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Abstract

Rice (Oryza sativa L.) is the most important staple food crop of Asia. Submergence is the third important
abiotic stress affecting rice crop in coastal ecosystems of Kerala due to heavy showers of South-West monsoon.
The most viable solution to overcome this problem is to introgress submergence tolerant gene into high
yielding elite rice varieties. Hence, the present study was undertaken to introgress submergence tolerant
gene (Subl gene) into the elite rice variety Jaya through Marker Assisted Backcross Breeding (MABB).
Polymorphism assay using 625 SSR markers could select two polymorphic foreground markers, seven
polymorphic recombinant markers and 76 polymorphic genome wide markers. The genotypic selection of
heterozygous plants was made in F| and in each backcross generation and in selfed progeny homozygous
plants were selected using the selected foreground and recombinant markers. The Sub region of the selected
BC,F, progeny ranged from 0.5-5.6 mb and had > 85% homozygosity to that of recurrent parent. These
selected progeny were screened for submergence tolerance in vitro and scored according to SES by IRRI
which showed similar score to that of the donor parent. Our work could introgress the abiotic stress
submergence tolerance controlled by Subl gene into the popular rice variety Jaya. The developed abiotic
stress tolerant rice lines are under field evaluation and can be cultivated profitably in the coastal ecosystem
where flood is the major constraint limiting rice production.
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Introduction less than 10% production loss while deeper and

stagnant water for about 2 weeks duration and >
100 cm in depth can cause damage ranging from
40% to 77% (Manzanilla et al., 2011). Now the flood
prone paddy fields are increasing due to unpredicted

Rice is the major staple food crop in India which
feeds more than half of its populations. Among the
various abiotic stresses, submergence is the third

important stress affecting rice yield adversely.
Frequent flash flood of about 10-14 days is a
common occurrence in coastal rice fields and even
in irrigated paddy fields of Kerala due to heavy and
continuous showering of south west monsoon
during Kharif season. Most of the high yielding rice
varieties are not tolerant to submergence and hence
flash flood causes substantial reduction in rice yield.
It is reported that shallow flash floods can result in

cyclone rains and due to the adverse effect of climate
change. Hence, submergence is a serious problem
as far as the rice farmers in coastal agro - ecosystems
of Kerala and South India is concerned. During
complete submergence, the entire rice plant
including the tips of the longest leaves remain under
water for a time period which leads to low light,
limited gas diffusion, effusion of soil nutrients,
mechanical damage, increased susceptibility to pests
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and diseases and finally results in considerable
reduction of rice yield. Studies show that 5642.68
sq.km of area of Kerala, which is 14.52% of the
total area, is prone to floods (CESS, 2010). In
Allepey district more than 50% percentage of area
is identified as flood prone.

Submergence tolerance is the ability of rice plant
to survive 10 to 14 days of complete submergence
and again renew growth when the water subsides
(Toojinda et al., 2003). It is controlled by a single
major quantitative trait locus (QTL) called as Sub!
on chromosome 9 (Xu and Mackill, 1996), along
with a number of minor QTLs (Nandi et al., 1997).
Plant breeders have used the landrace FR13A, the
most submergence tolerant rice variety, to introgress
Subl QTL into the elite variety, Swarna (Neeraja et
al.,2007). Though FR-13A is the most submergence
tolerant variety, it is tall, lodging and a poor yielder.
Hence, development of submergence tolerant high
yielding rice varieties is an urgent need to address
the field problem of submergence. As conventional
breeding takes a long period for the development
of a tolerant variety, a molecular approach had been
attempted in the present study to introgress the major
Subl gene into the high yielding mega rice variety
Jaya, so as to convert it into a submergence tolerant
rice variety for cultivation in flood prone areas.

Marker Assisted Backcross Breeding strategy
facilitates the transfer of a target gene/ QTL from a
donor line to a recipient elite variety which lacks
the attribute. During this breeding process, the
presence of donor genome across the rest of the
recipient genome is eliminated by negative selection
through background molecular screening. Among
the molecular markers, Simple Sequence Repeat
(SSR) markers were used because it is easy to access
and has high reproducibility. Screening using
microsatellite/SSR markers permits the genetic
dissection of progeny in each generation, thereby
increasing the speed of the selection process and
genetic gain per unit time (Tanksley et al., 1989;
Hospital, 2003).

The objective of the present study was to introgress
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submergence tolerant gene (Sub! QTL) into the
popular rice variety Jaya and thereby help the
farmers to get sustained yield in the flood affected
ecosystems of South India.

Materials and Methods

Plant materials

The rice variety Jaya developed by Indian Institute
of Rice Research (IIRR), Hyderabad (TN1 x T-141)
was used as the recurrent parent (RP) for
improvement and the seed was collected from I[IRR,
Hyderabad. Jaya is the national yield check rice
variety and widely accepted among the farmers of
South India because of its good palatability and high
yield potential of 5-6 tons/ha (KAU, 2016). Swarna
Sub1 which is the first Sub! introgressed rice variety
developed by the International Rice Research
Institute, Philippines, was used as the donor parent
(DP), and submergence tolerance is controlled by
single major quantitative trait locus (Subl) on
chromosome 9 (Neeraja et al., 2007). The seed of
Swarna Subl was collected from Tamil Nadu
Agricultural University, Coimbatore.

Molecular breeding strategy

The recurrent parent Jaya was used as the female
parent and crossed with donor parent Swarna Sub/
and the | generation was raised. Genotypic analysis
was carried out using selected polymorphic
foreground markers and the heterozygous plants in
the target locus were selected. The selected
heterozygous F, plants were backcrossed with RP
Jaya to raise BC F, generation so as to regain
recurrent parent genome recovery. Genotypic
analysis of the BC F progeny was carried out using
foreground, recombinant and background
polymorphic markers. The selected heterozygous
BC F, plants were backcrossed with RP to raise
BC,F,. Genetic analysis was done similarly to BC F,
generation. The selected BC F progenies were
selfed to raise BC F, generation. Genetic analysis
was done as described above and introgressed
homozygous plants in the target locus with
maximum background genome recovery were
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Jaya(RP) X  Swarna Subl (DP)

l

F\ (500)

ARTS and Sub1BC2 l Foreground selection

Selected heterozygous F;s (20) X RP

l

BC/F, (350)

2 Foreground, 7 Recombinant markers l Foreground and recombinant selection

Selected heterozygous BC,F; (50)

76 Background markers Background selection

Selected BCF; with maximum background recovery (10) X RP

BC,F, (375)

2 Foreground, 7 Recombinant markers l Foreground and recombinant selection

Selected BC,F, (25 Subl introgressed plants)

76 Background markers l Background selection

Selected BC,F; with maximum background recovery (12 Sub! introgressed plants)
l Selfing

BC,F» (420)

Genotyping and phenotyping.

Best BCoF, (14)

BC,F; (Field evaluation in Kharif 2016, 2017)

Figure 1. Breeding schedule for developing Jaya Sub! lines. RP (Recurrent Parent) - Jaya, DP (Donor Parent) - Swarna
Subl.

evaluation (Fig.1). Positive molecular selection
similar to recurrent parent genome was done in all
other chromosomes and the remaining part of the
chromosome 9, apart from the target locus.

selected. These selected plants were phenotyped
under in vitro condition and the plants surviving
under submergence stress similar to donor parent
with respect to introgressed gene were alone
selected for further advancement and field
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DNA Isolation and PCR assay

Genomic DNA was extracted from young leaves of
3-4 week old plants using CTAB method (Doyle
and Doyle, 1987). The quality and quantity of the
extracted DNA was assessed using Nano Drop
2000c (Thermo Scientific).

PCR was performed in total volume of 20 pul
reactions containing 2 pul ( 25 - 50 ng) of DNA
template, 10 pl of 2X PCR Master Mix (comprising
of 1X Taq buffer with 4 mM MgCl,, 0.4 mM of
each dNTPs and 0.05 U/ul Tag DNA polymerase
enzyme, Thermo Scientific),l pl each of 1.0 uM
forward and reverse primers. Amplification of
microsatellite markers was performed using
standard 96 well thermo cycler (Bio- Rad T100™)
with initial denaturation at 94 °C for 5 minutes
followed by 35 cycles of denaturing at 94°C for 40
seconds, annealing at 55-65 °C for 40 seconds and
extension at 72 °C for 40 seconds with a final
extension for 5 minutes at 72 °C.

Electrophoresis and DNA visualization

The PCR products were mixed with 6x gel loading
dye (containing 0.25% bromo-phenol blue, 0.25%
xylene cyanol and 30% glycerol in water) and were
analyzed by electrophoresis on 8% polyacrylamide
gels using mini vertical polyacrylamide gel
electrophoresis for high throughput manual
genotyping (Biorad system). The gels were stained
using silver stain method (Benbouza et al., 2006)
and were documented using Gel DOC™ XR* (Bio-
rad). Microsatellite or Simple Sequence Repeat
(SSR) markers were used for selection (Temnykh
etal., 2001; McCouch et al., 2002; IRGSP 2005).

Polymorphism assay using SSR markers
A total of 625 numbers of reported rice SSR markers
were used for parental polymorphic assay which
includes foreground, recombinant and background
SSR markers (http://www.gramene.org).

Foreground and Recombinant Screening
At the beginning of the polymorphism assay, for
the foreground selection of the Sub! locus, reported
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nine microsatellite markers viz., IYT1, IYT3, AEX,
ART3, ARTS, Sub1ABI, Sub1BC1, Sub1BC2 and
Sub1BC3 were used (Septiningsih et al., 2009) to
select polymorphic foreground markers.

For recombinant selection, flanking markers of
about 5 mb region on each side of the Sub! locus
was targeted. Sixteen flanking markers viz.,
RM23668, RM23679, RM316, RMS8303,
RM23770,RM23778, RM23788, and RM23805 on
telomeric end and RM23887, RM464, RM23917,
RM23922, RM23928, RM219, RM23958, and
RM24005 on centromeric end were used to select
polymorphic recombinant markers (Neeraja et al.,
2007).

Background Screening

A total of 600 SSR markers covering the 12
chromosomes and unlinked to the target loci were
used for polymorphic assay between the recurrent
and donor parents in background selection to
recover the recipient genome. At least four
polymorphic microsatellite markers per
chromosome need to be used for efficient
background selection. The microsatellite markers
that revealed fixed (homozygous) alleles at non-
target loci at one generation were not screened at
the next backcross generation. Only those markers
that were not fixed for the recurrent parent allele
were genotyped in the following generations (Cuc
etal., 2012).

Statistical analysis

The excel sheet with the marker data of Subl
introgressed Jaya lines was put into the Graphical
Genotyper (GGT 2.0) software (Ralph, 2008) and
analysed. The homozygous recipient allele,
homozygous dominant allele and heterozygous
allele were scored as ‘A’, ‘B’ and ‘H’ respectively.
GGT software analysis was used to calculate
recurrent parent genome recovery in the selected
Sub] introgressed BC F, lines of Jaya. Similarly, the
size of the Sub1 locus was also calculated using this
software.
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Table 1. Standard Evaluation System (IRRI, 1988) for scoring submergence tolerance of rice

Survival percentage (%) Score Observation Tolerance

100% 1 Minor visible symptoms of injury Highly tolerant
95-99% 3 Some visible symptoms of injury Tolerant

75-94% 5 Moderate injury Moderately tolerant
50-75% 7 Severe injury Susceptible

0-49% 9 Partial to complete death Highly susceptible

Table 2. Polymorphic SSR markers used for Foreground selection (Septiningsih et al., 2009)

Primer name ~ Sequence Position Band size (bp)
Donor Recurrent
parent allele parent allele
ART5 F CAGGGAAAGAGATGGTGGA SublC 217 201
ART5R TTGGCCCTAGGTTGTTTCAG promoter
SublBC2F  AAAACAATGGTTCCATACGAGAC Between Subl 238 280
SubIBC2R  GCCTATCAATGCGTGCTCTT Band C

In vitro screening for submergence tolerance

Submergence screening was conducted in a well
maintained greenhouse following standard
protocols (Xu et al., 2000). For submergence
screening, 14 days old Sub! introgressed BC,F, lines
along with parents, tolerant (FR13A) and
susceptible check (IR64) varieties were planted into
small pots in three replicates. Equal numbers of
plants (40 nos.) were maintained for in vitro
screening. These pots were submerged in tank
containing water of 1m depth. After 14 days of
submergence, the pots were de-submerged. The
survival of the plants was scored after 14 days of
de-submergence using Standard Evaluation System
(IRRI, 1988) for the confirmation of introgression

of Subl locus in the survived plants as shown in
table 1.

Results and Discussion

Marker selection

Parental polymorphism assay is a measure of
genetic diversity among parents used in the study.
From the parental polymorphic assay, two
foreground SSR markers viz., ARTS and Sub1BC2
showing clear polymorphism between parents were
selected. The tightly linked marker to Sub! locus
viz., RM464A and flanking markers RM219 and
RM316 as suggested by Hospital and Charcosset
(1997) for efficient foreground and recombinant

Table 3. Polymorphic SSR markers used for Recombinant selection (Neeraja et al., 2007)

Primer name Sequence Position (mb) Band size (bp)
Donor Recurrent

parent allele parent allele

RM8303 F AGGGGAGAGGACACACACAC 2.3 133 140

RM8303 R GGATCCTCCTGCAAAATCAA

RM23770 F GACCTTGTCCAGAGTGATTTTG 3.7 280 292

RM23770 R ATTTGAGAATAACTTTTCCTACTTCG

RM23788 F ACCTTCACATAGCAGGGTTGAATC 42 330 332

RM23788 R ACTCTAAGCCCCTGGATAATCTGC

RM23805 F CACATAGTTTCCATGCTCGTTCAC 45 241 250

RM23805 R GGTAGAATCCATGACCGTCTCATC

RM23917 F CTCAGCTGTCTGTTCAGCTCTCAC 7.3 187 185

RM23917R CTTTGGTGCTGAGGTAGGTATTGG

RM23922 F TGGAGGGAGTATCATTATTAGCCG 7.4 273 236

RM23922 R CTTGGATAGATTTGGTGGGATGAC

RM23958 F GAGACAGATGTGTACGGTTTGGTG 7.9 233 205

RM23958 R TTGACAAGGGAATTGAAGGAGAAG
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selection of Sub1 locus were monomorphic between
parents in the present study and hence could not be
selected for genotyping. The polymorphic indel
marker ART-5 in the present study had been reported
as diagnostic foreground marker for Sub! locus
(Septiningsih et al., 2009; Iftekharuddaula et al.,
2011; Sarkar and Bhattacharjee, 2012). Also, the
marker Sub1BC2 has been used as polymorphic
foreground marker as reported by Pradhan et
al.,(2015), and Das and Rao (2015). These two
polymorphic SSR markers used for foreground
selection of target loci in all the generations are
given in table 2.

Table 4. Polymorphic SSR markers used for Background selection
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Sixteen out of eighteen recombinant markers used
for Subl introgression into Swarna by Neeraja et
al.(2007) were analysed for polymorphism in the
present study. Among the sixteen recombinant
markers used, seven markers were found to be
polymorphic between recurrent and donor parents
and were used for recombinant screening in each
generation as shown in Table 3. The position of the
selected seven polymorphic recombinant markers
ranged from 2.3 - 7.9 mb in the 9" chromosome.

Out of 600 genome wide SSR markers, 76 were
found to be polymorphic between donor parent

Chromosome Background Position Chromosome Background Position
No. Markers (cM) No. Markers (cM)
1 RM 3252 0.6 6 RM 402 40.3
1 RM 490 51.0 6 RM3 74.3
1 RM 583 58.9 6 RM 541 75.5
1 RM 600 61.3 6 RM 30 125.4
1 RM9 92.4 6 RM 340 1335
1 RM 246 1152 7 RM295 0.0
1 RM 543 145.6 7 RM 125 24.8
1 RM 212 148.7 7 RM 336 61.0
1 RM 486 153.5 7 RM 18 90.4
2 RM 3340 0.0 7 RM 1362 116.1
2 RM 279 17.3 8 RM 337 1.1
2 RM 1347 26.6 8 RM 310 57.0
2 RM 1352 48.1 8 RM 42 78.4
2 RM 71 49.8 8 RM 458 124.6
2 RM 324 66.0 9 RM 296 0.0
2 RM 6 154.7 9 RM 524 13.2
2 RM 240 158 9 RM 105 32.1
2 RM 250 170.1 9 RM 410 64.4
2 RM 7485 175.7 9 RM 245 112.3
3 RM 231 15.7 10 RM 216 17.6
3 RM 36 40.5 10 RM 311 252
3 RM7 64.0 10 RM 2504 35.9
3 RM 218 67.8 10 RM 304 73.0
3 RM 232 76.7 10 RM228 96.3
3 RM 251 79.1 10 RM 333 110.4
3 RM 282 100.6 10 RM 591 1183
3 RM 468 202.3 11 RM 286 0.0
4 RM 551 8.5 11 RM 7120 56.2
4 RM 335 215 11 RM 287 68.6
4 RM 142 68.5 11 RM 1341 80.2
4 RM252 99.0 11 RM 6965 101.9
4 RM 280 152.3 11 RM 224 120.1
5 RM 413 26.7 11 RM 144 123.2
5 RM 1089 372 11 RM 2136 136.8
5 RM 169 57.9 12 RM 19 20.9
5 RM 39 78.7 12 RM 247 32.3
5 RM 26 118.8 12 RM 235 91.3
6 RM 469 22 12 RM1296 108.2
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Swarna Sub! and recurrent parent Jaya and these
markers were used for background screening in each
backcross generation (Table 4).

Foreground Screening

It involves the selection of plants with target loci
using polymorphic foreground markers. True
hybrids expressed heterozygous alleles, one allele
of recurrent parent and the other allele of donor
parent in F| generation (Figs. 2 & 3). A total of 20
superior performing heterozygous progeny were
selected from 500 progeny in F, generation using
ARTS and Sub1BC2 foreground markers.

In BC F, generation, 155/350 plants and in BC,F,
generation 140/375 plants showed clear
heterozygosity using the foreground SSR markers

ARTS and Subl BC2 which are tightly linked to
the Sub1 gene (Figs. 4,5,6 & 7). The homozygosity
for the target locus could be achieved only by
selfing. Hence after two generations of
backcrossing, the target gene introgressed BC,F
plants were selfed to raise BC,F, generation. In
BC,F, generation, 145 plants out of 420 plants were
found to be homozygous for the target locus. In the
foreground screening of BC F, generation, progeny
which showed homozygous bands in the Sub1 locus
like that of donor parent alone were selected (Figs.
8&9).

Recombinant screening

The heterozygous plants confirmed with Subl gene
introgression were screened with flanking markers.
In BC F, generation, 50/155 plants and in BC,F,
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Figure 2. Genotypic screening of F, progenies with foreground marker ARTS. Lane L: 100bp Ladder, Lane JA: Jaya,
Lane SW: Swarna Subl, Lane 1-17: F, progeny. Arrows indicate heterozygous F, progeny.
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Figure 3. Genotypic screening of F, progenies with foreground marker Sub1BC2. Lane L: 100bp Ladder, Lane JA: Jaya,
Lane SW: Swarna Sub!, Lane 1-17: F, progeny. Arrows indicate heterozygous F, progeny.
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Figure 4. Genotypic screening of BC F, progenies with
foreground marker ARTS. Lane L: 100bp Ladder, Lane
JA: Jaya, Lane SW: Swarna Sub/, Lane 1-7: BCF
progeny. Arrows indicate heterozygous BC F, progeny.
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Figure 5. Genotypic screening of BC F, progenies with
foreground marker Sub1BC2. Lane L: 100bp Ladder,
Lane JA: Jaya, Lane SW: Swarna Sub!, Lane 1-7: BC F|
progeny. Arrows indicate heterozygous BC F, progeny.
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Figure 6. Genotypic screening of BC,F, progenies with
foreground marker ARTS. Lane L: 100bp Ladder, Lane
JA: Jaya, Lane SW: Swarna Subl, Lane 1-7: BCF,
progeny. Arrows indicate heterozygous BC,F, progeny.
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Figure 7. Genotypic screening of BC,F, progenies with
foreground marker Sub1BC2. Lane L: 100bp Ladder,
Lane JA: Jaya, Lane SW: Swarna Subl, Lane 1-7: BC F|
progeny. Arrows indicate heterozygous BC,F, progeny.
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Figure 8. Genotypic screening of Sub/ introgressed Jaya BC,

100bp Ladder, Lane JA: Jaya, Lane SW: Swarna Subl, Lane 1
locus similar to donor parent

generation, 25/140 plants showed clear
heterozygosity using the recombinant markers. Four
markers, viz., RM8303 (2.3mb), RM23770 (3.7mb),
RM23788 (4.2mb) and RM23805 (4.5mb), were
used as telomeric end markers as where three

F, progenies with foreground marker ARTS. Lane L:

-22: BC,F, progeny. Arrows indicate homozygous Sub!

makers, viz.,, RM23917 (7.3mb), RM23922 (7.4mb)
and RM23958 (7.9mb), were used as centromeric
end recombinant markers. In BC F , BCF , BCF,
generations, plants introgressed with Subl gene

were screened with the above mentioned flanking
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Figure 9. Genotypic screening of Sub! introgressed Jaya BC,F, progenies with foreground marker Sub1BC2. Lane L:
100bp Ladder, Lane JA : Jaya, Lane SW: Swarna Subl, Lane 1-22: BC,F, progeny. Arrows indicate homozygous Sub!

locus similar to donor parent.

markers in the upstream and downstream of the
Subl locus. Progeny with heterozygous bands
expressed both the recurrent and donor parent
alleles. In the selected BC F,, BC,F, generations,
screening with the polymorphic recombinant
markers showed the presence of both the recurrent
and donor parent alleles. But in the selfed BC,F,
plants (80/145) the introgressed region of the
selected BC F, plants was of donor type. In BC,F -
3-2-13 and BC,F-3-2-21, telomeric and
centromeric end markers showed homozygous allele
like that of donor parent. In BC,F -5-21-12
telomeric end markers showed homozygous allele
like that of donor whereas centromeric end markers
showed homozygous allele like that of recipient
parent with markers, RM23922 (7.4mb) and
RM23958 (7.9mb) respectively. Figures 10, 11, 12
& 13 show the banding pattern of Sub1 introgressed
Jaya BCF, progeny with recombinant markers. The
segment size of introgressed donor Sub1 region into
the selected BC,F, progeny was estimated to be 0.5-
5.6 mb. The plants BC F,-3-2-13 and BC F -3-2-
21 showed 5.6 mb while plant BCF -5-21-12
showed slightly lesser size of about 5.1 mb, donor
fragment (Table 3).

In the SubI region, three similar genes encode the
ethylene response factor (ERF) domain: Subl 4,
Subl B, Subl C. In submergence intolerant cultivars,
this locus encodes only two ERF genes Subl B and
Subl C. The function of Sub1 B is not clear. Subl 4
diminishes ethylene production and GA

LJASW1234
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Figure 10. Genotypic screening of Sub! introgressed
Jaya BCF, progenies with recombinant marker
RM23922. Lane L: 100bp Ladder, Lane JA: Jaya, Lane

SW: Swarna Subl, Lane 1-7: BC,F, progeny. Arrows
indicate homozygous bands similar to donor parent.
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Figure 11. Genotypic screening of Sub/ introgressed Jaya
BC,F, progenies with recombinant marker RM23958.
Lane L: 100bp Ladder, Lane JA: Jaya, Lane SW: Swarna
Subl, Lane 1-7: BCF, progeny. Arrows indicate
homozygous bands similar to donor parent.

responsiveness causing quiescent growth under
submergence. Sub! C on the other hand increases
ethylene production and GA responsiveness causing
greater elongation of shoot, greater exhaustion of
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Figure 12. Genotypic screening of Sub! introgressed Jaya
BC,F, progenies with recombinant marker RM8303.

Lane L: 100bp Ladder, Lane JA: Jaya, Lane SW: Swarna-
Subl, Lane 1-4: BCF, progeny. Arrows indicate

homozygous bands similar to donor parent.
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Figure 13. Genotypic screening of Sub! introgressed Jaya
BCF, progenies with recombinant marker RM23788
Lane L: 100bp Ladder, Lane JA: Jaya, Lane SW: Swarna-
Subl, Lane 1-4: BCF, progeny. Arrows indicate
homozygous bands similar to donor parent.

JA

2

carbohydrate and poor survival. Several reports
suggested that Sub! A dominates over Sub! C (Xu
et al., 2006; Fukao et al., 2006). It was likely that
presence of Subl A restricted shoot elongation.

In the study reported by Neeraja et al. (2007), they
concentrated on reducing the linkage drag (2.3-
3.4mb) to the minimum level because they used the
wild variety FR13A derived line as the donor parent.
Also, they tried to introgress Subl A alone to the
progeny, as Subl A is the main determinant of
submergence tolerance and Sub! B and Sub! C are
already present in Swarna. But in our study we have
concentrated on introgressing all the three ethylene
response factor genes into the recurrent parent Jaya
and the reduction of linkage drag was not much
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considered as both the recurrent parent and donor
parent used were improved varieties. The presence
of small portion of Swarna Sub! did not affect the
phenotype and yield of the introgressed lines.

Background screening

Background selection involves successive
backcrossing to remove the genetic background of
the donor while recovering genetic properties of
recurrent parent as much as possible. Except target
locus, all genomic regions of the recurrent parent
can be recovered in background selection using
recurrent parent marker alleles (Hasan et al., 2015).
After background selection, 10/50 plants in BC F,
generation, 12/25 plants in BC,F, generation and
14/80 plants in BC,F, generation were selected. In
BC F, generations, the percentage of recurrent
parent genome recovery ranged from 36.5 to 70.3%,
of which BC F -3 had the highest recurrent parent
genome recovery of 70.3%, followed by BC F -5
(68.6%) and BC F -25 (66.6%) respectively. All
these three plants were forwarded to next generation
by backcrossing with recipient parent Jaya. In BC F,
generation, recurrent parent genome recovery
percentage ranged from 68.6 to 78.5%. BCF -3-2
had the highest recurrent parent genome recovery
percentage of 78.5%, followed by BCF -3-5
(76.2%) and BC,F -5-21(75.3%) respectively. In the
selfed BC,F, generation, the percentage of recurrent
parent genome recovery ranged from 72.0 to 86.9%
of which BC,F, -3-2-13 had the highest recurrent
parent genome recovery of 86.9% followed by
BC,F,-5-21-12 (86.0%) and BC F -3-2-21 (85.9%)
respectively. In BC F_-3-2-13, the chromosome nos.
4,5, 7, 8 and 10 were found to be similar to the
recurrent parent Jaya. The percentages of
homozygous markers for recipient alleles (A %),
donor alleles (B %) and heterozygous (H %) of the
selected Subl introgressed BC F, progeny are
shown in Table 5. Graphical genotype of the best
plant BC F -3-2-13 had maximum recurrent parent
genome recovery of 86.9% (Fig. 14). As backcross
generation increased, the percentage recovery of the
recurrent parent genome would also be increased
upto 94-95%. The next generation is being
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Figure 14. Graphical genotype of plant number 3-2-13 of BC,F, population. ‘a’ indicate GGT of 1-6 chromosomes and ‘b’
indicate 7-12 chromosomes. The grey colored regions (A) on the chromosomes indicate homozygous regions for the recipient
genome while the light grey colored regions (H) indicate the heterozygous regions and the black coloured regions (B) indicate the
homozygous regions for the donor genome The distances were represented in ¢M based on published map of Temnykh et al.
(2001).
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Table 5. Percentage of recurrent parent genome recovery after background screening of BC,F, progenies using GGT
software

SI. No. Plant No. Recurrent parent (A %) Donor parent (B %) Heterozygous (H %)
1. BCF-3-2-13 86.9 5.0 8.1
2. BCJF-5-21-12 86.0 9.4 4.6
3. BC[F,-3-2-21 85.9 43 9.8
4. BCJF-5-21-6 81.3 53 134
5. BCF-5-21-1 80.7 9.2 10.1
6. BCJF,-3-5-16 80.6 15.7 3.7
7. BCJF,-5-21-14 79.5 2.9 17.6
8. BCF,-3-5-22 78.1 15.6 6.2
9. BCF,-3-2-6 78.0 10.9 11.1
10.  BC,F-3-5-19 714 10.9 11.7
11.  BCF-3-5-4 75.0 12.1 12.8
12. BCJF-3-5-13 74.3 16.5 9.2
13.  BCJF-3-5-3 74.2 15.5 10.3
14, BC/F-3-5-23 72.0 13.0 15.0

T W S T

Figure 15. In vitro screening for submergence tolerance. a 14 day old plants, b de - submerged plants after 14 days of
submergence, ¢ survived plants after de - submergence. Arrows indicate susceptible check and recurrent parent which
could not survive after de - submergence.
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Table 6. SES Score after 14 days of de-submergence followed by 14 days of complete submergence

Plant no. Number of plants Number of plants Survival Mean value
before submergence survived after percentage after arc sine Score
screening submergence screening (%) transformation

BCF,-3-2-6 40 38.0¢ 95.0 77.079¢ 3
BCF,-3-2-13 40 39.0° 97.5 80.903" 3
BCF,-3-2-21 40 38.6% 96.5 79.628® 3
BCF,-3-5-3 40 38.3% 95.7 77.079¢ 3
BCF,-3-5-4 40 38.3% 95.7 78.354 3
BCF,-3-5-13 40 38.0¢ 95.0 71.079¢ 3
BCF,-3-5-16 40 38.0¢ 95.0 77.079¢ 3
BCF,-3-5-19 40 38.3% 95.7 78.354 3
BCF,-3-5-22 40 38.0¢ 95.0 71.079¢ 3
BCF,-3-5-23 40 38.0¢ 95.0 77.079¢ 3
BCF,-5-21-1 40 38.6% 96.5 79.628® 3
BCF,-5-21-6 40 38.6% 96.5 79.628® 3
BCF,-5-21-12 40 39.0° 97.5 80.903* 3
BCF,-5-21-14 40 38.6% 96.5 79.628® 3
Jaya 40 0.0¢ 0.0 0.716¢ 9
Swarna Subl 40 39.0° 97.5 80.903* 3
CD(0.01) - 0.818 - 2915 -
CD(0.05) - 0.608 - 2.164 -

developed and evaluated for better recovery
percentage.

In vitro screening for submergence tolerance

The selected BC,F, plants were screened to evaluate
the introgression of Subl QTL. After de-
submergence, tolerant plants were selected based
on the visual symptoms using IRRI’s SES for
submergence tolerance screening in rice (Fig.15).
Plants which scored ‘3’ showed similar pattern to
that of Swarna Subl and were found to be tolerant
thus confirming the successful introgression of Sub!
QTL (Table 6) whereas the recipient parent, Jaya
showed zero survival. The data was subjected to
analysis of variance using WASP 2.0 software, the
first Web Based Agricultural Statistics Software
Package developed by ICAR (www.icargoa.res.in).
The plant numbered BC F, -3-2-13 and BC.F, -5-
21-12 showed significantly higher survival rate after
de - submergence and was statistically on par with
the donor parent Swarna Sub 1.

In the present study, 14 lines introgressed with Sub1
locus could be generated in the BC,F, generation.
Out of these eight lines with above 78% background
genome recovery of the recurrent parent were
selected and backcrossed with donor parent Swarna
Sub] to raise BC,F, generation. The Sub! region in
the range of 0.5-5.6 mb was introgressed in the
developed lines. Simultaneously, these lines are
being field evaluated. In recent years, incidence of
flooding have increased due to the extreme weather
events such as unexpected cyclonic heavy rains and
consequent outflow of rivers which cause
inundation and flooding of paddy fields, particularly
in coastal and low lying areas. As rice is the only
crop adapted to waterlogged areas, development of
flood tolerant rice varieties is the only solution for
cropping in the flooded / submerged areas. The Sub!
gene introgression into the existing high yielding
mega rice varieties suited to each location can meet
such demand. After successive field evaluations, the
Subl introgressed lines developed in the present
study can be released as high yielding submergence
tolerant rice varieties.



K. V. Arya and K. S. Shylaraj

Acknowledgments

The authors are grateful to the funding agency XIII
Finance Commission, Government of Kerala for
providing the necessary financial support to carry
out the study and Kerala Agricultural University for
providing facilities for the study.

References

Benbouza, H., Jacquemin, J. M., Baudoin, J. P. and
Mergeai, G. 2006. Optimization of a reliable, fast,
cheap and sensitive silver staining method to detect
ssr markers in polyacrylamide gels. Biotechnol.
Agron. Soc. Environ. 10(2): 77 - 81.

CESS, 2010. Plan project 239. Detailed project report.

Cuc, Luu M., Huyen, Luu T. N., Hien, Pham T. M., Hang,
VuT. T, Dam, Nguyen Q., Mui Pham T., Quang, Vu
D., Ismail, Abdelbagi M., Ham, Le H. 2012.
Application of marker assisted backcrossing to
introgress the submergence tolerance QTL SUBI
into the Vietnam elite rice variety - AS996. Am. J.
Plant. Sci. 3: 528-536.

Das, Gitishree., and Rao, G. J. N. 2015. Molecular marker
assisted gene stacking for biotic and abiotic stress
resistance genes in an elite rice cultivar. Front. Plant
Sci. 6:698.

Doyle, J.J. and Doyle, J.L. 1987. A rapid DNA isolation
procedure for small quantities of fresh leaf
tissue. Phytochemical Bulletin 19: 11-15.

Fukao, T., Xu, K., Ronald P.C., Bailey-Serres J. 2006. A
variable cluster of ethylene response factor-like
genes regulates metabolic and developmental
acclimation responses to submergence in rice. Plant
Cell 18:2021-2034.

Hasan, M. M., Rafi, M. M. Y., Ismail, M. R., Mahmood,
M., Rahim, H. A., Alam, M. A., Ashkani, S., Malek,
M. A., and Latif, M. A. 2015. Marker - assisted
backerossing: A useful method for rice improvement.
Taylor & Francis, 29 (2): 237-254.

Hospital, F. 2003. Marker - assisted breeding. In:
Newbury, H.J. (ed.), Plant Molecular Breeding,
Blackwell Publishing, Oxford, pp. 30 - 59.

Hospital, F. and Charcosset, A. 1997. Marker - assisted
introgression of quantitative trait loci. Genetics 147:
1469 -1485.

Iftekharuddaula, K., Newaz, M. and Salam, M. 2011.
Rapid and high-precision marker assisted

127

backerossing to introgress the SUB1 QTL into BR11,
the rainfed lowland rice mega ariety of Bangladesh.
Euphytica 178(1): 83-97.

IRRI, 1988. Standard evaluation system for rice testing
programme (IRTP), Rice Manual 3rd Ed.,
International Rice Research Institute, Manila
(Philippines), p.19.

IRGSP, 2005. The map-based sequence of the rice
genome. Nature 436: 793-800.

KAU. 2016. Package of Practices Recommendations -
Crops, 15 Ed., Directorate of Extension, Kerala
Agricultural University, Thrissur, p.19.

Manzanilla, D. O., Paris, T. R., Vergara, G. V., Is-mail,
A. M., Pandey, S., Labios, R. V., Tatlonghari, G. T.,
Acda, R. D., Chi, T. T. N., Duoangsila, K.,
Siliphouthone, I., Manikmas, M. O. A., and Mackill,
D. J. 2011. Submergence risks and farmers’
preferences: implications for breeding Sub! rice in
Southeast Asia, Agric. Systems 104 (4): 353-347.

McCouch, Sr., Teytelman, L., Xu, Y., Lobos, Kb., Clare,
K., Walton, M., 2002. Development and mapping
0f 2240 new SSR markers for rice (Oryza sativa L.).
DNA Research 9:199 - 207.

Nandi, S., Subudhi, P. K., Senadhira, D., Manigbas, N.
L., Sen - Mandi, S. and Huang, N. 1997. Mapping
QTL for submergence tolerance in rice by AFLP
analysis and selective genotyping. Mol. Gen. Genet.
255:1-8.

Neeraja, C., Maghirang, R. R., Pamplona, A., Heuer, S.,
Collard, B.C.Y., Septiningsih, E.M. Vergara, G,
Sanchez, D., Xu, K., Ismail, A.M. and Mackill, D. J.
2007. A marker - assisted backcross approach for
developing submergence- tolerant rice cultivars.
Theor. Appl. Genet. 115(6): 767-776.

Pradhan, S, K., Barik, S. R., Sahoo, J., Pandit, E., Nayak,
D. K., Pani, D. R., Anandan, A. 2015. Comparison
of Subl makers and their combinations for
submergence tolerance and analysis of adaptation
strategies of rice in rainfed lowland ecology. Science
Direct 338 (10):650-659.

Ralph, V.B. 2008. GGT 2.0: Versatile software for
visualization and analysis of genetic data. J. Hered.
99(2): 232 - 236.

Sarkar, R. K. and Bhattacharjee, B. 2012. Rice genotypes
with SUBI QTL differ in submergence tolerance,
elongation ability during submergence and re —
generation growth at re — emergence. Rice 5:7.

Septiningsih, E.M., Pamplona, A.M., Sanchez, D.L.,
Neeraja, C.N., Vergara, G.V., Heuer, S., [smail, A M.



Introgression of Sub7 QTL (Submergence tolerant QTL) into the elite rice variety Jaya by Marker Assisted Backcross Breeding 128

and Mackill, D.J., 2009. Development of
submergence tolerant rice cultivars: The SUBI locus
and beyond. Ann. Bot. 103(2): 151-160.

Tanksley, S.D., Young, N.D., Paterson, A.H. and
Bonierbale, M.W. 1989. RFLP mapping in plant
breeding: new tools for an old science. Biotech. 7:
257 - 264.

Temnykh, S., Clerck, GD., Lukashova, A., Lipovich, L.,
Carthinour. S., McCouch, S.R.,2001. Computational
and experimental analysis of microsatellites in rice
(0. sativa L.): Frequency, length variation,
transposon associations, and genetic marker
potential. Genome Res. 11(8): 1441 - 1452.

Toojinda, T., Siangliw, M., Tragoonrung, S., Vanavichit,
A. 2003. Molecular genetics of submergence

tolerance in rice: QTL analysis of key traits, Ann.
Bot. 91: 243-253.

Xu, K., and Mackill, D.J. 1996. A major locus for
submergence tolerance mapped on rice chromosome
9. Mol. Breed. 2: 219 - 224.

Xu, K., Xu, X., Ronald, P.C. and Mackill, D.J. 2000.A
high-resolution linkage map in the vicinity of the
rice submergence tolerance locus Subl. Mol. Genet.
263: 681 - 689.

Xu, K., Xia, X., Fukao, T., Canlas, P., Maghirang, R.R.,
Heuer, S., Ismail, AL, Bailey-Serres, J., Ronald,
P.C. and Mackill, D.J. 2006. SubiA is an ethylene
response factor-like gene that confers submergence
tolerance to rice. Nature 442: 705 - 708.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


