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Short description

Mycorrhizae blackish, rough, with soil particles sticking to the mantle. Emanating hy-
phae dark brown, distributed unevenly. Mantle in outer and middle layers pseudopa-
renchymatous, with rousdish cells. Inner layers with undifferentiated hyphae distributed
with no discernible pattern alternalting with ring-like arranged regions. OQuter mantle lay-
crs with roundish cells overlaying groups of 2-6 cells. Emanating hyphae densely warty.

Morphological characters (Fig. 1. Mycorrhizal systems monopodial-pinnate to mouopodi-
al-pyramidal. 0-1 orders of ramification. 4-7(11) mm long, with ca. 16-25 side-branches per 10
mm. vsually not dense and infrequent., -~ Main axes (0.310.4-0.6(0.65) mm diam. — Unramified
ends blackish. ¢xlindnical, up to 2.5(3) num long, 0.25-0.35 mm diam.; not carbonizing. - Sur-
face of unramified ends rough. distinct. not transparent, cortical cells not vistble: soil parucles
sticking to the mantle; emanating hyphae dark brown and not specitically distributed. — Rhizo-
morphs lacking. ~ Cyvstidia Yacking. — Sclerotia notl observed.

Anatomical characters of mansle in plan views (Fig. 2): Outer and middle mantle layers
pseudoparenchynatous. hoth with roundish cell walls and plasmatically brownish, clamps, exu-
dates and gelatinous matnix absent. — Quter mantie layers with roundish cells, with groups of
cells overlaying the outer layer (type K according to AGrrFr 1987-2(006, AGrrer & RAMROID
2004-2007) (Figs. 2b. c); mantle cells 15.5-25(30% pm long and 10-22(27) pm diam., with
brownish contents. walls 0.5-1 pm thick and septa with dolipore like structures. — Middfe man-
tle lavers smooth and denser, with roundish cells §5-30 um long. 19-26(35) um diam.. more
irregular shaped in depth {Fig. 2d) and uniformly distributed: walls and septa 0.5-0.7 pam thick,
brownish contents present. — Inner mantle layers plectenchymatous with ¢ylindrical and undif-
ferentiated hyphae. distributed with no discernible pattern, altermating with ring-like arranged
hyphae. isoluted roundish cells present (Fig. 2e); hyphbal cells 37-97 um long and 4-5.3 um
diam.. walls and septa 0.5 prn thick, isolated roundish cells up to 5-7.5 pm diam. - Very tip with
features as main areas.

Anatomical characters of emanating elements (Figs. 2a): Rhizomorphs lacking.  Emanat-
ing hyphae (Fig. 2a) straight, 6.5-7.5(8} pm diam., plasmatically and cell walls brownish. walls
I um thick, apical ends simple and roundish: with clamips and infrequent simple septa, clamp in
dorsal view thinner than its hypha. oval shapc: intrahyphal hyphac not observed: anastomoses
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abundant and diverse: |) open with a long bridge {up 10 42 pm longj, 2) closed by a septum with
long bridge. and 3) open or closed with very short bridge; ramifications abundant: backwards
oriented ramifications not observed; surface densely warty, younger hyphae less frequently
rough. — Cystidia lacking. - Chlamvdosperes lacking.

Colour reaction with different reagents: Mantle preparations: Mclzet's reagent: nr. (= no
reaction); guaiac: n.r.; iron (11 sulphate: nur: KOH 153%: nor: lactic acid: nr; sulpho-vanillin:
n.c.. toluidine blue: n.1.

Autofluorescence: Noi tested.

DNA-Analysis: DNA of the ectomycorrhizac on cork oak roots was extracted using the EZNA
Fungi DNA miniprep kit ({Omega Biotek, Doraville, USA} according to Martin & Gakcia-
Ficurres (1999). DNA was resuspended in pre-warmed Stenfe Ulira Pure Water (Q-BlOgene.
France). ITS nrDNA was amplitied by aested PCR using the primer pair 1TS LF/I'TS4B (Garoes
& Bruns 1993) followed by ITSIATSS (WHAT et al. 1990). Amplification reactions were done
using individual reactions 10 a fina! volume of 25 pl with Ready-To-Go PCR Beads (Amer-
sham Bioscicnces. Little Chalfont Buckingharoshire. England) as mentioned in Wiska er af.
{19983. The PCR amplifications were performed in a Perkin-Elmer GeneAmp PCR System
97(X) (Applied Biosystem, Foster City, California. USA}. Amplification products were cleaned
using QlAquick Gel PCR purification kit (QIAGEN, Valencia, Califomnia. USA). When more
that 20 ng/pl were obtained. both strands were sequenced separately using primers fTSIF or
ITS! and TTS4. with an ABI PRISM 1700 and the ABI1 Prism Biglye Terminator Cycle Sequ-
encing Ready Reaction Kit with AmpliTaq DNA Polymerase (Applied Biosystem) at the DNA
Automatic Sequencing Service (SSAD, CIB-CSIC, Madnd. Spain). Sequencher (Gene Codes
Corporarion, Ann Arbor. Michigan. USA) was used to identify the consensus sequence from
the two strands. The new sequences have been lodged in the EMBL database with the accession
number AM92140.

The sequence of “Q. tomentellovwnulara™ differed by 1% from Tomenielia badia
(UDBOO1656) (2 of 535 sites), by S% from Tomentelia badia 1L DBOOJI961) (5 of 519 sites)
and by 5% from Tomentella atramentaria (UDBOD0235) (8 of 521 sites). UNITE database
(http:/funite.ut.ce/).

Reference specimen for Quercus ectomycorrhiza: Portugal. Concelho de Santiago do Cacém.
(N3S™03' 117, WE°33'247"), in managed oak woodland dominarcd by {fuercus suber L soil core exc. AM
Azul, 17.00.2000, myc. isol. AM Azul. mycorrhizae AAM {33500 (in COL). - Further material stndied:
Pontugal. Distrito de Evora, Concelhio de Montemor o Nove. Freguesia de Lavre, Herdade Freixa do Mcio
Qanitude N 382417107, lougitude W §°20°237), in munaged cak waodland domunated by {Juercus suber |..
sail core exc. AM Azul, 20007 2000, myc. isol. AM Azul. mycorrhizae AAM 13400-H (in COD and sl
core exc. AM Azul, G305 2004, myc. isol. AM Arul. mycorthizae AAM 369/04 1in COL.

Civmology: the epitheton twomenielfocumidata is telated to the outer mantle layers with roundish celts
overlaying groups of 2-6 cells and to the suggesied tungal pantncr of the genus Tomentefia.

Discussion: “Quercirhiza tomentellocuwmulaie ™ was identified by morphological and anato-
mical features as an ectomycorrhiza formed hy a Tomenitetfa species. which was confirmed by
arDNA ITS sequencing anulysis.

“Quervirhiza tomentellocumulata " reveals high similanty with “Quercirhiza camudosa™ on
Quercus ilex L. subsp. dallota {oe Romax ¢t al. 20024}, panicularly due to pseudoparenchyma-
tous outer and middie mantle layers, presence of hemispherical warts on emanating hyphae and
absence of cystidia. However. the two morphotypes arc very likely 1wo difterent Tomerntella
species. because “Q. iomentellocumudaia” shows pseudoparenchymatous outer mantle layers
with roundish cells and mounds ol reandish cells (Figs. 2b, ¢}, while the outer mantle layers of
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Quercirhiza cumidesa is described as pseudoparenchymatous with angular cells and mounds of
flattened cells (type O, Agerer 1987-2006).

The genus Tomentella (order Thelephorules) has a worldwide distribution but is still largely
unexplored. There are more than forty Tomentetla mycorthizae described, associated with gym-
nosperms. woody angiosperms and orchids {AGerer 1996, Azel et al. 1999, Azue et al. 2006
a-g, Azel et al. 2008 a-d. Brano 1991, Daniersony & Pruoen 1989, De Romax et al. 2002 a, b,
Jaxues et al. 1997 Jaxucs ot al. 2005, Jakios & Acerer 2001, Kowars et af. 2000, Kovars
ctal 2001, Kowaws et al. 2002, Rawe & Muiiex 1996). Most of the Tomentella ECM descri-
bed so far ase dark brown. but exhibit high diversity regarding mantle and emanating element
structure and osganization. The main features 10 distinguish Tomentella ectomycorrhizac were
extensively desenbed by Ageres (2008).

A great diversity regarding mantle and emanating element structure and organization was
found among the thelephoroid mycorrhizae observed in European Mediterranean oak wood-
lands. Sixteen wmentelloid mycorrhizae have been described in detail on the 1berian Peninsula,
14 associated with Quercus suber L. and two associated with Quercuy ilex L. Table | summari-
zes the diagnostic characteristics reponed for tomentelloid inycorrhizae observed in European
Mediterranean cak woodlands. Rhizomorphs, when [ormed on eclomycorrhizae, reveal impor-
lant informauian. In case of the lomentelloid ectomycorrhizae, the thizomorphs described so
{ar exhibit a slightly dilferentiated structure {type C. according to AGERER 1987-2006). Some
structoral ditferences are reported for the peripheral hyphae, which vary (rom a few loosely
entwined and muluply-branched e.g.. Q. tomentelloflexuosa™ {AzuL et al. 20061) o densely
entwined and multiply-branched, e.g., “Q. nodulvsomorpha® (Azui et ak. 1999), Q. romentel-
lofunicutosa (A7 ot al. 2006g) and “Q. romentellostetlara® (Azuv et al. 2008a).

Diogrostic features Ectomycorrhizae " Host Reference
pseudoparenchymatous, “"""f' blue Q. ateracusrugosa Q. suber | AzCL et al. 2006a
granules, clamps aad cystidia .
- - e — S B P
Q. nodulosemorpha jQosuber | Azttetal 1999
P . with Tomentelle galzinii Bourd. | Q. suber | Azt 2002
‘(’ ;m'a M’;‘V's’-ﬁdﬁamn - T. pilosa (Burt) Bourdot & Gakin | Q. suber | Azt 2062
) ; Q. auraterocystidiata Q. suber | AZUL efal 2006
Q. i 4 . suber | this study
0. ianguiaris Q. suber | AzUL ef al. 20064
. " with Q. tomentelloflexuosa 0. suber | Azt ef al. 2006f
::hm;andtys'{idia tacking Q. cum losa Q. ilex Dz Rouavetal. 2002a
Q. sielh Q. iex DE Rovay et ol 20025
{2, tomentellostelinia Q. suber | AzZr et ol 2008a
- — - 3 7
plectenchyvmatous with ring-like 1o 0. flav omfx'dmmu' i Q. sui:’r :ZL,L o :i 3006’:006
star-like arvanged hyphae, clamps, - ~ - Q. suber ZUL ef
evstidia and rhizomorphs present Q. tomentellofunicylosa Q. suber  AZUL et al. 26
or lucking Q. somentefloreticulata | ) suber | AZUL et ol 2008
Transiivaal beiwecn :
plectenchymatous and ' Q). tomentelivepidermoiden | O suber | AZuL et ol 2008¢
psesdoparenchymatons i
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Captions: Fig. {. - Habit. Fig. 2. — a. Emanaling hypha with wacty surface — & Outcrmost
mantle layer; illustrating the groups of roundish cells on the surface of the mantle. — ¢, Culer
mantle layer; pseudoparenchymatous with roundish cells overlaying groups of cells. —d. Middle
mantie layer: cells more ieregular i shape. — e. Inner mantle fayer: plectenchymatous with cy-
lindrical hyphae ring-like arranged but also isolated roundish cells. Al figs. from AAM 369/04
rin COf}
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