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Additive effect involving a new locus of benomyl resistance in Aspergillus
nidulans

Abstract

Most of the fungicides based on the benzimidazole nucleus, including benomyl, thiabendazole and
thiophanate, are systemic and because they control many important fungal diseases.
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Martinez-Rossi, N.M"1 and J.L. Azevedo"2 Mst of the fungicides based on the benzim -
dazole nucleus, including benonyl, thiabendazole

Additive effect involving a new and thiophanate, are systemc and because they
. . have a broad action spectrum they can be used to

locus of benonyl resistance in control  many inportant fungal ~ diseases. Even
, _ though the " chemcal structures of benonyl and
Aspergillus  nidul ans thiophanate my appear not to be simlar, the two

. . substances are netabolized to a common conpound
which is probablry the cause of cross-resistance between them  Benonyl-resistant = mutants
are of interest from at least two points of view the understanding of the ?enetlc bases
that govern this resistance and the study of mcrotubulins using a genetical-biochen cal
approach, since benonyl is an antimcrotubular drug.

Three loci of benonyl resistance have been described in A nidulans: benA (7Hastie
and Georgopoulos 1971 J.” Gen. Mcrobiol. 67:371-373, benB and=tenC (van Tuyt—1977 Ph.D
Thesis, Agricultural University, \Mgeningen,— The NetherTands). ~Iné benA locus maps on
linkage group MIIl, confers high resistance to benonyl even though™T does not permt
conidiation of resistant nutants and al so codes for B-1 and R-2 tubulin (Sheir-Neiss, G
et al. 1978 Cell 15:639-647). The other two loci map el sewhere and make the fungus
resistam to low fumgrcide levels.

To determne the possible existence and interrelationship of other loci responsible
for this resistance, conidia of the proAl pabaA6 yA2 strain were irradiated with U [ight
and inoculated at 37°C in conplete nedium dishes containing thiophanate-methyl  fungicide
(40 ug/m). This concentration inhibits the growth of sensitive strains. A nutant
obtained under these conditions (BEN-35) proved to be resistant to benonyl and showed
normal  conidiation in conplete nedium containing up to 10 ug/m  benonyl “or 50 ug/n
t hi ophanat e- met hyl . In contrast FGSC A524 (benAlO hi A fwAl Id not conidiate at a con-
centration exceeding 5 ug/m benonyl or 10 ugfm—THOpPh e-net hyl .

~ Cenetic analyses of this new nutant (BEN-35) carried out by cross wth the Mster
Strain E (MSE? showed that a single gene mutation which also mapped on linkage group VIII
was responsible for the benongl and thiophanate-nethyl resistance. About 300 segregants
obtained from a cross between BEN-35 and FGSC A524 were tested for allelism between These
resistant genes by incubation in several concentrations of benomyl. Two of the segregants
were as sensitive as the wild type strain and another one showed high resistance to the
fun8| cide.  Thus, it seems that a new locus (benD), located about 1.0 unit from benA and
probably centromere-proximal to it, 1is responstBt® for the resistance.

The ED50 values of the BEN-35 FGSC A524, sensitive strains, heterozygous diploids
and double mutant (Table 1) obtained from dose-response curves for benonyl ‘and thiophan-
ate-nethyl showed: a) cross resistance between benonyl and thiophanate-methyl, b) a
higher level of resistance to both fungicides in the BEN-35 nutant as conpared to the
FGSC A524 strain, ¢) the resistance of the BEN-35 strain to thiophanate-nethyl was about
60 tines higher than to benonyl. For FGSC A524 and sensitive strains the ratio between
the two fungicides was only 10, d) internediate resistance of the diploid heterozygous
for benDl/+ indicating a semdonmnant trait, €) the double nutant obtained by crossing
the BEN-35 strain (benDl) with FGSC A524 (benAl0) has a high level of resistance to
benonyl. This interac has al so been detetted—anong the benA benB and henC |oci of
A nidulans (van Tuyl 1977 Ph.D. Thesis, Agricultural UTVersiTy, \Wagemmmyen, The
Net herTands) . The double mutant, bhenA benB, showed an internmediate type of resistance to
benonyl and sonewhat higher resistame 0 thiabendazole. Wen benB and benC were recom
bined into one strain, only a slight increase in resistance wdS _observed™ Thus, it seens
that benonyl (or benzinidazole) resistance is governed by a multigenic system  Further-
nmore, the "additive effect and the physical closeness of the benA and benD Ioci = suggests
that the latter mght be responsible Tor the synthesis of anottrer tubul iTrpol ypeptide.
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Table 1. ED50 values from dose-response curves of benonyl and thiophanate-nethyl for

various strains

EDb0™a(uag/ m )

Strains Rel evant  genotype penomyT™h thi ophanat e- met hyl ¢
MSE 0.7 7.0

pr oAl pabaA6 yA2 0.7 7.0
benAl0 birAT TwAl (A524) benAlQ 7.1 80.0
BEN- 35 pEnor 31.3 >2000.0

BEN- 35/ / MSE ‘Tembr 19.4 794.3
Doubl e resistant PEnALO bhenDl >100.0 -

a - Concentration reducing the colony radial growth by 50%

b - Methyl-1-butyl carbamoyl - 2- benzi m dazol e  carbamate

¢ - 1,2-bis (3 " methoxy-carbonyl-2-thioureido)-benzene

A1 Dept. de Genetica, Universidade de Sao Paula, 14049 Rbeirao Preto, SP, Brazil;
de CGenetica, ESALQ USP, Caixa Postal 83, Sao Paulo, Brazil
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