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Abstract — The geneYrl7, conferring resistance tBuccinia striiformisf.sptritici, was introduced into northern
European wheat cultivars in the mid 1970s. VirulenceYidr7 was not detected until 1994, when it was identified in
the UK and Denmark. In both countries, susceptifie? cultivars were grown on an increasingly large area over the
next four years and this was followed by a rise in the frequency of corresponding virulence to 100%. Elsewhere iin
northern Europé&rl7 cultivars were grown on a relatively small scale during this period. However, virulen¢elior

was detected in France and Germany in 1997 and reached a frequency in excess of 70% by 1999, suggesting an infl%
of pathogen spores from UK or Denmark. Migration of pathogen spores around northern Europe clearly plays an imporg
tant role in determining the virulence composition of local populatioRsiofinia striiformisf. sp.tritici. It is vital that o=
this should be reflected in cooperation between national virulence monitoring projects.

Puccinia/ yellow rust / virulence / wheat / resistance

Résumé— Contournement du géne de résistanc¥rl? a la rouille jaune du blé en Europe du NordLe gene de
résistanceérrl7vis-a-vis dePuccinia striiformisf. sp.tritici, agent de la rouille jaune du blé, a été introduit dans les cul-
tivars Nord-Européens a partir de 1975. La virulence correspondante n'a été détectée qu’en 1994 en Angleterre et
Danemark. Dans ces deux pays, la superficie des terres emblavées par des cultivai poeasensibles a la rouille
jaune a augmenté de 1994 a 1997 et est restée tres importante jusqu’en 1998. La virulence vi¥+i-# s atéeint

100 %. Dans les autres pays du Nord de I'Europe, les culfrdizsensibles a la rouille jaune ont été cultivés sur de
petites surfaces. Toutefois la virulence vis-a-visYde7 a été détectée en France et en Allemagne en 1997 avec une
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fréquence de plus de 70 % en 1999, suggérant une migration des spores du parasite a partir de I'Angleterre ou du

Danemark. La migration des spores joue un rdle déterminant dans la composition des populations Rcsiggate

misf. sp. tritici. Il est impératif que des projets de coopération de suivi des virulences soient coordonnés a I'échelle

européenne.

Puccinia/ rouille jaune / virulence / blé / résistance

1. Introduction ness) of COST Action 817, was to achieve compa-
rability of the results of national surveys so that
yellow rust populations can be monitored across

Yellow rust of wheat, caused by the fungus Europe. Initially, the main barrier to amalgamating
Puccinia striiformisWestend. f. sptritici, is a virulence data from national surveys was variation
major cause of yield loss in wheat crops world- between the differential sets used in different coun-
wide. In Europe, the disease is most common in a tries. Some national surveys adhered to the ‘World
region spanning northern France, the Netherlands, and European’ series of differentials as proposed
northern Germany, Denmark and UK. However, in by Johnson et al. [11] whilst others, such as UK,
some years yellow rust becomes more significant had formulated their own series of differentials
further south. Typically, epidemics occur when with particular relevance for the breeding pro-
large areas of potentially susceptible wheat culti- grammes in their own countries. The first task of
vars are grown and pathotypes of yellow rust the yellow rust sub-group was therefore to agree on
adapted to these cultivars are widespread. a set of differentials to meet the needs of European

Pathotype frequencies in populationsPfstri- workers.This agreed set is shown in Table | and is

iformis f. sp.tritici may differ between geographi- intended as a ‘core’ set, to be used by all collaborators

cal regions or countries and respond rapidly to the

resistance genes exploited locally by farmers and

plant breeders. With an increasing trend for plant tape | core set of differential cultivars for identifying

breeding to be cqnducted ona European scale, cul-yirylence for yellow rust resistance genes — COST 817.
tivars, or the resistances in them, are common to

several countries. At the same time, the pathogen is Differential cultivar Gene

able to spread for long distances by airborne ure- —

dospores, without regard to national boundaries, Chinese 166 Yrl
Kalyansona Yr 2

probably leading to a large degree of interaction

. Vilmorin 23 Yr3
between the yellow rust populations of northern ;.4 Desprez Yr 3
Europe. Hybrid 46 Yr 4
National surveys of pathogen virulence have Heines Peko Yre, Yr2
. . . ..~ . . Heines Kolben Yr6, Yr 2
been carried out, with varying regularity, in indi- | .o Yr7
vidual European countrigs for many years. Th_ese Reichersberg 42 Yr7 +
surveys are valuable individually, but are potential- Compair Yr8
ly of far greater benefit if they can be integrated to Kavkazx 4 Federation Yr9
encompass a much larger geographical area. At its Moro Yr 10
simplest, the detection of ‘breakdown’ of a resis- Yr15/6*AvS Yris
tance in one part of Europe can be regarded as an\ézgténsv Yé\li
egrly warning in regions where the resistance is 5 . r Yr A
still effective. Suwon 92x Omar Su
; At } Strubes Dickkopf SD
The main objective of the yellow rust sub-group Spaldings Prolific SPA

of WG1 (Surveys of Virulence and Aggressive-
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across Europe and to be augmented locally to meetevolution of the pathogen population [2]. Other
particular national requirements. Over the period principle aims were the early detection of new
of the Action, sub-group members gradually adopt- pathotypes and the provision of information and
ed the core set of differentials, drawing on authen- inoculum to plant breeders and official variety test-
tic seed stocks where there was any doubt abouting organisations.

the identity or purity of local stocks. It was not the
intention to impose a standard system of pathotype
nomenclature, as it was recognised that the differ-
ential set might need to be reviewed again after a
few years of practical experience or if more suit-
able differentials, such as near-isogenic lines
became available.

Pathotypes were identified by the traditional
approach of determining the virulence or aviru-
lence of test isolates on a set of differential culti-
vars with known resistance genes or resistance
sources. Procedures for collecting samples and
' testing isolates were broadly similar in all coun-

tries. Samples of infected leaves were collected

Progress towards the group’s aim of integrating from cultivar trials, breeders’ plots and commercial
virulence surveys across Europe is discussed in Crops, with particular attention usually being
this paper, taking as an example the emergence offocused on previously resistant cultivars. Isolates
virulence for theYrl7 resistance genél(rl7is a established from individual stripes, or from a small
gene derived fronTriticum ventricosumfrom number of stripes, were Subsequently multiplied on
which it was transferred to the hexaploid wheat seedlings of a susceptible genotype to provide ade-
line VPML1 [7,12]. The gene is located on chromo- quate inoculum for storage and differential tests.
some 2AS [1]. Although the primary aim of breed- Seedlings of differential cultivars were inoculated
ers had been to transfer eyespot resistance to breactither when the first leaf was fully emerged or
wheat, resistance to the rust diseases was alsoslightly later when the second leaf was partially
achieved. Amongst the firdtr17 cultivars to reach ~ emerged. Inoculation was either by dry spores,
commercialisation were the French cultivars with or without talc as a carrier, or by oil-based

Roazon, registered in 1976, Pernel in 1983 and Spore suspensions. Dry spores were applied either

Renan in 1989. Pernel, the most widely grown of by blowing or by use of a settling tower. Spore sus-
these, reached 5-7% of the wheat acreage in pensions were applied as a spray. All methods pro-

France between 1987 and 1988. In UK, the cultivar
Rendezvous was officially recommended in 1987,
but was never widely grown. There were no
reports of virulence fo¥rl7in Europe until 1994,
when virulence was detected for the first time in
both the UK [3] and Denmark (Hovmgller, unpub-
lished ). In the years that followed, epidemics of
yellow rust were witnessed in both countries on
Yrl7cultivars and virulence forrl7became more
widely distributed across northern Europe [8, 10,
14).

2. Materials and methods

Yellow rust virulence surveys were conducted
throughout the period 1993-1999 in Denmark,
France, Germany and UK. The common aim of

vided a critical period of between 24 and 48 hours
at 100% relative humidity immediately after inocu-
lation. This was achieved by placing seedlings in
sealed containers at around 7-8 °C. Subsequent
incubation was either in the glasshouse or in con-
trolled environment chambers with temperature
and lighting regimes which differed slightly
between countries. Minimum temperatures were in
the range 11 °C to 16 °C and maxima in the range
17 °C to 20 °C. 16-18 h light periods were
provided.

Seedling responses were normally assessed
10-18 days after inoculation, using qualitative
infection type classes, either on a 0-9 scale [13] or
0—4 scale [9]. Compatible interactions, (host sus-
ceptibility, pathogen virulence) were defined as
infection types 7, 8 and 9 on the 0-9 scale and 3
and 4 on the 0-4 scale. All other infection types
were defined as incompatible interactions (host

these surveys was to study the race structure andresistance, pathogen avirulence).

Plant Genetics and Breeding
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3. Results
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were being grown commercially in Germany.
There was no evidence of virulence %1.7in any
of these countries at this stage and the cultivars

Figures 1a and 1b show the percentage of the concerned were completely resistant to yellow rust

wheat acreage sown witfirl7 cultivars and the
frequency of the corresponding virulence in

in the field. Between 1994 and 1997 there was a
steep rise in the acreage ¥fl7 cultivars in

Denmark, France, Germany and UK between 1993 Denmark and UK, peaking at around 55% in

and 1999.

In 1993,Yrl7 cultivars reached around 1% of
the wheat acreage in Denmark and UK and
between 2% and 5% in France. M7 cultivars

—o— UK —— Denmark A~ France —M— Germany
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Number of isolates tested in each year
UK 63 49 83 32 138 94 97
Denmark 114 107 57 - 10 38 53
France 32 56 37 17 79 73 199
Germany 32 76 88 38 54 53 220

Figure 1. a.Percentage of national wheat acreages growing
Yrl7 cultivars in Denmark, France, Germany and UK between
1993 and 199%. Frequency of virulence forrl7in popula-
tions of P. striiformisf. sp. tritici in Denmark, France,
Germany and UK between 1993 and 1999.

Denmark in 1996 and 35% in UK in 1997. The
predominantyrl7 cultivar in Denmark was Hussar,
which has a greater degree of partial resistance
than its highly susceptible sister line Brigadier,
which dominated theYrl7 acreage in UK.
Virulence forYrl7 was first detected in the UK
and Denmark in 1994. Over the next three years it
built up to nearly 100% frequency in UK. In
Denmark, no furtheivrl7-virulent isolates were
identified in 1995, and in 1996 no yellow rust was
detected under natural conditions, so that no sam-
ples could be collected. However, in 1997 and
1998 virulence foYrl7 jumped to the same high
level as in the UK.

In France,Yrl7 cultivars remained at less than
5% of the acreage until 1998, when they increased
to 10%, reaching 12% in 1999. However, half of
this acreage was of cultivars possessing additional
resistance genes, making them resistant to existing
Yrl7-virulent pathotypes (Doussinault and
Dredryver, pers. comm.). In Germangt17 culti-
vars made a negligible contribution to the wheat
acreage throughout the entire seven year period,
although severa¥rl7 cultivars were undergoing
multiplication, or being grown on a small scale, in
1999 (Flath, pers. comm.). Despite the relatively
low selection pressure fromirl7 cultivars in
France and Germany, virulence was detected in
both countries in1997 and reached frequencies of
over 70% by 1999.

The most common yellow rust pathotypes iden-
tified in 1999 are shown in Table II. This classifi-
cation of pathotypes takes into account virulence
for those resistances tested in all four countries.
Pathotype a (virulent oifrl, Yr2, Yr3, Yr4d, Yr9,
Yrl7, Su, SD) was the predominant pathotype in
all countries. Pathotypes with combined virulence
for Yrl7 with Yr6 were present in UK and
Denmark (pathotypes c and d in UK and pathotype
c in Denmark). Pathotype e, similar to pathotype a
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Table Il. Frequency of the most common pathotypes of
P. striifformisf. sp.tritici in 1999.

Pathotype

QO
o

c d e f

Yril
Yr 2
Yr3
Yr4
Yr 6
Yr7
Yr 8
Yr9
Yr 17
Ccv
Su

<<<<
<<<
<<<<<
<<<<

<< <<
<<
<< <<
<< << <<<<<<
<<<<<

SPA

% isolates

62 25 9
81 5
27

51 5

Denmark
France
Germany
UK

14
12
15 9

V = virulent; blank = avirulent.

but virulent on CV, was identified in Germany, but
not in the other coutries. Only in southern France
was a pathotype without virulence férl17 signifi-
cant (pathotype f with virulence fofr2, Yr6, Yr8).

4. Discussion

During the seven years from 1993 to 1999, there
were clear distinctions between the countries of
northern Europe with respect to the exposure of the
yellow rust resistanc¥rl7in wheat cultivars and
the frequency of corresponding virulence in the
pathogen population. Wheat cultivars withl7
resistance first became popular in UK and
Denmark in 1993/1994 and over the next few years
increased rapidly to around 35% of the UK acreage

809

resistance was more limited throughout most of the
period. In the UK and Denmark, virulence {17
increased with the increase in thel7 cultivars,
following the well-known pattern of response of
pathogen virulence to host resistance [6]. There
was a lag between the build up of virulence in the
UK and in Denmark. This may be due in part to
differences in the background resistance of the
Yrl7 cultivars being grown in the two countries at
the time. In UK, the predominant cultivar was the
highly susceptible Brigadier, which had the lowest
possible rating of 1 for resistance to yellow rust on
the UK Recommended List of Varieties. In
Denmark the main cultivar was Hussar, with a
moderate rating of 5 on the same list. This would
tend to result in relatively severe epidemics on
Yrl7 cultivars in UK, encouraging a more rapid
increase in virulence.

Whether virulence foiYrl7 arose as indepen-
dent events in the two countries, or whether viru-
lent pathotypes spread from UK to Denmark, has
so far been a matter of speculation. A recent study
using molecular markers showed that migration
between UK and Denmark was sufficiently fre-
quent to prevent divergence of the yellow rust pop-
ulations in the two countries and isolates of the
same pathotype often shared Amplified Fragment
Length Polymorphism fragments (Hovmagller,
unpublished). The abrupt rise, to nearly 100%, in
frequency of virulence fol¥rl7 in Denmark in
1997, is certainly consistent with immigration of
Yrl7-virulent spores from UK. There is evidence
from DNA studies of high degrees of similarity
between certain UK and Danish isolates of the
same pathotype, suggesting migration of clones
between the two countries (Hovmgller, unpub-
lished). For France and Germany, where there was
little cultivar-related selection for thérl7-virulent
pathotypes found there, spread from elsewhere
seems the most likely explanation. The predomi-
nance of a single pathotype across northern Europe
also lends support to this theory. The complexity
of pathotypes possessing virulence Yol 7 would
have enabled them to establish and increase on a
wide range of nor¥rl7cultivars.

and 55% of the acreage in Denmark. In France and All isolates carrying virulence fo¥rl7 were

Germany, the acreage of cultivars with tHel7

also virulent toyr9 (Tab. II). This is not surprising,

Plant Genetics and Breeding
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since Yr9 has been widely exploited in European others. The time-scale not only depends on the
wheat cultivars, with the result that the correspond- geographical distance and direction of prevailing
ing virulence has been at a high level since the late air currents, but also on the extent to which the

1980s [5]. In addition, manyrl7 cultivars also
carry Yr9. These include Brigadier and Hussar, the
most widely grownYrl17 cultivars at the time viru-
lence was first detected.

Combined virulence folyrl7 with Yr6 was
detected only in UK (pathotypes ¢, d) and
Denmark (pathotype c). The combination of these
two resistances is found in cultivars such as
Equinox, Madrigal and Lynx [4] andré may still
be protecting the resistance of othiefL7 cultivars
in countries where pathotypes with this virulence
combination have not yet been detected. Given the
likelihood of migration of spores between coun-
tries, there is a strong possibility that this virulence
combination will be identified in France and
Germany within the next year or so.

Among the pathotypes lacking virulence for
Yrl7 was pathotype f, which was identified in

critical resistance is exploited in different countries
and on the genetic backgrounds in which it is
exposed. Changes in virulence in one country act
as an early warning to plant breeders in other coun-
tries, allowing them to adapt their breeding strate-
gies to take account of the new situation, before,
rather than after, a problem occurs. In practice,
such warnings have probably had less impact than
they might have done because of the widespread
use of cost effective fungicides in northern Europe.
However, with increasing economic and political
pressures to reduce chemical inputs in wheat pro-
duction, plant breeders will need to respond by
putting greater emphasis on disease resistance
Well organised national virulence surveys provide
the basis for wider collaboration in support of
European plant breeding programmes. The chal-
lenge for the future will be to maintain and build
upon the initiatives established as part of COST

southern France. Previous experience has shown817 and high priority should continue to be given

that pathotypes encountered in the south of that
country are usually quite different from those
found in the north, suggesting only a low degree of
interchange between populations of yellow rust in
the north and south of France (de Vallavieille-
Pope, pers. comm.). Epidemics are less common in
the south than in the north and the spectrum of cul-
tivars grown is usually different. Pathotypes found
in southern France are more likely to be related to
those in Spain and North Africa that regularly
carry virulence forYr8, which is uncommon in
north-western Europe.

Although a virulence survey has not been car-
ried out routinely in the Netherlands in recent
years, virulence fo¥rl7 has been confirmed there
(G.H.J. Kema, pers. comm.), completing the pic-
ture across northern Europe.

The rise and fall of thé/rl7 resistance in
Europe underlines the dangers of single gene

to the integration of virulence survey data through-
out Europe.
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