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-— Rock-inhabiting life style in Dothideomycetes

Shift to rock-inhabiting life style is
recurrent in the Dothideomycetes
but the life-style is polyphyletic
within the Class

Unknown lineages of rock-inhabiting
fungi in ancestral positions ...

... but also more recent

EXTREMOTOLERANCE 1S A BASAL TRAIT,
THE ANCESTOR MIGHT BE ALREADY
EQUIPPED TO ADAPT ROCK
ENVIRONMENT HAVING A BASIC SET OF
CHARACTERISTICS AND POTENTIALITIES



Success on rocks
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Ancestral condition enabling extremotolerance

Oligotrophism
Osmotolerance, compatible solutes
Mycosporin antioxidants
Melanin, carotenoids
Unsaturated fatty acids, EPS
Meristematic development

Poikilotolerance

|

Poor competitors

|

Pushed away to the edge of life

|

Specialization (extremotolerance/extremophily)



Success on rocks
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COFEE
5187

+
> @
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General traits

Meristematic growth,
melanization,

| thick cell wall,

EPS,

RESISTANCE



CFU (%)

Germination after UV-B irradiation (3.0 W/m2)
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B S. cerevisiae (DPVPG 6283)
B C. minteri (CCFEE 5187)
B C antarcticus (CCFEE 534)



DNA (LSU, SSU, ITS) damage after UV-B irradiation 0-240 min

3000 bp ~

Saccharomyces cerevisiae 1200 bp ~

Cryomyces minteri

Cryomyces antarcticus

600 bp\
100 bp ~,

3000 bp ~

1200 b
600 t?pi:

100 bp ~

3000 bp ~,

1200 bp
600 bp-,

100 bp ~,

030 60 90120 240
0 30 60 90120 240

0 30 60 90120 240

- 030 60 90120 240 ( 35 5o 90120 240
030 60 90120 240 : T

030 60 90120 240 4 35 g0 90120 240
030 60 90120 240




DNA (RAPD) damage after UV-B irradiation 0-240 min

— e R el —

3000 bp 3000 bp
™ 0 30 60 90 120240
1200 bp 0 30 60 90 120240 1200 bp
600 bp
600 bp
100 bp
100 bp
Saccharomyces cerevisiae Saccharomyces cerevisiae
3000 bp 0 30 60 9b 120 2400 S 2400 30 60 90 120 240
Cryomyces minteri .,
600 bp &
\A
100 bp
3000 bp 0 30 60 90 120240 0 30° 60 90 120 240
1200 bp } 0 30 60 90120240

Cryomyces antarcticus ob
p

100 bp




DNA (ITS position 304-333) damage UV-B irradiation 240 / 90 min

C. minteri 240 min

C. antarcticus 240 min

S. cerevisiae 90 min
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Dothidea insculpta strain CBS 189.58
og | Dothidea insculpta

Dothidaea hippophaeos
44 | Dothidaea sambuci

Aureobasidium pullulans
~{Aureobasidiurn pullula

A.pullulans

Hormonema dematioides AY 150054 D th 1 d I
36 E‘ Delphinella strobiligena O I e a eS

Sydowia polyspora isolate AFTOL-ID 1300

100 | Botryosphaeria ribis U42477
Botryosphaeria ribis DQ678000 isolate...

Guignardia mangiferae AB041248
E‘ Guignardia mangiferae AB041249

Guignardia mangiferae AB041247

18

Sarcinomyces crustaceus Y11355
Phaeotheca fissurella Y18697

Pheosclera dematioides

Cryomyces minteri CCFEE 5187

Cryomyces minteri CCFEE 536

77 Cryomyces antarcticus CCFEE 514
Cryomyces minteri CCFEE 515

Cryomyces minteri CCFEE 535

47 | Cryomyces minteri CCFEE 534
26! Cryomyces minteri CCFEE 690

62

100

Antarctic Xylohypha like CCFEE 5299
100 ! Antarctic Xylohypha like CCFEE 5211

| Myriangium duriaei AY016347

— 100 | Myriangium duriaei AY016347(2) M y r I a n g I al e S
Pl
Hycossiem sbenirm 97552 Mycocaliciales
Coniosporium sp. MA 4597 AJ972863 y

Rock black fungus CCFEE 457
Coniosporium sp. CBS 665.80 Y11712

. .
Coniosporium
Sarcinomyces petricola CBS 600.93

Sarcinomyces petricola 725.95

19| Coni ium perforans CBS 884.95 Y 18696
B4l|— C.apollinis CBS 352.97 Y11713
Rock black fungus CCFEE 5286

e Chaetothyriales
(outgroup)

Capronia semiimmersa CBS 840.69

0.005



Catenulostroma abietis

d

Longitudinal growtﬁt
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Butin et al. - Antonie van Leeuwenhoek 1996 Yoshida et al. - Antonie van Leeuwenhoek 1996



Double life cycle ...


http://www.wandeleninportugal.info/foto_montesinho_coroa.htm�

. may lead to fixation of partial cycle


http://www.wandeleninportugal.info/foto_montesinho_coroa.htm�

21.1 + 4.7 67.5+12.6

. Cellulase,

. DNase,

. Polygalacturonase,
. Pectin lyase,

. Amylase,

. Gelatin hydrolysis,
. Acid production,

. Lignin degradation,
. Casein hydrolysis,
O Lipase.



Comparative AFLP C-A
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Y Meristematic

& Hyphae
Yeast

Y& Teleomorph

CCFEE 5
CCFEE 5462
CCFEE 5466
CCFEE 5469
CCFEE 5470
CCFEE 5477
CCFEE 5491

‘9}*

;

TRN137

CCFEE 5177
CCFEE 451
CCFEE 5265
CCFEE 5205
CCFEE 5271 *
CCFEE 5312 *

CCFEE 5&*

capnodiaceae
L eettaneras, S A O*I P
M

Miiiiiﬁiiill:iLiTi‘?fi‘ll Mycosphaerellaceae
Davidiella tassiana oo
TRN43 A Davidiellaceae

|Hortaea werneckii CBS 107.6

'Hortaea werneckii *

Teratosphaeria microspora

TRN437

CBS 520.89

TRN123

Friedmanniomyces endolothicus CCFEE 670*

Friedmanniomyces endolothicus CCFEE 524
Friedmanniomyces simpelx CCFEE 5184*

Elasticomyces elasticus CCFEE 5319

Elasticomyces elasticus CCFEE 5320

CFEE 502

TRN5

Recurvomyces mirabilis CCFEE 5489*

Recurvomyces mirabilis CCFEE 5475

Recurvomyces mirabilis CCFEE 5264

[ Capnodium coffeae

[5““;;?5‘;2;125::?:%m'D”“** | Botryosphaeriales

Guignardia bidwellii
CBS 100219*

Coniosporium apollinis CBS 109860*
Eoniosporium uncingtu
Myriangium duriaei - -
* | Myriangiales

Teratosphaeriaceae

Elsinoe centrolobi AFTOL-ID 1854
Cryomyces antarcticus CCFEE 536
Cryomyces antarcticus CCFEE 69

Cryomyces minteri CCFEE 5187*
Sydowia polyspor:
Aureobasidium pullulans AFTOL-ID 912**

By 8o, SUNE IDothidea/es

CCFEE 457¢
CCFEE 5323,

—
0.005

Sarcinomyces petricolaCBS 600.9:
Coniosporium perforans CBS 885.9
Coniosporium sp. CBS 268.34

No-return lineages
have no teleomorphs
and are monomorphic
clumpy

Capnodiales

NJ of SSU, LSU and mtSSU



Sex is costly but is evolutionary advantageous

§ Genetic variability promotes adaptation, particularly under
variable and extreme conditions (Fisher, 1930; Muller, 1932)

§ Recombination reduces the deleterious mutational burden
(Kondrashov, 1988)

Purely asexual lineages become extinct in
the long run because of the accumulation of
deleterious mutation (Muller, 1964)



L oss of sex

Absence of sexual
reproductive structures “

$

Are we simply unable to observe
or are they really absent?

" 4 “

Are rock fungi just Otherwise how they do not
recent lineages? became extinct?




Y Meristematic

& Hyphae
Yeast

Y& Teleomorph

CCFEE 5
CCFEE 5462
CCFEE 5466
CCFEE 5469
CCFEE 5470
CCFEE 5477
CCFEE 5491

‘5’}*

;

TRN137

CCFEE 5177
CCFEE 451
CCFEE 5265
CCFEE 5205
CCFEE 5271 *
CCFEE 5312 *

CCFEE 5&*

Clade T-1

capnodiaceae
L eettaneras, S A O*I P
M

Vycomhacrdla ELiTi‘?fiiﬁl Mycosphaerellaceae
Davidiella tassiana oo
TRN43 A Davidiellaceae

|Hortaea werneckii CBS 107.6

'Hortaea werneckii *

Teratosphaeria microspora

TRN437

CBS 520.89

TRN123

Friedmanniomyces endolothicus CCFEE 670*

Friedmanniomyces endolothicus CCFEE 524
Friedmanniomyces simpelx CCFEE 5184*

Elasticomyces elasticus CCFEE 5319

Elasticomyces elasticus CCFEE 5320

CFEE 502

TRN5

Recurvomyces mirabilis CCFEE 5489*

Recurvomyces mirabilis CCFEE 5475

Recurvomyces mirabilis CCFEE 5264

[ Capnodium coffeae

[5““;;?5‘;2;1:::?:%m'D”“** | Botryosphaeriales

Guignardia bidwellii
CBS 100219*

Coniosporium apollinis CBS 109860*
Eoniosporium uncingtu
Myriangium duriaei - -
* | Myriangiales

Teratosphaeriaceae

Elsinoe centrolobi AFTOL-ID 1854
Cryomyces antarcticus CCFEE 536
Cryomyces antarcticus CCFEE 69

Cryomyces minteri CCFEE 5187*
Sydowia polyspor:
Aureobasidium pullulans AFTOL-ID 912**

By 8o, SUNE IDothidea/es

CCFEE 457¢
CCFEE 5323,

—
0.005

Sarcinomyces petricolaCBS 600.9:
Coniosporium perforans CBS 885.9
Coniosporium sp. CBS 268.34

No-return lineages
have no teleomorphs
and are monomorphic
clumpy

Capnodiales

NJ of SSU, LSU and mtSSU
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® Hot P -
= Cold . -
| - -
5 = Clade T-1
Italian Alps o] -
Italian buildings | -

54 -

= 1

Antarctic / Andes 99| CCFEE 5393 Alps, Italy @8

Nordic mountains CCFEE 5498 Alps, ltaly ®
CCFEE 5271 Antarctica @
CCFEE 5385 Alps, Italy @8
CCFEE 5468 Alps, Italy @
81| | CCFEE 5312 Antarctica @
CCFEE 5207 Antarctica @
51) CCFEE 5530 Antarctica @
CCFEE 5177 Antarctica @8
CCFEE 5265 Antarctica @
CCFEE 451 Antarctica @8
CCFEE 5205 Antarctica @
58| -

89 -
=l 5
-
8 -
4 - | 6
9 -
-
r dH14088 Pavia, Italy @
r dH14445 Pavia, Italy @
100 dH14081 Pavia, Italy &8
- dH14446 Pavia, ltaly @8
-
| -
-
CCFEE 5533 Norway @
CCFEE 5545 Alps, ltaly @8 7
CCFEE 5489 Antarctica @
-
dH14080 Pavia, Italy @
CCFEE 5459 Alps, Italy @
-
-
-
I CCFEE 5502 Andes, Argentina @
-

o9 Catenulostroma abietis CBS145.97
[~ Catenulostroma microsporum CBS 110890 ML of ITS
Catenulostroma salicis CBS 300.81
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Clade T-1

ITS BT-2 ACT Multilocus
W 0.5403 0.5403 0.5403 0.6237
Ve 0.3253 0.3253 0.3253 0.3294
1,5 0.6612 0.6612 0.6612 0.8932

LIAN: Index of Association (1,) and Variability observed /
expected (Vp, Vp) calculated by LIAN v 3.5 program on the
basis of grouping obtained on single and combined genes.

Multilocus v.1.0:

Theta (0) =0.84

SplitsTree v. 4.8:
phi test (@)
p = 0.059

Star-like tree generated using
SplitsTree v. 4.8.
Recombination events are absent

Recombination Is

absent
526
qA27
5205
5265
LT \EJE: 54
s207

S3h



Conclusions and hypotheses

Extreme conditions lead to Darwinian evolution with recombination and adaptation

Close to the edge of life an entirely different process becomes apparent

Loss of sexuality: Clonal reproduction with long-term survival (safe energy)

Change over time through mutation only
Accelerated under stress

Miullers rachet not applicable: no accumulation of mutations -
deleterious mutation are immediately negatively selected

Gradual focus from C- to S-strategy

Large parts of genome become superfluous
Energetic efficiency: loss

Narrowing ecological amplitude
Extinction through change of environment



Celibatery life in the super-
extreme is In the long run more
successful than life with sex




Thank you for
your attention
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