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Abstract

An inadequate understanding of microbial eukaryotes, especially dictyostelids, threatens
accurate biodiversity assessments and conservation effiegrative taxoomy combining ISCE
NBS color quantification, spore morphometrics, and mattus phylogenetics (SSU rDNAtpl)
was applied to 68 dictyostelid isolates from
hotspots (Changbai Mountain, Shennongjiad alianfengling National Nature Reserves). We
identified 28 taxa, including 17 new species, nine new varieties, and two already knowndspecies
collectively increasing global dictyostelid diversity by 15% (from 178 to 204 taxa) and expanding
records from Chia by 42% (from 61 to 87 taxa). Crucially, five novel taxa were segregated by
systematically revising thB. purpureumcomplex, with the reclassification &f. pseudosessilas
an independent species, thus resolving both cryptic speciation and historacadrhic ambiguities.
Phylogenetic analyses validated these taxonomic revisions through distinct morphological
molecular signatures. Combined with prior findings, 18 endemic taxa are now documented from
Changbai Mountain, establishing this region as aabiat diversification hotspot and advocating
urgent inclusion of protists in biodiversity conservation efforts. This work provides a replicable
protocol for microbial taxonomy by standardizing phenotypic descriptors and reconciling
molecularphylogenetic onflicts.

Keywords i Cryptic speciationi Dictyostelium purpureuncomplexi integrative taxonomy
microbial conservation multi-locus phylogenetics

INTRODUCTION

While biodiversity conservation efforts predominantly focus on macganismgRodriguez
et al. 2015) an inadequate understanding of certain microbial eukaryote taxonomic groups could
jeopardize the accuracy of biodiversity assessm@raws/ilowski et al. 2012, Geisen et al. 2018)
This gap is particularly acute in dictyostelids (dictyosteliduta slime molds, a group of fungus
like organisms)(Wijayawardene et al. 2020yvhere signature sequence limitations and cryptic
speciation obscure true species bounddhNehdiabadi et al. 2009, Sheikh et al. 2018, Chittavichai
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et al. 2025, Zhang etl.a2025) Despite their ecological significance in nutrient cycling and
microbial interactiongGeisen et al. 2018protists remain underrepresented in conservation efforts,
with only about 6.3% of described species assessed by the IUCN RéAdlist d. 2019, Banki

et al. 2025, IUCN 2025)This disparity is exacerbated by the exclusion of mganisms from
IUCN biodiversity monitoring programs. The unresolved status of taxa suc@oasonia
denticulata 8 described in 1884 but never isolated agdin epitomizes how taxonomic
uncertainties perpetuate conservation blind s(iRéper 1984, Sheikh et al. 2018)

Modern integrative taxonomy, combining morphometrics, molecular phylogenetics, and
biogeographic analysis, has proven critical in resolving arygeciation in microbial eukaryotes
(Boluda et al. 2019)For dictyostelids, historical reliance on subjective morphological descriptors
(e. g., Agrayish white to pale | emon yhperowo)
1935) Although snall subunit rRNA (SSU rDNA) sequences cannot identify dictyostelids to the
species level alonéChittavichai et al. 2025)recent advances in molecular techniques, such as
multi-locus sequencing (SSU rDNA aratpl), now enable robust phylogenetic resalatiof
cryptic lineagegZou et al. 2022)However, standardized quantitative frameworks for phenotypic
characterization are still lacking, which hinders global biodiversity comparisons.

Herein, we address these taxonomic challenges through a systemadionresf the
Dictyostelium purpureuntomplex. An integrative taxonomy framework that combines color
guantification(Kelly & Judd 1976) spore morphometricdHagiwara 1989, Kirk et al. 2008and
multi-locus phylogenetics was developed to resolve the-$targling ambiguities within this
group. This approach allowed us to critically evaluate species boundaries and uncover the cryptic
diversity that has been previously negledideéhdiabadi et al. 2009)

Our study, conducted across three biodiversity hotspota high, intermediate and low
latitudes in China, significantly expands the known diversity of dictyostelids and reveals a
substantial amount of previously unrecognized cryptic dive(sityet al. 2025) These discoveries
underscore the prevalence aptic diversity in understudied microbial groups, emphasizing the
urgent need for taxonomic modernizati@aldauf 2008, Pawlowski et al. 2012, Wang et al. 2019,
Wang et al. 2023, Liu 2024, Wang et al. 2023)ur polyphasic approach establishes a refpliéca
framework for protist systematics and provides a vital tool for accurate biodiversity assessment,
which directly informs the development of effective conservation strategies in kilon@nated
ecosystems.

MATERIALS AND METHODS

Soil samples

Soil sampés were collected from the Changbai Mountain National Nature Reserve in Jilin
Province, the Shennongjia National Nature Reserve in Hubei Province, and the Jianfengling
National Nature Reserve in Hainan Province, all of which are located in the Priorig@ation
AreasofChi nads Biodiversity Conservat i ohe detiiled at e g

information about the collecting site was r ef
information was downloaded from AliyuAliyun), and visualized with detatdkeinformation as a
coll ection map of China wusing the R packages

while the rooted tree of Fig. 1 was constructed with the Wekemo Bioin¢Wellemo , Wickham

2016, Pebesma 2018, Wickham et al. 2019, hgtan 2023, Pebesma & Bivand 2023, Gao et al.
2024) The map was combined with the rooted tree using Adobe lllustrator. Each collecting site had
10 quadrats, with an interval of more than 10 meters between each one. Each quadrat was a square
with an areaof approximately four square meters. Within each quadrat, more than 20 grams of soil
was collected from each of nine randomly selected sampling points within that quadrat. The soils
were transported to the laboratory and preserved at 4°C as soon asepddkitfl the soils were
processed within a month after collection to ensure that dictyostelids maintain their maximum
abundancéCavender & Raper 1965)
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Figure 17 Map of the collecting sites where dictyostelids were isolatedThe left side displys

various collecting sites with all vegetation types from which collecting was carried out within or
near three nature reserves located in different provinces (latitudes) of China, each with a distinctly
different climate. Each collecting site (vegetatitype) is represented by a unique color (the
specific meaning of the colors are shown in the lower part of the figure). The right side is a rooted
tree that shows the species relationship of dictyostelids considered in this study, * indicates a new
specis, and ** indicates a new variety. The connection lines between the left map and the right
root tree indicate dictyostelids from different collecting sites; the color of the connection lines
corresponds to the province on the left map and species poirntseomght root tree (yellow
indicates Jilin Province, green indicates Hubei Province, and blue indicates Hainan Province),
indicating from which province those species were collecdCpllecting sites in Jilin Province
(Changbai Mountain National Nat Reserve and nearby area€)) Collecting sites in Hubei
Province (Shennongjia National Nature Reservé&)) (Collecting sites in Hainan Province
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(Jianfengling National Nature Reserve and nearby areas). The names of vegetation types are given
below.

Isolation, cultivation, and classification

A composite soil sample (100 grams) for each collecting site was produced by combining ten
grams of soil from each of ten sampling points within one collection site. An amount of 100 grams
of soil from each collectip site was then mixed with 900 mL of sterile distilled water, resulting in
an initial dilution of 1:10. After shaking at 280 rpm for two minutes, 5 mL of the above suspension
was taken and mixed with 7.5 mL of sterile water to produce a 1:25 dilutionsesbael in the
method of Cavender and Rafg@avender & Raper 1965Part of the remaining initial suspension
was used for pH measurements using a digital pH meter, while the others were filtered for another
experiment (unpublished). Soils with pH < 6 wartd assi fi ed as | ow pH (
intermediate pH (circumneutral), and pH > 7 as high pH (alkaline). Isolation and cultivation were
performed using the previously established metfzml et al. 2022)in which 0.5 mL of dilution
and 0.4 mL ofEscheichia coli were uniformly spread on a dry grag&efariaspp.) agar dish for
isolation. The dictyostelid isolates obtained were then transferred, along with 0.4Emtadf to a
water agar culture dish for cultivation. Both isolation and culture diglees incubated at 23°C.

The classification of morphology, DNA extraction, and PCR amplification followed the same
procedures and equipment as described by previous re¢2atcht al. 2022)

Sorocarps, pseudoplasmodia, and aggregations were first absardethen subsequently
photographed, measured, and analyzed using a Leica dissecting microscope equipped with 0.63x
ocular lenses and 1.0x objective lenses. Photographs were taken with a Leica digital camera and
accompanying software (LAS). Observatiorisspores and sorophores were conducted on slides
using sterile water as the mounting medium. These slides were subsequently photographed,
measured, and analyzed using a Zeiss light microscope equipped with 10x ocular lenses and 40x
objective lenses. Photmaphs were taken with a Zeiss microscope camera. Morphological
characteristics were compared with the original descriptions in the first published papers for each
dictyostelid species. When these descriptions were incomplete, morphological characheistics
compared with authoritative monographs on the subfBeper 1984, Hagiwara 1989Jor
controversial species (e.gDictyostelium sphaerocephaldm morphological features were
compared with relevant revised taxonomic publicati@®emeralo et al. 20Q71f there are three or
more significant morphological character differences compared to each known species, we regard
the taxon as a new species in terms of morphology. If there are one or two significant
morphological character differences, we regaesia new variant in terms of morphology.

PCR products were sent to Sangon Biotech (Shanghai) Co., Ltd. for sequencing. Phylogenetic
analysis was conducted using auto option in MAFFT for alignmenrf,RQE 2 to construct ML
(Maximum Likelihood) phylogenati trees, ModelFinder in KJREE 2 determines the bdt
model, with 10000 ultrafast bootstrap (UFBoot) replicates and 1008LEH tests performed for
branch support and testi@nisimova et al. 2011, Kalyaanamoorthy et al. 2017, Hoang et al. 2018,
Minh et al. 2020) We sequenced SSU sequences for all taxa in this papeatplisequences were
obtained for only some taxa that were difficult to identify using SSU sequences alone. Reference
sequences of SSU amtpl (Supplementary Table 3) were downloadiexin Nucleotide in NCBI
or obtained from the supplementary data of Sheikh ¢Nakleotide [Internet] 1988, Sheikh et al.

2018) Taxonomy of dictyostelids is listed in Supplementary Table 4. Figures of dictyostelid photos
were cropped, magnified propanally, and adjusted for brightness and contrast, and combined
using Adobe Photoshop. Phylogenetic trees of SSUasmtlwere drawn in the circular formats

using iITOL and in the rectangular formats using FigTtetunic & Bork 2024) these two formats

were then combined using Adobe lllustrator. The morphological characters and sequences of
dictyostelids were separately registered in MycoBank and GenBaekBank_[Internet] 1988,

Robert et al. 2005)All of the isolates obtained in the present study weseeh in HI-5 media at

180 and deposited in the herbarium of the My
Changchun, China (HMJAU), and listed in Supplementary Taf@4ucci & Sussman 1970)
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The software versions and instrument modelsntroeed previously are listed in
Supplementary Table 5.

RESULTS

We collected 200 soil samples from 20 collecting sites in three national nature reserves and
nearby areas across three different provinces in China, all located in the eastern monsoamecoregi
and characterized by distinctly different climates. Ten soil samples were collected from each
collecting site, and each site had the same type of vegetation. The collecting sites within each
nature reserve and nearby areas were characterized by umgewmtion. These were 80 soil
samples from the Changbai Mountain National Nature Reserve of Jilin Province (continental
temperate climate zone), 50 soil samples from the Shennongjia National Nature Reserve of Hubei
Province (north subtropical monsoon climaone), and 70 soil samples from the Jianfengling
National Nature Reserve of Hainan Province (tropical monsoon climate zone) (Fig. 1). The
distances between these three nature reserves are all greater than 1500 kilometers. The collecting
site in the Chagbai Mountain National Nature Reserve had almost the same geographical
coordinates in two successive collecting years (2018 and 2019).

We isolated 68 isolates of dictyostelids from 200 soil samples collected across these three
nature reserves. Combining Hhitlocus phylogenetics (SSU rDNAatpl) and standardized
morphometrics (e.g., ISGABS color codes, spore length/width ratios), these isolates were
classified into 28 different taxa, including 17 species new to science, nine varieties new to science,
and two previously known species. Notably, there were four new spedcevefderia
bifurcatimacrosorumCa. fasciculaticomplexispor&a. inordinat, Ca. varicelloide¥in the genus
Cavenderia family Cavenderiaceae, order Acytosteliales; six new spedisty@stelium
collarimigratum D. diversisporumD. latiorifirmibasis D. majileptosomumD. rufopurpureum
D. sinuatipurpureury) one previously known specieB.(pseudosessileand eight new varieties
(D. collarimigratumvar. breviorimigratum D. diversispoum var. brevisporum D. diversisporum
var. laevisorophorum D. diversisporum var. maximisporum D. latiorifirmibasis var.
minorifirmibasis D. rufopurpureum var. longioripseudosessile D. sinuatipurpureum var.
corymbipurpureumD. sinuatipurpureunvar. subulibasipurpureurp in the genudDictyostelium
family Dictyosteliaceae, order Dictyosteliales; three new speci®olygphondylium
latiamplitudinisporum P. macroviolaceumP. paniculoidesand one new varietyP( paniculoides
var. multiverticillatum) in the genus Polysphondylium family Dictyosteliaceae, order
Dictyosteliales; one new specieblagiwaraea conicibas)sin the genusHagiwaraea family
Raperosteliaceae, order Dictyosteliales; and three new speRagserpstelium krakenRa.
krakenopsis Ra. pudlum) and one already described speci&a.( minutup in the genus
Raperosteliumfamily Raperosteliaceae, order Dictyosteliales. All species have been separated and
included in a SSU phylogenetic anal ydeeasily Fi g.
separated by SSU phylogeny, have been distinguishedipfiyphylogenetic analysis (Fig. 3). The
morphological measurements of all taxa described in this study are summarized in Supplementary
Table 6.

Taxonomy

Cavenderia bifurcatimacrosoruny. Li, P. Liu et Y. Zou, sp. nov. Figs. 2,4, 5

MycoBank number: 853146; GenBank accession number: SSU: PP590172.

Etymologyi the name refers to the bifurcate pseudoplasmodia and the large terminal sori.

When cultured at 23°C on negntrient agar vih E. coli, sorocarps are phototropic, solitary,
clustered to gregarious, erect or semierect t
clustered, 215 sorocarps are always clusterec
disks. Soophores consist of several tiers of cells except tips, unbranched or with one to five short
lateral branches near or below the middle, or with bifurcate dichotomous branches; rarely with
8110 branches grown from one neotaroudd ooconicaltvitn s or
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basal di sks, consisting of several tiers of
base terminals measuring 11.97121.8 ¢&m. Ti ps
sever al t i er s oif widthewith the wid2st points 5f.tig terminals measuring

2. 7143.6 ¢&m. Branches are reaching 15071591 ¢
two tiers of cell s, 8. 7117.3 em in diam. So
(#8e82790 r grayi sh yellowish brown (#7e6d5a), gl
sor i are smaller, from 25 to 147 ¢&m. Spores ¢
(length/width = 1.2912.25), s 03me0 is3p.03 eesm | (alregne
= 2.5312.64), with polar granul es. Aggregati

secondary mounds. Pseudoplasmodia migrate with stalks, some pseudoplasmodia are bifurcate.
This species belongs to tavenderiaclade in a SSU rDNA phylogeny.

Distribution and ecology Isolated from a forest near the Jianfengling National Nature
Reserve, inmixed soil samples collectedfom a semideciduous rainforest a low elevation
(931336 m) with an i B®.er medi ate soil pH (pH =

Material examined China,Hainan Province: near the Jianfengling National Nature Reserve,
18.69° N, 108.82° E, average elevation 253.7 m. Isolated from mixed soil, Februari&baaz2
1 (HOLOTYPE, voucher specimen code: HMJAU MR390). Known ontyrirHainan Province,

China.

Notesi Distinguishing features dfavenderia bifurcatimacrosorummcluding the bifurcate
pseudoplasmodia and bifurcate sorocarps, make it different from @#venderiaspecies, except
for the species with bifid, bifurcated afichotomous structures such &sa. aureostabilis
Ca. bifurcata Ca. fulvg Ca. parvibrachiata Ca. pseudoaureostipe€a. subdiscoideabut the
phototropic character, large so@d. aureostabilishas s or i i @Ga. b¥fudcata78001 3¢0n0,

e mCa.fuvahas terminal sori i n 50 I1Ca pdvibmachiatat i3t 12 512a t
€ mCa. pseudoaureostipé&s0 1 2 5 0 Qansubdistcaide& 01 200 e m), broadly
(Ca. aureostabilidas ellipticalo bl ong spor es Canbifcatdh@s tWO ty@es With € m,

4.5716.3 I 1.81 2. 7Caafuldaha8|eI9pt|canbI30nsgm 478 1 31
Ca. parvibrachiatahas ellipticalo bl ong 5. 41 9. Qa. pseuddaudstpediptical-m,

obl ong 671 8. 5 Ch. sidistaidéalligticalosboidbng 6718 [ 2.8713. 8

short |l at er al branches or rarely 8110 branct

Ca. bifurcatimacrosorunfrom those specie@Cavender 1976, Cavendet al. 2018, Vadell et al.
2018, Cavender et al. 2022)0On the other hand, onlyCa. bifurcata clusters near

Ca. bifurcatimacrosorunin the SSU phylogenetic tree, and morphological distinctions have been
discussed.

Cavenderia fasciculaticomplexispord. Li, P. Liu et Y. Zou, sp. nov. Figs. 2,6, 7
MycoBank number: 853147; GenBank accession number: SSU: PP590173; PP590174.
Etymologyi the name refers to the clustered sorocarps and complex spores from subglobose

to obl ong; t he W fasticulatufbsuiculbt#fasieuthtamwith canmgpounding

form fasciculati-, whi |l e t he wo r d compexusgmplexacamplexumviitia t i n

compounding forntomplexi-.

When cultured at 23°C on newtrient agar withE. coli, sorocarps are clustergorone to
erect or semierect, Ssinuous, 0.214.3 mm in
clustered bases deepens like light grayish olive (#8c8767). Sorophores consist of one to two tiers of
cells except bases, unbranched or with irregular besndBases are round to clavate, consisting of
two to sever al tiers of cell s, 12.6126.7 &m
measuring 16.6128.0 ¢&m. Tips are clavate, COl
with the widestppnt s of ti p terminals measuring 7. 71 1°c¢
Sori colors are white, occasionally a little darker, like purplish gray (#8b8589) or pinkish gray
yish pink (#c4aead) ,hobdlomnbggs €3,
n f
9

(#clb6b3) to gra
[ 2.413.4 e¢m (length/width = 1.32712.38), a €
3.214.9 1 2.971 3. em (length/width = 1.0911. 2
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are mounds with short radiate streamiag o u n d, 0.511.5 1 0.511.2
secondary centers when forming pseudoplasmodia. Pseudoplasmodia with stalks but do not
migrate. This species belongs to G@venderiaclade in a SSU rDNA phylogeny.
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. |{Dicty T var. corymbipurpureum beichang1a PP590177** “Cavenderia fasciculoidea GQ496157.1

959971 Dii Ji beichang1igenqu PP590200* —c: ra yue2-2 PP590173*
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]

Figure 27 SSU phylogenetic tree of diyostelids. Isolates obtained in this study are indicated in
bold, new species are marked with one asterisk (*) and new varieties are indicated with two
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asterisks (**). Numbers with color represent-8ERT and UFBoot support values (%). The upper
part ofthe figure displays an entire SSU phylogenetic tree with all 12 genera of dictyostelids, while
the lower part of the figure shows a partial tree with specific branches of isolates in this study and
adjacent species.

Genus
[ cavenderia
[[] Heterostelium
[ Dictyostelium
[ Polysphondylium
e — - [J Raperostelium

Tree scale: 1

Cavenderia medusoides OH592 KF662074.1 Dictyostelium sp. TAS30A KF662068.1

75 B avenderia granulophora CH11-4 KF662075.1 Dictyostelium mucoroides 5735-3-23 MZ318393.2
A Cavenderia cf. aureostipes Got3A2 KF662097.1 03.9/05 Dictyostelium diversisporum var. brevisporum 19yueal PP932642**
Cavenderia aureostipes LR2 KF662124.1 Dictyostelium diversisporum 19yued1 PP932644*
Cavenderia cf. aureostipes TH3B KF662125.1 \Dictyostelium diversisporum var. laevisorophorum yue4 PP932649**
Cavenderia cf. aureostipes TH4B KF662126.1 94.1/100—HDictyostelium diversisporum var. laevisorophorum yue3 PP932648**
Cavenderia cf. aureostipes BP7B KF662127.1 Dictyostelium diversisporum hun2 PP932645*
g,‘av%dena cf. aureostipes MAQ52B KF662128.1 | Dictyostelium diversisporum huné PP932646*
90.1/ Cavenderia aureostipes YA6 KF662129.1 Dictyostelium diversisp var. laevisorophorum yue1 PP932647**
Cavenderia varicelloides 19yuec2-2 PP932632* 41.6931Dictyostelium diversisporum var. maximisporum yue6 PP932650**
1193 Cavenderia aureostipes KP3 KF662130.1 Dictyostelium diversisp var. brevisp 19yueb?2 PP932643**
99.1/100 Cavenderia aureostipes OH110 BW6 KF662131.1 o7 71HeE Dictyostelium robusticaule 5729-bai-2021 MZ318391.2
7gzggnden‘a aureostipes OH111 KF662132.1 54 4; 100 Dictyostelium robusticaule 5729-huang-2021 MZ318392.2
venderia aureostipes 13 KF662133.1 oD Dictyostelium collarimigratum var. breviorimigratum beichang2bda PP932651**
Cavenderia aureostipes JKS150 KF662134.1 Dictyostelium collarimigratum beichang2bxiao PP932652*
/ ig%%stelium discoideum AX3 AB000109.1 Polysphondylium paniculoides 19yuec4 PP932663*
ictyostelium discoideum AX3, partially X22 (48172-51517 bp) NC 000895.1 100/100 }Polysphondyilum paniculoides hun4 PP932665*
3 DOsrelium discoideum 5752-3-17 MZ318394.2 Polysphondylium paniculoides var. multiverticillatum 19yuef3 PP932664**
ictyostelium discoideum 5751-1-23 MZ318395.2 017/ Raperostelium kraken 19yuec5 PP932633*
Dictyostelium citrinum DQ336395.4 Raperostelium kraken 19yuea2 PP932634*
Dictyostelium citrinum NC 007787 .2 0/47} Raperostelium krakenopsis 19yueb3 PP932635*
Dictyostelium firmibasis TNS-C-14 CM069771.1 . tRaperostelium krakenopsis 19zhend1 PP932637*
Dictyostelium firnibasis TNS-C-14 JAVFKY010000009. 1 83 4841 Raperostelium krakenopsis 19zhenb3 PP932636*
g;‘ lium latiorifirmibasis var. minorifirmibasis beihunic PP932653** | Raperostelium minutum yue2-1 PP932638
lgﬁ:t:lmm latiorifirmibasis beihunieda PP932654* “7%1 IRaperostelium minutum yue2-3 PP932639
IWelium intermedium BK014289.1 00.3/100 Raperostelium pusillum zhen1 PP932640*
ictyostelium intermedium NC 058586.1 Raperostelium pusillum zhen2 PP932641*

Dictyostelium sinuatipurpureum var. corymbipurpureum beichangia PP932655**
Dictyostelium sinuatipurpureum beichang1igenzhi PP932658*

Dicty lium sinuatipurpureum beichangligenqu PP932657*

Dictyostelium sinuatipurpureum var. subulibasipurpureum beichanglidao PP932656**
<98 4/901 Dictyostelium rufopurpureum var. longioripseudosessile haiyuné-1 PP932659**
Dictyostelium rufopurpureum haiyun4-1xiao PP932661*

22 *Dictyostelium rufopurpureum haiyuni-1da PP932660*

Dictyostelium pseudosessile haihun1-1 PP932662 0.05

Figure 31 Atplphylogenetic tree dflictyostelids. Isolates considered in this study are indicated in
bold, new species are marked with one asterisk (*) and new varieties are marked with two asterisks
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(**). Numbers with color represent S&lLRT and UFBoot support values (%). The upper part o

the figure includes an entiratpl phylogenetic tree with only five genera afpl dictyostelid
sequences available in NCBI database, the lower part of the figure presents a partial tree with
specific branches of isolates in this study and adjacentespeci

Figure 47 Morphological features a€avenderia bifurcatimacrosorunfA) Gregarious sorocarps.

(B) Sorocarp with five short branche€)( Sorocarp with 87110 branche
on the sorophoreD() Conical bases of the sorophores. Lanéndicates the widest point of base
terminal, line b indicates the width of the bade) Capitate tip of the sorophore. Line a indicates

the widest point of tip terminal, line b indicates width of the tip) Acuminate tips of the
sorophores. &) Spores with polar granules.H) Early aggregation.l] Late aggregations shrink

into mounds. J) Bifurcateandwb i f ur cat e pseudopl asmodi a. Scal
C = 0.5 mm; DI G = 20 &m.

Distribution and ecology Isolated from the Northern Slope of the Changbai Mountain
National Nature Reseryan mixed soil samples collected from afpine birch forest at an
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intermedi ate elevation (1821711837 m) wirdmh an
the Northern Slope of the Changbai Mountain National Nature Resenraixed soil samples
collected from an alpine birch forestaan i nt er medi at e el evation (17
(pH =5.32).

Figure 51 Cavenderia bifurcatimacrosorunfA 1 BSorocarps.@) Spores. D) Tips. E) Bases.
(F) Aggregation.G) Pseudopl asmodium. Scale barsegmA, G

Material examinedi China, Jilin Province: Northern Slope of the Changbai Mountain
National Nature Reserve, 42.07° N, 128.07° E, average elevation 1829.1 m. Isolated from mixed
soils, August 2018yue22 (HOLOTYPE, voucher specimen code: HMJAU MR3%9lso isolated
from mixed soils of Northern Slope of the Changbai Mountain National Nature Reserve, 42.07° N,
128.07° E, average elevation 1799.2 m, August 2029uefl Known only from Jilin Province,

China.

Notesi Distinguishing features o€avenderiafasciculaticomplexisporare including the
clustered sorocarps, the smaller subglobose to broadly elliptical spores with larger elliptical to
oblong ones, the aggregation pattern and the deepened medium color near the bases. In the SSU
phylogenetic treeCa. fasciculaticomplexisporausters nea€a. fasciculateandCa. fasciculoidea
the differences between them are sorocarp size (this species has a little wider range than
Ca. fasciculoideal 0. 717 3 mm) , Ca.hfasciculea( 2t 4 a mm, o c 0ansm))on al |
complex spore size, sori siz€d. fasciculatas milky-whi t e t o distinctly ye
Ca. fasciculoideas hyalinewhi t e 4071150 (71220) em in terminal
aggregations oCa. fasciculaticomplexisporare olvious looser than ther(Tfraub et al. 1981a,

Vadell et al. 2011)

Cavenderia inordinatay. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 8,9

MycoBank number: 853148; GenBank accession number: SSU: PP590175.
Etymologyi the name refers to the inordie sorocarps on the medium.
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When cultured at 23°C on neawtrient agar withE. coli, sorocarps are ngphototropic,

gregariousand grow in an inordinate manner on med:i
in length. Sorophores consist of one tier of cells, colorless or white, unbranched. Bases are clavate,
round to conical, sometimes curved, consisting of one to twodiérs cel | s, 5.17110. ¢

with the widest points of base terminals meas

to two tiers of cell s, 2.11715.2 em in width,
Sori are white, globosed2r 212 em in di am. Spores are el lipf
(l ength/width = 1.47712.04), rare broadly el

Spores have polar granules. Aggregations are mound. Pseudoplasmodia migrate with stalks.
Mi crocysts present 2. 21 2. 8 ¢ mavenderiadlada ima SSUh i s
rDNA phylogeny.

Figure 6 i1 Morphological features o€avenderia fasciculaticomplexisporA) Sorocarps with

light grayish olive medium near the baseB) Clustered sorocarpsC) Clavate bases of the
sorophores.d) Clavate tips of the sorophorek) (A few subglobose to broadly elliptical spores in
the center.K) Elliptical to oblong spores with polar granule&) (Mounds aggregation with short
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radiate straming. H) Aggregations and early pseudoplasmodi.Glustered pseudoplasmodia
with stalks but not mi grating. Scal e bars:
HT | = 200 &m.

Distribution and ecology Isolated from the Dell Foresif the Changbai Mountain National
Nature Reserve, in mixed soil spies collected from a mixed broadleaf/conifer forest at an
intermedi ate elevation (156411620 m) with a

Figure 71 Cavenderia fasciculaticomplexisporéd) Sorocarps.B) Spores. C) Tips. ©) Base.
(E) Aggregation. ) Pseudo@d s modi a. Scale bars: A = 0.5 mm;

Material examined China, Jilin Province: Dell Forest of the Changbai Mountain National

Nature Reserve, 42.09° N, 128.07° E, average elevation 1594.2 m, August H08,
(HOLOTYPE, voucher spamen code: HMJAU MR393). Known only from Jilin Province, China.
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Notesi Gregarious unbranched sorocarps, colorless or white sorophores, white sori and the
bases without basal disks distingui§tavenderia inordinatafrom other Cavenderiaspecies.
Cavenderiaamphispora Ca. microsporaand Ca. parvisporacluster nearCa. inordinatain the
SSU phylogenetic tree. The distinctions among them are sorus size, spore size and base size
(Hagiwara 1986, 1989, Cavender et al. 20@&venderia amphispoaas s or i 30180 ¢
Ca. microsporahas 107171 100 ( Cal patvisporgall@ i 47 d® €& m, are all
Ca. inordinata Cavenderia amphisporaas | ar ger ovoi l spores 4.8
el liptical narr ow s pCa mmspoBblgp.has two tyfes Spbrés.wdth & m,
4.475.8 I 2.814.3 ¢ mCa padvispdrah3ais5 .43. 3I7 61 .17 712 .18. 8gin
different with Ca. inordinata Cavenderia amphisporaas round to cl avate be
diam,Ca. microsporah as <c¢l avate with QGa daispbrandsiclavate &ith & m
5125 (136) & m, Caainoedinagal | wi der t han

A~

Figure 8 1 Morphological features ofCavenderia inordinata (AT B) Inordinate sorocarps.
(C) Curved clavate baseD) Curved and no-curved clavate base€)(Acuminate tip. ) Spores
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with polar granules. @) Mound aggregations.H) Aggregations and early pseudoplasmodia.
() Pseudoplasmodia migrate with stalks. Scale

Cavenderia varichoidesY. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 3, 10, 11
MycoBank number: 853170; GenBank accession nung#&d: PP59021&tpl PP932632.
Etymology i the namevaricelloides refers to the resemblance of the aggregations to

chickenpox (Latinvaricdla).

E—— F

Figure 97 Cavenderia inordinata(A) Sorocarps.B) Spores.C) Tip. (D) Base. E) Aggregations.
(F) Pseudoplasmodium. Scale bars: A = 0.5 mm;

When cultured at 23°C on nerutrient agar withe. coli, sorocarps are without phototropic,

gregarious or tightly <clustered, prone tho de
many irregular branches. The part of sorophores near the bases is sometimes pale golden, ranging
in color from deep yellow (#af 8d13) to moder
mm or longer; bases of branches are clavate, consist of one tef cel | s, 5.2113
branch tips are clavate, consist of one tier
to two tiers of <cells. Bases are clavate, co
width, the widestp oi nt s of base terminals measuring 7
clavat e, or acuminat e, consisting of one to t
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points of tip terminals measur i ng dametf 3phres9 & m
a

are elliptical to obl ong, sometimes reniform
occasionally large to 9.4 I 4.2 em (length/ wi
are small, round mounds that look like ¢t@n pox. Pseudoplasmodia cluster with stalks, but do

not mi grat e. Mi crocysts present, 3 . Qavedderta | 2

clade in a SSU rDNA phylogeny.

Distribution and ecology Isolated from the Northern Slope of the ChangbaiuMain
National Nature Reservan mixed soil samples collectefifom an alpine birch forest at an
intermediate elevation (175511828 m) with a I

/ »

3

2 ! Gl
VAR e - 3 KL g el
L ——— uif“,’ EW 1 h:ﬁﬁ —

Figure 107 Morphological features o€avenderia varicelloides(A) Clustered sorocps with

yellowed basesB) Branch on the sorophoreCi(D) Bases of the sorophoreg)(Clavate tip of the
sorophore. ) Spores with polar granulesG)Y Small, round mounds form aggregations that look

like chicken pox. Ifl) Aggregations and pseudoplasmodig Pseudoplasmodia do not migrate.
Scale bars: A, G = 1 mm; BT F = 20 & m; H = 2 m
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Material examinedi China, Jilin Province: Northern Slope of the Changbai Mountain
National Nature Reserve, 42.07° N, 128.07° E, average elevation 179B@lated from mixed
soils, August 2019]19yuec22 (HOLOTYPE, voucher specimen code: HMJAU MR429). Known
only from Jilin Province, China.

Figure 11 i Cavenderia varicelloides (A) Sorocarps. ) Spores. €) Tip. (D) Bases.
(E) Aggregations.K) Pseudob as modi um. Scale bars: A, E = 1

Notesi Cavenderia varicelloideslusters near the speci€s. aureostipesnd Ca. fulvain
the SSU phylogenetic tree. On thgl phylogenetic treeCa. varicelloidesclusters closer with
some conferred (cf.) species thafa. aureostipes On the other handCa. aureostipes
Ca. aureostipewar. helvetia andCa. delicataare all similar toCa. varicelloidesn having long
sorocarps that are more than 10 n@avenderia varicelloidetas the mosbbvious differences
from the four species in small, round mound aggregations that look like chicken pox. Other
morphological distinctions include sorophore color, width of tips and bases, and sorocarp habitat
(Cavender et al. 1979, Hagiwara 1989, Caverdel. 2018) Sorophores o€a. varicelloidesare
white but yellowed near the bases, thoseCaf aureostipesCa. aureostipewvar. helvetia and
Ca. fulvaare golderyellow, those ofCa. delicataare colorlessCavenderia varicelloidefas
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2. 31 6. 8etigsmvhighiare narrower than thoseCaf aureostipe¢ 7 1 8 Ca.myreostipes

var. helvetia( 1 317 1 9Ca.edetigata( 2. 51 1 5. Ca.duwg(,71dmMwd € m) . Base
Ca. varicelloides( 7. 31 25. 9 & m) ar e al Gaoauraostips(o02wbelr3 0t heamm)
Ca. aureostipesar.helvetia( 501 6 0 €anfulya( 2 A d 5 CCavendgria varicelloidebas
gregarious or tightly clustered sorocar@s,. aureostipevar. helvetiahas solitary sorocarps, and

Ca. delicatahas usually gregarious andsetimes solitary sorocarps.

Dictyostelium collarimigratumY. Li, P. Liu et Y. Zou, sp. nov. (Figs. 2, 3, 12, 13)
MycoBank number: 853151; GenBank accession number: SSU: PP52@aZFP932652.
Etymology 1 the specific epithet refers to the collar stuwes and the migrating
pseudoplasmodia.

Figure 127 Morphological features ddictyostelium collarimigratum(A) Solitary sorocarpsB(
Sorocarps with light grayish yellowish brown sori and with light orange yellow at the periphery of
sori. (C) Expaned midpoints of the sorophore®)(Clavate basesE] Base with slightly expand
basal disk. ) Capitate tip with a collarQ) Spores with consolidated subpolar granules on one or
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both sides. ) Radiate aggregations.l)( Migrating pseudoplasmodium.J)( Migrating
pseudoplasmodium with a continuous trafl) Migrating pseudoplasmodium with a discontinuous
tral. Scale bars: A, H, K = 1 mm; B, J = 0.5 mm,;

Figure 1371 Dictyostelium collarimigratum(A) Sorocarp. B) Spores. €) Expanded sorophore.
(D) Tip. (E) Bases. ) Aggregations. G) Pseudopl asmodi um. Scald e ba
€Em; FI G = 1 mm.

When cultured at 23°C on nawtrient agar witte. coli, sorocarps are solitary or gregarious,
sometimes two to three sorocarps clustered ir
length, unbranched or with one to two braeshSorophores consist of several tiers of cells in
width, have supporting cells, generally stout, expanded at midpoint, uneven taper in erect
structures. The expanded midpoints of soropho
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acuminate, witbone t o sever al tiers of cells wide, 9.
expand basal disks (19.8163.9 e€m) at terminal
em wide, with one to sever al ¢tipse The widest ponts bfl s |

tip terminals ar e -yalhg Bdstly White, or. som8timesiwithacrean celax mi
like light grayish yellowish brown (#ae9b82) with light orange yellow (#fbc97f) at the periphery,

gl obose, 4 31 2 3 1Spogem are alliptichli t@a obbrige capssldh a p e d 5.011
3.214.6 em (1| engtwith consaidated sabpalar gtabula® on® @& poth sides

when observed under a microscope at 100x magnification. Aggregations are radiate,
pseudoplasmodia igrate without stalks but with continuous or discontinuous trails. This species
belongs to th®ictyosteliumclade in a SSU rDNA phylogeny.

Distribution and ecology Isolated fromSongbai Town of the Shennongjia National Nature
Reserve, in mixed soil sates collected from an evergreen deciduous broadleaf forest at an
intermedi ate elevation (1011711424 m) with a h

Material examined China, Hubei Province: Songbai Town of the Shennongjia National
Nature Reserve, 31.65° N, 110.54%kerage elevation 1151.2 m. Isolated from mixed soils, July
2022,beichang2bxiagHOLOTYPE, voucher specimen code: HMJAU MR396). Known only from
Hubei Province, China.

Notesi This species an®ictyostelium collarimigratum var. breviorimigratusiuster wit
D. minimumLi et al.,D. multiformeLi et al., andD. robusticauleLi et al. in same clade of the SSU
phylogenetic tree. On thaetpl phylogenetic treeD. collarimigratumandD. collarimigratum var.
breviorimigratumcluster in the same clade but diffeorh others. They all have stout sorophores
with relatively large sori, collars near tips with basal disks around bases, and the almost entirely
identical SSU rDNA sequences, make these organisms really s{iridaet al. 2019b, Zou et al.

2022) But they still have some differences in morphological characters, maybe due to the
geographical isolatiorDictyosteliumminimumh as mi n i sorocarps (erect
sori, gl obose spores wi t Hkeaggregatmhsaand ngtrmagrating e s
pseudoplasmodia without stalkictyosteliummultiforme has several types of sorocarps (semi
erect wi8t mm0 .ath&@i lerect with 0.2171.13 mm), whi

5.8112.6 I 3. 61 5 -like aggragatipri?,Gangd not migeating gseudoplasmodia
without stalks.Dictyosteliumrobusticauleal so has two types .4omm,sor o
smaller 0.1710.2 mm) with erect, inclined, sem
to off-white and dry out or tend to yellowish in age and smaller sori hyaline to white, larger

el l'iptical or obl ong swjhopplar granwds (PiG+) rid gmaler spore8 . 2 T
with 4.716.5 1T 37T 4.3 &m OcBateliumcollarimigratunenak ieract, e  a g
prone to prostrate 0.27T2.1 mm sorocarps, whi

oblong and capsets haped Sspores wi t h 5 . with Icdnsobdated 3.
subpolagranuleson one or both sidgsradial aggregations and migrating pseudoplasmodia with
stalks. Dictyostelium collarimigratum var. breviorimigratumhas erect to prone or prostrate
soro@rps, white, or sometimes with a little cream sori, elliptical to oblong and cegimped
spores with 5. 3with suBpoldr unBonsdlitadagiadulesomond or both sids

radial aggregations and pseudoplasmodia not migrating or migrata ehtyt distance with stalks.

Dictyostelium collarimigratum var. breviorimigratum Y. Li, P. Liu et Y. Zou, sp. nov.
Figs. 2, 314, 15

MycoBank number: 853152; GenBank accession number: SSU: PP53@ATPP932651.

Etymologyi the name rers to the pseudoplasmodia migrating a shorter distance than those
of D. collarimigratum(from Latin brevior/brevior/brevius meaning shorter).

When cultured at 23°C on newtrient agar withE. coli, sorocarps are solitary, sometimes
clustered with onlft wo sor ocarps, erect to prone or pro
consist of one to several tiers of cells, taper from bases to tips. Bases are round or clavate with
hooks h ap e, 13.17124.5 em in width, wtmeshhave basal t o
disks (26.3185.1 e€m). Tips are round to cl ava
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tiers of cells in width, with collar near the tips, the widest points of tip terminals measuring
8. 6133.4 &m. Sor i meimes with a Bttte crgam yust like lght bronnishgray
(#8e8279) to dark grayish yellow (#al8f60), with brownish pink (#c2ac99) at the periphery,
globose, 7071287 em in diam. -Spaped, abe3edl 2ptl
(lengthw dt h =1 .vwsthH suBpolér Quhcpnsolidateganuleson one or both sidesvhen
observed under a microscope at 100x magnification. Aggregations first are radiate, and later shrink
into mounds with primary center and secondary centers. Pseudoplasmodi@ dugrate or
migrate a short distance with stalks. This variety belongs tDittigosteliumclade in a SSU rDNA

phylogeny.

\ / N 3 :' = : >. i ) .
; $ 2 BTt 3 > R
4 QN 2 )

S
- — b Mo R — ¢

Figure 14 i Morphological features oDictyostelium collarimigratumvar. breviorimigratum

(A) Solitary sorocarps.B) Sorocaps with light brownish gray to dark grayish yellow and with
brownish pink at the periphery of sorC) Clavate baseX) Bases with small basal disk&)(Tips

with collars. ) Spores witrsubpolar unconsolidategtanuleson one or both side¢G1 H) Radiate
aggregations.lJ Pseudoplasmodia migrate only a short distance. Scale bars: A =2 mm; B, 1 = 0.5
mm; CitrF = 20 &m,; GTH = 1 mm.
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Distribution and ecology Isolated fromSongbai Town of the Shennongjia National Nature
Reserve, in mixed soil sates collected from an evergreen deciduous broadleaf forest at an
intermedi ate elevation (1011711424 m) with a h

Figure 1571 Dictyostelium collarimigratunvar. breviorimigratum (A) Sorocarps. ) Spores.
(C) Tip. (D) Base. E) PseudoplasmodiumFj Aggr egati ons. Scal e bars
e m,; E = 0.2 mm,; F = 1 mm.

Material examined China, Hubei Province: Songbai Town of the Shennongjia National
Nature Reserve, 31.65° N, 110.54° E, average elevation 1151.2 m. Isolatediked soils, July
2022,beichang2bdgHOLOTYPE, voucher specimen code: HMJAU MR397). Known only from
Hubei Province, China.

Notesi This variety has similar morphology tDictyostelium collarimigratum but this
variety has spores witbubpolar unconsolatedgranules and pseudoplasmodia do not migrate or
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migrate only a short distance. It shares the same clabeadlarimigratumon the SSU andtpl
tree.

Dictyostelium diversisporuny. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 316,17
MycoBank numbe 853156; GenBank accession number: SSU: PP590184; PP590185;
PP590186Atpl PP932646; PP932645; PP932644.
Etymologyi the namaliversisporunrefers to the various spore shapes.

Figure 161 Morphological features dDictyostelium diversisporunm(A) Saocarps. B) Nodule

like cells on the sorophoreC] Clavate base)) Capitate tip. [ET F) Various shapes of spores with
consolidated or unconsolidated granuld§&) Radiate aggregations.H) Aggregation and
pseudoplasmodium.l)( Migrating pseudoplasmodium with a stalk. Scale bars: A = 2 mm;
BT F = 20 em; G = 1 mm; Hil = 0.5 mm.

When cultued at 23°C on nenutrient agar witte. coli, sorocarps are without phototropic or
with a little phototropic, solitary to gregarious, erect or prone, prostrate, and decumbent, sori
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coll apse and regrow new Sor ocar pbores ®@msistoforer p s
to two tiers of cells in width. Sometimes sorophores aretieneells and twadier cells in width for
turning. Sometimes there are several nodilske cells that occur on sorophores. Bases are clavate

to round or conical, consistrgyf one to two tiers of <cell s, 5.
points of base terminals measuring 7.6144. 2

hooks h ap e, consisting of one to two tiesobtipcelll .
terminals measuring 6.0138.2 &gm. Sor i are wh

amorphous shapes, including capssh@ped, sigmoid, reniform, sunflower sesdthped, pear
shaped, or drophaped, in addition to common shapes rangiogffr gl obose to baci l

[ 2.315.8 em (length/width = 1.0313.24), S0
(length/width = 2.68), rarely small svithaue me a
polargranulesbut with consolidated ounconsolidated granules dispersed in spokggregations

are radiate and shrinking into mounds, O0.7T13.
Mi crocysts present, 3. 71 5. 7 ¢ mDidtyosteldimckaadeentae r .

SU rDNA phylogeny.

Figure 17 1 Dictyostelium diversisporum(A) Sorocarps. ) Spores. €) Tip. (D) Base.
(E) Aggregations.§) Pseudopl asmodium. Scale bars: A = 1

Distribution and ecology Isolated from the Dell Forestf the Changbai Mountain National

Nature Reserve, in mixed soil samples collected from a mixed broadleaf/conifer forest at an
intermedi ate el evation (1564711620 dmomNarthéerrh a |
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Slope of Changbai Mountain Natial Nature Reserve, in mixed soil samples collected from a soil
sample collected in an alpine birch forest at
soil pH (pH = 5.32).
Material examined China, Jilin Province: Dell Forest of the Changbai Miain National
Nature Reserve42.09° N, 128.07° Eaverage elevatiod594.2 m Isolated from mixed soils,
August 2018hun6(HOLOTYPE, voucher specimen code: HMJAU MR402)n2 hun22; hun2
3; hun62. Also isolated from mixed soils of Northern Slope dia@gbai Mountain National
Nature Reserve, 42.07° N28.07° E average elevatioh799.2 m,August 2019,19yued1 Known
only from Jilin Province, China.

Figure 18 i Morphological features ofDictyostelium diversisporumvar. brevisporum

(A) Sorocarps(B1 C) Round and clavate basef1 E) Capitate tips. Ki G) Different shapes of

spores with or without granules dispersedd) ( Radiate aggregation and migrating
pseudoplasmodiuml)(Phototropic pseudoplasmodia migrate with stalks, and aggregations shrink
into mounds atthetepbe ft corner. Scale bars: A, H = 1 mn
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Notes i Dictyostelium diversisporumis brought together withD. austroandinum
D. capitatum D. leptosomopsj<D. mucoroidesandD. pseudobrefeldianuran close branches of
the SSU phylogenetic tree. However, tipl phylogenetic tree has shown it to be different from
others, except for its varietieBictyosteliumdiversisporumhas noduldike cells on sorophores,
and various spore shapes; each characteristic distingutssefsom otherDictyosteliumspecies
(Hagiwara 1983a, Raper 1984, Hagiwara 1996, Vadell et al. 20hldhe other hand, this species
has narrower base sizes tanaustroandinumbD. mucoroidesandD. pseudobrefeldianupand
wider tip sizes tha. captatum and D. leptosomopsisThe morphological differences between
D. diversisporunand its varieties are detailed in the notes for those varieties.

Figure 191 Dictyostelium diversisporumar. brevisporum (A) Sorocarp. B) Spores. €) Tip.
(D) Base (E) Aggregation. F) Pseudoplasmodia. Scale bars: AABH mm; BiD = 20
mm.

Dictyostelium diversisporunvar. brevisporumyY. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 318, 19

MycoBank number: 853159; GenBank accession number: SSU: PP590193; PP330194.
PP932643; PP932642.
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Etymologyi the name refrs to the shorter spores (smaller ratio of length to width) compared
with Dictyostelium diversisporum

When cultured at 23°C on newtrient agar withE. coli, sorocarps are phototropic,
gregarious, prone to prostrate, sometimes decumbent with stolonderob e havi or , 3.2
length, unbranched or with one branch. Sorocarp consists of two parts: a strong erect part and a thin
prostrate part; the connecting points of two parts are the thickest and consist of two to several tiers

of cells with adiamete of 20. 9155. 0 & m. Sorophores consi s
clavate, accumul ate, or round, consist of one
points of base terminals measurfiomegosderdtiedaf. 8 ¢
cell s, 3.8118.1 em in width, t he widest poi nf
whi t e, gl obose or citriform, 801250 em tn di
shaped, 3.8717.2 1 th., E14.9D0am@.QI7¢ngtwhitwmiodt po
with granules dispersed. Aggregations are r ac

1.1713.3 mm. Pseudopl asmodia migrate with stal
This varety belongs to thBictyosteliumclade in a SSU rDNA phylogeny.

Distribution and ecology Isolated from the Northern Slope of the Changbai Mountain
National Nature Reseryan mixed soil samples collected from an alpine birch forest at an
intermediateeleat i on (175511828) with a | ow soil pH (

Material examinedi China, Jilin Province: Northern Slope of the Changbai Mountain
National Nature Reservd2.07° N, 128.07° Eaverage elevatiod799.2 m Isolated from mixed
soils, August 201919yueb2(HOLOTYPE, voucher specimen code: HMJAU MR4083yueal
Known only from Jilin Province, China.

Notes i Dictyostelium diversisporumvar. brevisporum clusters together with
D. diversisporum D. diversisporum var. maximisporum and D. diversisporum var.
laevisorophorumon common branches of SSU aaighl tree, however, the smaller spore ratio of
length to width, and the absence of nodike cells have distinguished it from others.

Dictyostelium diversisporumvar. laevisorophorum Y. Li, P. Liu et Y. Zou, sp nov.
Figs. 2, 320, 21

MycoBank number: 853158; GenBank accession number. SSU: PP590188; PP590189;
PP590190; PP590191; PP5901A8th1 PP932647; PP932648; PP932649.

Etymology 1 laevisorophorumrefers to the smooth sorophores that are coetpao
Dictyostelium diversisporum

When cultured at 23°C on neantrient agar withe. coli, sorocarps are phototropic, solitary
to gregarious, erect, semierect, prone, to p
unbranched but occasionally with only one branch on the sorocarp. Sorophores consist of one to
several tiers of cells iwidth, usually unbranched. Bases are clavate to round or conical, curved or
expanded, consisting of one to several tiers
points of base terminal s me ke flocaulesgsumbndibgitt®9 . 5
bases are observed under a microscope. Tips are capitate, curved, with one or two tiers of cell in
wi dt h, 2.2118.8 em in width), t he widest poi Nni
semthyaline, white, rarely cream at the peripheappearing light grayish olive (#8c8767),
globose, occasionally rouredlpi cul at e, 361251 em in diam. Sp
sometimes reniform and sigmoid, occasionallygedraped, 3.57114.6 | 2.515
1. 001 @ithduBBppkr granules but with consolidated to unconsolidated granQieshe other
hand, one spore with-¢ haped has been obsesrhvaepde, atsh e9 .t3woa n:
Aggregations are O0.571.3 1 0.3170.9 &m. Ear
aggregations shrink into mounds and form pseudoplasmodia. Pseudoplasmodia migrate with stalks.
Mi crocysts present as 3. 271 4. 4 Dicty@steliimctadedn ac m.
SSU rDNA phylogeny.

Distribution and ecologyi Isolated from theNorthern Slope of the Changbai Mountain
National Nature Reseryan mixed soil samples collected from an alpine birch forest at an
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intermedi ate elevation (1821711837 m) wirdmh an
the Dell Foresof the Chagbai Mountain National Nature Reserve, in mixed soil samples collected

from a mixed broadleaf/ conifer forest at an

pH (pH = 5.59).

Figure 20 17 Morphological features ofDictyostelium diversisporunvar. laevisorophorum

(A) Sorocarp with light grayish olive at the periphery of white s&ii.§) Bases. D) Capitate tip.
(ETF) Spores with consolidated to unconsolidated granul€s) Radiate aggregations.
(H) Aggregations and early pseudoplasmodipP&eudoplasmodium migrates with a stalk. Scale
bar s: A, GTH = 0.5 mm; BT F = 20 & m; I = 200

Material examinedi China, Jilin Province: Northern Slope of the Changbai Mountain
National Nature Reserve, 42.07° N, 128.07° E, average elev&thl m Isolated from mixed
soils, August 2018yuel(HOLOTYPE, voucher specimen code: HMJAU MR304)e12; yuel3;
yue3d yue3d2; yue33; yued Also isolated from mixed soils of Dell Forest of the Changbai
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Mountain National Nature Reser£.09° N 128.07° E averag elevationl594.2 m August 2018,
hun3 Known only from Jilin Province, China.

Notes T Dictyostelium diversisporumvar. laevisorophorum clusters together with
D. diversisporumD. diversisporunvar. maximisporumandD. diversisporunvar. brevisporunon
common branches in the SSU amatbl phylogenetic tree. In morphology, this variety is
characterized by its smooth sorophores that lack nddilek e c el | s, -shéipe sparesc a s |
and rarely a cream rim of sori.

Figure 217 Dictyostelium diversporumvar. laevisorophorum(A) Sorocarp.B) Spores. ) Tip.
(D) Base. E) Aggregations.§) Pseudopl asmodium. Scale bars: /
0.2 mm.

Dictyostelium diversisporunvar. maximisporumyY. Li, P. Liu et Y. Zou, sp. nov.Figs. 2, 32, 23
MycoBank number: 853157; GenBank accession number: SSU: PP53@a8 PP 932650.
Etymologyi1 the name refers to the huge spores comparedDigtigostelium diversisporum
When cultured at 23°Connenut r i ent agar, sorocarps are s

in length, erect or semierect to prone, unbranched or have one short bearclhe base.

Sorophores consist of one tier of cells, mostly buckling, some have Addutells on sorophores,

and buckling at the nodulée space. Bases are clavate or round, attached a little slime, consisting

of a tier cell ,wi8t.h0itlh7e 1wiedre sitn pwiidnet,s of base
e m. Tips consist of one tier of cell s, a |itt
em in wide, the widest points of tip termina
semthyal i ne or hyaline, di ameter 731170 & m. S
bacilliform with capsules ha p e d, reni f oghmgpeadnd alson@. 1A KX . 7
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(length/width = 1.7414.17), rar el y1.09, obpgdrob o s
shaped as 7.5 I 4.8 em (length/width = 1.56),
without polar granules but sometimes with granules dispersed. Pseudoplasmodia with stalks.
Microcysts 3.974. 7 1 loBgsi#® theictyostaiumcladdiha SSUMANA i et vy

phylogeny.

Figure 22 i Morphological features ofDictyostelium diversisporumvar. maximisporum

(A) Sorocarps.R) Nodulelike cells on the sorophoreC{D) Clavate basesE{ F) Capitate or
recurve tips.(G) Spores with or without dispersed granulds) ( L o n-ghapé §pore on the
middle of picture. ) Pseudoplasmodium with a stalk and sorocarps. Scale bars: A = 0.5 mm;
BT H = 20 &m; I = 1 mm.

Distribution and ecology Isolated from the Northern Slopaf the Changbai Mountain

National Nature Resery@ mixed soil samples collecteh alpine birch forest at an intermediate
el evation (1821711837 m) with an intermediate
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Material examinedi China, Jilin Province: Northern Slope of thehahgbai Mountain
National Nature Reserve, 42.07° N, 128.07a¥erage elevation829.1 m. Isolated from mixed
soils, August 2018yue6 (HOLOTYPE, voucher specimen code: HMJAU MR30&nown only
from Jilin Province, China.

Notesi Dictyostelium diversispaim var. maximisporumis characterized by buckling at the
sorophore neat he nodul es, and giant Sspores raphch a
phylogenetic tree, this variety clusters together vibthdiversisporum D. diversisporumvar.
laevisorophorumandD. diversisporunvar. brevisporunon common branches.

Figure 2371 Dictyostelium diversisporumar. maximisporum(A) Sorocarps.R) Spores. €) Tip.
(D) Base. E) Nodulelikecells.¢) Pseudopl asmodi um. Scale bars:

Dictyostelium latiorifirmibasisY. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 324, 25
MycoBank number: 853153; GenBank accession number: SSU: PP590180; PP2@p181.
PP932654.
Etymologyit he Lat i n adj elaior/latoelatidsdatiorifiinvibasis eneans the s
wider spores thab. firmibasis
When cultured a23°C on nomutrient agar witlE. coli, sorocarps are phototropic, solitary,
clustered to gregarious, erect, semierect to prone, occasionally decumbent and become prostrate,

sigmoi d, 0.518.7 mm in |l ength, rarely prostre
mm. Sorophores areitli one to several tiers of cells in width, taper from bases to tips. Mostly
unbranched, a few with 11713 short branches, b

elongate to 2.3 mm. Bases are conical or expand bulbous, with basal disks, rarely itbantl w
basal disks. Bases mostly consist of two to several tiers of cells in wide, a few bases consist of one

tier of cell s, 10.8151.4 em in width, and th
capitate with one to two tiers of cells wide, 2133 . 8 € m, with the widest
measuring 2.9145. 2 -byaline, loerical toaqurdpicwdtei or @trifornrg e mi
terminal sori 561444 em in diam, | ater al sor

3.014.5 hdmwi dltéangst 1. 67712.51), without pol ar g
have one center but someti mes have secondary
with stalks. This species belongs to Bietyosteliumclade in 18S DNA.

Distributionand ecologyi Isolated from thé&Shennongjia National Nature Reservemixed
soil samples collected froma mixed broadleaf/conifer forest at an intermediate elevation
(17501711961 m) with an intermediate soil pH (p
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