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Abstract

Downy mildews are cosmopolitan obligate biotrophic parasites of flowering plants. They are fungus-like eukaryotes of the
kingdom Straminipila, and most species are highly specialised, often parasitising only a single host species. Due to the
prevalence of a broad species concept before the advent of molecular phylogenetics and the paucity of differentiating charac-
teristics in some groups, many widespread species are still undescribed. This is also the case for some downy mildews in the
clade containing the type species of Peronospora, Peronospora rumicis. Spurred by the discovery of the undescribed species
parasitising Rumex acetosa at the Blavik research station in East Iceland, three new widespread species of Peronospora are
introduced in this article: Peronospora blauvikensis parasitic to Rumex acetosa, P. boylei parasitic to Rumex thyrsiflorus, and
P. spergulariae parasitic to Spergula marina. As the species are morphologically highly similar, a set of diagnostic bases is
given for each species, allowing a quick identification via molecular barcoding.
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Introduction

The genus Peronospora is the largest of the genera of oomy-
cetes, comprising more than 400 known species (Thines and
Choi 2016). Similar to powdery mildews and rust fungi, downy
mildews are obligate biotrophs but have evolved fungus-like
characteristics independently from true fungi, belonging to the
kingdom Straminipila (Beakes and Thines 2017). The genus
Peronospora is cosmopolitan and has been reported from all
continents except Antarctica. Despite being the most species-
rich genus of oomycetes, only a fraction of the species in the
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genus have likely been described so far (Thines and Choi
2016). Due to the pioneering work of Gdumann (e.g. 1918a,
b, ¢, 1923), it became clear that the broad species concept used
until then was no longer tenable, leading to the description of a
plethora of new species in the years after that (e.g. Sdvulescu
and Rayss 1930; Gustavsson 1959). However, the increasingly
influential publication of Yerkes and Shaw (1959), who advo-
cated for a broad species concept, led to the decline of new
species descriptions in Peronospora in the following years and
the widespread belief that most Peronospora species were only
specialised on the host genus or even host family level.

The first phylogenetic investigations with a larger array of
downy mildews (Riethmiiller et al. 2002; Voglmayr 2003)
revealed that the taxonomic view of Gdumann (1923) mirrored
the phylogenetic diversity of Peronospora much better and sug-
gested that specialisation might be even higher than suggested
by him. Over the past 20 years, host-specific evolutionary line-
ages were revealed for most groups of Peronospora (e.g. Choi
et al. 2007, 2009, 2015; Garcia-Blazques et al. 2008; Thines
et al. 2009, 2019; Thines and Kummer 2013; Voglmayr et al.
2014, Voglmayr and Korytnianska 2015; Mu et al. 2024a, b).

Due to implications for the security of the production of
economically important hosts, species descriptions in the
genus have mostly focussed on species infecting important
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ornamentals (Thines et al. 2019; Hoffmeister et al. 2020; Mu
et al. 2024a), culinary herbs (Thines et al. 2009; Choi et al.
2009), and crops (Voglmayr et al. 2014). While this prioritising
is understandable, it neglects the vast majority of undescribed
species. An example is the downy mildew specimens related
to the type of the genus, Peronospora rumicis. While the phy-
logeny of the group was resolved almost a decade ago, with the
important finding that downy mildew on spinach, Peronospora
effusa, and downy mildew of beet, Peronospora schachtii, are
distinct species (Choi et al. 2015), the undescribed lineages
in that study have not been described to date, as the focus
was laid on economically more important species. However,
some of the undescribed species found in that study are rather
widespread, so their description would be a significant contri-
bution towards acknowledging the diversity of Peronospora
and achieving a taxonomic framework reflecting evolutionary
distinctiveness.

One of these species is the undescribed lineage parasitis-
ing Rumex acetosa, which is a common species throughout
Europe. Its discovery near the research station Blavik in East
Iceland has led to the recognition that it is high time to start
with the description of the neglected diversity of downy
mildews and thereby motivated this study to characterise
and describe three widespread species of Peronospora in
the clade containing also the downy mildew pathogens of
beet and spinach.

Materials and methods
Plant and oomycete material

The plant specimens investigated are those previously used
for the phylogenetic reconstruction of the Peronospora rum-
icis clade (Choi et al. 2015). To these, the plant specimen
that triggered this study was added, which was collected in
Iceland, Faskridsfiordur, Blavik, on the 4™ of July 2024 by
Marco Thines (Table 1).

DNA extraction, PCR, and sequencing

DNA extraction, PCR, and sequencing for the specimens apart
from the one newly sampled were described in Choi et al.
(2015). The newly sampled specimen from Blavik, Iceland
was extracted using the AnalyticJena Plant DNA extraction kit
(AnalyticJena, Jena, Germany) according to the instructions of
the manufacturer. The other steps followed Choi et al. (2015).

Phylogenetic analyses

The sequences obtained in this study were edited and assem-
bled using Geneious v5.6 (Biomatters, Auckland, New
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Zealand) and added to the dataset used in Choi et al. (2015).
Alignments were done as described there, using Mafft v7
(Katoh and Standley 2013) and employing the Q-INSi algo-
rithm (Katoh and Toh 2008). Phylogenetic analyses in this
study followed the methods described by Mu et al. (2024a).
In short, RAXML v7 (Stamatakis 2006) was used for Maxi-
mum Likelihood inference (ML), MEGA v7 (Kumar et al.
2016) for Minimum Evolution inference (ME), and MrBayes
v3.1.6 (Ronquist et al. 2012) for Bayesian Inference (BI). The
alignments used in this study have been deposited in Zenodo
(concatenated alignment, https://doi.org/10.5281/zenodo.
12996089; ITS alignment, https://doi.org/10.5281/zenodo.
12997752; HSP90 alignment, https://doi.org/10.5281/
zenodo.12996843; COX2/cox2-1 spacer/COX1 alignment,
https://doi.org/10.5281/zenodo.12997540; NAD1 alignment,
https://doi.org/10.5281/zenodo.12997959; RPS10 alignment,
https://doi.org/10.5281/zenodo.12998055).

Morphology

Morphological characteristics of conidiophores, conidia, and
oospores were investigated using dried herbarium specimens,
as described in Mu et al. (2024a). Mycelia with reproductive
structures was scraped from symptomatic plant tissue using a
sterile scalpel into a drop of lactic acid solution on a slide. The
sample was briefly heated, covered with a coverslip, and visu-
alised using a Zeiss Imager M2 (Zeiss, Oberkochen, Germany)
microscope with differential interference contrast and equipped
with a 5-megapixel colour camera (M5c, Zeiss, Overkochen,
Germany). Measurements are reported as (minimum-) stand-
ard deviation towards the minimum-mean—standard deviation
towards the maximum(-maximum). All measured values were
rounded to the nearest 0.5 um.

Results
Phylogenetic analyses

The phylogenetic relationships based on a concatenated align-
ment from two nuclear loci (ITS, HSP90) and four mitochon-
drial loci (COX2, cox2-1 spacer, COX1, NADI, and RPS10)
revealed no supported conflicting topologies with the trees
based on individual genes. The concatenated alignment con-
tained a total of 86 specimens, each with all loci amplified
included, resulting in an overall alignment length of 4378 sites.
Phylogenetic reconstructions using ME, ML, and BI methods
showed no significant conflicts in the topologies. The tree from
the ML inference is presented in Fig. 1 and is fully congruent
with the tree previously reported by Choi et al. (2015). The
specimen from Iceland was identical in all loci sequenced to


https://doi.org/10.5281/zenodo.12996089
https://doi.org/10.5281/zenodo.12996089
https://doi.org/10.5281/zenodo.12997752
https://doi.org/10.5281/zenodo.12997752
https://doi.org/10.5281/zenodo.12996843
https://doi.org/10.5281/zenodo.12996843
https://doi.org/10.5281/zenodo.12997540
https://doi.org/10.5281/zenodo.12997959
https://doi.org/10.5281/zenodo.12998055

Page3of16 61

Mycological Progress (2024) 23:61

SI0T TeR 104D 6960€EdM  6L80€€dM  6090€EdM  6690£€dM  68L0EEd™ TI0e BILIOJIED VS SUDSINA DIdg TN myovyds niodsouoad
SI0T TeR 104D 9,60¢edM  9880€edM  9190€edM  90LOSEDM  96L0EELN 1€61 umowun SUPSIMA DIG  18LO6LIAE myovYyds piodsouoad
SI0T TeR 104D [L60£edM  1880€edM  [190€€dM  T0LOSEAM  16L0EEd TIoe BILIOJIED) VSN SUDSINA Diog 8 TN myovyds piodsouoiad
S10T TeR 104D 0L60LEdM  0880€€dM  0T190€EdM  00LOSEDM  06L0EEA TIoT BILIOJIED) VSN SLDSnA viog 7 INA mypvyds piodsouoad
SI0T TeR 04D LL60£edM  L8S0LEdM  LI90EEdM  LOLOSEDM  L6LOSE TIoT BILIOJIED VSN SLDSIna viog LUTNA myovyds piodsouoiaqd
(vsourds xautr "uks)
SI0T TeR YD 860edM  8880€d™M  8190€ed™M  80LOSEAM  86L0EE T10T BYIqUIS [, ‘909210 snsouds xoumy — 1/1L¥0 A ds niodsouotaq
(vsourds xautr "uks)
ST0T eI I0UD  6L60SEdM  6880EEAM  6190€€dM  60L0EEdM  66L0EEd 110C eYIquIes, ‘902010 snsoupds xoumy  T/1LY0 MA ds niodsouotag
S10T T8 R 104D SYG0CEAM S680EEAM STIOEEAM STLOSEAM SOS0EEAM 800C uasypes ‘Autuwiidn snopfisidyy xouny  S6606IN'TO 129]40q vaodsouosaq
SI0T eI I0UD  $860€EdM  #680EEdM  +T90€EdM +ILOEEdM  +080€Ed 800C uasyoeg ‘Auewion sniopfisakyy xoumy  TIS06NTO 12160q viodsouoiad
SI0T e I0UD  ZOOTEEdM CI60SEAM  THI0EEdM TELOECEdM  TT8OEEAM €00T Ieyuy-udsyoes ‘Kuewrion snioyfisakyy xoumy  pereLINTO 12160q vi0dsouoiad
SI0T eI I0YD  [660€EdM  T060SEAM  1€90€€dM  1TLOEEdM  [180€EdM TIOT  UOIOLIAISQISPAIN ‘eLusny sniopfisakyy xoumy  09LSENM 121604 vi0dsouoiad
ST0T e 10YD  000TEEAM OT60SEAM  0F90£EdM  0ELOEEdM  0T80EEAN $00T  IeYuy-udsyoes ‘Auewion snLoffisady xaumy  00T#9NTO 12140q piodsouoiag
ST0T e I0UD  [OOTEEAM TT160€EdM  T+90€€dM  T€L0EEdM  1280€EdM €00 NEYUY-UASYOES ‘AUBULIdDD Snolfisady xoumy  8THELINTO 12140q piodsouoiag
ST0T e I0UD  €OOTEEAN €T160€EdM  €F90£€dM  €EL0EEdM  €280EEAN €00  NEYUY-UASYIRS ‘AuBULIdDn snopfisadyy ffo xouny  O1SELINTD ‘T's 12}40q piodsouoiagd
SI0T Te1RI0YD  6660€Edd  G060EEAM  6€90£€dM  6TLOCEDM  6180EEAM £€00C uasyoes ‘Aueuion snopfisadyy ffo xouny  ¢IeELINTD '8 19)40q piodsouotaq
SI0T TB1RI0UD  +00TEEdM FI60EEdM  +#90£edM  +ELOECEdM  +T80EEAN 6007  U9SYDESIOPAIN ‘AUeuiion sm.oyfisadyy ffo xoumy 1S00IL I's 12}40q piodsouoiad
SI0T TeRI0UD  +$660SEdd  F060EEAM  +E90EEdM  +TLOCEdM  +180EEAM €161 o[eySsA[() “Yrewua( D]12s01220 XUy €6/ 06L1dd SN ni0dsouoaq
SI0T Te1RI0YD  €860€Edd  €680€EAM  €T90EedM  E€1L0EEdM  €080£€EAY #00C  MEYUY-Udsydes ‘Auewiion SO YoM  TH6TINTD  SIsuayianvlq niodsouotad
SI0T Te1RI0YD  6860€EdM  6680€EAM  6790£€dM  61L0€EdM  6080EEdN 00T USIA ‘BLISIY DSOIID YoM  G6RCENM  SISUaYIAND]q D10dSOU0I
SI0T Te1RI0UD  T660SEdM  CO60EEAM  TE€90EEdM  TTLOSEdM  C180£EdM 100T  Yole1IdlsQIeqQ ‘eLisny DS0JOOD XoUMY  GTETTNM  SISua1anplq viodsouotad
SI0T Te1RI0UD  9660€EdM  9060€EAM  9€90€€dd  9TLOCEdM  9T180£EdM 0861 eIYSIeH BIUBWOY smjofim xoumy  Op6TIANH ~ Sisuayianvlq viodsouotad
SI0T eI I0UD  G660EEdM  SO60EEAM  SE90EEdM  STLOSEdM  ST180€EdM €10T ©ISOV,p 9[[eA “A[el SOfin xoumy CISOANL  stsudylanv]q viodsouoiad
SI0T eI I0UD  1860€EdM  1680€EdM  1290€€dM  TTL0EEdM  1080€EdM 0961 eIPUBAN ‘puefuL] S0J20D XUy LTSN Sisudyianvlq vaodsouoiad
SI0T e 10UD  T860EEdM  C680EEdM  TTO0ELEdM CTILOEEdM  TO80EEdM 0L61 RIPUBIAN ‘PueluL] S0JOOD YoMy 6ELOGLIAE  SISuayIanplq naodsouotad
SI0T TR 104D L660EEdM  LOGOEEDM  LEYOSEAN  LTLOSEAM  LI80EEdM TIoe eIprequio “A[eif smjofip xoumy  O8LSENM  SISuayIanD]q naodsouotad
S10T e I0UD  0660€EdM  0060€EAM  0£90£€dM  0TLOEEM  0T180£EdM 1107 2NYSHIOX Yino§ ‘pue[suy PSOIOD XOWMY  LYEPENM  SISUaNIAND]q naodsouotad
S1oquiay

SI0T TR 04D €660£edd  €060EEdM  £€90€EdM  €TLOSEAN  €180€EdY 100c  -Mnm-uepeq ‘Kuewiron S0V Xounmy  OELEENM  SISudyianp]q piodsouoiad
S10T Te1R 104D 8860cEdM  8680€Edd  8T90EEAM  8ILOCEAM  8080€Ed™ [10C  UoreIRSIeqQ ‘BrIsny psSopop Xounmy  OTEYENM  SISudyianv]q viodsouoiad
SI0T Te1R 104D £860EEdM  L68OSEdM  LTIOEEANM LILOSEDM  LOBOEEdM L6l udepalIgH ‘uopoms DSOID Xouiny §TSdN  s1sudyianp]q piodsouoiad
ST0T Te1R 104D 8660€dM  8060SEdM  8E90EEdM  8TLOCEAM  8180€€d™ 000T URJUIEY] ‘BLISY smijofup xowmy  98LTENM  SISUYIAnD]q piodsouotad
SI0T TeR 104D 9860¢edM  9680€edM  9T90EedM  9ILOSEDM  9080£Ed S00T  MeYUY-USsYdES ‘Aueuiion DS012oD XoUMY  SYESLINTO - SIsuayianplq piodsouotad

Apwms siyy, $9sp600d €95P600d T9SP600d 195P600d 8065600d pT0T meaglsenrsiseq ‘puefed] DS0120D Xowmy  pSOYITO-UA  SIsuaylanvlq viodsouotod

0ISd¥  [HAVN 1/S/ZX0D 06dSH S
QOUAIRJY JIoquuInu UoIssadoe Juegquon) Teox urguo orydeiSoan 1SOH 'ON 'qQIoH saroadg

Apnjs SIY) UT SIOQUINU UOISSIIOE JUBGUAD) | d|qeL

pringer

As



Mycological Progress (2024) 23:61

Page 4 of 16

61

S10T 10 104D GEOTEEdM  SY60SEdM  SLOOCEM  S9LOEEdM SS80EEdM €561 SI[ESON ‘0NN p2ov12j0 povulds  80¢88LIdE vsnffo viodsouoiaq
SI0T 210 10UD 9E0TEEN  9P60EEdM  9L90EEdN 99LOEEAM 9S80€€dd  6V61 SA[ESON ‘0NN paopia]o vIoVUIS  y1€88L1dd vsnffo viodsouoiaq
SI0T 1R 10UD PHOTEEdN  PS60EEdM  ¥890EEdM  FLLOCEM  ¥980€€d 1561 puelIe N ‘SN p2ov12j0 plovulds  60€88LIdE vsnffo viodsouoiaq
SI0T 10 104D  €HOTEEN  €S60€EdM  €890€EdM  €LLOCEAM €980€€dd 8661 puelIeIN VSN p2v.1210 iovuldg  00ESSLIdE vsnffo viodsouoiaq
S10T 210 104D  8TOIEEdM 8E60EEdM 8990€EdM  8SLOEEAM  8Y80EEAM  Umowyun 1o ‘ueder p22v.12]0 DIoVUIS TTNa vsuffo viodsouoiaq
SI0T 10 104D [€0TEEM  Tv60€€dM  1L90€EdM  T9L0€EdM 1S80€€dM  000T e31yg ‘ueder p2v12]0 DIoVUIAG SONa vsnffo viodsouoiaq
SI0T 1R 104D THOIEEdM  1S60€€dM  1890€EdM  [LLOSEAM 1980€€dM  TI0T BILIOJED VSN 2014210 VIOVUIS STNA vsnffo viodsouoiaq
10T 1 104D  OFOTEEM  0S60€€dM  0890€EdM  0LLOSEAM 0980€€dM  TI0T BILIOJED VSN 20042]0 DIoVUIS 0v TN vsnffo viodsouoiaq
SI0T T 104D  THOIEEM TS60SEdM  T890EEM CTLLOSEM T980€€dM 9681 uoIs3ury VSN 20042]0 DIOVUIS 0zsdn vsnffo viodsouoiaq
SI0T 110D SHOTEEdM  SS60€EdM  S890EEM  SLLOSEAM  S980€EdM £v61 BWOYRMO VSN aov12j0 povulds  GGO16L1dd vsnffo viodsouoiaq
SI0T T2 104D 9FOIEEdM 9S60€€dM  9890€EdM  9LLOSEAM 9980€€dM  T€61 RIUIBIIA VSN aov12jo povulds  19¢88L1dd vsnffo viodsouoiaq
10T Te12104D  TEOIEEdM TP60SEdM TL9OEEM TILOSEAM TSSOEEdM 6661 nf3uefureN ‘ea1oy p20v12]0 plovulds 089S TA-SOM vsnffo viodsouoiaq
10T Te12104D  GOOTEEdM ST60SEdM  SHIOCEAM SELOEEAM STROEEdM  €00T NPYUY-UISYoes ‘Auvurion sisuaap vpnSiads  66EELINTO pIpa0qo viodsouotad
SI10T Te10104D  OI0IEEM 0T60SEAM  0S90EEAM  OPLOSEM O€80€EdM  000T HPUUY-UISYorS ‘Aueution sisuaatp vpnsiads  0E89LINTO pIpa0qo viodsouotad
ST10T Te10104D  600IEEM  6160€€dM  6V90EEAN  6EL0EEAM 6TS0EEAM  TOOT HPYUY-UISYorS ‘Aueution sisuaatp vpnsiadg  L1L9LINTO pIpA0qo pLodsouotad
S10T 12 104D 900TEEdM  9T60€EdM  9¥90EEdM  9ELOEENM  9T80EEdN 100 HeYUY-USSYORS “Aueuion sisuaaip pnsiadg  16LELINTO pIPA0qo p1odsouotad
SI0T 1R 104D TT10TEEdM  1260€€dM  TS90EEdM  IFLOEEM  1€80€€d 10T UOIRLIDISQIOPIIN ‘BLIsny sisuaatp pnSiads  TLEYENM pIpa0qo viodsouotad
SI0T 1 104D  €10TEEdN  €T60€EdM  €S90EEAM  EFLOEEM €€80€€dM  000T — YOILISQIGQ ‘BLISNY sisuaatp ppngiads  yI6TTAM pIpa0qo viodsouotad
SI0T 104D TIOIEEdM TTO0SEdM  TSOOEEdM TPLOSEM TES0EEdM  TO0T HPYUY-UdSYors ‘Auvuiion s1suap vInSiads  §CYTENM pIpA0qo viodsouotdd
SI0Z TeR 104D 0860€EdM  0680£€dM  0T90EEdM  0TLOEEAM  0080€€d™ 100T Jo1[dYUON “doueI wnjj&ydip uodivofjod  9L9€ENM  Stuodivojod piodsouoiad
s

S10T TeRI0UD 9T0TEEdM 9T60EEdM  9$90EEdM  9vLOEEdT  9€80EEN 1002 pue[uasing ‘eLnsny pULIDUL DUDINEI2AS  QOSEENM  2PDINSLadS DLodSoU0Lod
S10T 10 104D STOTEEdM STEOSEM SSIOEEAM SPLOSEAM SES0EEM  SO0T HEBUUY-UISPRES ‘Aucuiian vupu vUvnSiadS  p6SSLINTD  avLwnsiads viodsouotsd
SI0T TeRI0UD  $T0TEEdT  YT60EEdM  ¥S0LEdN  vrLOEEdd  YE80EEAN 1007 PYUY-Udsyoes ‘Auewiion puLIDUL DUDINEI2AS  GOSELINTD  2vLDInSiads piodsouoiad
S10T TeRI0YD  TZ0TEEdM T€60EEdM  1990€€dM  TSLOEEdT  T¥80EEd™ 1007 [PYUY-Udsyoes ‘Auewiion viqne pLUVINELAS  CT9ELINTO wos1da] viodsouotad
SI0T 1 104D  GI0TEEdM  6T60€EdM  6S90€EAN  6VLOSEM 6€80€€dM  POOT NPYUY-UIsYoeS ‘Auewiion viqni pLvnEL2ds  OSTYIINTO wos1da] p10dsouotad
ST0T TeRIUD  LIOTEEdT  LT60SEAM  LSOOEEAM  LPLOEEdM  LESOEEA 5002 uasyoes “Auewion viqni pLUvInEI2ds  STLSLINTO wos1da] p1odsouotad
10T 10 104D TTOICEdM TE60SEdM T990EEM TSLOSEAM TH80EEdM  TOOT INPYUY-UISYoeS ‘Aueuiion piqne DLUVINEL2AS  86TILINTO wosido] viodsouotad
ST0T TeRI0YD  0TOTEEdT 0£60€€dM  0990€€dM  0SLOEEDN  OY80EEd 1661 PYUY-UISYOLS ‘Aueution piqne DLUVINGI2AS  89ZIINTO wosido] viodsouotod
SI10T T2 104D SIOIEEdM 8T60EEAM 8S90EEdM 8YLOSEAM 8€80€EdM 8661 udsyoes “Auewiion paqnL DUVINGI2dS  [T6LLINTO wosido] viodsouotad
ST0T TeRI0UD  TL60EEdN  T880€EdM  TI90EEdM  TOLOCEdM  T6LOSEAM 1661  ®eoUT[g BIyeq ‘PUNUISIY SUDSA viog v98ad wyovyos viodsouotad
S10T 10 104D  GL60EEN  S880EEAM  STO0EEAM  SOLOSEAM S6L0€€dM 8881 U3SSON “Auewon suvSpnaviag  LLLO6LIAE wyovyos viodsouotad
S10T 10 104D  €L60EEdN  €880€EdM €190 €0LOSEAM €6L0€EdM  6L6] uenydIS “euIy) SUPSIna viog  0E0LSSVINH wyovyos viodsouotad
S10T 10 104D $L60EEdN  ¥880EEAM  YI90EEdM YOLOSEM v6LOCEAT  6L6] ueuung ‘eury) SUPSInA viog  €E0LSSVINH wyovyos viodsouotad

0ISd¥  [HAVN [/S/ZX0D  06dSH SLI
QOUIRJY Joquunu UoISSadoe Juegquon) Teox urduio orydeiSoan 1SOH 'ON "'qQIoH saroadg

(ponunuoo) | sjqey

pringer

AQs



Page50f16 61

Mycological Progress (2024) 23:61

SNO1LUY-SNUOqG

SI0T TBRI0YD  LPOTeedd LS60LedM L890EEdM LLLOLEdM L980€edM 1661 [oI1], ‘BLnSnY wnipodoudyd — TOOISINTD  1MUdY-110q viodsouotad
SIOT TeIRI0YD  7960ced™M CTLBOEEdM T090€edd CT690cedX C8LOCEdM £00T Ieyuy-uesyoes ‘Kueurren vpupd xadLgy  T9PELINTD Aoutut prodsouotdd
SIOT TeRI0YD  1960ced™ 1L80€edd 1090€Edd  1690€edX 18L0CEdM 6661 uasyoeg ‘Aueurion vpupd xa1digy  $9LLLINTD Aoutut p1odsouotdd
SIOT TeR 104D 0960€ed™ 0L80€edd  0090€e€d™  0690cedX  08L0CEdM €661 uasyoeg ‘Aueurion vpupd x2dLgy  $T089INTO Aot prodsouotad
SIOT TeIRI0YD  6S60EEd™  6980€edd  6650€EdX  6890cedM  6LL0CEdN 2961 PUEIQSIRISEA ‘USPIMS vpupd xajdiyy 62SdN doutut pLodsouo.ad
avIpyspY-s101]diin
SIOT eI I0YD  G960cedM SL8OCEdM S090cedM  $690¢ed™  S8L0€ed™ 0661 IEYUY-ULSYdES ‘Aueuiion vppasoad xajdigy  OTOLINTO piodsouotad
a010IsDY-S121]d11ID
SIOT eI IOYD  $960cedM +L80CEddM P090cedd  +690ced™  ¥8L0CEd™M €007 Ieyuy-udsyoeg ‘Auewion vipisosd x21diary  SOVELINTO p10dsouo.ad
urd)S[oH avivIsvy-s101]diip
SIOT eI I0YD  €960€EdM  €L80CEdM €090€edM  €690¢edM  €8L0€Ed (41014 -SImsoqS “Aueurion vpasoud xajdiyy 6S€04-31( piodsouotad
SI0T eI 10D 8S60EEdM 8980ced™ 86S0€EdM 8890¢ed™  8LLOEEdM 6561 PUB[Q ‘USpamS sypaop Xajdiy  1768L1dd $1[p1031] DLOASOUOLI
SIOC eI OYD  €T0TEEdM €€60EEdM  €990€edd  €SLOEEdN  €v80cEdMA 00T uoyurddor ‘erensny paopaajo vovurds  TOTOECTAdA vsnffo piodsouosdd
SI0T eI I0YD 8EOTEEdM 8¥60ced™ 8L90€edM 89L0EedM 8S80¢€Ed™ 10T eIUIONE) VSN paopA2]0 VIOVULS CINA vsnffo piodsouosdd
SI0T eI I0YD  LT0TEEdM LE60LEdM L990€edM LSLOEEdM LP80EEdM 000T myn, ‘ueder paopL2]0 PIOVULS S9N vsnffo viodsouosdd
SI0T eI I0YD 970TEedM 9€60Led™ 9990€ed™ 9SL0EEdM  9¥80¢cEd™ 8661 uenyaIg ‘eury) paopsajo vIovulds $/0LSSVINH vsnffo viodsouodd
SI0T e I0YD  peoleedd +re0ced™ PL90EEedM  ¥9L0cedM  $S80EEdM 100C UeuIS ‘ealoy] paopsajo vovurds  60881A-SNM vsnffo viodsouoidd
SI0T TBRI0YD  6201€edd  6€60cedd  6990€edM  6SL0cEdM  6¥80€EdM 00T oprexpioH ‘ueder 224210 PIOVULS 18INA vsnffa viodsouoidd
10T TBRI0YD  CT0Teedd S€60cedd  6990€edM  SSLOLEdM  SP80EedM £00¢ "DTA ‘eieNSOY paopsajo vovurds  STYTETAdA vsnffa piodsouoiad
10T B I0YD  $T0Icedd +e60eedd $990€edd  ¥SLOLEdM  vP80cedM 000T rumy, ‘elRNSNY paopsajo povurds  ¢TSTTIAAA vsnffa piodsouoiad
CIOT TeR 104D 0C0Icedd 0OP60Eedd  0L90€EdM  09L0€EdM  0S80€EdM Umoudun esryg ‘ueder DaopLa]0 PIOVULS YENA vsnffa viodsouotad
SI0OC B IOYD  €COTEEdM  €V60CedM €L90E€EdM  €9L0EEdd  €S80€EdM 100T [N03G ‘8210 paop42]0 PIOVUIS  308]TA-SNY vsnffa viodsouo.ad
SI0C TBIRIOYD  6€0TCEdM 6¥V60EEdM 6L90€ed™  69L0EEdd  6S80€Ed™ (41014 BILIOJIED) VSN DaopA]0 PIOVUIS 6¢TNA vsnffa viodsouoad
SIOC eI IOUD  LEOTEEdM LYO0LEdM LLOOEEdM L9LOEEdd LS8OEEdM 6l PUBPLISED ‘USpams DaopA]0 PIOVUIAS 61SdN vsnffa viodsouosod
01Sd¥ [HAVN [/S/ZX0D 06dSH S.LI
Q0UAIRJOY IoqUINU UOTSSAIIE JUBUILD) Ieox urduio orydeiSoan 1SOH "ON "qIoH saroadg

(ponunuoo) | sjqey

pringer

As



61 Page6of16

Mycological Progress (2024) 23:61

ME/ML/BI

species complex A—> 96/97/1

r WU35780 P. blauvikensis ex Rumex arifolius
r WU33899 P. blauvikensis ex Rumex acetosa
rWU34310 P. blauvikensis ex Rumex acetosa
r WU32786 P. blauvikensis ex Rumex arifolius
~WU34347 P. blauvikensis ex Rumex acetosa
WU33730 P. blauvikensis ex Rumex acetosa
GLM75948 P. blauvikensis ex Rumex acetosa
UPS25 P. blauvikensis ex Rumex acetosa
FR0214054 P. blauvikensis ex Rumex acetosa
BPI1790739 P. blauvikensis ex Rumex acetosa
JKF0513 P. blauvikensis ex Rumex arifolius
UPS27 P. blauvikensis ex Rumex acetosa
HMR2940 P. blauvikensis ex Rumex arifolius
WU22925 P. blauvikensis ex Rumex acetosa

- GLM62941 P. blauvikensis ex Rumex acetosa

99/100/1

87/78/0.99 — GLM73428 P. boylei ex Rumex thyrsiflorus
89/93/1 — | GLM64100 P. boylei ex Rumex thyrsiflorus
WU35760 P. boylei ex Rumex thyrsiflorus
85/65/1- GLM73434 P. boylei ex Rumex thyrsiflorus
[T 1|IGLM90812 P. boylei ex Rumex thyrsiflorus
98/92/1 GLM90995 P. boylei ex Rumex thyrsiflorus

96/97/1

78/751

82/81/1]

99/99/1
75/83/1

species complex B—»

82/56/0.99)

99/100/1

BP1790753 P. rumicis ex Rumex acetosella
99/100/1, VK04712 P. sp ex Rumex spinosa
VKO04711 P. sp ex Rumex spinosa
BPI1790777 P. schachtii ex Beta vulgaris
RD864 P. schachtii ex Beta vulgaris
HMASS57030 P. schachtii ex Beta vulgaris
1|DMLA7 P. schachtii ex Beta vulgaris
DML38 P. schachtii ex Beta vulgaris
DML4 P. schachtii ex Beta vulgaris
DML3 P. schachtii ex Beta vulgaris
BPI1790781 P. schachtii ex Beta vulgaris
HMAS57033 P. schachtii ex Beta vulgaris
GLM68688 P. lepigoni ex Spergularia rubra
GLM76298 P. lepigoni ex Spergularia rubra
GLM77927 P. lepigoni ex Spergularia rubra
GLM75718 P. lepigoni ex Spergularia rubra
GLM64180 P. lepigoni ex Spergularia rubra
GLM73623 P. lepigoni ex Spergularia rubra
GLM73809 P. spergulariae ex Spergularia marina
GLM75894 P. spergulariae ex Spergularia marina
WU33808 P. spergulariae ex Spergularia marina
— WU33676 P. polycarponis ex Polycarpon diphyllum
WU32858 P. obovata ex Spergula arvensis
WU22914 P. obovata ex Spergula arvensis
WU34372 P. obovata ex Spergula arvensis
GLM73791 P. obovata ex Spergula arvensis
GLM76717 P. obovata ex Spergula arvensis
GLM76830 P. obovata ex Spergula arvensis
GLM73399 P. obovata ex Spergula arvensis
+DML40 P. effusa ex Spinacia oleracea

93/88/
1

89/89/1

98/94/1[

96/89/1

DML5 P. effusa ex Spinacia oleracea
DM65 P. effusa ex Spinacia oleracea
KUS-F15680 P. effusa ex Spinacia oleracea
BPI1791055 P. effusa ex Spinacia oleracea
BPI788361 P. effusa ex Spinacia oleracea
UPS20 P. effusa ex Spinacia oleracea

99/93/1] |BPI788309 P. effusa ex Spinacia oleracea

56/-/-|

| ——

99/98/0.94 —

65/64/0.97

BP1788314 P. effusa ex Spinacia oleracea
BP1788300 P. effusa ex Spinacia oleracea
UPS19 P. effusa ex Spinacia oleracea
BPI1788308 P. effusa ex Spinacia oleracea
DM22 P. effusa ex Spinacia oleracea
DML39 P. effusa ex Spinacia oleracea
DML2 P. effusa ex Spinacia oleracea
VPRI30202 P. effusa ex Spinacia oleracea
DM68 P. effusa ex Spinacia oleracea
KUSF18808 P. effusa ex Spinacia oleracea
VPRI22523 P. effusa ex Spinacia oleracea
VPRI31625 P. effusa ex Spinacia oleracea
DM34 P. effusa ex Spinacia oleracea
DM81 P. effusa ex Spinacia oleracea
KUS-F18809 P. effusa ex Spinacia oleracea
HMAS57074 P. effusa ex Spinacia oleracea

92/95/1 JK-F0359 P. atriplicis-hastatae ex Atriplex prostrata

GLM73408 P. atriplicis-hastatae ex Atriplex prostrata
GLM67010 P. atriplicis-hastatae ex Atriplex prostrata
UPS29 P. minor ex Atriplex patula

GLM68024 P. minor ex Atriplex patula

— GLM77764 P. minor ex Atriplex patula

GLM73462 P. minor ex Atriplex patula
BPI1789214 P. litoralis ex Atriplex littoralis

0.005
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P. blauvikensis ex Rumex acetosa
and R. arifolius

P. boylei ex Rumex thyrsiflorus

JK-FO051 P. boylei s.I. ex Rumex aff. thyrsiflorus
| =1GLM74313 P. boylei s.|. ex Rumex aff. thyrsiflorus
GLM74510 P. boylei s.l. ex Rumex aff. thyrsiflorus

P. rumicis ex Rumex acetosella
P. sp. ex Emex spinosa

P. schachtii ex Beta vulgaris

P. lepigoni ex Spergularia rubra

P. spergulariae

ex Spergularia marina

P. polycarponis

ex Polycarpon diphyllum

P. obovata ex Spergula arvensis

P. effusa ex Spinacia oleracea

P. atriplicis-hastatae
ex Atriplex prostrata

P. minor ex Atriplex patula

P. litoralis ex Atriplex littoralis

GLM51002 P. boni-henrici ex Chenopodium bonus-henricus
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«Fig. 1 Phylogenetic tree inferred from Maximum Likelihood analy-
sis of a concatenated alignment of two nuclear loci (ITS and HSP90)
and five mitochondrial (COX2, cox2/1spacer, COX1, NADI, RPS10).
Bootstrapping support values of Maximum Likelihood and Mini-
mum Evolution methods, as well as Bayesian posterior probabilities
are indicated along branches, in the respective order. The scale bar
denotes the number of nucleotide substitutions per site

specimens from Austria, Finland, Germany, Romania, and
Sweden. The divergence within the group of Peronospora
specimens on Rumex acetosa was very low, with more than
99.9% identity. The clade with these specimens received high
to maximum support in all analyses and was resolved as the
sister to the other clades of species complex A (Fig. 1). The
second subclade of species complex A also received high to
maximum support in all analyses. In line with the high host
specificity of Peronospora within this subclade, Peronospora
rumicis on the type host Rumex acetosella was set apart from
Personospora on Rumex thrysiflorus. Specimens from Rumex
thrysiflorus were divided into two groups, which were clus-
tered together with low (ML, ME) to maximum (BI) support.
Also within species complex B, specimens grouped by host
species, and the specimens of Peronospora from Spergula
arvensis, Spergularia marina, and Spergularia rubra were
each grouped with maximum support in BI, moderate to high
support in ME, and low to moderate support in ML. Higher-
level relationships among the specimens could mostly not be
resolved, in line with the results of Choi et al. (2015).

Morphology

The morphology of the species within the Peronospora rumi-
cis clade is rather uniform, as can be seen from the measure-
ments detailed in Table 2 and Figs. 2, 3 and 4. All species in
the two species complexes investigated had sporangiophores
of short to intermediate length, averaging between 200 and
300 um. The average conidial length varied from 27 to 29 pm
and the conidial breadth from 19 to 21 pm and the length/
breadth ratios from 1.31 to 1.48. Thus, it is almost impossible
to distinguish the species investigated in this study from each
other and several other species in the Peronospora rumicis
clade based on their morphology. Consequently, we refrained
from doing detailed morphological comparisons but only
give our measurements as a reference for future studies (see
also the discussion section) and provide diagnostic alignment
positions for molecular identification by barcoding.

Taxonomy

Typification of Peronospora rumicis

When Corda (1837) described Peronospora rumicis, he
provided a single illustration for the species in plate 5,

Fig. 273. Thus, this figure could be considered to be the
type of the species (ICNafp, Art. 9.1, Note 1; Turland et al.
2018). However, as he did not explicitly state that the fig-
ure would be the type and because additional information,
such as the colour of the sporangia and the sampling loca-
tion, are given in the description, it needs to be concluded
that he based those observations on a specimen he had in
his hands.

In 1991, Constantinescu (1991) gave the specimen PRM
155590 as the type (cited as “holotype”) of the species
and stated the host to be Rumex acetosella, in line with
Corda (1837). Some years later, Constantinescu (in Con-
stantinescu and Fatehi 2002) changed his previous opin-
ion and stated that the host was Rumex acetosa instead,
without giving a rationale for this. A re-examination of
the specimen PRM 1555590 from the collection of Corda
showed that the host is undoubtedly Rumex acetosella,
as the ochrea of the herbarised plant with downy mildew
infection is white, with entire margins and not tightly
attached to the stem. In addition, the lower stem leaves
are stalked and not sitting directly on the stem, and do
not show the characteristic arrow-shaped base of Rumex
acetosa. Furthermore, the upper stem leaves are widest
above the median, typical for Rumex acetosella (Fig. 5).

The type designation of Constantinescu (1991) would
need to be followed if it is the earliest type designation
compliant with the ICNafp. However, the specimen pre-
served as PRM 155590 cannot be the material Corda based
the description upon, as the developmental stage of that
specimen is advanced and the host plant is already form-
ing nuts. Even if the drawing in plate 5, Fig. 273 is sketchy
for both the host and the pathogen, it seems obvious that
an earlier developmental stage of the host is depicted, sug-
gesting that PRM 155590 had been collected by Corda at
a later date, even if probably from the same location. Thus,
while it is authentic material investigated and identified
by Corda, it cannot be considered to be part of the mate-
rial that he based his description on. Therefore, the type
designation by Constantinescu (1991) cannot be upheld
and would need to be considered a neotype, which is not
compliant with the current ICNafp, as the illustration needs
to be considered part of the original material (Art. 9.2,
Note 2a).

While there is no reason to doubt that Corda used a
specimen from Rumex acetosella to describe Peronospora
rumicis, it is likely that the original specimen is lost or
destroyed, as no additional specimens were found in PRM
that could have been the specimen on which Corda based
his description. However, the illustration of Corda (1837)
remains as original material.

To resolve this uncertainty and to stabilise the taxonomy
of Peronospora rumicis in the sense of Corda (1837), a lec-
totype and an epitype are designated here. Even though the

@ Springer



Mycological Progress (2024) 23:61

Page 8 of 16

61

(19°1-) (€7 (1Tee) (9$'1-) (6L2-)
95" 1-G¥'1 S1T-0T gre-6z  (S€I)SE  6€ 1T (z1-)o1 (w1-)en @®TIWT (ST (S¥1-)9z1 1¥2-00C vl avUDNSiads
e T(-0TT) —S8I(=SLT) —$9C¢(+T) —ST-¢(=S'T) —60T(-10D)  —8-9(-¢'¢) —S6-GL(=S) 9-¢ —0CT9I+T1)  —0I-6(-8) —CTOI-8L(—+S) S8I—¥I-I1 —8SIL(-LTI) pHvmMSiads  pviodsouoiad
L9'1-) () (€L'T) (8€¢-)
€Ity (STTIIT $'6T-LT se  8rI-6T1 Sy1-) (YA (Ieoc  (S11)s°01 (L91-)881 T8T-0FT  Smiopfisidyy 19140q
1€ T(=61'T) —61-L1(=ST) —S¥T(=S'61) —€-6T(=5'7) —OT'T1(-00'D)  T1-6-L(-9) —ST1-58(-L) Ly —6T-LT1(9T) —6-SLSS) —T€I-L01(-68) 8I-€I-6  —661(-6L1) Xouny  viodsouo.od
(TS'1-) (1) (8T'1-) (T0s-)8ve
SYI-1€'1 (SvTee S'6T-LT (I3 0T I-IT'T (S1-) (YIS (€e)Te (STIHsol (852)S61 —19C¥LI DS§OJ2oD  SISUNIAND]G
—LTT10D) —12-61(-L1)  —ST(=S"€D) —€-67(0) —€01(-00'D) TI-01-8(-9)  —S'TT1-6(-L) 8-¢ —61-ST1-1T) —6-L(-€) —€¥1-06(-89) 91-11-§ =181 xoumny  piodsouoiad
(wrl) (wrl)
ornjel yipeaiq ornel 191I0ys g0 Iaoys g0 1e8uof
-01-p3ue] (wrl) ypearg (wrl) YSuog (wrl) ypearg /193u0T ay) Jo YISuo] oyl Jo P3uU] (wrl) ypearg  (wrl) YSuoy (wrl) oseg (wrl) YSuog
yISuo Jyunn
s1opio Sur  7asoydorpruod
(0§ =u) e1p1uo)y (0§ =u) (gn) s1e[youeIq ewn[ -Youerg oney (0s=u) syyun1, (0§ =u) saroydorpruo) ISOH soroadg

Apnis Sy} Ul paqLIdsap niodsouotad Jo sa1dads oy 10j s[reidp [esrsojoydio]N g a|qel

pringer

AQs



Mycological Progress (2024) 23:61

Page90of16 61

figure of Corda is variously cited, e.g. in Dick (2001), to
our knowledge, there is no unambiguous type designation
for the figure of Corda (1837). Thus, the conidiophore in
Fig. 273 of plate 5 of Corda (Icon. fung. 1 (Prague), agree-
ing to the description on page 20 of the same work from
1837) is designated as a lectotype here (MBT 10021875).
Even though the entire drawing represents the original mate-
rial, the restriction to the conidiophore is done as it cannot
be excluded that the other drawings were taken from addi-
tional host individuals, thereby representing more than one
specimen.

The chosen epitype is deposited in the USDA United
States National Fungus Collections under the accession
number BPI 790753 (epitype designated here, MycoBank
typification number MBT 10021530) and has been col-
lected by J. Lind in 1913 in the South of Denmark, less than
500 km away from Bohemia, from where the specimen used
by Corda originated. This choice is made as the specimen is
part of the exsiccate collection Phycomyceten et Protomy-
ceten of P. Sydow (as number 310), which has been distrib-
uted worldwide in many copies. Especially considering the
complications arising from the current international regula-
tions with respect to the shipment of plant pathogens and the
access to genetic resources, as well as increasingly strict loan
policies, a specimen already widely distributed is preferable
over a specimen present in only a single herbarium. Further-
more, as the host is widely distributed over several thou-
sand kilometres, and it has been shown that the other species
parasitic to Rumex also have a wide distribution with their
host plants, a distance of less than 500 km between the col-
lection localities seems acceptable. Another advantage of the
designated epitype is that the Phycomyceten et Protomyceten
series is exceptionally well-preserved, reflected by the pos-
sibility of obtaining several loci for multigene phylogenies
from the epitype specimen, even if it is more than 100 years
old. The designation of a sequenced epitype specimen also
ends the debate regarding the conspecificity of Peronospora
rumicis and Peronospora effusa, the economically important
pathogen infecting spinach (Choi et al. 2007, 2015).

Description of new species of Peronospora parasitic
to Caryophyliales

Based on host preference and phylogenetic distinctiveness,
three widespread new species of Peronospora from the Per-
onospora rumicis clade are introduced here.

Peronospora blauvikensis Thines & M. Mu, sp. nov.
(Fig. 2).

MycoBank: MB 855031.

Etymology: Referring to the locality (Blavik, Faskrids-
fjordur, Iceland) where the specimen that prompted this
study was collected.

Description: Lesions on leaves pale green or chlorotic,
mostly systemic, sporulation mostly diffuse but sometimes
vein-delimited in local infections Rumex acetosa. Down
present on the lower leaf surface, purplish or grey, consist-
ing of scattered to dense felt-like conidiophore outgrowth.
Conidiophores hyaline, straight to curved, thin-walled,
174-348 pm long, av. 261 um; trunk 90-195 um long, av.
143 pm, 7-9.5 pm broad, sometimes slightly swollen up to
16 um at the base, the ratio of the total length to trunk length
1.5-2.2, callose plugs absent. Branching subdichotomous
in 3-8 orders, with sub-straight to curved branches, gradu-
ally attenuate, often at right angles. Ultimate branchlets
straight to substraight, rarely curved, paired branchlets dif-
fering in length, with the longer ones 9-13.5 um long, the
shorter ones 8—12 um long, with a ratio of the longer to the
shorter ultimate branchlet of 1.0-1.2, base 2.5-3.5 um broad.
Conidia ellipsoid to ovate with a pale brown colour, 25-29.5
pm long, 19-23 um broad, length-to-breadth ratio 1.2—-1.5.
Oospores not observed.

Diagnosis: Differs from Peronospora rumicis by having
a C instead of a T at position 240 in the RPS10 alignment.
Differs from all other species in species cluster 1 (see Fig. 1)
in the NADI alignment by having a G instead of an A at
position 64, an A instead of a G at position 124, a G instead
of T at position 390, and a G instead of an A at position
430. Differs from all other species in species cluster 1 in the
COX2-cox2/1spacer-COX]1 alignment by having a G instead
of a T at position 99, an A instead of a G at positions 216,
555, and 1415, a G instead of an A at position 1526, as well
as an A instead of a C at position 1569.

Habitat: Living leaves of Rumex acetosa and Rumex
arifolius.

Distribution: Austria, Czech Republic, Denmark, Eng-
land, Finland, Germany, Iceland, Ireland, Italy, Poland, Por-
tugal, Romania, Russia, Spain, Sweden, Switzerland, United
Kingdom.

Typus: Iceland, Faskrudsfjordur, Blavik, on living leaves
of Rumex acetosa, 4 Jul. 2024, Thines M, deposited in the
Herbarium Senckenbergianum under the accession number
FR-0214054.

Additional specimens examined: Austria, Kéarnten, on liv-
ing leaves of Rumex arifolius, 2000, WU32786; Oberoster-
reich, on living leaves of Rumex acetosa, 2001, WU22925;
Oberosterreich, on living leaves of Rumex acetosa, 2011,
WU34310; Wien, on living leaves of Rumex acetosa, 2004,
WU33899. England, South Yorkshire, on living leaves of
Rumex acetosa, 2011, WU34347; Finland, Nylandia, on
living leaves of Rumex acetosa, 1960, UPS27; Nylandia,
on living leaves of Rumex acetosa, 1970, BPI790739. Ger-
many, Baden-Wiirttemberg, on living leaves of Rumex ace-
tosa, 2001, WU33730; Saxony-Anhalt, Querfurter Platte,
on living leaves of Rumex acetosa, 6 May 2005, H. Jage,
GLM75948. Germany, Saxony-Anhalt, Helme-Unstrut

@ Springer
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Fig.2 Symptoms and morphology of Peronospora blauvikensis parasitic on Rumex acetosa (FR-0214054). a Down on the leaf surface. b—e
Conidia. f-i Ultimate branchlets. j-1 Conidiophores. Bars: b—i=20 pm; j-1=50 um
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Buntsandsteinland, on living leaves of Rumex acetosa, 30
May 2004, H. Jage, holotype GLM62941. Italy, Lombardia,
on living leaves of Rumex arifolius, 2012, WU35780; Valle
d’Aosta, on living leaves of Rumex arifolius, 2013, JKF0513.
Romania, Harghita, on living leaves of Rumex arifolius,
1980, HMR2940. Sweden, Hirjedalen, on living leaves of
Rumex acetosa, 1975, UPS25.

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

MycoBank: MB 855032.

Etymology: Named to honour the collector of the type
specimen, Herbert Boyle, who has been a long-term curator
of the herbarium GLM and contributed numerous collec-
tions of phytopathogens to it.

Description: Lesions on leaves yellow—brown, diffuse to
vein-delimited in Rumex thyrsiflorus. Down present on the
lower leaf surface, beige, consisting of scattered to dense
felt-like conidiophore outgrowth. Conidiophores hya-
line, straight to curved, thin-walled, 199-282 um long, av.
240 pm; trunk 107-155 pm long, av. 131 pm, 7.5-10.5 um
broad, sometimes slightly swollen to up to 18 um at the
base, ratio of the total length to trunk length 1.7-2.0, cal-
lose plugs absent. Branching subdichotomous in 4-7 orders,
with straight to sub-straight branches, gradually attenuate,
often at right angles. Ultimate branchlets straight to sub-
straight, rarely curved, paired branchlets differing in length,
with the longer ones 8.5-14 um long, the shorter ones 7-11
um long, with a ratio of the longer to the shorter ultimate
branchlet of 1.1-1.5, base 2.5-3.5 pm broad. Conidia ellip-
soid to ovoid with a pale grey colour, 24.5-29.5 um long,
17-21 um broad, length-to-breadth ratio 1.3—1.5. Oospores
not observed.

Diagnosis: Differs from Peronospora rumicis by having
a Cinstead of a T at position 240 in the RPS10 alignment.
Differs from Peronospora rumicis in the NADI alignment
by having a C instead of a T at position 120, and a C
instead of an A at position 448 and from Peronospora
blauvikensis by having a G instead of an A at position 64,
an A instead of a G at position 124, a G instead of T at
position 390, and a G instead of an A at position 430. Dif-
fers from Peronospora rumicis in the COX2-cox2/1spacer-
COX1 alignment by having an A instead of a C at position
12, a G instead of an A at position 92, a G instead of a T
at position 725, a C instead of a T at position 1454, a T
instead of a G at position 1568, and a T instead of a C at
position 1576. At the same locus, it differs from Peronos-
pora blauvikensis by having a G instead of a T at position
99, an A instead of a G at positions 216, 555, and 1415, a
G instead of an A at position 1526, as well as an A instead
of a C at position 1569.

Habitat: Living leaves of Rumex thyrsiflorus.

Distribution: Austria, Germany, Kazakhstan, Mongolia,
Russia.

Typus: Germany, Saxony, Ostliche Oberlausitz, on living
leaves of Rumex thyrsiflorus, 5 Jun. 2008, H. Boyle, holotype
GLM90995.

Additional specimens examined: Austria, Niederosterre-
ich, on living leaves of Rumex thyrsiflorus, 2012, WU35760.
Lausitzer Grenzwall, on living leaves of Rumex thyrsiflorus, 22
May 2008, H. Boyle GLM90812; Sachsen-Anhalt, Dessauer
Elbetal, on living leaves of Rumex thyrsiflorus, 30 Aug.
2003, H. Jage, GLM73434; Diibener Heide, on living leaves
of Rumex thyrsiflorus, 9 May 2004, H. Jage, GLM64100;
Mosigkauer Heide, on living leaves of Rumex thyrsiflorus, 1
Sept. 2003, H. Jage, GLM73428; specimens of Peronospora
boylei s.1. investigated: Landchen im Elbe-Havel-Winkel, on
living leaves of Rumex aff. thyrsiflorus, 1 Oct. 2003, H. Jage,
GLM74510; Germany, Niedersachsen, on living leaves of
Rumex aff. thyrsiflorus, 21 Sept. 2009, J. Kruse, JKF0051;
Sachsen, Diiben-Dahlener Heiden, on living leaves of Rumex
aff. thyrsiflorus, 24 May 2003, H. Jage, GLM74313.

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

MycoBank: MB 855033.

Etymology: Derived from the host genus Spergularia.

Description: Lesions on leaves yellow—brown, diffuse to
vein-delimited in Spergularia marina. Down present on the
lower leaf surface, white to beige, consisting of scattered
to dense felt-like conidiophore outgrowth. Conidiophores
hyaline, straight, thin-walled, 158-241 um long, av. 200 pm;
trunk 78—126 um long, av. 102 um, 9-11 um broad, some-
times slightly swollen to up to 18 pum at the base, ratio of
the total length to trunk length 1.6-2.4, callose plugs absent.
Branching subdichotomous in 3-6 orders, with straight to
sub-straight branches, gradually attenuate, often at right
angles. Ultimate branchlets straight, paired branchlets dif-
fering in length, with the longer ones 7.5-12 um long, the
shorter ones 6—-10 um long, with a ratio of the longer to
the shorter ultimate branchlet of 1.1-1.4, base 2-3.5 pm
broad. Conidia ellipsoid to oval with a pale grey colour,
26.5-31.5 pym long, 18.5-21.5 ym broad, length-to-breadth
ratio 1.3-1.6. Oospores not observed.

Diagnosis: Differs from P. lepigoni in having broader
conidia, shorter conidiophores and trunks, broader trunks
and conidiophore bases, as well as shorter ultimate branchlets.

Habitat: Living leaves of Spergularia marina.

Distribution: Austria, Germany, United Kingdom.

Typus: Germany, Saxony-Anhalt, Magdeburger Borde, on
living leaves of Spergularia marina, 4 Nov. 2005, H. Jage,
holotype GLM75894.

Additional specimens examined: Germany, Sachsen-
Anbhalt, on living leaves of Spergularia marina, 7 Oct.
2001, H. Jage, GLM73809; specimen of Peronospora
spergulariae s.1. investigated: Austria, Burgenland, on
living leaves of Spergularia marina, 2001, WU33808.
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Fig.3 Symptoms and morphology of Peronospora boylei parasitic on Rumex thyrsiflorus (GLM90995). a Down on the leaf surface. b—e
Conidia. f—i Ultimate branchlets. j—1 Conidiophores. Bars: b—i=20 =50 um
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Fig.4 Symptoms and morphology of Peronospora spergulariae parasitic on Spergularia marina (GLM75894). a Down on the leaf surface. b-d
Conidia. e-g Ultimate branchlets. h—j Conidiophores. Bars: b-g=20 um; h—j=50 um

Discussion that the host specificity of the genus is mostly very high, with
each species infecting only a single or very few closely related
The downy mildew genus Peronospora is the largest oomycete ~ host species (Garcia-Blazques et al. 2008; Choi et al. 2007,

genus, with more than 400 species described. However, this 2009, 2015; Thines et al. 2009, 2019; Voglmayr et al. 2014;
is only the tip of the iceberg, as recent studies have shown  Hoffmeister et al. 2020; Davis et al. 2021; Mu et al. 2024a, b).
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Fig.5 Herbarium specimen
designated as type by Constan-
tinescu (1991). a Label of the
capsule. b—e Fragments of the
specimen. The scale bar equals
5 mm in (b)—(e). The figure is
based on photographs provided
by the staff of PRM with the
kind permission to reproduce
them in this article

The careful revision of Peronospora species complexes
is therefore warranted, also for economically less important
groups.

The present study is the first step towards this in the clade
of Peronospora containing several closely related species
parasitising Chenopodiaceae and Polygonaceae, which had
been phylogenetically investigated by Choi et al. (2015).
Apart from the economically important species P. effusa and
P. schachtii, which parasitise spinach and beet, respectively,
this group also contains the type of Peronospora, P. rumicis,
and several other species on wild plant hosts. The finding
of downy mildew on Rumex acetosa at the Blavik research
station in East Iceland reminded the first author of this study
of the non-mended threads of the earlier publication (Choi
et al. 2015), explicitly with respect to resolving the typifica-
tion of the type species of Peronospora.

While epitypification should be used with caution, as it
can only be superseded by conservation according to the
current ICNafp (Turland et al. 2018), it seemed warranted
in this case, as neither the plate provided by Corda (1837)
provides sufficient information for unambiguous identifica-
tion of the species, nor is it doubtless that PRM 155590 is

@ Springer

the exact specimen Corda had based his description of P.
rumicis on. Thus, the only unambiguous fact remaining is
that the type host of P. rumicis is Rumex acetosella, and
accordingly an epitype was chosen of which duplicates are
widely present in herbaria throughout the world.

The study of Choi et al. (2015) already demonstrated that
Peronospora on Rumex acetosella and Rumex acetosa are
distinct and cannot be considered the same species, necessi-
tating the description of Peronospora on Rumex acetosa as a
new species. However, as Choi et al. (2015) did not pursue the
description of the species, this matter remained unresolved
until the description of P. blauvikensis in this study. The two
additional species described in this study are much more
closely related to species already described but belong to phy-
logenetic lineages that cannot be attributed to other species in
the P. effusa clade. As species in this clade seem to be highly
host-specific, similar to the situation in other Peronospora
groups (Garcia-Blazques et al. 2008; Voglmayr et al. 2014; Mu
et al. 20244, b), the description of P. boylei on Rumex thyrsiflo-
rus and P. spergulariae on Spergularia marina seems justified.

While Gdumann (1919, 1923) found clear-cut differences
for various host—pathogen-associations in line with later
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phylogenetic investigations, he listed several Rumex species as
hosts for P. rumicis that have been demonstrated to host differ-
ent species of the genus. The reason for this is that many spe-
cies parasitising Polygonaceae are highly similar in their mor-
phology, so their morphological differentiation is less than the
plasticity likely incited by environmental factors (Dudka et al.
2007). In line with this, no clear-cut morphological differences
were found in the current study, even though the species were
distinct in terms of their molecular phylogeny. So far, oospores
have only been found in P. rumicis-rosei (Rayss 1945), further
complicating species differentiation based on morphology.
Even though the current study is a first step towards resolv-
ing the downy mildew pathogens in the P. effusa clade, there
will be several more steps necessary to resolve it, such as per-
forming a broader sampling of Peronospora on Rumex thyrsi-
florus and Spergularia marina, to clarify, if the specimens now
designated as P. boylei s.1. and P. spergulariae s.1., respectively,
can still be included in the natural spectrum of variation of
these species or need to be considered independent from them.
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