Towards uncovering the real diversity of free-living and
symbiotic soil green algae
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Typical studies on terrestrial green algal diversity

Broady 1979
Flechtner et al. 1998



Usually very few symbionts were detected. Trebouxia is often completely absent.

SAMPLING SITE

M3 O1

02

03 04 total of green algae Trebouxia  symbionts

Chiorolobion enulatum  Hind.

Chioromonas aff. oleesa (cf. Mataloni and Posss 2001}
Chloromonas sp. zygote

Desmaotetra antarctica [Fritsch) Ling

ENiptochionis of. biobata Tschemmak-Woess
ENiptochionis subsphaerica var. amtarctica (Broady) Etl and Gartner
Klebsormidium dissectrm (Gay) Etl and Garner
Klebsormidium dissectrm (Gay) Etl and Garner var. A (sensu Broady 1973)
Klebsormidium flaccidum (Kotz.) Silva, Mattox and Blackwell
Klebsormidium =p. 1

cf. Klebsomidium sp. 2

Lobosphaeropseis pyrencidosa Reisigl

Muriella cof. decolor \isch.

Muriella zofingiensia (Donz) Hind.

Docystia =p.

Prasiococeus calearivs (J. B. Petersan) Visch.

Prasiola crigpa (Lightfoot) Menagh.

of. Peaudochiorococcum typicum Archib.
Psaudococcomyaa simplex (Mainx) Foli

Raphidonema nivake Lagerh.

Rhopalocystia ekeifera Schussnig

Stichococeus bacillans Masg.

cf. Tetracystia ietragpora (Arce and Bold) Brown and Bold
Trebouxa =p. 1

Chlorococcales sp. 1

Chilorococcalss sp. 2

Chilorococcalss sp. 3

Chilorococcalss sp. 4

Chiloreflaceas sp. 1

Chioreflales

Chlorosarcinaceas sp. 1

Subtotal

Broady 1979

Garraza et al. 2011
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LukeSova 2001 80
Hoffmann 2007 61
Broady 1979 52
Garraza et al. 2011 47
Schulz et al. 2015 46
Neustupa Skaloud 2004 42
Flechtner et al. 1998 37
Kastovska et al. 2005 26
Langhans et al. 2009 19
& | Hawkes & Flechtner 2002 - 12
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The lichen alga Trebouxia: does it occur free-living?*
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Ahmadjian (1987): It is clear that fungi and algae have had a long coevolution
that has resulted in the unique morphology of lichens, chemicals, and the clear

control of algae by fungi

— from Cladonia crispats (MN103)

|— from Cladina arbuscula (1334)
p== from Cladonie robbisii (KK145)
= from Pycaothela popilladia (2903)

from Clacing steflaris (2904)

_{ from Cladonia cenotea (MN106)

from Cladania uncialis ssp. uncialis (1049)

from Cledomia graciis ssp. graciils (1050)

\
7

v
7

wrom Cladonia didyma (MN0S2)
from Cladonia ped (MNO70)
@ rappdf (MN0SS)
1 from Cladonia spinea (MNOG3)
from Cladionia putviniformis (MNOS8)

7

from Cladonia pyxidata (MNOG3)
from Ciadonia furgida (1018)

fom Cladonia furcata (1024)

Ciadonia symphy

ycarpin (KK321)
from Ciadonia far (1038)

Cladonia crispata (MN103)
Cladonda cenatea (MN106)

Cladoma pelasiics (MNOT0)
e

P (MNOES)
Cladonia pulvinidormis(MN0SS)

o )

ia didyma (MNOSZ)
Cladonia cristateds (MNOST)

Cladomia

s $sp. unciafis (1048)
Clading arbuscida (1334)

Ciadonia turgida (1018)

m

Cladonia rapoi (MNOS8)

Claconia furcata (101)
Cladonia scabriusculs (7050)

Glodania farinacea (1038)

Cladonia robbinsi (KK145)
Cladonia sam’wm(xmﬂ———'

Cladonia graciis ssp. gracilts (1050)

from Cladonis chicvophaes (MN161)
trom Cladonie cristatefa (MNOS5T)
wom Cladonie subutata (2709)

Cladonia pyxciata (MNOS3)
Clad phaea (MN161)
Cladonia imbriate (MN107)
Cladonia subulata (2709)

from Ck fimbriata (MN107)

wom Cisala aggregara (TO00)
from Cladonia scabrivecuda (7000)
0.01 substitutions/stie

Piercey-Normore & DePriest (2001)

Cloding stefigrig (2004) ——d
Pyenothela papiana (2003)
Clodia aggregets (7000)

- 0.01 substitutions/site



Wem Phyeol, (1084) 97, 455462 455 Lichenologist, 10: 69-79 (1978)

OBSERVATIONS ON FREE-LIVING TREBOUXIA
DE PUYMALY AND PSEUDOTREBOUXIA
ARCHIBALD AND EVIDENCE

THAT BOTH SYMBIONTS FROM MYRMECIA RETICULATA AS A PHYCOBIONT
XANTHORIA PARIETINA (L) TH. FR. AND FREE-LIVING—FREE-LIVING TREBOUXIA—
CAN BE FOUND FREE-LIVING IN NATURE THE PROBLEM OF STENOCYBE SEPTATA

E. TSCHERMAK-WOESS*

By P AURBRICK* MARGALITH GALUN#* anD
A FRENSDOREFt

£ Department of Botany and +Department of Microliolagy, The George S, Wise
Farcwlty of Life Sciences, Tel Awviv Unmiversity, 89978 Tel Aude, Israel

(Accepted 10 February 1984)

 Tschermak-Woess: Trebouxia
forms a free-living green coating
on the tree. No haustoria were
produced, reproduction by
ZOOSpores.

« Ahmadjian: It's just algae that
escaped from the soredia/isidia
for a while, zoospores are
definitely not for propagation;
they are just remnants from a
time when Trebouxia was free-
living.

FiG. 2. Trebouxia sp. Cells absolutely free from fungal hyphae (on bark of Aesculus, Prater,
Vienna). (Living specimen,) X 850,



If lichen symbionts are free-living, why are they not found in the majority of

diversity studies?

Fign 17-32. 17, 18 - Chlorella sp. 2; 19 - Chlorella sp. 3; 20 - Chlorella sp. 4; 21-23 ~ Dictyochloropwis xp.; 24, 25 - Elliptochloris sp.;
26 - Pseudococcomyza sp. 2; 27 - Watanebea sp.; 28-30 - Printzina bossei; 31, 32 - P. effusa: scale bar 10 pm.

Table 2. A list of species from investigated localities. Different

Cyanobacteria

Leptolmghya sp. 1

Leptolymghya sp. 2

Nostoc sp. 1

Nostoc sp. 2

Naostoc cf. entophyium Bornet & Flahault

Nostoe of. punetiforme (Kiitz.) Hariot

Seytonema ocellatum Lynghve ex Bornet & Flahault
Seytonema sp.

Chlorophyceae

Bracteacoccius sp.

Coelastrella sp.

Mychonastes homosphaera (Skoja) Kalina & Punéochafova
Scotiellopsis rubescens Vinatzer
Trebouxiophyceas

Chiorella sp. 1

Chlorella sp. 2

Chiorella ap. 3

Chiorella sp. 4

Dictyochloropsis sp.

Elliptochloris sp.

Paewdococcomyza simplex (Mainx) Fott
FPaeudococcomyra sp.

Stichococcus bacillaris Nig.

Watanaben sp.

Ulvophyceas

Printzina bossei (De Wildeman) Thompson & Wujek
Printzina effuse (Krempelhiiber) Thompson & Wujek
Printzina cf. lagenifera (Hildebrand) Thompson & Wujek
Trentepohlio awrea (L.) Martins

Trentepohlia monilia De Wildemann

Trentepohlia sp.

Neustupa & Skaloud (2008)



Aims

What is the real diversity of soil green algae?
Why are there so few lichen photobionts found
in studies on soil algae?

If present in soil, would we be able to find all
lichen symbionts detected at a given site?

Cultivation on agar plates
DNA metabarcoding
Single-cell PCR (Percoll separation method)

Environmental eDNA Group-specific HTS Bioinformatic Species
sampling extraction primers processing identification
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Study site

Vinaricka hora, Czech Republic
* atemperate locality
* A total of 39 lichen species

Sampling
« 2020-2021
» 5 collection times (11/20, 2/21, 5/21,
8/21, 11/21)
* 2 sampling sites (VIN1, VIN2)
* 2 mixed samples (soil, rock surfaces)
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Results
4

* cultivation: 162 cultures ﬁ W o
« single cell PCR: 48 sequences | é | , "'

* DNA metabarcoding: 1,320,270 reads A\ N . R /

* cultivation: 49 species 4 N A ,.}} " ‘

* single cell PCR: 20 species o - GO
* DNA metabarcoding: 147 species . ) e
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Just three Trebouxia cultures

RESULTS - cultivation

CULTURES

- Lipkshaera crodat
Fuiuliste oy oooalsntiks:
. Tiptechlie s sateiph e
Cevterostivhootesys epditnics

B covretoesp v

i Meocysts sp. 1

. Chkavsasivoasis comi

Tisbeniopryeeasp 3

. Cosastrala oercterresinica
SN ochli s Spongiosa
. unteacstichaococus: dosscaii

Cizyoesbioesioee sp

oher

cultivation: 49 species
single cell PCR: 20 species
DNA metabarcoding: 147 species
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RESULTS - cultivation

Deuterostichococcus

Diplosphaera




40%

RESULTS — DNA metabarcoding

MFETA

- Puondes chococens meaalanteides
warmesis sreelierss

. 2hcidenockeingein solyeidi=
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e cultivation: 49 species
e single cell PCR: 20 species
* DNA metabarcoding: 147 species
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RESULTS — single-cell PCR

PCRCOLL
- Tecacyslis viratean
= il q=nus.é
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. IHa iy a
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cultivation: 49 species
single cell PCR: 20 species
DNA metabarcoding: 147 species




DNA metabarcoding:

COMPARISON OF METHODS

DNA metabarcoding cultures

2%

41% R

15%

. Myrmecia Elliptochloris . Tetracystis
Pseudostichococcus . Pseudochlorella Coccomyxa

. Trebouxia Diplosphaera - Chloroidium

cultivation: 49 species

single cell PCR: 20 species

147 species

single-cell PCR

Sphaerocystis

. Asterochloris

Deuterostichococcus



COMPARISON OF METHODS

Lichen photobionts grow very slowly on inorganic media, where they have no
chance to compete with fast growing algae such as Diplosphaera or
Stichococcus.

However, photobiont genera in fact represent the dominant component of soil

green algae.
Lichen photobionts are free-living.




Symbiotic interactions
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- Asterochions Irkediil

species

Trebouxia incrustata
Trebouxia decolorans
Trebouxia aff. vagua
Diplosphaera chodatii
Peudochlorella pyrenoidosa
Trebouxia impressa
Asterochloris woessiae
Asterochloris friedlii
Peudochlorella pringsheimii
Pseudostichococcus monallantoides
Asterochloris glomerata

Symbiotic interactions

Trevouxia aff. vegua

- Peewdostichococous monailantoides
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endosymbionts

2
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Trafouxia decolorans

- Trabouwaa impresss

DNA metabarcoding cultures
23199
1875
2319
21849
22991
2839

12507
102457
1676

I Trabouxia mcrustats

single-cell PCR

37

24



The lichen alga Trebouxia: does it occur free-living?*

VERNON AHMADIJIAN
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Ahmadjian (1993)



Thank you for your attention

Primus Research
Programme

CHARLES UNIVERSITY
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