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Abstract

Stripe rust is one of the most devastating biotic stresses to cause grain
yield losses in wheat. In the current study, 227 imported accessions, and six
widely grown modern cultivars (Sids14, Sids12, Misrl, Misr2, Gizal71, and
Gimmiza9), were used. All plant materials were planted in the field and evaluated
for stripe rust resistance and grain yield. Five Simple Sequence Repeats (SSR)
markers Xpsp3000, Xbarc8, Xgwm419, Xwmc44, and Xbarc32, respectively,
are associated with five essential stripe rust resistance genes Yrl0, Yrl5,
Yr26, Yr29, and Yr59, were also used. The results indicated a highly positive
and significant correlation between grain yield and stripe rust resistance.
Furthermore, as the number of stripe rust resistance alleles increased, both
grain yield and stripe rust resistance increased. Out of the 233 accessions used,
11 accessions were found to contain the five resistance genes. The identified
resistant accessions could be used as a gene source to enhance stripe rust
resistance in wheat breeding programs. SSR markers used in the current study
effectively capture a substantial part of the phenotypic variation caused by stripe
rust. Thus, these five markers could be used effectively in marker-assisted
selection for stripe rust resistance.
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way to identify stripe rust-resistant genotypes. However, for the field
evaluation to be effective, a large number of accessions have to be
grown and infected with several races or the predominant mixture
of native races to identify resistant accessions. It also requires
reliable rust screening nurseries [8]. To ensure the pathogenic races’
presence, it is desirable to inoculate the host plants with those races
artificially [10]. But it is not acceptable to inoculate the host plants
in the field with pathogenic races that are not naturally present in
the evaluation environment [10]. Therefore, field evaluation for stripe
rust is challenging because of the annual fluctuation of the climate

Introduction

Wheat (Triticum aestivum L), the leading staple food crop
worldwide, is often attacked by several fungal, bacterial, viral, and
nematode pathogens. Wheat rusts (Puccinia spp.) are among the
most devastating pathogens that attack wheat, causing significant
yield losses [1]. The most common types of wheat rust are leaf rust
caused by Puccinia triticina f.sp. tritici, stem rust caused by Puccinia
graminis f.sp. tritici, and stripe rust caused by Puccinia striiformis f.sp.
tritici [2]. Stripe rust is regarded as a deleterious wheat rust disease

[3]. Therefore, stripe rust is considered the most critical hazard for
global wheat production [4]. Stripe rust used to be a cool weather-
adapted disease, but recently aggressive races have also spread to
warm-weather parts of the world [5].

Several stripe rust pathogens originated from Europe, Australia,
and North America, and some pathogen populations within these
regions experience a high genetic diversity level [6]. Moreover,
western China, Central Asia, and the Himalayas were considered the
center of stripe rust pathogen evolution, where sexual recombination
is common [7]. New stripe rust races that originated from the
Himalayas region spread across Europe between 2011 and 2015 [6].
Egyptis one of the warm weather countries that recently suffered from
stripe rust at high severity levels [8]. Grain yield losses between 14%
and 26% due to stripe rust in the Nile Delta were recorded [8]. Shahin
et al. [9] evaluate eight commercially grown Egyptian wheat cultivars
for stripe rust under the field growth conditions. They concluded that
most commercially grown wheat cultivars in Egypt possess low adult
plant resistance levels to stripe rust.

Field evaluation for stripe rust has been a successful and effective

conditions, which might also stimulate stripe rust evaluation and the
presence of new races. Additionally, the traditional field evaluation
methods are time-consuming. Therefore, several plant breeders
have incorporated molecular markers in their breeding programs to
identify and introgress rust resistance genes with minimal dragging
effect into their elite lines [11].

In total, 81 stripe rust resistant genes were identified on various
wheat chromosomes [1], designated Yrl to Yr67, Yr73, and Yr74
[12,13]. Out of the 81 stripe rust-resistant genes, 18 are adult-plant
resistance genes; Yr11-Yr14, Yr16, Yr18, Yr29, Yr30, Yr34, Yr36, Yr39,
Yrd6, Yr48, Yr49, Yr52, Yr54, Yr59, and Yr62, whereas 54 are seedling
resistance genes [14]. Pyramiding adult and seedling resistant genes
in a genotype could confer enhanced durable resistance to stripe rust
of wheat [14]. The first step to pyramid several effective resistance
genes is to identify genuinely resistant genotypes. Resistance genes
can be tagged and identified rapidly and accurately using molecular
markers in Marker-Assisted Selection (MAS). MAS have been used
successfully to facilitate gene identification for crucial traits such
as stripe, stem, and leaf rust resistance. Several DNA molecular
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marker platforms were commonly used successfully in MAS, such as
RELP [15], RAPD [16], SSR [17], SNP [18], and KASP [19]. SSR is
the common molecular marker platform in MAS studies due to its
reproducibility, multi-allelic nature, co-dominant inheritance, and
robust amplification [20]. Simple Sequence Repeats (SSR) flanking
genes that control a trait can be used to screen large populations for
that trait in a short time. In addition, markers with diagnostic alleles,
i.e., the size difference in the parental accessions, are ideal markers for
MAS because they will be completely correlated with the trait [21].
Furthermore, MAS can be used in pyramiding adult and seedling
resistant genes in a genotype [14].

Therefore, in the current study, we characterized a panel of 233
spring wheat accessions for stripe rust using five diagnostic SSR
markers. The panel was also evaluated under the field conditions for
two growing seasons in which stripe rust resistance and grain yield
were measured. The current study’s objectives were to (1) screen
the wheat collection for resistance to stripe rust and (2) estimate the
impact of stripe rust favorable alleles accumulation on stripe rust
resistance and grain yield production.

Materials and Methods

Germplasm

A panel comprised of 227 imported accessions and five widely
grown modern cultivars (Sids14, Misrl, Misr2, Gizal71, and
Gimmiza9) were used in the current study. The imported wheat
accessions contain 96 elite breeding lines, 74 cultivars, and 57
landraces. Thereafter, we will refer to the elite lines and cultivars as
the improved accessions. The seeds of the imported accessions were
collected by the USDA-ARS from several geographic regions around
the world. In comparison, the commercial cultivars were obtained
from the Agricultural Research Center (ARC), Egypt. For further
information about the accessions details such as pedigrees and origin
regions, the reader is referred to the supporting information Table S1.

Phenotyping

The spring wheat panel was phenotyped at Elbasotan region in
an experimental farm for Damanhour University (30°46'46"" N,
30°82'32" E) during two consecutive growing seasons 2018 and 2019.
Grain yield (ton/hectare) and stripe rust score were measured on
plots that were four 2.5-meter rows, 30cm apart. Plots were laid out
in a randomized block design with three replicates per year. Planting
dates were November 21* and November 14" for the first and
second growing seasons, respectively. Stripe rust (incited by Puccinia
striiformis f.sp) susceptible cultivar “Morocco” was planted around
the experiment as a one-meter wide border. During the booting
growth stage, Morocco was dusted with 200mg urediniospores
of five prevalent and aggressive pathotypes of stripe rust, i.e., 0EO,
6E4, 70E20, 128E28, and 134E244, mixed with talcum powder (1:20,
spores: talcum). Stripe rust was scored according to modified Cobb’s
scale [22]. The infection type was expressed in the following classes,
i.e., Immune =1, R = Resistant, small uredinia surrounded by necrosis;
MR = Moderately Resistant, medium to large uredinia surrounded
by necrosis; MS = Moderately Susceptible, medium to large uredinia
surrounded by chlorosis; S = Susceptible, large uredinia without
necrosis or chlorosis [23]. The statistical analysis was conducted
on the infection types after converting it into 0, 2, 4, 6, and 8 for
immune, resistant, moderately resistant, moderately susceptible, and

susceptible, respectively. After physiological maturity, all plants in
each plot were manually cut at 5cm above soil service and left to dry
in the middle of the plots. Three days later, plants from each plot were
threshed separately using a locally made single plot thresher, in which
seeds were collected, weighed, and converted to tons/ha. Standard
agronomic practices, including weed control, recommended nitrogen,
phosphorus, and potassium applications, were followed.

Genotyping

The total genomic DNA was extracted from 200 mg of fresh
leaves during the seedling stage. DNA extraction kit (Promega,
USA) was used, and the manufacturer’s instructions were followed.
The DNA concentration of each sample was measured using a
spectrophotometer at a wavelength of 260 and 280 nm using a
CARY 50 probe UV-visible spectrophotometer (Varian, CA, USA).
The DNA quality was confirmed by running 5ul diluted DNA on a
0.8% agarose gel. Table 1 shows the specific band (bp) for stripe rust
resistance for the SSR markers used in the current study. The primer
sequences, linkage map location, and the amplification requirements
for the SSR markers were obtained from the GrainGenes website
(https://wheat.pw.usda.gov/cgi-bin/GG3/browse.cgi?class=marker).
PCR products were scored as present (1) or absent (0) across the 233
accessions for each primer.

Statistical analysis

The following mixed-effect model [24] was used to estimate the
Best Linear Unbiased Predictors (BLUP) for grain yield and stripe
rust scores:

Y, =u+E+RE + G +GE_+ .
where Yijm is the response, E, is the i level of years effect (Fixed),
RE,, is the effect of j* replicate nested within i year (Fixed), Gm
is the effect of m™ accession (random), GE, , the interaction effect
between m™ accession and i year (random) and € is the random
experimental error effect associated with Y, .

Furthermore, the following parameters were estimated using the
metan R package [24]. The genotypic effect (g) for each accession was
estimated as follows:

g =h’ (yi-y.)

where h? is the broad-sense heritability, yi. and y.. are accession i*
mean and the overall mean, respectively.

The predicted performance was estimated as follows: g +

The Upper (UL) and Lower Limits (LL) of the predicted mean
were estimated as follows:

g +uxCIl
where CI is the confidence interval, which was estimated as follows:

Cl =tx. /(- AC)xc”,

where t is the student’s t value for a two-tailed t test at a given
probability error; AC is the accuracy of selection and ¢?, is the
genotypic variance.

The broad-sense heritability (H?) was estimated as follows:
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where o°_is the genetic variance, o’ is the genotype by year’s

variance, and o®__is the residual variance.

Polymorphic information content (PIC) was calculated as follows:

n 2 n=1 n 22
PIC :1_2j=1pij _Zj:12k=j+1zpj P (25]
where P, and P, are the frequencies of j, and k" alleles for marker i,
respectively.

Cluster analysis was performed using the ape R package [26].
Since the studied variables, i.e., SSR markers, grain yield, and stripe
rust scores, had different measurement units, all variables were
standardized [27]. Then dendrogram was constructed utilizing
Ward’s method based on squared Euclidean distance [28].

Means within and across years were compared using Tukey’s
Honest Significant Difference (HSD) [29]. Homogeneity of variance
across locations and years was tested using Bartlett’s Test [30]. The
combined analyses of variance were then performed among traits
with homogeneous variance across years, as outlined by Cochran and
Cox [31].

Results

Analysis of variance and accessions performance

Bartlett’s test results indicated a homogeneous variance across
years, in which the p-value was >0.05. Therefore, a combined analysis
of variance across years was visible. The combined analysis of variance
across years for grain yield and stripe rust is provided in Table 2.
Results in Table 2 indicated a highly significant effect for accessions
on grain yield and stripe rust resistance score. Furthermore, the
interaction between accessions and years was not significant for grain
yield. In comparison, the interaction between accessions and years
was significant for stripe rust. The overall grain yield averaged across
years and accessions was 5.6 tons/hectare and ranged from 3.9 to 7.5
tons/hectare.

Interestingly, accession “PI 14392” ranked number 1, based on
the accessions ranking across years with the average grain yield for PI
14392 at 7.47 tons/hectare. This was followed by Sids14, “PI 12782,”
and “PI312115,” in which they produced 7.31,7.17, 7.15 tons/hectare,
respectively (Table 3). In comparison, the lowest yielding accessions
were “PI 3049157, “PI 1923767, and “PI 192294”, in which they
produced 3.91, 3.96 and 3.99 tons/hectare, respectively. The Egyptian
cultivars, Sids14, Sids12, Misrl, Misr2, Gizal71, and Gimmiza9, had
an average grain yield of 6.24 tons/hectare. Misr2 was the lowest
yielding cultivars among the Egyptian ones, followed by Misrl, in
which they produced 4.5 and 5.7 tons/hectare, respectively.

Under the field conditions, a diverse adult plant reaction to the
infection was observed, which was pronounced as a significant year
by accession interaction. That significant year by accessions indicated
that the accessions’ response to stripe rust varied from year to year.
Based on the stripe rust score across years, the average score was 3.9
(on a stripe rust scale 0 to 8). The most resistant accessions were “PI
127827, “PI1 15177, “PI 128117, which all had an overall average score
of 1 (Table 3). Conversely, the most susceptible accessions were “PI
2204407, “PI 1926477, and PI 2251607, in which they scored from
7 to 8 on the stripe rust resistance scale. Additionally, the Egyptian
cultivars had an average score of 3.3, while Sids14 had an average

Table 1: SSR markers, along with their product size used to postulate stripe rust
resistance genes in the studied wheat panel.

Marker Gene Product (bp) Reference
Xpsp3000 Yr1l0 260 [54]
Xbarc8 Yrls 164 [55]
Xgwm419 Yr26 141 [56]
Xwmca4 Yr29 270 [57]
Xbarc32 Yr59 165 [49]

Table 2: Analysis of variance for grain yield (tons/hectare) and stripe rust scores
combined across years.

MS
Source Df
Yield Stripe rust

Years 1 2.3 1.64
Replicates (Years) 4 4.42 90.3
Accessions 232 31.56** 31.1*
Accessions x Years 232 2.42m 1.97*
Residuals 928 2.1 1.38

*, **. Significant at 0.05 and 0.01 probability levels, respectively. ns: non-
significant.

Table 3: List and rank of the top 10 resistant accessions for stripe rust and ten of
the highest yielding accessions.

Grain yield tons/hectare
Accessions Rank Mean BLUPg Predicted LL UL
14392 1 7.6 1.9 7.5 7 7.9
Sids14 2 7.5 1.7 7.3 6.9 7.7
12782 3 7.3 1.6 7.2 67 76
312115 4 7.3 1.6 7.2 6.7 7.6
134136 5 7.3 1.6 7.1 6.7 7.6
1517 6 7.2 1.5 7.1 6.7 7.5
11254 7 7.2 1.5 7.1 6.7 75
190450 8 7.2 15 7.1 6.7 75
14244 9 7.2 1.5 7.1 6.7 7.5
193927 10 7.2 15 7.1 6.6 7.5
Stripe rust score

Accessions Rank Mean BLUPg Predicted LL UL
12782 1 0.7 -3 0.9 02 16
12811 2 0.7 -3 0.9 02 16
14282 3 0.7 -3 0.9 02 16
14362 4 0.7 -3 0.9 02 16
1517 5 0.7 -3 0.9 02 16
Gizal7l 6 0.7 -3 0.9 02 16
14249 7 1 -2.7 1.2 0.5 1.9
15035 8 1 -2.7 1.2 05 1.9
Sids14 9 1 -2.7 1.2 05 1.9
12782 10 0.7 -3 0.9 02 16

BLUPg is the genotypic effect. LL and UL are the upper (UL) and lower limits (LL)
of the predicted mean.

Submit your Manuscript | www.austinpublishinggroup.com

Ann Agric Crop Sci 6(4): id1084 (2021) - Page - 03



EIBasyoni IS

Austin Publishing Group

Table 4: Correlation among SSR markers, grain yield, and stripe rust.

Marker/Traits Xbarc8 Xwmc44 Xbarc32 Xgwm419 Grain yield (% variance) Stripe rust (% variance)
Xpsp3000 0.02m 0.10" -0.10m 0.34%* 0.41** (16.9) -0.55** (30.3)
Xbarc8 1 0.00" -0.07m 0.17 0.35 *(12.6) -4.824
Xwmcé4 1 -0.32* 0.12 0.29* (8.3) -2.436
Xbarc32 1 0.03 0.22* (4.8) -0.558
Xgwm419 1 0.44** (19.8) -0.47** (22.0)
Grain yield 1 -0.87
Stripe rust 1

significant.

Numbers in brackets refer to the % of variance explained by the marker for each trait. *, **: Significant at 0.05 and 0.01 probability levels, respectively. ns: non

resistance genes.

Figure 1: Dendrogram showing the grouping of the 233 wheat accessions, blue and red colors refer to the improved genotypes and landraces, respectively, based
on five SSR markers linked with stripe rust resistance genes, grain yield, and stripe rust scores measured in the field. Magnified accessions are those with five
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overall score of 1.2, followed by Gizal71 and Misr2, in which they
had average scores of 0.9 and 4, respectively. The most susceptible
Egyptian cultivars in the current study were Misrl and Gimmiza9,
in which they scored 5.9 and 4.6, respectively. The broad-sense
heritability for grain yield was 62% and 57% for stripe rust scores.

Accessions characterization

In the current study, the SSR markers were scored as present
(1) if the resistance allele was present or (0) if it was absent. Using
the present and absent scores for each marker, the Polymorphism
Information Content (PIC) values were estimated. The five SSR
markers had PIC values 0f 0.14, 0.36, 0.27, 0.32 and 0.33 for Xpsp3000,
Xbarc8, Xwmc44, Xbarc32, and Xgwm419, respectively. Out of the
233 accessions used, all resistance alleles were present in only 11
accessions, which were Sids14, Gizal71, “PI 105099”, “PI 143527, “PI
142847, “PI 142827, “PI 142497, “PI 128117, “PI 12782”, “PI 121717,

and “PI 11254”. Sids13 had three resistance alleles, while the missing
resistance allele was for Xwmc44 and Xgwm419. Gimmiza9 had three
resistance alleles, and the missing resistance alleles were Xbarc8 and
Xgwm419. Misr2 had two resistant alleles while three alleles were
missing, which were Xbarc8, Xwmc44, and Xbarc32. Similarly, Misr1
had two resistance alleles and was missing Xbarc8, Xwmc44, and
Xgwm419. Overall, four accessions had none of the resistance alleles
investigated, while 26, 120, 40, and 32 accessions contained 1, 2, 3,
and 4 resistant alleles, respectively.

A significant positive correlation (p-value=0.001) was detected
between grain yield and the five SSR markers used (Table 3). On the
other hand, a significant negative correlation was detected between
stripe rust scores and the five SSR markers. Moreover, grain yield was
negatively correlated with stripe rust (r=-0.87, p-value =0.001). The
correlation among the studied SSR markers indicated a significant
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Figure 2: The relationship between the number of stripe rust resistance alleles, grain yield production (A), and stripe rust overall scores under the open field

positive correlation between Xgwm419 and Xpsp3000 markers.
Additionally, a significant negative correlation between Xwmc44
and Xbarc32 markers was detected. While the correlation among the
other SSR markers were not significant.

Cluster analysis results from the phenotypic measurements (grain
yield and stripe rust resistance scores) and SSR markers indicated
that the 233 accessions are grouped into two main clusters: A and
B (Figure 1). Cluster A contains mainly genotypes with more than
two SSR resistance alleles. Cluster B contains accessions with two or
fewer resistance alleles. In Cluster A, all accessions with five resistance
alleles were grouped in a single subgroup (Figure 1). Interestingly the
clustering methodology did not show a clear distinction between the
improved accessions and landraces.

The impact of resistance alleles on grain yield and stripe rust
resistance was estimated. Accessions with the same number of
resistant alleles were plotted together in a boxplot (Figure 1).

The patterns of impact for the number of resistant alleles, from
SSR markers, on grain yield production (Figure 2A) and stripe
rust resistance (Figure 2B) were similar but with opposite trends.
That observed opposite trend was expected because grain yield was
negatively correlated with stripe rust resistance scores. As the number
of resistance alleles increases, grain yield increases, and stripe rust
score decreases (Figure 1). However, the incremental rate between
0 resistance alleles and single resistant alleles was not notable. The
boxplot of the accessions with two resistant alleles tended to be
divided into two groups, i.e., above-average and below-average
groups. The previous observation indicates that the two resistance
alleles combinations with different genetic backgrounds (i.e.,
accessions) resulted in varying grain yield impact levels. In addition,
accessions with three resistance alleles produced greater grain yield

than those with two resistance alleles. The grain yield and resistant
increment rates from 3 to 5 alleles were slower than that from 2 to 3
alleles (Figure 2A and 2B).

Discussion

Enhancing grain yield production is the goal of plant breeders.
However, both biotic and abiotic stresses cause yield loss and
endanger the overall grain production worldwide [32]. Among
several biotic stresses, recent studies revealed severe impacts of stripe
rust on wheat grain production. New stripe rust races have emerged
and increased stripe rust susceptibility under field conditions leading
to yield losses [33]. The detection of the new races indicates continual
changes in virulent stripe rust. Due to these new races, some wheat
cultivars previously known to be resistant have become susceptible
[33]. Therefore, enhancing commercially grown wheat cultivars with
new functional resistance genes is a prerequisite for sustainable wheat
production [34]. Continuous screening of the newly introduced
wheat accessions under the breeders’ targeted environment to
identify potentially resistant genotypes is the most economical and
effective strategy to defeat the new rust races and reduce yield losses
[35]. In the current study, 278 imported wheat accessions and five
commercially grown local wheat cultivars were evaluated under the
open field conditions. The evaluation was conducted at Elbostan
region in Egypt, one of the world’s hotspots for stripe rust, and where
wheat is the dominant winter sown field crop. Our ultimate goals
were to identify potentially resistant wheat accessions and investigate
the importance of five SSR tagged stripe rust genes on grain yield and
stripe rust resistance.

Artificial infection with naturally present stripe rust races, i.e.,
0EO0, 6E4, 70E20, 128E28, and 134E244, was conducted in Elbostan
region. Artificial inoculation is required to ensure adequate levels
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of infection to differentiate among accessions with varying levels
of resistance to all of the primary races of stripe rust. In addition
to providing sufficient infection, artificial inoculation also ensures
consistent infection types across growing seasons as the climate
conditions may change the race mixtures from year to year [7].
Results indicated a highly significant difference among the studied
accessions for grain yield and stripe rust resistance. This showed that
the accessions varied in response to the stripe rust infection, which
was also reflected in grain yield. That causality effect between yield
reduction and stripe rust resistance was highly pronounced by the
negative and highly significant correlation between both traits, as
expected. The negative impact of stripe rust on grain yield production
was reported by several authors [1,7-9,12,13,33,36,37]. That negative
impact could be attributed to the photosynthesis impairment and
assimilates reduction due to stripe rust infection, which reduces
flower development, fertilization, and the development of ovules and
consequently seed setting [38,39].

Our results also show that the older local cultivars used in the
current study tend to be more often infested by stripe rust. For instance,
Gizal71 [40] and Sids14 [41] were among the newest releases of the
Agricultural Research Center (ARC) in Egypt and are also among
the most stripe rust resistant accessions in the current study. These
findings indicated that the ARC’s wheat breeding programs were
successfully incorporating new resistance genes into their elite lines.
In addition, these findings also explain the replacement of several
older cultivars in Egypt by Gizal71 and Sids14 recently. Gizal71 was
previously found to be resistant to stripe rust. However, the most
recent reports from field evaluation in Egypt indicated that Gizal71
has become susceptible under field conditions to a newly discovered
stripe rust race [8]. Shahin [8] found a new race in several regions in
Egypt; however, the closest location he collected samples from was
Sakha region, which is around 100km away from Elbostan. Sids14
cultivar was also found to be resistant to stripe rust in the current
study; however, to date, no other published reports were found to
describe Sids14 resistance to stripe rust under the field conditions in
Egypt.

Overall, the top 10 high-yielding and stripe rust resistant
accessions originate from improved genotypes, breeders’ elite lines,
or registered cultivars. Moreover, the improved genotypes had 11.5,
and 11.35% more grain yield and resistance to stripe rust than the
landraces. The observed improvement in grain yield production and
stripe rust resistance in modern accessions illustrates that several
genes for stripe rust were already pyramided. Several genes govern
stripe rust-resistant during the seedling and adult plant stages. Five
SSR markers were used in the current study to tag and characterize
the studied panel for five of the vital stripe rust resistance genes, i.e.,
Yr10, Yrl5, Yr26, Yr29, and Yr59.

The seedling resistance gene YrI10 located on the short arm of
chromosome 1B, was tagged in the current study by Xpsp3000 marker,
in which it was present in 85.1 and 89.6% of the improved accessions
and landraces, respectively. Xpsp3000 was used as a diagnostic marker
in MAS for Yr10 and found to be effective in tagging Y710 [42]. It was
previously reported that several of the landraces and improved wheat
accessions resistant to stripe rust contained YrI0 [42-44]. Several
researchers used the Yr10 gene to provide effective resistance to
stripe rust in wheat in most wheat-growing areas; however, recently,

several Yr10 virulent Pst races have been reported [43]. Yr15 also
had a seedling resistance gene located on the 1B chromosome and
was tagged by Xbarc8 and found to be present only in the improved
accessions by 23.2%, while none of the landraces had that gene. Yr15
confers broad-spectrum resistance against a large and genetically
diverse number of Pst isolates [45]. However, several Pst races were
reported to be virulent on Y715 in 2000 [46].

Yr26 is another seedling resistance gene located near the
centromeric region of chromosome 1B tagged with Xgwm419 SSR
marker. Yr26 has been widely used in several wheat breeding programs
for developing stripe rust-resistant lines [47]. Y729 is an adult plant
resistance gene [48], and it harbors partial resistance showing a slow
rusting phenotype [49]. Furthermore, Yr29 is likely a pleiotropic gene
in association with leaf rust gene Lr46 and stem rust gene Sr58, hence
providing multiple rust disease resistance [49]. Y759, located the long
arm of chromosome 7B, is an adult plant resistant gene and tagged by
Xbarc32 [50]. Yr59 was previously reported in an old landrace from
Iraq (PI 178759) and found to effective against several Pst races [51].

Landraces harbor valuable stripe rust resistance genes. Therefore,
they may play a critical role as gene donors for the new stripe rust races
[51,52]. More than 200 stripe rust-resistant landraces were previously
reported [53]. It is important to note that Egyptian cultivars tend to
harbor at least two out of the five genes investigated, and some of
these genes play essential roles in stripe rust resistance. Additionally,
several of the imported lines and landraces were susceptible to stripe
rust and had low yield potential; thus they were not suited to modern
cultivation conditions. However, it is desirable to use the imported
wheat entries to develop and maintain representative collections
from wheat landraces because they might be useful in transferring
desirable traits, such as stripe rust resistance, from these landraces to
new elite lines. Overall, the diagnostic SSR molecular markers used in
the current study constitute efficient wheat breeding selection tool to
identify genuinely resistant lines.

Conclusion

The emergence of new races of stripe rust requires developing
and identifying new resistance gene sources. Intensive screening
of large local and imported wheat accessions is key in identifying
such new resistance genes. In the current study, we were interested
in screening, under the field conditions and using SSR markers, an
imported collection of wheat landraces, elite lines, landraces, and five
recent releases of the wheat cultivars in Egypt. In addition to Giza71
and Sids14, nine of the imported elite lines were found to possess the
five known genes investigated in this study. Results from this study
suggest that several of the improved accessions were enhanced for
stripe rust resistance in several breeding programs. The identified
resistant accessions in the current study could be used as a gene
source to enhance stripe rust resistance in wheat breeding programs.
SSR platform and SSR markers used in the present study effectively
capture a substantial part of the phenotypic variation caused by stripe
rust. Thus, these five markers could be used effectively in marker-
assisted selection for stripe rust.
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