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ABSTRACT A 1747-bp insertion within a lignin peroxi-
dase allele of Phanerochaete chrysosporium BKM-F-1767 is
described. Pcel, the element, lies immediately adjacent to the
fourth intron of lipl2. Southern blots reveal the presence of
Peel-homologous sequences in other P. chrysosporium strains.
Transposon-like features include inverted terminal repeats
and a dinucleotide (TA) target duplication. Atypical of trans-
posons, Pedl is present at very low copy numbers (one to five
copies), and conserved transposase motifs are lacking. The
mutation transcriptionally inactivates lipl2 and isinherited in
a 1:1 Mendelian fashion among haploid progeny. Thus, Pcel
is a transposon-like element that may play a significant role
in generating ligninolytic variation in certain P. chrysosporium
strains.

The white-rot basidiomycete Phanerochaete chrysosporium has
been widely used as a model system for investigations of lignin
and organopollutant degradation (1-3). Under nutrient star-
vation, the fungus secretes peroxidases that oxidize a variety of
substrates by a free radical-based mechanism (4-6). The
physical properties and substrate specificity of lignin peroxi-
dase isozymes (LiPs) have been reported (7-10).

The LiPs are encoded by at least 10 structurally related
genes, lipA-lipJ (11). Physical and genetic maps assign eight
LiP genes to a single linkage group, whereas lipD and lipF
reside on separate chromosomes. LiP gene transcription is
derepressed under carbon, nitrogen, or sulfur limitation. Ex-
pression of lipD, lipE, and lipC is differentialy regulated in
response to carbon (C) vs. nitrogen (N) limitation, but tran-
script levels of lipA, lipB, and lipl remain approximately
constant in C- and N-limited cultures (12-14).

Substantial variation has been observed among P. chryso-
sporium strains (15, 16). Single busidiospore cultures, which
are the haploid progeny of meiosis, exhibit extreme variation
in LiP activity (17, 18). The mechanism(s) controlling this
genetic variation is uncertain, but such quantitative inheri-
tance is typically attributed to recombination and segregation
of multiple genes.

Highly repetitive transposon-like elements have been re-
ported in certain filamentous fungi, often associated with
meiotic instability and/or variation in pathogenicity. Long
terminal repeat retrotransposons have been identified in Cla-
dosporium fulvum (19) and Magnaporthe grisea (20). Neuro-
spora crassa Adiopodoume contains Tad, a transposon lacking
long terminal repeats (21). Retrotransposition of Tad has been
experimentally demonstrated (22). Fusarium oxysporum trans-
poson Fotl (23) and M. grisea transposon Pot2 (24) are
relatively short repetitive elements (<2 kb) with inverted
terminal repeats <50 bp long. If Tad and Fotl, which were
isolated by using functional genes as trartsposon traps, are
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excluded, the effects of transpositions on gene expression are
unknown.

We report here a 1747-bp insertion § within a LiP gene of P.
chrysosporium. Pcel, the transposon-like element, is inherited
in a smple Mendelian fashion and directly affects the expres-
sion of lipl2. The copy number, inheritance, genomic location,
and distribution of Pcel are investigated.

MATERIALS AND METHODS

Cloning and Sequence Analysis. Systematic sequence anal-
ysisof al lip alleles ( 11) revealed an insert within lipl2 Various
subclones were constructed and the sequence of the insert and
adjacent regions was determined by the dideoxynucleotide
chain-termination method (25) using Sequenase (United
States Biochemical). Both strands were sequenced. Data bases
GenBank (release 84) and European Molecular Biology Lab-
oratory (EMBL) (release 38) were searched for nucleotide
sequence similarities. All open reading frames (ORFs) >75
codons, including non-ATG-initiated sequences, were identi-
fied on both strands. Protein data bases searched were Na
tional Biomedical Research Foundation-Protein Identifica-
tion Resource (NBRFPIR) (release 41) and GenBank Trans-
lations (release 84). Sequence similarity searches were by
Wilbur-Lipman (26) and Lipman—Pearson (27) methods using
DNASTAR (Madison, WI). Typical search parameters, for nu-
cleotide sequence similarities, were K-tuple 6, window 60, and
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a gap penalty of 10 and, for protein seguences, parameters
were K-tuple 2, window 64, and a gap penalty of 4.

Genomic Organization. The chromosomal location of Pcel
was established by Southern blots of clamped homogeneous
field electrophoresis gels. Gels and blots were prepared as
described (28). Size-fractionated chromosomes of dikaryotic
strain BKM-F-1767 were probed with (i) Cosmid pQQ24 (lipA,
lipB, lipC) (28), (ii) cosmid p0282 (lipll) (29), and (iii) the
1747-bp pcel fragment obtained by PCR amplification. Probes
were nick-translated to >5 x 10°dpm/pg. The separate
Nytran blots were hybridized in 50% (vol/vol) formamide/7%
(wt/vol) SDS0.25 M Na+/l mM EDTA with >3 x 10°dpm
of probe per ml. Hybridization and subsequent 0.25 M Na *
washes were at 45°C. The blots were exposed to Kodak XAR
film with amplifying screen for 7 days.

Copy number and distribution of Pcel were assessed by
Southern blot analysis of restriction endonuclease-digested
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genomic DNA. DNA samples (20 pg) were digested, size-
fractionated in 0.8% agarose gels, blotted to Nytran mem-
branes (Schleicher & Schuell), and probed with the 1747-bp
Pcel fragment or a 1-kb Bam HI/Xba | fragment of lipl1 (Fig.
1), Moderate hybridization stringencies were in 45% form-
amide/7% SDS/0.25 M Na/l mM EDTA at 45°C with fina
washes at 45°C. Increased stringencies were obtained at hy-
bridization and wash temperatures of 50°C and by raising the
formamide concentration to 50%.

Transcript Analysis. Reverse transcription-coupled PCR
(RT-PCR) amplification was used to detect lipl transcripts.
Total RNA was purified (30, 31) from C- and N-starved
cultures (32, 33) of BKM-F-1767. Amplification was as de-
scribed (14) except oligo(dT) was used to prime RT. PCR
primers were common to both aleles and flanked the insertion
point (Fig. 1). After amplification, products were size-

1lipr2 tgagctcetgcacagCGTCTTCCACGATTCTATCGCTATCTCTCCCGCTATGGAGGC CCAGGGCAAGTTC 70
tgagctcetgcacagCGTCTTCCACGATTCTATCGCTATCTC TCCCGCTATGGAGGCCCAGGGCAAGTTC

lipri tgagctcotgcacagCGTCTTCCACGATTCTATCGCTATCTCTCCCGCTATGGAGGCCCAGGGCAAGTTC

1lipr2 GGgtaagtgacggegtgcgtgatggtacgeattgeteggtegttgetgagecttygct tgcagAGGTGGTG 140
GGgtaagtgacggcgtgegtgatggtacgea. tgetcggtegttgetgagect tgct tgcagAGGTGGTG

1iprl GGgtaagtgacggegtgcgtgatggtacgecagtgeteggtogttgetgageocttgottgcagAGGTGETG

lip12 GTGCAGACAGCTCCATCATGATCTTCGACGACATCGAGACGGCGTTCCATCCCAACATCGGCCTCGACGA 210
GTGCAGAC . GCTCCATCATGATCTTCGACGACATCGAGACGGCGTTCCATCCCARCATCGG . CTCGACGA

lipI1 GTGCAGACGGCTCCATCATGATC TTCGACGACATCGAGACGGCGTTCCATCCCAACATCGGTCTCGACGA

lip12 GATTGTCAAGCTTCAGAAGCCGTTCGTCCAGAAGCACAACGTCACCCCTGGCGACTTTATCGCCTTCGCT 280
GATTGTCAAGCTTCAGAAGCCGTTCGTCCAGAAGCACAACGTCACCCCTGGCGA . TTTAT . GCCTTCGCC

1ipI1 GATTGTCAAGCTTCAGAAGCCGTTCGTCCAGAAGCACAACGTCACCCCTGGCGATTTTATTGCCTTCGCC

1ipr12 GGGGCTCTCGCACTCAGCAACTCCCCTGETGCCCCTCAAATGAACTTCTTCACCGGTCGCGCTCCTGg a 350
GGGGCTGTCGCACTCAGCAACTGCCCTGGTGCCCCTCARATGAACTTCTTCACCGGTCGCGCTCCTGg a

1ipr1 GGGGCTGTCGCACTCAGCAACTGCCCTGETGCCCCTCAAATGAACTTCTTCACCGGTCGCGCTCCTGgt a

lipr2 tgtgcttcattecagttcaccccaaggatteccaataacattgggactgtagCTACATCAGCAATTITCCT 420
tgtgcttcattcca, ttcaccccaaggatteccaataacattgggac.gtagCTA

lipr1 tgtgcttcattccatttcaccccaaggattcccaataacattgggaccgtagCTA

lipr2 AGCGGCTCTTACAGCGCCTTTGGCACTTTCACAGACGCGCAAGCATTCAGACGGCGTTCTTATTCAGTTA 490

lioI2 TGTACCGCTTTCAAAGCACGGC TTTCAGCTGTCAGACAGCTCTACAGTGTGCATCAAACAGTGTAAAGTG 560

linI2 GCCTACATTCTAGTTTCCCAGCATTAAGTACAGGCTCAAGTTCAGGTTCATCCAGGGGACGGATTGCACA 630

lior2 TGAATGAAGTTAAGCAGTGTATATTAATGCAGATACGATACAGTGTTGGTATATCTACAGGGGAACTATC 700

lior2 CTAACTTATCAGGGGTCCTCAAGCCATSTGCACGGTGCTACCAGATCTGGAACCTTATAGGCAATGCATS 770

lioI2 CCAACATGTATGAGGATGCAGCCCTGGACGTCAGAGTGTCAGTTACGCAACCACATATGATAGCATGCAA 840

lipI2 CCAACTGCTGCTTGAACATGGACACGAGCATCGACACGCTCACGGCAGCGCATGCAAATGTACTGGGTAT 910

lioI2 TCCTGCGTACTTGGGCACAACGTTGATGCATTTGCCATACAACGAAGGGACAACGGCGGTGTCACGGTCT 980

lipor2 CGATGCACCCGGCACCATGGACAGCGAGGGGCAGCTCACATAGGTGATGCATCTGGCCGGCATGCGAGGT 1050

lioiz GAATGGATCTTGCACGTTCGTCTTCACACATGTCGTTGCAATGGTTGTAGCGGAGGACAGAGGTGACGAG 1120

1lipor2 CGAGGGCAGCAACAAACCARGAATGCACACTCACCCTGTATGGACACCAGATCCTACGAGTGGTTTCCTG 1190

lipr2 TGGCAGACGTGTGCAAGGTGGCGAAGCGCACAGAAGGACTTGCTGTCGTCCAGCACATCGGAGGGCGCGA 1260

lipI2 AGCGCAAGCAGAACGAGGGAGCTGGECCCCCGGCCGGCTTCGAAAGGTCATATGGG TACGTTGGTTGGTAT 1330

lipI2 CGAAAAATATGACAACTCACCGGTGTTCCACCAGGCTCTTACGCCCTGTACACTCGTCTATTTCTCCCAG 1400

liorz TAGTCATCTTGGTTCACGGTTTGTGCATGTCTGTTCATTCCGTGCCATCGTGTCCTTGAGTGGTCGGTCT 1470

lioI2 TCTGGATTGCTCCAGTAAGTAAAGTCGTGTGATTCATAGCCTTCAAGACTGACCGAATGGAGAGGAGAGG 1540

lior2 TACTCGTGGGTCAACCCAGGAGCATAGGTGTCGACGAGAGGACAGGCAAGTCGAGAGTGTAAAGCGCCGG 1610 . _F'G ,,,2 A t gn menrt of {'P ] .a,],'

; icies. The junction for aiiging

lipI2 CTGGACTTGGCACGGGCGCGTTCAACGAGGTCGAACCGTGGGAATACTGAAGCTTGAAGGAGCTCCCTTC 1680 sequences was arbitrarily as-

lipI2 ACCGAAACGCATGCAGGCAGTCTGCCACGATGCCCTCATCCTCTTACCTGGCCCCTGTCGGTGGCATTGCT 1750 signed to the third base beyond

1ioI2  GTCGACATTCAAAAATGGAATTCGGTTTACACACAGTTGGCACGCATATCTTCAGGTTGCTCGGCGGAGS 1820 intron 4. (Alignments of the

lipI2 1747-bp insert can be shifted to

ior TGAGCACACCTCGGATGACAGCGTCGACGAS :

A’ GCACGCAGATGCAAGAAGCGGTGAGCTTTCGTGGAATTGT 1890 start at the first, second, or fourth
1ipI2 TAGCCCGCATGGTATATAATGTAAGGTATGGTATTTGTTTGTGAAAGATGAGGTGTAAATACGCAATTTA 1960 base and still give equaily good
1ip12 TATGCGAAACAAAGGGGTAGGCTCAGAGGTTAGTGTCCATGCCTGTTTGTGCATGTC TGTACTTGATGAA 2030 matqhes while preserving lipl2

; reading frames.) A TA target du-
lioI2 ATGCTTTTACTTGATGGTGACATCCTACTTGACGACGARAGCCGCTCTTTGCCTCTTTGTGGCGCTTGTG 2100 plication is shown, but an align-
1ipI2  ACAGCAGCAAGTATGAAAGCGCTGCAAGACGGTCTGGGATATTGCTGATGTACCCAGCCAGCTCCAGATG 2170 ment beginning at the fourth base

CCCAGCCAGCTCCAGATG (Fig. 1) reveals a TAC duplica-
lipri CCCAGCCAGCTCCAGATG tion. An imperfect inverted re-

. peat of 32 bp is underlined. In-
liprz GCCTTGTTCCCGAACCGTTCCGTARGTGCATACTTCTAGACAGACGT 2217 indicated by lowercase

GCCTTGTTCCCGAACCGTTCCGTAAGTGCATACTTCTAGACAGACGT trons are indicatea by
1iprI? GCCTTGTTCCCGAACCGTTCCGTAAGTGCATACTTCTAGACAGACGT type.
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fractionated in agarose gels, bidirectionally blotted to Nytran,
and probed with allele-specific oligonucleotides 5'-CTGGC-
GATTTTATTGCC-3' (Fig. 1, probe 1) and 5 -CTGGC-
GACTTTATCGCC-3' (Fig. 1, probe 2). High-stringency hy-
bridization and wash conditions were as described (34, 35). The
specificity of amplifications and probes was confirmed by
inclusion of (i) lipl1 and lip12 clonal DNA, (ii) PCR-amplified
genomic DNA from single basidiospore cultures, and (iii)
PCR-amplified genomic DNA of the parental dikaryon BKM-
F-1767.

Segregation Analysis. Allelic segregation patterns were
determined for lipl and lipA. Genomic DNA, purified from
single basidiospore cultures (36), was PCR-amplified with
gene-specific primers. For lipl, primers flanked the insertion
point so that the allelic products of 2236 and 479 bp could be
easly differentiated on agarose gels. For lipA, alelic forms are
identical in length and allele-specific probes were used to
differentiate PCR products (34). A total of 69 single basidio-
spore isolates were analyzed.

RESULTS

Sequence of Pcel. Sequence analysis of the 10 known LiP
genes of P. chrysosporium BKM-F-1767 (11) revealed a
1747-bp insertion within the allele lipl2 (Fig. 1). Insertion
occurred 34 bp downstream of the fourth intron. The insert
and flanking regions were sequenced and aigned with lipl1
(Fig. 2). Typical of lip aleles, nuclcotide sequence conserva
tion was extremely high in the adjacent regions, none of the
nucleotide mismatches within aligned regions affected the
predicted amino acid sequence. A potential TA target dupli-
cation and an inverted terminal repeat, both common to many
prokaryotic and eukaryotic transposons, are present (Fig. 2).
The terminal repeat is imperfect with six mismatches out of 32
nt.

The Pcel nucleotide and predicted protein sequences re-
vealed no significant homology to any known sequences,
Insufficient homology prevented the alignment to any data-
base files (GenBank release 84 or EMBL release 38). Separate
comparisons of the terminal repeats showed no significant
similarity to any transposons, including Fotl (23) and Pot2
(24). No extended ORFs were identified in the pcel sequence.
However, the possibility of introns or corrupted nucleotide
sequences within Pcel could not be excluded and so all
potential ORFs were analyzed. Nine ORFs between 70 and 155
codons long were identified but none showed any significant
sequence similarity to data base files (NBRFPIR release 41
or GenBank Translations release 84). None aligned to the
D35E region of transposases, which is conserved in many
cukaryotic and prokaryotic transposons (37).

Genomic Organization and Distribution of pcel. Southern
blots showed Pcel, and a related sequence(s), to be present on
a single chromosome of P. chrysosporium BKM-F-1767. Pre-
viously (11, 28), eight LiP genes, including lipl, had been
assigned to a single linkage group on a dimorphic chromosome
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Fic. 3. Southern blot hybridization of clamped homogeneous field
electrophoresis gels probed with the following probes. Lanes: 1,
cosmid pQQ24, which contains lipA, lipB, and lipC (28); 2, cosmid
p0O282, which contains lipll (29); 3, the 1747-bp insert of lipl2, The
approximate size in Mb of hybridizing bands is shown on left margin,

of 3.5/3.7 megabases (Mb), Southern blots of chromosomes
partiadly separated on pulsed-field gels localized Pcel to the
3.7-Mb band (Fig. 3). Blots of digested genomic DNA revealed
an additional pcel-like sequence(s) on a 4.6-kb Xba |-BamHl
fragment (Fig. 4 Right). The cosegregation of both Pcel-
hybridizing bands in haploid cultures (Fig. 4 Right, lanes 2 and
4) and the single band observed on gel blots (Fig. 3) strongly
support linkage of the Pcel-like elements.

Pcel-like sequences are present in some, but not al, P.
chrysosporium strains. Under moderate Southern blot strin-
gencies, Pcel faled to hybridize to genomic DNA of another
widely used laboratory strain, ME446 (Fig. 4 Right, lane 8).
Seventeen well-characterized P. chrysosporium strains (15)
were also probed with Pcel, and isolates P-127-1, ME-OC-11,
and ME-BC-8 hybridized under moderate stringencies (data
not shown). Further Southern blot analysis of these strains
showed variation in signa intensity and, in contrast to trans-
posons of other fungi (24), no apparent conservation of
restriction sites was observed (Fig. 5). Although several light
bands were visible, their tota number was relatively small,
indicating that Pcel-like sequences are not highly repetitive.
The four isolates harboring pcel-like sequences were dissim-
ilar with respect to lignocellulose degradation, isozyme pat-
terns, geographic origins, and hosts (15).

Transcription of lipl2. RT-PCR and allele-specific oligo-
nucleotide probes were used to detect lipl transcripts. N-
limited and C-limited cultures contained lipl1 transcripts (Fig.
6 Upper, lanes 7 and 8). In contrast, lipl2 transcripts were not
detected (Fig. 6 Lower, lanes 7 and 8). Thus, under the culture
condition employed, there is no evidence for splicing of pcel
from the lipl2 transcript.

Inheritance of pcel. Analysis of haploid progeny showed
simple 1:1 Mendelian segregation of lipl alleles. Nineteen
selected PCR products illustrate segregation of lipll (Fig. 7A,
lanes 3-11 and 21) and lipl2 (Fig. 7A, lanes 12-20). As

8 F1G6. 4. Southern blot hybridizations of a bidirec-
tionally blotted agarose gel probed with the 1.1-kb
BamHI1-Xba 1 fragment of lipl] (Left) or with the
1747-bp insert of lipt2 (Right). Lanes contain Bam-
HI-Xba 1-digested genomic DNA derived from sin-
gle basidiospore cultures (lanes 1-5), from parental
strain BKM-F-1767 (lane 6), and from another
widely used P. chrysosporium strain, ME446 (lane 8)
and molecular size markers (lane 7). A single allele
is detected in homokaryons whereas both are present
in the parental strain (lanes 1-5 vs. lane 6). (Right)
Blot was probed and washed at moderate stringen-
cies. No hybridization to Pcel was observed in
certain homokaryons (lanes 1, 3, and 5) and ME446
DNA (lane 8).
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Fi1G. 5. Southern blot hybridizations of genomic DNA of P. chry-
sosporium BKM-F-1767 (lanes 2-4), P-127-1 (lanes 5-7), ME-OC-11
(lanes 8-10), and ME-BC-8 (lanes 11-13) probed with Pecl. For each
strain, the three lanes contain =10 pg of DNA digested with BamH],
HindlIl, and Xho 1. Moderate hybridization and wash stringencics
were used. Restriction maps for BKM-F-1767 lipl2 predicted bands at
9. 1.4, and 2.7 kb for BamHI, Hindlll, and Xho 1 digestions, respec-
tively. Additional bands were due to several Peel-related regions
within the BKM-F-1767 genome. Lane 1 contained Hindlll-digested
A DNA. Molecular sizes in kb are indicated on the left.

expected, both alleles were amplified from parental (BKM-F-
1767) DNA (Fig. 7A, lane 22).

In separate PCRs, the same single basidiospore DNA sam-
ples were amplified with lipA -specific primers and probed with
allele-specific probes (Fig. 7B). Again, a single alele was
amplified in al samples except the parental dikaryon (Fig. 7B,
lane 22). Excluding the single recombinant strain shown (Fig.
7, lane 21), cosegregation of lipA and lipl aleles is evident.
These results are in agreement with previous physical (28) and
genetic maps (11).

Proc. Natl. Acad. Sci. USA 92 (1995)
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Fic. 6. Analyses of lipl transcripts of P. chrysosporium BKM-F-
1767. RT-PCR amplification was as described for lipl(14) with tota
RNA derived from N-starved (lane 7) and C-starved (lane 8) cultures.
The agarose gel was bidirectionally blotted to Nytran and probed with
*P-end-labled oligonucleotide probes (Fig. 1) specific to lipll (Up-
per) and to lipl2 (Lower). A cDNA of the expected size for lipl1l (683
bp). but not lipl2, was detected (lanes 7 and 8). Additiona lanes
contain molecular size markers (lane 3) and various PCR amplifica-
tions as controls. Using primers identical to the RT-PCR amplifica-
tions, genomic DNA of BKM-F-1767 (lane 4) and two single basid-
iospore cultures (lanes 5 and 6) were PCR-amplified. Both aleles were

amdplified from parental DNA vyielding, the expected products of 1020
and 2763 bp for lipl1 and lipl2, respectively (lane 4). A single product

was detected in the homokaryotic cultures (lanes 5 and 6). To verify
the specificity of probes, cloned copies of lipl2 (lane 1) and lipl1 (lane
2) were PCR-amplified to yield products of 1149 and 1020 bp,
respectively. Highly specific hybridization patterns were obtained.

DISCUSSION

A genetic mechanism(s) controlling ligninolytic variability is
poorly understood. At least three classes of extracellular
enzymes may be involved: LiPs, Mn peroxidases, and glyoxal
oxidase. Eight LiP genes are tightly linked, but 2 lips, several
Mn peroxidase genes, and the glyoxa oxidase gene are un-
linked. Meiotic recombination and segregation of these struc-
tura genes and related regulatory genes undoubtedly contrib-
ute to the quantitative inheritance observed. The heritable
mutation described here transcriptionally inactivates lipl2 and,
therefore, suggests an additional mechanism affecting ligni-
nolytic variability.

Of the 10 structuraly related LiP genes, the mutation is
confined to a single alele of lipl. In separate investigations,
both alleles of al known LiP genes were cloned and partialy
sequenced and no major additions or deletions were detected

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 A

1.2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22

FiG. 7. Segregation of alleles of lip/ (A)

and lipA (B) in selected basidiospore isolates.

Genomic DNA isolated from haploid progeny

(lanes 3-21) and parental strain BKM-F-1767

(lane 22) was PCR-amplified with primers

specific for lipl (4) and lipA (B). For illustra-

—2236  (ive purposes, the PCRs selected and their
relative order on the gels were nonrandom.

~—479 Upstream and downstream lipl primers were

£ TATATANAOTOTOANCTOOT .Y and
J-IATAIULLILIUAULVIVLLIUTY anu

5"-ACGTCTGTCTAGAAGTATGC-3', re-

spectively. The lip! primers are common to
B both alleles and flank the Pcel insertion site
(Fig. 1). Sizes in bp of the respective aileles
are indicated on the right of the ethidium
bromide-stained gel. As expected, the paren-
tal PCR amplifications yielded both allelic
products (lane 22). (B) To differentiate lip4
allelic PCR products, both of which are 260
bp, the agarose gel was bidirectionally blotted
and probed with oligonucleotide probes spe-
cific for lipAl (Upper) and lipA2 (Lower) (34).
Lanes 1 and 2 contain Hae I11-digested $X174
and HindIII-digested A, respectively.
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(12). Insertion occurred adjacent to an intron, the position of
which is conserved in three of the four lip subfamilies (3). A
potential target duplication, CTA, is conserved in lipA, lipB,
lipE, lipF, and lipG. This proximity to the fourth intron
suggested the possibility of pcel splicing, but RT-PCR am-
plification detected only lipll transcripts (Fig. 6). Transcrip-
tion of the short ORFs within pcel cannot be excluded by this
analysis.

The stability and inheritance of Pcel were established by
analyzing cultures derived from single spores. Of 69 randomly
chosen single basidiospore cultures examined, lipl2 was de-
tected in 37. Thus, lipl aleles segregated in a simple 1:1 ratio
among the homokaryotic progeny of meiosis. Segregation
analysis (11) showed very close linkage (<5% recombination)
of lipl and seven additional LiP genes. Recently, lipl and lipG
have been mapped to within 6 kb of each other (unpublished
data). In addition to basidiospores, cultures derived from
asexual conidiospores were also analyzed. Both lipl alleles
were PCR-amplified from 10 single-conidiospore cultures
(data not shown). The consistent association of lipl aleles in
these dikaryotic spores indicates mitotic stability of pcel.

By definition, transposable elements are highly repetitive
and randomly dispersed within the genome. The Pcel element
is neither. Southern blots indicate very few copies of pcel, and
all of these are located on a single chromosome homologue of
3.7 Mb. Further, no evidence of transposition is available for
pcel. While direct experimental evidence for transposition is
not always available, mobility is often inferred from high copy
numbers and from sequence homology with other transposons.
However, Pcel is present in few strains at very low copy
numbers and it bears no sequence similarity to any known
transposons. In view of these distinctive qualities, the term
“transposon” is avoided for Pcel.

However, pcel exhibits certain transposon-like features. In
particular, the short inverted repeats, lengths < 2 kb, and
duplication of the target dinucleotide (TA) are common
features of a large family of transposons related to the Cae-
norhabditis elegans Tcl element (38). In addition to Pcel,
fungal transposons Fotl and Pot2 share these Tcl-like char-
acteristics. The Fotl and Pot2 coding regions show extensive
identity to each other but, like Pcel, bear no homology to the
transposase motifs conserved in the Tcl superfamily (37).
Thus, pcel may represent another class of transposon or an
inactive remnant of a mobile element. Given lip sequence
conservation surrounding the putative target site, transposi-
tion of pcel might be extremely useful in mutagenesis studies.

The distribution of fungal transposons has been loosely
associated with virulence, host range, and geographic origin,
but specific roles for these elements have not been assigned
(39). The pcel insertion has a clear and direct effect on
inheritance and transcription of lipl, but its broader signifi-
cance in genetic variation and in evolutionary divergence is
unclear. Insertions of pcel-like elements into a single chro-
mosome homologue may contribute to chromosome length
polymorphisms. In contrast to dispersed integrations, multiple
insertions into the same allelic homologue would seem to
impede chromosome translocations. However, insertions
within or near LiP gene clusters might facilitate chromosome
rearrangements and play a role in the evolution of the LiP gene
family.
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