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Abstract: Bacterial blight is one of devasting disease in almost all rice growing countries. The most effective, eco-
nomic and environmental strategy for control of this disease is to develop rice varieties with genetic resistance.
However, new pathotype has overcome single gene for resistance in the new cultivars. So, plant breeders are con-
centrating to develop high yielding varieties with durable resistance using novel technologies. Molecular marker
technology has progressed tremendously in the past decade for genetic improvement of field crops. Molecular
markers can improve efficiency of breeding in different ways for trait in segregating population like identify plants
with target gene in maximum recovery portion of recurrent parent. The transfer of two or three genes into single
variety with the help of molecular marker is expected to lead to more durable resistance. Thus, thus review
describes progress made in the development of bacterial blight resistance rice varieties using Marker Assisted

Selection.
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INTRODUCTION

Rice plays an essential role to human population by
providing nutrients, vitamins and minerals in terms of
growth and development. India is second largest pro-
ducer (106.54 metric tonnes) with capacity of yield
(2424 kg/ha) (Ministry of Agricultural and Coopera-
tion, India, 2014) of rice next to china. According to
UN human population survey, Indian population is
expected to reach 1.7 billion in 2050 (World Popula-
tion Prospects, 2015). This population statistics clear-
ly indicated that the productivity of crop varieties has
to be increased to feed over increasing population.
Bacterial blight (causes by Xanthomonas oryzae pv.
oryzae) is one of destructive disease of rice that causes
as much as 80% yield reduction (Pradhan ef al., 2015,
Arunakumari et al., 2016).

Bacterial blight is a vascular disease resulting in tan-
nish gray to white lesions along the veins. The disease
first appears in the seed bed as tiny, water soaked spots
at the margin of fully developed lower leaves. As the
spots enlarge, the leaves turn yellow, dry rapidly and
wither. On leaf blades, lesions usually begin at the
margin, a few are formed at the tip as water soaked
stripes. The lesions enlarge both in length and width
has a wavy margin and turns yellow within a few days.
As the disease advances the lesions cover the entire
blade, turn white and later become grayish colour. The
entire blade may soon become involved and gets dried
up. This disease occurs at all growth stages, but it is
common from maximum tillering until maturity. In

severely diseased fields, the infection may reach the
grains (Mehrotra and Agarwal, 2003).

In earlier days for disease resistance breeding, breeders
were used to inject spores into planting materials. Af-
ter two/three weeks, evaluations were taken in those
materials for disease development based on the lesions
on the leaves. But the pathogen cause disease in ex-
perimental materials only under favorable conditions
otherwise even susceptible plant would behave like
resistant plant (Charpe et al., 2012). So, breeders need
new technique to evaluate the plant materials in the
absence of pathogen/pest environment. As a result,
molecular marker technology was developed by vari-
ous workers in 21% century.

Era of molecular markers: In crop plants, first Link-
age RFLP (Restriction Fragment Length Polymor-
phism) map was developed in Tomato (Bernatzky and
Tanksley, 1986)and it was gradually extended into
other crop plant also. To overcome the limitation of
RFLP (requirement of quantity of DNA is high and use
of radioactive probes); numerous DNA marker system
based on Polymerase Chain Reaction (PCR) were de-
veloped viz., RAPD (Random Amplified Polymorphic
DNA) by Williams et al., 1990; AFLP (Amplified
Fragment Length Polymorphism) was developed by
Vos et al., 1995 and SSR (Simple Sequence Repeat)
markers.

Application of molecular markers to plant
breeders: Marker Assisted Back crossing strategies
involves indirect selection process viz., Marker Assist-
ed Foreground Selection (target gene) and Marker As-
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Hierarchy in molecular marker evolution:

Restriction Fragment

In Initial days, various rice group scientists had developed RFLP linkage map (McCouch et al.,

Length Polymor- 1988 and Causse et al., 1994) for molecular analysis in rice.
phism (RFLP) Disadvantage:

a. RFLP requires large quantities of good quality DNA.

b. RFLP analysis is labor intensive and time consuming (Lateef, 2015)
Polymerase Chain In the year 1983, Kary Mullis discovered PCR to copy or amplify specific DNA sequence of living
Reaction (PCR) organism. In initial days, klenow fragment was used for amplification in PCR but the drawback of
markers this enzyme operates at optimum reaction temperature at 37° C. Because of heat liability, technolo-

gist have to add fresh enzyme each and every cycle as a result it leads to time consuming and labor
intensive (Oste, 1989)

But report of Thermus acquaticus enzyme by Saiki et al., (1988) which operates at extreme heat
conditions (72°C) makes PCR technology into next level. Now a day, there are numerous PCR
based molecular markers is available for use in molecular breeding viz., Random Amplified Poly-
morphic DNA (RAPD), Amplified Fragment Length Polymorphisms (AFLP), Sequence-Tagged
Site (STS), Expressed Sequence Tag (EST), sequence-characterized amplified regions (SCAR),
Inter-Simple Sequence Repeats (ISSR), Cleaved Amplified Polymorphic Sequences (CAPS). Each
and every marker system has its own advantages and disadvantages. Among different marker sys-
tem, Simple Sequence Repeat is mostly commonly used marker because of its simplicity, co domi-
nant marker i.e. able to differentiate between homozygous and heterozygous plant in segregating
populations, friendly to use and reproducible result across all over the world (Kumar et al., 2009;
Singh and Sengar, 2015; Wijerathna, 2015). Availability of SSR linkage map in rice was developed
by Temnykh et al., (2001) and Orjuela et al. (2010) make possible to tag the individual gene for the
concerned trait. It facilitates the selection of desired plants with the target gene even in the absence
of pathogen/pest environment (Sanchez et al., 2000).

Single-Nucleotide
Polymorphism (SNP)

SNP is a variation in a single nucleotide at the same locus in the genome between two individuals of
the same species. The variation between two individual it’s because of addition/deletion/
substitution of bases. The number of markers is highly abundant as compared to other markers
system as a result polymorphism rate is high; detection and assay of SNP automated allows large
scale genotyping at a short time (Mammadov et al., 2012). The details of SNP marker of rice are
available in OryzaSNP and it needs minimum quantity of DNA, automation of genotype and largest
amount of DNA polymorphism (Huq et al., 2016; kurokawa et al., 2016). Newly developed SNP
markers are amenable to validation and once it is validated, it will be useful in molecular breeding
approaches (Agarwal et al., 2016)

sisted Background Selection (proportion of recurrent
parent genome in desirable plant). In Marker Assisted
Foreground Selection, target genes are transferred into
recipient variety with the help of flanking markers
without any linkage drag (Shanthi et al., 2010).

The selection of plant with target gene in segregating
population is carried out in nursery stage even in the
absence of pathogen/pest environment. So, only the
desirable plants will be transplanted to main field and
it saves like land, water and energy resources
(Basavaraj ef al., 2010 and Sanchez et al.,, 2000). The
main objective of Marker Assisted Background Selec-
tion is to improve/replace defective gene of recurrent
parent from donor parent with the maximum portion of
recurrent parent genome. Parental polymorphism anal-
ysis has been carried out between recurrent parent and
donor parent using markers selected from each of the
12 linkage map of Temnykh ef al., (2001) and Univer-
sal Core Genetic Map (Orjuela ef al., 2010). Polymor-
phic SSR markers identified during parental polymor-
phism studies will used to identify plants with maxi-
mum recovery of recurrent parents in selected plants of
backcross segregation populations.  Marker assisted
selection speed up the breeding process and shorten the
development time of varieties (Cuc ef al., 2012; Tole-
do et al., 2015)
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Gene pyramiding: Generally, disease resistant variety
have single gene for resistance and the durability of
such gene is no longer for resistance. Since continuous
pressure exert on the pathogen to develop virulence
against resistant gene either by means of mutation or
recombination. So, to develop long lasting resistant
variety the concept of Gene pyramiding came into ex-
istences i.e. transfer of one or more genes into single
variety. Because of Quantitative
‘Complementation’ (Basavaraj et al, 2010) or
‘synergistic action’ (Zhang et al., 1996) pyramided
variety gives longer durability.

The chance of becoming virulence to two or three
genes is much less compared to single gene (Mundt et
al., 1990). Bacterial blight genes (Xal, Xa3, Xa4, xa5,
Xa7, xal3 and Xa2l) were pyramided into popular
varieties, some of them enlisted in Table 1.

Marker assisted selection based released varieties in
India

Improved Pusa basmati 1: Pusa Basmati 1 was re-
leased in the year 1989 and the variety was popular in
cultivation because of high yielding with excellent
grain quality. But this variety was highly susceptible to
Bacterial Blight disease. Bacterial resistant gene (xa/3
and Xa2l) were pyramided into Pusa Basmati 1
through Marker Assisted Backcrossing Selection
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Table 1. Genes conferring resistance to bacterial blight transferred into popular cultivars of rice using molecular markers.

S.N. Target gene Molecular Markers Crosses Reference
1 xal, xal3 and Xa2l RGS556, RG136, pTA248 PR106 ~ X IRBB62 Singh et al., 2001
2 Xa21 and Xa4 55?13/?}?2’) STS ‘marker (MP1 1 ANHUT* X IRBB24 Ming et al., 2006
RG556, RG136, pTA248 and . * Bharathkumar et al.,
3 xa5, xal3,Xa2l and Xa4 STS marker (MP1 and MP2) Jyothi /IRS0" X NH56 2010
Pusa 6B and PRR78" X .
4 xal3 and Xa2l RG136, pTA248 PUSA 1460 Basavaraj et al., 2010
5 xa5, xal3 and Xa2l RG556, RG136, pTA248 g%g‘go AND - ADT47" X Bharani et al., 2010
6 xal3 and Xa21 RG136, pTA248 gpe 3 Basmati x PR 106- ¢ ooirohit ef al., 2011
RGI136, pTA248, RMI190, Basmati370 and Basmati 386 .
7 xal3,Xa2l,wx and sdl RM339 and RM284 < IET17948 Bhatia et al., 2011
] xal3, Xa2l, Pi54 and RGI136, pTA248, RM206 and Improved Pusa Basmati 1 x Singh et al., 2012

qSBR 11-1 RM224

9 xaS,xal3,Xa2l and fgr RM515

10 xal3 and Xa2l RG136, pTA248

11 xal3 and Xa2l, RG136, pTA248

12 xa$5, xal3, Xa2l RG556, RG136, pTA248

RGS556, RG136, pTA248 and

Tetep
IRS5441-2xIRBB59 Salgotra et al., 2012

Taraori Basmati and Basmati

386" x Improved Samba Pandey er al., 2013
Mabhsuri (ISM)

MTU1010"  x B95-1

(Improved Samba Mahsuri) Magar et al., 2014
Ja} magna x Swarna BB pyra- Pradhan et al., 2015
mid line

*Popular cultivar used as recurrent parent to improve resistant to bacterial blight disease.

(Joseph et al., 2004). During each backcross genera-
tion, plants which had bacterial resistant gene in the
background of Pusa Basmati 1 was selected and a se-
ries of field trials were conducted. An improved ver-
sion retains unique characteristics of basmati with tar-
get resistant genes (xa/3 and Xa21) and released for
cultivation in the year 2007 (ICAR, 2009).

Improved samba mahsuri: Samba Mahsuri was pop-
ular cultivated in southern states of Indian country, but
the variety was susceptible to Bacterial Blight disease.
To increase resistance to this disease, Sundaram et al.
(2008) pyramided three bacterial blight resistant genes
(xa5, xal3 and Xa2l) with the help of gene linked
markers (RG556, RG136 and pTA248) into Samba
Mabhsuri. Improved version possessed disease resistant
gene without any comprise in the unique features of
the variety and released for commercial cultivation in
2009 (Smart Indian Agriculture, 2016).

Swarna Subl: Swarna was released in 1982 even
though the variety has good yielding capacity and it
does not withstand flash floods and typhoons. Scien-
tists were introgressed SublA into Swarna variety by
Marker Assisted Backcrossing Strategy. Improved
version shows tolerant to complete submergence of
about two weeks. Swarna Sub/ was released in 2009
for cultivation especially low land areas (Bailey-Serres
etal., 2010)

Suggestive measures for obstacles in development
of resistance against blight disease: Breeders have
realized potential and benefit of Marker Assisted Se-
lection by improving the efficiency of selection but it
also have some disadvantages. The problem of widely
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used SSR marker is that they require extensive se-
quence data from the species of interest as a result it
leads to increase initial investment in molecular breed-
ing research. But, once marker is validated this should
allow more widely applicable for crop breeding pro-
grammes (Reddy, 2017). Some of the markers viz.,
RAPD and ISSR have reproducibility problem i.e. the-
se types of markers not capable of reproduce result
across different laboratories (Kumar et al., 2009,
Shehata et al., 2009). But the amplification products
of RAPD are found to be reproducible when the reac-
tions are repeated using the same reaction conditions
(Kumari and Thakur, 2014). In field crops, most of
economic importance characters like yield and its pa-
rameters are complex inheritance because it is gov-
erned by several genes. So, it is always a great chal-
lenge to develop marker linked to Quantitative Trait
Loci (QTL) characters. The performance of QTL is
unpredictable because in experimental studies of QTL
mapping is restricted only to biparental combination
and it may not effective in different back ground be-
cause of interaction with loci and epistasis (Holland
2007; Collard et al., 2008). The development and ac-
curacy of marker closely linked to QTL depends on the
following factor viz., population size, extent of genetic
variation and number of DNA markers. Resolution
can be dramatically improved with several generation
intercrossing when establishing MAGIC (Multi-Parent
Advanced Generation Intercross: It is defined as inter-
rogate alleles from multi-parent crosses and to provide
increased recombination and mapping resolution) or
NAM (Nested Association Mapping: It is approach to
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the mapping of genes underlying complex traits in
which the statistical power of QTL is combined with
the high chromosomal resolution of association map-
ping) (Korte and Farlow, 2013; Bandillo et al., 2013;
Yu et al., 2008).

Cost effectiveness of MAS: MAS has been proven to
successful technique for selection of desirable plants in
segregation population without linkage drag, pyramid-
ing disease resistance gene and shortens period of re-
leasing new cultivars. But the usage of MAS is re-
stricted to traits with monogenic inheritance, laborato-
ry with highly technical equipment and well trained
scientific human resource as well as operation resource
(Nilausen et al., 2016; Yang et al., 2016). The relia-
bility and reproducibility of QTL based marker is un-
predictable because of these types of markers were
developed only in limited period of time/locations.
So, the success of this technique depends on factors
that influence markers of heritability trait, phenotypic
screening and cost of inputs. Once marker developed
and validated for concerned trait it is cheaper than
conventional breeding (Roychowdhury et al., 2013).
In comparing cost effectiveness of conventional and
MAS, it is necessary to consider the value of time sav-
ings by MAS and accelerated release of varieties turn
into economic benefits. So, integrating the knowledge
of both molecular biologist and plant breeders will
enable the effective application in plant breeding pro-
grammes (Mba ef al., 2012).

Conclusion

After the successful release of Marker Assisted Selec-
tion based varieties for cultivation, the significance of
molecular marker has become popular all over the
world. Molecular markers not improve the efficiency
of plant breeding method but also it saves money and
time. In future days, breeders have choice of using
traditional breeding methodologies in combination
with marker assisted selection to release varieties in
short period of time.
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