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Abstract

Peronospora is the largest genus of obligate biotrophic oomycetes, causing downy mildew disease on various cultivated 

and ornamental plants worldwide. Despite the known high host specificity in Peronospora, many host–pathogen combina-

tions have not been thoroughly investigated with respect to their phylogenetic relationships. This is especially the case for 

groups in which only one species has been described on a host genus. In this study, we highlight the fact that Peronospora 

is still vastly underexplored by investigating 48 specimens of Peronospora parasitic on the ornamental plant genus Myosotis 

(Boraginaceae). Morphology and multigene phylogenetic relationships revealed six new Peronospora species parasitic on 

Myosotis, with one species parasitising the widely cultivated species Myosotis sylvatica, providing further evidence that 

Peronospora species are generally highly host-specific. As a consequence, Peronospora occurrences on the several hundred 

plant species that are not type host species for a described Peronospora species should be re-examined, as they might rep-

resent species overlooked in previous studies.

Keywords Boraginaceae · Downy mildew · Evolution · Phylogeny · Six new taxa

Introduction

The genus Peronospora is the most species-rich genus of 

oomycetes, with more than 400 described species (Constan-

tinescu 1991). However, there are still many host/pathogen 

associations for which the species identity is unclear (Thines 

and Choi 2016). This also applies to species of culinary 

herbs and ornamentals, such as basil, sage, and poppy (Choi 

et al. 2009; Thines et al. 2009, 2019; Voglmayr et al. 2014; 

Hoffmeister et al. 2020). The downy mildew species parasitic 

to Myosotis are of particular interest in this respect, as some 

species of the genus are common and widespread ornamen-

tals, e.g. Myosotis sylvatica. Downy mildew is a common 

disease of ornamental Myosotis species in several countries. 

However, so far the disease has been attributed to a single 

species, Peronospora myosotidis. This pathogen reportedly 

parasitises e.g. Myosotis arenaria, M. arvensis (syn. M. 

intermedia, the type host of P. myosotidis), M. caespitosa, 

M. hispida, M. nemorosa, M. paulstris, M. sparsiflora, M. 

sylvatica, M. stricta, M. verna, M. versicolor, as well as spe-

cies of the genera Amsinckia and Brunnera (de Bary 1863; 

Stevenson 1926; Rogerson 1958; Jafar 1962; Gjaerum 1980; 

Pantone et al. 1985; Adamska 2001; Dietrich and Müller 

2001; Lane et al. 2006). Some taxa previously recognised 

as specialised forms of P. myosotidis on genera of Boragi-

naceae (Constantinescu 1991) other than the ones men-

tioned above are now considered distinct species, namely 

Peronospora pulmonariae (syn. Peronospora myosotidis f. 

pulmonariae) on Pulmonaria angustifolia and Pulmonaria 

officinalis (Klenke and Scholler 2015); Peronospora echii 

(syn. Peronospora myosotidis var. echii) on Echium vulgare 

(Klenke and Scholler 2015); and Peronospora lithospermi 

(syn. Peronospora myosotidis f. lithospermi) on Lithosper-

mum arvense (Gäumann 1923).
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To disentangle species complexes, multigene sequence 

analyses are often necessary for downy mildews (Choi 

et al. 2015b), in addition to detailed analyses of the mor-

phology of the species. The aim of the current study is 

to use this combination of phylogenetic and morphologi-

cal analyses to evaluate the occurrences of Peronospora 

on Myosotis. Because of their economic relevance, the 

diversity and specialisation of downy mildew species on 

these hosts have immediate relevance also for phytosani-

tary measures with the aim of the prevention of introduc-

ing new plant diseases.

Materials and methods

Plant and oomycete material

In total, 48 Peronospora specimens originating from Myoso-

tis from different sites in Germany, and 1 Peronospora speci-

men originating from Myosotis from Iceland, were exam-

ined and 22 were selected for multigene-based molecular 

phylogenetic analyses. The specimens were deposited in the 

Herbarium Senckenbergianum at the Senckenberg Museum 

für Naturkunde in Görlitz (GLM) and Frankfurt am Main 

(FR). Details of the specimens used in this study are pro-

vided in Table 1.

DNA extraction, PCR, sequencing

From each herbarium specimen, small amounts of 

infected leaf tissue were excised and placed into a 2 ml 

reaction tube with two steel beads with a diameter of 

3  mm and five steel beads with a diameter of 1  mm 

per sample and disrupted using a mixer mill (MM200, 

Retsch, Germany) by milling twice (inverting the tubes 

in between) at 25 Hz for 15 min. Genomic DNA was 

extracted using the BioSprint 96 DNA Plant Kit (Qia-

gen, Venlo, Netherlands) on a KingFisher Flex (Thermo 

Scientific, Waltham, MS, USA) automated extraction 

instrument, according to the protocol provided by the 

manufacturer. Two nuclear loci (ITS, nrLSU) and four 

mitochondrial loci (COX2, COX1, NAD1, and RPS10) 

were amplified using oomycete-specific primers, as 

previously outlined by Choi et  al. (2015b). In addi-

tion, two regions of LSU rDNA, D1–5 and D6–8, were 

amplified using two primer sets, LR0R (Vilgalys and 

Hester 1990) and LR6-O (Riethmüller et al. 2002) and 

LR6-OR2C (Thines et al. 2019) and LR9 (Hopple and 

Vilgalys 1999), respectively. In some cases, due to weak 

amplification, the COX2 locus and the spacer region 

had to be amplified separately using two primer sets, 

cox2-F (Hudspeth et al. 2000) and cox2-RC4 (Choi et al. 

2015a) for the gene, and FM79 & FMPh-10b (Martin 

et al. 2004) for the spacer region. For confirmation of 

the host identity, PCR amplification was performed with 

the primers matK-xf (Ford et al. 2009) and matK-MALP 

(Dunning and Savolainen 2010) for the matK regions, 

and the primers ITS1-Plant and ITS4 (Navarro et  al. 

2003; White et al. 1990) for the ITS regions. Ampli-

cons were bidirectionally sequenced at the Biodiversity 

and Climate Research Centre (BiK-F, Frankfurt, Ger-

many) laboratory using the same primers as those used 

for amplifications.

Phylogenetic analyses

Sequences were edited and assembled using Geneious 

version 5.6 (Biomatters, Auckland, New Zealand). An 

alignment of each locus was performed using MAFFT 

version 7 (Katoh and Standley 2013) employing the 

Q-INS-i algorithm (Katoh and Toh 2008). Sequence-

Matrix version 1.7.8 (Vaidya et al. 2011) was used for 

concatenating individual gene sequences and for check-

ing unusually similar or divergent sequences. The TrEase 

webserver (Mishra et al. 2023) was used for calculating 

some initial phylogenetic trees. After making sure that 

no conflicting support was present in individual loci, 

a concatenated alignment of nuclear (ITS, nrLSU) and 

mitochondrial (COX2, COX1, NAD1, RPS10), loci was 

constructed. The concatenated alignment is available 

on Zenodo (https:// doi. org/ 10. 5281/ zenodo. 10850 909). 

Phylogenetic inference was performed using three dif-

ferent tree construction methods, Minimum Evolution 

(ME), Maximum Likelihood (ML) and Bayesian infer-

ence (BI). ME analyses were done using MEGA version 

7.0 (Kumar et al. 2016), with the default settings of the 

program except using the Tamura-Nei model and pairwise 

deletion, and the support for internal nodes was estimated 

by 1,000 bootstrap replicates (Felsenstein 1985). For ML 

analyses, 1,000 rounds of random addition of sequences 

as well as 1,000 fast bootstrap replicates were performed 

using RAxML version 8.2.7 (Stamatakis 2014) with the 

GTRGAMMA substitution default model. For BI analy-

ses, the Akaike Information Criterion (AIC) was used to 

determine the best-fitting model of sequence evolution as 

implemented in MrModeltest version 2.3 (Nylander 2004) 

and computation was done using MrBayes version 3.1.6 

(Ronquist et al. 2012), applying GTR + I + G as the sub-

stitution model for the six-locus tree. Analyses were run 

for 4 million generations, with sampling every 10,000th 

tree. The first 30% of the trees were discarded and the 

remaining trees were used for calculating posterior prob-

abilities, to ensure sampling from the stationary phase. 

Pseudoperonospora cubensis was used as outgroup in all 

analyses. Information on the GenBank accessions for the 

specimens used in this study is shown in Table 1.

https://doi.org/10.5281/zenodo.10850909
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Morphology

Morphological characteristics of conidiophores, conidia, and 

oospores were investigated using dried herbarium specimens, 

as described in Mu et al. (2024). Briefly, conidiophores were 

scratched from dried herbarium specimens into lactic acid 

solution, heated, and covered with coverslips for observa-

tion using a Zeiss Imager M2 (Zeiss, Oberkochen, Germany) 

microscope equipped with differential interference contrast. 

Measurements are reported as (minimum)standard deviation 

towards the minimum–mean–standard deviation towards the 

maximum(maximum).

Results

Phylogenetic analyses

The phylogenetic relationships were based on a concat-

enated alignment that did not show a strongly supported 

conflicting topology as compared to individual gene trees 

from two nuclear loci (ITS, nrLSU) and four mitochondrial 

loci (COX2, COX1, NAD1, and RPS10). Therefore, only the 

phylogeny based on the concatenation of all loci is shown 

in Fig. 1. The final concatenated alignment contained a total 

of 21 specimens that had all loci amplified and included, 

Fig. 1  Maximum likelihood tree of Peronospora species on Myoso-

tis based on a concatenated alignment of two nuclear (ITS, nrLSU) 

and four mitochondrial loci (cytochrome c oxidase subunit II and I, 

NADH dehydrogenase subunit I, ribosomal protein S10) with Pseu-

doperonospora cubensis as the outgroup. Bootstrapping support 

values of Maximum Likelihood and Minimum Evolution methods 

(BP ≥ 60%) and Bayesian posterior probabilities (PP ≥ 0.90) are indi-

cated along branches. The scale bar equals the number of nucleo-

tide substitutions per site. Ex-holotype sequences of the new species 

described in this study are printed in bold type
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with an overall alignment length of 5278 aligned sites. The 

phylogenetic reconstructions in ME, ML and BI using this 

dataset showed no significant conflicts in the topologies, 

and the tree from the ML inference is presented in Fig. 1 

with highly supported values from all analyses. In addition, 

separate phylogenetic trees based on these ITS, LSU D1-3, 

LSU D 6–8, COX2, COX1, NAD1, and RPS10 loci were 

constructed to showcase the phylogenetic resolution of these 

loci (Fig. 2, S1–S6). In total, 7 phylogenetic lineages of Per-

onospora on Myosotis were observed, each forming a well-

supported group in all phylogenetic trees, corresponding to a 

particular host. Interestingly, Lineages 1–6 formed a mono-

phyletic clade with high supported values, but Lineage 7 

(Peronospora sp. on Myosotis scorpioides) is closely related 

to Peronospora trigonotidis on Trigonotis also belonging to 

the family Boraginaceae. The host identity was confirmed 

using ITS sequencing and database comparisons.

Morphology

Measurements of morphological characteristics of Per-

onospora species on Myosotis are summarized in Table 2. 

The main morphological characteristics differentiating Per-

onospora were the shape of conidia, as well as the length, 

breadth, and length-to-breadth ratio of conidia, the length 

of conidiophores and trunks, as well as the length of the 

ultimate branchlets. The most prominent features that can be 

used for the differentiation of individual lineages are given in 

the following text, but for unequivocal determination, a com-

bination of several characteristics needs to be considered.

Peronospora sp. on Myosotis persoonii has the broad-

est conidia (up to 19.1 µm broad, av. 17.4 µm broad) and 

the roundest conidia (length-to-breadth ratio of 1.1 on 

average), as well as the broadest trunks (9.9 µm broad on 

average) and conidiophore bases (up to 18 µm) (Fig. 3); 

Peronospora sp. on Myosotis scorpioides has the shortest 

conidiophores (449 µm long on average) and the narrowest 

trunks (7.1 µm broad on average), as well as the longest 

ultimate branchlets with the longer ones 10.1 µm long on 

average (Fig. 4); Peronospora sp. on Myosotis sylvatica 

has rather narrow conidiophore bases (10 µm broad on 

average), but can only be distinguished from other species 

when considering the full set of characteristics (Fig. 5); 

Peronospora myosotidis on Myosotis arvensis (syn. M. 

intermedia) has the longest conidiophores (633 µm long 

on average) and trunks (435 µm long on average) (Fig. 6); 

Peronospora sp. on Myosotis discolor has the longest 

conidia (up to 22.8  µm long) and the highest length-

to-breadth aspect ratio of conidia (up to 1.49, av. 1.28) 

(Fig. 7); Peronospora sp. on Myosotis sparsiflora has the 

second longest conidiophores (617 µm long on average) 

and trunks (412 µm long on average), but can only be 

distinguished from Peronospora sp. on Myosotis discolor 

when considering the full set of characteristics (Fig. 8); 

Peronospora sp. on Myosotis ramosissima has the smallest 

conidia (16.1 × 14.3 µm on average), the shortest ultimate 

branchlets (the longer ones 7.2 µm long on average, the 

shorter ones 5.0 µm long on average) (Fig. 9).

Taxonomy

Based on phylogenetic reconstructions and morphological 

differences, one known species and six new species of Per-

onospora on Myosotis are detailed here.

Peronospora globosa M. Mu & Thines, sp. nov. (Fig. 3).

MycoBank: MB 853058.

Etymology: From the Latin globosus meaning spherical, 

referring to the globose conidia.

Description: Lesions on leaves yellow–brown to dark 

grey, diffuse to vein-delimited in Myosotis persoonii. Down 

present on the lower leaf surface, consisting of scattered 

to dense felt-like conidiophore outgrowth. Conidiophores 

hyaline, straight to curved, thin-walled, 383–538–694 µm 

long, av. 538 µm long; trunk 236–464 µm long, av. 350 µm 

long, 8.3–11.4 µm broad, sometimes slightly swollen to up 

to 18 µm at the base, ratio of the total length to trunk length 

1.4–1.7, n = 50, callose plugs absent. Branching subdichoto-

mous in 4–8 orders, with sub-straight to curved branches, 

gradually attenuate, often at right angles. Ultimate branch-

lets straight to substraight, rarely curved, paired branchlets 

differing in length, with the longer ones 6.5–11.5 µm long, 

the shorter ones 4.63–8.49 µm long, with a ratio of the 

longer to the shorter ultimate branchlets 1.1–1.7, n = 100, 

base 1.9–2.5 µm broad, apex slightly sharp. Conidia subglo-

bose to ellipsoid with a pale grey tint, 18.6–20.4 µm long, 

16.4–18.3 µm broad, length-to-breadth ratio 1.06–1.19, 

n = 100. Oospores not observed.

Diagnosis: Differs from P. laura in having larger conidia, 

longer conidiophores and trunks, broader trunks and conidi-

ophore bases, as well as shorter ultimate branchlets. Differs 

from P. mira in having larger conidia, shorter conidiophores 

and trunks, broader trunks and conidiophore bases, as well 

as paired and longer ultimate branchlets. Differs from P. 

myosotidis in having larger conidia, shorter conidiophores 

and trunks, as well as broader trunks and conidiophore 

bases. Differs from P. noli-me-oblivisci in having rounder 

conidia, longer conidiophores and trunks, as well as broader 

trunks and conidiophore bases. Differs from P. oranienbau-

mensis in having larger conidia, shorter conidiophores and 

trunks, as well as broader trunks and conidiophore bases. 

Differs from P. quantula in having larger conidia, longer 

conidiophores and trunks, broader trunks and conidiophore 

bases, as well as longer ultimate branchlets.

Habitat: Living leaves of Myosotis persoonii.
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Fig. 2  Maximum likelihood tree of Peronospora species on Myosotis based 

on ITS with Pseudoperonospora cubensis as outgroup. Bootstrapping sup-

port values from Maximum Likelihood and Minimum Evolution analy-

ses ≥ 50%, and Bayesian posterior probabilities ≥ 0.90 are indicated along 

branches in the respective order. The scale bar equals the number of nucleo-

tide substitutions per site. A dash “–” denotes less than 50% bootstrap sup-

port for the presented topology in ME and ML. Ex-holotype sequences of 

the new species described in this study are printed in bold type



 Mycological Progress (2024) 23:5151 Page 10 of 23

Ta
b

le
 2

 
 M

o
rp

h
o
lo

g
ic

al
 c

o
m

p
ar

is
o
n
 o

f 
sp

ec
ie

s 
o
f 

P
er

o
n
o
sp

o
ra

 i
n
fe

ct
in

g
 s

p
ec

ie
s 

o
f 

M
yo

so
ti

s 

S
p

ec
ie

s
H

o
st

C
o
n

id
io

p
h

o
re

s 
(n

 =
 5

0
)

T
r
u

n
k

s 
(n

 =
 5

0
)

L
en

g
th

 (
μ

m
)

B
a
se

 (
μ

m
)

L
en

g
th

 (
μ

m
)

B
re

a
d

th
 (

μ
m

)

P
er

o
n
o
sp

o
ra

 g
lo

b
o
sa

M
yo

so
ti

s 
p

er
so

o
n
ii

(3
1
5
)3

8
3
–
5
3
8
–
6
9
4
(9

4
4
)

1
1
–
1
4
–
1
8

(2
0
9
)2

3
6
–
3
5
0
–
4
6
4
(7

1
9
)

(7
.8

)8
.3

–
9
.9

–
1
1
.4

(1
3
.2

)

P
er

o
n
o
sp

o
ra

 l
a

u
ra

M
yo

so
ti

s 
sc

o
rp

io
id

es
(3

0
0
)3

2
8
–
4
4
9
–
5
6
9
(6

8
8
)

9
–
1
2
–
1
5

(1
6
5
)2

0
7
–
3
0
1
–
3
9
5
(4

7
8
)

(5
.7

)6
.0

–
7
.1

–
8
.3

(9
.8

)

P
er

o
n
o
sp

o
ra

 m
ir

a
M

yo
so

ti
s 

sy
lv

a
ti

ca
(3

2
4
)4

0
5
–
5
6
5
–
7
2
5
(8

5
8
)

7
–
1
0
–
1
3

(1
7
6
)2

4
9
–
3
9
4
–
5
3
9
(6

7
6
)

(6
.5

)7
.2

–
8
.7

–
1
0
.2

(1
1
.4

)

P
er

o
n
o
sp

o
ra

 m
yo

so
ti

d
is

M
yo

so
ti

s 
a

rv
en

si
s

(3
6
9
)4

8
9
–
6
3
3
–
7
7
7
(9

0
5
)

7
–
1
1
–
1
5

(2
1
1
)3

2
4
–
4
3
5
–
5
4
7
(6

8
3
)

(5
.1

)6
.4

–
7
.6

–
8
.7

(1
0
.3

)

P
er

o
n
o
sp

o
ra

 n
o
li

-m
e-

o
b
li

vi
sc

i
M

yo
so

ti
s 

d
is

co
lo

r
(2

5
2
)3

5
0
–
4
7
4
–
5
9
9
(7

0
7
)

7
–
1
0
–
1
2

(1
3
9
)2

1
1
–
3
2
6
–
4
4
2
(5

5
7
)

(5
.9

)6
.5

–
7
.8

–
9
.1

(1
0
.8

)

P
er

o
n
o
sp

o
ra

 o
ra

n
ie

n
b
a
u
m

en
si

s
M

yo
so

ti
s 

sp
a

rs
ifl

o
ra

(3
2
8
)4

2
1
–
6
1
7
–
8
1
3
(1

0
4
7
)

7
–
1
2
–
1
7

(2
0
5
)2

6
2
–
4
1
2
–
5
6
2
(7

3
2
)

(5
.1

)5
.7

–
8
.4

–
1
1
.0

(1
4
.0

)

P
er

o
n
o
sp

o
ra

 q
u
a

n
tu

la
M

yo
so

ti
s 

ra
m

o
si

ss
im

a
(1

5
4
)3

3
1
–
4
9
9
–
6
6
8
(8

0
8
)

6
–
1
1
–
1
5

(1
7
8
)2

1
9
–
3
2
7
–
4
3
4
(5

0
9
)

(6
.5

)7
.6

–
9
.3

–
1
1
.0

(1
3
.4

) 

S
p

ec
ie

s
C

o
n

id
io

p
h

o
re

s/
tr

u
n

k
s

B
ra

n
ch

in
g
 o

rd
er

s
U

lt
im

a
te

 B
ra

n
ch

le
ts

 (
U

B
) 

(n
 =

 1
0
0
)

L
en

g
th

 o
f 

th
e 

lo
n

g
er

 U
B

 

(μ
m

)

L
en

g
th

 o
f 

th
e 

sh
o
r
te

r 
U

B
 

(μ
m

)

L
o
n

g
er

/s
h

o
r
te

r 
ra

ti
o

P
er

o
n
o
sp

o
ra

 g
lo

b
o
sa

(1
.2

)1
.4

–
1
.6

–
1
.7

(2
.0

)
4
–
8

(4
.2

2
)6

.5
1
–
9
.0

3
–
1
1
.5

4
(1

4
.3

0
)

(2
.9

1
)4

.6
3
–
6
.5

6
–
8
.4

9
(1

0
.7

7
)

(1
.0

0
)1

.1
3
–
1
.4

1
–
1
.6

8
(1

.9
9
)

P
er

o
n
o
sp

o
ra

 l
a

u
ra

(1
.3

)1
.4

–
1
.5

–
1
.7

(1
.8

)
4
–
7

(5
.8

9
)7

.4
4
–
1
0
.0

6
–

1
2
.6

8
(1

6
.6

5
)

(3
.7

5
)4

.3
1
–
6
.3

7
–
8
.4

3
(1

2
.5

0
)

(1
.0

0
)1

.2
8
–
1
.6

4
–
2
.0

0
(2

.6
9
)

P
er

o
n
o
sp

o
ra

 m
ir

a
(1

.2
)1

.3
–
1
.5

–
1
.7

(2
.0

)
4
–
9

(4
.3

5
)5

.3
5
–
7
.8

3
–
1
0
.3

2
(1

3
.3

3
)

(2
.4

9
)3

.7
3
–
5
.2

6
–
6
.7

9
(9

.9
1
)

(1
.0

2
)1

.2
2
–
1
.5

0
–
1
.7

9
(2

.1
6
)

P
er

o
n
o
sp

o
ra

 m
yo

so
ti

d
is

(1
.2

)1
.3

–
1
.5

–
1
.6

(1
.9

)
5
–
8

(4
.8

0
)6

.9
9
–
9
.6

0
–
1
2
.2

0
(1

4
.2

1
)

(3
.5

1
)4

.6
3
–
6
.7

3
–
8
.8

4
(1

0
.7

9
)

(1
.0

1
)1

.1
7
–
1
.4

7
–
1
.7

8
(2

.3
7
)

P
er

o
n
o
sp

o
ra

 n
o
li

-m
e-

o
b
li

vi
sc

i
(1

.2
)1

.3
–
1
.6

–
1
.8

(2
.1

)
4
–
8

(4
.4

9
)6

.3
8
–
8
.7

6
–
1
1
.1

4
(1

4
.3

0
)

(3
.4

6
)4

.7
3
–
6
.3

9
–
8
.0

5
(1

0
.1

1
)

(1
.0

0
)1

.1
7
–
1
.3

9
–
1
.6

1
(1

.8
9
)

P
er

o
n
o
sp

o
ra

 o
ra

n
ie

n
b
a

u
-

m
en

si
s

(1
.3

)1
.4

–
1
.5

–
1
.7

(2
.0

)
5
–
8

(5
.9

2
)7

.4
2
–
9
.6

2
–
1
1
.8

3
(1

4
.4

1
)

(3
.8

2
)4

.7
7
–
6
.2

1
–
7
.6

6
(9

.8
2
)

(1
.1

1
)1

.2
9
–
1
.5

7
–
1
.8

5
(2

.4
9
)

P
er

o
n
o
sp

o
ra

 q
u
a

n
tu

la
(1

.4
)1

.5
–
1
.6

–
1
.8

(1
.9

)
6
–
9

(4
.1

1
)5

.5
6
–
7
.2

0
–
8
.8

4
(1

1
.0

4
)

(2
.5

5
)3

.7
3
–
4
.9

6
–
6
.1

9
(8

.7
9
)

(1
.0

1
)1

.1
9
–
1
.4

9
–
1
.7

9
(2

.1
3
) 

S
p

ec
ie

s
C

o
n

id
ia

 (
n

 =
 1

0
0
)

O
o
sp

o
re

s 
(μ

m
)

R
ef

er
en

ce

L
en

g
th

 (
μ

m
)

B
re

a
d

th
 (

μ
m

)
L

en
g
th

-t
o
-b

re
a
d

th
 r

a
ti

o

P
er

o
n
o
sp

o
ra

 g
lo

b
o
sa

(1
7
.4

3
)1

8
.5

5
–
1
9
.4

6
–

2
0
.3

7
(2

1
.1

3
)

(1
5
.5

7
)1

6
.4

1
–
1
7
.3

7
–

1
8
.3

3
(1

9
.1

3
)

(1
.0

2
)1

.0
6
–
1
.1

2
–
1
.1

9
(1

.2
6
)

—
T

h
is

 s
tu

d
y

P
er

o
n
o
sp

o
ra

 l
a

u
ra

(1
5
.3

8
)1

6
.4

5
–
1
7
.7

0
–

1
8
.9

5
(2

0
.3

5
)

(1
2
.5

0
)1

4
.2

1
–
1
5
.3

5
–

1
6
.4

8
(1

7
.4

5
)

(1
.0

3
)1

.0
8
–
1
.1

6
–
1
.2

3
(1

.3
9
)

—
T

h
is

 s
tu

d
y

P
er

o
n
o
sp

o
ra

 m
ir

a
(1

2
.9

7
)1

5
.7

9
–
1
7
.1

1
–

1
8
.4

2
(1

9
.5

2
)

(1
2
.2

2
)1

3
.3

8
–
1
4
.3

5
–

1
5
.3

1
(1

6
.9

4
)

(1
.0

1
)1

.1
1
–
1
.1

9
–
1
.2

8
(1

.4
5
)

—
T

h
is

 s
tu

d
y

P
er

o
n
o
sp

o
ra

 m
yo

so
ti

d
is

(1
3
.7

7
)1

5
.7

4
–
1
7
.2

7
–

1
8
.7

9
(2

0
.5

2
)

(1
2
.9

6
)1

3
.8

6
–
1
4
.9

3
–

1
5
.9

9
(1

7
.0

3
)

(1
.0

1
)1

.0
8
–
1
.1

6
–
1
.2

3
(1

.3
5
)

—
T

h
is

 s
tu

d
y

P
er

o
n
o
sp

o
ra

 n
o
li

-m
e-

o
b
li

vi
sc

i
(1

6
.5

7
)1

9
.3

2
–
2
0
.6

4
–

2
1
.9

7
(2

2
.7

5
)

(1
3
.9

3
)1

5
.2

0
–
1
6
.1

7
–

1
7
.1

4
(1

8
.6

4
)

(1
.0

5
)1

.1
8
–
1
.2

8
–
1
.3

8
(1

.4
9
)

—
T

h
is

 s
tu

d
y

P
er

o
n
o
sp

o
ra

 o
ra

n
ie

n
b
a

u
-

m
en

si
s

(1
4
.6

7
)1

6
.1

1
–
1
7
.7

0
–

1
9
.2

8
(2

0
.5

7
)

(1
3
.2

7
)1

4
.0

5
–
1
5
.4

4
–

1
6
.8

4
(1

8
.2

3
)

(1
.0

6
)1

.0
8
–
1
.1

5
–
1
.2

2
(1

.3
0
)

2
7
.5

–
3
0
.2

–
3
2
.8

T
h
is

 s
tu

d
y

P
er

o
n
o
sp

o
ra

 q
u
a

n
tu

la
(1

4
.3

0
)1

5
.0

0
–
1
6
.0

9
–

1
7
.1

8
(1

8
.6

7
)

(1
1
.6

8
)1

3
.2

7
–
1
4
.3

0
–

1
5
.3

2
(1

5
.8

9
)

(1
.0

3
)1

.0
5
–
1
.1

3
–
1
.2

1
(1

.3
5
)

—
T

h
is

 s
tu

d
y



Mycological Progress (2024) 23:51 Page 11 of 23 51

Distribution: Germany.

Typus: Germany, Saxony-Anhalt, Helme-Unstrut Bunt-

sandsteinland, on living leaves of Myosotis persoonii, 5 Nov. 

2005, H. Jage, holotype GLM-F75954.

Additional specimens examined: Germany, Brandenburg, 

Naundorfer Morl, on living leaves of Myosotis persoonii, 

28 Apr. 2015, H. Jage, GLM-F69974; Saxony-Anhalt, 

Annaburger Heide, on living leaves of Myosotis persoonii, 

23 May 1999, H. Jage, GLM-F77850; Dessau Elbetal, on 

living leaves of Myosotis persoonii, 9 May 2002, H. Jage, 

GLM-F78099; Dübener Heide, on living leaves of Myosotis 

persoonii, 13 May 2001, H. Jage, GLM-F74181; Roßlau-

Wittenberger Vorfläming, on living leaves of Myosotis per-

soonii, 5 Nov. 2003, H. Jage, GLM-F74465.

Note: Myosotis persoonii has a distribution range that 

includes the western Mediterranean, Spain, Portugal, and the 

border area between Spain and France (Tutin et al. 1972). In 

the phylogenetic tree, Peronospora globosa forms a highly 

supported clade with P. quantula and P. noli-me-oblivisci. 

They share a common characteristic of shorter conidi-

ophores and trunks, with conidiophores measuring shorter 

than 550 µm on average and trunks shorter than 350 µm. 

However, P. globosa differs from P. quantula and P. noli-

me-oblivisci in terms of its broader and rounder conidia, 

with an average breadth of 17.37 µm and a length-to-breadth 

ratio of 1.12 ± 0.1.

Peronospora laura M. Mu & Thines, sp. nov. (Fig. 4).

MycoBank: MB 853059.

Etymology: Refers to Latin laura (Ruta angustifolia) to 

which inflorescences the sporangiophores bear similarity.

Description: Lesions on leaves initially chlorotic, later 

often turning yellowish brown to dark brown when dried, 

diffuse to vein-delimited in Myosotis scorpioides. Down 

present on the lower leaf surface, consisting of scattered 

to dense felt-like conidiophore outgrowth. Conidiophores 

hyaline, straight to curved, thin-walled, 328–569 µm long, 

av. 449 µm long; trunk 207–395 µm long, av. 301 µm long, 

6.0–8.3 µm broad, sometimes slightly swollen to up to 15 µm 

at the base, ratio of the total length to trunk length 1.4–1.7, 

n = 50, callose plugs absent. Branching subdichotomous in 

4–7 orders, with sub-straight to curved branches, gradu-

ally attenuate, often at right angles. Ultimate branchlets 

substraight to curved, paired branchlets differing in length, 

with the longer ones 7.4–12.7 µm long, the shorter ones 

4.3–8.4 µm long, with a ratio of the longer to the shorter 

ultimate branchlet of 1.3–2.0, n = 100, base 1.7–2.2 µm 

broad, apex slightly sharp. Conidia ellipsoid to obovate 

with a pale yellow–brown to brown tint, 16.5–19.0 µm 

long, 14.2–16.5 µm broad, length-to-breadth ratio 1.1–1.2, 

n = 100, basal part of the conidia mostly protruding. 

Oospores not observed.

Diagnosis: Differs from P. mira in having shorter and 

conidiophores and trunks, narrower trunks, as well as 

paired and longer ultimate branchlets. Differs from P. 

myosotidis in having larger conidia, shorter conidiophores 

and trunks, as well as narrower trunks and conidiophore 

bases. Differs from P. noli-me-oblivisci in having smaller 

conidia, shorter conidiophores and trunks, as well as nar-

rower trunks. Differs from P. oranienbaumensis in having 

shorter conidiophores and trunks, narrower trunks, as well 

as longer ultimate branchlets. Differs from P. quantula in 

having larger conidia, shorter conidiophores and trunks, as 

well as narrower trunks. Differs from P. globosa in having 

smaller conidia, shorter conidiophores and trunks, as well 

as narrower trunks and conidiophore bases.

Habitat: Living leaves of Myosotis scorpioides (syn. 

Myosotis palustris).

Distribution: Germany.

Typus: Germany, Saxony, Tellerhäuser, on living leaves 

of Myosotis scorpioides, 11 Aug. 1987, H. Jage, holotype 

GLM-F67407.

Additional specimens examined: Germany, Saxony, 

Oberwiesenthal, on living leaves of Myosotis scorpioides, 

15 Aug. 1985, H. Jage, GLM-F68376; Saxony-Anhalt, 

Gaditz, on living leaves of Myosotis scorpioides, 22 Sep. 

1980, H. Jage, GLM-F69866.

Note: Myosotis scorpioides is widely distributed in the 

Northern Hemisphere (GBIF 2024). In the phylogenetic 

tree, Peronospora laura did not cluster with the other six 

Peronospora species on Myosotis. Interestingly, it is closely 

related to Peronospora trigonotidis on Trigonotis pedun-

cularis within the same family, Boraginaceae, but apart 

from being phylogenetically distinct, P. trigonotidis has 

longer conidiophores (up to 800 µm long), as well as larger 

conidia (averaging 22 × 19 µm). Morphologically, compared 

to all Peronospora species on Myosotis, Peronospora laura 

exhibits the shortest conidiophores (449 µm long on aver-

age) and narrowest trunks (7.1 µm broad on average).

Peronospora mira M. Mu & Thines, sp. nov. (Fig. 5).

MycoBank: MB 853060.

Etymology: From Latin mira (remarkable, wonderful) 

highlighting the fact that it is a miracle that this species has 

been overlooked despite its widespread occurrence.

Description: Lesions on leaves initially chlorotic, later 

turning yellowish-brown or reddening, finally often dark 

brown upon drying, sometimes vein-delimited in Myosotis 

sylvatica. Down present on the lower leaf surface, con-

sisting of scattered to dense felt-like conidiophore out-

growth. Conidiophores hyaline, straight to curved, thin-

walled, 405–725 µm long, av. 565 µm long; trunk mostly 

249–539 µm long, av. 394 µm long, 7.2–10.2 µm broad, 

sometimes slightly swollen to up to 13 µm at the base, 



 Mycological Progress (2024) 23:5151 Page 12 of 23

ratio of the total length to trunk length1.3–1.7, n = 50, 

callose plugs absent. Branching subdichotomous in 4–9 

orders, with sub-straight to curved branches, gradually 

attenuate, often at right angles. Ultimate branchlets sub-

straight to curved, paired branchlets differing in length, 

with the longer ones 5.4–10.3 µm long, the shorter ones 

3.7–6.8 µm long, with a ratio of the longer to the shorter 

ultimate branchlets 1.2–1.8, n = 100, base 1.8–2.6 µm 

broad, apex slightly sharp. Conidia subglobose to ellip-

soid with a pale brown-violet to grey tint, 15.8–18.4 µm 

long, 13.4–15.3 µm broad, length-to-breadth ratio 1.1–1.3, 

n = 100, basal part of the conidia mostly protruding. 

Oospores not observed.

Diagnosis: Differs from P. laura in having longer conidio-

phores and trunks, as well as shorter ultimate branchlets. Dif-

fers from P. myosotidis in having shorter conidiophores and 

trunks, as well as shorter ultimate branchlets. Differs from 

P. noli-me-oblivisci in having smaller conidia, longer conidi-

ophores and trunks, as well as shorter ultimate branchlets. 

Differs from P. oranienbaumensis in having smaller conidia, 

shorter conidiophores and trunks, as well as shorter ultimate 

branchlets. Differs from P. quantula in having longer conidi-

ophores and trunks, narrower trunks and conidiophore bases, 

as well as longer ultimate branchlets. Differs from P. globosa 

in having smaller conidia, narrower trunks and conidiophore 

bases, as well as shorter ultimate branchlets.

Habitat: Living leaves of Myosotis sylvatica.

Distribution: Germany.

Typus: Germany, Saxony-Anhalt, Bad Schmiedeberg, on 

living leaves of Myosotis sylvatica, 29 Sep. 2001, H. Jage, 

holotype GLM-F73835.

Additional specimens examined: Germany, Saxony-

Anhalt, Selbitz, on living leaves of Myosotis sylvatica, 9 Jun 

1999, H. Jage, GLM-F78289; Uthausen, Mark Pannewitz, 

on living leaves of Myosotis sylvatica, 8 May 2001, H. Jage, 

GLM-F74149.

Note: Myosotis sylvatica is mainly distributed in 

North America and Europe (Kew Science 2024). 

Fig. 3  Symptoms and morphology of Peronospora globosa parasitic on Myosotis persoonii. a  Down on the leaf surface. b–d  Conidium. 

e–g Ultimate branchlets. h–k Conidiophores. Scale bars: b–g = 20 µm; h–k = 50 µm
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Peronospora mira shows a close relationship with P. 

myosotidis in the phylogenetic tree. Moreover, they 

exhibit similarities in morphology, making it challeng-

ing to distinguish between them. However, there are still 

some discernible differences between them. Peronospora 

mira has shorter conidiophores and trunks (with an aver-

age length of 565 µm and 394 µm, respectively) as well 

as shorter ultimate branchlets.

Peronospora myosotidis de Bary, Annls Sci. Nat., Bot., 

sér. 4 20: 112. 1863 (Fig. 6).

 = Peronospora myosotidis var. minor Benua, in Jacze-

wski & Jaczewski, Opredelitel' Gribov. Sovershennye Griby 

(Diploidnye Stadii). I. Fikomitsety (Moscow): 129. 1931.

Description: Lesions on leaves first chlorotic, later 

yellow–brown or reddening, sometimes dark grey when 

dried, diffuse to vein-delimited in Myosotis arvensis. 

Fig. 4  Symptoms and morphology of Peronospora laura parasitic on Myosotis scorpioides. a Down on the leaf surface. b Conidium. c–e Ulti-

mate branchlets. f–h Conidiophores. Scale bars: b–e = 20 µm; f–h = 50 µm
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Down present on the lower leaf surface, consisting of 

scattered to dense felt-like conidiophore outgrowth. Con-

idiophores hyaline, straight to curved, thin-walled, 

489–777 µm long, av. 633 µm long; trunk 324–547 µm 

long, av. 435  µm long, 6.4–8.7  µm broad, sometimes 

slightly swollen to up to 15 µm at the base, ratio of the 

total length to trunk length 1.3–1.6, n = 50, callose plugs 

absent. Branching subdichotomous in 5–8 orders, with 

sub-straight to curved branches, gradually attenuate, often 

at right angles. Ultimate branchlets straight to substraight, 

rarely curved, paired branchlets differing in length, with 

the longer ones 7.0–12.2  µm long, the shorter ones 

4.6–8.8 µm long, with a ratio of the longer to the shorter 

ultimate branchlets 1.2–1.9, n = 100, base 1.7–2.4 µm 

broad, apex slightly sharp. Conidia subglobose to ellip-

soid with a yellow–brown to pale grey tint, 15.7–18.8 µm 

long, 13.9–16.0  µm broad, length-to-breadth ratio 

1.1–1.2, n = 100, basal part of the conidia mostly pro-

truding. Oospores not observed.

Type host: Myosotis arvensis (given under the synonym 

M. intermedia in the original description; de Bary 1863).

Confirmed habitat: Living leaves of Myosotis arvensis.

Reported hosts: M. arvensis (= M. intermedia; de Bary 

1863; Stevenson 1926; Voglmayr 2003; Choi et al. 2015a), 

Myosotis verna (Rogerson 1958), M. arenaria, M. hispida, 

M. paulstris, M. sylvatica, M. sparsiflora, M. stricta, M. ver-

sicolor (Stevenson 1926), M. caespitosa (Adamska 2001), 

M. nemorosa (Dietrich and Müller 2001), Amsinckia (fid-

dlenecks) (Pantone et al. 1985) and Brunnera macrophylla 

(Lane et al. 2006) of Boraginaceae.

Reported distribution: Germany (de Bary 1863; Gäu-

mann 1923), Switzerland (de Bary 1863), UK (Gäumann 

1923; Lane et al. 2006), Austria (Gäumann 1923; Voglmayr 

2003), Denmark, Norway, Russia, Sweden (Gäumann 1923), 

Fig. 5  Symptoms and morphology of Peronospora mira parasitic on Myosotis sylvatica. a Down on the leaf surface. b–d Conidium. e–g Ulti-

mate branchlets. h–i Conidiophores. Scale bars: b–g = 20 µm; h–i = 50 µm



Mycological Progress (2024) 23:51 Page 15 of 23 51

New Zealand (Jafar 1962; Gjaerum 1980), Czech Republic 

(Dietrich and Müller 2001).

Additional specimens examined: Germany, Hessen, 

Burghaun, on living leaves of Myosotis arvensis, 22 Jul. 

2000, H. Jage, GLM-F48345; Saxony-Anhalt, Düben-

Dahlener Heiden, on living leaves of Myosotis arvensis, 

6 Sep. 1997, H. Jage, GLM-F75125; Dübener Heide, on 

living leaves of Myosotis arvensis, 18 May 2002, H. Jage, 

GLM-F78074; Helme-Unstrut Buntsandsteinland, Loder-

leben, Quernetal, on living leaves of Myosotis arvensis, 

9 Apr. 2004, H. Jage, GLM-F63054; Ilm-Saale-Muschel-

kalkplatten, on living leaves of Myosotis arvensis, 18 Jun. 

2003, H. Jage, GLM-F73375; Ländchen, Hohenkamern, 

on living leaves of Myosotis arvensis, 3 Jul. 2002, H. Jage, 

GLM-F76288; Magdeburger Börde, Calbe, on living leaves 

of Myosotis arvensis, 23 May 1998, H. Jage, GLM-F73872; 

Zerbster Ackerland, on living leaves of Myosotis arvensis, 

15 May 2002, H. Jage, GLM-F78086; Iceland, Múlaþing, 

Hallormsstaður, near Kliftjörn, on living leaves of Myosotis 

arvensis, 05. Aug. 2023, M. Thines, IC79–2.

Note: Peronospora myosotidis is widely distributed in 

Europe (de Bary 1863; Gäumann 1923; Stevenson 1926; 

Dietrich and Müller 2001; Voglmayr 2003; Lane et al. 2006; 

Choi et al. 2015a) and in Oceania (Jafar 1962; Gjaerum 

1980). It has been assumed to be parasitic to various Myoso-

tis species (de Bary 1863; Stevenson 1926; Rogerson 1958; 

Adamska 2001; Dietrich and Müller 2001; this study), and 

two related genera, Brunnera and Amsinckia of Boraginaceae 

Fig. 6  Symptoms and morphology of Peronospora myosotidis parasitic on Myosotis arvensis. a  Down on the leaf surface. b–d  Conidium. 

e–g Ultimate branchlets. h–j Conidiophores. Scale bars: b–g = 20 µm; h–j = 50 µm
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(Pantone et al. 1985; Lane et al. 2006). According to the ITS 

sequence identity of AY198263 from specimen WU22912 

infecting Myosotis arvensis (Fig. 2), and the COX1 sequence 

KJ654079 and COX2 sequence KJ654228 from specimen 

GLM-F63054 also infecting Myosotis arvensis in Fig. S3–4 

(Voglmayr 2003; Choi et al. 2015a), and the large number 

of SNPs when compared with Peronospora from other hosts 

in the genus Myosotis, it can be assumed that P. myosotidis 

might be restricted to infect Myosotis arvensis. The morphol-

ogy in this study is almost identical to the description of de 

Bary and Lane (de Bary 1863; Lane et al. 2006), with com-

parative details of the measurements shown in Table 2. In the 

phylogenetic tree, P. myosotidis clustered together in a highly 

supported clade with P. mira. Despite their close relation-

ship in both phylogeny and morphology, P. myosotidis can 

be distinguished by having longer conidiophores and trunks 

(average 633 µm long and 435 µm long, respectively), as well 

as paired and shorter ultimate branchlets.

Peronospora noli-me-oblivisci M. Mu & Thines, sp. nov. 

(Fig. 7).

MycoBank: MB 853061.

Etymology: Named after the literal translation of the host 

genus in some German languages.

Description: Lesions on leaves yellow–brown to dark 

brown, often vein-delimited in Myosotis discolor. Down 

present on the lower leaf surface, consisting of scattered 

to dense felt-like conidiophore outgrowth. Conidiophores 

hyaline, straight to curved, thin-walled, 350–599 µm long, 

av. 474 µm long; trunk 211–442 µm long, av. 326 µm long, 

6.5–9.1 µm broad, sometimes slightly swollen to up to 12 µm 

at the base, ratio of the total length to trunk length 1.3–1.8, 

n = 50, callose plugs absent. Branching subdichotomous in 

4–8 orders, with sub-straight to curved branches, gradu-

ally attenuate, often at right angles. Ultimate branchlets 

straight to substraight, paired branchlets differing in length, 

with the longer ones 6.4–11.1 µm long, the shorter ones 

Fig. 7  Symptoms and morphology of Peronospora noli-me-oblivisci parasitic on Myosotis discolor. a Down on the leaf surface. b–d Conidia. 

e–g Ultimate branchlets. h–j Conidiophores. Scale bars: b–g = 20 µm; h–j = 50 µm
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Fig. 8  Symptoms and morphology of Peronospora oranienbaumensis parasitic on Myosotis sparsiflora. a–d Conidium. e–h Ultimate branchlets. 

i Down on the leaf surface. j–l Oospores. m–o Conidiophores. Scale bars: a–h, j–l = 20 µm; h–j = 50 µm
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4.7–8.1 µm long, with a ratio of the longer to the shorter 

ultimate branchlet 1.2–1.6, n = 100, base 1.8–2.4 µm broad, 

apex slightly sharp. Conidia ellipsoid to obovate with a pale 

grey tint, 19.32–22.0 µm long, 15.2–17.1 µm broad, length-

to-breadth ratio 1.2–1.4, n = 100. Oospores not observed.

Diagnosis: Differs from P. laura in having larger and 

more elongated conidia, as well as longer conidiophores 

and trunks. Differs from P. mira in having larger and more 

elongated conidia, shorter conidiophores and trunks, as well 

as paired and longer ultimate branchlets. Differs from P. 

myosotidis in having larger and more elongated conidia, 

shorter conidiophores and trunks, as well as shorter ulti-

mate branchlets. Differs from P. oranienbaumensis in having 

larger and more elongated conidia, shorter conidiophores 

and trunks, as well as narrower trunks and conidiophore 

bases. Differs from P. quantula in having larger and more 

elongated conidia, narrower trunks and conidiophore bases, 

as well as longer ultimate branchlets. Differs from P. globosa 

in having more elongated conidia, shorter conidiophores and 

trunks, as well as narrower trunks and conidiophore bases.

Fig. 9  Symptoms and morphology of Peronospora quantula parasitic on Myosotis ramosissima. A–D  Conidium. E–H  Ultimate branchlets. 

I Down on the leaf surface. J–K Conidiophores. Scale bars: a–h = 20 µm; j–k = 50 µm



Mycological Progress (2024) 23:51 Page 19 of 23 51

Habitat: Living leaves of Myosotis discolor.

Distribution: Germany.

Typus: Germany, Saxony-Anhalt, Zahna, on living leaves 

of Myosotis discolor, 15 Apr. 1993, H. Jage, holotype 

GLM-F68067.

Additional specimens examined: Germany, Saxony-

Anhalt, Schiedsberg, on living leaves of Myosotis discolor, 

18 May 2001, H. Jage, GLM-F73687; Zahna, Roßlau-Wit-

tenberger Vorfläming, on living leaves of Myosotis discolor, 

1 May 1999, H. Jage, GLM-F77872.

Note: Myosotis discolor is primarily distributed in Europe 

and North America (GBIF 2024). Peronospora noli-me-

oblivisci clusters closely with P. quantula, demonstrating 

strong support for their relationship in the phylogenetic trees. 

They also exhibit similarities in morphological features. 

However, P. noli-me-oblivisci distinguishes itself by having 

more elongated conidia, with an average length of 20.6 µm 

and a length-to-breadth ratio of conidia of 1.28 ± 0.1.

Peronospora oranienbaumensis M. Mu & Thines, sp. nov. 

(Fig. 8).

MycoBank: MB 853062.

Etymology: Specific epithet refers to the town in which 

the type specimen has been found and in which the host 

plant occurs frequently.

Description: Lesions on leaves yellow–brown to dark, dif-

fuse to vein-delimited in Myosotis sparsiflora. Down present 

on the lower leaf surface, consisting of scattered to dense felt-

like conidiophore outgrowth. Conidiophores hyaline, straight 

to curved, thin-walled, 421–813 µm long, av. 617 µm long; 

trunk 262–562 µm long, av. 412 µm long, 5.7–11.0 µm broad, 

sometimes slightly swollen to up to 17 µm at the base, ratio 

of the total length to trunk length 1.4–1.7, n = 50, callose 

plugs absent. Branching subdichotomous in 5–8 orders, with 

sub-straight to curved branches, gradually attenuate, often 

at right angles. Ultimate branchlets straight to substraight, 

rarely curved, paired branchlets differing in length, with the 

longer ones 7.4–11.8 µm long, the shorter ones 4.8–7.7 µm 

long, with a ratio of the longer to the shorter ultimate branch-

let 1.3–1.9, n = 100, base 1.8–2.4 µm broad, apex slightly 

sharp. Conidia subglobose to ellipsoid with a pale brown tint, 

16.1–19.3 µm long, 14.1–16.8 µm broad, length-to-breadth 

ratio 1.1–1.3, n = 100. Oospores 28–33 µm, n = 10.

Diagnosis: Differs from P. laura in having longer con-

idiophores and trunks, broader trunks, as well as shorter 

ultimate branchlets. Differs from P. mira in having larger 

conidia, longer conidiophores and trunks, as well as paired 

and longer ultimate branchlets. Differs from P. myosotidis 

in having larger conidia, shorter conidiophores and trunks, 

as well as broader trunks and conidiophore bases. Differs 

from P. noli-me-oblivisci in having smaller conidia, longer 

conidiophores and trunks, as well as narrower trunks and 

conidiophore bases. Differs from P. quantula in having 

larger conidia, longer conidiophores and trunks, as well as 

longer ultimate branchlets. Differs from P. globosa in having 

smaller conidia, longer conidiophores and trunks, as well as 

narrower trunks and conidiophore bases.

Habitat: Living leaves of Myosotis sparsiflora.

Distribution: Germany.

Typus: Germany, Saxony-Anhalt, Oranienbaum, on liv-

ing leaves of Myosotis sparsiflora, 30 Mar. 1998, H. Jage, 

holotype GLM-F73919.

Additional specimens examined: Germany, Saxony-

Anhalt, Dessauer Elbetal, on living leaves of Myosotis spar-

siflora, 13 Oct. 2004, H. Jage, GLM-F69949; Hallesches 

Ackerland, on living leaves of Myosotis sparsiflora, 11 Apr. 

1999, H. Jage, GLM-F77823; Lobitzsch, on living leaves of 

Myosotis sparsiflora, 6 May 2003, H. Jage, GLM-F73470; 

Lützen-Hohenmölsener Platte, on living leaves of Myosotis 

sparsiflora, 9 May 2003, H. Jage, GLM-F73483; Magde-

burger Börde, on living leaves of Myosotis sparsiflora, 8 

Apr. 2000, H. Jage, GLM-F76865; Querfurter Platte, on 

living leaves of Myosotis sparsiflora, 7 May 2003, H. Jage, 

GLM-F73478; Roßlau-Wittenberger Vorfläming, on liv-

ing leaves of Myosotis sparsiflora, 23 May 2002, H. Jage, 

GLM-F78105; Tangermünder Elbetal, on living leaves of 

Myosotis sparsiflora, 31 May 2005, H. Jage, GLM-F75652; 

Wörlitz northeast, Auengehölz, on living leaves of Myosotis 

sparsiflora, 20 May 2003, H. Jage, GLM-F74307; Zerbster 

Ackerland, on living leaves of Myosotis sparsiflora, 9 Apr. 

2000, H. Jage, GLM-F76867.

Note: Myosotis sparsiflora primarily inhabits Eurasia 

(GBIF 2024). It often has a limp stem and is fragile, with 

very sparse hair and many branches. Peronospora oranien-

baumensis clusters closely with P. myosotidis and P. mira, 

showing strong support for their relationship in the phyloge-

netic trees. They form a distinct clade characterized by con-

idiophores and trunks, with conidiophores measuring longer 

than 550 µm on average and trunks longer than 390 µm. 

However, P. oranienbaumensis differs from P. myosotidis 

and P. mira due to its broader conidia, measuring an average 

of 15.4 µm in breadth.

Peronospora quantula M. Mu & Thines, sp. nov. (Fig. 9).

MycoBank: MB 853063.

Etymology: Specific epithet refers to the Latin quantulus 

(so small), referring to the small conidia.

Description: Lesions dark brown to grey, often vein-

delimited in Myosotis ramosissima. Down present on the 

lower leaf surface, consisting of scattered to dense felt-like 

conidiophore outgrowth. Conidiophores hyaline, straight to 

curved, thin-walled, 331–668 µm long, av. 499 µm long; 

trunk 219–434 µm long, av. 327 µm long, 7.6–11.0 µm 

broad, sometimes slightly swollen to up to 15 µm at the base, 

ratio of the total length to trunk length 1.5–1.8, n = 50, cal-

lose plugs absent. Branching subdichotomous in 6–9 orders, 
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with sub-straight to curved branches, gradually attenuate, 

often at right angles. Ultimate branchlets straight to sub-

straight, rarely curved, paired branchlets differing in length, 

with the longer ones 5.6–8.8 µm long, the shorter ones 

3.7–6.2 µm long, with a ratio of the longer to the shorter 

ultimate branchlet 1.2–1.8, n = 100, base 1.7–2.2 µm broad, 

apex slightly sharp. Conidia subglobose to ellipsoid with a 

pale brown tint, 15.0–17.2 µm long, 13.3–15.3 µm broad, 

length-to-breadth ratio 1.05–1.21, n = 100. Oospores not 

observed.

Diagnosis: Differs from P. laura in having smaller 

conidia, longer conidiophores and trunks, as well as shorter 

ultimate branchlets. Differs from P. mira in having smaller 

conidia, shorter conidiophores and trunks, as well as paired 

and shorter ultimate branchlets. Differs from P. myoso-

tidis in having smaller conidia, shorter conidiophores and 

trunks, as well as shorter ultimate branchlets. Differs from 

P. noli-me-oblivisci in having smaller conidia, broader 

trunks and conidiophore bases, as well as shorter ultimate 

branchlets. Differs from P. oranienbaumensis in having 

smaller conidia, shorter conidiophores and trunks, as well 

as shorter ultimate branchlets. Differs from P. globosa in 

having smaller conidia, shorter conidiophores and trunks, 

narrower trunks and conidiophore bases, as well as shorter 

ultimate branchlets.

Habitat: Living leaves of Myosotis ramosissima.

Distribution: Germany.

Typus: Germany, Saxony-Anhalt, Petersberg, on living 

leaves of Myosotis ramosissima, 8 May 2004, H. Jage, holo-

type GLM-F64083.

Additional specimens examined: Germany, Saxony, 

Elbe-Elster-Niederung, on living leaves of Myosotis 

ramosissima, 16 May 2001, H. Jage, GLM-F73675; Sax-

ony-Anhalt, Annaburger Heide, on living leaves of Myo-

sotis ramosissima, 23 May 1999, H. Jage, GLM-F77851; 

Dessauer Elbetal, Kleinzerbster Busch, on living leaves of 

Myosotis ramosissima, 2 Apr. 2000, H. Jage, GLM-F76870; 

Dessauer Elbetal, Schützberg, on living leaves of Myoso-

tis ramosissima, 22 May 1994, H. Jage, GLM-F68131; 

Derenburg, on living leaves of Myosotis ramosissima, 15 

May 2004, H. Jage, GLM-F64114; Dübener Heide, on liv-

ing leaves of Myosotis ramosissima, 15 May 2001, H. Jage, 

GLM-F73729; Helme-Unstrut Buntsandsteinland, on liv-

ing leaves of Myosotis ramosissima, 24 May 2005, H. Jage, 

GLM-F75691; Magdeburger Elbtal, on living leaves of Myo-

sotis ramosissima, 15 May 2002, H. Jage, GLM-F78027; 

Nordöstliches Harzvorland, Cochstedt, on living leaves 

of Myosotis ramosissima, 21 Apr. 2001, H. Jage, GLM-

F74249; Tagebauregion Bitterfeld, on living leaves of Myo-

sotis ramosissima, 11 May 2002, H. Jage, GLM-F78097; 

Unteres Saaletal, on living leaves of Myosotis ramosissima, 

8 May 2004, H. Jage, GLM-F64090; Zerbster Ackerland, 

on living leaves of Myosotis ramosissima, 1 May 1995, H. 

Jage, GLM-F67983.

Note: Myosotis ramosissima is primarily distributed in 

Europe and around the Mediterranean (GBIF 2024). Per-

onospora quantula clusters closely with P. noli-me-oblivisci 

in all phylogenetic trees, exhibiting strong support for their 

relationship. Although they share similarities in morpho-

logical features, P. quantula differentiates itself by having 

rounder conidia, characterized by an average length-to-

breadth ratio of 1.13 ± 0.1.

Discussion

The vast majority of species in Peronospora remain to be 

discovered, even though more than 400 species have already 

been described in this genus (Thines and Choi 2016). There 

are still many morphologically similar species of downy 

mildew, especially within the genus Peronospora, which 

makes it challenging to accurately identify Peronospora 

species (Spring and Thines 2004). Additionally, research 

on the diversity of Peronospora is still limited, and many 

previous identifications of Peronospora species are based 

on a broad concept of the species (see Yerkes and Shaw 

1959). Based on this broad concept of species, some spe-

cies have been misidentified, merged or synonymized (Choi 

et al. 2015b), and even the sequence references in GenBank 

are questionable.

Considering the occasional similarity of downy mildew 

species at certain genetic loci (Choi et al. 2017; Thines et al. 

2019), therefore, in this study, we employ multiple genetic 

loci for analysis: two nuclear loci (ITS and nrLSU) and four 

mitochondrial loci (COX2, COX1, NAD1, and RPS10).

Prior to this study, there was only one validly published 

species of Peronospora that infects species of Myosotis. Six 

new Peronospora species from Myosotis have been identi-

fied based on morphology and phylogenetic analyses, all Per-

onospora species on Myosotis species formed distinct clades 

according to each specific host species and could also be dis-

tinguished morphologically. It is noteworthy that similar to 

Peronospora on Plantago (Mu et al. 2024), phylogenetically 

related species share some morphological traits. Peronos-

pora mira, P. myosotidis, and P. oranienbaumensis cluster 

together with strong support and form a clade characterized 

by long conidiophores and trunks, with conidiophores meas-

uring more than 550 µm on average, as well as trunks longer 

than 390 µm. The second multi-species clade, containing P. 

noli-me-oblivisci, P. quantula, and P. globosa has shorter 

conidiophores and trunks, with conidiophores measuring less 

than 550 µm on average and trunks shorter than 350 µm. As 

the earlier diverging branch, P. laura displays the shortest 

conidiophores (average 449 µm long) and trunks (average 
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301 µm long) among all Peronospora species on Myosotis. 

However, it should be noted that under varying environmen-

tal conditions, these figures might be different (see Dudka 

et al. 2007) and can only be seen as representative within 

the areas from which specimens were obtained in this study.

The only Peronospora species validly published on Myo-

sotis, Peronospora myosotidis has been thought to be widely 

distributed throughout the world and was reported from 

many host species of Myosotis and even from Amsinckia 

and Brunnera of Boraginaceae, based on a broad species 

concept (de Bary 1863; Gäumann 1923; Stevenson 1926; 

Jafar 1962; Gjaerum 1980; Dietrich and Müller 2001; Vogl-

mayr 2003; Lane et al. 2006; Choi et al. 2015a). Considering 

that the phylogenetic analyses of this study indicate that P. 

myosotidis is seemingly restricted to infecting only Myosotis 

arvensis, it can be expected that many more species infecting 

Myosotis will need to be described in the future.

For example, a downy mildew has been documented on 

Myosotis laxa in Wisconsin, USA (Shaw 1951) and attrib-

uted to P. myositidis, but this species can be distinguished 

from all Peronospora species by its characteristic features 

of having monopodially branching conidiophores and hav-

ing 2–4 ultimate branchlets of equal length at each ultimate 

ramification. Thus, there are considerable challenges in 

accurately identifying Peronospora species based solely on 

morphology, and it is crucial to perform a molecular identifi-

cation of both pathogen species and host plants to accurately 

determine highly host-specific pathogen species and ensure 

that quarantine regulations for species with a potentially neg-

ative economic impact can be implemented efficiently. Tak-

ing into consideration that there are 15 species of Myosotis 

in Germany and adjacent territories (Müller et al. 2021) that 

harbour already 7 species of Peronospora, it is a conserva-

tive estimate that the about 100 species of the genus (Müller 

et al. 2021) are parasitised by more than 20 distinct species 

of Peronospora. Similarly, there are 11 species of Plantago 

in Germany and adjacent territories, which have been found 

to be parasitised by 6 distinct species of Peronospora (Mu 

et al. 2024). Similarly, the 10 Papaver species found in the 

same area are parasitised by 5 distinct Peronospora species 

(Voglmayr et al. 2014). Conservatively assuming that about 

one third of the species described in these genera could be 

infected by a distinct species of Peronospora, about100 new 

species could be expected on these genera alone. Taking 

into consideration that the situation seems to be similar in 

other groups, such as Chenopodiaceae (Choi et al. 2015a, 

b), Ranunculus (Ploch et al. 2022), and Trifolium (García-

Blázques et al. 2008), and considering their species richness 

(Müller et al. 2021), this would add a conservative estimate 

of another 750 undiscovered Peronospora species. However, 

these groups are only exemplary for other families of flow-

ering plants affected by Peronospora species. Extrapolat-

ing this to the additional genera summarised by Klenke and 

Scholler (2015), this would lead to an estimate of more than 

2500 species of Peronospora to be discovered. Even though 

this rough estimate needs refinement by upcoming phylo-

genetic investigations in the genus, it is likely an underesti-

mate, considering that there are many genera of herbaceous 

plants that can be infected by downy mildew pathogens, 

but are not listed in Klenke and Scholler (2015), as they do 

not grow in Germany and adjacent territories. Therefore, a 

worldwide survey is needed before number of species to be 

expected in Peronospora can be estimated with confidence.
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