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Species and Populations in Fusarium

Problems and constraints with regard to information on
tropical species, populations and plant diseases

1. Data on geographical distribution of species and
diversity in the tropics are more related to research

activities than to facts;

2. Many regions are absolutely under-investigated. This is
true also for the genus Fusarium;
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Species and Populations in Fusarium

Problems and constraints with regard to information on
tropical species, populations and plant diseases

3. Causal agents of diseases are not always the same in
every country, region or continent;

4. Names used in older reports, like Fusarium moniliforme
or Fusarium roseum, are no longer in use, and stand for
a large diversity of different forms and populations.
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Species and Populations in Fusarium (NVERSDADE FEDERA B VRS

Fusarium is a typical anamorph form-genus, with species sharing
morphological markers

The culture Macroconidia Chlamydospores
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Species and Populations in Fusarium R

Telomorphs of Fusarium species

Gibberella Haematonectria Albonectria
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Bayesian cladogram —— Albonectria rigidiuscula
. Fusarium acutatum
Y Fusarium anamorphs -|_ _ :
0.99/70/75 Fusarium proliferatum
1.0/97/99 Fusarium oxysporum
Gibberella pulicaris
0.8/<50/50 Gibberella moniliformis GEC
1.0/72/72 : A
<0.5/517<50 Fusarium subglutinans
Fusarium _ Cyanonectriacyanostoma <
gmup\ e
S Fusarium lichenicola
0.8/<50/<50 Haematonectria haematococca
1.0/89/93 -| :
* Neocosmospora vasinfecta
—— Haematonectriailludens
— “Nectria” desmazieri
——"Nectria” atrofusca
Cylindrocarpon cylindroides
1.0/89/94 Neonectria ramulariae
Neonectria coccinea
Neonectria veuillotiana
0.99/<50/<50
Calonectria kyotensis
| 0.96/76/<50 ' 7
Leuconectria clusiae

Samuels et al. 2009. Mycol. Progress
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Species and Populations in Fusarium

Why is Fusarium important ?

A Biology and ecology

A Economical importance

A Model for species concepts and molecular characterization

Plant pathogen

Soil fungus soil and rhizosphere, root rots

Vascular fungus wilts, dieback

Endophyte - plants, seeds, etc.

Toxin producer contamination of plant products

nosocomial infection

Human pathogen
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Species and Populations in Fusarium

Examples of species with mostly tropical and subtropical
distribution :

A Fusarium lateritium, Fusarium stilboides

A Fusarium guttiforme, Fusarium ananatum - GFC

A Fusarium mangiferae, F. sterilihyphosum - GFC

A Fusarium decemcellulare i Albonectria rigidiuscula

Form-species, a high diversity of typically tropical populations,
many phylogenetic or biological species :

A Fusarium oxysporum
A Fusarium solani i Haematonectria / Neocosmospora
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Species Concepts

@ Morphological Species Concept i MSC

Population shares morphological characters

@ Biological Species Concept - BSC

Population delimited by reproductive barrier i
mating population

@ Phylogenetic Species Concept - PSC

Population delimited by concordance in groupings generated
based on DNA sequences - clades
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@ Morphological Species

Fusarium solani

Morphological markers :

macro- and microconidia frequent
chlamydospores frequent

monophialides in the aerial mycelium are long

Many host plants
some formae speciales
Also clinical

- Species Complex
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Species and Populations in Fusarium

@ Biological Species
Biological Species Concept - BSC

Population of individuals that breed and form fertil
descendents

Population is delimited by a reproductive barrier
mating population or breeding population

Ex. Gibberella fujikuroi Complex
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Species and Populations in Fusarium

@ Phylogenetic Species
Phylogenetic Species Concept - PSC

Population delimited by concordance in groupings
generated based on DNA sequences - clades

Population of individuals that share apomorphic
characters

p.ex. substitution of nucleotides etc.

Geneological Concordance Phylogenetic Species Recognition

Taylor et al. 2000. Fungal Genetics Biology



ammonia ligase

3-O-acelyltransferase phosphate permase m
1924 bp 1336 bp 886 bp
1 of 2 MP trees 1 of 2 MP trees 1 of 190 MP trees ‘ i '
%}8 %le&s‘ 83 s:;e:aso ::sli %37%56 UNIVERSIDADE FEDERAL DE LAVRAS
=0, = 0. X
RI =0.962 RI = 0.962 As RI =0.940
RC = 0.870 RC = 0.846 29163 RC=0.729
Bl 54 Egs‘%%}; 5 4
M = '__..
& 2 e a7 [13818 a
58 26156
28720
86 6101 28721 4—
| o8 [13818
26156

92

Fusarium
graminearum
" 29020 Wheat pathogen
100 26916
29011
29105
B-tubulin EF-1a
1333 bp 648 bp
1 of 12 MP trees 1 of > 50,000 MP trees
65 steps 61 e 69 steps
Cl=0.862 —1 . Cl=0.913
RI=0.937 { ’ RI =0.970
RC =0.807 RC =0.886
5 28720
*+.ps' Fsteps |

78

51

51

O’Donnell et al. 2000.
PNAS




6 combined genes

7120 bp

1 of 8 MP trees

894 steps

Cl=0.810
=0.927

RC =0.751

(3 = Pan-Northem Hemisphere
[] =Asian

= African

= South-Central American
[] = African

B = African

0 = South American Y

40 —
; steps I 3

13

100

146

~ 100
(10)| | 7

o
) =

%0-25491 —
LELZSSOS F
100 13721 —

' g
eﬂ 1
- 91{26156
28720 6
— 6101

28721

381 8

cerealis
21 100 3288 —
e~ 25475 | F: culmorum
28062 -
_{28338
F. pseudograminearum _L28065 .
(outgroup) 28334 -

7 JUEEN)

UNIVERSIDADE FEDERAL DE LAVRAS

O’Donnell et al. 2000.
PNAS



ICCC-12 Session 7B %lum_,q

Species and Populations in Fusarium

Available online at www.sciencedirect.com

BGIENGE@DIHECTE FUNGALG TICS
o AN AND BioLoGy
ELSEVIER Fungal Genetics and Biology 41 (2004) 600-623

www.elsevier.com/locate/yfgbi

Genealogical concordance between the mating type locus
and seven other nuclear genes supports formal recognition
of nine phylogenetically distinct species within the Fusarium
graminearum clade”™

Kerry O’Donnell,** Todd J. Ward,* David M. Geiser,” H. Corby Kistler.
and Takayuki Aoki®

* Microbial Genomics and Bioprocessing Research Unit, National Center for Agricultural Utilization Research, US Department of Agriculture,
Agricultural Research Service, Peoria, IL 61604, USA
® Department of Plant Pathology, The Pennsylvania State University, University Park, PA 16802, USA
€ Cereal Disease Laboratory, US Department of Agriculture, Agricultural Research Service, 1551 Lindig Street, St. Paul, MN 55108, USA
4 Genetic Diversity Department, National Institute of Agrobiological Sciences (NIAS), 2-1-2 Kannondai, Tsukuba, Ibaraki 305-8602, Japan
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Species and Populations in Fusarium

Examples of tropical crops which develop diseases, caused by
Fusarium species :

I. Fruit crops:
Mango, pineapple, banana, passionfruit

Iil. Palm trees:
oil palm, date palm, canary palm

l1i. Coffee and Cocoa

IV. Spices, others:
Black pepper, tobacco, vanilla, cotton

v. Monocots: Sugarcane, rice, sorghum, maize
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Species and Populations in Fusarium

Examples of tropical crops which develop diseases, caused by
Fusarium species .

I. Fruit crops:
Mango, pineapple, banana, passionfruit

Iil. Palm trees:
oil palm, date palm, canary palm

l1l. Coffee and Cocoa

IV. Spices, others:
Black pepper, tobacco, vanilla, cotton

v. Monocots: Sugarcane, rice, sorghum, maize
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Species and Populations in Fusarium RO

Etiology of Mango Malformation in Brazil

Mangifera indica L.
Healthy tree Symptoms of malformation

Floral - inflorescense  Vegetative - shoot
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Species and Populations in Fusarium

Objectives

C To identify the causal agents of mango malformation
disease in Brazil

Methods AFLP analysis, Gene Sequencing, Morphological
Characterization, Pathogenicity Test

C To induce the sexual stage for the causal agents
Methods Identification of mating type (PCR) and crossing

C To develop a PCR-based method for the detection
and identification of the causal agents

Methods primer design, tests for specificity and sensitivity
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Disease Distribution
In Brazil

® Lima 2006, 59 isolates, 8 states
® Cunha et al 2000
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Species and Populations in Fusarium RERENE TEEM TE A

Pat hogen x Endophyteodos 1 s

Malformed tissue Asymptomatic tissue
Fusarium only about 15 species
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Species and Populations in Fusarium S

AFLP analysis of Fusarium from mango

AFLP /i

UPGMA bands

1L

> Fusarium sp. nov. < -

F. sterilihyphosum I

} F. mangiferae
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Species and Populations in Fusarium

Sequence analysis of genes encoding b-tubulin
and translation elongation factor 1-U

Primers tub2i1 Tland T2 - OO0 Donnell et al.
Primerstefli EFland EF2 - O6 Donnel |l et al .,
Sequencing T MegaBACE 500, both directions

Analysis T Maximum Parsimony

Program i PAUP 4 version beta 10



ICCC-12 Session 7B

Species and Populations in Fusarium
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Species and Populations in Fusarium

Crossing

Identification of mating type
primers according to Steenkamp et al. (2000)

MAT-2 MAT-1

-+ 1000 bp
8 500 bp

1000 bp
500 bp
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Species and Populations in Fusarium RERENE TEEM TE A

Evidence from morphology, AFLP fingerprint,
phylogeny and crossing

F. mangiferae T cosmopolitan, but not found in Brazil
F. sterilihyphosum T South Africa and Brazil

Gibberella sp. nov. - Brazil
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Gibberella sp. nov. Lima, Pfenning and Leslie

. BEE M
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Species and Populations in Fusarium RO

Gibberella anam. nov. Lima, Pfenning and Leslie
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Species and Populations in Fusarium R

Pathogenicity

Control Fusarium sp. nov. F. sterilihyphosum
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Species and Populations in Fusarium

PCR detection of the causal agents of mango
malformation

C Primer Sets designed from the tefl sequences
Fbra T Fusarium sp. nov. and F. sterilihyphosum (~380 bp)
Fman 1 F. mangiferae (~217 bp)

C Specificity i pure DNA from mango pathogens and endophytes

¥Q)

Sensitivity T DNA dilutions from 20 ng to 1 fg

C Pat hogenso detection I n shoot, |
mango tissue

C Inoculation i according to Freeman et al. (1999)

e



A 123 4 5§67 891011121314 151617 18 1920 21 22 23 24 26

500 bp
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-
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500 bp

Specificity

A Fbra primer set (~380 bp)
B Fman primer set (~217 bp)

. Marker

19

. Control - water
. Fusarium sp. nov. (DNA)
. F. sterilihyphosum (DNA)

. F. proliferatum

. F. sacchari

. F. subglutinans

. F. pseudocircinatum

10
11
12

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

1
2
3
4
5. F. mangiferae (DNA)
6
7
8
9

F. oxysporum

F. semitectum

F. decemcellulare
Neocosmospora sp.
Phomopsis mangifera
Cladosp. cladosporioides
Epiccocum purpurascens
Fusiccocum mangiferum
Alternaria alternata

Coll. gloeosporioides
Aspergillus niger
Penicillium sp.
Pestalotiopsis sp.
Chalara fimbriata
Lasiodiplodia sp.

Phoma sp.



Sensitivity
! A. Fbra - Fusarium sp. nov.

B. Fbra - F. sterilihnyphosum

C. Fman - F. mangiferae
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Species and Populations in Fusarium
Detection of Fusarium sp. nov. and F. sterilihyphosum

1. Fusarium sp. nov. (DNA)
2. F. sterilihyphosum (DNA)
3. F. mangiferae (DNA)

Fora primer set

4. Naturally infected panicle
5. Asymptomatic inflorescence

6. Malformed plant inoculated
with Fusarium sp. nov.

7. Malformed plant inoculated
with F. sterilihyphosum.

8 and 9. Asymptomatic plant
- - - - = o 10 and 11. Fruit peel

M1 2 3456 7 8 910 1112131415 12 and 13. Fruit peduncle
14 and 15. Mango leaf
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Species and Populations in Fusarium

Detection of F. mangiferae

. Fusarium sp. nov. - DNA
. F. sterilihyphosum - DNA

Fman primer set . F. mangiferae - DNA

1

2

3

4. Naturally infected panicle

5. Asymptomatic inflorescence
6

. Malformed plant inoculated
with Fusarium sp. nov.

7. Malformed plant inoculated
with F. sterilihyphosum

8. Asymptomatic plant
9. Fruit peel

M 12 3 4 56 7 89 10 11

10. Fruit peduncle
11. Mango leaf
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Species and Populations in Fusarium

Conclusions

C The main causal agent of mango malformation

G

G

disease in Brazil corresponds to a new Fusarium
species within the Gibberella fujikuroi species
complex

The teleomorphic stage of Fusarium sp. nov. can
be induced in the laboratory

Fusarium sp. nov. and F. sterilihyphosum are the
only known causal agents of the disease in Brazil
and can be detected through PCR
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Species and Populations in Fusarium RERENE TEEM TE A

Fusariosis of Pineapple - Ananas comosus

Most important disease of this crop,
restricted to South America ?

Fusarium subglutinans
Fusarium subglutinans f.sp. ananas

Fusarium guttiforme
Morphology, Specificity, tub and tef genes
Limited number of isolates

Ni renberg & OO0ODlonnel | 1998

Gibberella fujikuroi complex i GFC, but no teleomorph known so far



