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3 Main common species of the Nigri Section
SF

a1 A. japonicus/aculeatus

Aspergillus niger is the most 2 %
frequently reported species
in this section.

However, species concepts

are uncertain in this 2
complex and otfen the name .
A. niger has been used for b.1 g car bonarius
any member of the section ; :"’ Qﬁ'_‘

due to misidentification.

The morphology characters
are very similar, and it is
difficult to discriminate
within the A. niger
aggregate group.
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Species concepts of black aspergilli according to
different authors

Raper and Fennell (1965) Al-Musallam (1980) Kozakiewicz (1989) RLFP* analysis Samson et al. 2004
A. japonicus A. japonicus var. japonicus A. japonicus A. japonicus A. japonicus
A. aculeatus A. japonicus var. aculeatus A. atroviolaceus A. aculeatus A. aculeatus
A. carbonarius A. carbonarius A. carbonarius A. carbonarius A. carbonarius
A. fonsecaeus

A. heteromorphus A. heteromorphus A. heteromorphus A. heteromorphus  A. heteromorphus
A. ellipticus A. ellipticus A. ellipticus A. ellipticus A. ellipticus

A. helicothrix A. helicothrix

A. niger aggregate:

A. niger A. niger var. niger A. niger var. niger A. niger A. niger
A. tubingensis A. niger var. niger f. hennebergii  A. niger var. tubingensis A. tubingensis A. tubingensis
A. phoenicis A. niger var. phoenicis A .niger var. phoenicis A. foetidus A. foetidus
A. polverulentus A. niger var. phoenicis f. A.niger var. polverulentus  A. brasiliensis A. brasiliensis
polverulentus
A. awamori A. niger var. awamori A. niger var. awamori A. costaricaensis
A. ficuum A. niger var. nanus A. homomorphus
A. foetidus A. niger var. usamii A. niger var. ficuum A. lacticoffeatus
A. foetidus var. pallidus ~ A. niger var. intermedius A. citrus var. citrus A. piperis
A. foetidus var. acidus A. foetidus A. acidus A. sclerotioniger
A. citrus var. pallidus A. vadensis

*Results of various RLFP analysis by different authors: Kusters-van Someren et al. (1991); Megnegneu et al
(1993): Varga et al (1993, 1994); Accensi et al. (1999); Parenicova et al (1997, 2001)
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II— Phylogenetic tree of Aspergiflus sub-genus Circumdatibased

on rDNA sequences

100 yA. aculeatus CBS 172.66 (A1279988) | yniseriate

VA, japonicus CBS 114.51 (as279s5) | Species

A. tubingensis CBS 134,48 (AJ223853)
A. foetidus var. acidus CBS 564.65 (AJ280009)
A. phoenicis NRRL 365 (Uss307) A. niger aggregate

A. tubingensis CBS 12749 (A1280007)
N T

A. niger CBS 554.65 (AJ223852) Aspergillus section Nigri

A. niger CBS 120,49 (A J280006)

“A. brasiliensis™ IM1 381727 (AJ280010)

A. carbonarius NRRL 67 (Us5105) A
carbonarius

uncommaon Hpe[‘ii.".‘i

_E A, heteromorphus CBS 117.55 (AJ280013)
g3 A. ellipticus CBS T07.79 (A1 2%0014)

57 A. ochracens NRRL 3174 (AF128852)
99 A. sulphurens TMI 211397 (ar20800) | Aspergillus section Circumdari

A. auricomus FRR 3944 (AF203795)

Petromyces albertensis ATCC 58745 (AF128859)

A. flavis H142 (L76747)
i Aspergillus section Flavi
100 A. nomius IMI 358749 (ABOGOSIS)
Al A. tamarii JCM 2259 (ARMS420)

¥

Emericella nidulans CBS 121.35 (ajo00933)

0.02
Figure 2. Neighbor-joining tree based on phylogenetic analysis of the ITS1-5.85 tRNA gene-ITS2 sequences. The sequences were aligned
with Clustal W (version 1.5) of multiple sequence alignment computer program (Thompson et al, 1994), Adjustments for improvement wers
made by eye where necaszary. Cladistic analyses uzing the Naighbour-joining method (Saitou and Nei 1987) were performed with the MEGA
2.1 computer program (Kumar et al. 2001) with Kimura 2-parameter model, incliding transitions and transversions and with pairwiss dele-
tion for the traatment of the handling gaps/missing data, Confidencs valuss for individual branches were determined by bootstrap analysas
(1000 pssudoraplicates).
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rphus CBS 11

Phylogenetic tree obtained by
beta-tubulin sequence analysis
by recent revision of the black
Aspergilli species
(Samson et al. 2004)

6 new species
blue OTA producer
red possible OTA producer

Atypical clade containing both
biseriate and uniseriate species
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/==y Risk assessment and intergrated ochratoxin A
@ (OTA) management in grape and wine
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\ISE Distribution of Aspergillus Sez. Nigri species in Europe in
various phenologic stages of grapes growing

setting one moth later veraison harvesting

EEm PORTUGAL I SPAIN [ FRANCE B ITALY | oo
1 ISRAEL == GREECE MEAN

Data from EU project WINE-OCHRA RISK
(QLKl-CT-2001-01761) setting 1 month later early veraison harvesting

[ PORTUGAL mmmm SPAIN ——1FRANCE mmITALY

C—1ISRAEL 1 GREECE MEAN
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- A. niger “aggregate”
A. carbonarius

- Aspergillus “uniseriate”

Data from EU project WINE-OCHRA RISK

(QLK1-CT-2001-01761)
CBS - Utrecht, The Netherlands
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Distribution of black aspergilli in Apulian vineyards 2004-2006

lISF
-
+
o OA. "uniseriate"
g B A. carbonarius
; B A. niger
S
Early End Ripening Harvest
veraison veraison
211 A. carbonarius strains 360 A. niger 'aggregate” strains
OTA producers
MIN MAX MIN MAX
0.5 ppb 7500 ppb 0.3 ppb 459 ppb

Data from Italian Ministerial Project

CBS - Utrecht, The Netherlands
“SIVINA” n 12818
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F? Molecular studies

Members of Aspergillus belonging to section Nigri resulted the main
responsible for the ochratoxin A accumulation in grapes and wine,
particularly in Southern Europe.

Limited information is available on the species composition and
genetic variability of black Aspergilli strains occurring on grapes.

We analyzed more than 300 representative strains from the main
wine producing European countries collected in 2001-2002 (Ttaly,
France, Spain, Portugal, Greece and Israel) using amplified fragment
length polymorphisms (AFLP) technique and calmodulm sequences

e Sequence analyses of
different loci: ribosomal DNA
regions, calmodulin and pB-
tubulin gene

« fAFLP method

CBS - Utrecht, The Netherlands
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e
(=3 Black aspergilli strains, isolated from grapes in Europe, and
|\ L used for molecular studies

Partners I;I(-)(I);?elzs a@égg;e A. carbonarius | A. japonicus | A. ochraceus
Italy 61 22 20 19 0
Spain 37 14 14 9 0
France 70 18 31 21 0
Portugal 31 17 10 2 2
Greece 93 80 11 2 0
Israel 47 20 18 9 0
Total 339 171 104 62 2

CBS - Utrecht, The Netherlands
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Dice Similarity Index %

&0 TO a0 a0 1000

Diagram summarizing the
dendrogram of 295 strains
Asperagillus Sect Nigri
generated by NTSYS
software using cluster
UPGMA analysis with Dice
Similarity Index

A. carbonarius

A. carbonarius
type strain

A. tubingensis and
A. pulverulentus
type strain

Three groups showed a well
defined omogeneous A. tubingensis
population/species:

A. niger type
strain

A. carbonarius (105 strains),
A. tubingensis (69 strains),
Aspergillus “uniseriate” (56
strains) #A. japonicus type
strain

A. niger “like”

A. awamori
type strain

. A. niger atypical

&0 501

The A. niger cluster (44
strains) showed high variability
and supported the possible

presence of more than one . N
S eCieS A. japonicus
P . 45 A. ellipticus/helicotrix type strain

CBS - Utrecht, The Netherlands
[Perrone et al. 2006, Int. J. Food Microbiol. 111: §22-527] April 12-14, 2007

A. uniseriate




Phylogenetic tree obtained by alignment
of sequences from calmodulin gene
within the Aspergillus Sect. Nigri

type strain

/ \. tubingensis
'1—i biseriate clade

; . == uniseriate clade
Iger like

1]

=

A. niger atypical

*1' | A. carbonarius atypical
= |
A. carbonarius

‘ I A. ellipticus/helicotrix The calmodulin data

i | confirmed the

A. Japonicus/aculeatus  grouping obtained by
AFLP analysis

pEm— A niseriate from grapes
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. niger aggregate: N & T RFLP patterns

Accensi et al., 1999) v Type N: 519-bp / 76-bp
N N T T (A. niger CBS 554.65)

v Type T: 595-bp

(A. tubingensis CBS 134.48)

A. niger aggregate/OTA production:

“N and T populations from grape”
(Accensi et al. 2001)

Total isolates (n:143)
N type: 63
T type: 80
All OTA +: N type

The production of OTA by A. niger aggregate was analyzed by Accensi
et al in previous studies, but they didn't found any A. tubingensis
strains able to produce OTA as in our results.

CBS - Utrecht, The Netherlands
April 12-14, 2007



== OTA production and molecular characterization of 94
dISH Italian strains of black aspergilli was studied.

A. niger (3/15)

, , A. carbonarius (22/23)
A. tubingensis (5/20)

A. niger aggregate

MIN MAX IR AR
4.01 ppb 360.2 ppb 6.90 ppb 7:3901ppo
MEAN: 136.25 ppb MEAN: 555.41 ppb

OTA producer

None of the A. uniseriate produced OTA

CBS - Utrecht, The Netherlands
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A gedabeerruadaetig = CHEE Ss8.85
TR 016

T e Dendrogram of 94
el i isolates of Aspergillus
section Nigri based on
A. tubingensis | — cluster analysis with the
;r::::".*:::*::;:.“ AFLP data obtained with

wam CERS SO0 G
A, fmepeysre CTEE TT4.37 T

2 s e TV four primer pairs
generated by NTSYS
software.

ITEM SOT4
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- ek sovs detected OTA in 14,3 %
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TR 4TFEZ
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[Perrone et al., 2006 App. Environ. Microb. 72 (1): 680-685] CBS - Utrecht , The Netherlands
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Studies on atypical A. carbonarius strains
leads to the identification of a new
species close to A. carbonarius

type strain
biseriate clade
== uyniseriate clade

A. carbonarius atypical

A. carbonarius

CBS - Utrecht, The Netherlands
April 12-14, 2007



As part of a study on the ochratoxin
producing mycoflora of grapes, six
Aspergillus strains of the section Nigri
which did not produce detectable
amounts of OTA but which had a similar
morphology to A. carbonarius were
isolated from wine grapes and/or dried
vine fruit in Portugal and Spain.

These strains, however, have characters
that allow morphological distinction from
the other species in the section,
particularly the spore size (5-7 mm),
which allows separation of the species
from the two most common biseriate
species in section Nigri. A. carbonarius
(7-9 mm) and A. niger and its aggregate
species (3-5 mm).

[Serra et al., 2006 Mycologia 98 (2):295-306]

CBS - Utrecht, The Netherlands
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Molecular characterization of A. ibericus strains (1)

H1UAs294

[ A. ibericus The validation of this new

MUMO3.50 taxon is suppo r"l'ed by

A-1219

MUM03.51 GﬂGlYSiS Of the ITS-5.8S

A, carbeorarine IMI 016136

® L A, carbonarius IMI 041875 r‘DNA Gnd CGImOdLII in gene
A, brasiliensis IMI 38172 7 (AJ280010) o

sequences and by analysis

| A foetidus CBS 564,65 (AJ280009) Of The ampl lf ' ed fr‘agmenT

o | A tubingensis CBS 127.49 (AJ280007) I eng"’ h pO l ymO r'p h IS m (A FLP)

1 | tubigensis CBS 134,48 (AJI23853)

@l 4, phoenicis NRRL 365 (Us5307) paﬂ'e rns, which were

A, ellipticus IMI 172283 . ] .
A, heteromorphus CBS 117,55 (A1280013) consistent N ) epar‘aT | ng

A, aenfeatus CBS 101,43 (AJ279995)

@ = A, japenicus CBS 101,14 (AJ279983) These STr‘ains fr‘om OTher‘
Emericela nidulans CBS 12135 (AJ000%33) S pec |' CS in .I.he SZCT io n .

A, niger IMI 050566

¥yt
[LRIE] 006 0,04 [N 0,00

Figure 7. Neighbor-joining tree based on phylogenetic analysis of the ITS1-5.85 rRNA gene-

ITS2 sequences. The numbers at branch points are the percentages of 1,000 bootstrapped data
sets that supported the specific internal branches, Species with GenBank numbers represent

sequences obtained from GenBank.

CBS - Utrecht, The Netherlands
April 12-14, 2007



Molecular characterization of A. ibericus strains (2)
Homology tree obtained by comparison
of partial calmoduline gene sequences

endrogram AFLP analysis

100%E95%IDKNBSREDBRTIRTOINRGSS G0%
| I NS S S — S S— —

A. carbonarius IMI 387223 100%
A. carbonarius IMI 016136 A. carbonarius IMI 016136 1 00
A. carbonarius IMI 041875 .

A. carbonarius IMI 041875 1 00
A. carbonarius IMI 387242 A. carbonarius IMI 387242
A. carbonarius IMI 387223

A. ibericus A-1082 (1M1 391428)

A. Japonicus IMI 221387 A. ibericus MUM 03.49 (1M1 387249)
A. niger IM1 091881 A. ibericus MUM 03.50
A. awamori IMI 211394 A. ibericus MUM 03.51

A. niger IMI 050566
A. niger IMI 091881
e Pl [l et A. awamori IMI 211394
A. phoenicis IMI 211395 A. niger IMI 050566
A. tubingensis IMI 172296 ) )
A. tubingensis IMI 172296
A. ibericus MUM 03.50
A. ellipticus IMI 172283
A. ibericus MUM 03.51 N
A. helicotrix IMI 278383
A. ibericus MUM 03.49 (IMI 387249)
A. japonicus IMI 221387
A. ibericus A-1082 (IMI 391428)
A. aculeatus IMI 388522
A. helicotrix IMI 278383 A aculeatus IM1 138758

>

. ellipticus IM1 172283

Fusarium proliferatum NRRL 22944

CBS - Utrecht, The Netherlands
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Characterization of atypical A. niger
strains by alignment of sequences from
calmodulin gene within the Aspergillus

Sect. Nigri
. tubingensis
Iger like
from grapes
type strain

biseriate clade
== uyniseriate clade

CBS - Utrecht, The Netherlands
April 12-14, 2007



Micromorphology of conidial heads and conidia
of A. brasiliensis sp. nov.

SKU W4, @88 twm NOLT

Varga et al., 1994 CBS - Utrecht , The Netherlands
April 12-14, 2007



Aspergillus brasiliensis from grapes (1)

B-tubulin

A flavus CBS 100327 (AYB13992)

s A, japonicus’ GBS 114.51 (AY585542)

_ |: A, aculeatus CBS 115.48 (AYS85541)
100 A, geuleatus’ CBS 172 66 (AYSERS540)

- A. homomorphus” CBS 101889 (AY820015)

100

A. aculaaius CBS 114.8B0 (AY585539)
L A aculeaius CBS 620,73 (AYS85538)

- A, allipticus” CBS 707,789 (AY585530)

190

a8 r
I— A heleromoarpbus’ GBS 117.55 (AY585629)

A, hericys ITEM 4776 (AMA19748)
ga —— A. carbonanus’ CBS 111.25 [AY585532)
A. solerationiger’ CBS 115572 (AYA19958)

A, vadensis” GBS 113363 (AY585531)

A lubingansis’ CBS 134 .48 (AYS20007)

A costanicaensis’ GBS 115574 (AYS20014)
r A. piperis’ CBS 112811 (AYE20013)
i gz | | A loetidus CES 564,65 [AYS85553)

100

A foetidus CBS 56565 (AYS585634)
100 ¢ A laclicoffealus” CBS 101883 (AYE16095)
—L A. niger’ CBS 554 65 (AY585536)
A, brasiliensz ITEM 2539 (AR1295182)
A brasiiGnzis ITEM 4540 (AM2E5183)
A brasiignais ITEM 4544 (AMEES184)
— A, brasiidwaz ITEM 6130A8M205187)
fa A brasiiensis CBS 733,88 [DOO0DE12)
A. brasiliensis CBS 116870 (DQA00613)
A, bragifiensis’ IM| 381727 (AYB20006)
A, brasiiensis JHC 601 (DI200809)
A, brasifisnsis JHG 607 (DO200811)
A, brasifiensis JHC 603 (DOS00610)
A, brasiiensis GBS 246.65 (DOS00607)

5 &3

100

ITS

T. figvus CBS 310.38 (AB176618)

1040

A. homomarphus’ GBS 101839 (EF166063)

100

i A. aculestus” CBS 172.66 (AJ279988)
a1 || A Japonicus’ GBS 114,51 (AJ279985)
A. aculeatus GBS 114.80 (AJ2B000S)

g1 —A. elipticus™ GBS 70770 (AJ2B0014)

A, heteromorphus’ CBS 117.55 (AJ280013
— A iberous’ IMI 331423 (AYES6623)

A, earbongriug’ CBS 111.26 (DOYO0E0S)
1'331 A. sclarationigar” GBS 115572 (DQ200E0E)
A, costaricasnsis” CBS 116574 (DO900602)
A vadensis” GBS 113365 (AY585548)

100

95

A piperis™ CBS 112811 (DO200603)

A foetidus CBS 564.65 (AJ280009)

A tubingensis CBS 643,92 (AJ2B0008)
A. migar CBS 120.43 (AJ280006)

A. lacticoffeatus’ CBS 101883 (DOQ200604)

A. brasirerisis JHC 807 [DOB00E00)

A. brasifensis JHC 801 (DCE00559)

A brasifensis’ IMI 381727 (AJ2B0010)

A, brasiliensis JHO 203 DOAB00E01)
r A brasiensiz I[TEM 61335 JAMZ25181)
A brasifionsis CBSTTEETD (DOO00S9E)
A, brasiiensis GBS 733.88 (DOY00598)
A. brasilionsis GBS 2468 65 (DB00597)
A. brasifenssATEM 4540 AME9S180)
A brasiiensis ITEM 4544 ()
A. brasiiensisITEM 4533 47)

ai

a1

CBS - Utrecht, The Netherlands
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Aspergillus brasiliensis from grapes (2)
Calmodulin

A flzvus NREL 21882 (AYS74341)
A, gculeatus! IMI 211388 (AJOB4BTT)

A. japonicus IM| 387343 (AJS82716)
A. japonicus ITEM 7034 (AJ954875)

Neighbor-joining tree A. japonicus IMI 211387 (AJS82717)
based on calmodulin A. helicothrix IMI 278383 (Ah117810)
sequence data of [ A. effipficus” IMI 172283 (AM117808)
Aspergillus section
Nigri.

A. carboneius ITEM 4555 (AJSB2715)
A. carbonasfus’ 1M 016136 (AJSE48T3)
‘ A. carbonasgus I 387242 (AJE82T14)
~ A ihercus ITEM 8600 (41971 808)
__L A, tbercusT IMI 381429 (AJ971805)
A tubingersisT IMl 172283 (AJSE48TE)
A, avwamon! 1M 211394 (AJI64874)
L A nmiger M 0S0E6S (AJOBAST2)

— A brasiiensis 'TEM 4540 (AR295148)

:;;;1 A. brasiliens(s ITEM 4539 (AM2£5178)

A brasiiensis | TEM 4544 (AM2E5177)

A. brasiiensis TEM 6139 (AMM295174)
A_ brasiliensisT M| 381727 (AM295175)
A. brasiiensiz JHZ 603 (*)

A brasiliensis JHC 807 ()

CBS - Utrecht, The Netherlands
April 12-14, 2007



Aspergillus brasiliensis from grapes (3)

AFLP

Dendrogram of representative black Aspergillus isolates together with 11 strains of A.
brasiliensis based on cluster analysis with the UPGMA method using the Dice genetic
distance coefficient on AFLP data obtained with four primer pairs generated by
NTSYS software.

4497 A. japorticus
4500 A. tubingensis
4508 A, foetidus
4501
4506
4305 A. effipticus
45063
4504 A. carbonarius
4556
4539
4540
454

—E:Il: A. braslliensis
Tasd

Tas5

A. niger

Tash
Tas2
ThsX
T651
4T7Th
(el
747 A. aculeatus

A. ibericus

T e e s e e e s e e et e e —
0.0 k40 0.50
Liiee Similarity Index

The description of this new species has been recently accepted for publication in [JISEM (Varga et al. 2007).

CBS - Utrecht, The Netherlands
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11- Molecular characterization of A. Y"uniseriate

14 4

1 B-tubulin sequences

]
 AFLP analysis illjl_fﬂdm\ _|‘ ) jfj _ |'+.|nﬂuu|lll |

Reports of occurence of uniseriate black
aspergilli evidence the presence A. aculeatus
in Australia, and of A. japonicus var.

aculeatus in Brazil/Argentina CBS - Utrecht , The Netherlands
April 12-14, 2007



Phylogenetic tree obtained using DNAMAN clustal method for alignment
of 660 bp sequences of calmodulin gene

I_1.00-| 4509 CBS 557 65)A4. awamori
100 555.65)A. niger
5 15%6 38 foe?dus

0.05 4506
. i

100 565.65)A. foef/dus var. pallidus
100 . 4500£CBS 515 293 3 bingensis, 2
100 100 ~ 7040( CBS 134 2,4 fublnzenﬂs

7048IMI 381727)A4
510) 2( CBS 556 65 A. carbonarius
4505§CBS 48 6;)2,4 e Ap fcus
acu/eafus
70 6£CBS 116 80)A aculeatus
7044(CBS 610.78)A. japonicus
100 7047 CBS 621 .78)A. japonicus
449 gCBS 558.6 l‘, apon/cus
BS 114 apomcus

7038£CBx1(14 .80)A. acu/ea s atypic

rasiliensis

“uniseriate” clade

99

100

A. uyvarum??

7043(CBS 108.08)A. ochraceus

CBS - Utrecht, The Netherlands
April 12-14, 2007



Aspergillus japonicus
Aspergillus aculeatus

>

A. uvarum??

Aspergillus carbonarius

Aspergillus tubingensis
Aspergillus foetidus
Aspergillus niger
Aspergillus awamori
Aspergillus ellipticus

CBS - Utrecht, The Netherlands
April 12-14, 2007

0.54
Dice Similarity




Aspergillus uvarum

SEM picture by
R. Samson
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Conclusions

Black aspergilli represent a various and complex molteplicity of species,
with some of these peculiar of grapes:

4 main species/population were present on grapes:
- the well characterized A. carbonarius and A. tubingensis:
- the A. niger group wich comprises A. niger (A. awamori), A.
foetidus, A. brasiliensis and others?
- the A. ‘'uniseriate” which could represent a new species peculiar of
grapes, molecularly distant from A. japonicus and A. aculeatus,

the main responsible of OTA presence in grapes is A. carbonarius (99% of
strains produce OTA);

A. tubingensis, which has not been previously reported to produce
ochratoxin A, together with A. niger is also responsible of OTA presence
in grapes:

A. ibericus a new described species, isolates from grapes and rarely
occurring, is very similar to A. carbonarius but not produced OTA

CBS - Utrecht, The Netherlands
April 12-14, 2007



calmodulin gene.

A rapid PCR-SSCP screening method for
identification of Aspergillus Sect. Nigri
species by the detection of calmodulin
nucleotide variations.

P T
‘i A el i 1330 TELTE Barl iy

L Tt P
& rrrerm e

g T

PCR identification in Sect.

Nigri by DNA-sequencing of

PCR discrimination of the Ochratoxin
A producing species: A. niger and A.
tubingensis within A. niger aggregate

group.

e L
[t o .-
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