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Summary

Species of Cylindrocladinm (C.) are anamorphs of the genus Calomectran (€ ), and are imporrant patho-
gens of numerous crops worldwide, C. florad s characerzed by shorr, Lseprane, steaghe, ovlidrical
conidia and sphacropedunculate vesicles. lolates of Ca. byotensis (anam, €L flovdangin, €, candelativa
(anam, . seoparinnn, Cin gl (@anam O codefiheneny, € ovatir amd C mvecnbitin were
compared based an morphology, sexual companibilios, radial gressah on wiedo sl different osomne
potentials, RAPD markers and A 4+ Terich DNA (AT-DNA] pulvimorphisis, In CLUSTER analyses of the
dara wsing the average hnkage method, all fve species clispered separarely, WAPEY protiles of exoaype
cultures of the o acknowledped svoonyms ol i Bytensis (000 forabone, a0 bmiseprtade) shoeed
TROTW similaruy, supportiog their conspeaitiviny, Steains ol the oppaosite mareng tpe of e sespective
bererothallic species stubivd shased bigh similarny coeffiownrs of 775 bor G camdebifira, aond 92% hoar
Cl g, Tweo opposite maring ypes of U aeateesr with 995 sambaney saated e preealine a new
eleomorph, descrilwd Twere as Carforredtri ceati. Basel on ther RAFD aind ATDRA pealiles, two major
groups could be distimgorshed withon O byotenses, Cooonp pwo fingluddimg mest ol the Canadian sailanes)
shared omly 12—45"% similaniey with the exotypae stradns (gronp ome) aod closterad wiel mcan cornelation
conftivients of v = LR JRADLTY joalvsis) amd ¢ o= AT LATDINA analysis), respectivelys An maoline sinlar
oo Coen, Ryoresrsis baoe winhe curvend conndia liaad desomier BATLY aond A VDN A poodebes, s shored Tess sl
357% similaney (r = 000) warh any of the speces stdicel Plicse Tdingss sugees thor strams with airveld
comidia amd sphacropedimculare vesscles represent an mndeseeibad toson, amd the e Cvledeen Lodi
carpagpornnr vt propaeed for them,
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Introduction

Caloneetria kyotensis Terash. is well known as an im-
portant rool pathogen of a wide range of crops (Soneks
and Sevmour, 1967; Kuniemaxn et al., 1980; Suarma er al.,
1984: BorsewinNkieL, 1986 Juzwik and Testa. 1991
Crous and WinGrELD, 1993). The anamorph, Cylindro-
cladinm floridansm Sobers & C. ', Seym., is distinguished
from C. scoparim Morgan by its sphaeropedunculate
vesicles {(Sosers and Stysour, 1967), and laterial stpes
ariginating  from secondary and tertary  conidiophore
branches (Fig. 1A, B) (Morrson and Frescu, 1969,
Terashita (1968) described Ca. kyotensis (Fig. 1C) as the
weleomorph of C. floridamunt), and Sowers (1972) sub-
sequently reduced Ca. floridiana Sobers and Ca. imiseprata
Gerlach to synonymy with Ca. kyotensis.

Crous et al. (19934) were able o pair heteronhallic
isolates of C. seaparmm (pyriform o ellipsoid vesicles!
and C. candelabiren Vicgas (obpyriform w ellipsoid vesic
lesy (Fig. 1D, and thus deseribed the teleomorphs Ca,
misrganii Crous eo al. and Ca. seoparia Ribeiro e al, for
these anamorphs, Er-Gnove er al, (1993) described an |
additional species in this complex, namely €. ot El-
Ghall et al., which is characterized by ovare vesicles and
1{=3)-septate conidia (Fig. 1E-G). Ca. Eyotensis (ATCC |
18834), the teleomorph of C. floridammn, is known o be
homothallic. Despite this, several heternthallic strains re
sembling (. floridmens have recently been isolated and
received from Canada, while another €. floridanun-like |
seram with curved conidia was recently solared from soil
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Fig. 1. Cylindrocladiion and Caloneetria species. A=C. Ca. kyatensis. A. Sphacropedunculate vesicle. B. Lareral branch forming on a
penicillate conidiophore. €. Ascospores of Ca. kyatensis. D, Obpyriform vesicle of O, candelabron, E=G. Cas ovate. B Ovoid vesicle.
F. Fusiform ascospores, G. Transverse secnon throngh a perithecium showmg the vanous wall lavers. M=l € covsporim, H.
Sph wropedunculate vesicles, 1 Curved 1-seprate comidia (bars 2 10 jim),
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in Madagascar (Fig. 1H, I}, This suggests thar C. flori-
dansimn is heterogencous, and that the various components
of this group must be characterized.

The separation of C. seoparinm and C. floridanum is
problematic, as many cultures do not sporulace (STEvENS
et al., 1290}, and the vesicles in these species share similar
morphology {Crous and WinGRIELD, 1994}, Due to the
similarity in conidium and vesicle morphology, Rossmax
(1983} and SaMUELS eral. (1921) suggested thar C. fJori-
danum be treated as a synonym of C. scoparium,

Molecular and biochemical techniques have been used
extensively to resolve taxonomic problems and to identify
species within fungal genera such as Fusarion Link: Fr.
{CoppinaTon et al., 1987; KisTLER et al, 1991), Phytoph-
thaora de Bary (Forster and Correy, 1991; Hwana er al.,
1991), Septoria Fr. (McDonatn and Marminez 1930),
Colletotrichim Corda (Freeman er al,, 1993), as well as
Phomopsis (Sace) Bubdk (Meuer ec al., 1994). Random
amplified palymorphic DNA (RAPD) has previously been
used in filamentous fungi to distinguish biotypes, races,
vegerative compatibility groups (CrownuesT et al., 1991
GurHmrie er al., 1992; Leung et al,, 1992; MEner et al.,
1954), to assess genomic varability (Goopwiv and An-
Nis, 1991), and o identify species (Resves and Barr,
1991; Craimers et al, 1992; Gurnmie et al, 1992;
Binocuka er al, 1994; Zmvanp er al, 19943, Several
biochemical and molecular techniques have also recently
been employed o supplement morphological criteria in
distinguishing Cylindrocladinn spp. (Stevess e al., 1990,
Crous et al, 1993a, b, ¢ 1995), Using aminopepridase
subsrrate specificivies, Stevess oral, (1990) concluded iy
C. floridanun and C. scopariton were different, but elose-
ly related taxa. EL-Guovrrl ef al (1993 confirmed these
results by means of a-isoesterase banding parterns, while
Crous er al, (1992) showed thar radial growth on media
amended with KCI provided an additional method 1o dis-
tinguish these taxa,

Evidence at hand strongly suggests thar Ca, kyotensis
and strains of irs amamorph C. flordaniem tepresent a
number of distinct taxa. Morphological characteristics
alone are cleafly insufficient 1o resolve this taxonomic di-
lemma. The aim of this study was o characterize and
determine the genctic varation within and  beoween
solates of Ca. kyotensis and morphologically similar
species, using morphology, culture characteristics, radial
growth on media with different osmoric potentials, sexual
compatibility, RAPD markers, as well as A+Terich DINA
(AT-DNA) polymorphisms,

Matenials and Methods

Morphological characteristics

Ex-type and authenticated cultures of Ca. kyotensis (anam. C.
flaridamum) (ATCC 18834), Ca. candelobra (anam. C. scofa-
rmt) (ATCC 46300), Ca. morganii fanam. C. candelabrim)
(PPRI4163) and C. ouatren: (ATCC 762251 were examined alang
other authenticated isolares of each species (Crous and Wing-
FIELD, 1994}, and several previously unidentified strains. The ex-
type culture of C. mavicidatim Crous & M. ], Wingf, (STE-U

627} was also included in this study to serve as an outgrg
{Table 1),

Strains derived from single conidia were plated onto carnariq
leaf agar (CLA) (Frsuen et al., 1982; Crous et al., 1997}, i
bated at 25°C under neac-ultraviolee {nuv) light and examin.
after 7 days (d). Vesicles examined were all on stipes of gy
idiophores with at least one primary, and ane secondary brangp)
bearing phialides. Vesicles that showed signs of proliferagip
were ignored. Vesicle width was measured ar the widest pogy
and stipe length measared from above the highest primaey beag)
to the vesicle tip. Fifty examples of each structure were measured§
averages derermined and exrremes given in parentheses,

Culture characteristics

Maximum radial growth of spécies in culture was determingg!
on malt-extract agar (MEA} {20 g Oxoid malt extracr, 15 g Difeg:
agar, 1000 ml HaQ) after 6 d (Crovs and WINGFIELD, 19934
Coleny colowr and chlamydospore formation (rated from inil
verted plates) was decermined as.explained by Crous o 4
11953 a), Colour designarions used were those of Ravsen (1970718
Cardinal temperatures for growth were determined on MEY
plares at 5, 8,10, 15,20, 25,30, 31and 35°Cln triplicate, :1'|
growth was assessed after 6 d as explained in Crous and Wingy
FIELDY ([ 994],

Scanning electron microscaopy

Scanning elecrron microscapy (SEM) was used 1o observe dif
ferences i vesicle and conidivm morphology of represencativet
strains of cach of the five species, as well as an iselare fromt
Madagiscar (STE-U 763) with curved conidia, Specinens weedl
Flash fresmen {=212°C) in liquad siveogen wnder vacuum for {'r:,'n-
SEM, reansferred to the preparation chamber, and then o thel)
SEM chamber where the frozen somples were sublimated!
[—=80"CH o remove foe parncles. Samples were sputter coated
with gobd palladiuat in the prepacation chamber for 75 5 underd
L2 BV ar —170"C. Specimens were viewed under 3 KV aff
— PHEC with o Jeol 5N 6 00 seanning clectron microscope, |

Effect of asmuotic potential on linear growih

Puttter destrose agar (MDA) with an osniotic potential of =04
MPA (=1 MPa = —10 bars) was prepared as deseribed by Neod
Som e al (19831 TDA containmg KCI (Kl medium), which)
lowers the osmotic potennial of the medivm (Fisier e al., 19838
wias prepared as explained in Crous ¢ al. (1992), KC mediuml
with osmotic potentials of —3.6, =4.5, —5.5 and —£.9 MPa}
(before moculation) were inoculased with agar plugs (3 mm)
diam.] taken from the periphery of actively growing coloniess
Radial growth of cach isolate was assessed on triplicate plamsy
after 6 d ar 25°C in the dark, Average growth rate was obtained]
from the mean of four colony radials on each of the three plates
(Cuous et al., 1992,

Mating studies

Thirty-eight single-conidial isolates (Table 1) were paired witf]
each other in all possible combinations. Pairings were done o4
plates of CLA containing three pieces of carnation leaf. Singles
canidial isolates were grawn on MEA for 7 d ar 25 °C in the darks
Agar discs (3 mm diam.) from the periphery of the actively grows
ing colonies were used for inoculation. Two lsolates were placed
on opposite sides of each piece of carnation leat as explained P
Crous et al. (1993a), There were two sers of matng ©0E
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Table L. Isolates of Cylindrocladium species compared in this study
i
gpecics Accession Host Locatian Collector Dare Reference
number isalared
-
Cylindrocladium  ATCC 18834'%  Robinia Japan TERASHITA 1963 Tenastima 1968
flaridarum prendoacacia
ATCC 15882'7 Trunus persica Florida, USA 19635 Sopers and
Sevsmouk, 1967
CBS 413.67'4 Puphiopedilim Germany W, GERLacH 1967 Gentacu, 1968
calloum
ATCC 42971 Rumiobra Florida, USA S. A ALriess 1980 Present study
adiantiformis
UFy 764 Pinns sp. Canada ACC ALrENas 1990 Present study
UFv 77! Pinus sp, Canada AL C, ALTENAS 1950 Present study
UFV 78’ Pinus sp. Canada A C AurENas 1990 Present study
STE-U 499 Spruce Canada 5, GROFENHAGEN 1592 Present study
STE-U 500 Spruce Canada 8. GeEIFENHAGER 1992 Present study
STE-U 519 White spruce M. Oneario, Canada ). Juzwik 1992 Present study
STE-U 5207 White spruce M. Oneario, Canada  J. Juzwik 1992 Present study
STE-U 521! Black spruce M. Onrario, Canada 1. Juzwik 1992 Present study
STE-U 522! White spruce 8 Ontario, Canada . Juzwik 1992 Present study
STE-U a24!4 Soil Amazonas, Brazil M. I WixGriin 19593 Present study
STE-U &55'2 White spruce Wisconsin, USA A.C. ALFENAS 1993 Present study
STE-L 682! Sail Thailaml M. ). WisarieLn. 1993 Present stady
STE-U 684"+ Sail Hong Kong M. Wikcmern 1993 Present study
res.s641! Reemnialira Florcida, USA N.E.Ei-Gnot. 1988 Present study
adiantifarms
PR5.21 79! Pinns puahstris Florida, USA M. E.EL-Cinor.. 1985 Present study
PPRI 4140 Preesns persica Florida, USA AL ALFENAS 1990 Present study
I'PRI 4167 - - AL O ALFENAS 1990 Prisent study
ATCC 58925 Trifolives prratense Florida, USA . Bo - Present study
" 4169 - Florda, USA AU ALreNas 145 Prisent :1.'[u|!1|.r
ATCC 226774 Pranus persicn Georgia, USA .1 Wiavie - Present study
AR 2573 Comiler roons Crario, Canada 1 hoewik 1444 Prisent study
AR 2574 Comiler ronts Onearia, Canada o Juswik 1984 Present study
AR 2574 Comiler ruony Ontirio, Caada L Juewik 1944 Present sty
AR 2579 Conifer roots Onirari, Canada L Juawik 1484 Present study
AR 2581 Coniler roots Ontarin, Canada J. hrewix 1954 Present stuly
AR 1785" Mimasa sieansi Amaranas, Brazil K. P, Ko 1978 Present study
Coseafurrinm ATCL da30n'? Levcothoe cateshaed  Caroling, USA 13 M. Dawson 1941 I'resent stul
ATCC agaaz!s Malrointa feiled Flaridda, USA S A ALHER 1970 ALFER et ni/.. 1970
C.amnlebalirrom I"IFRL 4202 Encalyping sp. MNaml, R5A. M. . WisGEnLn Cuous et al., 1993
I'IRI 4199 Encalyptus sp. E. Gawteng, RA5A. W, Giros 19490 Cuors et al., 1993a
PERE 4 Ly Ertetlypins sp. Irazil MU ALTNAS - Crotis et al,, 1993a
PRl 4163t Euculyfires sp. Braeil AL ALENAE - Chous and
Wisarrn, 1994
PRI 41530 Fuigalypivs sp, Brazil AL ALFENAS - Crous and
Wisorren, 1994
STE-U 654! White spruce Wisconsin, USA AT ALFENAS 1593 Present study
Comavicedation STE-U 27" Sail Amazonas, Brazl M1 Wainarean 1993 Present soudy
STE-U 628 Suil Amazonas, Brazil M. Winameen 1993 Present study
C, oo LIFV 91 Ewrcalyptus sp. Amazonas, Brazil M. E Er-Guorr 1990 Present study
UFY 90 Encalyptics sp. Amazonas, Brazil N.E.EL-GroLe 1990 Present study
ATCC 7223 Enealypras sp, Amazonas, Brazl M. E.Ei-GHore 1990 Present study
STE-U 618 Soil Amaronas; Braznl M. 1 WnormLn . 1993 Present study
STE-U 619 Senl Amaronas, Branl M. ). WincFriELn 1993 Present study
UFV 24 Encalyptus sp. Amazonas, Braxil 1. C. Dianese 1993 Peesent study
UnB 10262 Erncalypius sp, Amazanas, Brazil 1, €. DiaNEsE 1993 Present study
LinB 1028 Eticalyptus sp. Amazonis, Beazil 1. C. [anEsE 1993 Peesent study
PPRI 41522 Encalypius sp. Amazanas, Brazil 1. C. Diangse 1993 Present study
C.ewrvispornm STE-U 76313 Sail Tamarave, P.W. Crous 1994 Present study
Madagascar

; lsalates selected for RAPD analysiy
3 Boles selected for AT-DMNA analysis

A new species of Cylindrocladinm
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peratures (15 and 25 °C}, and triplicate plates for each combina-
tion at each temperature. Plates were sealed in plascic bags and
examined twice each month for perithecial development.

Fungal DINA isolation

One isolate, representative of C, maviendatuens and the two mat-
ing type strains of C. ovatiem, C. scopariven and C. candelabria,
together with 21 strains of C. floridansn were selecred for RAPD
analysis. Far RFLP analysis 17 represenative strains of the five
species studied were selecred according 1o their RAPD profiles.
[solation of the fungal DINA was carried out as described previ-
ously by Crous et al. (1993 b}, except that cetyltrimenthylam-
monium bromide (CTAB) (Sigma Chemical Co.; 5t Louis, USA)
and 5 M NaCL were added to the mycelial mixture to a final
concentration of 1% {wi) and 0.7 M, respectively, afrer the
ground mycelia were lysed for 16 hrat 65 °C, and incubated for a
further 1 hr at 653°C (Fawo ecal., 1892), Proeins were subse-
quently denatured and the DNA precipitated as deseribed previe
ously in Crovs et al, (1993 b},

RAPD analysis

The 28 strains selecred for chis analysss included the respecuve
mating types of O candelabrur, C. seaparinon, O, ovation, 21
strains of C. foridannm, and one of ©, wavicelation (Table 10,
Primers used in this study weee purchased from Operon Tech-
nolagies (Kit E) [Operon Technolopies Inc,  Alamenda,
CA4501, USA) Tn prelimimary fests, 20 Operon primers
{OPE-01 1o OPE-20) were used o derect RAPD. polymorplisms
i G navicilation (STE-U 827) and a Cylindrochudivon sp. iso-
lated in Madagascar (STE-U 763, Five primer sequences were
selected for use with all isolates; OPE-02, §'GOTGCGGGAAY;
OPE-03, 5'CCAGATGCAGYY OPE-04, S'GTGACATGCOY,;
OPE-14, S'TGOGOGCTGAGY s OPE-20, S'AANCGGAGACCY,

Amplification reactions were performed in volumes of 50
contaming 73 ng of geuomic templace DNA JATE, JOTP, JGTD
and ATTT (200 pM final concentration), 50 pmoel eligonuclentide
primer-and 1 unit of Tag polymerase (Bochringer Mannheim Lid,
South Africa), in 5 mM MpCly Each veaction was overlaid with
60 plof mineral oil to prevent evaporation. Amplificarion was
performed in a8 Biomertra Trio-Thermoblock DNA Thermal Cy-
eler, Except for the fiest cvele where desaturation was carried out
for 12005 ar 96°C, the rest of the eyeles were as follows: denatura-
tion-ar 82 °C for 30 s, annealing at 37 °C for 30 s, and polymerisa:
tion at 72°C for 60 5. The fastest available transitions between
temperatures were used, These cyeles were repeated 40 rimes.
Amplified DINA fragments were separared in LA% (wiv) M1
agarose gels (Bochringer Mannheim, South Afvea), wich 0.5 pl
ethidium bramide (10 mg/ml) using 1 % TAE buffer (Samanoor
et al., 1989) at a constant volrage of 13 Wem, and visualived by
illumination under uv light. Phage Lambda DNA digeseed with
the restriction enzymes Ecoll and Hindl was used as a molecu-
lar weight standard.

AT-DNA polymorphisms

Total genomic DMNA was subjected to digestion for 16 hr with
the restriction enzymes Haelll, and Mspl, according to the re-

commendations of the suppliers (Bochringer Mannheim, Johay -
neshurg, South Africa). The DNA fragments were resolved in 14,
{wiv) agarose gels using 0.5 x TBE Buffer (Samarook et g o
1989}, Phage lambda DNA digested with the restriction cnzymu? g
(Feall and Hindlll was used as a molecular weight standard, ©
i

Analyses of RAPD and AT-DMNA data

The DNA profiles produced by AT-DNA polymorphisms wep,
atalysed using the F-value equarion of Netand Li (1979), RAPR
profiles were analysed using the F-value equation as described by
Gasrigs et al. (1988), and recommended for RAPD analysis by
Goopwin and AnNsas (1991), These F-values were multiplied by
100 to obrain the percentage similarity (% similarity) existing
between two variables. Although the % similarity values werg
caleulared for cach pair of strains with each primer and restric.
tion enzyme, only the combined % similarity values (HaUSNER g
al., 1993) for each pair with all five primers a5 well as bath
restriction cnEvmes are given, since the data sers were consisteng
with each other, These data were then converted to an index of
genetic dissmilaricy (100% similarity), Analyses were performed
using the CLUSTER procedure of the SAS [nsurure Inc. (1989,
Dhssimilarity values were clustered with the average linkage
methad, with the RESQUARE option specified. A phenogram was
comstructed using the TREE procedure. The closeness of the rels-
tionship berween two variables are reported as carrelation goeffi.
cients {r) (Swenccor and Cocnaras, 19809,

Results

Marphological characteristics

Based on the specics concepts of Cravs and WinGrasLn
{1994, most solates could be adenrilicd as either C
seoparinn (pyrilorm to ellipsoid vesicles), € ovatum
{ovate vesicles), . candelalirinr (obpyrifrom o dlipsoid
vesicles), €. floriddamnm Sphacropedunculate vesicles) or
€ mavicdatinn (naviculate vesicles) Fig, 2A-H). solates
of all these species had  L-septate conidia, except some
strains of O ovatunt that developed up to three conidial
sepray, and-also formed ooamcroconidil seare (Ac-Guore et
al., 19930, Conidia of £, scopariom, C. flovidapon and €.
cattdelabirrinn were similar in size, ranging from 3366 pm
i lengeh, and 3=5 pm in width, Although conidia of C.
navicrdatien also fell within this range, they were only 34
pm wide, while those of C. oratune could be up to 80 pm
long and 6 pm wide (Crous and Wincrcen 1994, One
strain isolated from a Brazilian soil sample, (STE-U 624),
hid vesicles which were mostly spathulate to ohpyriform
ar ovate to sphacropedunculate, Due to its distiner vesicle
morphalogy this isolate could, therefore, not be accommio-
dated in any of the species under consideration. Isolate
STE-U 763 was obtained from soil collected in Madagas-
car. Vesicles were sphacropedunculare, similar to those of
C. floridanen. However, conidia were 1{=3)-seprate, and

Fig. 2, Cylindrocladium and Calonectria species. A—C, Ca. kyotensiz. A. Penicillate conidiophores with stipe extensions terminating in »
sphacropedunculate vesicles. B. Vertical section through a perithecium. €. One-seprate ascospores exuding from an ostiole. D
Maviculaee vesicle of C. savienlatin, E-F. Ca. ovata, E. Ovoid vesicle, F. Macrocomidia with a microconidiaphore and microconidia
in the foreground. G=H. C. arvisporum. G, Curved conidia. H. Terminal sphaeropedunculace vesicle and curved conidia (all bars £

10 pm, excepr bar for B2 100 pm).
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A5=70 ¥ 4-6 um, thus also tending to be slightly larger
than those of C. florfdanum (Figs, 1H, 1; 2G, H; 4).

Culture characteristics

Other than C. mavicslatum which formed chlamydos-
pores in moderate numbers, strains of all other species
formed extensive chlamydospores on MEA. Cardinal
temperature requirements for growth of the various
species compared were similar to those given by Crous
and WincrRIELD (1994), This feature could not, however,
be used 1o distinguish isolates at species level.

Scanning electron microscopy

Using Cryo-SEM, differences in vesicle shape were
clearly visible amongst the five different species. Although
vesicle of C. floridanum were similar to those of the
Malagassy isolate (STE-U 763}, conidia were straight, and
not curved as observed with the latter isolate (Fig, 2; G,
Hj},

Fig. 3. A=B. Calonectria ovata. &, Vertical section through a perithecium. B. Asci with fusiform o eylindrical, 1{=3}-seprate ascospores

{bar £ 10 um).

Effect of osmotic potential on linear growth

Growth of isolates an media with different osmotic po.
tentials (KCl medium) did not provide a means to distin
uish between C. floridamen, C. ovatum, C. candeliabryy,
and C. scopariunt, Optimum growth for these species o
curred at —4.5 MPa, and similar declining growth CUrves |
were observed on media with lower osmotic potentialy
However, C. mavicnlatum (STE-U 627, 628) had a radia] *
growth of 10 mm at —4.5 MPa, in contrast to isolares of |
other species that only reached 5-7 mm on this mediym

Mating studies l

The ex-type culture of Ca. kyotensis (ATCC 18834, ag
well as those of its recognized synonyms (ATCC 18882
and CBS 413,671, were confirmed to be homathallic, pro-
ducing perithecia with ascospores when mated with them.
selves, Previous studies (A.C. Alfenas, Univ. of Vigosa,
MG, Brazil, personal communication) found se eral
Canadian isolates (UFV 76-78) to be heterothallic, pro.

s




-

 ducing perithecia morphologically similar to Ca. kyoten-
gis. In this study, however, these isolates could not be
induced 1o form perithecia with viable progeny. Other
than for homothallic strains of Ca. kyotensis, no matings

‘ _done at 15°C under nuv light were successful. Charac-

|41
¥

Ty

qerized opposite mating type strains of respectively C.
ritemt and C, candelabrim (Crous et al., 1993 a) thar

were included in this study produced protoperithecia only.
The two single conidial isolates of C. naviculatum (5TE-U
§27, 628) also produced protoperithecia. Of the 703 poss-
jble combinations, mature perithecia with viable ascos-
ares were obrained afrer 8=12 wks when C. owattm
isolates (PPR1 4162 » UNB 1026) were paired Fig. 3A, B).
Mo other matings gave rise to perithecia with viable prog-

ey,

RAPD analysis

Total DNA of the 28 strains selecred for RAPD analysis
were randomly amplified with primers OPE-02, 03, 04, 14
and 20, respectively, All five primers tested produced
specific profiles consisting of between 620 bands for each
of the strains examined. The size of the amplifiecd DNA
sequences detecred varied from 100 to 3500 bp. The re-
producibility of the bands obtained was tested to deter-
mine whether these amplification polymorphisms were
useful as genetic markers. The results showed that the
bands are highly reproducible, In order to confirm thar the
observed bands were amplified DNA and not primer ar-
tefocts (Ivseser al., 1990, genomic DNA was excluded as
a control reaction for each primer. No primer artefacrs
were detected for the primers tested,

Two major RAPD-profiles were observed amongst iso-
lates of C. floridann (Figs. 5, 6; lanes 10-29). The first
group (group 1) (Figs. 5, 6; lanes 10-15) included the rep-
resentative ex-type steain of Ca: kyotensis (ATCC 18834)
together with its synonyms (Sosews, 1972) Ca, wmiseptata
(CRS 413.67) and Ca. floridana (ATCC 18882). All of
these isolates showed a high degree of similarity [78-97%)
with each other, and clustered together at ¢ = 0.999
(Fig, 91 The second group within C. floridarn (growp 11)
(Figs. 5, 6; lanes 17-26), included most of the Canadian
sofates as well as one isolate from Brazil (AR 1785) and
two isolates from Morth America (ATCC 22677 and STE-
U 655) (Table 1)

The profiles abtained for the two mating type strains of
each heterathallic species, G candelalirnm, C, scoparinm
and €. owatim, indicated similarity of 77-100% at intea-
species level and clusrered as individual biological species
ar r = 0,999 (Figs. 3, 6, 9; lanes 4-9). In agreement with
its general morphology, C. naviculatim proved to be dis-
tinct from the four other species based on its unique RAPD
profiles (Figs. 5, 6; lane 2). lsolate STE-U 654 (obpyriform
vesicles) showed 53-62% similarity (r = 0.97) with two
isolates of C. candelalrum (PPRI 4163, 4153) (Figs. 5, 6,
9; lanes 6, 7, 27). Isolates STE-U 624, 682 and 684 of C,
floridanum  exhibited profiles distinet from all other
isolates examined. Although, C. floridarm (STE-U 624)
was found to have a variable vesicle morphology, C.
flovidanuom (STE-U 682 and 684) could nor be distin-
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Fig, 4. Peniillate comdiophones of Cylindroctadinm cariigpn-
rarn with sphacropeduncalate vesicles and enrved, H=3sepran
conidia (bar & T o).

guished from Ca. kyotensis (ATCC 18834) based on gen-
eral morphology. In agreement with its distinet mor-
phological features, the Malagassy isolate (STE-U 763)
also had unique RAPD profiles for all primers tested, sug-
gesting that it is a distincr species with curved, 1{=3}-sep-
tate conidia (Figs, 1H, I; 2G, H; 4; §; 6, lane 3).

AT-DNA polymorphisms

Total DNA of 17 isolates representing the five specics
under consideration was subjected to digestion with the
restriction enzymes Mspl and Haelll. The two different
mating type strains of the respective species, PPRI 4162
and UnB 1026 (C. ovatrem); PPRI 4163 and PPR14153 (C.
candelabriom); ATCC 46300 and ATCC 38227 (C.
scapariun) as well as the three homothallic isolates of Ca.
kyotensis, ATCC 18882, 18834 and CBS 413.67 (results
not shown), produced the same profiles with both restric-
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Fig. 6. Schematic representation of the RAPD profiles penerated by the primers
is as in Fig. &; {=) major bands, {—) minor bands.

analysis. Details for all five primers

tion enzymes. Therefore, the Mspl and Haelll AT-DNA
profiles of only one representative tvpe strain of each of
these apparent biological species, as well as ATCC 18534
and six isolates of C. flovidannr are shown in Figs. 7, and
8. Two distincr groups could be detecred amongst the
isolates of C. loridanum (Figs. 7, 8; lancs 10-14), Data
analysis conducted on combined AT-DNA profiles of
isolates PPRI 4163 and 4153 (C. candelabrion), as well as
isolate STE-U 654 (Cylindrocladinn sp.), showed a simi-
larity of 95-100%, which is in agreement with the RAPD
results. Furthermore, AT-DNA profiles of C. floridanton-
like isolates STE-U 624, 682 and 6584 were distinet froum
those of C, flaridanon group | and 11 Interspecific similar-
ity between the five species ranged beoween 0=28%, In the
rwao groups of C. floridann high teaspecific (T0=100%,
and 53-72%), and low interspecific similarity coefficients
(0—=13%), were ohserved,

Discussion

RAPD analysis was found to supplement morphalogical
observations, as well as to enhance the importance of
seemingly  insignificant morphological  features, These
findings were further supported by the AT-DNA profiles
of the various Cylindrocladinm spp., thereby confirming
the specics concepts as proposed by Crous and WinGrELD
(1994). Using these molecalar techniques, clear distine-
tions could be made berween C. waviculaton, C. florida-
mimn, C. seoparim, C. candelabrinm and C. ovatun,

In an earlier study on the influence of osmotic potential
of the growth medium on vesicle morphology and radial
growth, C. scopariun was shown to have a higher optimal
radial growth at lower osmotic potentials (—8.9 MPa),
than C. floridanum [—6.9 MPa) (Crous et al, 1992). Re-
sults of the present study, where more isolates were -
cluded, have shown that radial growth on media with dif-
ferent osmotic potentials cannot be used to distinguish €.
flovidarm, C. scoparinm, C. candelabrim and C. ova-
funr, Similarily, these species were also found to have simi-
far culture characteristics and temperature tequirements
for growth,

OPE-G2, 03, 04, 14 and 20 and vsed for clusee

Cylindrocladium scoparium and C. candelabrum

Crous ec al. (1993 a) reported that althoupgh these rwe
species are morphologically similar, they could be disting.
uished based upon vesicle marphology (pyriform for-C
seoparium, obpyriform for C. candelabrum), and the pre.
sence of distinet mating populations. Furthermore, ascose
pores of Ca. mrorganii were (24—)137{—49) x (4-)7(-8)
wiy, and thus smaller than those of Ca. seoparia, which
were (28—141[—68) ® (4=}5(=T} pm (Crous et al,
1993 a), Using RAPT analysis, two different maring types
af C. canelabiven were fownd to share 77% similariny (v
= ),98) and thase of C. seoparienr 925% (¢ = 0,999), In
contrast they only shared 27-38% inerspecific similarity
and clustered at r = 0,27, thus substantianng the view of
Crows et al, (1993 a) that they eepresent distinet species
(Fig. 9. These observations were also confirmed by the
AT-DMNA polymorphism daa (Fig, 103, Forhermore, iso-
late STE-U 654 (Cylindrocladione sp, with obpyriform
vesicles) from North America shared 53-62"% similaricy {r
= 0.97) with €. cmeeelabmmn (Figs, ¥, 10), These daea
sugpest that this is the fiest record of O, candelalirnm from
North America, Until recently all iselotes of O candelab-
rueer have been treated as C. seppaving (Crous et al;
1993 a), and subsequently C. candefalorinr has only been
confirmed from countries such as Auscralia, Brazil, India,
Kenya, Madagascar, Mauvritius and South Africa (Crous
and WINGRELD, 1994; Crous and Swarr, 1995).

Cylindrocladium ovatum

This species is characterized by ovate vesicles, 1{=3)-
septate conidia and the presence of a microconidial state,
All known collections of this specics have been abrained in
the Amazonas Province of Brazil. Among these are several
strains thar lack the ability ro form microconidia, or that
have not been observed to form 3-septate conidia. Howev-
er, a comparison of their a-soesterase banding patterns
(results not given), showed them to share a high degree of
homology.

In mating studies, two solates (PPR1 4162 x UNB
1026), readily produced Calonectria perithecia with viable
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r values
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|||||I]1|I|I|I|I|I[I|lNo.stra[n Species
I ] 1
8TE-U 6277 =~ C. naviculatum
STE-U B82 — C. Horidanum-like

—— ATCC 38227
C. scoparium

L ATCC 463007 |
—— ATCC 188827 |
L PBB.5641

——— ATCC 188347

CBS 413.67 C. floridanum
(Group )

FPPRI 4140

P&5.21748

STE-U 624
L C. MNoridanum-like

STE-U B84

—— STE-U 492
— UFV 77
— UFV 78
— STE-U 500
—— STE-U 520 C. Noridanum
AR 1785 (Group 1)

——Urvy 78

— &TE-U 522

ATCC 22677

STE-U 855

PPRI 4163"

PPRI 4153 C. candelabrum
STE-U 654

—— PPRI 4162
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C. ovatum

—  UNB 1026

STE-U 763 - C. curvisporum

Fig.9, A phenogram constructed from the dissimilarity matrix (100 - % similarity) calculated from the combined similarity matrix in
Table 2 ohrained from the RAPD profiles. With the CLUSTER procedure of SAS Institute Inc., a TREE was constructed using the
werage linkage method. The mean correlation cocfficient r was used to draw the phenogram,
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r values
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STE-U 6277 -C. naviculatum
—— UFV 76 ]
C. flerid
‘_- ATCC 22677 FEEERVIA
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STE-U 655
L STE-U. 524
C. floridanum-like
STE-U 682 i
STE-U 763 =C. curvisporum
PPRI 4162" —C. ovatum
ATCC 46300"-C. scoparium
PPRI 41837 =C. candelabrum
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Fig. 10. A phenogram constructed from the dissimilarity mateix (100 =% similaricy) ealeulared from the combined similarity matrix in
Table 3 obrained from the AT-DNA profiles, Wath the CLUSTER procedure of SAS Institure Ine., a TREE was constrocted using the

average linkage method. The mean eorrelation coefficient ravas used oo draw the phenogram.,

progeny. Ascospores were found o be  1{=3)-septate,
(35-160(=70) ® (4-)5{=6) pm, thus being larger than
those of Ca. morganin (24-(37)(—49) % {(4=)7(=8) jun and
Car. keyotensis (18=)35(—48) % (4=)5(=7) pum, but similar in
range to that of C. scoparia (28-{41{-68) * (4-35(=7) pm.
However, C. candelalimm has obpyriform vesicles, and 1-
septate conidia (33-345(-66) % (3=)4(=5) pum, while €.
oratum has ovate vesicles, and H{=3)-seprate conidia,
(=36-)65(—80) * (4-)5(=6) pm. Based on their distiner
morphology, as well as the fact that the two maring steains
shared 99% intraspecific similarity {r = 0.999), 18-47%
interspecific similarity, and clustered at r = 0.27 with the
other taxa discussed above, a new epithet must be pro-
vided for the Calonectria wleomorph of C. ovatins;

Calonectria ovata Victor & Crous sp. nov, Figs, 1F, G; 3

Perithecia rubri-brunnea, superficialia, solicaria vel 2-3
aggregara, globosa ad ovoidea, 350-550 x 350450 pm,
ostiolo  papillato, crocea. Paries perithecii bistratus;
stratum exteriore ex textura globulosa constante, 40-70
wm lartum; stratum interiore ex textura angulari constante,
2040 pm latum; stratum hymenii ex prismatica con-
stante, 10-15 um Latum; basis perithecii 40-60 pwm lara ex
cellulis angularibus; basi denigratis. Asci hyalini, clavari,
70-120 x 10-25 pm, instipitem longum tenuem gradarim
angustati, 8-spori. Ascosporae hyalinae, cylindricae ad
fusiformes, obtusae, falcatae ad sipmoideae, 1(-3)-sep-

STE-U 6884 —C. floridanum-like

tatae ad septum non constrictae, gurtulaac, (35-360{-70)
# (A=]5[=6) jun.

HOLOTYPE: Braail, Amazonas, on Eucalypius, 1993,
leg. | Dianese, (PPRI 4162 (UFV 53) » UNB 1028),
PREM 51726 (specimen).

Perithecia red-birown, superficial on substrate, solitary |
of in clusters of 23, plobose o ovoid, 350-550 x
JF0-450 qum, with papillate ostiole, orange, turning |
blood-red in 3% KOH. Perithecial wall consisting of two
layers: outside layer of textura globudosa, 40=70 pm wide;
inner layer of texture angularis, 2040 pm wide; hy-
menivm layer of fexture prismatica, hyaline, 10-15 pm
wide; perithecial base 40-60 pm wide, consisting of angu-
lar cells, blackened around the point of atrachment. Asc |
hyaline, clavate, 70-120 % 10-25 pm, tapering to a long 3
thin stalk, containing ecight ascospores. Ascospores hy-
aline, cylindrical to fusiform with rounded ends, Falcate 10 §
sigmoid, 1(=3)-septate, not constricted ar septa, gutrulate
(35-)60(=70) x (4-)5(-6) pm.

Cylindrocladium foridanum

Using nuclear DNA fingerprinting, Wang et al, (1993}
reported three groups present amongst 26 isolates of G
flovidanim and C. scoparium, which they had obtaine
from nurseries in Ontario, Minnesota and Wisconstf.
Two of these groups were found o be within C. flor:}
dansm, with the third group representing C. scoparim-3



Results obtained using RAPD and AT-DNA analyses in
the present study confirmed the results of Wang et al.
(1993}, and showed the isolates in group II of C.
floridantm: (Figs. 5-8) to be distinct from the ex-type
strains (ATCC 18882, 18834 and CBS 413.67) in group [,
Interspecific similarity of 12-45% was observed between
these two groups, and they clustered together ar low r-
values [# = (.56 for RAPD, and r = 0.37 for AT-DNA
analysis) (Figs. 9, 10). Furthermore, although Ca, kyoten-
gis is homothallic, earlier mating studies with some isolates
present in group Il suggested thar these isolates may be
heterothallic. Tn an examination of their vesicle mor-
phologies, it was found that these isolates tended ta have
vesicles that were less rounded than the sphaeropeduncu-
lare vesicles of the type strain of C. foridanuwm. This dif-
ference was very slight, however, and could, therefore, nat
be used to distinguish these two groups unequivocally.

I the present study, RFLP profiles of AT-DNA digested
with the restriction enzymes Haelll and Mspl (Figs, 7, 8;
lanes 7—10) could be used to distinguish the two C.
floridarmum groups. These groups were also defined using
RAPD analysis, and shared only 0-9% interspecific simi-
lazity {r = 0.37) with the type strain in group 1 (Tables 2,
3], Results obtained with RAPD and RELP analyses of the
representive strains of C. seoparfent furthermore showed
the latter species 1o be distinet from both groups of €
faridanm (Figs. 9, 10),

The low similarity cocfficients sharcd Berween the
floriclrnen 1solates of group 1 and [T suggesred thar these
geographically isolated groups had been present in their
specific regions (Talbe 1) long enough to have developed
separately, and that lietle or no genetic exchange has oc-
eurred between them in recent time. The % similaricy val-
ues obtained from RAPD analysis compared favourably o
results obrained for other genera, where similarity coeffi-
cients were 71-100% and 20-24% for intra- and inter-
group comparisons, respectively (Goopwin and Annis,
1991; Srwancsan and MacKay, 1993).

Liolates STE-U 682 and STE-U 684 of . foridam
were morphologically similar to the type strain of Ca, by-
otetsss, Based on their RATD and RELP profiles, however,
these strains were distinet from each other, as well as from
Ca. kyotensis, and showed only 40-51% stmilaricy with
the type strain of Ca. kyotensis and its two SYRONyms
(Tables 2, 3; Figs. 5-10). These dara suggest that they rep-
tesent distinet species, and that further studies comparing
them 1o ather Cylindroclidinm species may be NECEssiry.

Isolate STE-U 624 (C. floridanion) was isolated from
$0il enllected in Brazil. In agreement with its distincr vesi-

- te marphology, the highest % similarity was with one
isolate of C. floridanum (ATCC 18882) {(58%; Tables 2,

- 3; Figs, 5-8). These resules suggested that this strain could
Possibly be representative of yet another group within Ca,

kyotensis,

 Cylindrocladium isolare STE-U 763 represented one of

several strains recently obtained from soil samples col-

Feted in Madagascar. Although it had sphaeropeduncu-
A vesicles sithilar to that of C. Joridamum, it was distinct
2 ha*.'ing curved 1(-3)-septate conidia, (45-}60(—70) %
P51 g) pm. Furthermore, its highest % similarity was

o i1
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34% with C, candelabrum (Tables 2, 3; Figs. 5-8; lane 31,
Based on these distinet morphological and maelecular dif-
ferences, this isolate is described as a new species of Cylin-
drocladinm below:

Cylindrocladium curvisporum Crous & Victor sp.nov.
Figs. 1H, I; 2G, H; 4

Macroconidiophora. Stipes septatus, hvalinus, in ves-
iculam sphaeropedunculatam (5-)8(=10) um diam. rermi-
nans. Conidiophori rami: rami primarii non seprati, vel
rate 1 sepeati, {13—20{-35) = (4-)5(—6) pm; rami secun-
darii non septati, {10-)15(—19} ® 5(~6) pm; rami tertiarii
rati, non septad, (10-)15(-19) = 5(—=6) pum, Phialides
elongatae, doliiformes ad reniformes, hyalinae, non sep-
tatae, (10-)12(-15) % {3-}4(-4.5) um, Conidia cylindrica,
hyalina, recra vel curvara, apicibus obeusis, 1(=3)-seprara,
(45-160{=70}) X (4-)5(~6) pm.

HOLOTYPE: Madagascar, Tamatave, soil, April 1994,
leg, P. W, Crous, PREM 51751,

Macraconidiaphores. Stipe septate, hyaline, terminating
in a sphacropedunculare vesicle (5-)8(=10) pm diam.;
(1101300150} pm long. Conidiophore branches: prim-
ary branches non-septate or rarely 1-seprate, (13-)20(=35)
* (413 (=6) um; secondary branches non-septate, (10
[5(=19) = 5{=6) wm; tertiary branches rare, non-septare,
(103 15{=19) = 5{=a) po. Phialides clongare, dolifform to
reniform, hyaline, non-septare, [L0=)12{=15) = (3-4
(=4.5) . Conidia cylindrical, hyaline, straight or curved
with rounded ends, 1{=3)-seprate, (452)60(=70) % (4-15
(6] pm. Colony colour {reverse) 13", ochreous (Rayner,
19701, Chlamydospores  in medium  nombers,  with
medivm to extensive sporulation on acrial mycclium. Car-
dinal remperature requirements for growth  minimum
above 10°C, optimum 25 °C, maximum below 33°C.

Although no teleomarph developed in the present study,
protaperithecia were observed on CLA, and it is passible
that this strain, as-with €. opafom, would produce a tele-
omaorph if the right mating types were eollecred,

The results of this study have clearly shawn that there is
mere variation within well-known species of Cylindro-
cladiupe than was previously thought, C. floridanmn
proved to be a more diverse species with the presence of at
least two main groups as indicated by RAPD and AT-
DNA profiles, Based on the genetic divergence between
groups | and I within C. floridanm their geographic sep-
aration and slight differences in vesicle morphology, they
could be considered to represent sibling species.
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