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Abstroce:
chades a number of plant pathogenic fungd such as
Ciryfrhurmectrize peovesition, the chestnut Blighe fungus,
as well as many asexually reproducing (ungl withour

The ascomycere order Dhaparthales in-

known sexnal stares. Relationships among genera i
the Raporthales were evaluated as o basis Tor the rec-
ownitiony ol families and 1o provide a raxonomic
[ramework lor the asexnally reprodocing diaporthal-
ean fangd. Phylogenetic relationships were deten-
mited based on analyses of large subunie (TR0 no-
clear ribzomal TYNA (nrTINAY sequences. Within the
Diaponrthales B2 sequences reprosenting 69 lasa wer
analvacd, Resulls suggest the presence ol at least six
major lineages within the Diaporthales recognized as
rhe Cnevmomiaceae semste sircie, Melanconidaceae
seavie shiicto, Sefuzotensee complex incloding the an-
amorph genera Cowdella and Pilidiella, Crofihonectrin
Frdotlia complex, Valsaceae serane wiviclo, and Dia-
porthaceas sereve sirfecdo. I addition, sis wleomorph-
i and anamorphic axa lell within the Diaporthales
but were not allicd with any of the six Imeages.

Key Words:  canker fungl, Gryphoecirie, Diapor
He, dhiseuda, phlogeny, Valva
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Fhe: ascomyecte order Diaporthales includes a num-
Ler of plant pathogenic [ungi, the maost notorions of
which is Cryfihonectvia parositice (Murrill) Barr, Lhae
chesmut blight fungus that abered the Tandscape of
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castern Sorth America (Anagnostakis 1987, Orher
discases caused by members of this order inchade
sletn canker of sovbeans {Eaporile phaseolorym
(Cooke & Fllis) Sace. and s variedes), stem-end rot
of citrus fruits (Neaporthe ooty TA, Wollh, and peach
canker discase {Phomopsis awyodeli (Del) ] Tuser
& L Porullad (Farr eval 19995, Same species produace
sccondary metabolites that result in roxicoses of an
wals such as lapinosis o sheep (féaparthe toxica PM.
Will, et all (Williamson ar al 19%1). A number of
ascxvally reproducing plant pathogenic fangi also
belong in the Dhiaporthales, such Creeneria ol
iBerk. & Curt,) Tanith., canse of hicter rot of grape,
and Disewde destrwetivg Redling eanse of dogwood an-
thwacnose, both ol which are mirotic diaporthalcean
species with no known sexual stare (Fare et al 200,
Zhang and Blackwell 200077,

As an order the Diaporthales is well-defined wor-
phologically hased on brosen to black perithecial as-
comara immersed in stromate or subsieala, lack of
rrue paraphvses ar maturity, and unilunicdle asc Lt
alten oar free within the contrum al maturity and
have a refractivie ving in the apex (Barr 1978 Sa-
muels and Blackwell 20007 The known ascxual stales
of members of the Digporthales are generally coelo-
myeetons boening their phialidic, varely annellidic,
comidingenons cells and conidia in acervali o pye-
nicia with or withowl welldeveloped swomata, Mo-
leemlar dati have supported the Diaporihales as a dis
tinct ovder within the Sovduriomyeetes, the class of
ascomnyvectous fungd that gencvally produce their asci
in perithecial asconta (Fare et al 2001, Zhang and
Bl kel 2iM1L],

Witlin the Diaporihales eigln Tamilies have heen
recoguised by various authors over the past 25
Howewver, uo single author has ever recognized all
cighl and the configuration of each Tamily has varied
comsiderably, Most vecendy, Friksson er al (20073,
preseriing o svithesis of daa rem the literamire with
inpat from the mveological community, recognize
three tamilics in che Diapoertales, namely the Melan-
comicaceae (o Winter, Valsaccace Lol & C. Tul.. and
Vialaeaceae PF Canmon. The familial classilicatons
ol the THaporthales as recognized by e (1978,
199, Hawksworth et al (19951, and Woehmever
P1973) were summarized by Zhang and Blackwell
(20, They included the Gonomoniaceae G Winter,
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Dhaporthacess Tohn ex Welm, and Pseudovilsa-
ceae ME, Barr as well as the Melancomdaceae and
Valzsareae, Two additional families have been inclhud-
cd in the DHaportlildes. The Magnaporthaeeae PE
Cannon was shovwa o be extalimital o e Diapors
thales [(Berhee 2000, Farr et al 2000, Zhang and
DBlackwell 2000 as had been soaggested by Viasilvevas
1903y, The Sedowiellaceae LanN, Vassiljova wis o
tablished for the genus Svdondelle Teirn [Vasilveva
19T O the 98 gonera of phimitassociared fungd in
the Diaportduales 15 w 13 pencra bave nol been re-
ferred (o families (Frikssom el al 2001, Rk et al
T,

Generic concepls within the Ddaporthales are
based primarily on characteristics of the stromata,
porithecia snd ascospores. Srromaral characteristics
usedd in defining genera in the Diaporthales are the
exient and tvpe of development, tssue tvpe [orming
the stromata, and the relationship of the stromata o
the hest The position of the perithecta relative 1o
the host surface has been used w distinouish gencea,
as has the arrangemenr ol the perithecia in the sturo-
wdlie and convergence or nor of perithecial necks
within the stromata. In additon o stromatal and
perithecial characieristics. variations in the ascospore
shape andd seprafion have been nsed o deline genera
(etrak 1966, Robavashi 1970, Bare 1975, 19490, Mo-
nod 1833, Vasilveva 19937, In some genera these dis-
tincaons are ditbonlt w determine and the generic
conecpts bave been unstable with wany species trans-
lerred lrom one genus o another depending oo the
aarhor

Approximately G0% of the deseribed species of
plant-associated fungl reprodoce asexually and lack
anv known sexual state [Rossman lE‘.Iﬂ.‘_";_]...-"IJLhuugh
mosh are milolic ascomycetes. thoeir relurionships ro
teleomaorph taxa are generally uonknown. Becaose
these Mungi include many sevious plant pathowens,
knowledge of their tixonomic atfinides is crucial for
developing measures o conlrel the diseases they
canze. With increased wse of molecular sequence
clata tor reconstrucring fungal evelutionary relation-
ships al all levels {Roho 192 the affinides of mi
totie Mungi with their sexoally reproducing relatives
can he derermined. Recently Creenerin waicola, a mi-
Loadid spoecies with o known sexnal athinities, was
[ovmd w Belong in the Diaporihales (Fame e al
20017, Since s emergence in the lale 19705, o sex-
wal stace for féiscude destrctive, the canse ol dog-
wool anthracnose, his been sought. Redlin (14971
sugeested thar it might have a eleomorpl belong-
ing to Agingremonie Hobno or Ceemende Ces. & The
Mot Ll and Blackwell (2001) nsed moleoular se
quence data wo inler the sexual state of fvewda des
iractive but were unable o come o any delinitive

conchiion excepr thac it hbelonged in the Gnomaon-
L.

Enowledge of the relationships amons gencra
within the Diaporthales is needed to serve as a basis
tor the recognition of fanilics. In addition such
knowledge will provide a taxonomic [ranework or
doerermining relacionships of releomorph genera o
dm:xuull}' reproducing diaporthalean fungi. Thas, a
study was undertaken w determine the wajor loe-
ages within the Diaporthales hased on a sequence
artlvsis of the LEU nrldNA.

MATERIALS AND METINODS

Fuaslertivrn, aweriatfevienee, amed diositom of callivres o vorediier
sfecimes—Nowly seouenced isolaces vsed in s study aee
listed in Taser I GenBank accession mambers Tor previ-
ously sequenced isolates ave ineluded with e species meone
i Fres 1= Frosh o specimens were sent as air-driced collee-
dons primarily by the thivd and fourth anthors o the see
oncd aunthor, Tsolates oliained Troon these specimens were
grown fronn single aseospores or conidia that haed been plat-
ed om 17% Dhifeo Corn Meal Agar (CM) supplemented wich
0:2% dexirose aned antibioics. Germinaed] spores were
Pransferresd to both 5405 Diteo Potato Destrose Agare [PDIAS
aned CM plutes for cheervadon, All isclates were malntained
on OB oagar slanws and as phags i 20% olveerolwater al,
0 cBorlsall wnl Dhwwaeth 189400 Living, culinres were e-
posited in oche Conmraalburean voor Schimmeloulores
(CBS). Utrechr, The Netherlands, aned the ariginal speci
nens [rom which isolates were oblained were depuosited in
the 125 Nationial Fungus Collections (BPT) as Tisted in Ta-
BLE [ For living cultures obined [rom repasitorics such as
ATCC (American Type Unliure Collectiond, U5 and 1M1
Chenteriational ¥veological Tnstinte, now CATRTL dricd cul-
ture specimens were deposited in BPL AL the enlouwre spor
ulaccl.

Nuedere acted exteection aived POR gl eatton —Myoelinm
for DXNA cxmracton was grown in shaker [asks an 125 rpm
foar =140 ek i TR el Qieguicl CYM {Raepenr aned Rapenr TH72)
al voenn wemperature under mnbicne light conditions, My
coelium was harvesood by vacuam fliration on Whatman M.
I liler paper ane Deesedried prion o DNA exiraction. Al-
Perrntively, TRNA was ccvieted directly froem actively grons-
g surtuce mycclivm scraped [om PIA plates, DNA was
extracted with the Plant DPNeasy Mind kit (QGaeen D,
Chissnrth, Calilinewia, USA aceording o the manutaciur-
cr's instructions using approsimarcly 13 mg dried fissue or
a0 mg (resh mecelinm,

Thee LSV arDINA s wonplified in 50 pLoveacions on g
GeneAanp 9700 thermal cveler (Applicd Bicsvstems, Foster
Cite, California, USA) wnder the Tollwing reaction conedi-
s L0=15 ng ol yenoanic DNAL 200 b each ONTE, 205
nnils Arnplitag Gold (Applicd Biosvscems, Foscer City, Cali-
fornia, USA), 26 pmoles cach ol primers LEOK and [R7
iWilgalys and Hester 1990 Rehoer aud Sanels T9894) el
the: supplicd 1000 PCR buffer with 15 mM MgCL. The ther
mal cvcler program was as Follows: 1O i ac 95 O Followed
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bee 30 cveles ol 30 s at 90 00 30 s at 3% G 1 min o 200,
with o liwal exteasion pevicel of TEmin a0 72, Following
amplificadion, the PCR products were purilicd with CHA
Cick cohunns (Chagen Inc., Chatsworth, Calilormia, [1SAY
sccewelingg W the ananmlaciore’s instiroctons, Amplificed
proviucts were sequenced with che BigDve dve terminatar
kit {Applicd Biosvstems, Fosoor Cicy, Calilornia. UsAY onoan
ABL A1 or ABD 377 suvmated DNA seqnencer nsing thie
leallenwineg priiners: TROE, TRAR, TRER, TRT, TRA LES i'Vil-
gathvs s Heseer 1990, Rehner and Samuels TS0

Seigerene e, Haw sequenees were elinedd nsing Se-
cprencher version S005% B Windows [Gene Codes Corpao-
ratien, Ann Arbor, Michipan, UsA) Aligniments were man-
vally acjnsted vsing Geneldos 200000 (higes
el Dicned Seenedine 73 T alignmenis were wenerated.
Alignrnest T ineluded scouences from 35 newly scquenced
digporthalean taxa. 27 diapeorthalean sequences Tvom
GenBank Tor which only approsiriately G080 hpare available

S s

Foar s Lesaowith Megmefordie i [T Tehern Yoae-
gashl & Udages und  Ceguemiciinoniees prasinis (Sacc.)
Ars & Lv Oivier Tram the Magnaporilie sae s onlgroup
vei Adigernen L D owie trancateel o BN aligned positions 1o
rinrisnize thae etbects of Targe wnounes of missing data Tor
s of the tee i the analvses, Algnment 2 inchaded onls
the 36 gawa newly sequensed e this shoey s well as 16
sccguenees recently reporied i Far eeul $2000% for which
approxitnately 1350 bp of the 55 cnd ol the LSU nrldNA
were secuenced. T he seouenve aliginments were depasioed
in FreeBASLE s 5816,

Fior bl alignments, trees were inlerred b the neighlboe
JeEning (M1 metheal (Kinmra 2-pararmeter distanee colen-
Batican) sned by vocasivman parsinony (MPY using the hooris
tic search option with the vanedvon acedition sespuenee (1000
repliciiones and e brangch seappping (oee hisection re
conncotion. TR cption ol PALTE LONES TSl Tored TR
For both pypes ol analvses, sombiguously alipned  positions
woere excluded, Al characters were wnordered aned given
el weight dhuring the malvsisg Canpe ware ircated as niss-
g cliaba incthe parsitnomy analyss and the neighbor jeimning
analvais, missing or ambigiens sites were e e als
fechend pavivwise comparisons, Tleoriste scarches Tor mest
parsinonious trees CMITLT with the MULTRELES opion in
ellevt resnlied i lvge tarbers of trees aned did ot scarch
e completion, Maxinnm likelihaool analvses were non -
ternrpten] aloe Lo e Tenthe o e veepaived for a0 data set
st This sive,

All resuliing ML were conpue] msing the Shiweedaise-
Il (5-000 test (shimnoadaien and Hascgawa L9957 as
unplemented in PALT* LORE The lihelibood alel wis
clestrrmiinied B Ao el version 5,06 1 Posada and Crandall
12057, Reladve suppoct e branches wos estimated witl
POET Tuwsta veplications (Telsensiein 185 with MUL
TETES and TRE ol and 10 randon sequence aleitions e
the ML Buaalsirapes,

Plvlogrerenie treeys were also inforred Do alignment 2 us
ing Bavesian inlerence as implemented o Mrlaves (higpes 7
rcnphbsim ke che e ortuaves 3 with the Lollowing com
mands: (1 exclivle positions 7h070, TTEL 117, 4704358, Bikd,
SO0, BG2=T2E 500 TikhaeliTeowd hl’_':ll'illg‘_i (lecr nuanber ol sub

shitiom Lvpes (nst] = G, 3 proparton ol sites mackable ansd
the rest drawn Troam the waomma alislvibotion {rne =
pvegummad, bese liespuenecies — estmae, rate maniz =
CLT054, G TI8S, 88575, OSTE, L3000, L0 (i) mun-
ber ol generations — 3000000 saneple Treguency — 10,
mwrmber ol cluins o temperainre. — L5 save Dranch
wisi, stavlingg drees = vanclorn, The first 100 (08
goencralions were discarded as the chains were converging
(burning. Likelibood mocdel assonnpions were s deie-
rivinee ] withe dusleliest version 5306 (Posacla and Crandall
VO T frequencies A = D2T03 = 02140, G

D281V, T = 022409 oumber substinion bpes — G piro-
prosction ol i iabee sites — D718 gimme shape pavaneer

lernhs

OGO by Tale categories = 4 mean avorage rate:
rate matris = LT 87 1E2, ST, DULTH LRANNKL
Lo, Four inclepencent anabses, sach strting froim a
varckom e, were ron nneler the same coneinons,

Phvlogenctic trees corresponding o the most recent clas
sificacion schoenes of Fare (19907 and Foikeson e al (200070
were constiuted by nsing Geas conidanessd within cach ac-
cepred Genily s o separaoe monophyledo constramt in MU
analyses of alignment 2 using the heurisic search option
(LD rapvclern acquence achilitions, TBE ol MUTTRITES
ol Th. Uhe res widle the bost =T Bkeliboesd soore resalting
Framn cach consteained analvas and all ooees resuling [oom
the unceastramed analvsis were compouern] by the 517 e
i ddeseribisl alweee CPamir W, incloding 211 churacers in
the aridvsis coocept tor unbigoously aligned posiions ane
ineon segquences. The lollowing topologies were esied with

the 372 equally parsimonions teees eesolting Teom the an-
constraine ]l anabesiss 100 Baree (TN Coomoniaocae, (100
T (100 Melanconidaceae, (D Bary (199 Valsacens,
(v Erilasan ctal (200 Melmconichuene, (ol Friksson ol
al 12000 Valsceswe, ol O] Basesion topaedogy, The maage
ul =l likeliheesd scores of trees [room cach consteaint -
[rredosy 1z shown, However, andy he topoldogs with the B

Irelikclibunn ] seare froan cach comstraint was costed against
the unconsmained trecs,

RESITTIS

Neguence afignments, Alignment 1o consisted of G630
total cliracters of which 200 ambiguonsly aligned po-
sitiernts were excluded. CF the remaining 6340 eharac-
ters, 132 were parsimony ioformative. Aligmnent 2
conaiated ol 1B bases of whicly 360 positons were
excluded due to the presence o intrans o beo ol e
serpenees [ ryiadiofer e covnl ARS8 Tl
abitefer AR BN anel 200 positions were exclnded be-
canse of poleniially ambicions alignments, leaving
1264 positions of which TEY were parsimeony inlor
mative.,

Sepueveee coveelvses—or B anulyses, hewisiic scarch-
es resulied in excess of DO wecs, Wheo the ML L-
TREES aption was morned of 1) 210 ad 372 cqually
prarsimanious wees were generated Tor alignmend |
avl aligiment 2 respecrivel A stricr consensus of
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trees generated with MUITREES on (MAXTREES =
U0 was identical to e seicl consensas of irecs
generated  from analyses with MULTRELS ol [or
biath analvses (rees not shown.

Parsitnony wee seores for alignment | were O =
0,428, RT = 0874, RO — 0376, and length — 428,
For alignment 2. wee scores were C1 — (L4857, RI —
fLags, RO — 00435 and length — 503, The MPT with
the best —In likelihood score for alignment 1 is
shomn in Fiie 1 and one of two MPLD willl the hesr
—In likelibood score iz shown for the alignment 2
(Fe, 23, although neither wee was significantly beter
than others gencrated in each analysis (Ff — 0.05).
Bootstrap values greater than T pereent are indicat-
ed on Fics, 1 and 2 above (M) and belos (X)) the
respective hranches,

To determine il trees resulting trom MIY analyses
with the MULLBEES oprion = off, in general, rellect-
e a rood approximation of relativnships within this
aroup, Bavesian phylogenclic inference was used 1o
construet a tree and determine the probabilitics of a
particular group exdsting in thar free (given the ob-
served data), Bavesian analysis nsing Markow chain
Momte Carle algorithms is compulationally meove
practical than bootstrapping and maximum likeli-
hosel, In addition, beuristic searches are nol guar-
anteed o converge Lo Lhe optimal oree {Larges and
Simon 199491, whereas the Markoy chain explores
possible wree wpelogies ancd dimensions of ather p-
rameters of wees in proporticn o their posterior
probubilites (Tewis 2000}, [Tor derailed explana-
Lons of this method, see Larger and Siien 1999,
Iuelsenbeck croal 2000, and T.ewis 2001.]

Froimr % shows the ree resulting from the Bayes
i analvsis with the highest —lIn likelihood score
with the numbers ahove the branches retlecting the
probabilicy that each group exists expressed as a per-
centage, Foin independent analyses were run with
each starting from a random tree and probahilities
and topologies were similar in all analvses. Topolo-
gics from the four analyses differed only in the place-
ment of the Valsacoue and Diaporthaceac as sister
lxat i1 e of the four analyses. However, posterior
probahilities of that placement woere uot particularly
high {138 and (LGD,

Likelitiood ratio dests —Thvlogenctic analyvsis of the
diaporthalean Lusa available for s study indicares
the presence of at least six lincages within the Dl
portliales, Mihough elemenls ol marmy of the previ
ously described tamilies are present. these lineages
do not entirely conform w raxonomic schemes that
Liave been proposcd. The SH toest results for con
strained trec wpologies corresponding o recently
recogiizcd Lamilies are prosented in TartroIL

Shimodaira-Hasegawa test resulrs show that when
analyses are constrained to conform L the placement
of genera within the three failies as recogniced by
Bearr (L9900 aned Friksson et al (20001), resulling wees
[rom all of the conswaints except for the Valsaceae
as recognized by Barr (1990} are signilicantly worse
than [ 2 Trees vesuliog lrome analyses conslrain-
ing Valsa br, Lewcosterma (Nitschhel Lohn, Valsells
Fuekel, Frdetiie Froand Chesmesdothio LarN. Vassil-
jevi Lo be a monophyletc group conld not e reject-
ed as significantly worse explanations ol the dara
than Fi, 2, These resnlts surgest thar two of the
three major families in the Diaporthales as curnently
circumacribed (Lriksson er al 200011 are not mono
phvletic and that a greater number of families shonld
be recognized.

DISCLIRSI0N

Phylugenstic anafises—TPhylogenctic analysis of TS1
rDNA sequences o available taxa within the Dia-
porthales shows the presence ol at least six hncages
within this order. Lilkelibood ratio tests (Shimedaira
and Hasegawa 1999 comparing the opologies ob-
tuineel v constraining monophyletic gronps that cor-
respoird to recent classilications schemes o not rec
ngnize these tamilies as equally good cxplanatons of
the data when compared with Fic. 2, the result of an
unconstrained analysis, except in the case of Bar’s
19900 Valsacvae, Recent papers have pointed oul
that the Kishino-Hasegawa (BIT) test {Kishino and
Llasegawa 19849) is ol appropriate for wmaking mal-
tiple comparisons or for trees resulting from the anal-
viis of the data set and designated a fosterior (Shi-
modaira and Hascgawa 1999, Goldman el al 2000,
Whelan ot al 20013, However, there s some doubt
ahout whether or not it s appropriate to use the 5
Ll test Lo guestions of monophyly (Cxoledrman et al
2000, Whelan cral 20003, In light of these concerns,
althongh the ST test was performed, ic may be wore
appropriate @ compare only the —In - likelihood
scores of cacll lopology and not to cvaluate their st
tisrical signilicance,

e resules of maximun parsimony, neighbon join-
ing, and Bavesian inference analyses were all similar
in topelogy as well as levels of suppont, Bonrstrag sup-
port for groups was generally higher in M analyses
than for MP analvses and support was higher in align-
ment 2 (1264 bpi than aligmument L (G340 bpl. In o
der o determine it this obseration might be a result
ol either the more lunited taxon sampling or the
larger number of analyzed characters in alignment 2,
the first G50 bp, excluding 20 ambignonsly aligned
positions, of this alignment was anabaed by Loth MP
and N] bootstrap analyses as described in the mare
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1027

Lopodogy Troees Length I likeliliood P
Lneonsorained H7 A03 AGSLHGL S IG9T 26T —
Barr 1990 Gromonioees 1058 BhE ATHA MHEH— ] RIUT N
Fary 190 Melanconndaceae LA AL FH1A 01 TA5—4854 0257 {000
Tharry TUEND Woalsaoeu A L & 4700, 200503725, 2007 ] 111049
Frikseon 2001 Melancanicdaceas 117 Seth ARZ0 B AAB37 38077 LN
Erikason 2001 Valwueae HB74n Sl RN Tt B E R TR & {0
Bayesiinn aualvsis i Py 0781

A4 A0EH—2T] ] 40425

Citvalues anly vepaorteed Toe e ree with best —1n likelihood score.

POy the teee with the bese —1n likelihood score was te

sl

* Indicates siznificant ac = 000 in a one-tiled st onder the ool hypothesis that all wees are equally good explanatinn

of the data.

rials aned tethods seetion. In both analyses, bootswap
values were equivalent or slightly lower than those
from alignment | {wees nol shownd, This wonld in
dicale that better measures o support for gproaps
within this order are obidined when more than the
50650 bp ol the LSU mDNA are sequenced. How
ever, for derermining basic allimities, G50 by may be
sullicicnd,

The Bavesian wopolowy was similue o the MP anal-
wiis and the probabilities obiained were similar o
bootstrap values for hath N and M analvses with
the esceplion of botler support tor the Diaportha-
cene. When the Bavesian topology was compared to
e unconstrained MP topology, the 51T west found
the Bavesiun ee nol Lo be g significantly worse ex-

planation of the data, The —lu likelihood score of

the Bayesian topology shown o Fic, 3 1 contained
within the range of scores for the 372 equally pacsi-

monious trees oblained e MEP search.

(hider o femilies of the Diaporifedes. The Diapor
Lhales has been recognized as a distinet vrder within
the peritheciul ascormyeetes for about hall a century
fllowing the descriplion of the Disporthe-type cen-
trm by Torerell (19517, Wit a few minor exceptions
the: order has been well delined Tw previous mveol-
ngists as listed by Bare (1975, 7990 and Samuels and
Blackwell (20013, Analvses of molecular dara have
confirined the Thaporthales as a well-supported order
iFarr L al 2001, Zhang and Blackwell 20017, Thus,
the morphaological characterisiios wsed 1o detine the
Lhaporthales are considered veliuble indicalors of the
order,

The [amilics of the Disporthales as cirenmseribed
b Frikasom et al (2001} were nol supported by this
studdy, Genera placed in the Melanconidaceae by L=
tkssom el al (200 and included in this study are
Adtantaporibhe Tewr, as Diaforthe decedens, Ditofelia De
Mo, Hevenspora Fr., Melavicones Tul, 8 C. Tul., Flregr
righorihe Poir,  Sehizoparine Shear, and Wasesineic

Aucrsw, lu this study these genera group into several
dilferent linvages within the order and do nor con-
stimte one or even several monophyletic groups
(kFres, =57, Genera placed in the Valsaceae by Eriks
sonn el al (200} and inchaded in this study are Apiéo-
Plagiosteena M E, Bave, Crvplionecivia (Sace) Sace. &
1Y, Sace., f."rj'f.lrm']".?'ﬁ.fm}'n'.f.l..? Perr,, D.l'(r;f.r{r.ru'fe,h Enelothia,
Crnverrmorriten, Cromonietfa Sacc., Lewcostoma, T ARospore
Fuckel, Mazzentin, Cidiovatir Pew. {listcd as Winger
atla (Sace) Kantze in Eriksson et al 20010, Pleagmiosio-
wa Fuckel, Pleuroceray Riess, Valoe, and Valvelln, Simn-
ilarly, these genera group in ditferent lineages within
the Diaporthales, Representatves of the Vialacaceac
could not be Tocated for this study, All three cultures
deposited us Viafaea fnsewfpta (Fro: Fr.) Sace. at CRS
were sequenced, butl none of these proved o belong
in the Sordariomyeetidae, Nao cultures of the genus
Sveleneelles were available o represent the Sydonviel-
laceae, bul based on the morphology of the type spe
cies, & fenestrans (Diby) Petr, it seems likely duat Uhis
Lamnily s a later svmonvin of the Gnomoniaceas,

Ceomneriferceae. One major lineage within the Dia-
porthales includes the geous Gromonda and  thus
should be regarded a: the Lamily Goomoniaceas
(Hawkswaorth and Friksaon T988). Twelve tleleo-
morph genery representing 18 species and the ana-
morph tasa Diseale compesteis, DL destructive, ). frax
ine, and 3 queercine Torm this lineage thal groups
together with #3% or greater support in all analvses
(Fies =23, Teleomorph genera in the Gnomend
aceae represented here include Agdogromonie Héhu,
Apiaflagiontomea, Cryfodiaporihe, Crpplosgenella Sacc.,
Ditogedlen, Groweonia, Crnomoniedle, Linospora, (bhio
walsc, Phrapraporile Pew, Plagiosiome, and Pleuvacer
v, Mo wellsupported subdivisions were Tound in this
group. although a number of axa consistently
grouped wgether in e analvses,

These results generally agree with the concepl of
the Guomoniaceas as recognized by Monod {1983
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aned inchude taxa characterized by ascomata that are
itnmersed. solivary, withoul strommala or agereganed in
reduced, prosenchymalous stromara in herbaceons
plant material. especially i leaves or slems. Lt also
it wood, The ascomara are generally sofi-textured,
thin-walled, and prosenchymatous with either coentral
or lateral beaks. The asci way or may not have a dis-
tinet ring and the ascospores are senerilly small, less
than 23 pm long, and range in sepraion frow non
septale, one-sepiate {median or eccentric) Lo mult-
septate. The anamorphs of wermbers of the Goomoun-
aceac are acervular or pyenidial, often with a broad
opening, and phialidic. with pallid, non- or one-sep-
tale conicdia,

One genns, Mazzarndi, placed in the Gnommoni-
aceac by Monod (195851 and nchided in this studly,
does not belang in the Gmomoniaceae, rather in Falls
within the THaporthaceae (see helows. Another genos
placed in the Gnomoniaceac by Monod (1083,
Cuemmannonyees Avx & DL Olivier has been shown
Lo belong in the Magnaporthaccae autside of the Dia-
porthales (Berbee 2001, Farr vl al 2001, Phang ancd
Blackwell 2001 ).

Lulike the Melanconidaceas sen
vt Eriksson et al {20017 the results of this study sug-
gest thal all genera excepl the type genus Melaneoris

Ml conideceene,

should e excluded from the Tamily, The rvpe species
of Metonoos, M. stibostarre, and two addi Licsnal spae-
vies, M. alni and M. gl [orm s well-support-
ed group with greater than URE, spport inall anal-
yaes (FGs. =30, These three species of Melaonts
produce well-developed stromata having u light-col-
ared coostromatic dise and w concolorons contral
column with circinately wrranged. immersed ascon-
ata; hyaline, one-sepra dscospores: and anamaorphic
srancs placed 1o Melaneenium Link. Pyenidia develop
in the stromata prior to toruanion of The ascomala
and produce nnicelmlar, dark-brown conldia. One
species. Melancunis desmazierii, Calls outside the Me-
lanconidacese, This specics s a distanily related dias-
porthalcan axon thar is allied witly Herrosgorn @ifioe
i this study (=00%0 i all analvses (Fios, 1-51. The
Melunconidaceae, herein vesiricted o Melaneanis
serisa steiclo, gronps with the G noTTeniaceac with sup-
port of 9% or grearer in all anabses (Fos, 1-3) and
these wwo families could be combined and regurdesd
45 the Gunomeoniaceae, This result is somewhat sur-
prising wnd suggests thil morphological characieris
tics like thickiess of ascospore wall and stromtal de
velopment are of less importance thian suggrested pre-
viously (Barr 1978, |98,

CryphoneetiaFndowhia - comfier. Represcutatives of
three genera, namely  Chromendotha, (€ ryplinmeciric,
and Endothia, and one additional species, Criplodia

jrorthe corni. grouped rogether al greater than R
in all analvses cacept MIT analysis of alignment 1
(Fres, 1=31. Morphologically these taxa are nnited by
ascomat immersed in welldeveloped, vellow toor-
ange or orange-red sromara. ‘The pigments within
the steomatal wall turn prrple in 3% KOH (KROH =)
and vellow i Tactic acid and are produced in el
The ascomatal wall of members of the Cryplonectrio
Faduihia comuplex is dark brown to black, ofien evi-
dent as darkened ostiolar papillac extending hevond
the strommda, Alihough asimilar ROH reaction is also
characteristic of the Necrriaceae, Hypocreales, thi:
pigients ocour in cell walls ul the ascomital wall and
are not often produced inculhre, Anamaoy phs in the
Criphemeetrio-fondothin complex produce small, hya
Jine, one-celled conidia enteroblastically i mulrilo-
cutlate pyenidia in welldeveloped stromati similar in
appearance o those producing ascomati The close
relarionship of these three gencry was recognized by
Vasilyeva {19957 who placed them in tribe Friduthiac
M.F. Barr,

Cryplodiaparthe corue, a species having the typical
KOLLE purple color reactiion charucteristic of this
group and ocourming on the temporate host. Corraes
adtersifolia (Redlin and Rossman 19917 Lulls in this
arcup rather than in the Gnomeniaceae with the
vpe species of Criplodiaportie, . asieul (F1os, 130
This specics vneoubledly belongs o eithoy Crpffus-
aeciria or Endothia. Three of the five species ol G-
fnertin, pamaely C, wacrosgr, € spitvefken, and G,
Jrerrasitica, and domendothia ciiviva and Endothiella
gyrose ocour pritanly on lemperate bl wood Lrees.
Two additional specices o Cryphonecteia, G e s
and €. Aauernensis, appear to be more closely velarod
o cuch other than w the other three specics of Cry-
Jrhaeetria, Venter et al (2001 have recently snggest-
ed that the Tatler twe species belong o a separate
SENILE

Schizaparme complex.  Two spocies of Schizofeerme
including the wpe species, S strumine, anel N, Doy
tielis grouped with seven strains of Cortella TT6hn.
and Pilidieta Petr. & Syl al 97% or greater inoall
analyses (Fos. 1-3) Although placed by Samuels el
al (1093 in the Melanconidaceae, the genns Sehizo-
peorme and irs allied taxa da not fall within any estab-
lished family in the Diaporthales and iy eventually
he recognized as its own Faily, Unlike most mem-
bers of the Diaporthales, species of Sehizafrrime are
sften enunpent through the host cpideriiis, hecom-
ing superficial. The ascomatal wall often inclodes “an
cpistromatic region of small, pale-colared cells
aronnd the ostiolar opening” Sarnnels eroal 193]
A similar, thickened outer wall was observed on spe-
cies ol Condelln and Pilidiette in culre. The ana-
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worph of S wramine 15 B cavtaneicola (Samnels er
al 1993 s O easienedeole) while that of S0 bofriediy
alsa belongs in Pilidelia (pers obsh, Allhough Congel-
fa s generally recogmized in the broad sense o in-
clude the genus Piliofieile (Sutten 1980, Nay Raj
18937, the well-supported separaion of these tasa in
all analyses snggests thar Milidielln mav he distiner
(rom Cowdeller, " Uhese genera can be distogoished by
comidial pigmentation which in (_,'u.luffh.l. __,f'r'u‘_r‘__vm'r.:;.:.c.
vepie o Condefln, and € anstraliensis are dark hrown
while in Fifiiefla cesicneicola, tbpo of Pilidfella and
related taxa including O wsedensis, the conddia tend
tr be pale hrown.

Vielseeme.—The genus Valie and representatives of
wor velaled genera, Lewcastomo and Vabsella, groap
together with 98% or avcater booswap values (1os,
1-3} in whart is considered the [amilv Valsaceae seusu
stricte. The close relatonship of species of Vol to
Leweostome and  Velselln has been recognized by a
number of authors (Spielman 1985, Vasilveva 1993
ane s confirmoed here.

Mernbers of e Valsaceae ooour on woody angio-
sperms in temperate vesions throuehout the world
iBarr 197H, Spielman 1985). The ascomara are ag-
gregaled in well-developed entostromata with heaks
emerging centrally througeh o white b black stromatic
chize. Tn Frucastera and Valselia the entostromata are
delimmited basally by i black strowaric zone, while in
Vodver such o cone is lacking. The venus feweasiome
has eichi-spored asci while Talsella is characiervized Ty
muliisporons ascl. Although the npe species of -
coslomnen, L. wmassarieene TIohn., was ol avadlable tor
this study, three species o Lencosiomer were included,
namecly 1. wivea, [ cincio and [ auersaddii,. The
tpe of e geous Vedetlo, ¥ sadicis, was inchuded
along with a second species, ¥ adlierens, Neither the
species of Leurnstoma nor those ol Valella gronpedd
gethern exclusive of other tasa, Rather they were
interspersed with each other and Vedsa cerentosferme
sngeesting thar neither the black stromatic dise now
polvsporous dscl unile related spocies,

Within the Valsaceae, there were thiree wellsup-
ported suheroups in all analyses. The three species
of Lewcoslona with Vidselln valiciy and Valsa ceratosper
e represent o subdivision altbously there is nol ob-
vious correlation with any morphological or biologi-
cul teanres, The genus Vadsa is represented in this
study by the wpe species, ¥ oawediens, which grouped
closely with Vielse gevercirca and V0 orenisia, Vilser el
wias busal ro the ¥ ambicns group and the Peiensio-
wner Verdsedlee group in all analyses.

Lhiciporifeereeeee,
cles af Diepenrtie including representatives of the pe
species, fX eres, and Moazzanda wapelli which grouped

Phis lincage consists ot cleven spe

togrerher ar TH% or greater hootstrap support in all
analvses except MP analyvsis of alignment 1 (Fros, 1-
31, The Lunily Dhaporthaccae s delimieed heve ina
much more restricted sense than by previous authors,
Fhis family was established by Hohnel (19170 whao
recognized this aod ooly one other family, the Gne-
moniaceas, in the Diaporthales, Wehmever {1975}
had a somewhat mrrower concept of the Diapaortha
ceae, including feporiie and  Meazzendie as well as
many mare genera, some ol which are included in
this sty and exclnded from this lineage. The Thia-
porthaceac was considered a ssmonvm of’ the Valsa-
ceas by Bave (19781 and other workers sinee then,
Bascd om the resules presented here, the Diaportha-
cede serevn siniclo Includes only Déaforihe and Aoz
zarn el

Al species ol Deaporilhe included in his study
formed a well-supported group. Thapordhe is a large
genns that s well-delined morphologically and in-
clides several bundred deserihed species, many of
which have aamorphs belonging w the genus Phom
ofsis, Specics ocour onoa wide mange of substrates
ranging lrom woody dicotledonous plants o her-
haceous monocots (Wehmever 1933), Tn Thaporile
wch stroma covers and subeendds several ascomara
usually torming a black line in the hardened host
tissuc. Fhe ascospores of species of Liaporthe ave one-
septate, hvaline, and usually ellipsoudal, The e
ofss anamorphic states are even more ubiguitous
forming uni- or multiloculate, pyenidial stramara in
which are produced hyaline, nsnally nonseprare, pri-
nary contdin on clongae. phialidic conidiogenans
colls, and ofien producing filitorm beta condia,

The other member ol the Diaportaceas o this
smdy is the genus Mazzandia, Althoush no the type
species o the genns Mazzantio, M napelli 1s similar
to the type, M ogalit (Fr) Monc, in soromaral and
dscotndlal morphology, weamorph, and ocoarrenes:
o dicotdedonous herbaceous bhosts, Lhaportfe and
Meazzandie are similar in produocing well-developed
stromata mmersed inovelatively newly killed wood o
stems. In Mazzantia the stromarta are well-developed
covering only one or a few, immersed ascomara. Al-
though placed in the genas Mazzantielle Hohn | the
ananorph of Mesmentic (s similar 1o Plosdsis in
producing hvaline, one-celled. clongae conidia on
fliform, phialidic conidiogenous cells ina pyenidial
locule (Wehmeyer 19753,

Other fnea—The anamorph species, Greenerie wico-
fa. the canse ol hitter ror ol grapes, was recently de-
termined o helong in the Maporthales (Farr er al
20010 Drespite is inclusion o this expanded aceount
of the Diaporthales, G wadeate is nol closely atfiliated
with any of the s included in this study (Fros, 1-
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a1 and s it is not possible 1o deter mitne whar ils

teleamnorph may be, it one exisis,

One specics of the genus Wiestrets Liaving o f ferk-
sessice Cooke anamorph and the rvpe species of Hark
nessie, 11, encatypli, grouped together inall analyses
{Fics, 1=31. The connectiom betweon Wieestredo and
is anamorph Heakessia was established by K sl
Booth (1989) and is confirmed by these daca. Herk-
nessic Bithd did noc group with fevknessie arcl Wirest
wefer, This species is unusial in having longitudinal
siriafons on the conidia (Farr and Rosstan LY
and mav not belong in that genuos. Many additional
species of Harknessia have been elescribed and maost
al them lack a known sexual state.

Two specics, Hercojura tiline and Meliconis des-
mesierii, grouped Logether and may reproseut the
Psendovalsacene (Fios, 1=51. Melunconis desmiaziers
forms rudimentary stromata and prodoces a typcal
Metuneoniwm anamorph. The well-developed stro
mata of [lercaspara tiline developed inculiure pro-
ducing a distinctive faberhorstio anamoph (Sutlon
14500, Both species occur o species of Tiio in wem-
perate TeElons,

O study suggests that four of the [iwe mujor -
ilies proviensly established Tor members of the Do
porthales should be recognized, albeir circumsoribed
differently, aud thac two additional major lincages ex-
ist within the orden The lineages discussed in this
paper were defined vsing a velatively high numhber
ol diaporthalean Laxa, cortainly the greatest number
tn dite. Emphasis was placed on obtaining ype spe-
cies of key genera including those of anarnorph gen-
era where possible. Additionally, an allempt was
mude o locate fresh, accurately identified material
from which single ascospore cultures conled b isnlat-
ed. Despite considerable cllorr, less than ball of the
tpe species of the B8 genera in the Diaporthales
were obtained, With an inereased nmber of taxa,
especially those reprosenting Lype spoecies, it is likely
thut additional lincages will be defined, Tr s also ex
pected thal sequencing additional genes for taxa in
this order will wake it possible 1o identify velation-
ships of genera within familics and to determine
morphological characters for reliable generic identi-
Heations
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