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Summary. Species of the genus Vaccinium are commercially cultivated in Europe for their berries, which are highly
valued for dietary and pharmaceutical properties. Cultivation is severely limited due to a range of fungal diseases,
especially those caused by species of Diaporthe. Anumber of Diaporthe isolates have been collected from Vaccinium
growing regions in Europe, and initially identified as D. vaccinii based on host association. Using DNA sequence
inference of the combined f-tubulin, calmodulin, translation elongation factor 1-alpha and the internal transcribed
spacer region of the nuclear rDNA, along with morphological characteristics, six species were characterised. Dia-
porthe eres, D. vaccinii and D. viticola are known species and three novel taxa are described here as D. asheicola, D.
baccae and D. sterilis. This study is the first confirmed report of D. vaccinii in Latvia and the Netherlands.
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Introduction

The genus Vaccinium contains approximately 450
species of woody, perennial shrubs belonging to the
family Ericaceae (heath) (Dierking et al., 1993; Nest-
by et al., 2012). Four Vaccinium spp. are regarded as
economically important and indigenous to Europe,
namely V. myrtillus (bilberry), V. oxycoccus (cran-
berry), V. uliginosum (bog bilberry) and V. vitis-idaeae
(lingonberry) (Dierking et al., 1993). Vaccinium macro-
carpon (large cranberry or American cranberry) and
V. corymbosum (highbush blueberry), which were in-
troduced from North America, are also commercial-
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ly cultivated in Europe (Naumann, 1993; Caruso and
Ramsdell, 1995; Prodorutti et al., 2007; Nestby et al.,
2012). The berries of these plants are greatly prized
in the food industry based on their high content of
beneficial nutrients (Nestby et al., 2012), and in the
pharmaceutical industry for their bioactive phyto-
chemicals such as naturally occurring antioxidants
(Faria et al., 2005). However, commercial cultivation
of Vaccinium is severely limited due to a range of fun-
gal pathogens (Caruso and Ramsdell, 1995).

With the abolition of dual nomenclature from
the International Code of Nomenclature for algae,
fungi and plants (ICN), asexual and sexual names
of fungi received equal status (Hawksworth et al.,
2011; Wingfield et al., 2012), with Phomopsis being
treated as synonym of Diaporthe (Santos et al., 2010;
2011; Crous et al., 2011; Udayanga et al., 2012; Gomes
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et al., 2013; Kirk et al., 2013). Species of Diaporthe are
known to cause several diseases of Vaccinium, in-
cluding twig blight, stem cankers and fruit rot (Ca-
ruso and Ramsdell, 1995; Farr et al., 2002a,b; Miller et
al., 2006; Polashock, 2006; Latorre et al., 2012; Tadych
et al., 2012; Elfar et al., 2013). Several Diaporthe and
two Phomopsis spp. have been reported from Vaccin-
ium spp., including D. ambigua (Elfar et al., 2013), D.
australafricana (Latorre et al., 2012; Elfar et al., 2013),
D. neotheicola, D. passiflorae (Elfar et al., 2013), and
D. vaccinii (Caruso and Ramsdell, 1995; Farr et al.,
2002a,b; Miller et al., 2006; Polashock, 2006; Tadych et
al., 2012), as well as P. columnaris and P. myrtilli (Farr
et al., 2002b). One of these species, D. vaccinii, is listed
as a quarantine pest for the European Union (Euro-
pean Union 2000). Extensive surveys to collect and
identify fungal pathogens of Vaccinium spp. have
been conducted recently in Chile (Elfar et al., 2013),
New Zealand (Miller et al., 2006) and the USA (Ta-
dych et al., 2012). However only a few reports have
been made of Diaporthe and Phomopsis spp. isolated
from Vaccinium spp. grown in Europe (Petrak, 1924;
Wilcox and Falconer, 1961; Baker, 1972; Teodorescu et
al., 1985; Farr et al., 2002b; Gabler et al., 2004).

Although D. vaccinii is globally regarded as the
prominent species of Diaporthe on Vaccinium spp.
(Caruso and Ramsdell, 1995; Farr et al., 2002a), this
fungal pathogen has only been reported from Ro-
mania (Teodorescu et al., 1985), the United Kingdom
(Wilcox and Falconer, 1961; Baker, 1972) and Lithu-
ania (Gabler et al., 2004; Kacergius et al., 2004) in Eu-
rope, apparently introduced with American Vaccini-
um cultivars being exploited for commercial cultiva-
tion. This fungus was, however, unable to establish
and spread from both these regions (Teodorescu et
al., 1985). Generally, D. vaccinii is regarded as indig-
enous to North America as it has been reported from
all Vaccinium growing regions in the USA and Can-
ada (Shear et al., 1931; Weingartner and Klos, 1975;
Chao and Glawe, 1985; Farr et al., 2002a,b; Tadych et
al., 2012).

With the increase in commercial cultivation of
Vaccinium spp. in Europe, a number of Diaporthe
isolates have been collected from these regions and
maintained in culture collections (Table 1). The ma-
jority of these isolates are treated as D. vaccinii, based
only on host association, as they are similar to D.
phaseolorum, but differ in host specificity (Wehmey-
er, 1933; Chao and Glawe, 1985). The present study
therefore aimed to place these European Diaporthe
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isolates from Vaccinium plants in the correct taxo-
nomic context based on DNA sequence inference,
supported by morphological and cultural data.

Materials and methods
Isolates

Strains of D. vaccinii and other Diaporthe spp.
isolated from Vaccinium spp. were obtained from
various culture collections, as indicated in Table 1.
Several strains were also freshly isolated from symp-
tomatic and asymptomatic Vaccinium spp. collected
in the Netherlands and Italy (Table 1), as explained
by Elfar et al. (2013). Representative strains were de-
posited in the culture collection of the CBS-KNAW
Fungal Biodiversity Centre (CBS), in Utrecht, the
Netherlands, and the working collection of Pedro
Crous (CPC) maintained at the CBS.

DNA phylogeny

Total genomic DNA was extracted from cultures
grown on potato dextrose agar (PDA) for 7 d, using
UltraClean™ Microbial DNA isolation kits (Mo Bio
Laboratories, Inc.) according to the manufacturer’s
protocol. Partial gene sequences were determined
for p-tubulin (BTUB), calmodulin (CAL), transla-
tion elongation factor 1-alpha (TEF), and the inter-
nal transcribed spacer region (ITS) of the nuclear
rDNA using the primers and protocols described by
Gomes ef al. (2013). Integrity of the sequences was
checked by sequencing the amplicons in both direc-
tions using the same primer pairs used for amplifica-
tion. Consensus sequences for loci were assembled
in MEGA v. 5.1 (Tamura et al., 2011), then compared
and added to representative sequences from Uday-
anga et al. (2012) and Gomes et al. (2013) (Table 1).
Alignments for each locus was generated in MAFFT
v. 6 (Katoh and Toh, 2010) and manually corrected
where necessary.

The 70% reciprocal bootstrap method of Mason-
Gamer and Kellogg (1996) was used to determine
whether the four loci sequenced were congruent.
Evolutionary models were estimated in MrModel-
test (Nylander, 2004) using the Akaike Information
Criterion (AIC) for each locus, and implemented
in the bootstrap analysis runs in PAUP (Phylogeny
Analysis Using Parsimony, v. 4.0b10; Swofford, 2003)
for 10,000 replicates. The inferred tree topologies



were visually compared for conflicts between the
separate loci.

Phylogenetic analyses were based both on Bayes-
ian inference (BI) and Maximum Likelihood (ML).
For both methods, the best evolutionary models for
each partition were determined using MrModeltest
(Nylander, 2004) and incorporated into the analyses.
For the BI analysis, MrBayes v. 3.1.1 (Ronquist and
Huelsenbeck, 2003) was used to generate phyloge-
netic trees under optimal criteria per partition. A
Markov Chain Monte Carlo (MCMC) algorithm of
four chains was started in parallel from a random
tree topology with the heating parameter set at 0.3.
The MCMC analysis lasted until the average stand-
ard deviation of split frequencies came below 0.01
with trees saved each 1,000 generations. The first
25% of saved trees were discarded as the “burn-in”
phase and posterior probabilities (PP) determined
from the remaining trees.

The ML analysis was carried out for the same
partitions using RAXML software (Stamatakis et al.,
2005) through the CIPRES Website (http://www.
phylo.org), to obtain a second measure of branch
support. The robustness of the analysis was evalu-
ated by bootstrap support (BS) with the bootstrap
replicates automatically determined by the software
(Stamatakis et al., 2008). Novel sequences generated
in this study were deposited in GenBank (Table 1),
and the alignments and phylogenetic tree were de-
posited in TreeBASE (515189).

Sterile species (see species notes) were character-
ised using unique fixed single nucleotide polymor-
phisms (SNP’s). For each sterile species treated, the
closest phylogenetic neighbour(s) were selected and
subjected to SNP analyses using DnaSP v.5.00.07 (Li-
brado and Rozas, 2009).

Taxonomy

Axenic cultures were sub-cultured onto 2% tap
water agar supplemented with sterile pine needles
(PNA; Smith et al., 1996), PDA, oatmeal agar (OA)
and 2% malt extract agar (MEA) (Crous et al., 2009),
and incubated at 18-20°C under a 12 h near-ultravio-
let light/12 h dark cycle to induce sporulation. Fun-
gal structures were mounted in clear lactic acid, and
30 measurements were made for all structures in-
cluding the conidia. The 95% confidence levels were
determined, and extreme dimensions determined
(recorded here in parentheses). Colony characteris-
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tics were noted after 10 d of growth on PDA, OA and
MEA at 24°C in the dark, and colony colours were
determined using the colour charts of Rayner (1970).
Descriptions, nomenclature and illustrations were
deposited in MycoBank (Crous et al., 2004).

Results
Isolates

A total of 38 isolates representing Diaporthe spp.
isolated from Vaccinium spp. were obtained from
various culture collections, of which 28 isolates origi-
nated from Europe (Table 1). Seventeen of these were
obtained from the symptomatic and asymptomatic
plant material collected in Italy and the Netherlands
(Table 1). Typical symptoms observed on infected
Vaccinium plants included dark red-brown cankers
on the stems with internal discolouration of the vas-
cular tissues beneath these cankers radiating up and
down the stems. Red-brown leaf spots were also ob-
served.

DNA phylogeny

The 70% reciprocal bootstrap tree topologies
showed no conflicts for the BTUB, CAL and TEF
gene regions. However, the ITS gene region revealed
a conflicting tree topology to the other three gene
regions included. This was ignored, based on the
argument of Cunningham (1997) that combining
incongruent partitions could increase phylogenetic
accuracy. Therefore, the four gene regions were com-
bined, as was done by Gomes et al., (2013) for the
same loci.

The combined alignment of BTUB, CAL, ITS and
TEF used for both Bayesian and ML analyses con-
tained 1621 characters from 76 isolates (including
outgroup). Of the ingroup isolates, 37 were selected
based on comparisons to representative sequences
from Udayanga et al. (2012) and Gomes et al. (2013),
and subsequently retrieved from GenBank (Table 1).
The numbers of unique site patterns per data parti-
tion were 286 from 537 for BTUB, 165 from 334 for
CAL, 136 from 474 for ITS and 199 from 276 for TEF
which included alignment gaps. Based on the results
of MrModeltest all partitions had dirichlet base fre-
quencies and a GTR+I+G model with inverse gam-
ma-distributed rates was used for ITS and HKY+I+G
with inverse gamma-distributed rates were imple-
mented for BTUB, CAL and TEF. The Bayesian anal-

Vol. 53, No. 2, August, 2014 289



L. Lombard et al.

(PanunuUOD)

PLEFEDM  8S0SFEOM  00€EHEDM  9TOFHEDM  ZIMODULIBIA °§ eIV YInog saproawuhd va304d  O81ET DdD mmwmwu\w\ﬁwm siproavuhd *q
Sinqgsuay

€8LEFEDM  LSOSFEDM  66CEHEDM  STOPHEDM  ueaasue[ D[ eIV YInog stvaul] smypppdsy  1€%S DD = 66VLLL SID vappddna -q

92LEVEDX  0S0EPEDM  T6TEFEDD  8TOFHEDM eAdl(] g eLred[ng DOLIDY SMILY 96'614SdD  suadsviau *(q

GLLEVEDM  6V0SFEDM  T6CEPEDN  LI0FHED X1y uoA "y [ eneor) wmaounf wnyvdg 04€5484D  sisdosovuviyy q

CLLEFEDM  LBOSPEOM  68TEPEOM  STOPFEDM  Iokowyopm “H1 - SUIPUDIS STAISV]I) LT6ET SAD vuLSY]) [
009091 89509111 - - 1ZZ1[0] "D Areyp wnsoquifiiod ‘A 9850 DdD
66S09I[  £9S09TI - - 12Z1[0d D Areyp wnsoquifiios ‘A «S850T DdD
86S09TI 995091 - - 1ZZ1[0J "D Areyp wnsoquifiios ‘A +£850C DdD
26S09IT  S9S091[M - - 12210 "D Arei wnsoquifiiod A F8S0T DD = TL6IEL SAD

965091 $9S091Y - - 1ZZ1[0] "D Ares] wnsoquifiaod winuiddvy  o£860T DD = 1469€1 SAD avoovq "
GOLEVEDM  6L0EFEDM  T8TEFEDM  LOOVHEDM J13IS0IN 1] eIy Ynog vidfua A G69T DD = L8FETL SAD

vUYILLDIDIISND

POLEPEON  8L0EFEDM  0STEPEONM  900FFEIM s1odoyps vMd eensSny vifuna sy 9492 DdD = 988IIL SED ‘a
G6S09L[Y  €9S09LLY  €FSO9LIN  6ISO9LIN TIPS 'V S[YD ysy A 11991 DD = 8969€T SAD

P6SO9IN  79S09IM  THSO9TLI  8ISO9LLT I9PIIYPS Vv S[YD 1aysy wnuovA - 80691 DdD = L969€T SAD v]0212Ysy *(J

LSLEPEDN  TEOSFEDM  €4TEFEDN  666£FEOM I_YPIY MY - “ds wnipoury GT9¢1 SAD o

TSLEFPEDM 9TOSHEDM 89CEFEDN P66EPEDN  URWSSOY AV eLysny  wnifipuoyds wnappiop ¥2LE AV = 16S1IL S9D awjasuy "
STLEFED  TTOSFEDM  F9CEFEDN  066£7€DM odoiq g [eSn3104 swnp 649921 SAD

9PLEVEON  020EPEDM  TITEFEDN  886EFEDN urppn ‘m vsn voisdad snunid  GOOL NVA = 0T9S1T SID 20|
SPLEVEDM  LIOEFEDM  6SCEFEDN  S86EPED ueIg N Aoy, vidfiuna A 804% DdD = £98¥11 SAD
1-86d Ad

9G0STLAV  1S20€2AV  9T0SFLAV — ¢S¥Szex( uouSLre] J aduery vidfua sy = 0992 DdD = 9TOPIL SAD vuljaduiy (g

S1SuaIUYY 3|y

CELEVEDN  LOOSFEDM  6VCEPEDN  SL6EVED prowry "HYJ - Wnpyoows 429y £60%¢ DDLV = TL'S6¥ SAD aygodviq

431 Sl v an.g
10129]|0D Anuno) 1SOH urens sapadg

,S1agqwinu uoissadde yuequan

‘Apnys STy} ul pasn sajefost ayroder *| ajqel

Phytopathologia Mediterranea

290



Diaporthe species associated with Vaccinium

(panunuod)

LL8EFEDM  TSTEFEDM  €6€€HEDM  6ITFHEDN Boynox Auewron siiqou snnyy 6£°00C S9D siiqou (g
€98CHEDN  LETEPEOM  64EEPEDM  SOTHFEDN sojueg N[ [ednjiog aw8na 4 ¢/100D-1d = €17€CL S4D
T98EFEDM  9CIEFEDN  8LEEHEDN  FOIFFED sojueg N[ [eSnyrog aw8ina 4 G/100D-A = TITETL SAD avoruvpsn] "
098€PE€DM  FEIEFEDM 9ZE€FEDM  COTHHEDM eAdL[ISEA 1] vsn ds suv8nf 6590 dd = ¥001¢T SID vupuvi$nl -q
TE8EPEDN  SOTEPEDN  ZPEeheDM  €£0FheDXM  sdiimyd 1[v [eSnyrog aw8ina 4 ¥/%00D-1d = 602€CL SO
0€8EPEOM  FOLEFEDM  9PecheON  cZ0PPeOM  sdumyd 1V [eSnjrog av8pna wnpnowaod G /$00D-1A = 80CETL SAD
Smqsuay
1929820d 4879820 - - uea asue( [ eIV YInog stvaul] snywppdsy TTHS DdD = T0SLIT S9D
CE8EFEDM  LOTEFEDM  6VEEHEDN  SLOFHEDM 1Zna) ‘N Aeag SISUIULS VI]aUD)) LT/8184D  vaownomaof
01909 82509111 - - - eruenyIry "ds wniuioovp 608€T DdD
60909L[  £/S09IX  /FSO9TLI  £ZSO9TLY - vsn wnsoquifiiod A TZ0EL1€0Ad = 808€T DD
809091 928091 - 9zS091Y - Auewron ds wnuov 908€T DdD
UoMINIT
209091 S/S09TLY - GZS09LLY UeA D™D SPUBIAIAN YL wnsoquifiiod A .8688T€F0Ad = F08ET DdD
UoMNIT
909091 #2S09LY - $ZS09TLY UeA N'D'D  SPUBIOIAN SYL snjpiue A 198666¥0Ad = £08€T DdD
UoMNIT eC
S0909II  €/S09TL  9¥S09LLI  €ZS09LL UeA N'D'D  SPUBLIRIAN Y], snjpiue A -8/6566¥0Ad = T08ET DdD
PO909LLI  TZS09LLT  S#SO9LIY  TZSO9LIM TIPS 'V SO winsoquifiioo ‘A 01S9T DdD
€0909I  1£S09LLY - IZS09LLY dualsreaof *zZ eruenyiIry sn2000fixo A 61£92020Ad = THLFET SAD
209091 025091 - - uo[oD "1 Spue[IddN Y], wnsoquifiios A $9¥S060Ad = 6£LFET SO
L0909LLT  69S09LI  ##SO9LI - — SpUB[IBYPN YL “ds wmov) - g/pSTI20Ad = 9€LVET SAD
€991 (M
T08EPEDM  SZOESPEDM  LISEFEDM  €HOPHEDM Yosupre[ ‘M eLgsny aysaduws 40y =8¢eIV = £9/601 SAD
£££2080[  8¥%2080( - 0ZS09L[Y eV 19p ues y'H pue[oq vapi-sie A T8'%2S SdD
e1g8TZ91 INI=
9I8EFEDM  060EFEDNM  TEEEFEDN  8SOFHEDM unng ‘M puepodg "ds uapsvou0jod  £0%-d VA9 = 78'6€Y SAD
0T8EFEDM  F0SFEOM  9TEEHEDM  CSOFHEON  IdP[eIo0T IN'M  SPUE[IdYIdN YL vLpdnony snqiog ¥/ 482 54D s242°(q
431 Sl v anlg
103129]|0D Anuno) 1SOH urens sapads

S19qUINU UoISsADE Yuequan

panunuo)) ‘L ajqer

291

Vol. 53, No. 2, August, 2014



L. Lombard et al.

(PanuRUO)

UMM,
[Z909L[Y  68S09LIM  ZSS09TI  ££SO9LLY %m E.ww SPUBLDYION OYL,  SnjjAu wniuioovp - -8/6G66¥0Ad = 664ET unm
T96SPEOM  SETEPEDN  ZLPEFEOM  €0ThPedM  sdimyd T[V [e8maog viofuna A ££9T DdD = T10FIL SO
096€VEOM  FETEFEDN  9LFEPEON  C0ThpeOM  sdipyd 1V [e8nj10g viafua syl €898 DdD = TOTELL SAD vjoaa g
0Z909LLY  88SO9LLY  9SS09LI  9€S09T eurnred eraje’] uodipoosovut A THTL1£90Ad = €18€C DdD
6TI909TL  £8S09LLY  GSSO9LI  SESO9LLN eumnred 3 BIURII] uodivooswu A 6£6£90v0Ad = TI8ET DdD
8I909TI  98509TX - - QuaISTEAO[ "7 eruenyiry s12000Aix0 A 6e€£92020Ad = T18€C DdD
UoMNIT
LI909TY  S8S09LLY  #SSO9LI  #ESO9LIT UeA D™D SPURIOWAN YL wnsoquifiiod A .619947€0Ad = THLFET S9D
€G6EFEDN  LTTEFEDM  69FEPEON  S6IHFEDN e ' d vsn uinsoquifiios ‘A 7208 AA = 9112CL SAD
TS6EFEDN  9TTEPEON  89FEPEDN P6IFFEDN  [Ppswey D'd vsn wnsoquifiios A 065 NVA = STITCL SID
IS6EPEON  STCEFEDN LOVEPEOM C6IFPEDN  [PPswey D'd vsn wnsoquifiod A $€9 NV = FIITCL SID
9I909LIM  ¥8SO9LIN  €SS09LLY  Z€S09LLY osnre) vsn uodivooiovut A 9y NVA = €11TCL SAD
0S6EFEDM  FTTEPEOM  99FEPEDM  TOIFHEDM stre)) 1 vsn uodivo0iovut ¥L¥ NV = TIITTL S4D
6Y6EPEON  €CTEFEDN  SOPEPEDN  T6LHPEDN swepy "D'0 vsn wnsoquifiod A 1ZS8TL SdD
PS6EFEON  8TTEPEON  0LFEFEDN  96TFFEDM TedaYs 1D vsn uodipoosowut A 9p9zE OAl = TE'09L SAD nuva g
6E6EFEDN  CITEPEON GSPEPEOM I8IFPEOM  IOpuexa[y g  pue[edz maN vjp]02oUY] 08VIU]] L1101 SAD  vvuipiogns “(q
SI909LLY  €8S09LIM  ZSSO9TI  TESO9LLY 1ZZ1[0d "D Areyp wnsoquifiios ‘A +C850T DdD
PI909LIN  T8S09LLM  ISSO9LLI  I€SO9LLT 12210 "D Arei wnsoquifiod A 20850C DdD
€I909LL  I8SO9LIM  0SSO9LIY  0£S09LLM 1ZZ1[0d "D Areyp wnsoquifiios A G480 DdD
TI909LI  08S09TI  6%SO9LLY  62S09LIT 1ZZ1[0d "D Areyp wnsoquifiios A o££S0T DdD = 0469€T SID
II909ILY  6/S09LLY  8%S09LT  87SO9LLN 1ZZ1]0J ' Arey wnsoquifiios A .£990T DD = 6969€T SAD si193s
3>Ovﬁ@>u
8/8EHEDM  TSIEPEON ¥6LEPEON OTIFFEDN  -e[ouelunA ‘N eIAR[SOSN Xtjay v4apaH 68'8€€ S4D vjnd \q
GLREFEDM  6VIEPEON  T6EEHEDN  LIIFFEDM spnweg ‘5  pue[esaz maN vjuund snppiN- 65-£4 S[D = 0€0¥C1 S9D vsow1uiad
€88EFEDM  LSTEPEOM  66£EPEDN  STIFFEDM eluang 'L, eneor) xoui 9 €-€/4T/S = 14741 SAD
T88EFEDM  9SIEPEDNM  86€EHEDM  FTIFFEDN yefuang °L eneo1) xvut audhro 1-€/£T-€ = 0LTLTL SAD waoou
431 Sl 2] an.ig
10129]|0D Anuno) 1SOH urens sapads

S19qUINU UoISsADE Yuequan

panunuo) ‘| a|qel

Phytopathologia Mediterranea

292



Diaporthe species associated with Vaccinium

“Kpmys snpy Surmp syuwerd wniuov) onewodwdse pue srpewojdwAs woiy paure}qo saje[os]

"SOITeIT UT PajedTpur Apnjs sTy) ut pajerauad saouanbas ‘auad eydye-1 101087
uone3uore uonersuen renred (41, ‘VNJIU S9°S pue ¥ NJTU Y3 Jo suoidar 1o0eds paqrsue [eusajur ;g1 ‘ouad urmpowred fenred (v oua urngni-ejaq renred :gnig .

"ploq ur pajedtpur samimo adA3-xg “Amgapise) T Jo uonda[[oD) :ZN ‘SpuelIayidN oy, ‘uaduruadep (IN-OJIN) uoneziuedio
UoTI2J0I] JUeJ TeuoneN yoin( Y} Jo uondd[o) :(d ' ‘@ue] weyayeq ‘urey3q ‘9duasorg-1gvD ‘@3mmusuy [ed130[odAN [euoneurau] AT ‘uede[ ‘7eg exesQ ny
-eme30POL ‘OUIOYD-Z ‘TYPLUIUO-0SN[ ‘Gg-/T “UOT}eJUIWLId] 10J 9NITISUT Q] ‘S[oNures ‘o) Jo UOI[0D) :S[0) S “ePLIOf] AISIDATU dTIUE[}y epLIo]] Jusunireda ] 2ousmDs
Teor3o101g :N VA ‘[eSNII0J ‘U0gSIT “OqSIT BAON dPEPISISATU( ‘SOII30[OIOIDIAl SOSINDY dp onpua)) ‘sdiyd '["V JO Uonds[[0) I VS “eTuIojife]) Jo AJISIOATUN “ITe]
" JO UOTII0D) 4 ‘epeue)) ‘emenQ ‘samimy) reduny Jo Uondao) uerpeue)) JNOVA ‘SdD ¥e pasnoy snor) ‘M'd JO UOTIS[[0D) :DJD ‘edUJY YINOog ‘BLI0}aI] ‘BLI03dI]
jo Ayrs1oatun (1gvH) 21mmsuy A3ojouypajorg rernimoudy pue A11sa104 af) e pasnoy pRUSUIA “[TA JO UOTIS[[0D) IMIAD ‘SPUe[IayIaN YL, 1Yo ‘@nua)) AJIsIaATporg
reSung MyN-S4D :SgD ‘Auewiion ‘urjrag “Uonda[0d N3N 3130[0IqODIA 11 INHSU] 1y g ‘Uonda[[0d a1nynd ad4} uedtswy :DDHIV UeWSsoy "A'Y JO UOHII[[0D NV

vu11i00
0ELEVEDM  FOOSTEDM 9VTEFEDN TLU6EPEDN  eadlisseA "N1 euny) ds snjfiio) 1€ ¥V = $TIIZL SAD vjjayiodoiq
AmgapseD 1
VL8EVEDM  SYIEPEDM 06EEFEDN 9LIFFEDN P B[NpPUR ‘M pue[eaz maN vijoftiid q LT-ZN = ¥S6911 59D
AmgapseD 1 Jaysnynf
€/8EVEDN  LVIEPEDM 68EEFEDN SIIFFEDN B BMpued ‘M pue[eaz maN vijofiihid snifg 9Z-ZN = €56911 S4D stsdouioy,,
,, Wn.iouoo
6/8EVEDM  €SIEPEDM S6EEFEDN ITIFHEDN  ewaieog ‘H'D uede( vpiAydvyuad snui g 6285 SAD stsdouioy g,
008922 , DaUDISy)
TLBEVEDN  9VIEFEDM  88EEFEDN  FIIFFEDN JRJ13S VY 2310y a1IvS YaUYISLD) NOVA = 0LFETT S9D stsdouioy,,
- €65091[  19S09L[M  IFSO9I[A UDURA D Areyy “ds wnoowp ¥/6101894D ¢ 'dsaypiodnq
FT909IT  T6SO9I[Y  09S09T[Y  0¥S09LLI prequio] 7] SPUBMRYIRN YL snjpiu A LVFEISAD  T'ds aypiodmiq
ngswwd
€T909ILT  I6S09T[  6SS09L[M  6€S09L[M UBA ' D™D SPUBLIOYIDN YL snipgafin A ,986666¥0Ad = TOSET DD
TT909I[I  06S09I[I  8SS09T[M  8£S09TY — SpuelRYRN YL wnsoquifiiod A 16¥6/7€0Ad = 008€C DD
431 sl a\'p) anlg
10129]|0D Anuno) 1SOH ureng sapads

S19qUINU UoISsADE Yuequan

panunuo) °| ajqeL

293

Vol. 53, No. 2, August, 2014



L. Lombard et al.

ysis lasted 10,000"000 generations, and the consensus
tree with posterior probability was calculated from
15,002 trees left after 5,000 trees were discarded as
the burn-in phase. The tree topology and bootstrap
values of the ML supported the trees obtained from
the Bayesian analysis. The tree was rooted to Dia-
porthella corylina (CBS 121124) (Figure 1).

In the phylogenetic tree the Diaporthe isolates
from Vaccinium spp. clustered within eight clades, of
which three clades and two single lineages represent
possible new phylogenetic species (Figure 1). Two
of these clades represent isolates originating from
Italy. The first of these Italian clades (containing CBS
136969 and CBS 136970), with high BS (100%) and
PP (1.00) values, is closely related to, but separate
from, D. amygdali (ex-type CBS 126679). The second
clade of Italian isolates (containing CBS 136971 and
CBS 136972) is closely related to isolates represent-
ing D. foeniculacea. A third isolate originating from
Italy, CBS 101574, formed a sister taxon to the clade
containing D. lusitanicea (ex-type CBS 123212) and D.
cuppatea (ex-type CBS 117499). Isolates from Germa-
ny (CPC 23806), Poland (CBS 524.82) and Lithuania
(CPC 23809 and CBS 134742) grouped within the Dia-
porthe eres (CBS 439.82, CBS 109767; Gomes et al., 2013)
clade along with several other isolates collected in
the Netherlands (CPC 23802, CPC 23803, CPC 23804,
CBS 134736 and CBS 134739). The isolates CPC 23804,
CPC 23803 and CPC 23802 were initially identified as
Diaporthe vaccinii (NPPO, 2013), however, the present
study demonstrates that these isolates belong to the
D. eres clade. The remaining isolates from Lithuania
(CPC 23811 and CPC 23812) grouped within the D.
vaccinii clade along with an isolate from Latvia (CPC
23813) and one from the Netherlands (CBS 134741).
The phylogenetic position of one isolate from the
Netherlands (CBS 134743) remains unresolved. Two
isolates (CBS 136967 and CBS 136968) originating
from Chile, grouped together in a well-supported
clade (BS = 100%; PP = 1.00), closely related to, but
separate from, D. australafricana (ex-type CBS 111886),
D. cynaroidis (ex-type CBS 122676) and D. viticola (ex-
type CBS 113201). Three isolates from the Netherlands
(CPC 23799, CPC 23780 and CPC 23801) grouped
within the D. viticola (ex-type CBS 113201) clade.

Taxonomy

Based on DNA sequence analysis and morpho-
logical features, three new species of Diaporthe are
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Figure 1. Consensus phylogram of 15,002 trees result-
ing from a Bayesian analysis of the combined four gene
sequence alignment. European strains of Diaporthe spp.
from Vaccinium spp. are indicated in the coloured blocks
with country of origin next to the strain accession num-
ber. Accession numbers in bold represents ex-type strains.
Bayesian posterior probabilities and Maximum Likelihood
bootstrap support values are indicated at the nodes and
the scale bar represents the expected changes per site. The
tree was rooted to Diaporthella corylina (CBS 121124).



recognised. Two of these species were sterile in
culture and are therefore described based on DNA
sequence, following the approach of Gomes et al.
(2013). Isolate CBS 134743 is not considered here,
as its phylogenetic position could not be resolved.
Isolate CBS 101574 is also excluded as this strain
is sterile and possibly represents a single lineage.
More isolates of this strain are needed to confirm
the positions of unique fixed alleles in the four loci
studied here.

Diaporthe asheicola L. Lombard & Crous, sp. nov.
MycoBank MB807598

Etymology. Named after the host species from
which it was isolated, Vaccinium ashei.

Cultures sterile. Diaporthe asheicola differs from
its closest phylogenetic neighbours, D. australafri-
cana, D. cynaroidis and D. viticola by unique fixed
alleles in two loci based on alignments of the sepa-
rate loci deposited in TreeBASE (S15189): BTUB po-
sitions 1 (T) and 12 (A); ITS positions 8 (indel), 25
(indel), 27 (T), 28 (A), 47 (T), 49 (G), 50 (indel), 51
(indel), 52 (indel), 56 (C), 57 (C), 60 (T), 61 (C), 62
(A), 63 (C), 65 (indel), 66 (indel), 67 (C), 68 (T), 69
(T), 70 (G), 75 (T), 76 (T), 80 (A), 81 (C), 99 (C), 100
(C), 150 (T), 364 (C), 365 (C), 449 (C), 451 (C), 457
(C), 459 (G) and 460 (T).

Diaporthe species associated with Vaccinium

Culture characteristics. Colonies covering the me-
dium within 2 weeks at 24°C, with sparse aerial my-
celium. On PDA, honey (19”) to isabelline (19”1) with
salmon (9’d) patches; reverse buff (19d) to honey
(19”). On OA, buff (19d) to smoke-grey (21”7”d). On
MEA, white to buff (19d); reverse buff (19d).

Specimens examined: Chile: near Gorbea, on Vac-
cinium ashei, Feb. 2009, A. Schilder, holotype CBS
H-21513, culture ex-type CBS 136967 = CPC 16508;
CBS 136968 = CPC 16511.

Notes. Both isolates representing D. asheicola
could not be induced to sporulate on any of the me-
dia used in this study, nor on sterilised V. myrtillus
tissue placed on WA.

Diaporthe baccae L. Lombard, G. Polizzi & Crous,
Sp. nov.

MycoBank MB807599

(Figure 2)

Etymology. Name refers to the berries of the host
plant, Vaccinium corymbosum, from which this fungus
was isolated.

Conidiomata pycnidial in culture on PDA, PNA
and OA, globose to conical, eustromatic, multilocu-
lar, occasionally with ostiolate necks, scattered or ag-

Figure 2. Diaporthe baccae (ex-type CBS 136972). a. Conidiomata sporulating on OA; b. Conidiomata sporulating on PNA; ,
d. Conidiogenous cells. ¢, f. beta conidia; g, h. alpha conidia. Scale bars b = 500 ym; ¢ = 10 um (apply to d-h).
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gregated, up to 650 ym diam, brown to black, surface
covered with hyphae; cream to pale luteous conidial
droplets exuding from the central ostioles; walls con-
sisting of light brown, thick walled textura angularis.
Conidiophores hyaline, smooth, 1-3-septate, branched,
densely aggregated, cylindrical, straight to sinuous,
20-57 x 2-3 um. Conidiogenous cells phialidic, cylin-
drical, terminal and lateral, 9-23 x 1-2 pm, slightly
tapering towards the apex, with visible periclinal
thickening; collarette not observed. Paraphyses not
observed. Alpha conidia aseptate, hyaline smooth, gut-
tulate, fusoid to ellipsoid, straight, tapering towards
both ends, apex subobtuse, base subtruncate, (6-)7-9
x 2-3 um (av. 8 x 2 uym). Gamma conidia not observed.
Beta conidia spindle-shaped, aseptate, smooth, hya-
line, apex acutely rounded, base truncate, tapering
from lower third towards apex, curved, (17-)20-24(-
26) x 1-2 ym (av. 22 x 2 ym).

Culture characteristics. Colonies covering the me-
dium within 2 weeks at 24°C, with surface mycelium
flattened, dense and felty. On PDA, cream (19°f) to
smoke-grey (217”d); reverse greyish sepia (17”m).
On OA, white to greyish sepia (17”m).

Specimens examined. Italy: Sicily, Catania Prov-
ince, Valverde, on Vaccinium corymbosum, June 2012,
G. Polizzi, holotype CBS H-21514, cultures ex-type
CBS 136972 = CPC 20584; CPC 20583; CPC 20585;
CPC 20586; CPC 20587.

Notes. Based on the phylogenetic inference in this
study, D. baccae is closely related to D. chamaeropsis
and D. foeniculacea. The beta conidia of D. baccae [(17-
)20-24(-26) x 1-2 uym (av. 22 x 2 ym)] are smaller than
those of D. chamaeropsis [(20-)22-27(-30) x 1.5(-2)
pm; Gomes et al., 2013] and D. foeniculacea [(26—)28-
32(-34) x 1(-2) uym; Gomes et al., 2013]. Moreover, the
conidiophores of D. baccae are longer (up to 57 ym)
than those of D. chamaeropsis (up to 50 pm; Gomes et
al., 2013) and D. foeniculacea (up to 32 pm; Gomes et
al., 2013).

Diaporthe sterilis L. Lombard, G. Polizzi & Crous,
Sp. nov.
MycoBank MB807600

Etymology. Named after its sterile growth in cul-
ture.
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Cultures sterile. Diaporthe sterilis differs from
its closest phylogenetic neighbour, D. amygdali, by
unique fixed alleles in three loci based on alignments
of the separate loci deposited in TreeBASE (515189):
BTUB positions 12 (A), 254 (G), 272 (G), 273 (A), 283
(A), 377 (A), 382 (A), 384 (T), 393 (G), 400 (T), 406 (G),
409 (A), 413 (T), 427 (G), 441 (G), 442 (A), 474 (indel),
479 (T) and 500 (T); ITS positions 44 (T), 48 (C), 50 (T),
51 (G), 68 (C), 159 (T), 358 (indel), 370 (indel), 371 (G)
and 372 (G); TEF positions 16 (G), 178 (C), 179 (A),
180 (C), 181 (T), 182 (A), 183 (C), 184 (A), 185 (T), 186
(A), 187 (C), 194 (C), 195 (A), 196 (C), 197 (C), 198 (A),
199 (C), 236 (C), 238 (C) and 270 (A).

Culture characteristics. Colonies covering the me-
dium within 2 weeks at 24°C, with sparse aerial my-
celium. On PDA, buff (19d), honey (19”) to isabelline
(1971); reverse greyish sepia (17”m). On OA, white to
greyish sepia (17”m). On MEA, white to vinaceous
buff (17”’d); reverse olivaceous buff (21”’d).

Specimens examined. Italy: Sicily, Catania Prov-
ince, Valverde, on Vaccinium corymbosum, June 2012,
G. Polizzi, holotype CBS H-21515, cultures ex-type
CBS 136969 = CPC 20563; CBS 136970 = CPC 20577;
CPC 20575; CPC 20580; CPC 20582.

Notes. All five isolates representing D. sterilis
could not be induced to sporulate on any of the me-
dia used in this study, nor on sterilised V. myrtillus
tissue placed on WA.

Discussion

Three new Diaporthe spp. are here described as D.
asheicola, D. baccae, and D. sterilis, based on phyloge-
netic inference, morphological and cultural features.
Diaporthe baccae and D. sterilis originated from Eu-
rope and D. asheicola originated from Chile. Both D.
asheicola and D. sterilis were found to be sterile, and
are therefore described based on single nucleotide
polymorphisms.

Although several Diaporthe spp. have been re-
corded on Vaccinium spp. in various countries, D. vac-
cinii remains the main concern in Europe. This fun-
gal pathogen is listed in both the EPPO A2 (http://
www.eppo.org) and EU Council Directive 2000/29/
EC (annex IIAI) (http://eur-lex.europa.eu) as an
organism recommended for regulation as a quaran-
tine pest, therefore restricting movement of infected



plants and plant products into and within Europe.
To date, D. vaccinii has only been reported sporadi-
cally in Europe, occurring in Lithuania (Gabler et al.,
2004; Kacergius et al.,, 2004), Romania (Teodorescu
et al., 1985), and the United Kingdom (Wilcox and
Falconer, 1961; Baker, 1972). In the present study,
isolates originating from Latvia, Lithuania and the
Netherlands were identified as D. vaccinii. The study
therefore confirms an earlier report of the presence
of D. vaccinii in the Netherlands (NPPO, 2009), and
represents the first report of this pathogen in Latvia.

Several isolates from the Netherlands, Germany,
Lithuania and Poland were identified as D.eres. Al-
though Diaporthe eres, the type species of the genus
Diaporthe, has been reported on a large number of
plant hosts (Wehmeyer, 1933; Gomes et al., 2013), no
record could be found on Vaccinium spp. The present
record therefore also represents the first report of D.
eres on V. corymbosum, V. myrtillus and V. vitis-idea
(Table 1). The phylogenetic position of a single iso-
late from the Netherlands (CBS 134743) could not be
resolved. The closest phylogenetic neighbours to D.
eres belong to the D. nobilis complex (Gomes et al.,
2013), which is poorly resolved at present, awaiting
examination of further collections.

A disease survey of V. corymbosum in Sicily, Italy
in 2012, yielded several Diaporthe isolates, result-
ing in the identification of two new Diaporthe spp.,
D. baccae and D. sterilis in the present study. Infect-
ed plants displayed characteristic cankers at their
bases, with brown lesions developing on the green
stems and twigs, which resulted in twig blight. Plant
mortality was observed when these cankers were
present in the crowns of these plants. Preliminary
pathogenicity tests on four V. corymbosum cultivars
(Darrow, Berkeley, Legacy, Elliot) induced identical
symptoms to those observed in the field. Host speci-
ficity of both these new Diaporthe spp., needs to be
further investigated.

Three isolates from the Netherlands were identi-
fied as D. viticola. Diaporthe viticola is a well-known
fungal pathogen in Europe (Phillips, 1999; Schepers et
al., 2000; Mostert et al., 2001; van Niekerk et al., 2005),
associated with cane spot of grapevines. This fungus
has also been found on several other woody hosts in
the Netherlands (Gomes et al., 2013). However, this
is the first report of D. viticola on V. corymbosum and
V. myrtillus in Europe. The description of D. asheicola
from Chile was serendipitous, as these isolates were
originally thought to represent D. australafricana. Al-

Diaporthe species associated with Vaccinium

though both isolates representing D. asheicola were
sterile, either due to age, repeated subculturing or
as an intrinsic feature of this species, they could be
distinguished from D. australafricana and D. viticola
based on single nucleotide polymorphisms following
the approach of Gomes et al. (2013). As with D. baccae
and D. sterilis, the pathogenicity and host specificity
of D. asheicola needs to be further investigated.

This study has resulted in the identification of
several Diaporthe spp. associated with Vaccinium spp.
in Europe. Both D. eres and D. viticola are known to
be host non-specific in Europe (Gomes et al., 2013),
and therefore it is not surprising that they are also
newly reported from various Vaccinium spp. Dia-
porthe vaccinii is known to be host-specific (Chao and
Glawe, 1985) and is possibly indigenous to North
America (Shear et al., 1931; Weingartner and Klos,
1975; Chao and Glawe, 1985; Farr et al., 2002a,b; Ta-
dych et al., 2012), but is now shown to be present
in Europe on V. corymbosum, V. macrocarpon and V.
oxycoccus. However, large scale surveys on Vaccinium
spp. grown commercially and in public areas need
to be conducted to determine the distribution of D.
vaccinii and other Diaporthe spp. in Europe. This in-
formation would contribute to understanding of the
distribution of these fungi, and the extent to which
quarantine measures need to be applied for these
pathogens occurring on Vaccinium plants and plant
products moved into and within Europe.
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