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Preliminary Studiesof in vitro Stimulation of Sexual
Mating amonglsolatesof Mycosphaerellajiensis, Causal
Agent of Black SigatokaDiseasen Bananasand Plantains

Ebimieovei Etelu, CorneliaPasbeg-Gauhl, FriedhelmGauhl
andLloyd Ayibo Daniel-Kalio

Single-ascospore-desdd isolatesof Mycosphaeglla jiensis Moreletfrom falsehorn'Ag-
bagba' plantain leaves obtainedfrom ve different villages in southernNigeria were
stimulatedto mate under arti cial conditions. Pairs of isolateswere incubatedunder
blacklighton potatodextroseagar (PDA) with surface-sterilizeglantainleavesor on PDA
with autoclared plantainleaves. Someisolateswere obsenred to be sexually compatible
by their ability to producesphericalto bulb-shapedfruiting body structures(FBS) and
ascosporesnpairing. FBSwereobsenedto measurdetweer89-65 m (smallestliameter)
and 39-104 m (largestdiameter;mean55.3 71.1 m) in diameter whereasascospore
lengthsmeasuredetweenl3.0and14.9 m. Lengthof incubationtime requiredfor FBS
productionwasdependenbn the pair of isolatesnvolved, the averagebeing40.1days.With
somepairs,ascosporewereobsenedafter35 daysof incubation.

KEY WORDS:Mycosphaeglla jiensis; mating;sexual reproductionplack Sigatoka;Musa
sp.

INTRODUCTION

Black Sigatoka diseasecausedby the ascomycetdungus Mycosphaeglla jiensis
Morelet is the most destructve leaf spot diseaseof plantainsand bananas.M. jiensis
producegpseudotheciaascosporeand conidiosporegroli cally on plantainandbanana
leaves. The major sourceof inoculumfor infection is ascosporeslischagedfrom older
infectedleaves(6,9). Yield lossedueto this diseaseon plantainsandbananasave been
reportedo be betweer?0%and90%(1,4,10,14,20).

Althoughresistanceo black Sigatokadiseasénasbeena breedingobjective for mary
years(1,16,21),knowledge of the pathogenigotentialof the pathogemandits capacity
for sexual reproductiorandgeneticrecombinatiorhasnot beenspeci cally addressedb).
Studiesof the geneticstructureof M. jiensis on a global scaleshaved that populations
canmaintaina high level of geneticdiversity andthat recombinatiorplaysanimportant
rolein this pathogern(2,3). Furthermorereportsontheappearancef strainsof M. jiensis
resistanto differentfungicidesabound(1,15,17,19).
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Knowledgeof geneticrecombinatiorof M. jiensis is thereforeimperatie for black
Sigatoka breedingand resistancemanagementsince recombinationdeterminesthe ap-
pearancef new genotypedreakinghostplant resistancer developingtoleranceagainst
fungicides. However, this canbe achiesed by rst stimulatingthe pathogento undego
sexualreproductiorin vitro. M. jiensis growsslowly oncommonculturemedia.Although
pseudotheciare producedabundantlyin the eld, very little is knowvn aboutlaboratory
studiesof sexual reproductionof M. jiensis. In 1990, for the rst time, Mourichon
and Zapaterreportedpseudothecidrom sexually compatibleM. jiensis isolatesunder
controlledconditionsin vitro (11). However, theseauthorsdid not reportthe harnestof
viable ascosporesbtainedin vitro. Sincethen,to the bestof our knowledge, no other
work hasbeenpublishedon in vitro sexual studiesof M. jiensis. Mengistuetal. (7)
describedifferentmethodsto achieve sexual matingandthe productionof ascospores
vitro with singleascosporésolatesof LeptosphaerianaculangDesmaz.)Ces.& De Not.

Thereis a needfor more reliable and repeatablemethodsof ascosporgroduction
for controlledmatingand geneticanalysis. This work aimedat gaining moreinsight on
M. jiensis usinga simple methodologyand compatiblepairsto stimulatesexual mating
amongM. jiensis isolatesfrom southerrNigeriaunderarti cial conditions.

MATERIALS AND METHODS

Media preparation Potatodextroseagar (PDA; Difco, Detroit, Ml, USA) from dely-
dratedpowder was preparedand sterilizedaccordingto the manufcturers speci cation
and plantainleaf pieceswere added. Unexposedpartsof 'Agbagba’ falsehorn plantain
leaves which had not unrolled (forming a “cigar’) were taken from plants already
establishedn the eld. Leaveswerecutinto smallpiecesof 2 cm andprocesse@s
follows:

(i) PDA with surface-sterilizedblantainleaves (PSL): Four surface-sterilized0.88%
sodiumhypochlorite,7 min) plantainleaf pieceswere dippedin moltensterile PDA and
placedon top of alreadysolidi ed, sterilePDA in eachglasspetridish.

(i) PDA with autoclared plantainleaves (PAL): Insteadof surface sterilizing, leaf
pieceswere put into glasspetri dishescontaining 40 ml PDA eachand autoclaed.
Beforethe PDA solidi ed, leaf pieceswere extractedfrom the mediumwith forcepsand
four pieceswereplacedontop of alreadysolidi ed PDA in eachglasspetridish.

Fungal Cultures Single-ascospore-degd isolatesof M. jiensis from ve villagesin
southerrNigeria (Table 1) weresubculturecon PDA at 25—-29 C for 10—20daysin order
to obtainactively growing culturesfor matingexperimentsMycelia of themostvigorously
growing isolatesverescrapednto smallquantitief steriledistilled waterto form separate
suspensions.

Aliquots (2 ml) of the fungal suspensiomf eachselectedsolatewere mixed with
aliquotsof eachof the othersin separatepetri dishes. Suspensiommixtureswere then
placeddirectly on top of thefour leaf pieces(PAL or PSL)in petridishes.Thenthe petri
disheswere sealedwith Para Im andincubatedfor 56 daysundercontinuousblacklight,
producedby two Sylvania uorescentlamp tubes(F40/350BL) x ed 40.5cm above the
cultureplates.Eachpair of isolateswasthusculturedfour times(replications)n the same
petridish permedium.Temperaturgavasmaintainedoetweer25and29 C.

After 21 daysof incubation,the top of eachpair of cultureswasscrapedandviewed
undera Leitz Laborlux S microscopex20 tted with a Leica Wild MPS 52 camerafor
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TABLE 1. Villagesselectedor the samplingof singleascosporésolatesof Mycosphaeglla jiensis
onfalsehornplantainAgbagban southerrNigeria, 1995

Village State Latitude,N Longitude,E IsolateNo.

Onne Rivers 4 43 711 542

Kpite Rivers 4 44 7 18 573

Igho a CrossRiver 5 30 8 05' 639,645,
650,653

Umoghun Edo 5 59' 5 57 848,853,
854,862

Omotosho Ondo 6 47 4 38' 803

thepresencef asci,ascosporeqseudotheciaand/orotherfruiting bodystructuregFBS).
Thenthe plateswerereseale@ndincubatedor re-examinationafter28,35,42,49 and56
days.

Exp. 1: Stimulating sexualreproduction among isolatesof M. jiensis on different
culture media Mycelia of isolates639, 645, 650 and 653 from Igho a and isolates
848, 853 and 862 from Umoghunwere paired with mycelia of isolate 854 also from
Umoghun(Table 2). Isolate854 wasusedasa partnerof all the otherisolates,because
in earlierexperimentst hadalwaysproducedhe mostvigorouscultures.In otherwords,
culturesfromisolate854grew fasterthanculturesfrom otherisolatesandalwaysproduced
conidiosporegarlierthandid otherisolategunpublishedlata). Suspensiomixtureswere
placeddirectly on top of the four leaf piecesof both media,PAL or PSL,in petri dishes.
Growing cultureswereevaluatedasdescribedbove.

Exp. 2: Compatibility amongisolatesfromthe vevillages Singleascosporésolates
of M. jiensis from ve villageswereusedto pair every isolatewith eachother(Table 3)
andplatedonto PAL, incubatedandevaluatedasdescribedabore. Only PAL wasused,
sinceit waseasierto prepareandhandle.Additionally, previousresultsdemonstratethat
therewasno differencen thematingof M. jiensis whenusingPSLor PAL.

RESULTS AND DISCUSSION

Isolatesfrom Umoghunand Igbo a were selectedfor Exp. 1 becauseahesevillages
were most distant from each other (Table 1). Carlier et al. (3) and Miller et al.
(12,13)reportedthatisolatesfrom distantareasveregeneticallymoredifferentfrom each
other than isolatescollectedfrom more closely locatedareas. In Exp. 1, four of the
seven combinationsof arti cially pairedisolatesproducedFBS after 21 to 35 days of
incubation(Table 2), indicatingthat somereproductve processe$ollowed pairing under
theconditionsmentioned.To the bestof our knowledgethisis the rst time that(partially)
compatiblepairs from isolatesof M. jiensis producedFBS and ascosporesinderthe
describectonditionsin thelaboratory In the materialscrapedrom fungal coloniesof pair
650*854,FBS werealwayspresentjrrespectve of medium. Pairs 639*854and650*854
produced-BSalsoonbothmedia,whereapairs853*854and653*854produced-BSonly
on PAL or PSL, respectiely. Of the four pairsthat producedFBS, threealso produced
ascosporegTable 2). Pair 639*854 producedascosporesn both media, whereaspairs
853*854and653*854producedcascosporesnly on PAL or PSL,respectrely. However, it
is alsopossiblethatarti cially pairedcultureswithout FBS or ascosporewserenot given
enoughtime to produce(or not) fertile perithecia.
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TABLE 2. Formationof fruiting body structuregFBS) and/orascosporeamongsingle ascospore
isolates of Mycosphaeglla jiensis from southernNigeria on different culture media, under
continuousblacklightat26—-29 C, 1995

Pairs Incubationtime (days)
21 28 35 42 49 56

PAL
639*854 - + +X - + -
645*854 - - - - - -
650*854 + + + + + +
653*854 - - - - - -
848*854 - - - - - -
853*854 - - X - - +
862*854 - - - - - -
PSL
639*854 -
645*854 -
650*854 +
653*854 -
848*854 - -
853*854 - - - - - -
862*854 - - - - - -
PAL: PDA with autoclaed plantainleaf pieces;PSL: PDA with surfacesterilizedplantainleaf pieces.

- NeitherFBSnor ascospore()bsered.

+ FBSonly obsered.

x Ascospore(spnly obsered.

+x Both FBS andascospore(9)bsered.

+

+ o+
I
+
+
+

TABLE 3. Formation of fruiting body structures(FBS) and/or ascosporeamong ve single
ascosporésolatesof Mycosphaeglla jiensis from southermNigeriaafterincubationon PAL , under
continuousblacklightat 26—-29 C, 1995

Incubationtime (days)

Pairs 21 28 35 42 49 56
650*542 + + + + +
650*573 - - - + +
650*803 - - - - -
650*854 - + +X + +
542*573 - - - - - -
542*803 - - - - - -
542*854 - - - - - -
573*803 - - - - - -
573*854 - - - - - -
803*854 - - - - - -
PAL: PDA with autoclared plantainleaf pieces.

- NeitherFBS nor ascospore()bsered.

+ FBSonly obsered.

+x Both FBS andascospore(g)bsered.

All thepairsinvolving isolate650produced-BSin Exp. 2 (Table3). In fungal material
scrapedrom colonies650*854, ascosporesvere alsofound after 35 daysof continuous
incubation(Table3). Theotherpairsof isolatesdid not produce~BS and/orascosporedn
addition,during Exp. 1, pair 650*854wasthe only onewhich on all obsenationdatesand
on bothmedia,FBSwerealwaysfound. This suggestshatisolate650is sexually different
from and(partially) compatiblewith the otherisolates.
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TABLE 4. Incubationtime (IT) for productionof fruiting body structure§FBS)from differentpairs
of Mycosphaeglla jiensis afterincubationundercontinuousblacklightfor 21-56daysat26—29 C,
southermNigeria, 1995

Pair MeanlT for FBS production
(days)

650*542 28.0a

650%854 33.3ab

650*573 47.3bc

650*803 56.0c

Meansfollowedby acommonletterdo notdiffer signi cantly at P=0.05accordingto Duncans Multiple Range
Test.

Fig. 1. Mating betweersingle ascosporésolatesof Mycosphaeglla jiensis in vitro. Top, fruiting
body structurebottom,releasediscospore.

It wasinterestingto notethatif ascosporesvere producedthey wereobsened after
35 daysof incubation,irrespectve of the mediumandisolatesinvolved (Tables2 and 3).
As incubationtime increasedascosporewereno longerobsenedfrom thesepairsor ary
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otherpair. Undernaturalconditionsit takesabout42 daysfor ascosporeto be produced
in vivo in falsehorn Agbagbaplantainleaves(6). MourichonandZapater(11) inoculated
young bananaplantsin the greenhousevith differentpairsof M. jiensis and obsered
formationof pseudotheciapproximatelys weeksafterinoculation.

Of the seven pairs that producedFBS (Tables 2 and 3), four pairs representing
57% also producedascosporesindicating that the FBS were fertile. Exceptfor these
combinationswhich producedascosporesno complete compatibility was proven for
the other combinations. It seemsthat sexually compatibleisolatesrequire a certain
developmentperiod before pairing and conditionssuitablefor mating. Mourichonand
Zapater(11) reportedalsocaseof sexual incompatibility betweenisolatesof M. jiensis
upon pairing in vitro. Thus, sexual matingamongM. jiensis isolatesdependson their
sexual compatibility, i.e., two differentmatingtypesmustuniteto completea sexual cycle.
M. musicola a closelyrelatedfungus,hasbeenreportedo be heterothallicalso(18).

Althoughfour pairsproduced=BSin Exp. 2 (Table3), theincubationtime requiredfor
their productionvaried signi cantly (P=0.05) between28 and56 days(Table4). Stover
(18),working with M. musicola obsenedpseudothecia banandeavesafter4 to 6 weeks
of inoculationwith paired ascospore®r conidial cultures. The signi cant differences
obsered could be dueto their innate geneticcomposition,which probablyaffects their
rateof geneticrecombinatiorwhich occursduringsexual reproduction(1,2,3,5,12,13).

Sphericalto bulb-shapedFBS (Fig. 1, top) and ascosporegFig. 1, bottom)were
obsened, resemblingrespectiely pseudotheciandascosporesf naturallyoccurringM.
jiensis. While diameterof FBSfrom combination®f arti cially pairedisolatesneasured
betweer89-65 m (smallestdiameter)and39-104 m (largestdiametermean55.3-71.1

m; n=18),ascosporekengthsmeasuredetweenl3.0and14.9 m (Fig. 1), respectiely.
Measurementef diameterdor naturallyproducedpseudotheciaangebetweerb0 and85

m (mean63 m) andlengthsof ascosporemngebetweenll.5and15.6 m (meanl3.7

m), respectiely (8). Theresemblancef obsernedFBSandascosporet thosedescribed
by MeredithandLawrence(8) asoccurringnaturallywithin diseasedeaf tissuessuggests
thatsexually compatiblepairs,matedin vitro, mayhave gonethroughasexualreproductie
processequivalentor similarto the naturalone.

In summary it was shavn that sexually compatibleisolatesof M. jiensis can be
stimulatedto reproducesexually underarti cial conditions, as proved by their ability
to produceFBS and/orascosporesipon pairing. Incubationtime requiredto produce
FBS amongpairsvariedsigni cantly (P=0.05) between28 and56 daysfrom pair to pair
dependingon theisolatesinvolved, indicatingthat therearedifferencesn fertility among
isolates. Single ascosporesbsenred after 35 daysof incubationcould not be hanested
becausghereweretoo few of them. More researchs still neededo increasehe capacity
for pseudotheciandascosporg@roduction.
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