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LAndvik S., Eriksson O.E., Gatgas A. & Gu.~t.afsson P. 1993. Rela
tionships of the genus Neoucta (Neolutalu ordo DOV .• Ascomycotina), 
inferred from 18S rONA sequences. - S),stt!17ttJ NCOtrf)'cttUJn 11: 107· 
!lS. 

Parti.1 18S rONA sequenoes from NeoU!aa vilellina were compared 
with corresponding sequeoces from three species of uotialu. four of 
Pe:r.izales (AsCQmycotiM), and three species tested as outgtoups Neu
rospora crassa (Sortiariales), 2Jld Saccharomyces ce1Y\uiat! (Saccharo
myceJa/cs) aod Schi1.osaccharomyces pombc (Schiz.osaccharom)'c~ales). 
With Saccharomyces and Schi1.osaccharomyces as outgroups. 
NeurwportJ bteomes &ll icgroup amolJg the discomycete ta.u US£.d in 
this cladistic analysis. The an.a.iysis. with a statemeot for its decay, in
dicated th.tt the leotialun and perinleau tlua are sepMate groups, ex
cept fur the genus Peziza, which was uo.resolved. and that Neokcta 
(N~leaactae) branched off earlier than the other filamentous asc0-

mycetes. Both 1IlOI:pbologieaJ. and JX)Olocular data support Neokcta being 
accoClI!l<Xi3t.ed in a separate order. Ncolecral<!S Landvik et aI .• ordo nov. 
Neoltcto. may be a good outgroup for further phylogenetic studies of 
-higher- ascomycetes . 
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Introduction 

A majority of the non-liehenised discomyceles belong to the orders Leoria/t!S 
( ~iuopercuJale di:::comyoetes~) aad P~les ( 'operculate discomycetes"). Most 
of these have more or less cup-shaped lSCOIJJata (apothoci.) with a bymeoium 
of parapbyses and spoce-produciDg asci. Even "discomycetes" laeking such 
fruiting bodies have paraphyses. e.g. AscoCQrtidum Sehn3cer (Jiilicb & de 
Vries 1982: 408) and Karnenello. HArm.1.ja (1969: 20). The only exceptions 
mtODg taxa with ascoaata are txuffles (Pezizalu) and two other unrelated 
genera, Aparapfryraria Speg. and Neoleaa Speg., with c:up.shaped and club
shaped ascomata. respectively. The lack of sterile elements ()wnathtc.ium) in 
the hymenium is II. rem&rbble fea.rure and there ate probably fu.odament:LI 
ontogeoetie cUfferences be.tWUIl Aparaphysaria and Neokaa and other 
disc:omycetes. Therefore. the position of these two genera it: difficult to delcr
mille on morphological data only. Korf (1990: 21) proposed that molecular 
methoch might resolve problems of this k:i.Dd. 

We have $OCIue;aced the 1723 bp of the 18S rRNA gene from a Neol4cta 
speci~ and compared it with homologous sequences from some members of the 
three ordets"to which the geous bas been assigned. viz. Umiaks (e.g. Korl 
J9;3: 285); UCQMTa/a (Rodhead 1m: 301). and p~ (e.g. Erik&ooQ 
1981: 188. 1982: 209). The included spec.ie$ are listed in Table 1. 

The ,enos N~okCJa was described for a species from South America by 
Spegazzini in IS81. but c1.lm:ady include.$ two addi.tiozW species from dIe 
Northern Hemi5pbere (Rodhe:ad 1971). Oae of them. N~o14Cla 1Iitt!lUna (Bres.) 

DiscolDl'cetes analysed 
Leoliales 

Ltoti.a lubrica. Leotiaccac 
Cudotfia ccflfiua, Gco;lossac.u.e? 

Sptu/tvlariajlavida. Gcoglonacue? 
Pezizalcs 

P~i:t.a bodi4. Pezita~c 
G'yromim:l tSCuUfIUl. Hclvdlaccae 

/ncrmisia QfI'~Zola. Hunu.riaoe..e 
Pl#c/(Jfli(J nigrtlla. SarooSOnutaOOlC 

Uncerta.in position 
NMitCl1l viullina, Ncoloctac;:.c.ac 

Quhm'l\!p,<; tc::ted 
Sordariales 

NttlN»p0T4 CNSS4, Sotc!uUccac 
s.cchalVmyc:.d:lies 

SaccharOMfCu C""Nilu, Saecharomycd4cc&c 
Sehizo&accllllVmyccta1t:s 

Schi40saceh4rtHtryCu pombe, SchiMI&cd\aromycctAecole 

Table 1. Species iDdudcd ia the study. Taxonomy aeeordia, to Erik.s$on &:. 
Hawksworth 19911Jld as modified by Erilcssoo ct al. 1993. 
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Korf &. Roge~, occurs in Sweden and has b«r1 used in this study. Its fruitm2 
bodies are bright yenow. clavate and stipitatc. and up to c. 3.5 em in len~th . 
Thc1;c fruitifli bodies resemble basidiomata of some Clavulinopsis species, e·i · 
C. Izelw;la (Fr.) Comer, but the bymen.iumYMci instead of basidia. The 
IIscogeooU$ bypbac lack. crozius and there is no tissu& to produce paraph:-'se&. 
The tennio.al parts of the hyphae form palm-like cells, from each of which 
develop fiDger-like cells Cldi.ng ill • new palm-like cell. which produce 
-fiogen- that develop 1oto asci. The Lo;(:i are thin-walled. usually distinctly 
truncate at the apex. &Ild opeo by " po~. The ~ll is KOHn ... blue. The uui
seriate ascospores are oob.oSeptate and hyaline. 

The order Leotialu contains 11 families (Eriksson de. Hawksworth 1991 : 
46). Most of the members have small cup-shaped llSCOmata, but three specie$
r~o:embl!. NtoLtaa in having large. stiped ascomata, were included in tb.is 
study. uotia lubrier: Pet'S. and Cudo,zia (;on/wo Bres. have ascoroata Uut are 
elastic when Wi:t and a somewhat slimy surface. Sptllhulariafl4'1/ida Pen.: Fr. 
has p:s.le yellow, dryer and more fragile aseomata when wet, ;·c'.c; '5 N~oketa. 
but differ ill being flattened and spade-like. All three species, "'I Uvdtrut to 
Neoucta, have numerous p:u2pbyses in their hymenia. Their ucogenous 
hyphae are more deader and have eroriers. The asci are not truncate and do not 
staiD KOHlI + blue, but they open by a pore as in NcoU:cra. The rpores are 
longer and have sevu:al septa. Thus, there are mAD)' morphological differences 
bet'.veeQ. the thJ'ee genen. and Neolttcra. 

Erik:s:son (1981: 188, 1982: 209) tentatively assigned Neo14Cfa to Paizaies 
on the basis of the shape and structuIe of the ascus tip, and the aDalOmy and 
texture of the ascogenous hyphae. In the most rootIlt outline o( the asco
mycetes, NeoledatxQl! was one of 18 families referred to the order, althouib 
with .. ' .., " (Eriksson Ilk Hawk5WOrth 1991: 48). Typical members of PtrZizaleJ 
have eompau.tively large fruiting bodies and usw.lly operculate asci (openin~ 
with a lid), but the order also i.o.cludes some ascomywe; with quite different 
ruorphology, e.g. the true trufflcs. The spores are often hyaline and non-sep
ute, very similar to those of N(!olcaa. The four species inclc.ded ill this study . 
ecprc.s>enl differmt familie.s (Table 1). Gyromirra ~s~loua (pees.) Fe. is 3-

morel with stalked ascomata. lnermisia alg~gtUa (Beek. & Broome) Svrcek 
has ot1J:lse, small, d~ly a"regated, ..lise-like lS(X)mata, Paiza badia Pet'S. 
has brown asooatlta. Jarge. s:cssile. cup-shape<:, ~Dd. finally, Pkctania nigrella. 
(pus.: Fr.) P. Karst bas black, large, stalked, eup-sbaped ascomata. For mar£. 
detailed morphological descriptioD!, of the studied taxa, sec Dennis (1978). 

Redhead (19TI) placed Neokcta in uCtUlorales, in a new family, !Yeo
lectaceae Redh. H~. the asci, hymeaium and anatomy of the a.seonuta 
are very different from an other members of ucanorahJ, most of which are 
lichens. We have not included any member of utXUlOTalu in oue cladograms, 
~ it W1S quite clur from previous analysu (Gargas 1992). that it would have 
appeared as t.D iniWUP, close to the inopereulate di9ooll'lYcetC$ in oue clado
gram (see Results and Oi3cuss:ioa). 



110 

Materials and methods 

Matttiais . DNA wu extnctQd. and further ptOe<:$scd by S. Landvi,k (ClI.ccpt Ltotia , ,,,d 
PCl~(J. by A. aargU) from the following colle<:ti~ns ; CudollW, cOII/u..ra 81'(:5., Sweden. 

Vi,blClbottcn, Undo KllbbOJe, 16 .... w.1990. Ie;. S . Landvilc &. 0 .£ . Erikn on (UME 

29217). G),romirra ucM.UlIla (P«s.) Fr. , Sweden, ViJtetbotten. Telsnisct 4.vi.1991, 
le, . N. Hogberg (tIME 29221), ln4nnisia anregQl(J. (Berlc... " Broome) Svrcd :: . 
Sweden, Vi.s~en. Umci, Olcberget. 7.vi.199I, leg. S. Landvik &. O.E. Eriknon 
(Ul\fE 29218). ~oria lubrica Pen .• S~en. "-.rbteIbottcn. Um~. Brinnlznd. 
lS.ix.1990, lea:. S. Landvilc &. O .E. Eriksson (lIME 29199). NlOUcta vildlIna (Bn:s.) 

Korf" I .K. Ro~n. Sweden. Vistctbotten, VinM,. Hanscic, 16.vili.1990, leg. 0. £ . 
ErikSSOD roME 29192). N,ouc(tl vilelline. Sweden. Viltetbottcn, Vlnnis. fUmelc. 

28.viii.l9910 let. OJ!. 2riblon (UME 29232). ODly partially stquen«d . P~i:,a btuiitl 
Pen .• S~, V"uterbouen. Und, Mjosjon. W side. 14.x.1967 , Ie,. B. Erikuon 
(UME 263S9). Plecl4llia lligrr& (Pen.: Fr.) P. Karn.. Sweden, Vbt.czbottc1l. Umd . 
fo rest at the Univcnity Campus 3.vi.199I, leg. S. t.andvik (UME 29"'-2.0). Spalhllio.ria 
fla v/da Pet'$ .• Sweden, Visteri)otlCll, Vinnil , H~mcle 16.viii.1990. Ie,. S. Landvik &. 

O.E. Eriksson (tJME 29216). 
Nruro.sPora crass4 Shes.r &: B.O. Dodge (Sordarialul. SacchWOnf)'CIS cer'<Aria~ 

Husen (SacCharOM)'Cltalu) , and Schi:.osQCcMronrrces pomlu. Lindner (Schjzeuac· 
charomycllak:t) were tested u outgroups. These. scquenees were retrieved from the 
EMBL DNA Sequences Dab. Ubruy. 

DNA CXkactioll. DNA wu cxtr.lotcd as dcscn'bcd by Lee It QJ, (19S81 wilh some 
modification. •• 1M. than 50 mg of dry wei.ght material , or 150 m& of fTeJh m2.teris.1 in 
eppendorf t\lba W<1t submerEoci in liquid nitroECl1 for 1 mill. Dey material wu flrst re
hydrated id 400 p.l ofTE-bl.ItTcr (10 mM Tris·HCt, ImM ECTA, pH 8.0) for 1 hour. 
11te ft'Oten tunc w'&! &rOund with the aid of l pellet mixer (Kontes Ow, Comp., 
U.S.A.). The samples ~ incubacod1l6s·C for 1 hour in 150 I'IIYlu buffcc (SO ruM 

Tri, ·HCI, SOmM SDTA. 3~ 2-mctC&plOcdianol). Aftc.c CJl:tnlction .... oith chlorofor.n : 
phCllol (1:1, 700 1'0 lnd chlorofonn:uollmylaloohol (24:1. 100 1'1). the DNA wu pro

cipitated once with 80 1'1 of 4M N!.I'lH4 and 700 #-II of isoprop&nol for 10 min or at 
·20·C. The pellet wu twlspcndcd in 100 #-11 of TE (0.1-10 aB DNA/IOO /Ll). It wu 
ulually nc:.c:cuaty co dilute UK. sample l~fok! befol'C PCR·prooesWtE. 

AmplUuboll and. seq~ The DNA wu Icqucn«d in cilhcr of the following two 
ways: 
I ) Direct sequ,el'lCifl8 of asymmetric PCR-produ.cts . Sin=lo-stnndod (n&mcnts of ISS 
rONA were obtained by uymmd.ri.c peR (GyUcnstc.n &. Erlich 1988) "\Ising the fo l
~wing primer pain; NSln, NS2II, NS6J5 and NSsn (primers dcsc.nbed in White ~t 

at. 1990) ill ntio. of SO:C pmol for ~eh p,t.i.r. 1·50 n, of DNA wuc amplified in a totl l 

volum¢ of 100 1'1 ineludinl 2 uniu of AmpliTaq Polymuue ~d:in Elmet Cetus, 
Norwalk, CoM .. USA), ZOO SLM of eaeb of the iour dNTP, 10 mM TrlI·HCI pH 8.:3 , 

SO rnM KCI, 1.8 mM M,Cl2' and 0.1 mclmlacl&tin.c. The amplilications ~ dena
lurafcd at 9S·C ror 3 min, follo.....w by 31 cycles of 1 min at 9oS·C, UlJ\csled 1 min at 
S:3·C, &ad cx.tcudcd 1 min at n·e, with " final extension fot 10 min, in a Pc.r:cin 
Elnlcr Ccru. DNA Thermal Cycler (model TC·l). The pnxllXts 9t'Cte purified in 100 
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000 NMWL MilJ.ipore filters (MilIipo.re Products Division. Sodford, Mass., USA) by 
~entrifugstion for 8 min lit SOOO rpm. 1be n:U:ntato was diJuted in 100 ",I of TE-bufTe,

And the DNA. precipitated by isopropanol. PCR products were re,\lspcndcd in IS ~I of 
TE and 5 ",I WIS tnnf;4!cd ~th 0.5 pmol oCtile limiting primer t.nd scqucnO&d u5ir1g the 
Sequenue kit (Unitc:d State"Bioehemi(.l1 Corp., Clevel.t.nd. Ohio, U.S.A.). 
2) Cydt s,qu~ttCint Df tbPCR fragmL1llS. DsPCR fragment$ ~re obtained by a fll'St 
.mpl.i.{iQti.on using the end-oprimen: NS1·NSS under the same conditions as shove ex
cept for a lower InncaIin.g temperature (4S°C), The product$ ~re purified by Magic 
peR Preps DNA Purification System (Promcp Corp., MAdison. WISe., U.S.A.). 1-
100 nc of the doublo-st:&ndcd producu W&f Nn in • cycle sequencing PeR (2 min at 
9S-C, then 30 eyek.s of 9S·C 130 ~. 4S·C /30 see tnd 70·C 11 min; £mol DNA 

Sequencing Syltem. Promegl). NSI to NS8, and the followin, new primcn (5. 
Landvilc) were used: 

SL12S'CrrCATICAAATITCTGCCC 
SL34S'TTCTCAGAGCiTGAAATTCITOGATTTA 
SL56 S'OGTGGAGTGATTI'GTCTGCITAAT'TCCG 
SL6S S'CGCAAITAAGCAGACAAATCACTCCACC 
SlA3 S'GAACCACACGTCCTA'M"C 

The inttn1l1 Primer loeatiom ~ muked in Ap~ 1. The illajor paru or the ,ene 

has boen scq\Jenocd in both directions. For methodJ \I.tCd: in the sequencing of L~olUJ , 
lubrica and Ptl.it.a bodio, see Catg1.5 1992. 

Sequce!tce alignmcent. Sequences were aliened visua.lly &tid adjusted 10 ptcS«Ve their 

seeondary structutel alignments which ~ ealculalcd by HIBIO MaeONASIS Pro, 
(HiLlehi Software Engin«.ring Co., Ltd', San Bruno. California. U.S.A). Sequence 

g'P' ~ marked -.- and unraolvcd nucicotidcs or unknown sequeneel were indio 
ealed by"?". Vari.ble situ were. printed in boldface and tho,e Uled II.S eht.n.eters in 
the ebdi&tie anlllY5cs were marked by -!-. BaSel thai. could not be unarobituoudy 
lIIligned within variable retians (not printccl in boldface) were excluded lrom the ana
Iy.ce. Sec: ApPendix 1. SJXJ1hulariafozvik appcued to have ono insertion. ~pproxi. 
:na~Jy 300 basu long, do$C to the NSS primer repn <at position 1153). The insertion 
wu not iDelude<l in the data set. Part of the NSl-2 &rea (position. 1-310) of N.okc(" 
... iI~lli1uJ (VME 29232), Wll oomp&nld to the SCC!.\I(:D;ce from another coUcc:tioo. of that 

species (tJME 29192) with no dissimil&rities. 

I"h,logenf6c: tr« construction. Cltdirtic analyses wtlC performed with tho PAUP 

software pa.clcage (Swofford 1991, v«sion 3). NtfUospora crasJa, Sacdtaromycts 
c~N;visia~, Ind Schi.;:.Qsaccliaromycrs pombt were used as out£roups. 

Results and Discu.ssion 

The genus Neolecta Speguzini has boeo placed ill throe differeot orders _ 
lAcanoralu, Leoliales, aad P~izala, but it devi.tes morphologically from 
each of these orden. We assumod that the position of the genus might be in. 
ferred from molecular data, so we performed. cladistie a.oalysis of ISS rDNA 
sequ«:.nocs from Ne4ucta aad 10 other ascomycetes. 
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Fig. 1. A PAuP branch-aod-bound analysis (PAUP. Swofford 1991) of ISS 
rONA sequence using SD.cdwrom'j~ and Schiz.osaccharomyces as outgroups 
produced ~o most ~ous trees (l=gth~3S8; CZ,..O.61; RI_O.S4: all 
values the same in both trees). N~urosfXJra was placocl amocg the 
discomycetcs. either as l sister group to the leotialea.n genera or together wilb 
CudQflialSpo.thuilJria as a sister group to Leolia. 
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Fi,. 2. Tbt tDOSt ~Ol,l$ tree (pAUP. Swofford 1991) from an exhaus
tive ual)'$is of ISS rDNA ~cnces base4 on 144 informative characters (tree 
lcagth ... 299; C!=O.64 ; RI .. 0.59: ,12-1.08). Saccharomyc~ and SdJi1.o
s(Jcclw.l'OmycCJ were used as outgroups. The decay number, sbowe above the 
branches (DoDog:bue et al. 1992). indicate that N~kaQ branched. off earlier 
than the other represented diSCOGlycdeS. 
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Of the l776 characters. 159 were infon:native. but 7 of them could nOl be 
unambiguously aligned, SO they were excluded from the analys.is. If second:lry . 
structures were ~Ot considered, and $it~s with ODe or llJOre questions were 
clcJuded, 86 clw-acters remawed unambiguous, Analyses with chese cltaraclers 
gave rc:sults comparable to those below (data not shown). 

In a first analysis with the pyre.oQmycete genus N~urospora as outgroup, 
the ywt genua Sacdtaromyces and Schaosacdtarorrrycc clustered as an in· 
group among the discomyCt';tes, a classification that we coasidu unacceptable, 
as dab. from various RNA and pwtein geoes show that lheu yeasts are un-
related to each otber (cf. Eriksson et a1. 1993). . 

Using Saccharomyces andlor Schi;;osacdlaromyces 80S outgroups, UD3.m

biguousl)' placed &urospqra among the discomycetes. closely associated with 
u otialu (this is ill agreement with. studiu including several other pyr~o· 
mycete, plectolDyce:e t:ld discomyeete taxa; unpublished dat.a). The analysis 
produeed 2 trees with a length oDS3 steps, a consistency index of 0.61, a.nd a 
retention index of 0.54. by using PAUP's 1mn.ch-and-boUDd algorithm (Fig. 
1). The two ~ differ in the position of Neurospora. It may eith~r be a sister 
group to the tb.rce discomycete genera CutronialSparhularia + Lealia or to
gether with Om.onialSpathuLvia be a sister gro\lp to Lwtia. Morphological 
characteristiC$ make the lattu altemative less probable, wbich we 3.$SUIUC will 
be demonstrated when further d3.ta become available. 

In ordu to investigate the position of Neo~Cfa more closely, we excluded 
NelUospora from our a.aalysis and performed ttl exhaustive search on the reo 
maining species, using the same outgroups; the Dumber of informative charac
ters was now 144. The search gave one most parsimonious tree with a lengtll of 
299 steps, a consistency index; of 0.64 , and a retention index 0(0.59 (Fig . 2). 

An indication of the information content in the data is provided by the 
skewness of the distribution of troc& found during the search. The skewne" of 
tree distribution can be measured by the g1 value (Hillis de. Huelsenbeck 1992). 
A negative value indicates significant informatioo. content. In this case· the tree 
distribution Wall highly sl"ewed, and the gl ... alue was highly negative., -1.08. 

An indication of the Nbility (support) of ueb node may ~ ealculated by 
retaining looger trees during the analysis to find out at what tree length the dif
ferent nodes break down,!fdecay ' (Donoghue et aI. 1992). The decay value$ 
for the differ=t n0dc3 (Fig. 2) show that N«Juaa is 'Very stron,gly supported 
~ the sistu group of the rest of the invutiga~ tax. (14 stepa)j only the 
Cudonia fSpothuiaria branch is better ropported (24 steps) . Even with these 
two nodes constrained, the g1 value is -0.86, indicating that there is strong 
support also for the remai.oing nodC$. Suzp"iingly, Petita did not cluster with 
Gyromitra, J!f.C11fisia and Plccrania, the other operculate discomycetes 
ineluded. However, the pc;nition of Paiz.n is comparatively weakly supported 
(3 neps), and might c.haoge iffutther taxa ate included. 

The cladistic analysis based on the molec:u.lar data strongly Uldicates th~t 
Neolccta mould not be placed in either Pair.,ales or u..otialc, and, ba.std on 
other information. it is \lJllikeJy that it belongs in Lccanorales. This is in 
:lgTtlem.cot with morpbolopca1 data. The absence of a hamathecium may repre-. 
sent a fundamtntal diffemlcc between N~oleCfa and other ascomycetes pro-
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ducin, ascoma.ta, eXGqlt Aparaph)'saria and th~ truffles, Also the asci of Neo
l~aQ tack an operculum, but they are apically truncated as in many operculate 
L<;¢omycetes. The entire ucu.s wall is KOHII+ blue. and Ntokc:ta differs in 
that respect from all other inope~u1ate discomycetes. Morpbological and mole
cular differences. together, provide reasons for reeogniziDg a se.parate order to 
:lccomodate the genus NeoJecta. 

Neolectales Landvik, O.E, Erikss .• Ga(,as. & P. GustafssOD. ordo no •. 
A.ooma1a d .. vata, !tipitata, lute oolorata. Hymenium .ine hllmlthocio. Asci cylin. 

drici vel knite.t canti, tc:nwtC1' tunicati, in iodo ooetUlcs~. octospori. Ascospor.ae . 

cllipt:oideae. non-scptatl~. hyalinac. Ad tem.m. 
Typus: Neauaaceae Redhead, eM, J. Bot. 55: 30S (1971). 

Asoomata clavate. stalked. ligbt coloured. Hymenium without h:.tma· 
thecium. Asci cylindrical Of" $Omewha' clavate. thin-walled. KOHIl+ blue. 
Ar;cospores ellipsoid. IlOO-septate, byaUne. Temcolous. 

The single fmlily, Neokcraucu Redh., contains ODe genus with three spe
cies. For detailed dtsc.tiptiQDS of the two spoci~ frOID. the Northern Hemi
spbere, we refer to Redhead (1977). All species have club-shaped ascomata, 
but this is not a very important chatacter. Club·shaped fruit-bodies have 
evolved sevetal times in the Ascomyc:otina and &uidiomycotilla. NtIOl«/a, with 
its isola~ position, may tum out to be a ,cod choice for out;roup in many 
future studies of di.scomyoete &tid pyreoomycete interrelationsbips. 
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