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Fig-2. Percentage of mating type idiomorphs distributed by state in Results
Introduction
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Central High Plains region

Cercospora leaf spot (CLS) caused by Cercospora beticola is
Central High Plains region.

Cercospora leaf spot (CLS) caused by Cercospora beticola is Table-1 Mating type idiomorphs distribution in the Central High Plains regionthe most important foliar disease of sugar beet worldwide. An Table 1. Mating type idiomorphs distribution in the Central High Plains region.
100%the most important foliar disease of sugar beet worldwide. An

integrated pest management (IPM) strateg is effecti e for
100%

integrated pest management (IPM) strategy is effective for
80%CLS suppression Fungicides are widely used for disease Na MAT1 1 MAT1 2 R ti b ²c Pd 80%CLS suppression. Fungicides are widely used for disease

i d i l d b i id l Si
Na MAT1-1 MAT1-2 Ratiob χ²c Pd

suppression, and include benzimidazoles. Since
χ

by Year g 60%pp ,
benzimidazoles are single mode of action systemic fungicides by Year g 60%

MAT1 2benzimidazoles are single mode of action systemic fungicides,
40% MAT1-2

resistance can develop quickly in the C. beticola population. 2004 22 17(0 77) 5(0 23)e 3 4 6 55 0 011 40%p q y p p
Benzimidazole resistance was first reported in C beticola in

2004 22 17(0.77) 5(0.23) 3.4 6.55 0.011
MAT1-1Benzimidazole-resistance was first reported in C. beticola in 20% MAT1-1

1973 from Greece and later in other regions worldwide 2005 20 17(0.85) 3(0.15) 5.6 9.8 0.002 20%
1973 from Greece, and later in other regions worldwide.
D it d d b i id l i t t i ll t d

2005 20 17(0.85) 3(0.15) 5.6 9.8 0.002
0%Despite reduced use, benzimidazole resistance typically tends

2006 19 14(0 74) 5(0 26) 2 8 4 26 0 039
0%p yp y

to persist in the C beticola population Genetic variability and 2006 19 14(0.74) 5(0.26) 2.8 4.26 0.039
CO MT NE WYto persist in the C. beticola population. Genetic variability and ( ) ( )
CO MT NE WY

population structure has been reported in C. beticola despite 2007 8 3(0 38) 5(0 62) 0 6 0 5 0 48population structure has been reported in C. beticola despite
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2007 8 3(0.38) 5(0.62) 0.6 0.5 0.48
the only known reproduction being asexual. Therefore, we Fig-3.  Percentage of mating type idiomorphs distributed by y p g ,
investigated the correlation between benzimidazole resistance

g g g yp p y
benzimidazole sensitivity in theCentral High Plains region2008 23 19(0 83) 4(0 17) 4 8 9 8 0 002investigated the correlation between benzimidazole resistance benzimidazole sensitivity in the Central High Plains region.2008 23 19(0.83) 4(0.17) 4.8 9.8 0.002

and mating type idiomorphs distribution in C. beticola
2009 81 4(0 91) (0 09) 10 6 42 0

g yp p
population 2009 81 74(0.91) 7(0.09) 10.6 55.42 0 100%population. 9 7 ( .9 ) 7( . 9) . . 100%

by State 80%by State 80%
CO 20 16(0.80) 4(0.20) 4 7.2 0.007 60%CO 20 16(0.80) 4(0.20) 4 7.2 0.007 60%

MAT1 2
MIf 6 3(0 50) 3(0 50) 1 0 1A B 40% MAT1-2
MIf 6 3(0.50) 3(0.50) 1 0 1A B 40%( ) ( )A B

20% MAT1-1
MT 45 36(0 80) 9(0 20) 4 16 2 0 20% MAT1 1
MT 45 36(0.80) 9(0.20) 4 16.2 0

0%0%
NE 91 81(0 89) 10(0 11) 8 1 55 4 0NE 91 81(0.89) 10(0.11) 8.1 55.4 0 Resistant Sensitive

( ) ( )
Resistant Sensitive

ConclusionWY 17 11(0.65) 6(0.35) 1.8 1.47 0.225 ConclusionWY 17 11(0.65) 6(0.35) 1.8 1.47 0.225
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• The result showed that Central High plains C. beticola isolates were 
R i 69 58 (0 84) 11 (0 16) 4 7 32 0 0001

g p
approximately 80% MAT1 1 as compared to 20% MAT1 2 whichFig-1 Adjacent plots (A) with C beticola resistant (left)& susceptible Resistant 69 58 (0.84) 11 (0.16) 4.7 32 0.0001 approximately 80% MAT1-1 as compared to 20% MAT1-2, which Fig-1.  Adjacent plots  (A) with C. beticola resistant  (left) & susceptible 

( i ht) b t d (B) l h i d l i CLS l i
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significantly deviated from the expected 1:1 ratio(right) sugarbeet crop and  (B) leaves showing  developing CLS lesions.
S iti 104 86 (0 83) 18 (0 17) 4 4 44 6 0 0001 significantly deviated from the expected 1:1 ratio.
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Sensitive 104 86 (0.83) 18 (0.17) 4.4 44.6 0.0001

• Also, the result  of mating type idiomorphs distribution by a Number of isolates tested
( ) ( )

Materials and Methods
, g yp p y

be i id le e iti it d e i t e i ifi tl de i ted f
a. Number of isolates tested.
b A 1 1 A 1 2 iMaterials and Methods

1 C b l i l d f b
benzimidazole sensitivity and resistance significantly deviated from b. MAT1-1:MAT1-2 ratio.

1. C. beticola isolates were recovered from sugarbeet the expected 1:1 ratioc Chi-square value for normal distribution of MAT1-1:MAT1-2g
lesions and grown on sugarbeet leaf extract agar

the expected 1:1 ratio.
f h i i lid h l bi i l d

c. Chi-square value for normal distribution  of MAT1-1:MAT1-2.
d P b bili f d f fi h d1 1 i f MAT1 1 MAT1 2 (C i i l llesions and grown on sugarbeet leaf extract agar • If the assumption is valid that sexual recombination leads to a 1:1 d. Probability of goodness of fit to the expected1:1 ratio of MAT1-1:MAT1-2 (Critical value 

(SBLEA).
e assu p o s va d a se ua eco b a o eads o a :

di t ib ti f ti t lt f il t i di t th t lof χ²df=1 =3 84 at P=0 05)(SBLEA). 
2 B i id l iti it f h i l t

distribution of mating type, our results fail to indicate that sexual of χ df=1 3.84 at P 0.05).
N b i b k h f f h l i2. Benzimidazole sensitivity  of each isolate was 

g yp
recombination is occurring in the CHP region or that it is infrequente. Numbers in brackets  represents  the frequency of each loci. 

determined on potato dextrose agar amended with 5 mg recombination is occurring in the CHP region, or  that it is infrequent.p q y
f Michigan was included for comparisondetermined on potato dextrose agar  amended with 5 mg 

L 1 f b l f i id •Therefore sexual recombination may not beoccurring in the Centralf. Michigan was included for comparison.
Mi hi d t l d d f th l iL-1 of benomyl fungicide. Therefore, sexual recombination may not be occurring in the Central 
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g. Michigan  data was excluded from the analysis.y g

3 Mycelia were harvested from SBLEA plates and placed High Plains C. beticola population in which benzimidazole resistance 3. Mycelia were harvested from SBLEA plates and placed g p p
is known to persistinto microfuge tubes with c.a. 50 µl of DNA suspension is known to persist. into  microfuge tubes with c.a. 50 µl of DNA suspension 

b ffer (Tris EDTA b ffer)buffer (Tris-EDTA buffer).
R f4 Mycelial suspensions were boiled for 15 minutes to References4. Mycelial suspensions were boiled for 15 minutes to 

t t DNA l d d t if d t textract DNA, cooled, and  centrifuged to separate g p
mycelia fragments from supernatant 1. Briere S.C., Franc G.D., and Kerr, E.D. 2001. Fungicide sensitivity characteristics of Cercospora mycelia fragments from supernatant.  g y p

beticola isolates recovered from the High Plains region of Colorado, Montana, Nebraska, and 
5. The supernatant was used for PCR amplification using 

g g , , ,
Wyoming. 1. Bezimidazole and Triphenyltin Hydroxide. J Sugarbeet Res. 38:111-120.p p g

two pairs of primers designed from mating type
y g p y y g

2. Georgopoulos, S.G. and C. Dovas. 1973. Occurrence of Cercospora beticola strains resistant totwo pairs of primers designed from  mating  type  2. Georgopoulos, S.G. and C. Dovas. 1973. Occurrence of Cercospora beticola strains resistant to 
benzimidazole fungicides in northern Greece. Plant Dis. 62:321–324.

idiomorphs sequences (Groenwald et al 2006)
benzimidazole fungicides in northern Greece. Plant Dis. 62:321 324.

3 Groenewald M J Z Groenewald TC Harrington EC A Abeln W Pedro and P W Crous 2006idiomorphs sequences (Groenwald et al., 2006).
6 R lt bt i d f PCR lifi ti l d

3. Groenewald, M., J.Z. Groenewald, T.C. Harrington, E.C.A. Abeln, W. Pedro, and P.W. Crous. 2006. 
Mating-type gene analysis in apparently asexual Cercospora species is suggestive of cryptic sex6. Results obtained from PCR amplification were analyzed Mating-type gene analysis in apparently asexual Cercospora species is suggestive of cryptic sex. 
Fungal Genetics and Biology 43: 813 825p y

using SAS to determine mating type idiomorphs
Fungal Genetics and Biology 43: 813–825.

4 Moretti M G Karaoglanidis M Saracchi A Fontana and G Farina 2006 Analysis of genotypicusing SAS to determine mating type idiomorphs 
di ib i

4. Moretti, M., G. Karaoglanidis, M. Saracchi, A. Fontana, and G. Farina. 2006. Analysis of genotypic 
diversity in Cercospora beticola Sacc field isolates Ann Microb 56:215 221distribution. diversity in Cercospora beticola Sacc. field isolates. Ann. Microb. 56:215-221


