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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 
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Use of gametic embryogenesis for Citru .\· improvement 
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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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oSdcr t,;a of una or jlllt fol ug th( 1• rmtouc dr'\lt 1001 P th t•l thc rru~.:rosporc b a bu ~unabk for mducuoo 
c:mbryogrncsls Embryo andtk.'"tlm J"DOSt e fll:n 1 ac'"-ompana~o.-d by dt rupU<•n ol t~ polanzC'd P~ll Tlus 

disrupuon PI"'"' be !he ley 10 b<Jth <m~<uem and ehromosom<: doobhng. dependmg upon th< mducuoo 
a nt and IJ<Xh cmbr}o¡;rncm and ohtorno5(JmC duubhng Jll3Y be tnduc·cJ by th< 'ame trc:alm<'nl Th< dt>rupuon 
of Lhc 1" asynunetn PUh>HC di\ ton nf tbe ¡,¡mcudcalc rrnc1t»pvre rc-wlu m :.1 !i)ffiOlCtm:aJ '-.11\tSton producmg 
l;o.ó "cgt'WII\'"·lypc nuclca 1be1e t\\0 nuda o! ten he ctose togetha Ytllh no ccll '-'alt formed bet\\een t.hem and 
th..Jt .a.lltJWS thc nu~lct 10 tu e 1hroug.h mcmbrane coalc).Cencc ~ KASHA cr al !001 ). Agenb Lhat dt rup t tbe 
rruoof&l.lfnl..-nt an~nJcrncrn n«c:s~J.ry fur al! -.al! h.Jmuuou nuy alw dhrupt lhc: .\pmdlc fonnauon that separa tes 
¡ht d.lu~htc:r OU4.:iei Thc rntlhod of Joobhng n1.1:y 1:\C: mt1ucn~.cd b~· the- conceoua~~n. of thc agcnts used EADY el 
a1 CI9'1S) dtmucnl.tah:d th..t lu\4 dosages of ookhtcme mJuccd a 5)1nll1cln~ dl\1'•100 of Lhe nucnhpo: v.hlle 
h1P.C't <..:ono;;cnU>.~tlun' blcx:lcd P\11 Wilh complete: .)pmJI~ dJ~Jupurlfl. doubhng rnay ~cur by eodo~tos l s. 

\\ñ~n an ::t\)'ffiiDclflC P~11 o~ . .:c:ur':. úunng or pnor lO mc.Jucuoo. thc \egc~u"e nuclcus, \\h1ch nonnaJiy 
rcma.JO\ 10 thc Ul <.:cll <..:ych: !ILlgc:, bl!gtn> to dt\11.k to forro embf)O!I The_~enerali\C nucku!) 103) also undergo 
lamttcd thvtiUlfl\ hut r.uely conuouc' tu foml embt)~- Doublitlg can oc:cur 1n ~uch celh through nuclea r fusaon or 
c:ndomu~a. KASUA ct al. (2(JOI) ol'tstl\C:d that chrumo:.ome doubhng dunng mannHol treatmenl 31 room 
tcmapcl.tlure :tpf'CJICd to be prímanly by nuclear fu.:>ion They abo posmlated that doubling by fusion proba~ly 
1x:cur\ ahc:r a ~)mmctric oran asymmcmc PM I Studte.) tn bolh barley and wht!at Jrucrospore cult~re treate.cl wuh 
mannJiol rcvcalcd that tht watl dtd not form aftc:r nuclear dtvision aiiO\nng tite daughter nuclet to coalescc to 
proJuc:e homo¡_ygou doubled haploub. Wlulc not in\e~ugated, pretreatments during or after thc PMI hkely 
tnhthllthe wall formallon so doubhng could occur then or after a st..x:ond dtviswn ofthe \'Cgetauvc nucleus. 

l"\/IJRIA~TO ct al. (200 1J cytologically clanficd tht: nm:IL--ar devclopmem of uninucleate microsporcs 
of ""heat after a preue::umem with hcat in media B. wh1ch contams manmlol tha t is also an inducing agcn t tha~ 1s 
p.u'ticularly cffecuvt m barley ISOialcd n11crospore culture. U and DEVAUX (2003) obs~rvc~ that a 7d .mannuo l 
pretré<JLnh:nt follow ing a 21d cold pretrcatmcnt ~1gn ifi<..-antly impro\'ed chro,nosome doubltng tn barley rrucrospore 
cu ll ures Many Mudics ha\·e nov.: ~ho"n 1n a number of spccies Lhm v:~rious microtubulc mh~buors c~ n. '?duce 
good cmbryogcnc:-, JS and also improve chromosome doub ling. Thé~C s l~ow thc ~yp1cal sym~etnc firs t dlvtston of 
the umnudi!ate micros-porc:, indicaung th:.H dts.rupuon of t.hc microfibnls or mtcrotubules m Lhe ccll can .lcad to 
both embryogcncsts and chromosome doubhng. Colchicine or its ana logs Lcnd to be the most effecu ve for 
douhllng bu t other m1crotubul~ antagonis-IS such as tnnuralin. oryzalin and amiprophos me thyl (APM) are also 
cfrcctivc in chmmo~omc doubling when npplicd tn the initinl cu lture of the microspores. Such agen ts had 
prcviously tx:en sh0'-"1\ 10 be cffcctivc chromosomc doublers when plants at various stages of development ha ve 
bccn trcalcd. Similarly , uca tmcnt of plan~ or microsporcs with 2-hydrox:y nicotinic ac id (2HNA) ha ve led to good 
1nd ucuon and doubllng rates in whcat. 

In su mmary, thcre appcars to be a close corrclation bctwccn sorne methods of induction of 
cmbryogcncsts and the mducuon of chromosome doubling. Efforts to cxploit this re lationship are bdng 
invcstignted in many labs. 

EAI) Y , ('_, LINDSAY. K, T\VELL. D 1995. Thc signifi cancc o f microspore division a.nd di vision symmctry for 
vegc tativc ce!! spc.;ci fic transcription and gcnemti ve cc ll diffc rcnuation. Plant Ccll 7: 65-74. 

INDRIANTO, A, 13ARINOVA, l . TOURAEV. A .. HEBERLE-BORS, E. 2001. T racking ind ividua l wheat 
microsporcs in vitro: identification of embryogcnic mkrospores and body axis formation in the embryo. 
l'lanht 2 12: 163- 174 

KASHA. K. J .. HU, ·r. C .. ORO. R .. S[M ION. E., SHIM. Y. S. 200 1. Nucl<ar fus ion lcads to chromosome 
doubhng during mannitol pret reaunem of barley (1/ordeum vlllgare L.) microspores J. Ex¡>. Bot. 52: 1227-1238. 

Ll , H . OEVAUX. P. 2003. High frequency regencrn lion o f bar ley doubled hap loid plan1s from isolated micarospore 
cult ure. l'la nt Sci . 164: 379-386. 

Doubled haploids from oat (A veua saliva L.) anther culture 

Klviharju , E. 

MlT Agrifood Rcsemch Fin land , J>lant Produc tion Rcscarch, Crops and Biotcchno logy, 
Myllytie 1 O, FIN -3 1600 Jokioinen. Fin land. 

Oat (Avena sariva L.) is one of the majar cereals in tcmperate latitudes , since it favours humid cool 
climatc and toleraLcs acidic soils. In Finlaud only barley is cultivated over largcr arca than oat. Oat yicld is mostly 

28 Pole11 

an a Dj:le ~ocrauao 
In cutuur brecding. use üf Dll-k ... luuq '\.J~ hmc. ~~ ..:t puu tm.._-.. e dnl\ 

C"'l)\:oing progcn~ Abo lhc ctli~lnh.:) of ' la.:th.'lil (~,.-... N\lb 1Jia \ and ¡wtJ-: 
1nCTe3...)(.·J due t a~c..·l" tlf dL\ffilnanc-e J.Dd ~r .. n.11' o: ... ,, ... ,f DH·liDes f\ .. 
pru\IJC$ \aluablt n\3teru.l abo tur ~ :1\cll~ ~can:h ·p~~ 

a 

tu o.tts. producuoa of DH~ hb lx"t.-n r('('One..J throúc:h 3Jlthcr 1..-ultu.re and thn: ·~h tJc h~tvtJ, u~ e t\at lh:llbc·r 
oí thñe mt'l~ ha) )ti becn ck\(k.,'f'C\1 mto a lt"\CI "hcr< J~uJh: nto of OH.> ....... lUid tx- J'f\~a~N rrv r ~Hnc 
use t KT\"IHARJt; el :~1 .!000: Rmes .!()():;¡ ln thl .. tud~ "" auncd at h.l tn~'T .._.._ lh(' eOi-..tCD\:') tlf ~o.\.11 l'lB· 
produdíon ~-ia 3nther culture mcthcld \t>rJI culture mC'\JJum i ... h.lf~ \\ere lc-.tnJ on thc b.3N" ,\1 thc l'r'C\H.'IlL"h 
rt'pl'lfltd prOIOc.:Ol (K I\'IHARJL' ct al :?000\. In :~Jdthon, cflect o( Lght :md tcmpcT turC" dunng •ndu~.:hon ph.b1; 
\\,·re JO\C)flgated J@.mfi..:antl) h1gh r plant ~gencratli..'lfl ratr..·~ \\L'ft obu1ncd h) "flllntl1cd ¡;ul!urc ll.lC'diUrn and 
"oru.htlún~ ln total. hunlÍJ't'ili or 00.1 OH planb \\{1'(" ~~Cnt:ratet.lm thc:~ c!'\}>erlO"k.:Db 

•\nthcr cultUTC' ~p...m~ '" r;tron~l)' tn11uen~·('tj b) thc gt•not) pe lntn ~~ .... ll'ln '-11 de....tr.lbl -a.lkb b) 
crossing) from "ell-resporu i\e- genOl)JlC'"S to the ret:akllr.mt llne \.\n 1x u .. ro h.lt·nh.ln~c pb.nt re,gcnc:r.~twn r:uc: .... 
as h:1s lx"'Cn done: in \\'heat, b..trlcy and rice \\'e usn) thi~; J('lproorh \U~.; ~l!.full~ Jho for oJt 

0:\A marlers iiSSOCJatcd wllh gootlamher culture charactm~U\.'s. su~h 3\. hti!h FLS teml"r)")..hl ~trudurc) 
producuon. tugh plant rcgcncration r.lle:s and largc proporuon of grcen planb. t~oo.Jd hl: u,etJ to hclp lhc :.4.'1CCht'O 

of c~~mg hues caiT)tng fa\'oorJblc allclcs for anthcr ~ulture . PutJU\e R \PO marl.tr-. J'-"l"~.·¡:ttC'tl \\Jth 101¡'r \c:d 
anther culture lntllS Y.Cn: idenufied from thc eros> prugc.:n} Ltf thc rn·akumnt oot and l't!"P<"Mhi\.C \\lld red t:\.ll p 
H.rili\ L.) genotypes (KIVIHARJU ct al 200-l) 

As a conclus10n, ""ah lhe rate of DH-prrxlucuon reacht•d m the:,c :-lud&~.~. thC' efficJt•nc) n~ for 
purposcs of cultn-ar brcedtng and gencric SlUd1es is ::t.pproachcd in M)m(' genOt)pC'' 

KIVIIIARJ U. E., LAURILA. J. LEHTO. EN. M. TANIIUA:-;PAA. P <k MAXNI'iEN 0 2(1().1 Anthcr<·ullUJC 
propcmes of oat x wJid red (\'U progenies am.l a :,carch for RAPO marlcrS ils~oclatt-d with Jnthcr cultmC" 
ab1 hty. Agric. Food Sci (in prcss) 

KIVHIARJU, E, I'UOUMATKA, M SAASTAMOI'IEN. 1 & I'EHU. E 2000 E"<n>ioo ofanthcrculturc to 
SC\'Cr.ll gcnotypcs ofcultivatcd OOts. Pla n! C'cll Rep. Jl) _ 674-679 

RINES, H W. 2003. Oat haploids from widc h)bridt7.1tion. In M ~laiUSi)ll ~ •. K J KO>hJ. ll 1' fu,-,tcr & 1 
Sarcjko (cd>.). Doublcd ltaploid p r uduct ion in cropplanL< pp. 15 159 Klu\\cr. DorJrcdll 

Process of haploid rormation in maize, barley, whcat a nd flax 

Prefová, A' ; Obert, B.' & Zofajová , A.' 

1lnstitutc of Plant Genetics and Iliott!chnology. Slovak Academy of Scicmces. 
Akadcmick~ 2, P.O. Box 39/A, 950 07 Nitra, Slovak Rcpublio. 

2Rescn.rch lnstirute of Plnnt ProducLion. Uratis lav~ka cesta 122, 92 1 68 P1dt'any. Slova L.. Rcpublic 

The value of hap loids in gencti c ann lysis and plant brccding has bccn known for :1 long tune. Howcvcr-. 
háp loi<.l s occur only rcU"cly in naturc. lnduced and rogenesis nnd gynogenes is are good ourcc for haploicl 
product ion in largc nurnbcr Lo be useful for breeding progrnmmes. 

Wc rcport on induction of hap loids from anthcr and microsporc cuhurcs in m.ain, hnrley, whc:u and 0Jx. 
In ma izc wc descnbcd thrcc pa thways for androgcncsis and havc found the rcsponsi,,c stagt! for 

rcdircc tion of the devc lopmenUJ I pathwa y / lalc uninuclea tc micro!,porcl. TI1c .,.star fil. .. c" organization of maizc 
microspmcs can be considcred as a morphological markcr of ioduccd micro pares. lnduccd mai1.c microsporc of 
uscd gcnotypes are biggcr 1han 75J.1m and the sp inul dens ity o n thc microspore sutface b less than 111 thé rcst of 
microspore population. Tite haploid response is a heri lable trnit so wc tricd to i ncorporn te this trall tn lo 
commerc i;ll maizc lincs by crossing with cxot ic ones. 
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In ll•.rlt' anilla cultura 1he fir>t lllJ e d"" < n obsa> cd un the tlurd !hy m eultun ond 
af 1e11 !hy< cmhryo-1• ructwc app<:ar<d Thc mos1 ropo'""< genoc)pc wa> \'I.1<Ln 115.3 >tructures pcr 100 
anthcnl md v.:e f1;und 1 albincm pcr 100 anÜX't \\e rODov.ed a.lstl Lhe rond1t1ons mfluencmg lhe alb1nooc 

P nt ~~cbrat v.:r ubtJIUcd bc.•tlt'f resJl<.ln 1f the donlll' pbnb ~AdC cuhJ\ated under field condítion.s in 
companJOn v. 1th pb:11 ts (rom the grcenhou Thc: andn'Jge1uc n--~pon<oe 10 4 gmotypes 3nd 10 crossing 
con1t r1.stiOC1S y, .:c.vnparcd and t:oodttirm.; for bcttcr ) ield of ~ plJnt:) v.-ere tc~tcO. Den\ ed DH hnes had very 
good pcrfonll>llce 1n fidd coodthooS tgood y>cld and good restswncc og;unst fungJ dtSeasesl comparable lO 
cb 1cJ! "'heat tmc:s 

In n:n: tbc: cffcct of cuhurc cond111om Jnd ~«..'1101)-pe 'M-ere tc.tcd Thc anduction of callus formatioo 
rrum culu.ucd itn1hch •.u thc h1ghest un l'\6 media wuh cultJ'r-ar PR FGL 77 1121:1/ and on N&N medu1 w ith 
cuhlYJ:r t'.uulut f2.h~'!rl Shoots "ae regenc.rated on :-.;&~ and '6 med1a supplemented Y.i lh ltalln 1 1mg.l

1
/ or 

BAP • ' AA /1 mg 11 e.a~h/. Thc h1ghc~t nurnbcr of shoot.S ""11S rcgenc:rateó v.uh culti,·ar Rc..-'d Wing 

Microspore-derived doubled haploids of wheat a nd maize: 
from fundamenlals to breeding 

Barnabás, B.; Bakos, F.; Jager, ~; Ambrus, H. & Oarkó, É. 

Dc:partmtnt of Plant Ccll Biology, Agncu ltural Re.~arch lnstitute of Hungarian 
Acadcmy of Science .• 2462 Manonva.sar. Hungary. 

owadays cost savmg agricultura! production requircs tnten ive whcat varieties ",rith good nuuient 
re~pousc..~. excellcnt quallty and improved resistancc 10 various environmenta l stresscs. To achieve th is goal 
ntodem "'heat brceding ut1 li es the rc.s ultS of plant b1otcchnology. 

Thc prcsent pupcr d1scusscs key quesLi ons of Lhe elaboration and perfcction of anther/microspore 
culture tcc.: llni quc)~ cytolog.¡cal 3Spects of m vttro androgcncsis , in vi1ro microspore sc lcclion and prac tica! 
approach~ 

lllc poh!ntial of doublcd haploids in ma.izc brecding has long becn recognised. 
Anther culture could be a uscfu l too! for producing inbred lines possessing favourable agronomic 

charactcrs. Thcse can be uscd dircc tly in heterosis brccding to construct new hybrids whk h sat isfy market 
dcmands. Howcvcr. thc succcssful appl ication of doublcd haploid techniqucs in brecding is largely dcpendent on 
thc androgenic capaci tics of the genotypes and ou thc frcqucucy of induced or spontaneous chromosome doubling 
m plants of microsporc origine. 

Ouring thl! last fcw yearS an cfficient anthcr culture tcchn iquc has bccn workcd out in our laboratory. 
Culturabihty ha ve bccn tr.ans ferrcd from rcsponsive, exolic gcrmplasm (mainly ofChinese origin) into e lit lines by 
cr<>Sb ing. S10glc cross hyb rids in which the cxotic parem represe.nts 50%. or hybrids backcrossed to the elite lines 
(BC1• HC2) hnvc becn used as anther donor plan ts to dcvclop nc\v DH lines via anther culture . 

This mcthod makcs it poss iblc to produce a Jarge number of microspore-deri ved cmbryos or ca lli 
capa.b lc of rcgcncrating viable OH plants. Developmenta l proccsscs taking place in amhcr cullures has also becn 
studicd in ccllular and subocllu lar levcls. 

Thc efficien t anthcr culture technologies elaborJtcd for mai7..c and whcat in our lnboratory, ha ve been 
applied lo improvc biotic and abioti c Stress tolcrance of thesc crops. In vi rro microspore se lection has been 
performcd in whcat an ther cu lture to produce aluminiurn to lcrant doubled haploid genotypes (Bamabás ct al. 
2000). T11C improvcd alumin iu rn toleran ce o f the se lected DH 1 and DH2 offsprings was also contirmed (Darko et 
ni. 2002. 2004) 

In rnaize anther culture in vitro selection was carricd out for microspores of high and.rogenic capacity 
by using various o;c. ida ti ve stress stimulators (paraquat1 t-BHP, menadione, riboflavin+ methioninc). Haploid 
induction and plan! rcgcncrat ion capacity of Lhe cultured microspores werc affected draslica lly by thc selecli vc 
compounds. Ultrast.ructural featurcs of the affected microspores wcrc also studicd. lrrcgularilies in the nuclear 
structure and in the depos it.ion of stomge material in the cytoplasm could be detectcd . As the result of in vitro 
microspore selection: 15 paraquat-. 10 t-BHP-, 10 ri bofla vin- and 2 mcnndione tolerant fertile dihaploid plants 
could be dcveloped. Further in vestigations will be canied out to test abiotic and bioti c stress tolcrance of the 
sclee1ed DH 1 lincs. 
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Higbly efficient double haploid regenera Lío o in r) e anlhers ;, 1 itro cullurCl> 

Zlmny, A. ; Madej, L.; Oleszczuk, S.; Sowa, S. & Zlmny, J . 

Dcpanamenl of BtOteebnolog) anJ PLlnl C')tog<nett . PLlnl Brt:edlnf JnJ 
Ac<:htn.lllzation ln<utule Radllk,\\\, 05- "0 Rlonte (l'óland) 

• 

Rcgener.uion of plants from microspor"e:~ is an imponant stage on th~ "a) to gt•n u~ m.uupui.1Uflt'U. lll 
pl.ants R~genc:ralJon of I)C: plants was dC!SCTlbcti for dlfTermt us.sucs :s.nd org n~ R)t plJnh \lr.tt\:' rtt:rOcl'iltc.."J 
through ~omat1 c embryogenesis from such c.xplants ~ )OUng infltlr:\!!tCt·n~c). leal ~e and mi~Jl<'lrrS Alter 
man) )Cars of e.xpcnments rcgen~muon of doubletl hap latds of I)C 1S ~u u a chJIIcngc and 1t IS strongl) gcnN)~ 
dependan! proces:). In th.JS s tudy wc were aimmg at elabornuon oi the h•ghly t'tTcclt ' t mcthod lll mdunng 
Jndrogenic c:~llu s :md haploid embryos m order m nppl)" thi mc:thod for pl.mt donmg. and ~coc11~· ~wNh1Jng a, 
weH as using somaclonal variation tn plant breeding. 

br l"il ro mkrospotes can be 1nduced to swi tch thci r dc.,dopment paLhWl) from gametoph)1 tc- pollen 
gmin fonnauon. to sporophyti c resulting in prodocuon of cmbryos. Pll.D t maten al u~d tn e:tpenn"K"n~ should I'IC! 
morphogenic and makc the regener:uion of pl.ants from microspores pos tb le. For Lhis ver) ~ason Y~ot ha' e u L.cn 
uniouclear microspores \l.'ilh con idcrahle potency for cell d1visio ns. Androgc.m rmbrym fonn OO from dcfint:"\.1 
microsporcs or from callus t:ra.nsfcrrcd onto regcncrntion medmm prod uccd the ptan tle t~ aftc:r fe \\ da)~ Thc .!Jom."tll 
plan ts wcre put in to pots cootaining soíl After three monlhs they matured 10 the grecnhousc and .>él sc:etl.¡;¡ Wr lh 
the!.c mcthods wc we.re ablc lo rcgcnerate over 3000 o ( plants a.nd over 2000 of thcm wcre fcn1le. HomOl}"gOU 
progcny of these plants witl be uscd in rye hctcrosas brccd.ing to establish new high ) icld ing vanctaes 

An ellicicnt system for regeneration of green plants from isolatcd 
microspores of hexaploid triticalc 

Oleszczuk, S. ; Sowa, S . & Zlmny, J . 

Oepa.rtament of Biotecbnology and Plan t Cytogenctics. Plant 13 rccd ing and 
Accli mat ization lnstitute Radz.i ków. 05-870 lllontc ( J>oland) 

Sincc its creat ion as a botnnical c uriosity, ln ticale (X Tril icmel'ale Wiumm·k) has beco transformcd into 
a succcssful man-made crop wi lh sizeable acreage. The potent ial of tritica lc. part icularly ;~s a forage t.:ro p. 1S 

promising. TI1e di vcrs ity with in it.s gene pool is a.n importan t nsse1 for the fu LUre progress o f class ical nnd hybnd 
brceding. However, as wi Lh most crops, classical brecding approaches are rclaLively slow. 

Rccent advances in techniques of plant ccll culture provide plant brecdcrs with mcthods for production 
of homoz.ygous lines from immaturc pollen grains . m.i crospores. lsolated microsporcs can be induccd to !,witch 
the1r dcvelopmcnt pathway from gametophytic to sporophyt ic, resulti ng in the formntion of embryos nnd hnp lo•d 
plants. Spontaneous or ind uced dou bl ing of chromosomc numbcrs in thcsc plan ts resuhs in complete 
homozygosity and pure-brccding lines - doubled haploids (OH). Using this systcm. OH li nes can be rcgcnerated in 
a relnrivcly short li me compared 10 the convcn tionat plan t brccding methods, substan1 ia ll y reduci ng th t: brecding 
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ct 1 ocw culo 011 bna 1 pol<lltW 111 sck>.'tlca oi r ml>onJnb 1.3bobuuca of transformcd 
IDd 1n moJ<a¡br mapplD 'Jbc j(lt probl<m 1!1> usmg OH 1 11)1> dl!,tCO<) of gn:cn plant r<gcncnlloo 

'Jbc 11m o( tbi llady 10 de>dop a umpJc tffi ICOI S)>lml of gr= pbnt regcner.tl!OO Of bexaplood 
ln le 1 ffttJrO C' 1, 'Aitlmil ._, vsa c:firect a:nJ.r~n Jn tbc uitures of t. latc:d ml"--rospon::~ 1be effects of 

n p:uarxxtcn 1h re¡ubun, nu<r ¡x.-c dcU>II) and culture cond11lllru "<r<: >tudled, leadmg to 
lhc dct'clopmcnt o( df U 'loe tsobtcd rru p«e c.:ulturc ~. tc::m lndu.,;uon re pon.>0 for the combtnaucxu '-'tth 

a-111 ~Lit.• wnc uot 1 lh otly ..t1titrtnl Crom ~..ootrol.> fl.lf lht Jmtt31 dJ\t~1ons and for the numbers of the 
:.rgrr fonned 11\C u u tures u1 ng frL)ffllnl r pares .,;Uitttred wnh gro\loth regu~t~ ~bov.ed less orgamzt.-d 
tmbc)o ((.IIUiliOO .1nd ~tppc;:arcJ Jn(."fi.ncd lO f,Ym a,Uus. '(l)e 3.mlrogtniG embr)O )iCids 011 !he bomlOne·frcc 
rnOOium 'lll'e'tf! u¡' lo lt'n umo h1ghtT th:Ln m aU rC"rnounmg combmJuons combmcd._ On h1gh-dens11y cultures the 
furn .. tl(>O ol 1~ <n>br}u-hlt.e suu.1urc "'" dcla)L-d, and tlwt the) dld no< dc.elop dtrL-ctly mto embi)OS or callus. 
In cultur whcTc thc nu ros(lCY \Ar'tr~ ¡,;ultureJ al rdau\el) low den!)IUC:"', embr)o-hle struciUres sporadicall) 
pruJuccd rmbryos. but thl lt:du~ thC' 0\CTIII fC't!c:nerauon effiClem;y. Cuhuro \\lth the densnics of 1 5 X 1 o~ and 
hiU' m• rosporcsiml grcatl) tuda marl.cdly h•ghcr numbers ofthe m•crospore-derned embi)OS 

About JOt.t o( thc , uble OUf.."ll.))poro v.c:re able to 1mUate t~ tl'3nStliOO towardc; the sporoph)1~c 
roath\A.·ay v.11h1n J. few da)'l of th~ culture lnllHtiHKl Embr)~ p<b~d all ~tructures 1yp1cal for a normal Z)'gouc 
cmbryOi Y.fte funncd fn:'Jffi dcfmed. tnd!Vldual m1L:ro:spores by d1rect cmbryogene~IS The first ~lants Y.Cre 
re ~tr.urd ahoul 21 d.a'\o. afta thc tmllal mic.:rospore i olation The approoch rcsulted m the regenel'3UOn of up lO 
54 9gnxn planL> pcr m;glc >Jll~e Thc fr.quenC)' of albmo plants was 3boul 15 81\' Among grecn progeny ':S'ed 
30 K'i ""re poruancoo 1) douhkd h.lplouh. h.lploods reproented 66 4'l' the analyscd populouon. The n:nmnmg 
2 ~~ uf planb had pl01dy le, eh dtftcrcnt from haplo1d or d•plotd lhgh effictcncy of green plant rcgcnerauon 
rrt;.tlcs tha~ ~y,tcm¡naCIIcal for accelerated cull1var dc\·Ciopment in uiticalc brceding programs. 

~:xprcs~ion of zygolic cmbryogenic genes during androgenesis in llordeum vulgare L. 

1l>tpt 

Pulido, A.' ; Bakos, F!; Devlc, M.'; Barnabás, B.' & Olmedllla, A.' 

t'I3Dt lliochemiStry. Ccll and Molecular Biology. EEZ (CS IC). Prof. Albarcda 1, 18008 Granada, Spain. 
1Agricultura l Res. lnst ., llungarian Acad ofSct., H-2462 Martonvasar, Hungary. 

1Piant Genomc and Dcvclopmem Lab .. UMR (CNRS) 5096.Univcrslly of Perptgnan. 
52 Av. Villencuve, 66860 Pcrpignan, France. 

Barlcy haploid producuon has been achieved by bolh anthcr and isolated microsporc cuhure (KASHA 
ti al 1990). A bcuer understanding of thc molecular and cellular events that takc place in androgencsis will help 
not only to improve the yicld and qua llly of haploids but also to obtain sorne clues about the carly stages of thc 
embryogen ic proccss. 

We h:~vc analyscd in barlcy androgcnesis induced using isolated rnicrospore cultures according to 
Olscn (OLSEN 1991) Lhe presencc of thc trnnscripts of thrcc genes which are known to be cxpresscd during 
1ygouc cmbryogenesis. Using RT PCR as wcll as itt situ hybrid isat ion rcactions at light and clectron microscope 
leve! we hnvc comparcd thcir cxpression with th:.u of game10gcnesis and zygoüc cmbryogcnesis. Gene ENDJ was 
~clcc tcd bccausc it hns bcen reportcd as a molecular markcr for thc barley cndosperm coenocyte (I)QAN er al. 
1996). 1l1e other two genes uscd wcre thc homologous in barley to the Arabidopsis genes cncoding N·acetyl· 
glucoamJnidnsc (Naglu) and EM/1615. Thcsc Arabidopsis genes wcre idcntified from n collcction ofmutants that 
prescnt nlterations in the early stagcs of cmbryogcncsis. 

Wc cx tractcd total RNAs from diffcrent stagcs of gametogcncsis, palien nnd zygotic cmbryogenesis 
u ing thc MRC TRI reagent kit accordmg 10 thc manufacwrer's instructions. Wit.h Lhcse RNAs we synthesised 
complcmentary DNAs usmg an o ligo(dT) primer. Gene specific primcrs from thc ENDI scquence and Naglu · and 
6/5-barley-homologous-EST sequcnces wcrc thcn uscd 10 amplify thc pnrtial cONA fragmcnt by PCR. The PCR 
products of thesc genes wcre scqucnced and cloncd in pGEMT.Easy vector for ;, vil ro transcription of the RNA 
probcs w1th dig·UTP using T7 or Sp6 RNA polymcrascs. Thcse dig·RNA probes were uscd for lhc i11 situ 
hybridisation studics at both tight and electron microscope levels. For these expcriments, samplcs from diffcrent 
stages of gamct.ogencsis and microspore and zygotic cmbryogencsis werc fix.ed in 0.25% glumraldehyde and 4% 
par.¡forrn..11dehyde in O.SM cacodylatc buffer, thcn dehydratcd in ethanol series and embedded in Unicryl. 
1-lybridi alion was performcd ovemight at 45°C and visua li sed using a shecp antidig antibody coupled with 1 Snm 
gold panicles for electron microscopy. For light microscopy wc uscd the silver·enhanccmenttechnique. 
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Androgenesis of Lolium x Fe.rtuca amphiploid culthars in ordcr lo cnhancc 
gene e..xpre ion for abíol tc lre resi tan !' 

Humphreys, M. W1
; Zwlerzykowskl, Z.'; Lesniewska-Boclanowska, A. '; 

G<tsior, O.' & Rapacz, M.' 

1Gtnci1CS and Plant IJn:Ning Depanmcnt. ln~lltute of Gra~!>land a.nd En' 1ronmtntJ.I Re~an:h. 
!'las Gogcrddon . Aber) twyth. Wolcs. llo;, YD 3Eil 

~lnslltute of Plant Gc::netics, Poh~h Academ) of Sc:icncc ... LrLC l)tb~B 34. 60-179. PoJJnu'l, Pl'I3Jld 
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LolJUm mullijlonun x Fl'.\tllca prmrm.if amplupload cultna~ {:!n; .. h;28) are h1ghl)' amcn.1ble lo 
aodrogcncsis. Largc populalioos comprising pmnanl) dthaplo1d gcnot)"J)C) wuh 7 IJ.Jlwm and 1 1-nltHtl 

chromosomes may be rcgencr.ned from a smglc parent gcnrnype. 1llc chromosomes of /...¡¡/mm and Fa111u1 pJ.tr 
3Dd recombine at \'ery hig.h frequcnc) which leads to considerable chromru.omaJ rcarrangcments "tlhm ea~h 
parental genotypc and thcrcby a ,.a~t arra) of ga.mC'IIC \'aruu.~on Each populauon of nndro~;rncsa~-de:nvt'd 
progeny reprcsents the "dissectcd" genome of thc parent genotypc. 1ltc dihaploid pmgcny d1splay :tn c.Atrtmc 
mngc of both drought resistancc and frcczing tolcrancl'. and gcnotypcs "uh g.rcatcr ab1ollc fC)IStancr than thc 
parcnt are frcqucntly rccovcred. Many d1hnploid gcnotypcs ha ve sufficient n\tl.le andlor fcmale fenihty to he us~d 
m rt novel backcross brceding technology refcrrcd to a~ introgrcssion-nu.pping_ Dcspite thc ct~c homology of 
l..iJ/ium :~nd Pt!lttu·a gcnomc , thcir DNA can be d1stinguishcd cytologacally using gcnomic 111 snu h)brid1~auou 
(G ISH) 111is enables us to locate the sites of intergcncric recombmo11ion Altem:uivc ap¡m'>3chc~ may be uscO 
dcpendjng whethcr LoJium or FeM1wa (2x) spccics are uscd 10 t.hc bad.cross brccdmg programm.: Usunlly, 
strcsS·tolcram dihaploid plants nre backcrosscd onto 1~ nwltiflorum (2x). lntrogrcssed Fntttrn genes for 
resistance ngainst abiotic stresse.o; are targeted by GISII . Whcn aftL-r recurrent backcro sing, ¡¡JI but a Single 
Ft'.Jluca introgrcss ion ha ve bcen removed frorn an othcrwisc complete Lolium gcnomc, the int:rog1es~ion !mes 
are asscssed for thcir continucd exprcssion of abiotic stress resistance. Fnmra·specific molecular markers are 
thcn npplied to gcnotypes which rel3in stress rcsistance in e1ccss to that round in thc ú1lium parcnt .Scquence 
tagged sitcs (STS) are then dcsigned for use 111 brccding progrnmmes and for cu ltiv:u development Thc 
and rogcnesis-led tcchno logy has enabled bctter understanding of diffcrcnt mcchanisms in /..i)/wm and Ft'Hurn 
for acclimation of their photosynthctic apparatus to low tcmpcratUICS Thc tran fcr of a non-photochcm•cal 
qucnchmg (NPQ) mechanism for withstanding photoinhibiuon from Fntura 10 J.,oliwn ha.!. led 10 enhanccd 
freczing-tolcrance. The advantages of targeting thc signalling mcchanisrns for adaptauons 10 ab10ttc st.r~SC.!. w1ll 
be discussed. 
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l acromolecule~ in modern ond fo il pores, pollen and algae 
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úco..:.hcnu try. Earth Scicn¡;c:s. LtrechtlJnnc:rsny. Utrecht, Tht Netherlands. 
'P•ltCO<Wiu¡¡y, Botrk>j¡). Ltrccht \;no\ersoty. Ut.m:ht, Thc "ethcrlands 

1 RO)al NIOZ. Tcxel. Thc Nctherlands 
~ CunC'nt addre ~ S~tenu. Ecolog}'. f-ree Um\tr'Sll) Arnsterdam. Amsterdam. Thc Nethcrlands. 

1 
Curn:nt addrcs' Flo'llr A urance, Shell Global Soluuons. Amsterdam, The Netherlands. 

Rnogm1~ble microftY..~a~. uc.:h as polleo. spor~ and algae. in palynological slides ha"e a long history 
o( w.c ran~Oi! frum -.tr.mgraphac marker~ to tnUUe!l. that provide palaeocnvironmcntal and palaeoccological 
tnfomt..~non lo most cac.,cs,, thc mam undcrlymg reason ror thetr presen auon m Lhe fossil record is th~ fact that 
thcy a1c pres~rved as Jt.:Jd·rc~istant orgamc enliu~ Ho""e,·er, th1s laner character may significantly affect the 
lo 11 rtX:ord as differenc~ 10 the chcmical composn10n of thesc microfos~•b may bias against thosc tha t con1ain 
lcss r.:SI\IJnt organic con~muent"> In ordcr to undentand and, poss1bly, correct for such b1ascs. dc tat lcd insights 
m tu tl.tt chc.miCa l composH10n_ of both motlcm a.nd fos~il ~pores. pollen and nlgae is needcd. 'Tbis study prescnts an 
o"erv1ew of thc l·unently a'atlabh:: lnemture infonnauon m combination with new molecular dnta fro m modcm, 
~ub·fos.,ll and frn. ti micr?~oc¡~•ls. includmg pores. d111oflagcllat~. and other algae. The new da m clearly revea l 
th;u thc chemJcal compo~umn of 1hc {Q:)sJI nucrufoss il'i is in most cases not rcprescntalivc of that of the original 
bao~mcr~moleculcs prcscnt m thc mcxkm countcrparts aad that sigmficant chcnuca l t hangcs occur during 
foss1ltsauon. 

MALOI: a new technique with the potential to solve the sporopollenin enigma 

Moore, S. E. M.' ; Hemsley, A. R.'; French, A. N'; Dudley, E.' & Newton, R. P.' 

'Laborarory for Experimental Palynology, School of Earth, Ocean and Planetary Scicnccs, 
, Cardiff Universi ty, PO Box 914, CardoffCFIO 3YE, UK. 

, . · Oepnnmcnt of hcmimy, Cardiff Univors ity, PO Box 9 12. Cardiff CFI O 3TB . UK. 
B•omolccular Ana lys1s Mas.s Spcctro•~etry Centre (BAMS), School of Biological Scicnces, Uni vers ity of Wales 

Swansca. Smglc1on Pnrk , Swausea. SA2 8PP. Wales, UK. 

. In the ~orty yc¡¡rs of rcscarch llllO thc chemical sLrucru rc of sporopollcnin, numcrous chcmical and 
:ns trumcnta l tcchmqucs ha ve bccn brought 10 be.1r on this complex biopolymer. Work using salid statc 13c. and 

1-1 - NMR :md show~ the prescn~c of aromatic, ali phat ic, and oxygcn functionaliti cs. Recently, pyrolysis and GC
Mass spcctral ana ly~ts ~ave elucJda ted a numbcr of structu ra l charac tcristics of sporopolleuin. This GC-MS work 
s u~es ~s that two pnnc1plc co~pon~n ts _of sporopol lenin are fatty acids (CJ4-C 16) and oxygcnated cinnamic acid 
denvauvcs. \Ve are current ly mvesugaung Lhe use of Matrix-ass isted Jaser dcsorption ionization (MALDI) mass 
spcclrometry ~s a me:thod of structurc elucidation of sporopollenin. A relalively ncw lechnique, MAL DI mass 
spoct~oscopy JS a ·~ofl' technique uscd to ionize molecules up to severa! hundrcd kDa molecular mass. Jt is 
espcc~ally va lua.bl~ m. the de teclion and charactcrisalion of biopolymers present in mixtures. Wc hoped to use tbis 
techmquc .'o gam ms1ght on the ~omponcnt polyrncrs of sporopollenin. Sporopollenin samplcs from Selaginella 
mcgasporcs wc '<: an~ lyzed followtng a numbcr of lrcaunent protocols, using di fferenl matrices. Addi tional ly, we 
attemptcd lO denvattse sorne of thcsc samples by acctylation, fo llowed by MALDJ MS annlys is. We rcport herc 
our cffons lO date. 
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nt taiui proct'dur• to idt·ntih lkn¡: in 

t-luon:.,..:C'Ilt;C' mh. w ... ,op) ts. :~pphcd to anJ.h.Jiml.'al J.nJ C:) tol«"ll:!ll'~\1 "luth<."\ ot nt.ln) Vt~ k)~~~·¡l ,tru\.hlrc-... 
hc.-cau-.c 11 1 tnU(.:h n~ stno;;ii.J\C' tha.n Jh \\hJtC hght l"\lunttyplrt ;&~ J n'\Uh ol the nhan~~"\J 1.'4.\0U,t't ~l'lh.·tatct! 

"'hen a. llght (t~je..."'1 ~~ \lC'\I.Cd agam!lt a dark field \1ort \C'r, "lfll.""t" t1uort..,l.'c-n~.:e- OliCrthL:t~ :.re- •rnrnll) 
l"\.lmhm~J v.ath a tr.m~mitted wlute hght. the ... ;mtc lield nf a SJ\C'C.'Jmcn can be oh· n~d ~ui"\"C'\lU("ntl\ \Aotlh f\t"lfh 
ntc=lhncb \\ lth Lht~ lt:,:hmquc. IOfOrnl3IH,lll .... ;m be' gathcTC'tJ fNtn lhC 1"0 ntiC~~Op<~ \Aolth an 3JJ¡IJ\"t" rf()!.C"'\ Jnd 
m a \CH shon tune 

· "fbe atm of lhis !ti Ud)' \\a~ 10 c.·ombmc: t.ra\htional mclhll(,h uf polleo ht\tC'II.:hem~ ~ 1 suunmg "nh 
nuorc:~~..:encc micro.-.cop) technique in ou.k1 to obtatn dca~r mlages of 1he C"\lllt The methodoklg) pm¡ ...... "'r.-la.l 
hcrtm prondcd 1magcs \I>Jth cnhanced contra5t "here the ole t'"(lflt' l'i evtdencetl w&thuut the mtnfrrcth.~ t'lf 
C") tuplas m and pollen~au, allowtltg lhe unamh1guous detcctic)(l of fine tktntl of thc." e.\tnc 

l)ollen wa~ colleucd from anthers :11 dehbccn e and sc"cral tests wtte pcrfl.lnna.S m onk-r to find the 
bcst stammg and mounttng mcdmm for slides. J33.)tt.' fm.:hsmc- taut m gl)<:crol JCII) (DAF"\1, 1992} "as ~clc...:tc:d 
Jñe ~lides "ere then t~scn«< through an cplfluorc~ccncc- IIIIC~~ope 11tc band pa.s filler, thc du::hroln.llll" 
mirror nnd the barricr filler of thc nuorc~cu\:c microscopc we.rc appropn•uely (!;tlcctl!'d 10 ~"'' clcar new ni 
nunrescent cxiucs in dark background With th1s method thc possible prescnce of fungt :md dcbns nn the ~:hdc 
()()C'!) not interfcrc \\'lth polleo VIC"\\ because thcy :tppear not nuorcscem 

Our resuh.s o;howed that the combination of staming procedures \\tlh nuorc~ccncc microscop) 1\ a 
straightforward melhod thal adds a clear vicw of fine dcuuls 10 thc tradiuonal ob~crvauon of polleo mOJpholog,\, 
without rcqucsting complex prcpara tion of Lhc ~amplcs comparcd Y.ith acctol~ís or S8M proccsscs Smcc tlw, 
techniquc i ucithcr costl)' 1101 time consum1ng. its use is very promising 111 the labor:uorics of meli~ opalinolog). 
palcopalinology. ncll)biology wherc routinc analysrs for pollcn classification are performcd 
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