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1. INTRODUCTION

Rice (Oryza sativa) is one of the staple cereal crops of world with total area of
155.711 million hectares and production of 661.811 million tonnes (FAO 2009). In Asia,
where 90 per cent of the world’s rice is grown and consumed by nearly 2.8 billion people,
35 per cent of calorie requirements are met from this crop. Rice in India is grown on an
area of 44 million hectares with a production of 148.365 million tonnes (FAO 2009). In
Himachal Pradesh, rice is a major kharif crop. The state occupies an area of 77 thousand
hectares under rice cultivation with a production of 120 thousand tonnes and an average
grain yield of 1.56 q/ha (Anonymous 2008).

In areas such as Asia, Africa and Latin America where demand for rice is a top
priority, the population is expected to increase 1.5 fold by 2025. However, capability of
land to sustain rice yield is almost saturated. Though, many high yielding varieties of rice
have been released in the recent past, yield potential of these varieties is severely affected
by various biotic and abiotic stresses. Among the biotic stresses, rice blast caused by
Magnaporthe grisea (Herbert) Barr. (Barr 1977) is one of the most widespread and
destructive disease, infecting rice crop throughout the world (Zeigler et al. 1994). The
major blast epidemics covering vast area especially in high humid regions occur on a
regular basis resulting in 11 to 30% crop losses annually which represents a yield loss of
about 157 million tonnes worldwide (Ahn 1994). High degree of variability in virulence
of isolates of M. grisea prevalent in the Northwestern Himalayan region of India makes
the management of rice blast in this area difficult (Rathour et al. 2006).

Rapid changes that occur in the virulence characteristics of populations raise a
continuous threat to the effectiveness of existing blast resistant varieties. Owing to rapid
cnanges in virulence spectrum of M. grisea populations, in many cultivars blast resistance
is quite short lived in the field. Hence, there is an urgent need for strategies to develop
varieties with durable resistance to the disease. Both major and minor genes can
contribute to durable resistance (Zhu er al. 1993; Wang er al. 1994). Successful
exploitation of resistance breeding depends upon careful characterization of resistance
spectrum of the genes in question and combining them so that the ‘gene pyramid’ is

effective against the target pathogen populations (Chen er al. 1995; Zeigler et al. 1994,



1995). Gene pyramiding for rice blast resistance is, however, difficult rather impossible
using conventional breeding methods because of epistatic and/or masking effects of
individual genes coupled with absence of appropriate blast races for identifying gene

pyramids.

Mar.ker assisted selection (MAS) is extremely useful in blast resistance breeding
where resistance phenotypes are often encoded by single or a few genes (Young 1996).
So far, over 85 such major Pi genes conferring resistance to blast disease have been
identified (Sharma et al. 2010) and over 40 of these have been tagged with molecular
markers (Chopra 2006). In general, the sources of resistance are not in agronomically
elite backgrounds, therefore, the pyramid lines, though impart resistance, may not be
agronomically superior. This warrants pyramiding of resistance genes in the elite genetic
backgrounds.

Marker assisted background selection is an approach that facilitates quick
recovery of the recipient genome including the desirable genic regions (Hospital et al.
1992; Visscher 1996; Liu et al. 2003). The Marker assisted background selection can be
led with the exclusive objective of monitoring the degree of similarity of the resistant
lines to the recurrent parent and predicting the degree of kinship among backcrossed
plants. This may be done through the analysis of genetic similarity among the individuals
from the progeny and the recurrent parents, as demonstrated by Hagiwara et al. (2001)
using RAPD markers. In this situation, the number of backcrosses can be reduced by
recovering the plants more similar to the recurrent parent, in addition to phenotypic
selection for the desired trait, thus, reducing the time frame required for developing new
varieties.

Microsatellites are considered ideal markers for genetic studies because they are
co-dominant, multiallelic, highly polymorphic even in closely related individuals and
have high abundance and fairly uniform distribution in plant genomes (Morgante and
Olivieri 1993; Brondani ef al. 1998; Temnykh et al. 2001). The sequence information and

map positions of rice SSR markers are publicly available (http://www.gramene.org) and

more rice SSR markers are being developed to tag any gene and facilitate MAS
(Temnykh et al. 2000; McCouch er al. 2002; International Rice Genome Sequencing
Project 2005). Many research groups have used SSR markers for various purposes,
including estimation of the proportion of donor genome in a recurrent parent background
(Bernardo et al. 2000; Semagn et al. 2007; Gopalakrishnan et al. 2008).
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In addition to SSRs, Inter Simple Sequence Repeat (ISSR) markers (Zietkiewicz
et al. 1994) based on regions that lie within microsatellite repeats also offer great
potential to determine intra and inter-genomic diversity. ISSRs have been widely used to
detect polymorphism, analyze phylogenetic relations, evaluate variation within and
among the landrace mixtures, identify cultivars and delineate wild and cultivated species
(Wolfe and Liston 1998; Camacho and Liston 2001; Nan et al. 2003). These markers
because of multilocus and highly polymorphic patterns (Tsumura et al. 1996; Nagaoka
and Ogihara 1997) can be useful for background selection in rice.

In a recently concluded project in our University, pyramid lines with different
combinations of blast resistance genes were developed in rice. The F;s of locally adapted
cultivar ‘HPU741” with different vertical resistance gene sources were backcrossed with
‘HPU741’ and then selfed to generate BC;F4 populations. The BC,F4 lines might have
predominantly the elite genetic background of ‘HPU741’; however more precise
estimates of genomic background of ‘HPU741’ in these lines can be obtained by
background selection based on DNA based markers. There is also a need to ascertain
resistance genes present in the selected MAS lines, the homozygous or heterozygous state
of these genes, and to identify lines with genomic background of ‘HPU741° along with
blast resistance genes Pi-1, Pi-ta and Pi-K' (syn. Pi-54, Sharma et al. 2010).

The broad objective of the present study is to exploit molecular marker
technology to develop high yielding varieties coupled with durable multigenic disease

resistance to rice blast in Himachal Pradesh.

The study was conducted with the following objectives:

1) To identify different combinations of resistance genes, Pi-I, Pi-¥" and
Pi-ta in the pyramid lines.

ii) To determine the extent of genomic background of ‘HPU741° in the

pyramid lines.
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2. REVIEW OF LITERATURE

The literature pertaining to the objectives of present study has been reviewed

under following heads:
2.1 Plant material
2.2 Marker assisted foreground selection of blast resistance genes

2.3  Marker assisted background selection for estimation of recurrent parent

genome

Rice blast caused by the fungal pathogen Magnaporthe grisea is one of the most:
serious and destructive plant disease in most of the world’s rice-growing areas (Zeigler et
al.1994). Developing rice cultivars with durable resistance to blast is the most
economically feasible and environmental friendly management approach in most blast-
prone rice ecosystems (Ahn 1994). Because of high degree of variability in pathogenicity
of M. grisea races, resistance in many cultivars is short-lived in environments that are
conducive to this disease (Ou 1979; Pan et al. 1998). It is, therefore, necessary to develop
cultivars with durable resistance by combining different resistance spectra into individual

cultivar (Zeigler et al. 1994; Conoway-Bormans et al. 2003; Jia et al. 2003).

Gene pyramiding i.e. incorporating many disease resistance genes preferably
vertical into the elite background of popular or agronomically superior cultivars or
genotypes is, however difficult, rather impossible using conventional breeding methods
due to epistasis and/or masking effect of individual genes coupled with absence of

appropriate blast races for identifying gene pyramids.

The use of molecular markers as a diagnostic tool was first proposed by Tanksley
in 1983 and reviewed by Melchinger ez al. (1990). The term ‘foreground selection’ to the
selection of target allele was suggested by Hospital and Charcosset (1997) whereas the
term ‘background selection’ to identify individuals with a low proportion of undesirable
genome from the donor parent was first proposed by Tanksley et al. (1989) and Hillel ef
al. (1990).



2.1 Plant material

HPU741 is a high yielding rice variety known for its earliness and uniform
maturity is suitable for cultivation in low, mid and high hills of Himachal Pradesh,

besides its agronomic superiority is also resistant to leaf blast (Sharma er al. 1983)

C101LAC and C101AS51 are the two rice NILs that carry broad spectrum blast
resistance genes Pi-1 and Pi-2 respectively in the background of blast susceptible
genotype CO39. Mackill and Bonman (1992) developed these lines by backcrossing
LAC23 (donor of Pi-1) and A5173 (donor of Pi-2) with CO39. They also reported that
Tetep the indica rice cultivar carries three broad spectrum resistance genes Pi-1, Pi-ta and
also another resistance gene, Pi-k" as reported by Kiyosawa er al. (1969). Later these
findings were supported by Inukai ef al. (1994), Kinoshita et al. (1994).

2.2 Marker assisted foreground selection of blast resistance genes

During past decade, genetics of blast resistance has been studied extensively and
more than 85 resistance genes have been identified (Kumar er al. 2010; Sharma et al.
2010). Six resistance genes Pi-b, Pi-ta, Pi-9, Piz-5, Piz-t and Pi-K" have been cloned and
sequenced (Wang ef al. 1999; Bryan et al. 2000; Ou et al. 2006; Zhou et al. 2006; Rai et
al. 2009). Majority of the blast resistance genes and their analogues are located on

chromosomes 4, 6, 11 and 12.

Marker assisted selection (MAS) is a low cost and high throughput alternative to
conventional phenotypic screening and permits rapid introgression of multiple resistance
genes into susceptible varieties (Hittalmani er al. 2000; Narayanan et al. 2004). The
knowledge about the precise chromosomal location of resistance genes and the
availability of markers that are tightly linked to the resistance genes are the two essential
requirements of a marker assisted breeding programme. The availability of a large
number of high density molecular maps of rice, based on microsatellites, sequence tagged
sites (STS), expressed sequence tags (EST) and mapping and cloning of several rice blast
resistance genes has provided a useful background for MAS of blast resistance genes
(Hittalmani et al. 1995; Bryan et al. 2000; McCouch et al. 2002; Fuentes et al. 2008;
Sharma et al. 2010).



Plaha et al. (2005) of our department pyramided blast resistance genes Pi-1, Pi-2,
Pi-ta and Pi-¥" into the elite background of ‘HPU741" following MAS. Pursuing these
studies further, BC F4 lines were developed with the objective to select agronomically
superior lines possessing combinations of blast resistance genes, Pi-1, Pi-2, Pi-ta and
Pi-k". The parents of BCF, lines were HPU741 (recurrent parent), C1I01LAC (donor for
Pi-1), C101A51 (donor of Pi-2) and Tetep (donor of Pi-1, Pi-ta and Pi-k").

2.2.1 MAS for blast resistance genes

Fjellstrom et al. (2004) identified microsatellite markers for blast resistance genes
Pi-b, Pi-k and Pi-ta’ on rice chromosome 2, 11 and 12, respectively. Two microsatellite
markers, RM208 and RM224, were found to co-segregate with the Pi-b and Pi-k genes,
respectively, while OSM89, RM155 and RM7102 were found to closely flank the Pi-ta’.
These markers are expected to facilitate the introgression and pyramiding of these three
blast resistance genes into new rice cultivars and elite lines. Similarly Yi et al. (2004)
developed three PCR-based dominant markers (JJ80-Ts, JJ81-T3 and JJ113-T) for rice

blast resistance gene Pi 5(z).

Three major genes (Pi-I, Piz-5 and Pi-ta) for blast resistance on rice
chromosomes 11, 6 and 12, respectively were fine-mapped using RFLP markers and
subsequently these markers were used to pyramid these genes into agronomically
superior rice varieties (Hittalmani et al. 2000). Jia et al. (2002) also developed the
dominant markers for blast resistance gene Pi-fa. The rice cultivar Katy containing Pi-ta
gene was resistant to predominant blast races IB-49 and IC-17 and was used as Pi-ta
donor. Three STS markers, YL153/YL154, YL100/YL102 and YL155/YL87 linked to
Pi-tq allele were used to detect the introgression of Pi-fa in ten advanced breeding lines

based on Katy, Drew, and Kaybonnet as parents. Five of the lines contained Pi-ta gene.

Sharma et al. (2005) mapped and cloned a dominant blast resistance gene (Pi-¥")
in Tetep. Using 178 sequence tagged microsatellites (STMSs), sequence-tagged sites
(STS), expressed sequence tags (ESTs) and simple sequence repeat (SSRs) markers, they
genotyped a population of 208 F, individuals. The Pi-¥" was mapped between two SSR
markers (TRS26 and TRS33) which were 0.7 and 0.5 cM away, respectively. In a recent
report, name of the Pi-k" gene was changed to Pi-54 as per the standard guidelines of
Committee on Gene Symbolization, Nomenclature and Linkage (CGSNL) (Sharma et al.
2010).



Fuentes et al. (2008) identified new microsatellite markers linked to the blast
resistance gene Pi-1(t). They reported that RM1233*] and RM224 markers were mapped
at 0.0 cM with the Pi-1(?) gene on chromosome 11. Similar findings reported by Prasad et
al. (2009) used SSR markers RM224 and RM1233A and successfully introgressed blast
resistance gene Pi-1 from NIL C101LAC into the susceptible indica cultivar BPT 5204.

Under marker assisted gene pyramiding programme three rice varieties, Digu,
BL-1 and Pi-4, with blast resistance genes Pi-d(¥), Pi-b, and Pi-ta2, respectively were
crossed with G46B a high yielding but blast susceptible variety. Fifteen plants selected
from F, progeny were backcrossed with G46B via MAS to have the background of G46B
(Chen et al. 2004). Four of the plants were heterozygous for the three resistance genes,
ten were heterozygous for two of the three resistance genes and only one was
homozygous for two resistance genes. In Indonesia, two blast resistance genes Pi-/ and
Pi-2 were incorporated into Indonesian cultivars such as Way Rarem, Cabacu and Jambu,
by using an RFLP marker RZ536 and a PCR based marker STS-RG64 (Bustamam et al.
2005).

Ram et al. (2007) performed three way cross involving wild rice O. rufipogon
accession (Coll-4) with high yielding but blast susceptible rice lines of O. sativa (indica),
B32-Sel-4 and B29-6. Preliminary screening of Fs generation lines with blast isolates of
Andaman resulted in two genotypes B90-15 and B90-15-4R with superior yield. Later, in
a trial on monitoring of virulence of M. grisea, these lines (B90-15 and B90-15-4R) were
evaluated along with ten near isogenic lines (NILs) possessing blast resistance genes
(Pi-a, Pi-1, Pi-2, Pi-3, Pi-4a, Pi-4b, Pi-3, Pi-7, Pi-9, Pi-12), four pyramid lines with 2 or
3 gene combinations (Pi-1, Pi-2 and Pi-4), eight international differentials, five resistant
checks and two susceptible checks. The results indicated that line B90-15 had broad
spectrum resistance against 16 isolates of M. grisea present in India. The study also
suggested, broad spectrum resistance in B90-15 was not due to major genes only, but
additional QTLs might also have introgressed from O. rufipogon resulting in broadening

the resistance spectrum. The B90-15 was released under the commercial name Jarava.

Studies were also undertaken to pyramid blast resistance genes as a strategy to
improve durability of blast resistance in Latin America. Pathogen characterization of

spontaneous mutants of the blast pathogen allowed identification of three new blast



resistance genes Pi-b, Pi-9 and Pi-ta* (Victoria and Martinez 2009). Microsatellite
markers tightly linked to these genes were used to detect their introgression and pyramid
these along with already known blast resistance genes Pi-I, Pi-2 and Pi-33 into Latin

American rice cultivars.
2.2.3 MAS for bacterial blight resistance genes

Huang et al. (1997) used marker assisted selection to pyramid four bacterial blight
resistance genes, Xa-4, Xa-5, Xa-13, and Xa-21. Breeding lines with two, three and four
resistance genes showed wider spectrum and a higher level of resistance than the line

with a single gene.
2.2.4 MAS for blast and blight resistance genes

Sridhar ef al. (1996) used a gene pyramiding approach to introduce ‘lineage-
excluding’ genes (Pi-2, Pi-9) into elite commercial cultivars of Central Rice Research

Institute, Cuttack.

Narayanan et al. (2004) identified two major blast resistance genes Pi-I and Piz-5
that conferred resistance to many M. grisea lineages. Rice lines C101LAC and C101A51
used in the present study are the near-isogenic lines and these carry blast resistance genes
Pi-1 and Piz-5 respectively, in the background of a blast susceptible genotype CO39,
were used to develop pyramid lines using closely linked RFLP (RZ536) and SAP (RG64)
markers. In addition to blast resistance genes, Xa2/ conferring resistance to bacterial
blight was also incorporated into the elite background. Three major genes, two for blast
resistance (Pi-1, Piz-5) and one for bacterial blight resistance (Xa2l) were stacked into
rice using MAS and genetic transformation.

2.3  Marker assisted background selection for estimation of recurrent parent
genome

The basis of a marker-assisted backcrossing (MAB) strategy is to transfer a
specific allele at the target locus from a donor line to a recipient line while selecting
against donor introgressions across the rest of the genome. Selection against donor parent
genome is a mean to accelerate the rate of genetic gain in terms of recurrent parent
genome achieved with in the backcrossing strategy (Stam and Zeven 1981; Visscher
1996; Ribaut et al. 2002; Frisch and Melchinger 2005).



Young and Tanksley (1989) made the first attempt to provide a better
estimate of Donor Genome Content by taking marker locations into account; they
introduced the concept of "graphical genotype' to portray the parental origin and
allelic composition throughout the genome. Subsequently, Tanksley ef al. (1989)
proposed the term “background selection” to identify individuals with a low proportion of
undesirable genome from the donor parent. Computer simulations showed that the
use of molecular markers for background selection can accelerate the recovery of
the recurrent parent genome within 2-3 backcrosses as compared to 5 to 6
required in a conventional backcrossing program. The background selection
became a technique that allows identification of individuals with high percentage of
recurrent parent genome was shown to be efficient in several theoretical (Hillel et al.
1990; Hospital et al. 1992; Visscher et al. 1996; Servin and Hospital 2002) as well as
experimental works (Ragot et al. 1995; Benchimol 2005).

Pedigree estimates when compared with marker estimates (RFLP data) of F, and
BC; derived maize inbreds suggested that selection during backcrossing generally
favored the recurrent parent over the donor parent (Bernardo et al. 1997). In a subsequent
study on 13 maize inbreds, Bernardo et al. (2000) reported that pedigree and marker data
often lead to different estimates of parental contribution and coefficient of co-ancestry.
The SSR markers were also found to be superior to RFLP markers for estimating genetic

relationship.

Similar to conclusions of Tanksley et al. (1989), Hospital et al. (1992) showed
that, MAS lead to a gain, in time, of about two generations compared to phenotypic
selection. It was also concluded that markers were most useful when their map positions
are known. Furthermore, in earlier generations increasing the number of markers to more

than three for non carrier chromosomes is of not that much use.
2.3.1 Optimal population size for a marker assisted backcross programme

Marker assisted introgression of a QTL combining foreground and background
selection was investigated by Hospital and Charcosset (1997). They presented recurrence
equations to calculate the minimum population size needed in each back cross

programme.
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Frisch et al. (1999a), in a marker assisted backcrossing programme gave
mathematical equations to obtain (i) the optimum distances (d1, d2) between the flanking
markers and the target locus and (ii) the minimum number of individuals (n) required to
obtain at least one desired individual carrying the donor allele at the target locus and to
have a minimum proportion of donor genome on the carrier chromosome. Analytical
solutions and tabulated results indicated that minimum marker distance decreased with
increasing the number of genotyped individuals. In a similar study Frisch and Melchinger
(2005) concluded that in BC; populations’ marker assisted selection is, within certain
limits, more efficient for large populations than for higher marker densities. In
continuation of his studies, Frisch et al. (1999b) used the published maize map of 80
markers and phenotypic selection of backcrossed progenies and required to a conclusion
that increasing population size from BC, to BC; generation reduced the number of
marker data points by as much as 50% without affecting the proportion of recurrent
parent genome. The results also indicated that a 4 stage selection approach (involving one
foreground selection, recombinant selection and two background selection steps) reduced
the required marker data points by as much as 75% when compared to a selection index
taking into account all markers across the genome. It was also concluded that two stage
selection (involving one foreground selection and one background selection step) is
appropriate in early generation backcross programs and is the only option when there is

no availability of linkage map.

Like Frisch er al. (1999b), Ribaut et al. (2002) also performed simulations for
different back cross marker assisted selection (BC-MAS) strategies using maize genome
as a model. The simulation results indicated that the selection response in the BC, could
be increased significantly when the selectable population size was less than 50, and that a
diminished return was observed when this number was greater than 100. It was also
concluded that MAS could be used at non target loci only at one generation and a
selection at BC; would be more efficient than selection at BC; or BC; generation, due to
the increase over generation of the ratio of the standard deviation to the mean of the

donor genome contribution.
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2.3.2 Optimization of markers per chromosome for effective background selection

In an effort to predict the contribution of the donor parent to the genome of a
backcross individual Visscher er al. (1996) assigned different weights to the markers.
While doing so selection on markers was not taken into account instead they applied
selection index theory proposed by Hazel (1943) to derive weights depending on the
recombination frequency between markers. Like Hospital et al. (1992) they also
concluded that a few well placed markers (two to four markers on a chromosome of 100

cM) would provide adequate coverage of the genome in backcross programs.

Servin and Hospital (2002) suggested an approach of determining optimal
positioning of markers, by taking, the selection on markers into account. They define
optimal marker positions as the positions that maximize the genome wide proportion of
loci that are fixed for homozygous recipient type by the time markers are fixed for
recipient type. In doing so he emphasized the importance of selecting polymorphic
markers rather than monomorphic markers in recurrent parent studies. The results were in
agreement with Hospital et al. (1992) obtained by simulations that take selection on

markers into account.

The inference based on several studies (Hospital ez al. 1992; Visscher et al. 1996;
Servin and Hospital 2002) on the recovery of recipient parent genome is to have optimum
number of markers dispersed throughout the genome rather than many markers
concentrated on a few regions of the genome. It can be summarized that an average
distance of 20 cM between markers and a minimum of 3-4 markers per chromosome are

sufficient for accelerated recovery of the recipient parent genome.
2.3.3 Estimation of recurrent parent genome

An unweighted predictor “a” which takes into account the proportion of marker
alleles that are identical with the alleles of a parental line was used to predict the
contribution of the parental line to the genome of the derived inbred lines (Bernardo et al.
2000 and Heckenberger et al. 2005). In a similar study Visscher er al. (1996) used
another weighted predictor “B” which also takes into account the correlation between
markers on a chromosome to predict parental genome contribution. Similarly Frisch and

Melchinger (2006) in their study on inbreds derived from biparental crosses used a new
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marker based predictor “g” for parental genome contribution which takes into account not
only alleles at the marker loci but also their map distance. They concluded “e” provides
substantially greater prediction precision than the commonly used predictor “a”, and has

a broad range of application in genetics and plant breeding.

MAB as a tool of estimating the content of recurrent genome in backcrossed
progenies is already gaining popularity (Gopalakrishnan et al. 2008; Semagn et al. 2007).
Using this approach Semagn ef al. (2007) released seven BC, lines (NERICA1 to
NERICA7) for commercial cultivation. The release was preceded by the evaluation 70
BC,; interspecific inbred lines derived from crosses between a japonica variety (WAB 56-
104) as recurrent parent and an O. glaberrima variety (CG-14) as the donor parent using
microsatellite markers. The average proportion of recurrent parent genome in these lines
was 87.4% and donor genome was 6.3% while the remaining 6.3% is of non parental
origin.

In another study Kwon et al. (2008) developed 13 near-isogenic lines (NILs) of
japonica rice via a backcross method (recurrent parent: Chucheong, blast resistant
japonica donors: Seolak, Daeseong and Bongkwang). The NILs were scanned using 158
SSR markers. The genetic similarities of the NILs to the recurrent parent Chucheong
averaged 0.961, with a range of 0.932 - 0.984. The NILs have the potential as commercial
rice varieties because these have broad spectrum resistance to M. grisea and have the

desirable agronomic traits of Chucheong.

MAB integrated with marker assisted foreground selection was used to improve
Indian Basmati rice by Gopalakrishnan et al. (2008). They used sequence tagged
microsatellite markers (STMS) for background selection along with, foreground selection
markers were used to combine bacterial blight resistance gene from a non basmati
resistance donor (IRBB55) with grain and cooking quality characteristics of the popular
basmati rice variety “Pusa Basmati 1” (PB1) in backcross progenies. An elite selection
‘Pusa 1460-01-32-6-67" was released as a new variety in the name of “Improved Pusa
Basmati 1” for commercial cultivation in India. “Improved Pusa Basmati 1> records a
yield advantage of 11.9% over the “Pusa Basmati 1” in the multilocation agronomic trails

in the basmati growing regions of India.
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2.3.4 SSR as background selection markers

Simple sequence repeats (SSR), also known as microsatellites or short
tandem repeats (STR) are tandemly arranged repeats of mono to hexa
nucleotide motifs that are ubiquitous in eukaryotic genomes and frequently
exhibit variation in the number of repeats at a locus. Their abundance and
inherent potential for variation have made them a valuable source of genetic
markers (Temnykh er al. 2001; McCouch et al. 2002). Microsatellite markers are
highly informative and can be rapidly and reliably visualized without the use of
radioisotopes (Panaud et al. 1996). With the International Rice Microsatellite
Initiative (IRMI) the primer sequences, PCR conditions, polymorphism information,
and map positions of -these markers are publicly available over the Internet with the

domain name “www.gramene.org”.

On the basis of previous investigations (Openshaw et al. 1994; Visscher et
al. 1996; Frisch et al. 1999b), an average marker density of about 10-20 cM is
sufficient to warrant a good coverage of the genome in marker-assisted selection
programs. The SSRs because of higher marker density, almost uniform distribution
throughout the genome and their widespread use in construction of genetic maps,

make it the marker of choice for conducting MAB selection programs.
2.3.5 Inter Simple Sequence Repeat marKkers as background selection markers

Inter Simple Sequence Repeat (ISSR) markers were developed by (Zietkiewicz et
al. 1994). ISSRs are the regions that lie within microsatellite repeats and reveal variations
within unique regions of the genome at several loci simultaneously. ISSRs can be highly
variable within a species and have the advantage of being longer primers, allowing for
more stringent annealing temperatures and revealing a much higher number of
polymorphic fragments with good reproducibility. Accordingly, ISSR markers have been
widely used to detect polymorphism, analyze phylogenetic relations, evaluate variation
within and among the landrace mixtures, identify cultivar and to differentiate between
wild and cultivated species (Wolfe and Liston 1998; Camacho and Liston 2001; Nan et
al. 2003). Several properties of microsatellites, such as a high copy number in eukaryotic

genome, make ISSRs extremely useful markers. These are semi arbitrary markers,
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amplified by PCR; in the presence of one primer complementary to a target microsatellite
amplify the genomic sequences flanked by two inversely oriented repeat elements.
Amplification by these does not require genome sequence information and leads to
multilocus and highly polymorphic patterns (Tsumura et al. 1996; Nagaoka and Ogihara,
1997).

ISSRs have not been used in rice either for MAS or MAB; however their potential
use in such studies along with SSRs is immense, primarily because they amplify different
regions than SSRs. However, ISSR  polymorphism has been used to study genetic
diversity and phylogenetic relationships in Oryza species (Joshi et al. 2000). Forty-two
genotypes including 17 wild species, two cultivated species, O. sativa and O. glaberrima,
and three related genera were used in ISSR analysis. Eleven ISSR primers were used to
determine the genetic diversity and construct a consensus tree. Keeping in view of its
ability to cover large parts of genome, ISSRs can be the marker of choice for MAS or
MAB.



Materials and
Methods




3. MATERIALS AND METHODS

The present investigation was carried out in the Department of Agricultural
Biotechnology, CSK Himachal Pradesh Krishi Vishvavidyalaya, Palampur. The materials
used and the methodologies adopted to achieve the objectives of the present investigation

are given hereunder.
3.1  Plant material

The seed material for the present investigation comprised BCF4 generation lines,
(Table 3.1) which were expected to contain individual or combinations of blast resistance
genes (Pi-1, Pi-2, Pi-ta and Pi-k"). These lines, were derived from crosses of a high
yielding but susceptible parent ‘HPU741° with resistant donors ‘C101LAC’ (Pi-1),
‘C101AS1° (Pi-2), and ‘Tetep’ (Pi-1, Pi-ta and Pi-k") and were designated as MAS
(Marker Assisted Selection) lines. Single plants of 44 elite pyramid lines were used in

this research programme. The parentage of the lines is shown in Table (3.1).
3.2  Research methodology

Research programme was carried out in two steps. In the first step. called as
‘marker assisted foreground selection’, all the plants were analyzed using resistance gene
specific markers (Table 3.2) for the presence of blast resistance genes (Pi-1, Pi-ta and
Pi-¥"). In the second step called as ‘marker assisted background selection’, locus specific
SSR markers and multilocus ISSR markers were used to quantify background of
‘HPU741’ in all the lines. The details of the methodologies adopted are described in the

proceeding text.
3.3  Marker assisted foreground selection
3.3.1 Isolation of plant genomic DNA

Genomic DNA of the parents (HPU741, C101LAC, C101A51 and Tetep) and 44
BCiF, plants was isolated from young seedlings using CTAB method (Murray and

Thompson 1980). Young leaves were excised, rinsed with deionized water and dried on
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Sr.  MAS No. Parentage Sr. MAS No. Parentage
No. No.
1. MAS-8 F1{RG242"x 25.  MAS-68 F,{RG242%x
F,(HPU741xARBN42)} F,(HPU741xARBN42)}
2. MAS-9 F1(RG241'xGR185'%) 26.  MAS-70Q161 BC F3(HPU741xTetep)
3. MAS-10 F1(RG241'xGR185"%) 27. MAS-70Q163-1 BC;F3(HPU741xTetep)
4.  MAS-14 F,(RG242-A*<RG241") 28.  MAS-70Q163-2  BC,F;(HPU741xTetep)
5. MAS-16 F1(RG242-A*xRG241") 29.  MAS-70Q164 BC,F3(HPU741xTetep)
6. MAS-18 Fi(RG241'xRG242-A%) 30. MAS-71Q168 BC,F;(HPU741xTetep)
7. MAS-19 F1(G335°xRG231%) 31. MAS-71Q169 BC,F5(HPU741xTetep)
8.  MAS-20 F1(G335°xRG231%) 32. MAS-71Q170 BC,F;(HPU741xTetep)
9.  MAS-21 F(G273°xRG230%) 33. MAS-72Q171 BC,F3(HPU741xTetep)
10.  MAS-22-1  F,(G273°<xRG230%) 34. MAS-72Q172 BC,F3(HPU741xTetep)
11.  MAS-22:2  F|(G273°xRG230%) 35. MAS-72Q179 BC,F3(HPU741xTetep)
12, MAS-29 F.(GR185'°xG196") 36.  MAS-72Q180 BC,F;(HPU741xTetep)
13. MAS-31 Fi(RG241'xRG242-A%) 37. MAS-72Q181 BC,F3(HPU741xTetep)
14.  MAS-33 F,{RG231°x 38.  MAS-75Q184 BC,F3(HPU741xTetep)
F(HPU741xTetep)}
15.  MAS-34 BC,F,(HPU741xTetep) 39.  MAS-75Q185 BC,F;(HPU741xTetep)
16. MAS-36 BC,F;(HPU741xTetep) 40.  MAS-75Q186 BC,F;(HPU741xTetep)
17.  MAS-38 BCF; (HPU741xTetep) | 41.  MAS-76 F,(RG243*xGR185"%)
18.  MAS-40-1  BC,F; (HPU741xTetep) | 42.  MAS-78 F,(RG243*xGR185'%)
19. MAS-40-2  BC/F; (HPU741xTetep) | 43.  MAS-107 BC,F3(HPU741xTetep)
20. MAS-41 BC,F; (HPU741xTetep) | 44.  MAS-118 BC,F;(HPU741xTetep)
21. MAS-43 BC,F; (HPU741xTetep) 45. HPU741 Recurrent parent
22.  MAS-44 BC,Fs (HPU741xTetep) |46.  CIOILAC Donor of Pi-1 gene
23.  MAS-56 F1(RG242-A’xRG241") 47.  CI01AS] Donor of Pi-2 gene
24.  MAS-58 F(RG242-A*xRG241") 48.  Tetep Donor of Pi-1, Pi-ta & Pi-

K genes

LZTEIBC,F, (HPU741xARBN43); % 0 BC,F, (HPU741xTetep); > ° BC,F, (HPU741xTetep); ARBN42: CI01LAC;
ARBN43: C101A51
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tissue papers. About 0.5-1.0 gm leaf tissue of each plant was frozen in liquid nitrogen and
ground to fine powder using autoclaved pestle and mortar. The ground tissue was
transferred to 2ml eppendorf tubes containing 700 pl of extraction buffer (2% CTAB,
100 mM Tris, 20 mM EDTA, 1.4 mM NaCl and 1% PVP, pH 8.0) maintained at 60°C in -
water bath and mixed vigorously. The mixture was incubated at 60°C for 1 h with
occasional mixing, followed by addition of equal volume of chloroform: isoamy! alcohol
(24:1) and gentle mixing. The mixture was centrifuged at 10,000 rpm for 10 min at room
temperature. The upper layer (aqueous phase) was transferred to fresh tubes, followed by
addition of 600 pl of pre-chilled isopropanol. The contents of the tubes were mixed
gently and the mixture incubated at -20°C for 1 h followed by centrifugation at 10,000
rpm for 10 min. Supernatant was drained and the resulting DNA pellet washed twice with
1 ml of chilled ethanol (70%). The pellet was dried in a stream of sterile air in a laminar air flow
cabinet for 3-4 h. The DNA was dissolved in 1 ml TE buffer (10 mM Tris-HCI, 0.1 mM EDTA,
pH 8.0) and was treated with 1 pl of RNase A (10 mg/ml) for one hour at 37°C. The quantity
and quality of DNA was estimated by electrophoresis using 1.0 % agarose gel.
3.3.2 Validation of markers linked to resistance genes in parental genotypes and

screening of genotypes for blast resistance genes

Previously identified gene specific SSR/STS markers (Table 3.2) were used to
identify the three blast resistance genes (Pi-1, Pi-ta and Pi-¥") in the rice MAS lines used
in the present study. These markers were validated in the parental genotypes with respect
to their polymorphism in the susceptible parent ‘HPU741° and resistance donors,
‘CI01LAC’ (Pi-1), ‘C101A51” (Pi-2), and “Tetep’ (Pi-1, Pi-ta and Pi-¥").

Two SSR markers RM224 and RM1233A for Pi-1 gene, one dominant STS
marker YL155/YL87 for Pi-ta gene and two SSR markers RM206 and TRS26 for Pi-k"
gene were validated to detect presence of resistance genes in different genotypes (See
Table 3.2 for sequence of the primers that amplify these markers). PCR was performed in
25 ul volume consisting of 2 ul DNA template, 20 ng of each primer, 0.2 uM of each
dNTP, 1.5 mM MgCl,, 2.5 pl of 10X PCR buffer, 1 unit Taq polymerase (TAQS00, Life
Tech) and autoclaved double distilled water. PCR amplification of markers RM224,
RM1233A and TRS26 was carried out in a thermocycler (My Cycler, Bio-Rad, USA)

using following temperature profile: denaturation at 94°C for 5 min, followed by 39
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cycles at 94°C for 1 min, 55 °C for 1 min, 72°C for 1.30 min and final extension at 72°C
for 5 min, followed by rapid cooling to 4°C. In case of SSR marker TRS26, the annealing

temperature was 60°C.

Table 3.2 SSR/STS markers used for MAS of blast resistance genes in BC;Fy

rice lines
Gene  Marker Marker Primer sequence (5°-3°) Chromosome Reference
type No.
Pi-1 RM?224 SSR F: ATCGATCGATCTTCACGAGG 11 Chen et al.
R: TGCTATAAAAGGCATTCGGG 1997
RM1233A SSR F: GTGTAAATCATGGGCACGTG Fuentes et
R: AGATTGGCTCCTGAAGAAGG al. 2008
Pi-ta  YL155/YL87 STS F: AGCAGGTTATAAGCTAGGCC 12 Jia et al.
2002
R: CTACCAACAAGTTCATCAAA
Pi-K'  RM206 SSR F: CCCATGCGTTTAACTATTCT 11 Sharma et
R: CGTTCCATCGATCCGTATGG al. 2005
TRS26 SSR F: GGAGAGCCAATCTGATAAGCA Sharma et
al. 2005

R: CAACAAGAGAGGCAAATTCTCA

For PCR amplification of marker YL.155/YL87, the initial denaturation was done
at 95°C for 3 min followed by 29 cycles at 95°C for 30 sec, 55°C for 30 sec, 72°C for 30

sec and final extension at 72°C for 7 min, followed by rapid cooling to 4°C.
3.3.3 Analysis of PCR products

PCR products (10 pl) obtained with SSR markers were mixed with 2 pul of 6X gel
loading dye (bromophenol blue: 0.2% bromophenol blue, 0.2% Xylene cyanol dye and
30% glycerol in a Tris-EDTA buffer) and electrophoressed in 3% agarose gel in 1X Tris
acetate-EDTA (TAE) buffer (40 mM Tris, 40 mM acetic acid glacial, | mM EDTA, pH
8.0) at a constant voltage of 120 V for 1 h. Amplification products obtained with Pi-ta
specific STS marker YL155/YL87 were electrophoressed in 1.5% agarose gel. The gels
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were stained with ethidium bromide (0.5ug/ml) for 10 min, destained for 30 min in tap
water and visualized using ultraviolet transilluminator (Bio-Rad). The gels were

photographed using the Gel-Documentation Unit (Bio-Rad).

Markers linked to three blast resistance genes (Pi-I, Pi-ta and Pi-k") were
validated to detect the presence of respective genes in parental genotypes (HPU741,
C101LAC, C101AS51 and Tetep). All the markers successfully detected the presence of
resistance genes in respective donors and were used to screen the 44 BC,F; pyramid lines

for the presence of individual or different combination of blast resistance genes.
3.4  Marker assisted background selection.

Forty four lines (Table 3.1) were included in this study to estimate the proportion
of recurrent parent genome in the BCF4 lines. SSR and ISSR markers were used in this
study.

3.4.1 Primer details

The sequence information of SSR primers was obtained from the publicly
available database (http://gramene.org/genome) and from published research papers
(Temnykh er al. 2000; McCouch ef al. 2002; International Rice Genome Sequencing
Project 2005; Kumar et al. 2010). Sequence information of ISSR markers was obtained
from Murlidhar (2009). A total of 206 SSR and 30 ISSR markers were used to check
parental polymorphism, and those showing polymorphism (Table 3.3 and 3.4) were used

to profile BC,F, plants to determine their relatedness to recurrent parent ‘HPU741°.
3.4.2 PCR amplification of DNA

The amplification of DNA using SSR primers was carried out in 25 pl volume
consisting of 2 ul DNA template, 20 ng of each forward and reverse primer, 0.2 puM of
each ANTP, 1.5 mM MgCl,, 2.5 ul of 10X PCR reaction buffer, 1 unit 7ag polymerase
(TAQS500, Life Tech) and autoclaved double distilled water. PCR amplifications were
carried out in a thermocycler (My Cycler, Bio-Rad, USA) using the following
temperature profile: initial denaturation at 94 OC for 5 min, followed by 39 cycles at 94°C
for 1 min, 55°C for 1 min, 72°C for 1.30 min and final extension at 72°C for 5 min,
followed by rapid cooling to 4°C. The standard annealing temperature for the rice SSRs
was determined to be 55°C (McCouch et al. 2002).
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Sr.No.  Primer name Sequence
1. ISSR-1 CTCTCTCTCTCTCTCTCTCTG
2. ISSR-2 CTCTCTCTCTCTCTCTCTCTT
3. ISSR-3 CTCTCTCTCTCTCTCTCTCTA
4. ISSR-7 TGTGTGTGTGTGTGTGTGTGG
5. ISSR-11 AGAGAGAGAGAGAGAGAGAGC
6. ISSR-12 AGAGAGAGAGAGAGAGAGAGT
7. ISSR-13 ACACACACACACACACACACG
8. ISSR-14 ACACACACACACACACACACC
9. ISSR-15 ACACACACACACACACACACT
10. ISSR-16 CTCCTCCTCCTCCTCCTCG
11. ISSR-18 CTCCTCCTCCTCCTCCTCA
12. ISSR-25 ACCACCACCACCACCACCG
13. ISSR-26 ACCACCACCACCACCACCT

Amplification of DNA using ISSR primers was carried out in 25 pl volume
consisting of 2 ul DNA template, 40 ng of primer, 0.2 pM of each dNTP, 1.5 mM MgCl,,
2.5 pl of 10X PCR reaction buffer, 1 unit 7ag polymerase (TAQS500, Life Tech) and

autoclaved double distilled water. The PCR conditions for ISSRs were standardized as

initial cycle of 94°C for 5 min, 39 cycles of 94°C for 1 min, 58°C for 1 min and 72°C for

2 min with final extension at 72°C for 5 min, before cooling to 4°C.

3.4.3 Analysis of PCR products

Ten pl of each PCR product was mixed with 2 ul of 6X gel loading dye

(bromophenol blue: 0.2% bromophenol blue, 0.2% Xylene cyanol dye and 30% glycerol

in a Tris-EDTA buffer) and electrophoressed in 3% agarose (Lifetech, India) gel for SSR
or 2% agarose for ISSR in 1X Tris acetate-EDTA (TAE) buffer (40 mM Tris, 40 mM
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acetic acid glacial, ] mM EDTA, pH 8.0). The gels for SSR as well as ISSR were run at a
constant voltage of 120 V for 1 h. The gels were stained with ethidium bromide (0.5
ug/ml) for 10 min and destained for 30 min in tap water. The PCR products were
visualized using ultraviolet transilluminator (Bio-Rad) and photographed using the Gel-

Documentation Unit (Bio-Rad).
3.5 Estimation of recurrent parent genome
3.5.1 Analysis of SSR and ISSR data

The presence or absence of a band of particular molecular weight in SSR and
ISSR profiles was scored manually and the results‘ were entered into an Excel sheet as a
binary data matrix with ‘1’ indicating the presence and ‘0’ the absence of that band. The
binary data were used to generate a similarity matrix using Jaccard’s Coefficient [(Jj;,
Cij/(ni + nj — C;))] (Jaccard, 1901) where Cj is the number of positive matches between
two genotypes, while n; and n; is the total number of bands in the genotypes i and j,
respectively in SIMQUAL programme of NTSYS pc version 2.02a (Exeter Software,
USA, Rohlf 1998). Cluster analysis based on similarity matrices was performed and the
relationship between the 44 BC F4 pyramid lines and their parents was depicted as
dendrogram, by the sequential, agglomerative, hierarchical, and nested (SAHN)
clustering method using the unweighted pair-group method of arithmetic average
(UPGMA). MXCOMP was used to determine the degree of correlation between the
original similarity matrix and the cophenetic value matrix derived from the dendrogram
using COPH. Principal component analysis (PCA) was used to investigate the overall
variation and patterns of relationship among the lines. For PCA, the data were used to
derive similarity matrices from which the principal components (PCs) were extracted and
projected in three dimensions (EIGEN, PROJ, and MOD3D programs). Cluster analysis,
principal component analysis and MXCOMP were performed using NTSYS-pc for
windows, version 2.02a (Exeter Software, USA, Rohlf 1998). WINBOOT software (Yap
and Nelson 1996) was used to assess robustness of the dendrogram typology and the

estimation of faithfulness of cluster analysis.
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3.5.2 Estimation of recurrent parent genome

Genetic similarities between pyramid lines and the recurrent parent (here
‘HPU741°) were an efficient estimate of degree of relatedness between them as these
values were generated based on the detection of ‘HPU741° specific polymorphic DNA
fragments observed in each individual of 44 BCF,4 pyramid lines for the assessed SSR &
ISSR loci. So the 8similarity matrices generated by NTSYS pc version 2.02a using SSR,
ISSR and pooled data of SSR & ISSR were used to estimate the proportion of recurrent
parent genome in each individual and, thus identify plants more similar to the recurrent

parent.



Results and
Discussion




4. RESULTS AND DISCUSSION

In the present study, 44 BC,F; lines supposed to contain individual or
combinations of three blast resistance genes (Pi-1, Pi-ta and Pi-K") were selected. Since
the name of the gene Pi-¥" has recently been changed to Pi-54 (Sharma et al. 2010), we
have used Pi-54 throughout the results and discussion, summary and conclusions. The
results obtained on different aspects of the present investigation are presented here under

the following heads:

4.1  Foreground selection of BC;F, lines for blast resistance genes
42  Estimation of the recurrent parent genome in backcross progenies
4.1  Foreground selection of BC;F,lines for blast resistance genes
4.1.1 Validation of markers in parental genotypes

i) Markers linked to Pi-1: Two microsatellite markers, RM224 and RM1233A
were validated for detection of Pi-1 gene in the parental genotypes. Pi-I was present in
the parental lines C1I01LAC and Tetep whereas it was abscent in HPU741 and C101A51.
Both the markers accurately detected the presence of Pi-/ gene in C101LAC and Tetep.
The allele/loci amplified by RM224 was of 144bp (Fig: 4.1a) whereas the size of this loci
amplified by RM1233A was 147 bp (Fig: 4.1 b).

ii) Marker linked to Pi-ta: The primer pair YL155 and YL87 was used for PCR
amplification of DNA of the four parental genotypes. Amplification of 1,042 bp product
was observed only in resistant parent Tetep (Fig: 4.2) but not in susceptible parents
HPU741, C101LAC and C101AS51, indicating the dominant nature the marker. This

marker was used to screen all BC;F, plants for presence of Pi-ta gene.

iii)  Markers linked to Pi-54: The presence of blast resistance gene Pi-54 in Tetep
was validated by using two microsatellite markers, RM206 and TRS26. Amplification of
approximately 147 bp (RM206) and 346 bp (TRS26) products were observed only in
resistant parent Tetep and was not in susceptible parents’ HPU741, C101LAC and
C101AS51 (Fig 4.3a, b).
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4.1.2. Identification of pyramid lines harboring different combinations of blast
resistance genes

Single plants of 44 elite BCF4 lines were assessed for the presence of three blast
resistance genes, Pi-1, Pi-ta and Pi-54 using STS and SSR markers validated in the

present study.

i) Amplification of Pi-1 gene: The microsatellite markers RM224 and RM1233A
which were reported to be linked to Pi-/ gene were used for PCR amplification of the
DNA of 44 BC,F4 plants. In case of RM224, the DNA fragment linked to the Pi-/ gene
was amplified in 32 plants (Fig 4.4a) whereas in case of RM1233A, 31 plants showed
amplification product linked to Pi-I (Fig 4.4b). Two of the plants amplified only the
RM224 marker, one amplified RM1233A marker whereas 30 plants had amplicons with
both the markers (RM224 and RM1233A). These 30 plants which possessed both the

markers were categorized as possessing Pi-1.

i) Amplification of Pi-ta gene: The primer pair for gene specific dominant STS
marker YL155/YL87, when used for PCR amplification of the DNA of 44 BC,F;4 plants,
22 plants amplified the loci linked to Pi-ta (Fig 4.5). These 22 plants were, thus,

considered to possess the blast resistance gene Pi-ta.

iii)  Amplification of Pi-54 gene: The microsatellite markers RM206 and TRS26
validated to be linked to Pi-54 gene were used for PCR amplification of the DNA of 44
BC,Fs plants. The RM206 marker loci, was detected in 22 BC,F4 plants (Fig 4.6a)
whereas TRS26 marker loci, was amplified in 25 plants (Fig 4.6b). Five of the plants
other than 25 (possessing the resistance loci) showed the presence of both the resistance
as well as susceptible loci (marker TRS26) indicating the heterozygous state of the
marker and the gene. Twenty of the 44 plants amplified both the markers (RM206 and
TRS26) linked to resistance gene Pi-54, and hence could be categorized as those
possessing Pi-54.

The markers linked to Pi-1, Pi-ta and Pi-54 genes used in the present study were
earlier found to be tightly linked to these genes (Fuentes et al. 2008, Jia et al. 2002 and
Sharma et al. 2005). Of these markers, RM224 and RM1233A (linked to Pi-1) were

reported to cosegregate with the Pi-/ (Fuentes et al. 2008). However, in the present
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study, three recombination’s was recorded between these two markers in the 44 BCiF,4
plants (Table 4.1) indicating that the RM224 and RM1233A were not amplifying the
same locus and hence, were not cosegregating. Using a mapping population of 3060
siblings from cross of IRBLkh-K3xCO39, these two markers were estimated to be about
1 ¢cM away from each other (Xu ef al. 2008). It is not clear whether these markers are
flanking the gene or both of these are on one side of the gene. The markers RM206 and
TRS26 which were linked to gene Pi-54 were also reported to be cosegregating (Sharma
et al. 2005). These markers were located at 0.7 cM from Pi-54 on chromosome 11 of rice.
These markers in resistant genotype, Tetep, produced 147bp, 346bp amplicons
respectively. In the present study, 10 recombinants were recorded in 44 BC;Fy lines
between these markers. While in five of the lines RM206 was absent, TRS26 was present
in all the lines. In two lines RM206 was present and TRS26 amplified both the resistance
as well as susceptible alleles. Thus it can be concluded that RM206 and TRS26 were not
cosegregating. Like our findings, Sharma et al. (2010) have also found that RM206 and
TRS26 were about 2.7 ¢cM from each other. However, the genetic distances obtained
using different populations may be variable and sometimes not providing good estimates

of the physical distances between the markers vis a vis the gene.

The STS marker (YL155/YL87) linked to Pi-ta which was earlier found to be
cosegregating with the gene (Jia et al. 2002), produced 1042bp amplicon. Since it
(YL155/YL87) is a dominant marker, it is difficult to establish recombination or

heterozygous condition of the alleles using this marker.

Marker assisted selection for these blast resistance genes of 44 blast resistance
pyramid lines showed that 7 lines did not carry any resistance gene (Tables 4.2), whereas
the combinations of Pi-/ and Pi-54 observed in 7 pyramid lines and all the three genes

(Pi-1, Pi-ta and Pi-54) were present in 15 pyramid lines (Table 4.2).
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Table 4.1 Foreground selection using DNA based markers to detect presence of

blast resistance genes Pi-1, Pi-ta and Pi-k"in BC,F, progeny plants

Sr.  Designation Pi-1 Pi-ta Pi-K” (syn. Pi-54)
No. RM224° RMI233A" | YL155/YL87 | RM206 TRS26
Parents
1. HPU741 - - - - -
2. CI0ILAC + + - - -
3. C101A51 - - - - -
4. Tetep + + + + +
Lines
1. MAS-8 + - - - -
2. MAS-9 - - - - -
3. MAS-10 + - + - -
4, MAS-14 + + - - +
s. MAS-16 + + - - -
6. MAS-18 - - - - -
7. MAS-19 + - - -
8. MAS-20 -. - - - -
9. MAS-21 - - - - H
10.  MAS-22-1 - - + - +
1.  MAS-22-2 - - + - +
12.  MAS-29 - - - - -
13. MAS-31 - - + - -
14. MAS-33 - + - - -
15. MAS-34 + + - - +
16. MAS-36 + + + + +
17.  MAS-38 + + + + +
18. MAS-40-1 + + + + +
19. MAS-40-2 + + - + H
20. MAS-41 + + + + H
21. MAS-43 + + + + +
22. MAS-44 + + - + +
23, MAS-56 - - + - -
24. MAS-58 - - + - -
25. MAS-68 + + - - -
26. MAS-70Q161 + + + + +
27. MAS-70Q163-1 + + + + +
28. MAS-70Q163-2 + + + + +
29. MAS-70Q164 + + + + +
30. MAS-71Ql168 + + + + +
31.  MAS-71Q169 + + + + +
32.  MAS-71Q170 + + - + +
33.  MAS-72Q171 + + + + +
34, MAS-72Q172 + + - + +
35.  MAS-72Q179 + + - + +
36. MAS-72Q180 + + - + +
37.  MAS-72Q181 + + + + +
38. MAS-75Q184 + + + + +
39. MAS-75Q185 + + + + +
40. MAS-75Q186 + + - + +
41, MAS-76 + + - - H
42, MAS-78 + + - - H
43. MAS-107 + + - - +
44. MAS-118 - - + - -

*
Marker names
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Table 4.2 Observed gene combinations in BC,F4 plants

Sr.  Obs. Gene Line No.

No. combinations

1 Pi-1 MAS-14, MAS-16, MAS19, MAS-34, MAS-68, MAS-76,
MAS-78, MAS-107

2 Pi-ta MAS-10, MAS-22-1, MAS-22-2, MAS-31, MAS-56,
MAS-58, MAS-118

Pi-54 -
4 Pi-1& Pi-ta -
5 Pi-1& Pi-54 MAS-40-2, MAS-44, MAS-71Q170, MAS-72Q172, MAS-

72Q179, MAS-72Q180, MAS-75Q186

6  Pi-ta& Pi-54 - A

7 Pi-l, Pita & Pi-54 MAS-36, MAS-38, MAS-40-1, MAS-41, MAS-43, MAS-
70Q161, MAS-70Q163-1, MAS-70Q163-2, MAS-70Q164,
MAS-71Q168, MAS-71Q169, MAS-72Q171, MAS-72Q181,
MAS-75Q184, MAS-75Q185

8  No genes MAS-8, MAS-9, MAS-18, MAS-20, MAS-21, MAS-29,
MAS-33

As stated in the preceding text, Pi-54 was earlier named as Pi-k". This gene like
Pi-k" was isolated from Tetep and was mapped by Sharma er al. (2005). From the
beginning, the identity of Pi-k" reported from India (Sharma et al. 2005) was a subject of
controversy, since the gene was believed to be different from Pi-k" already reported by
Kiyosawa et al. (1969). The markers (RM224, RM144, RM1233A) linked to Pi-k"
(Fjellstorm et al. 2004, Xu et al. 2008) were different from those (RM206, TRS26) used
to map Pi-k" (Sharma et al. 2005). Ending this controversy, Sharma et al. (2010) reported
that the Pi-k" gene identified in donor parent Tetep and used in our study was different
from that reported by Kiyosawa et al. (1969) as this gene was at a distance of more than
10 ¢M from the Pi-k locus. Sharma ef al. (2010) also revised the name of this gene as
Pi-54 as per the guidelines of Committee on Gene Symbolization, Nomenclature and
Linkage. As per our observation, the markers RM206 and TRS26 were also found to
different from each other and were at a distance of 2.7 cM (Sharma et al. 2010).
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4.2  Estimation of the recurrent parent genome in backcross progenies

The recurrent backcrossing programs are planned on the assumption that the

*1 for each of t

proportion of recurrent parent genome recovered is at a rate of 1- (1/2)
generations of backcrossing (Babu ef al. 2004) that means the average recovery of
recurrent parent genome in the individuals of BC; generation should be around 75%.
Molecular markers have been used to estimate the proportion of parental genome
contribution in progeny lines. In these applications, the proportion of alleles originating
from parent P1 at markers polymorphic between the parental lines P1 and P2 is
commonly used as an estimator for the proportion of genome contributed from parent P1
to the offspring (Bernardo et al. 2000; Frisch and Melchinger 2006, Gopalakrishnan et al.

2008). In the present investigation also, marker assisted backcross selection (MABS) was

used to determine the genomic contribution of HPU741 in the 44 BCF, pyramid lines.
4.2.1 Estimation of recurrent parent genome using SSR markers

Initially a set of 206 SSR primer pairs were used to check parental polymorphism.
Of the 206 primer pairs analysed, 41 (19.90%) primers failed to amplify any fragment,
whereas the others (165, 80.09%) produced easily interpretable amplification products.
Out of these 165, only 47 primers (28.48%) displayed polymorphism with respect to the
recurrent parent HPU741. Of the 47 primers exhibiting polymorphism, a set of 37
markers well distributed throughout the genome were chosen to estimate the extent of
HPU741 genome in BCF4 pyramid lines. Keeping in view, the coverage of entire
genome, a minimum of three markers per chromosome should’ve been selected however,
for chromosomes 1 and 3 only one marker was obtained whereas for chromosomes 4, 5, 8
and 11, two markers per chromosome were obtained (Table 4.3). This is in accordance
with the studies of Hospital et al. (1992) and Visscher ef al. (1996), where they suggested
using not more than three markers per chromosome at least in earlier generations of back
crossing. Furthermore to have thorough genome coverage, ISSR markers in addition to

SSRs have also been used for MABS (See section 4.2.2).
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Table 4.3 Observed amplicon size in HPU741 as obtained with SSR markers used for
MABS
Sr. No. Marker *Chromosome No.  **Amplicon Size (bp) in HPU741
1 RM8091 1 210
2 RM6843 2 230
195
160
3 RM3828 2 175
4 RM1358 2 190
5 RM324 2 160
6 RM7389 3 145
7 RM6314 4 225
175
150
8 RM5687 4 195
9 RM5374 5 130
10 RM1054 5 150
11 RM7193 6 200
12 RM3827 6 180
13 RM5199 6 190
14 RM8007 7 175
15 RM248 7 98
16 RM1253 7 180
17 RM3691 7 150
18 RM6215 8 140
19 RM8266 8 275
20 RM7175 9 98
21 RM242 9 175
22 RMS553 9 170
23 RM2915 9 220
24 RM5799 9 190
25 RM1375 10 180
26 RM4455 10 200
27 RM4771 10 210
28 RM4915 10 205
29 RM6745 10 150
30 RM6673 10 190
31 RM4484 11 200
32 RMS5349 11 130
33 RRS10 12 180
34 RRS23 12 195
35 RRS39 12 120
36 RRS60 12 195
37 RRS71 12 220

MABS- Marker Assisted Backcross Selection
* The chromosome on which the marker is situated.

** Observed amplicon size.
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All the 44 BC,F; plants were genotyped using selected 37 SSR primer pairs
(Figs: 4.7 and 4.8). A total of 33 out of 44 BC,F,4 pyramid lines (75%) contained at least
one non-parental band. Non-parental bands may be due to spontaneous mutations at SSR
loci (Jain et al. 2006). To obtain estimates of genetic similarity between the pyramid lines
and to identify the individuals genetically more similar to the recurrent parent (HPU741)
the matrix derived from the microsatellite data was constructed with binary data ‘1’ for
presence and ‘0’ for absence of bands. The proportion of the recurrent parent genome
detected in the BC,F,4 generation plants ranged from 52.6% to 83.0%, with an average of
67.8% (Table 4.4). Among all the lines MAS-40-1 showed high recovery of recurrent
parent genome with 83% similarity to ‘HPU741’ (Table 4.4).

The dendrogram based on Jaccard’s similarity coefficient and SAHN cluster
analysis resulted in four main clusters, A, B, C and D with an overall similarity
coefficient of 0.24 (Fig: 4.9). Cluster A comprised of a line MAS-8, whereas cluster B
had 43 lines along with HPU741. Cluster B could be further sub divided into 9 sub
clusters B1, B2, B3, B4, B5, B6, B7, B8 and B9, Sub cluster B1 comprised three lines
and B2 had 8 lines whereas B3 comprised a line MAS-14 and the recurrent parent
HPU741. MAS-14 was 81.3% similar to recurrent parent but is a single gene (Pi-I) line
(Fig: 4.9 and Table 4.1, 4.4). Sub cluster B4 with 22 lines formed the largest sub cluster
and included most of the two and three blast resistance gene pyramids; one of these lines,
MAS-40-1 recovered 83% (Table 4.4) recurrent parent genome and is a three gene
pyramid (Pi-1, Pi-ta and Pi-54). Individuals in sub cluster B4 shared 85% genetic
similarity whereas this sub cluster has 73% similarity to individuals in B3. The sub
cluster BS and B6 each had a single line MAS-56 and MAS-16, respectively, whereas B7
was comprised of three lines and the sub clusters B8 and B9 had two lines each. The
parental line Tetep was in cluster C whereas the remaining two parental lines, C1I01LAC

and C101A51, formed a separate cluster D.

The cophenetic correlation of the dendrogram with the data matrix derived from
SSR markers was 0.96, indicating that there was a very high goodness of fit of cluster

analysis to the original data.



Fig: 4.7
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Genotyping of BC,F, lines with microsatellite primers (a) RM3828,
(b) RM4484, (c) RM4771, (d) RM5349 and (¢) RM5374 (From top to
bottom); Lanes 1-44: BC,F, lines (See Table 3.1), P1: HPU741, P2:
C101LAC, P3: C101AS51, P4: Tetep; M: 100bp Molecular weight
marker



Fig: 4.8
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Genotyping of BC,F, lines with microsatellite primers (f) RM6843, (g)
RM7193, (h) RM7389, (i) RM8266 and (j) RRS71 (From top to
bottom); Lanes 1-44: BC,F, lines (See Table 3.1), P1: HPU741, P2:
C101LAC, P3: C101AS51, P4: Tetep; M: 100bp Molecular weight
marker
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As per the SSR data, the average proportion of HPU741 was 67.8% (varying from
52.6% to 83.0%) deviated significantly from the expected value 75% (Table 4.4). This
may be attributed to less number of markers used to assay genome or possible linkage
drag of donor genome along with resistance genes, as a result of selection imposed for
blast resistance genes. It may be due to the use of poor resolving agarose gels that led to

partial resolution of polymorphic alleles/loci (Collard et al. 2008).
4.2.2 Estimation of recurrent parent genome using ISSR markers

A total of 30 ISSR primers were studied. Out of these 30, 13 (43.33%) either did
not amplify or fail to generate reproducible and clear bands, the remaining 17 (56.60%)
produced easily interpretable amplification products. Out of these 17, 13 (76.47%)
displayed polymorphism with respect to the recurrent parent HPU741 (Table 4.5). All the
44 BC,F, plants were genotyped using these 13 ISSR primers (Fig: 4.10). These ISSR
primers generated 77 reproducible bands with band size ranging from 260 bp to 2100 bp.
Non parental bands were also amplified in certain genotypes by some primers e.g. one
band with each ISSR7 and ISSR12 and 2 bands with ISSR13. Null alleles a condition
characterised by absence of bands that were observed to be monomorphic among parents
was observed at least once in 24 lines out of the 44. Null alleles may be due to mutation
in the primer binding site (Tsumara et al.1996). The amplification results revealed that 9
bands (maximum) were observed with ISSR13 primer whereas 4 bands were amplified
by ISSR7, ISSR15, ISSR18, 5 bands by ISSR3, ISSR14, ISSR26, 6 by ISSR1, ISSR12,
ISSR6, 7 by ISSR16 and 8 by ISSR2 and ISSR11. On an average, 6 bands per primer
were generated (Table 4.5).

The proportion of the genome of recurrent parent in the BC;F4 lines ranged from
65.6 % to 93.8% with an average of 79.7% (Table 4.6). The genome of lines, MAS-118,
MAS-20 and MAS-33 were highly similar to HPU741 with similarity coefficients of
0.938, 0.937 and 0.921, respectively; these lines, however, were not blast resistance gene

pyramids.
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Table 4.5 Results of marker assisted background selection using ISSR markers
Sr. No. Marker Bands observed
Polymorphic Monomorpic Non parental Total

1 ISSR1 3 3 0 6
2 ISSR2 6 2 0 8
3 ISSR3 2 3 0 5
4 ISSR7 1 2 1 4
5 ISSR11 6 2 0 8
6 ISSR12 1 4 1 6
7 ISSR13 2 5 2 9
8 ISSR14 1 4 0 5
9 ISSR15 2 2 0 4
10 ISSR16 2 5 0 7
11 ISSR18 1 3 0 4
12 ISSR25 2 4 0 6
13 ISSR26 2 3 0 5

35 42 4 77

Dendrogram generated from the ISSR marker data revealed an overall similarity
coefficient of 0.67 (Fig 4.11). All the BC,F, lines with the exception of MAS-41 along
with parents HPU741, C101LAC and C101A51 formed four main clusters, A, B, C and
D. Cluster A comprised two sub clusters A1, A2 sharing an overall similarity at 0.79. Sub
cluster Al comprised two BC,F4 lines MAS-8 and MAS-68 whereas sub cluster A2
comprised parents C101LAC and C101AS51. Cluster B consisted four sub clusters, Bl,

B2, B3 and B4. Sub cluster Bl was consisted of 18 lines and the recurrent parent

HPU741, whereas sub cluster B2 was comprised of 21 lines viz., MAS-18, MAS-36,
MAS-38, MAS-71Q168, MAS-7OQI63, MAS-72Q172, MAS-72Q179, MAS-71Q170,
MAS-72Q171, MAS-72Q180, MAS-40-2, MAS-71Q169, MAS-70Q161, MAS-70Q163,



3940 3142743 44P1 P2 P3 P4 M

R

~-1200bp
8 750bp

Fig: 4.10 Genotyping of BC;F; lines with ISSR primers (a) ISSR1, (b) ISSR3 (¢)
ISSR1S5, (d) ISSR16, and (¢) ISSR18 (From top to bottom); Lanes 1-
44: BCF, lines (See Table 3.1), P1: HPU741, P2: C101LAC, P3:
C101A351, P4: Tetep; M: 100bp Molecular weight marker
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MAS-75Q186, MAS-40-1, MAS-72Q181, MAS-70Q164, MAS-43, MAS-44, and MAS-
75Q185 with an overall similarity coefficient of 0.85. Majority of the two and three gene
pyramid lines were in sub cluster B2. Sub clusters Bl and B2 with overall genetic
similarity coefficient of 0.83 had genetically highly similar individuals. Sub cluster B3
and B4 had single lines MAS-29 and MAS-34 respectively. Cluster A shared an overall
similarity of 0.77 with cluster B. One of the parental lines Tetep formed cluster C
whereas MAS-41 formed cluster D.

The cophenetic correlation of the dendrogram with the data matrix derived from
ISSR markers was 0.87, indicating there was a good fit of cluster analysis to the original
data.
4.2.3 Estimation of recurrent parent genome in pyramid lines using pooled data of

SSR and ISSRs

Pooled data of SSR and ISSR data were also used to construct a composite
similarity matrix and dendrogram (Table 4.7 and Fig: 4.12). The proportion of the
genome of recurrent parent in the BC F,4 generation lines using combined data ranged
from 68.4% to 85.3% with an average of 76.8% (Table 4.7). The dendrogram revealed
three major clusters A, B and C with overall similarity coefficient of 0.49 (Fig: 4.12). The
44 lines and the recurrent parent HPU741 were grouped together in cluster A, which
could further be sub divided into 7 sub clusters A1 A2, A3, A4, AS, A6 and A7 Sub
clusters Al and A2 comprised three lines each whereas eleven lines viz., MAS10, MAS-
21, MAS-14, MAS-33, MAS-68, MAS-76, MAS-118, MAS-78, MAS-107, MAS-16 and
MAS-31 and the recurrent parent HPU741 formed sub cluster A3 with an overall
similarity coefficient of 0.78. Twenty one lines viz., MAS-36, MAS-70Q164, MAS-38,
MAS-71Q168, MAS-72Q171, MAS-72Q179, MAS-72Q180, MAS-70Q161, MAS-
71Q169, MAS-40-2, MAS-71Q168, MAS-72Q171, MAS-75Q186, MAS-70Q163-1,
MAS-40-1, MAS-70Q163-3, MAS-72Q181, MAS-75Q185, MAS-43, MAS-44 and
MAS-75Q184 formed sub cluster A4. Most of the two and three blast resistance gene
pyramids of genes were in sub cluster A4. A single line MAS-41 constituted sub cluster
A5 and shared an overall genetic similarity of 0.78 with sub cluster A4 and 0.77 with sub
cluster A3. Sub cluster A6 comprises three lines viz., MAS-18, MAS-56 and MAS-58,
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whereas sub cluster A7 comprised two lines i.e. MAS-22-1 and MAS-22-2. The donors
of blast resistance genes (C101LAC, C101AS51 and Tetep) were genetically diverse from
the recurrent parent as well as BCF4 lines. While the Tetep formed a separate cluster ‘B’
with genetic similarity of 0.57 with HPU741 and BCF4 lines, C101LAC and C101A51
shared cluster ‘C’ with genetic similarity of 0.49 with HPU741 and BC;F4 lines.

The cophenetic correlation of the dendrogram with the data matrix derived from
pooled data of SSR and ISSR markers was 0.95, indicating that there was a very high

goodness of fit of cluster analysts to the original data.

Johns et al. (1997) by resampling techniques verified that 50 bands produced the
same grouping obtained with 106 bands. Additionally, the accuracy of genetic similarity
estimates increases if the number of polymorphic loci is increased (Bonato et al. 2006)
indicating that pooled data best represent the genome. It can be evident in the average
proportion of recurrent parent genome values obtained using pooled data which is 77%

close to expected recovery of 75%.
4.2.4 Principal component analysis of pooled data.

The PCA is one of the multivariate approaches of grouping based on similarity
coefficients or variance-covariance values that gives more information about major
groups, while a cluster analysis provides higher resolution among closely related
populations. PCA examines relationships among several quantitative variables by
deriving a smaller number of linear combinations (principal components) that retain as

much of the information in the original data as possible.

In our study, a total of 62% of the variations in the estimates of genetic similarity
were explained by the first three components indicating the suitability of pooled data of
SSR and ISSR markers for clustering. The first principal component explained
approximately 51% of the variation where the second component explained
approximately 7% variation and the third one explained about 4% variation of the data. A
total of two distinct clusters were revealed by the first three principal components
(Fig: 4.13). PCA successfully delineated all the BC,F4 lines into 2 major groups. Group-1
included 22 BC,F4 lines and recurrent parent ‘HPU741'. Group-2 was comprised of 22
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BCF; lines. All the lines in Group-2 were two or three resistance gene pyramids. Donors
of resistance genes i.e. CI01LAC, C101A51 and Tetep did not form any cluster. Similar
to dendrogram, PCA placed all two to three gene pyramids in one group and lines

possessing single genes or no genes in another group.

PCA analysis using the first three principle components also confirmed the data of
the dendrogram as two major groups were also observed in PCA. Group-1 delineated by
PCA comprised recurrent parent and 22 pyramid lines with single or no resistance genes
and Group-2 comprised 22 lines with two or three resistance gene pyramids. Possibly, the
genetic drag along with the resistance gene segments of the chromosomes of donor
parents is contributing to increased genetic differences in two and three resistance gene

pyramid lines compared to the recurrent parent HPU741.

Overall, the data indicated that transfer of genome of HPU741 to pyramid lines
was along expected estimates of pedigree. The average recovery of the recurrent parent
genome (HPU741) observed among BC,F4 lines using pooled data of SSR and ISSR was
76.85% which didn’t deviate significantly from the expected value of 75% for BC,
generation. However, lines MAS-40-2, MAS-71Q170, MAS-72Q172, MAS-72Q180,
MAS-75Q186 and MAS-72Q179, which were pyramids of two genes had 85.3%, 82.3%,
80.7%, 80.5%, 80.4% and 79.8% genetic similarity with HPU741, respectively
(Table 4.8) and lines MAS-40-1, MAS-72Q171, MAS-75Q184, MAS-70Q161, MAS-
71Q169, MAS-71Q168, MAS-38, MAS-70Q164, MAS-43 and MAS-70Q163-1 which
were pyramids of three genes has 84.5%, 83.8%, 83.6%, 82.9%, 82.9%, 81.6%, 80.9%,
79.8%, 79.5% and 78.8% genetic similarity with HPU741, respectively (Table 4.8).
These lines because of their high similarity to HPU741 should further be evaluated for
agronomic parameters under field conditions with the aim to identify high yielding lines
possessing pyramid of blast resistance genes. Such lines may be released as a variety and

should provide a durable blast resistance under field conditions.
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Table 4.8 Blast resistance gene combinations in BC,F, plants and their genetic similarity to
recurrent parent (HPU741) as observed through marker assisted selection
Sr. Observed gene Genetic
No. MAS No. Parentage* combinations Similarity
to HPU741

1.  MAS-8 F,{RG242>xF,(HPU741xARBN42)} No genes 0.720
2. MAS-9 F,(RG241'xGR185') No genes 0.731
3.  MAS-10 F;(RG241'xGR185'%) Pi-1 0.791
4, MAS-14 F1(RG242-A3xRG241") Pi-1 0.847
5. MAS-16 F1(RG242-A*xRG241") Pi-1 0.771
6. MAS-18 F1(RG241'xRG242-A%) No genes 0.712
7.  MAS-19 F1(G335°xRG231°%) Pi-1 0.742
8. MAS-20 F(G335°xRG231°) No genes 0.793
9. MAS-21] Fi(G273°xRG230°) No genes 0.800
10. MAS-22-1 F(G273°xRG230%) Pi-ta 0.738
11. MAS-22-2 F(G273°xRG230%) Pi-ta 0.742
12. MAS-29 F,(GR185'"xG196") No genes 0.759
13. MAS-31 F|(RG241'xRG242-A%) Pi-ta 0.783
14. MAS-33 F,{RG231°xF,(HPU741xTetep)} No genes 0.816
15. MAS-34 BC,F,(HPU741xTetep) Pi-1 0.741
16. MAS-36 BC,F;(HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.774
17. MAS-38 BC,F; (HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.809
18. MAS-40-1 BC,F; (HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.845
19. MAS-40-2 BC,F; (HPU741xTetep) Pi-1&Pi-54 0.853
20. MAS-41 BC,F; (HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.684
21. MAS-43 BC,F; (HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.795
22. MAS-44 BC,F; (HPU741xTetep) Pi-1&Pi-54 0.788
23. MAS-56 F1(RG242-A’xRG241") Pi-ta 0.791
24, MAS-58 F(RG242-A’xRG241") Pi-ta 0.725
25. MAS-68 F,{RG242°x F (HPU741xARBN42)} Pi-1 0.779
26. MAS-70Q161 BC,F3(HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.829
27. MAS-70Q163-1  BC,F3(HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.788
28. MAS-70Q163-2  BC,F;(HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.783
29. MAS-70Q164 BC,F;(HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.798
30. MAS-71Q168 BC,F5(HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.816
31. MAS-71Q169 BC,F3(HPU741 xTetep) Pi-1, Pi-ta & Pi-54 0.829
32. MAS-71Q170 BC,F3(HPU741xTetep) Pi-1&Pi-54 0.823
33. MAS-72Q171 BC,F3(HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.838
34. MAS-72Q172 BC,F5(HPU741xTetep) Pi-1&Pi-54 0.807
35. MAS-72Q179 BC,F3(HPU741xTetep) Pi-1&Pi-54 0.798
36. MAS-72Q180 BC,F3(HPU741xTetep) Pi-1&Pi-54 0.805
37. MAS-72Q181 BC,F;(HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.788
38. MAS-75Q184 BC,F3(HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.836
39. MAS-75Q185 BC,F;(HPU741xTetep) Pi-1, Pi-ta & Pi-54 0.783
40. MAS-75Q186 " BC,Fy(HPU741xTetep) Pi-1&Pi-54 0.804
41  MAS-76 F,(RG243*xGR185') Pi-1 0.830
42. MAS-78 F,(RG243*xGR185"%) Pi-1 0.798
43. MAS-107 BC,F;3(HPU741 xTetep) Pi-1 0.771
44, MAS-118 BC,F;(HPU741 xTetep) Pi-ta 0.835

* See Table 3.1 for details
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The results obtained in the present investigation are in accordance with previous
studies in rice where molecular markers were used as a complementary strategy to
phenotypic analysis in order to improve and accelerate the backcross breeding programs
(Semagn et al. 2007). It can be concluded that marker assisted selection is very effective
in the early generation of crosses to accelerate the backcross breeding programme by
selecting plants that recover most of the recurrent parent genome along with introgressed

traits.
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5. SUMMARY AND CONCLUSIONS

Blast is one of the major rice diseases that cause severe economic damage in all
rice growing parts of the world. High genetic variability in pathogen combined with
environmental conditions conducive to this disease, makes it difficult to control this
disease in the North- Western Himalayan region. Gene pyramiding is one of the
successful strategies used to obtain durable blast resistance in rice. MAS, provides a
quick and efficient alternative to conventional phenotypic selection to obtain pyramids of
resistance genes in backcross progenies and to select lines with required quantity of
recurrent genome.

For the present study 44 BC,Fy4 lines resulting from crosses between recurrent
parent ‘HPU741° and donors of rice blast resistance genes i.e. ‘C101LAC’ (Pi-1),
‘C101AS51’ (Pi-2) and ‘Tetep’ (Pi-1, Pi-ta and Pi-K") were evaluated using MAS to detect
the presence of blast resistance genes ‘Pi-1°, ‘Pi-ta’ and ‘Pi—kh’(Syn. Pi-54) and to
estimate the proportion of recurrent parent (HPU741) genome in the individual lines.

Foreground selection i.e. detection of presence of Pi-I, Pi-ta and Pi-54 gene
combinations was done using SSR and STS markers already reported to be linked to
these resistance genes. SSR markers RM224 and RM1233A were used to detect Pi-1,
SSR markers RM206 and TRS26 to detect Pi-54 and STS marker YL155/YL87 to detect
Pi-ta. Of the 44 BCF,4 pyramid plants, 15 (MAS-10, MAS-16, MAS-19, MAS-34, MAS-
68, MAS-76, MAS-78, MAS-107, MAS-22-1, MAS-22-2, MAS-31, MAS-56, MAS-58
and MAS-118) possessed single resistance gene, either Pi-I or Pi-ta or Pi-54; seven
plants had two gene combinations and 15 (MAS-36, MAS-38, MAS-40-1, MAS-41,
MAS-43, MAS-70Q161, MAS-70Q163-1, MAS-70Q163-2, MAS-70Q164, MAS-
71Q168, MAS-71Q169, MAS-72Q171, MAS-72Q181, MAS-75Q184, MAS-75Q185)
had all the three resistance genes i.e. Pi-1, Pi-ta and Pi-54. Among plants having two
gene combinations all were Pi-/ and Pi-54 combination (MAS-40-2, MAS-44, MAS-
71Q170, MAS-72Q172, MAS-72Q179, MAS-72Q180 and MAS-75Q186) and none were
Pi-1 and Pi-ta or Pi-1 and Pi-54 gene combinations. Seven plants (MAS-8, MAS-9,
MAS-18, MAS-20, MAS-21, MAS-29, and MAS-33) did not possess any resistance

genes.
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Recurrent parent genome proportion in the 44 BC,F4 pyramid lines was estimated
through background selection using 37 SSR and 13 ISSR markers. The results obtained
with combined SSR and ISSR data showed that proportion of the recurrent parent
genome in the BCF, lines ranged from 68.4% to 85.3% with an average of 76.8%, which
does not deviate significantly from the expected recovery of 75%. While all the BC,F4
plants had high similarity to recurrent parent HPU741 than the donors of resistance
genes, majority of plants possessing pyramids of two and three resistance genes had less
similarity (formed a separate sub cluster) compared to plants with high proportion of the
recurrent genome (fell in another sub cluster) and possessed either single resistance gene
or no resistance gene. PCA analysis also successfully divided all lines into two groups
with Group-1 comprising of the recurrent parent and 22 pyramid lines with no or single
resistance gene and group-2 comprised of remaining 22 lines that are two and three
resistance gene pyramids. In case of two gene pyramids, seven lines (MAS-72Q172,
MAS72-Q179, MAS-72Q180, MAS-40-2, MAS-71Q170, MAS-75Q186 and MAS44)
recovered more than 80% recurrent parent genome. Similarly, eight of the three gene
pyramids (MAS-29, MAS-36, MAS-70Q164, MAS-38, MAS-71Q168, MAS-70Q161,
MAS-71Q169, MAS-72Q171, MAS-75Q185, MAS-43 and MAS-41) had more than 80%
of genome of HPU741. From these results, it is also evident that marker assisted selection
cannot alter the expected recovery of the recurrent genome, but it has advantage in
choosing plants with maximum proportion of recurrent parent genome and having desired
gene pyramids, thus accelerating the backcrossing of selected individuals and
considerably reducing time required to get plants with high proportion of desired
genome.

However, all the two and three gene pyramid lines had more than 77% genome of
the recurrent parent indicating that these can be subjected to agronomic evaluation under
field conditions to explore the possibility of identification of a cultivar with durable blast
resistance under the North-Western Himalayan region. Data in similarity matrix indicated
that some of the three resistance gene pyramids i.e. MAS-38 (80.9%), MAS-71Q168
(81.6%), MAS-70Q161 (82.9%), MAS-71Q169 (82.9%) and MAS72Q171 (83.9%) had
high proportion of the genome of HPU741 and are ideal candidates for agronomic

evaluation.
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