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CHAPTER-I
INTRODUCTION

Rice (Oryza sativa L.) being the staple diet of an enormous populace caters to day-
by-day dietary needs of close to half of the total populace. The world rice production need to
be increased markedly over the next 30 years to keep up with population growth. It is
cultivated in diverse climatic condition. Rice is an important cereal crop of India which is
grown on an area of 43.79 million ha with a production of 168.50 million ton
(http://www.fao.org) during 2018. Rice production worldwide including India is threatened
by a number of biotic and abiotic stresses (Richa et al 2016). These stresses are reported to
have a significant negative impact on rice growth, development and yield. Among the biotic
stresses, Brown plant hopper (BPH) and Bacterial blight (BB) are the most devastating
diseases which cause severe yield losses. Ect rice productivity. However Due to the sustained
efforts by reading approaches significant progress has been made over the year in the
development of suitable cultivate effectively combating different types of constraints that
affect rice productivity. However, the occurrence of new stress demands the sticking of
several genes in HY background enabling the crop to sustain attacks from several pathogens
at a time.

BPH is considered as one of the most important monophagous insect pest which is
highly destructive and causes huge yield losses annually throughout the tropical, subtropical
and temperate areas in Asia (Park et al 2008). It damages the plants directly by removal of
plant sap but it also indirectly transmits numerous rice viruses viz. ragged stunt virus (Rivera
et al 1996) and grassy stunt virus (Ling et al 1978). It can consume more than 28% of the
total dry matter of rice plants at reproductive stage (Sogawa et al 1994). Under severe
infestations, plant hoppers often result in hopper burn that results in discoloration as well as
dehydration of the rice plant (Backus et al 2005).Intensive chemical control of BPH can result
in serious issues such as toxicity to the natural enemies of the BPH like Anagrus nilaparvatae
(Wang et al 2008), increased cost of production and long run agro-ecological damage.
Moreover, it imparts many adverse effects on human health. Breeding programmes focusing
on the development of new rice genotypes possessing genetic resistance to insect pests should
therefore complement or replace the conventional control approaches.

BB is another major disease of concern in India. The severity of the disease can be
estimated from the fact that it has been reported to cause upto 50% of production losses
(Kulkarni and Jahagirdar 2011). Host plant resistance is one of the most effective, economical
as well as environmentally friendly option for management of BB pathogen (Khush et al
1989). Last two decades have seen an upsurge in understanding the genetics of BB resistance.

World over, thirty-eight BB resistance genes have been identified from various sources



(Bhasin et al 2012) and eleven genes have been cloned.

Identification of novel sources for disease resistance is a primary requisite followed
by its introgression into elite cultivars. Nowadays, marker-assisted selection (MAS) is being
routinely used for the identification as well as introgression of BPH resistance genes into
susceptible rice cultivars (Li et al 2019, Renganayaki et al 2002, Jairin et al 2010). Several
molecular markers like amplified fragment length polymorphisms (AFLPs), rapid amplified
polymorphisms DNAs (RAPDs), rapid fragment length polymorphisms (RFLPS), sequence-
tagged sites (STSs), simple sequence repeats (SSRs), single nucleotide polymorphisms
(SNPs), and insertion deletions (InDels) (Sani Haliru et al 2020) have been successfully used
for detection and further introgression of BPH resistance genes rice. In order to create BPH
resistant rice cultivars, several investigations aimed at discovering novel resistance genes
have been carried out. BPH resistance comes from a variety of sources, and genetic study has
shown 19 dominant and 7 recessive genes to influence BPH resistance (Ishii et al 1994).
More than 37 genes controlling BPH resistance have been reported till date (Kumar et al
2018). Majority of the identified genes have been successfully designated to different
locations on chromosomes 1, 2,3, 4, 6, 7, 8,9, 10, 11 and 12 (Jean and Kim 2010, Chen et al
2013, Shabanimofrad et al 2017).

The present research work was, therefore, planned with an aim to evaluate various
yield attributes, quality traits, BPH damage as well as BB reaction of a set of advance
genotypes of rice in the Punjab state. The study has been useful in identifying new high
yielding, BPH and BB resistant cultivars of varying duration with suitable grain quality. The
study was conducted under the following objectives

1. Evaluation of a set of advance breeding lines of rice carrying BPH resistance genes
for various yield attributing traits.

2. Assessment of physicochemical and milling quality traits of advance breeding lines of
rice.

3. Molecular characterization of advance breeding lines for known BPH and BB

resistance genes.



CHAPTER-II
REVIEW OF LITERATURE

The pertinent of literature related to the objectives of the study has been reviewed
under the following heads
Identification of new donors and resistance genes

Pathak et al 1969 reported that germplasm assessment for BPH obstruction is
fundamental for understanding the hereditary qualities of BPH opposition as well with respect
to the ID of new benefactors and obstruction qualities. Different screening techniques, for
example, normal separating field populaces, seed box strategy including enormous scope
screening of germplasm or rearing lines by overrunning seedlings at a few leaves stage with
BPH fairies (second instars) under nursery conditions, altered seedbox test (Panda and
Heinrichs 1983) have been utilized by a few specialists. The primary BPH-safe quality source
was laid out in 1967.

Subsequently, Athwal et al (1971) also reported the BPH1 and BPH2 resistance loci
in Mudgo and ASD?7, respectively. Moreover, the four resistant loci viz: BPH4, BPH2, BPH3
and BPH1 have been broadly used in majority of the breeding programmes (Khush and Virk
2005). Twenty-eight (28) rice genotypes, phenotypically as well as genotypically have been
determined using SSR markers (Harini et al 2013). The genetic variability was studied using
closely linked simple sequence repeat (SSR) marker of known BPH resistant loci present all
over the genome (chromosomes 2, 3, 4, 5, 6, 8, 10, 11 and 12), A set of 155 alleles were
found with the use of 30 polymorphic markers having a mean of 4.6 per locus. The genetic
diversity, polymorphic information content (PIC) ranging 0.15 to 0.89 and 0.13 to 0.88,
respectively whereas the allele frequency varies from 0.21 to 0.89. The rice genotypes were
grouped into three clusters further having sub groups and sub sub groups.

Four biotypes of BPH have been reported so far out of which biotypes 1, 2, and 3 are
broadly distributed in southeastern and eastern Asia, whereas in the Indian subcontinent,
biotype 4 exists (Khush and Brar 1991). It is observed that biotype 4 can survive on plants
having Bphl or Bph2 in South India, but shows a distinct reaction pattern on BPH resistant
cultivars that are maintained at IRRI (Velusamy et al 1984).

In 1967, the discovery of a BPH resistant gene source was first initiated (Pathak et al
1969). BPH1 and BPH2 resistance loci were discovered in Mudgo and ASD7 respectively
(Athwal et al 1971). The genetic studies were carried out for 20 BPH resistant varieties of
rice, it is observed that in three varieties, two genes controlled the resistance, seven varieties
possessed BPH3 and 10 varieties carried the locus controlling BPH4 resistant (Sidhu and
Khush 1978). The BPH3 resistant locus obtained from Rathu Heenati segregates
independently of BPH1. According to Jairin et al (2007) the broad-spectrum resistance gene



Bph3 is one of the major BPH resistance genes determined until now in cultivated rice. It also
has been broadly utilized in rice improvement programs. Likely, BPH4 segregates
independently from BPH2, the former is the gene locus for resistance in the variety Babawee.
It was discovered in a trisomic analysis that the genetic loci of BPH3 and BPH4 genes were
found on chromosome 10 (lkeda and Kaneda 1981). Khush et al 1985 found that bph5 locus
was detected from cultivar ARC10550. Ali and Chowdhary (2014) reported that resistance
genes Bph5, Bph6, Bph7 are only resistant to biotype 4 whereas Bph8, Bph9, Bph10 (t) genes
shows resistance towards biotypes 1, 2 and 3.

Molecular markers are an extremely important tool facilitating the incorporation of
desired genes in different genetic backgrounds (Tanweer et al 2015). For the detection and
introgression of genes, various molecular markers have been used that impart BPH resistance
in rice. These include sequence tagged sites (STSs) (Qiu et al 2010), simple sequence repeats
(SSRs) (Yang et al 2019), amplified fragment length polymorphisms (AFLPs) (Murata et al
1998), single nucleotide polymorphisms (SNPs) (Balachiranjeevi et al 2019), rapid amplified
polymorphisms DNAs (RAPDs) (Renganayaki et al 2002), rapid fragment length
polymorphisms (RFLPs) (Murata et al 1998) and insertion deletions (InDels) (Hu et al 2018).

Bacterial blight (BB) of rice caused by Xanthomonas oryzae pv. oryzae (Xo00) is one
of the most serious production constraints of rice worldwide. Deployment of resistant
cultivars is the most economical and effective method to control the disease due to the non-
availability of effective bactericidal agents. Ten pathotypes have been identified in Punjab
based on near isogenic lines, standard international differentials and local rice cultivars (Singh
et al 2012). Numerous resistance genes have been identified and used for disease
management so far (Dinh et al 2010). The molecular markers usage in plant breeding has
earned much attention in the recent past years. The microsatellite or simple sequence repeat
(SSR) marker loci are widely distributed in the rice genome and can be easily analyzed using
the polymerase chain reaction (McCouch et al 2002).

SSR markers are useful for wide application range in plants due to their
reproducibility, multiallelic nature, co-dominance nature of inheritance and wide genomic
coverage (Powell et al 1996). Keeping these observations in mind, the present research was
carried out to characterize the advance breeding lines for BB resistance and to look for
presence of any known BB resistance gene(s).

The Bph33 resistance gene was identified as 60-kb region ranging 0.91-0.97 Mb
which was carried on the short arm of chromosome 4 (4S) by Hu et al 2018. From seedling
stage to tillering stage, the gene showed continuous and stable resistance exhibiting both
antixenosis as well as antibiosis effects on BPH. Kumar et al 2018 identified a new 91 Kb
BPH-resistant locus named as Bph34 in Oryza nivara acc. IRGC104646 and mapped it on the

long arm of chromosome 4 with the use of high-resolution mapping using 50 K SNP chip.



Two SSR markers, RM16994 and RM17007, also co-segregated with the Bph34 which can be
used effectively for markers assisted transfer into elite rice cultivars.

In the recent years, the use of marker assisted gene pyramiding approach for
improving the resistance of elite rice cultivars to BPH is increasing (Fujita et al 2006) as
combining large number of genes in one genetic background hampers insect pest adaptability
thereby improving the durability of resistance (Joshi and Nayak 2010). The success of any
approach related to gene pyramiding depends upon many considerations like the nature of
genetic materials, the number of genotypes selected in various generations, the linkage
between the flanking markers and target gene and the number of genes to be stacked (Wang et
al 2014). MAS have been widely used for the identification and introgression of BPH
resistance genes into susceptible rice cultivars (Li et al 2019).

Source of genes for BPH resistance

The gene designated, Bphl, bph2, Bph3, bph4, bph5, Bph6, and bph7 have been
identified from different sources through genetic segregation analysis (Lakshminarayana and
Khush 1977) and bph8 and Bph9 through allelism tests (Nemoto et al 1989). Since then,
many donors for resistance to N. lugens have been identified and used in breeding N. lugens-
resistant varieties and exploring more resistance source of rice continues.

Breeding a resistant cultivar with major resistance genes was highly successful.
However, N. lugens itself also successfully adapts to feed on the resistant cultivars by
changing their biotypes. Resistance breakdown due to the occurrence of new virulent biotypes
has been a serious problem in breeding programs for N. lugens resistance. N. lugens biotypes
differ in their ability to infest and feed on rice cultivars with specific major N. lugens
resistance genes (Panda and Khush 1995). Four N. lugens biotypes have been reported so far.
Biotypes 1 and 2 widely distributed in Southeast Asia; Biotype 3 laboratory biotype produced
in Philippines; Biotype 4 occurs in the Indian subcontinent but we apprehended that another
new biotype may be developed in Bangladesh because previously reported major resistant
rice varieties now showed susceptible (Ali et al 2012a). 37 BPH resistance genes have been
reported from different resistance sources (Li and Yang et al 2019).

Notably, the majority of the BPH resistance genes are mapped on six of the 12
chromosomes (2, 3, 4, 6, 11, and 12) and, reportedly, four clusters of BPH resistance loci are
located on three chromosomes. Cluster A is located on the long arm of chromosome 12 and
contains eight loci. Clusters B and D are located on the short and long arm of chromosome 4
containing 13 and four QTL/gene loci, respectively, including the recently identified BPH34,
BPH30, and BPH36 resistance genes located on chromosome 4 (Li et al 2019). Cluster C is
located on the short arm of chromosome 6, which includes six gene loci (Fujita et al 2013).
Out of 34 BPH resistance genes, 20 genes were fine mapped and only eight were cloned and
characterized (BPH14, BPH17, BPH18, BPH26, BPH29, BPH9, BPH32, and BPH6) (Guo et



al 2018). Wang et al (2018) mapped BPH30 by using F2:3 populations AC1613/ 9311 and
fine mapped by using backcrossed population on the short arm of the chromosome 4.

Later, population derived from Kang wenging zhan/RBPH16 and HHZ/RBPH17
(lines RBHH16 and RBPH17 derived from O. rufipogon accession GX2183) were used to
map BPH36 and BPH27 on chromosome 4 (BPH27 already reported by Huang et al (2013)
on Chromosome 4) and BPH36 were fine mapped by using backcross population (Li et al
2019). Recently, Yang et al (2019) mapped a novel QTL BPH37 by using F2:3 population
derived from KWQZ/IR64 on chromosome 1, between RM 302 and YM35 markers.
Evaluation of BPH resistance genes needed

Panda and Heinrichs (1983) were reported that appropriate evaluation of germplasm
for BPH resistance is the key to studying the genetics of BPH resistance and to identifying
resistance genes correctly. There are several types of screening methods such as natural field
populations mass screening of germplasm/breeding materials in seed box by infesting plants
at the seedling stage (two to three-leaf stage) with BPH nymphs (second instars) in a
greenhouse, modified seed box test. However, the major limitations of evaluating germplasm
in the field are seasonality, unpredictability, and uneven distribution of BPH, rendering field
screening unreliable.

The mass screening using seed box test in the greenhouse uses BPH nymphs with
free-choice of plant materials at seedling stage and sometimes the test is extended to different
stages of plant growth. Panda and Khush (1995) was studied that the modified seed box test is
sometimes used to identify germplasm tolerance to BPH. In contrast to conventional seedbox
test, the modified seed box test assesses seedling damage caused by the progeny of the
initially infested nymphs.

However, due to economy of time and space, the seedbox test is most commonly used
with free-choice method to determine genotypes for resistance and susceptibility in the
greenhouse (Heinrichs et al 1985). Regardless of screening methods, maximum caution
should be taken for the purity of BPH population used in the evaluation. Additionally, the
standard seedbox test can also be modified with no-choice of the insect to understand the
mechanism of resistance caused by antibiosis.

It is important to evaluate BPH resistance by seedbox test in the greenhouse using
free-choice method (antixenosis) as well as by testing in BPH hotspot areas to reconfirm the
phenotypes for resistance and susceptibility.

Biotypes of BPH are defined as a population or an individual that differs from other
populations or people based on non-morphological characteristics such as adaptability and
resistance to infection. Adaptation to a certain host, host preference for feeding, oviposition,
or both is possible. The biotypes of BPH are as follows: On rice cultivars, there are clear

variances in virulence patterns. Rice has four different BPH biotypes.



In Southeast and East Asia, 1 and 2 are abundantly dispersed. Biotype 3 was created
in a laboratory setting by raising insects on the resistant ASD7 strain, which has the resistance
gene bph2 (Panda and Heinrich 1983).

Biotype 4, also known as South Asian biotype, is the most destructive biotype. It is
found in the Indian subcontinent. Bph1l gene-carrying cultivars are resistant to Biotypes 1 and
3 are resistant to biotype 2, although they are susceptible to biotype 2. Resistance to biotypes
1 and 2 is conferred by this gene, but not resistance to biotype 3. Biotype 3, as well as the
Bph3 and Bph4genes, as well as the Bph8, and Bph9 genes. All four biotypes will be
resistant. Genes like bph5 only biotype 4 resistance is conferred by Bph6, and Bph7 (Khush
and Brar, 1991). Significantly, a new locus on chromosome 1 delimited by markers RM488
and RM11522 has emerged as the site of a new gene that we designate as Bph33(t). None of
the reported BPH genes has been mapped in this region. This gene accounted for 18-22% of
phenotypic variation in terms of damage score and HDA. Besides another locus on
chromosome 4 encompassing markers RM16569, RM7279 and RM16757 and covering 4 Mb
region could be carrying gene(s)/QTLs influencing these traits. It is tempting to suggest that
these genes may have pleiotropic effects on the traits. However, biologically more relevant
view is that seedling damage in SSST is the manifestation of BPH response to feeding and
preference. As nymphs initiate feeding randomly on seedlings, gustatory response to feed
quality results in continued feeding or cease feeding and move from the plant. First response
leads to increased feeding and honey dew excretion and seedling mortality. However, such
response is not seen under no-choice setup like NS test. Forced feeding may not lead to
knockdown mortality suggesting presence of acute toxic antibiotic factors, but retards growth
and development and delayed mortality. These studies indicate resistance to be associated
with phloem sap composition and chemistry, plant surface chemistry, volatiles and inducible
responses to planthopper attack. The resistance mechanism could be due to either diet-related
primary metabolites or defense related secondary metabolites of volatile or plant-surface
characteristics. Ghaffar et al (2011) reported that through their studies with
electroneurography, that insect feeding behavior can be an indicator of plant resistance. Du et
al (2009) report action of Bphl14 through induction of salicylic acid signaling pathway,
deposition of callus in phloem cells and production of trypsin inhibitors. Bph29 is also
reported to in a recent global gene expression study through microarray analysis also revealed
induction of salicylic acid pathway genes in rice variety Rathu Heenati in comparison to TN1
rice under BPH infestation (Li et al 2017). Thus, it is likely that several components, both
constitutive and induced, are involved in rice resistance to BPH which in-turn may be
controlled by different sets of genes. Kuang et al (2017) found a class Il small heat shock
protein gene, OsHsp18.0 to be involved in resistance against bacterial blight in rice. HSP

class of genes is part of salicylic acid mediated resistance pathway and is associated with



NBS-LRR genes (Wang et al 2015).

Xoo survives primarily in rice stubble and on weed hosts, notably Leersia oryzoides,
Zizania latifolia Leptocholoa chinensis, L. panicea and Cyperus rotundis. In Australia, the
bacterium is known to survive in wild Oryza species (O. rufipogon and O. australiensis). Xoo
can also survive for short periods on infected seed and in soil, but these have not been
demonstrated to be important sources of inoculum. In tropical areas, the bacterium may also
survive in irrigation water (Mew et al 1992).

Successful infection involves the movement of the bacterium towards the host,
contact between the two, penetration of the host and proliferation of the bacterium inside the
host immediately following entry. The BB pathogen mainly enters through hydathodes as
suggested by electron microscopic studies (Horino 1984 and Mew et al 1984). Wounds on
rice leaves are also favourable avenues for entry of the pathogen. The infection seems more
successful in the case of entry of the pathogen through wound sites than natural openings.
However, new wounds are more conducive to infection than old wounds.

Kiryu et al (1954) demonstrated that abundant inoculum results in higher percentage
of infection. Xoo enters the rice leaf typically through the hydathodes at the leaf tip and leaf
margin. Bacterial cells on the leaf surface may become suspended in guttation fluid as it
exudes at night and then enter the plant by swimming, or passively as the fluid is withdrawn
into the leaf in the morning. Bacteria multiply in the intercellular spaces of the underlying
epithelial cells. It then enters and spreads into the plant through the xylem.

Xo00 may likewise get to the xylem through injuries or openings brought about by
arising roots at the foundation of the leaf sheath. Inside the xylem, Xoo apparently associates
with the xylem parenchyma cells. The microorganism moves upward through the leaf by
means of the essential veins. It might advance horizontally through commissural veins. Inside
a couple of days, bacterial cells and EPS (extracellular polysaccharide) fill the xylem vessels
and ooze out from hydathodes, forming beads or strands of exudate on the leaf surface, a
characteristic sign of the disease and a source of secondary inoculum (Nino-Liu et al 2006).
Webster & Gunnell (1992) reported that bacterial blight, the more common syndrome,
generally occurs from tillering stage to onward, but in our research seedling stage was very
susceptible to BB. As compared to maximum tillering stage and leaf flag stage.

On the other hand, Mew et al 1993 reported that infection at the tillering stage can
lead to total crop losses, more commonly however, plants are affected at the maximum
tillering stage. When the plants were inoculated at the maximum tillering and leaf flag stage,
it was found that the young plants were more susceptible than the older ones. The disease
incidence of all the three-basmati varieties was less at maximum tillering stage than the
seedling stage and most of varieties, which were susceptible at seedling stage gained

resistance from tip to leaf flag stage against different bacterial strains.



Cho (1975) also reported that the disease incidence was higher in younger plants
than older ones. There was a direct relationship between the resistance and the age of host
plant. Plant age greatly influenced the varieties that were susceptible at seedling stage and
these varieties showed more pronounced resistant response in the later stages. Super basmati
had the highest disease incidence against PXO 340 with 89.5% that reduced to 56.21 at leaf
flag stage. On the other hand, response of varieties which were resistant to different bacterial
strains at seedling stage was not greatly influenced by the host age. Zhang et al (1984) and
Mazzola et al (1993) reported similar results that plants gained resistance with the age against
BB disease. Mariappan et al (1980) reported that a cultivar ASD 5, was resistant until the
tillering stage, but became infected. Tu et al (1998) reported that the transformation of Elite
indica rice variety IR72 with Xa21 gene confers resistance to the BB pathogen and this
resistance was shown to be stably inherited in subsequent generations.

BB is a vascular disease resulting in a systemic infection (Mew et al 1987) that
produces tannish-grey to white lesions along the veins. Symptoms are observed at the tillering
stage, disease incidence increases with plant growth, peaking at the flowering stage (Mew et
al 1992). Kresek is the more destructive manifestation of the disease, where in the leaves of
the entire plant turn pale yellow and wilt during the seedling to the early tillering stage,
resulting in a partial or total crop failure. Plants less than 21 days old are the most susceptible
and temperatures between 28 and 34°C favour kresek development (Mew et al 1979 and
Mizukami and Wakimoto 1969).

BB is characteristic of yellow lesions with wavy margins on leaf blades that may
extend to the sheath. The occurrence of bacterial ooze from infected leaves has been observed
in warm and humid climates, which contributes to the spread of this disease. While damage is
extensive when kresek precedes BB, post flowering infections have very little effect on grain
yield. BB was favoured by warm temperatures (25 to 30°C), high humidity, rain, and deep
water. The disease is more prevalent in wetland areas where these conditions often occur.
Winds severe enough to cause wounds and excess nitrogen also favour the disease. The
severity of the disease is in part dependent on the virulence of the bacterial isolates present.
Bacterial blight is severe in susceptible rice varieties under high nitrogen fertilization
(Annonymous et al 2010). The bacterium can be disseminated by irrigation water, by
splashing or windblown rain, by plant-to-plant contact, by trimming tools used in
transplanting, and by handling plants during transplanting (Mew et al 1992).

Fine mapping of the BB resistance genes

The significant resistance gene, xal3, was found in rice variety BJ1 and localised to
the long arm of rice chromosome 8 (Ogawa et al 1986). Fine-mapping of the xal3 gene has
been completed (Sanchez et al 1999). In the putative gene's promoter region, a series of

insertions and deletions have been done to the cloned DNA (InDels). The bacteria Os8N3 has



been found to be the source of the gene's activity (Chu et al 2006a). Compatible strains of
Xoo expressing the transcription activator-like (TAL) effector pthXol, which bind to the
promoter of Os8N3 to activate its expression, generally cause the expression of the dominant
allele of the gene, Xal3, which encodes a sugar transporter termed Os8N3 (Chu et al 2006b).
In rice genotypes bearing the gene's recessive allele, Due to the InDels, pthXol, i.e.
xal3, is unable to bind to the promoter of Os8N3 and hence cannot activate the rice sugar
transporter to establish infection (Antony et al 2010). We created four sets of primer pairs that
target the In Dels in the promoter of Os8N3 as functional markers for xal3 in this
investigation because xal3 has been cloned and a functional nucleotide polymorphism
specific for the gene has been clearly found. The gene, which was discovered in DZ192,
confers strong resistance to a wide spectrum of Xoo races (Suh et al 2013). On chromosome
5, xa5 has been fine-mapped (Blair et al 2003). The resistant allele (xa5) has a 2-bp alteration
in the second exon, resulting in a single amino acid change (valine to glutamiate) at position
39, interrupting the transcription factor's function and resulting in Xoo resistance in rice types
with xa5 homozygous. Even though the CAPS marker RG556, which is very close to the gene
(Huang et al 1997), has been widely used for marker-assisted transfer of xa5 (Rajpurohit et al
2011), it is cumbersome to use and of limited utility for routine marker-assisted breeding

programmes.
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CHAPTER-I111
MATERIALS AND METHODS

The present study was conducted to evaluate a set of advanced breeding lines of rice
carrying BPH resistance genes for various yield contributing traits, assessment of their
physicochemical, milling quality traits and molecularly characterizes for BPH and BB
resistance genes.

To accomplish the objectives of the study, two experiments were conducted. The
Experiment | was designed for Morpho- Physiological, milling quality evaluation of advance
breeding lines for yield as well as reaction to BPH at two different locations that is Punjab
Agricultural University, Ludhiana and Regional Research Station, Rauni, Patiala (Plate 1).
The experiment Il was aimed at screening and molecular characterization of a set of rice
genotypes for known BPH and BB resistance genes by using molecular markers (gene
specific as well as SSRs).

Experiment |
3.1.1 Morpho- Physiological evaluation of advance breeding lines for yield and reaction
to BPH.

The experiment was conducted at two different locations that are the Rice
Experimental Area, B Block, Department of Plant Breeding and Genetics, Punjab
Agricultural University, Ludhiana and Regional Research Station, Rauni, Patiala during
kharif season 2021. The tested genotypes comprised of 55 backcross progenies in the
background of PR 121 and PR 122 including donors and checks varieties. The details of the
genotypes along parentage donors and checks varieties are given in the Table 3.1.

During kharif 2021, complete set of 64 genotypes was planted in Randomized
complete block design (RBD) with three replications at both locations to evaluate these
genotypes for yield attribute and reaction to BPH. The nursery was sown at PAU, Ludhiana a
plot size was 4.62 m?and 2.5 m*are the plot size are one month old nursery, we transplanted
at Ludhiana as well Rauni with a row to row spacing of 20 cm and plant to plant spacing of
15 cm at Ludhiana and Rauni replication. The standard package of practices was followed to
raise a healthy crop.

Observations recorded

The following observations were recorded for the following characters:
a) Days to 50% flowering

The number of days was recorded on the whole plot basis from the date of sowing in
the nursery to the date when 50% of tillers for each entry flowered on plot basis.
b) Plant height (cm)

Five plants were randomly chosen from the center of plots. Plant height was



measured from the ground level to the tip of the primary panicle at the time of maturity and
expressed in cm.
¢) Ear bearing tillers (EBT/m?)

The number of productive tillers was counted from five randomly selected plants at
the time of maturity. The number of ears bearing tillers/m? was computed.
d) Spikelet sterility (%)

At physiological maturity, five plants were selected randomly avoiding the border
plants. Primary panicle was sampled from each tagged plant and used for spikelet fertility
count. The total numbers of filled and sterile spikelet’s were added which gives the total
number of spikelet’s per panicle. Spikelet fertility percentage was calculated using the
formula given below and expressed in percentage. Average of spikelet fertility of five

panicles was considered.

. . Total ber of unfilled spikelet icl
Splkelet sterlhty (SS)% _ Total number of unfilled spikelets per panic eX 100

Total number of spikelets per panicle

e) Thousand grain weight per panicle

Random grain sample was taken from each entry and 100 grains were counted. They
were weighed using weighing balance and thousand grain weight in grams was calculated
f) Grain yield (kg/ plot)

The dried and cleaned grains from each plot was weighed and recorded, the data were
expressed in kg and converted to kg/ha.

g) Total Rice Recovery (TRR)

The weighed samples (125 g) of paddy having moisture content not more than 13-
14% were taken and then dehusked by using Satake Rubber Roll Laboratory Sheller (Satake
Engineering Co., Japan). The brown rice was obtained after shelling and brown rice samples
were milled in McGill Miller No. 2, USA (Plate 2). The time of the milling was selected to
obtain a 6% degree of polish in brown rice samples. The remaining rice sample after milling
was total rice including broken rice grains and recovery percentage was calculated by using
formula.

Total Rice Recovery (TRR) % = (Weight of milled rice/ Weight of paddy) x100%

h) Head Rice Recovery (HRR)

The head rice is the milled rice which includes broken kernels that have 75% or more
of the whole kernel. The total rice obtained after polishing was graded for 2 minutes by using
test rice grader machine to separate the head rice from broken. It was calculated by using
formula.

Head Rice Recovery % = (Weight of head rice/ Weight of paddy) x100%

i) BB reaction (Bacterial Blight Reaction)

The disease reaction was scored 14 days post inoculation as per 0-9 Standard
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Plate 1: General Overview of Experiment at different two locations



Polisher machine (30 seconds)

Grading rice by using Test rice grader Length and Breadth machine

Plate 2: Grain quality analysis of advances breeding lines



Evaluation Scale (SES 2013, IRRI).
j) BPH damage score

The BPH damage was recorded under artificial conditions and was scored as per SES
0-9 scale.
k) Length breadth/ ratio

Ten whole kernels were selected randomly. Their length and breadth were recorded
and the ratio of length to breadth of the brown rice grains was determined.
Table3.1 List of genotypes included in the study kharif 2020

Sr. No. Designation Cross

1 PAU9711-1 PR121*%//PR121/O.nivara CR100204]
2 PAU 9711-2 PR121*%//PR121/0O.nivara CR100204]
3 PAU 9711-3 PR121*%//PR121/0O.nivara CR100204]
4 PAU 9711-4 PR121*%//PR121/O.nivara CR100204]
5 PAU 9711-5 PR121*%//PR121/O.nivara CR100204]
6 PAU 9712-1 PR121*%//PR121/0O.nivara CR100204]
7 PAU 9712-2 PR121*?//PR121/0.nivara CR100204]
8 PAU 9712-3 PR121*?//PR121/0.nivara CR100204]
9 PAU 9712-4 PR121*?//PR121/0.nivara CR100204]
10 PAU 9712-5 PR121*%//PR121/O.nivara CR100204]
11 PAU 97221-1 PR121*%//PR121/O.nivara CR100204]
12 PAU 97221-2 PR121*%//PR121/O.nivara CR100204]
13 PAU 97221-3 PR121*%//PR121/O.nivara CR100204]
14 PAU 97221-4 PR121*%//PR121/O.nivara CR100204]
15 PAU 9723-1 PR121*3//PR121/RP2068]

16 PAU 9723-2 PR121*3//PR121/RP2068]

17 PAU9723-3 PR121**//PR121/RP2068]

18 PAU 9723-4 PR121**//PR121/RP2068]

19 PAU 9723-5 PR121**//PR121/RP2068]

20 PAU 9724-1 PR121**//PR121/RP2068]

21 PAU 9724-2 PR121**//PR121/RP2068]

22 PAU 9724-3 PR121**//PR121/RP2068]

23 PAU 9724-4 PR121**//PR121/RP2068]

24 PAU 9724-5 PR121**//PR121/RP2068]

25 PAU 9725-1 PR121**//PR121/RP2068]

26 PAU 9725-2 PR121**//PR121/RP2068]
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Sr. No. Designation Cross
27 PAU 9725-3 PR121*%/PR121/RP2068]
28 PAU 9725-4 PR121*%/PR121/RP2068]
29 PAU 9725-5 PR121*%/PR121/RP2068]
30 PAU 9726-1 PR121*%/PR121/RP2068]
31 PAU 9726-2 PR121*%/PR121/RP2068]
32 PAU 9726-3 PR121*%/PR121/RP2068]
33 PAU 9726-4 [PR121*%//PR121/RP2068]
34 PAU 9726-5 [PR121*%/PR121/RP2068]
35 PAU 9729-1 [PR121*%/PR121/RP2068]
36 PAU 9729-2 [PR121*%/PR121/RP2068]
37 PAU 9729-3 [PR121*%/PR121/RP2068]
38 PAU 9729-4 [PR121*%/PR121/RP2068]
39 PAU 9729-5 [PR121*%/PR121/RP2068]
40 PAU 9730-1 [PR121*%/PR121/RP2068]
41 PAU 9730-2 [PR121*%/PR121/RP2068]
42 PAU 9730-3 [PR121*%/PR121/RP2068]
43 PAU 9731-1 [PR121*%/PR121/RP2068]
44 PAU 9731-2 [PR121*%//PR121/RP2068]
45 PAU 9731-3 [PR121*%//PR121/RP2068]
46 PAU 9731-4 [PR121*%//PR121/RP2068]
47 PAU 9731-5 [PR121*3//PR121/RP2068]
48 PAU 9737-1 [PR122*%//PR122/0.rufiopogon (CR100441)]
49 PAU 9737-2 PR122*%//PR122/0.rufiopogon (CR100441)]
50 PAU 9737-3 PR122*°//PR122/0.rufiopogon (CR100441)]
51 PAU 9737-4 PR122*%//PR122/0.rufiopogon (CR100441)]
52 PAU 9737-5 PR122*°//PR122/0.rufiopogon (CR100441)]
53 PAU 9738-1 PR122*°//PR122/0.rufiopogon (CR100441)]
54 PAU 9738-2 PR122*°//PR122/0.rufiopogon (CR100441)]
55 PAU 9738-3 PR122*%//PR122/0.rufiopogon (CR100441)]
56 PR114 PR122*%//PR122/0.rufiopogon (CR100441)]
57 PR121 PR122*%//PR122/0.rufiopogon (CR100441)]
58 PR122 PR122*%//PR122/0.rufiopogon (CR100441)]
59 PR126 PR122*%//PR122/0.rufiopogon (CR100441)]
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Sr. No. Designation Cross
60 IR 71033 PR122*?//PR122/0.rufiopogon (CR100441)]
61 IR54842 PR122*?//PR122/0.rufiopogon (CR100441)]
62 Kaum182-1 PR122*?//PR122/0.rufiopogon (CR100441)]
63 RP2068-295 PR122*%//PR122/0.rufiopogon (CR100441)]
64 RP2068-303 PR122*?//PR122/0.rufiopogon (CR100441)]

3.1.2 Screening for bacterial blight resistance by leaf clipping method

The set of 64 advance breeding lines along with check varieties were screened for
bacterial blight resistance under artificial inoculation conditions at Rice Experimental Area, B
Block, Department of Plant Breeding and Genetics, PAU, Ludhiana. Inoculation with
bacterial culture was done at maximum tillering stages using clip method. A sterilized scissor
dipped in bacterial suspension was used for inoculation. Leaves of all the tillers in a single
plant were taken and the top 1-2 inches of 3-5 leaves were clipped off simultaneously and the
same procedure was repeated for all the plots in a replication (Plate 3). The inoculum was
utilized within two hours of its preparation as the pathogen losses its viability very quickly.
The disease severity was then recorded 14 days after inoculation according to SES scale (0-9)
of IRRI (Anonymous 1996) as given in Table 3.2.
Table 3.2: Scale for reaction to bacterial Blight (Anonymous 1996)

Infection% Score Disease Reaction
0% 0 HR(Highly Resistant)
>1-10% 1 R(Resistant)
>10-30% 3 MR(Moderately Resistant)
>30-50% 5 MS(Moderately susceptible)
>50-75% 7 S (susceptible)
>75-100% 9 HS(Highly Susceptible)

3.1.3  Screening for Brown Plant hopper resistance (BPH resistance)

The plant material was tested along checks was screened using single seed box.
Second and third instar nymphs of BPH were released on twelve day old rice seedlings.
Scoring was done according to Standard Evaluation System (SES), IRRI (2014) when 90% to
100% plants of susceptible check TN1 were dead each. The scale used for scoring is given in
Table 3.3 (Plate 4).
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Table 3.3: Scale for reaction to brown plant hopper (IRRI 1998)

Score Reaction
0 No damage
1 Very slight damage
3 The first and second leaves of most plants turn partially yellow
5 Pronounced yellowing and stunting or about half of the plants wilting or dead
7 More than half of the plants show wilting or are dead
9 All plant are dead

3.1.4 Statistical Analysis

The study was conducted in a Randomized Block Design with three replications each
at both the locations. The pearson corelation co-efficient was calculated between locations for
all the traits and significance of corelation was determined at p-value < 0.05. Similarly, the
value of corelation coefficient was determined between the traits within a location.
Correlation co-efficients and plots were constructed using corrplot package (Wei T et al
2021) and psych package (Revelle W (2021) in R. Graphical representation of data for
comparing the effect of replications within and across locations was done using boxplot
function in R. Similarly, significance of difference in mean values of trait at two locations
was computed using paired t-test in R.

On the basis of mean phenotypic performance, a set of ten lines was selected, referred
to as “A” set and the remaining lines were allocated to “B” subset. Kruskal-Wallis rank sum
test was done to compare two groups in order to determine the level of significance using
kruskal.test function in R.

The linear model for analyzing combined data over two locations for the year 2021
was done in R using the Imer function of Ime4 package. The linear model assumed genotypes
and replication within locations to be random effects. The linear model assumed trait value to
be determined by genotypes, locations, replication within location and genotype x location,
where all the traits were random effects. The variance obtained after fitting linear mixed
model was used to calculate broad-sense heritability for all the traits using the following
formula:

- i
ag + (a5 /nl) + (a7 /nr) + (0F /nl * nr)

Data recorded for all characters was subjected to analysis of variance (ANOVA).
ANOVA was calculated location wise as well as pooled analysis was done. Following

equation was taken into account for carrying out the statistical analysis
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Scoring for BB disease Field view of Trial at PAU, Ludhiana

Plate 3: Screening of advance breeding lines against ten pathotypes (PbXo-1 to PbXo-7)
of BB under artificial conditions



Seedling plants Sowing of seeds

Plate 4: Screening of advance breeding lines BPH under artificial condition



Yi= M+ git byt e
Where,
Y= phenotypic value of the i genotype of a generation grown in the j" replication
m = general population mean
g; = effect of the i" genotype, where i=1 g
b= effect of the j" replication, where j=1r
e = environmental effect
Analysis of variance based on the above model led to the following components of
variance as stated in Table 3.4
Table 3.4 Analysis of variance

Source of DF SS MSS F
variation value
Observed Expected
Replication r-1 Sr=2r?/g-(Zx)4N M= S,/r-1 ot go, | M/ M,
Genotypes g-1 Sg=2g?/r- (2x)°IN M= Sy/g-1 Get 1oy | My/M,
Error (r-1)(g-1 Se= Si-Si-S4 M=S./(r-1) (g-1) Ce
Total gr-1 St
Where,

r = the number of replications

g = number of tested genotypes

N = total number of observations taken

Si= replication sum of squares

Sg= genotype sum of squares

Se= error sum of squares

S¢= total sum of squares

o,= replication variance

o4= genotypic variance

G.= error variance

The genotypic variance was tested against error variance by F test for (g-1) and
(r-1)(g-1) degrees of freedom. Similarly, the replication variance was tested against error
variance for (r-1) and (r-1)(g-1) degrees of freedom.

The standard error of difference between the genotypic means was estimated as
follows:

2Me
r

sD()=+.

Critical Difference (CD) = SE (d) x t (.13) ¢-1) at 5% level of significance.
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Experiment Il: Screening and molecular characterization of a set of rice genotypes for
known BPH and BB resistance genes

The present investigations were carried out at Molecular Biology Laboratory,
Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana. The
genotypes were subjected to molecular analysis to identify the know BPH and BB resistance
genes.
3.1.5 DNA Extraction

The total genomic DNA of the advance breeding lines was extracted using Cetyl
Trimethyl Ammonium Bromide (CTAB) method by Murray and Thompson (1980). About 5-
7 g of leaves from each young plant was harvested and placed in white butter paper bag
marked giving appropriate number. The samples were collected in ice box from the field and
were later transferred to the deep freezer at -80°C. The DNA extraction was done by crushing
the leaf tissue into fine powder with liquid nitrogen in a mortar and pestle. The fine leaf
powder was then transferred to the 2 ml Eppendorf tubes and was suspended in 800 ul pre-
warmed CTAB buffer by inverting the tubes gently. The composition of CTAB buffer is
given in Table 3.5.
Table 3.5: Composition of CTAB extraction buffer

Components Final concentration
CTAB 2%

Tris base(pH) 100 mM

NaCl 14 M

EDTA (pH 8.0) 10mM

B Mercaptoethanol 0.2%

Thereafter, the homogenate was incubated at 65°C for one hour in a water bath and
the contents were mixed by inverting the tubes at regular intervals. After removing the tubes
from water bath, 800 ul of chloroform: isoamyl alcohol (24: 1) solution was added to the
homogenate and the tubes were placed on a shaker for 20 to 40 min for the uniform and
constant mixing of the contents, till it made a dark green emulsion of the organic phase. The
tubes were then centrifuged at 10,000 rpm for 10 min (Eppendorf Centrifuge 5415D). After
centrifugation, the supernatant (aqueous phase) was transfer into another 1.5ml Eppendorf
tubes using micropipette, care was taken to avoid debris inclusion. To this, heated RNase A
(Genetrix) was added to a final concentration of 10ul/ml. These tubes were incubated at 37
°C in water bath for one hour. Then 600 pl chilled isopropanol was added to the supernatant
placed in 1.5ml fresh tubes and tubes were gently inverted several times. To allow proper

precipitation of DNA tubes were placed at 4°C for one to two hours. The DNA formed a white
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cotton thread -like precipitate and good quality DNA floated at the top. Tubes were then
centrifuged at 10,000 rpm for 8 min. After discarding the supernatant washings with 70
percent ethanol were given and DNA was air dried by simply inverting the tubes. The purified
DNA pallet was finally dissolved into 200ul of 1X TE buffer (Tris base-50mM,1 mM EDTA,
pH 8.0)
3.1.5 DNA quantification

The agarose gel electrophoresis method was used on DNA quantification. A 0.8%
agarose dissolved in 100 ml of 1X TBE electrophoresis buffer (45mM Tris base, 45 mM
Boric acid and 1mM EDTA, pH 8.0) was used for gel electrophoresis. The mixture was then
subjected to heatting until the agarose dissolved completely i.e when the solution became
transparent. Then the solution was allowed to cool to about 60°C and up to 5 ul ethidium
bromide (10mg/ml) was added to final concentration of 0.5 ug/ ul buffer. The agarose
solution was then poured into gel moulds with combs and was then left for 30-40 minutes for
solidification. DNA sample were prepared by adding loading dye (6X loading dye consist of
0.25%w/v bromophenol blue, 0.4% wi/v sucrose or 30% glycerol in sterile water) to the DNA
so that the final concentration of loading dye was 1X. After solidification, combs were
removed gently, the gel was placed in the gel tank for electrophoresis. DNA sample were
loaded into the wells. After loading, the gel was subjected to electrophoresis at constant
voltage of 5V/cm for about 1 hour. After this, the gel was visualized under UV trans-
illuminator and recorded with gel documentation system (Alpha Imager HP, USA). The
observations of DNA samples revealed the quality of the DNA. If DNA forms a smear, it
indicates that DNA is degraded.
3.1.6 Selection of SSR markers

A total of 8 SSRs markers either gene-specific or closely linked to the BPH and BB
resistance genes (one each for Xa4, xal3 and Xa21 and two for xa 5) and (BPH 33, BPH 34)
were used for identification of resistance genes present in each line. However, xa 5 had
primer for both the resistant and susceptible alleles. The details of the primers used for
molecular analysis are given in (Table 3.6).
3.1.7 PCR amplification and gel electrophoresis

In-vitro amplification using Polymerase Chain Reaction (PCR) was performed using
96 well microtitre plate in Eppendorf (Applied Biosystem, GeneAmpPCR system 9700)
Master cycler for confirmation of Xa4, xa5, xal3 and Xa2l. The reaction mixture contained
0.5 mM of each primer (forward and reverse), 0.25mM of each dNTP mix, 1.5mM MgCl,,
and 0.2 ul of Tag polymerase, 1.0X PCR buffer and about 50ng/ ul of templ ate DNA as
given in Table 3.7. PCR analysis was carried out using Xa4, xa5, xal3 and Xa21 gene linked

specific primers and the PCR profile applied is mentioned in Table 3.8.
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3.1.8 Visualization of amplified PCR products

The amplified product was visualized by electrophoresis on 2.5% agarose gel except
for Xa4 primer which was visualized on 4% agarose gel to separate the DNA bands. For the
preparation of 2.5% or 4% aagarose gel,12.5 or 20 gm of agarose powder (Electrophoresis
matrix, G Biosciences, USA) respectively was dissolved in 500ml of 0.5X TBE buffer. The
mixture was then heated for some time to dissolve the contents completely to obtain a
transparent solution. The solution was then allowed to cool to about 60°C; visualization or
fluorescence dye was then added to the solution with constant stirring. The solution was then
poured into gel mound onto which the combs were adjusted and the gel was then left for
solidification. After PCR was finished, 4 ul of 6X loading dye was added to each of the
amplified products and thoroughly mixed. The PCR products (10/ ul well) were then loaded
into the wells after removing the comb. A standard DNA ladder 100bp was loaded along with
sample. The PCR products were resolved by running gel at 5V/cm for 3-5 hours and then the
bands were visualized under UV light and photographed using gel documentation system
(Alpha Imager HP, USA) with Alpha view software programme.
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Table 3.6: Chromosome location and primer sequence of gene specific markers for Xa4, xa5, xal3 and Xa21 genes

Susceptible

Resistant and

xabFM-RR

TGACTTGGTTCTCCAAGGCTT

BB
resistance Chlrom(_)some Marker Primer Pair size (base band size Reference
ocation \ _
pairs) (base pairs)
F:5-ATCGATCGATCTTCACGAGG-3'R:5’
Xa4 11 Mp4 150 50 Wang et al (2001)
dTGCTATAAAAGGCATTCGGG-3’
F:5'-GGCCATGGCTCAGTGTTTAT-3’
xal3 8 Xal3 promoter 500 250 Sundarm et al (2008)
R:5' CAGCTCCAGCTCTCCAAATG-3’
F:5" AGACGCGGAAGGGTGGTTCCCGGA3'
Xa2l 11 pTA248 1000 650 Huang et al (1997)
R:5" AGACGCGGTAATCGAAGATGAAA-3’
xabFM-SF GTCTGTAATTTGCTCGCGTTCG
Null allele 190
xab FM-SR TGGTAAAGTACATACCTTATCAAACTGGA
xab Hajira et al (2016)
5 xa5 FM-RF AGCTCGCCATTCAAGTTCTTGAG
190 Null allele
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Table 3.7: Concentration of different PCR components in 20ul reaction

Components Stock Concentration Volume (ul) Working concentration
Sterile water - 11.2 -

MgCl, 10mM 04 1.5 Mm

PCR buffer 5X 4 1.0X

dNTP mix 25 mM 0.2 0.25mM

Primer Forward 10 mM 1 0.5Mm

Primer Reverse 10 mM 1 0.5Mm

Taqg Polymerase 3 units/ ul 0.2 1.0 unit

DNA Template 25ng/ ul) 2 50 ng/ ul

Total

20ul




€

Table: 3.8: PCR profile for gene specific primers of BPH & BB resistance genes BPH33, BPH34, Xa4, xa5, xal3, Xa2l
Time
Sr.No Steps Temp. MP4(Xa4) and xal3 Xa21l

xa5(xa5RandxasS) (xa13p) (pTA248) BPH 33 BPH34
1 Initial denaturation 94°C 4 min 4min 4min 4min 4min
2 Denaturation 94°C 1 min Imin 30sec 30sec 30sec
3 Annealing 55°C 1 min Imin 30sec 30sec 30sec
4 Extension 72°C 2 min Imin Imin Imin Imin
5 Go to step Il 30 cycles 35cycles 30cycles 35cycles 35cycles
6 Final extension 72°C 7 min 7 min 7min 7min 7min
7 Hold 4°C




CHAPTER-IV
RESULTS AND DISCUSSION

The present study was conducted to evaluate a set of advanced breeding lines of rice
carrying BPH resistance genes for various yield attributing traits and milling quality traits
further these lines were arterially exceed for BPH resistance and characterized and BB
resistance genes by using molecular markers. Experiment | included morpho-physiological
evaluation of advance breeding lines for yield and reaction to BPH at two different locations
while Experiment Il aimed at screening and molecular characterization of a set of rice
genotypes for known BPH and BB resistance genes using molecular markers. The results of
the study are presented below:

Experiment I: Morpho-Physiological evaluation of advanced breeding lines for yield and
reaction to BPH

In order to determine the strength and nature of linear relationship between variables
at different locations and within a location, Pearson correlation co-efficient was calculated
and its significance was determined. A descriptive correlogram presenting frequency
distribution curves along with correlation values has been presented via Figure 4.1. High
degree of correlation was observed for days to 50% flowering between two locations.
Similarly, the value of Pearson correlation co-efficient between locations determined yield
and plant height to be moderately correlated between two locations. On the contrary, EBT and
fertility showed very little correlation between two locations. Correlograms depicting
correlation between traits at each location have been presented via heat maps (Figure 4.2).
Within Ludhiana, the co-efficient values determined all the traits to have very little
correlation except PH and EBT where moderate values of significant correlation were
obtained. Correlation analysis between traits at Rauni determined moderate values of
correlation co-efficient for fertility with yield and PH but correlation was insignificant.
Negative correlation was obtained between PH and DF, EBT and PH but only the later was
significant. In general, higher co- efficient of correlation between traits were obtained at
Rauni relative to Ludhiana.

Graphical representation for determining difference in mean values of traits between
locations is given via box-plots presented in Figure 4.3. The significance of difference
between trait values was determined using t-test. t-test results for various traits are presented
in Table 4.1. The variation in yield between two locations was found to be statistically
significant for all the traits as determined using paired t test. Box-plots were plotted in order

to visualize the effect of replications at both locations (Figure 4.4).
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Figure 4.1: Correlogram showing the distribution of phenotypic data for various traits

and pairwise correlations between various traits.
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Table 4.1: Paired t-test determined p-values for various traits at two locations

Mean_Ldh

Mean_Rauni

p-value

DTF

107.0781

109.3177

4.314e-07

PH

106.30729

98.60156

2.766e-13

EBT

346.7062

313.1906

7.95e-13

Yield

6650.095

4840.875

< 2.2e-16

Fertility%

90.14071

88.11121

8.851e-05

TGW

25.33542

24.41328

2.644e-05
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Figure 4.4: Box-plots presenting effect of replications on trait values over two locations

where the numbers on y-axis refer to replications.
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A set of 10 lines were selected based on their phenotypic performance and were
determined to be best performing lines. The details of the lines along with phenotypic data
has been given in Table 4.2. Pictorial representation depicting difference between two sets,
i.e., Best performing lines and remaining lines, designated as A and B, for various traits have
been presented via box plots (Figure 4.5). Chi-Square and p-values obtained from Kruskal-
wallis rank sum test have been given in Table 4.3. However, KW test determined the
difference between two groups to be statistically significant for yield only, suggesting
effective selection to have taken place. Descriptive statistics for the two groups have been
given in Table 4.4.

Table 4.2: Agronomic performance of best lines based on average phenotypic data

Yield PH , Stel_’i!e BB | BPH | HRR

Genotype (kg/ha) DTF (cm) EBT/m Fertility (%)
(%)

9712-3 7325 109 111 316 92 5 3 65.0
9724-1 7328 109 97 319 90 3 1 51
9724-2 7416 109 100 356 90 3 3 6.56
9724-3 7500 108 91 344 87 3 3 58.4
9724-4 7286 107 101 319 84 5 1 63.7
9724-5 7523 117 93 284 90 5 1 58.0
9726-1 7184 113 100 293 91 3 3 62.7
9726-5 7324 114 99 306 91 3 3 66.0
9737-2 7183 110 98 345 90 3 9 62.0
9737-3 7356 110 95 323 91 3 7 57.7
PR 121 6672 110 92 319 86 3 9 63.5
PR 126 7364 92 96 271 87 5 9 62.0

Table 4.3: Kruskal-Wallis rank sum test determined chi-square and p-value for

different traits

Trait Kruskal-Wallis p-value
chi-square

Yield 22.688 1.906e-06*

Days to 50% flowering 0.14043 0.7079

Plant height 0.14013 0.7082

EBT/m’ 0.25742 0.6119

Fertility percentage 0.03992 0.8416
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Figure 4.5: Box-plots depicting phenotypic difference between best lines and the
remaining set. Here A represents set of 10 lines with better phenotypic

performance and B represents remaining lines under study.

Table 4.4: Basic statistic measures determining difference between best performing
lines (A) and remaining lines under study (B)

Trait Performance Count Mean sd median IQR
Yield A 12 7288 220 7326 116
B 54 6533 586 480 480
DTF A 12 109 6.01 110 2.88
B 54 109 4.3 108 4.5
PH A 12 97.6 5.21 97.5 5.25
B 54 98.6 6.87 97 9.12
EBT A 12 316 54 319 26.1
B 54 312 23.2 314 33.1
Fertility% A 12 89 2.47 89.8 3.75
B 54 88.1 4.66 88.8 5

The analysis of variance for Randomized block design revealed significant variations
for various morpho-physiological traits and milling quality traits among different genotypes,
environments and the interaction between genotypes and environments at both the locations
(Table 4.5 and 4.6). Similarly, most of the variables showed non-significant replication and

block effects except few parameters viz. plant height (cm), ear bearing tillers (EBT) /m?, grain
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yield per plot, thousand grain weights (g). The variance in the two environments i.e.,
Ludhiana and Rauni were tested for homogeneity by F test and as it was homogenous the
pooled analysis was done for both the locations. Pooled analysis of variance (Table 4.7) for
both locations for the year 2021 determined effect of genotypes and locations to be significant
for all the traits. For EBT, yield and TBW, the effect of replications was also found to be
significant as evident from p-values < 0.01.

Days to 50% flowering

The days to 50% flowering the number of days to reach maturity play a significant
role in the cropping system. Variation in days to flowering in rice shows its adaptation to
different agro-climatological zones. The varieties of different maturity duration are cultivated
in different areas depending on crop rotation, irrigation facilities and land scenario. The
optimum growth duration involves a balance of growth processes throughout the life of the
plant. This balance should result in the production of the maximum number of matured
panicles, filled spikelets, and mean grain weight.

Significant genotypic variation was observed in the breeding lines for days to 50%
flowering at both locations (Tables 4.5, 4.6, 4.7). Weiya et al (2008) also observed variation
in heading days among several genotypes and identified a regulatory gene responsible for this
variation. The mean days to 50% flowering were 91 days at Ludhiana location ranging from
91 to 119 days while at Rauni, the mean days to 50% flowering was 92 days varying from 92
to 119 days. Most of genotypes (43) were having maturity and flowered between 101 to 110
days at Ludhiana and flowered between 111 to 120 days after seeding. The falling in long
duration allegory PR-126 (92 days), IR54842 (97 days), RP 2068-295 (102 days) and 9723-5
(102 days) lines flowered early and 9729-1 (111 days) 9737-3 (110days), 9725-2 (112 days)
flowered late. In Punjab, medium to short duration varieties are mostly preferred over the
long duration varieties as it helps in saving irrigation water and other resources. Moreover,
medium and early maturing varieties vacate the field timely for the sowing of wheat crop.
Plant height (cm)

Plant height is the main factor that determines the plant architecture and has a direct
effect on yield and lodging. The tall genotypes are not preferred as they are respond to
lodging which reduces grain yield (Shahidullah et al 2009). In the current breeding
programmes, the dwarf and semi-dwarf plant types are the most preferred. Bhadru et al
(2011) reported that plant height is highly correlated with the level of lodging and ease of
harvest. Therefore, it is one of the most important characters in influencing the acceptability

of the variety by the farmer.
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Table 4.5: ANOVA for different morpho-physiological traits at Ludhiana

0€

TRAITS
PTH , | Spikelet [ vield Sterility .
Source DF DTF EBT/m 1000gwt Br(%) | Mill(%) [ Hr(%) LB
(cm) (%) | ko/ha (%)
Mean sum of squares
Genotype 63 68.86** 215.80** | 2191.93** | 36.02** [ 0.33** | 17.89** 34.18** 136.46** | 91.88** | 123.70** | 0.25**
Replication 2 5.77 7.91 26283.97 9.01 0.131 3.89 7.58 0.02 1.91 1.03

** = significant different at 5%, *** = significant different at 1%, ns= non-significant, DF= degree of freedom, DF= Days to fifty percent flowering, PH =

Plant height, EBT/ m® = Ear bearing tiller/ m?, GY= Grain yield per plot and TGW= Thousand grain weight BRR = Brown rice Recovery, MRR= Milled rice
Recovery, HRR= Head rice recovery

Table 4.6: ANOVA for yield contributing traits at Rauni

TRAITS
DF DF days PTH (cm) EBT/m? Spf (%) Ste (%) 1000gwt Yield kg/ha
Source
Mean sum of squares
Genotype 63 54.900050** | 132.411376** | 3227.8190** | 209.67590** | 9.0582011** | 13.2710979** 0.11320711**
Replication 2 9.411458 135.630208 30918.7519 6.27949 13.0781250 1.8984896 0.00928086

** = significant different at 5%, *** = significant different at 1%, ns= non-significant, DF= degree of freedom, DF= Days to fifty percent flowering, PH =
Plant height, EBT/ m” = Ear bearing tiller/ m? GY= Grain yield per plot and TGW= Thousand grain weight BRR = Brown rice Recovery, MRR= Milled rice

Recovery, HRR= Head rice recovery




Table 4.7: Combined Anova for various morpho- physiological yields attribution trait

over two locations

PH Df Sum Sq Mean Sq F value Pr(>F)
Genotype 63 16689 265 5.355 <2e-16***
Rep 2 157 78 1.583 0.207
Location 1 22801 22801 460.884 <2e-16***
Residuals 317 15683 49

DTF Df Sum Sq Mean Sq F value Pr(>F)
Genotype 63 6504 103.2 20.82 <2e-16***
Rep 2 9 4.7 0.949 0.388
Location 1 1926 1926 388.423 <2e-16***
Residuals 317 1572 5

EBT Df Sum Sq Mean Sq F value Pr(>F)
Genotype 63 204666 3249 1.863 0.000285***
Rep 2 21351 10675 6.122 0.002463**
Location 1 431346 431346 247.36 <2e-16***
Residuals 317 552784 1744

Yield Df Sum Sq Mean Sq F value Pr(>F)
Genotype 63 7.89E+07 | 1.25E+06 4.223 <2e-16***
Rep 2 2.62E+06 | 1.31E+06 4412 0.0129*
Location 1 1.26E+09 | 1.26E+09 | 4240.696 <2e-16***
Residuals 317 9.40E+07 | 2.96E+05

TGW Df Sum Sq Mean Sq F value Pr(>F)
Genotype 63 1537.4 24.4 16.867 <2e-16***
Rep 2 10.1 5 3.478 0.0321*
Location 1 326.5 326.5 225.692 <2e-16***
Residuals 317 458.6 1.4

Fertility % Df Sum Sq Mean Sq F value Pr(>F)
Genotype 63 7617 120.9 4.846 <2e-16***
Rep 2 14 7 0.279 0.756
Location 1 1582 1581.6 63.392 3.05e-14***
Residuals 317 7909 25
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In the present study, plant height showed significant variation among different
genotypes at both the locations i.e., Ludhiana and Rauni, Patiala (Table 4.5, 4.6 and 4.7).
According to IRRI (2002), plant height is divided into three categories, hamely short (<110
cm), medium (110-130 cm), and tall (>130 cm). Most of the genotypes in this study were
present in medium category. The genotypes had a mean plant height of 102 cm which ranged
from 88 cm to 102 cm along with coefficient of variation of 7.94%.RP 2068 (88 cm) and
9738-1 (79 cm) had the minimum plant height at both Ludhiana and Rauni respectively.
However, PR114 was the tallest genotype with the maximum plant height of 102 cm at
Ludhiana and IR71033 (112 cm) at Rauni. Similarly, RP2068 (88cm) and PR 114(102 cm)
were the shortest and tallest check varieties, respectively. Most of the genotypes were semi
dwarf and did not lodge. According to Khush (1984), the dwarf and semi-dwarf cultivars
normally have high yield, are resistant to lodging and show a positive response to fertilizer
application along with good water use efficiency, contrary to very short plants that have poor
yield due to low biomass production.

Ear bearing tillers (EBT)/m?

In rice, the number and size of panicles is closely related to number of tillers.
Tillering ability is one of the most important traits of rice, since it can have a significant
influence on the future production of panicles (Miller et al 1991), which in turn is highly
correlated with grain yield. Moderate tillering greatly contributes to rice yield but excessive
tillering leads to poor grain setting and smaller panicle size. Most of the genotypes showed
moderate tillering ability (6 to 8tillers/plant). The number of tillers also has been reported to
have a positive association with plant biomass and economic yield in rice (Deng et al 2015).
The genotypes had mean ear bearing tillers of 411 EBT/ m? that is about 10-11 panicles per
plant. However, the genotype PAU minimum and maximum range of ear bearing tiller were
286/m* and 411/m? respectively. 9712-1 had minimum tillering with 286 EBT /m* which is
equal to 7 panicles per plant at Ludhiana. Similarly, Kaum-182-1 had the lowest tillering (189
EBT /m?) at Rauni. The miximum tillering was recorded for PAU 9737- 2 (411 EBT /m?) at
Ludhiana location and 9730-3 (349EBT /m?) in Rauni. The optimum tillering is very
important to develop primary and secondary tillers having healthy panicles (Pawar et al 2016)
as it plays a major role in determining grain yield. According to new plant type concept 6-10
tillers per plant give higher yield than the profusely tillering varieties with 20-25 tillers per
plant.

In the present study, the genotypes showed significant differences for ear bearing
tillers at both locations (Table 4.5, 4.6 and 4.7). Peng et al (2008) also reported that the
number of panicles per plant, number of spikelets per panicle, weight of spikelet and spikelet
fertility and/or sterility are strongly linked to the yield performance of rice and hence

determine the potential grain yield.
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Grain yield (kg/ha)

Grain yield (kg/ha) is the major criterion which determines the future of varieties and
is a primary concern for farmers. In the present study, the grain yield showed a strong and
significant variation between the genotypes as evident from their mean performance given in
Table 4.5. Results from single location anova and multi-location anova also reversed the
variation among genotypes to be highly significant (Tables 4.5, 4.6 and 4.7).

The average grain yield of the test genotypes ranged from 3543 to 8175 kg/ha.
Genotypes 9731-5 (8175 kg/ha) had the highest yield at Ludhiana and 9724-3 (7857 kg/ha)
was the highest yielding genotype at Rauni with yields better than or comparable to check
varieties PR 121, PR 122. However, IR 54842 and 9726-4 yielded low i.e. 3543 kg/ha and
3667 kg/ha in Ludhiana and Rauni respectively. Genotypes 9712-3, 9724-2, 9724-4, 9724-5,
9726-1, 9726-5, 9724-1 and 9724-3 at PAU performed well at both the locations. The
variation in grain yield across the locations might be due to environmental effects or due to
variation in different yield contributing traits like number of spikelets per panicle, grain
weight, spikelet fertility etc. Zhao et al 2020 reported that the differences in grain yield across
environments were mostly due to the combination effect of various agronomic traits that were
greatly affected by the different climate conditions. The grain yield was significantly and
positively correlated with plant height, tiller number , filled grain number per panicle, filled
grain percentage as well as grain weight.

Spikelet Fertility (%)

The economic grain yield of rice is determined by several factors, including the
number of productive tillers, number of potential grains per panicle and spikelet fertility
(Sheehy et al 2001). The harvested spikelets can either be fertilized or sterile (empty).
Similarly fertilized spikelets may either be adequately or inadequately filled. Adequately
filled grains in fertilized spikelets are the main contributor to higher yield in rice cultivars
(Mohapatra et al 2011).

In the present study, pooled anova as well as single location anova for each location
indicated significant genotypic variation for spikelet fertility at Ludhiana (Table 4.5). Anis et
al (2016) reported significant differences in 100 rice genotypes for number of spikelets per
panicle and spikelet fertility. The mean spikelet fertility was 86.6-90% at both locations. It
ranged from 81% to 97% along with 0.26 coefficient of variation at Ludhiana and 56% to 96
% along with 0.47 coefficient of variation at Rauni. Genotypes 9726-2 (81%) and 9726-4
(56%) had low spikelet fertility % and 9722-4 (97%) and 9712-4 (90%) had highest spikelet
fertility at both locations. The genotype 9726-4 (56 fertile seeds per panicle) had least number
of fertility percent of while 9722-4 (97% fertile seeds per panicle) had the maximum number
of spikelets per panicles. Amegan et al (2020) also reported high phenotypic variation in a set

of 130 rice accessions from South Korea and Africa for spikelet number and fertility. The
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genotypes having more than 85% spikelet fertility are desirable.
Thousand grain weight (g)

A higher thousand grain weight and high spikelet fertility not only improves the grain
yield but also the head rice ratio (Xu et al 2015). In recent decade, the improvement of rice
productivity by selection for superior yield component and ideal plant architecture have
become an important focus of rice breeding research (Peng et al 2008). Hongthong et al
(2012) compared grain yield between two super hybrid cultivars differing in grain weight and
suggested that developing rice cultivars with high grain weight is a possible approach to
achieve high grain yield. Grain weight is the product of the duration and rate of grain filling.
Jones et al (1979) determined the correlation between grain weight with the duration and rate
of grain filling in fifteen rice cultivars and reported that grain weight was positively and
significantly related to grain-filling rate.

In this study, significant genotypic variation was present for thousand grain weight
both at Ludhiana, Rauni as well as in combined analysis. The mean thousand grain weight of
the genotypes, PR-126 (20.12 g) and 9726- 4 (26.40), was found to be lowest at Ludhiana and
Rauni, respectively. However, 9731-2 (29.50 g) and 9712-5 (28.40 g) recorded the highest
thousand grain weight both at Ludhiana and Rauni respectively. The average TGW of check
varieties was 23.90 g. Conley and John (2013) reported test weight as an important factor
when selecting a variety as both environment and pests may greatly affect test weigh. Thus,
selecting a variety that has a high-test weight potential in any area is critical to maximizing
economic gain.

Head Rice Recovery (%)

The mean HRR ranged from 36.52% to 67.54% . The genotypes with minimum HHR
were IR 54842 (36.53 %) at Ludhiana. However, 9714-4 (67.54%) had maximum HRR at
Ludhiana and was comparable to best check, PR122. Parallel to enhancing paddy yield,
improving the milling quality of rice is essential in ensuring food security by mitigating the
impact of significant losses during the postharvest processing of rice grains. From an
industrial standpoint, maximizing the milling recovery of whole grain polished rice is crucial
in fetching higher revenues to rice farmers. L/B ratio is an important determinant of the
quality of rice grains. Based on the L/B ratio, grains were classified into long slender (LS),
short slender (SS) and medium selender (MS) (Ramaiah, 1985). In this study, significant
genotypic variation was present for L/B ratio at Ludhiana. The mean L/B of the genotypes
ranged from Kaun 182-1 (2.82) and PR 114 (4.41) at Ludhiana.

Experiment I1: Screening and molecular characterization of a set of rice genotypes for
known BPH and BB resistance genes
Screening of advanced breeding lines for BB resistance.

Bacterial blight (BB) of rice caused by Xanthomonas oryzae pv. oryzae (X00) is one
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of the most serious production constraints of rice worldwide. Deployment of resistant
cultivars is the most economical and effective method to control the disease due to the non-
availability of effective bactericidal agents. Ten pathotypes have been identified in Punjab on
the basis of near isogenic lines, standard international differentials and local rice cultivars
(Singh et al 2012). Numerous resistance genes have been identified and used for disease
management so far (Dinh et al 2010). The molecular markers usage in plant breeding has
earned much attention in the recent past years. The microsatellite or simple sequence repeat
(SSR) marker loci are widely distributed in the rice genome and can be easily analyzed using
the polymerase chain reaction (McCouch et al 2002). SSR markers are useful for wide
application range in plants due to their reproducibility, multiallelic nature, co-dominance
nature of inheritance and wide genomic coverage (Powell et al 1996). Keeping these
observations in mind, the present research was carried out to characterize the advance
breeding lines for BB resistance and to look for presence of any known BB resistance gene(s).

Considering BB disease as a threat to rice production, sixty-four advance breeding
lines along with checks were screened during Kharif 2021 against all the seven prevalent
pathotypes of BB disease present in the Punjab state using clip inoculation method. The
results indicated that most of the genotypes (32) showed resistance to the BB pathotype
(Table 4.8). The resistance in these lines was either due to known genes or combination of
known genes or as yet undescribed gene(s). Twenty-six lines showed moderate resistance
reaction against BB pathogen. The genotypes IR 71033, IR 54842 and RP 2068-295 showed
susceptible reaction against BB resistant. The genotypes PR 114, Kaun 182-1 and RP 2068-
303 were highly susceptible. Table 4.8 shows the genotypes and their disease reaction
towards BB pathogen seven along with the checks.

The advanced breeding lines were further subjected to molecular analysis to identify
the presence or absence of resistance genes using gene-linked or gene-specific markers for
BB resistance genes viz. Xa4, xal3 and Xa21. PR 121 was used as positive control during
PCR analysis as it has been reported to carry Xa4, xa5 and xal3 (Bharaj et al 2014). The
resistance gene Xa4 was first characterized on long arm of rice chromosome 11 in the rice
variety TKM 6 by Wang et al (2001). Amplification of sequence tagged site (STS) marker
MP4 which is linked to this BB resistance gene revealed the presence of a 150bp fragment
specific for Xa4 mediated BB resistance in the positive control PR 121 and 120bp fragment
corresponding to absence of this gene. This can be easily resolved on 4% agarose gel using
50bp DNA ladder. Based on the banding pattern of advanced breeding lines, BB resistance
gene Xa4, was found to be present in ten lines (Table 4.8). Khush et al (1989) reported that
the exploitation of gene Xa4 resulted in development of many BB resistant rice cultivars that
played significant role in protecting rice from Xoo. It has been reported by many workers that

the pyramided lines with Xa4 and other bacterial blight resistance genes showed a wider
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spectrum and a higher level of resistance than the lines with single resistance gene (Huang et
al 1997; Arif et al 2008).

xal3 gene was first discovered in the rice variety BJ1 (Sanchez et al 1999) and was
fine mapped to a region less than 4 ¢cM on the long arm of chromosome 8 between two RFLP
markers, RG136 and R2027. Similarly, the amplified product with primer xal3 promoter
from resistant line PR121 was of 500bp, while that from susceptible lines was about 250bp
which could be easily resolved on 2.5% agarose gel by using standard 100bp DNA ladder to
confirm proper size of amplified product. Based on the banding pattern of germplasm lines, it
was observed that in case of xal3 BB resistance gene, 48 lines showed presence of this gene.
Plate 5 shows the agarose gel picture of xal3 marker on 64 genotypes of rice.

The gene Xa21 was introgressed from Oryza longistaminata, a wild relative of the
cultivated species Oryza sativa (Khush and Angeles 1999). Genetic and physical analysis of
Xa21 localized it in an 8.3 cM interval on chromosome 11 (Ronald et al 1992). Screening of
dominant Xa21 resistance gene by the amplification of pTA248 marker revealed 1000bp band
as presence of Xa21 allele and 750bp band as absence of the allele. Based on the banding
pattern of germplasm lines, it was observed, 20 lines showed presence of this gene.
Ramalingam et al (2001) performed similar type of molecular survey for the presence of
bacterial blight resistance genes xal3 and Xa2l in Chinese rice germplasm. It was also
observed that out of the 64 advance lines tested, some of the lines showed presence of two
gene combination, respectively. Thirty lines showed presence of single gene while one line
showed none of the known gene tested. Among the three gene combination, three lines
showed presence of Xa4+xal3+Xa2l. None of the lines showed all the four gene tested in
combination. On the other hand, in case of two gene combination, 17 lines showed presence
of xal3+Xa2l also included lines showed presence of Xa4+xal3. Similar work has been
reported by Mangat et al (2012) and Khanna et al (2014) in which they identified Xa4, xal3
and Xa2l genes through molecular analysis in elite non-basmati rice breeding lines and
showed effectiveness of multiple BB resistance genes in rice varieties. Goel et al (1998)
reported that none of the known genes were effective fully against all the pathotypes of BB
pathogen from northern India. So, the resistance in these advance breeding lines may be
attributed to presence of additional known or novel genes and/or modifiers. The narrow
genetic base of cultivated rice will cause vulnerability to BB because of an increased
frequency of newly evolved pathotypes of greater virulence. As a result, increasing attention
has focused on the accumulation of major disease resistance genes in crop plants. Pyramided
lines carrying more resistance genes showed broad spectrum and higher resistance than the
lines with a single resistance gene (Suh et al 2009; 2013).

Several BB resistance genes have been identified and characterized in non- aromatic

rice and incorporated and pyramided through MAS to develop resistant cultivars

36



(Perumalsamy et al 2009; Rajpurohit et al 2011). Shehzad et al (2012) screened different
commercial rice varieties in order to exploit their resistant potential against bacterial leaf
blight and identified resistance sources for breeding programs. Singh et al (2014) evaluated a
set of uncharacterized aromatic germplasm lines along with four cultivated varieties for
resistance against two pathotypes of BB pathogen. Raj Purohit et al (2011) reported that
pyramiding of more than one major resistance gene has proven to deliver durable resistance
against BB disease. In the present study all 64 genotypes showed resistance to more than half
of the pathotypes present in Punjab. Therefore, gene pyramiding is the corner stone for
controlling all the pathotypes of BB disease present in Punjab. The pyramided lines showed a
wider spectrum and higher level of resistance than lines with only a gene because of the
pathogens ability to rapidly overcome major genes (Mew 1987). One of the most challenging
and important areas of research will be to develop a sound strategy for deployment of
resistance gene carrying varieties in order to maximize the durability of resistance in a
particular location. The information gained in this study has a significant importance in
identifying potential donors for BB resistance to be used in rice hybridization programme.

Table 4.8: List of 64 genotypes showing the presence and absence of Xa4, xal3 and Xa2l

genes individually or in combination.

Srno Genotype Xa4 xal3 Xa2l Remarks
1 9711-1 + - xal3

2 9711-2 + + xal3+Xa2l
3 9711-3 + + xal3+Xa2l
4 9711-4 + + xal3+Xa2l
5 9711-5 + - xal3

6 9712-1 + + xal3(H)+Xa2l
7 9712-2 + NA xal3

8 9712-3 + + xal3+Xa2l
9 9712-4 + - xal3

10 9712-5 + - xal3

11 9722-1 + - xal3

12 9722-2 + - xal3

13 9722-3 + - xal3

14 9722-4 + - xal3

15 9723-1 + - xal3

16 9723-2 + - xal3

17 9723-3 NA - -
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18 9723-4 + xal3

19 9723-5 + xal3

20 9724-1 + xal3

21 9724-2 + xal3

22 9724-3 + xal3

23 9724-4 + xal3

24 9724-5 + xal3

25 9725-1 NA -

26 9725-2 + xal3

27 9725-3 + xal3

28 9725-4 + xal3

29 9725-5 + xal3+Xa2l
30 9726-1 + xal3

31 9726-2 + xal3

32 9726-3 + xal3

33 9726-4 + xal3+Xa2l
34 9726-5 + xal3+Xa2l
35 9729-1 + xal3

36 9729-2 + xal3

37 9729-3 + xal3

38 9729-4 + xal3

39 9729-5 + xal3

40 9730-1 + xal3

41 9730-2 NA Xa2l

42 9730-3 NA Xa2l

43 9731-1 + xal3

44 9731-2 + xal3+Xa2l
45 9731-3 NA Xa2l

46 9731-4 + xal3+Xa2l
47 9731-5 + xal3+Xa2l
48 9737-1 NA Xaz21

49 9737-2 NA Xaz21

50 9737-3 NA Xa21

51 9737-4 + xal3+Xa2l
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52 9737-5 + + - Xad+xal3

53 9738-1 + + + Xad+xal3+Xa2l
54 9738-2 NA + + xal3+Xa2l

55 9738-3 + + - Xad+xal3

56 PR 114 NA - - -

57 PR 121 + + + Xad+xal3+Xa2l
58 PR 122 + + + Xad+xal3+Xa2l
59 PR 126 + - - Xad

60 IR 71033 + - - Xad

61 IR 54842 + - + Xad+Xa2l

62 Kaum 182-1 + - - Xa4

63 RP 2068-295 NA NA - -

64 RP 2068-303 + - - Xad

Screening advance breeding lines for BPH resistance

Screening of 64 genotypes that is the advanced breeding lines for the Brown plant
hopper (BPH) using the molecular marker RM279 (SSR marker, Hu et al 2018) revealed the
presence of Bph33 gene in 24 lines along with the check RP 2068-295 which is the donor of
Bph33. Bph33 was mapped on chromosome 4 using the two resistant Sri Lankan rice cultivars
(KOLAYAL and POLIYAL) using F2:3 populations and near-isogenic lines (NILs). Bph33
was fine mapped to a 60-kb region ranging 0.91-0.97 Mb on the short arm of chromosome 4.
The gene exhibited continuous and stable resistance from seedling stage to tillering stage,
showing both antixenosis and antibiosis effects on BPH (Naik et al 2018). Plate 6 shows the
agarose gel picture illustrating the presence and absence of Bph33 gene in some of the rice
genotypes.

In addition to this, the material was also screened for the presence of Bph34 using
SSR markers RM16994 and RM17104 and none of the lines showed the presence of the
resistance gene Bph34. BPH resistant locus Bph34 had been identified from the wild source
of rice O.nivara on chromosome 4 of rice using 50K SNP chip (Kumar et al 2019). In
addition to SNP markers two SSR markers RM16994 and RM17007 also co-segregated with
the BPH resistance which are being implemented in rice breeding programmes using marker
assisted selection. Plate 7 shows the agarose gel picture of few rice genotypes screened for the
presence of Bph34 allele. The lines were showing presence of band corresponding to the
PR122 recipient parent and not the band of Oryza nivara acc. IRGC104646, the donor of
Bph34. It was quite interesting to observe that some of the rice genotypes did not contain

either Bph33 and Bph34 but showing resistance against BPH when screened phenotypically.
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These would mean that these lines may carry novel uncharacterized genes or carry other Bph
resistance genes which can be explored further and hence can be utilised in rice breeding
programmes. Table 4.12 lists all the 64 genotypes of rice showing the presence or absence of
Bph34 and Bph33 along with phenotypic score of disease reaction against BPH.
Conclusion

From the present study, it is concluded that there are some lines that perform best
agronomically at both the locations and also carried genes for bacterial blight and brown plant
hopper. Some of these lines carried single gene for BB/BPH while some other carried
multiple genes for BB. These advanced breeding lines or genotypes characterized for BB and
BPH would serve as great source for germplasm enhancement. The best performing lines with
single genes for BB and BPH resistance can be crossed among each other to produce lines
with pyramided genes that will provide durable resistance against these devastating
pathogens. These lines would serve as an important germplasm resource as potential lines
identified can be employed in varietal improvement programmes.

Table 4.9- Disease reaction recorded on 64 genotypes against Bacterial Blight

Disease score (Reaction Number of advanced lines
1.0(HR) 0
1.1-3(R) 32
3.1-5(MR) 26
5.1-7(S) 3
7.1-9(HS) 3
Total 64

Table 4.10 - Disease reaction recorded on 64 genotypes against Brown Plant hopper

Disease score (Reaction) Number of advance lines
1.0(HR) 0
1.1-3(R) 27
3.1-5(MR) 26
5.1-7(S) 3
7.1-9(HS) 8
Total 64
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Plate 5: Agarose Gel picture showing the presence of Xal3 gene in some of the

advanced breeding lines of rice.
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Plate 6: Agarose Gel picture showing the presence of Bph33 gene in some of the

advanced breeding lines of rice.
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Plate 7: Agarose Gel (2.5%) picture showing the absence of Bph34 gene using SSR

marker RM16994 in some of the genotypes. The genotypes (1-14) carried the
band corresponding to PR122 (one of the recipient parents).



Table 4.11- Summary statistics of Molecular characterization of BB resistant genes on

64 genotypes
Gene No. of genotypes
Xa4 4
xal3 31
Xa2l 6
Xad+xal3 2
Xad+Xa2l 1
xal3+Xa2l 14
Xad+xal3+Xa2l 3
Unknown genes or putative new genes 3

Table 4.12- List of Genotypes showing presence and absence of Bph33 and Bph34
disease resistance genes along with the phenotypic score of disease reaction
observed against BPH

No. Genotype BPH BPH 33 BPH 34
Disease reaction
1 9711-1 1 -
2 9711-2 1 -
3 9711-3 3 -
4 9711-4 1 -
5 9712-1 3 -
6 9712-2 1 -
7 9712-3 3 -
8 9712-4 3 -
9 9712-5 7 -
10 9722-1 1 -
11 9722-2 3 -
12 9722-3 1 -
13 9722-4 1 -
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14 9722-1 1
15 9723-1 3
16 9723-2 3
17 9723-3 3
18 9723-4 3
19 9723-5 1
20 9724-1 1
21 9724-2 3
22 9724-3 3
23 9724-4 1
24 9724-5 1
25 9725-1 3
26 9725-2 3
27 9725-3 3
28 9725-4 3
29 9725-5 3
30 9726-1 3
31 9726-2 5
32 9726-3 7
33 9726-4 5
34 9726-5 3
35 9729-1 1
36 9729-2 5
37 9729-3 3
38 9729-4 3
39 9729-5 3
40 9730-1 3
41 9730-2 1
42 9730-3 3
43 9731-1 3
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44 9731-2 5
45 9731-3 3
46 9731-4 5
47 9731-5 3
48 9737-1 5
49 9737-2 9
50 9737-3 7
51 9737-4 5
52 9737-5 9
53 9738-1 5
54 9738-2 5
55 9738-3 3
56 PR114 9
57 PR121 9
58 PR122 9
59 PR126 9
60 IR 71033 7
61 IR 54842 7
62 Kaum 182-1 5
63 RP 2068-295 5
64 RP 2068-303 5
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Table 4.13: Combined Anova over two locations for the year 2021 has been given in

Table 4.7

PH Df Sum Sq Mean Sq F value Pr(>F)
Genotype 63 16689 265 5.355 <2e-16***
Rep 2 157 78 1.583 0.207
Location 1 22801 22801 460.884 <2e-16***
Residuals 317 15683 49

DTF Df Sum Sq Mean Sq F value Pr(>F)
Genotype 63 6504 103.2 20.82 <2e-16***
Rep 2 9 4.7 0.949 0.388
Location 1 1926 1926 388.423 <2e-16***
Residuals 317 1572 5

EBT Df Sum Sq Mean Sq F value Pr(>F)
Genotype 63 204666 3249 1.863 0.000285***
Rep 2 21351 10675 6.122 0.002463**
Location 1 431346 431346 247.36 <2e-16***
Residuals 317 552784 1744

Yield Df Sum Sq Mean Sq F value Pr(>F)
Genotype 63 7.89E+07 | 1.25E+06 4.223 <2e-16***
Rep 2 2.62E+06 | 1.31E+06 4412 0.0129*
Location 1 1.26E+09 | 1.26E+09 | 4240.696 <2e-16***
Residuals 317 9.40E+07 | 2.96E+05

TGW Df Sum Sq Mean Sq F value Pr(>F)
Genotype 63 1537.4 24.4 16.867 <2e-16***
Rep 2 10.1 5 3.478 0.0321*
Location 1 326.5 326.5 225.692 <2e-16***
Residuals 317 458.6 1.4

Fertility % Df Sum Sq Mean Sq F value Pr(>F)
Genotype 63 7617 120.9 4.846 <2e-16***
Rep 2 14 7 0.279 0.756
Location 1 1582 1581.6 63.392 3.05e-14***
Residuals 317 7909 25
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Table 4.14: Best Performing lines at Rauni

No. Genotype DTF PH (+) EBT NSP Sterile(%0) 1000w.t
22 9724-3 111 (-) 84 (+) 341 83 17 21.80
20 9724-1 111 () 86 299 85 15 22.30
21 9724-2 111 (-) 91 345 95 5 23.20
23 9724-4 111 () 94 301 78 22 21.60
17 9723-3 112 () 93 279 91 9 22.60
30 9726-1 117 (-) 92 295 94 7 24.50
14 9722-1-PR 121-4 110 97 231 90 10 26.50
26 9725-2 112 83 328 85 15 20.50
24 9724-5 119 89 244 91 10 22.60
27 9725-3 110 96 286 89 11 23.90
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Table 4.15: Best Performing lines at Ludhiana

No. Genotype Yield (kg/ha) | DTF | EBT/m? | NSP (%) | StE (%) | 1000.wt BB BPH HRR (%) | LB ratio
47 9731-5 8175 107 361 89 11 27.00 5 3 54.15 3.83
59 PR 126 8030 91 328 86 14 18.90 5 9 62.04 4
24 9724-5 7713 114 323 89 11 25.10 5 1 58.00 4.04
50 9737-3 7713 110 348 91 9 20.50 3 7 57.69 3.32
53 9738-1 7597 102 385 89 11 24.00 3 5 63.59 3.96
34 9726-5 7569 112 326 93 7 26.30 3 3 66.50 3.85
8 9712-3 7475 106 337 91 9 28.10 5 3 65.10 3.63
12 9722-1-PR 121-2 7316 104 304 91 9 26.40 5 1 63.56 3.69
49 9737-2 7208 110 411 92 8 21.60 3 9 56.24 3.49
21 9724-2 7165 107 367 84 16 25.30 3 3 65.62 3.83




Table 4.16: Mean Performance of 64 Genotypes

Ly

Sr No. | Genotype Yield (kg/ha) Days to 50% Plant height (cm) EBT/m? Fertility (%0)
flowering
Ldh Rauni Ldh Rauni Ldh Rauni Ldh Rauni Ldh Rauni
1 9711-1 6890 7095 105 113 107 92 319 264 91 89
2 9711-2 6999 6444 103 113 107 89 319 264 92 83
3 9711-3 6746 6937 105 110 108 98 334 279 96 90
4 9711-4 6955 7095 101 110 110 92 337 282 95 91
5 9711-5 6797 6508 112 114 113 95 310 240 90 88
6 9712-1 7078 6603 105 111 126 106 286 216 93 90
7 9712-2 6732 6905 107 113 121 104 317 273 92 95
8 9712-3 1475 7175 106 111 122 99 337 295 91 93
9 9712-4 6941 6635 110 114 124 105 308 242 91 96
10 9712-5 6876 7063 111 114 120 101 317 268 81 93
11 9722-1 6926 6587 103 111 109 92 345 275 95 78
12 9722-2 7316 6540 104 113 116 91 304 308 91 93
13 9722-3 6147 6444 101 110 103 91 359 312 95 86
14 9722-4 6602 7429 102 110 113 97 326 231 97 90
15 9723-1 6811 7063 103 111 111 91 350 249 91 87
16 9723-2 6760 6476 111 115 111 90 304 273 88 95
17 9723-3 6667 7556 112 112 107 93 356 279 96 91
18 9723-4 6869 6889 112 115 113 92 326 238 90 91
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Sr No. | Genotype Yield (kg/ha) Days to 50% Plant height (cm) EBT/m? Fertility (%0)
flowering
Ldh Rauni Ldh Rauni Ldh Rauni Ldh Rauni Ldh Rauni
19 9723-5 6833 6000 102 108 114 94 378 275 87 87
20 9724-1 6861 7794 107 111 108 86 339 299 94 85
21 9724-2 7165 7667 107 111 108 91 367 345 84 95
22 9724-3 7143 7857 104 111 98 84 348 341 90 83
23 9724-4 6905 7667 103 111 107 94 337 301 90 78
24 9724-5 7713 7333 114 119 96 89 323 244 89 91
25 9725-1 6948 6603 111 112 106 85 352 262 88 84
26 9725-2 5685 7413 113 112 95 83 365 328 93 85
27 9725-3 5671 7302 107 110 104 96 321 286 91 89
28 9725-4 6746 6587 112 116 103 81 359 282 93 73
29 9725-5 6703 7286 112 113 98 87 387 273 86 90
30 9726-1 6876 7492 109 117 108 92 290 295 88 94
31 9726-2 6609 7032 106 114 100 90 328 326 81 91
32 9726-3 5895 6286 110 118 106 90 367 290 88 95
33 9726-4 5996 3667 119 118 101 82 354 257 86 56
34 9726-5 7569 7079 112 116 112 87 326 286 93 88
35 9729-1 6760 6635 111 112 106 85 337 244 95 92
36 9729-2 6753 6571 111 114 105 84 367 293 87 87
37 9729-3 6508 7238 108 112 113 94 334 268 88 87
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Sr No. | Genotype Yield (kg/ha) Days to 50% Plant height (cm) EBT/m? Fertility (%0)
flowering
Ldh Rauni Ldh Rauni Ldh Rauni Ldh Rauni Ldh Rauni
38 9729-4 6501 6317 110 116 104 89 343 315 94 67
39 9729-5 6486 6270 110 113 107 89 365 279 89 88
40 9730-1 6760 7095 105 113 97 86 328 306 92 84
41 9730-2 6703 6079 108 112 98 82 385 323 91 90
42 9730-3 6089 6190 110 114 100 82 372 350 92 91
43 9731-1 6465 6476 105 110 103 91 345 290 86 85
44 9731-2 6219 6794 110 112 105 89 359 312 88 92
45 9731-3 7107 6492 112 113 105 87 370 235 89 60
46 9731-4 6212 6603 107 111 104 89 394 297 91 92
47 9731-5 8175 6349 107 111 102 88 361 273 89 88
48 9737-1 6724 7048 105 110 99 88 381 253 95 87
49 9737-2 7208 7159 110 110 106 90 411 279 92 89
50 9737-3 7713 7000 110 111 100 90 348 299 91 91
51 9737-4 6905 6873 111 110 95 90 387 273 92 93
52 9737-5 7006 6841 103 110 101 92 337 284 94 92
53 9738-1 7597 6190 102 108 95 79 385 299 89 76
54 9738-2 6364 6937 105 110 101 88 350 310 87 84
55 9738-3 5772 4683 106 111 102 82 389 271 89 87
56 PR 114 6306 4984 102 113 102 85 359 255 89 66
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Sr No. | Genotype Yield (kg/ha) Days to 50% Plant height (cm) EBT/m? Fertility (%0)
flowering
Ldh Rauni Ldh Rauni Ldh Rauni Ldh Rauni Ldh Rauni
57 PR 121 6551 6794 106 113 99 85 387 251 87 86
58 PR 122 6414 6460 112 119 111 94 337 332 84 92
59 PR 126 8030 6698 91 92 97 95 328 213 86 87
60 IR 71033 5173 6778 96 107 110 112 343 317 93 72
61 IR 54842 3543 5667 100 97 103 107 312 290 88 91
62 Kaum 182-1 5924 6254 109 110 114 100 343 189 91 86
63 RP 2068-295 4913 4587 102 103 88 90 381 286 88 93
64 RP 2068-303 5823 6286 108 106 92 84 359 233 87 80
Mean 6650 6670 107 112 106 91 347 280 90 86
Se 0.06 0.06 1.33 4.17 8.44 10.4 32.79 14.86 0.05 0.16
Range 3543-8175 | 3667-7857 | 91-119 92-119 88-134 79-112 286-411 189-350 81-97 56-96
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Table 4.17: Performance of 64 Genotypes

No. Genotype BB BPH TGW (9) LB Ratio HRR (%)
Ldh Ldh Ldh Ldh Ldh
1 9711-1 3 1 26.00 3.38 57.77
2 9711-2 3 1 22.10 3.35 65.22
3 9711-3 5 3 22.40 3.09 65.96
4 9711-4 5 1 26.60 3.51 57.28
5 9711-5 5 3 23.20 3.64 66.18
6 9712-1 3 1 27.00 3.07 60.50
7 9712-2 3 3 25.00 3.39 65.52
8 9712-3 5 3 28.10 3.63 65.10
9 9712-4 3 7 25.90 3.21 67.54
10 9712-5 5 1 26.30 3.55 65.46
11 9722-1 5 3 23.90 3.83 62.14
12 9722-2 5 1 26.40 3.69 63.56
13 9722-3 3 1 25.30 3.58 52.10
14 9722-4 5 1 29.40 3.85 59.73
15 9723-1 5 3 28.20 3.66 59.55
16 9723-2 5 3 27.30 3.55 65.78
17 9723-3 5 3 23.60 3.85 58.73
18 9723-4 5 3 26.80 3.63 44.74
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No. Genotype BB BPH TGW (g) LB Ratio HRR (%)
Ldh Ldh Ldh Ldh Ldh
19 9723-5 5 1 25.40 3.78 60.78
20 9724-1 3 1 25.80 3.77 51.02
21 9724-2 3 3 25.30 3.83 65.62
22 9724-3 3 3 26.50 3.56 58.42
23 9724-4 5 1 28.00 3.92 50.23
24 9724-5 5 1 25.10 4.04 58.00
25 9725-1 5 3 26.50 3.94 59.20
26 9725-2 3 3 23.10 3.94 65.32
27 9725-3 5 3 25.20 3.79 56.58
28 9725-4 3 3 24.00 3.71 66.25
29 9725-5 3 3 27.10 3.72 63.50
30 9726-1 3 3 28.10 3.71 62.74
31 9726-2 3 5 26.90 3.63 61.82
32 9726-3 3 7 27.10 3.65 51.70
33 9726-4 5 5 26.40 3.69 63.76
34 9726-5 3 3 26.30 3.85 66.50
35 9729-1 3 1 29.40 3.66 62.88
36 9729-2 3 5 25.50 3.94 55.92
37 9729-3 3 3 28.00 3.82 53.98
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No. Genotype BB BPH TGW (g) LB Ratio HRR (%)
Ldh Ldh Ldh Ldh Ldh
38 9729-4 3 3 26.90 4.10 59.74
39 9729-5 3 3 28.40 331 59.91
40 9730-1 3 3 25.00 3.83 55.20
41 9730-2 3 1 23.10 3.56 59.30
42 9730-3 3 3 21.60 3.64 66.04
43 9731-1 5 3 28.10 3.64 47.44
44 9731-2 5 5 29.50 3.99 55.37
45 9731-3 3 3 28.50 3.86 57.13
46 9731-4 5 5 27.10 3.71 56.44
47 9731-5 5 3 27.00 3.83 54.15
48 9737-1 3 5 24.00 3.69 60.41
49 9737-2 3 9 21.60 3.49 56.24
50 9737-3 3 7 20.50 3.32 57.69
51 9737-4 5 5 23.10 3.68 60.98
52 9737-5 5 9 22.50 3.61 50.15
53 9738-1 3 5 24.00 3.96 63.59
54 9738-2 3 5 22.50 4.04 53.50
55 9738-3 5 3 25.90 3.92 54.51
56 PR 114 9 9 21.40 4.41 58.98
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No. Genotype BB BPH TGW (g) LB Ratio HRR (%)
Ldh Ldh Ldh Ldh Ldh
57 PR 121 3 9 23.90 3.94 63.53
58 PR 122 3 9 26.30 3.89 65.50
59 PR 126 5 9 20.12 4.00 62.04
60 IR 71033 7 7 22.70 3.92 56.08
61 IR 54842 7 7 23.50 3.84 36.52
62 Kaum 182-1 9 5 21.20 2.82 53.41
63 RP 2068-295 7 5 23.30 2.90 41.33
64 RP 2068-303 9 5 28.10 3.06 67.87
Mean 25 3.68 59
SE 0.02 0.07 0.98
Range 18.9-29.5 2.82-4.41 36.52-67.54
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Table 4.18: Best performing lines

Yield

Sr. No. Genotype (kg/ha) DTF PH (cm) EBT/m? Fertility (%0) BB BPH HRR (%)
8 9712-3 7325 109 111 316 92 5 3 65.0
20 9724-1 7328 109 97 319 90 3 1 51.0
21 9724-2 7416 109 100 356 90 3 3 65.6
22 9724-3 7500 108 91 344 87 3 3 58.4
23 9724-4 7286 107 101 319 84 5 1 63.7
24 9724-5 7523 117 93 284 90 5 1 58.0
30 9726-1 7184 113 100 293 91 3 3 62.7
34 9726-5 7324 114 99 306 91 3 3 66.0
49 9737-2 7183 110 98 345 90 3 9 56.2
50 9737-3 7356 110 95 323 91 3 7 57.7
57 PR 121 6672 110 92 319 86 3 9 63.5
59 PR 126 7364 92 96 271 87 5 9 62.0




Table 4.19: Scoring list of Xa-4, xa-13 and XA21 for 64 genotypes

Sr. No. | Genotype Xad Xa 13 Xa2l Remarks
1 9711-1 + - Xal3
2 9711-2 + + xal3+Xa2l
3 9711-3 + + xal3+Xa2l
4 9711-4 + + xal3+Xa2l
5 9711-5 + - xal3
6 9712-1 + + xal3(H)+Xa21
7 9712-2 + NA xal3
8 9712-3 + + xal3+Xa2l
9 9712-4 + - xal3
10 9712-5 + - xal3
11 9722-1 + - xal3
12 9722-2 + - xal3
13 9722-3 + - xal3
14 9722-4 + - xal3
15 9723-1 + - xal3
16 9723-2 + - xal3
17 9723-3 NA - -
18 9723-4 + - xal3
19 9723-5 + - xal3
20 9724-1 + - xal3
21 9724-2 + - xal3
22 9724-3 + - xal3
23 9724-4 + - xal3
24 9724-5 + - xal3
25 9725-1 NA - -
26 9725-2 + - xal3
27 9725-3 + - xal3
28 9725-4 + - xal3
29 9725-5 + + xal3+Xa2l
30 9726-1 + - xal3
31 9726-2 + - xal3
32 9726-3 + - xal3

56




33 9726-4 + xal3+Xa2l
34 9726-5 + xal3+Xa2l
35 9729-1 + xal3

36 9729-2 + xal3

37 9729-3 + xal3

38 9729-4 + xal3

39 9729-5 + xal3

40 9730-1 + xal3

41 9730-2 NA Xa2l

42 9730-3 NA Xa2l

43 9731-1 + xal3

44 9731-2 + xal3+Xa2l
45 9731-3 NA Xa2l

46 9731-4 + xal3+Xa2l
47 9731-5 + xal3+Xa2l
48 9737-1 NA Xa2l

49 9737-2 NA Xa2l

50 9737-3 NA Xa2l

51 9737-4 - + xal3+Xa2l
52 9737-5 + + Xad+xal3
53 9738-1 + + Xad+xal3+Xa2l
54 9738-2 NA + xal3+Xa2l
55 9738-3 + + Xad+xal3
56 PR 114 NA - -

57 PR 121 + + Xad+xal3+Xa2l
58 PR 122 + + Xad+xal3+Xa2l
59 PR 126 + - Xa4

60 IR 71033 + - Xa4

61 IR 54842 + - Xa4+Xa2l
62 Kaum 182-1 + - Xad

63 RP 2068-295 NA NA -

64 RP 2068-303 + - Xad

57




Table 4.20: Molecular analysis of Bph resistance genes-Bph33 &Bph34

Sr. No. Genotype BPH BPH 33 BPH 34
1 9711-1 1 -
2 9711-2 1 -
3 9711-3 3 -
4 9711-4 1 -
5 9711-5 3 -
6 9712-1 1 -
7 9712-2 3 -
8 9712-3 3 -
9 9712-4 7 -
10 9712-5 1 -
11 9722-1 3 -
12 9722-2 1 -
13 9722-3 1 -
14 9722-4 1 -
15 9723-1 3 + -
16 9723-2 3 + -
17 9723-3 3 - -
18 9723-4 3 + -
19 9723-5 1 - -
20 9724-1 1 + -
21 9724-2 3 + -
22 9724-3 3 + -
23 9724-4 1 + -
24 9724-5 1 + -
25 9725-1 3 + -
26 9725-2 3 + -
27 9725-3 3 - -
28 9725-4 3 + -
29 9725-5 3 + -
30 9726-1 3 - -
31 9726-2 5 - -
32 9726-3 7 -

58




33 9726-4 5
34 9726-5 3
35 9729-1 1
36 9729-2 5
37 9729-3 3
38 9729-4 3
39 9729-5 3
40 9730-1 3
41 9730-2 1
42 9730-3 3
43 9731-1 3
44 9731-2 5
45 9731-3 3
46 9731-4 5
47 9731-5 3
48 9737-1 5
49 9737-2 9
50 9737-3 7
51 9737-4 5
52 9737-5 9
53 9738-1 5
54 9738-2 5
95 9738-3 3
56 PR 114 9
57 PR 121 9
58 PR 122 9
59 PR 126 9
60 IR 71033 7
61 IR 54842 7
62 Kaum 182-1 5
63 RP 2068-295 5
64 RP 2068-303 5

59




CHAPTER V
SUMMARY

Rice is one of the major cereal food crops of the world that forms the staple diet of
about half of the total world population. However, recently, the dramatic increase in the
potential grain yield of rice has slowed down and has apparently reached a plateau. Since the
economic grain yield of the rice plants is largely connected with various physiological traits, a
better understanding of these traits will be useful in planning future strategies for breeding
and crop management.

Punjab is a major rice growing state of India. Although it occupies only 1.56% of the
total geographical area of the country, but it is the main contributor of rice to the central pool
of food grains in the country. Since the inception of rice research at Punjab Agricultural
University (PAU), Ludhiana in the year 1962; tremendous achievements have been made in
the varietal improvement and standardization of production and protection technologies.
Previous popular rice varieties had longer duration of 150-160 days with an average yield of
7.5 to 8.0 tonnes per ha; producing 45-50 kg per day and consumed a lot of water. In the
present scenario of lowering water table, facilitation of proper straw management and timely
sowing of wheat, the breeding strategies need to be reoriented towards development of short
duration varieties with higher per day productivity, resistance to numerous abiotic and biotic
factors and acceptable grain quality. The new cultivars need to have better resource use
efficiency. Thus, there is a need to understand the physiological and yield attributes of rice for
further improvement. Along with yield and quality, BB resistance is one of the most
important traits in the varietal breeding programme of PAU.

The study found genotypes 9712-3, 9724-2, 9724-4 to be promising as these lines had
high yield, medium maturity, BPH & BB resistance as well as good HRR. Genotypes 9724-5,
9726-1 and 9726-5 although high yielding, having BPH &BB resistance but had longer
duration. Genotypes like 9724-1 and 9724-3 had high yield coupled with BPH and BB
resistance. However, their HRR was low. Genotypes 9737-2 and 9737 -3 had low HRR and
were susceptible to BPH. None of the lines harbored Bph34. However, 24 lines showed
presence of Bph33 gene. In addition, check line RP 2068-295 also showed presence of Bph 33
which is donor of this gene. But a few lines showed Bph resistance despite absence of Bph 33
and Bph 34, indicative of presence of some other known Bph resistance genes or as yet
uncharacterized genes. The entries 9724-2 and carry 9724-4 Bph33 gene. Their BB resistance
is attributable to BB resistance gene xal3. Genotype 9712-3 does not carry Bph33 and Bph34
genes. The resistance may be due to a novel gene in the donor O. nivara acc CR 100204. It

also possesses two BB resistance genes xa 13 and Xa 21. These entries can be further



evaluated in multi-location trials. The observed wide agro-morphological variations among
the rice genotypes and high genetics polymorphism suggest ample opportunity for

improvement of the crops through the next generation.
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APPENDIX-I

Mean and Standard deviation, range and coefficient of variation

Variables Mean + SD Range CV (%)
Minimum Maximum
DF (days) 91 119 1.24
PTH (cm) 88 134 7.94
EBT/ m2 286 411 9.45
GY (kg/ha) 3543 8175 8.20
SPF (%) 81 97 0.26
STE(%) 3 19 6.66
TGW (g) 18.9 29.5 0.66
HRR (%) 36.52 47.87 1.66
L/B(%) 2.8 4.4 2.41

CV= coefficient of variation, SD = standard deviation, DF= Days to 50% flowering, PTH=
Plant height, EBT/ m2 = Ear bearing tiller/ m2, GY= Grain yield per plot, SF (%) =Spikelet
fertility, STE(%)=sterility, TGW= Thousand grain weight, HRR= Head rice recovery and
LB=Length/Breadth ratio




APPENDIX-II

The mean agronomic performance of advance breeding lines for the yield and quality analysis

No. (Genotype DTF(days) PH(cm) EBT/m2 |Fertility(%)| Sterile(%) | 1000wt(g) | BB | BPH |LB RatiolHRR(%0)| Yield kg/ha

LUD |Rauni| LUD |Rauni| LUD |Rauni| LUD |Rauni| LUD |Rauni| LUD [Rauni{ LUD |LUD| LUD LUD |LUD |Rauni
1 9711-1 105 | 113 | 107 | 92 | 319 | 264 | 91 89 9 11 |26.00|25.70| 3 1 3.38 57.77 |6890| 7095
2 9711-2 103 | 113 | 107 | 89 | 319 | 264 | 92 83 8 17 |22.10|25.60| 3 1 3.35 65.22 | 6999 | 6444
3  |9711-3 105 | 110 | 108 | 98 | 334 | 279 | 96 90 4 10 |22.40|2150| 5 3 3.09 65.96 |6746 | 6937
4 9711-4 101 | 110 | 110 | 92 | 337 | 282 | 95 91 5 9 |26.60|2330| 5 1 3.51 57.28 |6955| 7095
5 97115 112 | 114 | 113 | 95 | 310 | 240 | 90 | 88 10 12 |23.20|2150| 5 3 3.64 66.18 | 6797 | 6508
6 [9712-1 105 | 111 | 126 | 106 | 286 | 216 | 93 90 7 10 |27.00|25.70| 3 1 3.07 60.50 |7078| 6603
7 9712-2 107 | 113 | 121 | 104 | 317 | 273 | 92 95 8 5 125.00|24.80| 3 3 3.39 65.52 | 6732 | 6905
8 9712-3 106 | 111 | 122 | 99 | 337 | 295 | 91 93 9 7 128.10]|2550| 5 3 3.63 65.10 |7475]| 7175
9 97124 110 | 114 | 124 | 105 | 308 | 242 | 91 96 9 5 [25.90|25.00f 3 7 3.21 67.54 |6941| 6635
10 9712-5 111 | 114 | 120 | 101 | 317 | 268 | 81 93 19 8 (2630|2840 5 1 3.55 65.46 |6876| 7063
11 9722-1-PR121-1| 103 | 111 | 109 | 92 | 345 | 275 | 95 78 5 22 |2390(2360| 5 3 3.83 62.14 |6926 | 6587
12 9722-1-PR 121-2| 104 | 113 | 116 | 91 | 304 | 308 | 91 93 9 7 126402590 5 1 3.69 63.56 | 7316 | 6540
13 |9722-1-PR121-3| 101 | 110 | 103 | 91 | 359 | 312 | 95 | 86 5 14 |25.30(23.90| 3 1 3.58 52.10 |6147| 6444
14 |9722-1-PR 121-4| 102 | 110 | 113 | 97 | 326 | 231 | 97 90 3 10 |29.40|26.50| 5 1 3.85 59.73 |6602| 7429
15 [9723-1 103 | 111 | 111 | 91 | 350 | 249 | 91 87 9 14 128.20(27.20| 5 3 3.66 59.55 [6811| 7063
16 [9723-2 111 | 115 | 111 | 90 | 304 | 273 | 88 95 12 6 [27.30|2430| 5 3 3.55 65.78 [ 6760 | 6476
17 |9723-3 112 | 112 | 107 | 93 | 356 | 279 | 96 91 4 9 (23.60|2260| 5 3 3.85 58.73 | 6667 | 7556




No. [Genotype DTF(days) PH(cm) EBT/m2 |Fertility(%)| Sterile(%) | 1000wt(g) | BB |BPH [LB Ratio|HRR(%0)| Yield kg/ha

LUD |Rauni| LUD [Rauni|LUD |Rauni| LUD |Rauni| LUD |Rauni| LUD |Rauni|LUD |LUD| LUD LUD |LUD |Rauni
18 [9723-4 112 | 115 | 113 | 92 | 326 | 238 | 90 | 91 | 10 9 126.80(24.20| 5 3 3.63 44.74 | 6869 | 6889
19 [9723-5 102 | 108 | 114 | 94 | 378 | 275 | 87 | 87 | 13 14 |25.40(22.20| 5 1 3.78 60.78 |6833| 6000
20 [9724-1 107 | 111 | 108 | 86 | 339 | 299 | 94 | 85 6 15 |25.80(22.30| 3 1 3.77 51.02 |6861| 7794
21 |9724-2 107 | 111 | 108 | 91 | 367 | 345 | 84 | 95 | 16 5 125302320 3 3 3.83 65.62 | 7165 | 7667
22 |9724-3 104 | 111 | 98 | 84 | 348 | 341 | 90 | 83 | 10 | 17 |26.50(21.80| 3 3 3.56 58.42 | 7143 | 7857
23 9724-4 103 | 111 | 107 | 94 | 337 | 301 | 90 | 78 | 10 | 22 [28.00/21.60| 5 1 3.92 50.23 | 6905 | 7667
24 19724-5 114 | 119 | 96 | 89 | 323 | 244 | 89 | 91 | 11 10 |25.10(22.60| 5 1 4.04 58.00 |7713]| 7333
25 [9725-1 111 | 112 | 106 | 85 | 352 | 262 | 88 | 84 | 12 16 |26.50(23.60| 5 3 3.94 59.20 |6948 | 6603
26 |9725-2 113 | 112 | 95 | 83 | 365 | 328 | 93 | 85 7 15 |23.10(2050| 3 3 3.94 65.32 | 5685 | 7413
27 9725-3 107 | 110 | 104 | 96 | 321 | 286 | 91 | 89 9 11 |25.20(23.90| 5 3 3.79 56.58 |5671| 7302
28 [9725-4 112 | 116 | 103 | 81 | 359 | 282 | 93 | 73 7 27 |24.00{20.60| 3 3 3.71 66.25 | 6746 | 6587
29 [9725-5 112 | 113 | 98 | 87 | 387 | 273 | 86 | 90 | 14 | 10 [27.10/23.70| 3 3 3.72 63.50 |6703| 7286
30 [9726-1 109 | 117 | 108 | 92 | 290 | 295 | 88 | 94 | 12 7 2810|2450 3 3 3.71 62.74 | 6876 | 7492
31 [9726-2 106 | 114 | 100 | 90 | 328 | 326 | 81 | 91 | 19 10 |26.90(2350| 3 5 3.63 61.82 | 6609 | 7032
32 |9726-3 110 | 118 | 106 | 90 | 367 | 290 | 88 | 95 | 12 5 127.10|23.60| 3 7 3.65 51.70 |5895 | 6286
33 [9726-4 119 | 118 | 101 | 82 | 354 | 257 | 86 | 56 | 14 | 46 [26.40|17.40| 5 5 3.69 63.76 | 5996 | 3667
34 9726-5 112 | 116 | 112 | 87 | 326 | 286 | 93 | 88 7 13 |26.30(24.10| 3 3 3.85 66.50 | 7569 | 7079
35 [9729-1 111 | 112 | 106 | 85 | 337 | 244 | 95 | 92 5 8 129.40|25.60| 3 1 3.66 62.88 | 6760 | 6635
36 [9729-2 111 | 114 | 105 | 84 | 367 | 293 | 87 | 87 | 13 | 14 |2550(23.40| 3 5 3.94 55.92 | 6753 | 6571




Y

No. [Genotype DTF(days) PH(cm) EBT/m2 |Fertility(%)| Sterile(%) | 1000wt(g) | BB |BPH [LB Ratio|HRR(%0)| Yield kg/ha

LUD |Rauni| LUD [Rauni|LUD |Rauni| LUD |Rauni| LUD |Rauni| LUD |Rauni|LUD |LUD| LUD LUD |LUD |Rauni
37 9729-3 108 | 112 | 113 | 94 | 334 | 268 | 88 | 87 | 12 14 128.00(24.30| 3 3 3.82 53.98 | 6508 | 7238
38 (97294 110 | 116 | 104 | 89 | 343 | 315 | 94 | 67 6 33 |26.90(23.10| 3 3 4.10 59.74 | 6501 | 6317
39 [9729-5 110 | 113 | 107 | 89 | 365 | 279 | 89 | 88 | 11 12 |28.40(2260| 3 3 331 59.91 |6486 | 6270
40 9730-1 105 | 113 | 97 | 86 | 328 | 306 | 92 | 84 8 17 |25.00(2250| 3 3 3.83 55.20 | 6760 | 7095
41 9730-2 108 | 112 | 98 | 82 | 385 | 323 | 91 | 90 9 11 |23.10(20.30| 3 1 3.56 59.30 |6703| 6079
42 9730-3 110 | 114 | 100 | 82 | 372 | 350 | 92 | 91 8 10 |21.60(21.10| 3 3 3.64 66.04 | 6089 | 6190
43 9731-1 105 | 110 | 103 | 91 | 345|290 | 86 | 8 | 14 | 15 [28.10/23.20| 5 3 3.64 47.44 | 6465 | 6476
44 9731-2 110 | 112 | 105 | 89 | 359 | 312 | 88 | 92 | 12 8 12950|2410| 5 5 3.99 55.37 |6219| 6794
45 9731-3 112 | 113 | 105 | 87 | 370 | 235 | 89 | 60 | 11 | 42 [2850/23.60| 3 3 3.86 57.13 | 7107 | 6492
46 |9731-4 107 | 111 | 104 | 89 | 394 | 297 | 91 | 92 8 8 127.10/2380| 5 5 3.71 56.44 | 6212 | 6603
47 19731-5 107 | 111 | 102 | 88 | 361 | 273 | 89 | 88 | 11 12 |27.00(2350| 5 3 3.83 54.15 |8175| 6349
48 9737-1 105 | 110 | 99 | 88 | 381 | 253 | 95 | 87 5 14 |24.00(22.70| 3 5 3.69 60.41 | 6724 | 7048
48 9737-1 105 | 110 | 99 | 88 | 381 | 253 | 95 | 87 5 14 |24.00(22.70| 3 5 3.69 60.41 | 6724 | 7048
49 9737-2 110 | 110 | 106 | 90 | 411 | 279 | 92 | 89 8 12 |21.60|20.40| 3 9 3.49 56.24 | 7208 | 7159
50 [9737-3 110 | 111 | 100 | 90 | 348 | 299 | 91 | 91 9 10 |20.50(20.20| 3 7 3.32 57.69 |7713| 7000
51 (97374 111 | 110 | 95 | 90 | 387 | 273 | 92 | 93 8 7 123.10|21.10| 5 5 3.68 60.98 | 6905 | 6873
52 |9737-5 103 | 110 | 101 | 92 | 337 | 284 | 94 | 92 6 8 12250/20.30| 5 9 3.61 50.15 | 7006 | 6841
53 9738-1 102 | 108 | 95 | 79 | 385|299 | 89 | 76 | 11 | 25 [24.00|25.60| 3 5 3.96 63.59 | 7597 | 6190
54 19738-2 105 | 110 | 101 | 88 | 350 | 310 | 87 | 84 | 13 | 17 |2250|2240| 3 5 4.04 53.50 |6364 | 6937




DTF(days) PH(cm) EBT/m2 |Fertility(%)| Sterile(%) | 1000wt(g) | BB |BPH [LB Ratio|HRR(%0)| Yield kg/ha

No. |Genotype - - - - - - -
LUD |Rauni| LUD |Rauni| LUD |Rauni| LUD |Rauni| LUD [Rauni| LUD |Rauni|LUD |LUD| LUD LUD |LUD |Rauni

55 [9738-3 106 | 111 | 102 | 82 | 389 | 271 | 89 87 11 14 12590(27.10| 5 3 3.92 5451 |5772| 4683
56 |PR 114 102 | 113 | 134 | 85 | 359 | 255 | 89 66 11 35 |21.40(20.10| 9 9 4.41 58.98 | 6306 | 4984
57 |PR121 106 | 113 | 99 85 | 387 | 251 | 87 86 13 14 123.90(24.10| 3 9 3.94 63.53 | 6551|6794
58 PR 122 112 | 119 | 111 | 94 | 337 | 332 | 84 92 16 8 126.30|22.80| 3 9 3.89 65.50 | 6414 | 6460
59 PR 126 91 92 97 95 | 328 | 213 | 86 87 14 13 118.90(21.30| 5 9 4.00 62.04 | 8030 | 6698
60 |IR 71033 9 | 107 | 110 | 112 | 343 | 317 | 93 72 7 28 |22.70]120.60| 7 7 3.92 56.08 | 5173|6778
61 |IR 54842 100 | 97 | 103 | 107 | 312 | 290 | 88 91 12 10 |23.50(23.10| 7 7 3.84 36.52 | 3543 | 5667
62 |Kaum 182-1 109 | 110 | 114 | 100 | 343 | 189 | 91 86 9 15 121.20(120.70| 9 5 2.82 53.41 |5924| 6254
63 [RP 2068-295 102 | 103 | 88 90 | 381 | 286 | 88 93 12 7 12330({23.60| 7 5 2.90 41.33 |4913 | 4587
64 |RP 2068-303 108 | 106 | 92 84 | 359 | 233 | 87 80 13 20 128.10(28.20| 9 5 3.06 67.87 | 5823 | 6286

DF= Days to fifty percent flowering, PTH= Plant height, EBT/ m2 = Ear bearing tiller/ m2, GY= Grain yield per plot, SF (%) =Spikelet fertility,
STE(%)=Sterility, TGW= Thousand grain weight, HRR= Head rice recovery ,LB= length and Breadth ratio
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