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Abstract

Dothiorella species are pathogens of many woody hosts but their host distribution is poorly
known. In this study, a collection of Dothiorella isolates obtained from different woody hosts,
including Acer, Cornus, Coronilla, Crataegus, Euonymus, Fraxinus, Laburnum, Laurus, Paliurus,
Prunus, Salix, Sambucus and Ulmus species in Italy were identified. Morphological and cultural
characteristics, as well as ITS and EF1-a sequence data, were used to identify the isolates. The
results show the diversity of Dothiorella species associated with twigs and branches of these woody
hosts. Four species were identified. Dothiorella sarmentorum was the dominant species (65% of
isolates), followed by D. symphoricarposicola (20%), D. iberica (8%) and D. vidmadera (8%). A
host-fungus index for all Dothiorella species with available molecular data from the literature is
provided.
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Introduction

Dothiorella belongs in the family Botryosphaeriaceae, order Botryosphaeriales, and class
Dothideomycetes (Wijayawardene et al. 2014) and has been the subject of several recent
publications (Adesemoye et al. 2014, Chen et al. 2014, Li et al. 2014, Liu et al. 2012, Lynch et al.
2014, Pitt et al. 2015). Species of Dothiorella, like other members of this family, are pathogens,
endophytes and saprobes of a wide range of woody hosts (Crous et al. 2006, Hyde et al. 2013, 2014,
Liu et al. 2012, Phillips et al. 2013); however, it is not clear whether species have narrow or wide
host distributions. The genus encompassed a wide range of morphologies from thin-walled, hyaline,
aseptate conidia to thick-walled, brown, 1-septate conidia (Phillips et al. 2005). Sivanesan (1984)
confused the taxonomy of Dothiorella by treating Dothiorella pyrenophora Sacc. (1880) as a
synonym of Dothichiza sorbi Lib., which has small, hyaline, aseptate conidia and is the asexual
morph of Dothiora pyrenophora (Fr.) Fr. However, Sutton (1977) clarified the taxonomic history
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by placing Dothiora pyrenophora as a homonym of Dothiorella pyrenophora. Crous & Palm (1999)
studied the holotype of D. pyrenophora and concluded that Dothiorella is a synonym of Diplodia.
Based on morphology and molecular data, Phillips et al. (2005) revived Dothiorella for species
with conidia that become brown and 1-septate, while they are still attached to the conidiogenous
cells. Sexual morphs of Dothiorella have pigmented, 1-septate ascospores (Phillips et al. 2005,
2013). With the exception of D. sarmentorum (Fr.) Phillips, Alves & Luque and D. iberica Phillips,
Alves & Luque, the sexual morphs of Dothiorella species are rarely encountered in nature and have
never been produced in culture (Phillips et al. 2013).

Although there are 350 species records in Dothiorella, Phillips et al. (2013) revealed that
cultures are available for only 17 species and of those four species have yet to be named.
Abdollahzadeh et al. (2014) introduced three species names for these un-named taxa i.e. D. parva
Abdollahz., Zare & A.J.L Phillips, D. prunicola A.J.L. Phillips & Abdollahz. and D. striata A.J.L.
Phillips & Abdollahz. Presently, 23 species are accepted in the genus (Abdollahzadeh et al. 2014,
Li et al. 2014, Phillips et al. 2013, Pitt et al. 2013, 2015, Slippers et al. 2014). All species, except D.
sarmentorum, have been introduced since 2005.

A collection of Dothiorella isolates was obtained from branches of various woody hosts in
Forli-Cesena Province, in Italy. The aim of this study was to name these species and reveal the
distribution of species on the hosts. Isolates were characterised in terms of morphology and their
phylogenetic position in Dothiorella. A host index for Dothiorella species based on literature
records with molecular identifications is provided.

Material and methods

Sample collection, specimen examination and isolations

Specimens were collected from woody branches of Acer L., Cornus L., Coronilla L.,
Crataegus L., Euonymus L., Fraxinus L., Laburnum Fabr., Laurus L., Paliurus Mill., Prunus L.,
Salix L., Sambucus L. and Ulmus L. species in Italy. Specimens were observed and examined with
a Motic SMZ 168 stereomicroscope. Micro-morphological characters were determined with a
Nikon ECLIPSE 80i compound microscope and images were captured with a Canon EOS 550D
digital camera. Observations and photographs were made from materials mounted in water.
Measurements were made with the Tarosoft (R) Image Frame Work and images used for figures
were processed with Adobe Photoshop CS3 Extended version 10.0. Single spore isolations were
prepared following the method of Chomnunti et al. (2014). Spore germination on water agar (WA)
was examined after 24 h and germinating spores were transferred to potato dextrose agar (PDA)
media. Cultures were incubated at 18°C in the dark and cultural characteristics such as mycelium
colour, shape, texture and growth rate were determined. Herbarium specimens are deposited in the
Mae Fah Luang University Herbarium (MFLU) while, ex-type cultures are deposited at the Mae
Fah Luang University Culture Collection (MFLUCC) with duplicates in the Kunming culture
collection, China (KUMCC) and GuiZhou Culture Collection, China (GZCC).

DNA extraction, PCR amplification and sequencing

Genomic DNA was extracted from 10 day-old pure cultures grown on PDA, following a
modified protocol of Armaleo & Clerc (1995). Amplification and sequencing of the internal
transcribed spacer (ITS) region and part of the translation elongation factor (EF1-o) gene were
performed as described by Dissanayake et al. (2015) using primer pairs ITS1 and ITS4 (White et al.
1990) and EF1-728F and EF1-986R (Carbone & Kohn 1999), respectively.

Phylogenetic analyses

All new sequences generated in this study were checked manually and nucleotides at
ambiguous positions clarified with sequences from both strands. All reference sequences were
obtained from GenBank based on previously published study by (Hyde et al. 2014) as listed in
Table 1. Combined datasets of ITS and EF genes were aligned using MAFFT v.7 (Katoh & Toh
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2008, http://mafft.cbrc.jp/alignment/server/). The alignment was checked and improved manually
where necessary using BioEdit (Hall 2006). Maximum-parsimony (MP) analysis was performed
using PAUP v. 4.0b10 (Swofford 2003) to obtain the most parsimonious tree. Ambiguously aligned
regions were excluded and gaps were treated as missing data. Trees were inferred using the
heuristic search option with Tree Bisection Reconnection (TBR) branch swapping and 1000
random sequence additions. Maxtrees were set up to 1000 and branches of zero length were
collapsed and all multiple parsimonious trees were saved. Descriptive tree statistics for parsimony
such as Tree Length (TL), Consistency Index (CI), Retention Index (RI), Relative Consistency
Index (RC) and Homoplasy Index (HI) were calculated. Clade stability was evaluated by 1000
bootstrap replications resulting from maximum parsimony analysis (Hillis & Bull 1993). The best
model of evolution for each gene region was determined by using MrModeltest 2.2 (Nylander
2004). The general time-reversible model of evolution (Rodriguez et al. 1990), including estimation
of invariable sites and assuming a discrete gamma distribution with six rate categories (GTR+1+G)
was used for Bl analyses for ITS and EF1-a sequence datasets. Posterior probabilities (PP) were
determined by Markov Chain Monte Carlo sampling (BMCMC) in MrBayes v. 3.0b4 (Ronquist &
Huelsenbeck 2003). Four simultaneous Markov chains were run for 2000000 generations and trees
were sampled every 100th generation and 10000 trees were obtained. The first 2000 trees,
representing the burn-in phase of the analyses, were discarded while remaining 8000 trees were
used for calculating posterior probabilities in the majority rule consensus tree (critical value for the
topological convergence diagnostic set to 0.01) (Crous et al. 2006). Phylogenetic trees were drawn
using Treeview v. 1.6.6 (Page 1996).

Results

DNA phylogeny

The combined ITS and EF1-o dataset consisted of 727 characters (including alignment gaps)
for 37 ingroup and 1 outgroup taxa. Of the 727 characters 480 were constant and 56 were variable
and parsimony uninformative. Maximum parsimony analysis of the remaining 91 parsimony-
informative characters resulted in 309 equally parsimonious trees (C1=0.673, R1=0.735, RC=0.495,
HI1=0.327) and the best scoring first MP tree is shown in Fig. 1. The Dothiorella isolates studied
were distributed into four sub-clades in the phylogenetic analysis (Fig. 1). The three isolates from
Laburnum alpinum, Laurus nobili and Sambucus nigra were identified as Dothiorella
symphoricarposicola (Fig. 3); one isolate from Acer opalus was identified as Dothiorella iberica
and a set of isolates from Cornus sanguinea, Coronilla emerus, Crataegus sp., Euonymus
europaeus, Paliurus spina-christi, Prunus dulcis, Salix sp. and Ulmus minor clustered in a larger
group identified as D. sarmentorum (Fig. 2). The remaining clade containing isolates from
Fraxinus ornus represents Dothiorella vidmadera.

Discussion

In this study Dothiorella isolates obtained from different woody hosts, including Acer,
Cornus, Coronilla, Crataegus, Euonymus, Fraxinus, Laburnum, Laurus, Paliurus, Prunus, Salix,
Sambucus and Ulmus species in Italy were identified and provide additional information on the
distribution of Dothiorella species on various hosts. The 23 Dothiorella species along with their
known hosts, host families, orders and their distribution are presented in Table 2. Dothiorella
iberica has been isolated from 12 woody hosts world-wide (Phillips et al. 2005, 2008, Lynch et al.
2013, 2014, Luque et al. 2005, Burgess et al. 2006, Zhou et al. 2010, Wet et al. 2009); and this
study provides the first report of D. iberica isolated from Acer opalus (Table 2). Phillips et al.
(2013) reported that Dothiorella sarmentorum is a cosmopolitan species and has been isolated from
34 different host species including Malus, Menispermum, Prunus, Pyrus and Ulmus. However,
molecular studies have proven Dothiorella sarmentorum is described in only 17 woody hosts. Our
study reveals the isolation of D. sarmentorum from five woody hosts in Italy and this is the first
report of D. sarmentorum from these woody hosts (Table 2). An additional three isolates
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Fig. 1 — One of 309 most parsimonious trees obtained from combined ITS and EF-1a sequence data,
for all ex-types from species in Dothiorella. Maximum parsimony bootstrap values (>70%) and
Bayesian inference values (>0.9) are given on the nodes. The tree is rooted to Spencermartinsia
viticola (CBS 117009).
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Fig. 2 — Dothiorella sarmentorum. a, b - Conidiomata on host substrate, ¢ — Cross section of
conidioma, d — Peridium, e, f — Immature conidia attached to conidiogenous cells, g — Mature
conidia attached to conidiogenous cells, h, i — Immature hyaline conidia, j, k — Mature conidia, | —
Germinating conidia. Scale bars: ¢c=100, d=50, e-1=20 pm.
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Fig. 3 — Dothiorella symphoricarposicola. a, b - Conidiomata on host substrate, ¢ — Cross section
of conidioma, d — Ostiole, e — Immature/mature conidia attached to conidiogenous cells, f — Mature
conidia, g, h — Immature hyaline conidia attached to conidiogenous cells, i — mature conidia
attached to conidiogenous cell, j, k — Immature hyaline conidia, I, m — Mature conidia, n —
Germinating conidia. Scale bars: ¢c=100, d=50, e-f=40, g—n=20 um.
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Table 1 Dothiorella isolates included in the phylogenetic analysis. Newly deposited sequences in GenBank are italicized

Species Strain Host Locality Collecter GenBank Accession
numbers
ITS EF 1-a

Dothiorella americana CBS 128309 Vitis vinifera Missouri, United States K. Striegler & G.M. Leavitt HQ288218 HQ288262
D. brevicollis CBS 130411 Acacia karroo Pretoria, South Africa F. Jami & M. Gryzenhout JQ239403 JQ239390
D. casuarinae CBS 120688 Casuarina sp. Canberra, Australia M.J. Wingfield DQ846773 DQ875331
D. dulcispinae CBS 130413 Acacia karroo Pretoria, South Africa F. Jami & M. Gryzenhout JQ239400 JQ239387
D. iberica CBS 115041 Quercus ilex Aragon, Spain J. Luque AY573202 AY573222
D. iberica MFLUCC 15-0761 Acer opalus Forli-Cesena, ltaly E. Camporesi KU234781 KU234795
D. iranica IRAN1587C Olea europaea Golestan, Iran A. Javadi KC898231 KC898214
D. longicollis CBS 122068 Lysiphyllum cunninghamii Tunnel Creek, Australia T.I. Burgess EU144054 EU144069
D. moneti MUCC 505 Acacia rostellifera Yalgorup, Australia K.M. Taylor EF591920 EF591971
D. neclivorem DAR80992 Vitis vinifera Pokolbin, Australia N. Wunderlich KJ573643 KJ573640
D. parva IRAN1579C Corylus avellana Ardabil, Iran J. Abdollahzadeh & A. Javadi KC898234 KC898217
D. pretoriensis CBS 130404 Acacia karroo Pretoria, South Africa F. Jami & M. Gryzenhout JQ239405 JQ239392
D. prunicola IRAN1541 Prunus dulcis Algarve, Portugal E. Diogo EU673313 EU673280
D. santali MUCC 509 Santalum acuminatum Yalgorup, Australia K.M. Taylor EF591924 EF591975
D. sarmentorum IMI 63581b Ulmus sp. Warwickshire, England E.A. Ellis AY573212 AY573235
D. sarmentorum MFLUCC 15-0760 Cornus sanguinea Forli-Cesena, ltaly E. Camporesi KU234779 KU234793
D. sarmentorum MFLUCC 13-0241 Salix sp. Forli-Cesena, ltaly E. Camporesi KU234780 KU234794
D. sarmentorum MFLUCC 13-0249 Ulmus minor Forli-Cesena, Italy E. Camporesi KU234783 KU234797
D. sarmentorum MFLUCC 13-0250 Crataegus sp Forli-Cesena, Italy E. Camporesi KU234784 KU234798
D. sarmentorum MFLUCC 13-0251 Euonymus europaeus Forli-Cesena, Italy E. Camporesi KU234785 KU234799
D. sarmentorum MFLUCC 13-0252 Crataegus sp Forli-Cesena, Italy E. Camporesi KU234786 KU234800
D. sarmentorum MFLUCC 13-0287 Paliurus spina-christi Forli-Cesena, Italy E. Camporesi KU234787 KU234801
D. sarmentorum MFLUCC 13-0288 Prunus dulcis Forli-Cesena, ltaly E. Camporesi KU234788 KU234802
D. sarmentorum MFLUCC 13-0290 Coronilla emerus Forli-Cesena, ltaly E. Camporesi KU234789 KU234803
D. sempervirentis IRAN1583C Cupressus sempervirens Golestan, Iran M.A. Aghajani KC898236 KC898219
D. striata ICMP16824 Citrus sinensis Kerikeri, New Zealand P.R. Johnston EU673320 EU673287
D. symphoricarposicola MFULCC 13-0497 Symphoricarpos sp. Forli-Cesena, Italy E. Camporesi KJ742378 KJ742381
D. symphoricarposicola MFLUCC 13-0196 Sambucus nigra Forli-Cesena, Italy E. Camporesi KU234782 KU234796
D. symphoricarposicola MFLUCC 15-0762 Laurus nobilis Forli-Cesena, Italy E. Camporesi KU234790 KU234804
D. symphoricarposicola MFLUCC 15-0758 Laburnum alpinum Forli-Cesena, Italy E. Camporesi KU234791 KU234805
D. thailandica CBS 133991 Bambusa sp. Chang Rai, Thailand D.Q. Dai JX646796 JX646796
D. thripsita BRIP 51876 Acacia harpophylla Tallegalla, Australia D.J. Tree & C.E.C. Tree FJ824738 KJ573639
D. ulmacea CBS 138855 Ulmus leavis Germany R.K. Schumacher KR611881 KR611910
D. uruguayensis CBS 124908 Hexachlamis edulis Paysandu, Uruguay C.A. Pérez EU080923 EU863180
D. vidmadera DAR78992 Vitis vinifera Eden Valley, Australia W.M. Pitt & A. Loschiavo EU768874 EU768881
D. vidmadera MFLUCC15-0759 Fraxinus ornus Forli-Cesena, Italy E. Camporesi KU234792 KU234806
D. vinea-gemmae DAR81012 Vitis vinifera Pokolbin, Australia N. Wunderlich KJ573644 KJ573641
Spencermal’tinsia VitiCOIa CBS 117009 Vitis vinifera Spain - KF766228 AY905559
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Table 2 Distribution of Dothiorella species on host plants. Details of Dothiorella species studied in this study are in bold. Species distribution data is

used only if identifications are supported by molecular data and are post-2005.

Dothiorella species Host Family Order Distribution References
Dothiorella americana Vitis vinifera Vitaceae Vitales USA Urbez-Torres et al. 2012
D. brevicollis Acacia karroo Fabaceae Fabales South Africa Jami et al. 2012
D. casuarinae Casuarina sp. Casuarinaceae Fagales Australia Wet et al. 2009
D. dulcispinae Acacia karroo Fabaceae Fabales South Africa Jami et al. 2012
D. iberica Acer opalus Sapindaceae Sapindales Italy This study
Citrus sinensis Rutaceae Sapindales California Adesemoye et al. 2014
Cupressus macrocarpa Cupressaceae Pinales Algeria Azouaoui-Idjer et al. 2012
Juglans regia Juglandaceae Fagales California Chen et al. 2014
Juniperus sp, Cupressaceae Pinales Portugal Alves et al. 2013
Malus pumila Rosaceae Rosales Spain Phillips et al. 2005
Olea europaea Oleaceae Lamiales California Urbez-Torres et al. 2013
Ostrya sp. Betulaceae Fagales Italy Pavlic-Zupanc et al. 2015
Persea americana Lauraceae Laurales California Mcdonald & Eskalen 2011, Twizeyimana et al. 2013
Pistacia sp. Anacardiaceae Sapindales California Chen et al. 2014
Prunus dulcis Rosaceae Rosales California Doll et al. 2015
Quercus agrifolia Fagaceae Fagales California Lynch et al. 2014
Quercus ilex Fagaceae Fagales Spain Phillips et al. 2005, 2008, Lynch et al. 2013, 2015,
Luque et al. 2005,Burgess et al. 2006,Liu et al. 2012,
Zhou et al. 2010, Wet et al. 2009
Vitis vinifera Vitaceae Vitales Australia,California,Ne  Urbez-Torres et al. 2007, Qiu et al. 2011, Baskaratevan
w Zealand,California etal. 2012, Pitt et al. 2013, 2015, Lynch et al. 2013
D. iranica Olea europaea Oleaceae Lamiales Iran Abdollazadeh et al. 2014
D. longicollis Lysiphyllum Fabaceae Fabales Australia Pavlic et al. 2008
cunninghamii
D. moneti Acacia rostellifera Fabaceae Fabales Australia Taylor et al. 2009
D. neclivorem Vitis vinifera Vitaceae Vitales Australia Pitt et al. 2015
D. parva Corylus avellana, Betulaceae Fagales Iran, Slovenia and Italy ~ Abdollazadeh et al. 2014,
Ostrya carpinifolia Betulaceae Fagales Italy Pavlic-Zupanc et al. 2015
D. pretoriensis Acacia karroo Fabaceae Fabales South Africa Jami et al. 2012
D. prunicola Prunus dulcis Rosaceae Rosales Portugal Abdollazadeh et al. 2014
D. santali Santalum acuminatum Santalaceae Santalales Australia Taylor et al. 2009
D. sarmentorum Acer platanoides Sapindaceae Sapindales Poland Mulenko et al. 2008
Armeniaca vulgaris Rosaceae Rosales Ukraine Dudka et al. 2004
Cornus sanguinea Cornaceae Cornales Italy Lietal 2014
Cornus sanguinea Cornaceae Cornales Italy This study
Coronilla emerus Fabaceae Fabales Italy This study
Crataegus sp Rosaceae Rosales Italy This study
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Dothiorella species Host Family Order Distribution References
Euonymus europaeus Celastraceae Celastrales Italy This study
Malus pumila Rosaceae Rosales Netherlands Phillips et al. 2008, Wet et al. 2009, Chen et al. 2014
Menispermum canadense  Menispermaceae Ranunculales  Sweden -
Paliurus spina-christi Rhamnaceae Rosales Italy This study
Persica vulgaris Rosaceae Rosales Ukraine Dudka et al. 2004
Pistacia Anacardiaceae Sapindales California Chen et al. 2014
Prunus americana Rosaceae Rosales Florida Perez et al. 2010
Prunus domestica Rosaceae Rosales Poland Mulenko et al. 2008
Prunus dulcis Rosaceae Rosales California Inderbitzin 2010, Lynch et al. 2013,Gramaje et al. 2012
Prunus dulcis Rosaceae Rosales Italy This study
Prunus sp. Rosaceae Rosales North America Gramaje et al. 2012
Prunus spinosa Rosaceae Rosales Poland,Ukraine Mulenko et al. 2008, Dudka et al. 2004
Pyrus communis Rosaceae Rosales Oregon,Washington Luqgue et al. 2005
Quercus ilex Fagaceae Fagales ballota Spain Sanchez et al. 2003
Quercus suber Fagaceae Fagales Spain Sanchez et al. 2003
Salix sp. Salicaceae Malpighiales Italy This study
Ulmus sp. Ulmaceae Rosales England Luque et al. 2005, Phillips et al. 2005
Ulmus minor Ulmaceae Rosales Italy This study
Vitis vinifera Vitaceae Vitales New Zealand Baskarathevan et al. 2012
D. sempervirentis Cupressus sempervirens Cupressaceae Pinales Golestan, Iran Abdollazadeh et al. 2014
D. striata Citrus sinensis Rutaceae Sapindales New Zealand Abdollazadeh et al. 2014
D. symphoricarposicola Symphoricarpos sp. Caprifoliaceae Dipsacales Italy Lietal. 2014
Sambucus nigra Adoxacea Dipsacales Italy This study
Laurus nobilis Lauraceae Laurales Italy This study
Laburnum alpinum Fabaceae Fabales Italy This study
D. thailandica Bamboo Poaceae Poales Thailand Liu et al. 2012
D. thripsita Acacia harpophylla Fabaceae Fabales Australia Shivas et al. 2009
D. ulmacea Ulmus leavis Ulmaceae Rosales Germany Crous et al. 2015
D. uruguayensis Hexachlamys edulis Myrtaceae Myrtales Uruguay Pérez et al. 2010
D. vidmadera Vitis vinifera Vitaceae Vitales Australia Pitt et al. 2013
Fraxinus ornus Oleaceae Lamiales Italy This study
D. vinea-gemmae Vitis vinifera Vitaceae Vitales Australia Pitt et al. 2015
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representing D. sarmentorum from Prunus dulcis, Salix sp. and Ulmus minor were collected. The
other known reports of D. sarmentorum in above mentioned genera are Prunus dulcis (California),
Salix sp. (Cyprus) and Ulmus sp. (UK). Dothiorella symphoricarposicola; a novel species which
was recently introduced by Li et al. (2014) was isolated from Symphoricarpos sp. in Italy. Another
three of our isolates from Sambucus nigra, Laurus nobilis and Laburnum alpinum clustered with D.
symphoricarposicola (Fig. 1, table 2). The sexual morph of D. vidmadera was isolated from
Fraxinus ornus, and the asexual morph of this species was isolated from Vitis vinifera in Australia
(Pitt et al. 2013).

Eighteen Dothiorella species are known from only one host genus. Based on the
information available; Dothiorella americana, D. brevicollis, D. casuarinae, D. dulcispinae, D.
iranica, D. longicollis, D. moneti, D. neclivorem, D. pretoriensis, D. prunicola, D. santali, D.
sempervirentis, D. striata, D. thailandica, D. thripsita, D. ulmacea, D. uruguayensis and D. vinea-
gemmae species are limited to single host genera (Table 2). Although many Dothiorella species are
host specific, many more collections are needed to confirm this. Dothiorella parva has been
isolated from two host genera in a single host family Betulaceae, in the order Fagales, whereas D.
vidmadera have been isolated from two host families; Vitaceae and Oleaceae (Table 2). Three
Dothiorella species are known from a wide range of host genera or families. Dothiorella iberica, D.
sarmentorum and D. symphoricarposicola occur across many host families and orders. Dothiorella
iberica has been isolated from 12 host genera (from 6 host families), whereas D. sarmentorum has
been isolated from 17 host genera (from 12 host families), while D. symphoricarposicola has been
isolated from four host genera in four different host families. The information up to date suggests
that most Dothiorella species have narrow host ranges, while a few species have very wide host
ranges. As more hosts from diverse continents are studied, we should expect many more species to
be discovered in this genus.

Our study illustrates the diversity of Dothiorella species associated with twig and branches
of woody hosts. Four species were identified. Dothiorella sarmentorum was the dominant species
(65% of isolates), followed by D. symphoricarposicola (20%), D. iberica (8%) and D. vidmadera
(8%). All studied Dothiorella species occurred on more than one host, indicating that they are not
host-specific, but host-generalists.
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