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AbstrAct

Ash dieback caused by an alien, invasive fungus Hymenoscyphus fraxineus is a serious disease of European ash 
species in many parts in Europe. In Poland, the disease was recorded in the beginning of the 1990s. This study was 
performed in 2016–2017 with the aim to identify fungi isolated from ash shoots showing dieback symptoms in the 
Wolica Nature Reserve in Poland, as well as from shoots of two years-old ash seedlings inoculated with H. fraxineus 
in the greenhouse.

The most frequently isolated fungi from shoots of common ash (associated with the pathogenic fungus H. frax-
ineus) were identified on the basis of sequencing of the internal transcribed spacer region (ITS1) of fungal rDNA. In 
total, 19 fungal taxa were identified for ash shoots as follows: H. fraxineus, Fusarium avenaceum, Alternaria spp., 
Phomopsis oblonga, Diplodia mutila and other Phomopsis spp. The pathogen H. fraxineus was not found for all 
the shoots samples; one year after inoculation the aforementioned fungi and other species as: Alternaria alternata, 
Bionectria ochroleuca, Epicoccum nigrum, F. acuminatum, F. avenaceum, and Paraphaesphaeria neglecta were 
identified in inoculation point, as well as H. fraxineus. The same quantitative and qualitative changes of organisms 
were observed in the case of artificially colonised ash seedlings in the greenhouse, as well as in the shoots of adult 
ash trees in the forest.
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IntroductIon

The dieback symptoms of ash have been observed in 
Poland since 1992 (Stocki and Stocka 1999; Sierota 
2001; Przybył 2002; Gil et al. 2017). Since then, it 
is known that the fungus Hymenoscyphus fraxineus 
(T. Kowalski) Baral, Queloz and Hosoya is responsi-
ble for a severe decline on all age classes of Fraxinus 
excelsior L. stands (Kowalski and Holdenrieder 2008, 
2009; Kirisits et al. 2010). Ash dieback caused by H. 
fraxineus has been reported in numerous countries 
in Europe (Vasaitis and Enderle 2017; Enderle et al. 
2017).

It is well documented that after the fungus H. frax-
ineus colonization of bark and wood tissues, phytotoxin 
viridiol is secreted causing dying of plant tissues (An-
dersson et al. 2010). After primary intensive develop-
ment and killing of bark tissues, pathogen moves to 
the wood where it could be quickly substituted with 
other colonizers of dead tissues (Kowalski et al. 2016). 
Several species of fungi were found in necrotic tis-
sues of shoots and stems of dying common ash trees 
(Przybył 2002; Kowalski and Kehr 1992; Kowalski and 
Łukomska 2005; Schumacher et al. 2007; Bakys et al. 
2009; Kowalski and Bartnik 2010). Species observed on 
dead tissue of ash shoots represent a cosmopolitan fun-
gal genus Alternaria (that includes saprobic and path-
ogenic species associated with a wide variety of sub-
strates) (Woudenberg et al. 2013; Kowalski et al. 2016), 
genus Epicoccum (saprophytes or a weak pathogens or 
endophytes) (Khulbe et al. 1992; Bruton et al. 1993; Fá-
varo et al. 2012; Ristić et al. 2012), Diaporthe/Phomop-
sis (that includes pathogens, endophytes and saprobes) 
(Udayanga et al. 2011; Gomes et al. 2013; Kowalski et 
al. 2016), a genus Fusarium (that includes pathogens, 
but most species of this genus are harmless saprobes) 
(Summerell et al. 2010; Kowalski et al. 2016; Kowalski 
et al. 2017).

Study of the diversity of fungi in natural reserves 
is of wider interest because it is well known that more 
diverse ecosystems better cope with disturbing factors 
and alien invasive species. Very often, the molecular 
methods are applied in order to determine the fungal-
species with the help of universal primers, that is, ‘ITS1’ 
and ‘ITS4’ (Gardes and Bruns 1993; https://www.ncbi.
nlm.nih.gov/). The above primers are complementary to 
the Internal Transcribed Sequences (ITS), and gained 

wide acceptance for work with fungal identification, 
because they amplify the highly variable ITS1 and ITS2 
regions surrounding the 5.8S-coding sequence situated 
between the Small SubUnit-coding sequence (SSU) and 
the Large SubUnit-coding sequence (LSU) of the ribo-
somal operon (Martin and Rygiewicz 2005; Porras-Al-
faro et al. 2014). Because of not exclusive power of dis-
tinction between fungal and plant rDNA amplification 
provided by ‘ITS1’ primer, the more accurate primer for 
fungal identification (‘ITS1-F’, Gardes and Bruns 1993), 
besides the ‘ITS1’ primer has been used in the present 
study.

The aim of this study was to identify fungal species 
associated with necrotic tissues of shoots of dying ash 
in the Wolica Nature Reserve in Poland and to compare 
results with data obtained after artificial inoculations of 
two-year-old ash seedlings with H. fraxineus.

MAterIAl And Methods

Experiment I

Sampling in the stand

In spring 2016, about thirty shoots, 4–8 mm in di-
ameter with necrotic lesions were sampled from three 
common ash trees (F. excelsior) in the 26-year-old ash 
stand. The stand is located in compartment 374 c in the 
Wolica Nature Reserve (52º11’16.70”N, 20º41’17.96”E). 
The phenomenon of ash dieback was investigated in this 
stand in 2012 and 2013, when the vitality of trees was 
very poor and many trees showed severe defoliation 
(Pacia et al. 2017).

In order to produce inocula for artificial inoculation, 
some fresh and healthy looking ash shoots were collect-
ed from mixed stands in the Chojnów Forest District.

Isolation and identification of microorganisms  
from ash trees

In the spring season in 2016, the living, symptomatic 
shoots (with lesions) collected in Wolica ash stand 
were cut into pieces of the length ca. 1–2 cm, and then 
sterilized in 90% ethanol (1 min), 4% NaOCl sodium 
hypochlorite (5 min) and again in 90% ethanol (30 s) 
(Kowalski 2006). After drying them on a sterile filter 
paper and cutting down the top layer of bark, the wood 
was cut for pieces of ca. 5 × 2 × 2 mm and put on 2% 
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malt-extract agar (MEA) medium (Merck, Germany) 
solidified in Petri plates. It was then incubated at 20ºC 
in dark. In total, 60 pieces of symptomatic wood tissues 
were taken from thirty shoots.

The Petri plates with inoculum were incubated at 
20°C in the dark and few days old growing colonies 
were transferred onto a new MEA media. The pure cul-
tures of isolated fungi (22) were stored in Forest Re-
search Institute and used for DNA extraction.

The 50 mg of mycelium of each fungal species were 
homogenized in the presence of liquid nitrogen using 
a mortar and pestle. Total genomic DNA was extracted 
from mycelium with DNeasy Plant mini kit (Qiagen®, 
Hilden, Germany) according to the manufacturer’s in-
structions.

In order to identify the fungal species, the DNA 
of 22 fungal isolates were amplified by a conventional 
PCR approach with the use of the universal primers 
ITS1 (5’ -TCC GTA GGT GAA CCT GCG G, White 
et al. 1990) or ITS1-F (5’ -CTT GGT CAT TTA GAG 
GAA GTA A, Gardes and Bruns 1993) were used 
(Tab. 1). The 25 μl PCR mix consisted of PCR buffer 
(10x), 25 mM MgCl2, 0.2 mM dNTPs 1 μM each prim-
er, 1 U of Taq polymerase, MQ water up to 25 μl and 
100 ng of DNA. Cycling conditions were denaturation 
95ºC 5 min followed by 35 cycles of denaturation 94ºC 
for 0.5 min, annealing at 56ºC for 0.5 min and exten-
sion 72ºC 1 min, and a final extension at 72ºC for 7 min 
(Korabecna 2007, modified by Nowakowska). The PCR 
products of ITS region were separated by electrophore-

Table 1. Identification of 22 fungal isolates from dead tissues of ash shoots by using rDNA ITS sequencing 

Species isolated Primers used for 
PCR amplification

Reference number in NCBI 
database and similarity (%) 

No. of accession 
in Genbank 

Alternaria alternata (Fr.) Keissl.1 ITS1-F KY609180 (99.0) MF509751
Alternaria sp.2 ITS1-F EU366278 (99.0) MF509752
Bionectria ochroleuca (Schwein.) Schroers & Samuels2 ITS1-F GU566253 (100.0) MF509749
Boeremia exigua (Desm.) Aveskamp, Gruyter & Verkley1 ITS1 MF599108 (100.0) KX618484

Boeremia exigua var. exigua1 ITS1 MF435055 (99.0)
KX618485
KX618486

Cryptosphaeria eunomia (Fr.) Fuckel1 ITS1 KY613993 (100.0) KX618490
Cryptosphaeria eunomia1 ITS1 KY613993 (100.0) KX618491
Diaporthe eres Nitschke2 ITS1-F EU571099 (198.0) MF509750
Diplodia mutila (Fr.) Mont.1 ITS1 KF766158 (100.0) KX618487
Diplodia mutila (Fr.) Mont.1 ITS1 KF766158 (100.0) KX618488
Epicoccum nigrum Link2 ITS1-F KR094452 (100.0) MF509753
Fusarium acuminatum Ellis & Everh.2 ITS1-F KJ737377 (100.0) MF509746
Fusarium avenaceum (Fr.) Sacc.2 ITS1-F HG936695 (99.0) MF509747
Fusarium oxysporum Schlechtend.1 ITS1 AB470850 (100.0) KX618492
Hymenoscyphus fraxineus Baral. et al.1,* ITS1 HM193468.1 (100.0) KY613994
Paraphaesphaeria neglecta Verkley, Riccioni & Stielow2 ITS1-F JX496164 (100.0) MF509754
Phomopsis oblonga (Desm.) Traverso1 ITS1 KR909214.1 (100.0) KX618489
Phomopsis sp.2 ITS1-F EU571102 (99.0) MF509748
Unidentified Ascomycota1 ITS1 JQ765657 (99.0) KX618493
Unidentified Ascomycota2 ITS1 JQ765657 (99.0) KX618494
Unidentified Pleosporales1 ITS1 KC311498 (99.0) KX618495

1 – isolated from dying ash shoots taken from the ash trees in the Wolica Nature Reserve; 2 – isolated from 2-year-old dead ash seedlings one year after 
the inoculation of H. fraxineus.
* Under the rules for the naming of fungi with pleomorphic life-cycles adopted in 2011, the nomenclaturally correct name for the fungus causing ash 
dieback in Europe is determined to be Hymenoscyphus fraxineus, with the basionym Chalara fraxinea.



Folia Forestalia Polonica, Series A – Forestry, 2019, Vol. 61 (1), 42–50

Fungi isolated from shoots showing ash dieback in the Wolica Nature Reserve in Poland… 45

sis on 1.5% agarose gels. Prior to sequencing, the ampli-
cons were purified with QIAquick PCR Purification Kit 
(Qiagen Ltd), according to the manufacturer’s protocol. 
Sequencing was performed using the BigDye Terminal 
Cycle Sequencing Kit (AB Applied Biosystems, CA, 
USA) in ABI 3500 Genetic Analyzer (Life Technologi-
esTM, USA). The retrieved sequences were identified by 
comparison with sequences deposed in NCBI database 
using BLAST (Basic Local Alignment Search Tool, ac-
cessed November 8, 2017).

All the selected sequences based on the analyses of 
the ITS1 rDNA region were compared by aligning them 
with an online version of Multiple Sequence Alignment 
(MSA) with Clustal Omega program v. 1.2.4 (Sievers et 
al. 2011). To better illustrate the relationship between 
the identified isolates, the phylogenetic Neighbour-
Joining tree has been constructed in MAFFT v. 7 with 
bootstrap 100, threshold 8.4e-11 (https://mafft.cbrc.jp/
alignment/server/).

Experiment II

Plant material

The experiment was performed in the greenhouse of 
the Forest Research Institute (IBL, Sękocin Stary, Po-
land). Sixty two-year-old European ash seedlings were 
planted in 1 l pots filled with a 1:1 (v:v) peat: perlite 
mixture at the beginning of the vegetation in May 2016. 
The temperature ca. 22˚C and relative humidity 65% 
±5% was controlled automatically by the computer 
software and were shaded when the light intensity ex-
ceeded 50 klx. Plants were irrigated manually with tap 
water once a day.

Inoculation of seedlings

In September 2016, twenty ash seedlings were in-
oculated at the base of stems (5–10 cm above the soil 
level). The control variant consisted of forty ash seed-
lings: twenty wounded in the same way as described 
above and another twenty ones not inoculated and not 
wounded. In order to obtain the inocula, the healthy 
ash branches were cut into small pieces autoclaved and 
placed on the surface of the H. fraxineus four-week-old 
pure cultures and kept for 4 weeks to let them overgrow 
with fungus. Then, the inocula were placed under the 
cut bark in T shape and sealed with Parafilm (Sigma-
Aldrich, Taufkirchen, Germany).

Isolation and identification of microorganisms  
from seedlings

In September 2017 (one year after inoculation), the re-
isolation from 20 dead ash seedlings inoculated with H. 
fraxineus were performed from around the inoculation 
points and 120 pieces of wood were placed on 2% malt-
extract agar (MEA) medium (Merck, Germany). The 
obtained pure cultures of fungi were identified in both 
ways morphologically at the genus level and molecu-
larly (according to the method described in the Experi-
ment I) at the level of species.

results

From shoots of ash trees in Wolica stand, the follow-
ing fungi species were identified: Phomopsis oblonga 
(21.7% of all), Diplodia mutila (20.5%), Boeremia exi-
gua syn. Boeremia exigua var. exigua (20.9%), Crypto-
sphaeria eunomia (8.6%), Fusarium oxysporum (1.6%) 
and Ascomycota sp. (13.8%), Pleosporales sp. (8.3%) 
and Hymenoscyphus fraxinues (4.6%) (Tab. 1). The 
phylogenetic alignment based on the NJ tree confirmed 
the close relationships between ITS1 rDNA sequences 
of Fusarium isolates, and, for example, Fusarium sp. 
(accession numbers MF509746, MF50974647 and 
KX618492), and Bionectra ochroleuca (MF5097749) 
(Fig. 1). The latest four isolates were characterised by 
very low genetic distance (0.038). Polymorphic sites re-
vealed between positions 0–994 bp of the studied ITS1 
regions clearly shows the differences between all the in-
vestigated species (Suppl. fig. in electronic ver.).

In the experiment in greenhouse, 100% of the 
seedlings inoculated with H. fraxineus were dead (al-
ready eight months after inoculation). From ash seed-
lings, H. fraxineus was identified in only 2.4% of the 
obtained cultures. Among the obtained isolates domi-
nated, Fusarium species were dominated with 38.8% 
(F. avenaceum – 33.1% and F. acuminatum – 5.5%), 
while Alternaria species with the frequency of 28.7%. 
Phomopsis spp., including Diplodia eres, were third 
most frequently observed colonizers with the frequency 
of 17.7%, while the other unidentified species were from 
phylum Ascomycota participated with 7.9% in total iso-
lations. Bionectria ochroleuca, Paraphaeshaeria ne-
glecta and E. nigrum were observed at frequencies 4%, 
0.4 and 0.1%, respectively.
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dIscussIon

Do the present studies show the succession of fungi col-
onizing ash tissues? We did not apply different time of 
sampling (initial necrosis, advanced necrosis and dead 
shoots); however, we noticed a clear difference after 
a year of the experiment. Instead of inoculated patho-
genic anamorph Chalara fraxinea, we isolated many 
other fungal species. The reason for this is probably that 
the fungus H. fraxineus is a primary pathogen killing 
healthy tissues, mainly to its ability of viridol produc-
tion, which is toxic to ash plants (Grad et al. 2009; An-
dersson et al. 2010). However, later, the fungus is losing 
the competition with other decomposing fungi being 
more successful and taking over their domination in 
dead tissues. We noticed that symptomatic ash shoots 
colonized by other plant pathogens, as well as by endo-
phytes and saprobes.

In this work, the fungal species were identified 
based on the analysis of ITS1 sequences of the rDNA. 
Identification of fungi from, for example, Fusarium 
and Alternaria genera based only on analysis of ITS 
sequences are very problematic, nevertheless the ITS1 
region is commonly used as the first step in molecu-
lar identification of fungi (Toju et al. 2012). It has been 
demonstrated that this fragment of internal transcribed 
spacer of fungal ribosomal RNA identifies the asco-
mycetous, basidiomycetous, and zygomycetous fungi 
to the species level (Glass and Donaldson 1995). Other 
genes (e.g., ACT, βT, TEF1-α, CAL) can also be studied 
for a precise identification of fungal species. In many 
studies, the use of ITS sequence data together with pro-
tein-coding genetic data has become the normal prac-
tice for fungal identification (Korabecna 2007; Duong 
et al. 2012). According to Porras-Alfaro et al. (2014), 
the sequencing of the LSU region in many fungal spe-

100

72
100

100
100

59

87

90

98
84

100

100
48

100

55

100

100

65

90

100

14_Fusarium_avenaceum_MF509747

13_Fusarium_acuminatum_MF509746

33_Bionectria_ochroleuca_MF509749

11_Diplodia_mutila_KX618488

10_Diplodia_mutila_KX618487

16_Hymenoscyphus_fraxineus_KY613994

4_Boeremia_exigua_KX618484

5_Boeremia_exigua_KX618485

12_Epicoccum_nigrum_MF509753

6_Boeremia_exigua_KX618486

22_Pleosporales_sp__KX618495

21_Ascomycota_sp__KX618494

20_Ascomycota_sp__KX618493

2_Alternaria_sp__MF509752

1_Alternaria_alternata_MF509751

17_Paraphaesphaeria_neglecta_MF

8_Cryptosphaeria_eunomia_KX618491

7_Cryptosphaeria_eunomia_KX618490

18_Phomopsis_oblonga_KX618489

19_Phomopsis_sp__MF509748

9_Diaporthe_eres_MF509750

15_Fusarium_oxysporum_KX618492

Figure 1. NJ tree derived from the analysis of the ITS dataset. For each isolate, the number of accession to the GenBank and 
the distance representing the nucleotide substitution values were given
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cies gives very similar results of the comparison based 
on MSA with the study based on the entire ITS region 
(ITS1 plus 5.8S rRNA plus ITS2). In some cases, the 
phylogenetic analyses of the ITS2-LSU sequences have 
revealed that the morphologically similar isolates rep-
resent a complex of the cryptic species (Doung et al. 
2012). Hence, our molecular analysis with the general 
set of primers, that is, ITS1 and ITS1-F can be consid-
ered as a preliminary attempt of identification, prior to 
the future focus on other genes, that is, ACT, β-T, CAL 
or TEF1-α, which permit more accurate identification 
of fungi from, for example, Fusarium and Alternaria 
genera.

Nevertheless, we managed to describe the fungal 
community structure in the declining shoots of ash 
trees in the Wolica Nature Reserve in Poland and we 
got similar results in the greenhouse experiment, while 
inoculating shoots with H. fraxineus and performing 
re-isolation tests after a year. Based on the comparison 
of ITS1 sequences, the results of this survey revealed 
19 fungal taxa associated with ash shoots showing die-
back. This is the valuable point of this research. Moreo-
ver, our findings confirmed the occurrence of fungi in 
symptomatic shoots of F. excelsior published earlier by 
many scientists. According to Boudier (1994), Phoma 
exigua (Boeremia exigua) can cause brown spotting 
on 1- and 2-year-old shoots of European ash seedling. 
Next to Hysterographium fraxini, P. exigua have been 
considered to be involved in serious decline, in com-
bination with abiotic factors (Grzywacz 1995; Przybył 
2001). Boeremia exigua (synonym B. exigua var. exi-
gua) is an ubiquitous soil borne saprobe, weak patho-
gen or wound parasite. Associated with stem and leaf 
lesions of a wide range of host plants and with rotting 
fleshy roots and tubers, often causing distinct symptoms 
such as leaf spots, stem lesions, damping off, dieback, 
root rots and tuber rots. Our findings are also compat-
ible with Kowalski and Kehr (1992) research, who pre-
sented population of endophytic fungi on ash branches 
with the most characteristic fungi from Coniothyrium, 
Pezicula and Chalara genus. They found the same spe-
cies of fungi as we did like Alternaria alternata, Diplo-
dia mutila, and Phomopsis sp., but also Cladosporium 
cladosporioides, Cytospora ambiens and Phomopsis 
controversa. The species Phomopsis scobina was iso-
lated from dead or dying top parts of shoots (Kowalski 
and Łukomska 2005), while from cankers also C. am-

biens, P. controversa, and P. scobina. Przybył (2001) 
noticed that P. controversa, P. scobina, C. ambiens, A. 
alternata and D. mutila are the fungi associated with 
both dead and living 1–2-year-old trees showing necro-
sis of their tops, which was also true in our case for A. 
alternata and D. mutila.

Fungi belonging to Phomopsis and Cytospora ge-
nus are pathogens of weakness and are often present in 
dying shoots (Przybył 2002; Cech 2005; Kowalski and 
Łukomska 2005; Barklund 2006; Gomes et al. 2013). 
D. mutila (telemorph: Botryosphaeria stevensii) is 
a widespread pathogen in the world occurring mainly on 
Quercus, Juniperus, and Pinus (Vajna 1986; Luque and 
Girbal 1989; El-Badri et al. 1998; Stanosz et al. 1998; 
Mohali and Encinas 2001). Aforementioned fungi can 
exist in oak shoots as endophytes, but can also become 
pathogenic when the host is weakened by abiotic fac-
tors (Collado et al. 1999; Ragazzi et al. 2001). Przybył 
(2003) and Kowalski et al. (2017) proved pathogenic-
ity of D. mutila. According to Kowalski et al. (2017), 
D. mutila and Cytospora pruinosa are less pathogenic 
than H. fraxineus, but more than the other fungi. Spe-
cies like Diaporthe eres, F. avenaceum, F. solani and 
F. lateritium are considered to be the least pathogenic.

The occurrence of Epicoccum is also not so simple 
and obvious case in respect of its pathogenicity. Name-
ly, this genus could be a saprophyte, a weak pathogen 
of rapeseed seeds and roots as well as sorghum seeds 
and seedlings, an opportunistic pathogen of melon, 
cucumber, tomato, apple and pear fruit or sugarcane 
endophyte (Khulbe et al. 1992). Seed-borne infection, 
pathogenic importance and control of Epicoccum ni-
grum Ehrenb, ex Schlecht. In rape seed (Brassica na-
pus L.), these were thoroughly described by Khulbe et 
al. (1992), Bruton et al. (1993), Fávaro et al. (2012) and 
Ristić et al. (2012).

Tulik et al. (2017) developed the hypothesis that 
ash trees affected by H. fraxineus causing ash dieback 
could exhibit a reduced vessel size and density along the 
trunk, as well as a lowered width of annual wood rings, 
leading to the weakening of water transport towards 
the crown. As the consequence, shoots that are dying 
result in infection by aforementioned species of fungi 
genus Phomopsis, Diplodia, Fusicoccum, Diaporthe, 
Cytospora and others. In such a way, the phenomenon 
of fungi succession is initiated first in living, later in 
dead ash shoots. This observation proved to be a rapid 
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stepping down of H. fraxineus – the primary cause of 
ash dieback, being replaced by other fungi colonizing 
ash tissues.

From this point of view, the knowledge of the dis-
tribution of pathogenic fungal species associated with 
F. excelsior suffering from ash-dieback phenomenon 
can be very useful in forest tree management and di-
versity conservation programs. In both experiments 
(in the stand and in the greenhouse), we observed no 
crucial difference between the fungal species isolat-
ed from young shoots (naturally infected in the ash 
stand and seedlings inoculated with H. fraxineus in 
the greenhouse). However, we did not check the occur-
rence of the aforementioned fungi in living plant tis-
sues. We believed that those fungi come after infection 
by H. fraxineus because control plants were healthy. 
Nevertheless, it is possible that some of those fungi 
could live as endophytes, but it was not the purpose 
of this study.

conclusIon

After ash shoot infection by H. fraxineus, the succession 
of other species of fungi was observed as well in natural 
(Wolica Reserve) as in control conditions (greenhouse).

Especially in fungi, which are less successful in 
colonizing living tissues, start to overtake wood of ash 
shoots previously killed by H. fraxineus.
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Supplementary Figure. Polymorphism sites in the ITS regions of the 21 investigated isolates. Numbers at the end of column 
indicate the relative positions in the alignments. Sites indicated by * are conservative in all isolates, while sites which differ are 
indicated with ‘–‘.

CLUSTAL Omega(1.2.4) multiple sequence alignment

Cryptosphaeria_eunomia_KX618490          ------------------------------------------------------------ 0
Cryptosphaeria_eunomia_KX618491          ------------------------------------------------------------ 0
Phomopsis_sp._MF509748                   ------------------------------------------------------------ 0
Diaporthe_eres_MF509750                  ------------------------------------------------------------ 0
Phomopsis_oblonga_KX618489               ------------------------------------------------------------ 0
Bionectria_ochroleuca_MF509749           ------------------------------------------------------------ 0
Fusarium_oxysporum_KX618492              ------------------------------------------------------------ 0
Fusarium_acumnatum_MF509746              ------------------------------------------------------------ 0
Fusarium_avenaceum_MF509747              ------------------------------------------------------------ 0
Hymenoscyphus_fraxineus_KY613994         ------------------------------------------------------------ 0
Diplodia_mutila_KX618487                 ------------------------------------------------------------ 0
Diplodia_mutila_KX618488                 ------------------------------------------------------------ 0
Paraphaeosphaeria_neglecta_MF509754      tcgcgaagacacttgcgtaagcctttgcagctggagacagtagcccaacgactgtaaaca 60
Alternaria_alternata_MF509751            ------------------------------------------------------------ 0
Alternaria_sp._MF509752                  ------------------------------------------------------------ 0
Pleosporales_sp._KX618495                ------------------------------------------------------------ 0
Ascomycota_sp._KX618493                  ------------------------------------------------------------ 0
Ascomycota_sp._KX618494                  ------------------------------------------------------------ 0
Epicoccum_nigrum_MF509753                ------------------------------------------------------------ 0
Boeremia_exigua_KX618486                 ------------------------------------------------------------ 0
Boeremia_exigua_KX618484                 ------------------------------------------------------------ 0
Boeremia_exigua_KX618485                 ------------------------------------------------------------ 0
                                                                                                     

Cryptosphaeria_eunomia_KX618490          ------------------------------------------------------------ 0
Cryptosphaeria_eunomia_KX618491          ------------------------------------------------------------ 0
Phomopsis_sp._MF509748                   ------------------------------------------------------------ 0
Diaporthe_eres_MF509750                  ------------------------------------------------------------ 0
Phomopsis_oblonga_KX618489               ------------------------------------------------------------ 0
Bionectria_ochroleuca_MF509749           ------------------------------------------------------------ 0
Fusarium_oxysporum_KX618492              ------------------------------------------------------------ 0
Fusarium_acumnatum_MF509746              ------------------------------------------------------------ 0
Fusarium_avenaceum_MF509747              ------------------------------------------------------------ 0
Hymenoscyphus_fraxineus_KY613994         ------------------------------------------------------------ 0
Diplodia_mutila_KX618487                 ------------------------------------------------------------ 0
Diplodia_mutila_KX618488                 ------------------------------------------------------------ 0
Paraphaeosphaeria_neglecta_MF509754      attggcgcctcatgcaagtcagctccggctggcgacactttcgaattgcggggaacccct 120
Alternaria_alternata_MF509751            ------------------------------------------------------------ 0
Alternaria_sp._MF509752                  ------------------------------------------------------------ 0
Pleosporales_sp._KX618495                ------------------------------------------------------------ 0
Ascomycota_sp._KX618493                  ------------------------------------------------------------ 0
Ascomycota_sp._KX618494                  ------------------------------------------------------------ 0
Epicoccum_nigrum_MF509753                ------------------------------------------------------------ 0
Boeremia_exigua_KX618486                 ------------------------------------------------------------ 0
Boeremia_exigua_KX618484                 ------------------------------------------------------------ 0
Boeremia_exigua_KX618485                 ------------------------------------------------------------ 0
                                                                                                     

Cryptosphaeria_eunomia_KX618490          ------------------------------------------------------------ 0
Cryptosphaeria_eunomia_KX618491          ------------------------------------------------------------ 0
Phomopsis_sp._MF509748                   ------------------------------------------------------------ 0
Diaporthe_eres_MF509750                  ------------------------------------------------------------ 0
Phomopsis_oblonga_KX618489               ------------------------------------------------------------ 0
Bionectria_ochroleuca_MF509749           ------------------------------------------------------------ 0
Fusarium_oxysporum_KX618492              ------------------------------------------------------------ 0
Fusarium_acumnatum_MF509746              ------------------------------------------------------------ 0
Fusarium_avenaceum_MF509747              ------------------------------------------------------------ 0
Hymenoscyphus_fraxineus_KY613994         ------------------------------------------------------------ 0
Diplodia_mutila_KX618487                 ------------------------------------------------------------ 0
Diplodia_mutila_KX618488                 ------------------------------------------------------------ 0
Paraphaeosphaeria_neglecta_MF509754      aagagctcttcacaccaagccagcccgggaaaccggctggtggcccattggaaaccatgg 180
Alternaria_alternata_MF509751            ------------------------------------------------------------ 0
Alternaria_sp._MF509752                  ------------------------------------------------------------ 0
Pleosporales_sp._KX618495                ------------------------------------------------------------ 0
Ascomycota_sp._KX618493                  ------------------------------------------------------------ 0
Ascomycota_sp._KX618494                  ------------------------------------------------------------ 0
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Epicoccum_nigrum_MF509753                ------------------------------------------------------------ 0
Boeremia_exigua_KX618486                 ------------------------------------------------------------ 0
Boeremia_exigua_KX618484                 ------------------------------------------------------------ 0
Boeremia_exigua_KX618485                 ------------------------------------------------------------ 0
                                                                                                     

Cryptosphaeria_eunomia_KX618490          ------------------------------------------------------------ 0
Cryptosphaeria_eunomia_KX618491          ------------------------------------------------------------ 0
Phomopsis_sp._MF509748                   ------------------------------------------------------------ 0
Diaporthe_eres_MF509750                  ------------------------------------------------------------ 0
Phomopsis_oblonga_KX618489               ------------------------------------------------------------ 0
Bionectria_ochroleuca_MF509749           ------------------------------------------------------------ 0
Fusarium_oxysporum_KX618492              ------------------------------------------------------------ 0
Fusarium_acumnatum_MF509746              ------------------------------------------------------------ 0
Fusarium_avenaceum_MF509747              ------------------------------------------------------------ 0
Hymenoscyphus_fraxineus_KY613994         ------------------------------------------------------------ 0
Diplodia_mutila_KX618487                 ------------------------------------------------------------ 0
Diplodia_mutila_KX618488                 ------------------------------------------------------------ 0
Paraphaeosphaeria_neglecta_MF509754      ggtacggtaacagttgaagagatgacccggccagccggtgaaatgggcgatccgcagcga 240
Alternaria_alternata_MF509751            ------------------------------------------------------------ 0
Alternaria_sp._MF509752                  ------------------------------------------------------------ 0
Pleosporales_sp._KX618495                ------------------------------------------------------------ 0
Ascomycota_sp._KX618493                  ------------------------------------------------------------ 0
Ascomycota_sp._KX618494                  ------------------------------------------------------------ 0
Epicoccum_nigrum_MF509753                ------------------------------------------------------------ 0
Boeremia_exigua_KX618486                 ------------------------------------------------------------ 0
Boeremia_exigua_KX618484                 ------------------------------------------------------------ 0
Boeremia_exigua_KX618485                 ------------------------------------------------------------ 0
                                                                                                     

Cryptosphaeria_eunomia_KX618490          ------------------------------------------------------------ 0
Cryptosphaeria_eunomia_KX618491          ------------------------------------------------------------ 0
Phomopsis_sp._MF509748                   ------------------------------------------------------------ 0
Diaporthe_eres_MF509750                  ------------------------------------------------------------ 0
Phomopsis_oblonga_KX618489               ------------------------------------------------------------ 0
Bionectria_ochroleuca_MF509749           ------------------------------------------------------------ 0
Fusarium_oxysporum_KX618492              ------------------------------------------------------------ 0
Fusarium_acumnatum_MF509746              ------------------------------------------------------------ 0
Fusarium_avenaceum_MF509747              ------------------------------------------------------------ 0
Hymenoscyphus_fraxineus_KY613994         ------------------------------------------------------------ 0
Diplodia_mutila_KX618487                 ------------------------------------------------------------ 0
Diplodia_mutila_KX618488                 ------------------------------------------------------------ 0
Paraphaeosphaeria_neglecta_MF509754      agccccttctgttggtggtagcagccttggccgcagccaaacatggggaacgttcacaga 300
Alternaria_alternata_MF509751            ------------------------------------------------------------ 0
Alternaria_sp._MF509752                  ------------------------------------------------------------ 0
Pleosporales_sp._KX618495                ------------------------------------------------------------ 0
Ascomycota_sp._KX618493                  ------------------------------------------------------------ 0
Ascomycota_sp._KX618494                  ------------------------------------------------------------ 0
Epicoccum_nigrum_MF509753                ------------------------------------------------------------ 0
Boeremia_exigua_KX618486                 ------------------------------------------------------------ 0
Boeremia_exigua_KX618484                 ------------------------------------------------------------ 0
Boeremia_exigua_KX618485                 ------------------------------------------------------------ 0
                                                                                                     

Cryptosphaeria_eunomia_KX618490          ------------------------------------------------------------ 0
Cryptosphaeria_eunomia_KX618491          ------------------------------------------------------------ 0
Phomopsis_sp._MF509748                   ------------------------------------------------------------ 0
Diaporthe_eres_MF509750                  ------------------------------------------------------------ 0
Phomopsis_oblonga_KX618489               ------------------------------------------------------------ 0
Bionectria_ochroleuca_MF509749           ------------------------------------------------------------ 0
Fusarium_oxysporum_KX618492              ------------------------------------------------------------ 0
Fusarium_acumnatum_MF509746              ------------------------------------------------------------ 0
Fusarium_avenaceum_MF509747              ------------------------------------------------------------ 0
Hymenoscyphus_fraxineus_KY613994         ------------------------------------------------------------ 0
Diplodia_mutila_KX618487                 ------------------------------------------------------------ 0
Diplodia_mutila_KX618488                 ------------------------------------------------------------ 0
Paraphaeosphaeria_neglecta_MF509754      ctaagtggaagtgggtggggcctagccctgcttaagatatagtcgggcccccttggaaac 360
Alternaria_alternata_MF509751            ------------------------------------------------------------ 0
Alternaria_sp._MF509752                  ----------------------------------------------------------tc 2
Pleosporales_sp._KX618495                ------------------------------------------------------------ 0
Ascomycota_sp._KX618493                  ------------------------------------------------------------ 0
Ascomycota_sp._KX618494                  ------------------------------------------------------------ 0
Epicoccum_nigrum_MF509753                ------------------------------------------------------------ 0
Boeremia_exigua_KX618486                 ------------------------------------------------------------ 0
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Boeremia_exigua_KX618484                 ------------------------------------------------------------ 0
Boeremia_exigua_KX618485                 ------------------------------------------------------------ 0
                                                                                                     

Cryptosphaeria_eunomia_KX618490          --------------------------------------------ttccgtaggtgaacct 16
Cryptosphaeria_eunomia_KX618491          --------------------------------------------ttccgtaggtgaacct 16
Phomopsis_sp._MF509748                   -tcttggtcatttagaggaagtaa-----aagtcgtaacaaggtctccgttggtgaacca 54
Diaporthe_eres_MF509750                  -tcttggtcatttagaggaagtaa-----aagtcgtaacaaggtctccgttggtgaacca 54
Phomopsis_oblonga_KX618489               -------------------------------------------------------aacct 5
Bionectria_ochroleuca_MF509749           --cttggtcatttagaggaagtaa-----aagtcgtaacaaggtctccgttggtgaacca 53
Fusarium_oxysporum_KX618492              --------------------------------------------ttccgtaggtgaacct 16
Fusarium_acumnatum_MF509746              --cttggtcatttagaggaagtaa-----aagtcgtaacaaggtctccgttggtgaacca 53
Fusarium_avenaceum_MF509747              --cttggtcatttagaggaagtaa-----aagtcgtaacaaggtctccgttggtgaacca 53
Hymenoscyphus_fraxineus_KY613994         --------------------------------------------ttccgtaggtgaacct 16
Diplodia_mutila_KX618487                 ------------------------------------------ccttccgtaggtgaacct 18
Diplodia_mutila_KX618488                 -------------------------------------------cttccgtaggtgaacct 17
Paraphaeosphaeria_neglecta_MF509754      ttgggggggtgagttcggcctcctggccggctccaagcaaaccgttccgtaggtgaacct 420
Alternaria_alternata_MF509751            --------------gaggaagtaa-----aagtcgtaacaaggtctccgtaggtgaacct 41
Alternaria_sp._MF509752                  ttcttggtcatttagaggaagtaa-----aagtcgtaacaaggtctccgtaggtgaacct 57
Pleosporales_sp._KX618495                -------------------------------------------ttccgtagggtgaacct 17
Ascomycota_sp._KX618493                  ----------------------------------------------ccgtaggtgaacct 14
Ascomycota_sp._KX618494                  -------------------------------------------cttccgtaggtgaacct 17
Epicoccum_nigrum_MF509753                -tcttggtcatttagaggaagtaa-----aagtcgtaacaaggtttccgtaggtgaacct 54
Boeremia_exigua_KX618486                 ------------------------------------------------------gaacct 6
Boeremia_exigua_KX618484                 -------------------------------------------cttccgtaggtgaacct 17
Boeremia_exigua_KX618485                 ----------------------------------------------ccgtaggtgaacct 14
                                                                                                **** 

Cryptosphaeria_eunomia_KX618490          gcggagggatcattacagagttatccaactcccaaacccatgtgaacttacctatgttgc 76
Cryptosphaeria_eunomia_KX618491          gcggagggatcattacagagttatccaactcccaaacccatgtgaacttacctatgttgc 76
Phomopsis_sp._MF509748                   gcggagggatcattgctggaacgcgccccaggcgcacccagaaaccctttgtgaacttat 114
Diaporthe_eres_MF509750                  gcggagggatcattgctggaacgcgccccaggcgcacccagaaaccctttgtgaacttat 114
Phomopsis_oblonga_KX618489               gcggagggatcattgctggaacgcgccccaggcgcacccagaaaccctttgtgaacttat 65
Bionectria_ochroleuca_MF509749           gcggagggatcattaccgagtttacaactcccaaacccatgtgaacatacctactgttgc 113
Fusarium_oxysporum_KX618492              gcggagggatcattaccgagtttacaactcccaaacccctgtgaacataccttaatgttg 76
Fusarium_acumnatum_MF509746              gcggagggatcattaccgagtttacaactcccaaacccctgtgaacataccttaatgttg 113
Fusarium_avenaceum_MF509747              gcggagggatcattaccgagtttacaactcccaaacccctgtgaacataccttaatgttg 113
Hymenoscyphus_fraxineus_KY613994         gcggaaggatcattacagagttcctgccctcacgggtagaaacccc-------------- 62
Diplodia_mutila_KX618487                 gcggaaggatcattaccgagttctcgagcttcggctcgaatctcccaccctttgtgaaca 78
Diplodia_mutila_KX618488                 gcggaaggatcattaccgagttctcgagcttcggctcgaatctcccaccctttgtgaaca 77
Paraphaeosphaeria_neglecta_MF509754      gcggaaggatcattatccatctcaaaccaggtgcggtcgcggcccccgggggcttgctcc 480
Alternaria_alternata_MF509751            gcggagggatcattaccaaatatgaaggcgggctggaacctct----------------- 84
Alternaria_sp._MF509752                  gcggagggatcattaccaaatatgaaggcgggctggaacctct----------------- 100
Pleosporales_sp._KX618495                gcggaaggatcattatccttttatcggagggttgatgccaatgctctgggctcatgctcg 77
Ascomycota_sp._KX618493                  gcggaaggatcattaccaa---------------------------------------tt 35
Ascomycota_sp._KX618494                  gcggaaggatcattaccaa---------------------------------------tt 38
Epicoccum_nigrum_MF509753                gcggaaggatcattaccta---------------------------------------ga 75
Boeremia_exigua_KX618486                 gcggaaggatcattaccta---------------------------------------ga 27
Boeremia_exigua_KX618484                 gcggaaggatcattaccta---------------------------------------ga 38
Boeremia_exigua_KX618485                 gcggaaggatcattaccta---------------------------------------ga 35
                                         ***** ********                                              

Cryptosphaeria_eunomia_KX618490          ctcggcggggaagcct-------acccggtacctaccctgtagctacccgggagcgagct 129
Cryptosphaeria_eunomia_KX618491          ctcggcggggaagcct-------acccggtacctaccctgtagctacccgggagcgagct 129
Phomopsis_sp._MF509748                   accttactgttgcctc-------ggcg-----------catgccggcccccttgggggcc 156
Diaporthe_eres_MF509750                  accttactgttgcctc-------ggcg-----------catgccggcccccctgggggcc 156
Phomopsis_oblonga_KX618489               accttactgttgcctc-------ggcg-----------ctagctg--gtccctcggggcc 105
Bionectria_ochroleuca_MF509749           ttcggcgggattgcc---------------------------ccg-------------gg 133
Fusarium_oxysporum_KX618492              cctcggcggatcagc---------------------------ccg-------------cg 96
Fusarium_acumnatum_MF509746              cctcggcggatcagc---------------------------ccg-------------cg 133
Fusarium_avenaceum_MF509747              cctcggcggatcagc---------------------------ccg-------------cg 133
Hymenoscyphus_fraxineus_KY613994         -----------------------acccttgtgtatattatattgttgctttagcaggtcg 99
Diplodia_mutila_KX618487                 ta---------------------cctctgttgctttggcggctcttgccgcgtggaggcc 117
Diplodia_mutila_KX618488                 ta---------------------cctctgttgctttggcggctcttgccgcgtggaggcc 116
Paraphaeosphaeria_neglecta_MF509754      cgggtggtaggggtaacacctgcacgcgccgcctgcctgtaccctctttttacgagcacc 540
Alternaria_alternata_MF509751            -cggggttaca------------gccttgctgaattattcacccttgtcttttgcgta-- 129
Alternaria_sp._MF509752                  -cggggttaca------------gccttgctgaattattcacccttgtcttttgcgta-- 145
Pleosporales_sp._KX618495                gttcactggct------------catctctttctgattctacccatgttttttgcgta-- 123
Ascomycota_sp._KX618493                  taatcggggga------------cttcggtccctgtctgaacccttgtcttttgcgta-- 81
Ascomycota_sp._KX618494                  taatcggggga------------cttcggtccctgtctgaacccttgtcttttgcgta-- 84
Epicoccum_nigrum_MF509753                gtttgtagact------------tcggtctgctacctcttacccatgtcttttgagta-- 121
Boeremia_exigua_KX618486                 gttgtaggctt------------tg--cctaccatctcttacccatgtcttttgagta-- 71
Boeremia_exigua_KX618484                 gttgtaggctt------------tg--cctaccatctcttacccatgtcttttgagta-- 82
Boeremia_exigua_KX618485                 gttgtaggctt------------tg--cctaccatctcttacccatgtcttttgagta-- 79
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Cryptosphaeria_eunomia_KX618490          accctgtagcc---cgctgcaggcctacccgccggtggacgattaaactcttgtttttta 186
Cryptosphaeria_eunomia_KX618491          accctgtagcc---cgctgcaggcctacccgccggtggacgattaaactcttgtttttta 186
Phomopsis_sp._MF509748                   cctctcctg--------gaggagcaggcacgccggcggccaacctaactcttgtttttac 208
Diaporthe_eres_MF509750                  cctcacccccg---ggtgttgagacagcccgccggcggccaacccaactcttgtttttac 213
Phomopsis_oblonga_KX618489               cctcaccctcg---ggtgttgagacagcccgtcggcggccaacctaactcttgtttttac 162
Bionectria_ochroleuca_MF509749           cgcctcgtgtg---ccccggatcaggcgcccgcctaggaaacttaattcttgttttattt 190
Fusarium_oxysporum_KX618492              ccccgtaaa---------acgggacggcccgccagaggacccaaactctaatgtttctta 147
Fusarium_acumnatum_MF509746              ccccgtaaa---------acgggacggcccgccagaggacccaaactctaatgtttctta 184
Fusarium_avenaceum_MF509747              ccccgtaaa---------acgggacggcccgccagaggacccaaactctaatgtttctta 184
Hymenoscyphus_fraxineus_KY613994         c----cctctgggcgtcggcctcggc-tgactgtgcctgctagaggaccctaaattttga 154
Diplodia_mutila_KX618487                 ctcaaaaagccccccc----gtgcgc-ttccgccagaggaccttcaaactccagtcagta 172
Diplodia_mutila_KX618488                 ctcaaaaagccccccc----gtgcgc-ttccgccagaggaccttcaaactccagtcagta 171
Paraphaeosphaeria_neglecta_MF509754      tttcgttctccttcggcggggcaacctgccgctggaaccaaaacaaaaccttttttgcat 600
Alternaria_alternata_MF509751            cttcttgtttccttggtgggttcgcccacca----ctaggacaaacataaaccttttgta 185
Alternaria_sp._MF509752                  cttcttgtttccttggtgggttcgcccacca----ctaggacaaacataaaccttttgta 201
Pleosporales_sp._KX618495                ctacttgtttccttggtgggcttgcctacca----ataggacatattaaaaccttttgta 179
Ascomycota_sp._KX618493                  ctagttgtttcctcggtaggcttgcctgccg---gttggacagtaaaaaaacctttt-gt 137
Ascomycota_sp._KX618494                  ctagttgtttcctcggtaggcttgcctgccg---gttggacagtaaaaaaacctttt-gt 140
Epicoccum_nigrum_MF509753                cct-tcgtttcctcggcgggtccgcccgccg---attggacaacattcaaaccctttgca 177
Boeremia_exigua_KX618486                 cct-tcgtttcctcggcgggtccgcccgccg---attgga-caaacttaaaccctttgta 126
Boeremia_exigua_KX618484                 cct-tcgtttcctcggcgggtccgcccgccg---attgga-caaacttaaaccctttgta 137
Boeremia_exigua_KX618485                 cct-tcgtttcctcggcgggtccgcccgccg---attgga-caaacttaaaccctttgta 134
                                                                                               *     

Cryptosphaeria_eunomia_KX618490          gtggattatctgagtgtttatacttaataagttaaaactttcaacaacggatctcttggt 246
Cryptosphaeria_eunomia_KX618491          gtggattatctgagtgtttatacttaataagttaaaactttcaacaacggatctcttggt 246
Phomopsis_sp._MF509748                   actgaaactctgagaataaaacataaatgaatcaaaactttcaacaacggatctcttggt 268
Diaporthe_eres_MF509750                  actgaaactctgagaataaaacataaatgaatcaaaactttcaacaacggatctcttggt 273
Phomopsis_oblonga_KX618489               actgaaactctgagcacaaaacataaatgaatcaaaactttcaacaacggatctcttggt 222
Bionectria_ochroleuca_MF509749           tggaatcttctgagtagtttttacaaataaataaaaactttcaacaacggatctcttggt 250
Fusarium_oxysporum_KX618492              ttgtaacttctgagtaaaacaaacaaataaatcaaaactttcaacaacggatctcttggt 207
Fusarium_acumnatum_MF509746              ttgtaacttctgagtaaaacaaacaaataaatcaaaactttcaacaacggatctcttggt 244
Fusarium_avenaceum_MF509747              ttgtaacttctgagtaaaacaaacaaataaatcaaaactttcaacaacggatctcttggt 244
Hymenoscyphus_fraxineus_KY613994         aatacagtgtcgtctgagtactatttaatagttaaaactttcaacaacggatctcttggt 214
Diplodia_mutila_KX618487                 aacgtcgacgtctgaaaaacaagttaataaactaaaactttcaacaacggatctcttggt 232
Diplodia_mutila_KX618488                 aacgtcgacgtctgaaaaacaagttaataaactaaaactttcaacaacggatctcttggt 231
Paraphaeosphaeria_neglecta_MF509754      ctagcattacctgttctgatacaaacaatcgttacaactttcaacaatggatctcttggc 660
Alternaria_alternata_MF509751            attgcaatcagcgtcagtaacaaattaataattacaactttcaacaacggatctcttggt 245
Alternaria_sp._MF509752                  attgcaatcagcgtcagtaacaaattaataattacaactttcaacaacggatctcttggt 261
Pleosporales_sp._KX618495                attgcagtcagcgtcagtaacaatgtaataattacaactttcaacaacggatctcttggt 239
Ascomycota_sp._KX618493                  aattgcaatcagcgtcagaaaaacataatagttacaactttcaacaacggatctcttggt 197
Ascomycota_sp._KX618494                  aattgcaatcagcgtcagaaaaacataatagttacaactttcaacaacggatctcttggt 200
Epicoccum_nigrum_MF509753                gttgcaatcagcgtctgaaaaaacataatagttacaactttcaacaacggatctcttggt 237
Boeremia_exigua_KX618486                 attgaaatcagcgtctgaaaaaacataatagttacaactttcaacaacggatctcttggt 186
Boeremia_exigua_KX618484                 attgaaatcagcgtctgaaaaaacataatagttacaactttcaacaacggatctcttggt 197
Boeremia_exigua_KX618485                 attgaaatcagcgtctgaaaaaacataatagttacaactttcaacaacggatctcttggt 194
                                                                   *      * ************ *********** 

Cryptosphaeria_eunomia_KX618490          tctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagt 306
Cryptosphaeria_eunomia_KX618491          tctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagt 306
Phomopsis_sp._MF509748                   tctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagt 328
Diaporthe_eres_MF509750                  tctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagt 333
Phomopsis_oblonga_KX618489               tctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagt 282
Bionectria_ochroleuca_MF509749           tctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagt 310
Fusarium_oxysporum_KX618492              tctggcatcgatgaagaacgcagcaaaatgcgataagtaatgtgaattgcagaattcagt 267
Fusarium_acumnatum_MF509746              tctggcatcgatgaagaacgcagcaaaatgcgataagtaatgtgaattgcagaattcagt 304
Fusarium_avenaceum_MF509747              tctggcatcgatgaagaacgcagcaaaatgcgataagtaatgtgaattgcagaattcagt 304
Hymenoscyphus_fraxineus_KY613994         tctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagt 274
Diplodia_mutila_KX618487                 tctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagt 292
Diplodia_mutila_KX618488                 tctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagt 291
Paraphaeosphaeria_neglecta_MF509754      tctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagt 720
Alternaria_alternata_MF509751            tctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagt 305
Alternaria_sp._MF509752                  tctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagt 321
Pleosporales_sp._KX618495                tctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagt 299
Ascomycota_sp._KX618493                  tctggcatcgatgaagaacgcagcgaaatgcgaaaagtagtgtgaattgcagaattcagt 257
Ascomycota_sp._KX618494                  tctggcatcgatgaagaacgcagcgaaatgcgaaaagtagtgtgaattgcagaattcagt 260
Epicoccum_nigrum_MF509753                tctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagt 297
Boeremia_exigua_KX618486                 tctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagt 246
Boeremia_exigua_KX618484                 tctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagt 257
Boeremia_exigua_KX618485                 tctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagt 254
                                         ************************ ******** ***** ********************

Cryptosphaeria_eunomia_KX618490          gaatcatcgaatctttgaacgcacattgcgcccattagtattctagtgggcatgcctgtt 366



Folia Forestalia Polonica, Series A – Forestry, 2019, Vol. 61 (1)

Supplementary Figure s–V

Cryptosphaeria_eunomia_KX618491          gaatcatcgaatctttgaacgcacattgcgcccattagtattctagtgggcatgcctgtt 366
Phomopsis_sp._MF509748                   gaatcatcgaatctttgaacgcacattgcgccctctggtattccggagggcatgcctgtt 388
Diaporthe_eres_MF509750                  gaatcatcgaatctttgaacgcacattgcgccctctggtattccggagggcatgcctgtt 393
Phomopsis_oblonga_KX618489               gaatcatcgaatctttgaacgcacattgcgccctctggtattccggagggcatgcctgtt 342
Bionectria_ochroleuca_MF509749           gaatcatcgaatctttgaacgcacattgcgcccgccagtattctggcgggcatgcctgtc 370
Fusarium_oxysporum_KX618492              gaatcatcgaatctttgaacgcacattgcgcccgctggtattccggcgggcatgcctgtt 327
Fusarium_acumnatum_MF509746              gaatcatcgaatctttgaacgcacattgcgcccgctggtattccggcgggcatgcctgtt 364
Fusarium_avenaceum_MF509747              gaatcatcgaatctttgaacgcacattgcgcccgctggtattccggcgggcatgcctgtt 364
Hymenoscyphus_fraxineus_KY613994         gaatcatcgaatctttgaacgcacattgcgccccttggtattccggggggcatgcctgtt 334
Diplodia_mutila_KX618487                 gaatcatcgaatctttgaacgcacattgcgccccttggcattccgaggggcatgcctgtt 352
Diplodia_mutila_KX618488                 gaatcatcgaatctttgaacgcacattgcgccccttggcattccgaggggcatgcctgtt 351
Paraphaeosphaeria_neglecta_MF509754      gaatcatcgaatctttgaacgcacattgcgccccttggtattccatggggcatgcctgtt 780
Alternaria_alternata_MF509751            gaatcatcgaatctttgaacgcacattgcgccctttggtattccaaagggcatgcctgtt 365
Alternaria_sp._MF509752                  gaatcatcgaatctttgaacgcacattgcgccctttggtattccaaagggcatgcctgtt 381
Pleosporales_sp._KX618495                gaatcatcgaatctttgaacgcacattgcgccccttggtattccatggggcatgcctgtt 359
Ascomycota_sp._KX618493                  gaatcatcgaatctttgaacgcacattgcgccccttggtattccatggggcatgcctgtt 317
Ascomycota_sp._KX618494                  gaatcatcgaatctttgaacgcacattgcgccccttggtattccatggggcatgcctgtt 320
Epicoccum_nigrum_MF509753                gaatcatcgaatctttgaacgcacattgcgccccttggtattccatggggcatgcctgtt 357
Boeremia_exigua_KX618486                 gaatcatcgaatctttgaacgcacattgcgccccttggtattccatggggcatgcctgtt 306
Boeremia_exigua_KX618484                 gaatcatcgaatctttgaacgcacattgcgccccttggtattccatggggcatgcctgtt 317
Boeremia_exigua_KX618485                 gaatcatcgaatctttgaacgcacattgcgccccttggtattccatggggcatgcctgtt 314
                                         *********************************    * ****    ************ 

Cryptosphaeria_eunomia_KX618490          cgagcgtcatttcgaccattcaagccctggttgcttggtgttgggagcttgtcctc---- 422
Cryptosphaeria_eunomia_KX618491          cgagcgtcatttcgaccattcaagccctggttgcttggtgttgggagcttgtcctc---- 422
Phomopsis_sp._MF509748                   cgagcgtcatttcaaccctcaagcctggcttggtgatggggcactgcctgtaa------- 441
Diaporthe_eres_MF509750                  cgagcgtcatttcaaccctcaagcctggcttggtgatggggcactgcttcttaccc---- 449
Phomopsis_oblonga_KX618489               cgagcgtcatttcaaccctcaagcctggcttggtgatggggcactgcttcttaccc---- 398
Bionectria_ochroleuca_MF509749           tgagcgtcatttcaaccctcatgcccctagggcgtggtgttggggatcggccaaagcccg 430
Fusarium_oxysporum_KX618492              cgagcgtcatttcaaccctcaagcccccgggtttggtgttggggat-cggctctgc--ct 384
Fusarium_acumnatum_MF509746              cgagcgtcatttcaaccctcaagcccccgggtttggtgttggggat-cggctctgccctt 423
Fusarium_avenaceum_MF509747              cgagcgtcatttcaaccctcaagcccccgggtttggtgttggggat-cggctctg--cct 421
Hymenoscyphus_fraxineus_KY613994         cgagcgtcatttagaccaactcccgctccggcggggtcttgggctgcgcctttgggcggg 394
Diplodia_mutila_KX618487                 cgagcgtcattacaaccctcaagctctgcttggtattgggcgacgtcctctctgcggacg 412
Diplodia_mutila_KX618488                 cgagcgtcattacaaccctcaagctctgcttggtattgggcgacgtcctctctgcggacg 411
Paraphaeosphaeria_neglecta_MF509754      cgagcgtcatctacaccctcaagctctgcttggtgttgggcgtctgtcccgcctctgcgc 840
Alternaria_alternata_MF509751            cgagcgtcatttgtaccctcaagctttgcttggtgttgggcgtcttgtctctagct---- 421
Alternaria_sp._MF509752                  cgagcgtcatttgtaccctcaagctttgcttggtgttgggcgtcttgtctctagct---- 437
Pleosporales_sp._KX618495                cgagcgtcatttgtaccctcaagcactgcttggtgttgggtgtatgttttccttgcgctt 419
Ascomycota_sp._KX618493                  cgagcgtcatttgtaccttcaagctctgcttggtgttgggtgtttgtccccgcgttatgc 377
Ascomycota_sp._KX618494                  cgagcgtcatttgtaccttcaagctctgcttggtgttgggtgtttgtccccgcgttatgc 380
Epicoccum_nigrum_MF509753                cgagcgtcatttgtaccttcaagctctgcttggtgttgggtgtttgtctcgcctctgcgt 417
Boeremia_exigua_KX618486                 cgagcgtcatttgtaccttcaagctctgcttggtgttgggtgtttgtctcgcctctgcgt 366
Boeremia_exigua_KX618484                 cgagcgtcatttgtaccttcaagctctgcttggtgttgggtgtttgtctcgcctctgcgt 377
Boeremia_exigua_KX618485                 cgagcgtcatttgtaccttcaagctctgcttggtgttgggtgtttgtctcgcctctgcgt 374
                                          *********    ***                                           

Cryptosphaeria_eunomia_KX618490          ---------ggacaactcctcaaaagcattggcggagtcgcggtggcccca--agcgtag 471
Cryptosphaeria_eunomia_KX618491          ---------ggacaactcctcaaaagcattggcggagtcgcggtggcccca--agcgtag 471
Phomopsis_sp._MF509748                   -----aa--gggcaggccctgaaattcagtggcgagctcgccaggaccccg--agcgcag 492
Diaporthe_eres_MF509750                  ----aag--gagcaggccctgaaattcagtggcgagctcgccaggaccccg--agcgcag 501
Phomopsis_oblonga_KX618489               ----aag--aagcaggccctgaaattcagtggcgagctcgccaggaccccg--agcgcag 450
Bionectria_ochroleuca_MF509749           cgaggga--cggccggcccctaaatctagtggcggacccgtcgtggcctcctctgcgaag 488
Fusarium_oxysporum_KX618492              cacggcg--gtgccgcccccgaaatacattggcggtctcgctgcagcctccattgcgtag 442
Fusarium_acumnatum_MF509746              ctgggcg--gtgccgcccccgaaatacattggcggtctcgctgcagcctccattgcgtag 481
Fusarium_avenaceum_MF509747              tctggcg--gtgccgcccccgaaatacattggcggtctcgctgcagcctccattgcgtag 479
Hymenoscyphus_fraxineus_KY613994         ccttaaaac-----------------cagtggcggtgccctaaggctctacgcgtagtaa 437
Diplodia_mutila_KX618487                 cgcctcaaagacctcggcggtggctgttcagccctcaagcgtagtag------aatacac 466
Diplodia_mutila_KX618488                 cgcctcaaagacctcggcggtggctgttcagccctcaagcgtagtag------aatacac 465
Paraphaeosphaeria_neglecta_MF509754      --------gcggactcgccccaaattcattggcagcggtctttgcctcctct-cgcgcag 891
Alternaria_alternata_MF509751            ---ttgctggagactcgccttaaagtaattggcagccggcctactggtttcggagcgcag 478
Alternaria_sp._MF509752                  ---ttgctggagactcgccttaaagtaattggcagccggcctactggtttcggagcgcag 494
Pleosporales_sp._KX618495                gcgtaagtgaggactcgccttaaaacaattggcagccggcatattggcctgg-agcgcag 478
Ascomycota_sp._KX618493                  --------gcggactcgcctcaaagcaattggcagccngcgtactggccttggagcgcag 429
Ascomycota_sp._KX618494                  --------gcggactcgcctcaaagcaattggcagccggcgtactggccttggagcgcag 432
Epicoccum_nigrum_MF509753                --------gtagactcgccttaaaacaattggcagccggcgtattgatttcggagcgcag 469
Boeremia_exigua_KX618486                 --------gtagactcgccttaaaacaattggcagccggcgtattgatttcggagcgcag 418
Boeremia_exigua_KX618484                 --------gtagactcgccttaaaacaattggcagccggcgtattgatttcggagcgcag 429
Boeremia_exigua_KX618485                 --------gtagactcgccttaaaacaattggcagccggcgtattgatttcggagcgcag 426
                                                                       * *                         * 

Cryptosphaeria_eunomia_KX618490          taattcttctcgcttccggtgtgtcacggctggcgtctggccgttaaacccccccatttt 531
Cryptosphaeria_eunomia_KX618491          taattcttctcgcttccggtgtgtcacggctggcgtctggccgttaaacccccccatttt 531
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Phomopsis_sp._MF509748                   tagttaaaccctcgctc--tggaaggccctggcggtgccctgccgttaaacccccaactt 550
Diaporthe_eres_MF509750                  tagttaaaccctcgctc--tggaaggccctggcggtgccctgccgttaaacccccaactt 559
Phomopsis_oblonga_KX618489               tagttaaaccctcgctc--tggaaggccctggcggtgccctgccgttaaacccccaactt 508
Bionectria_ochroleuca_MF509749           tagtgatattccgcat------cggagagcgacgagcccctgcccgttaaacccccaact 542
Fusarium_oxysporum_KX618492              tagctaacacctcgca------actggaacgcggcgcggccatgccgtaaaaccccaact 496
Fusarium_acumnatum_MF509746              tagctaacacctcgca------actggaacgcggcgcggccatgccgtaaaaccccaact 535
Fusarium_avenaceum_MF509747              tagctaacacctcgca------actggaacgcggcgcggccatgccgtaaaaccccaact 533
Hymenoscyphus_fraxineus_KY613994         tt---------cttctcgcg--atagggtccttgcggtgtcttgccagcaacccccaact 486
Diplodia_mutila_KX618487                 ct---------cgctttggagcggttg-gcgtcgcccgccggacgaaccttctgaacttt 516
Diplodia_mutila_KX618488                 ct---------cgctttggagcggttg-gcgtcgcccgccggacgaaccttctgaacttt 515
Paraphaeosphaeria_neglecta_MF509754      ca---------caattgcgtctgcgg---gggggcgtggcccgcgtccacgaagcaacat 939
Alternaria_alternata_MF509751            ca---------caagtcgcactctctatcagcaaaggtctagcatccattaagccttttt 529
Alternaria_sp._MF509752                  ca---------caagtcgcactctctatcagcaaaggtctagcatccattaagccttttt 545
Pleosporales_sp._KX618495                ca---------cattttgcgcctcttgtca-tga-ttgttggcatccatcaagacctttt 527
Ascomycota_sp._KX618493                  ca---------cattttgcgcccctcagcttgaa-cgcttgcgtccattaagcctacaat 479
Ascomycota_sp._KX618494                  ca---------cattttgcgcccctcagcttgaa-cgcttgcgtccattaagcctacaat 482
Epicoccum_nigrum_MF509753                ta---------catctcgcgctttgcactcacaa-cgacga--cgtccaaaagtacattt 517
Boeremia_exigua_KX618486                 ta---------catctcgcgctttgcactcataa-cgacga--cgtccaaaaagtacttt 466
Boeremia_exigua_KX618484                 ta---------catctcgcgctttgcactcataa-cgacga--cgtccaaaaagtacttt 477
Boeremia_exigua_KX618485                 ta---------catctcgcgctttgcactcataa-cgacga--cgtccaaaaagtacttt 474
                                                                                                    *

Cryptosphaeria_eunomia_KX618490          tcagtggtttgacctcggatcaggtaggaatacccgctgaacttaagcatatcaataagc 591
Cryptosphaeria_eunomia_KX618491          tcagtggtttgacctcggatcaggtaggaatacccgctgaacttaagcatatcaata--- 588
Phomopsis_sp._MF509748                   ctgaaaatttgacctcggatcaggtaggaatacccgctgaacttaagcatatcaataagc 610
Diaporthe_eres_MF509750                  ctgaaaatttgacctcggatcaggtaggaatacccgctgaacttaagcatatcaataagc 619
Phomopsis_oblonga_KX618489               ctgaaaatttgacctcggatcaggtaggaatacccgctgaacttaagcatatcaata--- 565
Bionectria_ochroleuca_MF509749           ttccaaggttgacctcagatcaggtaggaatacccgctgaacttaagcatatcaataagc 602
Fusarium_oxysporum_KX618492              tctgaatgttgacctcggatcaggtaggaatacccgctgaacttaagcatatcaataagc 556
Fusarium_acumnatum_MF509746              tctgaatgttgacctcggatcaggtaggaatacccgctgaacttaagcatatcaataagc 595
Fusarium_avenaceum_MF509747              tctgaatgttgacctcggatcaggtaggaatacccgctgaacttaagcatatcaataagc 593
Hymenoscyphus_fraxineus_KY613994         ctctagggttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagc 546
Diplodia_mutila_KX618487                 tctcaaggttgacctcggatcaggtagggatacccgctgaacttaagcatatcaata--- 573
Diplodia_mutila_KX618488                 tctcaaggttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagc 575
Paraphaeosphaeria_neglecta_MF509754      taccgtctttgacctcggatcaggtagggatacccgctgaacttaagcatatcat----- 994
Alternaria_alternata_MF509751            ttcaacttttgacctcggatcaggtagggatacccgctgaacttaagcatatcaat---- 585
Alternaria_sp._MF509752                  ttcaacttttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagc 605
Pleosporales_sp._KX618495                attagctcttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagc 587
Ascomycota_sp._KX618493                  ttttgctcttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagc 539
Ascomycota_sp._KX618494                  ttttgctcttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagc 542
Epicoccum_nigrum_MF509753                ttacactcttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagc 577
Boeremia_exigua_KX618486                 ttacactcttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagc 526
Boeremia_exigua_KX618484                 ttacactcttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagc 537
Boeremia_exigua_KX618485                 ttacactcttgacctcggatcaggtagggatacccgctgaacttaagcatatcaata--- 531
                                                 ******** *********** *************************      

Cryptosphaeria_eunomia_KX618490          ggagga- 597
Cryptosphaeria_eunomia_KX618491          ------- 588
Phomopsis_sp._MF509748                   ggaggaa 617
Diaporthe_eres_MF509750                  ggaggaa 626
Phomopsis_oblonga_KX618489               ------- 565
Bionectria_ochroleuca_MF509749           ggagga- 608
Fusarium_oxysporum_KX618492              ggagga- 562
Fusarium_acumnatum_MF509746              ggaggaa 602
Fusarium_avenaceum_MF509747              ggaggaa 600
Hymenoscyphus_fraxineus_KY613994         ggagga- 552
Diplodia_mutila_KX618487                 ------- 573
Diplodia_mutila_KX618488                 ggagga- 581
Paraphaeosphaeria_neglecta_MF509754      ------- 994
Alternaria_alternata_MF509751            ------- 585
Alternaria_sp._MF509752                  ggaggaa 612
Pleosporales_sp._KX618495                ggaggaa 594
Ascomycota_sp._KX618493                  ggagga- 545
Ascomycota_sp._KX618494                  ggagga- 548
Epicoccum_nigrum_MF509753                ggaggaa 584
Boeremia_exigua_KX618486                 ggagga- 532
Boeremia_exigua_KX618484                 ggaggaa 544
Boeremia_exigua_KX618485                 ------- 531
                                                




