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Abstract In this paper we describe the cloning of the
DNA region containing the 4/ mating type genes of the
secondarily homothallic mushroom Coprinus bilanatus
and compare its organization to that of heterothallic
homobasidiomycetes. As in other species, the C. bilan-
atus A factor contains several different genes that encode
two different types of homeodomain transcription factor
(HD1 and HD?2); and some of these genes are active in
the heterologous host C. cinereus. The HDI and HD2
genes are distributed over two closely linked subloci, Ao
and Af. A gene coding for a mitochondrial intermediate
peptidase (mip) directly flanks the Ao sublocus. The pab-
1 gene, required for para-aminobenzoic acid synthesis, is
found 39 kb upstream of mip. The structural arrange-
ment of this chromosomal region closely resembles the
heterothallic C. cinereus. In contrast, the Ao and Ap
subloci of Schizophyllum commune are further separated,
with pab-1 located between the two subloci, suggesting
that a translocation event may have occurred during
evolution.
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Introduction

The life cycle of a typical homobasidiomycete alternates
between two myecelial forms, the monokaryon and the
dikaryon. The dikaryon arises from the fusion of two
compatible monokaryons, an event controlled by the
mating type loci. Many basidiomycetes have two
unlinked mating type loci (4 and B) that segregate
randomly within sexual progeny. Most fascinating in
terms of evolution and population genetics, the mating
type loci in basidiomycetes have developed multiple
specificities. Several mating type alleles (haplotypes)
have been cloned from the heterothallic Coprinus cine-
reus and Schizophyllum commune. In both species, the 4
haplotypes contain pairs of functionally redundant,
paralogous genes distributed between two closely linked
subloci (Ao and Apf) previously identified from classical
genetics. These genes encode two classes of homeodo-
main transcription factors (HD1 and HD2). Through
mating, HD1 and HD2 products from allelic gene pairs
are brought together to perform a compatible protein
interaction. There are several HD1 and HD2 proteins
present within dikaryotic cells and compatible
protein combinations derived from different haplotypes
need to be discriminated from incompatible interactions
from the same haplotype. The specificity domains re-
sponsible for this discrimination have been localized to
the highly variable N-terminals of the proteins (Casselton
and Olesnicky 1998; Hiscock and Kiies 1999; Kiies 2000).

A consequence of allelic discrimination is that the A4
genes are very dissimilar in DNA sequence. Alleles of the
mating type genes typically have homologies of between
65-80% (Badrane and May 1999; Stankis et al. 1992);
and paralogous genes have only 50% or less identity
(Kies et al. 1994a; Shen et al. 1996). This low homology
does not enable paralogous genes or the alleles of a given
A mating type gene to cross-hybridize with each other,
unlike the DNA regions directly linked to the mating
type loci (Giasson et al. 1989; Kiies et al. 1992, 1994c;
May et al. 1991; Pardo et al. 1996; Specht et al. 1994).



In both C. cinereus and S. commune the Ao locus is
flanked by a gene encoding a mitochondrial intermediate
peptidase (mip), a specific metallo-endopeptidase (Cas-
selton et al. 1995; Isaya et al. 1995). In C. cinereus, the
Ao sublocus and the A4 sublocus are separated by 7 kb
of conserved non-coding DNA (‘homologous hole’); and
the Ap locus is flanked by a short conserved gene of
unknown function (f-fg; Kiies et al. 1992, 1994c). In this
study, we have used the C. cinereus mip gene (formerly
termed o-fg; Kies et al. 1994a, c) to identify cosmids
covering the 4 mating type region of Coprinus bilanatus,
a two-spored, secondarily homothallic species with two
multi-allelic mating type loci (Kemp 1974). C. bilanatus
and C. cinereus belong to section Lanatuli, but phylo-
genetic analyses show the two species are not closely
related (Hopple and Vilgalys 1999; Kiihner and
Romagnesi 1978). Nevertheless, C. cinereus HD2 genes
were previously shown to elicit 4 regulated clamp cell
development when introduced into C. bilanatus mono-
karyons (Challen et al. 1993).

Materials and methods

Fungal strains, cultivation and transformation

C. bilanatus strains were grown at 28 °C on complete yeast extract
or on the minimal medium of Raper et al. (1972) and C. cinereus
strains were grown at 37 °C on YMG/T complete medium or on
minimal medium with appropriate supplements (Granado et al.
1997). Genomic DNA was isolated from C. bilanatus strain Chl
(A1 BI; Elliott and Challen 1983). C. bilanatus strains R8 (42 B3
trp-2) and S61 (A3 BI trp-2; this study) and C. cinereus strains AT8
(A43 B43 trp-3 ade-8; Kiies et al. 1992), PG78 (A6 B42 pab-1 trp-
1.1,1.6; Granado et al. 1997), FA2222 (A5 B6 acu-1 trp-1.1,1.6)
and LN118 (442 B42 ade-2 trp-1.1,1.6; Mutasa et al. 1990) were
used in transformation following published protocols (Burrows
et al. 1990; Challen et al. 1994; Granado et al. 1997). For co-
transformations, either 2 pg of vector pCBT2-S5 containing the
C. bilanatus trp2* gene (Challen et al. 1994), 1 pg of pDB3 con-
taining the C. cinereus trp3™ gene (Burrows 1991), or 1 pg of
pCcl001 containing the C. cinereus trpl ™ gene (Binninger et al.
1987) were combined with 0.3-2.0 pg of test cosmid DNAs.
Phenotypes of transformants were determined from colony mor-
phologies and by the presence of A-regulated clamp cells (Kiies
et al. 1992; Challen et al. 1993).

DNA techniques

Cosmid DNAs were prepared using the protocol of Little (1987)
and fungal genomic DNA was prepared by the method of Zolan
and Pukkila (1986). DNA manipulation and Southern blot analysis
were performed by routine methods (Sambrook et al. 1989). Co-
smid DNA was subcloned using pBluescript KS™ (Stratagene) and
Escherichia coli hosts XL1-Blue or DH5« (Sambrook et al. 1989).
Agarose gel-purified fragments or plasmid clones were labelled with
[¢->2P]CTP using a nick-translation kit (BRL). Hybond-N-mem-
branes (Amersham) were used for Southern blotting. Hybridization
with homologous probes was carried out at 65 °C; and stringency
was reduced (57 °C) for heterologous probes. Filters of pooled
cosmid DNA or colony hybridization of microtitre-ordered E. coli
clones were prepared as previously described (Bottoli et al. 1999).
To sequence the C. bilanatus Ao sublocus (a 4.6-kb EcoRV-Sphl
fragment; GenBank accession number AF271164), shotgun sub-
fragment libraries were generated in pUCI119 or pZERO-2
(Invitrogen) following Zhou et al. (1988). Double-strand DNA
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sequences were generated using dye terminator chemistries on ABI
373 or 377 DNA sequencers (Perkin Elmer). Sequences were edited
and assembled using the Sequencher package (Gene Codes).

C. cinereus mating-type and pab-1 plasmids

The following pBluescript KS™ subclones were used in hybridiza-
tions: (1) pHH5 and pHH?7 containing the 5" and 3’ ends of the
C. cinereus mip gene on 2.4-kb and 1.1-kb EcoRI fragments, re-
spectively, (2) pAMT6 containing a 4.0-kb HindIIl fragment and
PAMT7 containing a 1.9-kb HindIIl fragment from the 7-kb
conserved region (‘homologous hole’) separating the C. cinereus Ao
and Af subloci, (3) pAMTI containing a 3.0-kb HindIII fragment
with the HD1 gene b1-1 which overlaps the homologous hole’ at its
3’ end, and (4) pUK®6 containing HD1 gene dI-1 and gene f-fg on a
4.8-kb Sall fragment (Kiies et al. 1992). pST17 contains the
C. cinereus pab-1 gene on a 5.6-kb PstI fragment (Granado
et al. 1997, Mutasa et al. 1990) and was kindly provided by
L.A. Casselton.

Cosmid cloning, mapping and characterization

The genomic library of C. bilanatus DNA of strain Cb.M8 (41 BI) in
cosmid LoristX has been previously described (Challen et al. 1994).
The C. cinereus mip insert of pHH5 was used to probe Southern blots
of the EcoRI-digested library, pooled in 46 lots of 96 different cos-
mids. Subsequently, individual cosmids were identified with the
same probe in colony filter hybridization of the positive pools.
Overlapping cosmids were detected by hybridization with a 2.7-kb
BamHI fragment and a 1.8-kb HindIII that directly flanked the
Lorist backbone in cosmid 28D4 and cosmid 38F10, respectively.

All cosmids were crudely mapped by comparing them in re-
striction digests using BamHI and HindIll, individually and in
double-digests. DNA-DNA hybridizations further defined the
order of fragments. The following C. bilanatus probes were used:
the 1.8-kb Lorist flanking HindIIl fragment of 38F10, cosmid
C28H generated through HindIIl restriction and religation of
cosmid 28D4, an 11.5-kb BamHI fragment from cosmid 28D4
overlapping cosmid C28H by 3 kb, and the 7.5-kb HindlII frag-
ment with the mip gene and its adjacent 3.7-kb and 7.7-kb HindIIl
fragments. Conserved genes were localized by hybridization with
C. cinereus homologues. All probes were used against Bg/ll, Clal,
EcoRlI, Pstl, Sall, Xhol and Xbal single and double cosmid digests
with HindIIl to enable more precise mapping.

Results

Isolation of cosmids containing C. bilanatus
A mating type DNA

The 3’ end of the C. cinereus mip gene from pHH?7
detected a 3.6-kb fragment in EcoRI-digested C. bilan-
atus genomic DNA, while the 5" end in pHHS5 hybridized
to the same 3.6-kb fragment and a 2.2-kb fragment.
Both probes hybridized to a 10-kb band in HindIII-
digested DNA (not shown), indicating the presence of a
single mip gene in C. bilanatus. The pHHS mip probe
was further used to isolate three individual C. bilanatus
cosmids (28D4, 38F10 and 45A8) from the Lorist library
(Fig. 1A). Through transformation of various C. bilan-
atus and C. cinereus host strains (Table 1), we recovered
transformants exhibiting the A-regulated clamp cell
development. As in earlier experiments (Challen et al.
1993), the morphology of these transformants was
changed from the normal condensed growth of mono-
karyons to the fluffy, less dense colony mycelia. These
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observations indicate that the three C. bilanatus cosmids
contain A/ mating type DNA and that this haplotype
contains genes active in the 42 and A3 backgrounds of
C. bilanatus and a variety of C. cinereus mating type
backgrounds.

Mapping the C. bilanatus A1 mating type DNA
and flanking mip and pab-1 genes

Further cosmids were identified by using the ends of
cosmid inserts 38F10 and 28D4 as probes. Overlapping
cosmids 1F3, 38A4, 7F1 and 7F5 (identical to 7F1) were
detected with the 28D4 probe; cosmids 12E5, 11A2 and
11F6 overlap with the 38F10 probe (Fig. 1A). A physi-
cal map covering a chromosomal region of ca 100 kb
was established from HindIIl and BamHI restriction
digests of all cosmids and from DNA hybridization
analyses (Fig. 1A). The C. bilanatus mip gene was
identified in a 7.5-kb HindIII fragment through further
hybridizations with pHHS and was subcloned from co-
smid 28D4 as pCbAalphal. The location of mip and the
direction of transcription (Fig. 1 A,B) were determined
by hybridization with pHH5 and pHH7 and were con-
firmed by sequencing (T.Y. James, unpublished results).

Cosmids carrying sequences downstream of the mip
gene (Fig. 1A) elicited A-regulated clamp cell develop-
ment in C. cinereus (Table 1), indicating the presence of
functional 4 mating type genes. In contrast, cosmids
carrying only sequences upstream of mip (1F3, 38A4 and
7F1) did not and therefore are unlikely to carry A
mating type genes. In both C. cinereus and S. commune,
the Ao mating type locus is closely linked to the pab-1
gene which is necessary for the production of para-am-

inobenzoic acid (Paba; Giasson et al. 1989; Mutasa
et al. 1990). The C. bilanatus cosmids 1F3, 38A4 and
7F1 complemented the C. cinereus pab-1 auxotrophy, as
determined through transformation of strain PG78. This
indicates the linkage of pab-1 and mip to the A mating
type locus is conserved in C. bilanatus. Southern blot
analysis of cosmids 1F3, 7F1 and 38A4 probed with the
C. cinereus pab-1 gene confirmed the position of C. bi-
lanatus pab-1 39 kb upstream of mip, within two HindIII
fragments, 1.3 kb and 3.8 kb in size (Fig. 1A).

Cosmid 28D4 contained 11.5 kb of sequence down-
stream of mip, and an active 4 mating type gene is likely

Fig. 1A, B Chromosomal organization of the Coprinus bilanatus
DNA region containing pab-1, mip and the 4 mating type locus. A
Cosmid mapping. A/ cosmids induced A-regulated development in
C. bilanatus and/or C. cinereus transformants; and pab-1 cosmids
conferred para-aminobenzoic acid prototrophy to C. cinereus
monokaryon PG78. H HindlIll sites, brackets indicate sites not
localized to specific positions. Striped squares indicate the Lorist
backbone and H at the side of the squares the vector’s internal
HindlII site. The localization of the pab-1 gene is marked by a grey
box. Regions hybridizing to the 5" end of C. cinereus mip are
indicated by a solid black box, regions hybridizing to the 3" end of
C. cinereus mip by a light grey box. B A more defined map of the 4
mating type region. The 5" and 3’ ends of mip are marked as in A.
Location and transcriptional direction of a/-1 and a2-1 in the A«
sublocus were defined by sequencing. The likely borders defining
the Af sublocus are indicated as follows: downward from left-to-
right striped box: DNA region which hybridizes with the 4.0-kb
Hindlll fragment present in pAMT6, upward from left-to-right
striped box: DNA region which hybridizes with the 3.0-kb HindIII
fragment present in pAMTI, white box DNA region which
hybridizes to the 4.8-kb Sa/l fragment present in pUK®6. The
positions are indicated for the 7.5-kb HindIII fragment and the 7.7-
kb Hindlll fragment subcloned respectively in pCbAalphal and
pCbAalpha2. Restriction sites are as follows: B BamHI, G Bglll, H
HindIll, V EcoRV and X Xbal

A A locus
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H(HH) H (H) H (HHHH)} H H HH H H H HHHHH H H H
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to be located within this region. Interestingly, cosmid
11A2 had a large internal deletion which fortuitously
covered nearly all of the 11.5-kb region including mip
(Fig. 1A). Since cosmid 11A2 also conferred 4 mating
type regulated development in C. cinereus transformants
(Table 1), another 4 mating type gene must exist
downstream of the sequences represented in cosmid
28D4 (Fig. 1A).

HindlIl fragments from plasmids pAMT6, pAMT?7
and pAMTI, spanning the C. cinereus ‘homologous
hole’, were used to locate an analogous region in
C. bilanatus (Fig. 1B). Only the pAMT6 and pAMT1
inserts hybridized to a region of a maximum length of
2.0-2.5 kb in the middle of a 7.7-kb HindIIl fragment,
about 5 kb downstream of the mip gene (Fig. 1B). Thus,
it appears that although the border regions of the ‘ho-
mologous hole’ are present in C. bilanatus, internal parts
either have been deleted or were never present in this
species. In addition, a 4.8-kb Sal/l fragment carrying the
conserved C. cinereus -fg gene and the HDI gene dI-1
hybridized to C. bilanatus DNA ca 7 kb downstream
from the regions hybridizing to the C. cinereus ‘homol-
ogous hole’ (Fig. 1B). Considered together, these
hybridizations delimit the 4 mating factor of C. bilan-
atus to a region between mip and those sequences
homologous to the C. cinereus f-fg/dI-1 fragment. This
indicates that the 4 mating type region of C. bilanatus is
divided into Ao and Af subloci (Fig. 1B).

The C. bilanatus Ao locus

The ca 5-kb A« locus was further analysed using tran-
formation and DNA sequencing. C. cinereus monokar-
yon FA2222 was transformed with pCbAalphal (which
contained mip and about 2.0 kb of the A« region) and
with pCbAalpha?2 carrying 2.8 kb of 4o DNA on a 7.7-
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kb HindIII fragment subcloned from cosmid 28D4 into
pBluescript KS™ (Fig. 1B). However, neither plasmid
induced A-regulated clamp cells. Attempts to subclone
larger fragments of the Ao region overlapping the Hin-
dIIT site between these two fragments were not suc-
cessful. The large deletion identified in cosmid 11A2
(Fig. 1A) and a number of similar deletions observed
when amplifying other cosmids (12E5, 11F6, 28D4,
45A8, 38F10) through growth of E. coli (not shown)
suggest that the C. bilanatus Ao sequences are poorly
tolerated in this host. Cloning experiments where DNA
fragments from C. bilanatus were mixed with fragments
of similar size from an unrelated source supported this
conclusion. Although we regularly identified pBluescript
KS™ clones containing the control fragment, we did not
obtain plasmids with C. bilanatus DNA (data not
shown).

Sequencing the region between mip and that hybrid-
izing to the C. cinereus ‘homologous hole’ identified in-
dividual HD1I and HD?2 genes (Fig. 1B). The C. bilanatus
HDI gene, designated al-1, is present in pCbAalphal
but is truncated at the 5" end. A further 169 bp of al-1
was cloned in pCbAalpha2 along with the entire HD2
gene, designated a2-1. These al-1 and a2-1 genes are
divergently transcribed (Fig. 1B), as is typical for HDI
and HD?2 genes belonging to the same gene pair (Kies
and Casselton 1993). The presumptive start codons for
both genes are separated by a short 205-bp sequence of
palindromic structure, with two centrally located,
inversely orientated CAAT motifs (Fig. 2). TATA
elements were not identified.

The products of the C. bilanatus Ao locus

Database homology searches revealed the predicted al-1
and a2-1 protein products are most closely related to the

Table 1 Phenotypic expression

of Coprinus bilanatus Al mating ~ Cosmid Host Trp " transformants
:I};gre] ii[;oﬁls };efti}rlzlgi?qis Total' Total with Percentage
species and of C. cinereus examined clamp cells co-expression
C. bilanatus
28D4 R8 (42 B3) 57 1 1.8
S61 (43 BI) 29 2 6.9
38F10 R8 (42 B3) 69 1 1.4
S61 (43 BI) 24 1 4.2
C. cinereus
28D4 FA2222 (A5 B6) 47 15 32
ATS (443 B43) 87 33 38
38F10 FA2222 (A5 B6) 110 50 45
ATS8 (443 B43) 92 39 42
LN118 (442 B42) 147 12 8.2
45A8 FA2222 (A5 B6) 103 12 12
ATS8 (443 B43) 42 13 31
11F6 FA2222 (A5 B6) 45 14 31
AT8 (443 B43) 23 8 35
11A2 FA2222 (A5 B6) 51 18 33
AT8 (443 B43) 9 1 11
12E5 FA2222 (A5 B6) 54 16 30
ATS8 (443 B43) 8 2 16
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Fig. 2 The 205 bp promoter region between the ATG start codons of
C. bilanatus genes al-1 and a2-1 has an unusual palindromic structure
(indicated by the large arrows). The first three bases of each sequence
represent complementing bases of ATG start codons; and the last
three bases represent ATG start codons of the respective genes whose
positions are given fo the left or right of the sequence. Identical bases
in the palindromic sequence are highlighted in black. Small arrows and
grey-shaded bases mark repetitive elements within the sequence that
might be important for gene expression. Two inversely orientated
CAAT motifs are boxed

products of the HDI and HD2 genes found in the
C. cinereus A locus (Fig. 3A, B). The most conserved
regions in each protein class are the homeodomains
(HD1 homeodomains: 57-67% identity with C. cinereus;
HD2 homeodomains: 73-83% identity). The least con-
served regions are the specificity domains (specificity
domains of HD1 proteins: 16-20% identity and 39-48%
similarity; specificity domains of HD2 proteins: 17-18%
identity and 34-44% similarity) The rest of the HDI1
proteins exhibited 30-34% identity and 46-50% simi-
larity; and the rest of the HD2 proteins exhibited
39-42% identity and 55-56% similarity.

Other HDI1 protein motifs were identified in
C. bilanatus al-1 (Fig. 3A). Two nuclear localization
signals, NLS1 and NLS2 characterized in C. cinereus
(Asante-Owusu et al. 1996; Spit et al. 1998), also exist in
C. bilanatus (Fig. 3A). Upstream of the less conserved
NLSI signal is a short conserved sequence thought to be
a helical dimerization motif (Badrane and May 1999).
This motif resembles the C-terminal tail of Sacchar-
omyces cerevisiae mating type protein a2 (Kiies 2000;
Kiies et al. 1994a; Fig. 3A), known to contact the
homeodomain of mating type protein al to stabilize the
o2-al protein complex for DNA-binding (Johnson
1995). At the C-terminus of C. bilanatus al-1 is a highly
conserved helical region found in all C. cinereus HD1
proteins (Badrane and May 1999; Fig. 3A). This helix
can be deleted in C. cinereus without loss of protein
function, unlike the directly adjacent amino acid
sequences (Tymon et al. 1992) that are possibly required
for a transactivation function (Asante-Owusu et al.
1996). Further domains were not identified in the
C. bilanatus HD2 protein (Fig. 3B). Work in C. cinereus
has shown that the final third of the HD2 proteins can
be deleted, suggesting the absence of essential domains
(Kies et al. 1994a; Fig. 3B).

TGAGG L
-accTiicaficacllc

az2-1
at-1

HE BEAY E

Discussion

The isolation of the chromosomal DNA region of
C. bilanatus containing the A/ mating type sequences
and flanking genes presented in this paper is only the
third 4 mating type locus cloned from a homobasidi-
omycete; and it is the first from a secondarily homo-
thallic basidiomycete. Similar to the heterothallic
species C. cinereus and S. commune (Casselton and
Kiies 1994; Raper 1966), the C. bilanatus A locus is
bipartite with Ao and Af subloci (Fig. 1B) and is
composed of HDI and HD2 genes encoding two dif-
ferent classes of homeodomain transcription factors
(Fig. 3A, B). One pair of divergently transcribed HD/
and HD2 genes was identified in the Aa locus of
C. bilanatus (Fig. 1B), as in C. cinereus (Kiies et al.
1994c; Pardo et al. 1996) and S. commune (Specht et al.
1994; Stankis et al. 1992). In all three organisms, the
HDI gene in the Ao locus is directly flanked by a
conserved mip gene for a mitochondrial intermediate
peptidase (Casselton et al. 1995; Isaya et al. 1995; Kiies
et al. 1992, 1994c; Stankis et al. 1992; Figs. 1B and 4).
This character expedited isolation of the C. bilanatus A
mating type region and may also facilitate cloning of 4
mating type loci from other fungi.

In S. commune, an unessential gene of unknown
function and conserved sequence, gene X, appears at the
Ao sublocus on the opposite side to mip and directly next
to the Ao HD2 gene (Marion et al. 1996; Fig. 4). In
C. cinereus, transcripts for such a gene were not detected
(Kies et al. 1992, 1994¢) and no related sequences were
found in the region separating the Ao and Af subloci in
C. bilanatus (T.Y. James, unpublished results). In con-
trast, the position of the pab-1 gene in relation to mip
and the Aa sublocus is conserved and the distance
between mip and pab-1 is very similar: 50 kb in
S. commune (Giasson et al. 1989), 40 kb in C. cinereus
(Mutasa et al. 1990; Kiies et al. 1992) and 39 kb in
C. bilanatus (this study). In both Coprinus species, the
pab-1 gene is found upstream of the A« sublocus, which
itself is upstream of A (Day 1960; Lukens et al. 1996;
Figs. 1A, 4). In S. commune pab-1 is located in between
the two A subloci (Raper 1966; Giasson et al. 1989;
Fig. 4), suggesting some kind of translocation has taken
place in evolution. Also found between the Ax and Af
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subloci in S. commune is the adenine synthesis gene ade-5
(Raper 1966; Giasson et al. 1989; Fig. 4) for aminoimi-
dazole ribonucleotide synthetase (Alic et al. 1990). It is
possible that the gene is functionally equivalent to C.
cinereus ade-8, a gene closely linked to the Af sublocus
(Day 1960; Lukens et al. 1996; Fig. 4). To date, the
entire extension of the Af sublocus in S. commune and
the number of genes within it are not established (Shen
et al. 1996). It is also unknown whether the 4f sublocus
is flanked by the gene [-fg, which could help establish
the type of gene rearrangements that are responsible for
structural differences between Coprinus and Schizophyl-
lum A mating type loci.
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It is likely that there are additional Af genes in
C. bilanatus. Our transformation studies with cosmid
11A2 indicate the presence of at least one active gene in
the 4-5.6 kb Af mating type DNA not present in co-
smid 28D4 (Fig. 1A). The gene(s) responsible for A
mating type activity of cosmid 28D4 must be present
either within the Ao sublocus or in the short DNA
stretch belonging to the 4pf sublocus (Fig. 1A, B). Pre-
liminary sequence data suggest that the entire 4 HD1
gene bl-1 and part of the affiliated HD2 gene b2-1 are
located within the 7.7-kb HindIIl fragment cloned in
pCcAalpha2 and are separated by about 0.6 kb of
non-coding DNA from the HD2 gene a2-1 of the A«
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Fig. 4 Comparison of the C. bilanatus A mating type locus region and
associated genes with other homobasidiomycetes, C. cinereus and
Schizophyllum commune. In C. cinereus, the number of genes per gene
pair and even the number of gene pairs vary between different A
haplotypes. Therefore, an archetypal model of the A4 mating type
locus is given with two gene pairs in the Af sublocus (b pair and d
pair) that matches most of the analysed 4 haplotyes (although in
exceptional cases there are more genes; Casselton and Olesnicky 1998;
Hiscock and Kiies 1999; Kiies 2000). HD1 genes are boxed with stripes
upwards from left to right; and HD2 genes are boxed with stripes
downwards from left to right. Specific names for HD1 and HDZ2 genes
are indicated above and x refers to different alleles. C. bilanatus gene
pair b1-1 and b2-1 are predicted from sequence data (T.Y. James,
unpublished) and are indicated by grey-shaded boxes. Conserved gene
sequences flanking the variable 4 mating type DNA are shown as
black boxes (mip) and white boxes (f-fg). Gene X and more distantly
linked genes are indicated with grey-shaded boxes. Arrows indicate the
direction of transcription where known; and question marks indicate
positions where further 4 genes are predicted

sublocus (T.Y. James, unpublished results; Fig. 4).
Since neither the pCbAalphal or pCbAalpha2 sub-
clones conferred 4 mating type regulated development
in C. cinereus monokaryon FA2222 in contrast to the
whole cosmid DNA, the active gene of 28D4 must be
the HDI gene al-1 of the Ao sublocus that is truncated
at the 5 end in pCbAalphal. Previous work, using
subcloned mating type genes from the 442 haplotype of
C. cinereus, indicated that HD2 proteins of C. cinereus
interacted with the HD1 proteins of C. bilanatus. Unlike
HD?2 genes, HDI genes of C. cinereus did not induce
clamp cell formation in C. bilanatus (Challen et al.
1993). From these former results, activity of C. bilanatus
HD?2 genes in C. cinereus might not be expected. This
could explain the inactivity of the HD2 gene a2-1 in the
heterologous C. cinereus monokaryon FA2222 but not
the inactivity of the putative HDI gene bI-1. It would
be interesting to determine whether the C. bilanatus
HDI1 protein bl-1 has the same specificity as the HD1
protein bl-4 present in C. cinereus monokaryon FA2222
(Pardo et al. 1996) and is therefore incompatible with
the native HD2 protein b2-4.

e
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Schizophyllum commune

From our experiments with both species, it is possible
that C. bilanatus HD2 gene products do not interact
properly with C. cinereus HD1 proteins in formation of
protein complexes and binding to promoters. This is
unlikely to be due to the homeodomain DNA binding
motifs which are very similar in both species (Fig. 3
A, B), especially at the amino acids that are known to
contact the DNA in other homeodomain proteins
(Sharkey et al. 1997). Work with modified genes in
C. cinereus and S. commune has revealed that the
homeodomain motif in the HD1 proteins is not essential
for the function of heterodimeric HD1-HD2 complexes
(Kiies et al. 1994b; Luo et al. 1994; Asante-Owusu et al.
1996). It would therefore be interesting to elucidate the
nature of the specificity domains and determine how
C. bilanatus HDI1-C. cinereus HD2 combinations are
distinguished from C. bilanatus HD2-C. cinereus HD1
combinations. Further work should reveal the complete
structure of the C. bilanatus Al haplotype and permit
analysis of all 41 genes and their products in homolo-
gous and heterologous hosts.
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