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torage of date palm pollen during ten ) ears 

Boughedln, L.' & Cerceau-Larrlval, M. T.' 

1 Ubc::lnt·Jf'V Cll r..1 • fk nmcn1 01 81 · ). F~~olty o1 Sclc:n<:c..>. Anrob;a. t:'ni\CT'Sity. Algttia 
f l..abc:r.uay ot Palyaolov'. "\~11on.d \tu.;;.eum C•l '.atural Hl.,t<lf)', Pari~. funce 

lbc: tl.Jtc palm (flbotou. dat:t)h(cnJ 1 a hettrnlygot and d1oecuxb sp«l(') lt 1(i (~uent Lhlt thc 
penocJ o( matunly ol 11101k and (c;malc flo'.\m are not s)nch:rooiltd. duc: to the necessny to conduct the 
C(Ml o allon cnd lhe orag.c 01 thc pc>lltn 

-¡ \1\thc pollcn mpk corrung from th< c1J'IC11Ment.al >l3UOO of 01-'akr.t (A.I~rna) h:t\C been stored 10 
•he pollcn tr.mk 111 thc bbonll>ry al l'al¡nology il'ari'J 

A p.macubr rTcezc: dr)tng rncthod ((,() r and 6 10·1atm) has bcen U"~ and three npmmental 
l<m(l<rdlur<> 1+4 (', -20"(' ond · KO C¡ ha•< becn apputd 

Thc r~ult-. m'hcatc that aftcr ten )eJ.t'S of storagc C\dBI sampl~s ... hoed a vtabilily higher Lhan 80 % 
undcr thc tempcratun: of -2Wt 
Kry word\: J .. olh:n,Date p.1lm. Slurage. frcc7c dl)tng. Polleo bank. VJabilny. m \llCO gemunation. Algeria. 

Spontancous diploidization occurs after nuclear fusion during in 1•itro 
maize induced microspore cmbryogenesis 

ll~lillnnn. P. S. 1
; Georgicv, ',2

; Mogensen.~ L:'¡ Coronado, M. J.'; Dumas, C."'; 
rusucno, M. C.' & ~1ntthys-Rochon, E." 

1 I'IJnl J>cvclopment and Nuclear Organization, Centro de ln vcsugacioncs Biológicas, CS IC, Ramiro de Maez.tu 9. 
28040 Madnd, Spam E-mail. t~lillnno~cih.csk.es. risuenu@cib.csic.es. 

'Soria Un1vcr.,uy Facuhy of Biology. 8. Dragan Tsaunov clvd 1421 Sofia. Bulgaria. 
1 Dcpartmcnt of Dmlogical Scicnccs. Boll. 5640. Ari1..ona University. Flagstaff. AZ 8601 l. USA. 

'Rcproduclion el D~vcloppemcnl des Plames ENS Lyon, UMR 5667CNRS/INRA/E SIL YON \ , 
46 Alléc d'l!alic 69364 Lyon Cédex 07. Fraoce. 

Pollen embryogcncsis leads 10 the formauon of multicellular structures wlúch diffcrcntiatc apical 
mcristcms and are ablc under sunable growth condiuons lO gcncrate homozygous linf..-s useful for plant breeding 
pmgrammes. Dunng this type of embryogcnic dcvclopmcnt chromosome doubling may occur spontancously. 
spccinlly in ccreals, or may be induccd with thc help of drugs such as antimitotic agents or herbicidcs. lt has bcen 
suggcsted Lhat thc .!.pont.ancous chromosome doubhng occurs during 1he early stagcs of microspore dcvc lopmcnt , 
but httlc is known about the mcchanism ancl1he precise stage al which lhis occurs. Thc knowledge of 1he processes 
wluch govcrn natural chromosome doubling is or intcrest for fundamenta l rcsearch and for establishing effcctive 
mcthods to produce truc homozygotcs for brccding purposes. 

In maitc, 1hc spontnneous chromosome doubling ratc during induced microspore cmbryogencsis is 
more cfficicnt (>40% of the rcgener.ucd plants) than in othcr spccics, lherefore, microspore embryogcnesis has 
bcen induced in isolated microsporcs of m.nize 10 determine whcn and how chromosomc doubling occurs. In silll 
charactcrisation by ultraslructural , cytochcmical :md inununocytochcmical mclhods al specific stages has been 
pcrformed. At5·7 days of culture mu l tinuclcar~enlarged microsporcs disp lay two domains which ha ve been called 
"cmbryo--like domain" and .. cndosperm-Jikc domain .. duc to specific struciUral and molecular featurcs . Aflcr 12-
14 days. thc multiccllulnr structurcs are relcased into thc medium and dcvclop into "cmbryos" which are able to 
gencrate plruu lcts 

In this work , a pluridisc iplinary study has bccn madc in arde r to analyse the sponlancous chromosome 
doubling proccss during tJlC ca rly stagcs of i11 vitro maizc microspore embryogenesis. Al diffcrcnt developmcntal 
stagcs, chromosome number was determincd from squashed ccl ls . and DNA contcnt was measurcd by cytometry. 
In parallcl , an ullrastructural ana lysis of thc microspore dcrivntives dcmonstrated the occurrence of a nuclear 
fusion proccss. h sccms líkely tha t nuc lear fusíon ensurcs chromosomc doubling at carly stages of induced 
rnicrosporc embryogcnesis. thc proccss occurring at the 5n day stagc in lhe cmbryo domain. These results will 
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lnfluencc of medium Fe concentration u pon embryogenk micro pores 
induced by mannitol in barle~ (1/ordeum 1•ulgare L.) 

Pulido, A.'; Bakos , F.2 ; Castillo, A'; Vallés, M. P.'; Bamabás, e .' & Olmedllla, A.' 

1 Dept of Plan! Btochcmostry. Ccll and . 1olecular lltolog), EE.Z (CSIO. 
Profesor All>arcda l. 18008-Uranada (Spaonl 

~ Agriculturol Res. lnst. llungarian J-\ J.d of Sc1 '11 ·2462 MJrtOn\J!klr (llungnry). 
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Uarley androgenesis is onc of the most cfflcicnt mcthods of pnxlucing doublc hapl01ds. "hu.:h 
coostitutcs 3 vcry valuable systcm for brccding progr:tm:). Great cffort h:J\'C becn madc 10 impro\'t~ 1hc culture 
conditions for inducing androgenesis using elthtr anthcr or isoi:Hcd mic~pore cuhures (KAS HA el al 19Q()). Thc 
cu lture conditions for microspore cmbryogenesis are genera l!) dr.rived frorn thosc devcloped for !lnthcr cu lture In 
cithcr method 11 is csscntial to supplement the medium \\ ith F'e not only 10 obtam embryogcnic strucLUrcs but also 
to reduce thc production of albino plants (KAS HA ~~ al. 1990}. To dntt no s1Ud1cs ha ve be-en madc to comr~nrc thc 
cytological chang.es which occur during thc diffcrent phascs of thc androgcnic process induced h) .lnthcr rmd 
microsporc culture in barlcy. We repon herc thc rcsults of n C01nparative ccllular and ultraslructurnl rmal)'\ is 
npplied to the study of carly androgcncsis in isolated microsporc and anther culwres 

\Ve applied mannitol prc-trcauncnts lO induce androgcnesis 1n both :mthcr (CA~'TILLO ,., al 1000) and 
isolated microspore cultures (OLSEN 19?1} using the highly rcsponsivc barlcy cuhi\•<tr lgri . Anthers :md 1:-.0ir\ t~d 
microspores al diffcrent stagcs of androgenesis werc treated for light and clectron microscopy Sampk-s werc 
fixed in 0.25% giUiaraldchydc and 4% paraformaldchydc in 0.5M cacodylalc buffer. 1hcn dehydrJ!td m cOtanol 
series and cmbeddcd in Unicryl. Vcry simi lar ccll bchaviour was found in bolh culture sys1cms: non-!lynchronou!. 
or homogencous response, symmctrical divisions 1ogether with -omc asymmctrica l dJvi sion~. form:uioo of 
cmbryos insídc thc pollcn wall and cnlargemcnt of thc intine wall 1lle mnin dtffcrcncc to be sccn wns thc 
fonnation of electron·dense inclusions in thc wnll <Jf the cmbryogcnic nucrospores obt:u ned from 1Solatcd 
microsporc culture, which were not visible aftcr anther culture . 

To discover thc naturc of thcsc inclusions different trcatmenls, includmg protemasc K and EDTA. wrrc 
app licd to thc ull rmhin sections ·n1c inclusions wcre not digcsted after the en1yme trc:lllncnl, wluch kad us to 
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m1 be ' • 11kb 'Cf< btcd 1>y EDl Thc do:< ""«me mclus•CJDS ,.cr< >!so UIOI)><d b) \-R.a) 

....W 11 rEM lcvcl Uld fi>Ulld ID be nwle up nwnly ol """ To fll!d NI mon: aboul lhc: m011C1lce of !he 
mtrJ.UOD ol 1-e m che nucrospxe ulture mcd.!um "e tll3dc kd m.J+..:r ,porc ~uttures ~tlh no f-c. 0 .015x 

U Sx O 7h. b and 2 .. h1ce (hf'e bemg lh< rn tal QI>CCUU>UOII of Fe~• · EIJTA J7 3 mYJ U>«l 1n lhc <u hure 
ID'!duun al aathcn 2.ad •wbtcd nna porU) fk prncocc of cln:uon-dc'n..c mdtbt(Jib on tht cdl "all and 
the numbt'r o( C' '0-ll ~ tr tur tf L'i) and pcm ;md tot.JI pWnts oblamc:t.l \\llh th~ d1fh:rent concentr:mon.s 
wc:rr C\a..luah.1J lncf iOm -."C'Tc noc ~ tXJ 10 tht ceU v.-all ""btn o 75'" or kN-l-'T Ft t:onc~tratioo wcrt uSt.-d \\bcn 
hiJbn e o1ra11on of h:: \lo etc uscd 1n !he culture ~tum. ho\.\~Cf. mdu\tOOS \\tr~ \htblc 1n lbe '>'alb The 
I"C •J po11ts accurrwlatcd tn the mtmc dcmon tr.atcd that "e •ere mmg an e'(CC'$SI\C concentrauon of Fe m the 
bOLJ nutrotopot'C culture mcd.Jum. v.h11 .. b ma,. """'·11 he.: tox.t..: to thc cmbJ)<>gt"nh .. de'telopment of the 
mk.'ll AJklf"tJ rbc C'\oalw.tuJD: 1 lhC' nurn.ba" r EU, gfct"D and albJn(l pl3nb rc:gtncrated fmm mu;~pc:w-r cullur~ 
uun¡ dúrtrcnl cuoccntrJIIOfl o( Fe: u L tlh.at the C•pumum conccnttaunn t> ben-.ecn 0 .'75x and 1 x 

1 A~llll..ll A M \ 'ALI.f·.S, \1 P. & CISTüE L 2UOIJ C mpamun ofanlhcrs and ISolar<d m•crospore cullurcs 
m hariC') I:ric~o.'b ol tulturc dm,•ty JOd re~cncnuoo mcdtum. Eupb)tica. 11 ~ . l· . 

KASIIA, K J . ZlAl IJDI, , A & CHCJ. 1 11 1990. I!Jp!Oid> 1n c<ROal ¡mpro-e1ncnr: >.nlher and llllcrosporc 
u hure: In J f.t C,ú\t.l(j,OO (cd ) Ge:ne \Tani pul<llioo hl Plantlmprmement 11 pp !13-235 . Plmum Press. 

"""""' Yor~ 
01.\f~. ¡; L 1?91 h.ol.tuun IIPd ~.:uhnatwn of emhr)ogcnn.: nun~port!!i rrom b:arlcy (1/nrdt'um t·ulgart L) 

ll<r<d. 11 s n ·266 

lnfluencc of uluminum treatments on the nndrogcnic 
dcvclopmcnt of "hcal microspores 

Bakos, F. 1
; Oarkó, É. 1

; Szabó, L.2¡ Ambrus, H. 1
; Gáspár, L. :. & Barnabás, 8. 1 

1 Ag.ri~.:ullurnl Research lnsututr.: ofthe llungarian Acadcmyo(Sciences. Martonvásár, Hunga.ry. 
'Agncullural B•orcchnology Ccnrer, Godo !lO, Hungary. 

1 Dc.:partment of Plant Physiology. ELTE Universuy. Budapcst, Hungary. 

The m \'Uro microspore sclcction 1> a \\ idcly uscd melhod to improve stress tolerance of plants . 
lnve)Ugauons wcre also performt.~d from wheat microsporcs to dc\elop aluminium-tolerant dihapl01d plants (Karsa1 
l't al, 199-t. ll.tmabas ct al 2000)- In spuc of this. till now. no exact information is available aboutthe effects of Al 
dunng m1crospore development. Itere. data are prcscntcd on thc ccll division pattcm, the viability of the wheat 
macro~porc~. thc c.:mbryoid formation ant.lthcir green plant regenerntion undcr Al stress condition. 

For tlus. whe.11 nnthcrs contninmg m.1inly LU microspores wcre cultu red in liquid MMS3 at pH 5.8 and 
:11 pll4 .0 wllhout Al (for con trols) and wllh 300 or 00 ~LM Ah(SOo~)J. The cu ltures were incubatcd at 26 °C under 
!()11 d1m hght (50 ~mol m -l s- 1). ffiA ami DAPI staming werc applied for determining the viabil ity and thc 
devclopmeutal stagcs of thc microsporc dcnvcd struciUrcs. The cytological structurc of thc microspores was 
CJb~crvcd by TEM. Since Altoxicity strongly depcnds on pll of the culture mcdium duc to changing its so lu bi lity. it 
was ncccss:1ry to determine the pll and thc free Al(ll l) conccmration - by using Morin-speclrofluorometry - of the 
culture media 

No signtficant diffcrcnce was found in thc microsporc developrncnt during thc cultivation pcriod, whcn 
Al was not prcsen t 111 the cultures cithcr at pi 1 5.8 or at pJ-1 4.0. 

At thc 61
h da y after initiation of anthcr culture. 20-30% of the microspores wc re viable showing typical 

bicellular s truc:turc with star-likc cytoplasm. No sagniflcan t difference was found in the viabili ty bctwecn thc Al
trcatcd and control cuhures, probably because the Al could not penctrate Lhrough thc intact an thcr walls. By the 13th 
da y. whcn most cclls of the amher walls were perishcd, thc rmio o( viab le microsporc deri ved structures wcrc 20% 
lcs'i in t.he cu ltures containing Al than 111 thc controls Aftcr thi s time, howcvcr. duc to the intensivc ccll metabolism 
.md prohfcra tion. thc pH of the culture mcdium was incrcascd and by the cnd or 4lh wcck approximately pH 5.0 
was reachcd cven in thc culture media containing Al. lllis mcchanism can contributc 10 c limina tc the toxic ef(ecLS 
of Al Sincc al pH above than 4 .5, the prccip1lalaon of Al is predictable resulting in a decreasc of Al toxicity, thc 
nmount o( free (toxic) Al(lll) form was chcckcd in thc cu llurc mcdium Respective! y, 37 and 295 )lM free Al(lll) 

320 Polen 

• 

t \lül~ 

K>\R A• cr•l 199-1 J . Genet Brffd. ~ · :IS'·:I'\ 
B·\R. 'ABAS eral ~000 J. Plan! Ph)'iol. Lb l~o- 1:\5 

In I'Úro seleclioo of mnize micro pores to improve O"l.idnth·e tr tolernoce in plants 

Ambrus, H. 1; Darkó, E. 1; Szabó, L.2
; Bakos, F.' .t Bamabás, B.' 

1 Agm:ultural Rc>ca.;_ hIn Utut(O(thc HungariJn Ac3dtm) ol "~i~h."eS.. ~bnf•m.b.U", Hungar) 
Agncullural B•ora:hnolog} Ccnlcr. G<ld lió, Hung>l) 

Nov.aduys. onc of the ~~ unportant 31ffiS •n agnculturt tll w 1mpmvt Jhl,llll': 11nd hll"lll~ ~tre 

toler.utcc of crops. lt 1S posstble by mere smg 1he :tnunx.ldJ:nt c.Jractty of pbnb be ·nu~ mo.,t ab10l1(' Jnd btl)(ll. 

~Lres~cs mduce oxidati\t darruge. Since thc genes of mo:<~t :tnltO\.Jdant cnzymc~ oUT al>a t \prc:\ ro dunng. 
androgene is, 1he uninucleate micrns-porc~ tUT ~uiuble f01 s<Je¡;ung 0'<1d311\t s-tr~K~ res1 t:lnl hn~.s In thc
Agricultural Rcscarch lnsútu te of thc Hunga.rian AC3dtmy of . ien~. dficient. repmduci~k anther ~ullure 
metbodologic:s for nta1zc and "hcat haH: ~ clabornlcd (llamabás 2003). In n1aazc th1s nK"-Lhod v.J.s u.>ed to um 
out m \'Uro mic~porc selection m the presencc of v:mOU!t oxadah'e str~ ttmu!Jt~ {pamquat , l
buthylhydropcro:(lde (BHP). menadíonc.-. nbofttvm+ metluon1ne) 

Thc sclective compounds (tn \'3nous conccntr.liiOn ) \\ert apphcd hoth m the mducuoo and plant 
regencrauon phascs of an ther cu lture. In each treatmcnt 2000 nnthcr wcrc used 

Superuxidc radicals den ved rrom paraqu:u (Pq. u cd at O 5. 1 and 5 ~M con rnlniUon) si~nafkantly 
reduced bolh thc haplo1d anductton and thc regencrauon capacuy. In the dcHiopmg nuc~por le:, tarch 
accumulation was obscrved. In the case of pal"3qunt 5 ~lM conccntrnnon W3S lethal for lhe mic~porcs U>~ng O S 
or 1 )IM Pq 15 fcnile, dihaploid plants cou ld be n:gcneratccJ Tbc supero:<idc rad1 als produced hy menad10n at50, 
1 OOJJ.M and 1 mM conccntrations. affccted especial! y the dcgcncration of thc nuclci uf mJcrosporc.s. \\rluch ca u sed 
low anther induction and rcgcocr.tuon Riboflavin wn also apphcd al 1,10, and 100 J1M conccntrallon along wuh 
methioninc in light condition. o cffect was observcd :11 1 and 10 ¡.!M, but considcl"3ble rcdu uon was detectcd at 
100 p.M . But in thcsc plants duc to nn assynchronous flowcring abnormal planl rcgcncrallon wa~ ob crvcd Al 10 
~M riboOn vin. howcver. 10 fcrtilc dihaplo•d plnnrs could be produccd. The I· BHP, o lip•d peroxide, had lO be 
applicd at 0. 1, 1 and 1 O mM conccntrauon 10 rca han cfficicnt sc lection, resuhing in 1 O ferulc dahnploid plnnt 

Furthcr mvcstigations, espec inlly uhrnstructur:tl annl)·!!.is. are canicd out to gct new mformnuon about 
thc cffccts of diffcrent se lccting compounds. on microsporc dcvelopment 

BARNADÁS. D. l>r'olocol for producing doubled haploid plants fmm anlhcr cultures of "heat (Truirum flt,m•um 
L.). In: M. Moluszynski. K. J. Kosha. ll . P. l'osrer & 1 Suuc¡ko (cds) . J)oublc-d haplold production In crup 
plants. A manual . pp. 65· 71 and 103-108 Kluwcr Acad Pub! Dordrechr 

This work was supponed by a grant from National Scicntific Rcscarch Fund (GmntNoT037391) 
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