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A new species of Antherospora supports the systematic placement of its 
host plant

Abstract: Tractema verna collected in the United 

Tractema verna shows similarity to Antherospora eucomis, A. scillae, A. tourneuxii, A. 
urgineae, A. vaillantii, and A. vindobonensis but differs in spore size range, spore wall thickness, host plant genera 

species, Antherospora tractemae Scilla S. verna
moved to a distinct genus Tractema Antherospora tractemae is sister 
to the lineage of Muscari-parasitizing Antherospora and only distantly related to the Scilla-parasitizing Antherospora 

Article info:

INTRODUCTION

surface of the inner floral organs of different Hyacinthaceae 
have recently been accommodated in a separate genus 
Antherospora et al. Antherospora resides 
in the family Floromycetaceae Urocystidales
with the genus Floromyces, which produces sori in the 
inner floral organs of Anemarrhena asphodeloides 
Agavaceae et al. Antherospora includes 

eight species, parasitic on hosts in seven different 
et al.

phenotypic similarity, molecular phylogenetic analyses of 
Antherospora specimens parasitic on species of Muscari 
and Scilla have revealed significant genetic divergence 

et al.
Scilla species, S. bifolia and S. vindobonensis, 

harbour two morphologically similar but phylogenetically 
different Antherospora
phylogenetic results demonstrated that Antherospora 
vaillantii s. str. could infect two different hosts, Muscari 
comosum and M. neglectum et al.
that some Antherospora

phenomenon and evolutionary driver in the genus 
Antherospora, similar, for example, to the anther smuts 
classified in the genus Microbotryum et al.

et al. et al.
et al. et al. et al.

Antherospora 

is scant due, in part, to the inaccessibility of recently 

is necessary to understand the level of host specificity 

Infected specimens of Tractema verna were collected 

Scilla 
verna, while its anther smut has been referred to as Ustilago 
vaillantii et al.
to clarify whether the collected specimens could be assigned 
to any of the described Antherospora species, especially to 
A. vaillantii or one of the recognized species sporulating in 
anthers of Scilla

the genus Antherospora and to expand the sampling of 
Antherospora 
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MATERIALS AND METHODS

Specimen sampling and documentation

Ustilaginales 

et al.

Nomenclature of anther smuts on 
Hyacinthaceae

Hyacinthaceae follows 
et al.

Ustilago vaillantii Vankya vaillantii

Antherospora vaillantii refers to a species complex on 
Muscari Antherospora vaillantii s. str. refers to the 

et al.

Morphological examination

mounted in lactic acid, heated to boiling point and cooled, and 

ornamentation of the spore surface was studied using scanning 

working distance of ca

Table 1.

Smut species Host species GenBank 
acc. no. (ITS/
LSU)

Spore size 
range (μm)

Average spore 
size with standard 
deviation (μm)

Reference specimens1

Antherospora 
tractemae

Tractema verna

P.A. 
Smith

Antherospora 
tractemae

Tractema verna

A.O. Chater
holotype

Antherospora 
tractemae

Tractema verna

A.O. Chater, 

Antherospora 
tractemae

Tractema verna

A.O. Chater

Antherospora 
tractemae

Tractema verna

A.O. Chater

Floromyces 
anemarrhenae 

Anemarrhena 
asphodeloides

not analysed not analysed

T.Z. Liu, 

Ustilaginales
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DNA extraction, PCR, and sequencing

products, sequencing, and processing of the raw data see 
et al.

et 
al.

et al.

Phylogenetic analyses
In addition to the sequences of Antherospora Tractema 
verna  Floromyces anemarrhenae
newly obtained in this study,
the following species were used for molecular phylogenetic 

et al. et al.
et al et al. Antherospora 

A. vindobonensis EF653990/EF653972 on S. vindobonensis

A. vindobonensis EF653995/EF653977 on S. vindobonensis

A. vindobonensis EF653989/EF653971 on S. vindobonensis

A. vindobonensis EF653993/EF653975 on S. vindobonensis
ssp. borhidiana
A. vindobonensis EF653994/EF653976 on S. vindobonensis

A. vindobonensis EF653991/EF653973 on S. vindobonensis

A. scillae EF653983/EF653965 on S. bifolia

A. scillae EF653985/EF653967 on S. bifolia

A. scillae EF653984/EF653966 on S. bifolia

A. scillae EF653992/EF653974 on S. bifolia

A. scillae EF653996/EF653978 on S. bifolia

A. vaillantii EF653986/EF653968 on M. tenuiflorum

A. vaillantii EF653988/EF653970 on M. tenuiflorum

A. vaillantii EF653987/EF653969 on M. tenuiflorum

A. vaillantii EF653982/EF653964 on M. neglectum

A. vaillantii EF653997/EF653979 on M. comosum

A. vaillantii EF653998/EF653980 on M. neglectum

A. tractemae JN104589/JN104590 on T. verna

A. tractemae JN204283/JN204279 on T. verna

A. tractemae JN204284/JN204280 on T. verna

A. tractemae JN204285/JN204281 on T. verna

A. tractemae JN204286/JN204282 on T. verna

Floromyces anemarrhenae JN104591/EU221284

Melanustilospora ari EF635904/EF517924

Vankya ornithogali EF635910/EF210712

Ustacystis waldsteiniae DQ875356/AF009880

Melanoxa oxalidis EF635907/EF635908

Urocystis colchici DQ875355/DQ838576

Flamingomyces ruppiae EF635909/DQ185436

Mundkurella kalopanacis DQ875351/AF009869

0.005 substitutions/site

95/100/84

-/59/73

60/100/99

100/100/100

100/100/100

99/100/98

81/97/83

91/100/93

87/100/68

70/59/80

77/99/96

100/100/99

84/70/93

87/100/91

85/97/94

76/-/-

81/-/-

-/-/56

Fig. 1. Hypothesis on phylogenetic relationships within the sampled Urocystidales based on neighbour-joining analysis of an alignment of 

a 
posteriori A Antherospora, M Muscari, S Scilla, T
Tractema.
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scillae, A. vaillantii, A. vindobonensis, Flamingomyces 
ruppiae, Floromyces anemarrhenae, Melanoxa oxalidis, 
Melanustilospora ari, Mundkurella kalopanacis, Urocystis 
colchici, Ustacystis waldsteiniae, and Vankya ornithogali 

.
Antherospora 

specimens from Tractema verna

sequences of Floromycetaceae
representatives of all genera of Urocystidaceae

et al.

alignment by hand as well as manual exclusion of ambiguous 

et al.

technique was used as implemented in the computer program 

gamma distributed substitution rates and estimation of 
invariant sites, random starting trees and default starting 

 

a posteriori

test the independence of the results from topological priors 
et al.

et al.

et al.
urocystidacean species Flamingomyces ruppiae, Melanoxa 
oxalidis, Melanustilospora ari, Mundkurella kalopanacis, 
Urocystis colchici, Ustacystis waldsteiniae, and Vankya 
ornithogali

RESULTS

Morphological analyses
Tractema verna produced 

olivaceous sori with teliospores in all anthers of the 

variable in shape and size within particular collections, and 
variable in spore size range and mean spore size between 

layered, although the layers were not always clearly visible 

of anther smut on Tractema verna are included in the species 

Phylogenetic analyses
Tractema verna anther smut 

Antherospora species 

analyses yielded consistent topologies which were congruent 

Table 2. Antherospora

Antherospora scillae Antherospora vaillantii Antherospora 
vindobonensis

Host Scilla bifolia Muscari 
comosum

Muscari 
neglectum

Muscari 
tenuiflorum

Scilla 
vindobonensis

Antherospora tractemae 
on Tractema verna 

a b

a

b
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a posteriori

analysis are indicated on branches before slashes, estimates 
for a posteriori probabilities are indicated between slashes, 

In all analyses the Antherospora species included in 
et al.

support values, and phylogenetic relationships between 
 et al.

et al. Antherospora specimens from 
Tractema verna formed a well supported clade that clustered 
as a sister group of Antherospora vaillantii

Antherospora 
specimens from Tractema verna were well separated from 
the Antherospora species growing on Scilla species, A. 
scillae and A. vindobonensis

TAXONOMY

Antherospora tractemae sp. nov.

Etymology

Tractemae vernae

late ovales, nonnumquam elongatae, pyriformae vel asymmetricae, 

Typus: UK: Wales  Tractema verna 
Scilla verna A.O. Chater

Tractema verna

globose, subglobose, broadly ellipsoidal, broadly ovoid, 

n
lighter coloured on one side; wall two-layered, ca.

Additional specimens examined (paratypes): UK: Scotland
Tractema verna, 

P.A. Smith Wales
 Tractema verna A.O. 

Chater

on Tractema verna A.O. Chater
 Tractema verna

A.O. Chater

Ecology
Tractema verna

the collections are broadly similar, consisting of short coastal 

Festuca rubra–Plantago
et al

Calluna vulgaris–Scilla verna heath and 
Scilla verna subcommunity of Calluna vulgaris–Ulex 

gallii heath, as well as in the Armeria subcommunity of the 
Tractema verna is locally common around 

of individuals within a population, and its incidence varies 

DISCUSSION

Antherospora offer few 

single species, Ustilago vaillantii Vankya vaillantii

be differentiated based on differences in spore sizes, and 
to a lesser extent also the spore wall thickness and the 
localization of the sori which is limited to the anthers or to the 

et 
al. et al.
Antherospora species that lack morphological differences is 

et al.

differences in spore size range and mean spore size between 
different collections on Tractema verna
variability of this character in Antherospora species, and it 
seems that whenever possible the morphology should be 

the anther smut of Tractema verna is intermediate between 
Antherospora tourneuxii and A. urgineae on the one side 
and A. eucomis, A. scillae, A. vaillantii, and A. vindobonensis 

Antherospora eucomis, A. tourneuxii and A. urgineae
Eucomis, 

Bellevalia and Charybdis A. eucomis can be 
separated by having smaller spores and a thinner spore 
wall, while the two remaining species have somewhat larger 

et al.
et al. Antherospora 

scillae, A. vindobonensis Scilla A. vaillantii
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Muscari
Tractema verna, and the spore wall is additionally thinner 
in A. vaillantii Antherospora 
scillae and A. vindobonensis
key to Antherospora
to those of the anther smut of Tractema verna, and different 
from all remaining Antherospora species that have spore 

analyses separate the specimens on Tractema verna from 
these three Antherospora

the morphology, the genetic difference, the results of 
the molecular phylogenetic analyses and different host 
plant genera support the recognition of the anther smut 
of Tractema verna as a new species, for which the name 
Antherospora tractemae

Fig. 2. Antherospora tractemae A. B.
Tractema verna C–I.

J–M.
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Scilla S. 
verna

could be related to the two Antherospora species on Scilla 

revealed that the smut sporulating in anthers of Tractema 
verna occupies a position basal to the lineage of Muscari-
parasitizing Antherospora
botanical literature revealed that Scilla is a polyphyletic genus 
and that Scilla verna actually belongs to the distinct genus 
Tractema Tractema verna has not as yet been 
included in phylogenetic analyses, but the related species 
Tractema monophyllos, the type of the genus Tractema, 
clusters distantly from the lineage attributed to Scilla s. str. 

Antherospora tractemae supports the disentanglement of 
Scilla verna from Scilla s. str.
of the assignment of host species to the correct genus in 
order to promote the understanding of the evolutionary 

plant parasitic fungi, especially rusts and smuts, can indicate 

Ustilago 
vaillantii Vankya vaillantii

Antherospora 

lack morphological characteristics or have very subtle 
morphological differences needs to be supported by molecular 

that within Antherospora there are species that have more 
than one host species as was evidenced for Antherospora 
vaillantii s. str. which is able to infect both Muscari comosum 
and M  neglectum et al.
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