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Molecular and morphological evidence reveals a new smut fungus, Microbotryum 
arcticum (Microbotryaceae), on Silene uralensis (Caryophyllaceae) from Greenland 
and Canada

Version of record first published online on 29 August 2019 ahead of inclusion in August 2019 issue.

Abstract: The group of the anthericolous Microbotryum species on Silene consists of narrowly host-specialized 
fungi. Despite intensive taxonomic and phylogenetic studies in this group over the past two decades, the actual spe-
cies richness has not yet been fully uncovered. Thirteen of these species cause typical anther infection, with soral 
development restricted to the anthers. Three other species cause atypical infection, with soral development resulting 
in swollen and deformed flowers (completely filled with spores) and affecting both the anthers and the filaments. 
A comparative morphological study and molecular phylogenetic analyses, using ITS and LSU rDNA sequences, 
revealed a new species, Microbotryum arcticum, causing anther infection of Silene uralensis subsp. arctica. Micro
botryum arcticum is described and illustrated on the basis of material from Greenland and the eastern Canadian 
Arctic. An emended description of M. savilei, which causes atypical infection of the same host plant in the eastern 
Canadian Arctic, is also given. Morphological characters of healthy flowers of S. uralensis subsp. arctica are com-
pared with those of flowers with anther infection and with those of flowers with atypical infection.
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Introduction

The anthericolous smut fungi on hosts in the Caryophyl
laceae are among the longest-studied species of smut 
fungi. The name Uredo violacea Pers., the basionym of 
Micro botryum violaceum (Pers.) G. Deml & Oberw., 
s. str., was described by Persoon (1797), making this spe-
cies one of the oldest known smut fungi (Vánky 2004). 
On the basis of inoculation tests, Liro (1924) recognized 
nine species in this complex of anthericolous fungi. Sub-
sequent lumping and splitting treated this complex as one 

to many species (cf. Fischer 1953; Savile 1953; Lindeberg 
1959; Nannfeldt 1959; Deml & Oberwinkler 1982, 1983; 
Scholz & Scholz 1988; Vánky 1985, 1994). For a long pe-
riod, these species were considered as members of Usti
lago (Pers.) Roussel and placed in the Ustilaginaceae, un-
til Deml & Oberwinkler (1982) reinstated Microbotryum 
Lév. (with M. violaceum as the type species) for seven an-
thericolous species on caryophyllaceous hosts. Thereafter, 
the concept for this genus was altered several times. Vánky 
(1998), in his monographic treatment of Microbotryum, 
extended the definition of this genus and considered it in 
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242 Denchev & al.: Microbotryum arcticum from Greenland and Canada

a broad sense, including 76 species, eight of which occur 
in the anthers of Caryophyllaceae. Later, on the basis of 
ultrastructural characteristics and molecular analyses, it 
was demonstrated that the species of Microbotryum were 
more closely related to the rust fungi (Pucciniomycotina) 
than to the true smut fungi (Ustilaginomycotina) (Bauer 
& al. 1997, 2006; Begerow & al. 1998). Over the past two 
decades, phylogenetic and genomic approaches have con-
sidered the anthericolous species on hosts in the Caryo
phyllaceae as a model system for studying host-pathogen 
interactions in natural populations (e.g. Antonovics & al. 
2002, 2003; Garber & Ruddat 2002; Uchida & al. 2003; 
Kazama & al. 2005; Lutz & al. 2005, 2008; Le Gac & 
al. 2007; Giraud & al. 2008; Refrégier & al. 2008; Sloan 
& al. 2008; Bernasconi & al. 2009; Denchev & al. 2009; 
Hood & al. 2010; Piątek & al. 2012, 2013; Perlin & al. 
2015; Petit & al. 2017; Branco & al. 2018).

The anther-smut fungi of Microbotryum on hosts in 
the Caryophyllaceae cause formation of teliospores in-
stead of pollen in the anthers of bisexual flowers. When 
female flowers of dioecious species (e.g. Silene latifolia 
Poir. and S. dioica (L.) Clairv.) are infected, suppression 
of stamen development does not occur, and development 
of spore-bearing anthers is induced (Kazama & al. 2005). 
These smut fungi infect mainly perennial plants (Thrall 
& al. 1993; Hood & al. 2010). The teliospores are trans-
mitted from diseased to healthy plants mostly by insects 
that normally serve as pollinators (Fontaine & al. 2013).

The most widely studied anthericolous smuts are 
those in the anthers of Silene L. It is a group of highly 
host-specific fungi. The intensive taxonomic and phy-
logenetic studies of this group yielded resurrection of 
several species from the catch-all species Ustilago vio
lacea and additional description of new species (Deml 
& Oberwinkler 1982; Chlebicki & Suková 2005; Lutz & 
al. 2005, 2008; Denchev 2007a, b; Le Gac & al. 2007; 
Refrégier & al. 2008; Denchev & al. 2009; Denchev & 
Denchev 2011; Piątek & al. 2012, 2013).

Sorus morphology divides the recognized 16 species 
of Microbotryum on Silene into two groups. The first 
group comprises 13 species that cause typical anther in-
fection: M. bardanense Chleb. & Suková, M. chloranthae
verrucosum M. Lutz & al., M. coronariae (Liro) Denchev 
& T. Denchev, M. heliospermae Piątek & M. Lutz, M. la
gerheimii Denchev, M. lychnidisdioicae (DC.) G. Deml 
& Oberw., M. silenesacaulis M. Lutz & al., M. silenes
dioicae T. Giraud & al., M. silenesinflatae (DC. ex Liro) 
G. Deml & Oberw., M. silenessaxifragae M. Lutz & al., 
M. violaceoirregulare (Brandenb. & Schwinn) G. Deml & 
Oberw., M. violaceoverrucosum (Brandenb. & Schwinn) 
Vánky and M. violaceum (Pers.) G. Deml & Oberw. The 
development of their sori is restricted to the anthers. The 
second group has three species: M. adenopetalae M. Lutz 
& al., M. majus (J. Schröt.) G. Deml & Oberw. and M. 
savilei Denchev. The development of their sori results in 
formation of swollen and deformed flowers, completely 
filled with spore mass. The sori of these species are usu-

ally formed not only in the anthers but also in the fila-
ments, which at a more advanced stage of soral develop-
ment leads to destruction of the stamens.

In the course of a study of the smut fungi of Green-
land, carried out by two of the authors (TTD & CMD), 
the caryophyllaceous collection in the Greenland Herbar-
ium, which is part of the herbarium of the Natural History 
Museum of Denmark, University of Copenhagen (C; her-
barium code according to Thiers 2019+), was examined 
for presence of smut fungus infection. Four specimens 
of Silene uralensis subsp. arctica (Th. Fr.) Bocquet were 
found infected by a Microbotryum species that caused 
typical anther infection. On the same host, another species 
of Microbotryum, M. savilei, has already been described 
from Canada (Denchev 2007b), but it causes atypical an-
ther infection. For the first time, presence of two kinds 
of infection of the flowers of S. uralensis subsp. arctica 
was observed by D. B. O. Savile during his field trips to 
the Canadian High Arctic islands in 1958–1959 and the 
early 1960s. Savile never published this observation but 
the herbarium packets of the specimens, collected during 
these expeditions, are thoroughly annotated inside. How-
ever, he published information about another, strange type 
of infection of the same host plant, a stigma infection, and 
supplied a table with comparative data about the morphol-
ogy of the healthy plants, those with stigma infection, and 
those with typical anther infection, based on examination 
of a Somerset Island collection no. 3628 (Savile 1959: 
983 – 984). Our revision of this specimen did not confirm 
presence of a peculiar infection and we consider the smut-
ted plants in this specimen (DAOM 02-01000869745) as 
infected by the typical anther infection.

It was found that the above-mentioned specimens on 
Silene uralensis subsp. arctica from Greenland belong to 
a species morphologically distinct from Microbotryum 
savilei. Additionally, ITS and LSU rDNA sequences of 
the Microbotryum species from Greenland were obtained 
and compared with sequences of Microbotryum species 
on caryophyllaceous hosts, available in the NCBI nucle-
otide database. The morphological differences and mo-
lecular phylogenetic analyses revealed the existence of a 
new smut fungus on S. uralensis subsp. arctica, which is 
described and illustrated here.

Material and methods

Morphological examination

Dried specimens from the Canadian National Mycologi-
cal Herbarium, Ottawa (DAOM) and the herbarium of 
the Natural History Museum of Denmark, University of 
Copenhagen (C) were examined under light microscope 
(LM) and scanning electron microscope (SEM). For LM 
observations and measurements, spores were mounted in 
lactoglycerol solution (w  :  la  :  gl = 1  :  1  :  2) on glass 
slides, gently heated to boiling point to rehydrate the 
spores, and then cooled. The measurements of spores are 
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given as min – max (extreme values) (mean ± 1 standard 
deviation). For SEM, spores were attached to specimen 
holders by double-sided adhesive tape and coated with 
platinum or gold in an ion sputter. The surface structure 
of spores was observed and photographed at 10 kV ac-
celerating voltage using a JEOL JSM 6610-LV scanning 
electron microscope (Natural History Museum, Vienna) 
and Hitachi SU3500 (National Museum of Natural His-
tory, Paris). The descriptions below are based on the 
specimens examined. The spore mass colour treatment 
is based on Rayner (1970). The shapes of spores are ar-
ranged in descending order of frequency.

DNA extraction, PCR amplification, and sequencing

DNA was isolated from two or three anthers from in-
fected flowers of Silene uralensis subsp. arctica using 
the MyBudget Plant DNA Kit (Bio-Budget Technologies 
GmbH, Krefeld), according to the manufacturer’s proto-
col (protocol 1: “Isolation of DNA from plant material us-
ing lysis buffer SLS”). PCR was used to amplify the ITS 
and parts of the LSU using the primer pair ITS1F/ITS4 
(White & al. 1990; Gardes & Bruns 1993) and NL1/NL4 
(O’Donnell 1992, 1993), respectively. Amplicons were 
sequenced in both directions by GATC (Eurofins Genom-
ics, Konstanz), and subsequently quality controlled and 
forward and reverse read were merged in Sequencher 5.1 
(Gene Codes Corporation, Ann Arbor). Sequences were 
deposited in the NCBI nucleotide database (see Table 1 
for accession numbers).

Phylogenetic analyses

For phylogenetic analysis, sequences of selected Micro
botryum species were downloaded from the NCBI nucle-
otide database (Table 1) and alignments were constructed 
separately for ITS and LSU in MAFFT v7.310 (Katoh & 
al. 2002; Katoh & Standley 2013) using the local align-
ment option (linsi). Ambiguous regions, as well as leading 
and trailing sequences, were removed using GBLOCK 
(Castre sana 2000) implemented in SeaView (Gouy & al. 
2010), whereby smaller final blocks, gap positions and 
less strict flanking positions were allowed. Subsequently, 
the alignments of ITS and LSU were concatenated in 
 SequenceMatrix 1.7.8 (Vaidya & al. 2011). A Maximum 
Likelihood phylogeny was inferred with RAxML 8.2.11 
(Stamatakis 2014) under the GTRGAMMA option and 
1000 rapid bootstrap replicates. The resulting phylogeny 
was visualized in FigTree v1.4.3 (Rambaut 2012).

Results

Phylogenetic analyses

The phylogenetic analysis of the ITS and LSU data 
confirms previous studies on the evolutionary relation-
ships within the caryophyllaceous anther smuts (Fig. 1). 

Species on Dianthus L., Saponaria L. and Stellaria L. 
are monophyletic, whereas the species on Silene are in-
ferred as paraphyletic. However, in our analysis, there 
is no strong statistical support for this paraphyly. Most 
recognized species are inferred as monophyletic with 
strong statistical support. An exception is Microbotryum 
heliospermae, which is paraphyletic in our analysis. The 
new species M. arcticum, described below, forms a high-
ly supported sister group to M. majus. Together they form 
a sister clade to a group of anthericolous Microbotryum 
species that mainly parasitize other Silene species and 
also M. minuartiae on Minuartia. However, this sister-
group relationship has no statistical support.

Morphology

The observation that the anthericolous species on Silene 
uralensis subsp. arctica from Greenland is distinct from 
all phylogenetically studied Microbotryum species on 
Silene required revision of the Canadian specimens of 
M. violaceum s. lat. causing typical anther infection of 
S. uralensis subsp. arctica, kept at DAOM, and re-exam-
ination of the type specimen of M. savilei, which infects 
the same host plant.

All Microbotryum species are characterized by a 
limited number of microscopic diagnostic features. In 
Table 2, data are presented from a comparative morpho-
logical study of spores of four Greenlandic and nine Ca-
nadian Microbotryum specimens, causing typical anther 
infection of flowers of Silene uralensis subsp. arctica, 
and M. savilei. With respect to the spore sizes, the Green-
landic and Canadian specimens of the smut fungus caus-
ing typical anther infection are similar, while the compar-
ison of this species with M. savilei shows that the latter 
possesses spores with higher maximum and mean values 
for spore length and width. Significantly, the sorus de-
velopment of M. savilei causes formation of swollen and 
deformed flowers, completely filled with a spore mass. 
The differences in the localization and soral morphology 
of both species are discussed below.

Taxonomy

Re-examination of the type of Microbotryum savilei re-
quires an emended description of its soral morphology.

Microbotryum savilei Denchev in Mycol. Balcan. 4: 72. 
2007. – Holotype: on Silene uralensis subsp. arctica, 
Canada, Nunavut, Kivalliq Region, Southampton Island, 
Coral Harbour, 16 Aug 1959, D. B. O. Savile 3952, J. A. 
Calder & I. Kukkonen (DAOM 02-01000571594/DAOM 
66879!). – Paratype: on same host, Canada, Nunavut, 
Kivalliq Region, Southampton Island, Coral Harbour, 16 
Aug 1959, D. B. O. Savile 3953, J. A. Calder & I. Kuk
konen (DAOM 02-01000868580/DAOM 66880! [white-
flowered plants]). – Fig. 2, 3.
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Fig. 1. Best tree of the Maximum Likelihood analysis of caryophyllaceous anther smuts in the genus Microbotryum based on a 
concatenated ITS and LSU dataset. The tree was rooted with M. anomalum (J. Kunze ex G. Winter) Vánky (based on Kemler & al. 
2006). Bootstrap values ≥ 50 are indicated above branches.
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Fig. 2. Microbotryum savilei on Silene uralensis subsp. arctica. – A – D: habit (holotype); note deformed and swollen flower (en-
closed by corolla; black arrow in D shows petals that remain within closed calyx), destroyed stamens (white arrows), and aborted 
ovary and styles (arrowhead); E: habit (paratype, on white-flowered plants); F, G: spores in LM, in median and surface view, re-
spectively (holotype). – Scale bars: A – E = 0.5 cm; F, G = 10 µm.
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Description — Infection systemic. Sori in deformed 
and swollen flowers (Fig. 2A, B, E), enclosed by corolla 
(petals remain within closed calyx) (Fig. 2C, D), affect-
ing anthers and filaments; stamens may or may not be 
completely destroyed; ovary and styles aborted (Fig. 
2D). Calyx of infected flowers erect and closed at throat, 
broadly ovoid or very broadly ovoid (with approximate 
height/width ratio 0.8 – 1.2) (Fig. 2A, B, E). Spore mass 
filling affected flower completely, enclosed by corolla; 
pulverulent, dark livid or dark purple (Fig. 2C). Spores 
subglobose, globose or broadly ellipsoidal, sometimes 
ellipsoidal, (5.5 –)6 – 9(– 10) × (5 –)5.5 – 8(– 9) (7.4 ± 0.7 × 
6.7 ± 0.6) µm (n/

1
 = 300), length/width ratio 1.08–1.10, 

light vinaceous; wall reticulate, 1 – 1.7(– 2) µm thick (in-
cluding reticulum); meshes (4 or)5 – 8(or  9) per spore di-
ameter, polyhedral or irregular, 0.4 – 1.8(– 2.5) µm long; 
muri (15 or)16 – 20(– 22) on equatorial circumference, to 
0.4(– 0.5) µm high; meshes rugulose on bottom in SEM 
(Fig. 3A – C). Spore germination unknown.

Host plant and distribution — On Caryophyllaceae: Si
lene sect. Physolychnis (Benth.) Bocquet: S. uralensis 
subsp. arctica, North America (Canadian Arctic). Known 
only from the type locality (Fig. 5).

Remarks — The paratype was collected by the same col-
lectors and at the same site as the holotype, but, accord-
ing to Savile’s note (placed inside the herbarium packet), 
the infected plants of the paratype are white-flowered.

Based on our phylogenetic and morphological studies, 
we propose a new species of Microbotryum on Silene 
uralensis subsp. arctica.

Microbotryum arcticum T. Denchev, Denchev, Kemler 
& Begerow, sp. nov. – Fig. 4.
Index Fungorum number: IF 555874.

Holotype: on Silene uralensis subsp. arctica, Greenland, 
Peary Land, 10 km NW of Mudderbugt, just S of Ndr. 
Ladegårdså, 82°29 – 30'N, 21°30 – 35'W, 7 Aug 1991, B. 
Fredskild 91433 (SOMF 29 999).

Diagnosis — Microbotryum arcticum differs morpholog-
ically from M. savilei in soral development, restricted to 
the anthers, with presence of intact filaments (vs forma-
tion of swollen and deformed flowers, completely filled 
with a spore mass, and soral development not only in 
the anthers but also in the filaments, which are morpho-
logically affected; Table 3), and by having spores with 
lower maximum and mean values of the spore length and 
width, to 7.5(– 8.5) μm long (6.4 ± 0.5) and to 6.5(– 7.5) 
μm wide (5.9 ± 0.4) vs to 9(–10) μm long (7.4 ± 0.7) and 
to 8(– 9) μm wide (6.7 ± 0.6) for M. savilei  (Table 2). Mi
crobotryum arcticum is distinguished from the other an-
ther-infecting Microbotryum species by molecular data, 
based on ITS sequence (deposited in the NCBI nucle-
otide database with accession no. MK474659) and LSU 
sequence (accession no. MK474658) derived from the 
holotype, and ITS sequence (accession no. MK474660) 
derived from a paratype (SOMF 29 998).

Description — Infection systemic. Sori in considerably 
swollen anthers, filling pollen sacs with a pulverulent, 
dark livid or livid vinaceous spore mass. Spores sub-
globose, globose, broadly ellipsoidal or ovoid, some-
times ellipsoidal or slightly irregular, (5 –)5.5 – 7.5(– 8.5) 
× (4.5 –)5 – 6.5(– 7.5) (6.4 ± 0.5 × 5.9 ± 0.4) μm (n/

14
 = 

1600), length/width ratio 1.06 – 1.12, pale vinaceous; wall 
reticulate, 0.8 – 1.3(– 1.5) μm thick (including reticulum); 
meshes 5 – 8(or 9) per spore diameter, polyhedral or ir-
regular, 0.3 – 1(– 1.5) μm long; muri (15 or)16 – 21(– 23) 
on equatorial circumference, to 0.4 μm high; meshes 
smooth or rugulose on bottom in SEM (Fig. 4H–J). Spore 
germination (Parmelee, unpublished notes and photo-

Fig. 3. Microbotryum savilei on Silene uralensis subsp. arctica. – A – C: spores in SEM. – Scale bars: A, B = 5 µm; C = 1 µm.
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247Willdenowia 49 – 2019

Fig. 4. Microbotryum arcticum on Silene uralensis subsp. arctica. – A: habit (DAOM 66883); note nodding, open and not deformed 
flowers; B: habit (holotype); note petals emerging from calyx (black arrow) and affected anther (white arrow); C: stamens of healthy 
plants of S. uralensis subsp. arctica (top, DAOM 93735), plants infected by M. arcticum (middle, DAOM 66883) and plants in-
fected by M. savilei (bottom, holotype); D, E: spores in LM, in median and surface view, respectively (holotype); F, G: germination 
of spores (unpublished photographs by J. A. Parmelee in herbarium packet of DAOM 93735; used by permission of J. Parmelee 
[17 Jan 2019] and S. Redhead, Curator of DAOM); H–J: spores in SEM (H: Inglefield Land; I, J: Washington Land). – Scale bars: 
A – C = 0.5 cm; D, E = 10 µm; H – J = 5 µm.
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graphs in herbarium packet of DAOM 93735) results in 
a 4-celled basidium, separating during basidiospore for-
mation as a 3-celled basidium (1 cell remaining attached 
to teliospore) and producing basidiospores laterally and 
terminally (Fig. 4F, G).

Host plant and distribution — On Caryophyllaceae: Si
lene sect. Physolychnis: S. uralensis subsp. arctica, North 
America (Canadian Arctic and Greenland, with localities 
at 82°30'N – 61°35'N) (Fig. 5).

Additional specimens examined (paratypes) — On Si
lene uralensis subsp. arctica. — Canada: Nunavut, 
Qikiqtaaluk Region, Ellesmere Island, 2 mi NNW of 
Hazen Camp, 81°49’N, 71°21’W, alt. 1400 ft, 17 Jul 1962, 
D. B. O. Savile 4656 (DAOM 02-01000869753/DAOM 
92911; in Savile & Parmelee 1964: 711 as “U[stilago]. 
violacea var. violacea”); Ellesmere Island, 6 mi WSW 
of Hazen Camp, 81°49’N, 71°21’W, alt. 1500 ft, 10 Jul 
1962, D. B. O. Savile 4601 (DAOM 02-01000869752/
DAOM 92910; in Savile & Parmelee 1964: 711 as “U. 
violacea var. violacea”); Axel Heiberg Island, Jacobsen-
McGill Base Camp, on margins of Colour Lake, 79°25’N, 
90°30’W, 7 Aug 1961, J. A. Parmelee 2215 (DAOM 
02-01000869751/DAOM 93735; in Savile & Parmelee 
1964: 711 as “U. violacea var. violacea”); Somerset Is-
land, Aston Bay, 73°39’N, 94°45’W, 8 Aug 1958, D. B. 
O. Savile 3729 (DAOM 02-01000869750/DAOM 60120; 
in Savile 1959: 983 as “U. violacea var. violacea”); Som-
erset Island, Four Rivers Bay, 72°50’N, 95°30’W, 31 Jul 
1958, D. B. O. Savile 3717 (DAOM 02-01000869749/
DAOM 60135; in Savile 1959: 983 as “U. violacea var. 
violacea”); Somerset Island, 2 mi NNW of Base Camp, 

72°07’N, 94°12’W, 27 Jul 1958, D. B. O. Savile 3628 
(DAOM 02-01000869745/DAOM 60165; in Savile 1959: 
983 as “U. violacea var. violacea”); Somerset Island, N 
slope of Hazard Inlet, 72°04’N, 94°10’W, 22 Jul 1958, 
D. B. O. Savile 3583 (DAOM 02-01000869746/DAOM 
59984; in Savile 1959: 983 as “U. violacea var. viola
cea”); Baffin Island, Frobisher Bay, 63°45’N, 68°32’W, 
10 Jul 1948, H. A. Senn 3868 & J. A. Calder (DAOM 
02-01000869747/DAOM 60136); ibid., Frobisher Bay, 
10 Aug 1959, D. B. O. Savile 3925, J. A. Calder & I. 
Kukkonen (DAOM 02-01000869748/DAOM 66883, as 
U. violacea var. stellariae). — Greenland: Warm-
ing Land, GGU (Grønlands Geologiske Undersøgelse) 
Base Camp, 81°32’N, 51°31’W, 13 Aug 1985, C. Bay 
85434 (C-Greenland herb. s.n.); Washington Land, Cass 
Fjord, Nygaard Bugt, 80°06’N, 65°10’W, alt. 10 m, 5 
Aug 1976, P. Frykman & B. Fredskild s.n. (C-Greenland 
herb. s.n.); Inglefield Land, central inland, plain plateau, 
78°40’N, 68°18’W, alt. 450 m, 16 Aug 1999, J. Feilberg 
534 (SOMF 29 998 ex C-Greenland herb. s.n.); Wollas-
ton Forland, Landingsdalen, 74°27.5’N, 19°03.1’W, 28 
Jul 1929, J. Vaage s.n. (O-V-688113).

Literature record (specimen not seen) — On Silene 
uralensis subsp. arctica. – Canada: Nunavut, Qikiq-
taaluk Region, Hudson Bay, Mansel Island (located at 
c. 61°35’ – 62°25’N), 30 Aug 1884, R. Bell 2621 (CAN 
54784, n.v., host as “Lychnis nesophila Holm”; in Savile 
1959: 994 as “U[stilago]. violacea”) (Fig. 5).

Etymology — The epithet refers to the distribution of the 
species in the High Arctic of Greenland and in the Cana-
dian Arctic Archipelago.

Fig. 5. Geographic distribution of Microbotryum arcticum and M. savilei (generated with SimpleMappr, Shorthouse 2010).
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Table 1. Microbotryum herbarium specimens and NCBI nucleotide database accession numbers used for phylogenetic analysis 
(newly generated sequences indicated in boldface).

Species Host Specimen ITS
accession no.

LSU
accession no.

M. adenopetalae Silene adenopetala KRAM F-55201 DQ366848 DQ366876
M. anomalum Fallopia baldschuanica M-0066114 DQ238721 EF621956
M. anomalum Fallopia baldschuanica TUB 015850 EF621919 EF621958
M. anomalum Fallopia convolvulus B 70 0007554 EF621918 EF621957
M. anomalum Fallopia convolvulus GLM 59392 EF621921 EF621960
M. anomalum Fallopia dumetorum GLM 47018 EF621920 EF621959

M. arcticum sp. nov. Silene uralensis subsp. arctica SOMF 29 999 MK474659 MK474658
M. arcticum sp. nov. Silene uralensis subsp. arctica SOMF 29 998 MK474660 –
M. bardanense Silene moorcroftiana KRAM F-54962 DQ366856 DQ366877
M. chloranthaeverrucosum Silene chlorantha B 70 0006053 AY877421 DQ366883
M. chloranthaeverrucosum Silene chlorantha B 70 0007571 AY877404 DQ366878
M. coronariae Silene floscuculi KR 23797 KC684887 KC684886
M. coronariae Silene floscuculi TUB 012115 AY877417¹ KC684885

M. dianthorum s. lat. Dianthus jacquemontii KRAM F-54963 DQ366844 DQ366869

M. dianthorum s. lat. Dianthus monspessulanus TUB 011802 AY588080 DQ366871

M. dianthorum s. lat. Petrorhagia saxifraga TUB 012106 DQ366845 DQ366866
M. heliospermae Silene pusilla B 70 0006060 AY877411 DQ366881
M. heliospermae Silene pusilla TUB 019570 HQ832086 HQ832087
M. heliospermae Silene pusilla TUB 019571 HQ832084 HQ832085
M. heliospermae Silene pusilla TUB 019572 HQ832082 HQ832083
M. lagerheimii Silene rupestris KR 22655 HQ832090 HQ832091
M. lagerheimii Silene rupestris TUB 011817 AY588100 DQ366874
M. lagerheimii Silene rupestris TUB 019573 HQ832089 HQ832088
M. lychnidisdioicae Silene baccifera GLM 47387 DQ640064 DQ640067
M. lychnidisdioicae Silene baccifera GLM 49244 DQ640066 DQ640068
M. lychnidisdioicae Silene latifolia TUB 011795 AY588096 DQ366886
M. lychnidisdioicae Silene latifolia TUB 011796 AY588097 DQ366865
M. lychnidisdioicae Silene latifolia TUB 015865 EF621936 EF621984
M. lychnidisdioicae Silene zawadzkii TUB 012521 DQ366847 DQ366860
M. majus Silene otites B 70 0007572 AY877418 EF621986
M. majus Silene otites B 70 0006042 AY877419 DQ366858
M. minuartiae Minuartia recurva TUB 012518 DQ366852 DQ366863
M. minuartiae Minuartia recurva TUB 012519 DQ366853 DQ366862
M. saponariae Saponaria officinalis TUB 011809 AY588089 DQ366887
M. saponariae Saponaria officinalis TUB 015873 EF621948 EF622001
M. saponariae Saponaria officinalis TUB 015874 EF621949 EF622002
M. saponariae Saponaria pumila TUB 011812 AY588091 DQ366864
M. shykoffianum Dianthus carthusianorum TUB 011801 AY588079 DQ366889
M. shykoffianum Dianthus sylvestris TUB 015863 EF621935² EF621979²
M. shykoffianum Dianthus sylvestris TUB 015862 EF621934² EF621980²
M. shykoffianum Dianthus sylvestris TUB 011800 AY588082 DQ366857
M. silenesacaulis Silene acaulis HUV 13955 DQ366854 DQ366888
M. silenesacaulis Silene acaulis TUB 012515 DQ366849 DQ366885
M. silenesacaulis Silene acaulis TUB 012522 DQ366846 DQ366870
M. silenesacaulis Silene acaulis TUB 019585 JN223408 JN223413
M. silenesacaulis Silene acaulis TUB 019586 JN223406 JN223411
M. silenesacaulis Silene acaulis TUB 019587 JN223407 JN223412

¹ as M. aff. violaceum in NCBI continued on next page
² as M. dianthorum in NCBI
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Discussion

For the first time from Greenland, anther-smut fungal in-
fection of Silene uralensis subsp. arctica was reported by 
Hagen (1947, as Ustilago violacea on Melandrium apeta
lum (L.) Fenzl), based on the following collections:

Greenland: Sabine Island, near Germania Havn (on 
the south side of the island, c.  74°32.2'N, 18°49.9'W), 
22 Jul 1932 & 16 Aug 1932, S. Aandstad s.n. (n.v.), and 
21 Jul 1933, A. Hagen, the Norwegian Expedition to NE 
Greenland 1933 s.n. (n.v.); Gael Hamke Bugt, Jackson Is-
land, c. 73°55'N, 11 Aug 1933, A. Hagen, the Norwegian 
Expedition to NE Greenland 1933 s.n. (n.v.); Hold with 
Hope, Stormdalen, c. 73°29.5'N, 20°46.9'W, 9 Aug 1933, 
A. Hagen, the Norwegian Expedition to NE Greenland 
1933 s.n. (n.v.); Troldsøen (as “Trollvatnet”), c. 73°29'N, 
20°39'W, 9 Aug 1933, A. Hagen, the Norwegian Expedi
tion to NE Greenland 1933 s.n. (n.v.) (Fig. 5); as well 
as on the last specimen in the above-mentioned list of 
paratypes of Microbotryum arcticum.

For six of these collections, no voucher specimens 
were found in the herbarium in Oslo (O) (K.-H. Larsson, 
pers. comm.), although we assume that they represent 
Microbotryum arcticum, as Hagen’s spore measurements 
(5 – 8 μm in diam.) correspond to our data.

The host plant of the Canadian specimens of Micro
botryum arcticum listed here was originally identified 

by D. B. O. Savile and J. A. Parmelee (coll. no. 2215) 
as “Lychnis apetala var. arctica (Th. Fr.) Cody”. The in-
fected plant specimens listed from North Greenland (de-
posited in C) were originally identified as “Melandrium 
apetalum subsp. arcticum (Th. Fr.) Hultén” or “Silene 
uralensis subsp. apetala (L.) Bocquet” (coll. no. 534). 
All of these are considered here as S. uralensis subsp. 
arctica, in accordance with Elven & al. (2011).

The taxonomic treatments of this plant vary consid-
erably. Silene uralensis (Rupr.) Bocquet (S. sect. Physo
lychnis) is a very variable species complex (Morton 2005) 
with not completely clarified specific and infraspecific 
delimitation. In Bocquet’s treatment of S. sect. Physo
lychnis (1967), four subspecies were recognized within S. 
uralensis, namely subsp. uralensis, subsp. apetala, subsp. 
arctica and subsp. porsildii Bocquet (the last one a tetra-
ploid taxon). The populations in Svalbard were treated 
as an endemic subsp. arctica, while those in Scandina-
via and the islands of the Bering Sea were recognized 
as subsp.  apetala (S. wahlbergella Chowdhuri). The re-
maining populations were referred to subsp. uralensis 
(with a northern circumpolar distribution). Hultén (1968) 
 accepted two subspecies: Melandrium apetalum subsp. 
arcticum, mapped by him with a circumpolar distribution, 
and subsp. apeta lum from Scandinavia. In Flora nordica 
(Jonsell 2001), however, the Fennoscandian plants were 
treated as a distinct species, S. wahlbergella, and, ac-

continued from previous page

Species Host Specimen ITS
accession no.

LSU
accession no.

M. silenesdioicae Silene dioica TUB 011798 AY588094 DQ366859
M. silenesdioicae Silene dioica TUB 012114 AY877416 DQ366868
M. silenesdioicae Silene dioica TUB 015864 EF621937³ EF621985³
M. silenesinflatae Silene uniflora KRAM F-59020 KY321304 KY321305
M. silenesinflatae Silene uniflora TUB 019588 JN223405 JN223410
M. silenesinflatae Silene uniflora TUB 019589 JN223404 JN223409
M. silenesinflatae Silene vulgaris TUB 011793 AY588105 DQ366884
M. silenesinflatae Silene vulgaris TUB 011792 AY588106 DQ366879
M. silenessaxifragae Silene saxifraga HUV 19570 JN000074 JN000078
M. silenessaxifragae Silene saxifraga KR 23889 JN000073 JN000079
M. silenessaxifragae Silene saxifraga KR 23890 JN000071 JN000075
M. silenessaxifragae Silene saxifraga KRAM F-49440 JN000072 JN000080
M. silenessaxifragae Silene saxifraga TUB 011790 AY588101 JN000076
M. silenessaxifragae Silene saxifraga TUB 011791 AY588102 JN000077
M. stellariae Stellaria graminea TUB 011807 AY588109 DQ366872
M. stellariae Stellaria graminea TUB 011808 AY588108 DQ366873
M. superbum Dianthus superbus TUB 011799 AY588081 DQ366867
M. violaceoirregulare Silene vulgaris TUB 011816 AY588104 DQ366875
M. violaceoverrucosum Silene viscosa TUB 011815 AY588103 DQ366882
M. violaceum Silene nutans GLM 49283 DQ640071 DQ640069
M. violaceum Silene nutans GLM 50283 DQ640065 DQ640070
M. violaceum Silene nutans TUB 011818 AY588099 DQ366880

³ as M. lychnidisdioicae in NCBI
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cordingly, only the arctic plants from North America and 
Asia were considered related to S. uralensis. In the Si
lene treatment for Flora of North America (Morton 2005), 
three subspecies were recognized within the S. uralensis 
complex: subsp. uralensis, widespread with an arctic cir-

cumpolar distribution; subsp. porsildii, in Yukon, Alaska 
and Arctic Asia; and subsp. ogilviensis (A. E. Porsild) D. 
F. Brunt. from the Canadian Low Arctic. Of these, only 
subsp. uralensis was given as present in Greenland and 
the eastern Canadian Arctic Archipelago. Elven & al. 

Table 2. Comparative morphological data for Microbotryum arcticum and M. savilei, causing anther infection and atypical infection, 
respectively, on Silene uralensis subsp. arctica.

Species/specimens Spore length (L)
(µm)

Spore width (W)
(µm)

M ± 1σ
L                      W

Microbotryum arcticum

Peary Land (holotype, SOMF 29 999) (5 –)5.5 – 7.5(– 8) (4.5 –)5 – 6.5(– 7) 6.4 ± 0.5 5.9 ± 0.4

Warming Land (C-Greenland herb.) 5.5 – 7.5(– 8.5) (4.5 –)5 – 7(– 7.5) 6.6 ± 0.5 6.2 ± 0.5

Washington Land (C-Greenland herb.) 5.5 – 7.5(– 8) (4.5 –)5 – 6.5(– 7) 6.4 ± 0.4 6.0 ± 0.3

Inglefield Land (C-Greenland herb.) (5 –)5.5 – 7.5(– 8.5) (4.5 –)5 – 7(– 7.5) 6.6 ± 0.5 6.2 ± 0.4

Wollaston Forland (O-V-688113) (5 –)5.5 – 7.5(–8) (4.5 –)5 – 7(– 7.5) 6.5 ± 0.7 6.1 ± 0.6

Ellesmere Is. (DAOM 02-01000869753) 5.5 – 7.5(– 8.5) 5 – 6.5(– 7.5) 6.4 ± 0.5 5.8 ± 0.4

Ellesmere Is. (DAOM 02-01000869752) (5 –)5.5 – 7.5(–8.5) (4.5 –)5 – 6.5(– 7) 6.2 ± 0.6 5.6 ± 0.4

Axel Heiberg Is. (DAOM 02-01000869751) (5 –)5.5 – 7.5(– 8.5) (4.5 –)5 – 6.5(– 7) 6.3 ± 0.5 5.7 ± 0.4

Somerset Is. (DAOM 02-01000869750) (5 –)5.5 – 7.5(– 8.5) (4.5 –)5 – 6.5(– 7.5) 6.4 ± 0.8 5.8 ± 0.6

Somerset Is. (DAOM 02-01000869749) (5 –)5.5 – 7(–7.5) (4.5 –)5 – 6.5(– 7) 6.1 ± 0.4 5.6 ± 0.4

Somerset Is. (DAOM 02-01000869745) (5.5 –)6 – 7.5(– 8.5) (4.5 –)5 – 6.5(– 7.5) 6.4 ± 0.5 5.8 ± 0.4

Somerset Is. (DAOM 02-01000869746) (5.5 –)6 – 7.5(– 8) 5–6.5(– 7) 6.4 ± 0.5 5.8 ± 0.4

Baffin Is. (DAOM 02-01000869747) (5 –)5.5 – 7.5(– 8) (4.5 –)5 – 6.5(– 7) 6.3 ± 0.5 5.8 ± 0.4

Baffin Is. (DAOM 02-01000869748) (5 –)5.5 – 7.5(– 8.5) (4.5 –)5 – 6.5(– 7) 6.5 ± 0.6 5.8 ± 0.5

Microbotryum savilei

Southampton Is.
(holotype, DAOM 02-01000571594)

(5.5 –)6 – 9(– 10) (5 –)5.5 – 8(– 9) 7.4 ± 0.7 6.7 ± 0.6

Table 3. Effect of Microbotryum arcticum and M. savilei on flower morphology of Silene uralensis subsp. arctica.

Flower condition Healthy flowers Anther infection
(by M. arcticum)

Atypical infection
(by M. savilei)

Habit nodding in flowering stage nodding throughout summer, 
not deformed

erect, deformed

Pigmentation light abnormally deeply pigmented n/a

Filling with a spore mass spore mass absent spore mass restricted to
anthers

flowers completely filled with 
a spore mass

Calyx orientation and shape nodding, inflated, in flowering
stage with height/width ratio
c. 1.5

nodding, more elongated
than in healthy flowers

erect, swollen, broadly ovoid 
or very broadly ovoid, with 
height/width ratio 0.8 – 1.2

Calyx at throat open more open at throat than in
healthy flowers

closed at throat

Corolla petals emerging from calyx petals emerging more from 
calyx than in healthy flowers

petals remaining within 
closed calyx and never 
emergent

Stamens developed anthers somewhat misshapen, 
filled with teliospores; fila-
ments intact; stamens not 
completely destroyed

anthers misshapen, filled 
with teliospores; filaments 
affected; stamens may or may 
not be completely destroyed

Ovary developed remaining rudimentary remaining rudimentary

Styles developed remaining rudimentary remaining rudimentary
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(2011) disagreed with Bocquet’s view that subsp. arctica 
was restricted to Svalbard, and recognized three subspe-
cies of S. uralensis: subsp. uralensis, with a circumpolar 
distribution (NE Europe, Arctic Asia, Bering Sea islands, 
Alaska, Canada and W and S Greenland); subsp. arctica, 
also with a circumpolar distribution (Arctic Far East of 
Russia, northernmost Alaska and Canada, Greenland and 
Svalbard); and subsp. ogilviensis.

Two subspecies of Silene uralensis are present in 
Greenland (according to the taxonomic scheme of Elven 
& al. 2011). Silene uralensis subsp. uralensis is charac-
terized by a calyx that is not strongly inflated and usu-
ally longer than broad and by petals slightly emerging 
from the calyx, less so than in subsp. arctica (Elven & al. 
2011). The calyx of S. uralensis subsp. arctica is inflated, 
in the flowering stage c. 1.5 times as long as broad (Al-
sos & al. 2018). In Greenland, there is an overlap in the 
ranges of the northern subsp. arctica and more southern 
subsp. uralensis at 70 – 71°N, but there are no obvious 
transitional plants (Elven & al. 2011). In the first half 
of the last century, the High Arctic entity in Greenland, 
 subsp. arctica, was referred to as “Melandrium apetalum” 
(e.g.  Kruuse 1905; Ostenfeld & Lundager 1910; Hartz 
&  Kruuse 1911; Ostenfeld 1926; Porsild 1926). The 
southernmost localities of subsp. arctica are at 69°42'N 
in West Greenland (Porsild 1926) and 69°30'N in East 
Greenland (Kruuse 1905), while northward it reaches 
83°06'N (Maguire 1950). Considering that subsp. uralen
sis is distributed only on the western and southern coasts 
of Greenland, the host plant of the Microbotryum speci-
mens recorded by Hagen (1947) on “Melandrium apeta
lum” from East Greenland (at 73°29' – 74°32'N) should be 
accepted as belonging to subsp. arctica.

The above-mentioned specimen from Mansel Island 
was examined by Savile (1959). The plant specimen is a 
type of Lychnis nesophila Holm (Holm 1907; see Aiken 
& al. 2007a). As was noted by Savile (1959: 983), this 
type is based on material of Silene uralensis subsp. arc
tica infected with a smut fungus causing typical anther 
infection. This smut fungus was not revised in the course 
of this study, but, based on the symptoms described by 
Savile, it may be presumed that it belongs to Micro
botryum arcticum. This locality is the southernmost for 
M. arcticum.

Other Canadian specimens of “Ustilago violacea” on 
“Melandrium apetalum f. arctica” [sic] were recorded by 
Lind (1910), from Nunavut, King William Island (in the 
vicinity of Gjoa Haven, as “Gjöa Harbour”, 68°37'38"N, 
96°23'40"W, 2 Aug 1905, C. H. Ostenfeld s.n.), and by 
Liro (1924) and Savile (1957), from Nunavut, Ellesmere 
Island (Goose Fjord, c. 76°30'N, 88°35'W, 15 Aug 1901, 
H. G. Simmons s.n., H). These records were not taken 
into account in this treatment, but probably they also be-
long to Microbotryum arcticum.

Microbotryum arcticum seems to be a common spe-
cies on Silene uralensis subsp. arctica in the Canadian 
Arctic Archipelago. Under the name Ustilago violacea 

var. violacea, it was reported as a widespread smut fun-
gus on this host at Queen Elizabeth Islands (Savile & 
Parmelee 1964) and throughout Somerset Island (Savile 
1959).

On the basis of available information in Savile (1959), 
Kevan & Parmelee (1972), Aiken & al. (2007b), Elven & 
al. (2011), and Alsos & al. (2018), as well as our observa-
tions on the cited Microbotryum specimens from DAOM, 
contrastive morphological characters of the healthy flow-
ers of Silene uralensis subsp. arctica are compared with 
those of flowers of the same plant with anther infection, 
and with flowers with atypical infection (Table 3).

Microbotryum arcticum causes typical anther infec-
tion, leading to the development of smutted anthers (Fig. 
4B, C), which are filled with teliospores instead of fertile 
pollen grains.

Because the soral development of Microbotryum 
savilei has not yet been studied, the infection caused by 
this species is provisionally referred to here as atypical 
infection. A suite of characters distinguishes both spe-
cies. Microbotryum savilei can be easily differentiated 
from the newly described species by the soral morphol-
ogy and changes in the affected flowers (Table 3). The 
healthy plants of S. uralensis subsp. arctica (in the 
flowering stage) and the plants infected by M. arcticum 
have nodding flowers, whereas the plants infected by M. 
savilei have erect flowers. The flowers infected by M. 
arcticum are not deformed; they are open and not com-
pletely filled with a spore mass. The flowers infected by 
M. savilei are closed, deformed and swollen (more so 
than in the healthy flowers), with a broadly ovoid or very 
broadly ovoid calyx (with height/width ratio 0.8 – 1.2), 
and are completely filled with a spore mass. In the in-
fected flowers, the petals remain within the closed calyx 
and are never emergent; the calyx is erect and closed at 
the throat; not only the anthers but also the filaments are 
affected (Fig. 2D, 4C); the stamens may or may not be 
completely destroyed; the ovary and styles remain rudi-
mentary and no seeds are produced.

As transmission of the fungus is mediated by insects 
that are both vectors of the disease and pollinators of the 
plant (Kevan & Parmelee 1972; Biere & Honders 1996; 
Fontaine & al. 2013), the flower modifications due to 
Micro botryum arcticum (specifically, the deeply pig-
mented flower, dark-coloured spore mass in the smutted 
anthers, and presence of a more elongated calyx that is 
more open at the throat, and more exserted petals) could 
result in more insect visits, which is extremely important 
under the High Arctic conditions.
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