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Microsatellite fingerprinting of barley scald pathogen, Rhynchosporium secalis,
from the Hokuriku and Tohoku districts in Japan and genetic resources
of barley breeding for resistance to its pathogen population

Kazunari Takeuchi and Toshinori Fukuyama*

Graduate School of Science and Technology, Niigata University, Tkarashi 2, Nishiku, Niigata 950-2181, Japan

Variation in pathogenicity and microsatellite marker haplotype was investigated in 107 isolates of barley
scald pathogen, Rhynchosporium secalis, collected from the Hokuriku and Tohoku districts in Japan during
2004 and 2005. By inoculation using 18 differential cultivars, 58 pathotypes were identified with complex
variation in pathogenicity with no predominant pathotype. Among the 18 differential cultivars, Osiris exhib-
ited highly stable resistance to all the isolates. As some differential cultivars with the same resistance gene(s)
showed the different reaction pattern to the pathotypes, these differential cultivars may have unknown resis-
tance gene(s) specific to Japanese isolates. DNA polymorphism was detected by 13 microsatellite markers
to obtain 63 haplotypes that were classified into 6 clusters (I-VI). Two clusters (I and III) covered a broad
region, and the remaining 4 covered a relatively limited region. Cluster VI was distributed only in Yamagata,
and the isolates in this cluster showed higher pathogenicity than those in the other 5 clusters. Therefore, for
resistance against the pathotypes in cluster VI, some differential cultivars including Osiris were recommend-
ed as genetic resources for scald resistance in barley breeding. Finally, the possibility of monitoring using
microsatellite markers was discussed.
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Introduction

Scald caused by the haploid imperfect fungus
Rhynchosporium secalis (OUDEMANS) J. J. Davis occurs
worldwide in barley cultivation. In Japan, the disease is espe-
cially found in the districts of Hokuriku and Tohoku, which
are on the coast of the Japan Sea. These districts are cov-
ered with heavy snow in winter making a prime condition
for a scald epidemic causing reportedly heavy losses of yield
and grain quality (Ozoe 1956). However, development of a
more desirable breeding of highly resistant cultivars based
on the gene-for-gene theory is difficult due to the complexity
of the pathogenicity of R. secalis, as was found in the case of
the resistant cultivar Atlas 46, which was susceptible 9 years
after being commercially available in California, USA, in
1947 (Houston and Ashworth 1957).

Unlike the wheat stem rust Puccinia graminis Persoon f.
sp. tritici that is spread globally by airborne infection, conid-
ia of R. secalis are transported over short distances by water
splash dispersal (Ozoe 1956), suggesting that endemic
pathotypes distribute locally. In fact, much evidence sug-
gests that there is a wide spectrum of pathogenicity in most
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R. secalis populations in various countries (Ali et al. 1976,
Ceoloni 1980, Goodwin et al. 1992, Jackson and Webster
1976, Jargensen and Smedegaard-Petersen 1995, Robbertse
et al. 2000, Salamati and Tronsmo 1997, Tekauz 1991), and
little evidence of limited pathogenicity (Brown 1985,
Cromey 1987, Robinson et al. 1996, Williams and Owen
1973).

In one Japanese study, 37 isolates of R. secalis collected
from various locations were classified into 10 races
(Kajiwara and Iwata 1963). Furthermore, Fukuyama et al.
(1998) identified 36 different pathotypes from 38 isolates
collected from the Hokuriku district in 1992, 1993 and 1995
based on reactions of 14 differential cultivars used inter-
nationally, and they suggested that the isolates collected
from the southern part of the district are more aggressive
than those from the northern part.

Outside Japan, genetic diversity of the R. secalis popula-
tion has recently been demonstrated using DNA markers,
such as restriction fragment length polymorphism (RFLP)
(McDonald et al. 1999, Salamati ef al. 2000), random ampli-
fied polymorphic DNA (RAPD) and amplified fragment
length polymorphism (AFLP) (Von Korff et al. 2004, Kiros-
Meles et al. 2005). These studies did not report on the inter-
relationship between pathogenic and genetic variation. On
the other hand, Newton et al. (2001) has reported no correla-
tion between race, virulence and the RAPD profile, while
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Bouajila ef al. (2007) found no correlation between patho-
type and AFLP haplotype among isolates collected in
Tunisia. However, DNA marker analysis may be a useful
tool not only for understanding the interrelationships between
pathogenic and genetic variation in R. secalis, but also for
fingerprinting of the pathogen and monitoring of its patho-
gen population structure. In this study, we investigated the
variations in pathotype and haplotype of the microsatellite
loci in R. secalis collected from the Hokuriku and Tohoku
districts in Japan and then examined their relationship. Here,
we propose fingerprinting and monitoring of the R. secalis
as methods for analysis of the pathogen population structure,
and genetic resources of host corresponding to the pathogen
population.

Materials and Methods

Field sampling and isolation of the pathogen

Leaves of barley, Hordeum vulgare L. cv. Minorimugi
with scald symptoms were collected within the Hokuriku
and Tohoku districts from 19 and 18 different locations in
2004 and 2005, respectively (Fig. 1). In each location, 2
or 3 leaves were collected from different plants. To isolate
R. secalis, leaves with scald lesions were cut, surface sterili-
zed (20 sec in 80% ethanol, followed by 2 min in 1% NaOCl)
and rinsed twice in sterile water. After removing excess
water with filter paper, leaf sections were placed on plates
of potato-agar medium supplemented with 2% sucrose and

Al, A2, A3
A4, A5:

I1, I2

IS5 Ishikawa

200 km

Fig.1. Collection sites of R. secalis from the Hokuriku and Tohoku
districts. Barley field samples in 2004 and 2005 are alphanumerically
abbreviated in normal and bold font, respectively.

incubated at 20°C under darkness. After 2-week incubation,
dilutions of spore suspensions were prepared to obtain a
single spore suspension that was cultured on a fresh plate of
medium. The isolated mycelial colonies were stored at 4°C
until inoculation. The nomenclature of isolates are designat-
ed alphanumerically by the first letter of the collecting
location and the field number, respectively (e.g., Al was
collected from field No. 1 of Akita Prefecture), followed by
an additional number indicating the plant source.

Differential cultivars and inoculation

To detect the spectrum of pathogenicity, each isolate was
inoculated to 5 separate plants each for a total of 18 differen-
tial cultivars, 14 from Fukuyama et al. (1998) and 4 new dif-
ferential cultivars, CI 4364, CI 4368, Jet and Steudelli
(Table 1). The 18 cultivars and Minorimugi as a susceptible
control were grown in plastic seedling cases (26 x 18 x 8 cm)
containing a soil mix (pot soil No. 1, Honen-agri, Japan)
with 4.0 g fertilizer (N:P,05:K,0=14:10:13%). When
seedlings grew to the 1.5-leaf stage, the spore suspension
(adjusted concentration, 5 x 10° spores/ml) was sprayed at
the rate of 50ml per seedling case. Each case was then cov-
ered by a plastic bag and kept at 20°C to maintain 100% rel-
ative humidity and to avoid contamination between isolates.
After 48 h, plants were transferred to a greenhouse with a
temperature range of 15-25°C. Inoculation was repeated
two periods, December 2004 to February 2005 for the iso-
lates collected in 2004 and November 2005 to January 2006
for those collected in 2005.

Table1. Differential barley cultivars used in this study and their resis-
tance genotype to scald

Differential cultivar .
Scald resistance gene®

(Abbreviation)

Abyssinian (Aby) Rrs9

Atlas (Atl) Rrs2

Atlas 46 (A46) Rrs2, Rrs3

Bey Rrs3

Brier (Bri) Rrsl, rrs6

CI 3515 (C35) Rrs4, Rrs10, Rrs at RrsI-Rrs3-Rrs4 complex
C1 4364 (C64) rrsil

CI 4368 (C68) rrsil

CI 8256 (C82) Rrs4, Rrs10, Rrs at Rrs1-Rrs3-Rrs4 complex
Jet rrs6, rrs7

Kitchin (Kit) Rrs9

La Mesita (LaM) Rrs4, Rrs10, Rrs at RrsI-Rrs3-Rrs4 complex
Modoc (Mod) Rrs2, Rrs4, rrs6

Nigrinudum (Nig) rrs8

Osiris (Osi) Rrs4, rrs6, Rrs10

Rivale (Riv) Rrs3

Steudelli (Ste) rrs6, rrs7

Turk (Tur) Rrsl, Rrs3, RrsS, rrs6

a Table was adapted from that of H. O. Pinnschmidt and Jakob Willas
and available on the International Barley Scald Working Group web-
site (http://www.crpmb.org/scald/).
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Assessment of disease

Symptoms on the second leaf of the differential cultivars
were assessed 21 days after inoculation according to the
following scale: R, no visible symptoms or a few lesions of
< 5-mm diameter with necrosis; S, large blue-gray lesions of
>5-mm diameter without necrosis or coalescing lesions.
When at least 1 out of 5 plants showed S characteristics, the
differential was deemed susceptible.

DNA extraction

For DNA extraction, fungi were grown in 50 ml potato
liquid medium supplemented with 2% sucrose in 100-ml
Erlenmeyer flasks at 20°C for 10-12 days on an orbital
shaker. The resulting mycelial colonies were then ground
using a mortar and pestle under liquid nitrogen. Total cellu-
lar DNA was isolated from the powdered mycelial colonies
according to Adachi ef al. (1993) and then stored at 4°C.

PCR amplification and microsatellite analysis

For fingerprinting of 107 R. secalis isolates, 14 primer
pairs of microsatellite markers developed by Linde et al.
(2005) were used for PCR analysis on a PCR Thermal
Cycler Dice Gradient (Takara Bio, Inc., Shiga, Japan). The
10-pl PCR reaction mixtures contained 10-50ng total DNA,
1.0 ul 10 x EX Taq buffer, 0.4 mM dNTP mixture, 0.25 uM
each of the forward and reverse primers and 0.25 U Taq
polymerase (Ex TaqTM, Takara Bio). PCR conditions were
96°C for 2.5 min, 36 cycles of denaturation for 30 sec at
96°C, annealing for 30 sec at 56°C and elongation for 1 min
at 72°C. The extension time of the final cycle was 10 min at
72°C. The PCR products were electrophoresed in 10% poly-
acrylamide gels at 250V for about 3 h and visualized using
silver staining. Polymorphism was visually distinguished by

69

band patterns, which were numerically labeled in descend-
ing order of size.

To compare the genetic variation between isolates, clus-
ter analysis was performed using POPGENE version 1.32
software (Yeh and Boyle 1997) and dendrograms were con-
structed based on unbiased genetic distances (Nei 1978)
with the unweighted pair-group method with arithmetic
mean (UPGMA).

Results

Pathogenicity of R. secalis isolates on 18 differential culti-
vars

All plants of the susceptible control cv. Minorimugi re-
sulted in typical S reactions, indicating optimal epidemic in-
fection conditions in the inoculation test. Repeating the
method for pathotype differentiation in November 2005 by
retesting 3 random isolates used in the previous year resulted
in the same reaction spectra to the 18 cultivars.

A total of 107 R. secalis isolates were classified into 58
different pathotypes, designated pathotype 1 to 58, based on
the reaction spectra of the seedlings to 18 cultivars (Fig. 2);
Fig.2 arranges the cultivars according to their resistance
genotype. All pathotypes consisted of 1-4 isolates, except
for pathotypes 39 and 47, which consisted of 7 and 8 iso-
lates, respectively. No clearly predominant pathotype was
observed in the Hokuriku and Tohoku districts. Among the
58 pathotypes, the number of susceptible cultivars out of the
18 differentials ranged from 0 to 14. The isolate Y3.3
(pathotype 58) collected from Yamagata in 2005 was patho-
genic to the most (14) differentials, followed by Y3.1
(pathotype 57) with 12 cultivars. The remaining 4 isolates
(pathotypes 51-53 and 56) from Yamagata in 2005 also
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Fig.2. Reaction pattern of 18 differential barley cultivars to 107 isolates of R. secalis and prefectural distribution of the pathotypes. The black
and white squares indicate susceptibility and resistance, respectively. R and  in the parenthesis refer to the dominant (Rrs) and recessive (rrs) re-
sistance gene, respectively, followed by the number or com denoting the gene or Rrs1-3-4 complex, respectively. The cv. Minorimugi was includ-
ed as the susceptible control and was not included in the number of susceptible reaction types.
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showed a relatively wide pathogenicity ranging from 10 to
11 differentials, while all 3 isolates from Yamagata in 2004
showed narrower pathogenicity ranging from 3 to 5. In con-
trast, the isolates of I1.2, T3.1 and N6.3 were pathogenic to
none of the 18 differential cultivars, except for the control
cv. Minorimugi.

Among the 18 differential cultivars, Osiris and CI 3515
were resistant to all isolates collected from the Hokuriku and
Tohoku districts. Rivale, Turk and Brier were resistant to all
isolates, except 4, 5, and 6 pathotypes from Yamagata, re-
spectively. CI 4364 and CI 4368 were highly resistant to
Yamagata isolates, but susceptible to a number of the re-
maining isolates. From the viewpoint of resistance genotype,
it was shown that Steudelli and Jet had quite different reac-
tion spectra to 58 pathotypes, nevertheless possessing the
same resistance genes of 7756 and rrs7; Steudelli was resis-
tant to only 4 pathotypes, while Jet was resistant to 39, with
different spectra among 37 pathotypes. Similarly, Kitchin
and Abyssinian, which possess a common resistance gene
Rrs9, also had different spectra among 29 pathotypes, with
resistance to 17 and 46 pathotypes, respectively. Moreover,
a paradoxical reaction spectrum was observed in CI 4364
and CI 4368, which possess a common resistance gene
rrsll; Cl 4364 was resistant to 19 pathotypes and CI 4368
was resistant to 31, with different spectra among 12 patho-
types. These 2 differential cultivars were commonly re-
sistant to pathotypes 51 to 53 and 56 to 58 with widest
spectrum of pathogenicity collected from Yamagata. In the
case of Atlas and Atlas 46 on the reaction to pathotypes 6
and 33, Atlas (Rrs2) was resistant to both pathotypes, while
Atlas 46 (Rrs3 and Rrs2) was susceptible to both pathotypes.

Microsatellite polymorphisms and cluster analysis

All the microsatellite loci, except for Rhyncho 9, in the
R. secalis populations collected from the Hokuriku and
Tohoku districts were polymorphic. The number of alleles
per polymorphic locus ranged from 4 to 9. Cluster analysis
of the 63 microsatellite haplotypes detected in the 13 loci
showed isolate populations tentatively classified into clus-
ters I-VI (Fig.3). Most isolates collected from the same
field were grouped in the same cluster; however, isolates
from A3 were classified separately into clusters I and III,
1solates from N6 and T5 into II and III, and isolates from 12,
16 and F5 into III and I'V.

The distribution of these clusters by district showed that
clusters I and I1I covered a broad region except for a part of
Niigata; cluster II covered from the central region of Niigata
to the eastern region of Toyama and Fukui; cluster IV cov-
ered Toyama, Ishikawa and Fukui; and clusters V and VI
covered only the northern parts of Niigata and Yamagata, re-
spectively (Fig.4). Cluster VI was distributed the farthest
from the other 5 clusters and included 6 isolates with the
widest spectra of pathogenicity collected from Yamagata in
2005.

Comparison of pathogenicity and microsatellite marker
variation

The interrelationship between the variation in patho-
genicity and haplotype of microsatellite markers was com-
pared with isolates having the same haplotype by examining
their reaction spectra to 18 differential cultivars. The ratio of
the number of differential cultivars showing coincident re-
action to isolates with the same haplotype relative to the 18
differential cultivars was used to calculate the degree of co-
incidence (Table 2). For instance, 4 isolates from Al.1, A4.1,
A4.2 and A4.3 with the same allele in each of the 13 micro-
satellite loci expressed the same spectra of pathogenicity on
12 out of 18 differential cultivars; thus, the degree of coinci-
dence is calculated as 0.67 (12/18). Of the 63 microsatellite
haplotypes, 27 were compared, as they consisted of 2 to 5
isolates with the same haplotype. The degree of coincidence
ranged from 0.44 to 1.0 with the total mean of 0.78. Com-
plete coincidence (1.0) was found in clusters II and V, both
of which consisted of only 2 isolates. These results indicate
that fingerprinting with microsatellite markers may be possi-
ble to identify pathogenicity of about 80% of the isolates; the
remaining 20% possessed the same haplotype but could be
highly variable in pathogenicity.

A characteristic relationship was observed between
pathogenicity and the allele at the microsatellite locus of the
6 isolates collected from Yamagata. The 6 isolates were
clearly classified into a genetically different group (cluster
VI) with high pathogenicity to Rivale, Turk and Brier not
observed in the isolates of cluster I-V (Table 3). Moreover,
after screening all 63 haplotypes, it was confirmed that only
these 6 isolates contained a characteristic band (~205 bp) of
the microsatellite marker Rhyncho 12 corresponding to al-
lele 4 (Fig.5)

Discussion

In the present study, a remarkable pathogenic variation among
the R. secalis population was confirmed in the Hokuriku
and Tohoku districts. The 107 isolates of R. secalis were
classified into 58 different pathotypes by an inoculation
test using 18 differential cultivars (Fig.2). Such complex
variation in pathogenicity of R. secalis in these areas pre-
sents a difficult environment to breed resistance cultivars
using major resistance gene(s) based on the gene-for-gene
theory. We found that Osiris and CI 3515 may be effective
breeding materials against scald due to their resistance to all
107 isolates. Fukuyama et al. (1998) reported that Brier and
Turk, as well as Osiris, were resistant to all 38 isolates they
collected from the Hokuriku district, while CI 3515 was sus-
ceptible to those from Niigata, Toyama and Nagano. In con-
trast, we revealed that Brier and Turk were susceptible only
to the isolates from Yamagata. These contradicting findings
may originate from the progress of diversity in pathogenicity
over the 10- to 15-year period between studies. Notably, the
resistance of Osiris was maintained over this period.

Osiris has the scald resistance genes, Rrs4, rrs6 and
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Fig.3. Dendrogram showing Nei’s (1978) unbiased genetic distance among 107 isolates based on the microsatellite analysis. Each isolate is des-
ignated alphanumerically by the collecting location of the sample (e.g., A1), followed by an additional number indicating the plant source. The
isolates written in normal or bold font indicate the collection year of 2004 and 2005, respectively. Dashed lines tentatively divide the samples into
clusters I-VI.
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some isolates used in this study. These results indicate that
Osiris may have resistance gene(s) other than Rrs4, rrs6 and
Rrs10 that are resistant to the isolates from the Hokuriku and
Tohoku districts.

A similar discrepancy in the resistance genotype and the
reaction to isolates was also observed in Abyssinian and

1(13)
111 (2)*

II(1) Kitchin (Rrs9), C1 4364 and C14368 (rrs11), Bey and Rivale
111 (6) (Rrs3), and Steudelli and Jet (rrs6, rrs7). For instance, al-
V(@3)- though they possess the same two resistance genes, Steudelli

and Jet, which were identified by inoculation test using
Canadian isolate (Baker and Larter 1963), showed different
reactions to 37 out of 58 pathotypes, indicating that patho-
genicity may be markedly different between isolates from
Canada and Japan. We suggest that in addition to possessing
rrs6 and rrs7, Jet may have other resistance gene(s) that are
specifically resistant to isolates from Japan. Moreover, our
preliminary studies suggest that Jet has longer latent periods
(the number of days from inoculation to visible symptom)
than those of Steudelli, indicating unique quantitative resis-
tance factors in Jet (unpublished data).

In addition, we observed unexpected reactions of Atlas
and Atlas 46 to pathotypes 6 and 33. Compared to Atlas,
Atlas 46, which was developed by crossing Atlas and Turk,
retains at least one more resistance gene (Rrs3) from Turk.
However, while Atlas was resistant, Atlas 46 was suscepti-
ble to both pathotypes 6 and 33. These similar reactions of
Atlas and Atlas 46 have been reported in the isolates from

I (6) Ishikawa

111 (2)
IV (13)
103)

50 100 150 200 km
[ S— SSS—

Fig.4. Distribution of clusters in the Hokuriku and Tohoku districts.
The number in parenthesis indicates the number of isolates in each
cluster.

Rrs10 (Table 1), some of which are also included in CI 8256
and La Mesita (Rrs4, Rrs10), Modoc (Rrs4, rrs6) and Brier,
Jet and Steudelli (r7s6). Although Osiris was completely re-
sistant, these other differential cultivars were susceptible to

various countries including the UK (Williams and Owen
1973), Norway (Salamati and Tronsmo 1997), Denmark
(Jorgensen and Smedegaard-Petersen 1995), Canada
(Tekauz 1991), Japan (Fukuyama et al. 1998) and the USA

Table2. Degree of coincidence between microsatellite haplotypes and the reaction to the 18 differential cultivars®

Cluster
Mean
I i I v \Y% VI
No. of compared haplotypes S 6 6 7 1 2
Range 0.67-094  0.44-1.00 0.56-094  0.61-0.94 1.00 0.78-0.83
Mean 0.78 0.71 0.78 0.79 1.00 0.81 0.78

4 Calculation of the degree of coincidence is described in the Results section.

Table3. Pathogenicity of the isolates in each cluster to 7 differential cultivars and microsatellite marker identifying cluster VI

Differentials? Microsatellite alleles®
Cluster No.? .
Osi C35 Bri Riv Tur C68 Co4 Rhyncho 12 (size (bp))

VI (6) R R S S S R R 4 (205)
Others

I (29 R R R R R R/S R/S 2(225)

I (25) R R R R R R/S R/S 1(230), 5(203)

I (24) R R R R R R/S R/S 2 (225)

IV (24) R R R R R R/S R/S 3 (215)

vV (3 R R R R R R R 2(225)

2 Numbers in parenthesis indicates the number of the isolates.

bR and S indicate resistance and susceptibility, respectively; R/S indicates both resistance and susceptibility within the cluster.

¢ Cluster II contains 2 alleles; allele 5 is amplified only in isolate ¥3.3. The fragment sizes were approximated by the molecular weight
markers (see Fig. 5).
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Lane

250-

Fig. 5. Microsatellite band patterns of R. secalis isolates using primer Rhyncho 12. Lane M, molecular weight markers with the sizes indicated
on the left side of the gel. Lanes 1--5, alleles 1-5 (Table 3), respectively; Lane 6, negative control.

(Jackson and Webster 1976, Goodwin et al. 1992), suggest-
ing that Atlas possesses unknown resistance gene(s) that are
resistant to specific isolates such as pathotypes 6 and 33,
which have never been used in the resistance gene evalua-
tion for Atlas 46. Recently, Nakamura-Aoki et al. (2008) re-
ported that Brier (Rrsl, rrs6) possesses one dominant and
three recessive genes resistant to the isolate in the Hokuriku
district and clearly showed that Brier has at least two differ-
ent recessive genes other than rrs6. Thus, selection of an ap-
propriate isolate or pathotype is important for effective
screening of resistance gene(s) in the breeding program.

Using fingerprinting with microsatellite markers, we de-
tected 63 haplotypes in 13 different microsatellite loci and
classified them into 6 clusters (I-VI). Most isolates from a
single field tended to belong to the same cluster (Fig.2).
This genetic similarity within a single field may be due to
the locally restricted conidia reproduction of R. secalis pop-
ulation during the imperfect stage. Von Korff ef al. (2004)
reported that genetic diversity within populations collected
from the same region accounted for 20% of the total genetic
diversity with 65 isolates, suggesting that high genetic simi-
larity within the same location originates from a local
founder population, possibly through rain-splash dispersed
conidia. Moreover, Williams et al. (2003) reported high ge-
netic similarity between isolates from the same hotspot,
which is supported by our findings.

Clusters I and III were found in broad regions in the
Hokuriku and Tohoku districts. However, with the current
Japanese barley production system, the pathogen of these
clusters is less likely to migrate over the prefectures through
infected seeds or straw. This wide distribution of clusters I
and III may be attributed to the genetically similar popula-
tion dispersed by large epidemics of scald all over Japan in
the latter half of the 1940s (Kajiwara and Iwata 1963) or the
outbreak across the Hokuriku district in the 1980s (Y oshino
and Takenaka 1986). Clusters V and VI were characteristic
in geographical distribution and pathogenicity despite the
small sample size; V was restricted in the northern part of
Niigata with a narrow spectrum of pathogenicity and VI

covered only Yamagata with a wide spectrum. These re-
stricted distributions of clusters V and VI may be due to the
endemic characteristics of R. secalis, as well as their rela-
tively recent appearance in Niigata and Yamagata, respec-
tively. As for the range of pathogenicity, the differences
between cluster V and VI is unclear.

From the calculations of the degree of coincidence be-
tween pathotype and microsatellite haplotype (Table2), we
determined the pathogenicity of about 80% of the isolates by
fingerprinting with 13 microsatellite markers, but not that of
the remaining 20% or more, even though they possessed the
same haplotype. While Newton et al. (2001) indicates no
clear relationship between genetic and pathogenic variation,
Bouajila et al. (2007) more recently suggests that random
molecular variation from mutations may have accumulated
within the individual pathotypes, resulting in little correla-
tion. Taken together with our findings, R. secalis appears to
be a highly intractable pathogen requiring special consider-
ation during resistance breeding.

In contrast to the 5 differential cultivars indicated in
Table 3, Osiris, CI 3515, Brier, Rivale and Turk, that show
effective resistance against R. secalis in the regions covering
clusters I-V, only Osiris, CI 3515, CI 4364 and CI 4368 are
recommended as resistance resources in the region covering
the isolates of cluster VI. CI 4364 and CI 4368 are particu-
larly interesting due to their susceptibility to many isolates
of clusters I-V, but resistant to those in cluster VI. In com-
parison, Jackson and Webster (1976) reported that although
Atlas was susceptible to their isolate groups I and II with a
narrow spectrum of pathogenicity, it exhibited the highest
degree of resistance to the isolates in their group II with a
wide spectrum, indicating that factors other than those previ-
ously identified were being expressed in the reaction elicited
by group Il isolates. Therefore, factors included in CI 4364
and CI 4368 should be analyzed for their involvement in re-
sistance breeding against isolates in cluster VI.

To develop breeding programs for scald resistance, care-
ful consideration of occurrence, frequency and distribution
is required for R. secalis isolates included in cluster VI due
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to their wide spectrum of pathogenicity. In the present study,
we demonstrate the effectiveness of the fingerprinting meth-
od using microsatellite markers of R. secalis, and particular
use of Rhyncho 12 for monitoring of isolates in cluster VI.
Since the sample size was only 6 isolates from Yamagata in
this study, we analyzed an additional 13 isolates collected in
2007. We have confirmed that these 13 isolates are patho-
genic to Rivale, Turk and Brier and amplified the characteris-
tic band of RAyncho_12 (unpublished data). Taken together,
cluster VI can be more easily and quickly monitored using
Rhyncho 12, compared with the customary method that re-
quires an isolation of single spores and an inoculation test to
the differential cultivars. Additional markers would also be
desirable to monitor the pathogen population with more
accuracy.

This study has verified a notable pathogenic variation of
R. secalis from the Hokuriku and Tohoku districts in Japan
and revealed that some of the differential cultivars have un-
known resistance gene(s) unique to isolates from these areas.
Osiris is strongly recommended as a resistance resource in
these districts due to its wide and stable pathogenic effec-
tiveness against R. secalis. Further genetic analysis of Osiris
using isolates included in cluster VI should be carried out by
crossing it with Minorimugi, which is completely suscepti-
ble to the isolates from Hokuriku and Tohoku districts. Con-
sidering the variation in pathogenicity, many resistance
resources that are highly diverse are desirable. We propose
the use of additional differential cultivars such as CI 3515,
Brier, Rivale and Turk in the regions of clusters I-V and
CI 3515, CI 4364 and CI 4368 in the regions of cluster VI.
Our fingerprinting method established in this study may be
more convenient for monitoring of the pathogen population
structure and for selection of resistance resources.
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