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Fig 1. Phylogramsfthe homeodmainlocus(A) and pheromore/receptothomologues(B) in 8 familiesof
Pucciniale: Araucarbmycetacea€oleospoiaceaeMelampsoaceaePhragnidiaceaePucciniaceaeSkierkacae,

SphaerphgramiaceaandZaghouaiaceaeGenesatthe homeodoman locus( and ) aresuspectéto

regulatematingcompatibility in rustfungi andarepresentn all suborderf Pucciniales.

https://cbi.org/10.1371durnal.ppal01043%y001

mutation havedrivenvirulenceof rust fungiin agriculturalsystem¢$9+11].A strategyto con-
trol heteroeciousust fungiis the removalof alternatehoststo preventsexuateproduction
[10,12].Neverthelesgenotypicdiversityincreasedn populationsvheresexuateproduction

wasrestricted[13+16],with rust fungi hypothesisedo exchangaucleibetweerdifferent

clonesin aprocesgermedsomatichybridisation.
Somatichybridisationcombineghe advantagesf asexuateproductionby preservingsuc-
cessfuhaplotypego minimise recombinationload,and of sexuateproductionthroughnew
combinationsof alleleghat mayincreasditness swapdeleteriousllelesandevadeesistance
allelesn hosts.Thesebenefitshaveimplicationsin managingdiseasesausedy rustfungi[17].
Somatichybridisationis an exceptiorto normallife cyclesWe discusseveratompeting
hypotheseto explainhow sharedhaplotypespreviouslyusedasevidenceo supportsomatic
hybridisation,occurin differentgenotypeswWe providethe minimum criterianeededo sup-
port somatichybridisationoversexuateproduction.

Evidence for somatic hybridisation in rust fungi

Rustfungi havecomplexand plasticlife cyclegFig 2A), with sporestageslassifiedy their
ontogeny[18]. Teliosporesarethe siteof karyogamyand meiosisBasidiosporespread
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Fig 2. Potential models for exchange of nuclei in life cycles of rust fungi. (A) Thestandardsexualife cycleof
macrocylic, heteroeciosrustfungi. (B) Exchang of nucleiin sexualeprodudion with haplotypefertilisedby
spermata. (C) Hypotheticalexchangef nucleibetweerdikaryotichyphaeof rustfungiin somatichybridisation.(D)
Hypotheticalexchangef nucleibetweermonokaryott anddikaryotichyphaein di-mon mating,whether(i) nuclei
from thedikarydtic hyphaeof afertilisedsperm@onium/aeium aredonatedto an unfertilisedspermogoniumor (i)
nucleiaredonatedto potentialmonokaryotic hyphalgrowth.Multiple pathwaysn theillustratedfigureleadto
identicalgenotypeén bluerectangle.

https://cbi.org/10.1371durnal.ppal01043%002

recombinanthaplotypedo newhosts.Spermogoniamplify haplotypedy mitosisto fertilise
otherspermogoniaAeciosporesreproducedafterplasmogamyndspreachewdikaryotic
genotypesUrediniosporesrethe clonalstagethat produceinoculumto spreadonegenotype.
Differentsporestage$iavebeenlostandgainedor takenon newroles,usuallyfor sexual
reproduction,multiple timesin the evolutionof rustfungi[19,20].

Somatichybridisationis a proces®f reassortmentvithout meiosis(specificallykaryogamy,
meiosisandplasmogamy)21]. A nonexclusivéiypothesiss that nucleiin somatichybrids
undergomitotic recombinationin the absencef meiosig14,17,22]Mitotic recombination
hassomeof the benefitsof sexuateproduction,with changeso genotypicdiversitythrough
lossof heterozygositandstructuralrearrangementf23].

ParkandWellings[21] reviewedknowledgeof somatichybridisationin rustfungi,
highlightingevidenceof somatichybridisationin severataxa.Genomesequencingpassince
providedevidenceof somatichybridisationin 2 cereakustfungi. Li andcolleaguef4] con-
cludedthatidenticalnucleiin 2 differentracesof wasevidenceof nuclear
exchangdetweerR dikaryons Wu andcolleaguef?5] assemblethe nucleiof 2 parentsand
aputativehybrid of andhypothesisethat the mechanisnof somatic
exchangevaslinked to matingloci.

Somatic hybridisation is best supported with knowledge of phased parental
genotypes
Somatichybridisationis oneexplanatiorfor the occurrenceof identicalnucleiin 2 different

dikaryoticgenotype®f aspecie$24]. An alternatehypothesissinherentin thelife cyclesof
rustfungi; onespermogoniahaplotypemaybefertilisedby manyspermatiawith different
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haplotype$26]. In this casesinglehaplotype®ccurin severatlifferentgenotypestthe same
pointin time [26] (Fig 2B).

Li andcolleaguef?4] phased:ntire nucleito showtheywereidenticalin 2 differentgeno-
typesHowever this approachcould not rejectpossibilitieghat spermogonialonatedhaplo-
typesto multiple genotypeshroughanormal sexuakycle.ldeally,original genotype®f both
uredinial parentsin asomatichybrid shouldbeknown,andsampledrom the point of hybri-
disation,asdesignedy Wu andcolleaguef5]. Themitotic recombinationmodelcanbevali-
datedif parentalhaplotypesreknown, asnucleiin hybridswould bemosaicf the 2 nuclei
from eachparent.

Opportunities for exchange of nuclei in rust fungi

Rustfungi havelimited myceliumandlackclampconnectionghat ensurefidelity of dikaryotic
nucleiin growinghyphaeof otherBasidiomycotd27]. Somaticexchangenayoccurfrom
multinucleatehyphaeformed by anastomosed 4], asdemonstratedn

[22]. Di-mon mating,in whichmonokaryotictips of hyphaeinherit newnucleifrom different,
dikaryoticmycelia[27], hasasimilar geneticoutcometo somatichybridisation,excepthat
only onenewgenotypds produced.Somatichybridisationand di-mon matingarehypotheses
for nuclearexchang@amonghyphae(Fig 2Cand 2D).

Proposed criteria to determine genotype origin

To distinguishsomatichybridisationor di-mon matingfrom sexuateproduction,the follow-
ing guidelinesarerecommended:

1. rejectnormallife cycledo showneedfor somatichybridisation,suchasby absencef an
alternatehostor haploidlife cyclestage;

2. phasenaplotypeof putativedikaryotic parentsand estimatehaplotypefrequencyin
populations;

3. identify phasedreciprocaldikaryoticgenotypessproductsof nuclearexchangén somatic
hybridisation;and

4. reconstructnetworkgenealogpf reassorte@dndparentalhaplotypedo showthat F1 haplo-
typesarenestedwithin the genealogiesf onehaplotypein eachparentaldikaryon.

Without critical assessmerf alternative andsimplerhypotheses life cyclesof rust
fungi, werisk misunderstandingathwaygo genotypicdiversity.Furtherstudieson life cycles
arewarranted particularlyto explorereplicationandinheritanceof nucleiin haploidstage®f
rustfungi.
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