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Abstract

Rice [Ovyza sativa L] Is the most important cereal crop belengs to the family Poaceae (Grass) which provide
staple food for half of the World's population (3.3 billion). This staple food grain (rice} supples the main
energy resource providing 40-75% of the daily calorie intake to the world’s poor people. It is equivalent to the
proposition that "Rice is life” in Asian continent because 90% people dependent on for thelr custainable
livelihood. Simultanecusly Asia is considered as 'Rice Basket' because it produces 90% of the world's
production (562 millicn tons, paddy rice, Mt). Total world production was 729 Mt from '154.3 million hectares
with productivity of 4.1 tons/hectare (t/ha) in 2012 of which 662 milion tons produced by Asian countries. Rice
production has been doubled in the recent decades (19605-1990s) during the tirme of Green Revolution (1960s)
priracily s the result of genetic improvement, It was factual that the varieties released in the last 30 years in
the farmers field, had & narrow genetic base in-spite of high genetic diversity prevailed in the rice germplasm,
and yield enhancing capacity has reached to plateau. We need more production of rice to feed 9 Billion people
in 2050, Breeder could manage the yield increase over released varieties through genetic gain by combining
the veeld related genes/QTLs from various genetic resources of rice germplasms either from cultvated local
landraces o from wild varieties. Germplasm diversity is the mainstay for crop smprovement and genetc
dissaction of complex traits, Rice germplasm shows tremendous genetic diversity in both within the species and
among the vadetal groups. This genetic diversity may be assocated with the diverse alleler of important traits
and can be ewploited to introgress these traits using knowledge of molecular breeding technigues such as
marker assisted breeding (MAB) or marker assisted selection (MAS). The Next Generation Seguencing based
technology is used for whole gename analysis to unvesl the genetic and genormic infarmation pertaining to
important traits for advancing the molecular breeding procedures to increase the production. That utimately
jeads to the development of genomic breeding and genomic selection to accelerate the bresding process.
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Introduction of traits related to N and P-use has been
Genomic  Breeding [ Genomic  Assisted acquired from the genome sequencing
Breeding (GAB) and Genamic Selectian (GS]] analysis and that has been utilized In
Rice genome sequendng information has engineering 'Green Super Rice’ (GSR) to
revolutionized the research dimension in rice enhance the yield and quality of rice with
genetics and breeding and as a result many minimum inputs (Zhang, 2007, Marker
yarieties were improved that will continue to assisted selection (MAS) s an indirect process
feed the growing world population (Scott, of selection where screening and individual
2016). Now, rice has been considered as a plant identification is carried out on the basis
model crop for gemetics and breeding. of markers (DNA markers) instead of the
Genome sequencing infarmation of rice allows expressed phenotypic trait.  Therefore,
the breaders to better understand the genelic thriving benefits of MAS depends on the tight
variation and can exploit this genetic variation assodation between the markers and the
to improve the HYV (McCouch et af, 2012) gene (or 7is) responsible for that traits.
Molecutar understanding of the genetic basis Recombination  assoclated  phenomenon
between linked markers and the gene(s)

sComesponding author limits the applicability of MAS treeding. The
£ rnail: subhascriredifimall. com application of intragenic markers, termed as

functional markers can help to surmount this
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problem (Andersen and Libberstedt, 2003).
Thus, mew type of genomic tools such as NGS
can accelerate the identification of markers
tightly linked to target genomic reglons.
Limitatiors  of MAS procedure can be
overtome using a discrete system known as
genomec  sedection (G5 or  genome-wide
selection), based on the high-throughput
Next  Generation  Sequencing  (NGS)
techrique. Huge amount of genomlc
mformation can be assembled using the Next
Generation Sequencing (NGS) technologies,
which allows mass sequencing of genomes
and transcriptomes, The bioinformatics
analysis of this genomic data escorts to the
development of large collections of molecular
markers leading to the discovery of new
gene/QTls, position and dissedion of
complex traits. The NGS technology has
revolutionized the genotyping ability (gene
and QTis discovery) of large population that
help breeders o accelerate the breeding
program. The SNPs markers are available in
this NGS era and thus becoming the preferrad
choice of marker system in modern genomics
research (Ganal ef &l 2009). SNPs are more
abundant, stable, amenable to automation,
and most cost-effective in this NGS system.
Genes and @Tis are identified through
genome-wide assodation studies (GWAS)
based on association mapping which also
termed as linkage diseguillbrium (LDY
mapping (phenotype-genctype associations).
High-density genpome markers are  being
successfully  used in background  and
foreground selection (also termed as positive
sglection) in rice breeding. Due to the
advantage of the NGS technique, it is now
prssible to re-sequence the whole genome aof
any rice varetes to study the genetic
dgiversity and variations. Re-sequencing of
genome s constructive In order to the
genome-wide discovery of markers for the
building of high denslty genetic maps based
on SNPz or SSR markers. These types of
SSR/SNFP markers are explolted In marker
assisted  splection  (MAS), which Indude
marker assisted backcross selection and helps
the breeder to design the genotype of a cross
and commonly known as 'Breeding-by-
Design’, because genotype of the individual is
predetermined and predesigned. The samao

markers may be utllized in ‘genomic selection’
(GS) In the genomic breeding technique
(Perez-de-Castro et al, 2012) to improve the
rice varieties. Genomic selection (GS) is a
new type of breeding method (Genomic
breeding) In which genome-wide markers is
used to predict the breeding valve of
individuals in a breeding population.

In this way, many genes and J7is of
agronomically valuable traits are Identified
and information about LD (linkage
disequilibrium) and millions of SNPs data are
detected from the genome sequencing
analyses, which as a whole accelerating the
genomic breeding to improve the varieties.
The genomic breeding approach can be used
as an advanced tool to the alternative of the
conventional  marker-based  genotyping
process for discovery of gene (s) and Q7L
Marker assisted selection (MAS) in molecular
breeding  system has  accelerated  the
development of crop varieties with improved
yiedd, quality and biotic and abiotic stress
tolerance braits. But these traits are complex
and governed by many genes, each with
small effect, The traditional marker-assisted
selection (MAS) has not been so effective to
analyse such traits. Marker-assisted selection
{MAS) has falled to signifiantly improve
polygenic traits (Bernardo, 2008; Xu and
Crouch, 2008). To solve these difficulties, a
novel statistical method has been employed
to enable the simultaneous estimation of all
marker effects and we can get genomic
selection (GS) (Meuwissen et al, 2001). The
Intreduction  of genomic selection (GS),
however, has shifted that paradigm in the era
of low cost genome sequencing regime
{Jannink ef a&l, 2010). Genomic selection
uses a 'training population’ of individuals that
have been both genotyped and phenotyped
to develop a model that takes genotypic data
from a ‘candidate population’ of untested
Individuals and produces genomic estimated
breeding values (GEBVs) (Heffmer o al,
2008}, In simulation studies, GEBVS based
solely on individuals’ genctype have been
remarkably accurate. Some  statistical
methods have been used (Best Linear
Unblased Predictors  (BLUP)  Bayesian
regression, machine leaming methods) to
develop prediction models for  genomic
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setection (GS). Both the markers, S5R-like
multiallelic markers and SNP-like biallelic
markers has given the same prediction value,
thus both are rellable in the GS.

Mapping population

Im molecular breeding  system, mapping
populations are mandatory which facilitates
QTL mapping and gene function analysis
based on assodation studies. Different
categories of populations are developed and
used as mapping population such as bi-
parental and multi-parent mapping
populations, mutant populations, and
immortalized recombinant inbred lines (RILs),
BlLs, F2 populations. Primary knowledge i
gained from the analyses of mapping
population using DMNA markers subsequently
are being utilized for the identification and
map location of agronomically important
genes/JTIs that provides the basis for
marker-assisted selection (MAS) In plant
breeding or in genomic selection (GS).

{TL mapping through conventional
markers such as 55R, produced low resolution
linkage map and time consuming. Most of the
agronomically Important traits are assoclated
with multiple gemes and named as Q7L
(Quantitative Trait Loci). Thus cloning and
identification of a gene/@TL related o the
traits i somewhat problematic and laborous
using marker based technigue. It is easy if
any one uses the sequendng-based
genotyping to discover gene or JTLs (Huang
et af, 2012). Genomic selection is carmed out
based on simultaneous estimation of effects
on phenotype considering all Joo, haplotype
pattern, and markers available to calculate
genomic value which ultimately used to select
the desired phenotypes. These estimated
value is termed as the genome estimated
breeding values (GEBVs), are the output from
a model of the relationship between the

markers and phenotypes of the
individuals undergoing selection. Varshney et
al (2014) studied the need of genomics
breading in crop improvement using the NGo
technology which act as highly multiplexed
genotyping  system  and used In many
different ways for genotyping the Individuals
such as whole genome sequencing (WGS),
whole genome re-sequencing [WGRS), and
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genotyping by seguencing (GBS) systerm.
Gename-wide association studles (GWAS)
method based on NGS system has offered an
effective technigue to analyze the gemetic
architecture of complex traits and allowed
identification of candidate genes for further
improvement of agronomically  important
traits (Huang &t al, 2010; 2012).

Genomic Era in Rice Breading

The International Rice Genome Sequencing
Project has released the completed genome
sequencing report of cultivar Nipponbare of
0. sativa ssp. japonica (IRGSP 2003 in the
year 2005. Before that draft genomic
sequence of this Nipponbare cultivar was
published in 2002 (Yu et af, 2002). In the
came year, the draft genomic sequence of
ane Chines cultivar 93-11 of subspecies indica
was also released (Goff et af, 2002). Three
rice genome sequences are now available as
reference genome such as Aus rice cultivar
Kasalath, indica nice variety 93-11 (Kanamor
et af, 2013; Gao at al, 2013) and
Mipponbare of japonica rice cultivar (TRGSP,
200584, Genomic information acquired from
thesa reports is helpful in rice breeding by
analysing the functional genomics markers.
Reference genomes are served as a souwrce of
gene catalogue to [dentify high density
polymorphic markers, which may be related
ta the genes of particular traits (Feltus ef all,
20043, The Nest Generation Seguencng
(NGS) technologies such as IHumina,/Solexa
(Gao ef al, 2012) have revolutionized the
genotyping  and  functional  genomics
approaches for discovering new genes and
alleles to accelerate the breeding process.
The availability of high quality whole genome
saguence provided a thorough understanding
of the genome structure and evolution
patterns. Novel means of understanding the
genome functions could be designed by
utilizing the ODOMNA sequence information.
These developments led to the birth of a new
discipline  In  biclogy aptly termed as
"Genomics”,

Short reads of the re-sequencing
{NGS) data from rice varieties can accurately
align using any one as the reference genome
from these three. The comparative analysis
can also be done using these three reference
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oenoae al a Line o analyze genetic vadation
ton and Huang, 2013) including SNP, TnDel
(inserons-deletions), SV {structural
variation), and CNV (copy number varlations).
Based on the reference genome, simple
sequence repeat (SSR) markers are now
aasily available for any region of the rice
genome because we now know the each and
every bDase pair of mce genome (such as
Nipponbare, indica 93-11, Kasalath). Simple
sequence repeat [SSR) markers are easily
available for any reglon of the genome, and
candidate gene markers are being developed
rapidly, MNow, rice 5 considered as a model
plant in the cereal crops. Genome sequencing
information of the these reference genome
(indica, aus, japonicarice subspeces) have
provided breeders with the neoessary tools
for marker assisted breading (MAS).

Application of Marker Assisted Selection
(MAS)

In MAS breeding, markers associated with the
genes are the main indication for gene
mapping and identification. Many genes and
G7s with major effects are being utilized to
develop improved varieties of rice using
marker assisted  backcrossing  breeding
(MABCY,  Submergence tolerant  mega
varieties has been development and released
within 2-3 years was a significant paradigm
shift in rice breeding with MAS. The marker
assisted selection (MAS) and marker-assisted
back-crossing (MABC) systems have been
psad in rice breeding to incorporate the
genes/Tls from wild or unadapted genetic
resources  (Septiningsih ef &/, 2009; Imal ef
& <013; Uga et &/, 2013). _
The NGS5 based re-sequencing
snowiledge is used to identify genome wide
variation within a spedes and genetic
diversity within the population and [0
determine availabllity of linkage disequillbrium
(Huang ef &, 2010; Jeong el al, 2013; Gua
ef al, 2014) among the varleties, Re-
sequencing  based generated dala are
applicable in the studies of high-throwghput
genotyping, and have been used for large-
scale gene discovery In rice from RIL lines
(Huang ef o/, 2009), haplotype construction
(Xie &t &' 2010); Q7L mapping for culm
length (Xu of af, 2010), Q7L detection for
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grains (Yu &t al, 2011); identifying 49 ITIs
for 14 agronomic tralts and gene discoverny In
Hoe (Wang et al, 2011); genome-wide
association studies (GWAS) for agronomic
traits (Huang ef & 2010, 2011); Identifying
agronomic Q7L In rlce (Xu ef af, 2012); and
rapid @7L mapping In nice (Takagl e&f a.
2013). Milllons of single nudeotide
polymorphism (SNP) and insertion-deletion
{(InDef) markers have been identified in rice
based on genome sequencing results,

Thus rice genome has been saturated
with such sequence based markers SSR and
SWP which is accelerating fine mapping of
genes/@Tis and developing gene-based
allele-specific  markers. Markers  based
genomic information is necessary for the
improvement of rice breeding programs. This
genetic information are used to study the
genetic . variation, Q7L  Identification
{Quantitative Trait Loci) by GWAS, origin of
cultivated rice from wild spedes and help in
molecular  breeding strategies. Both the
processes  are  employed in background
selection integrated with foreground selection
to identify the superior lines with maximum
recovery of Basmati rice genome with
bacterial biight resistance genes (xzi3 and
X32l genes) (Gopalakrishnan er al, 2008).
Allelic variant can also be detected by using
genomic  study based on TILLING and
EcoTILLING technology, through these
approaches one can screen mutant lines and
germplasm collections for thelr genetic
variation to detect agronomically important
trait spedfic genes.

Genomic Assisted Breeding (GAB) and
Genomic Selection (G5)

Sequencing-based GWAS is employed for me
purpose of genetic mapping and uncovering
the genetic varlabllity existed among the
landraces of rce from the mapping
populations (Abe ef &/, 2012; Huang ef al,
2013). Some studies have been performed to
identify the allelic varlations existing in the
rice germplasm through the technique af next
generation  sequencing (NGS) technologies
(Huang et af, 2010; Xu et af, 2011; Huang
of al, 2012; 3K RGP, 2014). The NG5 based
technology Is used In re-sequencing the
whole genome of rice to unvell the genetic
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and genomic Information peraining T
important trakts for advancing the molecular
breeding procedures © Increase  the
production.

The genomics assisted breeding
(GAB) is based on genomic selection, In the
genomic selection (GS), breeder uses all
available markers Information within a
mapping population to predict genamic
pstimated breeding wvalues (GEBVsS) as a
whole. The GAB system has an advantageous
value over conventional breeding where
genotyping data obtained from a seed or
seedling stage can be used to estimate the
trait related performance of mature plants
without waiting for full grown plants in the
fields, which reduces the time and cost for
breeding program (Varshney of al, 2005).
The MAGIC (multi-parent  advanced
generation inter-cross) mapping populations
are used to shuffle the genetic background
among a set of diverse parental lines and
increase recombination, which conseguently
increase resofution af QTL mapping (Bandilo
el af, 2013). Blast resistance gene A in rice
was identified using WGRS technigue, which
is a NBS-LRR (nucleotide-binding site-leucing
rich repeat) type, protein gene (Takag of af,
2013}, Grain yield and yield under drought
conditions has been validated in rice wsing
MAS breading (Imal ef af, 2013; Mishra &t
al, 2013; Venuprasad et af, 2012).
Genomics-assisted breeding has radically
changed the approach so that breeders can
use unadapted genetic resources In breeding
program 1] improve rice
varieties. Blast diseaseis a  devastating
disease of rice caused by fungal pathogen
Magnaporthae grease. The resistant pi2f
allele has been identified through NGS5
approach from japonica rice lines, and can be
used to improve blast resistance
of rice worldwide without any lingkage drag
(Fukuoka et al, 2009),

Genomics-based genotyping system
not only reduces the number of bresding
cycles but also precisely integrate target
genes for particular tralts into an ideal genelic
backgrdund. Twenty-gight genes of Important
traits were detected in rice using whole
genome based SNP array, RICEGK, which is a
(Yu et 3, 2014). Results also detected 12

i1

SNPs per 1 Mb and provided more intensive
information about polymorphisms between
indica and japonica subspecies as well as
variaties within indica and faponica groups. It
showed that SNP chip RICEEK is suitable for
e germplasm  fingerprinting,  functional
allele detection, genetic background selection
among breeding lines and considered that
this genotyping technique can be used
reliably in rice genomic breeding. The
RICEGK was developed using four million
SNPs identified from resequencing results of
500 rce germplasm, Whole genome
sequendng results (Huang ef al, 2012)
demonstrate  that 0.  sativahas  been
domesticated from a single origin of O.
rufipogon.  Many  other research repors
supporting the view that cultivated rice Onza
sativa has been developed from its close wild
relatives 0. ruffpogan and 0. mivara based on
genome Information (McNally af al, 2009
Zhao ef &/, 2010, 2011; Malina of &, 2011).
The NGS based GWAS mapping has
created a new avenues to accelerate the
mining of diverse germplasm to identify
important functional alleles (Zhang et af,
2008; Ikeda & af, 2013). Identified
functional alleles may help to design new
idiotype super rice by combining heterosis
vigour between indica-japonica (Guo and Ye,
2014) subspecies and it can be used o
develop 'Green Super Rice' (GSR) wsing
genomic selection (Zhang, 2007). Rice
breeder can utilize the genomic knowledge
including DNA sequences and gene functions .
to create new genolype and control the
selection procedure tc modify the whole
genomic information to Improve the vaneties
through the advent of genomic technelogies
(ie, Genomic Breeding). In genomic
breading two types of high-throughput
genotyping markers are used, DNA
sequencing and DNA armay ' (Davey &f al,
2011; Gupta ef al, 2008). In genomic
breeding, target gene can be selected based
on  molecular  markers  and  genetic
background selection can be achieved using
genome-wide DMNA polymorphism  analyses
(Yu & @/, 2013). Whole-genome based SNP
array (RICEGK) has been used in genomic
breeding for  fingerprinting the  rice
germplasm, selection of genetic background
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of the progeny lines and target gene
Introgression (Yu e af, 2013). Using this
RICEEK array some functional alleles of seven
genes have been detected such as Sd1 (plant
height), Gnla for grain number, grain size
gene GW2, plant architecture gene TACL and
hybrid fertility gene (S5 and Sa) (Yu et af,
2013); rice germplasm characterization based
on DNA armay (McNally ef 2/, 2009; Wang et
al, 2010), GWAS based SNP-genotyping is
camied out In rice using 44K SNP array
(McCouch et a/, 2010; Zhao & al, 2011):
lllumina GoldenGate SNP Chip is used in
detects SNPs and genetic analysis in rice
breeding (Thomson ef al, 2012). Whale
genome sequencing (WGS) works have been
done in many accessions of rice for genetic
polymorphism analysis (Arai-Kichise el al,
2014; Lyu et al, 2013; Xu et al, 2012; Yang
et af, 2012' Duitama ef al, 2015 and 3K
RGP). Genetic diversity within &.
sativa (McNally ef al, 2009), integration of
important traits in the HYVs (fhao ef &,
2010}, and identification of many gemes
related to complex traits (Q7is) has been
conduocted by the rce sdentists using
GWAS/SNP chip (Zhao et &/, 2011) and
aluminium tolerance traits in rice has also
been studied in details (Famoso af &/, 2011).
Yamamoto &f &l (2012) has developed online
data base (OGRQO) of rice by Incorporating all
the functional alleles and Q71s to fadlities the
rice breeding program world-wide. Based on
the SNP diversity, it was observed owverall
(pairwise SMP differences per kb) wvariation
393, and on average 2.58 within indics
subspedcies, 1.96 within Jsponics and 5.9
between /indica and japonica (Xu er &/, 2012;
Duitama af &, 2015). Supporting the earfier
report that subspecies Jadlice has moare
genetic diversity than japonica,

It 5 obvious 0 inoease
approximately 25% rice grain of the present
production to meet up the demand of
population growth in 2030 from less amount
of arable land, less water and under adverse
effects of climatic change
(Flood/drought/salinity). Estimated annusal
vield increase s needed about 1.2-1.5%%,
which means yield increase of 0.6 t/ ha world-
wide on an average [Seck ef al, 2012}
Population growth will reach nine billion {9
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Bilon) by 2050, and it is imperative o
increase the food supply to meet up the
demands (Godfray et &/, 2010},

Genomic Assisted Breeding for Rice
Crop Improvement

Molecular genetics can play a vital role for the
improvement of rice yield and productivity in
the post-genomics era to sustain word food
security (Miura of &\ 2011, Huang & al
2013). Grain yield enhandng processes are
the main target to increase yield in the rice
breading and genomic research (Huang ef &,
2013; Zuo and Li, 2014; U et af, 2011).
Advanced genomic tools are being used for
study the mapping population and functional
genomics {SHP based  marker-trait
assodiation) analyses to dissect the unknown
complex  taits (OTIs) o uncover the
J7is/genes (G55 GWZ, gSWHGWS G55
TGWE and GIFT) for grain size/welght In rice
(Fan et & 2009; Zhang et & 2012; Weng &f
., 2008; Zhao &f &, 2011; Huang et af,
2010). Tha GWAS have successfully identified
many QTis/gene for agronomic  traits,
induding grain yield (Li ef &l 1957,
Venuprasad ef al, 2012), flowering time
(Chen ef af, 2014), plant height (Ashikari ef
af, 2002), aluminum tolerance (Famosa eof
al, 2011), grain yield under drought stress,
and submergence tolerance (Xu and Mackill,
1996) in rice. Genotyping-by-sequencing
(GBS) was used to discover and call SNPs on
369 advanced inbred breeding lines of rice for
grain yield (kg'ha), flowerng time (days to
50% flowerng), and plamt height (cm)
(Spindel ef ai, 2015),

Plant height specific OTIs were
identified based on genomic breeding
{sequencing based) in rice (Huang ef al,
2009), which was considered as ‘Green
revolutionary’ gene, Whole genome
sequencing of rce cultivar is performed ko
identify gene spedific markers {may be SNPs)
which may help in marker assisted selection
{HMAS) In breeding program. Amyiose content
determining gene specific SNPs were detected
in rice varieties using whole genome re-
sequencing method and discovered three
SNPs  (Waxy-1, Waxy-2 and Waxy-3)
(Duitama ef &, 2015) for quality
improvement and reported as  amviose
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content marker in rice by other group (Larkin
and Park, 2003). Many gene/ QTis were
identified using domng and  functional
analysis of the genes based on comparative
genome characterization (Weng ef &, 2008;
Jiang of &L, 2012). The QTL related to grain
vield DEP1 was characterzed and responsible
for grain number per panicde and for erect
panice (Huang el af, 2009). GS3 is major
J71 related to grain weight and size was
identified by Fan et al (2006). Heading date
Q71 Ghd7 and days to heading (DTHB) were
wdentified in rice (Wue af af, 2008; Wel of &/,
2010; Huang & &, 2013). Wild species O
rufipogon has also been resequenced for the
generation of functional SNPs, which can be
used to improve the crop varieties and
relationship between rice  diversity  and
domestication of rice crop (He af af, 2011;
Huang & &. 2012a) The 'Oryza Map
Alignment Project” (OMAP) was developed for
alignment of sequencing data of wild rice
based on reference genome to identify genes
and QTis (Wing &f af, 2003).

RIL lines are re-sequenced wsing the
NGS technigue and ultra-high-density linkage
map has been constructed for the
identification of many Q7Is assocated with
viedd and gene (DTHE and LAX1). The fine
mapping of J7is and-genes can accelerate
the Q7L dloning and molecular breeding 10
develop improved rice varetes (Gac el al,
2013). Resequencing based gene mapping
has been applied to identify some impartant
gene/ QTIs (gPH1, gPHS, gqGL-3, gGN1) from
the rice lines (Wang et al, 2011; Gao ef af,
2013: Yu ef al, 2011; Duan et a/l, 2013). The
International Rice  Functional Genomics
Project (IRFGP) has been |Initiated to
determine the function of each of the alleles
in the rice genome (Ikeda ef afl, 2013).
Bacterial blight (BB) is one of the most
devastating diseases of rice which causes
huge loss in rice production worldwide and
caused by Xanthormanis
oryzae pv. oryzae [ Xoo). Different approaches
have been applied to make BB resistant rice
vareties through molecular breeding. Lo
B resistance genes
{ Xad Xa26, Xad, Xadb, Xab, and Xady  have
been transferred  to  Improved  varielles
through MAS breeding. These gencs are
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located at the end of the long arm of
chromosome 11. The receptor-like kinase
gene was found In the cloned region of
Xadl¥a26gene (Sun ef af, 2004) based on
GWAS.

The genetic improvemant of Basmatl
rce for yield, quality and resistance to
bacterial  leaf blight (XaZl xad xalj
xah Xaidt xaddtand Xa38) and  blast
(PI1, FIZ, RIS, P9, PIS4, Pib, Fiz, P25, Pi-
ta and P54 A=k ™), brown plant hopper [ Boh-
II21820/21 and BphI8(t)]], sheath blight
(gsHE) and gall midge (Gm<and Gmé)
diseases has been performed by pyramiding
the multiple genes/@TLs through marker-
assisted  back-crossing  (MABC)/marker-
assisted foreground and background selection
(Chesma et &/, 2008; Madhavi et al, 2011;
Natarajkumar ef af, 2012; Sujatha o
al, 2013; Pandey et af, 2013; Pradhan ef
af, 2015). Introgression of known doned
genes and @7is for drought tolerance
(DT¥1.I, OTYZ1, DTYZ.2 DTY31, DTYiZ O
TY9.1andDTY12.1), flood tolerance (sub-
mergence) (Subl) and salinity stress ( Saifo
tolerance are  Initiated to  develop high-
yielding mega rice varieties (ADT46, Bahadur,
MTU1075, Pocja, Rajendra, Mahsuri, Ranji,
ADT39, Pusadd, ADT45, Gayatd and Savitri)
of Inclia through MAS
{http://indla.lrr.org/mega-projects-in-India,
Singh ef &l 2015). This eventually may lead
to development of certain diverse geneticaliy-
tallored high-yielding and climate resilient
early maturing Indian rice vanetes for
sustaining food security.

Furthermore, millions of single
nucieatide polymorphism (SNP) and insertion-
deletion (InDel) markers have already been
identiflied in rice. Saturation of the genome
with such sequence based 55R and SNP
markers |5 accelerating fine mapping a1
map-based cloning of genes, and thus,
development of gene-based allele-spedific
markers. Rice improvement programs are
expected to benefit greatly from the use of
these markers In near future. The availability
of gold standard reference genome sequence
of japonica roe ov. Nipponbare (International
Rice Gename Sequencing Praject 2005) has
propelled the penome resequencng and
transcriptome  sequencing of diverse nec
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genotypes in recent years by use of NGS
\next-generation sequencing) approaches in
India. This in tum led to the development of
ENOrMoUs resources in the form of genomic
{genic) simple sequence repeat (SSR) and
single  nucleotide polymorphism  (SNP)
markers at a genome-wide scale in rice, For
instance, non-redundant 2495052 SNP and
324034 InDel markers have been discovered
by comparing the NGS-based whole-genome
resequencing data of six efite indica inbred
lines (three of each cytoplasmic male sterile
and restorer lines) o accelerate genomics-
assisted breeding for hybrdd performance in
rioe (Subbailyan &f al, 2012). Subsequenthy,
the whole genome resequencing of three
drought/salinity tolerant (MNagina 22 and
Pokkall) and sensitive (IRE64) rice accessions
kdentified mon-redundant 1784583 SNPs and
154275 InDels between reference Nipponbare
and three resagquenced rice accessions. Based
on this outcome, genome-wide 401683 SNPs
between IRE4 and Pokkali and 662509 SNPs
between IRG64 and Magina 22 that are well-
distributed across coding and non-coding
regions of these sequenced genomes were
discovered with the eventual alm to deploy
them in marker-assisted breeding for abiotic
stress tolerance in rice (Jain ef al, 2014).
More recently, the comparisen of whole
genome resequencing data of a widely
cultivated v glyezmic indesx-
containing /ndica rice  variety, Swarna, with
reference  genome  Nipponbare, identified
1,149,698 SNPs (65,984 nON-SYNONymous
SHPs) and 104,163 InDels for dedphering the
genetic basis of complex glycemic index
qu antitative trait in rice (Rathinasabapathi &f
&, 2015).
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