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Abstract: In 2016-2018 virulence of the Czech wheat leaf rust population was studied on Thatcher near-isogenic
lines, carrying different Lr genes, and 130 leaf rust isolates. Virulence to Lr9 was found only sporadically. Virulence
frequency to Lr2a, Lr2b, Lr2c and Lr28 was lower than in previous years. All tested isolates were avirulent to LrI9.
Lr24 conditioned resistance to majority of isolates. Nineteen recently registered Czech cultivars were tested with
six isolates of the pathogen and Lr genes were postulated. Presence of genes Lrl, Lr10, Lr19, Lr24, Lr26, Lr28, Lr34
and Lr37 was tested by molecular markers. Lr37 prevailed, followed by Lr genes 10, 24, 28, 1 and 26; genes Lr19 and

Lr34 were not determined.
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Wheat leaf rust caused by Puccinia triticina Eriks.
is a serious disease worldwide. The fungus is highly
variable for virulence. Knowledge of virulence in the
rust population is therefore necessary for successful
resistance breeding. In combination with the data on
resistance genes in registered cultivars it also helps
wheat breeders to develop germplasm resistant to the
present rust pathotypes. To date, 76 Lr genes have
been formally catalogued in the wheat genome (McIn-
tosh et al. 2016). Most of these are seedling resistance
genes or major genes that are presumed to interact
with leaf rust on a gene-for-gene basis (McIntosh
et al. 1995). However, host resistance conferred by
major genes have a tendency to be easily overcome
by new virulent rust pathotypes (McDonald & Linde
2002). Therefore, pyramiding several Lr genes into

a single cultivar is a useful strategy as the combined
effects of several genes give the cultivar a wider base
of disease resistance, thereby extending the period
of effectiveness (Roelfs et al. 1992). In recent years,
only a few Lr genes, Lr9, Lr19 and Lr24 are resist-
ant against prevalent leaf rust pathotypes in Czech
Republic (Hanzalov4 et al. 2017).

Though methods of molecular biology are applied
in the studies of specialization of cereal rusts (e.g.
Kolmer et al. 2013), virulence studies on wheat near
isogenic lines (NILs) possessing different resistance
genes remain useful for resistance breeding and may
contribute to epidemiologic studies (e.g. Huerta-
Espino et al. 2011).

Identifying of Lr genes in the currently released
Czech wheat cultivars is important for sustainable

Funded by European Union, Horizon 2020, Grant agreement No. 773311. Supported by the Ministry of Agriculture
of the Czech Republic, Project No. MZE RO0418 and Project NAZV QK1910041.

87


https://www.agriculturejournals.cz/web/cjgpb/

Original Paper

Czech Journal of Genetics and Plant Breeding, 56, 2020 (3): 87-92

gene deployment and for breeding new resistant cul-
tivars. This contribution presents a continuation of
long - lasting surveys on wheat leaf rust pathotypes
started in the sixties of the last century in former
Czechoslovakia. It contains data on virulence to
Lr differentials as well as results of the seedling
tests of resistance and data on Lr genes analysed
by molecular markers in the majority of cultivars
registered in the period 2016-2018 and seedling
and field rust resistance genes in 19 wheat cultivars.

MATERIAL AND METHODS

Collections of wheat leaf rust on leaves were ob-
tained from various cultivars, mainly from the variety
trials located across the country and organized by
the Central Institute for Supervising and Testing in
Agriculture in Czech Republic. Rust was inoculated
on the susceptible cultivar Michigan Amber. The
initial source of inoculum was one or more pustules
on dry leaf containing. Inoculation was performed by
rubbing the leaves between fingers moistened with
water suspension of urediospores. This also removed
the waxy layer so that small droplets of water were
more likely to adhere to the leaves. Inoculated plants
were sprayed with water and incubated in closed glass
cylinders for two days. When flecks appeared on
inoculated leaves, a leaf segment with one develop-
ing uredinium of each rust sample was transferred
to a Petri dish with water and kept in the greenhouse
until urediospores have developed. Single pustule
isolates were increased on cv. Michigan Amber for
tests on differentials.

Table 1. PCR conditions and primers

https://doi.org/10.17221/86/2019-CJGPB

Inoculation of seedlings was carried out with wa-
ter suspension of urediospores. Inoculated plants
were kept in a greenhouse in closed glass cylinders
to provide high air humidity for 24 h at 18-22 °C.
Infection types were evaluated according to Stakman
etal. (1962) 10-14 days after inoculation. Avirulence
was characterised by infection types 0; 1 2 2+, viru-
lence by infection type 3. The isolates were stored
in the collection under standard codes in the Czech
National Programme on Conservation and Utiliza-
tion of Microbial Genetic Resources Important for
Agriculture. Frequency of virulence to the resistance
genes was expressed in percentages. Thatcher near-
isogenic lines (NILs) with single Lr genes (Mester-
hazy et al. 2000) and an additional NILs with Lr10
and Lril3 were used in the tests. Nineteen winter
wheat cultivars registered in the Czech Republic in
2016-2018 were tested for resistance to the given
pathogen. Their seedlings were inoculated and evalu-
ated in the same way as in virulence analyses. Rust
pathotypes prevailing in 2018 were used for the in-
oculation. Field resistance tests were carried out in
the locality Prague-Ruzyné in an artificially infected
field, with a mixture of leaf rust isolates, symptoms
were evaluated by field scale 1-9 (1 — susceptible,
9 — resistant).

Genomic DNA was isolated from the youngest
leaves of 20-30 plants per cultivar. Leaf tissue was
frozen in liquid nitrogen, ground to a powder and
used for DNA extraction by commercial kit (Qiagen,
Germany).

The polymerase chain reaction (PCR) protocols
used for corresponding markers for genes Lr1, Lr10,

Chromosome PCR

Gene location product (bp) Reference Amplification conditions
. 94 °C for 5 min; 35 cycles of 94 °C for 60 s,

Lri SDL 760 Qiucetal. (2007) 65 °C for 60's, 72 °C for 60 s; 72 °C for 10 min

95 °C for 3 min; 35 cycles of 94 °C for 45 s,
Lrio 1AS 310 Gultyaeva et al. (2009) 57 °C for 45's, 72 °C er 30's; 72 °C for 3 min

95 °C for 2 min; 35 cycles of 94 °C for 60 s,
Lri9 7DL °12 Gupta et al. (2006a) 60 °C for 60 s, 72 °C for 60 s; 72 °C for 7 min
Lr24 3DL 607 Gupta et al. (2006b) 95 °C for 2 min; 36 cycles of 94 °C for 60 s,
Lr28 4AL 570 Cherukuri et al. (2005) 60 °C for 60 s, 72 °C for 60 s; 72 °C for 7 min
Lr26 1BS 412 de Froidmont (1998) 94 °C for 3 min; 35 cycles of 95 ° for 45 s,
Lr37 2AS 259 Helguera et al. (2003) 62 °C for 45 s, 72 °C for 45 s; 72 °C for 10 min

5 cycles of 94 °C for 1 min, 55 °C for 1 min,
1r34 7DS 150 Lagudah et al. (2006) 72 °C for 2 min; 30 cycles of 94 °C for 30's,

55°C for 30's, 72 °C for 50 s; 1 cycle of 94 °C for 30 s,
55 °C for 30 s, 72°C for 5 min
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Table 2. Virulence frequency of Puccinia triticina isola-
tes to near isogenic lines (NILs) with single Lr genes in
2016-2018 (seedling test) (in %)

Virulent isolates

Lr genes 2016 2017 2018 Average
Lrl 53 82 98 78
Lr2a 0 20 2 7
Lr2b 32 18 0 17
Lr2c 32 22 0 18
Lr3a 97 51 96 81
Lr9 0.3 0.4 0 0.2
Lri0 88 84 100 91
Lril 100 100 100 100
Lri3 100 100 100 100
Lris 100 84 100 95
Lri7 100 82 100 94
Lri9 0 0 0 0
Lr21 100 100 100 100
Lr23 91 80 96 89
Lr24 15 11 6 11
Lr26 79 89 92 87
Lr28 35 31 23 30
No. of isolates 34 45 51 130
No. of localities 15 16 12 -

Lr19, Lr24, Lr26, Lr28, Lr34 and Lr37 are listed in
the Table 1. The PCR was performed in the thermal
Labcycler (SensoQuest GmbH, Germany). The ampli-
fication products were separated by electrophoresis
on 1.6% agarose gels, stained with ethidium bromide,
and visualised under UV light. GeneRulerTM 100 bp
DNA Ladder (Fermentas, Lithuania) was used as a mo-
lecular weight marker. Triticum aestivum Thatcher
NILs containing the corresponding Lr genes were
included as positive controls.

RESULTS AND DISCUSSION

In the years 2016-2018 Lr9 and Lr19 were the most
effective genes. No virulence to Lr19 and only two
isolates out of 130 isolates were found virulent to Lr9.
Relatively low percentage of isolates was virulent to
Lr2a, Lr2b and Lr2c, 7%, 17% and 18%, respectively.
Only 11% of the isolates were virulent to Lr24 and
30% to Lr28. Average virulence to other Lr genes
fluctuated between 78% and 100% (Table 2).

The prevailing pathotype (2016 — 29%, 2017 — 37%,
2018 — 63%) was virulent to Lr1, Lr3a, Lr10, Lrll,
Lri3,Lrl5, Lr17,Lr21, Lr23 and Lr26 (Table 3). The

Table 3. Prevailing leaf rust pathotypes in 2016—-2018* (seedling test)

Virulence on Lr NILs Occurrence (%)* Locality
2016
Brani$ovice, Caslav, Hodonin, Hradec n. Svitavou,
1,3a,10, 11, 13, 15, 17, 21, 23, 26 29 Lednice, Uh. Ostroh, Znojmo
2b, 2¢, 3a, 10, 11, 13, 15, 17, 21, 23, 26, 28 15 Hradec n. Svitavou, Uhfetice, Caslav

2b, 2¢, 3a, 10, 11, 13, 15, 17, 21, 23, 26 9
2b, 2¢, 3a, 10, 11, 13, 15, 17, 21, 23, 24, 26 9
3a, 10,11, 13, 15,17, 21, 23 6
2b, 2¢, 3a, 10, 11, 13, 15, 17, 21, 23, 24, 28 6
3a, 10,11, 13, 15,17, 21, 23, 26, 28 6
1,3a,10,11,13,15,17,21, 23 6

2017

1,3a,10,11, 13, 15,17, 21, 23, 26 37
1,10, 11, 13,15, 17, 21, 23, 26 11
1,3a,10,11, 13,15, 17, 21, 23, 26, 28 7
2a, 2b, 2¢, 3a, 10, 11, 13, 15, 17, 21, 23, 26, 28 7
1,3a,10,11,13,15,17, 21, 23, 24, 26 7
1,10, 11,13, 15,17, 21, 23 4
2018

1,3a, 10, 11, 13, 15, 17, 21, 23, 26 63
1,3a,10,11, 13, 15,17, 21, 23, 26, 28 20
1,3a,10,11,13,15,17,21, 23 4

Pusté Jakartice
Hradec n. Svitavou, Jarométice, Uhfetice
Pritluky
Pusté Jakartice
Uherské Hradisté, Vsetin
Hradec n. Svitavou, Znojmo

Caslav, Lipa, Hradec n. Svitavou, Hrub¢ice,
Nechanice, Pusté Jakartice, Kufim
Caslav, Lipa
Chrastava, Pusté Jakartice
Hradec n.Svitavou
Hrubcdice, Pusté Jakartice
Nechanice, Céslav

Caslav, Lipa, Hrub¢ice, Humpolec, Nechanice,
Praha, Stafikov, Uh. Ostroh, Uhfetice
Caslav, Humpolec, Podborany, Praha, Starikov,
Tunéchody, Uh. Ostroh, Uhfetice

Caslav, Staiikov

*Pathotypes determined only once are not included; NILs — near isogenic lines

89



Original Paper

Czech Journal of Genetics and Plant Breeding, 56, 2020 (3): 87-92

number of different pathotypes determined in 2016,
2017 and 2018 was 13, 19 and 10 out of 34, 45 and
51 tested isolates, respectively. Similar data regard-
ing virulence were previously recorded for the years
2012-2015 (Hanzalova et al. 2017). Since that time
the number of isolates virulent to Lr28 has slightly
increased, probably due to the large growing area
of the cultivar Tobak and other cultivars possess-
ing Lr28. On the other hand the number of isolates
virulent to Lr24 slightly decreased, possibly to the
relatively small growing area of the cultivar Athlon
and other cultivars carrying Lr24. However, the
growing area of the cultivars with specific resistance
genes is only one factor affecting the spread of the
corresponding virulence, fitness of the pathogen is
also very important. Field test indicates that some
cultivars (for example cultivar Barracuda) carry
other resistance genes that have not been tested by
molecular markers.

In the analyses of Lr genes by molecular markers
the presence of Lr genes was as follows: Lr37 — 13 cul-
tivars, Lr10 — four cultivars, Lr24 — three cultivars,
Lrl — five cultivars, Lr28 and Lr26 — one cultivar
each out of 19 tested cultivars. Genes Lr19 and Lr34
were not identified in the recently registered culti-

https://doi.org/10.17221/86/2019-CJGPB

vars (Table 4). Most of the cultivars possessed one
Lr gene, five cultivars two Lr genes, two cultivars
even three genes out of the tested Lr genes.

Diversity of genes for resistance supports the du-
rability of resistance. Knowledge of the virulence in
the rust population in combination with knowledge
of resistance genes in wheat cultivars together with
data on seedling resistance enables an estimation of
leaf rust incidence on the relevant wheat cultivars
grown in the field (Table 5). Presence of Lr24 may
indicate a higher average resistance to leaf rust of
cultivars possessing that gene. Gene Lr37 for adult
plant resistance as the most frequent gene in recently
registered cultivars, as well as Lr10 can condition
leaf rust resistance especially in combination with
other Lr genes.

Prevalence of Lr37 and LrI0 in the recently reg-
istered cultivars in the Czech Republic was also
described in the cultivars registered in 2012-2015
(Hanzalova et al. 2017).

Similar results were obtained in the study of wheat
cultivars grown in France in 1983-2007 by Goyeau
and Lannou (2011) and Serfling et al. (2011) in Ger-
many. Resistance genes Lr37 and Lr10 also prevailed
in the above mentioned studies.

Table 4. Wheat leaf rust resistance genes in 19 cultivars registered in 2016—2018 identified through specific DNA -

based markers

Cultivars Lri Lri0 Lri9 Lr24 Lr26 Lr28 Lr34 Lr37
AF Jumiko KM 178 +

Atuan + +
Barracuda

Butterfly + ¥
Cecilius +
Faunus +
Futurum +

Gaudio +
Johnson +

KWS Silverstone + + +
LG Imposanto + +
Penelope ¥
Proteus + +
RGT Cesario +

RGT Sacramento +
Rivero + +
Sheriff +

Stefhi +
WP8 Calgary + + +
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Table 5. Reactions of 19 selected winter wheat cultivars to six leaf rust pathotypes and field scoring

Leaf rust isolate*

Field scoring**

Cultivar Registered

TO0l64 TO0126 TO0111 TO0140 TO134 TO171 2017 2018
AF Jumiko 2018 3 3 3 3 3 3 - -
Atuan 2018 3 3 ;2 3 3 3 - 4.5
Barracuda 2017 ;1 ;2 ; ; ;1 ; 9 —
Butterfly 2017 3 3 3 3 3 3 - 5.5
Cecilius 2018 3 3 3 3 3 3 9
Faunus 2016 3 3 3 3 3 3 5.5
Futurum 2016 ; 0; ; 0; ; ; 9
Gaudio 2017 3 3 3 3 3 3 6.5 5.5
Johnson 2018 3 3 ;1 3 3- 3 -
KWS Silverstone 2018 3 3 ;2 3 3 3 6 4
LG Imposanto 2017 3 3 3 3 3 3 6.5 7.5
Penelope 2016 3 3 ;2 3 3 3 6.5 6.5
Proteus 2017 3 3 ;2 3 3 3 6.5 9
RGT Cesario 2018 ;1 ; ; ; ; 0; 8
RGT Sacramento 2017 3 3 3- 3 3 3 7
Rivero 2016 3 3- 3 3 6.5 6
Sheriff 2017 ; ; ; ;1-2 ; ; 9
Stefh 2016 3 3 3 3 3 3- 6
WP8 Calgary 2018 0 0; 0; 0; 0; 0; - -

*Infections types in seedling test: ; — chloroses, 0, 1, 1-2, 2 — resistant, 3 — susceptible; **field scale 1-9 (1 — susceptible, 9 — resis-

tant); the isolates designation is according with the designation in the collection The Czech National Programme on Conservation

and Utilization of Microbial Genetic Resources Important for Agriculture; T — indicates Puccinia triticina
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