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Abstract: Convolvulus arvensis is an herbaceous dicotyledonous plant in the Convolvulaceae family that
is native to Europe and Asia. It is a perennial soboliferous plant and is one of the most harmful weeds.
This weed is successful in many types of climates, including temperate, tropical, and Mediterranean
climates, but it is most troublesome for agriculture throughout the temperate zone. In this study,
several pathogenic isolates were collected from this host. The internal transcribed spacer (ITS) and
large subunit (28S) or ribosomal DNA, partial DNA-directed RNA polymerase II subunit (rpb2), and
B-tubulin (tub2) genes were amplified and sequenced for all the isolates studied. Further, both a
multilocus phylogenetic analysis of DNA sequences and an analysis of morphological features were
implemented. Based on the results obtained, all the studied isolates were found to be distinct from
any described species in the genus Ascochyta and are, therefore, described here as a new species
Ascochyta erotica sp. nov. The pathogenicity of A. erotica sp. nov. was also tested and confirmed on
leaf segments of C. arvensis.
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1. Introduction

The genus Ascochyta Lib. (Dothideomycetes, Pleosporomycetidae, Pleosporales, Didymel-
laceae) was established in 1830, with Ascochyta pisi Lib. as the type species [1]. It was
initially assumed that the most informative taxonomic character of species in this genus
was two-celled conidia in thin-walled pycnidia developing in leaves and branches [2]. In
2004, as a result of a comprehensive analysis of the morphological features of pycnidial
fungi [3], the Ascochyta species was found to be associated with Phoma Sacc. sensu lato.
Subsequently, it was stated that classification systems based on morphological characters
are very artificial and do not reflect evolutionary relationships.

In 2015, Chen and Cai [4] emended the protologue for Ascochyta, which had previ-
ously been classified in the Didymellaceae family, that included most Phoma-like species [5].
Thereat, several Didymella Sacc. and Phoma, Septoria Sacc. species were transferred to the
genus Ascochyta, and on the contrary, other Ascochyta species were reclassified into Boeremia
Aveskamp, Gruyter & Verkley, Calophoma Qian Chen & L. Cai, Didymella, Neoascochyta Qian
Chen & L. Cai, Remotididymella Valenz.-Lopez, Crous, Cano, Guarro & Stchigel, Sclerotio-
phoma L.W. Hou, L. Cai & Crous, Stagonosporopsis Died., Vacuiphoma Valenz.-Lopez, J.F.
Cano, Crous, Guarro & Stchigel [4,6,7]. According to the actual taxonomy of the Didymel-
laceae family, the identification of its members, especially Ascochyta species, should be
based on the consolidated species concept (CSC), which relies on the integration of phylo-
genetic, morphological, and biological characters. Phylogenetic data should be obtained
by genealogical concordant phylogenetic species recognition (GCPSR) using a multilocus
phylogenetic analysis to identify fungal species [4,6-10].

From the mid-19th to the mid-20th century, over 1100 Ascochyta species were de-
scribed [11]. Over the past five years, only nine new Ascochyta species have been described
according to the CSC. To date, the Mycobank has listed 1518 items (=species epithets) for
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Ascochyta, and among them, 225 are illegitimate or invalid or an orthographic variant. Of
these, the molecular multilocus phylogeny was reconstructed for only 24 Ascochyta species.

Ascochyta species could be associated with plants from more than 150 families [11]. In
most cases, the host range of species belonging to this genus is very limited and is found
mainly on the Apiaceae, Asteraceae, Brassicaceae, Fabaceae, Lamiaceae, Ranunculaceae, Rosaceae,
Poaceae, etc., and several species are associated with one specific host but may also be
revealed on other related species of the same genus or family. [11,12].

Field bindweed, Convolvulus arvensis L., is native to Europe and Asia. This is a
perennial soboliferous plant and is one of the most harmful weeds. This weed is successful
in many types of climates, including temperate, tropical, and Mediterranean climates, but
it is most destructive to agriculture throughout the temperate zone [13].

Among the Ascochyta species associated with Convolvulaceae, there are Ascochyta con-
volvuli Lib. (current name Sphaeria lichenoides var. convolvulicola DC.) (Russia, North Ossetia-
Alania, former USSR, Uzbekistan, and France), Ascochyta calystegiae Sacc. (Russia, Voronezh
and Leningrad regions, Europe, Bulgaria, Czech Republic, Germany, Estonia, France, and
Slovakia) [11,14], and Ascochyta kleinii Bubak, (Armenia, Bulgaria, China, Hungary, and
Poland) [11,14]

Across the other Phoma-like fungi from Convolvulus spp., the following have been
described: Phoma convolvuli Wehm. in India [15] and Pakistan [14], Phoma capsularum Cooke
& Harkn. in Uzbekistan [14], Phoma proboscis Heiny in USA [16], Didymella macrostoma
(Mont.) Qian Chen & L. Cai in Turkey [14], Paraphoma melnikii Gomzhina & Gasich in
Russia and Ukraine, and Paraphoma convolvuli (Dearn. & House) Gomzhina & Gasich in
Kazakhstan [17].

The aim of this study was to identify Ascochyta sp. isolated from C. arvensis with leaf
spots collected in the Kyrgyz Republic according to the CSC by their phylogenetic, micro-
morphological, and cultural features. An additional goal was to validate the pathogenicity
of the identified isolates.

2. Materials and Methods
2.1. Plant Material

One specimen of C. arvensis included leaves with necrotic lesions that were collected in
the Tchui region (Kyrgyz Republic) in August 2002. For fungal isolation, the pycnidia from
these leaves were transferred with a needle in a drop of sterile water into Petri dishes, and
after the release of spores from the pycnidia, a potato—sucrose agar (PSA) [18] was added.
The Petri dishes were incubated at 24 °C in the dark and were analyzed after 7-10 days
of cultivation. Then, five obtained isolates were transferred to fresh PSA. Samples of the
infected leaves were deposited in the mycological herbarium (LEP) of the All-Russian
Institute of Plant Protection (VIZR). All the isolates used in this study were stored in
microtubes on PSA at 4 °C in the mycological collection of pure cultures in the A. A.
Jaczewskii Laboratory of Mycology and Phytopathology (MF; VIZR).

2.2. DNA Isolation, PCR, and Sequencing

Mycelium was collected from the cultures on PSA and grinded with 0.3 mm glass sand
in an MM400 mixer mill (Retsch, Haan, Germany). Genomic DNA was extracted according
to the standard CTAB/ chloroform protocol [19].

The internal transcribed spacer (ITS) and large subunit (28S) or ribosomal DNA,
partial DNA-directed RNA polymerase II subunit (rpb2), and B-tubulin (tub2) genes were
amplified and sequenced for all the isolates studied. The primers ITS1F [20] and ITS4 [21]
and LROR [22]/LR5 [21] were used to amplify the ITS and 28S regions, respectively. The
primers fRPB2-5f2 [23] and fRPB2-7cR [24] and pftub2Fw/ptub4Rd [25] were used to
amplify the partial rpb2 and tub2 genes, respectively.

The amplification reactions had a total volume of 25 uL, including dNTPs (200 uM),
forward and reverse primers (0.5 uM each), Taq DNA polymerase (5 U/uL), 10x PCR
buffer with Mg?*, and NH*" and 1-10 ng of total genomic DNA.



Diversity 2024, 16, 246

30f15

The PCR conditions were as follows: 95 °C for 5 min, followed by 35 cycles of 92 °C
for 50 s, 55 °C for 40 s (ITS1F/ITS4 and LROR/LR5), 52 °C for 40 s (Btub2Fw/ftub4Rd),
72 °C for 75 s, and a final elongation for 5 min at 72 °C.

The partial rpb2 gene was amplified according to the touchdown program. All the
steps were the same as described above, but the annealing temperature consequently
declined from 5 cycles of 60 °C for 40 s and 5 cycles of 58 °C for 40 s to 30 cycles of 54 °C
for 40 s.

PCR amplification products were checked using electrophoresis in 1% agarose gel stained
with ethidium bromide. Amplicons were purified according to a standard method [26]. Then,
the DNA of the amplicons was sequenced from both strands by Sanger’s method [27] on an
ABI Prism 3500 analyzer (Applied Biosystems, Thermo Fisher Scientific, Waltham, MA, USA)
with a Bigdye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Thermo Fisher
Scientific) according to the manufacturer’s instructions.

The nucleotide sequences of the ITS, 285, rpb2, and tub2 genes obtained were deposited
in the GenBank database with corresponding accession numbers (Table 1).

Table 1. GenBank accession numbers of studied and reference isolates.

GenBank Accession Number

Ascochyta Species Strain ID TS 285 b2 ubo

A. amygdali IRAN 2641C, T OK257015 0OK257023 - OK247742
A. astragalina CBS 113797, T KT389482 KT389699 MTO018257 KT389776
A. benningiorum CBS 144957, T MN823581 MN823432 MN824606 MNB824755
A. clinopodiicola CBS 123524 MN973587 MN943793 - MT005693
A. coronillae-emeri MFLUCC 13-0820, T MHO069661 MH069667 MH069679 MHO069686
A. erotica sp. nov. MF-17.19, R MHe651544 MH651585 PP197204 PP197203
A. erotica sp. nov. MF-17.20, T MH651559 MH651600 PP197205 MH?725219
A. erotica sp. nov. MF-17.21, R MH651545 MH651586 PP197206 MH?725220
A. erotica sp. nov. MF-17.23, R MHe651546 MH651587 PP197207 MH?725221
A. erotica sp. nov. MF-17.24, R MH651547 MH651588 PP197208 MH?725222
A. fabae CBS 524.77 GU237880 GU237963 MT018241 GU237526
A. flava CGMCC 3.20067; LC 13574, T MT229693 MT229670 MT239090 MT249261
A. herbicola CBS 629.97, R GU237898 GU238083 KP330421 GU237614
A. kamchatica MF 010-031, T MF065724 MF065747 MT293558 MEF065768
A. koolunga CBS 373.84 KT389481 KT389698 KT389560 KT389775
A. lentis CBS 370.84 KT389474 KT389691 MT018246 KT389768
A. medicaginicola CBS 112.53, T GU237749 GU238101 MT018251 GU237628

A. neopisi MFLU 16-0291, T MT177918 MT177945 MT432201 -
A. nigripycnidia CBS 116.96, T GU237756 GU238118 MT018253 GU237637
A. phacae CBS 184.55, T KT389475 KT389692 MTO018255 KT389769
A. pilosella CBS583.97, T MN973590 MN943796 MT018258 MT005696
A. pisi CBS 122785, T GU237763 GU237969 MT018244 GU237532

A. premilcurensis MFLUCC 14-0518, T KT326694 KT326695 - -
A. rabiei CBS237.37, T KT389479 KT389696 MT018256 KT389773

A. rosae MFLUCC 15-0063, T KY496751 KY496731 KY514409 -
A. syringae CBS 545.72 KT389483 KT389700 MT018245 KT389777
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Table 1. Cont.
hvia S GenBank Accession Number
Ascochyta Species Strain ID
yiaop ram ITS 288 rpb2 tub2

A. vicige CBS 451.68 KT389484 KT389701 KT389562 KT389778

A. viciae-pannonicae CBS 254.92 KT389485 KT389702 MT018250 KT389779

A. viciae-villosae CBS 255.92 MN973584 MN943790 MTO018249 MT005690

Phomatodes nebulosa CBS 117.93 GU237757 GU238114 KP330425 GU237633

Acronyms of culture collection: CBS—Westerdijk Fungal Biodiversity Institute, Utrecht, the Netherlands;
CGMCC—China General Microbiological Culture Collection Center, Beijing, China; IRAN—culture collection of
the Iranian Research Institute of Plant Protection (IRAN C), Tehran, Iran; MF—collection of pure cultures of the
Laboratory of Mycology and Phytopathology, All-Russian Institute of Plant Protection, VIZR, Saint Petersburg,
Russia; MFLU—herbarium of Mae Fah Luang University, Chiang Rai, Thailand; MFLUCC—Mae Fah Luang
University culture collection, Chiang Rai, Thailand. All new generated sequences are in bold. The ex-type and
representative strains are marked with T and R, respectively.

2.3. Phylogenetic Analyses

To implement GCPSR and explore the possibility of constructing a set of four loci, ITS,
28S, rpb2, and tub2 were examined in a multilocus phylogenetic analysis, and single-locus
trees were generated and compared to detect conflict. The multilocus phylogenetic analysis
included sequences of all the studied isolates and 24 Ascochyta strains representing all the
24 species currently accepted in this genus. The tree was rooted at the ex-type Phomatodes
nebulosa (Persoon) Q. Chen & L. Cai CBS 117.93.

Sequences were assembled using Vector NTI advance v. 11.0 (Invitrogen, Thermo
Fisher Scientific) and aligned with ClustalX 1.8 [28]. The alignments were optimized
with Molecular Evolutionary Genetics Analysis 10 (MEGA X) [29] and concatenated using
Sequence Matrix [30].

The phylogenetic analysis of the concatenated alignment included maximum likeli-
hood (ML), maximum parsimony (MP), and Bayesian inference. The maximum likelihood
analyses were conducted using RaxML in IQtree [31], and the MP analyses were con-
ducted using MEGA X. The Bayesian inference was conducted using MrBayes v. 3.2.1. in
ARMADILLO v. 1.1 [32].

The maximum likelihood analyses were performed on a neighbor-joining starting
tree that was automatically generated by the software. The nearest-neighbor interchange
was used as the heuristic method for the tree inference, and 1000 bootstrap replicates
were performed. IQtree was also used to determine the best nucleotide substitution
model according to the Bayesian information criterion (BIC) that was used for building the
maximum likelihood trees. Bootstrap values with 1000 replicates were calculated for the
tree branches.

The maximum parsimony analyses were performed using the heuristic search option
with 100 random taxon additions and the subtree pruning regrafting method as the branch-
swapping algorithm. All the characters were unordered and of equal weight, and gaps were
treated as missing values. The input parameter “maxtrees” was set to 100, and branches of
zero length were collapsed. Clade stability was assessed using a bootstrap analysis with
1000 replicates. Afterwards, parameters including the consistency index, retention index,
tree length, rescaled consistency index, and homoplasy index were calculated.

The Bayesian analyses were performed using the Markov chain Monte Carlo (MCMC)
sampling method. The general time-reversible model of evolution, including the estimation
of invariable sites and assuming a gamma distribution with six rate categories, was used for
the Bayesian inference analyses. Four MCMC chains were run simultaneously, starting from
random trees for 1000 generations and sampling every hundredth generation for a total
of 2.000,000 trees. The final matrices used for the phylogenetic analyses and phylogenetic
trees were deposited in TreeBASE (www.treebase.org; accession number 31140, accessed on
19 April 2024).
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2.4. Morphology

Pure cultures of the studied isolates were incubated on PSA, oatmeal agar (OA), and
malt extract agar (MEA) [3]. The petri dishes were placed for 7 d in darkness and then for
7 d under a 12 h near-ultraviolet light/12 h dark cycle to stimulate sporulation. Colony
diameter was measured after 7 d, and colony morphology was examined after 14 d [3].
Morphological features of spore-bearing structures were described from the colonies on
OA [3]. Observations and measurements of 100 conidia, 50 pycnidia, and 30 conidiogenous
cells were conducted with an Olympus SZX16 stereomicroscope (Olympus, Tokyo, Japan)
and an Olympus BX53 microscope. Images were captured with a PROKYON camera
(Jenoptik, Jena, Germany) with Nomarski differential interference contrast.

2.5. Optimal Temperature for Growth

The optimal temperatures for the growth of all the isolates were determined on potato
dextrose agar (PDA), [18], OA, and MEA incubated at 20, 25, and at 30 °C in darkness in
Petri dishes with a diameter of 80 mm. Agar plugs that were 5 mm in diameter were taken
from 7-day-old PSA cultures and inverted in the center of each plate. All treatments were
replicated 4 times. Measurements of radial growth were recorded after 4, 7, and 14 days.
Images were captured at 10 d of growth.

2.6. Pathogenicity

For the pathogenicity tests, leaf segments of C. arvensis were inoculated with all the
studied isolates. Mycelial suspension was used as the inoculum. For inoculation, isolates
were grown in liquid soybean nutrient medium with the following composition: KH, POy
(0.2%), (NH4)2504 (0.1%), MgSO4 (0.1%), glucose (2%), and soy flour (1%). A total of
50 mL of medium in 250 mL flasks was inoculated with three 5 mm myecelial discs cut from
2-week-old colonies grown on PSA and kept on an orbital shaker (200 rpm) for four days at
24 °C. The mycelium was separated from the liquid culture by filtering and then dried with
filter paper and ground in sterile water to prepare a mycelial suspension of 100 mg/mL.
Leaf segments of C. arvensis collected from a natural habitat (1.5 x 1.5 cm) were placed in
Petri dishes. To create a moisture chamber effect, filter paper premoistened with sterile
water was added to each Petri dish. A drop of mycelial suspension (10 puL) was applied
to the center of the previously wounded or intact leaf segments on the abaxial or adaxial
surface of the leaf segments. In the control, the wounded or non-wounded leaf segments
were treated with 10 pL of sterile distilled water. After inoculation, closed Petri dishes with
leaf segments were kept at room temperature and evaluated for the presence of symptoms
at 3, 4, and 7 d post treatment (dpt). Subsequent reisolation of fungus from the inoculated
leaf segments and identification were carried out to fulfill the Koch postulates.

3. Results
3.1. Phylogenetic Analyses

The multilocus phylogenetic analysis based on ITS, 28S, rpb2, and tub2 sequences
inferred intraspecific relationships within all 24 Ascochyta species currently accepted in this
genus. The parsimony informative characters and the nucleotide substitution models used
for each analysis are summarized in Table 2.

The analysis of the single-gene phylogenies revealed no conflicts. The individual gene
trees (Supplementary Figures S1-54), as well the combined tree (Figure 1), demonstrated
that the studied isolates clustered in a single distinct, monophyletic, well-supported phylo-
genetic clade with high bootstrap support that did not include any ex-type or representative
Ascochyta strains and are considered to represent the new Ascochyta species. All five isolates
were identical in the ITS, 28S, rpb2, and tub2 sequences.



Diversity 2024, 16, 246 6 of 15

Table 2. Alignment properties and nucleotide substitution models used for phylogenetic analyses.

Character Status Summary ITS 28S rpb2 tub2 4 Loci
Total characters 447 828 596 295 2166
Invariable characters 402 817 437 226 1882
Informative charactrers (%) 18 2 98 46 164
Uninformative characters 27 9 61 23 120
Nucleotide substitution models K21+G K2 K2+G K2+G TNe? +1+G4
Tree length (TL) 58 12 304 121 516
Consistency index (CI) 0.6563 0.6667 0.5272 0.5567 0.5166
Homoplasy index (HI) 0.3438 0.3333 0.4728 0.4433 0.4834
Retention index (RI) 0.8778 0.9286 0.7631 0.7923 0.7558
Rescaled consistency index (RC) 0.576 0.619 0.4023 0.4411 0.3905

1 K2: Kimura 2 parameter; > TNe: Hasegawa-Kishino-Yano.

MF 17.19

MESSS Ascochyta erotica sp. nov.
100/100/1 MF 17.24 P- &

MF 17.21
MF 17.20

100/99/1 CBS 524.77 A. fabae
CBS 451.68 A. viciae

MFLU 16-0291 A. neopisi

CBS 545.72 A. syringae

CBS 370.84 A. lentis

CBS 255.92 A. viciae-villosae

CBS 254.92 A. viciae-pannonicae
MFLUCC 14-0518 A. premilcurensis
CBS 373.84 A. koolunga
CBS 116.96 A. nigripycnidia
78/-/-r IRAN 2641C A. amygdali

99/-/0.83| 'MFLUCC 15-0063 A. rosae
IR CBS 629.97 A. herbicola
CBS 113797 A. astragalina
MFLUCC 13-0820 A. coronillae-emeri
CBS 237.37 A. rabiei

CBS 144957 A. benningiorum
CBS 123524 A. clinopodiicola

WLMF 010-031 A. kamchatica
CBS 184.55 A. phacae
CBS 583.97 A. pilosella

CBS 112.53 A. medicaginicola
CBS 117.93 Phomatodes nebulosa

90/-/0.88

84/-/0.72 [
88/99/-

0.010

Figure 1. Phylogenetic tree of Ascochyta species inferred from a maximum likelihood analysis based
on a concatenated alignment of ITS, 28S, rpb2, and tub2. The maximum likelihood bootstrap support
values (MLBS > 70%), maximum parsimony bootstrap support values (MPBS > 70%), and Bayesian
posterior probabilities (BPP > 0.70) are given at the nodes (MLBS/MPBS/BPP). Tree is rooted by
Phomatodes nebulosa (CBS 117.93). The studied isolates are in blue, and the ex—type and representative
strains are in bold.
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3.2. Optimal Temperature for Growth

The colonies with the largest diameter on all three media for most isolates were
obtained at 25 °C (Table 3, Figure 2). Cultivation at 20 °C on MEA led to a decrease in
colony diameter after 7 d of 5-9%, on PDA, the decrease was 3-16%, and on OA (except
MF 17.21), the decrease was 0.2-10.5% compared with cultivation at 25 °C. The growth of
MF 17.21 on OA at 25 °C was slower (10%) than when grown at 20 °C. Also, the growth of
all isolates was recorded at 30 °C, and the colony diameter after 7 d on MEA was 40-50%
less, on PDA it was 36-52% less, and on OA it was 23—46% less than when grown at 25 °C.
Among the tested media, the colonies with the largest diameter were developed on PDA,
and the smallest were developed on MEA.

Table 3. Colony diameters of Phoma proboscis and Ascochyta erotica isolates grown at different temper-

ature on various media.

Days of MEA PDA OA
Isolate Growth o o o o o o o o o
20°C 25°C 30°C 20°C 25°C 30°C 20°C 25°C 30°C

B probosci 4 115 7.5 50 15.0 7.0 5.0 15.0 12.0 5.0

ATCC 7 240 7.5 5.0 29.0 7.0 5.0 340 125 5.0

740321 14 160 8.0 5.0 57.0 7.0 5.0 70.0 17.5 5.0
_ 4 174404 195403 125405 224+01 230404 175+03 215405 198+02 198+05
ﬁFerlo;zi’; 280+04 305+09 174406 379403 390+07 248+02 348406 352402 270404
14 575410 592406 300+08 728+08 778+0.6 408+05 708408 750+08 416406
‘ 4 181404 212402 140+£02 224+02 260+06 164+01 230+03 250+05 15503
ﬁ;rlo;z% 7 298401 328+16 192405 390+06 465+06 224-+0.1 39.0 26+09 231+0.1
14 605+10 725409 304+02 746+12 80.0 369+09 77.2+19 80.0 39.8 + 0.5
. 4 166+13 192404 136+02 21.9+04 235403 161+03 225404 198+08 146+ 06
1’31‘;_ rf;’;”l 304+02 319404 192402 398+08 425403 214+04 385+03 349+10 196+09
14 631409 702+16 332+02 782408 77.5+05 362402 758+14 698+06 394+06
. 4 202408 226+05 150404 248+02 282402 201+04 244405 251403 198402
ICIF”{);’;’; 7 361+16 380+08 205+05 43.6+04 480407 254+06 434404 435+£03 288404
14 715417 760+15 33008 80.0 818402 450+08 782412 795+05 450406
' 4 213405 244+04 145402 268+02 308402 191+01 228406 256+07 17.8+02
1‘3[;1”;1;1 365+03 400+11 198402 462405 53.6+02 268+06 402+02 450+04 244408
14 648+34 69.0+35 288+05 794+06 80.0 399+06 77.5+06 80.0 38.8 + 0.5

! Data on growth diameter of Phoma proboscis listed in this table were obtained from the original paper by Heiny
1990 [16].

Figure 2. Cont.
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Figure 2. Ascochyta erotica sp. nov. (ex-holotype culture MF-17.20). Colonies grown at different
temperatures on various media after 10 days of growth. (a) PDA, 20 °C; (b) PDA, 25 °C; (c) PDA,
30 °C; (d) OA, 20 °C; (e) OA, 25 °C; (f) OA, 30 °C; (g) MEA, 20 °C; (h) MEA, 25 °C; (i) MEA, 30 °C.

3.3. Taxonomy
Based on the multilocus analysis, the five Ascochyta isolates MF-17.19, MF-17.20, MA-
17.21, MF-17.23, and MF-17.24 from C. arvensis were found to be distinct from any described
species in the genus Ascochyta and are, therefore, described here as a new species.
Ascochyta erotica Gomzhina & Gasich, sp. nov. Figures 3 and 4.

Figure 3. Ascochyta erotica sp. nov. from the holotype material LEP 124536. (a) Necrotic lesions on
Convolvulus arvensis leaf; (b) pycnidia on necrotic lesion; (c) conidia. Scale bars: (b) 1 mm; (c) 20 pm.
Arrows indicate pycnidia.



Diversity 2024, 16, 246 9of 15

Figure 4. Ascochyta erotica sp. nov. (ex-holotype culture MF-17.20). (a) Culture on PSA after 7 d of
growth (front and reverse); (b) culture on OA after 7 d of growth (front and reverse); (c) culture
on MEA after 7 d of growth (front and reverse); (d) culture on PSA after 14 d of growth (front and
reverse); (e) culture on OA after 14 d of growth (front and reverse); (f) culture on MEA after 14 d
of growth (front and reverse); (g-k) pycnidia from OA after 14 d of growth; (1) conidiogenous cells;
(m) conidia. Scale bars: (g), 500 pm; (h,i), 100 um; (j,k), 200 pm; (1,m), 20 pm.
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MycoBank: 852086.

Typification: Kyrgyz Republic, Tchui region, from necrotic Convolvulus arvensis leaves,
15 Aug 2002, collected by Bilder I.V. (holotype LEP 124536). Ex-holotype living culture MF-
17.20, isolated by Gasich E.L. GenBank: ITS = MH651559, 285 = MH651600, rpb2 = PP197205,
tub2 = MH725219.

Etymology: The specific epithet refers to the extraordinary and unusual form of the
pycnidia, resembling human genitals.

Description from the Holotype: The holotype represents both infected plant material
and the metabolic inactive culture grown for 14 d on OA. Large lesions with a con-
centric zonation were detected on the C. arvensis leaves. The pycnidia from the plant
material were (sub)globose or pyriform and narrow with long necks that measured
46.15-103.69 (70.61 £ 9.24) x 26.58-42.77 (32.49 & 1.7) um developed on the lesions and con-
tained ellipsoidal, smooth, thin-walled, hyaline, aseptate conidia that measured 3.53-6.53
(5.08 £ 0.14) x 1.9-2.76 (2.37 £ 0.04) um. A description of the spore-bearing structures
from the metabolic inactive culture grown for 14d on OA is given below.

Culture characteristics: The colonies grown on PSA were 41-56 (av. 46.7 £ 3) mm in
diameter after 7 d and 82-89 (av. 81 £ 3) mm after 14 d, and they had a regular margin.
The entire colony was deep brown, yellow olive near the periphery, reverse concolorous,
aerial mycelia were abundant and pearlescent light grey, had a velvety-felty near the center,
and were sparse near the margin. Pycnidia were absent. The colonies grown on OA were
43-47 (av. 44.5 £ 1) mm in diameter after 7 d and 76-85 (av. 78.6 & 2) mm after 14 d. They
were mottled due to numerous submerged pycnidia, had a regular margin, were dark olive
brown in the center, yellow olive brown near the periphery, reverse concolorous, tufted
aerial mycelia were not abundant, and were pebble grey. Pycnidia were abundant and
superficial, semi-immersed and immersed in the agar media, solitary and in conglomerates,
and formed in concentric rings. The optimal temperature for growth on OA was 25 °C.
The colonies grown on MEA were 3443 (av. 37.9 £ 2) mm in diameter after 7 d and 63-73
(av. 69 £ 2) mm after 14 d, had an irregular margin, were slightly lobate, greenish dark
brown, had a periphery covered with a scanty light grey aerial mycelia in concentric rings,
were reverse concolorous, the aerial mycelia were green grey and had velvety-felty near the
center, and were sparse near the margin. The pycnidia were immersed in the agar media
formed wavy concentric rings from the edge of the aerial mycelia to the colony margin. An
NaOH spot test on the MEA was negative.

The conidiomata were pycnidial, mostly solitary, sometimes aggregated or confluent,
superficial, and semi-immersed and submerged in the agar media. Almost half of the
pycnidia were (sub)globose or pyriform with single or plural (1-3) short papillate ostioles
measuring 104.25-337.24 (212.2 £ 33.69) x 117.81-397.39 (220.16 + 38.13) um. The other
half of the pycnidia were narrow with single or plural long necks, often branched, and the
pycnidial body was immersed and ascended from the bottom of the Petri dish, breaking
through the surface of the agar media, and measured 195.32-932.93 (382.91 + 72.84) x
93.09-228.77 (149.93 £ 13.63) um. In the older cultures, the number of such long pycnidia
with necks was significantly predominant. The pycnidial wall was pseudoparenchymatous
and composed of isodiametric cells, and the outer layers had a brown pigment. The
conidiogenous cells were phialidic, formed from the inner cells of the pycnidial wall,
hyaline, smooth, flask-shaped, and measured 6.88-34 (12.41 £ 1.59) x 4.21-8.9 (6.27 £ 0.34)
um. The conidia were ellipsoidal to oblong and cylindrical, smooth, thin-walled, hyaline,
aseptate, had small guttules located in groups in the polar ends, and measured 5.98-11.06
(8.51 £ 0.11) x 2.43-4.26 (3.35 + 0.04) pm.

No chlamydospores were observed. Ascomata were absent.

Ascochyta erotica pathogenic to the hosts in the Convolvulaceae: C. arvensis (present study).

Notes: Among the Phoma-like fungi, A. erotica might morphologically resemble Phoma
proboscis Heiny [16]. Below, we list the similarities and differences between A. erotica and
P. proboscis. Among the similarities are the long necks of the pycnidia and the host plant.
The differences are numerous and significant. Firstly, A. erotica differs from P. proboscis in
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its cultural features and optimal temperature for growth. Notably, the optimum growth
rate for P. proboscis is 20 °C, and at 25 °C, the fungus did not actually grow; after 14 days,
the colony grew only 2 mm, whereas the optimum temperature for growth of A. erotica
was 25 °C. Comparing the optimum temperature for all the studied media, the A. erotica
colonies grew faster than the P. proboscis ones.

The average diameter of the A. erotica colonies after 7 d on MEA at 20 °C was 32.2 mm
as opposed to the diameter of 24 mm for the P. proboscis colonies; At 25 °C the diameter
was 34.6 mm as opposed to 7.5 mm; and at 30 °C, the diameter was 19.2 mm as opposed
to 5 mm. On PDA, at 20 °C, the diameter was 41.3 mm as opposed to 29.0 mm; at 25 °C
the diameter was 45.9 mm as opposed to 7 mm; and at 30 °C, the diameter was 24.2 mm
as opposed to 5 mm. On OA, at 20 °C, the diameter was 39.2 mm as opposed to 34.0 mm;
at 25 °C, the diameter was 40.2 mm as opposed to 7 mm; and at 30 °C, the diameter was
24.6 mm as opposed to 5 mm, respectively.

Also, the colonies P. proboscis grown on PDA were yellow-brown with a white margin,
the colonies of A. erotica grown on PDA were brown-olive with a whitish margin, and
the reverse was dark brown-olive, and the colonies grown on PSA were deep brown
and yellow-olive near the periphery. On OA, the P. proboscis strain produced a dense
mat of pycnidia, whereas the pycnidia of A. erotica grown on OA were superficial, semi-
immersed and immersed in the agar media, and formed in concentric rings. The pycnidia
of P. proboscis developed elongate necks within 7 days on all the media, especially on PDA.
Ascochyta erotica produced pycnidia only on OA and MEA, and pycnidia with necks only
formed on OA, even during exposure to UV light. No chlamydospores occurred in the
A. erotica cultures; by comparison, in the P. proboscis cultures, unicellular chlamydospores
are abundant. Additionally, there were differences in the conidial morphology. The
P. proboscis conidia are salmon-colored in mass, and no conidial exudate was observed in
the A. erotica spore-bearing structures. The conidia of P. proboscis are cylindrical or narrowly
ellipsoidal, often slightly larger at one end, foot-shaped, slightly curved, and several conidia
are occasionally one-septate, while the A. erotica conidia were similar in form and size,
ellipsoidal to oblong and cylindrical, and only aseptate. The A. erotica conidia, on average,
were smaller and narrower, measuring 5.98-11.06 (8.51 £ 0.11) x 2.43-4.26 (3.35 £ 0.04)
um, than the conidia of P. proboscis, measuring 5.5-15.0 (17) x 2.3-5.0 um and averaging
10.5 x 3.5 um.

In addition to having morphological differences, these fungi also differ in habitat.
Ascochyta erotica has been revealed only in the Kyrgyz Republic, whereas P. proboscis has
been revealed only from the central part of the USA.

Phoma proboscis was described for the sole strain ATCC 74032. Since its description in
1990, there have not been any reports about findings of this fungus and the vitality of the
ex-type strain. There are still no sequence data on the ex-type P. proboscis strain in GenBanlk,
and thus there is no way to compare A. erotica and P. proboscis in terms of their molecular
phylogenetic features. Resolved morphological differences however, might be sufficient to
describe studied isolates as new species

3.4. Pathogenicity

The pathogenicity of Ascochyta erotica sp. nov. was tested using C. arvensis leaf
segments (Table 4, Figure 5). The first significant symptoms were observed at 3 dpt (with
the exception of MF-17.24) on the abaxial sides of the leaf segments, both wounded and
intact. The adaxial sides were less susceptible to infection, and symptoms were recorded
at 3 dpt only in the wounded leaf segments. At 7 dpt, a significant increase in the size
of the developed necrosis was detected. The necrosis that developed was also observed
when the inoculum was applied to the intact adaxial sides of the leaves. To confirm Koch'’s
postulates, fungal cultures were reisolated in all cases from the necrosis formed on leaf
segments. These isolates had morphological characteristics identical to those of all the
isolates tested.
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Table 4. Pathogenicity of Ascochyta erotica sp. nov. isolates on leaf segments of Convolvulus arvensis.

Diameter of Necrosis, mm (3, 4, and 7 dpt *)

Isolate

Adaxial Side Abaxial Side
Intact Wounded Intact Wounded
MEF-17.19 0;,1.5+09*;86+25 404+0.2,65+03;13.0£06 29+4+05,49+04;100+04 42+0.2;62+0.1;10.0+04
MF-17.20 0;,0.8+04;6.6+04 394+0.3;55+02;11.5+03 41+04;56+0.2,9.8 0.6 544+02;69+02;,11.2+0.5
MF-17.21 0;0;1.6 +£05 2.0;40+0.2,94+0.6 1.1+0.7;29+0.9;6.0+0.6 38+0.1;444+02,88+05
MEF-17.23 0,0,54+18 354+04;,49+04;100=£1.1 4.8+ 0.5;6.1+04;9.6 £0.6 5.14+0.1;6.0,9.5+0.3
MEF-17.24 0,0;21+12 14+01;19+0.1;,534+0.3 0;0;5.0+ 0.9 224+02;29+04;48+0.6

&

* dpt, days post treatment; ** values are means + SEM.

Figure 5. Pathogenicity of the Ascochyta erotica ex-type isolate MF-17.20 on leaf segments of Convolvu-
lus arvensis. First line in each set (Petri dish) contains leaf segments inoculated with intact adaxial
part; second line is adaxial part wounded with needle; third line is intact abaxial part; fourth line is
abaxial part wounded with needle. Inoculation with mycelial suspension of isolate: (a) 3 days post
treatment; (b) 7 days post treatment.

4. Discussion

Leaf spot of C. arvensis is a widespread disease. Field bindweed leaves exhibiting
this symptom can be collected from almost their entire habitat. As a result of an extensive
phytosanitary examination of industrial fields and natural areas in different regions of
Russia as well several countries of the former USSR, conducted from 1990 to date, more
than 200 specimens of infected C. arvensis leaves were collected. From these leaves, fungal
isolates were obtained, maintained, and studied. In total, this collection listed more 200
fungal isolates. Among them, 34% were Sphaeria lichenoides var. convolvulicola DC. (syn.
Septoria convolvuli Desm.) isolates, 22% were Paraphoma convolvuli (syn. Stagonospora
convolvuli Dearn. & House), 19% were Septoria calystegiae Westend. (syn. Stagonospora
calystegiae (Westend.) Bubak), 13% were Phoma s.1., and 8% were Paraphoma spp. Ascochyta
species accounted for less than 4% of all the isolates collected. Among them, Ascochyta erotica
comprised only five isolates that were collected only in one location in the Kyrgyz Republic.
Apparently, this fungus is local and requires specific optimal growth conditions. And, this
is apparently not common, e.g., P. proboscis was not known to occur outside the central part
of the USA (Colorado, Kansas, Nebraska) [33] and is specialized to Convolvulaceae plants.
There have been no reports of P. proboscis findings since 1994.

In Melnik’s Ascochyta identification manual [11], three Ascochyta species are associated
with Convolvulaceae plants: A. calystegiae, A. convolvuli (=Sphaeria lichenoides var. convolvuli-
cola), and A. kleinii. The pycnidia of A. calystegiae are lenticular and thin-walled, and the
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conidia measure 6-13 x 2.5-4 um. The pycnidia of A. convolvuli are spherical-flattened
and thick-walled, and the conidia measure 10-16 x 3.5-4.5 um. The pycnidia of A. kleinii
are spherical-flattened and thin-walled, and the conidia measure 13-18 x 2.5-3 pm. The
size of the conidia of A. erotica are comparable to the size of those of A. calystegiae and
Phoma capsularum (8-10 x 2.5-3.5 um) [34]; however, in terms of the pycnidia shape, these
three species significantly differ from each other. The shape of the pycnidia of A. erotica
somewhat resemble those of Ectophoma iranica M. Mehrabi, Larki & Farokhineja and Ec-
tophoma multirostrata (PN. Mathur, S.K. Menon & Thirum.) Valenz.-Lopez, Cano, Crous,
Guarro & Stchigel. Both E. iranica and E. multirostrata conidia are significantly smaller
(4.5-6.5 x 2-2.5 pm. and 1.9-4.4 x 1.3-2.6 um., respectively) [3,35,36].

The fungal biodiversity associated with field bindweed has been intensively studied
to search for possible biocontrol agents for this harmful weed. Mycoherbicidal potential
has been revealed in several fungi, such as Diaporthe convolvuli (Ormeno-Nuifiez, Reeleder &
A K. Watson) R.R. Gomes, Glienke & Crous [37—40], Phoma proboscis [41,42], and Paraphoma
convolvuli [43-45]. In the pathogenicity tests, all the A. erotica isolates were pathogenic to
C. arvensis; thus, A. erotica may be of interest for studying its mycoherbicidal activity as an
agent of biocontrol against this weed.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/d16040246/s1, Figure S1: Phylogenetic tree of Ascochyta species inferred
from a maximum likelihood analysis based on an alignment of ITS. The maximum likelihood boot-
strap support values (MLBS > 70%), maximum parsimony bootstrap support values (MPBS > 70%),
and Bayesian posterior probabilities (BPP > 0.70) are given at the nodes (MLBS/MPBS/BPP). Tree
is rooted by Phomatodes nebulosa (CBS 117.93). The studied isolates are in blue, and the ex-type and
representative strains are in bold. Figure S2: Phylogenetic tree of Ascochyta species inferred from
a maximum likelihood analysis based on an alignment of 28S. The maximum likelihood bootstrap
support values (MLBS > 70%), maximum parsimony bootstrap support values (MPBS > 70%), and
Bayesian posterior probabilities (BPP > 0.70) are given at the nodes (MLBS/MPBS/BPP). Tree is
rooted by Phomatodes nebulosa (CBS 117.93). The studied isolates are in blue, and the ex-type and
representative strains are in bold. Figure S3: Phylogenetic tree of Ascochyta species inferred from a
maximum likelihood analysis based on an alignment of rpb2. The maximum likelihood bootstrap
support values (MLBS > 70%), maximum parsimony bootstrap support values (MPBS > 70%), and
Bayesian posterior probabilities (BPP > 0.70) are given at the nodes (MLBS/MPBS/BPP). Tree is
rooted by Phomatodes nebulosa (CBS 117.93). The studied isolates are in blue, and the ex-type and
representative strains are in bold. Figure S4: Phylogenetic tree of Ascochyta species inferred from a
maximum likelihood analysis based on an alignment of tub2. The maximum likelihood bootstrap
support values (MLBS > 70%), maximum parsimony bootstrap support values (MPBS > 70%), and
Bayesian posterior probabilities (BPP > 0.70) are given at the nodes (MLBS/MPBS/BPP). Tree is
rooted by Phomatodes nebulosa (CBS 117.93). The studied isolates are in blue, and the ex-type and
representative strains are in bold.
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