Mycologia

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/umyc20

Taylor & Francis

Taylor &Francis Group

New species of Colletotrichum from wild Poaceae
and Cyperaceae plants in Iran

A. Alizadeh, M. Javan-Nikkhah, R. Nourmohammadi Nazarian, F. Liu, R. Zare,
K. B. Fotouhifar, E. H. Stukenbrock & U. Damm

To cite this article: A. Alizadeh, M. Javan-Nikkhah, R. Nourmohammadi Nazarian, F.

Liu, R. Zare, K. B. Fotouhifar, E. H. Stukenbrock & U. Damm (2022) New species of
Colletotrichum from wild Poaceae and Cyperaceae plants in Iran, Mycologia, 114:1, 89-113, DOI:
10.1080/00275514.2021.2008765

To link to this article: https://doi.org/10.1080/00275514.2021.2008765

© 2022 The Author(s). Published with
license by Taylor & Francis Group, LLC.

ﬁ Published online: 09 Feb 2022.

\]
CJ/ Submit your article to this journal &

||I| Article views: 1133

A
& View related articles &'

@ View Crossmark data ('

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=umyc20


https://www.tandfonline.com/action/journalInformation?journalCode=umyc20
https://www.tandfonline.com/loi/umyc20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00275514.2021.2008765
https://doi.org/10.1080/00275514.2021.2008765
https://www.tandfonline.com/action/authorSubmission?journalCode=umyc20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=umyc20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/00275514.2021.2008765
https://www.tandfonline.com/doi/mlt/10.1080/00275514.2021.2008765
http://crossmark.crossref.org/dialog/?doi=10.1080/00275514.2021.2008765&domain=pdf&date_stamp=2022-02-09
http://crossmark.crossref.org/dialog/?doi=10.1080/00275514.2021.2008765&domain=pdf&date_stamp=2022-02-09

MYCOLOGIA Tavl S F .
2022, VOL. 114, NO. 1, 89-113 Talygr X rancis
https://doi.org/10.1080/00275514.2021.2008765 aylor &Francis Group

8 OPEN ACCESS

New species of Colletotrichum from wild Poaceae and Cyperaceae plants in Iran

A. Alizadeh (2, M. Javan-Nikkhah (9, R. Nourmohammadi Nazarian@?, F. Liu<, R. Zare (¢, K. B. Fotouhifar(?®,
E. H. Stukenbrock (¢, and U. Damm (»f

2Department of Plant Protection, Azarbaijan Shahid Madani University, Tabriz 5375171379, Iran; ®Department of Plant Protection, Faculty of
Agricultural Science and Engineering, College of Agriculture and Natural Resources, University of Tehran, Karaj 77871-31587, Iran; <State Key
Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, No. 3 1st Beichen West Road, Chaoyang District, 100101, Beijing,
China; “Department of Botany, Iranian Research Institute of Plant Protection, Agricultural Research, Education and Extension Organization (AREEO), P.O.
Box 19395-1454, Tehran, Iran; *Environmental Genomics, Botanical Institute, Christian-Albrechts University of Kiel, Germany and Max Planck Institute
for Evolutionary Biology, PIn, Germany; ‘Department of Botany, Senckenberg Museum of Natural History Gorlitz, PF 300 154, 02806 Gorlitz, Germany

ABSTRACT ARTICLE HISTORY
Twenty-two Colletotrichum strains were isolated from anthracnose symptoms or leaf spots on Received 1 July 2021
leaves of various wild Poaceae and Cyperaceae plants collected in three provinces of Iran and Accepted 17 November 2021
tentatively identified as belonging to the Graminicola species complex based on morphology. All KEYWORDS

strains were studied via a polyphasic approach combining colony characteristics, morphology and Anthracnose; Ascomycota;
phylogeny inferred from multi-locus sequences, including the nuc rDNA ITS1-5.85-ITS2 (ITS), partial morphology; new taxa;
sequences of the B-tubulin (tub2), actin (act), manganese superoxide dismutase 2 (sod2), DNA lyase phylogeny; phytopathogen;
2 (apn2) genes, a 200-bp intron of the glyceraldehyde-3-phosphate dehydrogenase (gapdh), and systematics; 3 new taxa
the intergenic spacer between the apn2 gene and the mat1 idiomorph (apn2/matT). Six species

were distinguished, including three new species, namely C. caspicum, C. persicum, and C. sacchari,

and three previously described species, C. cereale, C. nicholsonii and C. sublineola. Comprehensive

morphological descriptions and illustrations are provided for all species. Furthermore, this study

provided new insights into the distribution and host range of known species.

Novel Colletotrichum species from Iran
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INTRODUCTION a wide range of plant families in tropical, subtropical,

and temperate climates, but also of crown and stem rots,
Colletotrichum species are mainly known as pathogens  red rots, ripe rot, damping-off of blossoms, seedling
of major importance causing anthracnose diseases of  blights and brown blotch diseases (Alizadeh et al. 2015;
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Arzanlou et al. 2015; Cannon et al. 2012; Lenné 2002;
Marin-Felix et al. 2017). Some species are responsible for
significant yield losses of economically important fruits
such as strawberry, citrus, and banana, as well as many
other crops including coffee, cereals, legumes, vegeta-
bles, forage plants and ornamentals (Atghia et al. 2015;
Backman et al. 1982; Cannon et al. 2012; Liu et al. 2015;
Phoulivong et al. 2010; Prihastuti et al. 2009; Smith and
Black 1990; Yan et al. 2015).

Accurate identification of plant pathogenic fungi is
a key step to study species diversity and epidemiology
and therefore of uttermost importance for the develop-
ment of effective control strategies for plant diseases
(Alizadeh et al. 2015; Cai et al. 2009). Traditionally, the
host-plant association has been used as the basis for
identification and defining species in the genus
Colletotrichum. Accordingly, several hundred species
were described assuming that Colletotrichum species
were specific to their host plants (Cannon et al. 2012).
Von Arx (1957) treated many of these species as syno-
nyms and reduced the number of Colletotrichum species
to 11 based on morphological characters with little or no
attention to host specificity, which represented a drastic
move in Colletotrichum systematics. Consequently,
Colletotrichum species have been identified and delim-
ited on morphological characters for many years
(Simmonds 1965; Sutton 1992; Than et al. 2008a,
2008b; Thaung 2008). Delineation of Colletotrichum
species based on morphology alone however is nearly
impossible due to the lack of reliable morphological
characters (Cai et al. 2009; Cannon et al. 2012; Hyde
et al. 2010, 2009b).

In recent years, multi-locus sequence analyses combined
with geographical, ecological, pathological and morpholo-
gical data have been used for species differentiation within
the genus Colletotrichum (Cai et al. 2009; Marin-Felix et al.
2017). This strategy led to significant progress in the sys-
tematics of Colletotrichum and revealed about 250 species
within the genus, most of them belonging to large species
complexes, namely the Acutatum, Agaves, Boninense,
Dematium, Destructivum, Dracaenophilum, Gigasporum,
Gloeosporioides, Graminicola, Magnum, Orbiculare,
Orchidearum, Spaethianum and Truncatum species com-
plexes (Bhunjun et al. 2021; Crouch et al. 2009¢; Damm
et al. 2009, 2012a, 2012b, 2013, 2014, 2019; Liu et al. 2013,
2014; Weir et al. 2012).

Colletotrichum species associated with more than 40
genera of Poaceae as well as with Bletilla ochracea
(Orchidaceae) belong to the Graminicola species com-
plex (Crouch 2014; Crouch et al. 2009a, 2009¢, 2009d;
Crouch and Tomaso-Peterson 2012; Moriwaki and
Tsukiboshi 2009; Tao et al. 2013). Seven species from
Poaceae hosts and the orchid Bletilla ochracea that are

closely related to C. caudatum, form falcate conidia with
a filiform appendage, except for one species,
C. ochraceae, and are either regarded as the Caudatum
subclade of the Graminicola species complex (Bhunjun
et al. 2021; Crouch 2014; Tao et al. 2013; Zhang et al.
2020) or as Caudatum species complex (Jayawardena
et al. 2016; Marin-Felix et al. 2017).

Within a survey, Colletotrichum species were isolated
from wild plants with anthracnose symptoms or leaf
spots collected in Northern Iran; some of them were
previously reported (Alizadeh et al. 2015). Iran is
a country with a high biodiversity that includes more
than 8000 recorded plant species (Owfi 2020), of which
many are considered as endemic or native plants
(Noroozi et al. 2016). Wild Poaceae and Cyperaceae
(Poales) species are regarded as the most important
weeds in Iran (Keshavarzi 2021). However, the knowl-
edge of Colletotrichum species associated with these
plants in Iran is very low, and there is no report of
a Colletotrichum species from any Poaceae or
Cyperaceae in Iran (Farr and Rossman 2021), except
for a recent report of C. karsti on Cyperus sp. in Iran
originating from the same survey as this study (Alizadeh
et al. 2015). Colletotrichum karsti forms straight conidia
and belongs to the C. boninense species complex (Damm
et al. 2012b). However, the majority of strains from the
two plant families formed curved conidia and were
closely related to the Graminicola species complex
based on preliminary blastn searches on NCBI
GenBank.

Therefore, the aim of this study is to characterize the
Colletotrichum species from wild Poaceae and
Cyperaceae plants in Northern Iran, based on
a combination of morphology, culture characteristics,
and multigene analyses.

MATERIALS AND METHODS

Sample collection and fungal isolation.—Samples
were collected from wild Poaceae and Cyperaceae plants
with anthracnose symptoms or leaf spots in the Alborz,
Golestan and Guilan provinces of Iran during 2011-
2013. Leaf samples (approximately 1 cm diam) were
washed in tap water, surface-disinfected in 2% sodium
hypochlorite solution for 1 min, rinsed in sterile distilled
water and moist incubated in glass petri dishes on auto-
claved paper towels soaked with sterile tap water. Petri
dishes were kept at 20-25°C in the dark. Conidial masses
or mycelia indicative of Colletotrichum were transferred
to water agar (WA, 2%) plates supplemented with chlor-
amphenicol (50 mg/L). Single spore or single hyphae
isolates were obtained on potato dextrose agar (PDA,
Merck, Darmstadt, Germany) (Goh 1999) and deposited



in the Mycology Laboratory of the College of Agriculture
and Natural Resources, University of Tehran, Karaj, Iran
(UTFC) and the Iranian Fungal Culture Collection
(IRAN) at the Iranian Research Institute of Plant
Protection, Tehran, Iran. The ex-type strains of new
species and some additional strains were deposited in
the culture collections of the Westerdijk Fungal
Biodiversity Institute, Utrecht, The Netherlands (CBS)
and the Senckenberg Museum of Natural History
Gorlitz, Germany (GLMC), as well as the German
Collection of Microorganisms and Cell Cultures,
Braunschweig, Germany (DSMZ). Type specimens were
deposited in the herbarium of the Iranian Research
Institute of Plant Protection (IRAN) (TABLE 1).

Morphological analysis.—Both cultural and micro-
scopic features were studied on synthetic nutrient
agar (SNA, Nirenberg 1976), and on oatmeal agar
(OA, Crous et al. 2019) according to Alizadeh et al.
(2015). Cultures were inoculated with 5-mm diam
plugs from 4-7 d old cultures. To enhance sporula-
tion, isolates were transferred to SNA amended with
autoclaved filter paper and double-autoclaved stems
of Anthriscus sylvestris. SNA and OA cultures were
incubated at 25°C under near-UV light with a 12-
hours photoperiod for 10 d. Measurements and
photomicrographs of fungal structures (conidia, con-
idiophores, conidiomata, setae and appressoria) were
made according to Damm et al. (2007). Appressoria
were observed on the reverse side of SNA plates.
Conidia were taken from acervuli. Microscopic pre-
parations were made in clear lactic acid or methylene
blue, with at least 40 measurements per structure and
observed with a Nikon SMZ1000 dissecting micro-
scope (DM) or with an Olympus BX53 microscope
with differential interference contrast illumination
(DIC). Colony characters and pigment production
on SNA and OA were documented after 10 d.
Growth rates were measured after seven and ten
days. The descriptions provided were based on ex-
type strains; data of strains with distinct morpholo-
gical differences were added.

Phylogenetic analysis.— Fungal isolates on PDA were
incubated at 25°C for 7-10 d. Genomic DNA was
extracted using a standard phenol-chloroform extrac-
tion protocol (Sambrook and Russel 2001). The 5.8S
nuclear ribosomal RNA gene with the two flanking
internal transcribed spacers (ITS), a partial sequence of
the manganese superoxide dismutase gene (sod2), the 3’
end of the DNA lyase gene (apn2), the 5’ end of the
DNA lyase gene and mating type protein genes-like gene
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(apn2/matl), partial sequences of the beta-tubulin
(tub2) and actin (act) gens and a 200-bp intron of the
glyceraldehyde-3-phosphate dehydrogenase (gapdh)
were amplified using the primer pairs ITS-1 + ITS-4
(White et al. 1990), SOD625F/R, ApnlWI1F/R and
matlM72F/R (Crouch et al. 2009¢), GDF1 + GDRI1
(Guerber et al. 2003), Act-512F + Act-783R (Carbone
and Kohn 1999) and T1 (O’Donnell and Cigelnik 1997)
+ Bt-2b (Glass and Donaldson 1995), respectively, fol-
lowing the protocols explained in the respective refer-
ences, except for tub2, act and gapdh. The PCR for these
three loci was performed as following: an initial step of
5 min at 98°C, 35 cycles of 10 s at 98°C, 20 s at 65°C and
20 s at 72°C, followed by 10 min at 72°C. PCR was
performed in a TProfessional Thermocycler (Biometra,
Germany) in a total volume of 25 pL. The PCR mixture
contained 1 pL genomic DNA, 0.2 uM of each primer,
1 x HF Phusion PCR buffer (Thermo Scientific,
Germany), 2 mM MgCl2, 20 uM of each dNTP, 0.75u
DMSO and 0.25 U Phusion High-Fidelity polymerase
(Thermo Scientific, Germany). The PCR products were
purified by the Wizard Genomic DNA Purification Kit
(Promega, USA) and sequenced by Macrogen
(Amsterdam, the Netherlands) with the amplifying
primers.

The DNA sequences were used to obtain consensus
sequences using BioNumerics 7.6.3 (Applied Math, St-
Marthens-Lathem, Belgium); alignments were assembled
and manually adjusted using BioNumerics and Sequence
Alignment Editor 2.0a11 (Rambaut 2002). The sequences
of the examined Iranian Colletotrichum isolates were
compared with other fungal DNA sequences using the
blast tools of the NCBI GenBank database (www.ncbi.
nlm.nih.gov/genbank/) and the EPPO-Q-bank Fungi
database (https://qbank.eppo.int/fungi/). Sequence data
from ex-type and reference strains of known
Colletotrichum species of the Graminicola species com-
plex including its Caudatum subclade and of the outgroup
C. gloeosporioides strain CBS 112999 (Cannon et al. 2012;
Crouch 2014; Crouch et al. 2009a, 2006, 2009¢; Crouch
and Tomaso-Peterson 2012; Crouch et al. 2009d; Damm
et al. 2012b; Moriwaki and Tsukiboshi 2009; O’Connell
et al. 2012; Prihastuti et al. 2010; Rojas et al. 2010; Tao
et al. 2013; Weir et al. 2012; Zhang et al. 2020) were
obtained from NCBI GenBank (TABLE 1).

Maximum parsimony analyses were performed on
multi-locus alignments 1 (ITS, sod2, apn2, apn2/matl)
following the studies of Crouch et al. (2009c) and
Crouch (2014), and 2 (ITS, tub2, act, gapdh) following
Tao et al. (2013) as well as for each locus separately with
PAUP (Phylogenetic Analysis Using Parsimony) 4.0b10
(Swoftord 2003) using the heuristic search option with
100 random sequence additions and tree bisection and


http://www.ncbi.nlm.nih.gov/genbank/
http://www.ncbi.nlm.nih.gov/genbank/
https://qbank.eppo.int/fungi/

(panuiuo)

- - - 0C6.L€M 90059¢N3 # 660755N3 ueder oedde0d winypipjip Wnjpdsvd L6€S0E 44VIN liuosjoydiu

- - - 7£061609/0£06160D - ¥£06160D 89061609 vsn 983804 wnypbiia windupd pzeoe6 sbyAbU D

60COVZMW  TE8S00DI  €58S0001  L£061609D/6906160D - €.061609 69.5000r vsn 9835804 wnpbiin winsjupg %2851 —-8€06 = 980SCL SO sbiiAbu D

STTOVLMW  LET6LSXI  9VT6LSXI - 87059¢N3 yeeyssna LTT6LSXI ueder oedde0d sisuauls snyubIsiy *£580LS 44V iyaupssiw

61SEY8IN LEGEYBION  68LSTIXI - - - CL8LSLWH eUlYD deadepiydsio Da301Y>0 D[hio|d 9LLSL€ DDWDD 1ypupdsiu

YTTOVLMIN  €€T6LSXM LyT6LSXI 6264/ - Leyssnd 9LT6LSXI ueder oe3de0d Dbjuajnosa bojysouly>y «09¥50€ 44YW luosyopf

- - - 0S6//¢(4 ££059€N3 €€Tyssna 0€Lyssn3 ueder 9e3de0d Djuajnosa bojys0uIy>3 ¢SLLLS 4dVIN nuosyof

- - - Yy6LLEM L€059¢N3 £TTyssnd YZLyssna ueder oedde0d suplj1> bLpYbIq ¥10LLS 44V inbuby

€TTOVLMW - TrT6LSXI TT6LLEM 80059¢N3 S0Tyssna LLT6LSXI ueder oedde0d supiji> bLuLbIg *V0¥S0€ 44YW Inbuby

- - - 60LTHTAN SLLTYTAN CLLTYTAN 90LTVTAN eulyd oe3de0d snssaiduwiod sndouoxy -0l 4A = 106S¥L S9D asuaupuiby

- - - 80LTHTAN YLLTYTAN LLLTYTM SOLTYTM eulyd 9835e0d snssaiduwiod sndouoxy *L=6 X = 06S¥L S4D asuaupuiby

TTTOVLMW  TE8S00DM  7S8S000r S66.LE(4 78059¢n3 - 89/5000r |izeig 983e0d show paz7 6£80€L S4D pjosujwpib

LZTOVLMIN  LE8SO00C 1S85000( ¥66/L¢€(4 180S9€N3 69160800 WX  £9/50001 vsn oedde0d sfow b3z TNBD = LOOLW = 9£80¢€L S4D pjosuwpib

6£7S000  00SS000f  £85S000r 8/6680r 9L¥¥66ND S9€0LOXr 75150001 Ajey aeadeIny sisuauls sniD x666ZL1 S9D  saploLiodsoaolb

- - - €E6LLEM 61059€N3 SLzyssna cLLiyssn3 puejiey] 9B3dR0d  WNIDbUDLYO WnIbYdDS 66790¢€ 44VIN wmps[oj

- - - T€6LLEM4 81059¢N3 leyssnd LLLySSn3 ueder 9BNVROd  WNIDUPYJO WnIbysdDbs 0£190€ 44V wmps(vj
*£8L¥L'€ DDWDD =

0TTOVLMIW  SE8S00Df 9585000 69/69SWH 0££69SWH - TL£5000r eissuopu] 9B3VROd  WNIbUPYO WnIbysdDbs 68801 = S¥6/CL S9D wmps(vj

6LZOVLMW SY9TZ8BMW SSEOVLMW  LOV8/¥O(/SLY8LYOl - 8v8/¥0r orvy8/¥Or vsn aeadeod  saploniydo apojydowaiq L0D = ¥996¢Cl S43  abojydowaio

8LZOVLMW  €T6LSXM SYT6LSXM  T9¥8LYOI/9Ly8L¥Or - 6tv8/¥0r 0TT6LSXIM vsn seadeod  saploiniydo apojyrowai3 xG0D = 1996C1 S4>  apojyo0waid

LZSEYBON  TESEVBON  90TSTIXI - - SL9TT8MIN LLLSTOXT eUlYD deadepiysio Da301Y>0 Dj[hio|d «+80LSL'€ DDWDD wmAydopua -

0ZSEV8IN  €ESEVP8IN  96LSTOXI - - - YI8LSLZWH BUIYD 9e3depIYdI0 DadpiY>0 bjih1dlg £0LSL'€ DDWDD wmAydopua -

LLTOVLMW  YETOLSXM EVTOLSXI - 8€059¢N3 yeTrssnd 8LT6LSXI ueder 9835804 Dboipul sauisnajy *SGLLLS 44YW sauisnajo )

- - - - - £5lovrav L186EvaY ueder oe3de0d sljin bojysouly>y *ELVLLS AV aDOojydo0uIy>9

GLGEYBIN  0ESEVBOM  /8LSTIXI - - - 091SToXr eUlYD deadepiydslio Da5D1Y>0 Dj[hio|d «SOLSL'€ DDWDD asuaunfnp

- - LSEOYLMIN YLSSL6MIN 0€9TZZ8MIN  0T9TTSMW  L9VLYZMW uel| sedeOd  Wnauppuods WnIpYIDLS L9€ D41N = D90L€E NVHI 9|baJad> )

- - 0seorLMIN €LSSL6MIN 6T9TTBMIN  6L9TTBMI  9EvLVLMIN uel| 9ea2R0d  WNAUDUOS WNIDYIIDS 09€ 241N = DS0LE NVHI 9[Daiad

- - TSEOVLMIN - LE9TIBMIN  LTITTSMW - uel| oe3de0d ‘ds wnyjoy €8€ D41N =D/1LE NVl 9|baiad>

SLZOVZMW  ££8S0001 8YEOVZMIN LL6LLEM #9059¢€n3 £/T€€100 ¥££5000r1 vsn oedde0d slwiaul snwolg DIF0T-SH = €996¢1 S4D 9[ba1ad

9LZOVLMIN TYITZBMW 6VE0VLZMIN 0€6//€(4 91059¢n3 cLzyssna 60L755N3 Auewssn deadR0d  WMNDAIAS WnipodAyopig 69°50€ S4D 9|paiad

YLCOVLMIN  OV9TZ8MIN  LVEOVLMIN €689L0Xr CTE69L0XI 8/89L0Xr 0989£0Xr vsn 9e3de0d supinu winispybios C09LEL SE9D wnbpnbl 3

- - - - - SL69L0XM - vsn ELERLIoN] subinu winiyspybios (2dA10193)) «6£€ETYIdE wnppnpd

CLSEY8IOM  9TSEV8ON  06LSTOXM - - - C9LSTOXI eUlYD deadepiydslio Da501Y>0 Dj[hio|d ¥90LSL'€ DIWDD  wniodsppnod )

- - 9IrEOVLMIN 08sSL6MW LEITTBMW  VLIZTZBMW  ZvvLVLMIN uel| oeddeod *ds seadeod 9/€ D41N = DE6TY NYHI wnoidspd )

- - reorLMIN 9LSSL6MIN €E9TTBMIN  OL9TZTBMW  6EVLVLMIN uel| oedde0d “ds seade0d C9€ 241N = Dl6cy NVl wnoydspy )

- 6€9CZ8MIW  OYEOYLMIN - - 809TZ8MIN  LEVLYLMW eulyd 9e3de0d *ds seade0d ¥9€/01 wnotdspd )

- - SYEOrLMWN 6LSSL6MW 9€9TI8MIN  €L9TI8MIN  LyPLYZMIW ues  deaderadh) ds snsadf) €£€ D41N = DT6TY NVHI wnoidsd

- - rreEovLMIN 8/SSL6MW SEITTBMW  TL9ZTZBMW  EvvLVLMIN ues  seddesadhd ds sniadA) %G9€ 41N = D60LE NVHI wnoidspd )

- - EVEOVLMIN LLSSL6MW YE9TIBMIN  LLITZSMIN  OvPLYZMW ues  deadesadh) ds sniadA) ¥9€ 241N = 80L& NVHI wnoidsp )

- - LyEOVLMIN SLSSL6MW CE9TT8BMW  609CT8MW  8EVLYLMIN uel| oedde0d uojoLp Uopour) 6S€ 241N = D06C NVHI wnotdspd )

- - - 0L69L0XM LE69L0XI 1689L0XI 0£89L0Xr vsn 9e3)e0d supjnu wniyspybios 6dS  osuaiownibq

- - - L069L0Xr 8T69L0XI 8889/L0Xr 8989/L0Xr vsn oe3de0d supinu wnispybios €0S =99/768Id9  asualownipq )

- - - 8069L0Xr 6C69L0XI 6889L0Xr 6989L0Xr vsn 9e3de0d supinu wnispybios 9as = 69/768ldd  asuaiownipbq

- - - 6069L0XI 0£69L0XM 0689L0Xr - vsn oe3de0d supinu wniyspybios £QS = 89/768Id9  asuaiown|pq 5

- - - 9069L0XM - £889L0Xr £989L0Xr vsn 9e35e0d supynu wniyspybios ¢as = 59/¢68ldd  asuaiownbq

- - - S069L0Xr LT69LOXT 9889/L0Xr 9989L0Xr vsn oe3de0d supinu wnispybios «L1AS = 1//T68Id9  asuaiownpq 5

ELZOVLMW 8E9TTBMIN 6EE0VLMIN L06LLEM4 £66¥9¢€N3 - 669LCSNIN eljensny 9835804 snijojissy sndouoxy «68164T IWI sipodouoxp )

- - - L06£L€(4 £86¥9€N3 £81¥SSN3 8589L0Xr eljelysny 9e3de0d DoupuliA> ppsadui %6991 IWI Huio3p

ypdpb 0D zq9n [Ibw/zudp zudp Zpos Sl A1uno) Ajiwey 1504 1SOH ,93e|0s] sapadg

92 ALIZADEH ET AL.: NOVEL COLLETOTRICHUM SPECIES FROM IRAN

A3quinu sueguan

*SI3QWINU UOISSIIIE URGUID) PUE S|IRISP UOIIID[|0d YIM ‘palpnis ‘dds wnydiij03ajjo) Jo suiens *L djqel



MYCOLOGIA 93

*2dA10123] Jo 21ny > adA10au-x3 4o adAnda-xd ‘2dA10j0y-X3, *(dyd-usTydieas  onlw-saseqelep/df-obraie dauab-mmm//:sdiy) yueguan SYIN ol papeojumop duanbas,
98y
ploq ui pasiseydwsa ase Apnis siyy ul pajesauab saduanbag auab aseuaboipAysp sreydsoyd-¢-apAyap|eladf|b jeied :ypdob ‘duab unde [ered oo ‘ausb ulngni-elaq [ensed :zqgn ‘auab ayi-sauab ureyoid adAy burew
pue suab aseA| YN a3 Jo pua ,§ dys :Jpw/zudp 3usb asek| yNQ ay3 Jo pua ¢ dy3 :zudp ‘auab aseinwsip apixosadns asauebuew ay) Jo aduanbas [ered :zpos lYNQIU §8'S BulusaIRiul pue sideds pagudosuel) [euIRIUL IS ]|,
"uel| ‘feey) ‘ueaya] Jo ANISISAIUN ‘S32IN0SSY |eanleN pue ainyndLby Jo a63]j0) ANsiaAlun ‘Uelys] Jo ANSISAIUN SY3
40 UoIIR||0 31Ny N D41 N ‘ueder ‘eqnyns] ‘saLRYsI{ pue A11sa104 ‘2N nduby Jo Ansiulpy 123(01d yueqauan {44y 44N ‘euy) ‘buifiag ‘AbojodA Jo Aiojeioqe] A3y 91e1s ‘ABojoIqoII JO INUISU| ‘S9DURIDS JO Awapedy
9s9UIYD 3Y3 1B pasnoy ‘18D 197 JO UOIII3[|02 BUBMOA :D7 ‘UBJ] ‘UBIYS] ‘UOI1I3101d JUB|d JO SINIISU| YDIeISIY UBIURI| 3] 1B UONDS||0D) 31nyjn) [ebung uelues| (NYY| N ‘weyb3 ‘a:1us) Y adoin3 gy Jo uonda|jod a1y nd |
‘euly) ‘buifiag “133ua) UoIIB||0) 34NN [e2160[0IGOIDIN [2IBUSD BUIYD DIWD)D ‘SPUBBYIIN BY ‘WYd341N ‘33niasu] Ausiaipolg [ebung y(ipia1sap 3y JO UOd3||0D N3N iS4 fySN ‘SUodD||o) snbung [euoneN ‘S :Idg,

- - - £06920X( ST69L0XI S889/0XI S/89/0X( ueder de3de0d eljojinua) eiskoz L1S8€T 44VIN avysfoz -

- - - 2069L0X( YT69L0X( ¥889/0Xr Y£89L0X( ueder 9e3de0d pijojinua) pisfoz 9/S8€T 44YI avysfoz )

- - - LO69LOXI - £889/0X( €/89/0X( ueder aeadeod vljojinuay visfoz S/S8ET 44V avysfoz -

- - - 0069£0X( £T69L0X( 7889L0X( TL89LOXI ueder 9e3de0d pijojinua) pisfoz Y£S8ET 44N avysfoz )

- - - 6689L0X( TT69L0XI - LL89LOXI ueder de3de0d vljojinuay visfoz *E£S8ET 4VIN avysfoz -

- - TLEOVLMIN TLSSL6MW LTITISMW  LO9ZZBMW  vEPLYLZMIN uey| 9e3de0d asuadafay wnybios 08€ J41N = D967 NVl pjoauljgns

- - LLEOVLMW - 9Z9ZI8MW  909ZZSMIN - uey| de3de0d asuadaay wnybios 8/€ D41N = DS6ZH NVl pjoaulqns

- - 0LEOVLMIN - - S09ZTSMI - uey| ae3de0d asuadafay wnybios TLE D410 = DYLLE NI pjoaulgns

- - - LE6LLEM £2059¢n3 6LZ¥ssna # ueder aeadeod 10j021q wnybios 020015 44V pjoaulgns

- - - SL6LLEM L00S9¢N3 861¥SSN3 6££509Y ueder 9e3de0d 10j0219 wnybios L9€S0E 44V pjoauljgns

TETOPLMW  ¥E8S00Dr  $S85000( 6208LEM4 Lz1s9sn3 1507EL0a LLLSO0Dr  ©Osed eupjing deade0d 10j021q wnybios *LOELEL SED pjoaulqns

- - €LEOVLMW - 8TITTSMI - SEVLYLMIN uey| dedROd  Wnauppuods WNIPYIIDS L8€ D4LN = D£6TH NV pjoaulgns

- - - 8689/0X( LT69LOXI - S989/0X( vsn de3de0d supynu wniyspybios SL-LLDVY[  3sudjasiowios -

- - - L689L0X( 0Z69L0X( - ¥989.0X( vsn Jeade0 supynu wniyspybios YL-LL DYl  25U213siaWos 2

- - - ¥689L0X( L16920X( 6/89L0X( L989/0Xl vsn de3de0d supynu wniyspybios OL-LL DVl  2suajasiawos
¥9.7681d9 = €1

LEZOVLMW 6S9TZSMW SLEOVLMW 9689L0X( 6169L0X( 1889/0XI £989/0X( vsn de3de0d supynu wniyspybios —LLOVI = L09LEL S9D  asudjasiowios -
x0££768Id9 = LL

0STOVLMW 8S9ZTZSMI YLEOVLMIN S689/0X( 816920X( 0889£0X( 7989£0X( vsn deade0d supynu wniyspybios —LL DV = 66SLEL S  asuajasiawos -

6TTOVLMIN 9S9TZSMIN  89E0VLMIN 89SSL6MI TTOTTBMW  TO9ZZSMW  LEVLYZMW uey| 983R0J  WNaUDUOdS WNIDYIDS %€9€ D41N = DL0LE NVl HUpY2IDS )

8TTLOVLMW SS9TZSMIN L9SOVLMIN 0LSSL6MW YT9TI8MW  YO9ZZSMIN  SEVLVLMW uey| de3de0d s|jp43snp sajwbpIyq «0£€ D41N = DTLLE NVl wnosiad

LTTOVLMN  YSITTSMIN  99E0VZLMWN 69SSL6MW €TI9TI8MW  €09ZT8MIW  ZEVLYLZMIN uey| 9e3de0d sypasnp saywbpiyqd 69€ D41N = DLLLE NV wndisiad D

- - - £96//€(4 0£059¢n3 9zTyssna £TLySSN3 ueder Jeadeod wnjpjou wnpdspqg 000LLS 44YWN lipdsod

OLZOVZMW  SET6LSXI  ¥T6LSXM LT6LLEM4 £0059€N3 yozyssna 6LT6LSXM ueder Jeade0 wnipjou wnjpdsbg <E0¥S0E 44VIN ljpdsod

SLSEP8IN  LTSEP8IM  €8LSTOXM - - - 951 STIXI eUIYD  eadepIYDIQ DaDIY20 DJ13|g *POLSL'E DDWDD a0DDIY20 )

OLSEV8IN  6TSEV8IN  S6LSTIXI - - - L91STOXI euIly)  deadepIYdIQ DaVIY0 DJJ13Ig £0LSL°€ DDWDD aDDDIY20

VLSEVSON  8TSEVSIN  ¥6LSTOXI - - - 9915Z9X( BUIYD  deadEpIYDIO DDVIY0 DIJ13|g Z0LSL°E DDWDD 20IDIY20 )

- - - - - 8L9TTSMIN - uey| 9e33R0( wnppjip Wnpdsnd 64€ D41N = DSLLE NI nuosjoydIu )

- - - - - LLI9TISMW - uey| deadeod wnpoip wnpdsbd 89¢ D41N = D0LLE NVl nuosjoydu )

- - Y9£0VLMIN LLSSL6MW STOTZSMW  9LITTSMI - uey| seade0 wnypiofip wnpdsbd 99¢ D41N = D¥6Ty N4l nuosjoydu

9ZTOVLMW  €£8S000f  ¥S85S000f 9V6/LEM4 £€059¢n3 62Z¥SSN3 0450001 ueder aeade0 wnipipfip wnpdsbd XSLLLLS 44V luosjoydIu )

- - - TY6LLEM 62059¢N3 szevssna TTLyssna ueder 9e33R0( wnppjip Wnpdsnd 916015 44VIN Huosjoydiu )

- - - YT6.LLEM4 010$9¢N3 L0T¥SsN3 €0L¥SSN3 ueder aeade0d winipipjIp Wnpdspy 87¥S0€ 44VIN nuosjoydIu

ypdob §5l/] zq9n 1Ibw/zudp zudp Zpos Sl Aunod Ajiwey 1504 1SOH \91e|0s] sa1dads

A3quinu sjueguan

“(Panunuo)) ° 3|qeL


https://www.gene.affrc.go.jp/databases-micro_search_en.php

94 ALIZADEH ET AL.: NOVEL COLLETOTRICHUM SPECIES FROM IRAN

reconstruction (TBR) as the branch-swapping algo-
rithm. The individual gene trees were assessed for
clade conflicts between phylogenies. Alignment gaps
were treated as missing and all characters were unor-
dered and of equal weight. No more than 10 trees of
score (length) greater than or equal to 10 were saved in
each replicate. Tree length, consistency index (CI),
retention index (RI), rescaled consistency index (RC)
and homoplasy index (HI) were calculated for the result-
ing trees. The robustness of the trees obtained was
evaluated by 100 000 bootstrap replications using the
fast-stepwise addition algorithm (Hillis and Bull 1993).
A Markov Chain Monte Carlo (MCMC) algorithm was
used to generate phylogenetic trees with Bayesian prob-
abilities using MrBayes 3.2.6 (Ronquist and
Huelsenbeck 2003) for the combined sequence datasets.
Models of nucleotide substitution for each gene deter-
mined by MrModeltest 2.3 (Nylander 2004) were
included for each gene partition. The analyses of two
MCMC chains were run from random trees for 1000 000
generations and sampled every 100 generations. The
likelihood score of the two runs were 3400 and 3000
for the first analysis and 1100 and 1000 for the second
analysis and therefore, the first 3200 and 1050 (the
averages of both) trees, respectively, were discarded as
the burn-in phases of the analyses and posterior prob-
abilities determined from the remaining trees.
Sequences derived in this study have been lodged in
GenBank, the alignment and trees in TreeBASE (http://
purl.org/phylo/treebase/phylows/study/TB2:528088),
and taxonomic novelties in MycoBank.

RESULTS

In the analyses of multi-locus alignment 1 (gene bound-
aries of ITS: 1-572, sod2: 583-1 328, apn2: 1339-2182,
apn2/matl: 2193-3779), 78 strains from Poaceae and
Cyperaceae as well as the outgroup, and 3779 characters
including the alignment gaps were processed, of which
1379 characters were parsimony-informative, 509 parsi-
mony-uninformative and 1891 constant. After
a heuristic search using PAUP, 430 equally most parsi-
monious trees were retained (length = 3747 steps,
CI = 0.670, RI = 0.880, RC = 0.590, HI = 0.330), of
which one is shown in FIG. 1. The topology of these
trees was similar, which was verified for a large selection
of trees (not shown). They differed not only in the
position of strains within species and of branch lengths,
but also in the position of some of the species. Within
the Caudatum subclade, especially the position of single-
strain species and of the two C. caudatum sequences
differed. For the Bayesian analysis, a GTR+I+G model
was selected for ITS, a HKY+I+G model for sod2 and

a GTR+G model for apn2 and apn2/matl, and incorpo-
rated in the analysis. The consensus tree obtained from
Bayesian analysis confirmed the tree topology obtained
with parsimony (not shown). Most of the Bayesian pos-
terior probability values agreed with bootstrap support
values.

The three strains UTFC 363, UTFC 369 and UTFC
370 belong to a clade with a bootstrap support of 79%
and a Bayesian posterior probability value of 1 repre-
senting the Caudatum clade of the Graminicola species
complex. Within this clade, there are few supported
clades; strains UTFC 369 and UTFC 370 form one of
them (91/0.93), while strain UTFC 363 forms a single-
strain clade. Most of the remaining species of the
Graminicola species complex were represented by well
supported clades. Each three strains collected in Iran
cluster within C. cereale (99/1) and C. nicholsonii (87/
1). Further four strains group within the C. sublineola/
eremochloae clade (88/1). Seven strains from Poaceae
and Cyperaceae from Iran and one strain from China
form a well-supported clade basal to the other species of
the Graminicola species complex (99/1). In some of the
430 most parsimonious trees, however, this clade was
not basal, but clustered with the C. sublineola/eremo-
chloae clade.

In the analyses of multi-locus alignment 2 (gene
boundaries of ITS: 1-572, tub2: 583-1324, act: 1335-
1632, gapdh: 1643-1973), 46 strains from Poaceae and
Cyperaceae as well as the outgroup and 1973 characters
including the alignment gaps were processed, of which
512 characters were parsimony-informative, 193 parsi-
mony-uninformative and 1268 constant.  After
a heuristic search using PAUP, 711 equally most parsi-
monious trees were retained (length = 1 367 steps,
CI = 0.699, RI = 0.851, RC = 0.594, HI = 0.301), of
which one is shown in FIG. 2. The topology of these
trees was similar, which was verified for a large selection
of trees (not shown). They differed mainly in the posi-
tion of strains within the species and branch lengths of
clades. In some trees, C. duyunense was basal to the
remaining species of the Caudatum subclade, and in
some trees, the C. eremochloae clade was integrated in
the C. sublineola clade, but separate in the others. For the
Bayesian analysis, a GTR+I+G model was selected for
ITS, a HKY+G model for tub2, a GTR+I model for
gapdh, and a HKY+I model for act, and incorporated
in the analysis. The consensus tree obtained from
Bayesian analysis confirmed the tree topology obtained
with parsimony (not shown). Most of the Bayesian pos-
terior probability values agreed with bootstrap support
values.

Strains UTFC 363, UTFC 369 and UTFC 370 belong
to a long-branched clade with a bootstrap support of
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Figure 1. The first of 430 equally most parsimonious trees obtained from a heuristic search of the combined ITS, sod2, apn2, and apn2/
mat1 sequence alignment of the Graminicola species complex. Bootstrap support values above 50 % and Bayesian posterior probability
values above 0.70 are shown at the nodes. Colletotrichum gloeosporioides strain CBS 112999 is used as outgroup. Numbers of types or
ex-type strains are emphasized with an asterisk. The Caudatum subclade is indicated with a green bracket.
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Figure 2. The first of 711 equally most parsimonious trees obtained from a heuristic search of the combined ITS, tub2, act, and gapdh
sequence alignment of the Graminicola species complex. Bootstrap support values above 50 % and Bayesian posterior probability
values above 0.70 are shown at the nodes. Colletotrichum gloeosporioides strain CBS 112999 is used as outgroup. Numbers of types or
ex-type strains are emphasized with an asterisk. The Caudatum subclade is indicated with a blue bracket.



100% and a Bayesian posterior probability value of 1,
representing the Caudatum clade of the Graminicola
species complex. Strains UTFC 369 and UTFC 370
form a well-supported clade (100/1), while strain
UTEFC 363 forms a single-strain clade on a long branch.
The clade formed by strains UTFC 369 and UTFEC 370
was well supported in all single-locus phylogenies,
except for ITS (not shown). Both clades are sister clades
of C. ochraceae and C. caudasporum. Most of the other
species of the Graminicola species complex were repre-
sented by well supported clades. Seven strains from
Poaceae and Cyperaceae from Iran and one strain from
China form a well-supported clade basal to the other
species of the Graminicola species complex (100/1).
Strains UTFC 360, UTFC 361 and UTFC 363 cluster
with C. cereale and strain UTFC 366 with C. nicholsonii
with high support values (100/1 and 98/1, respectively);
four further strains group with C. sublineola with low
support (-/0.75).

The topologies of the single-locus phylogenies (not
shown) did not show any conflicts, which allowed us to
combine them in multi-locus alignments 1 and 2,
respectively; they also agreed with the topologies of the
respective multi-locus phylogenies. The placement of
the strains isolated in this study was the same in the
single-locus phylogenies as in the multi-locus phyloge-
nies, and the clades formed by unidentified strains were
supported in all of the single-locus phylogenies, except
for the clade formed by strains UTFC 369 and UTFC 370
that was not supported in the ITS phylogeny; the branch
of these two strains and that of UTFC 363 was very
short.

TAXONOMY

Based on the DNA sequence data and morphology, the 22
isolates (TABLE 1) from wild Poaceae and Cyperaceae
plants in Iran belong to six Colletotrichum species, includ-
ing C. cereale, C. nicholsonii and C. sublineola and three
species that are new to science. All species studied in
culture are characterized below.

Colletotrichum caspicum Alizadeh, Damm, F. Liu, Jav.-
Nikkh. & Stukenbr. sp. nov. FIG. 3
MycoBank: MB839808

Typification: IRAN. GUILAN: Rasht, from leaves of
Cyperus sp., Aug 2012, A. Alizadeh (holotype IRAN
17632F). Ex-holotype culture IRAN 3709C = UTFC
365 = CBS 148570 = DSM 113396 = GLMC 2641.
GenBank: ITS = MW741443; sod2 = MWS822612;
apn2 = MW822635; apn2/matl = MW915578;
tub2 = MW740344.
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Diagnosis: Conidia on SNA measure 14-25 X 3-
4.5 um and on Anthriscus stem 14-28 x 2.5-4.5 um,
appressoria on SNA 5-21 x 4-9 pm (all strains
included). The species differs from all other
Colletotrichum species by its unique DNA sequences
(ITS, sod2, apn2, apn2/matl, tub2, act) and from its
closest relative C. cereale also by its slower growth and
lower sporulation.

Etymology: Referring to the Caspian Sea, near which
this fungus was first collected.

On Anthriscus stem: Conidiomata scarce, not observed
in strains UTFC 359, UTFC 362 and UTFC 364, basal cells
not observed, setae and conidiophores mostly formed
directly on hyphae. Setae medium to dark brown, 3-5-sep-
tate, 58-103 um long, smooth-walled, tapering to an acute
apex, base cylindrical, conical or inflated, 4.5-7.5 um diam,
no setae observed in UTFC 359. Conidiophores rarely
observed, hyaline to pale brown, simple or septate and
branched, up to 60 pm long. Conidiogenous cells hyaline
to very pale brown, smooth-walled, cylindrical, 5-25 x 3-
4 pm, opening 1-1.5 um, collarette and periclinal thicken-
ing not observed. Conidia enteroblastic, aseptate, hyaline,
smooth-walled, falcate, almost uniformly curved, apex +
acute, base truncate, 14-25 x 3-4.5 um, mean =
SD =20.5 + 2.6 x 3.7 £ 0.3 um, L/W ratio = 5.6. Conidia
of strain UTFC 376 larger and narrower, measuring 21-
28 x 2.5-4 um, mean + SD =25+ 1.7 x 3.3 £ 0.28 ym, L/'W
ratio = 7.6. UTFC 359 not sporulating,

On SNA: Hyphae hyaline, smooth-walled, septate,
branched, 1-6 pm diam. Conidiomata rarely observed,
conidiophores and setae mostly formed directly on
hyphae. Setae only observed in UTFC 376, medium to
dark brown, smooth-walled, 2-4-septate, straight, 67—
130 um long, tapering to an acute apex, base cylindrical
to conical, sometimes inflated, 5-9.5 um diam.
Conidiophores rarely observed, hyaline to pale brown,
simple or septate and branched, up to 60 pm long.
Conidiogenous cells hyaline to very pale brown,
smooth-walled, cylindrical, 5-27 x 3-4 pm, opening 1-
1.5 um, collarette and periclinal thickening not
observed. Conidia enteroblastic, aseptate, hyaline,
smooth-walled, falcate, almost uniformly curved, apex
* acute, base truncate, 14.5-25 X 3-4.5 um, mean *
SD =21 + 2.5 x 3.9 + 0.3 pm, L/W ratio = 5.2. UTFC
359 not sporulating. Hyphal appressoria solitary, asep-
tate, smooth-walled, pale to medium brown, globose,
subglobose to ellipsoidal, sometimes clavate or irregu-
lare shaped, entire edge, more or less lobed, 5-9 x 4-
6 um, mean + SD =7.5+1 x5+ 0.6 um, L/W ratio = 1.5.
Appressoria of strain UTFC 376 larger, measuring 6-
21 x4-9 pm, mean + SD =11.3 + 3.9 x 6.4 £ 1.6 um, L/
W ratio = 1.8.
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M

Figure 3. Colletotrichum caspicum (A-C, E, G, I-T from ex-holotype strain UTFC 365. D from strain UTFC 376. F, H from strain UTFC 373).
A-B. Colony on OA after 7 d, A. upper and B. reverse side. C, H. Setae. D-E. Acervuli. F-G. Conidiophores. I-N. Appressoria. O-T. Conidia.
C-H, O-T. from Anthriscus stem. I-N. from SNA. D, E. DM. C, F-T. DIC. Scale bars: D, E = 50 um, C, F-T = 10 pm.



Culture characteristics: Colonies on OA flat and
effuse with entire margin, ocher brown, with a grayish
brown margin, reverse pale brown, 57-60 mm diam in
7 d. Colony color very different in strain UTFC 359,
yellow, ocher brown to grayish brown at the center,
reverse pale yellow to honey, yellowish gray in the cen-
ter. Colonies on SNA flat with entire margin, hyaline to
pale honey, reverse same colors, 55-60 mm diam in 7 d
(>85 mm diam in 10 d). Conidia in mass buff to
orange.

Additional specimens examined: IRAN. GUILAN:
Rasht, from leaves of Cyperus sp., Aug 2012,
A. Alizadeh, culture IRAN 3708C = UTFC 364; IRAN.
GOLESTAN: Gorgan, Tooskestan, from leaves of
a Poaceae sp., Aug 2011, A. Alizadeh, culture IRAN
4291C = UTFC 362; IRAN. ALBORZ: Karaj, from leaves
of Cynodon dactilon, Jun 2012, A. Alizadeh, culture
IRAN 4290C = UTFC 359 = CBS 148569 = DSM
113395 = GLMC 2642; IRAN. GUILAN: Lahijan, from
leaves of a Poaceae sp., Oct 2013, A. Alizadeh, culture
IRAN 4293C = UTFC 376; IRAN. GOLESTAN: Bandar
Torkaman, from leaves of Cyperus sp., Oct 2013,
A. Alizadeh, culture IRAN 4292C = UTFC 373.

Notes: Colletotrichum caspicum was isolated from
Poaceae and Cyperaceae species, which indicates its
wide host range. While several species were described
from different Poaceae, no Colletotrichum species was
previously described from Cyperus species (Cyperaceae).
However, a few species were reported from this host
genus (Farr and Rossman 2021), including C. fructicola
on Cyperus microiria in Japan (Hirayama et al. 2018),
C. karsti on Cyperus sp. in Iran (Alizadeh et al. 2015),
and C. truncatum and its synonym C. dematium
f. truncatum on Cyperus rotundus in Brazil and in the
United States, respectively (Damm et al. 2009; Roy
1982), only the latter forms curved conidia, and all
belong to other species complexes than C. caspicum.

Colonies of C. caspicum differ from those of its closest
relative C. cereale that is faster growing and more
strongly sporulating than C. caspicum; the orange con-
idial masses of C. cereale are visible in the center of the
OA colony (FIGS. 3A, 4A).

Colletotrichum caspicum is not closely related to any
other Colletotrichum species and can be identified with
sequences of all loci available. In blastn searches on
NCBI GenBank, the ITS sequence of the ex-type strain,
UTFC 365, matched with 99% identity (1 and 2 nucleo-
tides difference, respectively) with Colletotrichum sp. 2
strain C_3_1 from leaves of Carex secalina (Cyperaceae)
in Poland (MG978338, Gorzynska et al. 2019) and
Colletotrichum sp. strain MBD_1013 from a leaf of
Dalea purpurea (Fabaceae) in the USA (MK595495, M.

MYCOLOGIA 99

B. DeMers and G. May, unpubl. data), while the closest
ex-type strain was with 97% identity (17 nc. dift.) that of
C. verruculosum, IMI 45525 (GU227806), belonging to
the Spaethianum species complex (Damm et al. 2009).
Closest matches with the act sequence of C. caspicum
strain LC7364 were with 93% identity (17 nc. diff.)
C. cereale strains CBS 129663 (JQ005837, O’Connell
et al. 2012) and CGMCC 3.15110 (KC843534, Tao
et al. 2013). Closest matches with the tub2 sequences of
C. caspicum were with 89% identity several C. tofieldiae
strains and with 88% identity C. graminicola strain STE-
U 5298 (AY376587, Lubbe et al. 2004); closest ex-type
strain was with 89% identity that of C. hanaui. Closest
matches with the sod2, apn2 and apn2/matl sequences
of C. caspicum were with < 90% and < 82% identity,
respectively, those of several species of the Graminicola
species complex.

Colletotrichum cereale Manns, Ohio Agric. Exp. Stn.
Bull. 203: 207 (1909). FIG. 4

On Anthriscus stem: Conidiomata acervular, abun-
dant. Setae abundant, medium to dark brown, 2-4-sep-
tate, straight, 120-270 um long, smooth-walled, tip
rounded to somewhat acute, base cylindrical to conical,
sometimes inflated, 4-8 um diam. Conidiophores hya-
line to pale brown, simple, septate, up to 80 pm long.
Conidiogenous cells hyaline to pale brown, smooth-
walled, clavate or cylindrical, 5-18 x 3-6 pum, opening
1.5-2 um, collarette 1-1.5 pm long, periclinal thickening
visible. Conidia enteroblastic, aseptate, hyaline, smooth-
walled, falcate, central part often with nearly parallel
walls, more strongly curved toward the acute apex,
base truncate, 22.5-28.5 x 4-4.5 um, mean =
SD =247 £ 1.4 x 4.5 £ 0.3 um, L/W ratio = 5.4.

On SNA: Hyphae septate, branched, hyaline, 2-5.5 pm
diam. Conidiomata acervular, abundant on agar surface.
Setae abundant, medium to dark brown, smooth-walled,
2-4-septate, straight, 85-252 um long, tip round or some-
what acute, base cylindrical to conical, sometimes inflated,
4-8 um diam. Conidiogenous cells hyaline to pale brown,
smooth-walled, clavate or cylindrical, 6-25 x 3-6 um,
opening 1.5-2 um, collarette 1-1.5 um long, periclinal
thickening visible. Conidia enteroblastic, aseptate, hyaline,
smooth-walled, falcate, central part often with nearly par-
allel walls, more strongly curved toward the acute ends,
base truncate, 22-27 x 3.5-4.5 um, mean =
SD =234+ 13 x 4 £ 0.4 um, L/W ratio = 5.8. Hyphal
appressoria solitary, aseptate, smooth-walled, medium to
very dark brown, ellipsoidal to clavate, sometimes irregu-
larly shaped, entire edge, more or less lobed, 7.5-13.5 x 6-
10.5 pm, mean + SD = 12.5 + 1.9 x 9.5 £ 1.6 pm, L/'W
ratio = 1.7.
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Figure 4. Colletotrichum cereale (from strain UTFC 383). A-B. Colony on OA after 7 d, A. upper and B. reverse side. C. Tip of a seta. D, E,
H. Acervuli with setae. F, G. Conidiophores. |. Base of a seta. J-O. Appressoria. P. Conidia. C, F-I, P. from Anthriscus stem. D-E, J-O. from
SNA. D, E. DM. C, F-P. DIC. Scale bars: D, E = 50 pm, C, F-P = 10 ym.



Culture characteristics: Colonies on OA flat with
entire margin, orange at center due to abundant spor-
ulation, smoky gray, pale to dark brown with darker
brown spots toward the margin, partly covered by flufty,
white to smoky gray aerial mycelia, reverse buft, pale
gray to cinnamon, 68-70 mm diam in 7 days at 25°C.
Colonies on SNA flat with entire margin, hyaline, filter
paper, Anthriscus stem and agar medium covered with
white to pale olivaceous gray aerial mycelium, reverse
hyaline to buff, 67-70 mm diam in 7 d (>90 mm diam in
10 d). Conidia in mass orange.

Specimens examined: IRAN. GOLESTAN: Gorgan,
from leaves of Saccharum spontaneum, Jun 2013,
A. Alizadeh, culture IRAN 3705C = UTFC 360 = CBS
148572 = DSM113398 = GLMC 2643; IRAN.
GOLESTAN: Gorgan, from leaves of Saccharum sponta-
neum, Jul 2012, A. Alizadeh, living culture IRAN
3706C = UTFC 361; IRAN. GUILAN: Lahijan, from
leaves of Lolium sp., Oct 2013, A. Alizadeh, living culture
IRAN 3717C = UTFC 383 = CBS 148571 = DSM 113397
= GLMC 2644.

Notes: Colletotrichum cereale is known as a species
with a worldwide distribution, and both as a plant
pathogen of cool-season grasses (C3) of the subfamily
Pooideae (Crouch et al. 2009d) and an endophyte of
Bletilla ochracea (Orchidaceae) (Tao et al. 2013).
Crouch et al. (2006) regarded the species as a distinct
taxon with highly specialized populations corresponding
to ecosystem and/or host plant. The strains examined in
this study have similar conidia and appressoria shapes
and dimensions as C. cereale strain CBS 129663 (Crouch
et al. 2006). All loci included in this study separate
C. cereale distinctly from all other species.

Colletotrichum nicholsonii J.A. Crouch, B.B. Clarke, J.F.

White et B.I. Hillman. FIG. 5
On Anthriscus stem: Conidiomata acervular, abun-

dant. Setae abundant, medium to dark brown, 2-4-sep-
tate, straight, up to 170 pum long, smooth-walled,
tapering to an acute to rounded apex, base cylindrical,
sometimes bent or inflated, 6-8
Conidiophores pale to medium brown, branched, sep-
tate, up to 70 pum long. Conidiogenous cells pale to
medium brown, smooth-walled, clavate or cylindrical,
up to 25 pum long, opening 1.5-2 um, collarette 1-
1.5 um long, periclinal thickening visible. Conidia
enteroblastic, aseptate, hyaline, smooth-walled, falcate,
strongly bent in the upper third toward an acute apex,
base truncate 18.5-23.5 x 4.5-5.5 pm, mean =+
SD=21.5%+1x50.3 um, L/W ratio = 4.4.

On SNA: Hyphae hyaline, smooth-walled, septate,
branched, 1.5-6 um diam. Conidiomata acervular,

um  diam.
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abundant, especially on agar surface and on filter
paper. Setae abundant, medium to dark brown, smooth-
walled, 2-4-septate, straight, up to 260 um long, tip
round or somewhat acute, base cylindrical to conical,
sometimes inflated, 2.5-5 pm diam. Conidiophores pale
to medium brown, branched, septate, up to 80 pm long.
Conidiogenous cells pale to medium brown, smooth-
walled, clavate to cylindrical, up to 30 pm long, opening
1.5-2 pm, collarette and periclinal thickening not visible.
Conidia enteroblastic, aseptate, hyaline, smooth-walled,
falcate, strongly bent in the upper third toward an acute
apex, base truncate, 14.5-24.5 x 4.5-5 um, mean *
SD = 186 = 1.1 x 49 + 0.2 pm, L/W ratio = 4.4.
Hyphal appressoria solitary, aseptate, smooth-walled,
medium to dark brown, globose, oblong, ovoid, obovoid
or clavate, edges entire or more or less lobed, 10.5-
18 x 5-12 um, mean + SD = 13.5 £ 1.3 x 10 + 1 pm,
L/W ratio = 1.4.

Culture characteristics: Colonies on OA flat with entire
margin, creamy white to gray, becoming dark gray with age
in the center, reverse medium to dark gray, 69-71 mm
diam in 7 d. Colonies on SNA flat with entire margin,
hyaline, filter paper, Anthriscus stem and agar medium
partly covered with white to pale olivaceous gray aerial
mycelium, reverse hyaline to pale gray, 67-73 mm diam
in 7 d (>90 diam mm in 10 d). Conidia in mass white to
pale gray.

Specimens examined: IRAN. GUILAN: Rasht, from
leaves of Paspalum dilatatum, Aug 2013, A. Alizadeh,
culture TRAN 4294C = UTFC 366; IRAN GUILAN:
Rasht, from leaves of Paspalum dilatatum, Oct 2013,
A. Alizadeh, culture IRAN 3710C = UTFC 368; IRAN.
GUILAN: Lahijan, from leaves of Paspalum dilatatum,
Oct 2013, A. Alizadeh, culture IRAN 3715C = UTFC 379.

Notes: Colletotrichum nicholsonii was isolated from
leaves of Paspalum dilatatum in this study. The colony
characteristics, setae, conidial shape and dimension
agree with the holotype of C. nicholsonii (Crouch et al.
2009¢). In the phylogram, our three strains confidently
clustered with the ex-type strain of C. nicholsonii (MAFF
511115) and strain MAFF 305428.

Colletotrichum persicum Alizadeh, Damm, Jav.-Nikkh
& Stukenbr. sp. nov. FIG. 6
MycoBank: MB839810

Typification: IRAN. GUILAN: Kuchesfahan, from leaves
of Phragmites australis, Oct 2013, A. Alizadeh (holotype
IRAN 17633F). Ex-holotype culture IRAN 3712C = UTFC
370 = CBS 148574 = DSM 113400 = GLMC 2645.
GenBank: ITS = MW741433; sod2 = MW822604; apn2 =
MW822624; apn2/matl = MW915570; tub2 = MW740367;
act = MW822655; gapdh = MW740228.
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Figure 5. Colletotrichum nicholsonii (from strain UTFC 366). A. Colony on OA after 7 d. B. Colony on SNA amended with a double autoclaved
stem of Anthriscus sylvestris and autoclaved filter paper. C. Seta. D, E. Acervuli. F, H. Conidiophores. G, O. Conidia. I-N. Appressoria. C,
D. from Anthriscus stem. E. from autoclaved filter paper. F-O. from SNA. D-E. DM. C, F-O. DIC. Scale bars: D-E = 50 pm, C, F-0O = 10 ym.
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Figure 6. Colletotrichum persicum (from ex-holotype strain UTFC 370). A-B. Colony on OA after 7 d, A. upper and B. reverse side. C. Tip
of a seta. D-F. Conidiophores. G. Basis of a seta. H-L. Conidia. M-R. Appressoria. C-L. from Anthriscus stem. M-R. from SNA. C-R. DIC.
Scale bars: C-R = 10 pm.
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Diagnosis: Conidia on Anthriscus stem measure 26—
35.5 x 3-5.5 um (excluding appendages) and appres-
soria on SNA 10-23 x 5-13 um. The species differs from
all other Colletotrichum species by its unique DNA
sequences (as far as currently comparable) and by the
existence or the length, respectively, of conidial appen-
dages, which exceeds those of all other species (11-
20 um long, mean = 15.2 um). Value, site and direction
of their curvature are very variable in contrast to the
uniform appendages of C. sacchari.

Etymology: Referring to the ancient name of Iran, the
country from which this fungus was first collected.

On Anthriscus stem: Conidiomata acervular, coni-
diophores and setae formed on a basal cushion of pale
brown angular cells. Setae abundant, medium to dark
brown, 3-5-septate, 75-198 pm long, smooth-walled,
tapering toward a round or slightly acute, base cylind-
rical to conical, sometimes inflated, 4-7 um diam.
Conidiophores, hyaline, pale to medium brown,
branched, septate, up to 70 pm long. Conidiogenous
cells pale to medium brown, smooth-walled, clavate,
cylindrical, opening 1.5-2 pm, collarette 1-1.5 pm
long, periclinal thickening visible. Conidia enteroblas-
tic, aseptate, hyaline, smooth-walled, falcate, apex pro-
longed into a filiform appendage, 26-35.5 x 3-5.5 um,
mean + SD=30.4+2.09%x4.3+0.6 um, L/Wratio=7.1
(excluding appendage), conidial appendage 11-20 pm
long, mean + SD =15.2 + 2.3 pm.

On SNA: Hyphae septate, branched, hyaline to pale
brown, 1-6 um diam. Not sporulating. Setae not
observed. Hyphal appressoria solitary, aseptate,
smooth-walled, pale to dark brown, globose, subglo-
bose to ellipsoidal, oblong to clavate, edges entire or
more or less lobed, 10-23 x 5-13 um, mean =+
SD=16+4.1 x9 £ 1.9 um, L/W ratio = 1.8.

Culture characteristics: Colonies on OA flat with entire
margin, surface partly covered with white to pale mouse
gray cottony aerial mycelium, luteous at the margin,
a yellow pigment diffusing into the agar medium, reverse
luteous, 58-60 mm diam in 7 d. Colonies on SNA flat with
entire, sometimes fimbriate or irregular margin, filter
paper, Anthriscus stem and agar medium covered with
fluffy, olivaceous gray aerial mycelium; reverse olivaceous
gray, dark olivaceous gray in the center, 60-62 mm diam
in 7 d (>90 diam mm in 10 d). Conidia in mass yellow.

Additional specimen examined: IRAN. GUILAN:
Kuchesfahan, from leaves of Phragmites australis,
Oct 2013, A. Alizadeh, culture IRAN 3711C = UTFC
369 = CBS 148573 = DSM 113399 = GLMC 2646.

Notes: No Colletotrichum species was previously
described from Phragmites, but Grove (1916) described
a variety, namely C. lineola var. phragmitis, from culms

of Phragmites in Moreton, Cheshire, UK. The spores of
this fungus were oblong-fusoid, measuring 15-25 x 3—
4 pm; that means, they are not only shorter than those of
C. persicum, but also have a different shape. The only
report of a Colletotrichum species from Phragmites
based on molecular data is that of C. destructivum
(Destructivum species complex) on Phragmites sp. in
the USA (Damm et al. 2014), while the study of Wong
and Hyde (2001) includes unidentified Colletotrichum
species on Phragmites australis in Hong Kong.

Colletotrichum persicum can be identified with
sequences of all loci available. In a blastn search on
NCBI GenBank, the ITS sequence of the ex-type strain
UTEC 370 was 99% identical (2 nucleotides difference)
with those of C. caudatum isolates MAFF 305700 and
I-99 (AB042304 and AB042305, Moriwaki et al. 2002),
closest ex-type strain was with 3 nucleotides difference
that of C. caudasporum. Closest matches with the gapdh
sequence of C. persicum were with 97% identity (8 nc.
diff.) C. ochraceae strains CGMCC 3.15102 and
CGMCC 3.15104 (ex-type); closest matches with the
act and tub2 sequences with 98% (6 nc. diff.) and 99%
(5 nc. dift.), respectively, the C. caudasporum strain. The
sod2 sequence was 97% identical (12 nc. diff.) with those
of all C. zoysiae strains (no sod2 sequence of the ex-type
strain available). Closest matches with the apn2
sequences of C. persicum were those of C. caudatum
isolate MAFF 305700 (JX076926, Crouch 2014) with
99% identity (9 nc. diff.); the closest ex-type strain that
of C. zoysiae with 98% identity. Closest matches with the
apn2/matl sequence of C. persicum were those of
C. baltimorense isolates SD3 and SD6 with 97% identity
(27 nc. diff.); the closest ex-type strains that of
C. somersetense with 96% identity.

Like the species from Saccharum spontaneum that is
described below, C. persicum belongs to the Caudatum
subclade of the Graminicola species complex that is
characterized by the formation of curved conidia with
a filiform appendage (Crouch 2014). However,
C. ochraceae, the closest neighbor of C. persicum, is an
exception as it forms conidia without appendages (Tao
et al. 2013). Therefore, the two species can easily be
distinguished from each other by the existence of
a filiform appendage. With an average of 15.2 um (11—
20 um) the conidial appendages of C. persicum are larger
than those of all other species in this clade. In contrast to
C. duyunensis, in which setae are lacking, C. persicum
forms abundant setae.

Colletotrichum sacchari Alizadeh, Damm, Jav.-Nikkh &
Stukenbr. sp. nov. FIG. 7
MycoBank: MB839811
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Figure 7. Colletotrichum sacchari (from ex-holotype strain UTFC 363). A-B. Colony on OA after 7 d, A. upper and B. reverse side. C. Seta.
D. Acervuli. E-G. Conidiophores. H-L. Conidia. M—R. Appressoria. C-L. from Anthriscus stem. M-R. from SNA. D. DM. C, E-R. DIC. Scale
bars: D = 50 um, C, E-R = 10 pm.
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Typification: IRAN. Golestan: Galugah, from leaves of
Saccharum spontaneum, Sep 2012, A. Alizadeh &
A. Pordel (holotype IRAN 17630F). Ex-holotype culture
IRAN 3707C = UTFC 363 = CBS 148575 = DSM 113401
= GLMC 2647. GenBank: ITS = MW741431; sod2 =
MW822602; apn2 = MW822622; apn2/matl =
MW915568; tub2 = MW740368; act = MW822656;
gapdh = MW740229.

Diagnosis: Conidia on Anthriscus stem measure 23—
31.5 x 4.5-6 pum (excluding appendages), conidial
appendages 11-16.5 um and appressoria on SNA 11.5-
50 x 6-19.5 pum. The species differs from all other
Colletotrichum species by its unique DNA sequences
(as far as currently comparable) and the often deeply
lobed to branched and septate appressoria. Conidial
appendages are uniform regarding value, site and direc-
tion of their curvature in contrast to the very variable
appendages of C. persicum, while they are lacking in
C. ochraceae.

Etymology: Referring to the host, Saccharum.

On Anthriscus stem: Conidiomata acervular, forming
cushions of pale brown angular cells, from which setae
and conidiophores are produced. Setae abundant, med-
ium to dark brown, 2-4-septate, however septation
hardly visible, straight, sometimes bent, 121-226 pm
long, smooth-walled, tapering toward a round or slightly
acute apex, base cylindrical to conical, sometimes
inflated, 4-7.5 pum diam. Conidiophores pale to medium
brown, simple, septate, up to 70 pm long.
Conidiogenous cells pale to medium brown, smooth-
walled, clavate or cylindrical, opening 1.5-2 pm, collar-
ette and periclinal thickening not observed. Conidia
enteroblastic, aseptate, hyaline, smooth-walled, falcate,
apex prolonged to a filiform appendage, 23-31.5 x 4.5-
6 um, mean * SD = 275 + 1.8 x 4.7 £ 0.2 ym, L/'W
ratio = 5.8 (excluding appendage), conidial appendage
11-16.5 pm long, mean + SD = 13.5 £ 1.6 pm.

On SNA: Hyphae hyaline to pale brown, smooth-
walled, septate, branched, 1-6 um diam. Not sporulating.
Setae not observed. Hyphal appressoria smooth-walled,
medium to dark brown, either aseptate, globose, subglo-
bose, ellipsoidal to clavate with entire margin or more
complex, irregularly shaped, elongate cylindrical, deeply
lobed to branched and septate, 11.5-50 x 6-19.5 um,
mean + SD =18.8 £ 8.3 x 10.5 + 2.8 um, L/W ratio = 1.8.

Culture characteristics: Colonies on OA flat with
entire margin, almost entirely covered with whitish
to smoky gray, cottony aerial mycelium, olivaceous
at the margin, reverse pale gray, pale blue or pale
violet, dark gray at the center, 69-70 mm diam in
7 d. Colonies on SNA flat with entire margin, hya-
line; filter paper, Anthriscus stem and agar medium

covered with whitish, buff to smoky gray aerial
mycelium, reverse hyaline with black spots mainly
under the filter paper, 70-72 mm diam in 7 d (>90
diam mm in 10 d). Conidia in mass orange.

Notes: Colletotrichum sacchari is not closely related to
C. falcatum that was also described from Saccharum,
however from S. officinarum in Indonesia. The ex-type
strains of C. sacchari and C. falcatum belong to different
clades in the phylogenies of this study (FIGS. 1, 2). In
contrast to C. falcatum, C. sacchari belongs to the
Caudatum subclade of the Graminicola species complex
that is characterized by the formation of curved conidia
with appendages (Crouch 2014). Von Arx (1957) syno-
nymized Colletotrichum species with falcate conidia
from Poaceae, including C. falcatum, with
C. graminicola, however considered the existence of
formae speciales on different hosts. After several patho-
genicity tests on sorghum, sugar cane and rye with
a strain from maize failed, Messiaen et al. (1959) imple-
mented this by naming some formae speciales of
C. graminicola, including C. graminicola f. sp. sacchari,
apparently referring to C. falcatum however, lacking any
definite connection to it.

There is only one report of a Colletotrichum species
from S. spontaneum listed in the USDA fungal database
(Farr and Rossman 2021), that of C. falcatum on
S. spontaneum in India. However, there are several
reports from S. officinarum, including: C. crassipes in
Malaysia (Liu 1977), C. exoticum in India (Mathur
1979), C. falcatum in many countries (Sutton 1980),
C. gloeosporioides in India (Viswanathan et al. 2003),
C. graminicola in several countries mostly located in
south  America (Farr and  Stevenson  1963),
C. graminicola f. sp. sacchari in Brazil (Mendes et al.
1998), C. graminicola (as C. graminicolum) in Pakistan
(Ahmad et al. 1997) and Colletotrichum sp. in India
(Alvarez 1976; Mathur 1979). Most of these reports are
very old and there is no DNA data to support the identi-
fication of the reported fungi. Moreover, some of the
reported species have not yet been revised in modern
terms. However, none of these fungi produce conidia
with a filiform appendage that is the prominent feature
of the members of the Caudatum clade, including
C. sacchari and it is therefore unlikely that any of these
reports refers to C. sacchari. In this study, we also isolated
C. cereale and C. sublineola from S. spontaneum in Iran.

Colletotrichum sacchari can be identified with
sequences of all loci studied here. In a blastn search on
NCBI GenBank, the ITS sequence of the ex-type strain
UTFC 363 was 99% identical (3 nc. diff.) with that of
C. ochraceae strains CGMCC 3.15102 and CGMCC
3.15103 and C. zoysiae strains MAFF 238573 (ex-type),



MAFF 238574 and MAFF 238575 that are included in
this study. Closest matches with the gapdh sequence of
C. sacchari were with 97% identity (8 nc. diff.),
C. ochraceae strains CGMCC 3.15102 and CGMCC
3.15104 (ex-type); closest match with the act and tub2
sequences was with 98% (5 nc. diff.) C. caudasporum
strain CGMCC 3.15106. The sod2 sequence was 98%
identical (11 nc. diff.) with those of C. zoysiae, including
its ex-type and 98% identical (4 nc. diff.) with that of the
lectotype of C. caudatum, BPI423339; the latter
sequence is however very short. Closest matches with
the apn2 and apn2/matl sequences of C. sacchari were
those of C. caudatum isolate MAFF 305700 (JX076926,
Crouch 2014) with 99% and 97% identity (8 and 34 nc.
dift.), respectively; the closest ex-type strains those of
C. zoysiae and C. somersetense with 98% and 96% iden-
tity, respectively.

Colletotrichum sacchari differs morphologically
from C. persicum that is described above in terms of
conidial dimension, shape and size of appressoria, size
and conidial appendages. The L/W ratio of conidia of
C. sacchari is lower than that of C. persicum (5.8 vs.
7.1). Moreover, the conidial appendages of C. sacchari
are very uniform, like an extension of the conidium; the
direction of their curvature is usually toward the dorsal
side or longitudinal axis of the conidia. In contrast, the
conidial appendages of C. persicum are very variable
regarding value, site and direction of the curvature that
is sometimes toward the dorsal and sometimes toward
the ventral side of the conidium. They vary from nearly
straight to strongly curved, are sometimes bent just at
its origin at the conidium and sometimes near its tip,
just as they would be flexible. The conidial appendages
of C. sacchari are longer than those of C. alcornii, that
measure 2.0-6.0 pm. C. sacchari apparently differs
from C. duyunensis by setae formation (abundant
setae in C. sacchari vs. absence of setae in
C. duyunensis). Colletotrichum sacchari can easily be
distinguished from all others species in the caudatum
clade by shape and size of appressoria (FIG. 7).

Colletotrichum sublineola Henn. ex Sacc. & Trotter,

Syll. Fung. (Abellini) 22: 1206 (1913). FIG. 8.

On Anthriscus stem: Conidiomata acervular, abun-
dant. Setae abundant, medium to dark brown, 2-4-sep-
tate, straight, up to 150 pm long, smooth-walled,
tapering to an + acute apex, base cylindrical, sometimes
bent or inflated, 6-7.5 um diam. Conidiophores hyaline
or hyaline to pale brown, branched, septate, up to 50 um
long. Conidiogenous cells hyaline or hyaline to pale
brown, smooth-walled, clavate to cylindrical, opening
1.5-2 um, collarette and periclinal thickening not visible.
Conidia enteroblastic, aseptate, hyaline, smooth-walled,
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falcate, slightly more strongly curved toward the acute
apexes than the truncate bases, 23-27.5 x 4-4.5 pm,
mean + SD =25.2 + 1.2 x 4.2 £ 0.2 um, L/W ratio = 6.

On SNA: Hyphae septate, branched, hyaline, 1.5-
6 um, Conidiomata acervular, abundant. Setae abun-
dant, smooth-walled, pale to medium brown, 2-4-sep-
tate, straight, up to 140 pum long, tapering toward
a round or slightly acute apex, base cylindrical to con-
ical, sometimes inflated, 2.5-7.5 um diam.
Conidiophores pale to medium brown, branched, sep-
tate, up to 50 pm long. Conidiogenous cells pale to
medium brown, smooth-walled, clavate to cylindrical,
opening 1.5-2 um, collarette and periclinal thickening
not visible. Conidia enteroblastic, aseptate, hyaline,
smooth-walled, falcate, slightly more strongly curved
toward the acute apexes than the truncate bases, 20—
29.5 x 3.5-5 um, mean = SD =23 £ 2.1 x 3.5 £ 0.2 um,
L/W ratio = 6.5. Hyphal appressoria solitary, aseptate,
smooth-walled, pale to medium brown, globose,
oblong, ovoid, obovoid to clavate, edges entire or
more or less lobed, 10-21.5 x 10-17 pm, mean +
SD =16.5%1.3 x 14.8 £ 1.4 um, L/W ratio = 1.4.

Culture characteristics: Colonies on OA flat with
entire margin, pale olivaceous gray to greenish gray,
partly covered with gray, felty to wooly aerial mycelium,
and in the center with orange conidial masses, yellow to
luteous pigment diffusing into the agar medium, reverse
pale olivaceous gray to luteous, 73-75 mm diam in 7 d.
Colonies on SNA flat with entire margin, hyaline, filter
paper, Anthriscus stem and agar medium covered with
white to pale olivaceous gray aerial mycelium; reverse
hyaline, 69-70 mm diam in 7 d (>90 diam mm in 10 d).
Conidia in mass orange.

Specimens examined: IRAN. GUILAN: Rasht, from
leaves of Sorghum halepense, Oct 2013, A. Alizadeh,
culture IRAN 4296C = UTFC 380; IRAN. GUILAN:
Rasht, from leaves of Saccharum spontaneum,
Oct 2013, A. Alizadeh, culture IRAN 4297C = UTEC
381 = CBS 148576 = DSM 133402= GLMC 2648; IRAN.
GUILAN: Rasht, from leaves of Sorghum halepense,
Oct 2013, A. Alizadeh, culture IRAN 4295C = UTEC
378; IRAN. GUILAN: Rasht, from leaves of Sorghum
halepense, Oct 2013, A. Alizadeh, culture IRAN
3714C = UTEC 372.

Notes: Colletotrichum sublineola was previously only
reported from Sorghum species, including S. bicolor
(United States, Brazil, Burkina Faso, Japan, South
Africa, Sudan, Togo, Zambia), S. halepense (United
States), Sorghum sp. (Togo, United States) and
S. vulgare var. technicum (United States) (Farr and
Rossman 2021). Moreover, this species was so far only
reported from S. halepense (Johnsongrass) in the United
States (Alabama, Florida, Georgia, Indiana, Kentucky,
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Figure 8. Colletotrichum sublineola (from strain UTFC 381). A-B. Colony on OA after 7 d, A. upper and B. reverse side. C. Tip of a seta. D,
E. Acervuli. F. Conidiophores. G. Base of a seta. H, |, P. Conidia. J-O. Appressoria. C, G-I. from Anthriscus stem. D-F, J-P. from SNA. D,
E. DM. C, F-P. DIC. Scale bars: D-E = 50 pm, C, F-P = 10 pym.
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Figure 9. Wild Poaceae and Cyperaceae plants with symptoms of anthracnose or leaf spots from which Colletotrichum species were
isolated in this study. A-B. Cyperus sp. (C. caspicum). C. Poaceae sp. (C. caspicum). D. Cynodon dactylon (C. caspicum). E. Lolium sp.
(C. cereale). F-H. Paspalum dilatatum (C. nicholsonii). 1-). Phragmites australis (C. persicum). K-L. Saccharum spontaneum (C. sacchari).
M. Anthracnose symptoms on Sorghum halepense (C. sublineola). N-P. Sorghum halepense (C. sublineola).
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North Carolina, Texas). Considering that, this species is
identified from Sorghum halepense and also from
Saccharum spontaneum in this study, presumably still
little is known about its geographical distribution and
host range. Xavier et al. (2018) showed that C. sublineola
populations obtained from Sorghum bicolor and
S. halepense from the southeastern United States are
genetically distinct, although both are capable of infect-
ing different cultivars of Sorghum bicolor.

DISCUSSION

In this study, six Colletotrichum species were differentiated
that were associated with anthracnose symptoms on leaves
or leaf spot diseases of wild Poaceae and Cyperaceae plants
in Iran (FIG. 9), including three known species, C. cereale,
C. nicholsonii and C. sublineola, while three species, namely
C. caspicum, C. persicum and C. sacchari were newly
described using a polyphasic approach combining multi-
locus phylogeny, colony characteristics, morphology, col-
lection and host data.

In simultaneous studies, different sets of loci had
previously been used for discriminating species among
the different species complexes in the genus
Colletotrichum. For example, Crouch et al. (2009¢) and
Crouch (2014) used ITS, sod2, apn2 and apn2/matl to
study the Graminicola species complex and its
Caudatum subclade. In contrast, Tao et al. (2013)
applied ITS, gapdh, act and tub2 for studying endophytic
Colletotrichum species from Bletilla ochracea, including
species of the Graminicola species complex. As a result,
individual species were characterized with different loci,
and ITS is the only locus available for all species of the
Graminicola complex described in these studies and
therefore, the only locus that can be compared with all
species. However, ITS sequences are known to have
a resolution that is too low to resolve all species of the
genus Colletotrichum (Crouch et al. 2009b; Damm et al.
2012a). Moreover, as only few morphological data of
previously described Colletotrichum species from
Poaceae are available for comparison, taxonomic studies
of species in the Graminicola complex are challenging,
and both identification and discovering of species are
impeded. Some of the previously described species,
especially those in the Caudatum subclade as well as
C. echinochloae and C. jacksonii (Crouch et al. 2009¢;
Moriwaki and Tsukiboshi 2009), might be synonyms,
which however, cannot be proven with certainty on this
basis. We tried to solve this problem for the strains
obtained from Poaceae and Cyperaceae collected in
Iran in this study by calculating phylogenies from dif-
ferent data sets based either on the combinations of loci
used by Crouch et al. (2009¢), Crouch (2014) or those

used by Tao et al. (2013) and the inclusion of as many
strains and taxa as possible in each of them, which was
however a compromise. Missing data resulted in low or
lacking support values, especially in the tree based on
ITS, sod2, apn2 and apn2/matl sequences (FIG. 1).
Therefore, the data sets, especially those of the ex-type
strains, need to be completed in further studies and the
suitability of the individual loci for species delimitation
within the Graminicola complex evaluated.

The results of this study are very valuable for under-
standing the host-pathogen relationships in the
Graminicola complex. Crouch et al. (2009d) detected
two distinct lineages within the Graminicola complex
corresponding to the C3 and C4 photosynthetic pathways
of their Poaceae hosts. The C4 lineage comprises several
Colletotrichum species (including those later referred to as
Caudatum subclade) that inhabit warm-season (C4)
grasses, for example maize and sorghum. These species
are apparently very host specific; they are exclusively
associated with single host genera or species. In contrast,
the C3 lineage, only consists of C. cereale, that has a wide
host-range and had only been isolated from cool-season
(C3) grasses. Later, Tao et al. (2013) isolated six species
belonging to the Graminicola complex, both from the C3
and the C4 lineage, for the first time from a plant host
other than Poaceae (Bletilla ochracea, Orchidaceae).
These species were however isolated as endophytes of
this orchid, while they are pathogens of Poaceae hosts.
In this study, C. cereale (C3 lineage) was isolated from
both cool-season (C3, Lolium sp.) and warm-season (C4,
Saccharum spontaneum) grasses with anthracnose symp-
toms or leaf spots. Moreover, the new species C. persicum
was described in the C4 lineage from Phragmites australis,
which is a very adaptable grass with characteristics both of
the C3 and C4 pathways (Milke et al. 2020). These are
further exceptions of the splitting of the Graminicola
complex in a C3 and a C4 lineage. Moreover, the distant
location of the C. cereale clade (C3 lineage) cannot be
entirely confirmed with the phylogenies in this paper.

To our best of knowledge, this study comprises the
first reports of C. cereale, C. nicholsonii and C. sublineola
for the mycobiota of Iran. Saccharum spontaneum (C4)
was identified as a common host of both C. sublineola
and C. cereale. Moreover, after the differentiation of the
strains from Eremochloae from C. sublineola and their
recognition as a separate species, C. eremochloae by
Crouch and Tomaso-Peterson (2012), C. sublineola
was regarded as only occurring on Sorghum species
(Crouch and Tomaso-Peterson 2012; Xavier et al.
2018). In this study, C. sublineola was isolated not only
from Sorghum halepense but also from Saccharum spon-
taneum that represents a new report of a host genus for
a species of the C4 lineage of the Graminicola complex



that was previously regarded as being restricted to one
host genus or species each.

The newly described species C. caspicum is not
restricted to Poaceae. The strains originated from at
least two hosts belonging to different plant families,
Poaceae and Cyperaceae, and in two countries in Asia,
Iran and China. Results of blast searches based on ITS
sequences indicate an even wider host spectrum and
a further distribution of this species that might include
Europe (Poland) and North America (USA) (Goérzynska
et al. 2019; M.B. DeMers and G. May, unpubl. data).
However, these results still need to be confirmed based
on sequencing of further loci.

The systematic position of C. caspicum in the two
phylogenies in this study is basal to all other species of
the Graminicola complex, which also means it belongs
neither to the C3 nor the C4 lineage. Blastn searches on
NCBI GenBank indicate a close relationship of this
species both to the Spaethianum and the Graminicola
species complex. However, based on preliminary ana-
lyses, including the ex-type strains of this complex,
C. caspicum does not belong to the Spaethianum com-
plex, and the species was tentatively assigned to the
Graminicola complex. However, individual species of
most of the species in the Graminicola complex are not
closely related; backbone support is missing or low
(Marin-Felix et al. 2017; Bhunjun et al. 2021; this
study). Therefore, the systematic position of all species
of the Graminicola complex needs to be revised with
a more complete sequence data set that would allow
a better analysis of all Colletotrichum species combined.
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