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Lichen woodland = pessiére a liche
Over 2 million km? in Eastern Canade

299,000 km? in Québec
(~1.4 times the size of Great Britain)
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2 Domaine de la pessiére a lichens
Daulbsle-clquez pour lire infarmation détaillée

Cladonia stellaris




Lichens symbiosis Plant symbiosis

Greening of the Arctic, NASA
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1st project: A
The population genomics of the lichen woodland, the microbiome and virome

Focal site: Parc National des Grands-Jardins (PGJ)

e— Wl TTIT0 0
=l £ Zones de wepsation ef domanes bocimalques du Cuebes

. S

Parc national
des Hautes-Gorges—
de-la-Riviere-Malbaie

J

m .
Charlevoix 8

30k

32 km g
Clermont
Saint-Urbain

Saint-Aimé-
des-Lacs

Baie-Saint-Paul

_| QUEBEC
s

PGJ- 500 km south of its usual distribution range (Jasinski &
Payette 2005)




{ Lichens symbiosis I Plant symbiosis }

1st project: A
The population genomics of the lichen woodland, the microbiome and virome

- Diversity of Cladonia stellaris in Québec and after fire succesion in PGJ

Parc national
des Hautes-Gorges-
de-la-Riviere-Malbaie

Parc national des
Grands-Jardins /
-
O Km s
3 Charlevoi

32 km

Clermont

Saint-Urbain v+
1331

Saint-Aimé- -

4 La

A desLacs Malbaie
Baie-Saint-Paul

QUEBEC
&~

The specific objectives are (i) to elucidate the
origin of C. stellaris found in the southernmost LW of
Eastern Canada and (ii) to assess the level of genetic
variation within and among populations of C. stellaris in
five areas of PGJ affected by different fire events.
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Looking for motivated graduate students:
To study the microbiome and virome of lichens along a latitudinal gradient

The impact of fire on the microbiome of lichens in the PGJ

M.Sc.— Diverdté génétique, symbiose et microbiomes de lichens nordiques

Ce projet de maitrise vise a faire une étude comparative entre des populations des lichens au Québec,
Canada. Une étude des populations et génétique (a I’aide de marqueurs génétiques de type SNPs) de
ces populations et des microorganismes (par une approche de metabarcoding) associés couplée a des
expériences réalisées en conditions contrélées permettra de mieux comprendre la symbiose. Le travail
de terrain aura lieu au sud du Québec (Forét Montmorency), mi- Québec et le Grand Nord (Baie
d’Hudson) pendant I’été 2019 (ou 2020).

Cette étude permettra :
1. Etablir les niveaux de diversité génétique des populations des lichens.
2. Evaluer la diversité des microorganismes associés aux lichens dans un gradient latitudinal

3. Développent de la symbiose entre lichens et bactéries.

Financement :
Conseil de recherches et sciences naturelles et en génie du Canada
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Symbiotic communities « par excellence »

1 or 2 (+) fungi : Asco- and basidiomycetes
(yeasts)

A main green algal photobiont
Cyanolichens: Cyanobacteria fix N2

Cephalolichens : Tripartite communities

Other bacteria associated
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1 or 2 fungi (+) : Asco and basidiomycetes
(yeasts)

Great diversity of cyanobionts (mostly Nostoc)
associated to specialists or generalist species

Large scale studies found supporting and
contradicting evidence of specificity

Use of alternative nitrogenases for N fixation in
cephalolichens
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High temperature (= 159C) Low temperature (< 15 UC}\.

Nitrogenase (Nase) 25 25
20 20
NZ
15 15
Molybdenum cofactor 10 10
(Mo-Nase) o5 0
0o ao
-05 03
Mo-Nase = V-Nase Mo-Nase < or = V-Nase
NH Vanadium cofactor ) T _ ) T )
3 (V-Nase) Regulation of alternative  No regulation of alternative
Nase genes by Mo Nase genes by Mo
Eur. J. Phycol. (2014), 49(1): 11-19 () Tayior & Francis Slide by J-P Be”enger (U Sherbrooke)

Lichen-symbiotic cyanobacteria associated with Peltigera have
an alternative vanadium-dependent nitrogen fixation system

Is this a widespread phenomenon across cephalolichens?

BRENDAN P. HODKINSON', JESSICA L. ALLEN?, LAURA L. FORREST*, BERNARD GOFFINET?,
EMMANUEL SERUSIAUX®, OLAFUR S. ANDRESSON’, VIVIAN MIAO®,
JEAN-PHILIPPE BELLENGER’ AND FRANCOIS LUTZONI'
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Stereocaulon in Eastern Canada: 12-15 species

Cyanobiont either Nostoc or Stigonema

A component of post-fire communities, in particular
Stereocaulon paschale

Photos: Loren Leport
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2nd project:
Nitrogen-fixing bacteria and microbiome of the lichen « de neige
- Focused on Stereocaulon in Québec
- Specificity and selectivity
- Nitrogen fixation rates and contribution to the nitrogen budget
- Functional diversity of the associated microbes
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Stereocaulon paschale

Stigonema

Work by Camille Lavoie
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Work by Camille Lavoie, re-submitted to J. Biogeography



Lichens symbiosis

Plant symbiosis

Nitrogenase (Nase)
NZ
Molybdenum cofactor
(Mo-Nase)
Or
NH Vanadium cofactor
3 (V-Nase)

Stigonema uses both nitrogenases

Novel results:
Va- Nitrogenase is functional
at any temperature

Fig. 5.
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Fig. 2. Primer map of the vnf gene cluster in cyanobacteria (see Table 2 for individual primer sequences).
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Looking for motivated graduate students:

M .Sc.— Diverdté génétique, symbiose et microbiomesde lichens nordiques

Ce projet de maitrise vise a faire une étude comparative entre des populations des lichens au Québec,
Canada. Une étude des populations et génétique (a I’aide de marqueurs génétiques de type SNPs) de
ces populations et des microorganismes (par une approche de metabarcoding) associés couplée a des
expériences réalisées en conditions controlées permettra de mieux comprendre la symbiose. Le travail
de terrain aura lieu au sud du Québec (Forét Montmorency), mi- Québec et le Grand Nord (Baie
d’Hudson) pendant I’été 2019 (ou 2020).

Cette ¢étude permettra :
1. Etablir les niveaux de diversité génétique des populations des lichens.
2. Evaluer la diversité des microorganismes associés aux lichens dans un gradient latitudinal
3. Développent de la symbiose entre lichens et bactéries.

Financement :
Conseil de recherches et sciences naturelles et en génie du Canada
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3rd project:

Population genomics and microbiome of nordic mosses
- Focused on Racomitrium
- Nitrogen fixation rates and contribution to the nitrogen budget
- Functional diversity of the associated microbes

Photojby:Phil'Bendle
B g
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U Kristingson 2080

Racomitrium- wholly moss

Data suggest that microbes
associated fix nitrogen

Work by Dennis Escolastico
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Racomitrium wholly moss

® Racomitrium lanuginosum

PCA of Racomitriun lanuginosum
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Summary

» Diversity of lichen and mosses in nordic regions using population genomic approaches
» Diversity of microbes and viruses associated to lichens and bryophytes
* Nitrogen flow in cryptogams

* Modelling lichen and bryophyte diversity under current and future climate predictions

A potential chaire CRNSG (2019-2024) to work on tropical gymnosperms and microbes
Looking for students, see http://villarreal-lab.ibis.ulaval.ca/
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