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Abstract
Soybean rust, caused by Phakopsora pachyrhizi, is one of the most important foliar diseases threatening soybean production in
Uruguay. Knowledge of pathogenic variation among Uruguayan rust populations is necessary to guide development of resistant
soybean cultivars in national breeding programs. To assess pathogenic variation,12 P. pachyrhizi isolates were collected from
fields across the country over a four-year period and were inoculated onto a set of 12 differential soybean genotypes. All
Uruguayan rust isolates (URPs) were highly virulent on differential soybean plants carrying resistance genes Rpp1, Rpp3, and
Rpp4. Conversely, all isolates showed resistant reactions on soybean differentials with Rpp1-b and on a line carrying the genes
Rpp2, Rpp4, and a Rpp5 allele. The pathogenic variation of the URPs was compared to that of a collection of 157 P. pachyrhizi
isolates from other Latin American countries and Japan. All URPs clustered together and with other fungal isolates from South
America. Of the seven different pathotypes that were found, four shared identical virulence patterns with isolates from South
America, and three were associated with unique virulence patterns, which mainly resulted from the reactions they caused on
plants carrying Rpp3, Rpp4 and especially Rpp6. The results indicate that the URPs can overcome the resistance of a larger
number of Rpp genes than P. pachyrhizi isolates from neighboring countries. The resistant genes Rpp1-b and Rpp5 proved to be
effective against the pathogen and will be introgressed into local soybean lines.
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Introduction

Soybean [Glycine max (L.) Merr.] has become the most im-
portant rainfed crop in Uruguay, with hectarage more than
tripling in the last decade (DIEA 2016). As the crop has ex-
panded, there have been increasing concerns about diseases
affecting its yield. One of the most serious foliar diseases
threatening the crop is Asian soybean rust (ASR) caused by
Phakopsora pachyrhizi Sydow & Sydow. This pathogen was

first reported in Japan in 1902 (Henning 1903), and between
1996 and 2001 it spread throughout different countries in
Africa (Levy 2005; Akinsanmi et al. 2001; Pretorius et al.
2001). In 2001, it was first detected in South America, initially
in Paraguay and Brazil (Yorinori et al. 2005). It was first found
in Argentina in 2003 (Ivancovich 2005; Rossi 2003) and in
2004 in Uruguay (Stewart et al. 2005). Brazil and Argentina,
together with the USA are the largest soybean producers in the
world (FAOSTAT 2014). Yield losses from 30 to 80%
have been observed in South America (Yorinori et al.
2005) and in South Africa (Kawuki et al. 2003; Levy
2005), 25–80% in Mexico (García-Rodríguez et al. 2017)
and 43–60% in USA (Mueller et al. 2009; Sikora et al. 2009).
In Uruguay, although the disease has been severe in the north-
east part of the country, yield losses have not yet been
quantified.

Overwintering of P. pachyrhizi requires metabolically
active host tissue and temperatures higher than 4 °C.
The fungus survives on soybean or on alternative hosts
such as kudzu (Pueraria lobata) (Li et al. 2012). According to
Pivonia and Yang (2004), Uruguay could be considered a non-
overwintering region due to its climate and the absence of
kudzu in the country. Thus, the pathogen must be re-
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introduced into the country every growing season, presumably
from Brazil. De Ruyver et al. (2011) showed associations
between P. pachyrhizi urediniospores captured in traps and
atmospheric patterns favoring wind circulations from the
northeast and from northern Argentina during the growing
season, which suggests that urediniospores are transported
into Uruguay from southern Brazil. This inoculum movement
coincides with Uruguayan observations that the first reports of
ASR on the crop have always been from the northeast-
ern part of the country, near the Brazilian border, a
pattern that has been observed since 2005. Asian
Soybean Rust was detected as early as January in 2015 and
2016, and as late as the end of March in 2008, 2009 and 2012
(S. Stewart, unpublished data).

Eight major Rpp resistance genes, and at least five
alleles, named Rpp1 - Rpp7 and Rpp1-b, are known to
confer resistance to P. pachyrhizi, (Childs et al. 2018;
Garcia et al. 2008; Hossain et al. 2015; Li et al. 2012;
Ray et al. 2009). The ability of the pathogen to over-
come single Rpp genes was reported as early as 1966
for Rpp1 (Bromfield 1984) and in 1978 for Rpp2
(Hartman et al. 2005). The Rpp1 to Rpp4 genes were
initially effective in Brazil but were defeated by the
pathogen within a few years (Akamatsu et al. 2013;
Yorinori 2008). For years Rpp1 and Rpp6 were effective
against field populations in southern USA, however in
2012 these genes became ineffective to field populations
from north-central Florida (Paul et al. 2013). Pyramiding

URP-1 
Collected: 3 Apr 2014
Pirarajá, Lavalleja
Variety: Don Mario 7.0

URP-3
Collected: 30 Mar 2017
Treinta y tres, Treinta y tres

URP-2
Collected: 1 Apr 2016
José P. Varela, Lavalleja
Variety: Don Mario 6.8i

URP-5
Collected: 30 Mar 2017
Cebolla�, Rocha
Variety: Don Mario 6.8i

URP-4
Collected: 10 Apr 2015
Cebolla�, Rocha

URP-7
Collected: 10 Apr 2015
Melo, Cerro Largo

URP-6
Collected: 3 Apr 2014
Ramón Trigo, Cerro Largo
Variety: IGRA 526

URP-8
Collected: 10 Apr 2015
Salto, Salto

URP-9
Collected: 29 Apr 2014
La Estanzuela, Colonia
Variety: Don Mario 6.8i

URP-10
Collected: 23 Apr 2015
La Estanzuela, Colonia
Variety: Nidera NA 5009 RG

URP-11
Collected: 31 Mar 2016
La Estanzuela, Colonia
Variety: Nidera NA 5509 RGURP-12

Collected: 26 Apr 2017
La Estanzuela, Colonia
Variety: Leo 1823-07

© OpenStreetMap contributors, CC-BY-SA

Fig. 1 Collection sites of the 12 Uruguayan Phakopsora pachyrhizi isolates (URPs). Collection dates and soybean cultivars are also indicated
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resistance genes has been proposed as a strategy for durable
resistance. Consistently, enhanced resistance in lines
possessing the combination of Rpp2 + Rpp4 + Rpp5 was
demonstrated by Yamanaka et al. (2013).

Physiological specialization of the pathogen on soy-
bean has also been known for several decades (Bromfield
1984). Resistance breakdown has been reported around
the world (Hartman et al. 2005; Miles et al. 2008) as
new pathotypes emerge due to spontaneous mutations,
long distance movement (Freire et al. 2008), high evo-
lutionary rates (Langenbach et al. 2016), and selection
pressure (McDonald and Linde 2002). Temporal and
geographic comparisons of pathogenicity have been
made; isolates collected from Africa and South America in
2001 were more virulent than Asian and Australian isolates
from the 1970s (Bonde et al. 2006). Moreover, higher
virulence was also revealed in the Brazilian P. pachyrhizi
populations compared to Japanese populations (Yamanaka
et al. 2010).

Management of ASR in Uruguay currently relies
heavily on fungicide applications, and although they
can be effective if applied in a timely manner, they
add production costs and are not environmentally
friendly. The use of rust resistant soybean varieties
would be the most sustainable and cost-effective disease
management approach (Hartman et al. 2005). But,
knowledge on the pathogenic variation of the rust pop-
ulations in the country is necessary to be able to incor-
porate effective resistance to soybean cultivars in na-
tional breeding programs. Therefore, the objective of
this study was to characterize URPs to determine the
effectiveness of soybean resistance genes and to compare
pathogenic variability of URPs with those of populations from
neighboring and some other countries.

Materials and methods

Soybean rust isolates were collected from different soybean
plants in individual fields across the country during four grow-
ing seasons. Urediniospores from individual fields were har-
vested in bulk from 30 to 40 leaflets, and these non-purified
samples were defined as isolates or “URPs”. Three, four, two
and three isolates were obtained in 2014, 2015, 2016 and
2017, respectively (Fig. 1). Urediniospores of P. pachyrhizi
were promptly inoculated onto the susceptible variety
BRS154 for multiplication purposes. A differential set of 11
soybean varieties, each containing one or threeRpp genes, and
a universal susceptible variety, BRS154, were used to evaluate
pathogenicity of the URPs (Table 1). Three plants per geno-
type were grown in growth chambers at 24 °C, and were
inoculated at stages V3-V4 each year, immediately after
multiplication of rust isolates, following a slightly mod-
ified Yamanaka et al. (2017) protocol. Briefly, plants
were inoculated with a urediniospore suspension either
in mineral oil (Soltrol 170, Phillips Petroleum Co.) or in
distilled water with 0.04% Tween 20 to homogeneously
cover the leaf surfaces. Plants were maintained in a
humid chamber in the dark for 12 h, and later placed in a
growth chamber at 24 °C.

Disease evaluations were made twoweeks after inoculation
on at least one leaflet from two or three plants per genotype.
Thirty individual lesions from these leaflets were evaluated for
sporulation level (SL) and number of uredinia (NoU) follow-
ing Yamanaka et al. (2010). SL was rated using a 0 to 3 scale,
where 0 is no sporulation and 3 is abundant sporulation
(Yamanaka et al. 2017). NoU were counted on each lesion
prior to removal of spores with a paint brush. Finally, reaction
types were classified as resistant (R), intermediate (M) and
susceptible (S) according to Yamanaka et al. (2017) (Table 2).

Table 1 Differential plants set for Asian soybean rust used in this study (Yamanaka et al. 2017)

ID No. Name Alternative name Resistance gene Origin Reference

RDV1 PI 200492 Komata Rpp1 Japan Hartwig and Bromfield (1983)

RDV2 PI 587886 Bai Dou Rpp1 China Ray et al. (2009)

RDV3 PI 230970 No. 3 Rpp2 Japan Hartwig and Bromfield (1983)

RDV4 PI 462312 Ankur Rpp3 India Hartwig and Bromfield (1983)

RDV5 PI 416764 Akasaya Rpp3 Japan Hossain et al. (2015)

RDV6 PI 459025 Bing Nan Rpp4 China Hartwig (1986)

RDV7 PI 200526 Shiranui Rpp5 Japan Garcia et al. (2008)

RDV8 PI 567102B Marif 2767 Rpp6 Indonesia Li et al. (2012)

RDV9 PI 587880A Huang Dou Rpp1-b China Ray et al. (2009)

RDV10 PI 594767A Zhao Ping Hei Dou Rpp1-b China Hossain et al. (2015)

RDV11 BRS 154 – None Brazil Akamatsu et al. (2013)

RDV12 No6–12-1 An76–1 (Rpp2, Rpp4) x Kinoshita (Rpp5) Rpp2, 4, 5 Japan Yamanaka et al. (2013; 2015)
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Cluster analysis for each URP was conducted by
transforming R, M and S reaction types into 0, 1, and 2 trino-
mial characters, respectively. Reactions type patterns of URPs
were compared to those of 145 rust isolates from South
America (44 from Argentina, 58 from Brazil, 43 from
Paraguay), four from Mexico and eight from Japan using the
same differential soybean genotypes and methods (Akamatsu
et al. 2013, 2017; García-Rodríguez et al. 2017). Raw data for
this analysis were provided by the Japan International Research
Center for Agricultural Sciences. Distance matrices were pre-
pared by calculating the Euclidean distance between isolates
using R software v. 3.0.1 (RCore Team 2015), and the resulting
matrices were run in a hierarchical clustering function of the
software. A dendrogram based on the unweighted pair group
method with arithmetic mean (UPGMA) was also constructed

with R software. Approximate unbiased probability values (AU
p-values) were calculated for each cluster by 10,000 multiscale
bootstrap resampling with the “pvclust” package of R (Suzuki
and Shimodaira 2006).

Diversity, defined as pathotype richness within South
American countries, was estimated by the Gleason index
(Sanders 1968), and was calculated using the formula:
Hg = (n-1)/ln (N), where n is the number of pathotypes and
N the number of rust isolates per country. This index is less
sensitive to differences in population size due to the use of a
logarithmic scale (Groth and Roelfs 1987).

Results

No mixed reactions, such as TAN and RB, on the soybean
genotypes where observed for any of the isolates studied. All
URPswere highly virulent on the susceptible variety BRS154,
resulting in the development of the expected tan-colored le-
sions and the development of many uredinia per lesion, rang-
ing from 4.1 to 7.7, with abundant sporulation (SL = 3)
(Tables 2 and 3). Susceptible reactions types to all URPs were
also observed on PI 200492, PI 587886, PI 462312, PI 416764
and PI 459025 carrying the Rpp1, Rpp3 and Rpp4 genes,
respectively, resulting in high NoU means ranging from 2.8
to 4.5, and high SL means ranging from 2.4 to 3.0. On the
contrary, resistant reaction types resulted on PI 587880A, PI
594767A and NO6–12-1, which carry the genes Rpp1b and
Rpp2 + Rpp4 + Rpp5, with NoU means ranging from 0 to
0.025, and SL means ranging from 0 to 0.25. Rpp1b was the
only resistant gene effective against all URPs.

Table 2 Criteria for classification of reaction types on differential
soybean varieties

Presence (+) or absence
(−) of lesion

NoUa SLb Reaction type

– – – Resistant (Immune)

+ <1.5c 0 or 1 Resistant

+ ≥1.5 0 or 1 Intermediate

+ <1.5 2 or 3 Intermediate

+ ≥1.5 2 or 3 Susceptible

a Number of uredinia per lesion
b Sporulation level, 0 to 3 scale, where 0 is none and 3 is abundant
sporulation
c Boundary values follow Yamanaka et al. (2017)

Table 3 Reaction types of differential soybean varieties to Phakopsora pachyrhizi isolates from Uruguay collected in 2014–2017 and pathotype
characterization

PI No. Differential (gene) URP-1 URP-2 URP-3 URP-4 URP-5 URP-6 URP-7 URP-8 URP-9 URP-10 URP-11 URP-12

PI 200492 Komata (Rpp1) Sa S S S S S S S S S S S

PI 587886 Bai Dou (Rpp1) S S S S S S S S S S S S

PI 230970 No. 3 (Rpp2) M R S S S M S M R S M M

PI 462312 Ankur (Rpp3) S S S S S S S S S S S S

PI 416764 Akasaya (Rpp3) S S S S S S S S S S S S

PI 459025 Bing Nan (Rpp4) S S S S S S S S S S S S

PI 200526 Shiranui (Rpp5) R R M R R R R R S R R R

PI 567102B Marif 2767 (Rpp6) S S S S M S S S S S M S

PI 587880A Huang Dou (Rpp1-b) R R R R R R R R R R R R

PI 594767A Zhao Ping (Rpp1-b) R R R R R R R R R R R R

– BRS 154 (−) S S S S S S S S S S S S

– No6–12-1 (Rpp2,4,5) R R R R R R R R R R R R

Pathotypeb PT4 PT7 PT2 PT6 PT5 PT4 PT6 PT4 PT1 PT6 PT3 PT4

a S susceptible; M intermediate; R resistant
b Pathotype given names
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Additionally, 10 URPs were virulent and two had interme-
diate reactions on PI 567102B (Rpp6). On the other hand, all
URPs, except URP-3 and URP-9, were avirulent on PI
200526 carrying the Rpp5 allele. URP-9 was the only isolate
virulent on PI 200526 (Rpp5) (Table 3). Two and five of the 12
URPs caused susceptible and intermediate reactions, respec-
tively, on PI 230970 carrying Rpp2. The highest pathotypic
variability of the URPs was observed on soybean differentials
PI 230970 and PI 200526, carrying Rpp2 and Rpp5, respec-
tively, whose reaction types ranged from resistance to suscep-
tibility (Tables 3).

Seven pathotypes were defined based on the reaction types
observed on the differential soybean plants when challenged
with the 12 URPs studied, and were named PT1 to PT7
(Table 3). Pathotypes were distinguished due to the reaction
of only three (PI 230970, PI 200526, PI 567102B) of the 12
soybean differentials. The pathotypes PT1, PT2, PT3, PT5,
and PT7, corresponding to URP-9, URP-3, URP-11, URP-5
and URP-2, respectively, were unique within 12 URPs tested.
On the other hand, the other two pathotypes were represented
by three or more URPs, PT4 included four (URP-1, URP-6,
URP-8, URP-12) and PT6 included three (URP-4, URP-7,
URP-10) P. pachyrhizi isolates.

A dendrogram based on the reactions of the 12 soybean
differentials to the seven Uruguayan pathotypes (PT1-PT7)
compared to the reactions of 157 fungal isolates previously
evaluated by the samemethodology was obtained (Fig. 2). All
Uruguayan pathotypes grouped together in a large cluster (AU
p value = 99) separately from both Japanese and Mexican iso-
lates. Four of the Uruguayan pathotypes (PT2, PT4, PT5
and PT7), represented by seven URPs, clustered together
with isolates from Argentina, Brazil and Paraguay. Isolate
URP-2 had a reaction type pattern on the soybean differ-
entials identical to those of the Argentinian isolate
APM4–3 and the Paraguayan isolate PMA6–5 and
grouped together in PT7. URP-3 had a reaction type pat-
tern identical to those of Brazilian and Paraguayan iso-
lates BS03–1, PMA9–1 and PNC1–1, and grouped to-
gether in PT2. The reaction type pattern of the four iso-
lates of PT4 (URP-1, URP-6, URP-8 and URP-12) were
identical to that of the Brazilian isolate BCW10–5. The
reaction type pattern of URP-5 (PT5) was identical to
those of Argentinian APM16–8, APM2–3, ANW10–3
and Paraguayan PSI15–1, PSI13–1 isolates. The other
five URPs represented three unique pathotypes in South
America (URP-9 as PT1, URP-11 as PT3, and URP-4,
URP-7, and URP-10 as PT6) (Fig. 2). Additionally,
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numbers at the nodes indicate AU p-values (>63%) generated by
10,000 multiscale bootstrap resamplings



URP-9 (PT1) and URP-11 (PT3) sub-clustered separately
from the other isolates mainly due to virulence differences
on soybean differentials PI 230970 (Rpp2), PI 200526
(Rpp5) and PI 567102B (Rpp6).

Frequencies of resistant reaction types on soybean ge-
notypes with different Rpp genes varied depending on the
geographic origin of the P. pachyrhizi isolate (Fig. 3).
Japanese isolates were less virulent than isolates from
South American countries, including Uruguay. Major re-
action differences were seen on PI 200492 (Rpp1), PI
462312 and PI 416764 (Rpp3) and PI 567102B (Rpp6)
which were 100% resistant to isolates from Japan, as op-
posed to 0% for URPs. Additionally, frequency of resis-
tant reaction types on soybean differentials PI 462312 and
PI 416764 (Rpp3), PI 459025 (Rpp4), and PI 567102B
(Rpp6) ranged from 32 to 66% for isolates from other
South American countries (Argentina, Brazil and
Paraguay), while no resistant reaction was found for
URPs. The most noticeable difference between South
American countries with regard to resistant reaction fre-
quencies was observed for PI 567102B (Rpp6), which
ranged from 0% for Uruguayan to 93% for Paraguayan
isolates (data not shown). One-hundred percent resis-
tance effectiveness was observed for single gene Rpp1-
b (PI 587880A and PI 594767A) and for the pyramided
line No6–12-1 carrying Rpp2, Rpp4 and a Rpp5 allele.
Furthermore, the latter was the only soybean genotype
that was resistant to more than 98% of the ASR isolates
from all countries studied.

No clear correlation between clustering and geograph-
ic origin was noticed for the set of URPs studied (Fig.
2). On the contrary, three (URP- 4, URP-7, and URP-10)
out of the four isolates from 2015 clustered together
(PT6) denoting similarities according to collection date,
at least for that particular year. URP-8, which was the
fourth isolate collected in 2015, differed from the three
previously mentioned URPs because its reaction type on
PI 230970 (Rpp2) was M instead of S (Fig. 2; Table 3).
Conversely, PT4, the dominant pathotype in Uruguay,
included rust isolates from 2014, 2015 and 2017 origi-
nating from different parts of the country (Fig. 3).

The pathotype richness of URPs was the lowest when
compared to isolates from other South American coun-
tries (Table 4). The richness of URPs was 3.6 to 4.7
times lower than populations from Argentina and Brazil,
respectively.

Fig. 3 Frequency of resistant
reactions on 12 differential
soybean cultivars to Phakopsora
pakyrhizi isolates from Uruguay,
other South American (SA)
countries, and Japan

Table 4 Pathotype
richness (Hg) as a
measure of diversity in
South American
countries

Country Hg
a

Argentina 8.7

Brazil 11.3

Paraguay 9.6

Uruguay 2.4

a Gleason index calculated as Hg = (n-1)/
ln(N). Where n is the number of
pathotypes and N the number of rust sam-
ples per country
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Discussion

A wide virulence spectrum was found in URPs, as four
(Rpp1, Rpp3, Rpp4 and Rpp6) out of the seven Rpp
genes were no longer effective against the pathogen.
The frequency of resistant reactions conferred by these
genes to isolates from the other South American coun-
tries ranged from 4 to 66%, denoting a narrower viru-
lence (S reaction type on fewer Rpp genes) when com-
pared to URPs. These results suggest that the virulence
spectrum of the Uruguay population is wider (S reaction
type on more Rpp genes) than that of the neighboring
countries, and certainly broader than that of Japanese
isolates, corroborating findings of previous studies with
Brazilian and Japanese isolates (Yamanaka et al. 2010).

Temporal and geographic comparisons of pathogenicity
among P. pachyrhizi populations have previously been made
(Bonde et al. 2006; Akamatsu et al. 2017). In contrast to our
results, the Rpp1 and Rpp3 genes were found to be effective in
several other countries, such as Australia, Hawaii, India and
Japan (Kato 2017). Although Rpp1 is still useful in Japan and
the USA, there are previous reports of soybean genotypes
carrying this gene that exhibit susceptible reactions to
P. pachyrhizi isolates collected between 1993 and 1997 in
Japan (Kato 2017; Yamanaka et al. 2010) and in north-
central Florida (Paul et al. 2015). As in Mexico (García-
Rodríguez et al. 2017), Rpp4 was ineffective in our study,
although it is still effective to more than half of the isolates
from other South American countries. Effectiveness of PI
567102B carrying Rpp6 has been tested (Miles et al. 2008;
Paul et al. 2015), but its future as a source of resistance has
already been jeopardized by results from Tanzania where half
of the isolates induced susceptible reactions (Murithi et al.
2017). In contrast, both lines carrying Rpp1-b which were
previously reported as ineffective to P. pachyrhizi isolates
from Vietnam (Pham et al. 2010), the USA (Paul et al.
2015), and Mexico (García-Rodríguez et al. 2017), con-
ferred complete resistant to all fungal isolates from
Uruguay and to almost all isolates from South America, which
is in agreement with reports obtained in Nigeria (Twizeyimana
et al. 2009).

All URPs clustered together and with other rust iso-
lates from South America. More than half of the URPs
exhibited virulence patterns that were identical to
pathotypes from that continent. This result was expect-
ed, as the pathogen is known to enter Uruguay via
neighboring countries every year (De Ruyver et al.
2011). URPs shared reaction patterns with isolates from
Argentina, Brazil and Paraguay on lines with Rpp1,
Rpp2, Rpp5, Rpp1-b, and on the pyramided line carry-
ing Rpp2, Rpp4, and a Rpp5 allele.

It should be noted that only one isolate of the URPs caused
a susceptible reaction on Rpp5 (PI 200526) and three URPs

resulted to be unique to the South American population. The
uniqueness of those URPs in South America was mainly due
to the reaction of soybean genotypes with Rpp3, Rpp4, and
specially Rpp6. With regard to Rpp6, 66% of South American
isolates induced resistant reactions on plants with this relative-
ly newly identified gene (Li et al. 2012), whereas it was not
effective against any isolate from Uruguay. Susceptible reac-
tions of lines carrying this gene were first observed with a few
isolates from Brazil and Paraguay in 2013 (data not shown).

No association between pathotypic clustering and geo-
graphic origin was noticed among isolates from Uruguay,
which was suspected considering the small size of the country,
and results from previous studies with South American popu-
lations (Akamatsu et al. 2013). In Mexico, pathotypic differ-
entiation was observed among isolates collected 75 km apart.
The Mexican population studied formed a cluster separated
from all isolates from South America, which was caused
mainly by their different virulence on soybean genotypes car-
rying Rpp1-b (García-Rodríguez et al. 2017). Mexican
P. pachyrhizi isolates could be considered as an intermediate
population whose virulence patterns partially resemble those
from North America and partially those from South America.

In Uruguay, highly resistant plants carrying the Rpp1-b
allele will be a useful source for breeding cultivars resistant
to ASR, in contrast to the situation in Mexico, the USA and
Vietnam (García-Rodríguez et al. 2017; Paul et al. 2015;
Pham et al. 2010). The Rpp5 allele from PI 200526 is also a
good alternative since it is still effective against 83% of the
URPs. Besides these two, no other Rpp gene is useful to con-
fer resistance to the fungal population in Uruguay.
Nevertheless, pyramiding multiple Rpp genes into one culti-
var could provide durable resistance to the Uruguayan
pathotypes, as is the case of the resistance line No6–12-1,
carrying Rpp2, Rpp4, and an Rpp5 allele, so far proven to be
resistant in Argentina, Brazil, Paraguay, Mexico and Japan.
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