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Abstract. Two specimens of a rare species Diderma aurantiacum collected in the Sikhote-Alin
Nature Reserve and the territory of the Land of the Leopard National Park (Primorye Territory,
Russian Federation) were found during revision of the myxomycete collection of the Mycological
herbarium of the Komarov Botanical Institute (LE). These specimens are the first records of this
species outside the Japanese islands. Diderma aurantiacum is characterized by a thick cartilaginous
peridium of dull orange color that breaks into petal-like fragments during dehiscence, a small hemi-
spherical columella, weakly branched dark capillitial threads with pale tips, and warted spores with
darker warts arranged in small groups. The color photographs of sporocarp structures and SEM ima-
ges of spores and capillitium are published for the first time. The partial nucleotide sequences of
nrSSU (18S rDNA) and EF1a genes of specimens from the Russian Far East differed clearly from
these of other Diderma species.

Keywords: Amoebozoa, Didymiaceae, Leangium, Physarales, illustrations, slime molds, phylo-
geny, Far East, Primorye Territory, Russia.
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HaXO/IKH IAHHOTO BUJIA 3a rpejiesiaMu S noHckux ocTpoBoB. Diderma aurantiacum xapakTepusyercst
TIJTOTHBIM, XPSIIEBUIHBIM TYCKJIO-OPAHKEBBIM TTEePUANEM, KOTOPBIN PACTPECKUBAETCS Ha 3Be3[da-
Thie ()parMeHThl IIPU CO3PEBAHKUU, HEOOJIBIION IAPOBUAHON KOJOHKOH, C1ab0 BETBAIIUMUCS TEM-
HBIMU HUTSIMU KallUJUIUIIUS CO CBETJIBIMEI OKOHUAHUSAMU 1 OOPOIaBUATBIME CLIOPaMU, OOPOIABOUKU
Ha TIOBEPXHOCTH KOTOPBIX (hOPMUPYIOT TPYIILL. BriepBbie mpuBosITCs 1BeTHDIE (hoTorpaduu cro-
POKapIIOB ¥ CTPYKTYP KAIUJIUIIMS 9TOr0 Bujia. CpaBHEHMEe YaCTUYHBIX HYKJIECOTU/IHBIX OCJIe/I0Ba-
tesnprocTed reroB nrSSU (18S rDNA) u EF1a mokasaso 3HaunTespHoe oTanane o6pasios ¢ Jlarb-
Hero Bocroka Poccun ot apyrux npencrasuresneii poga Diderma.

Kiouessie cioBa: Amoebozoa, Didymiaceae, Leangium, Physarales, nioctpainu, Cliu3eBUKH,
dunorenus, lansuuii Boctok, [Tpumopckuit kpaii, Poccust.

The genus Diderma Pers. (Physarales, Didymiaceae), based on the type species Di-
derma globosum Pers., was described by Person in 1794. It is currently one of the lar-
gest genera of myxomycetes, numbering 87 species (Person, 1794; Lado, 2005-2023).

Its most characteristic features are dark-colored spores, the absence of lime in ca-
pillitial threads (very rarely some threads may contain several amorphous granules),
and granulated lime in a one-, two- or three-layered peridium (Poulain et al, 2011),
which may form individual lime scales in some cases, e. g., Diderma tigrinum (Schrad.)
Prikhodko et al. (Prikhodko et al., 2023, syn. Lepidoderma tigrinum (Schrad.) Rostaf.).

The genus Diderma is usually divided into two subgenera: Diderma and Leangium
Link (Poulain et al., 2011). The subgenus Diderma is characterized by an outher peri-
dium rich in lime, fragile, rough or smooth, often eggshell-like, rarely dehiscing stel-
lately. The genus Leangium was described by H. F. Link (1809); its members were
characterized by often stalked, almost globose sporangia, globose or hemispherical co-
lumella, thick cartilaginous peridium (structurally resembling peridium of Leocarpus
Link), dehiscing in petal-like manner in certain species. Later, several species were
transferred to the genus Leangium, and in 1899, T. Macbride proposed to move Lean-
gium to the subgeneric level, Diderma subg. Leangium (Link) T. Macbr. (MacBride,
1899) to accommodate species with a three-layered peridium consisting of an inner
membranous layer covered by a granuliferous lime and finally another organic layer. In
some cases the third, organic layer is extremely thin and not clearly discernible.

More recent authors have pointed out that the limits between the subgenera Lean-
gium and Diderma are poorly defined (Martin, Alexopoulos, 1969; Poulain et al., 2011).
Poulain et al. (2011) list the species that can be assigned to the subgenus Leangium:
Diderma antarcticum (Speg.) Sturgis, D. darjeelingense K. S. Thind et H. S. Sehgal,
D. floriforme (Bull.) Pers., D. lucidum Berk. et Broome, D. ochraceum Hoftm., D. ra-
diatum (1..) Morgan, D. roanense (Rex) T. Macbr., D. rufum Nann.-Bremek., D. rugo-
sum (Rex) T. Macbr., D. sauteri (Rostaf.) T. Macbr., D. subasteroides M. L. Farr, and
D. umbilicatum Pers. Because of the stalked sporangia, cartilaginous peridium, and
the presence of columella, this list can be extended: Diderma aurantiacum Y. Yamam.
et Nann.-Bremek, D. asteroides (Lister et G. Lister) G. Lister, D. cattiense Novozh.
et D. W. Mitch., D. dalatense Novozh., Prikhodko et Shchepin, D. subasteroides
M. L. Farr., D. velutinum Bortnikov, and Polyschismium trevelyanii (Grev.) Corda
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(= Leangium trevelyanii Grev.). The latter taxon belongs even to a different genus, as
shown by a revision based on genetic investigations (Prikhodko et al., 2023).

Diderma aurantiacum was described from Japan in 1990. The holotype, Y. Ya-
mamoto 8738, from Mountain Shiraga is stored in The National Museum of Nature
and Science (TNS) in Japan and the isotype is stored in the collection of Nannen-
ga-Bremekamp no. 16.393 (Nannenga-Bremekamp, Yamamoto, 1990). In addition to
the type locality, this species has been recorded in Sasaguri Forest of Kyushu Univer-
sity (Harakon et al., 2005) and on the Izu Peninsula (Yano et al., 2017). So far, all ob-
servations of this species have been made only in Japan.

During revision of myxomycetes collected in the Primorye Territory (Russia), two
specimens of Diderma aurantiacum were found that agree in morphological features
with the type description. In the present work, morphological features of this species
are discussed, accompanied by the first color macro- and microphotographs and se-
quences of four genetic markers: nrSSU (18S rDNA), EF1a, COI, and mtSSU.

Materials and Methods

Morphological studies

Photographs of sporocarps were taken with a ZEISS Axio Zoom.V 16 dissecting micro-
scope and a Micromed 3 var. 3LED light microscope equipped with a E3CMOS06300 dig-
ital camera and epi-illumination. Series of pictures were taken in different optical sections
and processed using Helicon Focus ver. 6.0.18. The dimensions of spores, capillitium, and
sporocarps were calculated using ToupView 3.7 and Image] ver. 1.52a.

Microscopic measurements and photographs were made with a ZEISS Axio Ima-
ger.A1 light microscope with differential contrast using Zeiss Zen 3.2 software (Carl
Zeiss Microscopy GmbH, free license, blue edition) software and Micromed 3 var.
3LED equipped with a E3CMOS06300 digital camera. For microscopy, sporocarps
were mounted in polyvinyl-lactophenol or 4% KOH. The spore surface and structure
of capillitium were studied using Jeol JSM-6380 LA (Jeol, Tokyo, Japan) and Quat-
tro S (Thermo Fisher Scientific, Waltham, MA, USA) scanning electron microscopes.
Specimens for SEM were mounted on copper stubs with nail polish and sputter-coated
with gold-palladium.

DNA extraction, amplification, and sequencing

Extraction of genomic DNA was performed from mature air-dried fruiting bodies
without a trace of fungal contamination. Approximately 2—5 sporocarps were placed
in 2 ml safe-lock tubes with addition of steel or ceramic balls 3 mm diam. and frozen
at —20 °C for at least 30 min. Afterwards, samples were crushed in a Bioprep-24 ho-
mogenizer (Hangzhou Allsheng Instruments, Hangzhou, China). DNA was extracted
either with a PhytoSorb kit (Sintol, Moscow, Russia) according to the manufactur-
er’s protocol with minor modifications (the spore homogenate was eluted with 450 pl
of extraction buffer; lysis buffer was added without preliminary precipitation step and
supernatant transfer into a new sterile tube; final elution volume was 80—100 ul) or
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with a MagPure Plant DNA Kit (Magen Biotechnology, Guangzhou, China) accord-
ing to the manufacturer’s protocol.

To reconstruct the phylogeny, two unlinked genetic markers were sequenced. The
first part of nrSSU (nuclear 18S rRNA gene), which is free of introns, was obtained
with the S2 forward primer (Fiore-Donno et al., 2008) and SU19R or SSU_rev re-
verse primers (Fiore-Donno et al., 2011; Prikhodko et al., 2023). A fragment of transla-
tion elongation factor 1-alpha (EF1a) gene was amplified using a PB1F/PB1R primer
pair (Novozhilov et al.,, 2013). In addition, partial sequences of cytochrome c oxidase
subunit 1 gene (COI) and mitochondrial 16S rRNA gene (mtSSU) were obtained
from two samples of Diderma auranticaum. COI was amplified and sequenced with
a COMF/COMRs primer pair (Liu et al., 2015; Novozhilov et al., 2019) and mtSSU
with a Kmit_F/Kmit_R primer pair (Lado et al., 2022).

A list of primers, their sequences, and amplification protocols for different primer
combinations are provided in Table 1.

Table 1
Primer pairs and amplification protocols used in this study
Name F/R Sequence (5°-3") Amplification protocol

S2 F TGGTTGATCCTGCCAGTAGTGT 5 min at 95 °C, 36 cycles

(30 sec at 95 °C, 20 sec at
SU19R R GACTTGTCCTCTAATTGTTACTCG 56°C, 50 sec at 72 °C)
SSU rev |R AGACTTGTCCTCYAATTGTTAC and 5 min at 72 °C
PBIF F ACCCGTGAGCACGCTCTCCT 5min at 95 °C, 36 cycles

(30 sec at 95 °C, 30 sec at 65.4
PBIR R CGCACATGGGCTTGGAGGGG °C, 1 minat 72 °C)

and 10 min at 72 °C
COMF F GCTCCTGATATGGCWTTTC 5min at 95 °C, 36 cycles

(30 sec at 95 °C, 20 sec at
COMRs |[R CATGRAAWGCATATCWARACC 52°C, 1 minat 72 °C)

and 10 min at 72 °C
Kmit F |F AGTGTTATTCGTGATGACTGG 5 min at 95 °C, 32 cycles

(30 sec at 95 °C, 1 min at
Kmit R |R CGAATTAAACCACATCTCCACC 52°C, 90 sec at 72°C)

and 10 min at 72 °C

PCR reactions were prepared with 10 pl of 2 x BioMaster HS-Taq PCR-Color
reaction mix (Biolabmix, Novosibirsk, Russia) containing 100 mM KCI, 0.4 mM
dNTPs, 4 mM MgCl,, 0.06 U/ul TagDNA polymerase, 0.2% Tween20, and several
dyes (xylene cyanol, bromophenol blue, Orange G, and tartrazine) with addition
of 3 nmol of each primer, 1-3 pl of template DNA, and diH,O up to a total volume
of 20 pl. The amplification was carried out with a C1000 Touch (Bio-Rad, Hercu-
les, USA) thermal cycler. Products of amplification were stained with SYBR Green
I (Lumiprobe, Moscow, Russia), separated by 1.2% agarose gel electrophoresis, ob-
served in a Gel Doc XR+ System (Bio-Rad, Hercules, USA), and then purified using
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a CleanMag DNA (Evrogen, Moscow, Russia) purification kit before PCR or sequen-
cing with a BrilliantDye Terminator v3.1 Cycle Sequencing Kit (NimaGen, Nijmegen,
the Netherlands) using the primers mentioned earlier. Sequencing products were pu-
rified with a NimaGen D-Pure DyeTerminator Cleanup kit and analyzed on an ABI
3500 automated DNA sequencer (Applied Biosystems, Foster City, USA) equipped
with a standard 50 c¢m capillary array.

Alignments, model selection, and phylogenetic analyses

The newly obtained nrSSU and EF1a sequences were edited and assembled into
two single gene alignments in Unipro UGENE (Okonechnikov et al., 2012) with the
sequences deposited in NCBI GenBank. The final alignments were generated using
MAFFT v7.496 online service (Katoh, Standley, 2013; Katoh et al., 2019) with
E-INS-I option for nrSSU and G-INS-i option for EF1a with default gap penalties.
Exon parts of EF1a sequences were determined according to the known EF1a protein
and nucleotide sequences of Meriderma carestiae (Ces. et De Not.) Mar. Mey. et Pou-
lain (GenBank MH460968; Fiore-Donno et al., 2019) and Diderma tigrinum (Gen-
Bank EF513195; Fiore-Donno et al., 2010).

After manual editing and trimming of the primer sequences, two sets of nucleotide
sequences were merged into a single alignment with two partitions using SequenceMa-
trix 1.8. (Vaidya et al., 2011). Maximum likelihood (ML) analyses were performed us-
ing IQ-TREE 1.6.12 (the last stable release; Nguyen et al., 2015) launched on the local
machine. The TIM2e+I+G4 evolutionary model was selected for nrSSU partition and
TN+F+I1+G4 for EF1a partition according to the ModelFinder tool implemented in 1Q-
TREE (Kalyaanamoorthy et al., 2017). 1000 ultrafast bootstrap (UBS) replicates (Ho-
ang et al., 2018) were performed to obtain confidence values for the branches. Bayesian
inference (BI) was performed with the same dataset using MrBayes 3.2.7a (Huelsen-
beck, Ronquist, 2001) run on CIPRES Science Gateway (Miller et al., 2010). The phy-
logenetic analysis was run four times as four separate chains for 10 x 10° generations
(sampling every 1000). The convergence of MCMC chains was estimated using Tracer
1.7.2 (Rambaut et al., 2018) and by the average standard deviation of split frequencies;
based on the estimates, the first 25% generations were discarded as burn-in. Posterior
probabilities (PP) for clades were exported to the ML-tree. Phylogenetic tree with com-
bined supports was visualized using FigTree 1.4.4 and edited using Corel DRAW 24.0.

Data Availability

The DNA sequences generated during the current study are available in NCBI
GenBank. The list of specimens used in the phylogenetic reconstruction is available
as Supplementary material', and together with concatenated alignment, partition file,
and phylogenetic tree in the Newick format can also be found in Supplementary mate-
rials on FigShare: https://doi.org/10.6084,/m9.figshare.21972989.

! Electronic supplement is available at the end of the article page on the journal website (https://doi.
org/10.31111/nsnr/2023.57.1.27).
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Specimens examined

Diderma aurantiacum. Russia, Primorye Territory, Nadezhdinsky District, Land of the Leopard
National Park, 43.40442°N, 131.54481°E, mixed damp polydominant forest with Acer mono Max-
im., Pinus koraiensis Siebold et Zucc., Abies holophylla Maxim., A. nephrolepis (Trautv. ex Maxim.)
Maxim., on the upper side of a dead log of Abies sp. completely covered by mosses, 3 IX 2011, No-
vozhilov, LE 286478; Terneysky District, Sikhote-Alin Nature Reserve, near the Yasnaya river,
45.23789°N, 136.49733°E, mixed forest with Quercus mongolica Fisch. ex Turcz., Betula davurica
Pall., B. platyphylla Sukaczev, and Larix gmelinii (Rupr.) Kuzen., on dead wood of Larix gmelinii, 31
VIII 2014, Novozhilov, Shchepin, D. A. Erastova, Schnittler, LE 302633 [was previously mentioned as
Diderma cf. floriforme (Novozhilov et al., 2017: fig. 8,9)].

Diderma asteroides. Russia, Pskov Region, Bejanitskiy District, Polistovskiy Natural State
Reserve, 57.10401°N, 30.37171°E, forest of black alder (Alnus glutinosa (L.) Gaertn.) with Betula
pendula Roth and Sorbus aucuparia L., on the edge of a bog, on the upper side of dead leaf of Alnus
glutinosa, 6 X1 2019, Gmoshinskiy, A. V. Matveev, N. I. Borzov, MY X 12440.

Diderma floriforme. Russia, Moscow Region, Serpukhovskiy District, Prioksko-Terrasny Natural
State Biosphere Reserve, 54.88105°N, 37.65570°E, mixed polydominant forest with Quercus robur L.,
Picea abies (L.) H. Karst., Tilia cordata Mill., Pinus sylvestris L., on the downside of a dead log, 21 X
2021, Gmoshinskiy, N. I. Kireeva, MYX 18793; Ukraine, Kiev Region, Bucha District, 50.58390°N,
30.00869°E, in the hollow of an Quercus robur stump, 27 VIII 1917, M. Zelle, LEP 547.

Diderma radiatum. Russia, Tver Region, Nelidovsky District, Central Forest Natural State Bio-
sphere Reserve, 56.47230°N, 32.99247°E, mixed, swamped forest with Picea abies, Betula pendula,
Sorbus aucuparia, with a continuous covering of Sphagnum spp. on ground, on downside of dead de-
ciduous log, 16 X 2016, Gmoshinskiy, N. I. Kireeva, MYX 8903; ibid., 56.46725°N, 32.95655°E, spruce
forest (Picea abies), with mixture of Betula pendula and Populus tremula, on dead log of conifer tree,
4 X1 2017, Gmoshinskiy, N. Yu. Buchtoyarova, MYX 9071; ibid., 4 X1 2017, Gmoshinskiy, N. Yu. Bu-
chtoyarova, MYX 9084.

Results and Discussion

Diderma aurantiacum Y. Yamam. et Nann.-Bremek., 1990, in Nannenga-Bremekamp
et Yamamoto, Proc. Kon. Ned. Akad. Wetensch. 93(3): 267. (Figs. 1, 2)

Sporocarps scattered (Fig. 1A), stalked or rarely almost sessile, 0.85-1.1 mm
in total height. Sporotheca subglobose or slightly flattened, usually yellow to dull
orange (Fig. 1A, B, C), yellowish-brown to brown when lacking lime (Fig. 1D,
E, G, H), 0.45-0.8 x 0.4—0.7 mm. Hypothallus membranous, pale brown, discoid,
individual. Stalk either normally developed, half or more than a half of the total
height (up to 0.6 mm), rugose, pale brown (Fig. 1B, D, E), or almost absent and re-
placed by expanded hypothallus (Fig. 1H), darker near the base, widening in the
upper part and gradually becoming the base of sporotheca (Fig. 1B, D, E). Perid-
ium double, with closely appressed layers (Fig. 2E); outer layer cartilaginous, con-
sists of tightly packed dull orange lime granules, if normally developed. Inner layer
membranous (Fig. 2E, see arrow), translucent, pale brownish (Fig. 1A, B). In case of
a poorly developed outer layer the peridium looks brown because of the spore mass
showing through (Fig. 1D, E, G, H). Dehiscence apical, irregular to mostly flori-
form (Fig. 1A-D). Columella hemispherical to subglobose or globose, reaching one-
third or a little more of the sporotheca height, yellow-brown, rugose (Fig. 1C, I).
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Fig. 1. Diderma aurantiacum (A, B, D, G, H — from LE 302633; C, E, F, I — from LE 286478).
A-C — mature dehisced sporangia; D, E — dehisced and intact sporangia with limeless peridium;
F — capillitium with hyaline tips; G, H — stalked and short-stalked sporangia with aberrant
development of outer peridium (dull yellow lime grains are visible); I — destroyed sporangium with
exposed columella.

Scale bars: A—E, H — 500 um; F, G, T — 200 um.

Capillitium radiating from the columella, but loosely attached to it, composed of
almost smooth threads (about 2 um diam.), sometimes with several dark node-like
thickenings up to 5 pm diam. (Fig. 2A, B), dark brown in both reflected and trans-
mitted light excluding the hyaline tips (Fig. 1F), sparingly branched (Fig. 2A, 1),

33



Gmoshinskiy et al. Morphology and phylogeny of Diderma aurantiacum

Fig. 2. Capillitium and spores of Diderma aurantiacum
(A-G — from LE 302663; H-K — from LE 286478).

A-D, I-K — capillitium and spores in transmitted light (TL) (C, I, ] — H-shaped ends of capillitium);
E — section of the peridium; the arrow points to the inner membranous layer; F—-H — capillitium and
spores in scanning electron microscopy (SEM); the arrow points to the group of warts.

Scale bars: A — 100 um; B, C, D, J, K— 20 pm; E, F — 5 pm; G — 2 pm; H — 1 um; I — 50 pm.

anastomosing only in the upper part and forming small light H-shaped expansions
(Fig. 2C, 1, J). Under SEM, capillitial threads almost smooth (Fig. 2F), occasion-
ally with small, irregularly distributed, amorphous nodules. Spores dark brown in
mass, dark purple-brown in transmitted light, globose, (10.1)11.0-12.1(12.7) um
diam. (mean = 11.6, SD = 0.57, n = 110), with uniformly thickened wall, densely
warted, with 2—3 groups of darker warts on the visible part of the spore (Fig. 2D, K).
Under SEM, spores are ornamented with irregularly distributed baculae with
small nodules at the apices, giving them a coralloid appearance (Fig. 2G, H).
Plasmodium unknown.

The most distinctive features of Diderma aurantiacum are dull orange to yel-
low-brown sporangia breaking into curling petal-like fragments of peridium, almost

34



Hosocmu cucmemamuxu nuswux pacmenuii — Novosti sistematiki nizshikh rastenii 57(1): 27—42. 2023

non-branched, nearly smooth capillitial threads loosely attached to a yellow-
ish-brown spherical columella, and warted spores with darker warts assembled in
small groups.

The studied specimens of Diderma aurantiacum were identical in morphologi-
cal features, although spore size was slightly different: LE 302633 — (10.1)10.8—
11.9(12.5) um (mean = 11.3, SD = 0.55, n = 55); LE 286478 — (10.6)11.4—
12.3(12.7) um (mean = 11.8, SD = 0.46, n = 55). They generally agree with the
original description, but slightly differ in some details and complement it (Nannen-
ga-Bremekamp, Yamamoto, 1990).

Sporangia of specimens from the Russian Far East were somewhat shorter than in
the original description: 0.85—1 mm vs. 1.5 mm. The publication of Nannenga-Breme-
kamp and Yamamoto (1990: Fig. 2A) depicts two sporangia about 0.9—1.0 mm high,
according to the scale bar. The original description states, “Columella slightly cla-
vate, mostly filled with lime globules, reaching halfway or a little more in sporangium”,
but the color of columella is not specified. However, the columella height is at most
40% of the sporangium diameter (Nannenga-Bremekamp, Yamamoto, 1990: Fig. 2B),
which agrees with our observations: the columella also took up about 40% of the spo-
rangium, was slightly narrowed at the base and colored like the inner peridium in yel-
lowish-brown. The capillitium structure of studied specimens from the Russian Far
East also corresponded to the type description: threads were “...rather simple, sparingly
branched, inter-connected only near the tips by pale, small membranes”. The only dif-
ference was the presence of a large number of dark nodules scattered throughout the
capillitium, which was unambiguously illustrated by Yamamoto (1998: 264, Fig. 2C).
In the drawing, several dark nodular thickenings are clearly visible, but in our case,
they were more numerous and sometimes larger. The original description states that
the spores are “minutely warty”, while is clearly shown that warts are not evenly ar-
ranged and small groups of darker warts are present (Nannenga-Bremekamp, Yama-
moto, 1990: Fig. 2D). A similar spore ornamentation is depicted by Yamamoto (1998:
264, Fig. D). Spores of our specimens were warted with clearly visible separate groups
of darker and thicker warts (Fig. 2B, D, J, K). The protologue indicates that the holo-
type was recorded on rotten wood. Both specimens studied herein also developed on
dead wood of conifers (LE 302633 on Larix gmelinii and LE 286478 on Abies sp.).

In general, we believe that the fully formed sporangia of our specimens correspond
to the protologue despite small differences. However, it should be noted that the stud-
ied specimens (especially LE 302633) had, in addition to normal sporocarps, a great
number of those that developed with a deficiency of lime, so that their peridium was
not yellowish, but brown (sometimes with separate grains of yellow lime, see Fig. 1G,
H). Some of these sporocarps were also very short-stalked (Fig. 1H).

Diderma aurantiacum appears close to other species of the subgenus Leangium, e. g.,
Diderma asteroids, D. cattiense, D. floriforme, D. radiatum, D. roanense, and D. sub-
asteroides. However, there are notable differences supporting D. aurantiacum as a sepa-
rate species. The typical morphological form of D. floriforme has a pearl grey to greyish
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Fig. 3. Diderma floriforme (A—C, F-G — from MYX 18793, D—E — from LEP 547),
D. asteroides (H-K — from MYX 12440), and D. radiatum
(L — from MYX 8903, M — from MYX 9084, N-Q — from MYX 9071).

A, B, D, E — mature sporangia before and after dehiscence (E — club-shaped columella is visible);
C, I — spores and capillitium (TL); F, G, J, K, O—Q — spore and capillitium (SEM); H — sporangia;
L-N — mature sporangia.

Scale bars: A, B, H, L, M, N — 500 um; C,I — 20 um; D — 2 mm; E — { mm; F, O — 2 ym; G — 10 pm;

JV K, Pv Q - 5 pm.
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beige sporotheca (Fig. 3A, B, D), clavate columella (Fig. 3E), and spores with un-
evenly thickened wall and large, dark, scattered warts (Fig. 3C, F) (see also Martin,
Alexopoulos 1969). Furthermore, sporangia of D. floriforme are usually aggregated in
dense groups (Fig. 3B, D), while D. aurantiacum develops sporangia scattered over
the substrate (Fig. 1A). Diderma subasteroides differs in flattened or discoid brown
sporangia, poorly developed columella, abundantly branched capillitial threads, and
larger spores reaching 12—13 um diam. (Farr, 1971). Diderma asteroides differs in
brown peridium, hemispherical to subdiscoid sporangia (Fig. 3H), larger spores (12—
13 um) (Fig. 31, J), abundantly branched capillitial threads (Fig. 3K), and flattened,
whitish or pale flesh-colored columella (Lister, Lister, 1911; Martin, Alexopoulos,
1969). Diderma radiatum can be distinguished by its peridium, which is brown or red-
dish-brown on the outside (Fig. 3L) and white on the inside (Fig. 3M, N), short, stout
stalks, and a large, pad-like columella occupying up to one-half of the sporotheca (Fig.
3M, N). In addition, the average sporangia of D. radiatum are much larger than those
of D. aurantiacum — 0.6—1.4 mm vs. 0.4—0.8 mm (Nannenga-Bremekamp, 1968; Mar-
tin, Alexopoulos, 1969).

Another two species of the subgenus Leangium, Diderma cattiense and D. roanense,
remind D. aurantiacum by having stalked sporangia with cartilaginous peridium and
well-developed columella. However, they can be both distinguished by brown triple
peridium rather than dull orange double peridium, close to areolate, and completely
colorless capillitial threads (Geo, Rex, 1893; Novozhilov et al., 2014).

The authors of the original description compared Diderma aurantiacum with D. lu-
cidum Berk et Br. [= Leangium lucidum (Berk. et Broome) E. Sheld.] and D. miniatum
Nann.-Bremek. (Nannenga-Bremekamp, Yamamoto, 1990). Sporangia of both of these
species are bright orange or scarlet and have well-developed, abundantly branched
capillitium forming a reticulate structure. In addition, D. lucidum is characterized by
a short, thin, black stalk, peridium that does not dehisce in a floriform manner for-
ming curled “petals”, conical or slightly club-shaped columella, and larger spores —
13—15 um (Martin, Alexopoulos, 1969; Emoto, 1977; Ing, 1999). Sporangia of D. mi-
niatum can be larger (about 2 mm tall and 1 mm diam.), have stout stalks filled with
white crystalline lime, light orange conical columella reaching the center of sporan-
gium, and spores evenly ornamented with small warts (Nannenga-Bremekamp, 1989;
Lado et al., 2019). Morphology of D. aurantiacum may be compared with D. auran-
tiocolumellatum Adamonyte, Seraoui et Michaud with deep yellow or orange lime in
peridium. It is distinguished by always sessile sporangia and bright orange peridium,
which crumbles away in segments together with attached capillitium threads leaving
exposed columella (Adamonyte et al,, 2011).

Phylogenetic study

A total of 29 new nucleotide sequences were generated for this study. The final
dataset consisted of 64 specimens belonging to 27 morphological species of five genera.
The concatenated alignment for ML and BI analyses included 64 nrSSU sequences
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and 64 EF1a sequences with 1380 sites, 609 distinct patterns, 24 singleton sites, and
847 constant (non-informative) sites in total. The topologies of ML and BI phyloge-
nies were congruent and the clades that received high statistical support with UBS
and PP were mostly identical.

Figure 4 shows the resulting two-gene phylogeny. The tree is rooted with species
of Lamproderma (Lamprodermataceae, Physarales), being a basal clade to the order
Physarales (Leontyev et al., 2019).

Lamproderma ovoideoechinulatum LE296534
Lamproderma ovoideoechinulatum LE316507
Lamproderma ovoideum LE285879
Lamproderma ovoideum sc30835

o lDiachea mitehellii MA-Fungi 91212 (Holotype)
Diachea mitcheliii MA-Fungi 96407'\?Paratype)

- g Diachea leucopodia MCCNNU00043
Diachea leucopodia MCCNNUO00134
Diachea leucopodia LE325782

Diachea leucopodia MYX14057
Didymium melanospermum LE297645
Didymium melanospermum MYX15116
r Didymium nivicola MA-Fungi 90604
— Didymium nivicola MA-Fungi 90610
Diderma dalatense LE317550 (Holotype)
Diderma ochraceum sc24049
Diderma ochraceum sc24091
Polyschismium trevelyanii Skrﬂ/pczak201 10
Po/[vschismium peyerimhoffii MM36552
9071 Polyschismium peyerimhoffii MM37686
Polyschismium fallax MM40366
Polyschismium fallax MM40368

82/0.95

| Diderma rugosum LE319306
| Diderma rugosum MY X22268

Diderma aurantiacum LE286478
Diderma aurantiacum LE302633
o | Diderma floriforme MdH1810007
9811 | Diderma floriforme MYX18793
Diderma floriforme SAAO 357

- - Diderma cattiense LE286673 (Holotype)

! Diderma cattiense LE291341 (Paratype)
Diderma montanum MY X8967
S8l Diderma montanum MY X8968

81/0.89

Diderma montanum MY X8966
Diderma montanum MY X9016
98/1r Diderma europaeum LE284751
Diderma europaeum LE289737
Diderma globosum LE325799
Diderma globosum LE325800
Diderma globosum LE325132
99/0.98 Diderma globosum LE325710
100/0.84' Diderma globosum LE325793
Diderma tigrinum MY X9947
—0—{ Diderma tigrinum KRAM M-1990
Diderma tigrinum MYX17121

Diderma radiatum MYX9867
Diderma radiatum MY X8903
L Diderma radiatum MA-Fungi 98421

Diderma radiatum MYX9071
Diderma velutinum LE318752 (Holotype,
Diderma velutinum LE318753 (Paratype
Diderma umbilicatum LE306464

Diderma umbilicatum MY X15083
Diderma asteroides MY X12440
Diderma niveumn LE292252
Diderma niveum LE292254
Diderma microcarpum LE289783
93/0.99 Diderma microcarpum LE289852
Diderma kamchaticum LE316523 (Paratype
Diderma kamchaticum LE316651 (Paratype
Diderma meyerae LE285161
Diderma meyerae sc30279

0.05 Diderma s. str.

Fig. 4. Phylogenetic tree for species of Diderma and related genera, obtained from combined nrSSU
and EF1a sequences. Branch supports are shown only for UBS/PP > 80,/0.8; black dots indicate
maximum supports in both analyses (UBS/PP = 100/1). Scale bar represent the mean number of

nucleotide substitutions per site.
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As it has been previously shown (Prikhodko et al., 2023) that the genus Diderma
in the traditional interpretation (Martin, Alexopoulos, 1969) is not monophyletic. Di-
derma ochraceum and D. dalatense, refered to subgenus Leangium, form an outer group
relative to the newly erected genus Polyschismium (accommodating mostly the nivi-
colous species of the former genus Lepidoderma) and a clade named Diderma s. str.,
which includes the type species Polyschismium trevelyanii and Diderma globosum, re-
spectively (Fig. 4; also see Prikhodko et al., 2023). A distinctive feature of the mem-
bers of the Diderma s. str. clade is the presence of a well-defined columella and mainly
stalked sporangia. Notably, the presence of an eggshell-like peridium consisting of
tightly packed lime granules is not a diagnostic feature for distinguishing the genus, as
previously thought (Ronikier et al., 2022; Prikhodko et al., 2023).

The studied specimens of Diderma aurantiacum are nearly identicalidentical in par-
tial nrSSU, mtSSU, and EF1a sequences. Meanwhile, both specimens have different
indels in COI sequences. Such differences are a good example of the fact that mito-
chondrial genes of myxomycetes can display a greater variability than classical nuclear
markers and can be used in the detection of hidden biodiversity in Myxomycetes.

The topology of the ML-tree (Fig. 4) indicates the proximity of Diderma auran-
tiacum to D. floriforme, the type species of the former genus or subgenus Leangium
(Fig. 2A—G), which is supported by the Bayesian analysis (UBS/PP = 67/0.97). As
mentioned above, these species are indeed morphologically quite similar in stalked
sporangia with a developed columella and petal-like dehiscence of the peridium. They
mainly differ in peridium color, columella shape, and spore ornamentation, as well as in
the nucleotide sequences of nrSSU and EF1a (see Supplementary Material).

Despite the morphological similarity of some species previously attributed to the ge-
nus Leangium (= Diderma subgen. Leangium) and allied species, including Diderma as-
teroides, D. cattiense, D. floriforme, D. radiatum, D. rugosum, D. umbilicatum, D. velutinum,
and Polyschismium trevelyanii, the recognition of Leangium as a separate taxon (subge-
nus) is not justified. These species do not form an independent monophyletic group, but
occupy an unresolved position next to Diderma globosum and other species of subgenus
Diderma, which agrees with previously published data (Prikhodko et al., 2023).
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