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!he c~traccllular lipids and lipid-binding proteins of polleo grains • 
their hio~} nl hesis and roll'S in poUination 

Murphy, D. J. 

Hulleehnolo¡;y nll. Slhool or ApphL-..1 .S ... acnc.:c . t 111\C'I'ill} uf (il.; morga o. C87 1 DL. \Vale~. Umtcd Ktngdom 

Thc ntr.:tcdlular matn~ of ~he polleo g~m~ uf m.1ny cntomophllOus plants is CO\'Cred "ith a sticky 
\JI 1 n :e ~OO\Ion as thc tr)plunc. ("' polh:n c:oat \\'c ha\c du.ra..:tc:11~ th~ poi len COJt componenlS 10 planL'\ ofthe 

Ur.n IC.lctac. ancllld1ng rape~ccd (Hrmün1 napu\) aud t\tab1dopu' tlwlwna. The polleo co:tt in tlu!sc speties i 
mostJy n1.1dc up uf a un1quc ma\tuh: c)t !lpuJ.., th~u mcludes .lc)la.tcd compounds such as stcrol cstcrs ami 
phospholipuJ. .... Thcs.l.! hpad, are char,\t.Jcri"cd hy thc:tr unu._ually high degrl!c of !iiaturation- thcy typically contain 
70 tJIJ1 5aluratcd acyl rc!>iduc:s uch a.s myristatc, palnutate and s.tcaratc Tht• major s tcrol components of the 
polleo c,;uat are acyl estero, of )tigm~ tcrol, cam¡x:)ttrol and curnpcstdJCnol rcspccti\l~ly ' lñe second rnajor polleo 
co.ll ..:ornponl~nt is a gn.1up uf protcins thJt "-C tcrm pullcnm\ Thc pollcnins are deaavcd from lnrger proteins, 
callc:d oh.:o [Xlllc:nlll\, that are ~ynthc\i,cd ¡n thc nnthcr lilpcwm Olco-pollenin"i conmin an N terminal domain that 
J'i sumlar to thc cen1r.al hydrophnhic doma m of o;t."Cd oloo .. in'\_ 1l1is oleosin likc domain is removed by a specific 
pcpttda~c aftcr tht: uleo~ pollcmm are rch:ased into thc anther locule followmg tapcta l apoptosis. 1ñc maturc 
poll"'·nm .. are mar..lc up uf;¡ t.h n.--rsc s.crico, of rc¡x:litaous motifs that are charactcrU.tic of ~tructural protcins, rathcr 
than cnJ)Ilh; .. In thl\ ta l k, 1 wa ll dc~aahc thc mcchanism and Jocahsauon of thc biosynthC'SIS of the polleo coa.t 
pmtcan and llpu.J component-; and thctr rclocation to the polleo wa.ll l willthcn dis(;uss the functioo oftheolcosin· 
hl..c domam a!S a novel targcting ~ignal. Fin;_¡lly, 1 \\ill also cliscuss thc possiblc roles of pollcnins and thc polleo 
cJJ;.II hpi(h m adhcsion to inscct vc..'C IOT!l and in pollcn·~tlgma intcrJctions both during and following fcrti lisat ion 

Pollen ontogeny in the Nymphaea les 

Osborn, J . M.; Schwartz, J . A. ; Gutman, B. L. ; Melroe, N.A. ; lngraham, A. M.; Taylor, M. L.; 
Strandqulst, J .N.; Hudson, P. J .; Mlesner, J. M. ; Schoenekase, A. N.; Thlemann, T. & Doores, A. S. 

Divi ~ion of Science, Trumao S tate Univcrsity. 100 East Normal Strcct. KHksvlllc, MtSSO UII 63501-422 1, USA. 

·n,c Nym¡>ll:lCnlcs. or water lilics, ha ve a cosmopolitan dislribution in frcsh wa ter habitats and comprise 
two famahcs nod caght genera· Nymphncacc:ac (VicJOria, Euryale. Nymplwea, Ot~dinea, Barclaya, Nuphar) and 
C':1bombaccac (('abomba. Bm.1·enin). Water hhcs are widcly rcgardcd 10 be among the most primi ti vc flowcring 
plnnts, as rcccnt phylogenetic .!.ludies h<tve consistenlly indicated that eit.hcr Amborl'iln, or Amborel/a plus 
Nymphat-alcs is thc sistcr group to thc rcmaining <tngiosperms. Although studics of pollen deve lopment provide 
importan! data for asscssing phylogcny, littlc is know abou t thcsc characters in the Nyrnph:acales. 

In thi s presl!ntation , data on pollen and anothcr ontogcoy ,,¡ u be dcscribcd and rcvicwcd for a.ll genera 
uf Nymphaeales, with emphasis on thc taxa that ha ve becn studicd with combtncd scanning clcctron. transmission 
ch.-ctron, and light microscopy. Anthcrs at thc sporogenous tis ue, microsporc mother cc ll . tctrad, free microsporc, 
and maiUrc polleo grain stages will be documc nted. Evcnts including the clepos ition of a microspore mother cc ll 
co:u, a callase 'special' wall, a pnmexinc, and thc sporodenn layers will be discusscd.Thc tetrad stagc proceeds 
rapidly, and the tctrnds of rnost genera are of thc tetragona l typc. lo addition to Lh is telrad configuration, severa! 
genera. also co-produce teLr.thcdral tetracls . Thc maturc pollen grains of most genera occur as monads; howcvcr. in 
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Signa! transduction by l\IA P kinascs in pollcn germinal ion 

Heberle-Bors, E.' & Wllson, C.' 

1Max-Pcrutz·Lahoratoncs. \'acnna Baoct'ntc-r. Cniver-.aty of \'1enna 
11stinuo Nili'ionnledi Ricerca pcr gli Alune:nu e In i\utrillonc: llnun NutrliJonc. pcrimcntJic 

" 

Mitogcn -ac th-atcd protein (MAP) l..ina. .. cs Jrr.! highly conscrvcd in cuctf)·otcs an<.l ha ve bt:l·n unphcatcd 
in thc transduction of a \'aricty of cxtraccllular ~ignal~ in volved in devclopmcnt and ~trcss rt!spon!Sc Down\lream 
targcts in dude tmnscription facwrs but also othcr cdlulal' s tructurcs !> u eh ~ the cytoskt:lcton. MAPK.s are part of a 
tlucc-panite signalling module consTSung of n MAPKKK (or IEK2). a MAI'KK (ur ~IEK ) and ,, 'v!Al'K 
Eucaryouc genomes coma in gene fami lles for a llthrce membcrs of !he module. mcludmg pl.mh 

We ha ve isolated a number of MAP k mase genes from tobacco and alfJJf:¡ lllc tobac¡;o MAl) kma. e 
NTF_. a(;cumulatcs in mature. dry polleo asan inactivc kina.sc. Upon rch)dr.nion thc ,\'Tf-4 l..in&he is rapidly and 
transicntly activatcd, and is again macti\'atcd wcll befare pollcn tu be cmcrgcucc (Wil~on el al 1 997). Water alone 
ts suflicicnt to activatc lhis kinasc. l\'TF4 ora vcry simtlar MAPK 1) also lllvohrd tn hypoo)mouc !>UCs!a ~ig.nnhng 
in somatic cclls (Ca7 .. 1lc et al 1999) 

Wc ha ve now found that lhe highly rc btcd MAP kinnse SIM K is also e:\prcs.~cd :md ncllvated in polleo 
by hydration and Lhat both MAPKs are rcgulatcd by thc MAPKK MEK2. Transicnttransfonnation of pollen wllh a 
k.inase-negat ive muHmt vcrsion of MEK1 indccd inhibitcd r>Oilen genmnallon (Voronin el al. 2004) 

Vol. /~ (2004) 21 



MlllrOJ'l.! XIII'C 

U O ,C, \OKONr V 1 ll.iRAE\.A.. \ICF.l'.'TE.O IIEBERI..E-BORS, E. 1997 A d<,<lopm<ntall) 
re¡u at<d IAI'luu a.umcd by h)draum m lolla.- poll<a The Plaut Ctll9 ~0'1~·2100 

t AJ'.Al A, I>RCIU.-\I<U. M \\ILSO'- C, IIEOI:RLE·BORS. E. BARIJIER-BRYGOO. H & LAURIERE. 
C I1JC,9 MAP l.Uuse uvauon bv b\ mott~ trc on sob.lcco cdl ~o~pc:nsu:)Os to\li.ards the oxidatnoe 

burst r JlOIISC l'lant J I'J 2'11· • • 
WJHIJ'ól , V, AIO ESI T, 1.1\1 HJ. GIW. ·,A, 8.\RJ;\()\ A,l L. TOL:RAE\ A., !Al' RIERE, C., 

( CJR(J,AIJ(), \1 .J, TI.STIU.A'-0. 1' S, RlSl'L'-0. \1 C. HEBERLE-IlORS. E., WILSO:\. E 2()().l 
Thc \1AP Lma ktn:u.e, t\1EK2 u mvohN an toNt ... co polltn gerrmnatton FEB · Letters 560. 6-90 

~ 1 \PK. are induced and cnt"} into lhc nucleus during stress- induccd pollen 
embl') ogcne<>is and poiJcn de-elopment 

Coronado, M. J .; Gon:tá lez·Melendl, P.; Seguí, J. M.; Ramírez, C.; 
Barany, 1.; Testlllano, P. S. & Risueño, M. C. 

Plant Dc .. ·clupmcnl anll !'\uc.:kar Or(!JOI7..31ll>n Ccn1ro de Jnvotigactones Atológic:ts, CS IC. 
RJrntro tlc: \lac11u 9 . .2M().U) Madnd, Sp:un E+nutl nsucno@ctb.csic.es 

Plant dcvdupmc:.nral procc!!!.~~ lnYOhc both prolifcrauon and dtfferentiauon C\Cllls, c(·IJu la.r and 
nuclear d)namics VW)mg dunng dcvdopmcntal prOCL'!l!l.C:.S and in response to factors hke stress cond1tions. 
\1111o~CThtcuvatcd protcm ltna,cs (MAPKs) are mvohcd in the signalhng of extraccllular sumu li in cukaryotes, 
mcluc.Jmg pLlnb The rc:vcr.,lblc phnsphonlauon of MAPKs play:, a pivota! role of aCl l\'ating spccific cytoplasmic 
and nuclear targcts which are the final cffcctors of thc ccllul:u rcspons~. Diffcrcnt MAPKs ha ve been shown lo be 
c'\pre \Cd dunng plant cell prollfcrauon and dcvdopmcutal processcs such as polleo dcvclopmcnt and pollcn 
embryogcnc is. 

F.xtrocellulnr s igna! regul<tted kina.ses (ERKs) protcins bclouging Lo thc MAPK fa.m1ly are in volved in 
hoth cc:ll prohferat1on and d1ffcrentiation in manunals. through phosphorilat10n pathways. ERKs homologues ha ve 
hccn rcccntly idcntlficd m tobacco ccll suspcns•ons. bcnlg activated in response to plant defence. ln this work the 
cxprc:,SIOn and subccllular locahzatton of ERKI/2 homologues. and MAPK.active forms wcre studied in two 
pollcn dc\ciOpmemal progrnmmc:s : stre. S·induccd pollcn embryogcnesis (which mvolvcd an inuml proliferalion), 
and polleo maturauon (~Which involvcd a d1ffcrentiation) by immunoblotting.. immunofluorescence and 
1mmunogold l:1belling, in vanous plant !lopccic:!Jo_ Quantllallvc s1ud1es of the labelling obtained were a l o perforrned . 

Tite n:sulls wcre sun1lar for a ll tht: spccies s tud ied showed that during pollcn deve lopmcnt and 
cmbi)'Ogcnc!.is. ERK and phospho.-MAPK labclling signals increased, specially in thc nuclcus. indica ting that thc 
progrcssion of d1fferenuauon and prolifcration was accompanied by an incrcasc in thc cxpn:ss ion of ERKs and 
MAPK activauon together wtth a translocation to thc nucleus. The combination of ultrastructurnl cytochemistry 
and immunogold fo r RNA and phosphoryla tcd protcins indtcatcd Lhatthc nuclear si tcs hous ing these MAPKs were 
ureas of thc interchromatin rcgion enrichcd in RNA and phosphoproteins. inc ludi ng clusters of interchromat~n 
granu les. 'nti s could suggc t a role of thcsc MAPKs in the carly events of act ivation o f the tr.mscriplion and 
p1 occssing macluncry, via phosphoryla tion, which subsequcntl y would be recrui tcd 10 thc transcrip tion si tcs. 1l1c 
as~ociauon of the nuclear localizauon of MAPKs wilh the stress·induccd progrcssion through thc ce ll cycle and 
the commitmcnltowards d iffcrcnti ation in thc two pollcn developmental processcs can be corre lated. 

Work supportcd by projccts gran tcd by Spaoush MCyT, BOS2002-03572 and Comunidad de Madrid, 
07G/0026/2003. 

COilONADO, M. J., GONZ..\LEZ-MELENDI. P., SEGU(, J. M .. RAMÍREZ. C.. BARANY, 1.. TESTILLANO, 
P. S. & RISUEÑO, M. C. 2002. MAPKs cn try into !he nuc leus at specific in terchromatin domains in plant 
d¡ffcrentialion a nd prolifcration proccsscs. J. Struct. Biol. 140: 200·2 13. 
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Promoter C..'-"Jl ion or n putath e poll o DlOD et:h.arid lr.llbpon~r in Pe 'filma h bn.Jo 
and crurrnctcrisntion ora IJ'lllb"Jll' n ~nion mut nr 

Garrido, o.'; Busscher, J.' & van Tunen, A. J.' 

1lkpartnlr:nt of Pbnt Ph~~•Oh>g). FJ..: ·tcn~o.~.~ ll (¡ o11 Fu~tcou ;a n.,. 1 1 Granada •. ·paln 
'PL1nt R< <an:b lnk'roaUOII>I PO B ' 16. b- ~A 11 a¡:<'lUllp. Th< <lb.: 

' "'arnmerdlm lnsmute ftv hf .. ~k'1l' P l) no, t)~(k>.!. l{l'-j(t(ill m"-Tl"fd..&m 

Thc Ínte:f3-(Í00 bet\\«0 ~~~le :Uld J. Jc\\!k'PJOg ptllkn ~'"T.UQ b J. f~tJW"Uhh f'R (V 

poorl) under!>tood and JlU.Inl)· stuthed from 3 noo nYt:lbt h~ J-''1101 uf \lC'-' Thc a-.h.lOt .. tun .. ), o( p.1 ka tu 
gTO\Ioth and lhc e'\tn:llle ltngth Of lht:, ID$!k C('JI 3(\('0dt\ I'CQUll l..\rJ;C l~Db 1,'1( 11lCb :tl:zi('!> (~,.__. CQ('f '\ 

consumptioo 3Dd d(' no'o 11 v.all b¡(b~ntbol~ A \ltll cornpound hX tbc:: J('rk'l('lnaent nJ ~"'th , ... Ol,.'l\ lo 
rollen gn:uns of Pt'tuma h)brrda lO\\.:trds matunt~, ~art'tllh)dl"3h.--... :tre. c·omoL:tnnE IR lhe t,vm t'l ... ~J'\.h 1lk 
poi)~C hand('S \\111 be us.ed a~ an energ)· soun~ for p<lllrn N~ ~o"'th Aftrr _ mun.luon ~.r lht ro.lkn ~·n at 
thc: s,ugma. thc poi len ¡u be h. s to trans,me tlhl.trll:~ m tbc:: phlll 0ften 1hoo..,an.:b u mes thc ~.h..unctrr ,\¡ lhc f"\lk:n 
gram> to deh\tr thi.! m:~ le gametes to the embr)O SJ..:: for fatib!l3UOO tC'1leun~. 19Qo~ ThcrefLtrr. J. peal :un...l4.1nt t.tf 
encf!!y wtll be needod for lhe f011l13ttoo of the long polkn tub<, "htclt m¡utr<> • lu~h k'd <>1 >ugar <m¡><lrt 
(SchlllpmJnn et :al .• 1994). Thc sug:ar final destimt1on, hú\\C'\t:r. f'ClJUI~ traru.kA.'ath)n from thc antht.-r, u~nu 2.nd 
. t)IJr apopb:at O\Cr Lht polleo tube membr3I1c. lt 1 Lnown 1h:1t u~u:tll) the 3p<'pl3 ... ll~ unloodm~ of );U~JI"'!::tnhllhr 
.mk tissucs tn\'OI\'CS an h)drol):iiS of sucro..,c mto gluCO"ie :md fruc1ose h) rnrans of • n :a..:hiK IR\tn3\t'. 

subscqucntl) followcd b) an acu v~ upt3LC of these monos=tcdurid . 'ia mt"~nosa(.. hJnd pn11on '~ 111J"'Vla!t 
(ROitsch & Tanner. 1996). In tenns of slnL·soun:C' n:latJon-.. JX-'lllen lnd gm\\1ng pollen tuhcs ~ht\UlrJ he ~g:tnh~d 
as a strong sink 

From P~tw1ia h)·brida a pollen·spt.'\:lfic putJU\'C rTl\lllOSJt:ch:mdc tr:lns.porh..-r ~gn:u~,."\1 P\tTI lu!, bcal 
idenllfitd in nn carhcr papcr. (Ylslrn et al. 199 } 11u~ worL compn!Jot an "111 ú<..-pth" an;\ly~·~ anJ ch.i.uaL:IOl~llótl ot 
PMTI in thc contc"' t ofpollcn dcHioprncnt usmg the GU ·reponer gene nnd an m!.Cit1on mutanl 

1lle prometer of the pollen spec1fic pulalt\L' monosaccharide transponer genr fmm Pt'lumt~ Jr_,flrirú1 f..pmtl) 
has been isobted by in"crse·PCR and scquenccd Analysb. of planb trnmformed Y.ith thc: promotcr G\ · • fu.\tOO 
confirmed the spedficuy of this gene, belonging to the late pollcn-~¡>Ct'lflc e'p~<--d gcnt:, Gt ~ :tClt\lt) "~ c.lctcx'1aJ 
C\'Cil nfter 2.,. h of in ''Uro pollen gennination, at Lhe pollcn tubc up. 

To clucidate thc tmponancc or pmtl for gamctoph)IC deH·Iopr'fl('nl and fertlhS.lllOil a lllUinnt plant 
conLJ.ming a tras~on insertton in thcpmrl gene was 1!.0latcd u":Jmgá//lh/ l.fB115púSOn tJggmg·PC'K txc.<t1 MsJ) Thc 
pmt J lllUtant C01ll31Rcd a áfph J ÍOsertiOI'l 111 posiuon 1474 bp Of thc lr:tnSCribmg ¡un Of thc gene, beforc Lhe lJSl I'WO 
tr3nsmcmbrnnc sp:mnmg domains . Analysis of thc progeme of the hetero¡jgoo mutnnt after sclfing rt\ealcd no 
altcrations in pollen viability and fenility. Mature pollen grains of a plant homozygous for thc lr.ln.!.~ in~n10o wcrt 
able to gcnninate in vitro in a medium containing eithcr suc~. glucosc and fructo~c. whu:h indicatC.\ that pmtl 1) not 
essentia l for pollcn su rvi val. Severa! explanation for thcsc rcsulu ,,,u be dtscusscd 1n tlus pr~cntauon 

CHEUNG. A Y. 1996. TI1e polleo tu be growth pathway: its molecular and biochcmical contnbut ions and responses to 
pollinat ion. Sex Plnnt Rcprod. 9: 330-336. 

S HLÜPMANN, H., llACIC, A. & READ, S. M. 1994. Uridinc diphosplmlc glucosc mctnlx>lism aud callo:.e >ynthcsis 
in cu lto red palien tu bes of Nirotiann nlaza link ct otto. Plant Phy~iol 105: 659·6 70. 

WILLIAMS. L E .. LEMOINE. R. & SAUER. N. 2000. Sugar tr.tusportcrs tn highcr plants·a d"•crMiy of roles and 
complcx rcgulatiou. Trcnds l'lant Sci. 5(7): 283-290 

YLSTRA, ll .. GARR IDO, D . llUSSCHER, J. & VAN 11JNEN, A J. 1998. Hcxosc tmn•port tu gro"'"g polleo luhes 
and charnctcri zation of a poi len spccific putati\'C rnonosaccharide transponer. Planl J)hysiol 118: 297·3~. 
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(haractcriL;Jtíon of protein.\ stcreted during maize micro pore culture: 
arabinogalactan-protein.'i (AGP ) stimulate embr)o de,elopment 

Borderies, G. , le Béchec, M.'; Rossipnol. M.'; Claude, L.'; ~e DeunH, E.'; 
Beckert, M.'; Dumas, C. & Matthys-Rochon, E. 

'C:C..ttc de lll(llo¡;>< el de Ph) ¡¡e >c.:ewJc l \IR C 'RS l'PS 5546. Pólc de Bootechoologtes \'ég tales, 
l ·ulnnhé p ~.a.h.JUC'f ~ Cñc:min de BOJJc RO!.Hte BP 17. Aul.C-..IIle 31326 C"hLJDet-Tolosan Frnnce. 

:r l....Jboratuuc de Jl¡olopc ct úc phy~'"'"b'e \égt:ialc. Unl\cr até de C'.len.l-l032 Caen Cédex France 
,Centre t. 'RA, Sllcdc: Crvutl :!l~ A\tnue Du BréLC163039 Clermont-femnd cédex 02 France. 

'lkparttocnl <•1 b1 l~. O~VT. &ole. unoalc Sup<ncure. 6 All<< d'luhc 6'136-l LYO:\ Cédcx 07 Frnnce. 
1 l"'buralotre de Wepn><lu<1wo el dé,·doppc:mcnt des l'bnus. U~ IR 5667 CNRSIIKRA/E.'\ IUNIV/LYON 1 Ecole 

Nonmlc Sup<'ncuJe, 6, Allét d'ltahc 6936-1 LYU:" ("édex 07 Frnnce 

Tu !.IUd) mokculb ~..:n.:tcd fmm c:uhur\!d plant ctlb th:u promotc de"clopment maize microspores 
Y..cu: lrart)feted antu cuhure and the cond1Uoncd rnc4.ha Y.t!re collected over u me and analysed. Electrophoresis 
md1carc~ rlwr both non-glycooylarcd au~ glyc,.}laled proteios mcludmg arnbinogalacran-proleins (AGPs) 
Jppcarcd mto the med1um :tnd thetr concentrauoct u1cre:1~ during !..be u me of culture. The development of 
cmbry<)\ W3!> c:orrelated wtth the presen\.:c of c.~Jfic extr.t.cellul<lr prol~Jns. usang an ape.rimcntal system based on 
a tumcarnycm rnh1hHIOO tc:.t. In add1uon, a preci~ pmtem analys1~ v.as conducted using MALDI-TOF and ESI· 
MS-MS techmque~ The~e approachcs ha\e allov.cd thc idc:nuftcation of 5 other typcs of proteins: a cell wall 
invcnn\c, two thaunutm isofonns. onc 1·3 bcta·glucanase and Lwo chiunasc 1sofonns. Ahogethcr thcst 
c:xpcrirnent.s and rc~ults upcn \\.J)S for research auned :lt undcrstandmg wtuch rnolec ules stimulate cmbryo 
furm:ttion Moreov<..·r AGPs mn)" be u\ed to stimulatc Lhe dC\'Cioprnt.:nt of microspores (polleo ernbryogenesis) 
prepared fmm non-responsi\'e gcnotypes. The poS~1blc role of the secreted molccules wi ll be discussed nnd a 
pal'311el wll l bt.:. made. betwcen lhe dc,·clopmcnt of an cmbry'> 111 tiquid med1um and in pla111a. 

Signa! tran duclion in pollen: Ca2+, phosphoinositides and calmodulin 
ero sta lk in the polleo tubc apex 

Rato, C.; Montelro, 0. ; Llu, O. & Malhó, R. 

Dcpart.1mcnto de Biología Vege tal, Faculdadc de Ciéucias de Lisboa. R. Ernesto de Vascoocelos, 
Dloco C2. 1749-016 Lisboa, Ponugal. r.malho@fc.ul.pt 

Polleo tubc growth rches on an exrrcmely fast delivcry of ncw mcmbrane and wa ll malerial to the 
a¡>Jcal regían whcre growth takcs place. Des pite thc obvious mcauing of this fac t. the mechanisms that contro l this 
process rcmain vcry much unknown. t\ Lip·focuscd (Ca2+)c gradient is known to play a central role in the 
rcgulation of po llcn tu be growth and rnodulation of thc [Ca2+Jc concentration resuhs in changcs in the rate and 
direction of growth One of the tn rgcts of this Ca2+ signalling pathway was thercfore clai med to be the secretory 

pllthway and s imilar cla ims wcrc madc for phosphoinosi tidcs. Wc in vestigatcd thc role of phosphoinosit ides and ( 

Ca2-t·l c in membranc traffic in pollen tubes and 10 which exten t. if nny, the LWO signalling pathways are 
conncctctl. 1t was found that both modu lation of phosphoinos it ides and in crease in fCa2+]c stimu latc sccrction bu t 
intcrestingly, PIP2 and IP3 had differen t effects, thus suggesling the existen ce of differcnt target molccules. 

Endo-exocytosis seems 10 be modulated also by a crosstnlk bctwccn calrncx:lulin (CaM) and cAMP. 
Ca M activi ty cxhibits a tip· focused gradient, similar 10 Lht.: di stribution of cytosol ic free calcium [Ca21c which 
oscillate with a pcriod similar to (Ca2·¡c (40·80 scc). Changes in CnM acrivity wilhin the dome of Lhe pollen tubc 
:1pcx iuduccd rcoricntation of Lhe growth axis sugges ting that C<1M is involved in the guidancc mcchanism. CaM 
JCII vity was found 10 be modu lated by changes in cAMP Jcvcls. indicaling that thc act ion of this protein is not 
solcly depcndent on (Ca2+lr but on a crosstalk with other signalling pathways. 
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30 confocal and electron mi ro op~ imagiog d fin•· th d) nami nd nwchani'rru ,,r 
diploidi.sution ut ead) tages or hade) mi rtl>por.·-dcrhtd l mhr) en l< 

Gonzalez-Mel endl, P.'; Ramtrez, c.'; Test!llano p S ' Kumlhen. J.' & RISU o, c.' 

('enuo .. Jt ln\t~tl.f.a..:lllDr.; n, .. ,l( ..... - \ . K R.u~ t 

'In., u tute of Pbnt Gm<ti · •nd ("wp l'lant R"' 

At ~pecific tmnutun- !I.U,g:b. lhc polk.-n Jt·Hk_"lm'k'lltJl p :T.lrntn( an 1t .. tk."d lo -;anf... di 
prohfcr.JUoo, h3plaiJ cmbr) _:cnc~1:> anJ pl.anl regcnl."r.atloo unJa Jppr 'Pfl.lh: <.'tllturc ... 'ODJttk.ll'h P':-.: .., 

nown as ;sndmgenc.b cr 11\l~n.bpt'lft'·<kti\N. tmbr)~""'C'D ·1~ .<\:> a ~ )Cl. qut..-ncc t 3 'púO tan 10, dtrloidJ H :tn 

througbout 11u ptOCes:.. homoL) go<b doot>lcd·h>pk"d runos V\' lormcd lo n>.>.km pl.lnt ~~. th•' 
teehnoWg)· ts tmplo~ed lO grnt..TJte poputuu .. m~ \\hl('h Ct.)O 1~1 ,,ftru~-N'I!t.·<hn~ mJ1'11..tu (, nd ha' l potc:nll.d 
toen ompa.ss the e-otlfC geneu¡;- 'ana.b1ht) of 3n 111111.11 .:ro-. c~.:vnbm.ltk~ ~llhm 3 nununal '<'f'<' ,)1 rb.nt' 
FunhenllOf'r. th1s technoloro· can be coupkd ""'ith .-lgrtl#tadrnu"'-metli;lto.l tr.m .. f,l01Uh lll ¡,, rn"'du.:' l'rrUnt-.. 
bomoz)·gous for th< gene tra"' fcrred 

\\'e ha\e de\elopec.J a techoical aJ,an.:l.:! h.) Jt-tcnwnc the piOtJ} k\d ot mill,lJull nu...:k1 \I!Jthm 
androgen~ticall) dtvtlopmg polk."tl b~ w,mg !:.p«"ific llu~cnt probes llu~ Mud~ ~a:-. patormcd m ha.rlt~ 

througbout carly androgemc de' clopm~t 10 order 10 dttemune thr- ummg ot Lhph.)tJt-...llh.'Wl Wr tounJ tlut 
coufo.:al 3D-imagmg of thbe preparnnons v.as a reliab1c m~thod 8~ usmg th~ numbt.-r nf nudt"\'h .lnJ 
rnorphometnc data such as thc measurc of the nucle:u arca tto ~tirmtc the nud r ~11~ ~ m.:trL.tn of the pi.'\Jd~ 
level "-C obsen·cd thnt d1ploidtsation t.lns at \'ery early ~tag in the ~.:u1tul"' R on~tro 1100 of :\0 1m.t~~ "'' 
en11re pro-embryos and the obsen-atioo of e~ and lon~ptudiual StcltOn'i acn.1~S sta l5 L,f orucal !>O:'hons togct~r 
Ytith correla tj,·c hght and elcctron nticroscopy pro"idl'd unambiguoo ¡.¡nap~hot of nud~J.r fu,loo a_· the 
mechanism of genome doubhng 10 the procl~::. of nuc~port'-dc:ri"·ro cmbryogtne~1s 

llus work was supponcd b) o he followong gr:uus C!CYT 80S~OOJ..()357c. ComumdJd ~e M.ulnd 
OlG/()()26/2003 1 and pamsh-Gcrman "Acción lnrcgrada" /IA0/ -86 

Exclusive formation of true-brccding trunsgcnic T 1-plants after Agrobacten'um­
mediated t ransform.ation of barley pollen cultures 

Kumlehn, J .; Broeders, S. & Valkov, V. 

lnstitutc ofPiant Genetics and Crop Plant Rescarch Gatcrsll'lxn. Plant RcproductiVC' Biology. 
Corrensw. 3. D-()6.166 Garcrslcbcn, Gcmmny. 

Mcthods used to idenufy nnd clone gene and promoters v.h1ch are of scienufic 1ntercst or h:n·(. 
pu tative relevant function for plant brccding nre bccoming incrensingly powcrful. Thercforl!, rehablc nnd effic1cn1 
systems for genclic transfomunion of importan! crops are necessary for comprchensive funcuonal gene 3nalyses as 
well as for crop improvement approaches. Bas<..'<.l upon thc hugc rcgcncrution potcntial of po11cn cultu res, a nO\d 
method has becn deve loped for t\grobat'terium-mediatcd transfomt;~Lion of barlcy. Allhough a fcw To-phmll 
which are homozygous (truc-brccding) for the gen ~.: transferrcd can be dircctly gencrntcd by Uus mcthod, th~e 
individuals cannot be phcnotypically distinguishcd from thcir hcmizygous ~ i s t cr plants. As a con cqucncc. tedious 
and timc·COnsuming scgregntion nna lyses are nece sary to idcntify th e.¡;e rare homo1ygous trnnsfonmmt~. 
Funhermorc, many of the prirnary t:rnnsgenic plants genera ted via tronsfommtion of barley polleo cultures are 
hap loids. These haploid rcgcncrants appear to be usclcss in thc firs t instancc, beca use thcy do nol sct sccd 

Following a novel concept. Lhc haploid prim¡¡ ry transgcnic rcgcncrants werc rouuncly idcnuficd hy 
now cytometry at an carly stagc of dcvclopmcut and subscqucntly subjected to mduced gcnomc doubling. As n 
rcsult . more than 90 perccnt of these plants sho"1ed part ía ! or full secd se1.. Ahhough the inOorescences from many 
colchicinc· treated plants appca r to be ploidy·chimncric. all caryopses obtnincd must be homozygous for the 
trnnsgene, since fcnile flowcrs can only be formed from di ploid (douhlcd h:tploid) ccllulnr origines. Thanks 10 
stablc trJnsgcnc exprcssion ovcr gcnerations. exclusive fonnati on ofT1· plants which are true-brcedmg with regard 
to lhc gene introduccd will substantialJy conlribute to iocrcascd efliciency. rcproducibility and reliabahty of 
ovcrexprcssion, knock·out and mutant complemcntat ion ex.pcriments 
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.\1onilonng or in l'ilro cullured microspores S\\ itched to 
embr~ogt n i in Olea europaea L. 

be~ 

ln.l!uru 

Bueno. M. A.'; Pintos, B'· Gomez, A1 
& Martln, A.' 

<k le ..L C lA·< lfUR Ora dda C •u lm 7.5. J 040 M>Jrid 1 pamJ 
de Agncuilurol .S~tetubk LSIC Córd(>ba tSp;atnJ r -ma!l· burno<emHl es 

Cicncta.· unptu\Cmc.·oc tbroug.h COO\rohonal rtklhods of bn:ó.ltng 10 W(X)I.Í)' plants in\·?h·es many 
Jt-·nt..ora.lhiCU, and nl2) l.tLC' k\tr;&l )can hcf~.-e any rneamngfut re~ult.) lit obwned and has sull not g1ven fruuful 
tQUlli ThJ'S ha. led to more emphaus oo thc u-,e of m \'Íinl tec.:hniqucs espeo_ally a.n~cr and nucrospore culture 
for gcncta; unprO\crncnt uf wood) pc:cies hlc oh ... c (0/~a ru.mpata L.). Oh ve treé ts a v.'OOdy and cu ltJ VBI~ 
pe'-1~: , Ol.iltn prudu.d m SpaJo Thc olnr otl ha!> a S<x1al 1mporta.oce and a good fu1ure due lO consumer s 

ncr... \llld 

St"ardwtg jot , om t·nic-fll rnorphologu·al , ritnia w rfJrrt!latt anarumy of rhr jlnwer bud wlth 
mtrrmport* Jr,·tdoptnnuniJlagr. For high frequcnc)' of haplmd produt:Uon. thc appropri:ue stage o_f microspores 
h e-ntre-al and 11 "·ane~ ""1lh ~pt..\:u:.), and thu:, 11 b né~cssary to idenufy the appropr~tne stage of 1mnospores for 
haplc>h.J plant proc.Juc.:uon (Burno ~~al 200:-!J. To stud) the stJge of the microsporc in olivc, dírectJy from lhc Lrces 
grow1ng m t.he flt:ld, lb has talto hraoches v.llh OorJI bud from the World·wide Collection Cu ltivars from Ollvc 
uee of CordoOO (SpJtn) 111 dlffcrent wnc of the tr~ Numerous preparations with Aceto-Canrune and DA PI ha ve 
becn madc, to be ahl~ to find panllclism betv.-een 1he morphology of floral buds and thc stage of the m1crospore. 
Cin:at a.smc-mny ha~ l.x:l!n ob_\CT'\'ed, lile m mD!!!I of the wocxJy sptc1cs. lnside anthers exu-acted from flower buds 
'WIIh a ... umlar 1tt and color. rnu.:ro:,pores a1 un11tucleate stage were obta1ned, whercas other flora l bud with thesc 
"ame char.tctensucs contamcd d1ffcrent s.tages. rrom tctrad unul polen. During the game10phyt ic development. thc 
1111t1al \ 13f!CS of the m:ttenal ISOhllcd from the nnthcrs show \'Cry young mJcrospores reJeased [rom lCtradS· a[ter 
rncH~IS of thc poll~n mother ce lis~ which are characteri7.ed by small size, wl'ak auwOoresccencc of the wa ll under 
UV and a lar~c and ccnlrally loc-ated nuckus. In latc-stagc microsporcs, the nuc lcus is shghtly condcnsed and 
locattd m~tly ncar thc polen wall M1crospore mitosis is asymmt'tnc and produces nuclci that can be eas ily 
d 1 \tingui~hcd aftcr stammg with DAPJ Then, t.he gencrati\'e nuclcus is Sll\;1 11, condensed and appears intensely 
stained, ~h~reas, the vcgctativc;: nuclens is large, diffusc and appears weakly stained . 

Mmutormg 111 vitro furmariun of micrmpore·deri1•ed mu/tinurlear s trui"lures: 1l1c sporophytic pathway 
in l'llru will be dcttnnlllated by thc gcnoupc Whcn late vacuolate microspores or young bicc llular palien grains 
are cuhured under stress condllions, they are swuched from thci r natu ra lly progrnmmcd pathway for gametophytic 
10 ~porophy11 c deve loprnent. Then, thcse microspores stnn dividing in n d iffcrent way than they do i 11 vivo. Therc 
is a syrnrnctric d1visions wi Lh severa! nuclci 2.4.8 .. .1cading 10 embryoid or proembryo formation . The init iation of 
embryogcut:SIS 11 is ¡>ossiblc 10 obscrvl..-d in lhc multicc llular structurcs thal are in progress. Tite obtained pure 
!mes, wli l be used ror futu rc gencti c ana lysis and brccding prograrns. 1l1cSc results wi ll havc advantagcous 
1mplic<1Lions at scient ific, social and economicallevcls. 
Work supponcd by projects CAO -00 18-C.7.6.; OT-0036; CAM-07G/0009/2003 

BUENO. M. A. & MANZANERA J. A. 2003 . Doublcd haploid prod uction in crops plants. A Manual. In: 
Maluszyns ki M., Kasha K. J., Foster B. 1'. and Szarcjko (cds). Oak Anther Culture. Pp. 297-301. Ed. 
Kluwer Academic Publishers., Dordrccht.. Bos ton /London. 

PINTOS. B .. MANZANERA. J. A., PRADO, M. J .. GÓMEZ. A. & BUENO. M. A. 2004. lmprovcmcnt of 
baploid ¡>roduction in woody plauts: Olea e u ropa ea L and Quercus suber L . COST ACTION 843. Book 
ofabstracts pp. 2 1-22. Oviedo. Spain . 
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Use of gametic embryogenesis for Citru .\· improvement 

Germaná, M. A. & Chlancone, B. 

Dipar1imento di Colture Arboree, Facolt.\ di Agraria. Viale dcllc Scienzc. ll 
90128 Pnlermo, (ltaly). ngcrmnnn@unipa.i l 
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Otn.r "'"ll 1 5 o: .1n \ll on • : fo\0 ;T T 
prot=r.un-, 1-a. Citi'JU 3.lm w \lbuiD nt'\\ \Jn • i1h 1 ... ba't ~ JU 

""""'· re¡¡ubr l>c=ng tmrro' <d fruot>ppun -< .lliJ ~ 1} lrkl 
H>ploidy Junu n..J roJk!1 bt • .:hn ••• -:m rqlf 1 !"""mui 1 

Gcmun , 19Q";). "'llh potenUJt u....c:~ 10 muuuon rbc3rch. ~~ u . ~ nen .. &a.a.l) ~a:- ~ 

8~ anJ pbnt ~ttl >b art' a_k,-) mrC"'''lcJ 10 obc.:Linm~ huna >~ ,¡t ln "" 
clwaclenUJ t'l) a •ong rq'II'Udu'U\e ~~~.:k. a h1 h dC'g.r u( tM-ta .. ).:- tt~.. loiR. tnd.. 

• 

mcomp3nb1bty llus mtttN JU~Ifi tbC' nttd to et.lfkfu~t iunhcr' rr .. c..a~ ... h t~h) t .:r tn"' CIW' Lo.."AAkJ '.;:,( 
,g.:uneuc tn~ogenes.t ~lth Lhe ¡;oal f ~ubh\htng effl..:letl1 anthcr ~o.lllturr rr\'llt '1ft thl\ llftPl--.unt ... bt.ln1 
.-rup ¡Gmn:uu. 2003). 

Anther cu)turt" IS ooe of th~ [J)(ht mttttllln~ !ri)'!>I('Jlb l: f rlJ.nt ~ r.tUOO lhn'IU:gh Ut 't:nJ .;utfut , :1n~1 
go~meoc embi)Ogtnesis is on of the rt:kht 'tri~l1ng. eu.mpl t\Í (tllub.r lt..-.npor:rn~y \Rr~-nt.)ld.'. 1~ ) 

Androgent!l.~ has lx-en su~·c~:-fuU)· rndu.:-at m ~DUJo Otru.\ , ttut l~h m le ~('nt.ll~pes Aüu.tlly. thc­
lmpro"·ement of lhé mducuoo mu:- aod th<: ID\.~r~ ot nurn~r of ~ocypc\ l't"'>f"'lJ.tn t .utdro ~1101 \ uc 
tmporu.nt '"'1lh rcspo.1 to tnh.lncmg h.lpioid) a.prli ... auon m Cr:ru\ bl\)( ·hn 'k~· a.nJ ~m,t!. \lttk"'IU~h 
.t.ndrogen~IS research madc grt::ll progre-5 in rt.'Ctnt )'eJ.~. t\ a3( J<;.p«b of lh!S ph~n'-"tfnMk)() t!IJ ~m.un 
ondear. particula.rly the tndu tinn proc of :rndmg~ 1s mnd lh~ í.1~h'YS thJt ":anrmln Th~ 1JcnHfi" .. ~ll\'V1 ,,( th 
1nhibllOf) .:tnd sumubtOI) factors 3.l"'e fundamental (k-"'<:iJU} tOr ret....U~llr.lnt ~~lt' h\.t Cunu 

From anther l.""Uiturc of Curu, and ~~~ relau,o. Raplo1d. but lbo d1pll.)u1 .tnd .lt~)'c alllnplt:\lJ c.alh 
p1J.ntlets and plants ha'c bctn obumt\1 Ploit.l) :Ln.l)~ · of androge-m(.' regenmnt'í.. rnablñi u .. l() d~flll.:'ijbtratc thJt 
!he large.t pereentage of thcm are tnplotds and not haplotds or doubl<d·haplouh as "'1'<'1«1. oprnm~ lh< "•l t<l a 
f3S t nev.. mno\'ative .1nd promJSIDg toolto obum srcdle!cs tnploids tn Cum'>. Thc imporuncc ol tnpl(ll\h m C.rru, 
1mprovement stems from thc seedlt"SSness of lheir fruits~ :md thc re\:O\ef) of s~dl 'í. , .. an tib t\ onc of 1~ m.11n 
goals m Cirms varieties breeding, bec3U e the) !lll! strongly ~um~d by tht fre~h frull nurltt. 

Genetic anal} is using iSOZ)mC: anni)SII!S and nucrosat llite nurl..crs !thO't\l!d lt\Jt tht rcgeneranu Jn: 

homozygous and produccd by gamclic embf)·ogenl'si 
This repon summariLCS lhe c:urrcut status of rcscarch on andrugcnoi~ in Crtnu 

GERMANA. M A. 1997 Haploidy tn Cttrus. In . JAI ' M • S K SOPORY & R E VEn..LI' X (<ti>) In \ "itru 
Haploid Produclion In lligher PlanL,. Kluv.er A ademi Pubhsh r \"ol. 5 pp.l9 ·217 

GERMANA. M. A. 2003. llaploids and doubled haplmds in Citrus spp. ln : Doubled lla ploid Production in 
Crop l'lanls. A Manual (M. M>luszynsky, K>Sha K J .. For.i!<r B 1'. & SzaeJI.o 1, cds.) FAO. 30'·307 

REYNOLDS, T. L. 1997. Pollén cmbryogent:>i>. l'lant Molt..:ular Biolog¡ 33. 1· 10 
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POLLEN FOR IN-YITRO PRODUCTION OF HAPLOIDS 

Thc relationship bctween induction of embryogcnesis and chromosome 
doubling in microsporc cultures 

Kasha, K. J. ; Shlm, V. S.; Slmlon, E. & Lelarte, J . 

Dcp t. Plam Agriculturc, Univers 11y of Guclph. Guelph. ON Ca nada N 1 G 21111 

Chromosomc doubl ing of haploid plan ts has bcen a mnjor concem rclat ivc lo thei r use in plant 
brecdi ng, gcnetics, rnutation and tr;msformation. 1l1c ideal ti me to double the chromosorne nurnbcr would be Lhc 
hap loid uninuclcate ccll or microspore stage following meiosis. Thc microspore stage is most often used tO induct 
embryogencs is for haploid plant production as it can provide a large number of partially synchronized cclls ·lñe 
uniuuclcate stagc can be induced by stress or anti·microtubule agcnts to providc cmbryo 111ducllon. ·n1e shghtl)' 
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