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Fusarium torreyae sp. nov., a pathogen causing canker disease of
Florida torreya (Torreya taxifolia), a critically endangered conifer
restricted to northern Florida and southwestern Georgia
Takayuki Aoki1

INTRODUCTION

Genetic Resources Center (MAFF), National Institute of
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Florida torreya (Torreya taxifolia Arn.), also commonly known as stinking cedar or gopher wood, is on the
U.S. Fish and Wildlife Service list of critically
endangered species and it is considered to be on
the verge of extinction (Godfrey and Kutz 1962,
Farjon 2010). Represented by less than 1000 individuals in the wild, the current range of this taxaceous
conifer is restricted to the ravines and bluffs along the
Apalachicola River in two counties in northern
Florida and one county in southwestern Georgia
(Schwartz et al. 2000). In addition to climate and
other abiotic stresses, various biotic factors and
anthropogenic activities have been implicated in the
decline of this species. Added to these factors is a
newly described canker disease of Florida torreya
(hereafter abbreviated CDFT, Smith et al. 2011)
caused by a novel species of Fusarium. Field surveys
throughout its range in 2009 revealed that all dead
and the vast majority of living Florida torreya trees
exhibited signs of canker disease. Isolates of a
Fusarium species recovered from cankers were used
to successfully complete Koch’s postulates on cultivated Florida torreya, establishing that it was the
casual agent of CDFT. Multilocus molecular phylogenetic analyses of the Florida torreya pathogen,
employing genealogical concordance (Taylor et al.
2000), indicated that it represented a novel species
comprising one of the earliest divergences within the
Gibberella clade of Fusarium (Smith et al. 2011). The
purpose of this paper is to report on the morphology
of this novel species, which is formally described
herein as Fusarium torreyae T. Aoki et al.

Jason A. Smith
School of Forest Resources and Conservation, University
of Florida, Gainesville, Florida 32611-0680

Lacey L. Mount
Dellavalle Laboratory Inc., Fresno, California 937281298

David M. Geiser
Department of Plant Pathology, Pennsylvania State
University, University Park, Pennsylvania 16802

Kerry O’Donnell
Bacterial Foodborne Pathogens and Mycology Research
Unit, National Center for Agricultural Utilization
Research, Agricultural Research Service, U.S.
Department of Agriculture, Peoria, Illinois
60604-3999

Abstract: During a survey for pathogens of Florida
torreya (Torreya taxifolia) in 2009, a novel Fusarium
species was isolated from cankers affecting this
critically endangered conifer whose current range is
restricted to northern Florida and southwestern
Georgia. Published multilocus molecular phylogenetic analyses indicated that this pathogen represented a
genealogically exclusive, phylogenetically distinct
species representing one of the earliest divergences
within the Gibberella clade of Fusarium. Furthermore,
completion of Koch’s postulates established that this
novel species was the causal agent of Florida torreya
canker disease. Here we formally describe this
pathogen as a new species, Fusarium torreyae. Pure
cultures of this species produced long and slender
multiseptate sporodochial conidia that showed morphological convergence with two distantly related
fusaria, reflecting the homoplasious nature of Fusarium conidial morphology.
Key words: canker disease, Fusarium torreyae,
gene genealogies, gopher wood, molecular phylogenetics, morphology, RPB1, RPB2, stinking cedar

MATERIALS AND METHODS
Fungal isolates.—Histories of the seven isolates of Fusarium
torreyae that we recovered from cankers on Florida torreya
in northern Florida in 2009 are listed below. In addition, we
discovered that FRC L-212 (5 NRRL 54626) isolate,
previously reported as F. lateritium Nees causing needle
spots on Florida torreya (El-Gholl 1985) in Florida, is F.
torreyae based on an independent molecular phylogenetic
analysis of the F. lateritium species complex (K. O’Donnell
unpubl). All isolates used in this study are stored in the
NIAS Genebank-Microorganisms Section (MAFF), Genetic
Resources Center, National Institute of Agrobiological
Sciences, Tsukuba, Ibaraki, Japan, the Agriculture Research
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Culture Collection (NRRL), National Center for Agricultural Utilization Research, Peoria, Illinois, and the CBSKNAW Fungal Biodiversity Centre, Utrecht, the Netherlands.
Morphological characterization.—Methods for determining
phenotypic characters and mycelial growth rates followed
published protocols (Aoki et al. 2001, 2005). Isolates were
grown in the dark, under continuous black light (National
FL8BL-B 8 W/08, Panasonic, Osaka) or under an ambient
daylight photoperiod on potato dextrose agar (PDA; Difco,
Detroit, Michigan) and synthetic nutrient-poor agar (SNA),
with or without placing a sterile 1 3 1 cm piece of filter
paper on the SNA surface (Nirenberg and O’Donnell
1998). Isolates were cultured on PDA in 9 cm Petri dishes to
characterize colony color with a standardized color atlas
(Kornerup and Wanscher 1978) and colony odor, morphology and growth rate. PDA cultures were used to
determine mycelial growth rates (Aoki et al. 2003). Agar
blocks ca. 5 3 5 mm were cut from the cultures on SNA and
transferred onto PDA. These culture plates were incubated
in darkness at eight different temperatures at 5 C intervals
from 5–40 C. Examination of the culture plates were made at
1 and 5 d after cultures were established, and colony margins
were marked with permanent ink on the reverse side of the
Petri dishes. Radial mycelial growth rates were calculated as
arithmetic mean values per day by measuring the distance of
16 points around the colony radius to the center of the
colony. Measurements of growth rates at different temperatures were replicated twice in the same manner, and the data
were averaged for each strain to obtain colony growth rate.
Conidia, conidiophores and chlamydospores produced on
SNA and PDA cultures were viewed and photographed with
water as the mounting medium.
Molecular phylogenetics.—To obtain total genomic DNA for
PCR and DNA sequencing, isolates were first cultured 3–
4 days in yeast-malt broth on a rotary shaker at 100 rpm,
harvested over a Büchner funnel and freeze-dried following
protocols of Smith et al. (2011). Once dried, genomic DNA
was extracted from mycelium with a hexadecyltrimethylammonium bromide (Sigma-Aldrich, St Louis, Missouri)
protocol (Gardes and Bruns 1993). Isolates were characterized genetically by sequencing portions of RNA polymerase
largest subunit (RPB1), using PCR primers and protocols
reported by O’Donnell et al. (2010). In addition, we used
PCR to amplify portions of RNA polymerase second largest
subunit (RPB2), translation elongation factor (EF-1a) and
beta-tubulin (benA) from FRC L-212 (5 NRRL 54626) F.
torreyae following protocols of O’Donnell et al. (1998, 2010).
Amplicons were generated via PCR with Platinum Taq DNA
polymerase (Invitrogen Life Technologies, Carlsbad, California), sequenced with ABI BigDye 3.1 (Applied Biosystems,
Emeryville, California) and purified with ABI XTerminator
before running them on an ABI 3730 automated sequencer.
Sequencher 4.9 (Gene Codes Corp., Ann Arbor, Michigan) was
used to edit sequence chromatograms and then export the
aligned sequences as NEXUS files. Partial RPB2 sequences of
six isolates of F. torreyae and 21 other Fusarium spp. deposited in
GenBank (Smith et al. 2011) were downloaded for inclusion in
the present study. The codon-based MUSCLE alignment
function in MEGA5 (Tamura et al. 2011) was used to align
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the RPB2 5–7 region to optimally place a 39–42 bp indel within
the reading frame. Visual inspection of Sequencher’s alignment
of RPB1 and the RPB2 7-11 region in MEGA5 indicated that
they accurately represented positional homology.
Phylogenetic analyses of the individual and combined
partitions were conducted employing maximum likelihood
(ML) in GARLI 1.0 (Zwickl 2006) on the CIPRES Science
Gateway (http://www.phylo.org) and maximum parsimony
(MP) in PAUP 4.0b10 (Swofford 2002). Clade support was
assessed by 1000 ML and MP bootstrap (BS) pseudoreplicates
of the data. ML and MP bootstrapping of the individual RPB1
and RPB2 datasets did not find any nodes with conflicting
support so they were analyzed as a combined dataset. Model
testing (Posada 2008) selected GTR+C+I as the optimal model
of nucleotide substitution. We analyzed 26 RPB2 accessions
deposited in GenBank under accession numbers HM068337–
HM068363 (Smith et al. 2011) and JX504707–JX504715
generated in the present study. The dataset and most
parsimonious tree have been deposited in TreeBase under
accession number Tr56534.

RESULTS
Molecular phylogenetics.—Previous analyses of partial
RPB2 sequence data indicated the CDFT pathogen
comprised a novel monotypic lineage representing
one of the earliest divergences within the Gibberella
clade of Fusarium (Smith et al. 2011). Here we extend
this analysis by including partial RPB1 sequence data.
A branch-and-bound MP analysis of the two-locus
dataset identified a single most parsimonious tree
3616 steps long, which was outgroup rooted on
sequences of five members of the F. solani species
complex based on more inclusive analyses (FIG. 1,
O’Donnell unpubl). The F. torreyae lineage was
strongly supported as genealogically exclusive by ML
and MP bootstrapping (5 100%). Furthermore, the
F. torreyae lineage was resolved as one of the earliest
divergences within the Gibberella clade of Fusarium,
following the basal-most divergence of the F. buharicum-F. sublunatum clade and the second earliest
divergence represented by the F. lateritium species
complex (FIG. 1).
Although FRC L-212 (5 NRRL 54626) originally
was identified morphologically as F. lateritium causing
needle spots on Florida torreya in a disease note (ElGholl 1985), and confirmed by Paul E. Nelson at
Pennsylvania State University (D. Geiser pers comm),
we determined that this isolate is F. torreyae based on
BLAST queries of GenBank and Fusarium-ID (Geiser
et al. 2004) and via molecular phylogenetics (not
shown). In addition, morphological examination of
FRC L-212 revealed that it fits the protolog of F.
torreyae. Searches of GenBank, using the partial EF-1a
sequence of FRC L-212 as the query, showed a 100%
match with NRRL 54155 F. torreyae and 99% identity
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to NRRL 54149–54154. Similar BLAST queries, using a
partial RPB2 sequence of FRC L-212 as the query,
showed that it was a 99–100% match to the sequences
of F. torreyae in GenBank. BLAST queries of GenBank,
with the ITS rDNA and partial EF-1 a, RPB1, RPB2 and
b-tubulin sequences of F. torreyae, indicated that they
all could be used to distinguish the CDFT pathogen
from all other Fusarium spp. represented in GenBank,
as well as those included in our in-house databases.
Other than their conspecifics, the following sequences
in GenBank showed the highest identity to F. torreyae:
ITS rDNA of Fusarium sp. BBA 65925 (AF310977.1) at
97%, EF-1 a of F. hostae Geiser & Juba NRRL 29889
(HM057340.1) and F. redolens Wollenw. NRRL 52657
(GU250584.1) at 87%, RPB1 of F. cf. lateritium NRRL
25197 (HM347140.1) and Fusarium sp. NRRL 25529
(JF740963.1) at 90%, RPB2 of F. cf. lateritium NRRL
13622 (HM068350.1) at 92%, and b-tubulin of F.
buharicum Jacz. ex Babajan & D.N. Babajan NRRL
13371 (U34494.1) at 95%.
TAXONOMY

FIG. 1. Single most parsimonious tree inferred from the
partial RPB1 and RPB2 nucleotide sequences of 22
Fusarium species, including six isolates of Fusarium torreyae
(highlighted in gray) recovered from Florida torreya
(Torreya taxifolia) cankers. Each isolate is identified by a
five digit ARS Culture Collection (NRRL) accession number
followed by the species name where known. The phylogram
was rooted on sequences of members of the F. solani species
complex (FSSC) based on more inclusive analyses. Arabic
numerals and lowercase roman letters are used to identify
four of the five phylogenetically distinct species/multilocus
haplotypes within the FSSC (O’Donnell et al. 2008). The
bold internode identifies the most recent common ancestor
of the Gibberella clade of Fusarium. Boldface is used to
identify four Fusarium spp. whose whole genome sequences
are publically available. Note that the isolates of F. torreyae
form a genealogically exclusive lineage comprising one of
the earliest divergences within the Gibberella clade
of Fusarium.

Fusarium torreyae T. Aoki, J. A. Smith, L. Mount,
Geiser and O’Donnell, sp. nov.
FIGS. 2–23
MycoBank MB800919
Colonies on PDA showing mycelial growth rates of
1.8–3.2 mm per d at 20 C and 2.3–3.8 mm per d at
25 C in the dark. Colony margins entire. Aerial
mycelia on PDA sparsely to moderately formed or
lacking, if present loosely floccose, sometimes funiculose, white (1A1) to yellowish white (4A2) in the
dark, yellowish white (4A2), orange white (5–6A2) or
pale orange (5–6A3), pale red to pastel red (7–10A3–
4) under fluorescent light, upon sporulation pale
orange (5–6A3) to light orange (5A4). Pigmentation
in the reverse pale yellow (4A3), light yellow (4A4–5)
or light orange (4–6A4–5), grayish orange (4–6B5–6),
orange (5–6A–B7), pastel red (7A4–5) to reddish
orange (7A6–8). Sclerotial bodies absent. Odor
absent or sweet. Sporulation on SNA and PDA
generally relatively scarce either directly on substrate
mycelium or in sporodochia. Sporodochia sometimes
observed under different light conditions on the agar
surface. Aerial conidiophores and conidia absent.
Sporodochial conidiophores verticillately or irregularly branched, forming apical monophialides or
sometimes intercalary phialides. Polyphialides not
observed. Sporodochial conidia variable in morphology, (1–)3–7(–9)-septate, falcate and curved, often
long and slender and cylindrical, dorsiventral, often
widest around the midregion of their length, tapering
gradually toward both ends, with an acuminate apical
cell and a distinct foot-like basal cell; in complete
darkness three-septate: 28.5–63 3 3–5 mm in total
range, 42–51.1 3 3.7–4.5 mm on average (ex type:
38.5–60 3 3–5 mm, 49.1 6 5.5 3 4.3 6 0.35 mm on
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FIG. 2. Morphological characters of Fusarium torreyae. A–C. Multiseptate sporodochial conidia formed from
monophialides on verticillately or irregularly branched conidiophores. D. Falcate, long and slender, multiseptate (i.e. 7–8)
sporodochial conidia and shorter, 1–4-septate, ellipsoidal to clavate conidia with a rounded apex and a truncate base. E.
Rough-walled chlamydospores that are solitary, in pairs or catenate. A from NRRL 54151 (ex holotype), B, E from NRRL
54152, C from NRRL 54149, D from NRRL 54154; all cultured on SNA; A, B, D, E under black light, C in dark. Bar 5 25 mm.

average and SD); five-septate: 42.5–109 3 3.5–5.5 mm
in total range, 54.8–86.0 3 4.2–4.6 mm on average (ex
type: 54.5–94.5 3 3.5–5 mm, 77.0 6 11.2 3 4.5 6
0.20 mm on average and SD); seven-septate: 52.5–125
3 3.5–5.5 mm in total range, 66.1–102.1 3 4.4–4.8 mm
on average (ex type: 62.5–101 3 4–5 mm, 85.9 6 7.5 3
4.6 6 0.23 mm on average and SD); sometimes shorter
and 0–3-septate, ellipsoidal to clavate conidia with a
rounded apex and a truncate base also formed.
Chlamydospores present or absent, smooth to rough,
thick-walled, intercalary or terminal, solitary, in pairs
or catenate, 6.5–13 3 5.5–11.5 mm, when present.

Hyphal swellings often observed that are amorphous,
smooth and relatively thick-walled.
Etymology: torreyae (Lat.), referring to the host,
Torreya taxifolia Arn.
Holotype: BPI 884050, a dried culture, isolated from
stem tissue of diseased Florida torreya, Torreya
taxifolia, Aspalaga Tract, Torreya State Park, Liberty
County, Florida, USA, in Dec 2009, by Jason A. Smith
(JAS #510; 5003-08 shoot dieback) deposited in the
herbarium of BPI (US National Fungus Collection,
Beltsville, Maryland), USA.
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FIGS. 3–22. Microscopic morphology of Fusarium torreyae formed in culture. 3–7. Sporodochial conidia and conidiophores
(aerial view). 8–11. Sporodochial conidia formed from monophialides on simple or branched conidiophores. 12–17. Falcate,
long and slender, multiseptate sporodochial conidia with an acuminate apical cell and a distinct foot-like basal cell. 18. Short
2–3-septate, ellipsoidal to clavate conidia with a rounded apex and a truncate base. 19. Amorphous, smooth-walled hyphal
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FIG. 23. Radial growth rates of Fusarium torreyae per day
on PDA cultured under eight different temperatures at 5 C
intervals, 5–40 C. The thick horizontal and vertical bars
indicate means and total ranges, respectively, of the seven
isolates analyzed.

Ex holotype cultures: NRRL 54151 5 MAFF 243468.
Isolates studied: NRRL 54149 5 CBS 133201 5
MAFF 243466 from stem tissue of diseased Florida
torreya, T. taxifolia, Aspalaga Tract, Torreya State
Park, Liberty County, Florida, USA, in Feb 2009 by
Lacey L. Mount, JAS #481 (5005-08 canker); NRRL
54150 5 CBS 133200 5 MAFF 243467 from stem
tissue of diseased Florida torreya, T. taxifolia, Gregory
House, Torreya State Park, Liberty County, Florida,
USA, in Dec 2009, by Jason A. Smith, JAS #499 (400508 recently dead); NRRL 54151 5 MAFF 243468 from
stem tissue of diseased Florida torreya, T. taxifolia,
Aspalaga Tract, Torreya State Park, Liberty County,
Florida, USA, in Dec 2009, by Jason A. Smith, JAS
#510 (5003-08 shoot dieback); NRRL 54152 5 CBS
133202 5 MAFF 243469 from stem tissue of diseased
Florida torreya, T. taxifolia, Aspalaga Tract, Torreya
State Park, Liberty County, Florida, USA, in Mar 2009,
by Lacey L. Mount, JAS #542 (5006-09 canker); NRRL
54153 5 CBS 133204 5 MAFF 243470 from stem tissue
of diseased Florida torreya, T. taxifolia, Aspalaga Tract,
Torreya State Park, Liberty County, Florida, USA, in
Mar 2009, by Lacey L. Mount, JAS #545 (5003-08
canker); NRRL 54154 5 CBS 133203 5 MAFF 243471
from stem tissue of diseased Florida torreya, T.
taxifolia, Gregory House, Torreya State Park, Liberty
County, Florida, USA, in Apr 2009, by Jason A. Smith,
JAS #587 (4008-08 canker); NRRL 54155 5 CBS
133205 5 MAFF 243472 from stem tissue of diseased
Florida torreya, T. taxifolia, Gregory House, Torreya
State Park, Liberty County, Florida, USA, in Apr 2009,
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by Jason A. Smith, JAS #596 (4025-09 canker). In
addition, isolate FRC L-212 (5 NRRL 54626) from leaf
spots of diseased Florida torreya, T. taxifolia, reported
as F. lateritium in a disease note (El-Gholl 1985), was
identified as F. torreyae using DNA sequence data.
Notes: Fusarium torreyae is very similar morphologically to F. lunulosporum Gerlach (Gerlach and
Nirenberg 1982); both species form long and slender,
mostly 3–6-septate sporodochial conidia. However,
sporodochial conidia of the latter species possess an
elongated, constricted and pointed apical cell and a
long, distinctively pedicellate basal cell. Apical cells of
sporodochial conidia in F. torreyae are long and
slender and taper gradually toward both ends,
without a constricted and pointed apical cell and
the basal cell is relatively short (FIGS. 9–17). Fusarium
tucumaniae T. Aoki et al. (Aoki et al. 2003) produces
multiseptate sporodochial conidia morphologically
similar to F. torreyae (i.e. long and slender), which are
similar in size in both species. However, F. tucumaniae
forms two different types of aerial conidia, in addition
to a distinctive greenish to bluish colony on PDA. In
contrast, F. torreyae produces only sporodochial
conidia and it never produces bluish green colonies.
DISCUSSION
Fusarium torreyae produces only sporodochial conidia
that are typically long, slender, moderately curved
and 3–6-septate, showing morphological convergence
with two distantly related species, F. lunulosporum and
F. tucumaniae. These three species, however, can be
distinguished phenotypically in that sporodochial
conidia of F. torreyae do not possess an elongated,
constricted and pointed apical cell as in F. lunulosporum and, in contrast to F. tucumaniae, F. torreyae
produces only sporodochial conidia and its colonies
are never bluish green on PDA. The available data
suggests these three fusaria can be distinguished by
host range in that F. torreyae is known only from
Florida torreya (Smith et al. 2011), F. lunulosporum
has been isolated only from grapefruit (Gerlach and
Nirenberg 1982) and wheat (Gert van Coller, A-L
Boutigny, A Viljoen pers comm) in South Africa, and
F. tucumaniae has been recovered only from soybean
in Argentina and Brazil (Aoki et al. 2003, O’Donnell
et al. 2010).
The identification of F. torreyae as F. lateritium by
El-Gholl (El-Gholl 1985) and subsequent confirmation

r
swelling. 20–22. Rough-walled chlamydospores that are solitary, in pairs or catenate. (8–22 mounted in water; 3–16, 18–22 on
SNA in dark; 17 on PDA in dark). 3, 7–9, 15, 16 from NRRL 54149, 4–6, 11, 12, 18, 19 from NRRL 54151 (ex holotype), 10, 17
from NRRL 54154, 13 from NRRL 54146, 14, 20–22 from NRRL 54152. Bars; 3–7, 10 5 50 mm; 8, 9, 11–22 5 20 mm.
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by Paul E. Nelson (D. Geiser pers comm) illustrate the
daunting challenge presented by overly broad morphological concepts of fusaria, especially when applied
to species that produce only sporodochial conidia. We
speculate that the reported needle blight of Florida
torreya induced by F. lateritium in a pathogenicity
experiment (Alfieri et al. 1987) also can be attributed
to F. torreyae; however, no isolate from this study was
accessioned so the identity of this pathogen cannot be
verified. Other examples of misplaced Fusarium spp.
pathogenic to trees are provided by the etiological
agent of coffee wilt disease in Africa, F. xylarioides
Steyaert, and vascular wilt of pigeon pea (Cajanus
cajan (L.) Millsp.) in Africa and Asia caused by F. udum
Butler. The latter two species were classified in section
Lateritium by Booth (1971), but molecular phylogenetic analyses have clearly established that they are
nested within the African clade of the Gibberella
fujikuroi species complex (O’Donnell et al. 1998,
Geiser et al. 2005, Lepoint et al. 2005). Most
fusariologists included only fusaria that produce
conidia that are mostly straight in F. lateritium
(Wollenweber and Reinking 1935, Booth 1971, Gerlach and Nirenberg 1982, Leslie and Summerell 2006).
However, Nelson et al. (1983) also included isolates
from woody plants that produced macroconidia more
curved in the midsection, which is consistent with his
phenotypic identification of FRC L-212 (5 NRRL
54626 F. torreyae) as F. lateritium. We speculate that ElGholl’s (1985) and Nelson’s identification of FRC L212 F. torreyae as F. lateritium also was influenced by the
fact that the latter species is broadly attributed to
canker diseases on trees. Our discovery that FRC L-212
is F. torreyae, and not F. lateritium, was made during a
multilocus phylogenetic assessment of F. lateritium
clade species accessioned in the FRC and the CBSKNAW Biodiversity Centre. As posited by Leslie and
Summerell (2006), our preliminary assessment suggests
this clade comprises at least 15 phylogenetically distinct
species, not including F. torreyae, which was resolved as
a distinct monotypic lineage. Because the limited
morphological characters produced by F. torreyae may
pose difficulties in identifying it phenotypically, we
recommend conducting nucleotide BLAST queries of
GenBank, Fusarium-ID (Geiser et al. 2004) or Fusarium
MLST (O’Donnell et al. 2010), using portions of EF-1a,
RPB1 or RPB2 gene sequences to obtain a definitive
identification.
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———, Jiménez-Gasco M del M, Kang S, Makalowska I,
Veeraraghavan N, Ward TJ, Zhang N, Kuldau GA,
O’Donnell K. 2004. FUSARIUM-ID v. 1.0: a DNA
sequence database for identifying Fusarium. Eur J
Plant Pathol 110: 473– 479, doi:10.1023/B:EJPP.
0000032386.75915.a0
Gerlach W, Nirenberg H. 1982. The genus Fusarium—a
pictorial atlas. Mitt Biol Bundesanst Land- u Forstwirtsch Berlin-Dahlem 209:1–406.
Godfrey RK, Kurz H. 1962. The Florida torreya destined for
extinction. Science 136:900–902, doi:10.1126/science.
136.3519.900-a

AOKI ET AL.: CANKER DISEASE OF FLORIDA TORREYA
Kornerup A, Wanscher JH. 1978. Methuen handbook of
color. London: Eyre Methuen. 252 p.
Lepoint PCE, Munaut FTJ, Maraite HMM. 2005. Gibberella
xylarioides sensu lato from Coffea canephora: a new
mating population in the Gibberella fujikuroi species
complex. Appl Environ Microbiol 71:8466–8471,
doi:10.1128/AEM.71.12.8466-8471.2005
Leslie JF, Summerell BA. 2006. The Fusarium laboratory
manual. Ames, Iowa: Blackwell Publishing. 388 p.
Nelson PE, Toussoun TA, Marasas WFO. 1983. Fusarium
species: an illustrated manual for identification. University Park: Pennsylvania State Univ. Press. 193 p.
Nirenberg HI, O’Donnell K. 1998. New Fusarium species
and combinations within the Gibberella fujikuroi species
complex. Mycologia 90:434–458, doi:10.2307/3761403
O’Donnell K, Cigelnik E, Nirenberg HI. 1998. Molecular
systematics and phylogeography of the Gibberella
fujikuroi species complex. Mycologia 90:465–493,
doi:10.2307/3761407
———, Sutton DA, Fothergill A, McCarthy D, Rinaldi MG,
Brandt ME, Zhang N, Geiser DM. 2008. Molecular
phylogenetic diversity, multilocus haplotype nomenclature and in vitro antifungal resistance within the
Fusarium solani species complex. J Clin Microbiol 46:
2477–2490, doi:10.1128/JCM.02371-07
———, ———, Rinaldi MG, Sarver BAJ, Balajee SA, Schroers
H-J, Summerbell RC, Robert VARG, Crous PW, Zhang N,
Aoki T, Jung K, Park J, Lee Y-H, Kang S, Park B, Geiser
DM. 2010. Internet-accessible DNA sequence database for
identifying fusaria from human and animal infections. J
Clin Microbiol 48:3708–3718, doi:10.1128/JCM.00989-10

319

Posada D. 2008. jModeltest: phylogenetic model averaging. Mol
Biol Evol 25:1253–1256, doi:10.1093/molbev/msn083
Schwartz MW, Hermann SM, van Mantgem PJ. 2000.
Estimating the magnitude of decline of the Florida
torreya (Torreya taxifolia Arn.). Biol Conserv 95:77–84,
doi:10.1016/S0006-3207(00)00008-2
Smith JA, O’Donnell K, Mount LL, Shin K, Trulock A,
Spector T, Cruse-Sanders J, Determann R. 2011. A
novel Fusarium species causes a canker disease of the
critically endangered conifer, Torreya taxifolia. Plant
Dis 95:633–639, doi:10.1094/PDIS-10-10-0703
Swofford DL. 2002. PAUP* 4.0b4a: phylogenetic analysis
using parsimony (*and other methods). Sunderland,
Massachusetts: Sinauer Associates.
Tamura K, Peterson D, Peterson N, Stecher G, Nei M,
Kumar S. 2011. MEGA5: Molecular evolutionary genetics analysis using maximum likelihood, evolutionary
distance and maximum parsimony methods. Mol Biol
Evol 28:2731–2739, doi:10.1093/molbev/msr121
Taylor JW, Jacobson DJ, Kroken S, Kasuga T, Geiser DM,
Hibbett DS, Fisher MC. 2000. Phylogenetic species
recognition and species concepts in Fungi. Fungal
Genet Biol 31:21–32, doi:10.1006/fgbi.2000.1228
Wollenweber HW, Reinking OA. 1935. Die Fusarien, ihre
Beschreibung, Schadwirkung, und Bekämpfung. Berlin: Paul Parey. 355 p.
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