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Molecular characterization of mating-type loci in selected
homothallic species of Neurospora, Gelasinospora and Anixiella
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Department of Botany and Biotechnology Laboratory, University of British Columbia, Vancouver, B.C. V6T lW3, Canada

The mating-type loci of selected homothallic members of the Sordariaceae have been compared with the mating-type locus of the
heterothallic Neurospora crassa. The N. crassa A mating-type idiomorph is present in its entirety in all homothallic strains tested with
the exception of N. terricola, which is missing approximately 1'0 kbp. In N. crassa, this 1'0 kbp region contains an open reading frame
for a polypeptide with a DNA-binding domain. Earlier mutational analyses show that this region is involved in events following
fertilization. Some 700 bp of the N. cYassa a idiomorph are also absent from the genomes of all homothallic strains tested. A 1'1 kbp
region to the immediate left of the N. crassa mating-type locus is present in the genomes of all the homothaIIic species and is
contiguous with the a idiomorph in most isolates. At least 2 kbp from the right flank of the N. crassa mating-type locus is not
present in any of the homothallic strains tested. The absence of regions in and around the mating-type locus is discussed in light of
the molecular function of the N. cYassa mating-type region.

Members of the Sordariaceae form superficial perithecia with
prominent ostioles through which ascospores are forcibly
discharged. Genera within the Sordariaceae are distinguished
primarily on the basis of ascospore morphology. Neurospora
and Anixiella species form ascospores that are longitudinally
ribbed (Mahoney, Huang & Backus, 1969), Gelasinospora
species form pitted ascospores (Furuya & Udagawa, 1976),
and Sordaria species have smooth spores (Dowding, 1933).
The chromosome number is seven in all four genera and
cytological behaviour during meiosis is similar in Neurospora
(Raju, 1978, 1980), Sordaria (Carr & Olive, 1958) and
Gelasinospora (Lu, 1967).

Species within the Sordariaceae may exhibit either a
heterothallic, homothallic or pseudohomothallic lifestyle.
Heterothallic species can be distingUished by their ability to
mate with reference strains of the various species (Perkins,
Turner & Barry, 1976). Homothallic species are defined on the
basis of variations in ascospore morphology, namely the size
and shape of the spores and the presence and extent of surface
ornamentation.

Heterothallic species, such as N. crassa Shear and Dodge,
have two mating types, designated A and a. Only a single
copy of either the A or a idiomorph is present within a haploid
individual and sexual reproduction requires the union of two
individuals with opposite mating types. The A and a mating
types have been cloned and consist of DNA sequences that
are entirely dissimilar, and are thus termed 'idiomorphs'
(Glass et ai., 1988; Glass, Grotelueschen & Metzenberg, 1990;
Metzenberg & Glass, 1990; Staben & Yanofsky, 1990).
Sequences flanking the idiomorphs are very similar and serve
to define the mating-type locus per se. In this study, the right
flank (RF) region refers to sequences adjacent to the mating-

type locus in N. crassa, on the side closest to the centromere
(centromere proximal). The left flank (LF) refers to sequences
adjacent to the mating-type locus that are opposite the
centromere (centromere distal).

Sequences that hybridize to the N. crassa mating-type locus
are conserved in both heterothallic and homothallic Sor
dariaceae species (Glass et al., 1988; Glass, Metzenberg &

Raju, 1990). Two classes of homothallic species exist in
Neurospora based on hybridization to the N. crassa mating
type idiomorphs: those that contain sequences similar to the
A idiomorph only, such as N. africana Huang & Backus, N.
lineolata Frederick & Uecker, N. galapagosensis Mahoney &
Backus and N. dodgei Nelson & Novak, and those that contain
sequences similar to both the A and a idiomorphs, such as N.
terricola Goch. & Backus (Glass et al., 1988, 1990).

Within the Neurospora homothallic species, N. terricola
differs in several characters (Austin, Frederick & Roth, 1974).
It was isolated from a temperate region, and compared with
other homothallic species, its ascospores are smaller, more
ovoid, and contain a single germ pore (Gochenaur & Backus,
1962; Austin et a/., 1974). Raju (1978) observed the presence
of polar caps (nucleus-associated structures putatively involved
in spindle formation and not prominent in other homothallic
species) and hemispherical nucleoli (nucleoli are spherical in
other Neurospora species). A survey of homothallic species
within the Sordariaceae revealed that species of Gelasinospora,
Anixiella and Sordaria also contain single copies of both A and
a sequences, aligning them with the N. terricola pattern (Glass
et ai., 1990).

Why do homothallic species in the Sordariaceae contain
mating-type sequences within the haplOid genome? Does the
presence of the mating-type sequences reflect a remnant in the
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Table 1. Mating type and ascospore morphology of Sordariaceae homothallic isolates

Mating type Collection Ascospore
sequence Source location morphology Reference

Neurospora lerricoIa A and a FGSC 1889 Wisconsin Intercostal veins and Gochenaur &

ribs; one germ pore Backus (I 962)
Neurospora crassa A FGSC 987 Louisiana Intercostal veins and Shear & Dodge

ribs; two germ pores (1927)
Neurospora crassa a FGSC 988 Louisiana Intercostal veins and Shear & Dodge

ribs; two germ pores (1927)
AnirieIIa subIineala A and a FGSC 5508 Japan Intercostal veins and Furuya & Udagawa

ribs; two germ pores (1976)
GeIasinospora caIospora A and a FGSC 6536 French Congo Pitted
GeIasinospora relicuIospora A and a FGSC 6537 Columbia Pitted
Gelasinospora 142-1 A and a R. L Metzenberg Yucatan Peninsula Pitted Glass el al. (1990)
Gelasirzospora 143-4 A and a R. L Metzenberg Yucatan Peninsula Pitted Glass el al. (1990)
Gelasirzospora S23 A and a R. Maheshwari India Pitted

• FGSC refers to Fungal Genetics Stock Center; Department of Microbiology, University of Kansas Medical Center.
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Fig. 1. Mating-type regions of N. crassa and clones utilized as probes with homothallic species. (a) A2-A6 designate probes in the A
idiomorph region. (b) aI-a5 designate probes in the a idiomorph region. The open reading frames mt A-I and mt a-I specify A and a

mating behaviour, respectively. RFI, RF2 and LFI are cloned portions of the centromere proximal and centromere distal regions,
respectively, that flank the mating-type locus. Size of the cloned insert DNA is given below each probe in number of base pairs.

evolution of homothallic from heterothallic species, or are
sequences present at the mating-type locus required for sexual
development in both heterothallic and homothallic strains? In
this study, we have made a detailed comparison of the
organization of the mating-type sequences of N. crassa with N.
terrieola, A. sublineata and six AIa-type Gelasinospora species.
We wished to determine the degree to which the A and a
idiomorphs and sequences flanking the mating-type locus of
N. erassa are conserved in homothaIIic species. In addition, we

have addressed whether or not the A and a sequences are
present on the same chromosome in N. terrieola.

MATERIALS AND METHODS

Strains and culture conditions

Strains employed and their sources are listed in Table 1.

Homothallic strains were grown in liquid medium containing
modified Westergaard's salts (Westergaard & Mitchell, 1947;
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Glass ef aI., 1990) and 2 % fructose. Cultures were kept
stationary at 25°C for 7-10 d. Optimal mycelial yield was
obtained after the onset of fruiting but before forcible
discharge of ascospores. Heterothallic strains were cultured in
Vogel's minimal medium (Vogel. 1964) with 2% sucrose.

DNA isolation and restriction enzyme digestions

DNA was isolated from all of the isolates by the method of
Berlin & Yanofsky (1985). N. terrieola DNA was digested with
one of two groups of restriction enzymes (Promega Corp.,
Madison, WI). Group I incorporated the following single and
double digestions: feoR V, Hind III. feoR V+Hind III, feoR I.
BgIII. feoR I + Bgi II, Pst I. BamH I, Pst 1+ BamH I. Group II
restriction enzyme digestions were with: BssH II. Ksp I. Mlu I.
Sae L Sea I. Sma I. Sph I. and Xba I. Gelasinospora and Anixiella
DNAs were digested with Group III (feoR V), IV (Pst I), or V
(BamH I. Hind III, Sae I) enzymes.
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A7 were from N. erassa a and A idiomorphs, respectively, as
shown in Fig. 1. Plasmid pcy-20 (gift from A. Lambowitz) is
from the region centromere distal to the mating-type locus on
the left arm of LGI. Probes from the Orbach/Sachs cosmid
library (Fungal Genetics Stock Center) include X23: B: 9,
mapped by restriction fragment length polymorphism (RFLP)
(Metzenberg et al., 1985; Metzenberg & Grotelueschen, 1992)
to the right telomere of LGI; X25: C: 7, mapped to the gdh-l
region of LGIJI; G3: B: 7, mapped to Fsr-50 region of LGVI;
and G7: 0: 11, which is located on the left arm of LGII (M.
Kapoor, personal communication). The following cosmids
from the Vollmer/Yanofsky cosmid library (FGSC) were also
used: 27: 1:F, mapped to pyr-l region of LGIV; 8:6:0, which
contains nuclear rONA sequences from LGV; and 28: 12: G,
mapped to ars-l, LGVII (Metzenberg & Grotelueschen, 1992).

RESULTS

Conservation of the A idiomorph

The size of the A idiomorph in N. crassa is 5301 bp. To
determine if the entire A idiomorph was present in the
genomes of the homothallic isolates, selected N. erassa A
probes spanning the entire locus were used to hybridize to

DNA hybridizations and probe DNA

Digested DNA was subjected to agarose gel (0'8%)
electrophoresis and blotted to Nytran membranes according
to manufacturer procedures (Amersham Corp., Oakville, OnL).

The A and a idiomorph and flank region probes (Fig.1 a, b)
were generated by digestion of cloned fragments of the N.
erassa mating-type locus (Glass et al., 1988; Glass et al., 1990;
Staben & Yanofsky, 1990). Following electrophoresis, DNA
bands were excised from an agarose gel and isolated by
adhering the DNA to glass milk (Gene Clean; Bio101, San
Diego, CAl. DNA probes were labelled with [32Pl-dCTP
(Amersham Corp.) by the random primer method (T7 Quick
Prime; Pharmacia Corp., Baie d' Urfe, P.Q.) and pUrified by
gravity filtration through a Sephadex G-50 (Bio-Rad, Missis
sauga, OnL) column. Probes were hybridized to membranes
overnight at 65°. Membranes were then washed at 60° in
0'1 % SDS and O'IX SSC and exposed to Kodak X-OMAT film
at - 70° for 3-5 d.

(0)

7.5

5

2.8

6

23456789

---

Fig. 2. Autoradiographs from triplicate hybridizations to a Single N.
terrieala genomic DNA blot to probes A5 (a), a3 (b) and LFI (e),
representing the N. eYassa A idiomorph. a idiomorph and left flank
region, respectively (see Fig. 1a and 1 b). Lanes are digests with (1)
feaR V, (2) Hind IlL (3) feaR V IHind III. (4) feaR I. (5) Bgi II. (7) Pst I.
(8) BamH I and (9) Pst I/BamH 1. Band patterns in (a) and (b) are
dissimilar indicating that in N. terrieola the A- and a-specific
sequences are not closely linked. Matching patterns in (b) and (e)
indicate that the left flank and the a sequences are contiguous.

Orthogonal field agarose gel electrophoresis (OFAGE)

Neurospora spheroplasts were liberated from third or fourth
subcultures grown at 30° in liqUid modified Westergaard
media (Glass et at 1990) by the method of Royer and
Yamashiro (1992). Digestion of Neurospora cell walls was
carried out with Novozym 234 (batch 3835; Novo Industries,
Wilton, CT). Spheroplasts were suspended in 0'6 % low melt
agarose (Bio-Rad) in 1 M sorbitol. 50 mM EDTA (pH 8'0) with
2 mg ml-1 proteinase K (Boehringer Mannheim, Laval. P.Q.)
at a concentration of I x 108 spheroplasts ml-1 and subse
quently treated as in Orbach et al. (1988). OFAGE (2015
Pulsaphore unit with 2301 Macrodrive 1; Pharmacia-LKB)
was in 15 X 15 cm 0'6% agarose gel (SeaKem, FMC
Bioproducts. Rockland, ME) 0'5 % TBE (Sambrook. Fritsch &

Maniatis, 1989) at 8°. Pulse time was 45 min, at 50 V for 7 d.
Transfer of DNA to Nytran membranes and DNA hybrid
ization conditions were as described above.

Probes from all seven N. erassa linkage groups (LG) were
used to identify N. terrieola homologues. LGI probes a5 and

(b)
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Table 2. Results of hybridizations with N. crassa A and a idiomorph and flank region probes

Probe insert Region of
N. crassa probe size (bpJ idiomorph

A idiomorph
A6 1000 ml A-I
AS lS00 Middle
A4 4S0 Middle
A3 1000 Middle
A2 800 Centromere

distal to ml A-I
a idiomorph

a1 600 ml a-I
a2 900 Middle
a3 2000 Middle
a4 400 Centromere

distal to ml a-I
as 1200 Middle

Flanking sequences
LFI 1100 Centromere

distal flank
RF1 2000 Centromere

proximal flank
RF2 12000 Centromere

proximal flank

Hybridization to A.
Hybridization to sub/ineala and
N. lerrico/a Ge/asinospora sp.

yes yes
yes yes
yes yes
yes yes
no yes

yes yes
yes yes
yes yes
no no

yes yes

yes yes

no no

yes yes'

• With exception of Gelasinospora 142-1 and Gelasinospora 5-23.

Fig. 3. Autoradiograph of DNA digested with Pst I and probed with
A2 (Fig. la). Lanes contain the following DNAs: (1) A. sublineata, (2)
G. reticulospora, (3) Gelasinospora sp. 143-4, (4) Gelasinospora sp. 142
1, (5) G. calospora, (6) Gelasinospora sp. 523, (7) N. terricola, (8) N.
africana, (9) N. crassa A and (10) N. erassa a. Sordariaceae homothallic
species, with the exception of N. terrieola, contain the entire N. crassa
A idiomorph. The absence of hybridization to N. terricola genomic
DNA (lane 7) shows the absence of 800-1000 bp of the A idiomorph.

DNA from each isolate (Fig. I a ; Table 2). A probe representing
mt A-I (A6, Fig. 1a) and three central A idiomorph probes,
(A3, A4 and As, Fig. 1a) all hybridized strongly to N. terrieola,
Gelasinospora sp. and A. sub/ineata DNA (Fig. 2a; Table 2). The
hybridization of the A6, A3, A4, and AS probes to similar
sized bands in restriction digests of DNA from each of the
homothallic species established the linkage of these sequences
in each of the genomes. A probe from the left portion of the
A idiomorph, A2 (Fig. I a), however, was variable in its
hybridization pattern to DNA from the homothallic species.
The A2 probe also hybridized to the Gelasinospora sp. and
A. sub/ineata genomic DNA (Fig. 3; Table 2); these species
contain an A idiomorph similar in size to the 5'3 kbp N. erassa
A idiomorph. N. terrieo/a, however, is missing a significant
segment of the A idiomorph. The A2 probe failed to hybridize

to N. terrieola genomic DNA (Fig. 3, lane 7; Table 2). Thus, N.
terrieola is missing a portion of the A idiomorph at least as
large as that spanned by the 800 bp A2 probe. The border
between the A-specific sequence and 'flank' sequence in N.
terricola must therefore lie in the 400 bp region of A3 that
does not overlap with A2 (Fig. la).

Conservation of sequences that flank the mating-type
locus

The mating-type locus in N. crassa is defined by sequences
that flank the A and a idiomorphs; flank sequences are nearly
identical between A and a strains (Glass et al., 1988; Glass et

Conservation of a idiomorph

The N. erassa 3235 bp a idiomorph was found to be largely
conserved in all of the homothallic species examined. The N.
erassa a3 a idiomorph probe (Fig. I b) hybridized to genomic
DNA from all of the homothallic species tested as did a mt a-I
ORF probe (a1) (Fig. 2b; Table 2). In contrast, a probe from
the right portion of the a idiomorph (a4, Fig. I b) did not
hybridize to any of the homothallic genomic DNA (Fig. 4a;

Table 2). Thus, all of the homothallic species examined are
missing approximately 700 bp of the N. crassa a idiomorph.

To clarify the a idiomorph border, DNAs from the
homothallic strains were hybridized to two additional N.
erassa a probes, a2 and as (Fig. I b) representing a region to the
left of the a4 probe. The a2 and a5 probes hybridized to each
of the homothallic DNAs, placing the homothallic a idiomorph
border in the region between the a2 and a4 probes (Table 2).
The a idiomorphs from the homothallic species are approxi
mately 2500 bp in length in comparison to the N. erassa
3235 bp a idiomorph.

1098765432
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8
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Table 3. N. terricola chromosome migration distances during OFAGE
identified by chromosome specific probes from N. crassa

, Migration distance measurements made on two parallel OFAGE runs
from top of loading well to mid-chromosome band.

t N. terricola chromosome sized bands were numbered with increasing
migration distance.

a/., 1990; Staben & Yanofsky, 1990). To detennine if sequences
flanking the homothallic A and a sequences were similar to
those found in N. crassa, probes from both the left and right
flank of N. crassa were hybridized to genomic DNA from the

Analysis of linkage of the A and a idiomorphs

Fragments ranging from o·S to 12 kbp in length are observed
when N. terricola genomic DNA is digested with the Group I
enzymes and probed with the A-specific probes (A6, AS Fig.
1a). A completely different hybridization pattern was observed
when the identical membrane was hybridized to an a-specific
probe (a3). From this result, it is inferred that the N. terricola
A and a sequences are not closely linked by the distinct
fragment patterns evident when N. crassa A and a probes are
used. DNA digested from the Gelasinospora and Anixiella
isolates with Group V enzymes (single digestions) also
displayed dissimilar hybridization patterns to the A-specific
and a-specific probes.

To analyze further the linkage of the A and a idiomorphs
in N. terricola, genomic DNA was digested with restriction
enzymes with either 8-base recognition sequences or that are
known to digest N. crassa DNA infrequently (Group II) and
subsequently hybridized to A- and a-specific probes. Most of
the digestions with the Group II enzymes gave dissimilar
hybridization patterns although three gave similar sized bands
of approx. 20 kbp (BssH II, Mlu I and Sma I) (data not shown).
The resolution of bands of this size in a conventional agarose
gels, however, is poor and therefore is not a reliable indication
of linkage of the A and a idiomorphs in N. terricola.

Due to the inability to resolve whether or not the A and a
idiomorphs are linked in any of the homothallic isolates,

homothallic isolates. A probe representing the left flank, LFI
(Fig. 1), hybridized to DNA from all of the homothallic
isolates (Table 2). In N. terricola, identical hybridization
patterns were observed between LFI and an a-specific probe,
a3 (Fig. 2 b, c). Such a matching pattern could only be produced
if the left flank and the a idiomorph sequences are contiguous.
The linkage of the LF with either the A or a sequences could
not be resolved in hybridizations of single digests of DNA
from the remaining homothallic isolates.

To resolve this linkage question, DNA from A. sublineata,
G. calospora, G. reticulospora, Gelasinospora 143-4 and S23
were digested with Group V enzymes and hybridized to A
specific (A6, Fig. 1 a), a-specific (aI, Fig. 1 b) and LFI (Fig. 1)
probes. Similar hybridization patterns were observed between
LFI and al in A. sublineata, G. calospora, and Gelasinospora
143-4, suggesting that the left flank sequence is contiguous
with the a idiomorph in these species (data not shown).
Linkage of the left flank to either the A or a idiomorph in
G. reticulospora and Gelasinospora S23 could not be resolved.

In contrast to the left flank sequences, hybridization could
not be detected to a 2 kbp probe from the right flank region
(RFl; Fig. la) to DNA of any of the homothallic isolates (Fig.
4b) in six repeat hybridization experiments. To detennine if
sequences past the immediate right flank were present in the
homothallic species, hybridizations were perfonned with the
12 kbp RF2 probe (Fig. 1). The RF2 probe includes 10 kbp of
flank sequence beyond that of RFI. The RF2 probe hybridized
to genomic DNA from all of the homothallic species, with the
exception of Gelasinospora 142-1 and Gelasinospora S23 (Table
2). The RF2 hybridization pattern was dissimilar to both the
A and a idiomorph-specific patterns.
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Fig. 4. Autoradiograph of DNA digested with Pst I and probed with
a4 (a) and RFI (b). Probe a4 (Fig. 1 b) represents a portion of the N.
crassa a idiomorph that is centromere proximal to mt a-I. The lack of
hybridization indicates that this region is diverged or absent in all
homothallics tested. Probe RFI (Fig. Ia) represents the right flank
sequence of the N. erassa mating-type locus that is absent or
significantly divergent in all the homothallics tested. Lanes are: (1)
A. sublineata, (2) G. reticulospora, (3) Gelasinospora sp. 143-4,
(4) Gelasinospora sp. 142-1, (5) G. calospora, (6) Gelasinospora sp. 523,
(7) N. terricola, (8) N. africana, (9) N. erassa A and (10) N. crassa a.
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chromosome separation analyses (OFAGE) of the N. terricola
genome was performed. In cytological analyses, Raju (1978)
determined that the chromosome behaviour during meiosis in
Neurospora homothallic species was very similar to that of N.
crassa and that all have seven chromosomes. Using chromo
some OFAGE analyses, the four largest N. terricola chromo
somes were found to have similar electrophoretic mobility to
that of the two largest N. crassa chromosomes; LGI (l0·3 Mb),
which contains the mating-type locus, and LGV (9'2 Mb)
(Orbach et al., 1988; Orbach, 1992). Due to their large and
similar sizes, the four largest N. terricola chromosomes are
difficult to resolve by OFAGE. However, both A- and a

specific probes from N. crassa hybridize to the fifth largest
chromosome of N. terricola (Table 3), which is well separated
from the other six chromosomes. The chromosome containing
the A and a sequences in N. terricola also hybridizes to probes
from the left and right arms of LGI from N. crassa (Table 3).
The N. terricola LGI homologue is approx. 2 Mb smaller than
LGI of N. crassa.

DISCUSSION

This study was undertaken to investigate the composition of
the mating-type locus in homothallic members of the
Sordariaceae. Glass et ai. (1990) previously determined that
sequences similar to the A and a idiomorphs of N. crassa are
present in homothallic species of Neurospora, Gelasinospora,
Sordaria and Anixiella, although the extent of the similarity of
the idiomorphs was not determined. One of our objectives
was to determine the degree to which portions of the N. crassa
mating-type locus are conserved in homothallic Sordariaceae
species. To this end, we have found a remarkable consistency
in the constitution of mating-type loci in AIa-type Sordari
aceae homothallic species, with the exception of N. terricola.

The homothallic isolates employed in this study represent
seven members of three genera and all contain the majority of
the N. crassa a idiomorph but lack a region of some 700 bp.
Genetic analysis of the a idiomorph in N. crassa has shown
that mt a-I is the single functional region and encodes a 382
amino acid (aa) polypeptide with an amino acid domain (HMG
box) similar to transcriptional factors such as the mating-type
regulator Mc of Schizosaccharomyces pombe (Staben & Yanofsky,
1990). Mutations in mt a-I render N. crassa strains sterile and
heterokaryon compatible (Griffiths & DeLange, 1978; Griffiths,
1982). The entire mt a-I region is present in all of the
homothallic isolates tested here.

In N. crassa A strains, the region conferring mating activity
and heterokaryon incompatibility is contained within the
I kbp mt A-I ORF, encoding a polypeptide of 288 amino
acids (Glass et aI., 1990). This region is conserved in the
genomes of all of the homothallic species tested. The mt A-I
polypeptide contains a region of similarity to MAT a1 of s.
cerevisiae, which is a transcriptional activator of the genes for
a-pheromone and the receptor for the a-pheromone. Phero
mones have also been implicated in the mating reaction of N.
crassa; a diffusible substance released by conidia of one
mating-type will attract trichogynes of the opposite mating
type (Bistis, 1981, 1983). The mt A-I and mt a-I polypeptides
are thought to regulate the transcription of the genes for
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mating-type specific pheromones and receptors (Glass &

Staben, 1990; Glass & Lorimer, 1991).
It is unclear why mt A-I and mt a-I would be so highly

conserved in homothallic species. Homothallic Neurospora
species lack trichogynes, conidia and microconidia and
therefore cannot mate in the traditional sense (Howe & Page,
1964; Raju, 1978). Individuals derived from single ascospores
develop perithecia and enter the sexual cycle without any
interaction with other individuals. Both mt A-I and mt a-I,
however, have been shown by genetic and mutational
analyses to be required following fertilization (Griffiths &

Delange, 1978; Griffiths, 1982; Perkins, 1984). It is possible
that the conservation of mt A-I and mt a-I in the homothallic
members of the Sordariaceae reflects this requirement for mt
A-I and mt a-I in post-fertilization events.

In addition to mt A-I, a second region of the A idiomorph
that is required for productive ascospore formation has been
identified by mutational analyses (Glass & Lee, 1992).
Mutations in this region almost completely abolish ascospore
formation, although normal numbers of perithecia are formed.
DNA sequence and transcript analyses have identified two
putative ORFs (mt A-2 and mt A-3) within this second domain
(Glass & Lee, 1992, Ferreira & Glass, unpublished results). The
region encompassing the mt A-2 ORF is present in the
genomes of all of the homothallic isolates. The mt A-3 ORF,
however, is conserved in all of the homothallic species tested,
except for N. terricola. Sequence analysis of mt A-3 revealed
the presence of an HMG domain transcriptional regulatory
motif (Ferreira & Glass, unpublished results). The entire N.
crassa A idiomorph must therefore not be required for
functional homothallism in N. terricola, although this region
appears to be highly conserved in the genomes of the
remaining homothallic isolates.

In N. crassa, the DNA sequences in the left flank of the
mating-type locus are almost identical between A and a strains
(Glass et al., 1990). In this study, it was found that at least
1'1 kbp of left flank sequence is linked to the a idiomorph in
the homothallic species where linkage could be resolved. In
contrast, at least 2 kbp of the right flank from the N. crassa
mating-type locus (RF1) does not hybridize to the genomes of
any of the homothallic species. In N. crassa, transcripts have
been identified in this region that are regulated by mt AI.
Sequence analyses of one of these transcripts have identified
a gene bearing similarities to fungal pheromones (T. Randall &

R. Metzenberg, personal communication). Presumably, homo
thallic species do not produce sex pheromones, and therefore
this region of the genome may evolve more rapidly than
regions required for proper functioning of the sexual cycle.

Sequences flanking the A and a idiomorphs in N. crassa serve
to define the mating-type locus per se. The presence in
Sordariaceae homothallic species of N. crassa flank sequences
invites speculation as to the origin of homothallism in this
family and the mechanisms that might have effected such an
event. This question was examined here in more detail for N.
terrico/a. The fact that both A and a idiomorph probes
hybridize to a unique band in OFAGE gels of N. terricola
chromosomes suggests that both the A and a sequences are
present on the same chromosome. Furthermore, probes from
both the left and right arm of LGI of N. crassa hybridize to the
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same chromosome-sized band in N. terricola. Definitive proof
of whether or not the A and a sequences are linked in N.
terricola awaits in situ hybridization experiments of entire
chromosomes. If indeed A and a are linked, one possibility is
that N. terricola may have evolved from a heterothallic
ancestor by an unequal crossover event that led to the
juxtaposition of both the A and a idiomorphs on a single
chromosome.

Sexual reproduction and meiosis are often described as a
means by which to generate genetic diversity through
outcrossing and recombination. In homothallic species in the
Sordariaceae, however, inbreeding is actually a form of
intragametophytic selfing (Nauta & Hoekstra, 1992) which is
equivalent to asexual reproduction. Meiotic crossing over in
these fungi does not involve recombination or the association
of deleterious recessive alleles. However, DNA repair
mechanisms associated with meiosis (Bernstein, Byers &

Michod, 1981) may be selectively maintained in homothallic
species. In addition, the sexual cycle may be retained in
homothallic species to generate ascospores which are resistant
to desiccation and well suited for long distance dispersal.
Phylogenetic analysis of nucleotide sequence data indicates
that mitotic ascomycete lineages have branched relatively
recently from meiotic species (Berbee & Taylor, 1993;
LoBuglio, Pitt & Taylor, 1993). It has been suggested that
Neurospora homothallic species evolved from heterothallic
ancestors and that the lack of conidia and trichogynes is
degenerate (Perkins, 1987). Indeed, Neurospora homothallic
species appear to be at least as successful as their heterothallic
counterparts (see Perkins & Turner, 1988). Determination of
whether homothallic members of the Sordariaceae are
evolutionarily recent derivatives of outbreeding species awaits
a comprehensive phylogenetic study.

This work was supported by a Natural Sciences and
Engineering (NSERC) grant to N.L.G. M.L.S. is a recipient of
a NSERC post-doctoral fellowship and a Killam post-doctoral
fellowship.
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