Th~tobatco transformant contaÎnecl reduced level of trienoic falty acids. Mulant photosynthesis activity WolS higher alter brief high temperature treatments and mutant plants adapte<! better to high temperature compared to the non•translormed wlld type tobacco. Thtst observations led to Ihe proposai that plants may adapt 10 temperature changes by a1tering the fatty acid composition of their membrane lipids. Mati clis : rkistonce au froid, Ifwmorés;s/onct, ocides gros, IipKks, pholasynthèse. Risumi: les membranes des chloroplastes, ' >iege tk la phorosynlMse, sont lm ricM en ocitm gras tri•inwfuris. la proportion de Cts odtft"> gras dons ks mtmbro~végétales ~f ~ff! modi-~kxs oechangements de lemp€rotUft. Poorcette misan. il aété postuli que ces acides gras sont impfiquis dons ln mkonismn de rêslstance il la cholevr OU ou froid de5 fonctions membfO'noires. en patticulitr de la pholosynlhtse qui est Ufl(' dt1 f<JncOOns rk 10 ceilu1e les plus strnibIts il 10 ftm• pérOfUrt. A/in de lester etfte hyporheJe, nous GI'OIU obtenu un 'IPt mulone d'Arabidopsis qui ne ccntitnf pas d'addes gras Iri•Insaturés et fTlejurt les effet~dt 10 temptrature SU(Cl.'tle lignit. Nous moolfOO5 que ~oddes gras I/Hnsaru,k ne sant pm nécessoifl!S pour Jo clOiuance et 10 photo-synr~dons de5 condiOOns normales ck ttmpératurt et de lumière. En oevonche, ils sont importants poor oSJuoer la biogenèse et le maintien des chIoroplasteJ de pJontes cultivées il of oc: ou pour la survit de la plante culti\Te iJ jJ "C. la présence de seulemeTlI un Ôffl th ces addts gros est suffisante au moinlien d'uflt croissanct tf d'une phafosynf~notmOoe s; la pIonle est fronsfhh li

unt? ttmpérolUrt tn dessus ou au-dessous de Jo normale.

The biophysîcal (faCtionS of light harwsting and electron transport during photosynthesîs take place in a uniquely constructecl bilayer, the thylakoîd. In ail photosynthetic eukaryotes, the complement of atypical glycerolipid molecules that form the foundalion olthis membrane are characterised by sugar head-groups and a very high level of unsaturation in the fatty acids that occupy the central portion of the thylakoid bilayer. lX-linolenic {18:3} or a combination of 18:3 and hexilde<atrienoic (16:3) acids typically account for approximately two-thirds of ail thy. Iakoid membrane fatty acids and over 90% of the fatty acids of monogalactosyl diacylglyce-roI, Ihe major thylakoid lipid [1,[START_REF] Harwood Il | Plant ~lipids[END_REF]. The occurrence of trienQic fatty acids as a major component of the thylakoid membrane is especially remarkable since these fatty acids fOfm highly reactivt targets for active oxygen species and free radica!s, which are often the by-products of oxygenic photosynthesis. Pholosynthesis is one of the mest t~ture-sensîtîve functions of plant [3,[START_REF] Erry L | PholosynthetJ respon5I! and iIdilplatîon 10 lemptralure in highl plants[END_REF]. There remains a widespread beIief that these trienoic fatty acids might have sorne crucial role in plants to be 01 such universal occurrence, especially in photosynthesîs tolerance ollemperature {5J. Do plants adapt to temperature by changlng the faUy acld composition of thelr membrane IIplds? ln sorne deserl and evergr~n pianu, the pro• portion of tri€noic fatty acids in the membrane glyceralipids decreases when planls acclimate ta high temperalures [START_REF] Pearcy Rw | Erre<t of growth temper; IlR on Û1t' fany acid COf11IOSilîon of the Ie.lIlipit Il'l AtripIex Ientilonnis[END_REF]. Canversely, cald accli• mation in higher plants induces increases in trienajc faity acid level in leaves [START_REF] Raison Jit | Correlations between the thennaI ilabiity d d* ropast (tItyIakoid) rnemtnlleS a-d the cOffllOl lion a-d Iür:ily rJ their polar Ipids upon acdm. tîon al the higher plant N8'IJIIl oItandtrto gowI tempffatUl[END_REF]. These fatty acid content changes have also been shown to be associale<! with enhanced chilling or heal tolerance in mutants 01 Arobidopsis or cyano• bacteria [review in : 8-11) and in transformed toba<:co ptants [START_REF] Kooama | Genellc enhanCemenl 01 cold tolerar.ce by exprellion 01 a gene lor chio• roplas\ 11)-3 desaturase in tramgenic tobacco[END_REF][START_REF] Kodama | Faity ilCid delaturation during chilling acclimation is one 01 the factor involved in confening !O\y-temperatUie to!efance to young tobacco leaves[END_REF]. For instance, tobacco plants over~xpressîng the chloroplasl \1.1-3 falty acid desaturast (FAD7) isolated Irom Arobidopsis contained iocreased level of 16:3 and 18:3 fatty acids and acquired significant degree of chil [START_REF] Vljayan | Agel'letic apprOiKh to investigaling membrane lipid ltructure and pholosynthetic fun<tion[END_REF] or transformations [START_REF] Kooama | Genellc enhanCemenl 01 cold tolerar.ce by exprellion 01 a gene lor chio• roplas\ 11)-3 desaturase in tramgenic tobacco[END_REF][START_REF] Kodama | Faity ilCid delaturation during chilling acclimation is one 01 the factor involved in confening !O\y-temperatUie to!efance to young tobacco leaves[END_REF]15] were onty Nmited. In Iact, Ihere are IWo distinct pathways in plant cel1s for the biosynthesis of gJyce-roIipids and the associated production of potyunsaturated fatty acids [START_REF] Browse | Glycerolipid synlhesis: biochemlSiJy and r~ulation. Ann Re[END_REF]. 80th pathways are initîattd by the synthesis of a 16:o-acyl carrier proteÎn (ACP) in the plastid by the fatty acid syn-\hase. This 16:O-ACP may be eIongated to 18:0-ACP and Ihen desaturaltd 10 18: l-ACP by a soluble desaturase so that 16:0-ACP and 18:1-ACP are the primary products of plastid latty acid synthesis. There produCls are eilher used directly in the prokaryotic pathW4Y localed in the chloroplast inner envelope for the synthesis of the glycerolipid components 01 the chloro• piast membranes or exportecl from the chloropiast as CoA thÎoeslers and incorporated into phosphalidykholine and other lipids in the endoplasmic reli<ulum by the eukaryotic pathway. In addition, the diacylglycerol moiety of phospha. tidylcholine can be retumed to the chloroplast enl'elope and used as a second source 01 precurson for the synthesis of chloroplast gly<erolipids. ln each pathway, further desaturation of 16:0 and 18:1 occurs only after these fatty acids have been incorporated into the major mem• brane lipids. In Arobidops~, three gene products, FAD3, FAD7, and fADS, mediate the synthesis of trienoK: latty acids from 18:2 and 16:2. The FAD3 gene produet ~an endoplasmic reticulum desalurast. The FA07 and fAD8 gene5 encode two d*:ropIasl isozymes that recognise as a substrate either 18:2 (J( 16:2 attached to any of the chloroplast lipids. Amutation in one of these three genes results in no more than a partial reduction of the trienoic fatly acid content. On its OW'O, the ,adj mutation reduces the desatuoa. 1IOL-9 tr I.lAtMERIF!VRlfRlOO2 43 ration level of the thytakoid galactolipids only marginally. The fadJ mutation results in a lemperature-<lependent reduction in the 18:3 and 16:3 content in thyIakoid-specifIC Ieaflipids 118L whereas the fatty acid composition of fad8 is indistinguishable from wild type [19). To obtain a more pronounced altetation in the trienoic fatty acid contenl. it has been necessary to generate multiple mutant lil'leS [START_REF] Mcconn | The critical rl'qui• rementlor linaleniC acid is for pollen develop. ment, ~ot phOlosynlhesis, in an Arabidopsis mutant[END_REF]. Atriple mutant line of ArobOOpsis. fDdJ•}1odJ•} fada, hM been produced that is completely deflcient in \8:3 and 16:3 fatty atids either in the thyIakoid Of any other membrane of the cell (Figure J).

Trlenoic falty acids are dispensable for growth and photosynthesis at normal temperatures and modest Iight leyels

To assess the similarities between wild-type and ladJ.2 {adJ.] lad8 plants and lO lay the basis for investigating growth and photosynthesis 01 pianu at low and high temperatures, we firsl measured sorne biochemical and physiological parameters. The fad3-} ladJ-} ladS mutant remarkabty has morphological, growth, and developmental charaeterirtks similar to those of wild-type Arobidapsis fOf mast of iu file cycle when plants are grown at 25°C The developing rosene pianU were phenotypiully similar to the wild type [20J. Metabolic processes, and in particular photosynthesis, did not appear signfficantly changed (Table !J There was no significant differenc.e in either the rnembtane Iipid contenl (meastnd as fatty adds per gram fresh weighl) or the protein content of mutant leaves compared with the wild type. Several parameters calculated Irom chlorophytl a fluorescence have proven useful in comparing the photosynthetic capabilities 01 plants. In par• tîcular, Fv/Fm is an estimate 01 the maximal quantum yield 01 PSII photochemistty in dar1cadapted leaves []1). This parameter describes the efflCieocy d the M:tron transler within PSU. 41. Ii the quantum yieId of linear electron trans-1er ( 21) measured at steady stilte under ambient light levels. This parameter measures PSU quan• tum yield but reflects the efficiency of the whole photosynthetic process because PSII is coupled to downslream processes (including PSI and COl assimilation) in the light. At 2S•C, there were no major dilfetences betwten tht': wild type and fad3-] fodJ•] lod8 mutant in eithef of these fkJorescenoe parameten (Table 1). Al22"C, the COl and light-salurated rates of COI fixa• tion by wild.type and mutant plants were indis-tinguÎshable a! 32.1:1:1.9 and 3].6±2.1 ).fmol COl mols-l, respectively (M.E. Poulson, J.• M. Routaboul, CL Edwards, J. 8rowse, unpublished dala). Whole-chain, PSU or PSI-dependent oxygen evolutions in isolated Ihylakoids were abc oetîcal in bath Void type and mutant (TabIt 1). Takefl as a whoIe, these data demonstraie (hat trienoic latl)' acids are substantially dispensable for growth and photosynthesis at normal temperatures and modest light levels.

Trienoi( fatty acids are required to maintaln (hloroplast fundion at low temperature

To compare the in vivo behaviour 01 the wildtype and {ad3-] lodJ•] fad8 photosynthetic membranes at Iow oemperatures, ~recorc the fluorescence charaCIt':ristics of detach leaves during short exposure to a range of te pealures lrom 25°C 10 SOC. Typically, !he va. 01 bath F/F'" and l'P. are decreased when 1 temperature is lowered. The more rapid decli 01 $. compared with F/f'" shows that ph leaves exposed to below-normal temperatu exhibited a progressive decrease in their pt losynthetic t':Iectron transler capabililies. Wh the electron ttansfer is limited, the photos: lem components be<:ome more complell reduced and 41" decfines. In the lad3-] fac ] (od8 mulant, this cold response was quali tively simîlar but quanlitatively stronger, COl pared to the wild type [23]. For instance, 1.5 at 5•( caused a 46% inhibition of 41. in muta (compared to the same measurement at ]5"< ~the sarne temperatun! treatment ioo ced a mort': limited inhibition (39%) in the w type. A1thoogh this differential effect d Iow ter perature on cJ). of the mutant WolS consister,. teproducible in severa! series 01 experimenu, was not possible to demonstrate a consiste difference in C0 1 gas exchange rates betwfl wild-type and showed that the chlorophylll~s ms accOl'Tlpanied by a decline in photosynthetic !ff1Cieocy (Figult 1). In partkular, lf:l. leU sleadily throughout the experiment to reach 53% oIlhe starting ""lue after 30 days. By conlrasl, FjF'" silowro relatively liltle change during the !irst 5 to 10 days at 4°C and h.1d dedined by less than "" by JO daY'.

These changes in phot~yntheüc performance and chlorophyll content were accompanied by extensive changes in chloroplast ultrastructure in the mutanL Before transfer to low temperature, the thylakoid struclure and organisation of mutant chloroplasls were substantially similar 10 wild type. Wild-type chloroplasu retained this structure even after 30 days at 4°C. HO\vever, the same treatment resulted in extensiye loss of thylakoids Irom ladJ•] !ad7-} fadS chloroplasts and a mar1<ed reduction in slacked membranes [23J.

Oespile their ehlorotic appearanee and altered chloroplast ultrastructure, !adJ-} !od7-1 fad8 plants, after 30 days at 4°C, retained a sub-Slantial capadty for recovery. Four days after beÎng retumed to 22•C, mutant plants had chiorophyll conlents that were 75% of ple-treatment values and more than 90% of wild-type controls [START_REF] Kodama | Faity ilCid delaturation during chilling acclimation is one 01 the factor involved in confening !O\y-temperatUie to!efance to young tobacco leaves[END_REF]. We ha..-e successfully maintained mutant plants for three months al 4-C At lhe end of this lime, the freslrweight of the mutants averaged len than 35% of that of wild-type controls.

The /od7 , FC'''''=-"C~" 

  . The ladJ-} fodJ• } fod8 plants exhibited s1ight chlorosis due to a 19% decrease in chlorophytl per unit of hem weighL The chlOfOphytl a/b ratio was 113 lor wild type and 3.49 for the fad3-] fadJ•} 1od8.

  wouId seem (0 he essential for the establishmenl of plant re$Ïstane.e to high temperature.Conclusion o+----,--------,c---:'

  Until rKentty, it has been difflCUlt la study thE' raie of Ihese latty ms in higher plants because changes in the trienoic latty acid content chtained either by chemic.al IrtatmenU [16L roota• tiom
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	ling tolerance 112, 13J. In cyanobacteria
	mutants, pnotosynthesis and growth are affec•
	100 by Iow tMlperature onIy when dieooic fatty
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	ted tram orgaMms [14j. Additionally,	ẽt
	al. [15] re<:entJyobtained transgenic tobiKco

Table 1 .

 1 fadJ•] fadJ-} lad8 plants me sured at 10°C (M.E Poulson, J.•M. Routabol G.E. Edwards and 1. 8rowse, unpublishl resulu). Thytakoid preparations from wild-t)1 and mut1rIt plants assayed for v.iloIe chain de tron transport at 10"( also failed to demon trate a significant effect (J.-M. Routaboul and 8rowse, unpublished results). 80th techniqu1 are relatively insensitive olt Iow temperatures b together with the data from fluorescence an. Iysis, they demonsltale that temperatures, low as SOC have only subtlt': t':ffects on photl synlheti( processes of the mutant relative 1 Comparison oIlht rtlotivt omounll« chlotophyll, foltyocid$, and prottin rogtrher with f/uort'J(;tfI{f poromtIm in ltlMs and oxygm f>'CIkjlion tnf'lI5l,lffll'llllU .., OOIolnJ thylotoid for wiJd Iypf and IW/Ofll. Plants wm grown QI 11'( and lItIdfr ~ibrwxJtÎCrl d '15 jJrrd 1Tf" 1 S-'. ~Wfl"f modt ot 15"C. Vabts Off /IIf'llIltl.Sf d 15 .Ifovfs from fiYt i1dfpfndent: tJ'Pl'rimtnL1 for Jb:lmancf puromItm and !tom mm InfIOSlM'"tmfl'If.I 01'1 a si'9t ~prffJOff1liofl «iJobrnJ thttJtoidl. figure 1. fotol folly odd cOt1lpOjition 01 wi/d.typt and /7IIjrom/tovrs. The lI:JIut:I ort Ihtmrom olIm indtptndmt~l. the fluorescence parameter FjFm' or in the light by measuring lfl. under physiologieal lighllevels (PFD of 100 ~mol quanta m-l S-I). Figure 3 shows that both wild type and fodJ•2 fad7•} fad8 mulant photosynthetic capabililies signiflCclntly diminished when Ieaves were incubated at 40'C in the clart. ~, the mutant PSU toleraled high Lemperalures better thafI the wild type. To obtaîn a 50% decrease in FjFft! it was necessary 10 heat wild-type leaves al 40"C fOf ~15 min whereas Ieaves /rom the mutant ~fl!ached this leveI alter 40 min 01 heat tredtsure to high lempmture in the darX (rewll no! shawn). However, extended incubation at 4O"C in the Iight (which is a condition likely to occur during heat Slress) did not reduce 41. below 90% 01 the starting Yalue in leaves cl eitl1er the wild type or the mutant. Notwithstancling these observations, acdima• tien of plants 10 33'( resuJted in differences in the appearance 01 plants and their relative growth measured as the: fresh weight of aerial plants (Figure <1). The relative growth was Iower in mutant plants !han in wild-type cootrols after only three days of trealmenl. After 8 days, mutant plants stopped growiog. Ieaves began tewilt and to dry. The plant ultimately died after 15 days. Our initial experiments indicate that During Jow../etnpffO/1Jft Ireo/mtrl~dt!ll' ched Ieuvn wtrt rewormtd la lS'C fOf 1/Ir in tilt dorl< and Ihen fjf~and <P, wm fI'It(OOrtd or lS'C. It'Jbes. Ibtles OftmtllnStSl ri S ~Pl!frtW1ltJV .."Jues fOf wiId rypt wt'ft f l'~' " 0.761 tO.004; f1J. = O.SSJ~OOl; and for 1.xl]•2 fad7•21ad8 wm fIf. After as liule as 10 days at "•C, newly deYelo~d leaf tissue 01 mulant plants exhibiled chlorosis, which was not eYidenl in wild•type controls. The degree and extent of chlor~is became progressively more pronounced in mutant plants as the Iow.temperature treatment continued. Alter 30 days al40C mest leaves on the mutant plants were pale green and the plants were noticeably smatler than wild-type controls. Measurements 01 chloro• phyU content showed !.hat both mutant and wild-type plants lest chlorophyll at the beginnng 01 the 40C treatmeot w !hat plants of both geootypes contained 309& Iffi chIorophyll after 10 days. Alter this initialloss, the chJorophyll content 01 the wild t~iocrNsed again whiJe the chlorophyll content of the mutant continued to dedine throughout I~cold treatmenL Measurernents 01 FJF'" and lf:l. on leaYeS sampied !rom 4•C-gtM'f'I plants and assayed at 25"C

	wild type.
	Although low lemperatures hKlliltle effect 0
	photosynthesis 01 {adJ•] ladJ•} fad8 plants i

FigUfl! 3. EJf«l of high /l.'I7If'"CJtUff on lad3-2 IJd7• 2 ladS muwnl (opn1symbCJis) and wild.rypt (do-1td ~ymbo(s) pholOS)"llhesis. Lnwes wtte Jt1ClJbottd a140•C and Illt inhibilion of phorOlynlhtsil wtrt monitortd ar 0 constant PFD of 100 pmof quan!a m J ~-, br <PI (e, ù) and in/ht dark br FI'", (W, '-). Valves art mtOns::Sf (n: S).

suring .. Ie<tion of these plants arld other mutants were incubated at 4'C for 30 days, there was a cleaf correlation bel'Neen the severity of chlofosis and the proportion of 16:3 plus 18:3 fatly acids in Ieaves of the different plan~When leaves were figure 2. fffea ofloog•letm ~ra 4°C (JtIr osYnlhesis of wild.t)'pt (clostd symbols) and lad]• 21a<l7•2Iad8 /l'lIJronl (opm S}1l'lbols)AlabKlop~. Daro shown ore for fjf", (II, ) and 111 (e, ). Pbtlu wert grown Of 1re for 1J doys pnor la rmm• ftr ta 4'C /lesuh~Ott ~ln pt1"Ctnlllgt ofprtIrtolmtn/

  responsible lor the deatl of triple mutant plants grown at high tempe rature. On mis line, 6oo1eni<add il a pre<:urso of jasmonic: add lhal is involved in many plan responses[START_REF] Wierstra | Differentiai ellem of melh)'1 jasmonale on lhe expre15ion 01 the earty light•indudble proteÎnsilnd other ligOI. regulaled genes in bar\ey[END_REF][START_REF] Howe Ga | Cyclopentenone signaIs fOi piani defenle: remodeling the jasmonic acid response[END_REF].The nature of the effects seems also 10 depent on aspeciflC speUe1 that Is deflCienl rather !har through the mediation of global changes il surprising linding during the mitial isolation and characterisation of the {adJ•l fad7•1 fad8 line l'las that triple mutant plants lacki'"'9 trie• noie laityacids ~re indistinguishable Irom wild Iype in vegetative growth and del/elopment at Of below normal. They are importanlto ensure the cOfre<1 biogenesis and maintenance of chioroplas!S during growth of planls at 4"C and are critical for plant growth al 33"e. Low and high temperature-grown plants shO\v a distinct pattern of symploms. For mis reason, we believe \hal diflerent me<hanisms of Iow or high temperature damages are operating in the mulant. even though they aU depend of acommon !rie.

		koid membranes are membrane f1uidity or integrity in the mutant
		Approximately one-third 01 Itienok fauy acid
		is sufficient to maintain normal photosyntheti,
		funclion and growth at either lower or highe
	22"( [20J. The more c\elailed analyses reported	than normal temperalures.
	l'lere of the fluorescence and electron transport	The triple mutant {adJ-l (ad7•1 {ad8 allow u
	characterislics of mutant plants conlirm that	to show that the reiationship belween menoi
	18:] and 16:] fatty acids are essentially dis-	latty acids and temperatUfe tolerance io plant
	pensable lor pholosynthelic processes al 2S'(	is more complu. that originally thought am
	LA1der 0tX growth and measurement condilJom.	most probably involved different and specilï
	Similarly, direct effecls of short temperature	mechanisms. A beUer undentanding of such
	treatments on mulant photosynthesis seem 10	relalionship is a prerequisite for engineerirH
	be limited.	planls wim heuer tolerance oIlemperalure.
	ln contrast, trienoic fatty acids appear to he	
	essentiallor growth at lemperature under Iow temperaturl! did not become chlorotic or	
	show changes in chloroplast ultrastnKtufl! 127,	
	28]. In principle, a partial defeet in transport of	
	proteins lhrough the chloroplast envelope, or	
	into or through the thylakoid membrane, (ould	
	explain such a phenotype. During chlorapiast	
	biogenesis, when prolein Iransport is maximal,	
	even a partial defe<:t could have severe conse.	
	quences. Transpon processes remain important	
	fOf maintenance of the mature chloroplast.. but	
	the quantîlatiYely Jovm demands on the lIans-	
	•1 a11e1e contains a leaky mutation tha\, on the basÎs of lea' fatty acid composition, relains a sman amount of the FM)] desalurase activity [19). The ayaÎlability of lhis allele has aIIowl.>d us te produce plants with 'IPfY low leveIs 0116:3 and 18:3 'alty acids 1201. 'When a col-50 00. VOl... 9 N" JANVlEIlIfEVlliER 2002 .00 poo. machinery trirjlt he met despite the defecl Under such a scenario, a more severe de/Kt would produce large elle<ts on new tissue and also begin 10 compromise maintenance pro-cesses in the mature chloroplasts of oIder tis-sue. Moreover, we found that photosyntheli<: capabilities and growth rate decreased conco-mitantly in the triple mutant during growth at abave nonnal temperature. Thus, mulant plant survival at high temperature may be relatecl to the thermotolerance capabilities of pholosyn• thesis. However, we cannot rule out that other biochemicallactors associated with the Ihyla-

A noie faity acid change. II has been suggesled thalthe latty acid changes primarily afle<:t pro-Ce5SeS in chloroplast biogenesis because tissue that Nd deYeIoped al zrc before transfer to 17% linoleni< acid (18:3). Thus, linoienk a<id

  the absence of trienoic latty acids slabilizes PSU against heat treatmenl applied in lhe oort. In order 10 delerrnioe whether the:se observations are related in acclimated plants, we randomly harvesl.ed leaves dumg gstM'lh al ]]"C, cooled them to 25•C lor 1 hr in the dark and then delermined Fv/Fm (the same result were obtained measuring IIlJ. AI thÎs temperalure, wildtype controls photosyntheti<: efflciency was nol afle<led whereas the quantum yield of PSU eIe<. tran transport of triple mutant l'las at tirst slighlly inhibitcd from 6 10 9 days but decreased the• reafter to reach l4 and 11 % of the initial value after respectîvely 11 and 1] da~at ] ]0e. Thus, the faity acid deficiency did not improve the photosynlhetic capabilities of mulant planls translmed to high temperature and was crilicallor plant growth. To exclude the possibility that the triple mutant !ne cOOcidentaly cootaftd an adcitionaI rTlltalion (al a locus other Ihan Ihe {ad loci) Ihal would he responsible for this phenotype, we also examilled the single mutants ladJ-l, lod7-2, fod8 and the double mutant lod7•1fod8 alter transler al ]]"e. Alter 15 da~, only the triple mutant pIanu died. The 9rol'/th of {adj appea• re<! to he slightly reduced compared 10 (ad7•1, lad8 and a lew fadJ-l plants may eventually died al the end olthe 15•day perlod. The double mutant fOO7•1fOO8 grew slighUy better than wild.type plants. These observations indicale Ihat it is Ihe biochemical dele<t in polyunsalurated lipid syn~s that is the cauw of the hîcjI tempentUA!' phenotype report.ed here. The fOO7-lfod8 mutantlacks ooly the chloro-

•'c•c'mc'.' -, '50 Ftgure 4. Thuffms 01 mgh remperawrt CIrI grcJ'l't/h 01 mld-type (dos«J symboIs) an::ffad3-2 rad7-2 fadS muranr (open symbols) Arabidopis pianu lrom/er• ree/ ra 33'C. MeontSE (n = j) oIaeriol frl?1h wt'ighr. 1 ~baised Cl)-] desat....ases and contai'ls aboul
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