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ABSTRACT

Mantovani, P., Maccaferri, M., Tuberosa, R., and Kolmer, J. 2010. Virulence phenotypes and
molecular genotypes in collections of Puccinia triticina from Italy. Plant Dis. 94:420-424.

Twenty-four isolates of Puccinia triticina from Italy were characterized for virulence to seed-
lings of 22 common wheat Thatcher isolines, each with a different leaf rust resistance gene, and
for molecular genotypes at 15 simple sequence repeat (SSR) loci. The isolates were compared to
a set of 13 previously characterized P. triticina isolates from either durum or common wheat.
Clustering based on virulence phenotypes and SSR genotypes grouped the Italian P. triticina
isolates into three groups. In the first group, the isolates had virulence phenotypes and SSR
genotypes that were similar to the isolates collected from durum wheat. Isolates in the second
group were unique because they had virulence similar to the isolates from common wheat but
were distinct for SSR genotypes compared to the isolates from durum wheat and from common
wheat. I[solates in the third group had virulence phenotypes and SSR genotypes closely related to
the isolates from common wheat. The isolates were grouped based on the known or assumed
host of origin, virulence phenotype, and SSR genotypes. Measures of Fsr and Rgr for SSR geno-
types, and ®gr for virulence phenotype were significant, which indicated differentiation among
the three groups of isolates. Virulence phenotypes and molecular genotypes were highly corre-

lated with r = 0.74.

Durum wheat (Triticum turgidum L.)
and common wheat (7. aestivum L.) are
both widely cultivated in Italy. Tetraploid
wheats (emmer and durum types with AB
genomes) have been cultivated in the Mid-
dle East and Mediterranean region for
thousands of years. Cultivated durum
wheat first appeared in the Mediterranean
region as a major crop during the Greek
civilization, ca. 2,300 years ago (2). Leaf
rust caused by Puccinia triticina Eriks. is a
very common disease of both durum and
common wheat, with distinct races or viru-
lence phenotypes of P. triticina found on
durum and common wheat (18,23). The P.
triticina isolates collected from durum
wheat are avirulent to many of the leaf rust
resistance genes present in common wheat.
P. triticina isolates collected from common
wheat are more variable for virulence
compared to the collections from durum
wheat (4,7). In addition, the collections of
P. triticina from durum wheat had distinct
simple sequence repeat (SSR) genotypes
compared to all of the major groups of P.
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triticina collected from common wheat
(9,18).

The discrete separation between the P.
triticina isolates collected from durum and
common wheat suggested a highly diver-
gent selection of P. triticina driven by host
genotype. However, some variations in the
isolates from durum wheat have been
noted. In Ethiopia, which is considered to
be a secondary center of diversity of
tetraploid wheats (20), isolates of P.
triticina from durum wheat were distinct
for SSR genotype compared to isolates
collected from cultivated durum wheat in
Europe, South America, and Mexico (18).

The genetics of leaf rust resistance in
durum wheat has recently been examined
(5,6) due to the emergence of a new viru-
lence phenotype of P. triticina that was
virulent to many durum cultivars world-
wide (23). In order to find new sources of
leaf rust resistance in durum wheat, ge-
netic analysis should be conducted with P.
triticina 1isolates specialized to this host
species, since the virulence of the isolates
can influence the results and conclusions
of these studies (12).

In Italy, durum wheat is an important
crop; however, little is known about the
virulence of the P. triticina isolates col-
lected in this country. A set of P. triticina
isolates were collected from various resis-
tant and susceptible durum cultivars in
different locations in Italy from 1995 to
2006. Since these isolates had not been
characterized for virulence, it was possible

that some of them had virulence pheno-
types similar to isolates from common
wheat, as isolates with characteristics of
those from common wheat can be col-
lected from susceptible durum cultivars
(19). A second set of isolates from Italy
was previously characterized for virulence
and for random amplified polymorphic
DNA (RAPD) phenotypes as part of a
larger study (8). However, the host origin
of these isolates was not known.

The objectives of the current study were
to characterize virulence and SSR geno-
types of these two collections of Italian P,
triticina isolates in order to determine their
host specialization and to properly utilize
them in genetic analysis for leaf rust resis-
tance genes. We wanted to determine if
these two sets of P. triticina isolates had
virulence and molecular genotypes simi-
lar to those of other isolates collected
from durum wheat, or if some of these
isolates had characteristics of isolates
collected from common wheat. To this
purpose, the Italian isolates were ana-
lyzed in comparison to a small set of
European, Mexican, and Ethiopian iso-
lates of known host origin, virulence, and
molecular genotype.

MATERIALS AND METHODS

P. triticina isolates. Fifteen Italian P.
triticina isolates were collected from du-
rum wheat cultivars grown in Italy from
1995 to 2006, and increased on the durum
wheat cultivars from which they were col-
lected. These isolates were provided by the
seed company Produttori Sementi Bologna
(PSB; Argelato, BO, Italy) and designated
as PSB isolates. Nine Italian isolates of
unknown host origin collected in 1994
(provided by F. Cassulli) were also tested
for virulence phenotypes and SSR
genotypes and were coded as ITA isolates.
The analysis also included a set of refer-
ence isolates composed of (i) eight isolates
collected from common wheat in France
previously characterized for virulence
phenotype (provided by H. Goyeau, INRA
Grignon, France), and (ii) five isolates
representative of P. triticina collected from
durum wheat in France, Spain, Ethiopia,
and Mexico (18). For virulence and mo-
lecular analysis, single-uredinial isolates
were developed following standard proce-
dures (19). Host origin, country of origin,
and year of collection for the P. triticina
isolates are listed in Table 1.



Virulence phenotype determination.
The P. triticina isolates were tested for
virulent/avirulent infection type on seed-
lings of 22 near-isogenic lines of the
common wheat cv. Thatcher, each carrying
one of the following leaf rust resistance
genes: LrB (isogenic line RL6047), Lrl
(RL6003), Lr2a (RL6000), Lr2c (RL6047),
Lr3a (RL6002), Lr3bg (RL6042), Lr3ka
(RL6007), Lr9 (RL6010), Lri0 (RL6004),
Lrll (RL6053), Lrli4a (RL6013), Lri4b
(RL6006), Lri6 (RL6005), Lr17 (RL6008),
Lri8 (RL6009), Lr20 (RL6092), Lr23
(RL6012), Lr24 (RL6064), Lr26 (RL6078),
Lr28 (RL6079), Lr30 (RL6049), and Lr33
(RL6057). Seedlings of Thatcher were
included in all tests as a susceptible con-
trol. Inoculation, incubation, and green-
house conditions were as previously de-
scribed (19). Seedlings were scored for
infection types 10 to 12 days after inocula-
tion using the O to 4 scale described by
Long and Kolmer (11). Infection types O to
2* were considered avirulent, and infection
types 3 to 4 were considered virulent. Viru-
lence phenotypes of the P. triticina isolates
were described with the three-letter code
used for leaf rust race nomenclature (11),
plus a fourth letter based on infection type
to lines with genes LrB, Lri10, Lri4a, and
Lri8, and a fifth letter based on infection
type to lines with genes Lr3bg, Lri4b,
Lr20, and Lr28. Thatcher lines with Lr23
and Lr33 were included in the differential
set because these were postulated to have
been derived from durum wheat (16) and
because virulence to these genes was
found in P. triticina isolates from durum
wheat (7,19). Virulence of isolates to Lr23
and Lr33 was not included in the five-letter
race nomenclature.

Molecular genotype determination. P.
triticina isolates were profiled with 15
SSR primer pairs specifically developed
for genetic analysis of P. triticina: RBS and
RBI1 (1); and Pt61, Pt68-1, Pt91, Pt92,
Pt138, Pt152, Pt154, Pt158, Ptl161, Pti64,
Pt173, Pt184, and Pt186 (25). DNA was
extracted from 20 to 30 mg of uredinio-
spores that were ground by shaking with
25 mg of sterile diatomaceous earth for 20
s in a Savant FastPrep shaker (FP120;
Holbrook, New York). The Omniprep DNA
genomic extraction kit (GenoTech, St.
Louis) was used to obtain P. triticina
DNA. After extraction, DNA was quanti-
fied with a NanoDrop ND 100 spectropho-
tometer (Wilmington, DE), diluted to a
final concentration of 5 ng ul™!, and stored
at 4°C. P. triticina DNA was amplified
according to the previously described pro-
tocol (18) using 5’-labeled fluorescent
forward SSR primers (IR700; LI-COR,
Lincoln, NE, USA). Amplification prod-
ucts were separated on a 7% polyacryla-
mide gel and visualized on a 4200 Gene
Read IR Automated Genotyper with SAGA
software (LI-COR). SSR allele sizes were
determined using an IRDye 700 size stan-
dard (50 to 700 bp; LI-COR).

Data analysis. The 0 to 4 scale used for
infection types was converted into a binary
code of 1 and O that corresponded to viru-
lence or avirulence of the isolate to a dif-
ferential line, respectively. A matrix of
number of virulence differences between
each pair of isolates was derived with
GenAIEx 6 (21) using the option Distance
— Genetic — Binary (Haploid). Neighbor-
joining trees (1,001 in total) based on the
virulence difference matrix were derived
with PowerMarker 3.25 (10), and bootstrap
values were obtained with the CON-
SENSE program in Phylip 3.67 (3). The
matrix of virulence differences between
isolates was plotted in a two-dimensional
principal coordinate graph with GenAlEx
6. The level of differentiation for virulence
phenotypes between the groups of isolates
was computed in GenAlEx 6 with @pr
with 999 permutations of the dataset.

A matrix of SSR allele differences be-
tween all pairs of isolates was derived with
GenAlEx 6. Neighbor-joining trees (1,001
in total) based on the SSR distance matrix
were obtained with PowerMarker 3.25, and
bootstrap values were obtained with the
CONSENSE program in Phylip 3.67. Es-
timation of genetic differentiation between
groups of isolates based on SSR genotypes
was obtained with Fgp (17) that assumes

an infinite alleles model, and Rgy (24) that
assumes the stepwise mutation model. Fgy
and Rgr values were calculated in
GenAlEx 6 with 999 permutations of the
dataset. A similarity matrix based on the
number of SSR allele differences between
pairs of P. triticina isolates was calculated
with the Dice coefficient in NTSYS-pc v.
2.1 (Exeter Software, Setauket, NY). The
relationship between the SSR genotypes
and virulence phenotypes of the P. triticina
isolates was determined by correlation
analysis between the matrix of Dice coef-
ficients for SSR genotypes and the matrix
of simple matching coefficients derived
from the virulence phenotypes, using the
MXCOMP subprogram in NTSYS-pc v.
2.1 with 1,000 permutations of the data-
sets.

RESULTS

Among the 15 PSB isolates, there were
eight virulence phenotypes identified with
the 22 Thatcher isogenic lines (Table 2).
Seven PSB isolates (8-1, 16-2, 9-3, 10-3,
1-3, 6-2, and 14-3) had virulence pheno-
types of BBBGG (virulent to Lrl0, Lri4b,
and Lr33), BBBQG (virulent to LrB, Lri0,
Lri4b, and Lr33), or BBBGIJ (virulent to
Lri0, Lri4b, Lr20, Lr23, and Lr33), and
isolate 11-3 had a DCBQG phenotype,

Table 1. Host origin, country of origin, and year of collection of 37 Puccinia triticina isolates col-

lected from common and durum wheat

Isolate Country Host origin Year of collection
PSB 1-3 Italy Durum wheat 1995
PSB 2-2 Italy Durum wheat 1995
PSB 3-3 Italy Durum wheat 1995
PSB 4-2 Italy Durum wheat 2004
PSB 5-2 Italy Durum wheat 1995
PSB 6-2 Italy Durum wheat 1995
PSB 7-3 Italy Durum wheat 1995
PSB 8-1 Italy Durum wheat 1997
PSB 9-3 Italy Durum wheat 1995
PSB 10-3 Italy Durum wheat 2003
PSB 11-3 Italy Durum wheat 2006
PSB 13-2 Italy Durum wheat 2006
PSB 14-3 Italy Durum wheat 2004
PSB 15-1 Italy Durum wheat 2006
PSB 16-2 Italy Durum wheat 2006
ITA 1-1 Italy Unknown 1994
ITA 1-2 Italy Unknown 1994
ITA 2-1 Italy Unknown 1994
ITA 2-2 Italy Unknown 1994
ITA 4-1 Italy Unknown 1994
ITA 7-1 Italy Unknown 1994
ITA 12-2 Italy Unknown 1994
ITA 14-1 Italy Unknown 1994
ITA 15-1 Italy Unknown 1994
F 57 France Common wheat 2004
F59 France Common wheat 2004
F 60 France Common wheat 2004
Fo6l France Common wheat 2004
F 62 France Common wheat 2004
F58 France Common wheat 2004
F 64 France Common wheat 2004
F 66 France Common wheat 2004
FS 3.1 France Durum wheat 2003
Esp 22 Spain Durum wheat 2003
Eth 6.1-1 Ethiopia Durum wheat 2002
Eth 7.2 Ethiopia Durum wheat 2002
MX 14.3 Mexico Durum wheat 2002
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with virulence to Lr2c¢, Lr26, LB, Lrl0,
Lri4b, and Lr33. All of these isolates were
virulent to Lri0 and Lri4b. These eight
PSB isolates were avirulent to most of the
Thatcher near-isogenic lines and were very
similar for virulence to isolates FS 3.1, Esp
22, Eth 7.2, and MX 14.3 that were col-
lected from durum wheat in France, Spain,
Ethiopia, and Mexico, respectively. Isolate
Eth 6.1-1 from Ethiopia had low infection
type to Thatcher, and therefore had low
infection to all the Thatcher isogenic lines.
The other seven PSB isolates (2-2, 3-3, 4-
2, 5-2, 7-3, 15-1, and 13-2) had virulence
phenotypes of FGBQQ with virulence to
Lr2c, Lr3, Lri6, LrB, Lr10, Lr3bg, Lri4b,
and Lr33; FGBQS with virulence to Lr2c,
Lr3, Lri6, LrB, Lri0, Lr3bg, Lri4b, Lr20,
and Lr33; and FBBQQ with virulence to
Lr2c, Lr3, LrB, Lrl10, Lr3bg, Lri4b, and
Lr33. Of the nine ITA isolates collected in
Italy in 1994, six (1-1, 1-2, 2-1, 2-2, 15-1,
and 7-1) had virulence phenotypes of
BBBGG (virulent to Lri0, Lri4b, and
Lr33), BBBGK (virulent to Lri0, Lri4b,
Lr20, Lr28, Lr23, and Lr33), and DBBGJ

(virulent to Lr2c, Lr10, Lri4b, Lr20, Lr23,
and Lr33) that were also similar to the
isolates collected from durum wheat in
France, Spain, Ethiopia, and Mexico. The
other three ITA isolates (4-1, 12-2, and 14-
1) had FCTSQ, FGPSQ, and FGMNS
virulence phenotypes, similar to the French
isolates that were collected from common
wheat.

In the neighbor-joining dendrogram of
virulence differences between isolates in
Figure 1, three groups of isolates could be
distinguished. Group 1 consisted of eight
PSB isolates, six ITA isolates, and the five
isolates collected from durum wheat in
France, Spain, Ethiopia, and Mexico.
These isolates all had virulence pheno-
types of B---- or D----, characteristic of
isolates from durum wheat. Group 2 con-
sisted of the seven PSB isolates with F----
virulence phenotypes that were also viru-
lent to Lri6, LrB, Lrl0, Lr3bg, and Lri4b.
Isolates in Group 2 had virulence pheno-
types more typical of collections from
common wheat than from durum wheat.
Group 3 consisted of six isolates from

Table 2. Virulence phenotypes of Puccinia triticina isolates tested for infection type to 22 Thatcher

differential lines

Genetic
Virulence differentiation
Isolate Virulences phenotype group?
PSB 1-3 10, 14b, 20, 33 BBBGJ® 1
PSB 6-2 10, 14b, 20, 23, 33 BBBGJ 1
PSB 8-1 10, 14b, 23, 33 BBBGG 1
PSB 9-3 10, 14b, 20, 23, 33 BBBGJ 1
PSB 10-3 10, 14b, 20, 23, 33 BBBGJ 1
PSB 11-3 2c, 26, B, 10, 14b, 33 DCBQG 1
PSB 14-3 10, 14b, 20, 23, 33 BBBGJ 1
PSB 16-2 B, 10, 14b, 33 BBBQG 1
PSB 2-2 2c, 3a, 16, B, 10, 3bg, 14b, 20, 33 FGBQS 2
PSB 3-3 2c, 3a, 16, B, 10, 3bg, 14b, 33 FGBQQ 2
PSB 4-2 2c, 3a, 16, B, 10, 3bg, 14b, 33 FGBQQ 2
PSB 5-2 2¢, 3a, 16, B, 10, 3bg, 14b, 33 FGBQQ 2
PSB 7-3 2c, 3a, 16, B, 10, 3bg, 14b, 33 FGBQQ 2
PSB 13-2 2c, 3a, B, 10, 3bg, 14b, 33 FBBQQ 2
PSB 15-1 2c, 3a, 16, B, 10, 3bg, 14b, 33 FGBQQ 2
ITA 1-1 10, 14b, 23, 33 BBBGG 1
ITA 1-2 2c, 10, 14b, 20, 23, 33 DBBGJ 1
ITA 2-1 2c, 10, 14b, 20, 23, 33 DBBGJ 1
ITA 2-2 2c, 10, 14b, 20, 23, 33 DBBGJ 1
ITA 7-1 10, 14b, 20, 28, 23, 33 BBBGK 1
ITA 15-1 2c, 10, 14b, 20, 23, 33 DBBGJ 1
ITA 4-1 2¢, 3a, 26, 3ka, 11, 17, 30, B, 10, 14a, 3bg, 14b, 33 FCTSQ 3
ITA 12-2 2c¢, 3a, 16, 3ka, 17, 30, B, 10, 14a, 3bg, 14b, 33 FGPSQ 3
ITA 14-1 2¢, 3a, 16, 3ka, 30, B, 14a, 3bg, 14b, 20, 23, 33 FGMNS 3
F57 1,3a,17,B, 10, 14a, 3bg, 14b, 20, 33 MBDSS 3
F 58 1,2c¢,11,B, 10, 14b NBGQG 3
F59 2c, 3, 26, 3ka, 17, 30, B, 10, 14a, 3bg, 14b, 20 FCPSS 3
F 60 2c, 16,11, B, 10, 14b DGGQG 3
Fol 2c¢, 3a, 26, 3ka, 17, 30, B, 10, 14a, 3bg, 14b, 33 FCPSQ 3
F 62 1, 3a, 26, 17, B, 10, 14a, 3bg, 14b, 20, 33 MCDSS 3
F 64 2c, 3a, 26, 3ka, 17, 30, B, 14a, 3bg, 14b, 33 FCDSS 3
F 66 2¢, 3a, 3ka, 30, B, 10, 14a, 18, 3bg, 14b, 33 FBMTQ 3
FS 3.1 B, 10, 14b, 20, 23, 33 BBBQJ 1
Esp 22 2¢, B, 10, 14b, 20, 23, 33 DBBQJ 1
Eth 6.1-1 - BBBBB 1
Eth 7.2 B, 14a, 18, 14b, 20, 33 BBBPJ 1
MX 14.3 B, 10, 14b, 20, 23, 33 BBBQJ 1

2 Groups based on host origin, virulence phenotype, and simple sequence repeat genotypes.
b Five-letter code describing virulence phenotypes to 20 isogenic lines adapted from Long and Kolmer
(11) and Ordoiez and Kolmer (19). Virulence to Lr23 and Lr33 not included in five-letter code.

¢ Avirulent to all the seedling Lr genes tested.
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France and three ITA isolates with F----
and M---- virulence phenotypes that were
characteristic of isolates from common
wheat. Two isolates from France collected
from common wheat, F58 and F60, had
NBGQQ and DCGQG virulence pheno-
types, respectively, and clustered most
closely with isolates in Group 1. Principal
coordinate analysis in Figure 2 grouped the
isolates in the same manner as the
neighbor-joining dendrogram. The first
principal coordinates (Pcol) and the sec-
ond principal coordinates (Pco2) ac-
counted for 50.4 and 18.5% of the total
variation, respectively. Pcol distinguished
the isolates from common wheat (Fig. 1-
Group 3) clustered on the left side of the
diagram from the isolates from durum
wheat (Fig. 1-Group 1) that were on the
right side of the plot. The seven PSB iso-
lates had three virulence phenotypes simi-
lar to common wheat isolates (Fig. 1-
Group 2) that were in the lower part of the
plot along with isolates F58 and F60 from
common wheat.

A very similar grouping of isolates was
obtained with the neighbor-joining den-
drogram of SSR genotypes in Figure 3.
Group 1 consisted of 18 of the 19 isolates
that clustered with the isolates from durum
wheat in Figure 1. The seven isolates in
Group 2 included six of the seven PSB
isolates in Group 2 in Figure 1. Group 3
isolates included 12 isolates that clustered
with the isolates from common wheat, of
which nine were found in Group 3 in Fig-
ure 1. Isolate Eth 7.2 collected from durum
wheat was clustered in Group 1 in Figure
1, but was clustered in Group 3 in Figure 3
for SSR genotype. Isolate PSB 7-3 was
clustered in Group 2 in Figure 1, but was
clustered in Group 1 in Figure 3. Isolates
F58 and F60 that clustered closest to iso-
lates in Group 1 in Figure 1, were clus-
tered in Group 3 in Figure 3 for SSR geno-
type.

For tests of genetic differentiation, the
isolates were placed into three groups that
corresponded highly to Groups 1, 2, and 3
in Figures 1 and 3. The eight PSB isolates
originally collected from durum wheat
with B---- and D---- phenotypes; the five
isolates from Spain, France, Ethiopia, and
Mexico from durum wheat; and the six
ITA isolates with B---- and D---- pheno-
types that were characteristic of durum
wheat type isolates were placed in one
group of isolates (Table 2). The seven PSB
isolates collected from durum wheat that
had virulence phenotypes characteristic of
common wheat isolates were placed in a
second group. The eight French isolates
from common wheat and the three Italian
ITA isolates with F---- phenotypes that had
virulence phenotypes and SSR genotypes
typical of isolates from common wheat
were placed in a third group (Table 2). The
three groups of isolates were highly differ-
entiated for virulence phenotype, with an
overall ®pr value of 0.574 (P < 0.001).



The three groups had pair-wise values of
@pr that were all highly significant (P <
0.001). The three groups were also highly
differentiated for SSR genotypes with an
overall Fgp of 0.261 (P < 0.001) and over-
all Rgy of 0.725 (P < 0.001). The three
groups had pair-wise values of Fgr and Ry
that were all highly significant (P < 0.001).
The seven PSB isolates in the second
group with virulence characteristics of
common wheat isolates were more closely
related to the isolates from durum wheat in
the first group (Rsr = 0.251) compared
with isolates from common wheat in the
third group (Rsr = 0.636). The Mantel
coefficient between the virulence distance
matrix and the SSR allele distance matrix
for all 37 isolates was 0.74 (P = 1.0),
which indicated significant correlation
between virulence phenotypes and SSR
genotypes in this set of P. triticina isolates.

DISCUSSION

Within the two Italian collections (PSB
and ITA isolates) of P. triticina character-
ized in this study, there were highly sig-
nificant differences in SSR genotypes and
virulence phenotypes. Eight of the PSB
isolates had virulence phenotypes and SSR
genotypes characteristic of P. triticina
from durum wheat. The other seven PSB
isolates were somewhat unique because
these were virulent to genes Lr2c, Lr3a,
and Lr3bg, similar to isolates from com-
mon wheat, but had SSR genotypes that
were distinct compared to the isolates from
durum wheat and were also distinct com-
pared to the ITA and French isolates from
common wheat. Of the nine ITA isolates,
six had virulence phenotypes and SSR
genotypes characteristic of isolates from
durum wheat, and the other three isolates
had characteristics of isolates from com-
mon wheat. The difference in the Fgr and
Rgr values for differentiation of the SSR
genotypes reflects the large difference in
the molecular weights of the SSR alleles
between the three groups of isolates. Since
Rgt is based on the single step mutation
model that accounts for difference in mo-
lecular weights between alleles, this value
is likely more reflective of the large evolu-
tionary distance between the three groups
of isolates.

The differentiation of P. triticina viru-
lence phenotypes collected from durum
wheat and common wheat has been previ-
ously documented in Spain (15), France
(4), Mexico (7,23), South America, and
Europe (19). In these studies and in the
current study, isolates from durum wheat
were highly avirulent to most of the Lr
resistance genes in the differential set, but
all were virulent to Lri0 and Lri4b that
are located on chromosomes 1A and 7B
(16), respectively. Most of the isolates
from durum wheat were also virulent to
Lr23, which originated from the durum
cultivar Gaza, and most were virulent to
Lr33, also postulated to be derived from

durum wheat (16). Isolate Eth 7.2 collected
from durum wheat had virulence charac-
teristic of isolates from durum wheat, yet
had an SSR genotype more similar to the
isolates from common wheat. Ordofiez and
Kolmer (19) also noted that isolates from
durum wheat in Ethiopia had unique SSR
genotypes compared to durum isolates
from Europe, Mexico, and South America.

Durum and emmer tetraploid wheat va-
rieties have been cultivated for centuries in
Italy and Ethiopia. Isolates of P. triticina in
these countries would have a long history
of selection on durum wheat, which may
over time have given rise to variants for

ITA2-1.0BBG)

virulence and SSR genotypes that are not
present in isolates of P. triticina collected
from modern durum cultivars in parts of
the world where durum cultivation is more
recent. This may account for the unique
virulence to a number of Lr genes charac-
teristic of some of the PSB isolates and the
SSR genotype of isolate Eth 7.2. The seven
PSB isolates virulent to Lr2c, Lr3, Lrl6,
LrB, Lri0, and Lr3bg have a relatively
wider virulence spectra to Lr genes found
in common wheat compared to the other
isolates from durum wheat with virulence
phenotypes of BBBQJ, BBBGG, DBBQ)J,
or BBBGJ.
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Fig. 1. Neighbor-joining dendrogram based on avirulence/virulence to 22 near-isogenic lines of
Thatcher wheat with different leaf rust resistance genes of 37 Puccinia triticina isolates collected from
common and durum wheat in Italy, France, Spain, Ethiopia, and Mexico. Bootstrap values >50 are

indicated for branch points.
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Fig. 2. Principal coordinate analysis plot of virulence phenotypes of 37 Puccinia triticina isolates from
common wheat and durum wheat from Italy, France, Spain, Ethiopia, and Mexico based on differences
in virulence to Thatcher isogenic lines of wheat with different leaf rust resistance genes.
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Fig. 3. Neighbor-joining dendrogram based on simple sequence repeat alleles at 15 loci of 37 Puccinia
triticina isolates collected from common and durum wheat in Italy, France, Spain, Ethiopia, and Mex-
ico. Bootstrap values >80 are indicated for branch points.

The results and interpretation of genetic
analyses of leaf rust resistance in durum
wheat cultivars depend on the virulence of
the P. triticina isolates. Genetic studies of
leaf rust resistance in durum wheat culti-
vars in Canada (26) and the United States
(22) used isolates of P. triticina from
common wheat. For these studies, it was
appropriate to use isolates from common
wheat because the P. triticina isolates that
are adapted to durum wheats are only
rarely found in California and Arizona
where durum wheat is grown under irriga-
tion (18), and are not present in the major
durum wheat production region in the
Great Plains of the United States and Can-
ada. However, in regions where P. triticina
isolates from common wheat and durum
wheat are both present, it would be impor-
tant to use the appropriate isolate in any
genetic analysis of leaf rust resistance in
durum wheat. The 15 PSB isolates charac-
terized in this study, although all collected
from durum wheat, may differ for viru-
lence to durum wheat cultivars. In an asso-
ciation mapping experiment for leaf rust
resistance in durum wheat, four isolates
from durum wheat (Eth6.1-1, MX14.3,
PSB14-3, and PSB13-2) were used to
evaluate a collection of durum accessions
from the Mediterranean basin previously
characterized for linkage disequilibrium
(13,14). The only isolate that was not asso-
ciated with leaf rust resistance with the
durum genotypes was PSB13-2 (13),
which suggested that this isolate and the
other six PSB isolates with virulence more
typical of P. triticina from common wheat

424 Plant Disease /Vol. 94 No. 4

may not be highly specialized to durum
wheat. Since the isogenic Thatcher lines
used in this study are common wheat lines,
these are not adequate to properly charac-
terize virulence of isolates to durum wheat.
To better characterize virulence of P,
triticina isolates collected from durum
wheat, a set of single gene lines of durum
wheat that include leaf rust resistance
genes derived from different resistance
sources will need to be developed.
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