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Abstract: Sheath blight caused by Rhizoctonia solani is one of the most devastating diseases of rice (Oryza sativa)
and causes enormous yield losses over the world after blast, the disease can cause yield loss upto 50 per cent in
advanced stage and adversely affects quality of straw. Breeding for resistant varieties is the only viable option to
combat the disease efficiently. In this study, our findings showed a significant increase in number of spikelet's per
panicle (3.45 %), test weight (0.62 %) and grain yield (0.72 %) compared to recurrent parent Swarna sub-1. The
range of mean performance of 18 BC,F, selected improved lines varied for per cent disease severity from 26.75 to
43.58 at 16 days after inoculation. Among the 18 improved lines, only four lines (Swarna sub-1-6, Swarna sub-1-32,
Swarna sub-1-13 and Swarna sub-1-29) showed resistance score of 1-3. The remaining fourteen lines showed
moderate resistance with a score of 3-5. Hence, the resistance line could be exploited in sheath blight resistance
breeding programme and the same line can also be released as a variety against sheath blight of rice after testing
over multilocation trails.
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INTRODUCTION in the levels of susceptibility to the sheath blight path-
ogen among rice cultivars have been observed under
field conditions. Sheath blight resistance is believed to
. . be controlled by polygenic quantitative trait loci
and reduced yield upto 54.3 per.cent in advanced stage (QTLs)). Li et al., (1995) first identified Sheath blight-
and also adversely affects quality of straw (Chahal et QTLs using restricted fragment length polymorphism
al., 2003; Savary et al, 2096)' Lossgs depend on the (RFLP) markers and field evaluations. Subsequently, a
growth stage of plant at which infection occurs, level number of QTLs (around 50 QTLs) associated with

of resistance lm a p.a.rtlcular g;le.notyple and preve.uhn.g sheath blight resistance have been reported spanning
environmental conditions (Joshi ez al., 2016). Rice is over all 12 chromosomes in cultivated varieties, deep-

India’s pre-eminent crop, and is the vital food for peo- water varieties and wild species (Jia et al., 2009; Zuo

ple in the eastern and southern parts of the country et al, 2010; Wang et al., 2012; Xu et al., 2010) by
(Ghritlahre ef al., 2016). Though its productivity fluc- ’ ’ o ’ ’

tuates significantly from region to region; season to
season due to various biotic factors such as pest and
diseases. Rice genetic resources have not been compre-

Soil borne pathogen Rhizoctonia solani is endemic to
areas where temperature and relative humidity are high

using segregating F, populations, double haploid (DH),
and recombinant inbred line (RIL) populations under
field conditions, although the mechanisms of re-
; - > 3 sistance of these QTLs are poorly understood. Among
hensively exploited for improvement of sheath blight these, gSBR1 -1 is a major QTL that has been found to

]raes1stance, al(tihough many cultivars andf llneg have be effective against the sheath blight pathogen consist-
cen reported as promising sources of resistance ently over time and at different locations

(Srinivasachary et al., 2011) The host resistance is the (Channamallikarjuna et al., 2010) ‘Tetep’, an indica

most economical and environmentally sound strategy rice cultivar from Vietnam, is the source of resistance
in managing sheath blight, but substantial differences

ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org


mailto:pksbhu@gmail.com

S. K. Ghritlahre et al. / J. Appl. & Nat. Sci. 9 (2): 1042 - 1048 (2017)

gSBRI11-1 M P1

P2 1 2 3 4 5 6

7

gSBRII-1 M P1

34

Plate 1. Foreground selection for sheath blight disease resistance QTL/genes qSBRI11-1 in BC,F; generations. Where P; is
recurrent parent, P,is donor parent and M is 100 bp DNA size markers.

to both blast (Pi54) and sheath blight (¢gSBR11-1) dis-
eases. In addition, ‘Tetep’ is an invaluable donor of
several other resistance genes for blast resistance
(Singh et al,, 2012); and 10 other QTLs for sheath
blight resistance (Channamallikarjuna et al., 2010).
Marker-assisted backcross breeding (MABB) coupled
with phenotypic selection for agronomic, grain quality
traits has been used to incorporate sheath blight re-
sistance QTL qSBR11-1 into ‘Improved Pusa Basmati
1’ (Singh ef al.,2012a) and QTLs qSBR11-1, qSBR11-
2 and gSBR7-1 into ‘Pusa 6B’ CMS line (Singh ef al.,
2015). In our study, in order to incorporate of ShB
disease resistance QTL qSBR11-1 into Swarna sub-1,
a backcross approach was used in which backcross was
restricted to two generations and foreground and back-
ground marker assisted selection was also done at the
early segregating generations such as BC;F; and
BC,F,. Further, the generations were handled as in
pedigree model.

MATERIALS AND METHODS

Plant material: Swarna sub-1, submergence tolerance
variety, was used as the recurrent parent in the present
study. Tetep, a Vietnamese indica rice variety has been
used as the donor for the sheath blight resistance
QTLs, gSBRI11-1. Tetep was crossed with Swarna sub-
1; and the single F; plant was backcrossed with
Swarna sub-1, to generate the BC,F,. Marker assisted
foreground selection among BC,F, plants initially tar-
geted the SSR marker RM224 linked for ¢SBRII-
Iwere done which was coupled with selection for phe-
notypic similarity with the recurrent parent. Selected
plants that were heterozygous for RM224 marker were
further backcrossed with Swarna sub-1 to generate
BC,F,. Among BC,F, plants were again marker assist-
ed foreground selection with SSR marker RM224
linked for ¢SBR11-1 done which was coupled with
selection for phenotypic similarity with the recurrent
parent. Selected plants that were heterozygous for
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RM224 marker in BC,F; generation were artificially
screened against Rhizoctonia solani and the resistant
lines were subjected for qualitative and quantitative
traits estimation.

Molecular marker analysis: Total genomic DNA was
extracted by the micro-extraction protocol of Prabhu et
al., (1998). Polymerase chain reaction (PCR) was per-
formed in a thermal cycler (G-Storm, Somerset, UK)
using a 10 mL total reaction volume as described pre-
viously (Basavaraj ef al., 2010). This contained 30 ng
mL21 of template DNA, 5 pmol of each primer
(synthesized from Sigma Inc., St. Louis, MO, USA),
1.5 mM MgCI2, 0.2 mM dNTPs (MBI, Fermentas,
Vilnius, Lithuania) and 0.5 U of Taq polymerase
(Bangalore Genei, Bangalore, Karnataka, India). Poly-
merase chain reaction comprised one cycle of denatur-
ation at 95 8C for 5 min, followed by 35 cycles at 95
8C for 30 s, 55 8C for 30 s and 72 8C for 1 min, with a
final extension of 72 8C for 7 min. The amplified
products were resolved on 3.5 % MetaphorTM gel
(Lonza, Rockland, ME, USA) containing 0.1 mgmL21
of ethidium bromide (Amresco, Solon, OH, USA)
along with a DNA size standard ladder (MBI, Fermen-
tas) and documented in a Gel Documentation System
(Biorad, Hercules, CA, USA).

Screening for sheath blight resistance: The screening
for sheath blight resistance in the backcross derived
lines was carried out through artificial inoculation un-
der field conditions at the experimental farm of the
Institute of Agricultural Sciences, Banaras Hindu Uni-
versity, Varanasi, India. A virulent isolate of R. solani
was obtained from Indian Institute of Rice Research,
Hyderabad (wild type strain-Rajendranagar). The inoc-
ulum of isolate was multiplied following the procedure
described by Bhaktavatsalam et al. (1978). Shoots of
water sedge (Typha angustata) were cut into pieces of
4-5 cm long washed thoroughly and soaked in Typha
medium (peptone: 10.0 g, Sucrose: 20 g, K,HPO,:
0.1g, MgSO4: 0.1 g, Distilled water: 1 L) for 5 min.
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Fig. 1. Mean performance of grain yield per plant of parents
and 18 BC,F selected backcross derived lines.

The pieces were drained for excess water and later
these were filled loosely to one third volume of 250 ml
conical flask and sterilize in autoclaved at 1.05 kg/
cm® for 20 min each for two consecutive days. The
sterilized typha flask was inoculated with 5 mm diame-
ter disc of actively growing mycelium of the isolate
and incubated for 15 days at 28+2 °C. These colonized
typha pieces were used as inoculum.Plants were inocu-
lated at the maximum tillering stage (30-35 days after
sowing) with colonized typha pieces. Two pieces of
typha were placed between tillers in the central region
of rice hills, just above the water level. Water level (5-
10 cm) was maintained constantly for ensuring enough
humidity to promote disease development. The inocu-
lated plants were regularly examined for appearance of
symptoms starting from 48 hours after inoculation and
number of lesions and their length on the rice sheath
around the inoculation point will be recorded from 96
hours after inoculation. The data on disease intensity
was recorded on four different dates at four day inter-
vals i.e. 4" 8" 12" and 16" day after inoculation
(Kumar ef al., 2008).

PDI = (Sum of all ratings x100) / (Total number of
observations X Maximum rating scale)

AUDPC = Z:L_ll ([ (Xyq +X,)/2]=
(tin — )}

Where;
X; is the disease index expressed as a proportion at the
i™ observation.

t; is the time (days after planting) at the i observations
and
n is the total number of observations.

Evaluation of quantitative and qualitative traits for
statistical analysis: The derived lines in BC,F, gener-
ation together with parental lines were evaluated for
quantitative and qualitative traits performance in a
randomized complete block design with three replica-
tions with 20 x 15 cm spacing at the experimental farm
of Institute of Agricultural Sciences, BHU, Varanasi
during Kharif 2013. The data of 10 plants were record-
ed for various quantitative traits such as number of
reproductive tillers per plant (NRT), plant height (PH),

Fig. 2. Mean performance of area under disease progress
curve of parents and 23 BC,F; selected backcross derived
lines.

days to maturity (DM), days to heading (DH), panicle
length (PL), Weight of panicle (WP), number of spike-
let’s per panicle (SP), test weight (TW) and yield per
plant (YP) using the standard evaluation system of rice
(IRRI 2002). The qualitative traits (grain quality) were
determined by length/breath before cooking (L/B ratio
BC), length/breath after cooking (L/B ratio AC), Am-
ylose content (AC), gel consistency (GC) and gelatini-
zation temperature (GT) (Gopalakrishnan et al., 2008).

RESULTS AND DISCUSSION

MAS for QTLs governing sheath blight resistance:
In the present study, 77 F; plants were raised from a
cross (Swarna sub-1 x Tetep) and their leaf samples
were taken at 21 days after transplanting, DNA was
isolated from these samples and each and every plant
was tagged. Foreground selection was done with RM
224 primer for gSBRII1-1 QTL linked with sheath
blight resistant. The 68 plants showed presence of
qSBRI11-1QTL in the F;plants while remaining 9
plants showed bands corresponding to recurrent parent
indicating they were selfed. All 68 plants that con-
tained ¢gSBRI1-1 QTL/gene, showed the 10-15 days
earlier maturity than the recurrent parent Swarna sub-
1. It means all 68 F; plants had ¢SBR11-1 QTL/gene
bands from the donor parent (Tetep). The plant charac-
ters of Swarna sub-1 and Tetep were distinctly differ-
ent and the true F, plants were easily recognised. Out
of 68 F,plants, only 17 F,plants were exactly similar
to their recurrent parent Swarna sub-1 and these were
tagged and backcrossed with Swarna sub-1 to pro-
duced BC,F, seeds.

The 126 BC,F, seeds were sown to raise BC,F; genera-
tion and each and every plant was tagged at seedling
stage. Again marker assisted selection has been applied
for the foreground selection among 126 BC,F, plants.
Out of them, only 27 plants showed positive bands for
QTLgSBRI1-1, while remaining plants carried the
negative QTL/gene to the marker RM224 (Plate 1).
The resistance of these 27 plants were also confirmed
by exposing them to disease inoculation with Rhi-
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zoctonia solani strain R. nagar wild type. The per cent
disease severity of these 27 plants were significantly
lesser than the recurrent parent Swarna sub-1 as well
as susceptible check Pusa Basmati-1 (PB-1), while
closer to the resistance parent Tetep as these plants had
resistance QTLgSBRI1-1. Out of 27 plants, only 9
BC/F, plants were exactly similar to recurrent parent
Swarna sub-1carring the resistant QTL/gene and these
were backcrossed with Swarna sub-1 to produced
BC,F, seeds. The 93 BC,F, generation seed sown,
each and every plant was tagged further foreground
selection for the sheath blight resistant QTL/gene
qSBR11-1. On the basis of foreground selection,
among 93 BC,F, plants, only 32 plants showed
qSBR11-1 QTL. The 32 plants showed the QTL/gene
for resistance and among them only 18 plants were
phenotypically similar to recurrent parent in respect to
morphological traits. Therefore, only 18 plants
(selected backcross derived lines) subjected for quanti-
tativeand qualitativetraits estimation.

Evaluation for disease resistance of improved
Swarna sub-1 lines: Evaluation of Swarna sub-1 and
Tetep along with the improved Swarna sub-1 lines for
sheath blight resistance confirmed susceptible reaction
of Swarna sub-1 tohighly virulent isolate R. nagar
wild type under field conditions, Tetep showed re-
sistance with a score of 1-3 and the recurrent parent
Swarna sub-1 showed susceptible reaction with score
of 5-7. Among the 18 improved lines, only four lines
(Swarna sub-1-6, Swarna sub-1-32, Swarna sub-1-13
and Swarna sub-1-29) showed resistance score of 1-3.
The remaining fourteen lines showed moderate re-
sistance with a score of 3-5. Overall, two improved

Swarna sub-1 lines (Swarna sub-1-6 and Swarna sub-1-
32)

advanced for further generation.

Agronomic performance of selected backcross
derived lines for quantitative traits: The agronomic
performance for 9 quantitative traits of parents and
selected 18BC,F, backcross derived lines showed that
most of the agronomic traits were similar to the recur-
rent parent (Table 1). The number of reproductive till-
ers of the selected 18BC,Flinesranged from 9.0 to
15.0 with an average of 12 similar to that of Swarna
sub-1. The average plant height was 98.33 cm and with
a range of 91.33-105.33.1 cm similar to that of Swarna
sub-1 (98.00 cm). The days to heading ranged from
94.0 to 98.0 days with an average of 96 days which
was lesser than Swarna sub-1 (102 days). Similarly, the
days to maturity ranged from 130.0 to 138.0 days with
an average of 134 days lesser than recurrent parent
(140 days). However, the maximum panicle weight of
4.38 was observed in Swarna sub-1-62 which was
higher than Swarna sub-1(4.10). Similarly, number of
spikelets per panicle (S/P) and test weight (TW) of
some of the backcross derived lines (232 S/Pand 230S/
P in Swarna sub-1-81and Swarna sub-1-18) and TW of
19.25 g and 19.24 g in Swarna sub-1-18 and Swarna
sub-1-72) were better that of Swarna sub-1 (S/P224
and TW 19.13 g). The grain yield per plant ranged
from 39.98 g to 50.17 g with anaverage of 45.8 g
which was lower than Swarna sub-1 (49.81 g). Howev-
er, the maximum grain yield per plant of 50.17 g was
observed in Swarna sub-1-86 which was higher than
Swarna sub-1(49.81 g). Mean performance of grain
yield per plant of parents and 18BC,F selected back-

Table 1. Mean performance for 9 quantitative traits of parents and 18 BC,F; selected backcross derived lines.

Lines number NRT PH DM DH PL PW S/P W Y/P

Swarna Sub - 1 13 96.00 140 102 27.00 4.10 223.67 19.13 49.81
Tetep 7 129.67 104 72 25.38 3.71 165.67 21.56 33.85
Swarna Sub-1-6 13 101.33 131 97 27.05 4.20 218.33 18.84 49.78
Swarna Sub-1-13 11 99.33 132 97 26.30 3.83 202.67 18.92 46.09
Swarna Sub-1-18 13 100.33 135 98 25.85 4.13 230.00 19.25 45.33
Swarna Sub-1-23 14 103.67 130 95 22.02 3.96 190.67 18.80 46.49
Swarna Sub-1-29 15 100.00 137 96 26.97 4.19 211.67 19.08 47.08
Swarna Sub-1-32 11 105.33 136 98 23.03 3.74 216.67 19.1 41.05
Swarna Sub-1-39 9 103.00 131 96 26.67 3.93 209.33 18.69 40.62
Swarna Sub-1-41 14 105.33 132 94 25.20 4.22 188.61 19.09 46.17
Swarna Sub-1-51 11 103.00 138 97 24.04 3.87 216.67 19.16 42.78
Swarna Sub-1-58 10 102.00 136 97 24.29 3.88 216.00 19.02 43.39
Swarna Sub-1-62 11 104.67 132 94 22.26 4.38 206.00 18.97 44.60
Swarna Sub-1-69 12 103.33 130 95 25.42 3.75 207.33 19.10 44.51
Swarna Sub-1-72 13 104.67 132 95 25.63 3.77 205.33 19.24 44.34
Swarna Sub-1-81 10 103.33 134 96 26.45 4.16 231.67 18.91 42.49
Swarna Sub-1-86 15 101.67 134 97 24.84 3.77 226.00 19.12 50.17
Swarna Sub-1-91 13 103.67 131 94 26.00 4.23 213.67 18.9 41.53
Swarna Sub-1-94 9 102.33 135 97 26.14 3.85 209.33 18.9 42.79
Swarna Sub-1-97 12 104.67 136 98 25.82 3.80 190.33 19.16 45.74
SE 1.85 3.09 0.99 0.75 1.86 0.28 17.56 0.1 4.24

SD 1.97 6.49 7.32 5.71 1.50 0.21 15.87 0.59 3.75

NRT- Number of reproductive tillers per plant, PH-Plant height, DM-Days to maturity, DH-Days to heading, PL-Panicle length,
PW-Panicle weight, S/P-Total no of spikelet per panicle, TW-Test weight, Y/P-Yield per plant
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cross derived lines are presented in Fig 1. The spike-
let’s per panicle, test weight and grain yield were in-
creased up to 3.45 %, 0.62 % and 0.72 %, in Swarna
sub-1-81, Swarna sub-1-18 and Swarna sub-1-86
respectively over recurrent parent Swarna sub-1.

Agronomic performance of selected backcross
derived lines for qualitative traits (grain quality),
disease severity and AUDPC: The grain quality of
selected backcross derived lines (Table 2) showed that
all of them were almost similar in grain and cooking
quality with that of the recurrent parent. The length/
breadth ratio before cooking (L/B Ratio BC) ranged
from 2.66 mm to 2.74 mm as against 2.66 mm of
Swarna sub-1, while the length/breadth ratio after
cooking (L/B Ratio AC) of the backcross derived lines
ranged from 2.81 mm to 2.90 mm for which Swarna
sub-1 recorded an average of 2.87 mm. The average
amylase content (AC) was 29.91 % and with a range of
28.70-31.11 % slightly higher to that of Swarna sub-1
(27.69 %). All of the selected backcross derived lines
was found to have an ASV score of 2 and gel con-
sistency (GC) ranged from 125.67 mm to 129.68 mm
with an average of 127.68 mm similar to that of
Swarna sub-1. The per cent disease severity ranged
from 26.75 to 43.58 % with an average of 35.17 %
which was significantly lower than the recurrent parent
(59.43 %) at 16 days after inoculation. The areas under
disease progress curve (AUDPC) of parents, suscepti-
ble check (PB-1) and 18BC,F, selected backcross de-
rived lines are presented in Fig 2. The AUDPCranged

from 179.22 to 292.24 with an average of 235.73
which was significantly lower than the recurrent parent
(395.87).

Marker assisted selection (MAS) has been proved to
be an efficient selection tool for those traits that are
difficult and expensive to evaluate in a shorter time
period (Tanksley et al., 1989) such as rice blast and
sheath blight resistance owing to its advantages of ease
and precision in selection of target traits even before
their expression. MAS coupled with stringent pheno-
typic selection can provide rich dividends in breeding
success (Collard and Mackill, 2008). Marker assisted
backcross breeding (MABB) is widely demonstrated
to be the most effective way of transferring specific
gene(s)/QTLs into rice varieties/parental lines of hy-
brids such as resistance to sheath blight (Singh et
al.,2012b). Introgression of major resistant QTL/genes
in a single variety and the use of varietal mixtures with
different resistance QTL/genes are suggested as way to
prevent or delay the breakdown of resistance.

The sheath blight disease is managed agronomically
by the use of chemical agents (Jia et al., 2009). Devel-
opment of sheath blight resistance cultivars remained
elusive by conventional approaches because, identifi-
cation of complete sheath blight resistance was
difficult due to conditioning of the resistance by quan-
titative genes (Zuo et al., 2008). Recently, eight QTLs
for sheath blight resistance were mapped on six chro-
mosomes such as 1, 3, 7, 8, 9 and 11 in the genotype
Tetep using QTL mapping strategy

Table 2. Mean performance for 4 qualitative traits, disease severity and AUDPC of parents and 18BC,F;selected backcross

derived lines.

Kernal L/B Kernal L/B

Disease severity (%)

Lines number Ratio Before Ratio  after ?,/S) GC 4DAI 8DAI 12DAI 16 DAI AUDPC
cooking (mm) cooking (mm)

Pusa Basmati-1 - - - - 8.79 28.18 41.50 66.41 429.16
Swarna Sub — 1 2.66 2.87 27.69 129.18 8.89 26.70 38.11 59.43 395.87
Tetep 2.84 3.01 3353 121.26 4.47 7.24 10.56 17.85 115.83
Swarna Sub-1-6 2.71 2.89 2892 12637 6.28 9.49 18.80 26.75 179.22
Swarna Sub-1-13  2.70 2.81 2933  127.66 5.54 9.81 22.16 29.25 197.48
Swarna Sub-1-18  2.73 2.90 29.06 12798 4.77 1049  23.53 32.22 210.05
Swarna Sub-1-23  2.66 2.84 29.03 129.25 6.75 1539  26.14 32.89 245.43
Swarna Sub-1-29  2.73 2.90 29.88 126.55 541 1459  21.85 29.37 215.32
Swarna Sub-1-32  2.68 2.85 28.81 12836 5.64 13.65 20.41 27.64 202.81
Swarna Sub-1-39  2.72 2.89 28.77 129.41 4.62 14.74 2292 3143 222.73
Swarna Sub-1-41  2.72 2.89 28.73 12831 5.25 16.27  24.52 37.54 248.73
Swarna Sub-1-51  2.74 2.90 28.70 127.55 522 1550  25.66 33.49 242.07
Swarna Sub-1-58  2.67 2.84 28.72  126.55 5.72 14.56  23.25 32.52 227.70
Swarna Sub-1-62  2.73 2.90 28.78 129.68 5.57 14.69  22.51 30.46 220.85
Swarna Sub-1-69  2.74 2.90 31.11  125.67 5.52 1712 27.14 43.58 275.25
Swarna Sub-1-72  2.73 2.90 28.83 126.51 5.54 14.53 25.07 34.55 238.60
Swarna Sub-1-81  2.73 2.90 28.73  127.54 4.74 1496  20.05 30.92 211.35
Swarna Sub-1-86  2.70 2.86 29.05 128.50 4.78 14.48 24.51 36.34 238.19
Swarna Sub-1-91  2.72 2.89 28.80 129.00 5.93 14.73 25.24 32.40 236.55
Swarna Sub-1-94  2.70 2.86 28.74 12799 4.77 12.65 21.21 32.39 209.75
Swarna Sub-1-97  2.72 2.88 3022 125.89 6.00 19.88 29.42 41.53 292.24
SE 0.02 0.02 0.18 0.28 0.44 0.73 1.26 2.11 13.06
SD 0.04 0.04 1.22 1.90 1.19 4.93 6.35 10.66 67.28

AC- Amylose content, GC-Gel consistency, AUDPC-Area Under Disease Progress Curve
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(Channamallikarjuna et al., 2010). Singh et al., (2015)
validated all the eight QTLs using respective tightly
linked peak markers and had chosen three QTLs
(qSBR11-1, qSBR11-2 and qSBR7-1) for introgres-
sion into Pusa 6B line. Among these QTLs, qSBR11-1
was mapped across two locations and seasons and
gSBR7-1 was mapped under two locations, while
qSBR11-2  was detected in one location
(Channamallikarjuna et al., 2010).

While transferring sheath blight resistance QTLs, nota-
bly, one line (Pusa 1604-05-3-5) possessing single
QTL qSBR11-1 showed comparable disease reaction
score as that of the donor parent, Tetep while
Pusal604-05- 45-1 possessing two and Pusal604-05-
43-1 with three ShB resistance QTLs, showed moder-
ate resistance only (Singh et al., 2015). This could be
attributed to several reasons such as QTL-marker re-
combination (Moreau et al., 1998), QTL-background
interactions (Wang et al., 2009; Chen et al, 2014),
presence of un-known QTLs in the improved lines
derived from donor (Tinker and Mather 1995) and/due
to the competitive effectiveness of qSBR11-1 than the
other two QTLs (Pandian et al., 2012). Further, dis-
ease resistance variations among the lines positive for
all QTLs, can be attributed to epistatic effects and
QTL-background interaction, a well-recognized com-
ponent of natural genetic variation (Malmberg and
Mauricio 2005). In our study, after validation of the
donor parent Tetep for single major QTL (qSBR11-1)
using tightly linked peakmarker (RM 224), introgres-
sion of QTL (qSBR11-1) was carried out into Swarna
sub-1 by marker assisted backcross breeding.

The marker assisted backcross breeding QTLs has
improved the resistance to sheath blight in all theim-
proved backcross derived lines while maintaining the
quantitative and qualitative traits are almost similar
with Swarna sub-1. This observation was similar to the
resistance reaction reported against blast and sheath
blightamong the MAS improved lines of Pusa Basmati
1 (Singh et al., 2012a) and to the resistance reaction
reported against blast and sheath blight among MAS
improved lines of Pusa 6B (Singh et al., 2015).

More resistance QTLs/genes are needed to be identi-
fied and introgressing them together into the elite cul-
tivars ensures lifelong sheath blight resistance. Intro-
gression of two or more resistance QTLs/genes should
lead to more durable resistance in rice. In this study,
introgressing QTL/genes conferring board spectrum
and horizontal resistance through MAS were success-
fully conducted. Hence from the above finding it was
concluded that the sheath blight resistance QTL/genes
qgSBR11-1 was successfully transferred into back-
ground of Swarna sub-1. This result is similar to previ-
ous reports on the successful utilization of MAB to
transfer sheath blight resistance QTL/genes into Pusa
6B CMS line (Singh et al., 2015) and Improved Pusa
Basmati-1 (Singh ef al., 2012a). The introgressed lines
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obtained in our study can be used as genetic resources
for sheath blight resistance in breeding programs that
will be paving way for an environmental friendly
means to achieve a better disease management. Moreo-
ver, the success will facilitate future efforts to transfer
combinations of sheath blight resistance QTL/genes
into other preferred rice cultivars.

Conclusion

The PCR amplification with RM224 marker for
qSBRI11-1 (on chromosome number 11) QTL showed
polymorphism between Swarna sub-1 and Tetep, the
varieties used as parent in the present study. Among
126BC,Fplants, only 27 plants showed the QTL/gene
for resistance and remaining plants showed susceptible
for disease due to absence of QTL/genes ¢gSBRII-1.
The number of spikelet’s per panicle, test weight and
grain yield were increased up to 3.45 %, 0.62 % and
0.72 %, respectively over recurrent parent Swarna sub-
1. The disease severity in selected BC,F, plants varied
from 26.75 to 43.58 at 16 days after inoculation and
areas under disease progress curve from 179.22 to
292.24. These broader spectrum and higher levels of
resistance in the introgressed line might be due to inter-
action and / or complementation between the resistance
genes. The introgressed lines obtained in our study can
be used as genetic resources for sheath blight re-
sistance in breeding programs that will be paving way
for an environmental friendly means to achieve a better
disease management. Moreover, the success will facili-
tate future efforts to transfer combinations of sheath
blight resistance QTLs/genes into other preferred rice
cultivars.
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