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Abstract

ackground: Barley yellow dwarf in wheat is an important viral disease among wheat cultivating

areas of the world. It is gradually progressing as a major threat to wheat crop in Pakistan due to

availability of favorable environmental conditions. The use of resistant cultivar is environmentally
safest method for disease control so, it is necessary to develop resistant cultivars before epidemic
outbreaks.
Methods: The most commonly used wheat variety Inqilab91 was crossed with BYDV / CYDYV resistant
variety TC14. F1 generation obtained from the P1 cross was then allowed to self-cross. 61 plants were
selected from F2 generation on the basis of disease tolerance or susceptibility and only tolerant plants were
included for further experiments in the study. The presence of BDV2 among F2 generation was confirmed
by sequence characterized amplified region (SCAR) markers in 6 (91, 96, 110, 119, 121 and 131) out of 61
genotypes which were then backcrossed with recurrent parent. Advance analysis regarding the presence
of resistance source among the selected F2 generation was carried out using ELISA. Moreover, appearance
of symptoms, agronomic values for different parameters, green house and field responses were also kept
under consideration to characterize and confirm the presence of BDV2 among plants.
Results: Results indicated that majority of F2 segregating population showed less yellowing, low viral titer
and good agronomic values. ELISA value, glasshouse and field analysis showed that seven genotypes (30,
81, 89, 91,101,110 and 121) were resistant, and twenty-four genotypes were found moderately resistant.
Tolerance was detected in genotypes 31, 47, 48, 50, 52, 56, 57, 60, 61, 94, 103, 106, 113, 115, 127, 140 and
413.
Conclusion: Wheat lines containing Bdv2 genes showed resistance in both field and glasshouse. These
wheat germplasm could be used as a source of resistance in CDRP-NARC for the further development of
resistant wheat varieties against BYDV / CYDV.
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Introduction

Wheat provides 21% of the food calories and 20% of the
protein to more than 4.5 billion people in 94 developing
countries [1]. Therefore, it is ranked fifth regarding
usage as staple food, second for major calorie source and
first as a protein source Wheat is a leading food grain of
Pakistan and being staple diet of inhabitants, it occupies
a central position in the agriculture system [2]. Among
viral diseases, barley yellow dwarf disease is the most
important viral disease of wheat reported in 1953 [3]. It
has a worldwide distribution and infects a wide range of
Poaceae family including wheat, barley, oats and
occasionally rice and maize [4]. In Pakistan, barley
yellow dwarf virus (BYDV) was detected in 1992 [5].
Barley yellow dwarf disease is caused by several species
from two genera in the family Luteoviridae: Luteovirus
(Barley yellow dwarf virus [BYDV-MAV and BYDV-
PAV]) and Polerovirus (Cereal yellow dwarf virus
[CYDV-RPV, formerly BYDV-RPV]) and three
unassigned species (BYDV-RMV, BYDV-SGV, and
BYDV-GPYV) [6]. They are serologically distinguishable
[7]. BYD viruses are not mechanically transmissible, nor
through seed but transmitted by aphids in a persistent,
circulative but non-propagative manner. Common
effects of the virus on agronomic characteristics include
reduction in yield, yield components, height, above
ground dry weight and root growth [8-11].

Control of the disease can be partially achieved
through the application of insecticides, cultural
practices (such as changes in sowing date, alternate
cropping, and removal of virus reservoirs), and the use
of germplasm with tolerance or resistance to the virus or
its vectors. The use of cereal cultivars, resistant to BYDV
is an effective and cheap means of minimizing the losses
caused by BYDV [12]. Generally, high levels of BYDV
resistance have been found in barley. The main source
of BYDYV resistance used in barley breeding programs
has been the Yd2 gene, originating from a number of
Ethiopian barleys [13]. The BDV2 gene is responsible
for imparting resistance against disease in wheat and it’s
another wild relative Thinopyrum intermedium. The
difference lies between the location and mode of action
of the gene in two plants. In wheat this gene is present
on homeologous chromosome group 7 (7Ail) while for
other it is located on group 2 chromosomes (2Ai-2) [14-
19]. The mechanism of BYDV resistance conferred by
T. intermediumis is the interference with virus

multiplication [20] or reduced cell-to-cell movement
[21].
Several detect these
translocations are available and have been used for
marker-assisted selection [22, 23]. Main cultivars
released with Bdv2 include the winter wheat Mackellar
(with TC14) and the spring wheat cultivar Glover (with

TC6). Currently, none of the Pakistan’s commercial

molecular markers to

wheat varieties possess resistance against BYDV both
under natural and controlled conditions. There is a need
to have true resistance against BYDV/CYDYV for which
identification of Bdv2 gene in ELITE commercial wheat
varieties is necessary. Therefore, the present study was
initiated to track Bdv2 genes in advance wheat lines
through PCR amplification of respective molecular
markers and evaluating germplasm containing Bdv2
gene for resistance under controlled inoculation
conditions.

Methods

Wheat Germplasm

For introgression of Bdv2 gene, TC14 plant was chosen
as a donor parent because it carries the Bdv2 on
chromosome 7D [24] and Ingilab91 was chosen as a
recurrent parent. Inqilab91 has many genes for
adaptation, and gives high yield but it is susceptible for
BYDYV. During 2007, ten populations of F1 hybrids were
developed in field by crossing TC14 x Ingilab91. The F1
hybrids were allowed to self to produce F2 population in
glass house. 61 F2 plants were selected at random for
field evaluation and confirmation of Bdv2 gene in them
by using sequence characterized amplified region
(SCAR) marker.

Virus Isolates and BYDV Inoculation

The virus isolates used in these experiments were
BYDV-PAV, BYDV-MAYV, and CYDV-RPV. The
presence of these viruses in field as well as inoculated
wheat plants were confirmed through ELISA and PCR
in the same laboratory [24-26]. Artificial inoculation
was done by depositing 10 aphids on each one-week old
infected oat seedling for a 48 hrs transmission period.
Aphids acquired the virus on BYDV/CYDVinfected oat
for a 48 hrs acquisition period. In glasshouse, all wheat
lines and oat were sown in 13 cm pots in growth room
at temperature 22°C day and 18°C night with a 14 hrs
photoperiod. Viruliferous aphids were placed on oat and
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wheat F2 plants to produce infection. Symptoms on oat
and F2 plants was observed after 21 days of inoculations.

Resistance Evaluation in Field Conditions

All 61 F2 wheat plants, evaluated in glasshouse, were
also assessed for BYDYV resistance in field conditions.
Field trials were conducted during 2008-2009 in the
research area of CDRP- NARC. The plants were sown in
one meter long row having 10 plants in each row along
with TC 14 plants as negative control (resistant) and
Inqilab 91 (susceptible) as a positive control alternating
with susceptible oat rows. Randomized Complete Block
Design (RCBD) with three replications was used and
whole experimental area was isolated by border rows of
oats. All plants were scored according to 0-9 disease
rating scale [27] after 45 days of inoculation. Moreover,
other parameters such as, number of tillers per plant,
height, and finally double
sandwiched ELISA was used to determine the success of
infection of BYDV.

plant grain weight

Primers Designing for Bdv2 Gene and DNA
Extraction

Two sets of primers were used to assess the presence or
absence of the Bdv2 in segregating lines of F2. One set of
primers (BYAGi Forward: 5- CAT GGA TAA TTC
AGG GAG CAT TCT G -3' and BYAGi Reverse: 5' -
CTG AAC ACG AAT TTG CTG AGG TTG -3
reported in literature [23] for diagnosis of Bdv2 gene was
used. One new set of primer (BDF5Forward: 5'- TGG
CAG GCT CGT CGT AC -3' and BDR6 Reverse: 5'-
CTG AGG TTG AGG TTG AGG C -3) was also
designed from Bdv2 gene sequences available in NCBI
database. For DNA extraction of wheat leafs, alkali
denaturation method was used [28].

Detection of Bdv2 Gene through Polymerase Chain
Reaction (PCR)

The reaction mixture was contained in a total volume of
25 uL, 1 X PCR buffer, 20 pM dNTP each, 0.2 pM
primers each, 1.5 mM MgCl, 1U Taq polymerase
(Promega) and 100ng DNA template. Reaction cycle
was comprised of an initial step of denaturation for 5
minutes at 92°C followed by 40 cycles each consisting of
a denaturation step of 15 seconds at 92°C, an annealing
step 30 seconds at 52°C and an extension step of 45
seconds at 72°C. Ten minutes were given after the last
cycle to the extension step at 72°C to ensure the

completion of reaction. PCR amplified products was
analyzed on 1% agarose gel containing 2 pL of ethidium
bromide (10 mg/mL) in 1X Tris-borate EDTA (TBE)
buffer (Tris 108 g/L, borate 55g/L, and EDTA 7.5 g/L).
Amplified samples were mixed with loading buffer (20%
0.25% bromophenol blue)
electrophoresed at 80V until the bromophenol blue

glycerol, and was
migrated approximately two third of the length of the
gel. DNA bands were observed in UV trans-illuminator
and their photographs were taken.

Data Analysis
Cluster analysis was carried out for reaction towards
ELISA, tillers, height and grain weight.

Results
Evaluation of F2 Genotypes on the Basis of ELISA,
Grain Weight, Tillers and Height
Finally all the selected 61 potential sources of resistance
of F2 population were analyzed regarding their reaction
towards ELISA, tillers, height and grain weight (Table.
S1). Cluster analysis revealed two main groups A and B
which were further divided into A1, A2, B1 and B2 (Fig.
1). Only one genotype i.e. 33 present in A2 group
showed different behavior based on cluster analysis. The
OD value recorded in this genotype was 0.403, 0.203 and
0.317 for PAV, MAV and RPV respectively while tillers
counted were 7, height checked was 93 cm and grain
weight was 4.40 gms. Subgroup Al involved four
genotypes 49, 96, 418 and 421 behave differently from
others. Genotype 96 reacted negatively against all the
three isolates having 2 tillers whereas height was 88 cm
and exhibited 1.69 gms grain weights. While genotype
421 showed positive ELISA response, numbers of tillers
were 8, height 77 cm and grain weight was 2.26 gms.
Group B was further categorized in to B1 and B2.
Group B1 was divided into Bla and B1b. Subgroup Bla
had four genotypes and all showed distinct behavior.
Genotype 89 had ELISA value of 0.242 (PAV), 0.179
(MAYV) and 0.173 (RPV) while tillers were 19, height
record was 112 cm and grain weight measured was 4.28
gms whereas the ELISA values for PAV, MAV and RPV
for genotype 81 were 0.171, 0.181 and 0.173 respectively,
had 14 tillers, while height was 115 cm and exhibited
4.28 gms grain weight. Subgroup B1b was further sub
divided into B1b(i) and B1b(ii). Subdivision B1b(i) had
two classes (i)a and (i)b. Class (i)a involved 12 genotypes
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Figure 1: Cluster analysis of 61 F2 genotype based on tillers, height, grain weight and ELISA under natural conditions
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Figure 2: Amplification of Bdv2 gene (400bp) from genome of F2 population with Inqilab-91 and TC 14
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in which 412 and 50 behave differentially from others.
Genotype 412 showed negative ELISA response against
the three tested isolates, with 2 tillers, 98 cm height while
grain weight was 3.78 gms. While genotype 50 having
positive ELISA response against PAV, MAV and RPV,
consisted of 8 tillers height was 102 and seed weight
record was 3.62 gms. Two genotypes 48 and 53 were
involved in class (i)b. Genotype 48 behave positively for
ELISA whereas tillers counted for this genotype was 3,
height measured was 96 cm and 4.40 gm grain weight.
Subdivision B1b(ii) had two more classes i-e (ii)a and
(ii)b. 20 genotypes fell in (ii)a class and they all showed
different behavior. Genotype 56 reacted positively to
BYDV-PAV but negative to BYDV-MAYV and CYDV-
RPV. The tillers of this genotype were 4; height was

107 cm and 4.25 gms grain weight. While genotype 68
behaved negatively to PAV and RPV but showed
positive response to MAV, with 5 tillers 107 cm height
and 3.83 gms grain weight whereas genotype 139 in class
(ii)a showed resistance to BYDV-PAV and MAV but
remained susceptible for CYDV- RPV, and exhibited 8
tillers, the height checked was 108 cm and grain weight
record was 2.60 gms. Class (ii)b involved 17 genotypes
and all showed different responses. Genotype 110 had
low virus titer for PAV MAV and RPV, had 15 tillers
while height 104 cm and having grain weight of 4.48 gms
whereas genotype 142 react positively only MAV (0.226)
and showed low OD for PAV (0.128) and RPV (0.200)
having 10 tillers, 107 cm height and showing grain
weight of 2.86 gms and had distinct behavior. Group B2
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included only one genotype that showed distinct
behavior from all other genotypes having ELISA values
of 0.150 (PAV), 0.217 (MAV) and 0.196 (RPV), having
19 tillers, height of 107 cm and grain weight of 3.56 gms.

BCF5 / BCR6
(New Primers)

Genotypes AgIR / AgIF
(Old Primers)
61 -

69 -

91 -

96 -

98 - -
99 -
110 -
119 -
121 -
122 -
131 - +
146 - -
Ingilab-91 - -
(Negative control)

TC14 + +
(Positive control)

+ + 4+ + +

Table 1: Amplification of Bdv2 gene from genome of F2
genotypes by using old (AgIR / AgIF) and new (BCF5 / BCR6)
set of primers

Evaluation of resistance on Visual Symptom Score
(VSS)

Under field conditions, infected plants of oats showed
typical symptoms of reddening and were also used as a
source of BYDV inoculums. The 61 F2 genotypes were
observed closely for the presence of symptoms of BYDV
/CYDYV at the phase of full flowering on 0-5 scale. Attack
of BYDV /CYDYV was associated with color changes of
leaves and reduction in yield. Six (6) out of 61 genotypes
did not show any symptoms of BYDV /CYDV and they
exhibited visual symptom score 1 and these were 60,
91,110,119,121 and 129 .They were ranked as resistant.
Whereas genotypes 53, 55, 56 and 57 had a VSS of 5 and
showed leaf discoloration which is typical symptoms of
BYDYV and graded as highly susceptible. Thirty two (32)
out of remaining 51 genotypes showed only moderate
symptoms (MR) and considered as moderate resistant
genotypes. The remaining 19 genotypes were remained
moderately susceptible (MS). (Table S1)

Confirmation of Bdv2 Gene by SCAR Primers
DNA of 12 randomly selected F2 genotypes were tested
with SCAR marker for the development of backcross.

The SCAR primer BYAGIR/F could not amplify the
band diagnostic for Bdv2 gene in our segregating
population. Therefore new SCAR primers BCF5 and
BCR6 were developed from the sequence of T.
intermedium found in NCBI database. Presence of Bdv2
gene was confirmed in 6 out of 12 by using these
primers. They amplified a fragment of 400bp
representing the presence of Bdv2 gene (Table S1). The
positive control TC14 also amplified product of 400bp
conferring the presence of Bdv2 gene while negative
control Inqilab91 did not amplified any product (Fig. 2).
The six genotypes i.e. 91, 96, 110, 119, 121 and 131 were
backcrossed with recurrent parent Inqilab91 and their
seeds were collected.

Discussion

Climate change is a burning issue since the start of 21st
century. Besides, deteriorating earth abrupt climate
change has direct or indirect impact on biotic and
abiotic stresses suffered by crop plants. Keeping in view
the increasing rate of population of the world and
climate change-induced increase in temperature wheat
production is expected to reduce by 2050 [29]. One of
the biotic factors damaging the wheat is aphids. Aphids
not only damage the crop by sucking the leaf sap but,
they also transfer the BYDV /CYDVs into the plant cells.
To mitigate the problem of aphid, farmers mostly used
some insecticides at adult stage which work effectively
but for viruses some inherited resistance is required.
Bdv2 genes were well reported to have potential against
BYDV /CYDVs. In the current perusal, the presence of
resistance against CYDV /BYDV in F2 populations was
evaluated during 2008. In the same year there was high
incidence of yellow rust due to artificial inoculation in
adjacent fields. Among seven F2 populations only three
were resistant to rust and rests were highly susceptible.
Therefore, the susceptible genotypes were discarded
after field evaluation. The three F2 populations
consisting of 61 genotypes in total were studied
thoroughly for evaluation of resistance on the basis of
symptoms, phenotypic data and expression analysis by
ELISA. Though leaf discoloration was obvious to
differentiate resistant and susceptible genotypes but
BYDV symptoms do not represent the best criterion for
selection of resistance or tolerance as symptom
expression in field condition was highly variable.
Variation in time of infection, temperature, plant
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density and tillering ability can influence the appearance
and intensity of symptoms [27]. In connection to these
findings selection and breeding only based on
symptoms may be misleading. On the basis of combined
effect of ELISA and agronomic values genotypes were
placed in different categories i.e. susceptible, tolerant,
moderately resistant and resistant. According to this
classification, genotypes such as 49, 53, 55, 96, 98, 139,
142, 416, 418, 419 and 421 were considered as
susceptible as they showed high ELISA values as well as
low grain weight less tillers and reduced height. But it
was also observed that genotypes 31, 47, 48, 50, 52, 56,
57, 60, 61, 94, 103, 106, 113, 115, 127,140 and 413 had
moderate grain weight and had increased height but less
tillers and also showed high optical density these were
considered as tolerant in which even high virus titers
cause negligible effect on yield which are in line with
earlier reports [30]. Genotypes 62, 69, 93, 108, 109, 122,
126, 131, 132, 133, 146 and 411 showed moderate grain
weight, increased height and tillers and low absorbance
ratio hence, they were called moderately resistant. There
were still other genotypes 33, 68, 77, 78, 90, 99, 105, 111,
112, 116, 119 and 129 which had low virus titer and
grouped in the category of moderately resistant as they
also had moderate grain weight, moderate height and
tillers. Genotypes 30, 81, 89, 91,101, 110 and 121 were
ranked as resistant as they had maximum grain weight,
maximum tillers and good plant height and had low
virus titer indicating the presence of Thinopyrum
translocation that interfere with virus multiplication
[20] or reduced cell to cell movement [21].

Generally the backcross is continued for five to six
generations so that the resistant gene has been fully
recovered in recurrent variety but due to short duration
of study it was not possible to evaluate BC1F1 as well as
to proceed for further backcrosses. Majority of F2
genotypes proved to be moderately resistant and
resistant against BYDV /CYDV with good agronomic
values. As cases for BYDV /CYDV are gradually
increasing in Pakistan due to favorable environmental
conditions and the presence of inoculum so there is need
to develop resistant germplasm before any severe
epidemic. The generated F2 germplasm offers good
prospects for use in wheat improvement program
carried out at CDRP-NARC.
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