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ABSTRACT

Yellow rust is one of the major production constraints of wheat in Pakistan. To accelerate development of rust resistant
cultivars, field testing may be accompanied with molecular genotyping. In the present studies, 56 F; wheat hybrids were
developed through 8x8 full diallel crosses during 2014-15. All the 56 F; wheat hybrids along with parental genotypes
were evaluated during 2015-16 under rainfed and irrigated conditions to identify yellow rust resistant genotypes. Pooled
analysis of variance revealed highly significant (P < 0.01) differences among the genotypes for final rust severity,
relative area under disease progress curve and average co-efficient of infection. Under both environments, 41 genotypes
showed high, 7 moderate while remaining genotypes showed low level of partial resistance. Under rainfed condition,
genotypes PS-05xAH, PS-05 and PS-13xPS-05 while under irrigated condition, Lal-13xJB, PS-05x%Lal-13, PS-05xTat-
96 and JBxPS-05 were partially resistant in the field. The presence of yellow rust resistance genes, Y75, Yr!7 and YrI8,
were confirmed in 76%, 78% and 37% genotypes respectively, using molecular markers, which were present either
individually or in combinations of two or three genes. Among the parents, PS-13, JB and PS-05 performed well under
both conditions. Under irrigated condition, cross combinations, Lal-13xJB, KWxPS-05 and JBxAH while under rainfed
condition, genotypes PS-05xPJ-11, Tat-96xAH and JBxAH, showed best performance in terms of yield and rust
resistance. Cluster analysis grouped majority of partial resistance genotypes into sub cluster G1. Field testing and
molecular markers analysis, revealed the presence of variability in resistance among the studied genotypes.
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INTRODUCTION against the resistant cultivars (Ali et al., 2017). Managing
diseases below a certain level to achieve high yield is
Wheat is the most important cereal crop of the possible only through resistant genes or chemical controls
world. Yield stability of wheat is continuously challenged but chemicals are expensive and unsafe to human health
by several biotic and abiotic stresses. Among the biotic and environment (Asad er al., 2012). Exploitation of
stresses, fungal diseases are the major wheat production gen§tic resistaqce is the most efficient, cost effective anq
constrains in majority of wheat-cultivated areas of the environment frle.ndly approach to control yellow rust (Ali
world (Ali et al., 2014a; Mansfield et al., 2012). In fungal et al., 2014b; Oliver, 2014).
diseases, three rusts viz. leaf, stem and yellow rusts Several resistance genes have been identified
caused by Puccinia spp. are more devastating (Hovmeller and mapped (Yuan ef al., 2012) but only few of them
et al., 2010). Stripe/yellow rust is a biotrophic airborne exhibit adult plant resistance (APR) which often provide
pathogen (Ali er al., 2014a) and can disperse over durgblft resistapce to rust discase (Uauy et al., 2005).
hundreds of kilometers (Vergara-Diaz ef al., 2015). Rust Varieties carrying effective rust resistance genes can be
causes significant yield losses in wheat globally (Lin and used to transfer these genes into other susceptible
Chen, 2007), while its magnitude depends on crop varieties (Ma and Singh, 1996). Several wheat rust
developmental stage, initial infection and relative resistance  genes have been introgressed through
resistance/susceptibility of the host cultivar (Kolmer et interspecific crosses but a large number are not yet in
al., 2007; Wellings, 2011). The pathogen is extremely commercial varieties due. to linkage With unknown
diverse and recombinant in the Himalayan region of chromosome segments which carry negative characters
Pakistan (Ali ef al., 2014b; Khan et al., 2019) with even ~ linked to resistant gene (Ellis et al, 2014). Additionally,
higher risk of losses and rapid acquisition of virulence the limited number of genes deployed in a large number
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of wheat varieties result in loss of their effectiveness on
their exploitation under the field conditions over a long
period of time (Brar and Kutcher, 2016). Loss of
effectiveness of resistance genes is due to aggressiveness
of the pathogen (Agenbag et al., 2012) and acquisition of
virulence to resistance (Ali et al, 2009a). Genetic
improvement of existing varieties is thus indispensable,
particularly with an aim to look for partial resistance (Ali
et al., 2009b). Partial resistance is generally expressed at
adult plant stage, and could be potentially associated with
high temperature (Chen, 2013). Breeders must have to
discover, characterize and incorporate new sources of
adult plant resistance based on minor genes to protect
wheat crop from disease (Ma and Singh, 1996). This will
necessitate field screening using partial resistance
parameters and investigating progression of host disease
response over time (Ali ef al., 2009c), along with the
exploitation of molecular markers (Bai ef al., 2010).
Molecular markers have made it convenient to screen for
resistance genes and transfer them into target breeding
material (Suenaga et al., 2003).

In addition to biotic stresses, abiotic stress such
as drought is also one of the most significant plant
production limiting factor in wheat (Kilic and
Yagbasanlar, 2010). Wheat is grown on different climatic
conditions such as arid and semi-arid areas, but its yield
is severely limited by water-deficit stress (Alderfasi and
Nielsen, 2001). Climatic changes and global warming
have imparted an increased water scarcity due to
uncertain rainfalls and plant breeders have the challenge
to develop new varieties and hybrids for changing climate
(Ullah et al., 2013). The ability of a variety to produce
high and satisfactory grain yield over a wide area with
stress and non-stress conditions is very important
(Ahmad et al., 2003). Additionally, the highly irrigated
plots vs. drought faced crops could show variable level of
disease incidence and thus should be considered while
evaluating the disease resistance in wheat germplasm.
High humidity encourages the infestation and
multiplication of what rusts (Ali ef al., 2009a), while high
temperature impacts the exhibition of field resistance
(Chen, 2013).

This study was thus designed to assess the
yellow rust resistant in wheat germplasm developed
through crossing of elite varieties based on field testing,
under irrigated and rainfed conditions, and molecular
characterization.

MATERIALS AND METHODS

Selection of parents and generation of crosses: To study
yellow rust resistance in wheat, a set of eight promising
varieties i.e., Atta Habib (AH), Lalma-13 (Lal-13),
Tatara-96 (Tat-96), Punjab-11 (PJ-11), Pirsabak-2005
(PS-05), Pirsabak-2013 (PS-13), Janbaz (JB) and land
race Khatakwal (KW) were crossed in 8x8 full diallel
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technique during 2014-15. In the succeeding wheat crop
growing season (2015-16), parents and their F; hybrids
were evaluated for yield and rust resistance under rainfed
and irrigated conditions (with four irrigations, as per
routine practice) at Shirin Khan Research Farms (latitude
34° 1' N, longitude 71° 28' E), The University of
Agriculture, Peshawar.

Field testing and disease scoring: The experiment was
conducted in randomized complete block design (RCBD)
under irrigated and rainfed conditions. All the 64
genotypes were grown in three replications under both
environments. Each entry consisted, 2 rows of 2 meters
length. Inter-row and inter-plant space as maintained, 30
and 15 cm, respectively. Standard cultural practices and
recommended inputs were applied. Precipitation data
during the crop growth season were obtained from
Meteorology department, regional office Peshawar. All
64 genotypes including 8 parents and 56 F; wheat hybrids
were evaluated in the field and molecularly characterized
for yellow rust resistance. The tested location is a hotspot
for yellow rust disease and the spreader line “Morocco”
was severely infected and therefore considered as
susceptible check. Natural infection under field condition
was relied because the experimental site is a hot spot for
yellow rust (Ali et al., 2009c; Ali et al., 2014b). Disease
scores were made through assessment of disease severity
and host reaction, along with estimation of co-efficient of
infection (Ali and Hodson, 2017). Yellow rust host
reaction and disease severity data were further utilized to
compute final rust severity (FRS), relative area under
disease progress curve (rAUDPC) and average co-
efficient of infection (ACI) as explained by Ali et al
(2009a), Pathan and Park (2006) and Safavi and Afshari
(2012). Cluster analysis was carried out according to
Ward (1963) to identify overall grouping of genotypes
and summarize their partial resistance as described earlier
by Ali et al. (2009a).

Molecular screening for rust resistance genes: All 64
wheat genotypes were screened for the presence and
absence of yellow rust resistance genes through
molecular markers at The University of Sydney Australia
after extracting DNA and preliminary tests at IBGE
Peshawar. DNA was extracted following the protocol as
described by Ali et al. (2017). The extracted DNA was
quantified with Thermo Scientific Nanodrop-2000c, and
Polymerase chain reaction (PCR) was performed for
three primers linked with yellow rust resistance genes.

Primer sequence from 5°—3" of STS-7 was
GTACAATTCACCTAGAGT; GCAAGTTTTCT
CCCTATT linked with Yr5 gene, for Sc-Y15
AGGGGCTACTGACCAAGGCT; GCAGCTAC

AGCAGTATGTACACAAAA linked with Yrl7 gene
and for csLV34 GTTGGTTAAGACTG GTGATGG;
TGCTTGCTATTGCTGAATAGT linked with Yr/§
gene. For optimization of annealing temperatures and
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running the PCR, Thermo Scientific PCR kit was used.
PCR amplification was done by incubating the DNA
samples for 3 minutes at 95° C for initial denaturation
followed by 35 cycles comprising denaturation at 95° C
for 60 seconds; annealing temperature of primer STS-7,
Sc-Y15 and ¢sLV34 at 90 sec were 52.7° C, 53.7° C and
60° C, respectively; and extension at 72° C for 30s. The
final extension step was carried out at 60° C for 30
minutes. The PCR amplification was carried out using a
Biorad thermo cycler. After PCR amplification the
products were run on 2% agarose gel at 110 V
electrophoresis for 90 minutes. For staining 2 pl of
GelRed was used for 100 ml of gel solution. Fragments
were visualized under UV light unit fitted with a GelDoc-
IT UVP camera. The presence (+) and absence (—) of the
expected bands was noted to infer the presence or
absence of the resistance gene and for subsequent genetic
study each band was considered as a single locus.
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Data analyses: The collected data were subjected to
analysis of variance (ANOVA) for the studied traits
according to Steel et al. (1997). The data was compiled in
MS Excel for further analyses and interpretation. Both
ANOVA and cluster analyses were done in R-software
using R studio version 3.2.2.

RESULTS

Pooled statistical analysis of the data indicated
significant (p<0.01) differences among the genotypes
across the environments. Genotype by environment
(GXE) interactions was also significant for ACI and grain
yield plant! while non-significant for FRS and rAUDPC
(Table 1A). Significant (p<0.01) variations were
observed among the genotypes for all the studied traits
under both conditions (Table 1B).

Table 1A. Mean squares of pooled analysis of variance for various traits under rainfed and irrigated conditions.

Character Environment (E) Reps (Env) Genotypes (G) GxE Pooled error
(d.f.=1) d.f=4) (d.f.=63) (d.f.=63) (d.f.=52)
FRS 2395.0 765.4 541.4™ 67.39m 55.06
ACI 620.8 229.6 217.8™ 27.04™ 21.67
rAUDPC 888.9 2254.1 1141.8" 192.9m 197.26
p<0.05 =" p<001="" ns = non-significant

FRS = Final rust severity, ACI = Average coefficient of infection,
rAUDPC = relative area under disease progress curve

Table 1B. Analysis of variance (ANOVA) for various parameters under rainfed and irrigated conditions.

Irrigated Rainfed
Reps Genotypes Error CV% Reps Genotypes Error CV%
Character (d.f.=2) (d.f.=63) (d.f.=126) (d.f.=2) (d.f.=63) (d.f.=126)
FRS 1280 356.91" 56.15 56 250.75 251.8™ 53.9 88
rAUDPC 1239 734" 196 142 3268.21 662.0" 206.0 110
ACI 401 135.26" 18.83 60 58.42 109.54" 24.50 105
p<0.05 =" p<001="" ns = non-significant

FRS = Final rust severity, ACI = Average coefficient of infection, rAUDPC = relative area under disease progress curve.

Disease pressure and its progress over time: The disease
outbreak was started in the second week of March
(average temperature 19°C) till 1% week of April (average
temperature 23.9°C) due to favorable temperature and
comparatively maximum precipitation during March
2016 (Fig. 1). The disease severity increased over time
and reached to maximum at the 3™ scoring done 135 days
after sowing (Fig. 1B). In April 2016 after 3" scoring, a
decreasing trend in rust severity was observed at high
temperature  (30.6°C) and  comparatively low
precipitation which is relatively unfavorable for spread of
the stripe rust pathogen. While considering the irrigated
vs. rainfed conditions, there was limited differences in
yellow rust severity under the two conditions till the 2"
scoring done 125 days after sowing, though the
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differences were more evident at the 3 scoring date. The
overall disease was higher in the irrigated trial than the
rainfed conditions (Fig. 1B).

Variability for yellow rust severity: Relative AUDPC
estimate for the parental lines revealed high yellow rust
severity on Punjab-11 under both rainfed and irrigated
conditions (Fig. 2), followed by Tatara-96 under rainfed
conditions, and Khatakwal under irrigated conditions.
The rest of the parental lines had low rAUDPC values,
with least value for Janbaz under both rainfed and
irrigated conditions during crop growing season 2016
(Fig. 2). This was further reflected by the severity of
various parental combinations, where genotypes having
Punjab-11 as maternal or paternal parent, showed
comparatively maximum value of susceptibility, while
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Janbaz showed better performance as paternal parent and PS-13 as maternal parent (Fig. 3).
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Fig. 1. Temporal variability in weather conditions (A) and yellow rust prevalence as observed for 64 wheat
genotypes (B) during wheat growing season 2015-16.

Average yellow rust data showed an increasing JBxPS-05 showed immune response under both
trend after 115 days of sowing when yellow rust appeared conditions. Several genotypes like Lal-13xTat-96, Tat-
3% on Khatakwal and 1% on Punjab-11 while during 96xPS-13, PS-05xPS-13 and KWxPS-05 were identified
second scoring after 125 days its severity was increased with high level of partial resistance under both
to a maximum of 61% for cross PJ-11xKW (Fig. 3). At environments (Table 2). Maximum (67%) FRS was
the third scoring, maximum rust severity of 67% was recorded for susceptible line PJ-11XKW under both
observed for PJ-11xKW. In third scoring increasing trend rainfed and irrigated conditions (Table 2). Under rainfed
of disease severity was observed on majority of the condition based on FRS values, 11 genotypes were
genotypes except JBXAH. These results clearly indicated grouped as immune having 0 value, 41 in high, 7 in
increasing disease trend overtime which reached up to moderate while remaining five genotypes were grouped
67% at the last scoring as shown in the box plot (Fig. as low level of partial resistance genotypes. Similarly,
1B). The slow yellow rusting performance of the tested under irrigated condition, 4 genotypes were grouped as
genotypes were scored for final rust severity (FRS), immune, 33 in high, 17 in moderate, while remaining 10
Average coefficient of infection (ACI) and relative area lines were grouped as low level of partial resistance

under disease progress curve (rAUDPC) in both genotypes (Table 2).
conditions. Crosses combination PS-05xLal-13 and

1] = rAUDPC Rainfed

= rALDPC Trrigated

rAUDPC

lem LM _ _

Amalalib Lalma-13 Tatara-96 Punjak-11 Pirsabak-05  Pirsabak-13 Khatakwal Janbaz

FParcntal varicties

Fig. 2. Relative area under disease progress curve (rAUDPC) recorded for eight parental wheat (Triticum
aestivum L.) genotypes tested during wheat growing season 2015-16 at Peshawar.

Genotypes having ACI value 0-20, 2140 and moderate for remaining three genotypes (Table 2).
41-60 were clustered into high, moderate and low levels Minimum ACI of zero was observed for genotypes
of adult plant resistance (APR), respectively. Under both JBxPS-05, PS-05xLal-13 and JB under both conditions
conditions, ACI values less than 20 was recorded for 61 (Table 2). Based on rAUDPC majority of the genotypes
genotypes and considered as high APR genotypes while showed high to moderate level of yellow rust resistance
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Rainfed conditions
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Fig. 3. Yellow rust progression curve for cross combination of eight parental lines of wheat (Triticum aestivum L.)
genotypes during wheat growing season 2015-16.

(Table 2). Under both

and maximum susceptibility
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were observed for cross PJ-11xKW (Table 2).
rainfed condition 30 genotypes while under
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irrigated condition 12 genotypes exhibited rAUDPC
values up to 2 and considered as high level of partial
yellow rust resistance genotypes. Similarly, 14 genotypes
under rainfed and 21 genotypes under irrigated conditions
were moderately resistant with rAUDPC values up to 10.
The remaining genotypes were grouped into low level of
partial resistance with rAUDPC value up to 100% (Table
2). Based on partial resistance parameters, genotypes
such as JBxPS-13, JBxPS-05, PS-13xJB, KWxPS-05,
KWxPS-13, PS-05xAH, AHxTat-96, PS-05xJB, Lal-
13xTat-96, Tat-96xAH, and PS-13xLal-13 showed
partial resistance behavior under both rainfed and
irrigated environments (Table 2). Molecular genotyping
confirmed the presence of all three resistance genes in
several genotypes such as AHxTat-96, PS-05xJB, Tat-
96xAH, JBxTat-96 and JBxPS-05 (Table 2).

Clustering based on pooled data of partial
resistance parameters grouped all genotypes into 5 sub
clusters (Fig. 4A). Cluster 1 consisted of 39 genotypes
with immune or high partial yellow rust resistance
response and majority of these genotypes had ACI values
less than 20. Second cluster consisted of 5 genotypes, i.e.,
AHxKW, PS-13xTat-96, PJ-11xAH, PJ-11xLal-13 and
PS-13xKW having moderate to low level of partial
resistance. Third cluster consisted of 13 genotypes and
majority of these genotypes had moderate partial
resistance response. Fourth cluster consisted of most
susceptible cross, PJ-11xKW while, 5" cluster had 6
genotypes having low level of partial resistance (Fig. 4
A).
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Molecular genotyping for yellow rust resistance genes:
Molecular markers i.e. STS-7, ScY 15 and CsLV34 linked
with YR resistance genes (Y75, Yrl7 and Yrl8) were
variably present among these genotypes (Table 3).
Molecular marker STS-7 linked with Y75 amplified
specific bands of 500 bp in 49 out of 64 genotypes and
confirmed the presence of Yr5 genes in 76% of the tested
material. Similarly, marker ScY15 amplified bands of
290 bp in 50 out of 64 genotypes, which indicated the
presence of resistant gene Yr/7 in 78% of the studied
material. Marker csLV34 amplified allele of 150 bp and
230 bp in several genotypes which indicate the presence
of resistance gene Y7/8. Band of 150 bp was amplified in
24 genotypes which is 37% of the studied genotypes.
Cluster analysis on molecular markers-based loci of 56 F;
progeny genotypes along with parental genotypes
resulted in detection of four groups (Fig. 4B). The Gl
group consisted of 19 genotypes along with parent Atta
Habib which consist resistant genes Yr17 and Yr18. Most
of the parents were grouped in G2 and was largest group
consisting of 31 genotypes carrying resistant genes Y75
and Yr17. G3 consisted of 10 genotypes having resistant
genes 175 and Yr18. G4 was smallest group composed of
only four genotypes consisting one resistant gene Yr5.
This study confirmed the presence of all three resistant
genes in several lines such as Lal-13xJB and JBxPS-05
and found partially resistant in the field which was the
primary objective of this investigation.
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Cluster analyses of 64 genotypes based on disease response parameters (A) and molecular marker

genotyping (B), tested during wheat growing season 2015-16.
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Table 2. Means of final rust severity (FRS %), average co-efficient of infection (ACI %) relative area under
disease progress curve (rAUDPC) and Yellow rust resistant genes in 64 wheat genotypes during wheat
growing season 2015-16.

Genotypes FRS ACI rAUDPC Rust resistant genes
Rainfed  Irrigated Rainfed Irrigated Rainfed Irrigated Yri8 Yri7 Yr5
AH 13 25 5 4.6 7 7 + + -
Lal-13 7 15 1 23 2 3 - + +
Tat-96 27 7 4 3.1 24 3 - + +
PJ-11 63 60 21 18.9 64 77 - + +
PS-05 13 7 2 0.8 4 1 - + +
PS-13 13 3 3 0.3 2 0 - + +
Kw 3 27 2 5.5 1 12 - + +
JB 3 0 0 0 0 0 + - +
AHxLal-13 7 30 2 3.9 2 18 + + -
AHX*Tat-96 7 22 1 1.8 2 7 + + +
AHX*PJ-11 47 63 11 25 39 68 + + -
AHX*PS-05 0 30 0 5.1 0 20 + - +
AHxPS-13 13 23 2 4.8 6 9 + + -
AHxKW 40 47 10 10.3 30 33 + + +
AHxJB 3 23 0 3.9 0 9 + + +
Lal-13xAH 0 15 0 2.5 0 4 + + +
Lal-13xTat-96 3 7 0 0.6 0 1 - + +
Lal-13xPJ-11 37 40 9 12.8 20 26 - + +
Lal-13xPS-05 3 15 0 2.1 0 4 - + +
Lal-13xPS-13 7 17 1 2.2 2 3 - + -
Lal-13xKW 20 35 3 8.8 5 20 - + +
Lal-13xJB 27 33 4 8.9 9 24 + + +
Tat-96xAH 0 13 0 2.2 0 3 + + +
Tat-96xLal-13 13 13 2 1.1 6 5 - + +
Tat-96xPJ-11 57 50 18 16.8 57 52 - + +
Tat-96xPS-05 17 20 4 4.2 5 5 - - +
Tat-96xPS-13 3 10 0 1.1 0 2 - - +
Tat-96xKW 30 18 5 5.1 24 14 - - +
Tat-96xJB 0 20 1 4.4 0 7 + + +
PJ-11xAH 30 63 8 17 15 59 + + +
PJ-11xLal-13 47 47 15 11.4 43 29 - - +
PJ-11xTat-96 57 60 23 20.3 66 69 - - +
PJ-11xPS-05 60 67 12 20 44 79 - + +
PJ-11xPS-13 30 33 8 10 22 26 - + +
PJ-11xKW 67 67 29 28 100 100 - + +
PJ-11xJB 37 37 12 6 34 18 + + +
PS-05xAH 7 17 2 4 1 3 + - +
PS-05xLal-13 0 0 0 0 0 0 - - +
PS-05xTat-96 37 32 8 9 18 12 - + -
PS-05xPJ-11 30 43 9 13 17 33 - - -
PS-05xPS-13 0 3 0 0 0 0 - + +
PS-05xKW 7 40 1 6 1 24 - + +
PS-05xJB 17 0 1 0 3 0 + + +
PS-13xAH 15 28 2 4 5 9 + + -
PS-13xLal-13 0 63 0 15 0 44 - + -
PS-13xTat-96 33 53 6 13 14 34 - + +
PS-13xPJ-11 23 43 7 12 10 32 - + +
PS-13xPS-05 27 27 4 4 8 9 - - -
PS-13xKW 30 40 11 11 39 30 - + +
PS-13xJB 0 13 0 3 0 2 - + +
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KWxAH 12 42 2
KWxLal-13 20 27 3
KWxTat-96 13 47 2
KWxPJ-11 13 58 3
KWxPS-05 3 10 1
KWxPS-13 3 27 1
KwxJB 30 43 4
JBxAH 0 13 5
JBxLal-13 10 30 1
JBxTat-96 7 10 1
JBxPJ-11 13 43 4
JBXPS-05 0 0 0
JBxPS-13 0 7 0
JBXKW 3 53 4

12 2 37 + - -
5 13 10 - + +
12 3 38 - + -
24 5 94 - + +
2 1 4 - + +
5 0 10 - + +
7 12 23 + + +
3 0 3 - - +
5 2 10 + + +
2 1 2 + + +
7 3 20 + + -
0 0 0 + + +
1 0 1 - + -
9 0 31 + - -

(+) and (-) Sign shows presence and absence, respectively

AH= Atta Habib, Lal-13 = Lalma-13, Tat-96 =Tatara-96, PJ-11= Punjab-11,
PS-05=Pirsabak-2005, PS-13 = Pirsabak-2013, JB = Janbaz and KW = Khatakwal

DISCUSSION

Our results revealed the status of rust resistance
in hybrid progenies of major wheat varieties across two
environments (rainfed vs. irrigated conditions) and for
confirmation, molecular markers were used. The study
aimed to decipher the disease resistance in hybrid
progenies using both field testing and molecular markers
for the parents and their hybrid progenies, which must be
helpful for yellow rust disease management, which is a
significant threat to wheat production (Ali and Hodson,
2017).

The disease outbreak started in the second week
of March till first week of April due to favorable
condition for yellow rust disease, the pathogen being
favored by the low temperatures and thus, infected wheat
crop relatively in early growth stage (Vergara-Diaz et al.
2015). Average yellow rust data showed an increasing
trend after 115 days of sowing while during second
scoring after 125 days its severity increased up to
maximum level, due to favorable environment for disease
as previously suggested by Ali et al. (2014a). In April
2016 decreasing trend in rust severity was observed due
to unfavorable environmental condition for yellow rust.
High rainfall and low average temperature in the growing
season contribute significantly to the establishment and
spreading of stripe rust in wheat crop (Agenbag et al.
2012; Chen 2013).

Considering the impact of micro-environment
particularly in terms of humidity and temperature (Wan
and Chen 2012), screening of the hybrid progenies was
done at variable environments i.e., irrigated and rainfed
conditions. The resistance response varied across the two
tested environments, as revealed significant genotype-by-
environment (GXE) interaction for ACI, which reflects on
the role of micro environment in terms of humidity and
temperature for onset of the rust diseases (Ali et al.,
2009a). Indeed evaluation of wheat germplasm across
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different environments must be done for assessment of
adult plant resistance (Ma and Singh, 1996), which is
considered more durable (Ali et al., 2014b, Shah et al.,
2010).

The hybrid progenies revealed significant
variability for yellow rust resistance, which could be
attributed to the variability at genetic level as influenced
by the environment (Ahmad et al.2016; Farshadfar and
Amiri 2015). Several genotypes showed moderate (M) to
moderately susceptible (MS) reaction which indicated
lack of high level of resistance among the tested hybrid
progenies, which has been common in Pakistani wheat
germplasm (Afzal et al. 2008; Ali et al., 2009a; Lillemo
et al., 2008).

Slow rusting has been studied based on FRS,
ACI and rAUDPC which categorize the lines into four
groups of partial yellow rust resistance i.e., immune,
high, moderate and low levels of partial yellow rust
resistance as categorized in previous work (Ali et al.,
2009a; Pathan and Park, 2006). In our study, majority of
the studied hybrid progenies exhibited high level of
partial resistance having FRS value up to 30. Field based
variability in these parameters reflect on the level of
partial resistance to yellow rust in different wheat
genotypes (Taye ef al., 2014; Pathan and Park, 2006; Ali
et al., 2009c; Safavi and Afshari, 2012). Partial resistance
is due to several minor genes which prevents
development of newly virulent race of the pathogen
because multiple point mutations are very rare in nature
(Ali et al., 2009a; Pathan and Park, 2006).

Under both irrigated and rainfed conditions,
genotypes carrying partial rust resistance genes,
comparatively performed well. Genotypes having similar
partial resistance, were further grouped using cluster
analyses (Ward 1963), based on FRS, ACI and rAUDPC.
Lines having partial resistance phenotype possessed
minor resistance genes which could be accumulated and
utilized in a breeding program for durable rust resistance
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(Ali et al. 2009b; Pathan and Park 2006; Brar et al.,
2018).

Significant variability was observed through
molecular genotyping for yellow rust resistance genes.
Yellow rust resistance gene Yr5 specific marker
amplified in 49 out of 64 genotypes which is 76% of the
studied material. Similarly, Yr/7 specific marker was
amplified in 50 out of 64 genotypes, which indicate the
frequent presence (78%) of resistant gene YrI7 in the
studied material. Marker csLV34 amplified allele of 150
bp and 230 bp in several genotypes which indicate the
presence of resistance gene Yr/8. Band of 150 bp was
amplified in 24 genotypes which is 37% of all the studied
genotypes. Shah et al. (2010) also reported amplification
of two marker alleles for csL.v34, in which 150bp was
closely linked with marker resistance gene Yr/8 and
230bp was not associated with resistance. Cluster
analyses grouped related genotypes in to four clusters
based on presence of resistance genes. The first cluster
G1 consisted of those lines which had either all the three
or two genes, while G2 consisted those lines which have
two genes and was the largest group among all clusters.
Similarly, G3 consisted of genotypes which has only one
resistance gene. Group 4 genotypes were comprised of
only one or none of the studied gene.

Many rust resistance genes Yr3, Yr7, Yr8, Yr9,
Yri0, Yri7 and Yri8 have been mapped in several wheat
breeding program, to combine it with other genes of all-
stage rust resistance (Chen, 2013 and Mallard et al.,
2005). These results would be helpful in transferring Yr5
genes in commercial cultivars and combination with
other Yr resistance genes. Similarly, Yr/7 gene provides
yellow rust resistance both at seedling and adult plant
stages and is present in many European wheat lines (Ali
et al. (2014a) which is introgressed into wheat from
Aegilops ventricosa along with linked genes Lr37 and
Sr38 (Boyd, 2005) which could be incorporated into
deficient varieties. Genes Y736 and Yr/8 provide non
race-specific durable resistance to wheat yellow rust
(Yuan et al. 2012). Yrl8 gene is linked with powdery
mildew (Pm38), stem rust resistance (Sr57), leaf rust
resistance (Lr34) and leaf tip necrosis phenotype (Ellis et
al., 2014). This study confirmed the presence of all three
resistant genes in several lines and found partially
resistant in the field which was the primary objective of
this investigation. Thus, combination of field testing
along with molecular study is an important strategy to
identify genes conferring partial resistance. Both field
testing and molecular markers results showed variation in
resistance and the identified genotypes could be utilized
in a wheat breeding program to develop yellow rust
resistant varieties and to reduce wheat yield losses due to
yellow rust.

Conclusions: Considerable variability among the F,
population, for yellow rust resistance and yield potential,
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was observed. Based on partial resistance parameters,
genotypes JBxPS-13, JBxPS-05, PS-13xJB KWxPS-05,
KWxPS-13, PS-05xAH, AHXxTat-96, PS-05xJB, Lal-
13xTat-96, Tat-96xAH, and PS-13xLal-13 showed
partial yellow rust resistance having chlorotic and
necrotic response. Under rainfed condition, genotypes
PS-05xAH, PS-05 and PS-13xPS-05 while under
irrigated condition, Lal-13xJB, PS-05xLal-13, PS-
05xTat-96 and JBxPS-05 showed partial resistance
response in field. Molecular genotyping confirmed the
presence of all three resistance genes in genotypes
AHxTat-96, PS-05xJB, Tat-96xAH, JBxTat-96 and
JBxPS-05. The yellow rust resistance gene Y75 specific
marker was amplified in 76%, Yr17 in 78% and Y18 in
37% of the studied wheat genotypes. These genotypes
may be used in a breeding program and could be further
evaluated for the development of disease resistant and
high yielding varieties.
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