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Cephalodia
containing
Nostoc on upper
surface

Peltigera canina: bi-partite association Peltigera leucophlebia: tri-partite association
(Photos by J. Rikkinen, https://vanha.laji.fi/taxon)



Genus Peltigera

* The genus includes eight monophyletic lineages
(sections) (Miadlikowska & Lutzoni 2000):

Peltigera, Polydactylon, Chloropeltigera, Peltidea,
Horizontales, Retifoveatae, Phlebia, Hydrothyriae

* 66 well-accepted species in 2003 (Martinez et al. 2003)

e section Polydactylon: number of species inincreased
from 14 to 38 (Magain et al. 2017a, b)

o section Peltigera: 88 species, including 50 species new
to science (Magain et al. 2018)




* In genus Peltigera, the specificity of mycobionts in
their association with Nostoc ranges from strict

specia
* Wides

Ists to broad generalists (Magain et al. 2018)

oread species associating a broader selection of

Nostoc phylogroups (=,,species®) than species with

Imited distributions (Magain et al. 2017, 2018)

* Photobiont switches within individual fungal species
nave been identified along longitudinal gradients

(Magain et al. 2017)



Study area - Estonia

* \We studied the habitat and substrate & -
relationships of cyanobionts in local scale _;;‘_ a &y p __
« We were interested €N T é‘ﬁ s
(1) if Peltigera species growing on grasslands ,‘ A
or forest representing similar set of Y 2 #

Nostoc genotypes and

(2) does substrate type effect the presence of
certain Nostoc genotypes



Mesotrophic and eutrophic forest types
* herb-rich forests on fertile, mesic solls

* mixed or dominated by spruce (Picea
abies) or deciduous broad-leaved trees




Oligotrophic forest types
 nutrient-poor soil

e soil pH 5.3

« dominated by pine
(Pinus sylvestris)




Park

e Park stands within agricultural
landscape

* soil pH 6.4
e disturbed habitats — trampling,




Roadsides

* grasslands by unpaved or hard-
surfaced roads

SOl pH 7.2
* disturbed




Dunes
e coastal and inland sand dunes
* soil pH 6.6

e around the Baltic Sea and Lake
Peipsi




Alvars
e thin calcareous soll (thickness -20 cm)
e soill pH 7.3

 formed on calcareous sediments of

the Ordovician or Silurian age or on
monolithic calcareous rock

o




Peltigera aphthosa
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Peltigera malacea




Peltigera neckeri



Peltigera praetextata 2 x



Mycobiont of Peltigera

the identity of the fungal hosts was determined based
on the fungal ITS sequences

252 fungal ITS sequences - 31 OTUs (operational
taxonomic units)

we revealed 19 described Peltigera taxa from five
different sections of the Peltigera

and several putative undescribed taxa (Miadlikowska
et al. 2003, Goffinet et al. 2003, Magain et al. 2018):
e.g. P. ,,neorufescens®, P. ,,neocanina“
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ABSTRACT

The widespread cyanolichen genus Peltizgera comprises many insufficiently known poory delimited and/
or undescribed species. Phylogenetic analysis of 252 Peltigera specimens from a wide range of habitat
types in Estonia revealed 31 putative taxa (OTUs) Multivariate analysis revealed habitat-specific
segregation between the Peltigera species along a gradient from humid eutrophic forests to dry oligo-
trophic forests and grasslands and along a soil pH gradient from alkaline soils of alvar grasslands to acidic
soils of conifer forests. The diversity of Peltigera was the highest on roadsides and dunes and the lowest in
alvar habitats which, however, supported the unique assemblage of undescribed Peltigera taxa. Decid-
uous broad-leaved forests, too, included several undescribed or rare and red-listed species. The results
demonstrate that in Estonia many Peltigera species have narrow habitat requirements and are at present
threatened by habitat loss and degradation

@ 2017 Elsevier Ltd and British Mycological Society. All rights reserved.
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Figure 1. Phylogeny constructed of the ITS-
sequences of the Peltigera canina-group
(section Peltigera). Each square represents
a specimen of the respective genotype,
with the colour indicating its habitat and
the symbol indicating its substrate. The
sequences in grey were downloaded from
the NCBI GeneBank (specimens from
outside of Estonia) (Juriado et al. 2017).
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Figure 1. Juriado et al. 2017
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Magain & al. » Species delimitation in Pelfigera sect. Pelfigera (Peltigeraceae)
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SYSTEMATICS AND PHYLOGENY

Species delimitation at a global scale reveals high species richness
with complex biogeography and patterns of symbiont association in
Peltigera section Pelfigera (lichenized Ascomycota: Lecanoromycetes)

Nicolas Magain,' Camille Truong,'” Trevor Goward.” Dongling Niu.* Bernard Goffinet.”
Emmanuel Sérusiaux.® Orvo Vitikainen,” Francois Lutzoni'® & Jolanta Miadlikowska'®

P2019 Ecuador mamxn
2134 Bolivia smas 5*
052 Bolivia amsmm

P2190 Canada'AB mmE:m
P2211 USA:CO mEm=m
P2221 USA:M| mamEm
P2222 USATN mammm
P2126 USAINC *mmmx
P2026 USA'NC
P2090 USAIOK

P. canina 2

Iceland

P1411 Russia KR
P2120 Switzerland

P. canina 1 s.str.
asc s | (incl. P. koponenii)

P2097 China:YU msmxm
P2153 PNG mmmxx
P2118 Corsica EEIEE
HOB14 Canada:BC nmEm

HOB15 Canada:BC mEmER |Pe)'t,igera Sp. 20

HOB16 Canada:BC smmsm
HOB17 Canada:BC mma=m

1C355 Iceland muEmE H 5
1C332 Iceland muEEN I!D J'Sfand.l'ca

P2094 Indi H

r: P1413 F?u;asiz.i““nnl I Peltigera sp. 18

P2084 USA'NC mummm .
P. evansiana

P2189 USAM| nm
P1817 USAPA
P1818 USAPA mRxxx
P2025 Russia (Caucasus) samEm
P0622 Norway m
P1515 China:YU m
P2091 Canada: Ol

P2088 USAINY m
P2225 USAMI mmm
HOB18 Canada BC mssEm
HOB19 Canada:BC nmmmm

P. praetextata



Peltigera extenuata (gt 1) QOO0O000
ﬁPeitigem didactyla (gt 1.1) QQQ ;
e e rufescens-group (section Peltigera)
Peltigera didactyla (gt 2.2) OO
Peltigera didactyla (gt 3.1) ©
* 1
AY257872 Peltigera monticola (Poland)
AY257873 Peltigera monticola (Yugoslavia)
Peltigera ponojensis (gt 1.2) QOO
Peltigera ponojensis (gt 1.4)
Peltigera ponojensis (gt 2.1) OQ
Peltigera ponojensis (gt 2.5) O
Peltigera lepidophora (gt 2) @
Peltigera rufescens (gts 1, 3, 14 & 18) ACQO Peltigera

AY286042 Peltigera “sp. 1" (Mexico)
AY257937 Peltigera extenuata (Poland) -
Figure. 1. Phylogeny constructed of the
| | | ]
AY257957 Peltigera ufcerata (Brazil) -
ITS-sequences of the Peltigera
Peltigera didactyla (gt 1.4) O
AY266029 Pelfigera didactyla (Canada)
Peltigera didactyla (gt 2.4) Il
Peltigera didactyla (gt 3.2) QQ
AY257886 Peltigera scotteri (Canada)
AY257884 Peftigera ponojensis (Poland) \
Pelfigera ponojensis (gt 1.3) @ I
Peltigera ponojensis (gt 1.6) Peltigera ponojensis
Peltigera ponojensis (gts 2.2 & 2.3) QOOQ
AY257883 Peltigera ponaojensis (Canada) J
AY 257925 Peltigera rufescens (Canada)
KT948756 Peltigera rufescens (Iceland) O|IgOtrOph |C fo rest
Peltigera rufescens (gts 2, 10, 12, 13, 15 & 17
g (9 ) OO000O000000 s D une

JX195275 Peltigera extenuata (Argentina)
AY257933 Peltigera lambinonii (Australia)
AY?266042 Peltigera “sp. 2" (Canada)
o s ol o ... IT | Peltigera didactyla s.lat.
AY257929 Peltigera didactyla (Poland)
AY257330 Peltigera “sp. 3" {Poland)
AY257879 Peltigera monticola (Switzerland)
Peltigera ponojensis (gt 1.1) O
Peltigera ponojensis (gt 1.5) QO
AY257885 Peltigera ponojensis (Poland)
Peltigera ponojensis (gt 2.4) Q 11
Peltigera lepidophora (gt 1) @
d‘_—msmzo Peltigera lepidophora (Canada) | Peltigera lepidophora
JX195332 Peltigera rufescens (Sweden) P k
ar
Peltigera rufescens (gts 4 & 5) QQQ

Peltigera rufescens (gts 6-9, 11 & 16) OOOO00Q00 .
Pe.'tf:gera rufescens (gt 19) & . EUtrOph|C fOI'eSt O GI'OU nd
Peltigera rufescens (gt 20) Il i
| JX195337 Peltigera sp. (Argentina) Roadside u Tree
JX195336 Peltigera sp. (Sweden) =
= Alvar A Mossv rock

JX094144 Peltigera wulingensis (China)

JX094149 Peitigera wulingensis (China)

AY257922 Peltigera laciniata (Ecuador)

FJ527246 Pelfigera papuana (Papuana New Guinea)
FJ527255 Pelligera granulosa (Papuana New Guinea)
FJ527252 Peltigera papuana (Papuana New Guinea)

continues on the next page



continues on the next page

AY286042 Peltigera “sp. 1" (Mexico)
AY257937 Peltigera extenuata (Poland)
JX195275 Peltigera extenuata (Argentina)
Peltigera extenuata (gt 1) QOOO0O00
AY257957 Peltigera ulcerata (Brazil)
AY266021 Peltigera castanea (Canada)
AY257933 Peltigera lambinonii (Australia)

[Pe.'tigera didactyla (gt 1.1) QQQ

] Peltigera extenuata

Peltigera didactyla (gt 1.4) O
AY266042 Peltigera “sp. 2" (Canada)
Peltigera didactyla (gt 2.3) [N
AY266029 Pelfigera didactyla (Canada)
Peltigera didactyla (gt 2.1) O m
Peltigera didactyla (gt 2.2) OO

Peltigera didactyla (gt 2.4) Il

AY257929 Peltigera didactyla (Poland)
%Pe.'tfgera didactyla (gt 3.1) ©

1

Peltigera didactyla s.lat.

Peltigera didactyla (gt 3.2) QQ 111
AY257330 Peltigera “sp. 3" {Poland)

AY257872 Peltigera monticola (Poland)
AY257886 Peltigera scotteri (Canada)
AY257879 Peltigera monticola (Switzerland)
AY257873 Peltigera monticola (Yugoslavia)
AY257884 Peftigera ponojensis (Poland) \
Peltigera ponojensis (gt 1.1) O

Peltigera ponojensis (gt 1.2) QO

Pelfigera ponojensis (gt 1.3)
Peltigera ponojensis (gt 1.5) QO
Peltigera ponojensis (gt 1.4) @

Peltigera ponojensis (gt 1.6) @
AY257885 Peltigera ponojensis (Poland)
Peltigera ponojensis (gt 2.1) OQ
Peltigera ponojensis (gts 2.2 & 2.3) O
Peltigera ponojensis (gt 2.4) Q
Peltigera ponojensis (gt 2.5) O
AY257883 Peltigera ponaojensis (Canada) J
Peltigera lepidophora (gt 1) @
AY257920 Peltigera lepidophora (Canada)
Peltigera lepidophora (gt 2) @
AY 257925 Peltigera rufescens (Canada)
KT948756 Peltigera rufescens (Iceland)
JX195332 Peltigera rufescens (Sweden)
Peltigera rufescens (gts 1, 3, 14 & 18) Al 3
Peltigera rufescens (gts 2, 10, 12, 13, 15 & 17) QOQOCOQO000
Peltigera rufescens (gts 4 & 5) QQQ
Peltigera rufescens (gts 6-9, 11 & 16) OOOQO0000
Peltigera rufescens (gt 19) &
Peltigera rufescens (gt 20) Il
JX195337 Peltigera sp. (Argentina)
JX195336 Peltigera sp. (Sweden)
JX094144 Peltigera wulingensis (China)
JX094149 Peitigera wulingensis (China)
AY257922 Peltigera laciniata (Ecuador)
FJ527246 Peltigera papuana (Papuana New Guinea) =8
FJ527255 Peltigera granulosa (Papuana New Guinet
FJ527252 Peltigera papuana (Papuana New Guinea)

Peltigera lepidophora

Peltigera
rufescens

Figure. 1. Phylogeny constructed of
the ITS-sequences of the Peltigera
rufescens-group (section Peltigera)

Oligotrophic forest
Park
Dune
W Eutrophic forest
! Roadside
W Alvar

O Ground
0 Tree
A Mossv rock




continues from
the previous page

e Peltigera sp. (gt 3.6) /

Peft;gerasp:(gt1:2)£ I Flgure. 1. Phylogeny Constructed

Peltigera sp. (gt 2.1) O
Poltgera . (gt 2.2) I of the ITS-sequences of the
Peltigera sp. (gt 2.4) Q | 11
Peltigera sp. (gt 2.5) © Peltigera sp.

O

Pettigera . (9t 26) (. neorufescens’agg)  Peltigera rufescens-group

Peltigera sp. (gt 3.2) QO

Peligera sp. ot 3.1) O (section Peltigera).

Peltigera sp. (gt 3.4) © 111
Peltigera sp. (gt 3.3 & 3.5) QO

AY257910 Peltigera “fuscoponojensis™ (Canada)
Peltigera “fuscoponojensis” (gt 1) QOO0 Peltigera
Peltigera “fuscoponojensis” (gt 2) @ “fuscoponojensis”
Peltigera “fuscoponajensis” (gt 3) @

{Pelr:'gera “neorufescens” (gt 16) @ \
AY257916 “Peltigera neorufescens” (Canada)
— ~Peltigera “neorufescens” (gt 17) QOO
+Peltigera “necrufescens” (gt 21) O
~KT861422 Peltigera “neorufescens” (Iceland)
rPeltigera “neorufescens” (gt 2) OO
e eltigera “neorufescens” (gt 3) O
rPeltigera “neorufescens” (gt 4) QO
rPeltigera “neorufescens” (gt 5)
rPeltigera “neorufescens” (gt 6) @
~Peltigera “neorufescens” (gt 18) @
rPeltigera “neorufescens” (gt 20)
LrPeltigera “neorufescens” (gt 23)

[Pe!ﬁgera “neorufescens” (gt 22) O

Peltigera “neorufescens”

Peltigera “neorufescens” (gt 8) @
Peltigera ‘neorufescens” (gt 9) @ Oligotrophic forest

rPeltigera “neorufescens” (gt 7) O Park
rPeltigera “neorufescens” (gt 10) D
rPeltigera “neorufescens” (gts 11 & 13) OOC une .

_rPeltigera “neorufescens” (gt 12) @ =2 Eutrophic forest O Ground
rPeftigera “neorufescens” (gt 14) Roadside 0 Tree
—Peltigera “neorufescens” (gt 15) O
rPeltigera “neorufescens” (gt 19) ) Alvar & Mossv rock




continues from Peltigera sp. (gt 1.1) I
the previous page Peltigera sp. (gt 1.2) A

& Figure. 1. Phylogeny constructed
Potlers 5. 9122 O | 1 S of the ITS-sequences of the

eltigera sp. : | P f; 1 .
Petigersop. (9126 O (P “neorurescens*agg)  Peltigera rufescens-group

Peltigera sp. (gt 3.2) QO
Peltigera sp. (gt 3.1) @
Peltigera sp. (gt 3.4) © 11T
Peltigera sp. (gt 3.3 & 3.5) OO0 ‘ y
—— Peltigera sp. (gt 3.6) @ /
AY257910 Peltigera “fuscoponojensis” (Canada)
Peltigera “fuscoponojensis” (gt 1) QOO0 Peltigera

Peltigera “fuscoponojensis” (gt 2) @ “fuscoponojensis

Peltigera “fuscoponajensis” (gt 3) @
fPe!tfgera “neorufescens” (gt 16) @ \

AY257916 “Peltigera neorufescens” (Canada)

— ~Peltigera “neorufescens” (gt 17) QOO
+Peltigera “necrufescens” (gt 21) O
~KT861422 Peltigera “neorufescens” (lceland)
rPeltigera “neorufescens” (gt 2) OO
e eltigera “neorufescens” (gt 3) O
rPeltigera “neorufescens” (gt 4) OO
rPeltigera “neorufescens” (gt 5) ©
rPeltigera “neorufescens” (gt 6) @
~Peltigera “neorufescens” (gt 18) @
rPeltigera “neorufescens” (gt 20) ©
Lt Peltigera “neorufescens” (gt 23) ©

[Pe!ﬁgera “neorufescens” (gt 22) O

R i

T (section Peltigera).

”

Peltigera “neorufescens”

Peltigera “neorufescens” (gt 8) @

Peltigera “neorufescens” (gt 9) @ Oligotrophic forest
rPeltigera “neorufescens” (gt 7) © Park
+Pefltigera “neorufescens” (gt 10) QO D
rPeltigera “neorufescens” (gts 11 & 13) OOC une .
| rPeltigera “neorufescens” (gt 12) @ [ EUtI’OphIC forest O Ground
rPeltigera “neorufescens” (gt 14) % " Roadside 0 Tree
~Peltigera “neorufescens” (gt 15)
rPeltigera “neorufescens” (gt 19) @ ) & Alvar A Mossv rock




Table 2
Number of sequenced Peltigera specdmens from different substrates (ground, rock,

tree) and habitat types; number of taxa (5); and value of Shannon diversity index(H)
for each habitat type.

Habitat Ground Rock Tree 5 H
Oligotrophic forests 27 1 - 10 2.09
Eutrophic forests 21 9 41 18 237
Park stands 15 10 = 14 247
Alvars 43 = = 10 1.49
Dunes 47 = == 15 2.46
Roadsides 30 5 = 14 248
Total 183 25 41

Average 13.5 222




 The diversity of Peltigera was the highest on roadsides,
parks and dunes and the lowest in alvar habitats which,
nowever, supported the unique assemblage of undescribed
Peltigera taxa

e Deciduous broad-leaved forests, too, included several
undescribed or rare and red-listed species

 The results demonstrate that many Peltigera species have
narrow habitat requirements and are at presently
threatened by habitat loss and degradation
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We studied the genotype diversity of cyanobacterial symbionts in the predominately temricolous cya-
nolichen genus Peltigera (Peltigerales, Lecanoromycetes) in Estonia. Our sampling comprised 252 lichen
specimens collected in grasslands and forests from different parts of the country, which represented all
common Peltigera taxa in the region. The cyanobacteria were grouped according to their tRMA™Y (UAA)
intron sequences, and mycobiont identities were confirmed using fungal ITS sequences. The studied
Peltigera species associated with 34 different “Peltigero-type™ Nostoc trnl genotypes. Some Peltigero
species associated with one or a few trnl genotypes while others associated with a much wider range of
genotypes, Mycobiont identity was the primary factor that determined the presence of the specific
Nostor genotype within the studied Peltigero thalli. However, the species-specific patterns of cyanobiont
selectivity did not always reflect phylogenetic relationships among the studied fungal species but
correlated instead with habitat preferences. Several taxa from different sections of the genus Peltiger
were associated with the same Nostoc genotype or with genotypes in the same habitat, indicating the
presence of functional guild structure in the photobiont community. Some Nosioc trnl genoty pes were
only found in the Peltigera species of moist and mesic forest environments, while another set of Nostoc
genotypes was typically found in the Peltigera species of xeric habitats. Some Nostoc tril genotypes were
only found in the Peitigera taxa that are common on alvars and may have specialized to living in this
unusual and threatened habitat type.

© 2018 Elsevier Ltd and British Mycological Sociery. All rights reserved.
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Fig. 1. Nostoc trnL genotype networks. The number of single nucleotide differences is shown on connecting
lines; genotypes separated by six or more differences are connected via dashed lines and denoted by different
letters. The size of each pie chart is proportional to the number of specimens.
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Figure 2. Interaction network structure
between lichen mycobiont (Peltigera taxa)
and cyanobiont genotypes.

The width of the links is proportional to the
number of specimens forming the
association.

Colours shown for the Peltigera taxa
correspond to sections of Peltigera
(Juriado et al. 2919).
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e some Peltigera taxa (e.g. P. malacea,
P. polydactylon, P. extenuata)
associate with a single or a few
closely related Nostoc genotypes

Peltigera sections

Chloropeltigera Peltigera ‘group canina’
Horizontales Peltigera ‘group rufescens’
Peltidea Polydactylon
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Conclusions

e the strain of photosynthetic partner
selected by the fungal symbiont
could be influenced by
environmental conditions as
different genotypes (phylogroups)
of Nostoc Is selected by the same
mycobiont of Peltigera in different
habitat types

» selectivity does not reflect the distinct phylogenetic
relationships within the genus Peltigera; instead they
reflect the mycobiont habitat preference
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