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Abstract

Fungi can obtain nutrients from a variety of sources,
gr aiRreg.i &Orii wQrebri I(i o,Asc®tmg)L oitsa an anamor phhat htypapmyaiet kec
poll en grains with aeri al hyphae. Only four species, d
within tRetigémiesdweeadrekeported wint Euseper alecaoicmieiddsee d

including a single rdmnonmdacfenRien yMNmaigashd eAemre rd ectaect ed i n me
sequenpricmjgett d i.chhennsahdct osapoppi c observateposi tod @l th
undersurfaces of |ichens revealed hyphae infecting polll
Ret i armaisusnor e prevalent in Western Canada .t hlann niyh et hperseivs

Idevel opedpgentisc PCR primers toReti emhud§arhetnlse amrde saaj

substrate from forests in CanMedxai,cot.hel wessotleartne dU Ss,t raanidn si
ofRet i drriours t he | ower-dwallrifiarcg loif c lreorcsk. Two of the strai
profiling e xcpheaarriamecmatrso oo and ni trTolge neruviir d emdn toanl. S C.

suggeedst h&Rtet i airsi usbi guiitcchiesnsi mnd adj acefndr essubesdt read sy sa fe
included in Mg sheaplCiama.Rieda n awkirscsd eet,ect € d e qu e altogws .
Phyl ogenessscuanagya multilocus hedespReicadcrmicdbtiwasius de
nom. pr Ret, anedss @aomus patome.riessol ated from the |wiwter surf
mor phol ogical déetidreaacethe kKih®twimc sRetcii atsiimdg sequences deriv
environment al i d eqtaenh caedddgiL, 7 ilpmualat i -V ev e b e toifRetaigaldi eu s
phenotype profilingidathaawaRecteirahraiolnsgh saeadtnil i.Xeadamn
resour ce f or hfeutguerneRnset iucafir ies @edmMus prov. was sequenced a
representing the fnemdt ogdeen otnrea ppf@ rdgi hsopoencyiTdedt «ism esear ¢ h
serve as a benchmar k Rfedri agstewgpywinndg ntghd heeerrws rent knowl e
and species evctamagld caTles a great diversity of species
wide varietyaecfr osso Nyg tadmmdfAmeni gbad play a key role in nu

into theimrwt pioénten grai ns.
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This thesis is an original work by Alejandro Huereca I
met hodol ogy. Sally Leys guided the boundaries of t he
el ectron microscopy. Car meme Ah h a IRed b strroefstscuet metrdu swp t dav .g,e n
running data through the bioinformatics pipeline.
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Gl ossary of Ter ms
Anamorphic fungi : difsusnegawn &slpexu elswHphmeemi t osi s has occur
Dendrotel mata: -Ephkeeédrtaftewahelres.

Hyphomycete: a nparmod pdiicg faumgries directly from hyphae.

I ngol dicanafsogikgoavtni cashyphomycetes, are a fungal group
decomposganic matter | ike | eaf | itter and pollen in aqgt
Phyl l osphere: aerial part of the pl antasaourr ftahcee poafr tl se aovfe

considered as a habitat for microorgani sms.
Stemflow: the flow of intercepted water down the trunk
Tel eomor phic fungicasiponrgull athep e e k @aasl taapwlilrte sof mei osi s.

Throughfall: portion of rainfaldl that reaches the soil
l eadafi p.



110 ntroducti on

Fungi occur in and play an important role in every kno
has focussed on conspicuous macrofungi or microfungi
inconspicuous fungal groups aresRendaP@s sdi e)dhy c shueth a
specializes in capturing and degrading pollen grains.

in Europe, with isol atoed yr emeart § nwdolrdvi ddememb Wteest r i bui
phyl ogeekatconships,Rettihdbrriolbssgect suohi abkemgetahel i 8mve

been ex@bos iedtelradbri d Ré i d rcions ume npaop pliREeNy, i @arcicws rence i n t
environment could help unravel a possi blbeorrnoel ep oilnl einn cioni

forested ecosystems.

Al most two centuries ago, researchers discovered that
1855, Goldstein 1960, Skvarla & Knytreigds la87e, z8oapar i&c
a single posterior flagellum (Powell 2016)eit 2al@4, occur
Sparrow 1960) . This group of fungi has been studied f
inventories, taxonomitc 202 8| s iLeett £2h(€QBu)r,d eead ol ogy, and s
(Letcher & Powel 2002, P o weetl 2a019.9 B, Vhe DPeheWgphgaewytrid
transfer between trophic | ewwdd.G07,s 2vk14) ,e sgdmediifsihceal (K

nutrients available |iat &&Ulart,i dMatywaldims WK aegth Geidlh. &) .

Ot her groups of fungi also consume poll en. The most <co
poll enDwka&ahytaghe subkingdom of f unAgs c @mycami@passisd inogmytchoet ap h
was carried out by HuWhéenhsbaest®i BgribangdpeoddEaybbhglfunegr
(12Basi di omyxk&®damamy aoda Zwgo my)coitha axenic culture experi m
poll en grainsni O wheeseebashidibomycetes, and two were asc
werAmbl yospori gmnbettrgei sedi se,it PILEY £Llmaardd ®meé um cochl i o
(Sordari omyclehies study sparked more studies exploring |
example Czeczuga & Orlowska (2001) investigated the f
freshwater habitats in Poland, repoquiitng 82ngpecieps es tE
cl aBost hi deomhyeomdtieoanPc bi s ompBetdari oimycé&eoserders. Ot her
have sitnygated the fungal infections affecting plants w
Botryti s( Huiamgr %9 9, YanakLwa !l 8984) | c huvma r gjeutets2ad w3amn ,
Coniothyriam@mioct adsum( Hataentyg@adla.8 4 @l adds poprphlutmer nar i a

sp., Aasmpcer fielnli ¢es(IMaiguyeatr 2022) . Additionally, there hav
investigating ultrastructure ofCdrheodpaga( @damhekeecadl an i1
200A) t ersnpa.r i(aNai r &amkKdh@Inn L1963 )& Wil liams (1978).



Even though many fungal groups can break down poll en
considered ¢toalpeifngol lserci alMystoxs eR ebtlsieafai hiish ¢ loymyered e s

He x ac | 4Adsicuoomy,c oltnacer t ae sedi s) , occurring on bark and i
1978, 1982t MAQHmM)Y, and the Miecremstl feielsiomjydgertoensi ng on
Picemp. cones, stromatizing tissueet &2adR. 3i)nf e&dtviemeg nt phaalt! ¢

consumption in fungi is widespread, Barron (1992) hy|
oligotrophic environments has selected fungi to find al
Anamorphic fungi, Dputtel ompdidFtuecspil | & thpaerref et n @ |, reprodu

vegetatively via mitospores,, adrs of &mnid ¢l tetrd P48l 2. & xartl | alk.oni di
2008, S8eiXobIl, Sut Based9®m) t heir sporulating structure
maj or mor phol ogical categories formerly named as cl ass:
sclerotia), bl astomycetes (yeasts) ; coel prmyargytceest e ac e
(producing spores directbD2lfram bgphma) edB30t BOO0Oyaanmmd ]
knovwnmnudnby heir asgXWglaysatwaatredene A¢et thes@0mBana&t®rohi c
speci esve(l&i78led t o their et xXalkDl7,s tWit eag(aSI%ad2dioyn e

Given the vast diversity and adaptability of fungi, it
in all ecosystoemegerayndc d mtuinrde nt , inhabiting every micr
freshwat eet (28062r20,n eCatl a2da0o2n0, dto rkallsl.9) , soil -davwdreed 49 aciell,s
desert woanrsabye 6500me(tARbl&f§r u€Coemmead a0, Peatr @ddld.©2 ,

Zhare¢g 2a0123), |l eaves, |lichens, i mde2200k8 ., anambeathd3s, ( Di e

Seyedmogtt adla.8 , etveadll.2namor phic fungi represent a source
with thousands of species to be discovered and describe
Hawksworth & Rossman ©992a02dWi 2a@32war dene

The cOrabsisl i omgoet esi s an ear IPezdizoenygenti ngE a dAeskedanyrc ot a
al200B2a&zscandt na023) , cont ai nd Ag0 aqp eecsiteismatel assi fied
Orbilialoene OF dbmil ) pc@aed 1Gi.GeBnaerrmaal 2201 1.8t 2202 @y bi | i aceous
species differ from otthheer caosnthoitmjaeteitoerns eohfaeset amyl oi di t )
of t he,;sftuenrgiulse hyphae odrtgan ehlalvees Kgd kbobl bukbgl teo pid als ond i e s

(SCBandhper es enaoree nbfr dowe@end vacuole derived from mitochonct

(ascospores) called the spore body ient 438&8i e tuwmiatl h s ex

2012) . The function of the spore body is stildl unkno\
carbohydrates, putatively glucans, that di sappear duri
dat a) . Accoredti (agl0.206) Banh |l t e laerdemdkred hyi ch asvpee caine sanamor p hi
vice versa. IHowenwaemagr mhitc aspecies have sequence data, a

apotheci a.



Anamor phi c Gsrpbeicliieosmyieretivebs | dodumemtrad c Arathyr oblmewgasnus
secti@©@OmbjolJfi whi ch create complex trapping organs and ex

mi cirmvertebrates | i ke oehoddgpadebsst spt achtd pBl@.hhateXdag ( Ba
al2012, Zopf 1888) . | narmaldo nt g ébingr amabneye noAdnggsc i il bsgor a,
Arthrobotrys, Brachyphori s, Curucispor a, Dactylall a, L
Dwayaangam, Gamsylell a, Hel i coon, Lecophagus, Mi crodo

Trinacravwedn mi spélmavever , Lapaphaf@mossmt were synonymized un:
Or bialnidthy al o ( Bialeiad 20 1 8, To2@y.tenmn extensive taxonomic al
revi soinotnygmn amor phi @rrgeecncegmaiOz d&d | i m:Mycetcesnd@e,t i §O0luvier
1978, Mag3@it7bBa&talalll.8 2020

Reti &riiwd er (1978) was <circumscribed to acfcroonmmoSdoautteh t w
Africat capbune pobtl en grai nRbobwitbaenBhublupepbBEceneri s
1978). eMadgapl@nl 7a) descri bedR.t wpo enaanzib. eslpieighiecogt®sttec ur r i ng i n
bark fissures in Hungary.bWltthespercreets hyghadatrlaatt erhew
poll en grainsoandi arwdubheY or T shapes, referred to by
and tri-lnialkcea,i ume(shigxXiineel YOl i vi eRet e dclifiytBide gleaasusbeen

i nt ed¢redroe dfepotlplaemsdue dtto its captuo@odiige ad eRgir reedcad a eo n
(speciPalc&emBi nuSsalainkdi I Bae ta 12a012.0 , MagR@lt.7a, Ol iReteirarliourssg) .

species occur in microhabitats dforthreepobbdrin amsd dleipwisn g
l'ikely dispeottddbyi sgpl aahn eReetnitagraiguGbeenerep®8vB8ed fr o
countries aamdherBuso met,ed rAlescioa,dsSdutohm Africa, and Sout
1)l.n North theremsdasgkaeaerici me€andda, b mtameo wape caisess gne
(Sokobksk2010.&nt il now, pubRes$s hdadaiviee a®erldedofon detneocti on o
study has assessed occurrence using DNA data in a targ

| astutdoy i nvédotwi gdtuddgn i nteract with ndiwfefsdree mt Calbhqalla [ &r
ali.n preQr)byi lammMyoegwass detected in medagesogmne ddattaeat i v
genRetiarinonsparallel, the presence of pollen deposits i
of Il'ichens from forested areas of Al berta and British
obs. ). However, the two cowalidhtywot obdeadsumhked, wist mc € ¢

observations were not done in the same | ichen sampl e s;

The widespreadRdt b tarnidb sittisondeotfecti on in multiple metag

possi biReittiyaihwmsir e wi despread than previ oclusvegl tihdamgthitt.y

t hRRet i @reitested in metagenomes remains unknown without ¢
and in absence of specific primers no survey of their

carried out.i dweaganyi g dteesd sdi filf erent aspects of the ecol o
pol-teapping fRegaédmgesess ern Canada. At the outset of m



t o: 1) ptresteonfRéeei @mi s chens and adjacent substrates in
presenRkRet iodmi usreel ess environments such as the Canadi a
substrates as proxies; 3) characterizRet ihampimafsopubnodl ogy
in Canaadnad | astly, 4) characterize the wutilization of ¢

culture using phenotype assays.

2 Materials and Met hods

2.1 Field.collection

To assess th&Repil esspéepucsei nofl i chen samples &ndmthenifadpa

foregtasried out an opportunistic laindhexpl @cadmoriyng aimp |

mont ane forests in western Canada and northwestern Unit
and diverse types of bark were collected in Alberta an
(FiB3gLi chen speci mens will be deposited in the Cryptog:e
(ALTRMHhe trees where | ichens wer &dbc¢,@dlsIndctced Bh enlucshilge t o t |
target efluhbgeidheeirgo t he Agrade csal es, Caliciales, Lecanoral e
Tel oschistales, Umbilji caahndl ed aCli &/kemrsiuzagaa, esCol | ema
Hygrophoraceae, Lopadiaceae, Par meliaceace, Pel tiger
Sphaerophoraceae, Stereocaul aceaegnWWeerlrolscahfiica tatceeeaz),. Um|
To expRert eaviafsupresent in ecoregions where its vegetati
|l ess abundant poll en rain, I scresmnddtfiractnk etnh es pan anckine
Ar citilcoaned from |ichen collections depgosiTireody iMc Mudrl b

(Canadian Nat CrMINCMNkepuand Erin Cox -AUMAYer sntwaddftAbbet
from Oregon, USA coMegtted bBpdJlbsepbn®i from temperate
collected by me in 2020, and Al ejaddr MaPsfaweEet padauice
ArcMap 10.8.2 (ArcGl Sar ena tchonihce aAn d eRosbiemsucanl pr oj ecti on
System 1984 (WGS84) coordinate reference system.

2.2 lsolamgnioen Cwml tur e.

To i sRétwita&rni uppure cultures, I first i nspected pollen ¢
Umbi l i caranatl.pbraeaudsicaids ssecting microscope, Ol ympus SZ)
hyphae growing on pollen grains, t hen | prepared micro
and visualize with a compound microscope, Zeiss AXIO
potent RetliwriAbéser visual confirmation, amosadtfescpg celdl esmpec

and wet tbhheprldyxihreqn Qt waitlkee. Mi | | i



Once lichen samples were wet, | scraped off pollen from
as much as possible in a 1.-@mWwatEe@ipe ntlaoliOf% wieidl hubtyi oml sefr
Theh, i noc2u0Oatmdd losf@es penisnitoon Pet r i plates with culture
bel oawn)d, i nt bbfactrk 05 datys27 O ce fungal gr oswd the wddtsiunrdgeat ect e
colonies into puoles earxwinreg etclud tfaiy £ st o det ect early sign
fungal $Wheai el ture of a single ogl oamwemad thehaldegy i wys
culture was chatfiiamedygt Pi bect PCR (see 2.3 DNA extract
bel ow), a colwaesc taisognognmeemable rst r ai MM,SMCsi g atnldd ngoder To b
Mycol ogical TICeol | seot abprRetsitawailuhiss bef dep dMeistteed daf kt Fang:
Biodiversity Institute, Net herl ands (CBS), the Canadi a
antdhe Centre for GI| obal Mi c(luAMidn g al Biodiversity, Cana

The recipes for t he oc ulsittsrode anteriregeloi tad ewstedo s e PRARBame |

R4554312, Ther moFi sh@®r wat 89 agnd i mh/ Mi bFi5@h!| &ri gmmh en
Al drich) as antibiotic agent. Once t hes udbecsudttaudrnef i ngi W
oat meal(OMAm)asi ng commerci al unfl avored, unsweetened oatr
agaroseb50®B8166wbhehrwaked for 10 min and then filtered

finally autocl aved.

2.3 DNA extraction and sequencing

To assess thea&eprn eusseinnsge Soafnger sequencing, I extracted
envir onsremglads, odimpcohskendinldi t heir adj doermtbt aauins tsraantpd .e s
lichenstehettiedeh swethmend without conspicuous poll en c

using a dissecting microscope ( ®upmpaudsjtascZexlt6 )t.o Itnh et hlei
sel ect ed fpibaaordks weat hgnat, twig fragments,  Thaeedsesbed det
samp/|bod hh chleal laidj msd bt twerte fdreieez80 ACAhtlroaw Temper at ur e
freezepul aedstaed a TissuelLyser) Then Qi aegxetnr,ac®emdmabiNyA f

environment al SlaenpD&easygi Py ant Mi ni Ki t (Ql AGEN, Hi |
manufactur erDie PRetoit amoiowpshol ogi c al simplicity and the |
char act esrdiestteicictsi,obns t U mp,casnsdiobnisey achi evable in a | aborat:

compound microscope

To test t hoeReptrieasreinbseut relying on thel obseeeRweatpieadni uossf t
specpfimers (fionrt er A& I , t r anssicrg bedntsipgaceaffa derived fr
produbcye dAnt oi ne Simon in collaboration with the Symbios
and avail abl eReste gareeipucseist eod INIC BG e n Btahtdh bleTeSu s, bieg atulse

most cormengosnequenced i n dtugadfll.ahfgcheacmmaseavail able sequer



fromrtlyi ®8os urhee effectiveness and is.peecitfo cdavoi dofamphlei f
ot her fumgal i BNAd the primers in a dataset Oobipulllciealey
and gener af uonfgil iucshienng Al i View 1.28 (LarKesageste280l)2) and (
To identify nucleofRiedé ar @ag i ade $slcsrp et iAfaaticignégo nfounn g a | sequt
I used the ThermoFisher Primer Designehlhafasls awehtusiettd s(, T
USA) to ensur depriigmerdstl adelrgas p-Ci ment &nt -6r0a ge2s) 40 i mer s
not bind atvomg @ti mgr ,ps3 )meav aiidnelhi gh melting temperature.
primers amplified the htearPCRt g & Alsuecdire g uie o(gssesee dnext sect i
and comparredu ldthicpug bogtelse al i g@rmeinlt iaaoctle alei chen gener a. Af
sever al c ombu mad dpofnasd,d gled t wo sets whi phiumesrde t(oT ashclree en)

l'ichen ttimkasdjeaceemnd substrate.

To extract DNA from axenic cdylrti edesusimgphapuwt desiegedbage
using a TissuelLyser Plull veQiiagamng, f@®argmdemyl ;evs UTke nppaeer at ur e

freez®@0A@twas not ideal because fungaSpéddcasswames diadk emnot |
in harvesting tissue, selecting areas of the culture w
was al i vet hmewmdirwilngportion of the colony, in order to ¢

To identify the phylogenetic affinity of the fungal co
DNA extraction col umRPECR, tkechisieqguea fDalrleccvti ng the fAYeast
(Horecka & Chu 20 lo7)a k iwhg cah scrneanlsli spisece of the col ony,
seed (not wusing weight as wunit) into a 0.2 ml PCR tube

the tissue by placing the PCR tubes iinstai mMmd ewimoh ya | seirn ga

at 99AC for 5 min to fAbursto the cells used as- DNA ter
20AC until sequenzred ooelrtturods dive eveh yskRdlfRStTheadesul t s r el af
Orbiliomgeet el ow f or BLAST interpretatiOmbil iCuryt e tees

were subjected to DNA extraction (see above).

For PCR reactions, | usned 20I|0lruedfntd RRASB &mp 1l Minle!l ,iKp dr g

Sigma Aldrich, Muni achthmaGaefmabhy)yef édb|l pwbh.gchda atnido sy eved rf
carriadciongt a 96 welclycdleat eWeTtH & rifmeo8 6 |, Applied Biosyste
California, USA. For each primer region, | used the f ol
5 min, followed by 35 cyc30esseocf, daemnaetaulriantg oant a5t7 G A rf o
72AC for 30 sec, with a final extension at 72AC for 7 1
custRem i drTiSys 1 used the sarhe uprdantiatcnod!l; dematnlrSa)t,i on at
followed by 35 cycles of denaturation at 95AC for 1 mi

for 1.5 min, with a final extension at 72AC for 7 min.



the cReto@dmMiSys and for DNA derived from the axenic usi n
primer sets: -MN23; nfS&ErU, JaMS,1l |ITTSS4L,F f or nLSU, LROR LR7 (T
products welrye gkbectkreadp h®sagamgmdea)ed with Gel RedE Nucl e
10000X Water (Milipore, Sigma Aldrich, Muni ched Ger man

positive bands were purified usienRh oExpohnautcalseea sen zly masd

Engl and BiolLabs, Il nc., Il pswich, Massachuseomndlsl, RGR) . 5
productwapamdcessed in two sequencing facilities: Mol ect
Centenni al Center of I nthe&ndvecsptynafy ABbeenhaeg¢ Edmont o
and Psomagen (Jamai ca, New Yor k, USA) . Sequence qu
el ectropherogr am, tarnidmnecihnegc kprnigmefrorenadnsbi gui ti es. Succes

were then subject to BtLABNOSQuetry ddtodammiome the taxon
Orbiliomgnet as

2.4 Tsaxmopn i ng.

For each phyl ogamg, mulTtSi | oLcSuls (SSU+I TS+LSU) , newly g e
i ncor pioméaadcewdr at ed dhetaephAmgiilso hice ntal DOad diiln omglcetcesd from
phyl ogeni es produc@éad20d.n Baoch!| dat aset contains repres:e

Amphos®8myorlbedomhbaglbapitha three known Reguami@®edi s paci e

as the outgroup in all phyl ogeniOe bislpea@ri etshevemwel tsiell eacu = |
4)Q.cr emat o maKrMRi4mBardra2 ,c uc u KT bBr2a88 O, amao | ekcM2s4p8o7r 7a0 . I n t hi
case of t he | ABphpohsydmageay r K D3 8,86 BUMTr eTh2 238 A, and

AmphosespMG3860(3T7fabl e .) ,f |&iv@ild5a2 2 8 f or the LSU phyl ogeny
I TS phyl ogeny, in addition to the sequences from the e
sequences frRen icasrpipuusr @ad BLAST query in NCBlahtioghl ook 1

percentage oORetsiiamvipwsi igdulasur alhl ook moagwso my @ o CaB |
(Table 6). I n LSU and multilocus phylogeni esnweorly sec

included.

2.5 Phyl againeze <.

To determine the phylogeneti cReteil ampiecosneki prasentdi var $ii
adjacent $ultsatl rcautlea,t ed single gene trees (I'TS and LSU
(' TS+LSU+88U)x wmsamixi mum | i kelhi Toooad i (gML Yy aeagdart eaanadt e mul t i |
dat asletuss,ed customcPkPyetabhgwrndPsomReplf $ed by T. Epriamidl-lne &
and i mplement ele It c(l@adlTamg. sceri ptdatageedwthk MAFFT v7
Standl ey, 2013) , then trim@édi esi Bd@0a) itatddonngmla.ndd (HCape



gappyouto to trim based on gap distributi-BREE MaX. 2Znuln |
(Ngueén2a01.5) with the parptoi ttioonneivnag ucacdmemaenvdo Ifut i onary moa
Trees were created using ultrafast bootstrappéetngalof 10
2017) , i headédut iSthg molddaisreag-hwli e approxi-mateol takkdiTi)ll Sold

with 1000 repletcaded) ( GOnhgobranches with 095% ultrafa
SHaLRTewe consodieeldd suppordte@DI0.Bguy ehyl ogeny was inferr
best fitting | @ordébead@dtusmatged model f i ndetr 20K &)y aaanrda mo
bootstrap al gorietth2ZeOlUF)B.ookor( Miinthgl e | ocus trees for | TS
was employed but wu-songmREWBE cPohnymhaongdeen®eu fi tcit mareeelsy si s wer e
visualized using FigTree v1.4.4 and edited with Adobe

2.6 Mor phahlacgqicaealri zati on of fungal <colonies i
To characterize the mormappohggy umfgit hsopaltleednin cul ture
mycol ogi cal descriptions and measur ed mor phol ogi cal f
accordingett qa2B.20 ad e sacnrdi tbeedc ol or of tthhee owll ormyn o men migat L
Ridgway (1912) ReOneampiewlstersr peaf | ocality was characteriz
mycelial hyphae, conidium |l engt h, conidium widt h, mai r
height, basal stipe width, a ramm ds ecphtl| aat myodno, s pcohrlea mwi ddot shp owre
each col ony. The size of the colony was measured after
mounts and are i nd) ciSOHIX +aSsbméa rfi mumpm where X is the ar

and SD the ingr rsedsapnodmd d devi ati on, foll owed by the numl
inspected at 1000x on a Zeiss AXI|I O A.alctmipchrecbbduoepce i n
Measurements were made with Olympus cell Sem®OIl gofptusar e s
SC180 Color Camer a.

I n addit i-toynp,e tshtRreaeixebroovii sc ot Mt 2L 3 46W0r cwhaass ed fr dmr CABI |
mor phol ogi cal comparison with isolated colonies, as we

anal yses.

2.7 Il dentification of | ichen sampl es.
To identify the |lichen used as proxy f ordetnhtei feinevd rtoon nsepne
with some exceptions to genus, utilizing morphol ogica

foll GGwiwagtd (B9 9,4 Gowh9IH9) , eBr(@d@ldan Mc Cue Gei(200r9) used



t hmomencl altiuclemfspe,cfiod sl dpaenecshkecé&khens of North Americ
Me x i cyd . L. Esslinger M0EpbBblogecal20ORaypection of the t
stereoscope (Ol ympusse cStZiXolnes) bayn dh acrdo sosf t he ascomata usi
(Zeiss AXI O A.1). The ascoopaofrteesr wbeerien gmenaosuunrteedd iinn wieatteer
Additionally, routindO®henitaaslsi tCosthad € KximdehRrpox hl or it
phenyl enedi amine caysovoahanbds :UWV| 96 et byl redactwieor wmader

on the | ichen structures as needed cacapZ0idO)hg on the t a;

2.8 Pr epagaanpil erssc@fonielnegc tmiocnr oscopy.

To visualize the hyphal net wor Ksmba ¢ ssqepiri aneaegde dwitthhe pfoulnlgea
poll en i oherndcetiloonwer sur, bgScea nanfi ntgheEl leicec m®m Mi cr oscop)
Emi ssion Scanning Electron Microscope, model Zeiss Sign
at the Department of Earth & Atmospheric Sciences of t|
i nspectunder the dasdespeogmesepwith substantial. poll en
The samples were treated iofsamtookt 8% gfl uxatriaveebgohpos
acetate buffer pH 6.4, 2g of sucroge,foanda 5 omlalofvod % me
(Harris & Sh8ampal9&8st)were transferred to falcon tubes
samples were rinsed three times with distilled water a
di fferent concentrations of et hanols.300nc%0,at7 0™ % oet h:
dehydration continues with two washes of 95% and two we
Speci mens were then transbfeercrrpidtiitcbalar s ampluedieol tégh pr
temperlan uxTeBa | CPD B&E3¥EX AG, GerSmpeaercyi)mens were mouiwmt ed on

stubs with carbon adhesive tape and finally coated wit|

2.9 Phenotapeyblagso

To charadtidrnizadgr moin od n d yhe ttir argipwns I used threwell ffere
Phenotypic ™(iPcM)o Axrlraatyes ( Bi ol og |1 nc. , Hayward CA, 94514
util zamido®M3ButinliijzaoaBieam Wwell eids wphrnd a specific | yoph
An inoculum solution was prepared with f-URgalthbi étmas e
conhmednough quantity of mineral n u tBr ieansett seitan@all1.6) t ami ns
To prepare biom&®Res ifrzeil disunrocecsu lwem,e grown on | iquid cultu
(BD Difco, New JbsewpysU@A) room 2@mper atur e4 athaly vyitsaal
detect potenti al contamination. When enoughf bommabe wa



flask walls using snehehitednwbederdst nthssterilized fi

from fungal colonies using vacuum. FungrRall cobhatnhuddewas
macerated with a steriliz¢®&.pestle with 5 ml of Biolog
To inoculate the PM arrays, inoculation solution was h
a spectrophotometer (DuE 730, Beckman Coul t elrl) ,t oacthhieev i
suspensdmtnaiidwesi red OD admamdifmagttuoer d8s protocol . I n a
glucose and potassiumi pthimes pihrad culwem.e On xe dt he i nocul ati
it was transferred tPetmni spkeatei aad waRD r il pdeetéope enaocchu | wer |
of the PM on a series of triplicates per array. Pl at e
nor matgi ghitght cycles, and stored in a plastic container
Once wkaM nocul at ed, data for the growth of fungal col ony

OD at 750 nm using a microplate spect rEop heoteame t2edr hroaua e
35 dahe. aratpoint was measured one hour after -inocul af

Il to detect any |lcadretsamierrat icchhre,ckpd daily before reading.

2.10 Genome SequenandgAnAstatmbba.

To obtain DNA f or ,bseenloentet esde gtuheen csiRredaii amrieSdM@&B MU fpr ov.
cul t umebDdAme difagl | owing the same protdcBNA dEstcr adteidoni na

Sequencing.

For genome skENAueaxt magcti onCawane ns Adlitladbymat e at the Evo
Symbi osi s It @wbdaeantoammrey ,Quebec sequenci hgDNAcwds tye dQareded

usi ng lddqumd mca cmlgn ol odlpya$eq6a00 sequendiNAg i bbstarumesntwe
constructed by ®GenbmewsQamg etche NEBNéx tDINAUILtitba ary Prep
l'1luminaE and sequenced on an |11 umi nmap NpaciarSedr e@@&0 (
Carmen Allen prtoboaemssadrehds with met 20RA8F Inod&lud e Wroi t s
original reads. The genome was assenebtl ezldlwgingGemotmaeSF
annotation was perfor med using Funannot at e pipeline

compl eteness was evaluatedets2B0h2gl )BUSCO v5.3.2 (Manni



3. Results

3.1 Phyl ogenetics coReti@mrmoasel <cl ades in

A total of 84 new sequence s twarye afeomepdndtodfd d TS whi ch

33 are sequences derived from environmental screening i
27 and LSU: RQGR dmpllief 4 @&iSilonot producd raomy auwseanhb Ice cdud tt al
The single |l ocus Ek®Y &6I6i gsnod mtt ecscomsiitsht 1056 character s,
variable sites and n¥>2% niaete edfep.satr mbd the h Y fMBre +Il HSa#4vwRads| at e d

by Model mignrdeased omheAlLingle | ocus LSU alignment consi
characters, 639 were constant, 301 weéméov alahted bifedestsi t es
model f orT NS+ IwdlishtreR2concat enac¢c edeibsfi ghhmegdfiet 51 t axa with
characters (nSSuU: 475 ;,whiTSh wke® Rl cbsBakds &) tveaB i abl e si
an820 wearresi-mphgr mathevdet. t Tihed el pENe glen®@4 wfasrr | TS, TN+F
LSU and K2P+Thd odi fnifSssrdelnec emodel sel ection and si-te char

| st rees of | TS and LSU, and the concatenated alignment
dataset, having morleacseguerses han shegktencatenated tre:
The riensgul phyl ogerdetoiia x itmuenes Li kel i hood anahgygateasnad eidn ¢
NSSU+1 TS+LSU and LSWRedtataasieitdse reicoiveeph geomumse loofngi ng t o

lLecophAmgpuilosiomal ade@Orwiit hiawmeaeurring with earlier propo
et 2a012.0, Magz@i6a, 2017a, 2017b). Multilocus phylogenet

a monophyl eti c Lcelcaodpeh-Awiptsioismm miald e , however, the LSU phyl
Amphosama pol ypsiy it éatei cphy| B8geay @FQ20VHe concatenated t oy
recovered the same topology eds(a2@20pimeFippwweeprtedLBY B¢
ended up producing a diff epreenvti auwsployl onggn.ttihcame d n( Rihge. st |

Thi-ong sequences dceaurlitweRde sfiradm a1 apgceldd gposmhbsver sur face
ofUmbi | ispeglt. T&; 185y, f or mesdu pppoweleld cl ade in LSU (99.7/1
phyl ogenies (B9.2éeK&BHRAI4GHbt as sibling Reltaidaemiedsse rt ha me

nom. pesee. section I4T,S Tpehxyd magmyR)y. Cc reEe MEo@MISUST OV. i nh a sing
with high support (92.1/74), sibling to the ARet 80 ¢
support in all phylogenies andRunc¢cgesomeamt pk olvagy swictomisr
a new s®predidcesictrhiibse dqssteuedysecti on 4, Taxonomy) .

Eighteen sequences trddResasd affi am| attheed sfanmem mi crOohabitat

LSV , formuppwowektkd cl Rdebevbbtkdngud osequence KY352466 (
223460) with 99.6/100 in LSU tree and 100/ R60iIi ami udhe
canademgan.s psee. secti on 14,S Tpahxyd magreyR)g.amadenwvoan.s prov. i n



single clade, sibliRng btoowiacotrihpdeaistqumadeb)yReladtshpi.ruesl at e

AHRet 12 produced from environmental screening.
The only avail &bl bos e gwenrese g fotny ppeh ec velxt ure strain produ
et (a2017a), and consists of tBy pdarSc hansdi nlpSeUt bgedRnteex r ree goif c

bovicornoméews sequences of t he samedtav acdnapbdree |tohced nvmecrle
di fference betweendue et d wou cslpeatiiedse ambi gu.i tCempami nd e
the | TSRr egamadoemm.sipsr ov. -38 frfealse dtyi &&s. cboonvpi aer oer gnputet ou s

sequence KY355866G,ucdredtisles compared It tthhe gada uacfe dt ts
gene, exists a discrepancyRinbohiebetmwktews t e sequencesrt
by Magya®l0l1l17a) and the newly generaebelt séeheenae¢, ndinef g
sites. Takinghiatdi it ehiea OSSR, canamemsi prov. RLiffers
bovicotbhyltlbrucl eoti des with Kayn3ds 24® 6nusé qwd madeshe newly
produced s6&fguenceéedbe phyl ogenetic support in all tree |
dat aR. camadden Pirv V. i s consadiBddescrani nedv spetchies study

Taxonomy) .

3. 2 Environmental screenRegianvesls the ubigq

A total of 177 sampl es wer e Rectriegerhielgld evi 2 h; shbeSidrne Ipirdm
90 grow on rock or soil (75 saxicolous and 15 terricol
weroeadj acent 3Tolhstwhatcd,fomeoibardlebnwasramphhbel osphere. C
the 177, 89 sdmpPic®s pp cd dasstse fobeendd na sTag,blaen® 88 produced a
in gel el ectrophoresesvsasmr pddereapdsieffued cdDMgf,eoknta fungus
Reti arBB8ssequences succesReftulpdryipraonpud §d eldutDNrAo ofequence
45 sequences were nottemusa@rbd lep dfh ougdiRemeadN#diisd haenyp [wiefrye
not suitable for further analysis due t-®pacihfiighh Siutmdsr
poor quality.

The 88 screened samples that yielded a band account fo
' ichens;onlpdhyblaroks;phere) and rockoBBe(Bbcoeshwbneofsmalhehi ch
debrhkisgfiopf these samples come from forested ecosystem
Temperate rainforest to Boreal forest in North America
and Subarctic tundra. From tRetpBequewns esam@lDe sloir@B ems p
18 saxicol aoHi Wa&rck e(hBBYNnldd u2d)i.nigh h é els®S p hy lLoegceomynaogfu st h e
Amphoso,mat he anal y§@&csl ardeseicstoRien edre purses ot abh g v el esvpeelci es
lineégdgGedyg. Based on current sampling, putative species

their substrate, occurring in distinct geo@raphic regi



Whil e t hepegceinfuisc primers patwmwmepdi Rept hgrNAUWsi enc teinwe r onmen
sampl es, seven sequencdetardpulpigsfiiede DANDA ol le imaodiéta: 5 8
froPnar motr ema neersitrsatiwigjhanidiok i a hown i n treeRet 618n ftrhoem c a
Par mel i a stihlec BtLAASTt semechihg gdrs tagAfmpnhiotsya mido | abpuit]l adoe s

not align within thethteree)(daThr excdageadndfeccapmlkagus n t
AHRet 96 Pol ymaafpgmlnyacardat 77 fr omCtr la¢ agwuls aRhedt IAIH3 fr om
Lobaria pulmRéna6i hor-ansp mormmtedd c lLede phiagtuer. vietan mit el & as e
of -Reédt 77 aRdat IAH3, both segeatmersamgd ofupr moa c¢cl ade with h
Lecophagus |l omMbéespwous emai niRed 6delfraledntciepg r iAsRde t AH 2
froOetrelia caentprlarfiiceidd eBMNA bfidomceoiRet 6dngieqAkBnce BLAST
EurotiomyaetReAH 12 amplified DNA of the | ecanoromycete

To explore t heReetxitamaijtu ¢t v evhb e¢eehn captured by environment

and not recognized as such, I sear cled di dfe@ew! matpechidug e s e
sequen®Red | @fainagd enmosm.s pr By . caasd creqmh upr ov . ashBuBlk AxSTearc
search resulted in 39 sequences deposited in NCBI as U
only two dRebisdsmpiedsaas uRectuildtruiadedde 7)6., TFHegs e sequences cCcoO
environment al DNA isolates, including s2txr mosol Ealviest €r

itter, roots, thiozomphierkroshélugseg aaisfiti)oom( mosses (bryo

Q

ndne from a water body (wawereppnodBBc dhada eseqlexrcepd
equenpédavdead direct submi Ret 0aniidddrdatt€atocauda r(i ,femsend
et 22010Chi,6B®irect s,u b i reRitlkanarda)et al. 2008), Frédoedti eaall,2)

Ger ma(nDyr eyelti @@ 2,2 )1 ¢ 4il gteotr i2a0d2,1 )Li t G Man&bs2a01ét 2a019,

Lyni keite 2adl 2.0, Mare|lti @QaDlg.@ @ s2a0l 3,2 New ZEedaolameat Ra0l1,7 )Nor way
(Kauser wabl0,8)and( NISAhewazell2idyabl e 96, Fig.

(7]

3.3 Carbnonr awteinl i atRet o@r i us

I tested the nutrient consumption on a sRrcanmdemhsi e t
nom. prov. (TBRMCEGZ)mmamd prov. (TSMC84) using Phenotyp
Speci fical dtyhwetli levzaaltu astneP b1 a ad\h B M dPM3B arcromyss,sting of
190 <casrobuoonce D5 androgenrespedbabiclairtbyon soconsebsst ed Pl
carbohydrates, amino acids, carboxylicdakcdbol $§ atami me
esters, and pol ymer s, as wel |l as amino acids, carbohyd
the nitrogen edoarmi em® @a@n disst i nor g apneipct iadnedsr,ogber soputrcec

sour.dde experi ment fwas oowarnrgi eedh eo utanuf awauheexrtdesn diends ttriune



due to the slow growth of the fungi. EveathaopMeattdere,was dc
results wererongbosiept b(eRRitge 9, 10, 11).

The results indicate that both species had di fhfaedr ent ©c
nogrowh h14500&dr B@n ssduchawh h21, and consgni QB0WFEI)gr owt h

I n the case of the nino ogwnh23dhwifcter$o, g et nhsebr bggrhacaessh 1 3

and conspicwouS9 gebpwyeh sltrai neWSMEBAuUuged ycambom|Isyour c e
moder an el §,doadngmroow 166 0L Fild., ).I11l t he case of nitrogen s
was detected on 39 n2)tromgderabergesw{hign 16, and no gt
of 95 2(Wotgablly, there was no color chanR.e deustsngson. pi gmen
prov. PM pl ates. TRhcamsadmmowmas pixecwep,toff or onEyamésnoe aicnd
PM3 B, which turned from transparent to translucent dar

changeoadwsiomedarly and senescent growth stages on PDA

3.4 Draft Ketnioamsiemss$c ennctmi.s pr ov .

The asseRblogr eoshcoemt wsr ov . is composed of 624 scaffolds,
calculated genome size was 36.32 Mb, GC oo nBtheShnGO o f 38
anal ysidsafThgenonmec a8t M|l gomp(lOe.t7ente sdsupl fcageneént ati 4%
and it is missing 2.7% ofbasedgemeAscomyBOEE£O0OPDRADAI ysi s

4 Taxonomy

4 Ret i acranuasd etiise rsec a, BelToSprkihbom. &pr ov.
Fi g7, 81

Hol ot gpeada, Al berta, Pincher Creek No. 9, Castle Provi

hill. N 49.429500, W 14.379278, el ev. UmbOmi aasi b. phae
infet nagpeoalel en grains, June 06, 202CBSAl1BNArksal atealt
AHRet 208. Hol otype to be deposited in CBS (Westerdiijk

|l sotype to bRAAM@oisCaraldiiaan Coll ection of Fungal Cul tur

for Gl obal Mi crofungal Biodiversity, Canada).

DiagndosSi mil ar coniRcitd ldrosvhiacpoeb ottiot ds f f eri ng by having s m:
shorter -25i pes13818 Om) and sh5o0rtes-2na86ns Om)25 as well d
mi crohbdbweat s@Wnfbaddsqpmr.i as phyl |l osphere).

Et ymol mgryadeRefiesrs to its initial detection in Canada



Descri Sbmahi c twyeglhiaree ,7 40On2 wi de, septate, straight from
moni l;i eai ml h-y ©ma ewi @ e , erect, monilifor m; somatic ce
Coni di ophorceosnialbisoagretniosisi ntercal ary in somati2z.c5 h®mphae,
Conisli aurosporoulsikea,rissmeotum hyaline; @HAS8BAdB) obseryv
(25). 8340427 (7) Om (n=58); stipe straight oR(8kpglatiy cu
(5.213889(1103-)5 &H..46.383) Om (n=58). Conidium mai8ph axi s

septate. Conidial a3 M3 cempitadeypwampaes), n2B3a4B8HKh4e. 1 i ps,

) 656(. 5) Om (n=116). @©hl3&.aA7.d70 Ge. e ® snodkprdo wn .

Culture cha(26tdaiysthats21 AC) :-1Z.02 omm eisn ochi Pt drl,. 2col o

rangi ng nferroenwiucigrédoy , becomi ndeaphulnédre olasrgdiiniombeous, text ul
velvety to floccose, convex, wrinkled to sometimes col
irregul ar; exudate absent ; solubl e pigment dark brown;

Col oni es elnl . BA mi 5Sitrer di a&méd or s h a dtiels tberud nvgtha g eod ir fo,m

some mes with dwelkl anegewes; otfexture fine velvety to floc

wrinkl es; not raised to pulvinate, margin from slight
sometimes with slight dark soluble prgdebhy; medivarse col
Di stribution Rend abBximdsbgman.s prov. is known from the Thor
Rocky Mountains in soutfiwddmemamho€Canaaedr, | &velw@aBGigol at e
the | ower | $ gshbemiciel idfphaaad.t orrgfadtnd ecti ng Ppolalcemegr ai
(Fi g8).1The ecosyst emsn avdteenusess ar-e foDassdh! a®ut hern British

nomwteltet n Mommawaft hern Al berta.

|l sol ated strain localities:
CanadaBriti sh Col uSmhnid,k alGrkeeema gReengi on al District, East o
W 120.282587, el ev. 1020m a.s. | . Umbisloitcdarreicaf Afc@t itnhge |

Pi nacpeaalel e n, Agurgauisnts 08, 2024yl tAur eHuEB®HC&H8BNA, | solate AH
Ret 121; A. Huereca & C.C. All eRettkPRure TSMC89, DNA | s

CanadaAl bert a, Pincher Creek No. 9, Castle Provincial
49. 429500, W 114.379278, el ev. 154WUmbal sclari apleatadqgf
Pi nacpealel en grai ns, June 06, 2021, A. HueRetcaQ7;cuA.t ur

Huer eca, culture TSMERIe0t32,08D0NAA. | sthulearteec aAH cul tur-e TSMC1
Ret 209 ; A . Huer eca, cul tur-RetT2SIMC,10A ., HyuNsA T Bl 8sebCl 1a0t g, | tADHN A
|l sol a-Ret 2AH2; A.cuHuearreec ar,SMC108 ,-RdDtNA13 sol ate AH

M p



USAMont aStar,y k &t i | | wat er yRiedge N B&8st68df362t,r W 114. 759470,
i solated from t Wenbuh @ eoa & igd fdaonfdeicotfd opegalel en gr ai ns, April
A. Huereca, cuCBSre¢lPDOME]LlCD Rette 1/H

4. 2 TaxonomnRe tniodbr@isuisc o rsnpug auises compl e x.

Ret i @rainagd enrosmi.s prov. had sgnomiplha®l odpopnvii daca®n u tr & ybauyt & e
di fsfersize and septation. The for-mer xh® 5svd4d-I¥H&- Toni di

40.7 Om, | ongkB0ISt)i pda3.8819DPm, |l onger and nay3Io5geoOr) coni d
I -3 vs -2138[.646 Om, and more 9SePitasd idp) .arlms ,t Re2 cabapaé
l onger and narJOowkr3 avrsns8l $-@KK°0m; | onger and-2max3r.cswer st

vs -8398.5. 4 Om, more sSep) avsdlstape, mBre sepita8i@ ar ms
4) .

Reti dmivizxorsuthhe most documented 8)pletciweasscod betdef gemuSo |

Africa (Olivier 1978), l ater reported from Japan (And
(Kar amcehtagadl 2 1, Srti @bl a6, Sridhar & Kar amchanh d2ad20®039 ) , It
Ger many, Hungary, Romani a, Sweden (G°nczeol & R®vay 20
France, Great Britaetn20l2axembdbodr\ge f 8zZmaa lSa |(vFaBn&n 8Smid & zh

202 Hpwever , it appears the species concept has been ap|
mor phometric data reported, which suggests the possibil

name (SBtaradIl20, R®vay & G°ncz°|l 2010).

Mo s tt hoef pr evi ousliyl |cuistheeda tset.ddibeasv,d fthourtn ufteums ,pr ovi de measu
(TablBarstl (a210.20) studied European samples from bark, r e
more cylindrical, narrower stipe than the type protol ¢
similar in shape but slightly smabloargtli®&n Vi he@OotOyipe ha®
shapei ébaunspi cuously small er than tRhe btowp & .€CrSO/nY yFg02n6e9 8Wa, s

ot her sampl es weR. e #&dodvn sciodbaRustftica $ ¢ o.r nlun ucsontrast, two st
descri hed acdmvel oped from axenic culture: Ando & Tabuki
from Peru, both with conidial arms boshiwkitctchktBavatk er

(2020) consRde#ofothemr astus

Reti areivmaya® once thoughtR.t hové ca RPahms &f G°ncz?©°l (2011)
the community of canopy fungi occurring RN khaowigsor mutawn:
in al/l treendsbpdk cofesalalndt wig sampl es, especially in the
R®vay (2004) R.I swowied @arcrwatdinswat er of stemfl ow sampl es.
studied t he fungal communities associated wi Rh rai nw
bowirmuwas detected. Accetr dah@1l 7tao) , Masgoynaer i | | usRr ated ¢

bovicolimuttthse previously mentioned. stredlalyigse acpeail ¢y wa



formally described &t o2l 1Huan)g,arayn d( Masgtyearr Lugpmbbedg and
Af rbgaBat a(k2l0.2wh)m o eidsco me mor phol ogi cal di fferences with

thetnmo believe that there are more spec#es with similar

I n additmonphol @ dniec al and phyl ogRenecancamdeimsstiigm aivi. o na nkde t
bovico,y ntuherys are found in i.f fcarmeome nrgpirsrvo.h atba s alesen onl
be associated with poll en dedpwesliltisng nl itchhde.nustha el nine uwrofmat drea
was described from the upapnedratseur fraecpeo rafe da nfgioors pae rwmsd,e v
trees and shrubs, conifers, palm petioles, and epiphyt
suUuraces «1tBaala2lo , R®vay & G°ncz°l 2011) , horeé¢y2n@@5 )h,oney

rainwater of stemflow (G°ncz°l|l MadRywatayad200), pa06GWwat d
phyll osphere (Ando & Tabukio 1984 ,etG202.2°|1 R&OVRPV &y G200
20320 stream fo&ma (SHEdrvm§Bh&ie&dii $ h2021) and epthyddli2ddspher e
Mat sushima 1993, Oé¢fi R0HDr6)1978, Sridhar

4  RBet i acrrieussc ethueurseca, C.TCSprAild emmomm& prov.

Fi go,20a
Hol ot peada, British C®Ilimnbikame®OhkamRagamwnalheDitstwni caf,
Bankier, N 4926922383837 W 1020m a.s. | ., Umball dttosdr iefdraocm au n

i nf et nagpeoalel e n, Acdrgatisri s 0 8 , 20,z0L )| tArduLEBMCBBBNA ,|I sol at e
AHRet 1H61 ot ype to be deWweosstietredd jikn FOBSg al Biodiversity
|l sotype to bRAAM@oisCdaraldiiaan Col | ectCaom doaf) FRu(dgaAA M@ | t ur
for Global Microfungal Biodiversity, Canada

Di agnoeRetsi amriesca@ntf d®€r sRdtriomrpiakd es Bhapadoeoni di um with
slightly to medium curved, one to two septa (rarely 3)
Lecophagus mlyvtiltall salrd poi no foutthed icdfdreir s i n s2har7t rm asrsm 218e |
34 Om) withybomeptsaendi ffere#ttrappohggys(poltlidrer trappi
mi crohadbweat o@mbaddasppr.i aas ol d manure) .

Et ymol ®rgggscemt wusef erence to its meseamblance of a cresce

Descri Btoiman:i ¢ : hyhytmdéd dem wh de,stsapgate sometimes slight

sepaarial WPmhwedeé, erect, moniliform; cells with |ipi
carotenoids or glwyegpateinv )l . KICareiackitd mmor es absent ; Coni
somatic hyphae,,3tmod t30Mo hiydtl @ainreosporshspedanoeal | antoi

tapering tips, smooth, hya-)indg€l3BEBI4() 4n)olt &.0M86s.€7r)v e@m (1



(n=39); stipe absent-)opOB@aAV(dy 2r-Addyed®m (O=239). Conid
axis strai ghotneegpltway si nwitthhe mi ddl e. Occasionally, an ad
found in either or each of the wapwaruwrGoendi d)ig8.Qa+(nTE 4wi t t
12.713)3-)84..35.(7) Om (n=78). CHIloady®HBa8s g T@é= oMol Brhown .

Culture char(@dt edraiysst iacts 21 AC) : -1Qalddninens ionn dF DeAmel Ge.r7,

shades r anlgg mg mfomamg esa Itneornan g e, becoming darker with sh
hazelmabhogandy, someti meaubduarrnk etri nwgietshy texture velvety wit
Colonies convex, wrinkled to compl ex, with irregular

pigment rare, orange; reverse colour slaZzme3 snhnmd éng rdbiuat b |
col or r angilinggkatb mormeenegnsa Itneorna n g e rarely bekaoinsbenogwnd ar k er
tinges; texture velvety in the center to almost gl abro
raised in the cgnter comapgicmosbkightulhdul at e; exudate ab

transparent t e rsalniggehtolry asbesleman reverse color same shad

Distribution R®&eti d&rielsstgyatmus pr ov. i s known from the T
Columbia Mountains, and Rocky Mount al 40 m na sbowd hsveas tleaw
was isolated from the | owdmbisluif(W picicaad.t ohegf actmdrcgémuy
pol |l en gPrianianc¢eai®f§). The ecosystBms cwhleocecnuruss are I-nterior
Heml ock and I nterior Douglas Fian#touther m nAkPeatthar hFiBg.

|l sol ated strain | ocalities:

CanadaBritish Col umbi a, Central Kootenay, Nakusp commur
N 50.27812%,. 79/0820, el ev. 745m a.s. | Umbisloitcaarreiéaf &4 c oan
i nf et hagpeoalel en,Agirgatisris 08, 20206ttt Ar e HUSBMESB &, -MNtAL 1 &0l at e
A. Huereca & C.C. ACB&nlt@mNA ulrseo IRasttveC BAH

CanadaBriti sh Col uSmbhnid,k alOrkeeema gReengi on al District, East o
W-120.282587, el ev. 1020m a.s. | . ,Umbg d litecdarededffrafcermat { hg u
Pi nacmealel e n, Agurgauisnts 0 8, 202t ul Aur eHuEesRIC&4, -FOeNtAl 117s ol At e
Huerewd ture TSMC86,-RENA1P9sol ate AH

CanadaAl bert a, Pincher Creek No. 9, Castle Provincial
49. 4295004. 3W79278, el ev. 1540m a. s.Umbiilsioclaati eadn pfleraoena nugn
Pinacpeodd en grains, June 06, 2021, A. HRetrkT2a;, A.ulHuwearee
culture TSMC91, -FoeNAl9I3solAMt eHuAeH ec a, cul turRet TOMC92A. D
Huereca, culture TSMEI3IAI95DNAMA.| HulCaME&® @BHEc U LIBNEMD el sTol at e
AHRet 196; A. Huer eca, cul tuRet TEBMC9 A, BMNAr ¢éc@| at el Aldr e

MYy



|l sol a-Ret ABI8; A. Huer eca, cul t URet THMCIA., HWNEAr d csa,l ad el tA
DNA | sol-Raette2 0AH A. Huer eca, culturRetPBNMC99WA,. MHulrlesal a
TSMC100, DNA -Resto20a2t;e AAH Huereca, duslotl aRet RSIECLI AL, HDMNA e
culture TSMC105,-RDINAL1Q sol ate AH

4. 4 Taxonomi cRetmaarkeescoefndm.s pr ov. Rvettiharoitiuhser

species and similar Orbiliaceous anamor phs.

Reti ariesc@otmus prov. is uningqse hiemvi heg ¢ emwsoendi albidadabsent
and produc-$Imggceoanni odei a, the shape and bnedasgwr efmeeanttusr ecsf 1t
di sti Rgui slpiecs es (Table 8). D. R.. sQpeva fielrc i(lalod7is8c)o rdneustcurs
the former designated as t he ashyapve ngf ttrh-gpiok e ratr mmeetde h ar a c
conidia, samdadmed, 2and s hR.rtbhomaiidernrld tsyghsa p¥ed coni di a w
t wo upwards curBedeprtrms, nanche2 mai rt a(®d1 G617 al)h eche s cMai gbyeadr
species closelyboeseRbhinegaanifta.e ,goenc zbowdalhi iwi isthhapiewhi | ar
coni di a. RHoweweadizfofedriss by having |l onger arms aRd more
revayaediffflasilmghger mai-5i{7 pyt a, (diatr2all2l, Matg ga8l11.7 a ,
Olivier 1978).

Among anam@obphi omytcwd especi esLexcfopthrhgugesusmi-$sapednoe
coni di Retliiakreieussc enmotnus plr.ovnavi(cTwleaarni s& G. L. Barron) M. W
Cephaliophor)a naanvdvceu Ddrcided qay ar , G. Mar son, Z. Mer ®ny i &

predatory fungi, developing adhesive knobs toR.capture
crescamtmus prov. infects pollen grains. Asidembeomot he
condaglenous cells produciln.g \ evroamodr.o Ineoarve ctulkamp eks@, vely (M
et 2016 a, Tzean & Barron 1983), as well for devel opi ng

addi tRi. orc,r e sncoenm.t upsr ofvr. dbnd i Mfaeldjanl. arviesrimt ool €ii a¢ aa md

sept aniitboh-23 12 .-%¥. 78 Om2 amnalptla in the ar s (nraarceolmyi a3)ias wh
are-32A%9 Om and consistently 3 septa (Tteawne&mBamiian al 9 &
are distinctly 1l arge86ddnd7 wdm hg ré8p)r (e@ Bsaerpall 2.0 , 5 Gkat g yaal r.
2016a) .

Mycoceros antR.nnMagyari,mouissi lainppotidtesnessp pi ng fungus, that d
Reti smpiewcs es by having staurospor caulsa peod i dii cah osi o nmo ur se pkera

i b hrdkiemensi onal growth on its secondary and-90enmnt i7ddry a
190 Om (&Magpat7b). Rekbar habbleymnamids.s i vnurssmc caot ain si mil
mi cr ohdwitthéeers i srmpiewcd e s, occurring on xeric bark fissure

(Baeal202.0, Mag3@t6a, 2017a, 2017bhb) .
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rious .depaclt&sdipumres pollen grains with | ateral cl e
ti alroiess it with erRetti,zraipdd ah alypHadatfFedpodde m2 t o
araamsd haviTng haap®¥hi |l e the copiddacefcomiedilatwierh si x
nnected to depxraict @idd almi &xsi sare hyaline at the beginni
orul ation, becomi ng -gdraeryk,er whteonwac w |t eukraec |dehohibiP mdAa r k

| amydospor est ho aRectwifnavitriiausst & rod alsyHdelxiancd . mmdyulme potenti al
pendent to water to captetr 0lddl)l.emd hEeOltiypieercul &3 e Sei
available at the CABIrtawlatterl g ,c alol sctgiuem,c elsuthawre bee
s systematic position is unknown, withbhsembdedessmushaf f i n
ri cos(pler pumabebsomy Setfebte RablI1.1) .

5 Di scussi on

1 High oc®etr anmreasiodhens from forests of Nor

aditionalReyt,i &reevposra smeofabout due to its coinspiwcabiuenc
om other fungal genera by morRétoil apgipwcs Thcsprsmehe {0
s presence in the environment without the need for c
e only record of the genus in North America is from

e fungal esommenicPiad eal maetadheaensa and adj acent freshwater

nada, with no species name assigned. Apraercto gfnriozne tthhaatt
tidrsimwsi despread in North America, occurring on | iche
rthwestern US, and northern Mexico (Fig. 8).

e use of targeted environmental scre&rmeitn @ mdrdavcehde ntso
d adjacent substrates, but this is not the only ti me

i chens. eHo(fada@®%)t erecovered five ficontami naemcoplsaguwence

si cforloam DNA extHRlaacvto poanrsmed fi lae ccaanpearaattai bbaatr pa,anomal a

barina sam®dnea |sattrdilgeoys ahypot hesi zed t hat t hfeumgicurr el

' ichen thalli could provide protection Rgtaipast ummycc
urteen studi-ecsal eseadnvi abngeent al DNA sequencing apr
biliosnmggeeérses to then catalog them Ascidmpdc dtna NfCeBd f u
able 6). However, after including them in a datase

cl asGribfiileidomyeeskewn here t Readtdqurilgsy 7m)e.l ong t o



The unclassified sequences were produced in surveys tha
from wvarious substrates. Eight B ¢ wid &iens u sdaempe cetse do ft hlen
mi crohabitats for the geentu2adl2.Bantkidadlzanh)d, saredn d Dy lelyd s mge r
et 2a0l1.2, Jehn20ilo7n, Lyrni2a0l20,d Marelti 220122 asMe¢ ndadlls5, 2019) .

Two sequences were -treeevsubdtfabemsnoground bryophyte f
(Kauset uwdlo.8), and leaf litter from &emi aweadutad nspoe rfaotuen dc
occurring-diathulmad environments, l'i ke the 2bZ1) odndagr i
irrigation ponds of tete&alr2®ns erTihes moMdr |situliyknangg occurr
indoor dust samptitteisngn anr eisibdentsieal house, antd aa .nur s
2010, Pietk 2a08.8) a

My enviremmerihmaling r es ulftrse g uednaocyautreoeenachet gb ol ous and s ax
lichens, a previously ReatriegReErtdiswdaismisclrsoch acdbe tteactt efdorf r om t

substrate of | ichensAl ttharukpls dptrde vsiooiuls | d/é lnroitss. epasns inlelde
Reti avraisuspresent on cortiafoheus cobfethiganrsil thsesc aguesreus i s pa
fungal community known as canopy fungi, also called te

their similarity to Ingoldian fungi (Ando 1992, Carrol
fungi appedispetsed by wind due to their spore morphol
aigych that they are aerti alf tseaampleicrpgs 8(uNedg @M 32100 5f act |,

Magyeatr (a2021) suggested that the dispersal mechani sm of
draining through the trees via stemflow, rainwater f1l o)
throughfall rainwater or condemusat i(dMmofdreitpgpi2rO0 Of)r. o M hli e
whyeti arsi uissol ated from various microhabitats ta trees
(waf et l ed tree holes), honeydew, phyll osphere, and s amg
1984, eBaradllzO, Ghate & Sridhar 2015, G°ncz®lt 2ARBWRW®Vay 2/
Ma g yeatr 2a010.5, 2017a, 2017c¢c, Matsushima 1993, Olivier 197
et 2a010.6, Sridhar & Kar aenic BaBll0.68) 20B6avgridhareventtss coul d
presence in water bodies, |like mountain stregamapaedd str
in ltrheol di an f ah gledl9(5D e sFceeDlasg B8idle v a-B&i &diii $ h202 1, Kravet z

The pr eskRetcieamifus ee microhabitats could be explained b

the bark. Tree bark is considered a natur al trap for a
di spersed spores I|like poll &n Maay ars 22D0OtE 2000 AJy sPolrlesn (|
commonly detected i n barsko, nsuccnhe tsiometsh aatb umadeakn ttl ey , a 8 me 6 5
poll en deposition. It has been shown thadat dadl6l7gn get s
some <cases retaining viable spores (Ranal 2004) . Bar
composition of the flora, identifying the plant genus

abunda@reen-mnan Waateringetl®d@@3, SStogmd14) . plrrevilbasly



mentieshedi es, wefreetreechcies the composition and pbamaktity

depending on the texture of the bark of theithrace aspeci

pollen is found in considerable proportions, someti mes
Lichens evidently c olbanmakzder et hael soou tceorn sziodreer eadf nat ur al t
studies (Carretl 1828923, &b ale9gorli) . For eatngloed,3)Sewgl uat ed
composition of pollen captured in different natur al tr
Their results indicated that -dmosspse/risiecdh B leslseahmp h.aefs capt

Carameel(8ll®.91) tested the difference in pohérsn, deeppal tti r
|l ess pollen in comparison to the other treatments. I n
deposition has been documediNtelol s Ed2GEHD) z2adhocumeamead s p
deposition in moss and |ichen samplers across a transec
mai nly detecting poll enPifcrecaBi npehl| ehdtoBaINd23 WwWeluhdapol

and fungal spores deposited on |lichens from Antarctica.

Consideri ng tkRieet ieacmnvudgymipgdeqrd nf epoil hge@n grains in tree n

together with pollen deposition on bark and |lichens, [
f areaching scenari o, tRet icoamiseesani rdemeat abnsampl i ng, b o
| arsgceal e sequencing, suggests that i tRetpamwsgehrtc eb ei no nfeo roe

the most commomi ffaamgus ifnor est s

5.2 Low occRetrieamcneulsifchens from the Canadian A

Lichens and mosses, both nat Rea i ampicirdochm bt t aps, addmismn
vegetation in polar environments. H orweecvoeviee, r Idiodfve g werrva y onr
ofoccur rodfetei ar iOhsthe 177 screened sampl es, 65 come fr.
Canadian subarathiRet aavthisasdett ieantifeadt h ens Ei6g8; Ta2h!l eThr ee

sampl e-Ret A3, 174, and 175, come from |localities | ocate
Cirblué, nonepobdbddabessequence usable foHowhwydHBgehel ) cf somd
611Aat i t uwcdoensaindder ed subarctic tundra, did produce a usab

at thatcdualtd teuxdpel ai n t he Rewi maami @ dreef t dientda@at.i dirheofabundar
plants in these regions is domingtwidn gb ywopoedrye nmliant sh e ry
evident absence of trees and annual plants (Peterson

communities that produaxred pwmadrteinc wibaurnédyaanit deyntf er nt rleies, e

I'n |l ower | atitudes afleasentetohéehdoiwroabhcrpE&lmmer atoenmu
forests, contributing annually to the poleltedad86pdsitio
Due to their aeri al pollination, these trees release
achieving their fertilization goal and thousands endi n;q



The amount of poll en per fyceraes,tv dtrhigeedt rdeep esmpcicn @ sqgn atnide t
met hod. Stark (197RQy/ bat dePponsuist §dFfye mper ate forests in
Fielding (1960) calPculradfleodmaemd G . Kk S/thuali es i n East Asi a
deposi Pionmemhmwiaf fesarl @. 2 k g/ HRar .tho klg7 .h7a ien X00.8a KE€AO&

Booth 2003). I n odrhter satme asPpteicmaetse s n® & akpmhi8730n ke / fhrao m
(Saét deBI8.5, Sekil@I&G)i. I n the case of the beotr €alb.9b6a) est
calcul aPedbéahlpsioddmaes an es2tdi.nmbatkeg/ohfa,19wh6 | e Doskey &
cal cul a8® dk 3/Plba riensainnfo.s ast s bhAods. One estimation stands
Hesselman (1919), in the borealPifcoarae paboidduiscesntaraundndb5:

tons ofevpeolyl ¢gReagardl ess of the qudmtridtsyjegesdpatéeérth [ at abu
t o ArheSdme of these pollen grains have been f(Miualol  pal
& Stol e 2017

The presence of exotic pollen grains i,sttbegAncti mabksEe
often associpateesds uwiet hs ylsotwems, transporting pollen | ong
| ow and high Aef t20l0.8() Roddhereawmposition of theskenpollen
qguant,i thcuetai f er s usually have laargd ers pe o mes eerttCredtQiBbern d t h
Jhndr yetz Ra#Bl2.2)Di f ferent geographic amdrares shavatkeedemwiit dhen
air current pat tlefrdirrsy.e tFk¢a2 0.2 R p mpdb atdhiantghs |l | en detected i
Sval bard Archipelago comes kmowmwaiyr ¢ ummot baber egl ands20
Canada, Scandinavi a, and Siberia. Cyclones play an im
transporting pollen of tree speci eb6Rotbsedaa2a0e0r8n .Ca nna dah e:
Canadian Arctic, stdidspersaggesni feat pbobhen is transpo
forest of the fNdicghao Itso & hSet otlwzned r2a0 17 ) . Levac & Barneouc
Larix 1larthen#di gh Arhet ipa,ailrii ke lpy ofvrimm ets Pi masBnc¢eal Can
poll en deposited in the same r e iaomp beatd Wa9®.@ me Nfitc bardl |. s a st
1978) .

Al t hough the availability of ppabhhdncowbfukdEsemmacounalt a
but not abundant, this does Rebi arpbahert hactow tet eof
di spersal of these fungi, usually thankstt202a)n EkRent
extreme climatic conditions of the ArcRétci arobld &gldadce e
suggests that filamentous fungi i solated from polar en
to witesttrablhde t emperatures (Robinson 2001). However, a
thReti eargsamy physiological adaptations to survive these
or if it is transported along withr omet pel beneah fbeses;
Arcti c.



5.3 Unexpected spRReitexirmiuNsemrtsh tAmerfi ca.

Prior to Reitiisawaisuuse pwpwn from four species described in
circumscribed R hsupem$s twiatrH gpeRspkboviesohbmdhussol at ed
| eaf surfaces in South Africa. Al most 40 yearsR.after t
goenc and@®lrieivag@aeur ring on bark fissures in Hungwpap®, seq!
straiRns bofvi amBnusupe,r fdglcacirng the Qebuki ofWMagy@esadlass

2017 &@E® only species descr iRbe d owintclmdredhicsiuegghu eintcse smoirsphol o

tohabt oReert | asmpiecs es, i ts phyl gpdn( Btaied BE2RGNE.0 )n.i t yer e, I des
two new Rpecaerandoem.siprByvy.caaswemt psyov., occurring sympa
grains ohothéeedndeUmsirlfia@ar iofEn CanRkRidg,2alnnd WIS h( t hese nove
t he gRetuisexipasnds to six species, one of them with a un

knowrn htto genus (Table 8).

The uRet bDésrmpiecs fic primers for screening envilreowane nafal

phyl ogenetic diversity.-dAafierdi selqueincgst hea soar ¢dsSi phy
revealceldadlerls t hat puteahteepseptcass and two new species i
mor phologically characterized (Fig 5). 't is surprising
could contain more than 20 species whewnexediogds ngr eav ircel
reportRed i aff Bumi |l arly, the recovery of 37 sequences dep
fungus, plus tRet aamiRed ulatrpi.ruesdsuggests that the specie
even higher. However, an est i rmxtiest onfoth opw smsainbyl ep ud uaet itvoe

compl eteness of these sequences.

GeograpiRiec¢alaiysws i bprieonowasy ¢dmntughedtion bEBur ope, known

Ger many, Great Britain, Hungary, ltaly, Luxembour g, Ro
Japan, Per u, South Africa, and Venezuela (Table 1). Thi
Finllaindhuani a, Me xi c o, New Zeal and, Norway, and€R.US, exrg
canadenmosm.s pr ®v . ca m@dncoemn.t upsr ov . , the newly reposbkdl pwyccu
fremvironment al s equeintchees . a WCsoenrsceey ucefn tmoyr,phol ogi cal char
coniditdne keyRdteiagdraixlemnibtmyj s notagwisgn bd espgeci es name. F

whi | e | oPektiinagroifdosii a on t he Umbwéyj ceonhdca with di fferen
than those of the new species, probably belonging to
environment anle reec r éeFnidgtbg 1)2.
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4 Dr aft Genome Annotation

e diversityofamhi It axlhmebeateens st udi ed i ntensivelktyailn rec
20, Qauti j 220220 Bhamg23), but genomic data has only b
mat-foeledi ng species due to theiAcenirguegcannither GBWS ClDe
e genkRaenei afiesc@OMUS pr ov. has an estimated number of
ze of 36.62 Mb. These val uetshavrae |Qaithhidl iac m@ owe ttehso,s e r
me of whivah!| adlilie eich s ubmi ssion ¢ ntahlbe hdBamikanet ywifel | i na
l'indwogsgmorl® 647 genes and 37. 71D.Mbernthowmdpg®ggd NNCBenedH 8
d 38.@B3x8BArMthrobotrysNeEBItD Mm@yl el | a 1Oi7dr6o pjeegnees and
12 Mactyd !l inaNCBonbpagd®sdb))|]iandh9dthogpagas and 35 Ml
echslerell ACBrotbopagasd) . Five orbiliaceous genomes
keAthagwat® 27 gem@Ek6é. 64i(MBuddi ngotnj aYd lesty £adl a,; D).

pt oniytllta9 59 gaennde0s.;4 ( BMMonacr ospori um Mae@rewp i il; 8)
enobwioZlW 81 gem&S. 02( Mbt 20 1;,4n @. 0ol i gowptdiHd79 gemdes

O7( adbo | i go,s pYa&mg2a0ll. Thgenom®.dact ylwamisdensot amwuwmtottahed,
nome si ze was r e pdrane da0I&.il )Thh €3 8a v6a3i IMbb i | i t-iyemdt-0othe gen
eding orbiliomycete wil/ be useafnuwli ,f cars fwetldr eal d oy or g

udy theRéioHomigpys af genomi c perspective.

5 Metabolic aspbes®»mmiper s may

fortunately, t he experairhemt athad oh d 0 8@ ted raigdnda ftietmes ti iso n
m. prBxreasmcdmoimus prov. using Phenotype Microarrays f a
e three replicates. Whi lger otwvitéhheofduege s b swhaslaiheseoer de wi
plithegs a.rGa Mmewt substrates whereawvobh hbywktamdus her evir e
pl i aadnesot her sarbliswo adfest he téohewgrdowlledincat eg hese r est

e unreliable and should be treated as preliTnhiinsary da
iscrepapoyewhsall y caused by inadequate maceration o
mogeni zed fungal mycelia in the inoculation solution.
ocul ati oinncohsesrugftfeiinesi ¢ Mte amdurntalofmat eri al availabl e,

ere no growth was recorded.

addition to the inoculation problem, there are othert
chnol ogy may notgebneiRsstuiiaraibd et ifaolrl yt,hePhenotype MicroA
st the metabolism of  ,tuoniicdeelnltuilfayr bnaicctreoroirag abnaissends on t h
Savageau 1977, uBocelgnniemtd®S8®d® )t o study ot her unicellul a
abBlt e(esteBaI0.5)I n the f owhleotnWwi 8g py ethmoiwédod h wlais| ameéent was f un

HpP



initialdwcawddh.euTgarlia.68) assessed tameef ¢ wumgiafh®nsnp egeri cevst h
l eading to highly variabl e omdnccladdmaeketnbsdi dpdy of hoerafgawm evtmb nt
the Phenotype MicroArray system havédhifwts tleeeeerd aandijloust ed
opti mepbobng concentratipni hoordachtepbédaives standardi zed
However, other studies appeared not to encowartiegust his
filamentous €unAdt eapleprep. ( Bt 2adId.hsd tdNidabdl ). 3

Anot her r eason htahvaet bgereonwthhi nndaeyr ed coul d be thati cociudiaa

flui avhdaaeathld have i mpacted the homogeneity in the inoi
instructions, fungal bi omass should be added to the ir
culture, coemdnidanmgycel i al fragments with a sReetriidrei usswab
because, at the time of the Rapiesmipmedates h@ar nloat iboere no f

because the cdrmantedtcdueiddsioamut ODtA)omad not been used.

Anotdiefrfwasl tie gr Rwetth parmduest méd | ength of time used to |
from plates. Accor disnpgr ottooctohe maref achtiem ofeuunigaatle db iaonnda st
i ncub@meir iomd,pilsatoevse rsrhecaudl de vbeer y 24 hours, depending on ho
period ranges from 6 to 14 days since fengiadupgpuaply e
Bl lemt eeitn2a0l1.5,etN&4&011.3) . I n Rehtei acragsuee wotfh  rnauttersi einnt  rmecdh a |
PDA or Potato Dextrose broth took over 30 d&eds iamiawen
was inocul at-wdl | npbathse, 9Mmost eafedt henes ual gteraadtye ss lhoiwn dgr o
morextending the time n¥edkay .0 Atoltlrecteddataf ttohe exper
in some wells, the amount of the solution was relativel

|l ost the solution due uDemwdporfatihenj nocut me ionl dhwi d n

5.6 Potential Renpilarcdaudsuons eat Cycling.

It is a fact that pollen is available in | arge quantit
grains, as Retthael caise 0$ded as an energy source becaus:
ofhi t roogseaame not reliably available in oligotrophlkic eco:
nutrient (Barron 1992). Poll en contributes substanti al

phosphorus to ecosystems and high conteghswahdpepol 200®a
Greenfield 1999, Fidti d0ld.K )20 B6 udMasclhaw»x esti mated t he
poll en rain events, mainly in coniferous forests, [
incorpor-8t &% @gl8a of0.n24t rkogg/ehna, o0Of. OprfOt & § s k ghhchsapdd O yPpoD 1

( Cheat 2a010.3, Lee & Boeott pall2.06B) . eseemated that pollen supp
0. P4 49 kg/ ha of-0n0%rlogkha O6f O0phels.pklpt lma, oangoDaddi um.

macronutrient deposition via pollen rain represents a



environments (Filipiak 2016), releasing high concentr af
and invertebrates (G®Goeenbdbi &l Rehd9 20 0R¢ r Zthluomi | Dtvasrkk kth9g 7
Wur zbaeth a0l1.4) .

How fungi can break down pollen grains and access thi
extracellular wall of pollen grains is composed of spo
(Brooks & Straw2al®%¥)8., Wiith this protection, pollen grain
however, fungi can stil!l break down pollen grains an
observations, fungal hyphae penetr @&trigemakecsypdaicegsi t e:
sporopollenin walls intact (Hut ehi2alo,m, &StBaarrkr 0In9 7129)9.7 , H1
and Barron (1997) observed that hyphae are attracted 1t ¢
them, wultimately penetrating via the Iysing of the poll
(1978)ednBRentaitaaryiplh;ae wi ll grow around the circumference
dorsal region between the wings oWvipirbde poliéwomusl mbacecddi
true appressorium for med, but a | ocal thickening of th
slight depression of the grainés wall, which suggests |
WilliLams) . Neverthel ess, more research is needed to unc
enzymes or physical pressure in the pollen wall
Nutrient cycl i nadgeriinveadl vniuntg ipeanltilsenand fungi is known to
as intermediate trophic | evel i n water ecosystems,; by
mi croinvethebeafaskpeil | en nutrients availabke 2alL7t,he ec
Mas cleatu 2a0l1.1, 20 1e3t; 2a®2.$ | Wureztb 28a0lh.dy . Fungi occurring in
al so known to access pollen nutrients ((MouécobiasdnR&ada
(2001) demonRBaxialt esd ,ithaad | esdtusmycorr hi zal fungus, i s ab
obtain nutrients, amBettuh ean ptemaliid faggrs .t Heemttho s experi mer
mycor r-ihneael ated seedlings grown with pollen had a sig
phosphorus content than those without access to poll en.
I n the case of Rathiogm tursi reqit, clyicke ng has get(@lt96be exry
hypothesized that canopy fungi were involved in nutri
nutrients, then interacting with arthropods, or establ
nutrients from t hrwautgehrf a(ldtc I2a0i®tUs t emf boawt el y, there is
a canopy fungi species involved in the nnuRertiiedngi utsr ansf
forested ecosystems and the avvasé¢ams| regsonalplod seog egpe
another fungal genus with an essential role in ecosyst
inside pollen grains.



6.Concl ussi on

In this work, | conf i rm atphpe npgr e Remrgdaeh magfll @t uhseh pAomielreinc a, i |
the descripti omewd ¢ wRetperin@s enmosti.s pr et i amksscent us
nom. prov. I'n addpeicofhjcuprngegenps oved Reot ibdeni atstues ef ul
environment, revealing its ubiquity iRetfioampiskesbdintecosys:
it was detected in |low frequency, dddespiatna tploeé | &@wnaiglr ab inl
in | ow abundance. Al s o, tr e e eah ehid rgohn meeméd cail e ss crriecemn ensgs @
i solated and formally dRetirdReEdenBesprandluai t@ mpordensi
including unnamed environment al segquences &RetN@BIi ust hi
sequences generated in studies of fungal communities
genomeedfi aarrielsscent us nom. prov. opens the possibility
studies with other fungal $peppPebighs d.chglcre taedd itthieo m,e matt c
the study of its enzymati c dnaicrhimpealrlye ra ndle-gphr wtteeistsefsu b giv
Even though the metRébbpil dnidesdessmaertr so fa nadfi ntgh @ hese fmen qib
cruci al i otghl & cH epthieanrl ialyss nutri ent cycl i nfgacitamsr fiaac imaiyt aptli:
t he tr amistfreageonf and phosphorus encl msedds icnhyptorlilde nf ugnrgaii
aquatic environments.
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Tabl.e L3 st of primers deveRedopead iHus drhd Is-53NASTdByT Stloo tpaarrgteita

LSU, T8 S2, nuclear Large subunit and nuclear Small s
Gene Regi Abbrevize 56Y36 Sour ce
I' TS (Forw I TS1 CTTGGTCATTTAGAGG!/ Gardes & 9Bru
I' TS (Reve Ret 4 I T CGTGCACTCGGCTTCT This study
I TS (Reve Ret5 I T ACGGTTGATGGTCTCG#/ This study
Vi llygsa unpubl i
LSU, 28s (1 LROR ACCCGCTGAACTTAA (Lab Websit
LSU, (2ReSver LR7 TACTACCACCAAGAT Vi llygsa & Heste
nSSU, 18S ( NS1 GTAGTCATATGCTTG" Gargas & Tayl
nSSU, 18S ( NS23 GACTCAACACGGGGAA Gargas & Tayl

py



Tabl ei 4t of voucher of speaniSS&Y,andSsaquerSMspligivdbgepyences are highlight
. GenBank Accession
Speci es | sol at e Country Voucher nSSuU | TS Lsu Source
Amphosomz 15940 France C-M 281  \yN15140 MN15140 MN15140 Baretl 2a0l2.
atrooliv 05.1
Amphosami 15740 France C-M_ 201  yyis5140 MN15140 MN15140 Baretl 2a0l2.
resinic 15. 2
;tmrpohoolsi"vm MH22103 France H.B. 91 MH22103 MH22103 Baretl 2a0l2.
aAtmrpOhoolsion KT38006 France G. M. -2 6013( KT38006 KT38006 Baretl 2202
Amphosom ’ Direct
ooy KT38005 France G. M. -2 0207 KT38005 Submiss
é“tmrpohoolsiovm KT22238 France H.B. 96 KT22238 KT22238 Baretl 2a0l2.
Armepshionsiocm KT22238 France G'M'#Z'QQOB( KT22238 KT22238 Baretl 2002
Armepshionsiocm KT22238 France C M'#4'99119: KT22238 KT22238 Baretl 2202
Bryorbili: MK51444 Spain E.R.D. ( MK51444 MK51444 MK51444 Baretl 2802
';le??gg%? KT22238 Luxembot H.B. 99 KT22238 KT22238 KT22238 Baretl 2a0l2.
%%%%?2%% KT21522 New Zeal OAC 108 KT21522 KT21522 KT21522 Baretl 2a0l2
Lecophag srcc 56( Not indi ATCC 56( AY63583 AY99705 DQ27379 James a
musci col 2006
Lecophag MD 1 2 Hungary KO7/36 KU95528 KU95528 Magyatr a
vermico 2016
_ . G.M. 281
Lilapila MT36752 France 5 114 MT36752 MT36752 MT36752 Bareatl 2a0l2.
Lilapila MK47341 Switzer F 54'8C17' MK47341 MK47341 MK47341 Baretl 2a0l2.
Lilapila MT36752 France 63'0“5"'1;21@71 MT36752 MT36752 MT36752 Bareatl 2a0l2.
Li |l opiulld s KT22241 France H.B. 91 KT22241 KT22241 KT22241 Baretl 2a0l2.
Lilapila MH22103 France H.B. 10 MH22103 MH22103 MH22103 Baretl 2a0l2.
Lilapil  yps2104 France ©-M 281 152104 MH22104 MH22104 Baretl 202
oculispo 14.1
Libapil yus5104 France C-M 281 55104 MH22104 MH22104 Baretl 2a0l2.
oculispo 11.1
Mycocer ¢ Ma g yeatr a
antenmat MD4/ MD5 Hungary BP 1051 KT18637 KT18637 T
My cocer ¢ Ma g yeatr a
At ennat MD3/ MD6 Hungary BP 1051 KT18637 KT18637 RS

P



Orbilie wM24a877 Germany H.B. 92 KM24877 KM24877 KM24g77 <haeg a
crenat oma 2015

Orbilie yrs1523 USA H.B. 67 KT21523 KT21523 KT21523 Baretl 28012
cucumi sp

Orbilie wmMrag77 Spain TFC Mic. KM24877 KM24877 KMm24g77 Zhaeg a
scol ecos 2015

Retiari KY35246 South Af I Ml 223 KY35246 Ky3s5246 Magyetr a
bovicorn 2017a
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prov.
Reti ari
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prov.

r
rn
r
s AHRet 12: Canada TSMC88 PP41412 PP41789 This st
i

S i AHRet 12: Canada TSMC89 PP41412 PP41789 This st

E—

S i AHRet 20 Canada TSMC103 PP41413 PP41790 This st

S i AHRet 20! Canada TSMC104 PP41414 PP41790 This st

S i AHRet 21: Canada TSMC106 PP41414 PP41790 This st

S i AHRet 21 Canada TSMC107 PP41414 PP41791 This st

S i AHRet 21 Canada TSMC108 PP41414 PP41791 This st

r
S i AHRet 211t USA TSMC1009 PP41414 PP41791 This st
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Tabl ei Svoo€é€her of species and sequehRtgdNewssedquencs88 phel bgghy i ght ed
Speci es Il sol at e Country Voucher GenBank Acc Source
Amphosoma atrc MH2 2103t France H.B. 9162 MH221036 B aretl 2a012.0
Amphosoma atrc KT38006 France G. M. -2 60130 KT380069 Baretl 2a012.0
Amphosoma atrc KT22238 France H.B. 9631 KT222387 B aretl 2a012.0
Amphosoma recs KT22238 France G. M. -260130 # KT222388 B aretl 2a012.0
Amphoss®ma
(Amphosoma per MG38609( Australdi CBS 14317 MG386090 Croast 2a0l1.7
nom. i nval
Bryorbilia a MK51444 Spain E.R.D. 69 MK514443 B aretl 2a012.0
Lecophagus el KT22238 Luxembour H. B 9902 T222385 B aretl 2a012.0
Lecophagus | o KT21522 New Zeal a OAC 10849 T215220 B aretl 2a012.0
Lecophagus mu ATCC 560 Not indic ATCC 5607 DQ273799 Jameg 2a0l0.6
Lecophagus ve KU95528: Hungary MD1 2 Uu955283 Ma g yeatr 2a0l1.6 ¢
Lecophagus ve KU95528. Hungary MD19 KU955284 Ma g yeatr 2a0l11.6 ¢
Lilapila ju MK47341: Switzerl a E. S. 1 74.80c6 MK473411 B aretl 2a012.0
Lilapila ju MK473411 Switzerl a E.S. 1&.801 MK473410 B aretl 2a012.0
Lilapila ju MK47341! Switzerl a E.S. 1&.8m1 MK4734109 B aretl 2a012.0
Lilapila ju MH22104: Switzerl a H. B. 1012 MH221042 B aretl 2a012.0
Lilapila ocu MH22104: France G. M. -pe11d6 1 MH221044 B aretl 2a012.0
Lilapila ocu MG37237: France G. M. -Re11s6. 1 MG372373 B aretl 2a012.0
Lilapila ocu KY41917: France G. M. -p 83105 4 KY419170 B aretl 2a0l2.0
Lilapila ocu KY41916'" France G. M. -R82185 4 KY419169 B aretl 2a012.0
Lilapila ocu MH22104! France G. M. -pe1116 1 MH221045 B aretl 2a012.0
Lilapila ocu MH22104: Switzerla G. M. -200186 1 MH221043 B aretl 2a012.0
Lilapila oct MH22103! Switzerl a H. B 1012 MH221039 Bared12.020
Lilapila oct MH22104( France G. M. -R83117. 2 MH221040 B aretl 2a012.0
Lilapila oct KY41916: France G. M. 88051 KY419168 B aretl 2a012.0
Lilapila oct KT22238. France G. M. -261191 1 KT222384 B aretl 2a012.0
Lilapila oct KT22241 France H. B 1162 KT222413 B aretl 2a012.0
Lilapila oct MH22104: France G. M. -283117. 1 MH221041 B aretl 2a012.0
Mycoceros ante KT18637 Hungary MD 5 KT186370 Ma g yeatr 2a0l1.7
Mycoceros ante KT18637 Hungary MD 6 KT186371 Ma g yeatr 2a0l1.7
Orbilia fle KT21522 Croati a H. B 671¢ KT215228 Baretl 2a0l2.0
Reti @mivigsorn KY35246: Sout h Afr I MI 22346 KY352466 Ma g yeatr 2a0l11.7 ¢
Ret i abrowiscor ni AHRet 215 South Afr I MI 22346 PP417913 This stud
Re“a;)'r‘éfllcana AHRet 121 Canada TSMC8 8 PP417895 This stud
Ret'a';'r‘éf'llca”a AHRet 122 Canada TSMCB89 PP417896 This stud
Ret'aci)a'r“éaf,d.e”s' AHRet 208 Canada TSMC103 PP417895 This stud
Ret'a';'r‘:)f/.ca”a AHRet 209 Canada TSMC104 PP417896 This stud

n

b
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Lilapila oculisporefla MH221045
Lifapita oculisporefla MH221043
— Litapila oculisporefia MG372373
Lifapita cculisporefia KY419169
Lifapita oculisporefla MH221044

2897100 Lifapita oculisporefia KY418170
Litapita jurana MH221042
Litapifa fjurana MK473411
Litapifa jurana MK473410
Lilapila jurana MK473409
93.4/98

Lilapia oculispora KT222413
Litapiia ocufispora MH221041
87 /96| Lilapila oculispora MH221040
Lilapila ocufispora KY419168
Lilapila oculispora MH221039
Litapila oculispora KT222384
| Mycoceros antennatissimus KT186371
100/100 | Mycoceros antennatissimus KT186370
— Amphosoma sp. MG386030
92.9/75| Amphosoma resinicola KT222389
Amphosoma resinicola KT222388
Lecophagus ellipsoideus KT222385
L ecophagus muscicola DQ273799
Lecophagus longisporus KT215220
86/79 Lecophagus vermicola KU955283
9 Lecophagus vermicola KU955284
Amphosoma atroolivaceum MH221036
Amphosoma atroolivaceum KT222387
Amphosoma atroolivaceum KT380069
Retiarius superficiaris KY 352467
81.7/951 Retiarius bovicornutus AH-Ret215
Retiarius bovicornutus KY 352466
Retiarius canadensis nom. prov. AH-Ret121
Retiarius canadensis nom. prov. AH-Ret122
_l Retiarius canadensis nom. prov. AH-Ret211
Retiarius canadensis nom. prov. AH-Ret212
Retiarius canadensis nom. prov. AH-Ret208
- Retiarius canadensis nom. prov. AH-Ret216
Retiarius canadensis nom. prov. AH-Ret209
Retiarius canadensis nom. prov. AH-Ret213
Retiarius revayae KY 352465
Retiarius crescentus nom. prov. AH-Ret119
99.7100 Retiarius crescentus nom. prov. AH-Ret120
Retiarius crescentus nom. prov. AH-Ret193
o1 7i4aRetiarius crescenitus nom. prov. AH-Ret117
Retiarius crescentus nom. prov. AH-Ret116
Retiarius crescentus nom. prov. AH-Ret200
Retiarius crescentus nom. prov. AH-Ret197
Retiarius crescentus nom. prov. AH-Ret202
Retiarius crescentus nom. prov. AH-Ret196
— Retlarius crescentus nom. prov. AH-Ret201
Retiarius crescentus nom. prov. AH-Ret199
Retiarius crescentus nom. prov. AH-Ret194
Retiarius crescentus nom. prov. AH-Ret192
Retiarius crescentus nom. prov. AH-Ret195

76.8/88)|

99.4/100|

96.7/98
99.8/100

99.6/100

o277

0.02
Fi gMaxi mum | i keli hoodRehiyhApbnigeaelet dicn ¢glr o phiagpmo & dhmea
clade Mpodcer ansOrnbgi | i aad | avi daoup based on LSU. Only
correspormdirng sIIhport O80% and ul%.r aBalsd shepuerntaesp ismdipc
from this study; others are from GenBank.



Amphosoma atroolivaceum KT380069

a7 /98 — Amphosoma sp. MG386037
‘ Amphosoma resinicola KT222389

98.9/100

Retiarius superficiaris KY352467

99.8/100

Retiarius canadensis nom. prov. (9 seqs)

Retiarius bovicornutus KY352466
947199 petiarius bovicornutus AH-Ret215

98.97100 a8 oa[— Retiarius sp. AH-Ret72 Sticta sp.
Retiarius sp. AH-Ret82 Bark Picea martinezii

Z Retiarius sp. AH-Ret24 Parmelia sulcata
Ret 3
Retiarius sp. AH-Ret26 Alectoria sarmentosa

Retiarius sp. AH-Ret161 Umbilicaria cinereorufescens Ret 4

89.1/-

Retiarius sp. AH-Ret17 Umbilicaria hyperborea
Ret7

Retiarius sp. AH-Ret13 Umbilicaria phaea

Retiarius crescentus nom. prov. (21 seqs)

957/ 96(92.1 /-
Retiarius sp. AH-Ret45 Parmelia saxatilis

100/100 | Retiarius sp. AH-Ret176 Umbilicaria mammulata Ret 8
Retiarius sp. AH-Ret61 Parmelia squarrosa

73“38 Retiarius sp. AH-Ret54 Bark Unidentified Ret 9

Retiarius sp. AH-Ret60 Bark Alnus rubra Ret 10

98.5/-|

Retiarius sp. AH-Ret34 Hypogymnia bitteri
Retiarius sp. AH-Ret49 Stereocaulon grande

8587997 Retiarius sp. AH-Ret37 Bark Abies balsamea Ret 11

Retiarius sp. AH-Ret36 Melanohaela exasperatula

Retiarius sp. AH-Ret28 Tuckermanonpsis orbata

Retiarius sp. AH-Ret42 Umbilicaria hyperborea Ret 12

Retiarius sp. AH-Ret9 Hypogymnia physodes
Retiarius revayae KY352465

Retiarius sp. AH-Ret51 Bark Picea glauca

Retiarius sp. AH-Ret19 Umbilicaria deusta
Retiarius sp. AH-Ret106 Platismatia norvegica

Ret 17
Retiarius sp. AH-Ret171 Lobarina scobiculata

Tree scale: 0.1 ———— Retiarius sp. AH-Ret166 Parmelia sulcata

Fi 6 Maxi mum | i kelihood pohydlsbg2 nreegicong eef 1dBLi ronment al
wi t h cust om RpertiinaeriwiAdrfhchro s sma . as outgroup. Oonl vy val u
correspofmdirng sSihport O80% and ultrafast bootstrap supp¢
in this study. Color bars indicate the |ineages that r

T



Amphosoma atroolivaceum KT380069 .
95.3/99 Amphosoma sp. MG386037 .
Amphosoma resinicola KT222389 .

Lecophagus ellipsoideus KT222385 (LU) .
Lecophagus sp. AH-Ret96 (US) *
88.9/97

100/ 100 293/ 100 Lecophagus vermicola KU955284 (HU) .

946/99

Lecophagus vermicola KU955283 (HU) .

———— Lecophagus muscicola AY397058 (-) I:‘
— 836/ -

Lecophagus fongisporus KT215220 (NZ) .

{Lecophagus sp. AH-Ret113 (US) *
-f100 Lecophagus sp. AH-Ret77 (US) .

100/ 100

uncultured fungus MF976575 (NZ) »

Retiarius superficiaris KY352467 (SA) >

025/95 ——— uncultured fungus MF976582 (NZ) ’

uncultured fungus MF976602 (NZ} »

948/99 —— |

97.3/100 uncultured fungus MFS76764 (NZ) >
98.2/100yncultured fungus MFS76071 (NZ) »

uncultured fungus MT236683 (LI)

Retiarius sp. AH-Ret12 (CA) 3:,\7

~d

1007100 uncultured fungus MFO78568 (NZ)

911/93 Retiarius canadensis nom. prov. (CA, US) (9 segs) T:?

Retiarius sp. MK794590 (-)

96.8 /100

>

Retiarius bovicornutus AH-Ret215 (SA) >

83.3/-
uncultured fungus MFO76553 (NZ) »

uncultured fungus MF976260 (NZ) »

Retiarius sp. AH-Ret82 (MX) .
D—Ren‘an‘us sp. AH-Ret72 (MX) Y
9311- uncultured fungus KP897539 (LI) >
199

057 912

uncultured fungus MF976658 (NZ) ’

uncultured Ascomycota AM901896 (FIN)
99.7 1100 }» uncultured fungus KU062216 (-) .
uncultured fungus MNS03183 (LI} ’

uncultured fungus MW163637 (IT)

Retiarius sp. AH-Ret26 (CA) *

uncultured fungus MF976000 (NZ) >
Q

945/ -

99.6/100 | uncultured fungus MF976263 (NZ)

8564109 petiarius sp. AH-Ret24 {CA) *

Fi gMaxi mum | ikelihood phyl dRegedn estmitihe<torpehea @glmis$ erse gica re emfe ¢
with customRetriiamidsee horr onment al sequerRedd aweiiptos ihtiegdh s
on GenBarmrkmp hwiselmp. as outgroup. Only wval ueasl ritn sburpapnocrhte
080% and ultrafast bootstrap support O95. Bold tips ar
tips are sequeRecteisasrgducsikensoownCol or |l egend indicate subs
Abbreviations for countries: CA (CanadaR, (GEF macehij nd),
(Hungary), |I'T (ltaly), LT (Lithuania), MX (Mexico), NZ
US (United States of Ameri ca)

y n



832/95

o0/ -

87| |

954 |

Retiarius sp. AH-Ret161 (CA) \::7
A
7

Retiarius sp. AH-Ret44 (US) ~
Retiarius sp. AH-Ret21 (CA) '~
Retiarius sp. AH-Ret17 (CA) “f 7

"
Retiarius sp. AH-Ret13 (CA) \L\:/

T A
— Retiarius sp. AH-Ret42 (US) =~

uncultured fungus MF976258 (NZ) >

uncultured fungus MG828147 (LI) >
uncultured Orbiliaceae OU498264 (CHI) .
Retiarius sp. AH-Ret60 (CA) .

Retiarius sp. AH-Ret54 (CA) .

Retiarius sp. AH-Ret49 (CA) \’:(

Retiarius sp. AH-Ret37 (CA) .

L| ©2%%| Retiarius sp. AH-Ret34 (CA) ‘Y

1.7 138

87.2/-

Tree scale: 0.1

g.Continued.

83.5/-|

Retfarius sp. AH-Ret36 (CA) *

Retiarius sp. AH-Ret28 (CA) *

uncultured fungus KP897503 (LI) >

Retiarius crescentus nom. prov. (CA) (17 seqs) \r//\?

Retiarius sp. AH-Ret176 (US) i £
Retiarius sp. AH-Ret61 (US)\L'/\\"/
Retiarius sp. AH-Retd5 (US) \"\\‘7
r— uncultured fungus JN905909 (FR) >
{uncu\tured fungus JN906140 (FR) »

Retiarius sp. AH-Retd (CA) Y

_Euncu\tured fungus KP897586 (LI) »
968794

Retiarius sp. AH-Ret41 (US) \,/‘.7

— uncultured fungus JN904969 (FR) >

Retiarius sp. AH-Ret51 (US) .
822797
uncultured fungus ON122975 (GER) .

L |eeanee| uncultured fungus OP467540 (L1) >
88.3/-

uncultured Orbiliaceae LR820364 (CHI) .
s2a: 10g

uncultured Orbiliaceae LRG603528 (CHI) .

uncultured Retiarius MW337596 (US) .

886/97| | 823/-

85.6/52
Reliarius revayae Kv35265 () ()

uncultured fungus MG827709 (LIy ’
uncultured fungus (L1} >
uncultured fungus KP897463 (LI) >
Retiarius sp. AH-Ret101 (US) *

o261 863/-

Retiarius sp. AH-Ret19 (CA) \{\I/

8.1 7| | Retiarius sp. AH-Ret106 (US) *
Retiarius sp. AH-Ret171 (US) *
120 Retiarius sp. AH-Ret166 (CA) *
uncultured Orbiliales 0X032132 (GER) .
uncutured fungus MF76653 (NZ) [

uncultured fungus JNS0642§ (FR) >

uncultured fungus AM399605 (NO) .

Uncultured Ascomycota GU931725 (CA)

A
5
=

Saxicolous Lichen
Corticolous Lichen
Leaves

Bark

Soil/Litter

Mosses

Airborne

Water Body

Resin

Axenic Culture

(NN ENeV*



@ Sampled Localities

Positive Hits
Fi . Map of l ocalities where screened samples of fungi
were screeneBepboiyt PLCR f(grel |l ow dots) . Based on Table 2



\3 o ® This study

\ © NCBI

Fi . Map of l ocalities of eRet ir areipwssti dleds @ qqu eNICABd s (@fr e e n
produced in this study (red dots). Based on Table 6.
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Fi g3. Map showing t heRedtiisacrainuasd emnosmn.s opfr oRv.. baorwd cor nut us
aggregate.



R. revayae
R. aff. revayae

R. cf. revayae

Type

¥ 0 @ O

Fi g4.Mdp ofi stthrei bdRid tiiomreiobhgagr egat e.



Fi g5.Mdp

ofi gthrei bdRe¢ i io&mrriedsx emmtmu s pPRr.ovg.o,enczoel i i,
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Fi g6.Milcrohabitat Zzfonsastuirocens.i na)baQukt er zone (lichens, m
mosses) ; b) Deposition zone (inorganic dust, mites,
amoebae); ¢) I nner zone (dematiaceous hyphomycetes).
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Fi go.Mdr phol ogi caRetfiemntiesse®mtmfis prov. A, C, D, G, :
B, E., F. I, J: colonies on OA; K: somatic hyphae;
mm, K: 10 Om, L: 20 Om.
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Fi-_@.OConiaﬂﬂ?atiacrrieusscenmtmus prov. A: Conidiwu in water
conidium on poll en gWnabiin iicna ru nSdceprhsausrafAa: c el 0o fOm; B, C:

GoT
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Fi gl.C@&ni dfi auni dReenttiigrmpiewls es occurring among pollen gr afl
Umbi |l i car(iaE @haleas A, B: 5 Om; C, D: 10 Om.
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