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The study of the relation between wheat leaf rust 
(Puccinia persistens subsp. triticina) and winter wheat 
(Triticum aestivum) from aspect of it’s genetic of resistance

TAŤÁNA SUMÍKOVÁ

ABSTRACT

The presence of the resistance genes Lr37 and Lr10 was verified in chosen cultivars by using infection 
tests of leaf rust races with known virulence genes and by using the molecular markers. The gene Lr37 
was detected using published DNA SCAR marker SC-Y15 (Robert & al., 1999) in these cultivars: Apache, 
Banquet, Bill, Brigadier, Clever, Corsaire, Rapor and Terza. The presence of the gene Lr10 was proved by 
the molecular marker STSLrk10-6 (Schachermayr & al., 1997) in cultivars Alka, Alana, Bill, Siria, Consort, 
Galahad, Haven, Mercia, Rapor, Terza, Torfrida and Trémie.

Key words: molecular markers for the Lr37 and Lr10 genes, leaf rust resistance genes, Puccinia per-
sistens subsp. triticina (Eriks.), Urban & Marková), winter wheat (Triticum eastivum L.).

INTRODUCTION

The resistance genes for wheat leaf rust in wheat are frequently studied by 
approximate analysis. Cultivars are infected with leaf rust isolates with defined viru-
lence genes. The reactions of these cultivars are compared with the reactions of lines 
possessing known resistance genes. This analysis is very time-consuming. For quick 
and reliable detection of specific Lr genes molecular markers for these genes can 
be used. Molecular markers allow the detection of these genes independently of the 
phenotype. Nowadays molecular markers for many Lr genes have been developed 
(e.g. Feuillet & al., 1995, Schachermayr & al., 1994, Schachermayr & al., 1997, 
Nelson & al., 1997, Sacca & al., 1998, Robert & al., 1999, Cherukuri & al., 2003).

The Lr37 gene which is present in many European wheat cultivars displays leaf 
rust resistance at the adult stage. This gene introduced into wheat chromosome 
2A from Aegilops ventricosa L. was found to be closely linked to yellow and stem 
rust resistance genes Yr17 and Sr38. In the Czech Republic the Lr37 gene is one of 
the most effective genes in the field conditions (Bartoš & al., 2001).

The Lr10 gene originates from the wheat cultivars Lee and Timstein. In the 
Czech Republic this gene is not effective by itself but it provides a good protection 
in combination with other Lr genes for example Lr13 (Bartoš & al., 1992, Bartoš 
& al., 2000).
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MATERIAL AND METHODS

The seed of the unregistered cultivars originated from the Gene Bank Prague- 
-Ruzyně and the seed of registered cultivars from the Central Institute for Supervi-
sion and Testing in Agriculture of the Czech Republic were used. Cultivars tested 
to detect the Lr37 gene were Apache, Banquet, Batis, Bill, Clever, Complet, Cor-
saire, Svitava, Windsor, Brigadier, Rapor and Terza. Cultivars tested to detect the 
Lr10 gene were Alka, Alana, Bill, Boka, Siria, Consort, Galahad, Haven, Mercia, 
Rapor, Terza, Torfrida and Trémie.

Greenhouse infection tests for detection the Lr37 and Lr10 genes were carried 
out by leaf rust isolates with defined virulence genes. Inoculation was carried out by 
rubbing the first leaf with suspensions of urediospores. Inoculated plants were kept 
in closed glass cylinders to keep high air humidity for 48h at 18  °C. Then the glass 
cylinders were opened and plants were grown 7–10 days at 18–20 °C. Infection types 
were evaluated 10–14 days after inoculation according to Stakman & al. (1962).

Cultivars were grown 10 days in the greenhouse and the second leaf was used 
for the molecular analysis. For DNA isolation from leaf tissue the DNeasy Plant 
Mini Kit (Qiagen) was used. Leaf tissue was mechanically disrupted in liquid ni-
trogen before the extraction. The approximate DNA concentration was assessed 
by comparison with marker Lambda DNA/HindIII.

For detection the Lr37 gene molecular marker SCAR SC-Y15 was applied fol-
lowing the protocol by Robert & al. (1999) with small changes. For detection the 
gene Lr10 molecular marker STSLrk10-6 was applied following Schachermayr 
& al. (1997) with small changes.

The amplified fragments 580bp (for the Lr37 gene) and 282bp (for the Lr10 gene) 
were separated on 2% agarose gel (Sigma) and visualized under UV light after 
staining with ethidium bromide. Ladder Lambda DNA/HindIII was loaded on the 
gel together with the amplified fragments.

The methods are described in detail in my Diploma thesis (Sumíková, 2004).

RESULTS

All cultivars were tested in greenhouse by above mentioned leaf rusts iso-
lates. The resistant reaction of leaf rust pathotypes 333 and 600 avirulent to the 
Lr37 gene showed the presence of the Lr37 gene in cultivars Apache, Banquet, 
Bill, Clever, Corsaire, Rapor, Svitava and Terza (Table 1).

The presence of the Lr10 gene was shown in all tested cultivars except for culti-
var Boka according to the resistant reaction of leaf rust pathotypes 1947 and 4332 
avirulent to the Lr10 gene (Table 2).
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Tab. 1: Greenhouse test to detect the Lr37 gene

 l. r. pathotyp

cultivar

virulent to the Lr37 gene avirulent to the Lr37 gene

4332 9017 1887 52A 1947 333 600

Apache 2–3 3 3 3 3 0; 2–3

Banquet 2–3 3 3 3 3 0 2

Batis 2–3 3 3 3 2 2–3 3

Bill 1 3 2 2 > 3 2 0 2

Brigadier 3 – – 0 – 3 –

Clever 3 3 2 3 2 0; 2

Complet 3 – – 3 – 3 3

Corsaire 3 – – 3 – ; 1 2–3

Rapor ; 1 3 2 3 2 2 1–2

Svitava 2–3 3 3 3 2 0; 2

Terza 0 3 0 2–3 1 0 1–2

Windsor 2–3 3 3 3 2 1 3

Tab. 2: Greenhouse test to detect the Lr10 gene

 l. r. pathotyp

cultivar

virulent to the Lr10 gene avirulent to the Lr10 gene

333 1887 600 9017 1947 4332

Alana 1 3 3 3 2 1–2

Alka – 2 – – 0 –

Consort 2–3 – – – 0 –

Galahad 2 3 3 3 0 1–2

Haven 0 ; ; 1 3 2–3 1–2

Lr 10 3 3 3 3 2 2

Mercia 3 3 3 3 1 1–2

Siria 0 – – – – –

Torfrida ; 2 3 3 1–2 1

 l. r. pathotyp

cultivar
347 628 600 9018 1947 4332

Boka 3 3 3 3 3 3

Trémie 2 1 3 2 2>3 1

0; 1 2 – resistant; 3 – susceptible

Molecular markers were applied to verify the results obtained in infection tests.
Specific PCR product 580bp which proved the presence of the Lr37 gene was 

produced in cultivars Apache, Banquet, Bill, Brigadier, Clever, Corsaire, Rapor, 
Terza and NIL Thatcher Lr37 after application the molecular marker SCAR 
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SC-Y15. Sterile water was used as a negative control. Near isogenic line Thatcher 
Lr37 was used as a positive control. The application of the marker gave distinct 
results (Fig. 1a, 1b).

Fig. 1a: Samples scanned with the marker SCAR SC-Y15
1 – Marker Lambda DNA/HinDIII, 2 – Apache, 3 – Bill, 4 – Clever, 5 – Corsaire, 6 – Complet, 
7 – NIL cv. Thatcher Lr37, 8 – Terza, 9 – Sterile water

Fig. 1b: Samples scanned with the marker SCAR SC-Y15
1 – Marker Lambda DNA/HinDIII, 2 – Banquet, 3 – Batis, 4 – Brigadier, 5 – Rapor, 6 – Svitava, 
7 – Windsor, 8 – Sterile water

The results obtained with both methods shown that cultivars Apache, Bill, Clev-
er, Corsaire, Terza, Banquet, Brigadier and Rapor might possess the Lr37 gene.

The presence of the gene Lr10 was proved by the molecular marker 
STSLrk10-6 in all tested cultivars and NIL Thatcher Lr10, except for cv. Boka 
which was susceptible also in infection test. Near isogenic line Thatcher Lr37 
and sterile water were used as a negative control. Near isogenic line Thatcher 
Lr10 was used as a positive control. The application of the marker gave distinct 
results (Fig. 2a, 2b).

The results obtained with both methods showed that all tested cultivars, except 
for cv. Boka, might possess the Lr10 gene.
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Fig. 2a: Samples scanned with the STS marker Lrk10-6.
1  – Marker Lambda DNA/HinDIII, 2  – NIL cv. Thatcher Lr10, 3  – Galahad, 4  – Mercia, 
5 – Haven, 6 – Torfrida, 7 – Consort, 8 – Alka, 9 – Alana, 10 – Boka, 11 – Trémie, 12 – Trémie, 
13 – Sterile water

Fig. 2b: Samples scanned with the STS markerLrk10-6.
1  – Marker Lambda DNA/HinDIII, 2  – Boka, 3  – Boka, 4  – NIL cv. Thatcher Lr37, 5  – NIL 
cv. Thatcher Lr10, 6 – Terza, 7 –Bill, 8 – Rapor, 9 – Sterile water

DISCUSSION AND CONCLUSIONS

The presence of the Lr37 gene was previously supposed according to the tests 
with a set of leaf rust pathotypes in cultivars Brigadier, Terza, Rapor (Park & al., 
2001; Singh & al., 2001; Winzeler & al., 2000) and in cultivars Apache, Bill, Cle
ver, Corsaire (Bartoš & al., 2003b).

By molecular marker SCAR SC-Y15 the presence of this gene was previ-
ously confirmed in cultivars Apache, Bill, Corsaire (Ambrozková & al., 2002, 
Bartoš & al., 2003a) and Clever (Ambrozková & al., 2002; Bartoš & al., 2003a; 
Stępień & al., 2003). The gene was detected also in cultivars Brigadier (Robert 
&  al., 1999, 2000; Ambrozková & al., 2002; Stępień & al., 2003), Rapor and 
Terza (Stępień & al., 2003).

Probably for the first time the marker SCAR SC-Y15 was used in cultivars Ban-
quet and Svitava. Bartoš & al. (2003b) mentioned the presence of some resistance 
gene to leaf rust (the undetermined Lr gene) in cv. Banquet. The results of in-
fection tests and also the application of the marker SCAR SC-Y15 showed the 
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resistant reaction. It could signify that the undetermined resistance gene is the 
Lr37 gene, but this supposition must be confirmed by other tests.

Cv. Svitava was resistant to the infection test but susceptible in the molecular 
test. The resistant reaction in the infection test was caused by the presence of 
the Lr3 gene not the Lr37 gene (Bartoš et al., 2003b). The leaf rust pathotypes 
333 and 600 are avirulent to both genes Lr3 and Lr37 so this might misrepresent 
the results.

The absence of the Lr37 gene was postulated in cultivars Batis, Complet and 
Windsor. It was shown by the susceptible results in infection greenhouse test 
and also the specific PCR product was not presented after application the marker 
SCAR SC-Y15. Previously was the absence of this gene confirmed by the mo-
lecular marker in cv. Windsor (Ambrozková & al., 2002), cv. Batis (Stępień & al., 
2003) and cv. Complet (Bartoš & al., 2003a).

The presence of the Lr10 gene was previously proved or supposed in culti-
vars Alka, Alana, Siria (Bartoš & al., 2003b), in cultivars Trémie, Consort, Terza 
(Winzeler & al., 2000; Park & al., 2001; Singh & al., 2001) and in cultivars Gala-
had, Haven and Torfrida (Singh & al., 2001).

The Lr10 gene was confirmed by the molecular STS marker Lrk10-6 in cultivars 
Alka, Siria, Consort, Rapor, Galahad and Trémie (Dumalasová, 2000; Blažková 
& al., 2002; Stępień & al., 2003).

All of tested cultivars, except for cv. Boka, were resistant in infection tests to 
leaf rust pathotyps avirulent to the Lr10 gene. After application of the STS mar
ker Lrk10-6 the specific PCR product was shown in all these cultivars except 
cv. Boka. These results confirmed the presence of the Lr10 gene in all cultivars, 
except Boka which was also susceptible in the infection tests. In cultivars Haven, 
Mercia and Torfrida the presence of this gene was verified for the first time.

The results of infection test revealed that cultivars Bill, Rapor and Terza might 
have the Lr10 gene. After application of the STS marker Lrk10-6 it was confirmed. 
The presence of this gene was previously confirmed only in cv. Rapor (Blažková 
& al., 2002).

Generally a big agreement between the results obtained in infection greenhouse 
tests and the results obtained with molecular markers was detected in all tested 
cultivars.
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