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Isolation of black Aspergilli

Dark brown to black conidiospores
Mop-like conidiophores
Asexual — (Parasexual?)

Species complex

= A niger “A. aculeatus
= A. tubingensis = A. foetidus
= A. carbonarius * A. heteromorphus
= A. japonicus = A. brasiliensis
= A. vadensis
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Isolation of black Aspergilli

Saprophytic lifestyle
Versatile metabolism

= Exclusive isolation on 20% tannic acid
= Growth on up to 80%!

= All culture collection strains
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Isolation of black Aspergilli

Soil and Humus samples collected
world wide, 1990-1995
J
Isolation on 20% tannic acid
J
Single spore colonies

\J

characterization on mt RFLP

Varga et a/1994 Can. J. Microbiol 40:612
Kevei ef a/1996 Ant.v.Leeuwenhoek 70:59
Hamari ef a/1997 Ant.v.Leeuwenhoek 72:337
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Growth on 20% tannin: not associated with black spores

Table 2. List of Aspereillus colour mutants tested on 20% tannic acid medium.

Strain MName Colour mutants® 20%% tannin Strain MName Colour mutants® 20% tannin
NS0 A. earbonarius Jwn, brn | MNOGT A. nanus fwn, brn, gry 1

NO55 A. japonicus Swn, brn, whi, gry 1 MNO6E A, usani v, brn 1

NO57 A, jap. aculeatus Jwn, brn, whi 1 NOTO A intermedius Jfwn, brn 1

NO59 A. niger Jfwn 1 NO76 A. foetidus v, brn 1

NO62 A, awamori Jwn, brn | N0 A. niger fwn, brn, gry, olv |

NO64 A. phoenicis Jwn, brn 1

& Conidium colours: flvn, fawn; bran, brown; whi, white; gry, grey; and ofv, olive green.
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Growth on 20% tannin: 11 tannase-like genes
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Isolation of black Aspergilli: 668 natural isolates

Mitochondial haplotvpe

A, mper-apprepnte

'A. niger™ " A, tubingens ™ A. fap® A car® Density
Mool {0, of

Country™ la Ib o id In b 2 2d 2e 2f molntes spores g soil)
Cannda (3) 4 b i0 (-2
France {4} 3 | 2 3 4 =2
Metherlinds (27) | f1 3 =l fr 38 (-8
Switzerland (2) 2 ] I - =3
Motocoo (2) b 2 | 10 25-K5
Eevpt (2) 7 v 10 24 8=10
Israzl (4) | 4 | f 2=3
Cudnen { 1) f1 3 4 f3
Crabon (5) 3 24 5 4 7 40 B3 4050 :
Kameroon (6) | 6 b | 2 f 9 42 25-150) ngh
Braxil (£) 3 B A 3 3 4]
Indonesia {12) 27 77 74 l 3 33 = g i= l 23 7 320 denSIty
Muolivsia (1) o] fi
Mepal (1) fi <-h
Austraha (1) 4 4 B-15
New Fealand (2) 7 | 8 =2

& Per country the numbér ol samples investipated is given between brackets.
" A. nirer mitochondrial RFLP h aplotvpes To-1d end A, rubtnrensis haplotvpes 20-21 83 recognised by Varegs ¢ all (1993, 1992},
® jap, A japoarcus and divect relatives (Homard er af. 1997),

car, A, carbomarius and direct relatives (Keve of af. 1996,

Van Diepeningen et al. 2004 Mycol. Research 108:919
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Isolation of black Aspergilli: World wide well mixed

Mitochondial haplotvpe

A, mper-apprepnte

'A. niger™ " A, tubingens ™ A. fap® A car® Density
Mool {0, of

Country™ la Ib C id I b 2 2d 2e 2f molntes spores g soil)
Cannda (3) 4 i0 (-2
France {4} = | 2 3 4 =2
MNetherlunds (27) ] fi 3 f ot (-8
Switzerland (2) | - =3
Motocoo (2) 2 | 10 25-K5
Eevpt (2) 7 7 24 =10
Israzl (4) | 4 ] f 2=3
Cruines (1) fi 3 9 ]
Crabon (5} 3 24 5 4 7 | 40 B3 A1)
Kameroon (&) I 6 fi | 2 fi 'J | 42 25-150
Braxil (£) 3 B || 3 3 4] 73
Indonesia (19— 21 77 7 0] 33 4 9 4 1 23 320 50-250
Muolivsia (1) o] i fi fid,
Mepul (1) fi fi 4-h
Austraha (1) 4 4 B-15
Mew fealand (2] 7 | 8 f=i2

% Per country the numbér ol samples investipated is

® jap, A japoarcus and divect relatives (Homard er af. 1997),
car, A, carporrrfus and direct relatives (Kevel of @ 15996),

\/
given between brackets.
" A. nirer mitochondrial RFLP h aplotvpes To-1d end A, rubtnrensis haplotvpes 20-21 83 recognised by Varegs ¢ all (1993, 1992},

Van Diepeningen et a/ 2004 Mycol. Research 108:919
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Isolation of black Aspergilli: predominantly A.niger + A.tubingensis

Mitochondial haplotvpe

A, mper-apprepnte

< "d_ njper'’™ " A fubingens s — A, fap© A car® Density
Mool {0, of

Country™ la Ib o id In b 2 2d 2e 2f molntes spores g soil)
Cannda (3) 4 b i0 (-2
France {4} = | 2 3 4 =2
MNetherlunds (27) | fi 3 41 f ot (-8
Switzerland (2) 2 ] I - =3
Motocoo (2) b 2 | 10 25-K5
Eevpt (2) 7 v 10 24 8=10
Israzl (4) | 4 | f 2=3
Cruines (1) fi 3 9 ]
Crabon (5) 3 24 5 4 7 40 B3 ()16
Kameroon (&) | 6 fi | 2 fi 'J 42 25-150
Braxil (£) 3 B A 3 3 4] 73
Indonesia {12) 27 77 74 l 3 33 = g i= l 23 7 320 50-250)
Muolivsia (1) o] fi fid,
Mepal (1) fi <-h
Austraha (1) 4 4 B-15
Mew fealand (2] 7 | 8 f=i2

& Per country the numbér ol samples investipated is given between brackets.
" A. nirer mitochondrial RFLP h aplotvpes To-1d end A, rubtnrensis haplotvpes 20-21 83 recognised by Varegs ¢ all (1993, 1992},
® jap, A japoarcus and divect relatives (Homard er af. 1997),

car, A, carbomarius and direct relatives (Keve of af. 1996,

Van Diepeningen et a/2004 Mycol. Research 108:919
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Virus presence and variance

Large variation: R ———

1243645 o8 9 10 115125 48 14 15 16, 4 18- 19
1-8 dsRNA iR ik
fragments I."v'l'u""“"i N.

07 — 4-5 kb D e B - - — 4.4kb

«— 3.2kb

«— 2.2kb
«— 1.6kb

«— 1.3kb
«— 1.2kb

Different viruses
and/or defective
interfering particles
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Virus presence and variance

EM:
ISometric particles
25 - 40 nm
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World wide virus distribution: 10% infection nearly all types and locations

Country Mitochondrial haplotvpe Total
A niger A. tubingensis A jap* A car®
la Ik lc 1d 2a 2b 2c 2d Je 2f

America

Canada — — Ofd e — — — — — — — —

Brazil 0f3 /8 /20 — s o' — -— — - — -

Europe

France 0f3 - 01 — - 2 — e - - 043 —

Metherlands i 1] 216 — 5/53 7 01 01 — - — -

Switzerland — - - - 2 [l 01 -— - - -- -

Africa

Moroceo — == —— — 06 12 — — — == 01 0l

Egvpt — 7 07 — 010 — — -— — -— - -

Isracl — (/1 — = 1/4 - — = = - - 01

Guinea — e 33 — — — — — — — — —

Gabon 03 4/24 /5 — /4 7 i1 - /1 - 5440 =

Cameroon 1 I/16 [ - 01 2 & -— - (o 01

Asia

Indonesia 1/27 12477 674 i1 7450 1/33 4 2{9 A4 01 2/23 147

Malavsia — s — - /1 — — — — - — -

MNepal — e — — — — — — — — — —

Oceania

Australia - - . — - - - - — 04 - -

Mew Lealand — w7 — 1 — = — — -

L
iy
=
A
|
=
Lot
=
=

Total <TE3 20167 13126 01 1S/143 Y59 043 2010

Virus infections are given per number of isolated strains ol a certain haplotype and per couniry.

> d4p' japosicieratid ciret relatives van Diepeningen et al.,, 2006 Fungal Genet. Biol. 43:446-452

car = carborarius and direct relatives.
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Model: virus dynamics

10% mycovirus infection in the black Aspergilli

Balance ?

Loss Gain

‘Curing’ (vertical Infection
transfer) (horizontal transfer)

Fitness costs to host Benefit to the host
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Transfer of viruses

Vertical: to offspring

Horizontal: via hyphal

anastomosis

Vertical:

several hundreds of single conidiospores: no loss of viruses
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Transfer of viruses

Horizontal virus transfer:

Ind 1.8.26*

Ind1.8.7*

Acceptar | (1b) (1B} 1c) (ic) {1a) (2d)
Ind 1.8.1 enx E]a} - - e e i a4 fhn AR
Ind 1.8.1 enx 1b) - - - B - a s is i i E it
Ind 1.3.13 cmx (1ch - - - - 4 - = e
nd189or (14 NG - _ - @ I - -
Ind 1.8.3% cnx [2a) - - - - _ - nd  — 4 2 H o
Ind 1.83.42 cax (2] - - = ~ - = - + by b g nd
Ind1.7.6 (N pd nd - - nd - cd - nd - nd -
Ind 1.5.5* emx (1k) - - - - - — o L
Ind 1.7.8* cmx ';]':E' - - - - kX - - = =
Ind 1.8.22* cnx i(lc) - - - - & i

Ind 1.6.10 *onx (22} - - - - - -

After 6 weeks intensive growth/ regular damage:
Very little transfer: due to heterokaryon incompatibility?
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Transfer of viruses

Tests for
heterokaryon
(in)compatibility:

Color complementation
Complementation
auxotrophic mutations
Dominant resistancies

. Chlorate resistance/ nitrate
deficiency (nia and cnx)
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Transfer of viruses

heterokaryon (in)compatibility

Strmn il Imd ledl Ind Imd Ind Ind lsel Inmd Tmd Tl Ind Inid Imed Toed Ind Ind Isedl Imed Tmd  Imed Indd  Imed Dol Imel W4 £ [}
g LEs Iy ke LS el bk A8 1% 18 e b4 a3 L% L LB las s I8 8 18- 144 CH} I -
2 - 3 i 7 16 k1% 16 16 B e 2l 28 5 S R I T 1 R

Ind 1.52 1a
Ind 1829 13
Ind 1.53.1 1 h

Ind 183 b - - +
Ind 155 b - - t
Ind 1.57 1h i

Wi # S-S ZEa, Most are self-compatible,

Ind 1512 I

Ind 1516 " 11

ek ST D EmEm but incompatible to others
Indd 1.8.13 1l - - - - - - - g - = i

Imd 1.49.24 la }

Ind 1521 le t

Ind 1822 e - - - - - - = . = g . . 1! .

Ind 1.78 1c '

lnd 1.8 14 @

Ind Lé 149 2 - = = = = = = = = = = - = = - =

Ind 1.5 23 in - - - - - - - - - - - : - - - - - _ 4

Ind 1.5.42 Ih }

Ind 1215 2h - - - - - - - - - - - - - - - - - - - -

Ind 1 826 2d - - - - - - - = = = = - = = = = = = = =

Inel 1.433 1

Ind 1424 C

ST la :

£11 1h - - - - - - - - - - _ - . - - _ _ _ _ , . _ : . =

M2 le - - - - - - - - - - - - - - - - - - - - - - - - - - Q-
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Transfer of viruses: can virus free isolates be infected?

Protoplast fusion

Novozym 234
&
1087 + 1087 protoplasts
&
PEG/osmotically stabilized
medium
&
individual recombinant (mt-Oli®) fusion
products / total analysis acceptor
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Transfer of viruses

Protoplast Fusion Experiment - black Aspergilli

Independent transfer of mt-olir and virus

Black Aspergillis domors

Ind 1.55 Ind 1.7.8 Ind 1816
Back Aspergillus

arceptars | | II | 11

Ind 1.8.1, fivn nia
Ind 1.8.3. fivre nia
Ind 1.8.9. fivn cnx
Ind 1.8.42, fivn, nia
Ind 1.5.5. fivn onx
Ind 1.7.8, fivny, cnx
Ind 1.8.16, fisn, cmx
MNOG2, fam, nia

| =4+ 01+
| + %+ + 4 |+
B E e I
| e e e+ |+ o+

H55-60% transfer: virus free isolates can become infected
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Transfer of viruses

Protoplast Fusion - black Aspergilli to A. nidulans

Black Aspergtllis donors
A. nidulans

acceplors Ind 1.7.8 Ind 1.8.7 Ind 1.8.16

701, ra -
702, nla +
701, nta n.d.?
704, na -

100% transfer from A.njgerto A.nidulans
In nature no infections known in A. nidulans
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Transfer of viruses

Protoplast Fusion — A. nidulans to A. nidulans

A. nidulans A. nidilans
acceptors donor; 701

70l. nia
702, nia
701. nia
104, nia

Between heterokaryon incompatible A. ridulans strains
100% transfer
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Transfer of viruses

Protoplast Fusion - A. midulans to black Aspergilli

Black Aspergilliis acceptors A. nidulans donor: 701

Ind 1.8.1, fuwn, nia

Ind 1.8.3, fwn, nia

Ind 1.8.9, fun, cnx

Ind 1.8.42, fiwn, nia
IN062, fwn, nia

100% Transfer
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Transfer of viruses

Protoplast Fusion

,’

100% 55-60%\

A. niger c.s.

van Diepeningen et al, 1998 Fungal Genetics & Biology 25:1/1
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Effects of virus infections

Mycoviruses: Cryptic
Infections

1/68 infected strains /
phenotypic effect 1o Aic:

—> virus titer effect

— ———
Ind 1.8A.10 Ind 1.8A.7
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Effects of virus infections

Quantification fitness effects

= |sogenic lines from transfer experiments

Resource competition:

= Linear Growth Rate

= Spore Production
Interference competition

= Competition with reference strains
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Effects of virus infections

Linear Growth Rate —Ind 1.8.16

O virus free = infected

p < 0.00 p=0.02

linear growth rate (cm/day)
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Effects of virus infections

Resource and interference competition average effects
of ‘cryptic’ viruses

100
B |
&0 — |

I
[ ]

z
I
=
=
o
E
S
=
I
=1
K]
=
:
=
I
—

]
=]

=]

-3.3% -24%




Conclusions: model

10% mycovirus infection in the black Aspergilli

Balance?

Loss

Spontaneous loss 0%

Fitness costs 5-50%_

WAGENINGEN UNIVERSITY

Gain

Horizontal transfer =1%

No benefits

0%




Conclusions

20% tannic acid selection all black Aspergilli
10% infection, high diversity, world-wide

Transfer limited by heterokaryon incompatibility

Large fitness consequences virus infections

= Balance fitness costs - transfer rate?
— No balance?
— other ways of transfer?

— fitness effects in nature?
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Dynamics of dSRNA mycoviruses in black
Aspergillus populations

Questions and suggestions?
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