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Short descriplion 

M~corrhiza~ bhlCkish, rough, with soil particles stiekin~ lo tbe mantle. Emanating b~" 

pbae dark brown, lfu.'tribuled unevenJy. Mantle in outer and middle Iayers pseudopa· 
renehymatous. wilh rouodish eeUs. Inner layers w¡lb undj(ferentialed hypbae distributed 
with no discernible paUcrn altcm.aling wilh ring-Iike arnmgcd regions. Outer mantle lay
crs wilh roundish cells ovcrlaying groups of 2-6 eelL~ Emanating h)'pbae densely wartl. 

Morp/wlogicaJ c1uJractus IFig. 1): MycorrJIl,-al ')'.f/ems monopodial·pinnate 10 mO\lOpodl' 
aJ-pyramidal. 0-1 orders of ramifieation. 4-7([ 1) mm long. wilb ca. 16-25 side·brancbes per 10 
mm. uSlIally nOl den,e and ¡nfrequem. - Main axes (0.310.4-0.6(0.65) mm diam. - Unrtlmijied 
e/ufs blackish. cylinJrical, up lO 2.5(3) nun long. 0.25-0.35 mm diam.; nol carbonizing. - SlIr
face of 1mmmified ends mugh. Jislinct. nut tntnsparcnl. conic<l1 cclls nol viSible: "Oil partic1cs 
stieking lo Ihe nmntle: emanaling hyphae dan. brown and m){ ~pecilically diMribuled. - Rlzi:o
morph\ lacking. - Cnlidiu laeking. - Sclervlill 001 observed. 

- Amúomical c1uJraden of nwnJre in pwn víews IFig. 2): Outer and middle mantle layers 
pseudoparencbYlIIalous. hoth wilh roundish ceJl walls and plasmalieally brownish. c1amps, Cl\U
dal<,~ and gelalinolls malrix ab~enL - (Jllter mmlt/e /a)'ers wilh roundisb celb, wilh groups of 
eells overlaying the oulcr layer (Iypc K aecording to Af1FRFR 19X7-2()()h. A"FRFR & RAMIIOID 
2004-2(07) IFigs. 2b. e); mantle eells \5.5-25(0) flm long and 10-22(27) flm diam.. witb 
brown!',h contelJ1s. walls 05-] ¡.1m thiek and septa with dolipore Jikc structures. - Middle mano 
tic /aw'rS smootb and denser, ..... ilh roundish cells IS-3U ¡J.m long. 19-26(35) ¡.un dlam., more 
im:gular ,hapc<l in dcpth (Fig. 2<l) and unifonnly distribu((xL walb an<l septa 0.5.0.7 ~ lhick. 
browni,h conl~nlS presenl. - Inner manlle layen. pleclcnchyrnalllu, with cylin<lrical antl untlif
ferenlÍal~d hYl'hac. dislribuled wilh no Ji';Cemiblc patlem. allernaling with ring-Jikc ammgtxl 
hyphae. isolaled roundish edl> pre~nl (Fig. 2e); hypbal ce lis 37-97 11m long ami 4-5.3 pro 
dialll.. ",aUs and ~pta 0.5 ¡un Ihiek. isolaled roundi~h eell~ up lO 5-7.5 flm diarn. - \oh)' tip wilb 
features as main areas. -- Anulomical c1uJracrers ofe11UJnating elemel/ts (Figs. 23): Rhi:omorphs laeking. t.mal1a/· 
in¡¡ hrrhae IFig. 2a) straigbl. 6.5-7.5(8l flm diarn .. p[asmatíeaJly and celJ walls brownisb. walls 
1 ~ Ihiek. apical coos simple and roundish: w1th clamps and infrequent simple septa. clamp in 
<l"",al vit·"" Ihinner Ihan Í1s bypba. oval shapc: inlr..tbyphal hyphae no! ob~rvcd; anaslomo,cs 

-,G. 

abundant anJ diver;;e: [) open wilb a long hridge (Ilp lO 42 fJm long), 2) c1o-ed hy a septum wilh 
long bridge. antl 3) open or closed wilh very short bridge; ramifieations ahundanl: hackwards 
oriented ramificalÍons nol observed; surface den,ely wan)', )'ounger byphae lb' fre4uentl)' 
rough. - Cystidia [acking. - Ch/amvdosporcs lacking. 

Ollour reoction with dífferent reagents: Manr/e prefXlraliolls: Mclzcr', reagenl: n.r. (= nu -
reaclionJ: guaiac: n.r.: iron (Jll sulphalc: n.r.: KüH 15%: n.r.: lat·tie ado: n.r.; ,>ulpho-\'anillin: 
D.r.: toJuidine hlue: n.r. 

Autoftuore.~cence: .""m les/ea. 

DNA.Anal.vsis: ONA of the eetomyeorrhizac on cork oak root, wa.s eXlrdctc<l lIsing Ibe EZNA 
Fungi O;../A miniprep kit IOmega Biotek. Doraville. USAl aceonling to \t-\K1IS & GARUA
Flr.\fr:RF$ (I9'J9). ONA was resuspended in pre-warrned Sterile Ullrd Pure Water lQ-BIOgene, 
Franee). rrs nrDNA was amplitied hy nested PCR using lhe primer pair rrs [l-!ITS4B (GARDES 
& BRlrNS 19(3) fol\ow"J by ITS \/ITS4 (WHITF el al. 1990). Amplitication reactions wcre done 
using individual rcaclions 10 a hnal volume of 25 fJl wilh Ready-To-C,o PCR Beads IAmer .......
 
sham Bioseienccs. lin[e Chalfonl Bud.inghamsbire. EnglandJ as memioned in W"·K.\ ~'I al. 
i\998). The PCR amplifications W('fC pcrtorrncd in a Perkin-Elrner GeneAmp PCR Syslcm 
9700 (Applied Biosyslem, fusler Cily. California. USA). AmplilieatiOfl producl'> were cJeaned 
u~illg QIAquick Gel PCR purification kit iQIAGE.l'. Valencia. California. USA). When more 
lbal 20 ng/fll were obtained. hnth .strands were ~quenced separately using prirncrs rrs IF or 
ITS I and rrS4. wilh an ABI PRISM :1700 and lhe ABI Prism BigDye Terrnmalor Cyde Scqu· 
cncing Ready Reacliun Kit ",¡Ih AmpliTa'l OI\A Polymcra-e (Applied Biosyslem) at!he DI\A 
AUlomatic Sequeneing Sen.'lCc lSSAO. CIB-eSIe. \1aJrid. Spain). Sequenchcr (Gene CO<les 
Corporarion. Ann Amor. Miebigan. eSA) wa'> useo lO idcnlily Ihc eonsensus sequence from 
!he two strands. Tbe nev.· sequenccs have becn lodged in (be E\1BL <lalabasc Wilh lhe ;(s:ce"ion 
number AM92140. 

The sequence of "Q. 100ncntel/()U",w/alll" differed by [';¡' from TomcIIJel/(l bodia 
ílIOBOO1656) (2 of 5~5 ~ile~), by.'í'k from Tomen/el/a badia ILDBOOO96l) (5 of 519 si¡es) 
and by 5% from Tomen/el/a OlrumeJl/aria (lIDHIK)02J5) 'X of 521 sitesl_ l.'NJTE database 
(hllp://unite.ul .eel •. 

Rrference 'fH'cimen for Quercus ec/omycQrrhiw: PUJ1ugal. Concelho de S8 nI iag.o .jo Cacém. 
IN38"03·11". W8"33·24"). in mallaged oak woodland /k)minarcd by {tuerru, ."'her L. ,oil crre e'e. AM 
ALUl. ITOl.2000, mye. ¡,ul. AM ALU!. mynmhilae AAM \34/00 (in COI). - Furl/U'r 11UlÚriLI/ stlUÜed: -.... 
Portugal. Di,(rilo de É,·ord. ConeeJbo de Montemor O ;../ovo. Freguesia de Utvrc. Herdade Freil\o do Meio 
i1aliludc N 38"41'10". lúngitude v,,' 8"20' 23" l. in m:.maged oak wo<>dland domon3tcd hy {!~ercu., .."ber L.. 
soiJ core ne. AM Azul. 20.07 ..!OIKI. mye. ,,,¡J. AM AlUl. mycorrhizae AAM lJ4/00-tl (in COI) and >oil 
core el\c. ,\M A7ul. n.l.05.2IKl4. myc·. ¡,,,l. A1\-1 Al:ul. rnY'corrhilUC .'1..-\\1569104 .in COll. 

Elymology: lhe epilhclon IOm,'md/<J("mu/aw j, re1atcd lo the OUlcr mantle b'ye.... w,lh round¡,h cells 
overlaying group~ of 2-6 cclb and to the ~uggesled fungaJ partncr ot' (he gcnu~ TnnlEnldJa. 

Di~cussÍim: "Quercirhha tnmentellocumuhHI1·· was identified by morphologic~1 and anato

mical fealure, al> an eelornyeorrllÍJll forrned by a Tomen/el/a ~pecies. wl¡¡eh wa~ confirmed by
 
nrDNA ITS M:quen<:ing anal)',i,.
 

"Qucn'irhi:;a romeme/locumu/ala" reveals high similarily wilh "{!uer('irlli:u cwnulo.\I1" on
 
Querrus ilex L. subsp. ballota (010 ROMAN el <I\. 2002a). panieuJarly due lo p~eudoparenehyma
 ........
IOUS ouler and middlc mantlc [aycTS, prcsence of hcmispherieal warts on cmanaling hypbae and
 
ah'ience of cystidia. However. me Iwo morpholypeS are very likcl)' twu difierent TOmEtl/el/a
 

species. because "Q. IOmenrellocUln"la1<l" shows pseudoparenehymalous ollter manlle layer>
 
wilb roundisb celb amlmounds DI' roundish eclb iFígs. 2h. el. while lhe oOler mant\e layer.; of
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QUl'rcirhi:a cumulma i~ described as pseuduparenchyrnalow, wilh angular cells and mOlloosuf lIpdale: 2007-05-02]. DEEMY ... An information Syslcm for Charactenzlllíun and DetefminaJion of Eeto· 
nall.:ncd ce lis (lype O. AGI.J<.CR 1987-20(6). rnycorrhizae. w\\'w.deerny.dc. Müococn_ Gernumy. - AGEREJ< R (l996l Ectomycorrhilae of romelltefla 

The genus Tomenrella (mder Thelephor:desl has a wurldwide dislributlon huI is slilllargely alh"morgitUlto (Thekphoruceae) on Scol!> pine. Myeorrhi1a 6: 1-7. - AGEREIl R (2006) FungaJ relaljon

uncxplorctl. Thcrc are more Ihan funy TomenteNa mycorrhizae described. assucialcd wilh gyrn,..... nosperms. wOO<!y angiosperms amI orchids {AGI-.RER 1996. AzlL el al. 1999. AlCL el al. 2006 
a-g. ALLL el al. 2008 a-d. BllANU 1991. DANlllSUN & PRlILJI-.N 1989_ DI-. ROM.le... el al. 2002 a, b. 
lAlI.ucs el ~l. 19Q7_ JAlI.lCS el al. 2005. lAKlcs & AGERER 200 l. KOUALG el al. 2000. KÓUALG 
el al. 200l. KilLJALG el al. 2002. RAIOL & MLLLtR 1996). Mosl of the Tom~lIlella ECM descri 
!xd su far are d~rk brov.·n. bUl exhibil high diversily regarding manlle and ernanating elernenl 
SITUclurc and organiz.¡¡tion. The main fealures lO distinguish Tomen/ella ectomyeorrhizae were 
e:.tensivcly dcscrib.;d by AGIoRER (2006). 

A greal diver;ity regarding mantle and emanating elernen! strueture and organizalion wa~ 

found among lhe lhekphoroid myeorrhiz'le ohsen-erl in European Merliterranean oak wood
lands. Sixleen 100nenlelloid mymrrtúzae havo: ~en described in delail on lhe lberian Peninsula, 
14 associaled wilh Quercus suba L and Iwu associaled wilb Quercul' ikx L. Table 1 slIrnmarÍ

zes lhe diagnoqic characlelÍslit:< reponed for tornentdloid rnycorrhiz.ae ohserved in Euro~aJl 

\Iedilerranean 031<. woodlands. Rhizornorphs, when forrned no eClornYl:orrhizae, reveal impor
¿¡a.. 

lam infomlalion_ In case of lhe lomenle])oid eClomyenrrhizae, lhe rhizomorphs descrihed <o 
far ühihil a slighlly dirferenlialed slruclllre (IYpe e aceording to AGERER 1987-2(06). Sorne 
slruclur,d dilrerellce~ are reponed fm lhe peripheral hyphae, which vary rmm a few lou'>Cly 
entwineu and multiply-branched e.g.• '.Q. romentel/oj/exuosu·· (AzL.L el al. 20060 10 den...:ly 
enlwined amI multiply-branehed, e.g., "Q. nodu/u.\",rwrpIUl" (Azul. el al. 1(99). Q. tomentel

lujimicu/osa (Azl'I el al. 2006g) and "Q. IOmellfellosfellllW" (AZUL el al. 200lla). 

¡--- 
EctoIllYcorrlriz.a~ HostDiaglf<J.<R€¡__ns H'leellu 

puUdoparrllclr.'''mmQU5. "'itlr blue Q. alt'TaCwT1Igo.'ia Q. sub.. ,u('L rt oL ZOO6<z 
gro"ltk~. damp~ DR4 t'y_dídUf 

_ -----i1---- - 
AZFut~L'I?J. _ 

Tf}"'!~lltlraJll.n.üll".unt_ _ __ . lJ..EI.bu
Q. II~U~O"'-0'1'IuJ . .__ ;f.L~u1Ju_ 

AZH looZ 
pu:udopan~ch_rmat(Jus...'irh '-Q.•ub., Ail·ilooz-----T. piWs<J (BHT1J &rmwt & Go/:iJJ
cltl"'l'" ami c.rstidio pns.m 

Q. lJUrolrnKy,tídiala Q.•lIMr I AlUJ. ~¡ GL ZIXX>b 

Q. fomellte1JtKumu!alD I Q. suÑr I lbis shuIT 

Q. wmrn.atriaRxularis I O.•u1Hr I AZVL et al. ZOO6d 
Q. fomelltdkJ(kxu".., I Q .•u1Hr I AUlL el al. 2(}()(,(

puudopannclrymauHu. ",ith 
Q._eulllNloUl IQ. ila IDE ROM'"el tlL zooZa¿lA.. cltl"'l'" and cJ'tutia ItlcJúlIg 
Q. ud/aro : O. íhx OF.//O.4t',Vet al ZOOZb 
Q. tomellief1tJSi~lJaJa ! Q. "u,," : AZr:l d al. lOO8tl 

p{ect,lIch..muwUJ "'iJh rillg-likcJO Q. fla"OCYStiJliala. . Q. sub..,. AZl!L.t aL JOO6c I 
sftlr.like IJTnJlIg.d lrypluJe, clamps... Q. tomentdÚH:y.<tidWta Q. su1Hr Á7.m_ ., al lOO6c 
c-,stidia aud rh~morphspreuat Q. ¡omnJlello!unlculosa Q. su~r AU'L" al 1.OO6g 

, IIr hu:kiaK Q. Wnleaul/Qrelu:"ltlta : Q. suber 'AU'L ., al JOOIJb
I 
I

Tnunúiu"aJ bf':J...·t'f'n 

pÜ'clench,YmDrurl5 ilfJd IA ZL'L .t aL 11)()8cQ. tOfMall!l/()epiderm<>úúa Q.SiI1nr 
puudoparrncllymatollJ 

I 

.4..t:knoK'!edgmenl., Thi, mldy "'a' I1nancially slIpponcd hy ¡-crc\1Cn·.s Wortll¡;UCse ft1Undalion for 
¿¡a.. Scicnce anu Tec",'l,,!,) 1rSFRH? BPD¡ 5560/20011. )\'1ini,lcrio de EduGlCión y Ciencia. Spaín (CGUOO6 

r2732-C02-0 1iBOS) and SYNTHESYS program al (he Real Jardín Bolánico j Mad.id) -- ESTAF 1J7.t. 

Refuence., AGERF.11 R ((98720061 o.,lour A11,,", uf EClornycorrhi/.ae. Elllhom-Vcrlag. Schwabisch 
Gmimd. )~-13" dcli\'ery. AGERER R. RA"'BOl.D G 0004-2007.lllírS( pú'lcd On 2U04-06-0l: mo'l rccO'1Il 

ships and SlfUl.·lUnll ;dentily of lhe;r ectorny<:urrhiae. Myeol Progr 5: ú7-107. - AZlII. 4.:\1" A(u>-.R K. 
FRF1U' H «999) "Querórhiw nodulosomorphn'" + QuC'ws suher L. Descr Ecwrnyc 4: 103· J08 - !\zn 
AM. AGEREIl R. FRElTAS }j (20000) "QuercirhiJ< ateracw¡rugoso" + Quercus suba L. De.'a Eetomyc 
WIO: 75-79. - AzllL A"'L MAR11K MP. AGF.RER R, FRElTAS H (2OO6h) "'Quercirhi:u aurolt'fU<T>I1J¡ato" 
+ QUi'I"nlS subrr L. Dcscr fClomyc 9i10: 81-&6. - AZllL AM, M.ARTt'l MP. AGERFR R, hflT" H i20Jócl 
"Quercj,""i~a jlavocysridullu" + Quetr:/ls SIlbet L DcSoCt Ectomyc 9/10: 93-97. - Azu AM, AGULO R. 
MAR1lf' MP. FREITAS H (2006<1) "Quercirhi~a .<ammatrillngularis" + Qucrcus suba L Oe.o;cr b;(omyc 
<¡¡lO: lll-Il". - Azu. ;\1\1. AGCRER R. FRfrrAs H •. 2OO6c) "Quelrirhi;::p romentelloc)",tiJill!<I" + Q..en·u5 
>uber L. Descr Ecrornyc 9110: 1L~-119_ - AzUl. AM, AGERER R. FRErTAS H (2006t) -QUf'r.-irhbl tometr
le!lo/lexuoSlI" + Quercul .",!Jer l •. [)co;cr F..clornyc 9110: 121-126. - Azu. Al\L MARTi" MP. AGERFR R. 
FREITAS H (:?016g) "QuercirhiJ< toment.-JlofimicIllom·· + Q"ercus ..fllf>tor L. l:>eser Ecwrnyc 9/10: 127-1 }4. 
- AZ·UL AM, AGERER R. MART1N MP, FRElTAS H (2008a) "Quercirhiza IomenteIÚJsl"lIl1w" + Querrus sulJer 
L. [)c""r Fcmrnyc 11112: 141-146. - AWL A:\1, AGE.'.R R. M.<RTl'i MP. FRUTAS 11 (200gb) "Quercirlri:a 
wmenre/lore!Ículaw'" + Que,,·us suMr L. C/e«<.-r EClOrnyc 11/l2: 135-139. - Azu.AM,.~r;ERH' R. 'litARTIS 
MP. FREITAS H (2008cl "Quercirhi~a lOmentelloep,Jernwidea- + QUf'n;·u.< suMr L. \)eSCT E<:lOmyc Il/ll' 
131-134. - RIl.'ND F (1991) EJ:lOmvÁ(Jtrhi~en al! ¡·al<u.< ",'{varica. Chaf3klmsienmg und ldcntilizicrung. -----.,
okologi'>Che Kcnnzeichnung und unsrer¡le Kulti, ierung. Libri Bolanici vol 2. lHW. Eching. - D,''<IELSO''í 
RM.., P"l'U' ~ M (1989) lbe eClornycorrhÍ1al Slam." of urhan 'pruce" Mywlogia 81: }35 :>41. " U~ ROM,,' 
M. ACf.RF.R R. l)F M'G"LL A (2002a) "Q"en'irhi~" cumu/os,,·· + Quercus iln L. ,uh,p. baIla... IDc,n
 
S3111p. De~-.cr EClomyc 6: t}·18. UF Ro"."" M, A"""•.Il.. R. DE MIGL'EL A (1002b) Q"ercirhi:fl '''Iellat'' +
 
QUt'''''''.\" ilp., suhsp. hallora (D""f.l Samp_ Dese.- Ectomyc 6:19-24. - GAIIllt'" M. BIl..I"'s ro 1..\9931 ITS
 
pnrn~" ... ilh enhanc~d Spec;ticil) for hasidiornycel"" - applic.alion [O lhe idenlificalion of rnycorrhilae
 
~nd ruslS" Molee [~ol 2: 113-118. -- J"KUCS E, AGERER R. BRATH Z (19'l7) .,Quprcirhj~a fibulO<. "sti<1iaw"
 
+ Qut!nu\ 'pee.. Dcs.:r EClornyc 2:67-7L - J .."'·cs E, A"ERDl R ¡20011 ¡"men/dlo suJ,rHI"cp~¡ BOUrdOl
 
& ('abin + 1"'1'111".< alba L De>L-r FA'lornyc 5, 213-219. J""n-s F., Km·",', GM_ AGU<ER R_ Roo."ll'" C.
 
EIl..()~-lIú1'T1 Z (2005) Mü<phological-anlllomical d,ar.lClenl3Iion and molecular identiticalion of Tom..rrrel·
 
la .<IIlpom eClOmywrrhizae aOO relal~d allatomolypes. ~lycorrltl1..a 15:147-258. - K'/LJ.-uL t;.., D.llLU[RG A_
 
TAYI ORAFS. LAIl..S.'O~ E. H.Au ENRFR'; N_ SncNUlJ J_ LMs~ K·11. FRA~"'SON P-1. K.~ O. JONs..SOI' l. r2()(x])
 
f)"ersily anu abundance of ,""supillale ~Idephomid fungi as ectomycorrlti lal ,yrnbiom. in S",'OOl>h boreal
 
fo,",,<[s. :-.101 Ero]!): 1985- I~. - K'-lI-1~I.(; U, hKLO E. BOI-.... K. AGLRER R (200 1) Thrcc cctomycorrlti<ae
 
wilh cy,hdia fonned by diITerenl Tunu:llldltl 'pcócs as rc_calcd hy rUNA [TI "'quenc<" aOO analornleal
 
et"",....-lerisllCs. FoI.ia CryplOg Esloni3 Faes .lM:27-39. - KóLJALG U, T",~" H. TlMo"E'< S. AGFRFR R, S>N R
 
(2tXI2) 1r..... rf):-¡.~ 'equence-ba'i<d phylogenclic analy'is ()f TomrnJe/fol'si.< species [rolll boreal and tempe

rale foresls. and !he idcntificalion ofpink-lype eclurnywrrltú.as. Mycol Progre" 1: 81-'12. - :\1AlrlíN l\-lP,
 
GA.(...·~K¡¡ E"'es F (1m) Collewlrichum aculalum aud C. glocnJf'Orioide.' calL'" anl1rracllOse on oli".s.
 
European J Plalll I'alhol 105: 7.13-741. - Rum. S. :-.IÜtLEk WR (1996) Tumcntel/afcr"'8ínea ¡PelS,,) Pat. +
 
FaliU5 s,A'arica L. Descr Ectomyc 1: 161-166. - WHIU TJ, RkL'" T_ LEE S_ T.~nOR J (1990) Amplificdlion --..,
 
and dirccl ~eq""ncingof fungal ribowmal RNA genes for polygcnclics. In: Inn.s M.-\, Gelfand DH. Sninsky
 
11. White TJ. eJs. PCR Prolocols: A Guide lo MClhl"'-' anu Applicalion,,, ~e'" York. USA: Academic Press.
 
315-322.. WI"íK' K, A,U NElH' e EKLJ<.S;OS' OE (1998) Are lhere lichenized OSltopales-; Lichenulogi,( JO
 
(4-5): 455-462.
 

Captiml,~: Fig. J. - Habil. Fig. 2. - a. EmanalÍng hypha ..... ith waay 'L1rfaee - b. Oulcrmusl 
mande layer; illustrnting lhe groups uf roundish cel1s on Ihe surface of the manllc. - c. OUlcr -----.,
mande layer; pselldoparcnehymatuus ",ilh roundish ce[[s overlaying grOllpS of cells. -d. Middle 
mande laycr: ee[]s more irregular in sha¡Je- - f. Inner mande layer. plcctenchymalous wilh '-J'
lindncal hyphae ring-like arranged huI also isolated TOlIndish eells. AII ¡¡',s. from AAM 56<)j(J4 
(in con 
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