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CoUletotrichum gloeosporioides f. sp. aeschynomene is a fungal plant pathogen of Aeschynomene virginica. A
j8-tubulin-encoding gene (TUB2) from this pathogen was cloned and sequenced. The deduced amino acid
sequence of TUB2 had a high degree of homology to other fungal 0-tubulins. A portion of TUB2 from a

benomyl-resistant C. gloeosporioides f. sp. aeschynomene mutant was also cloned and sequenced. A point
mutation resulting in a glutamic acid-to-lysine substitution at amino acid 198 likely confers benomyl
resistance. The mutation is relevant for use as a selectable marker in developing a gene transfer system in C.
gloeosporioides f. sp. aeschynomene. Northern (RNA) hybridizations with C. gloeosporioides f. sp. aeschynomene
TUB2 and another C. gloeosporioides f. sp. aeschynomene 13-tubulin-encoding gene (TUB)) as probes showed
differential expression of these genes in different cell types.

Colletotrichum gloeosporioides (Penz.) Sacc. f. sp. aeschyno-
mene incites anthracnose onAeschynomene virgininica, which is
commonly called northern jointvetch (4). Northern jointvetch
is a leguminous weed in rice and soybean fields in some
southern states. Contaminating northern jointvetch seeds
greatly reduce the market value of rice (20). C. gloeosporioides
f. sp. aeschynomene has been commercially marketed as a
mycoherbicide (COLLEGO) to decrease populations of north-
ern jointvetch in rice and soybean fields.
Development of a transformation system would be ex-

tremely useful for investigating the molecular biology of C.
gloeosporioides f. sp. aeschynomene. Attempts to transform C.
gloeosporioides f. sp. aeschynomene by using heterologous
molecular markers have met with little success (la). Thus,
cloning of an endogenous molecular marker may facilitate
development of an efficient transformation system.
Benomyl (BEN) is an effective systemic fungicide (active

ingredient, methyl-2-benzimidazole carbamate). BEN binds to
the microtubule subunit ,B-tubulin (pTub) to inhibit the growth
of many fungi (14). Point mutations in a highly conserved gene
for ,3Tub, designated TUB2, confer BEN resistance in Neuro-
spora crassa (13) and Aspergillus nidulans (8). C. graminicola
contains two genes encoding ,BTub (15). A divergent ,Tub
gene (TUB1) from a BEN-resistant C. graminicola strain
successfully transformed wild-type C. graminicola to BEN
resistance (16).

C. gloeosporioides f. sp. aeschynomene also contains two
,Tub-encoding genes, including a r3Tub gene with a high
degree of amino acid homology to C. graminicola TUB1 (2).
Here we report the nucleotide sequence of a second gene for
3Tub (TUB2) in C. gloeosporioides f. sp. aeschynomene and

identify a molecular lesion which likely confers BEN resis-
tance. Interestingly, the t3-tubulin genes are differentially ex-
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pressed in conidia, conidiating mycelia, and vegetative mycelia
and the TUB1 transcript is considerably larger than expected.

MATERIALS AND METHODS

Strains and plasmids. Wild-type C. gloeosporioides f. sp.
aeschynomene 3.1.3, used in this work, was isolated from
northern jointvetch. B-21 is a pathogenic, ethylmethylsulfo-
nate-induced, BEN-resistant mutant derived from strain 3.1.3.
Both strains were provided by Dave TeBeest, University of
Arkansas. Clone pCGTUB2 (15) was obtained from R. M.
Hanau, Purdue University. The Escherichia coli XL-1 and
plasmid vectors pBluescript KS+ and KS- were used for
subcloning. Helper phage VCS-M13 was used for single-
stranded DNA generation.
Media and culture conditions. YpSs (21) agar plates were

inoculated with spore suspensions of each C. gloeosporioides f.
sp. aeschynomene strain stored at -70°C. B-21 was grown on
medium with 1 ,ug of BEN per ml. Cultures were grown for
several days at 24°C with a 12-h photoperiod under white
fluorescent light. For DNA isolation, 250 ml of YpSs liquid
medium (amended with 1 ,ug of BEN per ml for B-21) was
inoculated with approximately 0.5-cm2 plugs of mycelia from
YpSs agar plates. Cultures were grown for several days at room
temperature on a rotary platform at 100 rpm. For RNA
isolation, 100 to 1,000 ml of YpSs liquid medium was inocu-
lated with a sterile loop of C. gloeosporioides f. sp. aeschy-
nomene conidia from a YpSs agar plate. To obtain vegetative
mycelia, cultures were grown on a bench without agitation for
approximately 2 weeks. Conidia and conidiating mycelia were
obtained from cultures grown for several days at room tem-
perature on a rotary platform at 100 rpm. Conidia were filtered
through sterile cheesecloth to separate conidia from conidiat-
ing mycelia. All fungal samples were examined by light micros-
copy to distinguish whether samples contained mycelia,
conidia, or both mycelia and conidia. Conidiating mycelium
samples contained some conidia but conidial samples con-
tained only conidia. E. coli cultures were grown on Luria-
Bertani agar or 2xYT liquid medium (18). Selective medium
contained 100 ,ug of carbenicillin per ml and 10 ,ug of
tetracycline per ml as necessary.
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Nucleic acid isolation. Fungal genomic DNA was isolated as
previously described (16), except that total DNA was purified
in a single cesium chloride gradient. Total RNA was purified in
accordance with previously published procedures (3). Plasmids
were isolated as previously described (18).

Library construction, isolation of clones, and sequencing. A
genomic library of wild-type C. gloeosporioides f. sp. aeschyno-
mene was constructed in the vector EMBL3 (6). Genomic
DNA was partially digested with Sau3A and size fractionated
on sucrose gradients. Fragments of 15 to 20 kb were ligated
with BamHI-digested EMBL3 arms, and the ligation products
were packaged in vitro by incubation with bacteriophage
lambda packaging extracts. The resulting library was trans-
fected into E. coli P2392. Plaque hybridization was performed
by the method of Benton and Davis as described by Samb'ook
et al. (18), by using nick-translated (17) pCGTUB2 as the
probe. Subcloning involved standard procedures (18). Dele-
tions were constructed with restriction endonucleases, ligation,
and transformation. DNA was sequenced by using the dideoxy-
chain termination method (19) as modified by Nelson et al.
(12). Oligonucleotides were synthesized on an Applied Biosys-
tems nucleic acid synthesizer to sequence any DNA not
sequenced from deletions. All enzymes were purchased and
used in accordance with the manufacturer's specifications.
PCR. A portion of the TUB2 allele from genomic B-21 DNA

was amplified by PCR. Reactions were prepared in accordance
with the protocol of Perkin Elmer Cetus, by using 50 ng of
heat-denatured, Apal-digested genomic B-21 template DNA
and 140 ng each of two primers (TB201 [5'-CTCCATCTCG
TCATACC] and TB203 [5'-TTATCCGCCTTllGCCCCT-3']).
Reactions were incubated as follows: a denaturing cycle of
94°C for 5 min; three cycles of 94°C for 1.5 min, 40°C for 2 min,
and 72°C for 3 min, four cycles of 94°C for 1.5 min, 45°C for 2
min, and 72°C for 3 min; 18 cycles of 94°C for 1.5 min, 50°C for
2 min, and 72°C for 3 min; and a 7-min extension at 72°C. The
resulting 1.65-kb fragments were digested with BamHI-XhoI to
produce 1,028-nucleotide fragments. These were ligated into
pBluescript KS- and transformed into E. coli XL-1.

Northern (RNA) hybridizations. RNA (20 jig) was mixed
with 0.72 ,ug of ethidium bromide, 1.5 ,ul of 1OX loading dye
(0.25% bromophenol blue, 0.25% xylene cyanol, 25% Ficoll,
10 mM EDTA), and 3 ,ul of 5x TBE buffer (18) in a 15-,ul
volume. Samples were heated at 75°C for 5 min prior to
loading of 1% agarose-1 x TBE gels. Gels were run at 3 V/cm
for 3.5 h in lx TBE buffer. Gels were soaked in 7% formal-
dehyde for 10 min, rinsed twice with water, and then soaked in
2x SSPE (lx SSPE is 0.18 M NaCl, 10 mM NaH2PO4, and 1
mM EDTA [pH 7.4]) for 10 min. RNA was blotted onto nylon
filters with 20X SSPE for 16 to 20 h and subsequently fixed via
UV irradiation. Blots were hybridized in Sx SSPE-5X Den-
hardt's solution-0.5% sodium dodecyl sulfate-20 ,ug of single-
stranded salmon sperm DNA per ml. Probes were labeled with
[cx-32P]dCTP by using the random priming method of Feinberg
and Vogelstein (5). Hybridizations included 25 ng of the probe
in 10 ml of solution at 60°C for 20 h. Filters were washed under
high stringency including two washes in 0.2x SSPE at 60°C for
20 min each. Filters were exposed to Kodak X-Omat film with
intensifying screens for about 7 days.

Nucleotide sequence accession number. The GenBank ac-
cession number for C. gloeosporioides f. sp. aeschynomene
TUB2 is U14138.

RESULTS

Cloning of C. gloeosporioides f sp. aeschynomene TUB2. A
genomic phage library of wild-type C. gloeosporioides f. sp.
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FIG. 1. Restriction map of C. gloeosporioides f. sp. aeschynomene
TUB2 and flanking regions. Map coordinates are in kilobases. The
relative positions of the ATG and TAA codons are indicated below the
map. The pCGAWTTUB2 clone contains the entire ApaI-PstI insert.
The arrows indicate the directions and extents of the TUB2 regions
sequenced. Restriction sites are designated as follows: A, ApaI; B,
BamHI; E, EcoRI; H, HindIll; M, MluI; N, NcoI; P, PstI; SI, Sacl; S,
SalI; Sm, SmaI.

aeschynomene was screened by using pCGTUB2 (16) as a
probe. Several strongly hybridizing plaques were isolated.
DNA purified from individual phage clones was digested with
several restriction enzymes. Subsequent Southern hybridiza-
tions revealed a single hybridizing fragment of 2.65 kb after
digestion with ApaI-PstI. This fragment was cloned into ApaI-
PstI-digested pBluescript KS+ and KS-. Restriction endonu-
clease digestion produced the map in Fig. 1.

Sequence analysis. Both strands of the 2.65-kb ApaI-PstI
fragment were completely sequenced (Fig. 1) by using dideoxy-
chain termination sequencing (19). Sequence alignment with
C. graminicola TUB2 showed that this fragment contained a
complete TUB2 gene from C. gloeosporioides f. sp. aeschyno-
mene. Alignment of the C. gloeosporioides f. sp. aeschynomene
TUB2 coding sequence (Fig. 2) showed 93.6 and 91.2%
nucleotide sequence identity with C. graminicola TUB2 (15)
and N. crassa tub-2 (13), respectively. Sequence alignment with
C. gloeosporioides f. sp. aeschynomene TUB1 (2) showed 69.1%
nucleotide sequence identity.

CGGCCCAAGCAGTAAACAAGCGAGCTGCACCCCTTCCCCTCTGUCCTCGCTGCGCTGGTGTCGGACCCCGTGCGGCTGAACAAAATCACATCCACCCCGCAA
ACAAAAATCAACAACCTCTTCCCCTACCTATCCTCTCGACCTCATCCACCTCCACCCCAACCACGTCCGACTTGAAGCTTCGCGCGTAGCTCTCAAGCTC
TTCTCATCGCCTATCCTCGGTCAAGCCCAGCTCAGTGTATTTCATCATCCAAA ATG CGT GAG ATT GTMGTTGCAGTCCATCACCACAATCACA

Net Arg Glu Ito
ACAACGCTTGCGACGCGTTTATCCGCCTTGCCCCTGAGCGTACCCCGCCGACATTTTTACCCGACTTCTATGCTCAACAAACCCGCGACGCCTGTCMTC
ATCGACGTCCAACTCTGAAATGTTTTGCTGACTGCTGCCTTTTTTTTGTCTACAG GTT CAC CTC CAG ACC GGC CAG TGC GTAAGTCTTCCC

V9L His Lou Gin Thr Gly Gtn Cys
AAGCCAAATCTAACCGCCTGATTGCGGgCTfACCTCCTTGTACAG SAT MC CAG ATT GAT ACT GCC TTC TA GTACGTGACGAGACCGCC

Gly Asn Aln ILe Gly Ala Ala Ph. Tr
GACGACCCGGCAATATATACTTGCGAGGACGGCAGATATTACGATAGAGTAG A CAAM MC ATT TCT AAC GAG CAC GAC CTC GAC AGC

p Gln Asn ILe Ocr Aly Alu His Aly Lou Asp Ser
MT GGA AT GTATGTCATGCCCCTTTATCTGGCCACATTCGTGGTTSACGCTAAACTCGMCAG C TAC MC GGC ACC TCT GAO CTC
Asn Aly Vs l Tyr Asn Gly Thr Ser GluLou
CAG CTC GAG CGC ATG ACC GTC TAC TTC MC G66 GTTTGTTACCTTATAGCCCCCAGAGTGCAAGATAMCATATTGACGA62TagC
Gin Leu Alu Arg Net Ser VaL Tyr Phe Asn Glu
TTCGCTCCTACCCAG GCT TCC GGC MC MG TAC GTG CCC CAT 0CC GTC CTC GTC GAT TTG GAG CCC MGT ACC ATG GAC

ALa 5cr Gly Asn Lys Tyr Val Pro Arg Ala Val Leou Val Asp Lou Glu Pro Sly Thr Net Asp
GCC GTC CGT GCT GAT CCT TTC GGC CAG CTG TTC CGC CCC GAC MC TTC GTC TTC GCC CAG TCT SOT GCC OAt MC
Ala Val Arg Alt Gly Pro Phe Gly Aln Leou Ph. Arg Pro Asp Asn Phe Val Phe Gly Gtn Ser Aly Ala Sly Asn
MC T1G GCC MG GGT CAC TAC ACC GAG GAT 0CC GAS CTA GTC GAC CAG OTT CTC GAT GTT OTt CGC CGC GAG ACT
Asn Trp Ala Lys Gly His Tyr Thr Stu Gly Ala Alu Lcu Vel Asp Aln Val Leu Asp Vol Val Arg Arg Slu la
GAG MGC TOC GAC TGC CTC CAG GAT TTC CAG ATC ACC CAC TCC CTC GOT GOT GGT ACC SAT ACC GOT ATG GOT ACC
01u Gly Cys Asp Cys Leou Gln Gly Phe 0ln lIe Thr His Ser Leou Gly ly Gly Thr Gly Ala Gly Net Gly Thr
CTC CTA ATC TCC MG ATC CAT GAG GAG TTC CCC GAC CAC ATG ATG ACC ACC TTC TCC GTC OTT CCC TCC CCC MG
Leou Leou lIe Sr Lys Ito Arg Gtu Gtu Phe Pro Asp Arg Net Net Ala Thr Phe Ser Val Val Pro Ser Pro Lys
GTC TCC GAC ACC OTT GTC GAG CCC TAC MC ACC ACT CTC TCC GtC CAC CAG CTG GTC GAG MC TCC GAC GAG ACC
Vol Ser Asp Thr Vol Val Gtu Pro Tyr Asn Ala Thr Leou Ser Val His 01n Leu Val Gbu Asn Ser Asp Glu Thr
TTC TGC ATT GAC MC 06G GCT CTC TAC GAC ATT TGC ATG COT ACC CTC MG CTG TCC MC CCC TCT TAC GGC GAC
Phe Cys Ito Asp Asn GCu Ala Leou Tyr Asp Ito Cys Mct Arg Thr Leou Lys Lou Ser Asn Pro Ser Tyr Gly Asp
CTG MC CAC CTG GTC TCT OCT GTT AT6 TCC GGT GTC ACT ACC TGC CTG CGT TTC CCG GOT CAO CTG MC TCT MC
Leou An His Leou Vl Ser Ala Vol Net Ser Gly Vl lThr Thr Cys Leu Arg Phe Pro Gly Gln Leou Asn Ser Asp
CTG CGC MG CTG GCT GTC MC ATG OTT CCT TTC CCC CGT CTC CAC TTC TTC AT6 STC GGC TTC OCT CCC CTG ACC
Leu Arg Lye Leou Ala Vt Asn Not Vol Pro Pho Pro Arg Leou His Phe Phe Net Val Gly Phe Ala Pro Leu Thr
AGC CGT MGC GCC CAC TCT TTC CGC GCC GTC AMT GTT CCT GAG CTC ACC CAO CAG ATG TTC GAC CCC MA MC AT6
5cr Arg Gly Ala His GAr Phe Arg Ala Val Ser Vol Pro Gtu Leou Thr GIn Aln Net Phe Asp Pro Lys Asn Net
ATA OCT ACT TCT GAC TTC CAC MC GOT CGC TAC CTG ACC TGC TCT 6CC ATC IT GTCGATTGACCTGAATGATTCCTTTTCCA
Net Ala Ala Ser Asp Phe Arg Asn Gly Arg Tyr Leou Thr Cys Ser Ala Ito Ph
TGATTTITCICTMCCATTTTCTAG C COT GGC AG GTC GCT ATG MA GAT GTC GAO GAC CAG ATG CGC MC GTC CAO MC

H Arg Gly Lye Vol Ala Net Lys Asp Vol 01u Asp Gtn Net Arg Asn Vol 01n Asn
MG MC TCC TCC TAC TTC GTC GAG TGG ATC CCC MC MC GTC CAG ACC GCC CTC TGC TCC ATT CCT CCC CGC GGC
Ly Asn SOr Ser Tyr Ph. Vol Glu Trp Its Pro Asn Asn Val 01n Thr Ala Leu Cye Ser lIe Pro Pro Arg Cly
CTC MO ATG TCC TCC ACC TTC GTC GAT MC GCC ACC GCC ATC CAG MO CTG TTC MG COT GTC SAT GAS CAO TTC
Leu Lys Net SOr Ser Thr Phe Vol Gly Asn Ala Thr Ala Ito Gln Glu Leu Ph. Lys Arg Vol Gly Glu Gln Phe
ACT 6CC ATG TTC COT CGC MG GCT TTC TTO COT TOO TAC ACT GOT MAO GAT ATG MC GAG ATG MAO TTC ACT GAG
Thr Ala Net Phe Arg Arg Lye Ala Phe Leu His Trp Tyr Thr Gly Glu Sly Net Asp 01u Net Alu Phe Thr 01u
OCT GAG TCC MC AT6 MC MAT TTG GTC TCC GAO TAC CAG CA TAC COO MC OCT OAT OTT GAC GAG GAO GAG MO
Ala Gtu Ser Asn Net Asn Asp Leou Vol Ser Glu Tyr GCn Gtn Tyr GIn Asp Ale Gly Vol Asp Glu Slu Slu Glu
GAO TAC GAS MAG 06 GCT CCT CTT AG MAG AG OTT TM GCGCAOTCTMTMCTGCTTMCGCTTAGTGCCACACCCTCAACACCC
Slu Tyr Gtu Gtu Gtu Ala Pro Leou Gu Glu Slu Val End
ACCMATTACTCCATCCGTGGTGGAATTTCGCTTCGCGACTCTGGCTTTGCCAGAACATGGGCTTCTAGATATACCTCTCTTAGTAGTACGCCTGACGTA
TCATTCGAGTACGAAGMAMTOGCATGTTCTGTMCTACTGGCCAMTATCMTGCCTGTGAMTTCCCCCTMTGCCCATGTMGAAGCMAGTMGMC
GCGAGTTCTCTCTGTGAAMTCACTTGTTGGCMCCTTTTCTGGCGCAAACACCGAGCTGCAAACCGMGCTGAGCTGGTACAGCCAATTGCAGTAGT
TTATMAAGTGGGTCCTTTGTTGATGACTMAGCATGGGAAAAGTTCCTMAAGACCCTCACGACCGTCMTCGAGCMCACATGTCGTGCGACTGGGAGGT
MCTCGCCATTCGCGACTAGTGCTTGCTCCTAGCAGAGGMCGGTGTTGAGGCAGGCCCTGGCCTCCTCGTGTCCACGACGGTTCCGGCATTCCTTGT
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FIG. 2. Nucleotide sequence of C. gloeosporioides f. sp. aeschyno-
mene TUB2 and deduced amino acid sequence. Internal conserved
sequences within introns are underlined.
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FIG. 3. Comparison of deduced amino acid sequences of C. gloeo-
sporioides f. sp. aeschynomene (Cga) TUB2 and TUB1 (2), C. gramini-
cola (Cg) TUB2 (15), and N. crassa (Nc) tub-2 (13) lTubs. Amino
acids identical to those in the C. gloeosporioides f. sp. aeschynomene
TUB2 sequence were omitted, and dashes were introduced to maintain
maximum sequence homology.

Sequence alignment of C. gloeosporioides f. sp. aeschyno-
mene TUB2 revealed six introns in positions identical to those
in C. graminicola TUB2 and N. crassa tub-2. All intron-exon
borders contain sequences conserved among other reported
filamentous fungal introns (1). Furthermore, all introns in C.
gloeosporioides f. sp. aeschynomene TUB2 contain internal
consensus sequences (Fig. 2) found in other fungal introns
(13). Splicing of the intervening sequences produced a single
1,341-nucleotide (447-amino-acid) open reading frame.
Alignment of the deduced amino acid sequence of the C.

gloeosporioides f. sp. aeschynomene TUB2 protein (Fig. 3)
revealed 78.7% amino acid identity to the C. gloeosporioides f.
sp. aeschynomene TUB1 protein (2), 99.3% amino acid identity
to the C. graminicola TUB2 protein (15), and 96.6% amino
acid identity to the N. crassa tub-2 protein (13).
The coding region of C. gloeosporioides f. sp. aeschynomene

TUB2 has a G+C content of 59.2% and shows biased codon
usage. Only 42 of 61 sense codons are used in C. gloeospori-
oides f. sp. aeschynomene TUB2, with 78.3% of the codons
ending in G or C. Codon bias in C. gloeosporioides f. sp.
aeschynomene TUB2 is similar to that of C. graminicola TUB2
(41 codons) and N. crassa tub-2 (42 codons) but is much more
pronounced than the codon bias of C. gloeosporioides f. sp.
aeschynomene TUB] (57 codons).

Detection of a BEN-resistant mutation. PCR was employed
to generate 1.65-kb fragments (nucleotides 60 to 1714 of C.
gloeosporioides f. sp. aeschynomene TUB2 [Fig. 2]) by using
DNA from pathogenic, BEN-resistant strain B-21 as the
template. This region of the gene was amplified because every
identified mutation which confers BEN resistance in a plant
pathogen is found within this region of ,-tubulin (9, 22).
Fragments were digested with BamHI-XhoI and cloned. Four
fragments from two separate reactions were cloned. A se-
quence was obtained for each of the four clones for nucleotides
777 to 1077 (amino acids 113 to 212). Each clone contained a
single mutation, a G-to-A transition at nucleotide 1032, result-
ing in a lysine substitution for glutamic acid at amino acid 198.

Northern analysis. RNA was isolated from C. gloeospori-
oides f. sp. aeschynomene conidia, conidiating mycelia, and
vegetative mycelia. RNA was separated on agarose gels, trans-
ferred to nylon, and probed with radiolabeled pCGAWJITUB2
(Fig. 1) or pNPWTTUB1 (2), which contains the complete C.
gloeosporioides f. sp. aeschynomene TUB1 gene (Fig. 4). TUB2
was expressed in all three cell types. Autoradiographs exposed
for shorter lengths of time indicated that TUB2 was expressed
at the highest levels in vegetative mycelia and at the lowest
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FIG. 4. Northern hybridizations of RNAs isolated from C. gloeo-
sporioides f. sp. aeschynomene conidia (lane 1), conidiating mycelia
(lane 2), and vegetative mycelia (lane 3) probed with pCGAWNTTUB2
(panel A) and pNPWTTUB1 (2) (panel B). The numbers to the left of
panel A are molecular sizes in kilobases.

levels in conidia, although the difference in expression among
cell types was not significant (data not shown). TUB1 appeared
to be expressed only in conidiating mycelia (Fig. 4B, lane 2).
The TUB2 transcript was approximately 1.8 kb long (Fig. 4A),
while the TUB1 transcript was approximately 4.8 kb long (Fig.
4B). Running RNA on denaturing formaldehyde gels and then
subjecting it to Northern hybridization did not resolve the
extra faint signals and revealed transcript sizes identical to
those shown in Fig. 4 (data not shown).

DISCUSSION

A second ,BTub-encoding gene from C. gloeosporioides f. sp.
aeschynomene was cloned. This gene shows a high degree of
identity to conserved ,BTub genes characterized in other fila-
mentous fungi, including N. crassa tub-2 (13) and C. gramini-
cola TUB2 (15). Genomic Southern hybridizations using the C.
gloeosporioides f. sp. aeschynomene TUB2 gene as the probe
(data not shown) were identical to those using C. graminicola
TUB2 as the probe (2).

Pathogenic, BEN-resistant strain B-21 possesses an altered
TUB2 allele which codes for lysine instead of glutamic acid at
amino acid 198. Mutations that confer BEN resistance have
been identified in TUB2 homologs from several fungi. TUB2
mutations that produce an amino acid (lysine, alanine, or
valine) substitution for glutamic acid at amino acid 198 have
been identified in highly BEN-resistant isolates of Venturia
inaequalis, Monilinia fructicola, and Penicillium expansum (9).
Lysine and alanine substitutions for glutamic acid at amino
acid 198 were reported for two TUB2 alleles from BEN-
resistant field isolates of Botrytis cinerea (22). Substitutions for
glutamic acid at amino acid 198 have been identified in three
TUB2 alleles from BEN-resistant isolates of A. nidulans (8).
Furthermore, a TUB2 allele with a glycine substitution for
glutamic acid at amino acid 198 has been shown to confer BEN
resistance in N. crassa (7). Thus, the molecular lesion identified
in the TUB2 allele from a BEN-resistant C. gloeosporioides f.
sp. aeschynomene isolate likely confers BEN resistance. Iden-
tification of a mutation which likely confers BEN resistance is
relevant for developing a gene transfer system in C. gloeospo-
rioides f. sp. aeschynomene. Interestingly, a divergent ,Tub
gene, TUB1, from the closely related fungus C. graminicola
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transformed wild-type C. graminicola to BEN resistance (16),
although no mutation was identified.

Northern hybridizations showed TUB2 expression in unger-
minated conidia, conidiating mycelia, and vegetative mycelia.
TUB2 is considered a housekeeping gene. Thus, expression of
TUB2 in metabolically active conidiating mycelia and vegeta-
tive mycelia is expected. The relatively high level of TUB2
transcripts in ungerminated conidia suggests that PTub en-
coded by TUB2 is required for or immediately after spore
germination. We believe that at least two sets of genes are
required for spore germination. The first set of genes are
required for the transition from an ungerminated spore to a
germinated spore. This developmental switch induces expres-
sion of a second set of genes required for germ tube elonga-
tion. Many genes required for germ tube elongation are also
presumably expressed during hyphal growth. TUB2 is likely a
housekeeping gene that is expressed in vegetative mycelia, and
such hyphae, especially hyphal tips, are similar, if not physio-
logically identical, to germ tubes. Thus, TUB2 transcripts in
ungerminated conidia are likely present for germ tube elonga-
tion.

Production of RNA transcripts is metabolically expensive.
Fungal spores contain a finite amount of energy and catabolic
sources for basic building molecules such as ribonucleotides.
Transcripts in conidia are likely generated at the expense of
conidiating mycelia during conidial development. Further-
more, conidial germination often occurs in the absence of
exogenous nutrients, especially for many foliar plant pathogens
which germinate on leaf surfaces. Thus, conidia containing
transcripts would be more efficacious than conidia produced
without transcripts.

Transcripts of the cot-i gene from N. crassa are also present
in ungerminated conidia of N. crassa (23). Because cot-I
encodes a kinase required for hyphal tip elongation, it is
unlikely that the cot-i-encoded protein needs to be present to
maintain viability of ungerminated conidia. These data
strongly suggest that ungerminated conidia contain transcripts
which encode proteins requiring rapid de novo synthesis
during spore germination. This phenomenon is apparently not
unique to C. gloeosporioides f. sp. aeschynomene TUB2 or N.
crassa cot-]. For example, transcripts of the HTS-1 gene
encoding HC toxin synthetase are present in ungerminated
conidia of Cochliobolus carbonum (4a). Furthermore, tran-
scripts of three C. trifolii genes, i.e., those that encode calm-
odulin and two kinases, are present in ungerminated conidia of
C. tnifolii (2a). The temporal expression of these genes may
facilitate establishment of a fungus in its environmental niche.
The temporal expression of specific genes is likely very impor-
tant for establishment of pathogens on hosts.

Transcripts of the divergent ,BTub-encoding gene, TUB1,
from C. gloeosporioides f. sp. aeschynomene were detected in
conidiating mycelia but not ungerminated conidia or vegetative
mycelia. Thus, the TUBJ-encoded protein appears to be in-
volved in conidial development. The divergent ,Tub-encoding
gene, tubC, from Aspergillus nidulans also appears to partici-
pate in conidial development inA. nidulans (10). However, the
divergent PTub gene, TUB1, from C. graminicola showed
similar levels of expression in conidiating and nonconidiating
cultures of C. graminicola (15). Thus, the C. gloeosporioides f.
sp. aeschynomene TUB1 gene shows novel expression relative
to C. graminicola TUB1 because it is expressed only in conidi-
ating mycelia.
The C. gloeosporioides f. sp. aeschynomene TUB2 transcripts

were approximately 1.8 kb long, which correlates well to the
1,341-nucleotide coding sequence of TUB2. However, the
estimated transcript size of 4.8 kb for C. gloeosporioides f. sp.

aeschynomene TUB1 is much greater than the 1,338-nucleotide
coding sequence for this gene. It is possible that TUB1
transcripts contain a secondary structure which alters their
migration through agarose gels. However, use of denaturing
formaldehyde gels followed by Northern hybridization did not
alter the apparent transcript size of TUB]. Furthermore, TUB1
shows nearly 70% identity to TUB2, which migrated as ex-
pected through agarose gels. Thus, the large size of TUB1
transcripts is difficult to explain. This may reflect unique
sequences flanking the TUB1 coding sequence. Alternatively,
TUB1 may be transcribed as part of a polycistronic precursor
mRNA as shown for o(-Tub and 1-Tub genes from trypano-
somes (11). Importantly, C. gloeosporioides f. sp. aeschynomene
TUB1 is expressed as a large transcript in conidiating mycelia
of C. gloeosporioides f. sp. aeschynomene, whereas C. gramini-
cola TUB1 is expressed as a normally sized transcript in
conidiating and vegetative mycelia of C. graminicola. These
data represent fundamental differences between the tubulin
genes in these related fungal plant pathogens.
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