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Abstract: Endopeptidase marker EpD1b and STS marker XustSSR2001-7DL are closely linked to very effective eyespot resistance gene 
Pch1. Because of this, the aim of this study was to compare the results obtained under lab conditions using such markers with the 
results obtained under field conditions. 134 wheat breeding lines and Triticum aestivum L. var. Randevous used as a eyespot resistance 
control were analized. The combination of three methods allowed to select eight completely resistant or high resistant lines, that 
could be used in following breeding processes. Results obtained using endopeptidase and STS markers in 100% correlate with the 
phenotyping scoring.
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INTRODUCTION
Eyespot (strawbreaker foot rot), caused by necrotro-

phic fungal pathogens: Oculimacula acuformis (formerly 
Tapesia acuformis) and O. yallundae (T. yallundae) (Crous 
et al. 2003), is one of most common diseases of cereals in 
the temperate climate and one of the most dangerous dis-
ease between winter and spring. Usually O. acuformis  and  
O. yallundae simultaneously appears on the field. They 
have a wide host range among small grain cereals and 
grasses (Murray 1992). First symptoms appear during 
the autumn pullulating. Eye-shaped, eliptical lesions on 
the lower portion of the stem are clearly visible at BBCH 
30–32 (Korbas 2004). Crops from infected plants are slight-
er with reduced quality. Severe infections could result in 
yield losses of up to 50% (Fitt et al. 1988; Janczewska 1991). 

Three eyespot resistance genes are reported (Pch1, 
Pch2, Pch3) (McIntosh 2006). First two are as a main sourc-
es of resistance. Pch1, Pch2 are effective at the seedling 
stage and have been incorporated into cultivated wheat 
varieties (Chapman et al. 2008). 

Moderated resistance to eyespot was first recognized 
in the French wheat cv. Cappelle – Desprez (Vincent et al. 
1952; Batts and Fiddian 1955; Hollins et al. 1998). Most of 
the resistance of Cappelle Desprez is conferred by resis-
tance gene(s) Pch2, located on chromosome 7A with ad-
ditional effects associated with chromosomes 2B and 5D 
suggesting the involvement of genes of minor effect (Law 
et al. 1975; Chapman et al. 2008).

The Pch1 resistance gene was identified in Aegilops 
ventricosa (2n = 4x = 28, DVDVMVMV) (Mena et al. 1992). 
First eyespot resist wheat line VPM1 was derived from 
a cross between an amphiploid (Ae. ventricosa x T. persi-
cum) and T. aestivum cv. Marne (Maia 1967). The translo-
cated sequence with the Pch1 gene has been mapped in 
chromosome arm 7DL (Jahier et al. 1978; McMillin et al. 
1986). VPM1 line was a base for breeders to create new 
resistance cultivars like Randevous (used in presented 
work as a resistance standard).

An identification of the Pch1 locus is provided by 
closely linked endopeptidase gene locus EpD1b (Worland 
et al. 1988; Groenewald et al. 2003).

Endopeptidase 1 (EP-1) in wheat is controlled by 
3 loci: EpA1, EpB1 and EpD1, located in homoeologous 
chromosomes 7AL, 7BL and 7DL, respectively (Hart and 
Langston 1977; McMillin and Tuleen 1977; Koebner et al. 
1988; Santra et al. 2006).  EpD1 has two alleles: EpD1a – de-
rived from wheat and EpD1b – from Ae. ventricosa (Koe-
bner et al. 1988). Close localization of EpD1b gene locus 
and Pch1 gene locus determine utility of endopeptidase 
markers. Results of researches made by Santra et al. (2006) 
documented that the endopeptidase marker is 100% ac-
curate for predicting strawbreaker foot rot reaction.

Groenewald et al. (2003) identified the amplified frag-
ment length polymorphism (AFLP) markers linked to the 
EpD1b and Pch1 and converse one of them into Polymer-
aze Chain Reaction (PCR)-based screening system. STS 
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marker predicted disease reaction with approximately 
90% accuracy (Santra et al. 2006).

The present paper reports study of  identification eye-
spot resistance of wheat lines using enzymatic and mo-
lecular markers and phenotypic evaluation under field 
control after inoculation.

MATERIALS AND METHODS

Plant materials
The 134 breeding lines of wheat, Triticum aestivum L., 

with random genetic background, were obtained from 
Polish breeding companies. T. aestivum variety Rande-
vous was used in as a resistance control. Seeds from the 
134 lines and Randevous variety were planted in the 
greenhouse and plants were grown at 22°C during 14 
days.

Evaluation of resistance under laboratory condition
The endopeptidase assay was made using leaf tissue 

from two-weeks-old seedlings. The enzyme was extract-
ed by grinding the leaves using a Plexiglas bar in 10 μl of 
0.025 M glycylglycine buffer (pH 7.4; SIGMA). To load 
samples, paper strips were soaked in the enzyme extract 
for each genotype and inserted in to the gel. The 10% 
starch (SIGMA) gel was run at 4°C at 200V. After electro-
phoresis the gel was incubated in the dark at 37°C with 
0.5% solution of low melting agarose containing 2.56 mg 
Fast Black  K Salt (SIGMA) and 1.12 mg N-α-Benzoyl-DL-
Arginine-LB-Naphthylamide (BANA; SIGMA) in 0.1 M 
Trizma maleate (SIGMA) – NaOH (pH 5.8; POCH).

The identification of STS marker XustSSR2001-7DL 
(Groenewald et al. 2003) was made using the same leaf 
tissue that have been used for the endopeptidase assay. 
Total genomic deoxyribonucleic acid (DNA) was extract-
ed from  14-days-old seedlings using heksadecyltrimeth-
ylammonium bronhide (CTAB) method according to 
Doohan et al. 1998. The marker was amplified following 
the protocol of Groenewald et al. 2003. PCR profile was 
modificated with reference to standard protocol and con-
sisted of denaturation at 94°C for 10 min., followed by 35 
cycles of  94°C for 30 s, 55°C for 30 s and 72°C for 1 min., 
followed by final extension for 10 min. at 72°C and a soak 
temperature of 4°C. The products of amplification were 
visualized using 3% agarose (SIGMA) gel (1 x TBE buffer, 
5h at 100V) stained with ethidium bromide.

Evaluation of resistance under field conditions
Field experiment was conducted at the Kopaczewo 

Field Station in 2011, where wheat grown in monoculture 
during 4 years, to increase the risk of the infection. It was 
carried out in four replication at completely randomized 
block design. Experiment on the provided all 134 wheat 
lines and control variety were inoculated by spraying at 
BBCH 31-32 with a fresh-made conidial-mycelium sus-
pension of Oculimacula acuformis  and O. yallundae (1:1 
ratio, 4 x 106 spres/ml). Plant material was harvested and 
than the level of the disease was scored in the Depart-
ment of Mycology (Institute of Plant Protection, Na-
tional Research Institute). Only eyespot symptoms were 

rated. Sample of 50 grains from each replicate of each 
wheat lines and control variety were evaluated (in a total  
200 grains for each genotype). The percent  of infected 
grains was determine  and than the grain infection in-
dex was calculated (Fig. 1). The level of the grain sample 
infection scale was measured using I – IV scale (I – no 
symptoms, II – less than 50% of grain surface infected, 
III – over 50% of grain surface infected, IV – 100% of grain 
surface infected, rotten tissue). Results were presented as 
a mean from each replication.

Fig. 1. Grain infection index. I – no symptoms, II – less than 50% 
of grain surface infected, III – over 50% of grain surface 
infected, IV – 100% of grain surface infected, rotten tissue 
noted. n- number of evaluated grains

RESULTS

The endopeptidase zymograms analyzed among 
the 134 wheat breeding lines and cv. Randevous were 
grouped in to six classes of band patterns (Table 1, Fig. 
2). First class was represented by cv. “Randevous” and  
8 lines: KBP 06.200, KBP 03 245, KBP 08.3, KBP 0652, NAD 
0715, NAD 9721, STH 810, MOB 3982. It had the top and 
the lower bands for Ep-D1b. The second class zymograms 
had the top band for Ep-D1b and two bands for Ep-D1a. 
This class numbers 49 genotypes (lines). Nine lines were 
classified into third type, having only one (top) band for 
Ep-D1b. Fourth class (47 lines) had the top band for Ep-
D1b and the lower band for  Ep-D1a. All four bands (two 
for Ep-D1b and two for Ep-D1a) were classified as fifth 
type (8 lines). Plants from 13 lines had the top band for 
Ep-D1b and  the top band for Ep-D1a.

The amplification of the SSR locus using XustSSR2001-
7DL STS marker yielded a product of 240 base pairs (bp) 
in resistant genotypes and 222 bp product in susceptible 
lines (Fig. 3). Plants from 8 lines (the same like those in 
the first class of band patterns in endopeptidase analy-
sis) and Triticum aestivum L. var. Randevous, used in as 
a eyespot resistance standard, had the 240 bp band. Rest 
of analyzed lines had 222 bp band.

The results of the inoculation test of derived wheat 
lines were divided into 6 groups with regard to infection 
level. The range of the infection came from 0 to 16,5%. 
First group of 8 genotypes (STH 810, CHD 3443/07, DED 
389/06, KBP 08.14, SMH 8429, HRSM 732, MOB 3989/07, 
MOB 3975/07) had no symptoms of eyespot infection. 
Second group of 4 genotypes (KBP 08.03, NAD 0715, 
MOB 3982/07, MOB 3858/07) had 0.5% of grain infection. 
Four genotypes (KBP 03.245, KBP 06.52, NAD 06136, STH 
9005) had 1% of grain infection and were classified to the 
third group. Fourth group of two genotypes (KBP 06.200 
and NAD 0721) had 1.5 % of grain infection. 2% of infec-
tion was observed on plants of 3 genotypes (CHD 382/06, 
MIB 89/06 and KBP 02.813/2). Rest of used genotypes had 
7–16.5% of grain infection.
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Table 1. Endopeptidase zymogram types (with band pattern and the number of assigned wheat lines)

Endopeptidase zymogram types
1 2 3 4 5 6

Ep-D1b
top band – – – – – –

lower band – –

Ep-D1a
top band – – –

lower band – – –
Number of lines 8 49 9 47 8 13

Fig. 2. Endopeptidase zymograms of the given wheat lines and their relationship with the eyespot reaction

Fig. 3. Amplified products for the STS marker XustSSR2001-7DL. Amplified bands 222 bp and 240 bp indicate eyespot susceptibility 
and resistance specific bands, respectively. (L) DNA size ladder, (W) Rendezvous – resistance standard, (1–8) resistant lines 
(KBP 06.200, KBP 03 245, KBP 08.3, KBP 0652, NAD 0715, NAD 9721, STH 810, MOB 3982), (9–10) susceptible lines (CHD 
974/05-9/06, DED 263/06)

Table 2. Results of the inoculation test of derived wheat lines divided into 6 groups with regard to infection level in comparison to 
the endopeptidase assay and molelucar marker identification

No. Line
Infection  

index

K

Average 
percentage of 

infected grains

Endopeptidase zymogram types
XustSSR2001-

7DL

bands

1 [R] 2 [S] 3 [S] 4 [S] 5 [S] 6 [S] 222 bp 
[S]

240 bp

[R]
1 2 3 4 5 6 7 8 9 10 11 12
C Rendezvous 0 0 + +

1 STH 810 0 0 + +

2 CHD 3443/07 0 0 + +

3 DED 389/06 0 0 + +

4 KBP 08.14 0 0 + +

5 SMH 8429 0 0 + +

6 HRSM 732 0 0 + +

7 MOB 3989/07 0 0 + +

8 MOB 3975/07 0 0 + +

9 KBP 08.03 0.06 0.5 + +
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DISCUSSION

The main goal of this experiment was to compare re-
sults obtained using endopeptidase assay and STS marker 
(XustSSR2001-7DL) with the results obtained under field 
condition after inoculation by Oculimacula acuformis and 
O. yallundae. Using enzymatic and molecular markers, 
eight lines (KBP 06.200, KBP 03 245, KBP 08.3, KBP 0652, 
NAD 0715, NAD 9721, STH 810, MOB 3982) had been se-
lected and define as resistant. The inoculation test singled 
out 8 completely resistant lines (0% of infection) and  
13 highly resistant lines (0.5–2% of grains infection). The 
range of the infection was lower in comparison with pre-
vious seasons because of the weather conditions, which 
have not been conductive to proper development of the 
pathogens. Confrontation of the three, irrespective used, 
methods let to determine that 8 genotypes: carried Ep-D1b 
locus, that is closely linked with Pch1 eyespot resistance 
gene locus and had identified STS marker (XustSSR2001-
7DL) linked with Ep-D1b locus and also were classified 
into group of completely resistant genotypes and highly 
resistant genotypes by inoculation tests. The results also 
documented that the endopeptidase marker and the STS 
marker is 100% accurate for predicting eyespot reaction 
in this set of wheat genotypes.

Presented results give some new information about 
endopeptidase assay of wheat genotypes than these which 
were reported in previous reports (McMillin et al. 1986; 
Santra et al. 2006). Two zymogram band patterns (type 2 
and type 5) are novel. In such  types of band patterns the 
second band for Ep-D1a was identified. Obtained results 
also documented that if only one band for Ep-D1b is pres-
ent band (in 9 genotypes – 4–16.5% of grains infection) is 
not correlated with high or complete eyespot resistance.

Based on the obtained results it is possible to con-
clude that endopeptidase marker EpD1b, STS marker 
XustSSR2001-7DL and phenotypic evaluation under field 
conditions after inoculation can be used in the breeding 
programmes to identify new sources of resistance for eye-
spot of wheat.
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