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POLLE O TOCE" Y ""U DEVELOP:\fE:\'T 

ugar physio lo¡p in lily anther compartmeots 

Castro, A. J . & Clément, C. 

Laboratont de Strt!l\. Wfc::nses c t Reproduclion d~ Plantes, Unt\Cf'Stt~ de Reims Champagnc-Ardennc, UFR 
Sc•cnc<>. Moohn de la llou'"'· 8 1' 1039, 516 7 Reuns Cédex 2. France 

In arder to bcttcr und<r>tand the v:mous pathwa)"s regarding >ugar phys•o logy in the anther of lily 
(l..ilwm hybnd). bot.h \Oiublc and wall -bound invertase as \\CII as tbe alpha and beta amylase enzyme ac ll vi tics 
wcrc mca~urcd !.epar.t.tcly 10 tht dJffcr~ t comp:u tments (eovclopes. flu1d and pollen), and correla tcd wi th the 

carbohydrJtc corHCnt dunng pollen onLOgene.sis. 
Our resuh~ 5howed that glucose and fructose wcre wlde ly present in Lhe envclopes du ri ng the initial 

anther gro\1.1h phase, whereas s uc~e concen trat ion was signi ficantly highcr in the !ocu lar fluid and the 
developmg miC'r"m.porc a t that pcriod. Subsequently. both hexoses accumul:ucd in a ll the three compartrnen ts 
dunng lhc pollcn maturaúon ~t.1ges. whe.re.1s Lhe tevcls of sucrosc decreascd drastica lly to almosl complctcly 
d1sappeared A good correlaLion was noliced betwcen thc sucrose content and the sucrolytic acti vily. which was 
mostly reltutd to the wall -hou nd insoluble enzymc frac tion. A strildng result was thc cxistcncc of a decreasing 
gradient of glucosc and fruc tose con tent towards lhe pollen grain , suggesti ng that thc mate gametophyte may actas 
a smk for the photosynthcüc assuru lates that reach the anther during its dcvclopmcnt. In add ition , sucrose 
concentralion was found to be meaningfully higher in the fluid whcn compari ng wilh t.he enve lope and pollen 
fractions, li ke ly revea ling a putntive silC for disaccharide st0r3gc. 

On the other hand, two consccutivc peak~ o f starch accurnulation wcre observed in thc anthcr envclopes 
at the mciosis and mi tosis s tagcs, respecti ve ly. whercas amylogenesis only occurred in thc dc vcloping polleo 
during thc ma tu ration phasc. !3o th a lpha and beta nmylase activilies also varicd rcmarkably between the two 
compartrnen ts. In this way, the a lpha runylase ac ti vi ty diminished dramatically in the cnvelopes duri ng microspore 
vacuolouon, and then a new peak appcared during thc maturation pcriod. IJt the po lleo fract ion, instead of starch 
was absent from the gametophytic cells, noticcablc alpha amylase acti vity was detected at the mc.iosis and during 
microsporc vacuolation, and furt hcr s taycd quite sign ificant in thc malUrc polleo grain. In addition. thc beta 
arnylasc ac tivity iuc rcascd in thc anthcr cnvelopcs at the vacuolated microspore stage and duri ng the late po lleo 
mn turation stcps, whercas it remained low in the devcloping polleo as late as mi tosis, and then it gradua lly 
mcreased unti l the end o f thc ma turation period . Alt these !indings ind icate that the regu la tion or starch 
metabo li sm follows differcnt pa thways in each compartmcnt of thc lily anthcr. 

On thc basis of tlu.: rcsults achievcd in the presen t s tudy, a symhetic schemc or sugar partition ing in lhe 
o.n ther d uring pollen ontogeny is proposcd. 

Comparative sporodcrm ootogeny of sorne selected Gymnosperms and Angiosperms 

Gabarayeva, N. l. 

Komarov Ootanicallnslitutc or Russian Acadcmy of Scicnccs, St.- Petersburg 197376, Russia. 

It has becn found tha t in Encephalanos alttmsteinii (Cycadaceae) all thc main charac tc rs of thc cx inc 
appenr wi thin the tctrad pcriod. The framework of the e-xinc - the plasma membrane glycocalyx- appears first and 
consists of closc packcd cylinde r-like uni ts 120· 160 nm in diametcr, oricntcd pcrpend icularly to the microspore 
plas ma membrane- of turts. by Rowley and hi s coauthors (Rowley et a l. , 198 1. One ruft corresponds to onc ru ture 
a lveola . Al middlc tetrad stagc , befare s poropollenin accumulation has been init iated, it is a lready possiblc to 
observe the futu re pattem of the long-a lveolate cctexine. At this time the microspore surface coating - glycoca lyx -
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glyrocal~" una ti are: butlt up ..:ootJnuoo.~t. tn llklr pr 1.JJN1 pan. ftool lb.!' . de nf thC" pbs.m.J ~ 1 
thc late k-tnd st:l~. v.bcn ... pc'lrl."'J''lknlD ha-s. J.lra.d) ~unoJ t a~. :umubtt fh~., aa\'\lJ. \fDC'Ul f th<' pb'IM 
mc::mbrant OlO\emertts nlk-rommemall') mM~ pro.:cn ufNnldmFup tbc .1) :-a . \ ITiutlt' 1' c-\1.knt ID 
Sttmgc-na r-napu.''l • dunng rrud-tetr.td stagc s-I,)(Tle porlu..'Cb ~,.}j- tbc:' pl.a:m\.tl.:-mm.l .au ~'l!.kr.t.hi) 1D\lptlJ:t~. v.hi~h 
r~ults in \loldt!tung oi tM' pc:ripla~rtlh: ~ra~c Uh.l ... trc1 .. h.Jog out d thc ~ . ..:OC:I.Ip umb. l ..1lbh.') tUt.'\ Ul(' t N 
the plasmalenun.a "l!'f(' coo.tiiTJl(d t'l) ~r c~cunc:-tn ... ~tud~ m ~tJn:oia rri·'P"'' \GJNr.t~c'.t ~- lin 'liJC''1. 
2002). Shon strerchmg anJ tkto hmcnt ,,¡ thc gl), ·ol ' trom thc pl>>tllJ n><mt..-.a<, "'IJ t.. a«'ll<J r,. r JI 1 
growth orthc gl)rocalr< unit> b) >elf-a mbl) 

Sporopoll<mn ac.-cptor parud"' ¡.Al'> - R~v.l<) Clau~hcr. i'Nl, R<>v.l<) .1> . \arlo. IQQJ ¡ '''""r 
dm.nbutcd Jlongside the WJils of thc 1.') hnJ.Cr·ltlt UDib, bnngmg .1M!t J. ... "'t.lCT fllX1d.Jil~ !1.('101 'f";~lknm 
accumubtíon and the: ap{K'aran~e of thc long-ah rolJte c'me pan~ wnh C) bnJri..::31 ahfill~e in .Dtaphdldrt.J\ 
The imtial :tccumulauon ot sporopollenin app3rl'nll) <X"c:urs in th~ ft..'ml uf rru~h:llbulo an..'llnd SAJ\ \\lth 
diameter 30-50 nm. Subsequcut sporopollt"ntn a~. umulauon. wh1.:h rc~ult.:, m thc aprc-aro2na ot thc maNrt k"'n g 
akeolate pattern of the e.tuu.:, ~~ mdcrcndant l, f SAPs and can be rt'g:trl.iÑ ., l.tconda.r) 3 ~-umut. lt'\J 
sporopoUeoao . SAI>s are sccn m e·unc developmcnt of dtftcrent spo:te:~ . tor t\Jmplc- dnnn~ Mlf'r.ll tJ.I ~enu1u 
de,clopment m Borago ()ff¡f'innlis. 1t is impos ·1bk to obSO'\C SAP · IR mau1rc e\tn bo:'ausr thc~ :uc ~,l,crcd by 
sporopollenin. but if sporopollcmn is partly crodcd 10 thc process o f o:\1dauon. SAP\ bcxon~ r'1dcnt :t.~am Thu\, 
aftcr treatmenl of m::uure polleo o[ I.Ln•attra arborn1 (Mahaceae) \\ith glacial Jt"clic acid du~tcN l~f ' Al\ .1~ 
observcd on tbe surfacc of thc colurnellae: . Stmil:lr tu~h!f":!o of SA~ N:-t.·ome endcnt l\f\ thc \UrfJt'c of thr 
columellae in maturc cxme or Cnbombo aqunnrn tC'abombaccac) ;¡ftcr dcpndallon m rota,,:,tum pennang-;m:n • 
and il is also pos!itble lO obsero.e SAPs at the sam~ . ito. dunng e:\inc.- c.k\Ciopment of tht-. 1¡~1 

1 sugges t tv.-o stages m e;t;tne development \\htch arl" rcah7cd by :self-a.ssembly: thc fonruuon of thc 
glycocalyx nnd the accumu lation o r receptor-ntdcpendant sporl"lpOII mn. Thc mtemlet.hJtc ~tngc · thc m HJ 1 
accurnulanon of receptor-dependant sporopol lcnin- i camed out under the contrt.l l of SA I's 

Variation in the carly devclopmeot of monocol pollen 

Nadot, S.1
; Forchlonl, A. 1

; Penet, L.; Sann ler, J . & Ressayre, A. 2 

1 Labora toire Ecologie. Systématique el E"oluuon. Universné Pans· ud. 91405 O~ay Ccdex (Fr.lncc) 
' Station de Oénétique Végéta le. t RA. Fennc du Mouton. 9 1190 G•f·su•-Yvttl c (Frnocc) . 

Likc many morpho logical cha racters, pollcn morphology is the rcs uh of a compromisc bctwt.x·n 
sclcctivc forces acting on morphology and dc,•clopmcnta l constrann s limi ring rhe rangc of pos~ib l c rnorphologu:!t 
To inves tigare what a.re the rcspeclive roles of dcvelopmcnt nnd se lection in thc resu hing pollen morpholog) . we: 
ha ve chosen to study lhe cha ractcri st ics of ccll d ivision duri ng mate mcios is. !. in~c it has bcl·n shown thnt apenurc 
pnucm is determined during the carly stages of microsporogencsis. Compati ng both dc , c loprnental p.a thway nnd 
aperture pattem across highcr pl:mt will nllow us to obtain insights in to the wny devclopmcma l constrn inls and 
sclec tion in1crac1 to rcsult in the observcd pollen morphology. 

Monocots are pan icular ly intcresting for our purpose. Ahhough thcir polleo is prcdominamly 
monosulcatc , othcr apcrture typcs are found within this taxonomic group , such as the tri chotomosulcate, 70ntt· 

apcnurale or di -aperturat c types for examplc. In severa! spccies, monosulcatc polk n occurs nlong with 
trichotomosulca te wi thin indi vidua ls. a phcnomcnon ca lled pollen hctcromorphism. Bcsidc the di vers ity obscrvcd 
in polleo morphology, variat ion is found in thc post-meiotic s tagcs of poll eo dcvclopmcnt. The succt.-ssivc typc of 
ccll division, which is the rnost widespread, is probably the ancestral condit ion, bu1 the simultancous type also 
occurs in scveml groups, s uch as in Palrns or in Lowcr As paragales 

O ur obscrvutions of thc nlicrosporogenesis pathwa y show that thc way en !lose ís dcposited betwecn the 
mic rospores varics ac ross monocots Centri fuga! ce ll pintes sec rn to be the conunon rule when ccll di vasion 1S 

succcss ivc (scc fi gure bclo\V). When cell di vision is simultaocous. ca !lose depos iL~ among microsporcs can he 
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atbtr <ntnpeul caunfugal. ID SOI1lt IJ>eCl<S. onl) callo>oc c<ll pla10 do'1dc: the mocrospores whereas lD otber 
pe<•« otr• c:lllooc dc:pooouoo .urs :n addluooto th< c<ll pl:u.- We sbov> !hat shap< of th< tetrad. tbe typ< of 

«11 dl't '"" alklthe "y llaoc " dql=ted are essenualon the dc:tanunauon of apenure type. We show !hat the 
vamuon obsa>ed la lhe po>HI~tot de' <lvpmenul «quena of mooooulcate pollrn .., constr.uned by these 
pa~amctcr . 

The dcl·clopmeoul ~tqiK'D e of micrmporogcnou. ID H'arh.rndorfia paniculaia (Haemodoraceae). a 
(>CCI Wtth IUCCC 1\C' CcU tJJ\I~IOil and mon ulcatc: pollcn 

a fir..t ce ll div"oon (ccntnfu g;>l cell plate). b: dyad stage. e: secood ce ll division (centnfugal cell plates). d: tetrad 
stage e tctracJ of mon())ulcate pollen 

Unique pollen features in Araceae 

Weber, M. 

Dcpanment of Ultrastructure Rcsea¡ch and Palynology, Instituto of Botan y, 
Un1versity of Vienna, A-1 030 Wien. Austria. 

The pollcn wa ll of Callopsis volkensii differs in severnl aspccts from a classical polleo wall. As in other 
Arnccae (WEBER et al. 1999) it lacks a sporopolleninous cc tcxinc. The outermost wall !ayer is fonned by a 
s pongy cndexine. Attached to thc. endcxine are polysaccharidtc spincs. Differcnt from cxpcctation thesc spines are 
not removed from thc pollen surface after acetolysis. This implicits a protecting !ayer. although no !ayer is visible 
after conventional sta ining procedures with uranyl acetme and lcad citrn te. Only after staining with 
tluocarbohydrazinc and silvcr proteinate (a method for the dctecrion of unsaturnted lipids in osmium fixcd 
material ; ROWLEY & DAHL 1977) an clcctrontranslucent !ayer becomes visible, which covers the whole palien 
surface, including the sp ines. From the staining propcrties, th.is ectcxinc-üke !ayer rescbles much more a cuticula 
than an ectcxine. 

ROWLEY, J.R. & DAHL, A. O. 1977. Polleo development in Artemisia vulgaris with spccial reference to 
glycocalyx material. Polleo Sporcs 19: 169-284 . 

WEBER, M., HALBRriTER. H. , HESSE, M. 1999. The bas ic polleo wa ll types in Araceae. InL J. Plant Sci. 
160: 415-423 . 

18 

Study of mate sterility in Taiwanitl cryptomerioides Hayata 

Chen, S. H.'; Chung, N. J. 2
; Wang, Y. N3

; Lee, C. L.1 & Lee, Y. L.' 

'Departrnent of Life Science. Narional Taiwan University. 106 Taipei (Taiwan). 
1 Experimental Forest, National Thiwan University. 540 Nantou (Taiwan). 
3 Depanment of Forest, National Taiwan University. 106 Taipei (faiwan). 
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lk rnalc stcnlity i azt t'tkkm: .. ~ 1'f't' .. ,pe-.. e' 1 fi.s 
~TUodllCc:.l('j \loa.~ <ii( ditd \1.1th lhe 11d- t.,( c. ;,;'tJUI nu 
oot~1.: pm:~sei oi fcmk mJ ,,rMl.. ..m"'lhlli ... olle~toJ fr 
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The malc ~trub1h appc.:rrcd m o\ugu)t Ho-. 'tt lhr" ' 
Octobcr 1ñc rru~.-~e D'k."llhcr ... l"U> oc~. rrcd L'31 th.: cnd c..\( 1 
Ute ~lln:b. the m.lJOOty ot mate stf'Ñ'Ith ,. tJm t'(W3tcd nu .. 'l\ · 

" 

>hcd.kd b\ the cnd of 1an:h 
• The fc·rnle pc'llk:n rnother cells \lo~ flllerl Viollh :ahucJ.ant '~1 ..... ~ Ath:T fiht 01C1(h.tS.. I'K' " 11 \11.2 

c.kp..: .tted In te.Jd. an orpoC'IIt hand · ... u,, .. tmg of .lffi~klpibh '~:o-1do. a.nd ~o.'ll Jn'PI t!<> w1-, (,..lO!lCJ an thc.: 
cquaton3.l zooc of d)~J- Sub:.equcntl}. blc Jand pl.utb. t~ ll"trJJ nuc:ro.,pr<.n \l.tff ~i:patatl"li t:-\ tbc ~~!k e; 1.11 
3t the end of mt'l<bi~ Aftcr Lhc dcbfD.d.tlion of tbc t.'-31k);.e \\ .all. lhc btt nu ... :ros.rt• R0\1. n tt.un~.."\1 .1 ~ ~1umhcr 
of ,·estelc!S Md \.lcuole!. anü "-CO: ctKloscl h~ non-hom("¿: "lk.1 ~l) th.t ..... l..r:nt"\lmHnC and .s 1hln ')nl~ton ntP · 

Thc rroturc pollen gt310s tootaml"d al)uod3nt tar 'h gn:un:; 3nd \\ef<" en ... k nJ h~ 3 ro.lu~.'"l:J t\::lC'\lDC' l h1'h ~-.In 

lamcllate endt\me and thack munc 
B01h the fe-rule and {.,teri~ stmhtli :~ppc--:tfe\1 ilb...'lut thc ~me.• Umt: '\c:,mh k~!-. th~ l.k·\t:kl{'mtnt of 1he 

nucros:pore molhercells in ste:rile one"' .s reurded, ~ht!'D ct..'mpan-J \\tth frrttk ooc In thl" "'t nk _tl'\1hah, hc.\lh thc 
d)ads and tetrad.s could be found m thc ·ame polleo s:ac. sugg~ung th:lt lhe dc\Cil'f'mc.·nt vf nu .. :t"hJl(ll't: nt~.llhn 

ells \\":LS not synchrunous 
At the carly ontogcnic ~t.lgl·~. bt'\th thl~ fcrul ant.l ~ten le ~uohili 1.hd nt'll 'hm\ :t cagruti .. .ant dth reno...: ul 

morphology. A rcmarlo..ablc diffcrencc bct"«n thcm \\3s first o~-cJ :tftl"r metosi'\ In ~trnlc onc-. nun\ 
microsporcs gathering together As a r~uh, Si:une.;e-t\\10~ or quad hc.~:m-.e 'ts.ihlc aftC'r di!>,.,oluuon of lht' ..:a IIc.~ 
wall. associated with intert\l.ming of the c-.:ine wa11s \\Hh elch Qthcr in the pnninul fa~o \h.'lf'l'()'lcr, lTh.wt" th3n 
two nuclea could be found in tho;;e micrrn:pores \\ithout mtinc:. Atlhe pi.."llJC'n sht.-ddmg ~l.t~c. a drJJt\Jlll" ..-oiLlp!>c.- ot 
these structurcs was obseT\ ed. gi ving rbe to numc.·rous rc.maiu.'i in thc mtcrm.porangla 

Thc stcrilc:: pollen \\'3S charncterü.etl h) { 1) fatlurc dt\'clopmt:nt m poli en \1.,111. (2) tllOlt: than l\\0 
nuclei. (3) rcduc:cd and dcgcnemtehc C)lOplasm. (.t) collap~c :t.ftcr metOSI~ ·nu~ pn."'\ent stutl) md1\:Jtb th.n tJ\c 
abortion in po lleo dc,elopment should h.a\'e occurrcd before thc mciQ'\as Whcthc:r ~uch abí.)nhm" rcllt<-d toa 
mciouc abnormality. chromosomal dcficien > or th e\pre\SIOn of terilit)' gene'"' \\""'"h of furthcr :-tud) 

Pollcn carbohydratc and water contcnl during dcvclopmcnt , 
presentation and dispersa! 

Nepl, M.; Guarnlerl, M. & Paclnl, E. 

Dipartimento di Scicnzc Arnbicntalí , Uni\1C.TS1t~ di S tena, Vi a P.A Mauioll .t . 53100 S tena, haly 

During pollcn dcvclopmcnt. so luble carbohydr:ncs of porophyti c origin mny be consumed 
immcdiatcly, polymeri zcd to fonn starch rescr\ICS or mtine or transfonncct in othcr rno lcculcs. In maturc ¡xJih:n 
thcre are threc di fferent types of carbohydrntes: ( 1) po lysacchnrides su eh as stnrch in amyloplns~ or 
polysaccharidcs as pec tins or callase in cytoplasmic vcsicles. (2) disaccharidcs such a~ uc:ru\c. (3) 
monosaccharides such glucosc and fructosc. Pollen grain~ can be starchy or tarchlcss and " 'llh tugh or lO\\ 
amounts of sucrosc and mouosaccharides. Cytoplasmic carbohydmtcs and ~ ucrosc are m volved m protccung 
pa lien viabtlily during cxposurc and dispersa! When polleo 1s re::tdy for dispersa! water con tcnt mny varics from 
le-ss lhan 5% lo grec'"ltcr than 50%, dcpending on the spccics. During presenta Li on and dis-per.;;~tl water contcn t m•ty: 
a. rcmnin constant : b. dccreasc and to bccome constant ; c. decrcasc sharply. In cases a. and b thc pollen rc-mams 
viable; in case c., it dics. According 10 its wa ter contcnt at di spersa l. polleo is c lass¡ficd as: partially hydrnt"d 
(PHP) if water content is ovcr 30%, partially dchydr.ttcd (PDP) if lcss Ll1an 30%. U01h ty¡>es ho Ye becn fou1\d even 
in systcmaLica lly contíguous groups or thc samc gcnus. PHJ> has thc advnntnge of gcnninaung q1llck ly ( 5-45'). but 
thc disadvantagc to loosc water quickly, to dcsiccatc and dies unlcss it has bíochemical or anatomical dcviccs 10 

rctnin wmcr. 
During present:Hion and dispersa! pollen may cxpcricnce wide variations in tcrnpcrature aud rclative 

humidity. Turgor prc:ssurc o f palien may adjust to environmcntal changcs by polymcriza tion 1 dcpolymcnzauon uf 
carbohydra tes: thcir intcrconvcrtion is also rcsponsiblt: for water rc tcntion and prcvú1Hing ice crystnl formnnon 
whcn tempcrature go bclow zc ro. POP is charactcrizcd by carbohydr:uc intcrconvcrt ion nnd survi ve.~ bcttcr than 
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rclatcd \\ata CODtc:nt f'[)(j b.uc flllTCJ\' .• 

A r ( ''l. E zoo~ ?.tnt lly h~1irat00. poUcn. la.A.(JilOIIUC dJ~fnhuuoo. 
1fican~.. t•ta.nl ~' t(·nwtic and E\olution ~34 :!11·2~7 

, 1, fRA.-.;¡ ID. r; (, &: PM l P. ~001 rofÍeu hydranoo >t .hsf'<-7W t)lllph) ~<>logj ·al features and 

11101 PropWpl ''" 216 171-1 

!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 


	POLEN 14_0001
	POLEN 14_0002
	POLEN 14_0003
	POLEN 14_0004
	POLEN 14_0005
	POLEN 14_0006
	POLEN 14_0007
	POLEN 14_0008
	POLEN 14_0009
	POLEN 14_0010
	POLEN 14_0011
	POLEN 14_0012
	POLEN 14_0013
	POLEN 14_0014
	POLEN 14_0015
	POLEN 14_0016
	POLEN 14_0017
	POLEN 14_0018
	POLEN 14_0019
	POLEN 14_0020
	POLEN 14_0021
	POLEN 14_0022
	POLEN 14_0023
	POLEN 14_0024
	POLEN 14_0025
	POLEN 14_0026
	POLEN 14_0027
	POLEN 14_0028
	POLEN 14_0029
	POLEN 14_0030
	POLEN 14_0031
	POLEN 14_0032
	POLEN 14_0033
	POLEN 14_0034
	POLEN 14_0035
	POLEN 14_0036
	POLEN 14_0037
	POLEN 14_0038
	POLEN 14_0039
	POLEN 14_0040
	POLEN 14_0041
	POLEN 14_0042
	POLEN 14_0043
	POLEN 14_0044
	POLEN 14_0045
	POLEN 14_0046
	POLEN 14_0047
	POLEN 14_0048
	POLEN 14_0049
	POLEN 14_0050
	POLEN 14_0051
	POLEN 14_0052
	POLEN 14_0053
	POLEN 14_0054
	POLEN 14_0055
	POLEN 14_0056
	POLEN 14_0057
	POLEN 14_0058
	POLEN 14_0059
	POLEN 14_0060
	POLEN 14_0061
	POLEN 14_0062
	POLEN 14_0063
	POLEN 14_0064
	POLEN 14_0065
	POLEN 14_0066
	POLEN 14_0067
	POLEN 14_0068
	POLEN 14_0069
	POLEN 14_0070
	POLEN 14_0071
	POLEN 14_0072
	POLEN 14_0073
	POLEN 14_0074
	POLEN 14_0075
	POLEN 14_0076
	POLEN 14_0077
	POLEN 14_0078
	POLEN 14_0079
	POLEN 14_0080
	POLEN 14_0081
	POLEN 14_0082
	POLEN 14_0083
	POLEN 14_0084
	POLEN 14_0085
	POLEN 14_0086
	POLEN 14_0087
	POLEN 14_0088
	POLEN 14_0089
	POLEN 14_0090
	POLEN 14_0091
	POLEN 14_0092
	POLEN 14_0093
	POLEN 14_0094
	POLEN 14_0095
	POLEN 14_0096
	POLEN 14_0097
	POLEN 14_0098
	POLEN 14_0099
	POLEN 14_0100
	POLEN 14_0101
	POLEN 14_0102
	POLEN 14_0103
	POLEN 14_0104
	POLEN 14_0105
	POLEN 14_0106
	POLEN 14_0107
	POLEN 14_0108
	POLEN 14_0109
	POLEN 14_0110
	POLEN 14_0111
	POLEN 14_0112
	POLEN 14_0113
	POLEN 14_0114
	POLEN 14_0115
	POLEN 14_0116
	POLEN 14_0117
	POLEN 14_0118
	POLEN 14_0119
	POLEN 14_0120
	POLEN 14_0121
	POLEN 14_0122
	POLEN 14_0123
	POLEN 14_0124
	POLEN 14_0125
	POLEN 14_0126
	POLEN 14_0127
	POLEN 14_0128
	POLEN 14_0129
	POLEN 14_0130
	POLEN 14_0131
	POLEN 14_0132
	POLEN 14_0133
	POLEN 14_0134
	POLEN 14_0135
	POLEN 14_0136
	POLEN 14_0137
	POLEN 14_0138
	POLEN 14_0139
	POLEN 14_0140
	POLEN 14_0141
	POLEN 14_0142
	POLEN 14_0143
	POLEN 14_0144
	POLEN 14_0145
	POLEN 14_0146
	POLEN 14_0147
	POLEN 14_0148
	POLEN 14_0149
	POLEN 14_0150
	POLEN 14_0151
	POLEN 14_0152
	POLEN 14_0153
	POLEN 14_0154
	POLEN 14_0155
	POLEN 14_0156
	POLEN 14_0157
	POLEN 14_0158
	POLEN 14_0159
	POLEN 14_0160
	POLEN 14_0161
	POLEN 14_0162
	POLEN 14_0163
	POLEN 14_0164
	POLEN 14_0165
	POLEN 14_0166
	POLEN 14_0167
	POLEN 14_0168
	POLEN 14_0169
	POLEN 14_0170
	POLEN 14_0171
	POLEN 14_0172
	POLEN 14_0173
	POLEN 14_0174
	POLEN 14_0175
	POLEN 14_0176
	POLEN 14_0177
	POLEN 14_0178
	POLEN 14_0179
	POLEN 14_0180
	POLEN 14_0181
	POLEN 14_0182
	POLEN 14_0183
	POLEN 14_0184
	POLEN 14_0185
	POLEN 14_0186
	POLEN 14_0187
	POLEN 14_0188
	POLEN 14_0189
	POLEN 14_0190
	POLEN 14_0191
	POLEN 14_0192
	POLEN 14_0193
	POLEN 14_0194
	POLEN 14_0195
	POLEN 14_0196
	POLEN 14_0197
	POLEN 14_0198
	POLEN 14_0199
	POLEN 14_0200
	POLEN 14_0201
	POLEN 14_0202
	POLEN 14_0203
	POLEN 14_0204
	POLEN 14_0205
	POLEN 14_0206
	POLEN 14_0207
	POLEN 14_0208
	POLEN 14_0209
	POLEN 14_0210
	POLEN 14_0211
	POLEN 14_0212
	POLEN 14_0213
	POLEN 14_0214
	POLEN 14_0215
	POLEN 14_0216
	POLEN 14_0217
	POLEN 14_0218
	POLEN 14_0219
	POLEN 14_0220
	POLEN 14_0221
	POLEN 14_0222
	POLEN 14_0223
	POLEN 14_0224
	POLEN 14_0225
	POLEN 14_0226
	POLEN 14_0227
	POLEN 14_0228
	POLEN 14_0229
	POLEN 14_0230
	POLEN 14_0231
	POLEN 14_0232
	POLEN 14_0233
	POLEN 14_0234
	POLEN 14_0235
	POLEN 14_0236
	POLEN 14_0237
	POLEN 14_0238
	POLEN 14_0239
	POLEN 14_0240
	POLEN 14_0241
	POLEN 14_0242
	POLEN 14_0243
	POLEN 14_0244
	POLEN 14_0245
	POLEN 14_0246
	POLEN 14_0247
	POLEN 14_0248
	POLEN 14_0249
	POLEN 14_0250
	POLEN 14_0251
	POLEN 14_0252
	POLEN 14_0253
	POLEN 14_0254
	POLEN 14_0255
	POLEN 14_0256
	POLEN 14_0257
	POLEN 14_0258
	POLEN 14_0259
	POLEN 14_0260
	POLEN 14_0261
	POLEN 14_0262
	POLEN 14_0263
	POLEN 14_0264
	POLEN 14_0265
	POLEN 14_0266
	POLEN 14_0267
	POLEN 14_0268
	POLEN 14_0269
	POLEN 14_0270
	POLEN 14_0271
	POLEN 14_0272
	POLEN 14_0273
	POLEN 14_0274
	POLEN 14_0275
	POLEN 14_0276
	POLEN 14_0277
	POLEN 14_0278
	POLEN 14_0279
	POLEN 14_0280
	POLEN 14_0281
	POLEN 14_0282
	POLEN 14_0283
	POLEN 14_0284
	POLEN 14_0285
	POLEN 14_0286
	POLEN 14_0287
	POLEN 14_0288
	POLEN 14_0289
	POLEN 14_0290
	POLEN 14_0291
	POLEN 14_0292
	POLEN 14_0293
	POLEN 14_0294
	POLEN 14_0295
	POLEN 14_0296
	POLEN 14_0297
	POLEN 14_0298
	POLEN 14_0299
	POLEN 14_0300
	POLEN 14_0301
	POLEN 14_0302
	POLEN 14_0303
	POLEN 14_0304
	POLEN 14_0305
	POLEN 14_0306
	POLEN 14_0307
	POLEN 14_0308
	POLEN 14_0309
	POLEN 14_0310
	POLEN 14_0311
	POLEN 14_0312
	POLEN 14_0313
	POLEN 14_0314

