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OverviewOverview
• Historical background

The toxin and the moulds– The toxin and the moulds
• Biology and taxonomy of Penicillium and 

AspergillusAspergillus
– Development of modern species concepts

• Mycotoxins
– DNA based identification

• Ochratoxin A in Canada and 
internationally
– Storage issues

F t  di ti

Penicillium Aspergillus

• Future directions



Aspergillus flavusAspergillus flavus
the aflatoxin mould



Penicillium
• ~300 known species

Fusarium
• ~150 known species

– > 1000 expected

• Storage fungi
• Dry, electrostatic spores

– > 750 expected

• Field fungi, plant pathogenic
• Slimy spores

• Diverse mycotoxins
– Ochratoxin A
– Patulin

G i f l i

• More uniform mycotoxins
– Trichothecenes
– Zearalenone

F i i– Griseofulvin – Fumonisins

Ascos
Basidios

True fungi
A. Schaafsma



Biology of Penicillium and AspergillusBiology of Penicillium and Aspergillus

• The quintessential moulds
• Common agents of biodeterioration in soil, wood, dung 

and man-made commodities
• Talented producers of secondary metabolitesTalented producers of secondary metabolites

– High ‘creativity index’
• Plant diseases, especially spoilage during storage

C  i  i d  i  i  ll i• Common in indoor air, causing allergies
• Ecological significance possibly over-estimated 

– ability to grow on standard microbiological mediay g g

• P. roqueforti makes 1–10 billion spores per 
Petri dish



Ochratoxin AOchratoxin A

• A fungal toxin
• Abbreviations: OTA or OA
• Regulated in North America and Europe for many years 

Kid   i  h• Kidney cancer in humans
– Group 2B possible human carcinogen

• International Agency for Research on Cancer (IARC)g y ( )

• Found in grains, in particular barley, oats and beer, and other 
commodities
D t t bl  i  bl d  f ll C di• Detectable in blood sera of all Canadians

• Terrible confusion about what fungal species produce the toxin
– Misidentification of mouldsMisidentification of moulds
– Misidentification of toxins



Penicillium as the taxonomist’s nightmarePenicillium as the taxonomist s nightmare

“Alive and actively growing, they have 
individuality as pronounced as their capacities individuality as pronounced as their capacities 
for evil, but that individuality, color, odor, and 
habit or growth are evanescent as frost designs habit or growth are evanescent as frost designs 
on a window pane in winter.”

Charles Thom 1930



Penicillium chrysogenumPenicillium chrysogenum
The penicillin mould



Penicillium expansumPenicillium expansum
Blue mould of apple



Penicillium camembertiiPenicillium camembertii
the Brie mould

A. Riley



Penicillium roquefortiPenicillium roqueforti
the blue cheese mould



Penicillium roquefortiPenicillium roqueforti
the blue cheese mould

Major MycotoxinsMajor Mycotoxins
• Mycophenolic acid

• PR-toxins
• Roquefortine C

…and in silage
Photos Rob Samson

q



Penicillium historyPenicillium history

• 1809 Described by Link1809 Described by Link
• 1930 Monograph by Thom
• 1949 Monograph by Raper & Thom 

1979 M h b  Pitt

Microscopy 
and culturing

• 1979 Monograph by Pitt

• 1980s Secondary metabolites & isozymes
• 1990s DNA sequencing
• 2000s Multigene phylogenies, molecular diagnostics
• 2010s Genomics



Modern species concepts (1)Modern species concepts (1)
• Mid-1980s, 

– Jens Frisvad et al., Denmark
• Hypothesis

– Species have constant, reproducible 
secondary metabolite profiles

• Secondary metabolite profiling 
– Thin layer chromatography
– then HPLCthen HPLC
– then GC-MS 
– then LC-MS

• Result• Result
– Division of existing morphological species 
– Identification using mycotoxin profiles

From Singh et al., 1991



Penicillium Aspergillus & secondary metabolitesPenicillium, Aspergillus & secondary metabolites

• Produce all major groups of secondary metabolites
 60 100 d  t b lit   i  • ~ 60-100 secondary metabolites per species 

J.C. Frisvad



Ochratoxin A production in PenicilliumOchratoxin A production in Penicillium
• Penicillium viridicatum var. cyclopium (PVC)
• Penicillium viridicatum chemotype
• Penicillium verrucosum

– Divided into 2–3 species
• P. verrucosum – grains
• P  nordicum meat• P. nordicum – meat
• P. lumpii – dried fish (not described)

All l i  f h t i  A d ti  i  • All claims of ochratoxin A production in 
other Penicillium species are unproven



Modern species concepts (2)Modern species concepts (2)
• Early 1990s
• DNA-based taxonomy

– Ribosomal operon sequencing (ITS, LSU) 
P t  USDA  P i• Peterson, USDA, Peoria

– Protein gene sequencing 
• Seifert lab, Canada

• Good (but not perfect) correlation of phylogenetic species 
with mycotoxin groups

nuclear beta-
tubulin gene



ITS Gene TreeGrain species

• Variable sites ~ 20%

subg. Penicillium

P Skouboe JC Frisvad JW Taylor D Lauritsen M

• Variable sites ~ 20%

• DNA barcoding

P Skouboe, JC Frisvad, JW Taylor, D Lauritsen,  M 
Boysen, L Rossen. 1999. Phylogenetic analysis of 
nucleotide sequences from the ITS region of 
terverticillate Penicillium species. Mycological 
Research 103: 873–881.

2525--28S28S IGSIGS18S18SIGSIGS

IInternal nternal TTranscribedranscribed SSpacerpacer



Grain speciesGrain species

Beta-tubulin Gene Tree  
b P i illi

Type strains 

subg. Penicillium

58 species
• Variable sites ~ 66%

RA Samson, KA Seifert, AFA Kuijpers, JAMP 
Houbraken JC Frisvad JC 2004 Phylogenetic

Samson, Seifert & Frisvad (2004) (total 
data set > 250 strains)

Houbraken, JC Frisvad JC, 2004. Phylogenetic 
analysis of Penicillium subgenus Penicillium
using partial beta -tubulin sequences. Studies in 
Mycology 49: 175–200.



Beta-tubulin Gene Tree  
b P i illi S tsubg. Penicillium, Sect. 

Viridicata, Ser. Verrucosa

Ochratoxin A group

RA Samson, KA Seifert, AFA Kuijpers, JAMP 
Houbraken JC Frisvad JC 2004 PhylogeneticHoubraken, JC Frisvad JC, 2004. Phylogenetic 
analysis of Penicillium subgenus Penicillium
using partial beta -tubulin sequences. Studies in 
Mycology 49: 175–200.



Molecular Assay Development
CBS102444 P coprophilum
CBS110760 P coprophilum
CBS186.89 P coprophilum
DAOM214779 P coprophilum

CBS280.97 P coprobium
CBS562.90 P coprobium

CBS561.90 P coprobium
ATCC58615 P coprobium

CBS191.88 P concentricum
CBS477.75 P concentricum

CBS110420 P griseofulvum
CBS185.27 P griseofulvum

CBS485.84 P griseofulvum
CBS110422 P dipodomyicola
CBS173.87 P dipodomyicola

CBS110421 P dipodomyicola
CBS101133 P vulpinum
CBS305.63 P vulpinum

CBS110772 P vulpinum
CBS111218 P glandicola
CBS498.75 P glandicola

CBS333.48 P glandicola
CBS115504 P digitatum
DAOM221146 P digitatum
DAOM214780 P digitatum
DAOM220902 P digitatum
DAOM226855 P digitatum
CBS136 65 P digitatum

from beta-tubulin sequences

Successes

CBS136.65 P digitatum
CBS101026 P digitatum

CBS109547 P marinum
CBS109549 P marinum
CBS109550 P marinum

CBS281.97 P expansum
DAOM215351 P expansum

CBS481.84 P expansum
DAOM213367 P expamsum
CBS325.48 P expansum

CBS101033 P sclerotigenum
CBS307.97 P sclerotigenum
CBS306.97 P sclerotigenum

CBS112482 P clavigerum
DAOM214797 P clavigerum
CBS255.94 P clavigerum
CBS113244 P clavigerum

CBS262.94 P ulaiense
CBS314.97 P ulaiense
CBS210.92 P ulaiense

DAOM214806A P italicum
DAOM214806B P italicum
DAOM226587 P italicum
DAOM226911 P italicum
CBS489.84 P italicum

CBS339.48 P italicum
KAS534 P italicum

CBS278.58 P italicum
CBS115503 P crustosum
DAOM215343 P crustosum
DAOM214800 P crustosum
DAOM171024 P crustosum

CBS101025 P crustosum
CBS471 84 P crustosum

P. roqueforti complex (3 spp.)
Citrus penicillia (4 spp.)
P. brevicompactum complex (3 spp.)

CBS471.84 P crustosum
CBS317.48 P echinulatum
KAS1861 P echinulatum
CBS337.59 P echinulatum
CBS101027 P echinulatum

CBS146.86 P solitum
CBS147.86 P solitum

DAOM187007 P solitum
DAOM214781 P solitum

DAOM215390 P solitum
CBS424.89 P solitum

CBS271.97 P discolor
CBS278.97 P discolor

CBS474.84 P discolor
CBS101031 P palitans
CBS112204 P palitans
CBS491.84 P palitans
CBS115507 P palitans

CBS115505 P commune
CBS279.67 P commune

CBS190.67 P camemberti
CBS311.48 P commune
MayODfA21 P commune
CBS108956 P caseifulvum

CBS299.48 P camemberti
CBS101134 P caseifulvum
CBS112078 P camemberti

CBS109556 P cavernicola
CBS109557 P cavernicola

CBS109558 P cavernicola
CBS704.68 P hordei

CBS788.70 P hordei
CBS701.68 P hordei

CBS110100 P hirsutum

Assays design failed
P. aurantiogriseum complex (5 grain spp.)
P. camemberti complex

– P. commune

CBS110100 P hirsutum
CBS135.41 P hirsutum
CBS349.75 P hirsutum

CBS109581 P allii
KAS P allii

CBS131.89 P allii
CBS188.88 P allii

CBS109582 P albocoremium
CBS472.84 P albocoremium
CBS109614 P albocoremium

CBS109551 P radicicola
CBS112430 P radicicola
CBS109554 P radicicola

CBS109555 P tulipae
CBS111217 P tulipae
CBS112425 P radicicola

CBS101486 P frei
CBS112292 P freii
CBS794.95 P freii
CBS101135 P neoechinulatum
CBS110343 P neoechinulatum
CBS169.87 P neoechinulatum

CBS101034 P viridicatum
DAOM213197 P viridicatum
DAOM216713 P viridicatum
CBS109826 P viridicatum
DAOM216714 P viridicatum

DAOM216705 P freii
DAOM216706 P freii
NRRL951 P freii
CBS390.48 P viridicatum

CBS324.89 P aurantiogriseum
CBS642.95 P aurantiogriseum
CBS792 95 P aurantiogriseum

– P. camemberti 
– P. caseifulvum
– P. palitans

P. verrucosum complex 
ochratoxin A

CBS792.95 P aurantiogriseum
DAOM213189 P aurantiogriseum
DAOM216724 P aurantiogriseum

CBS636.95 P tricolor
CBS637.93 P tricolor
CBS635.95 P tricolor

CBS144.45 P cyclopium
DAOM216703 P cyclopium
CBS101136 P cyclopium
CBS477.84 P cyclopium

DAOM216704 P cyclopium
CBS222.28 P polonicum

DAOM216710 P polonicum
DAOM216709 P polonicum

CBS101479 P polonicum
CBS690.77 P polonicum

CBS115506 P melanoconidium
DAOM216707 P melanoconidium
CBS218.90 P melanoconidium

DAOM216708 P melanoconidium
CBS640.95 P melanoconidium

CBS115508 P verrucosum
CBS603.74 P verrucosum

CBS109538 P nordicum
CBS109537 P nordicum
CBS110770 P nordicum
CBS112573 P nordicum

CBS109541 P nordicum
CBS606.68 P nordicum

CBS111225 P thymicola
CBS111226 P thymicola
CBS111227 P thymicola

CBS201.57 P venetum
CBS405 92 P venetum – ochratoxin A

P. chrysogenum 
– penicillin, IAQ

P. expansum 
– apples, patulin

CBS405.92 P venetum
CBS253.96 P venetum
CBS278.47 P gladioli
CBS332.48 P gladioli

CBS815.70 P gladioli
CBS101032 P paneum
CBS464.95 P paneum
CBS465.95 P paneum

CBS112297 P carneum
CBS466.95 P carneum

CBS449.78 P carneum
CBS135.67 P roqueforti
CBS234.38 P roqueforti
CBS221.30 P roqueforti
CBS479.84 P roqueforti

CBS184.72 EuP osmophilum
CBS462.72 EuP osmophilum
CBS508.73 EuP osmophilum

CBS439.93 EuP osmophilum
CBS244.32 EuP egyptiacum
CBS456.72 EuP molle
CBS653.82 EuP egyptiacum

CBS581.67 EuP crustaceum
CBS111235 P persicinum

CBS110412 P dipodomyis
CBS170.87 P dipodomyis
CBS110413 P dipodomyis

CBS112578 P dipodomyis
CBS318.92 P nalgiovense

CBS352.48 P nalgiovense
CBS270.97 P aethiopicum
CBS287.97 P aethiopicum
CBS484.84 P aethiopicum

CBS110406 P flavigenum apples, patulinCBS110406 P flavigenum
CBS419.89 P flavigenum

CBS110407 P flavigenum
CBS306.48 P chrysogenum
CBS775.95 P chrysogenum
CBS776.95 P chrysogenum
CBS412.69 P harmonense

038926P P chrysogenum
CBS478.84 P chrysogenum

CBS112104 P mononematosum
CBS171.87 P confertum

CBS172.87 P mononematosum
CBS211.92 P formosanum

CBS291.48 P atramentosum
CBS110068 P brevicompactum
CBS257.29 P brevicompactum

CBS480.84 P brevicompactum
KAS1779 P brevicompactum
CBS110069 P brevicompactum
CBS110067 P brevicompactum

CBS110104 P bialowiezense
CBS227.28 P bialowiezense

CBS112882 P bialowiezense
CBS349.61 P olsonii
CBS833.88 P olsonii
CBS232.60 P olsonii
CBS381.75 P olsonii

CBS431.69 EuP tularense

1 change

Seifert et al. unpublished



Th h i h t i A l dThe changing ochratoxin A landscape

• Historical concerns in Europe 
• Pork products 
• Beer 

• High OTA human blood titers
• High endemic kidney cancers 

• Balkans
O ff• High OTA levels in wine and coffee 

•increased scrutiny of imports



Aspergillus ochraceus complexAspergillus ochraceus complex
beta-tubulin gene tree

OTA group

J.C. Frisvad, J..M. Frank, J.A.M.P. Houbraken, A.F.A. 
Kuijpers, R.A. Samson. 2004. New ochratoxin A 
producing species of Aspergillus section Circumdati. 
Studies in Mycology 50: 23-43.



Aspergillus niger complexAspergillus niger complex
beta-tubulin gene tree

OTA group

• A. niger
• “Generally Recognized as Safe” 

(GRAS) for industrial useOTA group (GRAS) for industrial use 
• Regulated as potential human 

pathogen by Bill C-11

R.A. Samson, P. Noonim, M. Meijer, J. Houbraken, J.C. Frisvad and J. Varga. 2007. Diagnostic tools 
to identify black aspergilli. Studies in Mycology  59: 129-145.



Determination of ochratoxin A in wine and grape juice
S  d b  f l  Source and number of samples 

Country Year of analysis Red wine White wine Red grape juice White grape juice

Algeria 2001–02 1(1)a

Canada 1999–2000 15(1) 16(6) 24(3) 12(1)
2000–01 6(1) 6 – –
2001–02 15(1) 21(1) 13 7

Cyprus 1999–2000 – 1(1) – –

England 1999–2000 – – 1 –

France 1999–2000 3(1) 1 – –

2001–02 6 6

Greece 1999–2000 7(6) 9(6) – –

2000 01 3(2) 4(3)2000–01 3(2) 4(3)

Italy 1999–2000 3(3) 3(1) – –

2000–01 6(4) 10(2)

Spain 1999–2000 1(1) 2 – –

2000–01 6(3) 4(1)

Turkey 2000–01 1(1) 1(1)

USA 1999–2000 – – 1 2

2001–02 11 12 7 4

Total number > LOQ 1999–2002 25 22 3 1

Grand total 1999–2002 84 96 46 25

Table 1 from: W. Ng, M. Mankotia, P. Pantazopoulos, Introduction R. J. Neil and P. M. Scott. 2004.  
Ochratoxin A in wine and grape juice sold in Canada. Food Additives and Contaminants, 21: 971–981.



Searching for Searching for Aspergillus Aspergillus carbonariuscarbonarius in southern  Ontarioin southern  Ontario



Penicillium verrucosum in Canada

• P. verrucosum grows slowly
• Overgrown by other species• Overgrown by other species
• Many other Penicillium species 

in grain

J.T. Mills, K.A. Seifert, J.C. Frisvad, D. Abramson. 1995. 
Nephrotoxigenic Penicillium species occurring on farm-Nephrotoxigenic  Penicillium species occurring on farm
stored cereal grains in western Canada Mycopathologia  
130: 23-28.



Ecology of Penicillium verrucosumEcology of Penicillium verrucosum

• Presently no molecular assayPresently no molecular assay
• Monitored with selective medium

• laborious
• low sensitivity

• In Denmark
• Irregular distribution in fields and soils

DYSG
Dichloran Yeast Extract 

Sucrose 18% Glycerol agar

Irregular distribution in fields and soils 
(0-300 CFU/g soil)
• Sporadic recovery from harvested grain

H t t i t d i• Hot spots in stored grain 
• related to moisture, temperature

S. Elmholt.  2003. Ecology of the ochratoxin A producing Penicillium verrucosum: Occurrence in field soil and 
grain with special attention to farming system and on-farm drying practices. Biological Agriculture and 
Horticulture, 20, pp. 311-337.



Factor affecting ochratoxin-A during storageg g g

UK Food Safety Agency. 2007. The UK Code of Good Storage
Practice to Reduce Ochratoxin A in cereals.



A. Schaafsma





“It is unacceptable that a mountain of grain should have been 
allowed to damage the health of unwitting consumers.”g g



www.inspection.gc.ca/english/corpaffr/recarapp/2009/20091210e.shtml



www.hc-sc.gc.ca/fn-an.../securit/chem-chim/toxin-natur/call-demande-eng.php … /consult/limits-max-seuils/myco_consult_ochra-eng.php



Ochratoxin A exposure by commodityp y y

T  K i G d C  Hil  S  M  Billi d Y  Ki i i  I  D  K  Ri h d S  H d  2010  H l h i k  f h i  T. Kuiper-Goodman, C. Hilts, S. M. Billiard, Y. Kiparissis, I. D. K. Richard, S. Hayward. 2010. Health risk assessment of ochratoxin 
A for all age-sex strata in a market economy. Food Additives and Contaminants 27: 212–240.



T  Kuiper-Goodman, C  Hilts  S  M  Billiard Y  Kiparissis  I  D  K  Richard S  Hayward  2010  Health risk assessment of ochratoxin 

www.hc-sc.gc.ca/fn-an/consult/limits-max-seuils/myco_consult_ochra-eng.php

T. Kuiper Goodman, C. Hilts, S. M. Billiard, Y. Kiparissis, I. D. K. Richard, S. Hayward. 2010. Health risk assessment of ochratoxin 
A for all age-sex strata in a market economy. Food Additives and Contaminants 27: 212–240.



The way forward

• Robust identification of mycotoxigenic fungi and mycotoxins

The way forward

– Detection and identification of moulds without culturing
• Real-time PCR assays from genomic studies

Cheaper  higher throughput  accurate mycotoxin assays– Cheaper, higher throughput, accurate mycotoxin assays
• Ecological and ‘epidemiological’ studies

– Amplification of low incipient contamination from soil or in storage Amplification of low incipient contamination from soil or in storage 
bins is probably a significant issue

• Robust Canadian surveys for the fungus and the toxin
– Keeping in mind the possibility of a role for A. ochraceus

• Continued collaboration among the grain industry, plant 
b d  d hbreeders, and researchers
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