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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;

Problems and constraints with regard to information on 

tropical species, populations and plant diseases
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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.

Problems and constraints with regard to information on 

tropical species, populations and plant diseases
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The culture Macroconídia Chlamydospores

Mono- and polyphialidesMicroconidia

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

morphological markers
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Gibberella Haematonectria Albonectria

Telomorphs of Fusarium species
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Samuels et al. 2009. Mycol. Progress

GFC



Plant pathogen

Soil fungus

Vascular fungus 

Endophyte

Toxin producer

Human pathogen

­ soil and rhizosphere, root rots

­ wilts, dieback

­ plants, seeds, etc.

­ contamination of plant products

­ nosocomial infection

Why is Fusarium important ?

Á Biology and ecology

Á Economical importance

Á Model for species concepts and molecular characterization
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ÁFusarium lateritium, Fusarium stilboides

ÁFusarium guttiforme, Fusarium ananatum - GFC

ÁFusarium mangiferae, F. sterilihyphosum - GFC

ÁFusarium decemcellulareïAlbonectria rigidiuscula

Examples of species with mostly tropical and subtropical 

distribution :

Form-species, a high diversity of typically tropical populations, 

many phylogenetic or biological species :

ÁFusarium oxysporum

ÁFusarium solaniïHaematonectria / Neocosmospora
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Morphological Species Concept ïMSC
Population shares morphological characters

Biological Species Concept - BSC 
Population delimited by reproductive barrier  ï

mating population

Phylogenetic Species Concept - PSC 
Population delimited by concordance in groupings generated 

based on DNA sequences - clades

Species Concepts 
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Many host plants

some formae speciales

Also clinical

­ Species Complex

Fusarium solani

Morphological markers :

macro- and microconidia frequent

chlamydospores frequent

monophialides in the aerial mycelium are long

Morphological Species
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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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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

Phylogenetic Species
Phylogenetic Species Concept - PSC 



O´Donnell et al. 2000. 

PNAS

Fusarium 

graminearum

Wheat pathogen



O´Donnell et al. 2000. 

PNAS
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O´Donnell et al. 2004. 

FGB



i. Fruit crops:

Mango, pineapple, banana, passionfruit

ii. Palm trees:

oil palm, date palm, canary palm

iii. Coffee and Cocoa

iv. Spices, others:

Black pepper, tobacco, vanilla, cotton

v. Monocots: Sugarcane, rice, sorghum, maize

Examples of tropical crops which develop diseases, caused by 

Fusarium species :
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Vegetative - shootFloral - inflorescense

Symptoms of malformation

Mangifera indica L.

Healthy tree

Etiology of Mango Malformation in Brazil
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Ç To identify the causal agents of mango malformation

disease in Brazil

Methods AFLP analysis, Gene Sequencing, Morphological

Characterization, Pathogenicity Test

Ç To induce the sexual stage for the causal agents

Methods Identification of mating type (PCR) and crossing

Ç To develop a PCR-based method for the detection

and identification of the causal agents

Methods primer design, tests for specificity and sensitivity

Objectives
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Disease Distribution 

in Brazil Cunha et al 2000 
Lima 2006, 59 isolates, 8 states 
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Asymptomatic tissue

about 15 species

A B

Malformed tissue

Fusarium only

Pathogen x Endophyteôs isolation
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AFLP analysis of Fusarium from mango

F. mangiferae

F. sterilihyphosum

Fusarium sp. nov.

0.0 0.2 0.4 0.6 0.8 1.0

UPGMA

AFLP 

bands
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Primers tub2 ïT1 and T2     - OôDonnell et al., 1998, Mycologia

Primers tef1 ïEF1 and EF2  - OôDonnell et al., 1998, PNAS

Sequencing ïMegaBACE 500, both directions

Analysis ïMaximum Parsimony

Program ïPAUP 4 version beta 10

Sequence analysis of genes encoding b-tubulin 

and translation elongation factor 1-Ŭ
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MP tree from tef1 + tub2

1252 bp

1 of 2 trees

816 steps

CI 0.659

RI 0.804

HI 0.341

ñAfricanò

ñAsianò

ñAmericanò
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Maximum Parsimony Tree of Combined tub2 and tef1

nov.

Ex-paratype MRC 2730

Ex-holotype MRC 2802



MAT-2 MAT-1

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

Crossing

1000 bp

500 bp

1000 bp

500 bp
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Fertile crosses only to Fusarium sp. nov.



F. mangiferae ïcosmopolitan, but not found in Brazil

F. sterilihyphosum ïSouth Africa and Brazil

Gibberella sp. nov. - Brazil

Evidence from morphology, AFLP fingerprint, 

phylogeny and crossing
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Gibberella sp. nov. Lima, Pfenning and Leslie
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Gibberella anam. nov. Lima, Pfenning and Leslie 
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Pathogenicity

Control Fusarium sp. nov. F. sterilihyphosum
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Ç Primer Sets designed from the tef1 sequences

Fbra ïFusarium sp. nov. and F. sterilihyphosum (~380 bp)

Fman ïF. mangiferae (~217 bp)

Ç Specificity ïpure DNA from mango pathogens and endophytes

Ç Sensitivity ïDNA dilutions from 20 ng to 1 fg

Ç Pathogensô detection in shoot, leaf, bud, flower, fruit peel 

mango tissue

Ç Inoculation ïaccording to Freeman et al. (1999)

PCR detection of the causal agents of mango 

malformation
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Specificity

A  Fbra primer set (~380 bp)

B  Fman primer set (~217 bp)

1. Marker

2. Control - water 

3. Fusarium sp. nov. (DNA)

4. F. sterilihyphosum (DNA)

5. F. mangiferae (DNA)

6. F. proliferatum 

7. F. sacchari 

8. F. subglutinans

9. F. pseudocircinatum 

10. F. oxysporum 

11. F. semitectum 

12. F. decemcellulare

13. Neocosmospora sp.

14. Phomopsis mangifera

15. Cladosp. cladosporioides

16. Epiccocum purpurascens

17. Fusiccocum mangiferum 

18. Alternaria alternata

19. Coll. gloeosporioides

20. Aspergillus niger

21. Penicillium sp.

22. Pestalotiopsis sp.

23. Chalara fimbriata

24. Lasiodiplodia sp.

25. Phoma sp.

19



Sensitivity

A. Fbra  - Fusarium sp. nov.

B. Fbra  - F. sterilihyphosum

C. Fman  - F. mangiferae
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1. Fusarium sp. nov. (DNA)

2. F. sterilihyphosum (DNA)

3. F. mangiferae (DNA)

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

10 and 11. Fruit peel

12 and 13. Fruit peduncle

14 and 15. Mango leaf

Detection of Fusarium sp. nov. and F. sterilihyphosum

Fbra primer set

M  1   2   3   4   5   6   7   8   9  10  11 12 13 14 15
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Fman primer set

1. Fusarium sp. nov. - DNA

2. F. sterilihyphosum - DNA

3. F. mangiferae  - DNA

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 

10. Fruit peduncle

11. Mango leaf

Detection of F. mangiferae

M    1   2     3    4    5   6    7   8   9   10   11
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Ç The main causal agent of mango malformation 

disease in Brazil corresponds to a new Fusarium

species within the Gibberella fujikuroi species 

complex

Ç The teleomorphic stage of Fusarium sp. nov. can

be induced in the laboratory

Ç Fusarium sp. nov. and F. sterilihyphosum are the

only known causal agents of the disease in Brazil

and can be detected through PCR

Conclusions
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Fusarium subglutinans

Fusarium subglutinans f.sp. ananas

Fusarium guttiforme
Morphology, Specificity, tub and tef genes

Limited number of isolates

Nirenberg & OôDonnell 1998

Most important disease of this crop,

restricted to South America ?

Fusariosis of Pineapple - Ananas comosus

Gibberella fujikuroi complex ïGFC, but no teleomorph known so far
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