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Lichens have been regarded as symbiosis between fungi (mycobiont) and green algae or cyanobacteria (photobiont). Although the major
parts of lichens are composed of mycobiont and photobiont, other microorganisms (mycobiont) also have been found to have specific
relationships with lichens. Through FISH and metagenomic sequence analyses, it has been proposed that Alphaproteobacteria was the
dominant bacterial taxa in the lichens. Although direct observation through in situ detection and metagenomic approaches provided lots of
information on the diversity and distribution of microorganisms in the lichen tissues, studies of culturable microorganism may provide
other opportunities to understand the roles of microbiont in lichen ecosystems. In the current study, we isolated 105 microbial cultures
from Cetraria sp., Cladonia sp., Cladonia borealis, Flavocetraria sp., Ochrolechia sp., Psoroma sp., Rhizocarpon sp., Sterocaulon sp.,
Umbilicaria sp., and Usnea sp. from Arctic and Antarctic areas. Among them, fifty one bacterial isolates were included in Actinobacteria (16
isolates), Alphaproteobacteria (9 isolates), Bacteroidetes (2 isolates), Betaproteobacteria (15 isolates), Firmicutes (1 isolate), and
Gammaproteobacteria (8 isolates), and fifty four fungal isolates were included in Agaricomycotina (27 isolates), Pucciniomycotina (21
isolates) and Pezizomycotina (3 isolates) . They were affiliated with Dothideomycetes, Lecanoromycetes, Cryptococcus, Mrakia, Rhodotorula,
Sporobolomyces, and Tremella. Some of the species such as Burkholderia, Rhodanobacter, Sphingomonas, and Tremella were recovered
from many different lichen species.

[F-09]

(1) Wash lichen tissues 5 times with sterilized 0.85% NaCl using
multi-shaker for 1 min. (2) Add a autoclaved bullet in the tube and
crush samples by shaking vigorously at speed 25.0 frequency/s for 3
minute (3) Spread on R2A, MY, ISP media and incubate at 10 ℃ (4)
Isolation of microorganisms in pure culture (5) Phylogenetic analyses
based on 16S rDNA sequences for bacteria and nucLSU rDNA
sequences for fungi
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Fig. 1 A, Cetraria sp., Arctic; B, Cladonia pixidata, Arctic; C, Cladonia sp., Arctic;
D, Flavocetraria sp., Arctic; E, Ochrolechia sp., Arctic; F, Rhizocarpon sp., Arctic;
G, Stereocaulon sp., Arctic; H, Umbilicaria sp., Arctic;
I, Cladonia borealis, Antarctic; J, Psoroma sp., Antarctic; K, Usnea sp., Antarctic

(Ⅱ)

0.01

Thermosipho africanus DSM 5309T
Hymenobacter soli PB17

Hymenobacter perfusus A2-50AT
Hymenobacter sp. KOPRI 26553 [J, Psoroma]
Hymenobacter sp. KOPRI 26554 [J, Psoroma]

Hymenobacter actinosclerus 1187
Hymenobacter daecheongensis Dae14

KOPRI 26567 [I, Cladonia]
Sphingomonas faeni MA-olkiT
Sphingomonas sp. KOPRI 26556 [J, Psoroma]

Sphingomonas sp. KOPRI 26561 [J, Psoroma]
Sphingomonas oligophenolica JCM 12082T

Sphingomonas sp. KOPRI 26618 [H, Umbilicaria]
Sphingomonas sp. KOPRI 26605 [E, Ochrolechia]

Sphingomonas glacialis C16yT
Sphingomonas sp. KOPRI 26617 [H, Umbilicaria]
Sphingomonas sp. KOPRI 26621 [A, Cetraria]

Sphingomonas paucimobilis ATCC 10829
Sphingomonas molluscorum An 18T

Acetobacter pasteurianus LMG 1262T
Acetobater aceti NCIB 8621

Acetobacter orleanensis NBRC 13752T
Kozakia baliensis Yo-3T

KOPRI 26568 [I, Cladonia]
KOPRI 26569 [I, Cladonia]

Tanticharoenia sakaeratensis NBRC 103193T
Ameyamaea chiangmaiensis BCC 15744T

Pseudomonas rhizosphaerae IH5T
Pseudomonas graminis DSM 11363T
Pseudomonas sp. KOPRI 26590 [H, Umbilicaria]
Pseudomonas lutea OK2T

Rhodanobacter spathiphylli B39T
Rhodanobacter terrae GP18-1T

Rhodanobacter panaciterrae LnR5-47T
Rhodanobacter sp. KOPRI 26505 [J, Psoroma]

Rhodanobacter sp. KOPRI 26557 [J, Psoroma]
Rhodanobacter sp. KOPRI 26538 [J, Psoroma]

Rhodanobacter sp. KOPRI 26551 [J, Psoroma]
Rhodanobacter sp. KOPRI 26552 [J, Psoroma]
Rhodanobacter sp. KOPRI 26518 [J, Psoroma]
Rhodanobacter sp. KOPRI 26519 [J, Psoroma]

Burkholderia oklahomensis C6786 C6786
Burkholderia glathei LMG 14190T

Burkholderia phenazinium LMG 2247T
Burkholderia sordidicola S5-BT
Burkholderia sordidicola KOPRI 26607 [E, Ochrolechia]
Burkholderia sordidicola KOPRI 26575 [G, Stereocaulon]
Burkholderia sordidicola KOPRI 26606 [E, Ochrolechia]
Burkholderia sordidicola KOPRI 26611 [C, Cladonia]
Burkholderia sordidicola KOPRI 26609 [C, Cladonia]
Burkholderia sordidicola KOPRI 26592 [H, Umbilicaria]
Burkholderia sordidicola KOPRI 26582 [B, Cladonia]
Burkholderia sordidicola KOPRI 26577 [B, Cladonia]
Burkholderia sordidicola KOPRI 26507 [J, Psoroma]
Burkholderia sordidicola KOPRI 26610 [C, Cladonia]
Burkholderia sordidicola KOPRI 26510 [J, Psoroma]
Burkholderia sordidicola KOPRI 26537 [J, Psoroma]
Burkholderia sordidicola KOPRI 26506 [J, Psoroma]

Burkholderia sp. KOPRI 26509 [J, Psoroma]
Burkholderia sp. KOPRI 26633 [J, Psoroma]

Paenibacillus campinasensis 324T
Paenibacillus glucanolyticus DSM 5162T

Paenibacillus sp. KOPRI 26517 [J, Psoroma]
Paenibacillus contaminans CKOBP-6T

Paenibacillus chitinolyticus IFO 15660TT
Streptomyces griseoplanus AS 4.1868
Streptomyces anulatus NBRC 12755

Streptomyces sp. KOPRI 26508 [J, Psoroma]
Streptomyces griseus KACC 20084
Humicoccus flavidus DS-52T

Humicoccus sp. KOPRI 26572 [J, Psoroma]
Curtobacterium flaccumfaciens LMG 3645T

Curtobacterium ammoniigenes NBRC 101786T
KOPRI 26629 [G, Stereocaulon]
KOPRI 26630 [G, Stereocaulon]
KOPRI 26615 [G, Stereocaulon]
Subtercola frigoramans K265T

Subtercola pratensis P 229/10T
Subtercola boreus KOPRI 26580 [B, Cladonia]
Subtercola boreus K300T

Frigoribacterium mesophilum MSL 08
Frigoribacterium sp. KOPRI 26555 [J, Psoroma]

Frigoribacterium faeni 801
Frondihabitans sp. KOPRI 26565 [I, Cladonia]

Frondihabitans australicus E1HC-02
Frondihabitans sp. KOPRI 26612 [K, Usnea]
Frondihabitans sp. KOPRI 26614 [I, Cladonia]
Frondihabitans sp. KOPRI 26616 [G, Stereocaulon]

Frondihabitans peucedani RS-15T
Frondihabitans sp. KOPRI 26613 [K, Usnea]

Frondihabitans cladoniiphilus CafT13T
Frondihabitans sp. KOPRI 26588 [B, Cladonia]
Frondihabitans sp. KOPRI 26587 [B, Cladonia]
Frondihabitans sp. KOPRI 26579 [B, Cladonia]
Frondihabitans sp. KOPRI 26586 [B, Cladonia]
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Fig. 2 Phylogeny of bacteria (Ⅰ) and yeast (Ⅱ, Basidiomycota; Ⅲ, Ascomycota)
isolated from lichen reconstructed by neighbor-joining method. Branches supported
by higher than 70% bootstrap values are represented by thick lines. Capital letters in
the bracket indicate the source material presented in the Fig.1.
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cf. Lecanora r HSG080123-19
Mrakia curviuscula CBS 9136T

KOPRI 26600 [A, Cetraria]
KOPRI 26583 [B, Cladonia]
Mrakia frigida CBS 5266
Mrakia gelida CBS 5917

Cryptococcus saitoi CBS 1975T
Filobasidium capsuligenum CBS 1906T

Filobasidium uniguttulatum CBS 1730T
KOPRI 26597 [A, Cetraria]
KOPRI 26601 [A, Cetraria]

Cryptococcus laurentii VKM Y-1665
KOPRI 26585 [B, Cladonia]
KOPRI 26604 [F, Rhizocarpon]

KOPRI 26544 [I, Cladonia]
KOPRI 26547 [I, Cladonia]
KOPRI 26550 [I, Cladonia]

KOPRI26622 [A, Cetraria]
KOPRI 26623 [A, Cetraria]
KOPRI 26603 [A, Cetraria]
KOPRI 26620 [A, Cetraria]
KOPRI 26578 [B, Cladonia]
KOPRI 26584 [B, Cladonia]
KOPRI 26631 [H, Umbilicaria]
KOPRI 26581 [B, Cladonia]
Tremella mesenterica TUB 019108

Tremella foliacea 97-1117
Cryptococcus fagi CBS 9964

KOPRI 26512 [I, Cladonia]
KOPRI 26566 [I, Cladonia]
KOPRI 26545 [I, Cladonia]
KOPRI 26536 [I, Cladonia]
KOPRI 26534 [I, Cladonia]
KOPRI 26511 [I, Cladonia]
KOPRI 26532 [I, Cladonia]

Cryptococcus dimennae CBS 5770T
Cryptococcus victoriae CBS 8685T
KOPRI 26497 [K, Usnea]
KOPRI 26599 [A, Cetraria]
KOPRI 26598 [A, Cetraria]

Rhodotorula minuta SY-86
KOPRI 26626 [E, Ochrolechia]
KOPRI 26627 [E, Ochrolechia]

Sporobolomyces carnicolor CBS 4215T
Sporobolomyces griseoflavus CBS 7284T

Leucosporidium scottii CBS 5930T
KOPRI 26500 [I, Cladonia]
KOPRI 26501 [I, Cladonia]
KOPRI 26632 [I, Cladonia]

KOPRI 26563 [I, Cladonia]
KOPRI 26514 [I, Cladonia]
KOPRI 26531 [I, Cladonia]
KOPRI 26535 [I, Cladonia]
KOPRI 26533 [J, Psoroma]
KOPRI 26513 [I, Cladonia]

Kriegeria eriophori CBS 101449
Zymoxenogloea eriophori CBS 8387T
KOPRI 26503 [J, Psoroma]

KOPRI 26504 [J, Psoroma]
Rhodotorula psychrophenolica AG21T

KOPRI 26574 [G, Stereocaulon]
KOPRI 26499 [I, Cladonia]

KOPRI 26591 [H, Umbilicaria]
KOPRI 26589 [H, Umbilicaria]
KOPRI 26593 [H, Umbilicaria]
KOPRI 26594 [H, Umbilicaria]
KOPRI 26602 [A, Cetraria]
KOPRI 26595 [H, Umbilicaria]

Themellomycetes,
Agaricomycotina

Microbotryomycetes,
Pucciniomycotina
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Saccharomyces cerevisiae 
Elsinoe phaseoli CBS 165.31T

KOPRI 26619 [D, Flavocetraria]
Dothiora cannabinae CBS 737.71T
KOPRI 26596 [D, Flavocetraria]

Delphinella strobiligena CBS 735.71
Sydowia polyspora CBS 750.71

Trematosphaeria heterospora CBS 644.86
Pleospora herbarum CBS 714.68

Pyrenophora phaeocomes 
Eurotium carnoyi NRRL 126T

Aspergillus bridgeri NRRL 35624
Penicillium chrysogenum NRRL 821

Penicillium oxalicum UWFP 974
Lecidea cancriformis r ANT050766

Heterodermia r Hari081010-14B
Physcia caesia r ANT050907
Rinodina olivaceobrunnea r ANT050811

KOPRI 26624 [F, Rhizocarpon]
Xanthopsoroma contextum r NK49 Chile corticolous

Psorophorus pholidotus r NK47 Chile corticolous

Dothideomycetes

Pezizomycotina

Eurotiomycetes

Lecanoromycetes
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