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CuctemaTuKa U ¥XKU3HEeHHbIN
umnkn Microbotryum

Kingdom: Fungi

Phylum:  Basidiomycota

Class: Microbotryomycetes

Order: Microbotryales

Family:  Microbotryaceae

Genus: Microbotryum

Species.

Microbotryum violaceum
(Pers.) G. Deml & Oberw., (1982)

Synonyms f

. . 2 Life cyche of the anther smut fupgus Microbotryum violocewn (adapied from reference 78). Diploxd wliospores are produced in th
USI | agO Vi Ol acea (Pers_) ROU%I, (a) and are wransmitted by pollinators (b) oo a heahthy plant (). The whiospores germinate, undergo meiosis, and produce yeast-lik
(d). Conjugation wakes place on the plam berween sporidia of opposite maung wypes (e). Dicaryotc hyphae grow in the plant () an

(1806) ler in vegerative wssues (2). The following year, infection s systemic (h}, and all flowers produce teliospores (a).



CumnTOMBbI 3apa*KeHUA — CNOPOHOLLUEeHUe Ha NbIbHUKAX: Saponaria officinalis
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Coronaria flos-cuculi




[MpoueHT 3apaxKeHna ANKUX Nonynaunm
npeactasutenen cemencrtea Caryophyllacea — A.KapanemsH.

IIpocmotpeno
Pacrenue - xo3smy [Tonmynsauuu pacTeHui 310poBbIE 3apakeHHbIE
Saponaria officinalis L. I 266 86,0% 14,0%
I 58 5,0% 95,0%
1l 235 85,0% 15,0%
A% 208 76,0% 24,0%
Vv 84 75,0% 25,0%
Slenealba (Mill.) E. H. L. Krause. I 185 88,0% 12,0%
Il 17 63,0% 37,0%
1 327 86,8% 13,2%
A% 140 97,8% 2,1%
Dianthus superbusLL. I 176 93,7% 6,2%
I 4 0% 100%
1 60 83,3% 16,7%
Vv 37 78,4% 21,6%
Sellaria holostea L I 88 59,0% 41,0%
[l 100 64,0% 36,0%
Coronariaflos-cuculi L. I 226 22,1% 77,8%
Il 91 96,7% 3,3%




HeHckui upetok Silene alba (Mill.) E. H. L. Krause. P

He noparkeHHbI M. violaceum TloparkeHHbIn M. violaceum
— pa3sumue mblYUHOK 8
pe3ysemame UHpeKyuu




Cnopbl Microbotryum




Silene alba

%15, 868 lmm B129




Saponaria officinalis

%14, 888  1am 9140




Yem Microbotryum npusnekaTteneH Kak o6bekT
n3yyeHuna?

JcTeTUYecKaa NPUBAEKATENbHOCTD;
J1erkoctb KyNbTUBUPOBAHUA;
[loBCceEmecTHOEe pacnpoCcTpaHeHUE;
OnddepeHumaums Ha mMHorue pacbl (mnogsunAabl, BUAbI),
NapasnTMpyloLLMe Ha pa3HbIX BUOaxX XO3A€B;
Pa3paboTaHHble MeTOAbl FTEHETUYECKOIO U
MOJIEKYNAPHO-TEHETUYECKOrO N3YYEeHMUA;
Hannume «nonoBbIX» XPOMOCOM;
BHyTpUTEeTpagHOE on1040TBOPEHME.



Yem Microbotryum npusnekaTteneH Kak o6bekT
n3yyeHuna?

JCcTeTnyecKan npmnBaAeKaTe/IbHOCTb,

J1erkoctb Kyn1bTUBUPOBAHUA;
[loBcemecTHOe pacnpPoOCTPaAHEHME;
OnddepeHumauma Ha MHorme pacbl (moaBuAbl, BUAbl), Napa3snTUpPYOLLIME Ha
Pa3HbIX BUAAX XO3AEB;
Pa3paboTaHHblie MeToAbl FEHETUYECKOTO N MOJIEKYNAPHO-TEHETUYECKOTO
N3y4yeHus;
Hannume «nonosbIX» XPOMOCOM,;
BHyTpuTETpagHoOe ONN10A0TBOPEHME.



Dianthus superbus




Yem Microbotryum npusnekaTteneH Kak 06bekT
n3yyeHuna?

JcTeTnyeckana n pnBNEKATE/NIbHOCTD,

Jlerkoctb KY/1IbTUBNPOBaAHUA,

[loBcemecTHOEe pacnpoCTpaHEHME;
OnddepeHumauma Ha MHorme pacbl (moaBuAbl, BUAbl), NAapa3snTUPYOLLIME Ha
Pa3HbIX BUOAX XO3AEB;
Pa3paboTaHHblie MeToAbl FEHETUYECKOTO N MOJIEKYNAPHO-TEHETUYECKOTO
N3y4yeHus;
Hannume «nonosbIX» XPOMOCOM,;
BHyTpuTeTpagHoe onn1oaA0TBOPEHME.



Silene alba

Microbotryum in culture



Yem Microbotryum npusnekaTteneH Kak 06bekT
n3yyeHuna?

JcTeTn4ecKan NpuBaeKaTe/IbHOCTb;
J1erkoctb KyN1bTUBMPOBAHUA;

[ToBCcemecTHOe pacnpocTpaHeHUe;

OnddepeHumauma Ha MHorme pacbl (moaBuAbl, BUAbl), NAapa3snTUPYOLLIME Ha
Pa3HbIX BUOAX XO3AEB;
Pa3paboTaHHblie MeToAbl FEHETUYECKOTO N MOJIEKYNAPHO-TEHETUYECKOTO
N3y4yeHus;
Hannume «nonosbIX» XPOMOCOM,;
BHyTpuTeTpagHoe onn1oaA0TBOPEHME.



PacnpoctpaHeHmne Microbotryum
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Pucynok 1. Pacnipoctpaneune M. violaceum s. |. na Teppuropuu Poccuu.



PacnpocTtpaHeHue Microbotryum

O Dianthus repens @ Stellaria holostea
D \isceria splina @ Disnthus erenarius
@ Dianthus deltoides

@ Saponaria officinalis

O Silene venosa




Yem Microbotryum npusnekaTteneH Kak o6bekT
n3yyeHuna?

JCTeTuYecKana NpuBeKaTe/IbHOCTb;
J1erkocTb KyNbTUBUPOBAHUA;
lNoBcemecCcTHOe pacnpocTpaHeHune;

OnddepeHumaums Ha mMHorue pacbl (moaBuabl, BUAbI),

napasnTMpylowme Ha Pa3HbiX BUAAX XO35€EB;

Pa3paboTaHHble MeToAbl FEHETUYECKOTO U MONEKYNAPHO-TEHETUYECKOTO
N3y4yeHus;
Hannuume «nonoBbIX» XPOMOCOM;
BHyTpUTETpagHoOe oni1o040TBOPEHMUeE.



OnddepeHumauma Ha MHorue pacol (noasunabl, BUAbI),
napasuUTUPYIOLWME HA PA3HbIX BUAAX XO3AEB;
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Microbotryum violaceum sensu Jato
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Microbotryum violaceum sensu stricto
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Fic. 3. Unrooted phylogenetic tree of the Microbotryum species studied, with a gene partition model under the maximum-likelihood frrmework. The
topologies obrained with the different dara sets were all identicat The full ser of 5,726 putative orthologous genes (POGs), the 46 POGs including the
outgroup, the 5453 non-MAT chromosome POGs, and the ser of 288 non-MAT chromosome POGs with high individual beorstraps. Bootstraps
obtained using the full set of 5,726 POCs are indicated at the nodes. The root obtained with the 46 concatenated POGs including the outgroup spedes,
M. pustulatum parasitizing Polygonum bistorta, is indicated with a red arrow. The scale indicares the toral number of substitutions per base accumulated
in each lineage. Fungal species names, and host species names, are indicated. Microbotryum violaceum sensu lato applies to zll host-spedific lineages for
which no Latin name has been given, whereas Microbatryum violaceurn sensu stricto indicates the host-specific lineage 1o which this Latin name was
originally given. Pictures of diseased host plants are shown,



Yem Microbotryum npusnekaTteneH Kak o6beKT
n3yyeHuna?

JcTeTnyeckasa n PUBNEKATE/IbHOCTDb;,

J1erkocTb KyN1bTUBUPOBAHUA;
[NoBcemecTHOe pacnpocTpaHeHue;
AndodepeHumauma Ha MHorme pacbl (noaBMAabl, BUAbI), NAapa3UTUPYHOLLME HA pa3HbIX BUAax
X03f€eB;

Pa3paboTaHHble MeToAbl FEHETUYECKOTO U

MONTEKYTAPHO-TreHETUYHECKOIo naydyeHuA,

Hannumne «noN0BbIX» XPOMOCOM;
BHyTpuTeTpagHoe onnoaotsopeHme.



[eHOM
Microbotryum
CeKBEeHUpPOBaH!

Centromeric regions ( 2 O 1 5 )

D Complete chromesomes

D Chromaoscmal arms




Yem Microbotryum npusnekaTteneH Kak o6bekT

n3yyeHuna?

AcTeTUYeCcKan NPUBAEKATE/IbHOCTD;
J1erkoctb KyNbTUBUPOBAHUA;
[loBcemecTHOEe pacnpoCTpaHEHME;
OnddepeHumauma Ha MHorme pacbl (moaBuAbl, BUAbl), Napa3snTUPYOLLME Ha
Pa3HbIX BUOAX XO3AEB;
Pa3paboTaHHblie MeToAbl FEHETUYECKOTO N MOJIEKYNAPHO-TEHETUYECKOTO
N3y4yeHus;

Hannume «nonoBbIX» XPOMOCOM;
BHYTpUTeTpagHoOe on1o40TBOpPEHMe.



= XPOMOCOMbI

“ Wwrtammos al u a2
TUMOB CNapUBaHUA,
HecyLllue IOKYC TUNna

I cnapuBaHua,

Ll |

OT/INYaoTCA
MHOXeCTBEeHHbIMMU
nepectaHOBKamMM




Yem Microbotryum npusnekaTteneH Kak o6bekT

n3yyeHuna?

JCTeTMYECKaA NPUBAEKATENbHOCTD;
J1erkoctb KyNbTUBUPOBAHUA;
[NoBcemecTHOe pacnpPoOCTPaAHEHME;
OnddepeHumauma Ha MHorme pacbl (moaBuAbl, BUAbl), Napa3snTUPYOLLME Ha
Pa3HbIX BUAAX XO3AEB;
Pa3paboTaHHblie MeToAbl FEHETUYECKOTO N MOJIEKYNAPHO-TEHETUYECKOTO
N3y4yeHus;
Hannume «nonosbIX» XPOMOCOM,;

BHYyTpuTeTpagHoe onao40TBopeHme.



TeTpadbl Aaep Npu NPopacTaHUK TeIeoCcnopbl U
BHYTpUTETPaAHOE crnapuBaHue
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KoHblorauma K1eTok oaHOM TeTpaabl, HO
Pa3HOro TMNa cnapuBaHuA

ntra-tetrad mating

| |



KoHblorauus mexay K1eTkamm ogHou TeTpaabl,
HO Pa3HOro TUNa cnapMBaHUA




[locneacTBnA BHYTPUTETPAAHOTIO
ONJ1I040TBOPEHMA BblIN BNEepPBble PACCMOTPEHbI
N.A.3axapoBbim B 1965 .

VYHHBEPCHTLETA Ne U

1965  BECTHHK JEHHHTPAACKOIO

TEHETHUKA

H. A. 3axapos

FEHETHYECKME MOCAEACTBHA BHYTPUTETPAILHOTO
CNTAPHBAHHA ACKOCHOP Y APOXOKEH

Summary

The analysis of some properties of intratetrad jerlilization as revea-
"led in some yeasts and described by James and Inge-Vechiomov is given.
In successive generations of intratetrad_ fertilization the rate of
approach to complete homozygosis is slower than in the case of seil-fer-
tilization, thus the intratetrad fertilization being similar to some inbree-
ding systems. The-proportions of homozygotes in the first generation for
one gene.(a), for two non-linked genes (B), for two genes linked with
their ‘centromeres (y), for two linked: genes (6), and for gene linked with
mating type locus (&) weré determined. These frequencies of homozygosi-
ty are expressed by the equations of Rizet — Engelman and Papazian in
relation to tetrad lype frequencies (fp, fx, fr) and crossingover irequen-
cy (x).



NMybnmnkaumm N.A.3axapoBa 1965-68 rr
O BHYTpUTEeTpagaHOM cnapmsBaHumu
CTa/ZIn UMTNPOBATLCA HAYMHAA € 1998 r. —

(Antonovich et al., Int. J Plant Sci 159: 192-198 u ap.)
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Mating System of the Anther Smut Fungus Microbotryum violaceum:
Sealfing under Heterothallism_
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Guislaine Refre’gier,12and Michad E. Hoods*
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110. Zakharov, |. 1986. Some principles of the gene localization in eukaryotic
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HekoTopble pa3pabaTbiBaemble
npobnemoil:
- NYTU NHBA3UW ;
- 3BO/IOUMNA BUPYTEHTHOCTU;
-KO3BOIIOLMA NAapPa3nTa N XO3AMNHA



- NYTU MHBaA3UNWA

Fig. 3 Assignment of North American
fungal Microbotrypion lychwidis-diicae sam-
ples, collected on Sileme lefifolia, to Fure-
pean populations. (A} Map of the
samples collected in the United States
and Europe (N = 328 individuals), with
colours representing the mean member-
ship proportions inferred by sTRUCTURE
for K = 6; higher X did not allow assign-
ing more precisely American isolates to
European populations, see Fig. S1. (B)
Map of the samples assigned to the vel-
low cluster in {A) and with identical
genolypes in the United States and in
Scotland; a specific colour {yellow or
brown) has been given for each of the
two multilocus genotypes of the yellow
cluster in the USA. Colours represent the
inferred ancestry from K ancestral popu-
lations. The percentages indicated arc the
proportions of runs that found the main
solution shown here.
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- 9BOJIOKUUNA BUPYNIEHTHOCTMU,

Influence of Multiple Infection and Relatedness on
Virulence: Disease Dynamics in an Experimental
Plant Population and Its Castrating Parasite

Lorenza Buonoi,2, Manuela Lo” pez-Villavicencios, Jacqui A. Shykoffi2, Alodie Snirci,2, Tatiana Giraudi,2*

1 Ecologie, Syste 'matique et Evolution, Universite” Paris-Sud, Orsay, France, 2 Ecologie, Syste 'matique et Evolution, CNRS, Orsay, France, 3
Department Syste 'matique et
Evolution, Origine, Structure, Evolution de la Biodiversite” , UMR 7205 CNRS-MNHN, Muse ‘'um National d’Histoire Naturelle, Paris, France

Abstract

The level of parasite virulence, i.e., the decrease in host’s fithess due to a pathogen, is expected to depend on several parameters,
such as the type of the disease (e.g., castrating or host-killing) and the prevalence of multiple infections Although these parameters
have been extensively studied theoretically, few empirical data are available to validate theoretical predictions. Using the anther
smut castrating disease on Silene latifolia caused by Microbotryum lychnidis-dioicae, we studied the dynamics of multiple infections
and of different components of virulence (host death, non-recovery and percentage of castrated stems) during the entire lifespan of
the host in an experimental population. We monitored the number of fungal genotypes within plants and their relatedness across five
years, using microsatellite markers, as well as the rates of recovery and host death in the population. The mean relatedness among
genotypes within plants remained at a high level throughout the entire host lifespan despite the dynamics of the disease, with
recurrent new infections. Recovery was lower for plants with multiple infections compared to plants infected by a single genotype.
As expected for castrating parasites, M. lychnidis-dioicae did not increase host mortality. Mortality varied across years but was
generally lower for plants that had been diseased the preceding year. This is one of the few studies to have empirically verified
theoretical expectations for castrating parasites, and to show particularly i) that castrated hosts live longer, suggesting that parasites
can redirect resources normally used in reproduction to increase host lifespan, lengthening their transmission phase, and ii) that
multiple infections increase virulence, here in terms of non-recovery and host castration.

OCHOBHbIe BbIBOAbI:
MapasuT, KacTpupyoLWKMt X03AMHA, YBEIMUMBAET €ro NPOA0/KUTE/IbHOCTb }KU3HU
MHo}KecTBeHHaa UHPEKLUA yBeIMUNBaAET BUPY/IEHTHOCTb



-KO3BOJIOUUNA MaApPA3NUTa N XO3ANHAD

| BMC Evolutionary Biology il i

Research article
Cophylogeny of the anther smut fungi and their caryophyllaceous
hosts: Prevalence of host shifts and importance of delimiting

parasite species for inferring cospeciation

Guislaine Refrégier!, Mickaél Le Gac!2, Florian Jabbour?, Alex Widmer?,

Jacqui A Shykoff!, Roxana Yockteng!:3, Michael E Hood® and

Tatiana Giraud*!
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Figure 4

Comparison of plant and fungal phylogenies using a single representative per fungal species. Representation ¢
the associations between Caryophyllaceae {left) and Microbotryum (righc) with the a priori least congruent combinauons
berween all possible resolved topologies for host and parasite trees, using 2 single representative per fungal species {with
‘MinT" topology for the plant tree, and 'Bl" topology for fungal tree, See Table 3). See Fig. 3 for symbol legend.




Silene latifolia, S. dioica

Bpema ansepreHummn sBnaoB
X03AnHa — 0.99-11.0 maH ner;

Bpema amsepreHumnn BMaoB
natoreHa 0.42 mnH nert
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Fic. 1. Hybrids and strains resulting from ¢ross-species disease ransmission identified using the model-based Bayesian clustering algosithm
implemented in the INSTRUCT program. {A) Membership proportions (g} in X = 2 clusters were inferved for 1028 multitocus microsateliite
genotype of M. lychnidis-dioica (MvSI) and M. silenes-dicicae (MvSd) collected on Sitene latifolia and S. dioica. Each genotype is represented by
a thin bar, parttioned into segments representing membership proportions in each cluster. Hybrids and strains resulting from cross-species
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