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POOJA BHARTI
THESIS ABSTRACT

A set of 260 DCBCsF4 lines developed by introgressing root traits and WUE
through marker assisted back cross breeding were phenotyped for target traits and yield
along with the parents under semi-irrigated aerobic conditions. Based on the
phenotyping, 25 transgressive near isogenic lines (NIL) differing in root and WUE viz.,
HD+HR, HD+LR, LD+HR and LD+LR were selected for further characterization. The
performance of these selected NILs was significantly better than the recurrent parent
(IR64) across various seasons and locations. The consistency of traits across seasons
demonstrated the stability of the QTLs and NILs. Based on Marker class analysis the 25
lines were classified into phenotypic classes differing in root traits with low A¥®C and
higher yield. All low root types possessed alleles of RM 2584, RM 1388 and RM 16 from
AC-39020. On the other hand, high root types had RM 2584 and RM 1388 alleles from
AC-39020 and RM 16 alleles from non-donor parent. Further, from the 25 NILs, six lines
were selected based on marker/QTL combination and an additional seven lines from
among 260 DCBCsF4. These lines were characterized for physiological traits in the MLM
phenomics facility. All the 13 TILs identified as superior transgressive seggregants,
performed better than the recurrent parent. Further, the NILs with donor marker alleles
RM 2584 and RM 1388 allele and non-donor allele of RM 16 had significantly higher
root traits. The marker RM 16 seemed to be associated with genomic regions that act like
negative regulator of root growth. Scientific investigations reported in literature also
suggests RM 16 as negative regulator. Bioinformatics and co-localization study
suggested that gene 0s03g43400 present within RM 16 region was the candidate gene
responsible in inhibiting lateral root growth.
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I INTRODUCTION

Rice (Oryza sativa L.) is the major staple foods in Asia. It belongs to the Poaceae
family with 2n=24. Out of the 25 species of genus Oryza, only 2 species are being
cultivated i.e., Oryza sativa and Oryza glaberrima. Because of the importance as one of
the staple foods, its enhanced production is needed to feed the growing population. Rice
consumes more than 80 per cent of the water supplied for agriculture (Bouman, 2007).
With urbanization and industrialization, fresh water is becoming limiting. Water
unavailability/ deficiency is one of the primary causes of the reduction in crop yield
(Boyer, 1982). Various methedologies have been develped to investigate the possibility
of growing rice that reduces the requirement of water. The usage for water can be
reduced by decreasing seepage loss, percolation and evaporation, adopting promising
techniques such as intermittent irrigation, saturated soil culture and the system of rice
intensification (SRI). These techniques still use extended flooding periods so that water
loss stays high. Therefore, essentially the distinct strategy would be to grow rice on non-
flooded aerobic soil similar to an upland crop to save considerable amount of water. A
new strategy known as aerobic approach has shown excellent potential to save water but
with a serious yield compromise (Bouman et al., 2000). Yield loss while saving water
needs to be avoided. Therefore, tackling drought can provide better yield even under
water shortage conditions (Arvind et al., 2018). Thus, it is imminent that rice cultivars

must be improved genetically to suit aerobic method for stabilizing productivity.

Breeding to enhance productivity for water limited conditions has been attempted
over many Yyears, where conventional breeders used yield as a trait under water limited
conditions. But, due to the high G X E interaction for yield and a narrow variability
among the already improved lines, further selection for yield is not effective (Araus et al.,
2008, Reynolds and Tuberosa, 2008). Dissection of yield into component traits led to a
great deal of success (Araus et al., 2008). Similarly, attempts have been made to identify
specific morpho-physiological traits associated with plant growth under water limited
conditions. It is being emphasized that for a comprehensive improvement in drought
adaptation, several important traits need to be introgressed in an elite background.
Genetic enhancement in rice through such component trait based breeding is one of the

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 1



most appropriate strategies to tackle drought. Among the numerous traits, water
acquisition by roots, water use efficiency (WUE), water conservation though epicuticular
wax load and cellular level tolerance (CLT) found to have higher relevance during water
limited conditions. Introgression of root and WUE traits in elite gentic background

appears to improve the yield under aerobic conditions.

A conventional breeding approach to combine root traits and WUE led to the
development of a cultivar namely KMP-175 which is significantly higher yielding and
now released as a variety for Karnataka region under the name Daksha (Sheshshayee el
al., 2018).

Breeding for the appropriate physiological traits is complex, as these traits have
polygenic inheritance and are difficult to quantify. In this direction, much progress is
made in understanding the genetic basis of complex traits through Quantitative Trait Loci
(QTL) mapping strategy. Through traditional bi parental linkage and association mapping
approaches, there has been phenomenal success in defining QTLs for several such traits.
Successful quantitative trait identification of QTLs relies on the choice of contrasting
parents and the level of complex trait segregation in the recombinants. To achieve the
desirable phenotypic and yield levels pyramiding QTLs may be an effective approach.

The effect of genetic loci in a pyramiding program may not always be as expected
because of the complexity in gene and gene networks. Pyramiding QTL will not only
help to understand interactions among genetic loci but it also improves the efficiency of

marker-assisted selection for desirable loci in breeding programs.

From this context, the major emphasis of the study is to identify the best trait
introgressed lines and interactions among QTL-NILs for root and water use efficiency

traits.

The specific objectives are as follows:
1. To study the interactions of water use efficiency and root traits in the QTL-NILS
2. ldentification and physiological characterization of the best trait introgressed line

3. To study the molecular network responsible for variation in traits.

2 Pooja Bharti, Ph.D. 2020



Il REVIEW OF LITERATURE

Rice (Oryza sativa L.) has been cultivated for centuries and played a major role in
supplying the food and also in shaping the socio-economic progress of those regions
where it is cultivated. Continuous upsurge in world population, increase in deterioration
of arable land, lack of fresh water and global climate changes all highlights the need for
developing stress tolerant plants. Drought is the foremost abiotic stress factor affecting
plant growth and development & thereby reducing crop yield. It is estimated that 70% of
the crop yield loss is owing to abiotic stresses, particularly drought stress (Bray et al.,
2000). Rice is considered to be inimitably greatest drought-susceptible crop due to its
small root system, low cuticular wax, and swift stomatal closure. Nearly 23 million

hectares of rain-fed rice face drought stress (Sahebi et al., 2018).

2.1 Drought and productivity

As a sessile organism, plant encounters a wide range of adverse situations in the
environment. Abiotic and biotic stresses normally have an undesirable impact on growth
and yield of crop plants (Passioura, 1986). Water deficit/ drought is a widespread
challenge to sustainable agriculture. Plant growth and development is affected at all the
stages due to water deficit but the degree and nature of damage and recovery capacity and
the impact on the productivity depends on the developmental phase at which crop
encounters stress. So, sustaining crop productivity below water deficit needs to be

addressed instantly.

The total cultivated rice area in India accounts to 42.75 million ha, but only 25.12
m ha is irrigated i.e., about 60% of total area is under irrigation (Mandal et al., 2019). In
the semi-arid tropics alike India, rain-fed agriculture is progressively becoming
unproductive due to lengthy rain free months. The traditional answer to water shortage in
rain fed area is irrigation. Nevertheless, its use in numerous cropping area is limited
because either it is not available or the large capital costs of equipment and pumping
exclude its wide spread use. Although the susceptibility of cereals to water deficit during
reproductive stage and its direct impact on yield have been well known over the last

century, the development towards overcoming this problem has been slow.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 3



2.2 Resistance of rice crop to water stress

About 80% of the agricultural area globally is rain fed and water constraint is
known to cause substantial reduction in the yield of crop plants, which is a major risk to
food security. Rice crop is more sensitive to drought at tillering and reproductive stage.
The major influence of drought is on spikelet fertility (Raju et al., 2016). Approximately
50% of Asia’s rice is rain fed and water stress is the most important aspect limiting rice
productivity in the rain fed habitats (Widawsky and O’Toole, 1990; Fischer et al., 2003).

Crop plant selected for economic yield needs to survive drought stress through
mechanisms that maintain crop yield (Basu et al., 2016). These mechanisms are linked to

plant processes at various level of organization (Blum, 1982).

Plant mechanisms for drought tolerance are

1) The ability of a plant to escape phases of drought, especially during the most sensitive

periods of development (drought escape).

2) The ability of a plant to recover from the water limited period by producing new
leaves from the buds or to maintain greenness of leaves that makes plant able to

survive the dry spell (drought avoidance).

3) The ability of a plant to endure or withstand a dry period by maintaining a favorable

internal water balance under drought (drought tolerance).

Drought stress during tillering stage of rice reduces height, tiller number, panicle
number, leaf area and grain yield (Bhattacharjee et al., 1973). In addition to these leaf
rolling, drought stress at late vegetative and reproductive stage leads to reduction in
number of panicles per plant, spikelet fertility and 1000 grain weight (De-Datta and
Seshu, 1973). The reduction in yield is higher when plants are exposed to moisture stress

at panicle initiation phase, the milk ripe or dough ripe stage.

2.3 Aerobic rice as a strategy to save water

The main challenge in sustainable agriculture is to produce more food grains

using less water. Hence, plant system performance should be evaluated in terms of water
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use efficiency and water productivity along with the land productivity. Rice plant is
mainly grown in submerged condition; however, there is a necessity to develop strategies
for growing rice under semi-irrigated aerobic conditions to decrease water use in rice
production. Irrigated rice cultivation in asia is typically transplanted into puddled paddy
fields. Land preparation consists of soaking with water followed by ploughing and
harrowing of saturated soil. After crop establishment, the fields are kept submerged with
5-10 cm of water. Wetland preparation coupled with huge losses of water by seepage,
percolation and evaporation when the soil is submerged results in requiring more water
for the production of lowland rice (Bouman and Tuong, 2001). Saving of irrigation water
and increase water use efficiency is possible if rice could be grown under aerobic
conditions. However, new varieties need to be developed to make the concept of
“Aerobic rice” successful. Upland rice also exists but it suffers at unfavorable
environments without access to irrigation with low external inputs and low yield
potential. Aerobic rice must be responsive to high inputs (water, nutrients) to reach high

yields under non-flooded conditions.

2.3.1 Drought tolerant mechanisms

Plants respond, acclimatize and survive under drought stress by initiation of
various morphological, biochemical, physiological and molecular responses (Farooq et
al, 2009). Drought tolerance is well-defined as the capability to grow, perpetuates and
display economic yield under suboptimal water supply. Drought affects the water
relations of plants at cellular, tissue, organ and whole plant levels, causing specific as
well as unspecific reactions, damage and adaptation reactions (Beck et al., 2007). To
cope with drought, tolerant plant initiate defense mechanisms under water deficit
condition (Chaves and Oliveira, 2004), Though drought adaptive mechanisms viz.,
Drought escape (DE), Drought avoidance (DA) and Drought tolerance (DT) possess
various implications (Table 2.1), they are typically involved together with the plant
functions to insure survival (Turner et al., 2001). However, due to its complicated nature,

little effort was produced to dissect the genetic factors of drought resistance.
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Table 2.1: List of important mechanisms and traits associated with drought

adaptation in rice

Iﬁ!). Mechanisms Specific traits References
Rapid Phenology/ | Chaves et al., 2003;
plasticity Barrnabs et al., 2008
1 | Drought escape
Phot_o_pe_rlod Kumar et al., 2007
sensitivity
Stomatal conductance | Ludlow and Muchow, 1990
Leaf rolling Courtois et al, 2000
Minimizing | Stay greenness Ishimaru et al., 2001
water loss/
Pessimists | Canopy temperature Garrity and O’Toole, 1995
2 Deh_ydratlon Water Use efficiency | Dingkuhnu et al., 1991
avoidance
Epicuticular wax Baenziger et al., 1983
Maximizing : O’Toole and Bland 1987;
water Root traits Ludlow, 1990
uptake/ Hvdrauli
o ydraulic
Optimists | conductivity Henry etal., 2011
Osmotic adjustment Lilley et al., 1996
Cell-membrane .
stability Tripathy et al., 2000
Antioxidant capacity | Moran et al., 1994, Mittler,
3 | Dehydration tolerance and chaperons 2002
Desiccation tolerance | Lilley et al., 1996
Cellular level Raju et al., 2012
tolerance
Relative water content | Courtois et al., 2000
6 Pooja Bharti, Ph.D. 2020




In this framework, a better consideration of the genetic make-up and molecular
basis of features (main and secondary) underlying the adaptive response of plants across
a wide spectrum of soil moisture is a noteworthy prerequisite for more efficient and
targeted breeding operations (Araus et al., 2002; Salekdeh et al., 2009). Drought
mitigation characteristics were classified as primary, secondary and integrative
characteristics (Table 2.2). These drought responses traits have been studied widely and
their significance was validated (Paterson, 1995; Sheshshsyee et al., 2003; Lafitte et al.,
2004; Passioura, 2007; Kamoshita et al., 2008; Serraj et al., 2009; Songsri et al., 2008;
Passioura, 2010; Passioura, 2012; Tuberosa, 2012). However, reassuring heritability of
physiological or secondary characters that are highly connected with yield gives a better
chance for plant breeding in drought-prone regions (Stiller et al., 2005). Therefore, the
major focus has been to device novel approaches (analytical, trait-based breeding) for
achieving the job of trait pyramiding to improve drought stress tolerance of rice crop to

withstand productivity under water limited conditions.

It is proved that pyramidizing several appropriate features will considerably
increase rice productivity (Sheshshayee et al., 2012). Thus, a breeding strategy based on
"trait" is most suitable. Li et al., 2005, Sheshshayee et al., 2012, Bheemanahalli et al.,
2014 showed the significance of several adaptive drought characteristics in breeding for
stress tolerance and enhanced productivity. Of the many features, water acquisition
connected with better root systems, greater water effectiveness, better water preservation
strategies connected with epicuticular waxes and elevated inherent stress tolerance at
cellular level are often regarded to be the most appropriate physiological features
connected with rice productivity under water circumstances. To achieve an extensive
increase in drought tolerance and productivity, introducing several of these characteristics
to an agronomically superior background is crucial. However, this trait introgression is

best accomplished by adapting breeding protocols aided by molecular markers.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 7



Table 2.2: List of drought adaptive traits and QTLs reported in rice

SI.

No Traits References
Morphological traits
1 | Biomass Lian et al., 2005
2 | Flowering time Brondani et al., 2002
3 | Leaf area Yan et al., 2003
4 | Leaf & shoot dry weight Yan et al., 2003; Lian et al., 2005
5 | Leaf rolling Venuprasad et al., 2007b
6 | Panicle exertion Hittalmani et al., 2003
7 | Plant height Yan et al., 1998b
8 | Root traits Nguyen et al., 1997, Kamoshita et al., 2008
9 | Tiller number Yan et al., 1998a
10 | Panicle associated traits Hittalmani et al., 2003
11 | Yield Hittalmani et al., 2003; Bernier et al., 2007
Physiological traits
12 | Abscisic acid content Quarrie et al., 1997
13 | Canopy temperature Garrity and O’Toole, 1995; Yue et al., 2006
14 | Cell viability Miura et al., 2002
15 | Gas exchange parameters Centritto et al.,2009
16 | Leaf senescence Ishimaru et al., 2001
17 | Membrane integrity Tripathy et al., 2000
18 | Osmotic adjustment Lilley and Ludlow, 1996
19 [ SCMR Yue et al., 2006, Mohankumar et al., 2012
20 | Stomata conductance SDilr?gll;?rh; (;tl .?Ié’olligl’ Price etal., 1997,
21 | Leaf water status/relations Courtois et al., 2000
22 | Water Use Efficiency by D1C [I)r'];‘g:‘é[‘gl‘it;(')aslggl; Condon et al., 2004;
Other traits
23 | Protein content Yeetal., 2010
24 | Harvest index Hittalmani et al., 2003
25 | Drought index score Bernier et al., 2009
26 | Spikelet sterility Hittalmani et al., 2003
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2.4 Traits linked to drought tolerance

Plants have evolved various morpho-physiological mechanisms that facilitate
their growth and survival under stress. These morpho-physiological traits that support
plants under drought conditions can be categorized as constitutive traits (also expressed
under well-watered condition) and drought-responsive or induced traits (expressed under

pronounced water shortage condition).

2.4.1 Root traits

Several drought resistance mechanisms have been adopted by rice plants to
overcome drought impacts, ranging from cellular to whole plant level. Rice plants retain
growth and productivity by preserving the association between tissue water and
beneficial carbon gain from deeper soil profiles by mining water (Fukai and Copper,
1995).

Roots provide vital functions including water and nutrient uptake for plant
growth, serve as storage organs, anchor plants in the soil, and are the site of interactions
in the rhizosphere with pathogenic and useful bacteria. The plasticity of root growth and
development in reaction to altering soil moisture and nutrient status offers possibilities
for exploring natural variation to recognize useful root features to improve agricultural
system efficiency (Kano et al., 2011, Grossman et al., 2012, Lynch et al., 1995). The root
system architecture (RSA) is jointly referred to as the spatial distribution of all root
components in a specific development setting. RSA is dynamic and influenced by the
internal setting (humidity of the soil, temperature, nutrients and pH) and the surrounding
microbial communities that affect the manner a plant detects and reacts to its
environment (Bao et al., 2014, Robbins et al., 2015). Various root features allow crops in
varying settings to react adapt and flourish. Strategies for implementing "root breeding"
involve identifying the subterranean root characteristics that allow a plant to use water
and nutrients in distinct settings more effectively. Various studies recognized connections
between root characteristics and plant productivity (Kell et al., 2011, Hufnagel et al.,
2014). Understanding the root traits resulting in greater yields and enhanced stress
tolerance would provide concrete objectives for breeders to select people with the
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faultless root phenotypes to be used as parents and create breeding lines to progress
through the method of crop improvement. The success of RSA modification breeding
programs depends on the particular feature being designated in distinct plants, the trait
heritability, and the capacity to correctly and effectively phenotype various genotypes
origins (Meister et al., 2014). The root system also adds to soil health, referring to the
soil's ongoing ability to operate as a living ecosystem that supports crops, livestock and

eventually people (Doran et al., 2000, Saikia et al., 2015).

Despite the importance of root systems to improve the acquisition of water and
nutrients, breeding efforts that select and modify specific root characteristics are limited
(Zhu et al, 2005). Genetic gains in the manufacturing of forage and grain are significant
purposes for plant breeding programs and these gains could be enhanced by knowing the
root features that add to improved plant efficiency. The task is to create technologies to
correctly represent and capture the RSA for non-destructive root phenotyping. These
methods should enable ongoing monitoring of root development and its response to
various growing conditions as well as relatively high-throughput systems as part of the
breeding program to effectively evaluate a large number of genotypes. A number of
methods are available for the assessment of root traits in the soil profile (Table 2.3). As
an alternative method to root phenotyping in field experiments, a numeral of studies have
measured roots (root length, root diameter, root depth root pulling force, deep root to
shoot ratio, root number, root growth plasticity (Table 2.4), root penetration ability and
root length density) in plants full-grown under controlled situations. It allows more rapid
and accurate analysis of root features. A rational compromise to evade both the unusual
conditions present in hydroponics and aeroponics and the trouble of studying roots in the
field is circumvented by rising plants in pots, columns (PVC pipes), root structures,
monolith, minirhizotrons, and/or observation chambers filled with soil (Smit et al., 2000;
Azhiri-Sigari et al., 2000; Wade et al., 2000; Sheshshayee et al., 2011a, b). The most
preferably accepted methods for root studies are outlined in the Table 2.3.
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Table 2.3: List of root phenotyping approaches reported in the literature

SL'. Phenotyping Methods for root traits References
1 | Basket method Ugaetal., 2009, 2011
2 | Hydroponic system Henry et al., 2011
3 | PVC pipes Hemamalini et al., 2000
4 | PVC tubes Asch et al., 2005
5 | Root boxes Wang et al., 2009
6 | Root structure Sheshshayee et al., 2011a,b
7 | Semi-automated 3D Root Imaging Christopher et al., 2013
8 | Soil-filled glass rhizotrons for visualizing roots Price et al., 2002
9 | Three-Dimensional Root Phenotyping Clark et al., 2011
10 | 2D root system platform Clark et al., 2012
11 | Wax-petrolatum layer system Yuetal., 1995
12 | Semi-automated 3D Root Imaging Christopher et al., 2013
13 | Leaf temperature (as surrogate for root traits) Dharmappa et al., 2019
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Table 2.4: List of root related traits and QTLs reported in rice

SI.

No Root characters Proposed function References
_ Pot_entlal for abso_rptlon_ of Nicou et al., 1970:
1 | Maximum root depth moisture and nutrients in
X Kato et al., 2006
deeper soil layer
2 | Root to shoot ratio Assimilate allocation Asch et al., 2005
3 | Root volume The ability to permeate large Mohankumar et al.,
volume of soil 2012
_ Potentl_al for penetration ability, Armenta-Soto et al..
4 | Root diameter branching, hydraulic
.9 1983
conductivity
5 | Root length density Rate of water and nutrient Mohankumar, 2010
uptake
: . Babu et al., 2001;
6 aHbe;mpan penetration ﬁ\at:’l(; |t;/ngo penetrate subsurface Clark et al.. 2000,
y P 2008
7 | Hydraulic conductivity | Rate of water uptake Henry et al., 2011
Potential for absorption of soil .
. ) L Yoshida and
8 | Deep root to shoot ratio | moisture and nutrient in deeper
; Hasegawa, 1982
soil layers
. For root penetration into deeper | O’Toole and Bland,
9 | Root pulling force .
soil layers 1987
10 | Root branching Power of soil exploration Fitter, 1991 Ingram et
al., 1994
Potential for absorption of ) .
11 | Root length moisture and nutrients in Nicou etal., 1970;
X Kato et al., 2006,
deeper soil layer
12 | Root number Physical strength, potential for | Armenta-Soto et
root system architecture al.,1983
13 | Root dry weight To explore a greater soil Yadav et al., 1997
volume
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To choose superior varieties, the identification of QTLs connected with drought is
relevant (Bernier et al., 2007). QTLs linked to several associated characteristics of root
architecture have therefore been known in rice (Kamoshita et al., 2008; McCouch and
Jung, 2013). Most QTL mapping trials were performed using progenies (F2, home inbred
lines, doubled haploid lines besides mostly recombinant inbred lines) extracted from
distinct subspecies (japonica x indica) instead of the same species (Fischer et al., 2012;
McCouch and Jung 2013). These parental lines often show slight morphological
distinctions, but their off springs show significant genetic variability for numerous root
characteristics (transgressive seggregation). The exploitation of these transgressive
seggregants has been accomplished by QTL discovery. The number of rows used was
between 56 (Hemamalini et al., 2000) and 220 (Kamoshita et al., 2002). Variations in
root structure connected features among the progenies caused in the identification of
QTLs ranging from 1 to 19 and the phenotypic variation described by each QTL ranged
from about 4% to 66.6% (Gowda et al., 2011). More lately, variations in characteristics
between naturally variable accessions to germplasms are being analysed in order to
define the genomic region governing complicated traits (McCouch and Jung 2013).

Our conceptual framework emphasizes that maintaining leaf water relationships
through effective root water mining and efficient use of water to produce biomass is most
important to achieve an extensive increase in both drought tolerance and efficiency
(Sheshshayee et al., 2011a, & b).

2.4.2 WUE a major trait to enhance drought adaptation

WUE is described in various aspects. Instantaneous WUE (WUEis) which is also
known as transpiration effectiveness (TE), is usually evaluated at the single leaf level as
the total quantity of carbon assimilated (A) per mole of water transpired (T) (Farquhar &
Richards 1984; Farquhar, et al., 1989; Condon et al., 2002; Bacon, 2004). Intrinsic WUE
(WUE intrinsic or WUE:ic) is defined as the proportion between photosynthesis (A) and
stomatal conductance (gs) (Choi et al., 2007), which is believed to be closer to
autonomous physiological reactions of gas exchange characteristics to particular

environmental circumstances. WUE is typically calculated for agronomists and plant
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breeders as the collected dry matter divided by the amount of water spent by the crop
throughout the growth cycle (WUE integrative or WUEie) (Tuberosa et al., 2007) (Table
2.5). Crop biomass measurements and precise water budget needed for estimating WUE
are labour-intensive, time-consuming and costly, and therefore unappealing to plant

breeders, particularly under field circumstances.

Efforts were formed to comprehend the genetic variability of TE in various plant
species by finding surrogates strongly related to characteristics. Reports proposed a
favourable connection between TE and the content of chlorophyll, SCMR and leaf
nitrogen (Nageswararao et al., 2001; Bindumadhava et al., 2003). The existence of
genotypic difference in rice for gas exchange parameters and WUEic (A/gs) was
demonstrated by worldwide studies. It was low throughput because of its instantaneous
nature of the leaf level measurement and is the significant restriction. During 1980s
innovation of hopeful Carbon Isotope Discrimination (CID, ARC) technique was
introduced to field has a time averaged surrogate for gauging WUE at whole plant level
(O'Leary, 1981; Farquhar et al., 1982; Udayakumar and Prasad, 1994; Sheshshayee et al.,
2003) and it faster the crop breeding activities.

Carbon isotope discrimination (CID) gives the proportion of stable carbon
isotopes (*3C/*2C) in dry matter to atmospheric CO (O'Leary, 1981; Condon et al., 1990).
The linkage between the average *3C and the observed WUE variants is well established
(Farquhar et al., 1982) and commonly accepted (Sheshshayee et al., 2003 and reference
therein). Over the era of accumulation of biomass (Condon et al., 1990, 2004; Araus et
al., 2002; Rebetzke et al., 2002; Chen et al., 2011), commonly but not always (Turner et
al., 2007). It is also a good forecaster of stomatal behaviour (Condon et al., 2002) and
WUE in plants under drought pressure (Tambussi et al., 2007). It is also used as a WUE
surrogate in various plant species including rice (Dingkuhn et al., 1991; Peng et al., 1998;
Impa et al., 2005; Mohankumar et al., 2012).

On the source of leaf gas exchange rates under irrigated circumstances, these
methods stayed used to study WUE in tropical japonica and indica cultivars (Peng et al.,
1998).

14 Pooja Bharti, Ph.D. 2020



TIN-TLO ul sies | Buowy uonoesaul Jo siskjeuy

(7 eAnes vzA1Q) 9ory Jo seruagorg

qT

Table 2.5: Some of the common explanations of water-use efficiency (WUE) and the corresponding phenotyping methods

reported in literature

SI.

No Level/Time scale Equation/ Formula Methods Reference
WUEInstamaneous = PhOtOS}’IltheSiS (A, n mol I'l’l_2 Infra-red gas analyser Peng et al" 1998
s)/ Transpiration (T, m mol water m s™) (IRGA) Impa et al., 2005
Leaf WUE ntrinsic = Photosynthesis (A, p mol m?2s)/ | Infra-red gas analyser Hall et al., 1992
1 (Minutes or hours) Stomatal conductance (gs, mol water m? s™) (IRGA) Choi et al., 2007
SPAD chlorophyll meter | Nageswararao et al.,2001
WUE= SCMR vs. SLA (negative relation) reading (SCMR), Specific
leaf area (SLA) Sheshshayee et al., 2006
, = ' Impa et al., 2005
c WUEintegrative Aboveground biomass /Seasonal Gravimetric method p
rop evapotranspiration Tuberosa et al., 2007
2 | (Weeksto
months i« = Grain vi
) WUEeconomic = Grain yield/Seasonal Gravimetric method Chen et al., 2011
evapotranspiration
Farquhar et al., 1982, 1989
Seedling/ whole Isotope Ratio Mass Udavakumar and Prasad
3 | plant ABC = (813C4-813Cp)/(1+813C,/1000) Spectrometer (Carbon y ’

(Time averaged)

isotope discrimination)

1994
Sheshshayee et al., 2003




Most of the indica cultivars had greater T than tropical japonica lines, and the A /
T ratio for tropical japonica was 25-30 percent greater than for indica. And the observed
differences in A/T were confirmed by lower values in the tropical japonica associated to
indica. Numerous rice reports displayed the association between WUEic and the
complete WUE plant respectively by gas exchange and stable isotope (Sheshshayee et al.,
2003). Additionally, Impa et al., 2005 also verified the connection between the rice
germplasm gravimetrically determined WUE and A*C and demonstrated the use of WUE

genetic variability as a feature in the breeding programme.

Despite determining important genetic variability using a solid, high-performance
evaluation strategy, breeders were not passionate about exploiting WUE variability. The
discrepancy of the WUE-biomass relationship, which showed helpful, negative and even
natural correlations (Richards et al., 2002; Sheshshayee et al., 2003; Condon et al.,
2004), was the main concern of large-scale breeding programs (Sheshshayee et al., 2012).
The hidden secrets of WUE dependent gs (conductance / stomata mediated) and gm
dependent (capacity / mesophyll mediated) were critically clarified (Udayakumar et al.,
1998). Sheshshayee et al., 2012) and reviewed the WUE sub-components and debated
how WUE could still be regarded as a prospective feature for crop improvement. The
authors proved with experimental information that, after optimizing water use (through
root) and/or light capture characters through canopy cover, growing WUE has
tremendous importance. Improved WUE could be achieved by two feasible methods
(Flexas et al., 2010):

= Increasing CO; diffusion to the carboxylation locations by keeping gs, which could
be accomplished by cumulative mesophyll conductance to CO2 (gm)

= Improving the Rubisco carboxylation efficiency, which might be realized by

presenting carboxylase enzyme by other species

Rice genotypes with intrinsically higher gm have been able to withstand greater
circumstances of water deficit (Centritto et al., 2009). This understanding opens up an
alternative to use molecular breeding along with transgenic approach to study genetic

variety, choice and utilization of elevated WUE in crop improvement.
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Genetic variation of these characteristics is usually controlled by QTL under
significant environmental influence. Understanding the genetic foundation of WUE in
water-limited environments is essential for crop improvement. Martin & Nienhuis (1989)
recorded the first QTL recognized for ubiquitous A¥C in tomatoes (Lycopersicon
esculentum and L. pennellii), followed by QTL for ubiquitous AC in other species
including rice (Impa et al., 2005; Nadarajan et al., 2005; Laza et al., 2006; Takai et al.,
2009; Xu et al., 2009; This et al., 2010). Masle et al., 2005 produced the first report to
identify a gene from QTL in Arabidopsis for water use efficiency. Cloned a gene called
ERECTA, a Leucine-rich receptor (LRR-RLK) responsible for the pattering of the leaf
surface. Takai et al., (2009) discovered that gs were associated with a QTL controlling
flower at AY*C on the long side of chromosome 3 in rice. Diab et al., (2008) reported
QTL on the same locus (gwm389) for AC and transpiration. However, no single QTL
has been recognized in cereals including rice with large AC with a big impact, and the
majority of QTL identified for A®C have minor impacts. Two years of dry-season field
testing at IRRI lately verified the connection between grain yield and CID among rice
lines segregating for a significant drought yield QTL (Source: IRRI website). A few
groups have found QTLs and candidate genes for WUE, which Chen et al., 2011 has

widely evaluated.

Gravimetric measurements provide reliable estimates of WUE, as they let
accurate measurement of transpiration and dry matter making including roots (Rao and
Wright., 1994, Udayakumar et al., 1998a). Boominathan (2001) showed considerable
variability in WUE ranging from 2.49 — 5.41g/litre among rice genotypes adopting
gravimetric approach. Other studies also showed genetic variability in WUE by means of
this approach (Impa, 2002) where WUE is valued as the ratio of dry matter formed to the
amount of water lost through transpiration over a period of time. The measurement of
WUE is tedious and exhaustive because of the real-world problems associated with the
measurement of transpiration and dry matter of root. A Mini-Lysimeter based phenomics
platform has relevance for the precise maintenance of soil and plant moisture status
across large number of accessions. The approach involves the real time measurement of

transpiration and soil moisture status in container grown plants exposed to natural field
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environment conditions. The evapotranspiration (ET) interfaced replenishment of water
provides an option to maintain the desired soil moisture status across the genotypes
irrespective of variation in transpiration. Non-invasive phenotyping tools like Fieldspec
(Spectral reflectance characteristics), Planteye (imaging growth), IR Camara (thermal

imaging) are also added to the facility to make it high through put.

Physiological WUE is evaluated by measuring CO. fixation and transpiration rate.
The measurements are typically done on a single leaf over a partial period of time. The
biomass produced is a purpose of photosynthetic rate. Therefore, WUE at a single leaf
level is the ratio of carbon assimilation rate (A) to transpiration (T). the transpiration rate
is determined by the intrinsic stomatal conductance and the current leaf to air vapour
pressure difference (V). The plants studied are full-grown under a very similar
environmental state, it can be anticipated that the leaf to air vapour pressure will be
comparable and hence, the major factor that determines transpiration would be the
intrinsic stomatal conductance (gs). Though not sturdy and statistically significant, a
positive suggestion between WUE measured by gravimetry and A/gs was observed which
recommends that A/gs could be a useful gauge of variation in whole plant WUE
(Boominathan, 2001). Poor relationship between intrinsic WUE (A/gs) and WUE
measured gravimetrically was found in Cowpea signifying that instantaneous measure of
WUE, however dynamic but not constant, hence do not relay with season long WUE
(Bindumadhava, 2000).

2.5 Strategies to discover QTLs and for pyramid drought adaptive traits

The genome databases have been accumulating since the first rice genome
mapping and sequence data of various rice varieties. High through put and high-
performance genotyping availability has also helped to increase the amount of rice
linkage maps and genetic stocks (McCouch et al., 2002; Fischer et al., 2012). Drought
study in rice is getting more attention because of these data heaves that open the door to
the identification of QTLs and hence drought tolerance genes.

Identifying QTLs based solely upon traditional phenotypic assessment is
inspiring. Further, identification of agronomically important QTLs and their use in crop
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improvement involves mapping these QTLs with molecular markers in a crop species
genome. It is helpful to identify QTLs with genetically related DNA markers to
incorporate genes into enhanced cultivars through marker-assisted selection (MAS), map-
based cloning of tagged genes, and to improved understand the genetics of complicated
characteristics (Asins, 2002). The two most commonly used methods for QTL mapping
are linkage analysis and association mapping. The QTL assessment is based on the
concept of identifying a marker genotype connection. Markers are used to split the
mapping population into distinct genotypical groups based on the existence or lack of a
specific marker locus and to determine whether there are important variations in the
measured characteristic between groups (Tanksley, 1993; Young, 1996). A significant
difference between phenotypic means of the groups, depending on the marker system and
type of population, indicates that the marker locus being used to partition the mapping
population is linked to a QTL controlling the trait.

Quantitative traits such as roots and WUE that have been hard to enhance in rice
because they are regulated by many genes (Feldman et al., 2018). Each gene with a tiny
impact and are extremely affected by the environment. In such cases, in another sector or
background, the lines that do well in one year or in one context may fail. These
limitations, however difficult, make the prospect of marker-assisted selection (MAS) very
appealing for these traits. The mixture of association mapping and linkage mapping can
therefore provide the authority and resolution to detect stable QTL for interest
characteristics (Krill et al., 2010; Manenti et al., 2009). Ultimately, the efficacy of any
MAS operation will rely on a thorough strategy designed to develop superior varieties of
rice with increased drought tolerance (Figure 2.2).

Over the years, progress in the methodology of molecular genetics has led to
widespread use of codominant molecular markers, in particular Simple Sequence Repeats
(SSRs). Over the previous 20 years, SSRs have been the most commonly used markers
for genotyping crops because they are extremely informative, codominant, multi-allele
genetic markers that can be experimentally reproduced and transferred between

associated species (Mason, 2015).

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 19



In specific, SSRs are helpful for wildlife species (i) in genetic distance-based
diversity research; (ii) gene flow estimation and rate crossing; and (iii) in evolutionary
studies, primarily to infer intraspecific genetic relationships. On the other side, SSRs are
frequently used for (i) building linkage maps for cultivated crops; (ii) mapping loci
involving quantitative characteristics (QTL); (iii) estimating the degree of kinship; (iv)
using marker assisted selection (v) defining DNA fingerprints for cultivars (Jonah et al.,
2011; Kalia et al., 2011). SSRs have been useful for creating integrated maps for plant
species in which full-sub families are used for constructing linkage maps (Garcia et al.,
2006; Souza et al., 2013; Pereira et al., 2013), and for merging genetic, physical, and
sequence-based maps (Temnykh, 2001), providing breeders and geneticists with a tool to
link phenotypic and genotypic difference (Mammadov et al., 2012; Hayward et al.,
2015).

The chief limiting issue in QTL mapping is the precision localization of QTL n
which depends on the number of progenies in the study. After identifying QTLs,
projected effects of the identified QTLs are often varying with different genetic
backgrounds. An over estimate of the QTL effects in limited progenies leads to wrong
guesses, a phenomenon called the ‘Beavis effect’ (Bernardo, 2008; Xu, 2003). Hence, the
challenge for molecular breeders is to discover stable heritably and major QTLs that
function independently of genetic background, and further to develop an effective
breeding method for the utilization of such QTLs under drought condition. To provide a
most stable and reliable forecast of QTL effects, reasonable population size, replicated
field trials from multi-sites and across seasons are typically required. Consistent
molecular markers and better statistical systems are also vital to address the problem

(Kearsey and Farquhar, 1998).

Complex traits have been the goal for slow but steady breeding gain over the past
century. Association mapping (AM) has arisen as a promising method for complex trait
dissection (McCouch and Jung, 2013) and it emphases on association within populations
of different individuals, which inspects a collection of diverse accessions viz., varieties,
landraces and breeding lines without generating mapping populations. These accessions

represent historical recombination events thus most of the alleles whole represents either
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strong linkage or linkage disequilibrium (LD). Further, such populations also disclose
significant allele diversity and hence, the population genetics-based LD mapping would
surge the resolution of QTL (Yu & Buckler, 2006; Abdurakhmonov & Abdukarimov,
2008; Rafalski, 2010). In this approach, QTL discovery for varied traits can be attained
simultaneously with the identification of specific trait donor genotypes. This led to the
identification of robust markers associated with the traits. Markers and trait donor
genotype identification exemplified the advantages of AM over linkage mapping in
discovering markers for adaptive traits. Introgressions of several diverse drought-adaptive
traits on to elite popular genetic background using stable multi trait QTL donors could
help to boost the efficiency of molecular breeding and also to sustain yield under resource

limited conditions.

Although diverse groups of distinct individuals are considered in association
mapping, a subtle kinship among individuals is inevitable. This kinship results in false
discovery of marker-traits association. A better worry is the possibility of neglecting
these QTLs. These potentially hazardous errors are often mentioned to as type | and type
Il errors, respectively (Rafalski 2010). Type | error refers to detection of false marker-
trait association and type Il error is probability of missing genuine causal association.
Edward Buckler and his co-workers advanced a novel statistical method to circumvent
these faults. They confirmed that evaluating the kinship between individuals can
meaningfully overcome false positive association among markers and traits. They
referred this strategy as association in structured population. Germplasm assemblies of
diverse genetic families and with different collection histories, likely differ in their alleles
(Bernardo 2008) and the same QTL would be probable to be present in different
populations, assuming that the particular QTL is consistent. By applying all the historic
recombination events from germplasm development, association mapping can deliver a
high-resolution genetic map (fine mapping) and deliver more precise sites of individual
QTL (Oraguzie et. al., 2007; Maccaferri et. al., 2011), or a step near to positional cloning
(Rafalski, 2010), which is more interesting but more gratifying refining quantitative traits
(Sorkheh et. al., 2008). Association study in species with low rates of noticeable

recombination (inbreeding species and those with low levels of DNA level diversity) can
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be carried out with a reasonable number of markers evenly dispersed across the genome
via genome scanning. Self-pollinated species (rice) normally have fewer levels resolution
and experience low levels of recombination and thus a high linkage disequilibrium (late
breakdown of linked genomic regions).

2.6 Backcross breeding strategy for improving drought resistance
2.6.1 Conventional backcross breeding

The backcross breeding method was proposed by Harlan and Pope. Now
backcrossing has develop an extensively us ed plant breeding method in various crop
species (Allard, 1999). This method is most commonly used for incorporating one or few
traits into an adapted or elite variety. Crop varieties with better drought resistance and
WUE have been developed through conventional backcross breeding method. For
example, in rice, the International Rice Research Institute made a total of 322 crosses
between three elite recurrent parents (IR64, Teqing, and IR68552-55-3-2) and 163 donor
varieties of diverse origins (Yu et al., 2003) to develop varieties. The backcross progenies
derived from these crosses that showed much higher yields compared to the recurrent
parents in severe-drought lowland or upland nurseries (Laffitte et al., 2006). Likewise, to
develop new rice varieties with improved drought resistance and high yield, significant
crossing and backcrossing using elite paddy rice varieties as recurrent parents and upland
drought-resistant rice as donors. In recent years, a sequence of water-saving and drought-
resistant rice varieties have been advanced and released, such as Huhan3, Huhan2B, and
Hanyou3 (Luo, 2010). Because of the polygenic nature, low heritability, and high levels
of genotype—environment interface of drought resistance linked traits, the advancement

of conventional breeding in crops is still quite slow (Luo, 2010).

2.6.2 Marker Assisted Backcross (MABC) breeding

With the accomplishment in Marker Associated Selection (MAS) in crop breeding
for simple traits, namely R genes for drought resistance, the Mas technology has also
been used in breeding programs to advance crop drought resistance. Molecular markers
that are strongly linked with economically vital traits have been used for MABC in rice

including resistance of bacterial blight, blast, brown plant hopper, green plant hopper,

22 Pooja Bharti, Ph.D. 2020



gall midge, virus infections and tolerance to salinity, submergence, drought, cold, semi-

dwarf, grain quality and used in MAS.

The usual approach of MABC is to introgress QTLs from drought-resistant donor
genotype to high-yielding but drought-sensitive recipient line. There are three major
types of selection in MABC i.e. foreground, recombinant and background selection.
Foreground selection, is first step in which the breeder chooses plants having the marker
allele of the donor parent at the target locus. The aim is to sustain the target locus in a
heterozygous form (one donor allele and one RP allele) till the final backcross is finished.
The selected plants are self-pollinated and progeny plants recognized that are
homozygous for the donor allele. Those markers which have already been developed and
they are strongly linked to the target gene or QTL should be used to select the target
locus of donor parent in early back crossed (BC) progenies for the selection of plants that

are having the target gene. This is known as ‘foreground selection’.

The second level includes selecting backcross progeny with the target gene and
recombination events between the locus and linked flanking markers is called as
‘recombinant selection’ (Collard, 2007). The main drive of recombinant selection is to
decrease the size of the donor chromosome segment covering the target locus. This
selection is significant because the rate of reduction of the donor fragment is slower than
for unlinked regions and many undesirable genes that negatively affect crop performance
may be linked to the target gene from the donor parent (Hospital, 2005). By use of
conventional breeding methods, the donor section can remain very large even with many
backcross generations (e.g. >10 cM; (Salina et al., 2003). Using markers that flank a

target gene (e.g. <5 cM) on either side), linkage drag can be diminished.

A CSSL (Chromosome Segment Substitution Line) population, advanced
mapping population, is generally developed through advanced backcrossing, selfing, and
then marker-assisted selection (MAS) (Qiao et al., 2016). Each line consists of a single or
a few chromosomal segments from the donor parent in the background of the recurrent
parent. These populations can be used to estimate individual QTLs precisely owing to

negligible genetic background noise. Thus, they are adequate for fine mapping and
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characterization of target QTLs and further analyses. Further, phenotypic effects of QTLs
are always influenced by genetic backgrounds and environmental factors. Therefore, the
development of advanced mapping populations such as introgression lines (ILs) and
chromosome segment substitution lines (CSSLs) to analyze QTLs has received great
attention (Qiao et al., 2016).

Chromosome Segment Subsitution Line from interspecific hybridization
represents a powerful genetic resource for genomic research. The first complete set of
substitution lines were constructed in tomato by Eshed and Zamir, 1994. These consisted
of near isogenic lines (NILs) carrying single Lycopersicon pennellii chromosomal
segments in an otherwise homogeneous L. esculentum background which represented the
entire genome of wild tomato. Hirabayashi et al., 2010 developed introgressed lines (ILs)
from O. rufipogon and Oryza glumaepatula in a japonica cultivated rice background

firstly.

2.7 QTLs mining to identify novel genes

Genetic studies of many traits in rice have generated data suggesting that specific
regions of rice chromosomes contain sites that influence expressions of quantitative traits
or quantitative trait loci (QTL). QTL mapping has found more than 9100 genomic
regions in rice for various traits. While GRAMENE is a endless resource for significant
plant genomes including rice, it alone does not deliver an easy way for QTL-based
biological mining information. Selection of candidate genes depends on a wealth of
information obtained through traditional genetical and molecular approaches and this
biological info on rice are deposited on the public domain databases (Table 2.6).
Scientists uses these databases to apply bioinformatics methods and data integration
systems to find the maximum promising candidate genes for the trait in question and to
elucidate functions of such genes. In QTL and under the molecular regulations, several
public resources were created for gene mining (Table 2.6). It offers biologically
supported evidence vital for targeting gene groups or networks engaged in regulating
QTL-based characteristics (Thongjuea et al., 2009; Nagamura et al., 2011).
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Table 2.6: List of rice databases available for crop improvement

S;l Database name Database Link

1 |Rice genome sequence data | www.msu.edu, www.bgi.org

2 |Full-length cDNA clones http://cdna0l.dna.affrc.go.jp/cDNA/

o ) WWW.gramene.org, www.graingenes.org
Rice biological and molecular ) ;

3 data http://www.ncgr.ac.cn/ricd
http://cdna0l.dna.affrc.go.jp/PIPE
http://rice.plantbiology.msu.edu/

4 | Rice annotation http://rfalpdb.dna.affrc.go.Jp/.
http://ricegaas.dna.affrc.go.jp/
http://www.shigen.nig.ac.jp/rice/oryzabase/top/top.jsp

5 | Transcription factor http://drtf.cbi.pku.edu.cn/
http://ricetfdb.bio.uni-potsdam.de/
http://cdna02.dna.affrc.go.jp/RED/

6 |Rice expression http://mpss.udel.edu/
http://www.ricearray.org/index.shtml
http://ricexpro.dna.affrc.go.jp/

7 |Rice co-expression http://ricefrend.dna.affrc.go.jp/

8 | Comparative genomics http://greenphyl.cirad.fr/

9 |Mining genes from OTLs http://rice.kps.ku.ac.th:8080/RiceGeneThresher
http://agri-trait.dna.affrc.go.jp/

. http://rmd.ncpgr.cn/

10 |Rice mutants - -
http://www.ricefgchina.org/mutant
http://sundarlab.ucdavis.edu/smrnas/

11 |Small RNA
http://retroryza.fr/

12 |Rice proteome http://gene64.dna.affrc.go.jp/RPD/main_en.html

13 |BAC/EST resources www.genome.arizona.edu

14 | Phenotype of the mutants http://tos.nias.affrc.go.jp/
http://www.plantgenome.uga.edu/snp

15 | SNP resources http://www.ricesnp.org/
http://shenghuan.shnu.edu.cn/ricemarker

16 |Rice diversity http://www.ricediversity.org/

17 |RiceVarMap http://ricevarmap.ncpgr.cn/v2/

18 |Rice TE database (RIiTE-db) |https://omictools.com/rite-db-tool

19 |DroughtDB http://pgsb.helmholtz-muenchen.de/droughtdb
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The MSU Rice Genome Annotation Project Database and Resource is a National
Science Foundation project that provides sequence and annotation data intended for the
rice genome. This database provides rice genome sequence from the Nipponbare
subspecies and annotation of the 12 rice chromosomes. These data are available through
search pages and our Genome Browser that provides an integrated display of annotation
data.

Several such rice databases have been intended and created to incorporate
catalogs from public domain rice databases involving genetic information, genome
annotation, expressed sequence tags (ESTs), protein data like protein domains, gene
ontology (GO), metabolic pathway, protein-protein interaction prediction, and stress-
responsive genes. Table 2.6 tabulates the list of rice databases cited in the literature.
RiceGeneThresher is also one of the system's embedded information sources and offers
strong web-based apps and versatile instruments to deliver tailored rice biological
information (Thongjuea et al., 2009). This scheme promotes full-genome gene mining for
QTLs by enquiring marker intervals and biologically endorsed evidence that is critical to

targeting clusters or networks of genes engaged in regulating QTL characteristics.

Anybody may navigate from QTL to candidate genes and from candidate gene to
SNP discovery by using these accessible database resources (Table 2.6). Insilico
assessment showed the significance of genomic data to identify and isolate novel and
superior alleles of agronomically significant genes from plant gene pools in order to be
appropriately deployed to develop enhanced varieties. Allele mining is a hopeful
approach to dissecting naturally occurring allelic variation in candidate genes that control
important agronomic characteristics that have potential uses in crop improvement
programs. It enables to track allele evolution, identify fresh haplotypes, and develop
allele-specific markers aimed at use in marker-assisted selection. So, the mixture of
connection and linkage mapping would lead to the detection of markers from genic
region and/or candidate genes, which would lead to the documentation of the most
efficient marker allele contribution. Introgressing QTLs superior allelic variety
(haplotype) would considerably improve MAS's achievement in introgressing the
tolerance of drought.
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111 MATERIAL AND METHODS

Exponentially growing population, water scarcity with increasing demand,
climate change and biotic & abiotic stresses are major hazards to food security. Rice,
which is the major staple food crop, is also a water intensive crop. Several efforts have
been taken to develop water saving strategies in rice plants. Drought is climatically
induced calamity that slows down rice yield production in semi-arid, arid and humid
areas. Tackling drought by plants can provide different way to rice research and
development. An effective breeding approach that develops drought-tolerant rice varieties
can lead to food security under situations of higher food demand, depleting resources and
predicted climate variations. Though a huge number of published articles are accessible
for drought associated QTLs and candidate genes, a few QTLs have been used in Marker
assisted selection (MAS) for development in drought traits. In a previous study a
successful effort was made to introgress two drought adaptive traits (root along with
water use efficiency) into the elite cultivar, IR-64 (Dharmappa et al., 2019). However, the
effect of selected genetic loci in a pyramiding program is not always as expected, due to
the complexity of gene networks among genetic regions (Kumar et al., 2018). Apart from
this, quantitative traits such as roots and WUE are highly influenced by the environment.
In such conditions, in another field or background, lines that do well in one environment
or in one genetic background may fail. These constraints led to future line of work to
check the stability of performance of TILS/NILs across seasons and to identify the
interaction among traits. This chapter describes various experiments carried out to study
interaction among traits, identification of best trait introgressed lines and molecular

network responsible for variation in trait.

A set of 173 diverse rice (Oryza sativa L.) germplasm accessions were obtained
from National Rice Research Institute (NRRI), Cuttack. Panel has been extensively
phenotyped for root, water use efficiency, yield and other associated morpho-
physiological traits in previous studies (Mohankumar, 2010). From the germplasm
accessions, trait donor lines for drought adaptive traits were identified. Among the
various trait donor lines, AC-39020 and IET-16348 was selected as root and water use

efficiency donor, respectively. Using the selected donors, focused multi-parent marker
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assisted backcrossing strategy was developed to pyramid root and WUE traits into IR-64
background. Sixteen markers were used in foreground selection and 120 neutral markers
were used for background selection. Selected donor parents (AC-39020 and IET-16348)
were hybridized separately with IR-64. The resulting Fis were hybridized to get DCFs.
True Fis were identified using foreground markers and the selected plants that were
heterozygous were backcrossed to IR-64 to get the DCBC1F1s. Phenotypic and molecular
characterization of all DCBC;1F; and consequently backcrossing with recipient parent and
selfing followed by selection leads to development of 260 DCBCsFs progenies
(Dharmappa et al., 2019) (Fig. 3.1).

3.1 Plant Material
A set of 260 DCBCsF4 (TILs) lines along with the three parents was the plant
material used in the study.

3.1.1 Phenotyping for drought adaptive traits

All the 260 DCBCaF4 lines and the parents (recurrent and donor) were evaluated
for various drought adaptive traits at Dept. of Crop Physiology, University of
Agricultural Sciences, GKVK, Bangalore, India. Climatic conditions prevailed during the
cropping season are given in Table 3.1.

Table 3.1: Details of the experimental location

Experiment Details
Place Bengaluru
Year and season 2016 (Kharif)
Latitude and longitude 130 05°N;770 34’E
Altitude (mean sea level) 930
Site/conditions Aerobic condition
Soil type Red loamy
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Scheme of Marker Assisted Backcross breeding (MABC) strategy

IR-64 x AC-39020 IR-64 x IET 16348 ., e
F; (20) X F;(30)
High root DC Fll(81 :4) High WUE
DCBC,F,(120:4)
v Phenotyping for growth, l v' Marker assisted
morphology and DCBC,F,(100:3) foreground selection
physiological parameters l (16 markers)
DCBC;F, (120:4) v Background selection
(120 markers)

l

DCBC,F,(260)

|

DCBC;F, (260)

Figure 3.1: Developmental scheme of marker assisted backcross breeding strategy

(Prathibha, 2016)



3.1.2 Experimental details

Phenotyping for drought adaptive traits was conducted in the experiment (Plate
3.1). The morpho-physiological traits recorded during experiments are listed in the Table

3.2 with abbreviations and units.

3.1.3 Crop husbandry

The trait introgressed lines along with its parents were grown in the field. The
spacing of 20 cm was maintained in between plants and rows. Plants were grownup in
augmented design using parents as checks. Plant was provided irrigation alternatively
through surface level irrigation. The method of aerobic cultivation was according to
Girish et. al., (2006). Cultural operations such as protection measurements, accurate
nutrient supply through fertilizer application were followed as per recommendation. All
essential prophylactic measures were opted to ensure the development of healthy plants

in the experiment.

METHODS USED FOR PHENOTYPING IN FIELD CONDITION
Carbon isotope discrimination (CID):

Carbon isotope discrimination, an important surrogate to measure WUE was
measured using an Isotopic Ratio Mass Spectrometer (Thermo Fischer scientific,
Germany) interfaced with an elemental analyzer (NA112, Italy) by a continuous flow
device (Conflo-I1l, Thermo Fischer scientific) is installed at Dept of Crop Physiology,
UAS, GKVK, Bengaluru. Dried leaf samples were homogenized to a fine powder using
ball mill. CID (A¥C) which is expressed in per mil (%o), was calculated as per by
Fraquhar, et, al., 1989.

ABC = (613C4-813Cp) / (1+813C,/1000)

Where; 613C, and $13C, are the carbon isotope composition of atmospheric air and
plant, respectively. Further, the 8'*C, was measured as -8 parts per mill for the

computation.
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Table 3.2: Morpho-physiological traits recorded in field under aerobic condition

Sl Abbreviation
No. Parameters Method / formula with Unit
1 | Plant height Helght from s_ml_surface/ground to PH. cm
leaf tip of main tiller
2 | Stem weight Dry weight of stem after oven drying | SW, g
3 | Total Leaf weight Dry weight of leaf after oven drying | TLW, g
4 | Total Leaf Area Product of specific Igaf area (SLA) TLA, cm?
and total leaf dry weight
5 SPA_D chlorophyll meter | Transmittance of light from the leaf SCMR (unit-less)
reading blade
6 | Specific Leaf Area Ratio of area of leaf to leaf dry mass | SLA, cm?/g
7 | Total Dry Matter Summation of abovg ground biomass TDM, g pl
and below ground biomass
3 C.arbpn.lsot.ope Measurg pf cgrbon isotopic AC, per mill
discrimination composition in plant
9 | Tiller number Number of productive tillers per plant | NT, per hill
10 Days to fifty percent Number of qlays between sowing and DFF, days
flowering 50% flowering
11 | Leaf temperature Temperature of the leaf LT, degree Celsius
12 | Grain yield Weight of grains per plant YPP, g
, - The ratio of number of filled spikelets 0
13 | Spikelet fertility t0 total number of spikelets SF, percentage (%)
14 | Harvest index R_atlo (_)f eco_nomlcal biomass to the HI. unitless
biological biomass
15 | Panicle number Number of panicles present in a plant | NPP, per hill
16 | Number of filled grains | Number of filled seeds per plant NFG, numbers
17 | Number of chaffy grains | Number of unfilled seeds per plant NCG, numbers
18 | Weight of filled grains The_ total weight of all the filled WFG, numbers
grains per plant
19 | Weight of chaffy grains The: total weight of all the chaffy WCG, numbers
grains per plant
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Plate 3.1: Field view of 260 DCBCsF4 plants grown under semi-irrigated aerobic condition. DCBC3F4 plants along with the parents
were grown under semi-irrigated aerobic condition.



Multi environment phenotyping

Under various environment
(3 seasons in GKVK and one season in TNAU)

Plate 3.2: Field view of 25 TILs grown under semi-irrigated aerobic condition in various seasons. TILs along with the parents

were grown under semi-irrigated aerobic condition in 1*1 m? plot size.



Leaf temperature:

Temperature of leaf was measured with the help of infra-red gun during the field
experiment. The observation was recorded twice a day during the crop cycle. Leaf
temperature (LT) was measured before irrigation. Gun was held focusing towards the leaf
surface or canopy and the measurements were done at the midday when there was

complete bright sunlight.

Soil Plant Analysis Device (SPAD) chlorophyll meter reading (SCMR) and Specific
Leaf Area (SLA):

The leaf nitrogen content reveals us about chlorophyll content present in the leaf.
An instrument developed to measure leaf nitrogen content using Minolta Corp., Ramsey,
N.J., measures light attenuation at a wavelength of 430 nm (the peak wavelength for the
absorption by chlorophyll a and b) and at 750 nm (near-infrared) with zero transmittance.
The unit less measurement taken by chlorophyll meter (SPAD-502) is known as SCMR
(SPAD Chlorophyll Meter Reading) and it is a good estimation of chlorophyll content
and N content. The SPAD is a user-friendly hand-held device that is portable and works
with DC energy (Volts).

Three observations were noted on each leaf (9 observations/3 leaves) using
SCMR (Minolta SPAD-502 meter, Japan). Necessary precaution was taken to reassure
and to avoid the interference with the midrib. The same leaves, i.e. 3 representative
leaves from individual plant were collected by cutting at the joint of leaf petiole and
further the leaf area was determined by multiplying maximum leaf length (LL, cm) and
maximum leaf width (LW, cm) of each sample to record SLA (cm? g1). The same
samples were gathered in distinct paper bags for drying and oven dried at 70 °C until
sample reaches steady dry weight. SLA was calculated using the area of three leaves

(cm?) and the dry weight of the same three leaves (g).
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OBSERVATIONS RECORDED IN FIELD EXPERIMENTS
Plant height:
Plant height was measured as height difference from base to the tip of longest leaf
at the time of tillering stage and expressed in cm.
Specific leaf area (SLA):

SLA is the ratio of leaf area to leaf biomass which is measured at 50 per cent
flowering. Leaves representing the entire canopy were picked and the area was recorded
by I*b method. The same leaves were oven dried at 70 °C for 3 days and the constant dry
weight was documented. The ratio of leaf area to leaf biomass had given SLA.

Carbon isotope discrimination:

The leaf samples collected for SLA was finely powdered and powder is used to
estimate Carbon isotope discrimination at the National facility for stable isotopes at
Department of Crop Physiology, UAS, GKVK, Bengaluru.

Shoot weight:

Shoots collected separately and oven dried at the temperature of 80°C for 48 hrs
to measure the dry weight in gram.
Total leaf area:

All the leaves collected separately and further oven dried at 80°C for 48 hrs to
determine the leaf dry weight. The total leaf area was computed by multiplying leaf dry
weight with SLA.

Total dry matter accumulation (TDM):

The biomass accumulated over the experimental time was computed by summing

up leaf, shoot dry weights and yield.
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Per cent spikelet fertility:

Spikelet fertility can be calculated by means of both number of filled and chaffy
spikelets and also the weight of filled and chaffy spikelets (Raju et al., 2012).

Spikelet Fertility (%) =

Yield:

Number of filled seeds

*100

Number of chaffy seeds + Number of filled seeds

Grain yield per plant is measured at physiological maturity through measuring

weigh of grains collected from each plant.

3.2 Plant Material

A set of 25 TILs/NILs along with the three parents was the plant material used in

the study.

3.2.1 Phenotyping for drought adaptive traits

Selected 25 TILs with the parents were evaluated for various drought adaptive

traits in various seasons and locations. Climatic conditions prevailed during the cropping

seasons are given in Table 3.3.

Table 3.3: Details of the experimental locations for 25 TILs

Experiment Experiment1 | Experiment2 | Experiment3 | Experiment4
Place Bengaluru Coimbatore Bengaluru Bengaluru
:egigﬁ”d 2016 (Kharif) | 2017 (Summer) | 2017 (Summer) | 2018 (Summer)
Latitude and 130 05°N;770 11'N 77 E 130 05°N;770 130 05°N;770
longitude 34’E ’ 34’E 34’E
Altitude (mean 930 426.7 930 930
sea level)

. . Aerobic Aerobic Aerobic Aerobic
Site/conditions " ” e -

condition condition condition condition
Soil type Red loamy Clay loamy Red loamy Red loamy
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3.2.2 Experimental details

Phenotyping for drought adaptive traits was carried out in the field experiment
(Plate 3.2). All the morpho-physiological traits recorded during experiments are listed in

the Table 3.2 with abbreviations and units.

3.2.3 Crop husbandry

The trait introgressed lines along with its parents were directly sown in the field.
The spacing of 20 cm was maintained between plants and rows. In all four seasons TILs
and parents were raised in blocks of 1m*1m size with three replications of blocks in
Randomized Completely Block Design (RCBD). Plot was irrigated alternatively by
surface irrigation. Aerobic cultivation was as per the method followed by Girish et. al.,
(2006). Cultural operations such as protection measurements, accurate nutrient supply
through fertilizer application were followed as per the recommendation. Necessary
prophylactic measures were carried out to ensure the development of healthy plants in the

experiment.

Details of morpho-physiological traits recorded in field under aerobic condition is
listed in Table 3.2.
Statistical analysis for field experiments

The data obtained from above experiments were analyzed using statistical
software packages like XLSTAT, SPAD and MS EXCEL.
Analysis of variance (ANOVA)

Analysis of variance for measured traits for parental lines and progenies was done
using windostat. Variance components due to the influence of genotype (d?g) and
genotype x environment (d?ge) were predicted using the corresponding average of the

variance coefficients.
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Comparison of means and variances

For separate experiment, mean, range and variances were calculated for the whole
set including (parental lines and progenies). For means comparisons throughout the study
were based on Newman-Keuls test (Newman, 1939; Keuls, 1952) and the similarity of
variances was tested using SAS / SAST2 ® 9.3 by the Levene (1960) test.

Correlation analysis

Phenotypic correlations for all the traits were calculated among them for entire

population across each experiment using XLSTAT.

3.3 Marker class analysis

Based on previous genotypic data with 16 foreground markers (Table 3.4) and
current phenotypic data, marker class analysis was carried out with 260 DCBC3F4 lines.
Genotypic data coding was done with “Y” and “N” letters based on the alleles present
from donor and other parents. Donor alleles (allele of AC-39020 for root traits and IET-
16348 for WUE) was denoted as “Y” and other than donor alleles with “N”. Coded data

is given in plate 3.3.

3.4 Physiological characterization of TILs to evaluate the drought stress response

A mini-lysimeter based phenomics platform was conceptualized at our center
(Department of Crop Physiology, UAS, GKVK, Bangalore) for the precise maintenance
of soil and plant moisture status across large number of accessions. The approach
involves the real time measurement of transpiration and soil moisture content in container
grown plants exposed to natural field environment conditions. The evapotranspiration
(ET) interfaced replenishment of water provides a additional to maintain the desired soil
moisture level across the genotypes irrespective of variation in transpiration. It also

consists of an indigenously built, remotely operated mobile rain out shelter.

The system continuously captures the weight loss in mini-lysimeters due to
evapotranspiration, in real-time and brings it back to the original weight by automatically

irrigating with equivalent water (w/w). Hence, the facility has a completely automated
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ET- interfaced irrigation system. It has custom built ‘drought simulator software’ to

monitor the field capacity of each MLM individually. The facility can execute a desired

dry down rate in the MLMs to achieve gradual induction of stress, as it occurs in the

natural field scenario. In the similar way the facility also has the ability to rehydrate the

MLMs gradually at desired rate.

Table 3.4: List of markers used for marker class analysis

Marker Chr. no Position Traits R?
RM80 8 103.7 RLD 19
RM2584 8 45.8 RWT 145
RM1388 4 77.9 RLD 17.2
RM262 2 81.1 RLD 14.5
RM239 10 25.2 R/S 13.8
RM3825 1 143.7 RV 13
Root
RM16 3 1315 RV 10.8
RM3276 4 102.4 RL 13.3
RM247 12 32.3 RV 12.1
RM167 4 37.5 RLD 16.7
RM4455 10 21.8 RV 20.4
RM71 2 49.8 R/S 10.1
RM493 1 79.9 ABC 14.2
RM586 6 7.4 ABC 17.4
WUE
RM149 8 122.1 ABC 154
RM131 4 148.8 ABC 18.3
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Plate 3.3: Marker class analysis. Donor alleles (allele of AC-39020 for root traits and

IET 16348 for WUE) was denoted as “Y” and other than donor alleles with “N”
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Plate 3.4: Phenomics facility to screen TILs for drought stress. Selected TILs and the recurrent parent were grown in phenomics.

Several traits were measured and analyzed under WW and WL condition.



3.4.1 Plant materials

From the 25 TILs studied under various seasons, 6 lines were selected based on
the marker/QTL combination. These six TILs (TIL # 18, 54, 55, 84, 228, 248) along with
the recurrent parent IR-64 were grown under various moisture regimes in phenomics

experiment.

Apart from the six TILs, few more TILs has been selected from 260 DCBC3F4
lines (Table 4.15) in phenomics experiment 3. These TILs were having the same marker

combinations with difference in alleles.

3.4.2 Phenotyping for drought adaptive traits

Selected TILs along with the recurrent parent were evaluated for various drought
adaptive traits in various water regimes. Climatic conditions prevailed during the

cropping seasons are given in Table 3.5.

3.4.3 Experimental details

Phenotyping for drought adaptive traits was carried out in the experiment (Plate
3.4) at various water regimes. All the morpho-physiological traits recorded during

experiments are listed in the Table 3.6 with abbreviations and units.

Table 3.5: Details of the experimental location for phenomics experiment

Experiment Details
Place Bengaluru
Year and season 2017 (Summer) , 2017 (Kharif), 2018 (Kharif)
Latitude and longitude 130 05’N;770 34°E
Altitude (mean sea level) 930
Site/conditions Aerobic condition
Soil type Red loamy
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3.4.4 Crop husbandry

Empty pot weights were measured before pot filling and dry soil was filled to the
pots and weights were recorded. Seeds of the selected TILs and parents were soaked
overnight in water and treated with bavistin for 15min before sowing. 10 seeds per pot
were sown early morning. 100:50:50 kg/hectare N: P: K was applied as per the
recommendation. The quantity of fertilizers was planned based on soil volume in the
pots. The plant population was thinned down to two plants per pot. In order to
circumvent iron deficiency, an equimolar concentration of Fe-EDTA solution was
prepared at the concentration of 2 g/L and was added at an interval of every 7 days. All
prophylactic plant protection measures were taken periodically as per the

recommendation to get healthy plants.
OBSERVATIONS RECORDED IN PHENOMICS EXPERIMENTS
Shoot length:
The shoots were detached from individual plants and the shoot length was
documented at tillering stage using a graduated scale in cm.
Root length:
The root was separated from each plant in the internodal region at maturity. The
root length was measured with a graduated scale in cm.
Root volume:

Root volume was measured by water displacement method after harvesting at
maturity stage. Known volume of water was taken in a graduated beaker and separated
root was immersed into the beaker and then the increase in the volume of water was
noted as a measure of root volume in ml.

Leaf area:

Leaf area was measured by (length x width x correction factor) method.

38 Pooja Bharti, Ph.D. 2020



Table 3.6: Traits recorded in phenomics under aerobic condition in stress and well

watered condition

Sl Parameters Abbreviation
No. recorded Method of measurement / formula & Unit
1 | Root Length Maximum length of root in a plant using the RL, cm
graduated scale
2 | Root weight Root dry weight per plant after oven drying RW, ¢
3 | Root volume Root volume measured by water displacement RV, cc
method
4 f::i%t to Shoot Ratio of root dry weight over shoot dry weight R/S, ratio
5 | Shoot length Pla_nt _helght from soil surface to leaf tip of the SL. cm
main tiller
6 | Stem weight Stem dry weight per plant after oven drying SW, ¢
7 | Total Leaf weight | Leaf dry weight per plant after oven drying TLW, g
8 | Total Leaf Area Product of specific leaf area and leaf dry weight TLA, cm?
9 SPAD chlc_)rophyll Transmittance of light from leaf blade SCMR (unit
meter reading less)
10 ipemﬁc Leaf Leaf area to leaf dry mass SLA, cm?/g
rea
11 | Total Dry Matter | Sum of above and below ground biomasses TDM, g pl*
. Measure of carbon isotopic composition in plant | , 5 .
12 giii;??r:iﬁ;tti%%e material relative to the value of the same ratio in (A(y §: per mill
the air where the plant is grown (13C/12C) o
13 | Tiller number Number of productive tillers per plant NT, per hill
. . o
14 Days to fifty _ Numbgr of days between sowing and 50% DFF, days
percent flowering | flowering
15 Relative water Leaf relative water content is an important | RWC,
content indicator of plant water status percentage (%)
16 | Leaf temperature | Temperature of the leaf IE:T’ Qegree
elsius
17 | Grainyield Weight of grains per plant YPP, g
. - Ratio of number of filled spikelets per panicle over | SF, percentage
18 | Spikelet fertility total number of spikelets per panicle (%)
19 | Harvest index Ratio of grain yield to total biomass HI, Unitless
20 | Test weight V\./e'lght of 1000 grains determined using electronic TW, 1000
digital balance grains
21 | Panicle number Number of panicles present in a plant NPP, per hill
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Specific leaf area (SLA):

SLA is the ratio of leaf area to leaf biomass which is determined at 50 per cent
flowering. Leaves representing the whole canopy were taken and the area was recorded
by I*b*correction factor method. The same leaves were oven dried at 70 °C for 3 days
and the constant dry weight was recorded. The ratio of leaf area to leaf biomass had given
SLA.

Carbon isotope discrimination:

The leaf samples collected for SLA was finely powdered and used to estimate
Carbon isotope ratios at the National facility for stable isotopes at Department of Crop
Physiology, UAS, GKVK, Bengaluru.

Total leaf area:

The leaves were collected separately and oven dried at 80°C for at least 48 hrs to
determine the leaf dry weight. The leaves were weighed and the total leaf area was
computed by multiplying leaf dry weight with SLA.

Total leaf area (cm? pt) = Total leaf dry weight (g p*) x SLA (cm?g™)

Shoot weight:

Shoots were collected separately and oven dried at 80°C for two days to
determine the dry weight.
Root weight:

Roots were washed thoroughly, then oven-dried at 80°C for 48 hrs and dry
weights were recorded.
Total dry matter accumulation (TDM):

The biomass accumulated during the experimental period was computed by

summing up leaf, shoot dry weights, root dry weight and yield.
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Per cent spikelet fertility:

Spikelet fertility was calculated by using both numbers of filled and chaffy
spikelets as well as weight of filled spikelet and chaffy spikelets.

Number of filled seeds
Spikelet Fertility (%) = *100
Number of chaffy seeds + Number of filled seeds

Yield:

Grain yield per plant was measured at physiological maturity by taking weigh of

grains collected from each plant.

Leaf temperature:

Leaf temperature of plants was measured using thermal imaging (Fluke) across
the phenomics experiments. The observation recorded twice during the crop cycle (mean
values of the different timings observation were used for analysis). Leaf temperature (LT)

was measured just before irrigation.

Relative Water Content (RWC):

Leaf relative water content is an important indicator of plant water status. The leaf
discs from the plants were collected separately and the fresh weight was recorded. The
leaf discs were floated on distilled water for 5 hours to attain full turgidity. The turgid
weight was taken at the end of 5 hours when the leaf discs were fully turgid. Later, the
samples were dried in hot air oven at 70 °C to attain a constant weight and then dry
weight was recorded. Based on the observations, RWC was calculated (Barrs et al.,
1962).

RWC (%) = {(FW-DW)/ (TW-DW)} X100

where, FW- Fresh weight, DW- Dry weight, TW- Turgid weight
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Based on these primary observations the following parameters were computed:
= Cumulative Water Transpired (CWT)

= Water Use Efficiency (WUE)

= Mean Transpiration Rate (MTR)

= Net Assimilation Rate (NAR)

= Leaf Area Duration (LAD)

Cumulative Water Transpired (CWT)

The amount of water added automatically daily to individual pot after weighing
by weighing device at the platform, to bring back the soil to 100% FC and other water
regimes was summated individually for each pot during the experimental period and was
expressed as cumulative water added (CWA). The daily soil evaporation loss was
determined by recording the weights of the empty pots. The soil evaporation was

deducted from the CWA to arrive at the cumulative water transpired (CWT).
CWT = CWA - CWA*

Where,
CWA: cumulative water added to each pot

CWA*: cumulative water added to empty pot

Water Use Efficiency (WUE)

Measurement of Water use efficiency by phenomics experiment involves the
measurement of total dry matter (TDM) accumulated over a specific period of time and
the total water transpired by the plant throughout the same period. The ratio of total dry
matter during the experimental period to the total water transpired was calculated to

arrive at the whole plant WUE and expressed as g/L of water transpired.

Total Dry Matter
WUE =

Cumulative water transpired
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Mean transpiration rate (MTR)

Mean transpiration rate is the measure of rate of transpiration over the complete
experimental period. It is expressed as gram or ml of water per dm2LA.day?. It is

considered as the time combined measure of Transpiration.
MTR = CWT/LAD

Where,
MTR: Mean Transpiration Rate
CWT: Cumulative Water Transpired
LAD: leaf area functions during the experimental period

Net Assimilation Rate (NAR)

NAR is a good indicator of assimilation capacity per unit leaf area. It is calculated
using the dry matter accumulated throughout the experimental period and functional leaf

area of the same period. It is expressed as mg. dm day*.

Total Dry Matter

NAR =
Leaf area functions during the experimental period (LAD)

Leaf Area Duration (LAD)

Leaf area duration (LAD) is a reflection of assimilation during the experimental

period. LAD was calculated as following:

LAD =Total Leaf Areax Number of days

Photosynthesis related traits
Gas exchange

Gas exchange traits such as net CO> assimilation rate (A) was used measured
using portable photosynthesis system LI- 6400 (LICOR 6400, Lincoln, Nebraska, USA).
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Principle of IRGA

Infrared Gas Analyzer (IRGA) is used for the measurement of hetero-atomic gas
molecules including CO2, H20, SO2, N20O. Hetero-atomic molecules have characteristic
absorption spectra in infrared region. Therefore, absorption of radiation by a specific

hetero-atomic molecule is directly proportional to its concentration in the given sample.

LICOR- 6400

The equipment, Li 6400 (LiCOR-Inc. Lincoln, Nebraska, USA), functions in the
open mode, which facilitates the maintenance of constant CO, and water vapor
concentration in the leaf chamber during measurements. The change in the CO:
concentration and water vapor is determined by separating infrared gas analyzers, which
are located in the leaf chamber. This ensures real time measurements of gas exchange

parameters.

The system consists of the two parts, main console and a leaf chamber. The main
console consists of a peristaltic pump and necessary software for the computation of gas
exchange parameters. Software permits precise control of the flow rate, CO2 and water
vapor concentration in the leaf chamber. The leaf chamber which also houses the IRGA
has an exterior as well as an internal quantum sensor to control photon flux density
(PPFD) in the Photosynthetic Active Region (PAR) range. It has facility to expose a leaf
area of 6 cm? at the sensor head. A thermocouple is placed in such a way that it would
touch the leaf surface to determine leaf temperature. The speed variable mixing fan
guarantees proper mixing of air in the leaf chamber. The leaf chamber is fitted with blue
and red LEDs (Light Emitting Diode), which can give a PPFD (Photosynthetic Photon
Flux Density) up to 2000 moles m? s. The leaf chamber is also equipped with a Peltier
cooling system that can preserve the chamber temperature. The operational option
provided with the system also maintains a constant chamber RH around that of the

ambient air.
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Recording gas exchange parameters

The gas exchange parameters were documented for the second fully expanded
leaf from the apex of the plant. The target leaf was clamped to the leaf chamber and the
observations were recorded when A, gs, T and Ci touched a steady value. Gas exchange

parameters were logged between 9 am and 12 pm on sunny days.

3.5 Mining of QTLs to identify genes

Three in-silico validated QTLs from the marker class analysis for root
characteristics and WUE have been used for candidate gene mining. Identification and
regulatory segmentation as well as candidate genes in such QTL regions appear to be
significant indicators for the detection of superior QTL allelic variations. The IRGSP's
high-quality rice genome sequence accelerated cloning, quantitative characteristic loci
(QTLs) for both biotic and abiotic stress. Numerous public resources have been created to

uncover important genes of rice.

3.5.1 Mining genes underlying QTL in a genome

Several public online tools for the rice genome for mining genes that underlie
genome areas of concern or quantitative trait loci (QTL) are easily assessable.
GRAMENE and RiceGeneThresher databases integrate a variety of information sources
and offers strong web-based application as well as versatile instruments to deliver
tailored rice biological data. While GRAMENE is a great resource for important plant
genomes including rice, it alone does not deliver an easy way for QTL-based biological
mining information. Selection of candidate genes depend on a wealth of information
added through traditional genetics and molecular methods and this biological information
on rice are stored on the public domain databases (Table 2.6). These databases were used
to mine the genes within the decided flanking region. The genes within each region is

automatically listed by GRAMENE with their annotated functions.

3.5.2 Identification of molecular network responsible

The genomic, coding sequence and protein sequence of these genes were

collected from Gramene database. The annotated functions of the genes were checked for
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relatedness to root and water use efficiency trait by checking the involvedness of the
similar in various metabolic pathways by Ricefrnd database. Sequences were blasted
using Gramene database against Arabidopsis sequence, the model plant. mi- RNAs
present in the region were checked by using the Ricefrnd database.

Based on the position of markers, co-localization study was conducted using
meta-analysis of QTLs by online tool phenogram.
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IV RESULTS AND DISCUSSION

Rice (Oryza sativa L.) is one of the major staple foods for majority of the
population in Asia. Its increased production is in urgent need to feed the exponentially
growing population. Environmental stresses constrain rice production, it affects about
30% of the 700 million poor in Asia alone who live in rain-fed rice-growing areas (IRRI,
2016). Rice is a water intensive crop, which consumes about 80% of the total irrigation
fresh water resources (Yang et al., 2019). However, in the most parts of the world, it is
being cultivated in diverse ecosystems with extreme variation in water availability.
Drought stress is considered the most important limitation to production in rainfed
lowlands. The crop fails during drought, and water scarcity affects 19- 23 million
hectares of rainfed rice production areas only in South and Southeast Asia (Haefele et al.,

2009). Water shortage is a challenge for rice production leading to yield losses globally.

To improve the productivity and the production of drought-prone systems, a
combination of improved varieties and crop management is necessary. Sustaining
productivity through development of improved cultivars more resilient to water limited
conditions is the need of the hour (Reynolds et al., 2011; Chapman et al., 2012).

Although selection of cultivar for absolute yield under water limited conditions
was a successful approach, the narrow variability in yield per se among already improved
cultivars and a high G X E interaction, may not provide the necessary impetus for
improving productivity under water limited conditions. Various research clearly
emphasizes the adoption of trait-based breeding over the empirical breeding by selection
for yield per se. From the agronomic point of view, drought tolerance is associated with

sustained productivity under water limited conditions.

Ludlow (1989) defined three principal mechanisms of genotypic adaptations
contributing to increased yields in water limited environments: (a) drought escape, where
the plant completes its life in the time where no water limitation occurs, (b) drought
avoidance, where the plant maximizes its water uptake and minimizes its water loss, and

(c) drought tolerance, where the plant continues to grow and function at reduced water
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contents. Drought avoidance and drought tolerance are drought resistance mechanisms.
Drought avoidance is the major primary factor in drought-resistant performance in plants
and drought tolerance acts as the second line of defense subsequent to drought avoidance
(Blum, 2005).

Plants have evolved various morpho-physiological mechanisms/traits that
facilitate its growth and survival under drought stress. The morpho-physiological traits
that supports plant under drought can be categorized as constitutive traits (also expressed
under well-watered conditions) and induced traits or acquired traits (expressed under
pronounced water shortage condition). Constitutive traits display a higher level of stress
adaptation and functional conservation across environments (Sheshshayee et al., 2018).

Among the large number of traits enumerated, water mining along with water
conservation traits have great significance in maintaining water relations and cell
metabolism under water limited conditions (Lynch, 2007). Water mining through well
root system and efficient use of water by improved water use efficiency have been shown
to be prominent traits for trait based breeding or physiological breeding (Sheshshayee et
al., 2012, Raju et al., 2014).

Root facilitates numerous functions in plants including water and nutrient uptake.
Because of its underground behavior, it is very difficult to overlook its importance to
plant productivity. Root traits like root depth, length, thickness and root system
architecture had been positively correlated with drought tolerance by enhanced water
harvesting through deep and fast-growing root system (Tradieu, 2011). Although it is
cumbersome to phenotype the root traits, with the advancement in technologies, many
tools have been developed for root phenotyping. Leaf temperature (LT) has been
considered a good method for field phenotyping of crops under drought and is used to
calculate root traits in relation to drought tolerance. It is observed that transpiration
through stomata results in cooler leaves (Wasaya et al., 2018). Therefore, Cooler LT is

linked with deeper roots.
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Water use efficiency (WUE) is an important trait. But the relevance has been
debated. While Passioura (1986) suggested the importance of WUE, Blum (2009) had
other opinions. Research that attempts to comprehend the physiological factors which
contribute to the observed differences in WUE, the concepts of photosynthetic capacity
and stomatal conductance determining WUE emerged. Stomatal conductance plays a
critical role in regulating water balance of the plant and determining A**C and WUE
(Sinclair et al., 2010). It is clear that WUE determined by photosynthetic capacity has
great relevance in sustaining productivity under water limited conditions. But in
conditions where water availability is lower than required such as in semi-irrigated
aerobic conditions, for a comprehensive improvement in growth and productivity
introgressing root and WUE become most important. Sheshshayee et al., 2012 evaluated
the WUE sub-components and debated how WUE could be regarded as a prospective
characteristic for crop improvement. Scientists showed that growing WUE has
tremendous importance after optimizing the use of water and/or light interception

characters via canopy cover.

A successful effort was made to introgress root and WUE traits using the trait
donor parents and the markers (discovered at UAS, GKVK, Bangalore by Raju et al.,
2016) by conventional breeding that has led to the development of a superior trait
introgressed line which is now released for farmer’s cultivation in Karnataka. To
accelerate the success of trait introgression, another focused molecular breeding strategy
was adapted to introgress root and WUE traits onto IR-64 background. IR-64 is one of
the mega varieties which is cultivated extensively in India under puddled conditions with
an average yield of >8 tons/ha. However, this cultivar is one of the most drought sensitive
cultivars. In water limited conditions it leads to significant yield loss (Uga et al., 2013).
Therefore, maintaining the grain yield while improving drought resilience is important.
Towards this an attempt was made to introgress complex physiological traits by Marker
Assisted Selection (MAS). AC-39020 was selected as root donor parent and IET-16348
was selected as WUE donor parent in focused multi-parent marker assisted backcross
breeding program to introgress root and WUE traits into IR-64 background. Based on

polymorphism, 16 markers (for root traits and A*C) were used in foreground selection
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and 120 markers (10 markers/chromosome) for background selection. 260 DCBC3F3 trait
introgressed lines were developed by various molecular and physiological selection.
Several transgressive trait introgressed lines were identified and evaluated for yield and
drought adaptive traits. The selected five transgressive segregants out-performed the
recurrent parent IR-64 (Dharmappa et al., 2019). Foreground markers used in the study
was trait associated markers from previous association mapping study (Raju et al., 2014).
Traditionally, QTLs are identified by extensive genotypic and trait characterization of a
defined panel of germplasm by association mapping or using a trait specific bi-parental
mapping population. Hence, these are QTLs for the specific trait, the program is QTL
pyramiding. The effect of identified genetic loci in a pyramiding program is not always
as expected because of the complexity of gene networks among genetic regions (Kumar
et al., 2018). Apart from this, Quantitative traits are strongly modulated by the prevailing
environmental conditions. Hence, discovery and validation of QTLs should be done
across multiple environments and populations. This approach though would be useful,
would only increase the cost and time of QTL discovery. Therefore, accessing the
performance of TILs across various environments would be a strategic approach to
circumvent the doubts arising from the environmental modulation of trait variability.
Further understanding the genomic network among the TILs or QTL-NILs would be
essential in clearly deciphering specific marker combinations that enhances the success of
trait introgression through molecular breeding.

Towards this an attempt was made to analyze the interaction among traits and to
assess the molecular network in marker assisted back cross progenies of rice. The results
obtained in various experiments at multilocation are described and discussed in this

chapter.

4.1 Phenotypic evaluation of DCBCsF4 lines (TILs) for growth, yield, WUE and
other drought adaptive traits under aerobic condition (AC)

The main goal of the study was to phenotype 260 DCBC3zF4 lines for drought
adaptive traits along with their parents under semi-irrigated aerobic condition. Phenotypic

data on various drought adaptive traits like A*C (a surrogate for water use efficiency),
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leaf temperature (LT), yield attributes, spikelet fertility, total leaf area, SCMR value were

recorded for each line along with the parents under semi-irrigated aerobic condition.

4.1.1 Water Use Efficiency (WUE)

Water use efficiency that acts through avoidance mechanism is an important trait
for drought tolerance in crop plants (Blum et al., 2009). In regulating water balance of the
plant, stomatal conductance plays a critical role, hence, in determining A¥*C and water
use efficiency of plants (Sinclair et al., 2010). The plasticity of phenological development
rather than the mean phenological stage distinctly influences plant adaptation to moisture
stress. Sheshshayee et al., (2012) suggested that high WUE when no substantial reduction
in total water use can be a potential trait for sustaining productivity under semi-irrigated
aerobic condition. Discrimination against carbon isotopes (CID) is one of the well-
accepted surrogates to estimate water use efficiency on a time averaged scale. The theory
explaining the relationship amongst A¥*C and WUE has been well developed (Farquagr,
1989) and widely adopted in various crops (Martin et al., 1989, Mian et al., 1996,
Handley et al., 1994, Impa et al., 2005).

ABC value of IR-64 (recurrent parent), AC-39020 (root trait donor) and IET-
16348 (WUE donor) was 20.05, 19.56, and 18.93 parts per mill, respectively indicating
that WUE donor IET-16348 was the highest WUE type and IR-64 was the lowest (Table
4.1). The range of A'3C value for 260 TILs was 16.31 to 21.56 per mill. The mean of
ABC value for 260 TILs was 19.58, which was significantly lesser than the recurrent
parent IR-64 (Fig. 4.4). A®C distribution was negatively skewed (Fig. 4.2). It suggests
that the TILs had higher WUE than the recurrent parent.

WUE is an important element of Passioura’s yield model. This suggests that,
increase in WUE would result in increase in biomass. However, when selected for high
WUE, a mixed response was noticed (Richards et al., 1986, 2002). Analysis of literature
describing the relationship between WUE and total dry matter (TDM) revealed highly
inconsistent trends (Sheshshayee et al., 2003). A positive or negative or neutral
relationship among the parameters completely discouraged the breeders from using WUE

as drought adaptive trait. This anomaly was analyzed by Sheshshayee et al., 2012, who
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comes out to a concept that WUE is still a useful parameter if variability in root and leaf
area is optimized (Priyanka, 2015). It can be altered by changes in either carbon
assimilation or by decreasing transpiration through stomatal behavior. Due to a strong
link between transpiration and total biomass, any increase in WUE through reduced
transpiration invariably leads to reduction in crop growth rates. Although increased WUE
through reduced transpiration is relevant for survival under water scarce conditions, this
strategy seems to have a detrimental effect on growth rates. Therefore, it becomes
apparent that increased WUE is achieved without a significant reduction in transpiration.
Such genotypes will have a superior growth rates and higher capacity for carbon

assimilation.

Analysis by Sheshshayee et al., (2012) also revealed that low root genotypes had
relatively higher WUE. As per the earlier discussions, the low root genotypes would be
associated with low transpiration and hence, low crop growth rates. Therefore, in the
present study, an attempt was made to choose the high WUE and low WUE line in
combination with low root type and high root types for further experiments.

4.1.2 Root traits

Root systems are essential for adaptation against various types of biotic and
abiotic stresses. Root trait plasticity is considered as a drought avoidance strategy for
plants as it enables absorption of water from deeper strata of soil (Price and Courtois,
1999). Well-endowed root system is the vital mechanism of crop plants to grow under
water limited conditions (Serraj, et al., 2004; Li, et al., 2005; Lynch, 2007; Araus, et al.,
2008; Songsri, et al., 2008). Leaf temperature (LT) acts as a surrogate for root traits. It is
observed that transpiration through stomata results in cooler leaves if water is available
for transpiration (Wasaya et al., 2018). Therefore, Cooler LT is likely to be linked with

deeper roots.

The leaf temperature (LT) value of IR-64, AC-39020 and IET-16348 was 34.8,
24.97 and 27.10 degree celsius. In this investigation, we measured leaf temperature as an
alternative approach to assess the differences in root character. AC-39020 maintained the

lowest leaf temperature among with the parents, which shows it is having better root
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Figure 4.1: Frequency distribution of various traits such as Plant height, Total leaf area, TDM and Yield.
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Note-Dark blue color indicates IR-64, light blue indicates IET-16348 and Red indicates AC-39020.
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system. The distribution of leaf temperature was negatively skewed (Fig. 4.2) which
suggests that still genetic variability exists between DCBCsF4 lines. The range of leaf
temperature for TILs was from 24.97 to 35.57 degree celsius (Table 4.1). Mean value for
LT was 28.49, suggesting most of the TILs maintains its LT to the lower level. It
indicates good root system among the TILs. The mean value of leaf temperature was
18.13 per cent lower than IR-64 (Fig. 4.3).

4.1.3 Yield and its attributes

In a plant, drought is a complex process involving various steps beginning with
moisture and nutrient uptake from roots to panicle and grain formation. Screening of
physiological traits is more precise than screening complex quantitative characteristics or
traits. Each physiological characteristic or trait meets one or two of the various sequential
elements required to generate greater yields. The suitable or appropriate combinations of
these elements are not well understood to obtain enhanced output under drought. Yield
which is a complicated quantitative feature was regarded as an appropriate breeding
selection criterion (Campos et al., 2004). However, exploitation of genetic variation
using direct selection for the yield attributes for grain yield under drought and combining
high yield potential with yield attribute has now been suggested as an appropriate
alternative (Venuprasad et al., 2007). Reduction in yield under aerobic conditions is an
investable consequence of water limitations. Dissecting the yield components into
attributes has relevance in understanding the causes for yield reduction under semi-
irrigated aerobic conditions. Hence, several parameters viz., number of filled or chaffy
grains, number of panicles, grain weight and number and spikelet fertility were measured

as yield attributes among the parents and TILs under AC.

The mean performance of the parents (IR-64, IET -16348 and AC-39020) and
TILs for the measured traits under aerobic condition are shown in Table 4.1. The parental
lines recorded non-significant variability for tiller number under aerobic condition.
Among the TILs, the variation was significant. The yield attributes that determine the
output of grain viz., spikelet fertility also differed considerably among the lines. Table

4.1 shows the skewness and kurtosis values for these traits.
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Table 4.1: Performance of parents and TILs for morpho-physiological traits

Parameters IR64 | AC39020 | IET 16348 | F>Pr | Mean Minimum | Maximum | 62g | Skewness | Kurtosis
PHT 80.10 106.77 91.73 * 80.03 76.70 106.77 *k 0.14 -0.63
DFF 85.00 102.00 91.00 * 82.09 79.00 102.00 *k 0.04 -1.12

SPAD 38.27 37.47 38.07 ns 38.46 33.30 46.53 *k 1.22 1.44
TLA 2668.77 | 3678.78 2899.59 * 1993.53 1054.07 4046.02 *k 0.59 0.52
TLWT 7.81 18.93 17.67 * 10.37 6.79 18.93 *k 0.25 -1.13
YIELD 20.58 20.94 22.00 ns 35.32 8.51 43.92 *k 0.45 -0.90
SWT 24.45 41.35 38.69 * 27.82 18.95 41.35 *k 0.36 -0.56
TDM 52.84 81.21 78.35 * 79.95 40.37 91.91 *k 0.56 -0.71
SF 75.40 80.38 85.89 * 84.75 82.40 95.60 *k -0.01 -0.97
HI 0.39 0.26 0.34 * 0.45 0.25 0.66 *k -0.15 0.18
LT 34.80 24.97 27.10 * 28.49 24.97 35.57 *x -1.27 1.58
SLA 163.73 238.58 193.72 * 192.75 142.08 289.67 *k 0.63 0.90
TN 19.33 20.67 19.33 ns 20.76 15.00 30.33 *k 0.88 0.48
RL 25.50 27.00 30.00 * 34.13 20.00 70.00 *k 1.26 4.99
RWT 2.30 9.47 2.53 * 4.20 1.54 12.20 *k 1.18 3.64
ABC 20.05 19.56 18.93 * 19.58 16.31 21.56 ** -0.73 1.03

* and ** significant P <0.05, and p<0.01 respectively. ns: is non- significant

0¢0¢

PHT-Plant height, DFF-Days to 50%flowering, SCMR-SPAD Chlorophyll Meter Reading, TLA-Total Leaf Area, TLWT-Total leaf weight, SWT-
Shoot Weight, TDM-Total Dry Matter, SF- Spikelet fertility, LT-Leaf Temp, SLA-Specific Leaf Area, HI- Harvest Index, TN-Tiller Number, RL-
Root length, RWT-Root weight



Both spikelet fertility and total number of panicles per plant showed important
inter-line grain yield positive association. Grain yield of the lines were statistically
significant among the lines with the mean value of 35.32 g plant* which was ranged from
8.51 to 43.92 g plant? showing the diversity among the lines. Total dry matter or
biological yield of the parents were also showing significance among the lines. The
kurtosis values for all 16 traits was less than three except for two traits (RWT and RL)
suggesting that distribution curves for the majority of the measured traits seems to be
platykurtic. Yield components showed significant variability under aerobic condition
among TIL lines. TILs recorded 71.62 per cent higher yield than IR-64 (Fig. 4.3). The
increment in TDM was found to be 51.3 per cent and in spikelet fertility it was 25.42 per

cent more than IR-64.

Canopy light interception is a function of the rates of leaf production, expansion
and abscission as well as stand density and arrangement. In plants, leaf area development
(leaf production and expansion) is more sensitive to water stress than leaf abscission
(Muchow, 1985). There was significant difference in leaf area recorded among the

parents and the TILs. Most of the TILs recorded very similar leaf area to that of IR-64.

4.1.4 Associated morphological traits

Plant morphology is the study of the physical form and external structure such as
roots, stems, leaves, flowers, seeds, fruits etc. Plant morphological parameters analyzed
in this study were plant height (cm), leaf weight (g), shoot weight (g), days to 50%

flowering (number of days), specific leaf area (cm?/g).

Several plant morphological traits differed significantly among the TILs (Table
4.1). However, it was noticed that most of these parameters in TILs were comparable to
IR-64. Plant height ranged between 76.7 to 106.7 cm among TILs with a mean of 80.0
cm. AC-39020 had significantly taller phenotype than the other parent and IR-64 (Table
4.1). Similarly, shoot weight, leaf weight and SLA also showed significant variability
among TILs but the respective mean value were similar to that of IR-64. The range of
days to fifty percent flowering was 79 to 102 days (Table 4.1) with the average value of

82 days which showed statistical significance among different TILs.
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4.1.5 Correlation among traits

Phenotypic characters are interdependent with wide range of magnitude. To study
collective contribution and mechanism of trait development, their relation with other
traits should be clear. Study of correlation among component traits for drought is
important for effective selection.

Selection of a specific trait leads to an effective selection of the other correlated
trait. However, identification of causative correlation would enhance the efficiency of a
relevant dependent trait that can lead to improving drought adaptation. Interestingly,
yield and total biomass showed a strong negative relationship with leaf temperature
(Table 4.2). Canopy can remain cooler only when plants transpire through open stomata.
This would enhance CO: entry for photosynthesis thus explaining the inverse relationship

between leaf temperature and total biomass accumulation.

4.2 ldentification of superior recombinant inbred lines for semi irrigated aerobic

condition

Based on the phenotypic data of the present as well as earlier studies, 260
DCBCsF4 progenies with similar leaf area were grouped into 4 categories viz. High root
with high AC; High root with low A*C; Low root with high A¥C and Low root with
low AC. TILs from each group were selected, which had higher yield per plant in the
respective group for further studies (Table 4.4). Although selected TILs were having
different phenology, but these groups were not selected based on phenology. Therefore,
difference in yield of the selected TILs was not due to duration/ phenology. TILs with
high root low AC recorded highest total biomass and spikelet fertility resulting in
highest grain yield per plant (Table 4.3). It is well known that maintenance of cooler
canopies is possible only when root characteristics are better and can mine water from
deeper layer of soil effectively. It is therefore possible that the deep root types would
maintain better tissue water relations. Accordingly, the TILs belonging to high root
category showed higher biomass. Interestingly, high root types recorded significantly
higher spikelet fertility (Table 4.3).
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Table 4.2: Correlation matrix for various traits for 260 DCBC3F4 TILs

Variables PHT DFF SCMR TLA TLWT Yield SWT TDM LT SLA TN RL RWT ABC HI
PHT 1 -0.044 0.083 0.152 0.148 0.076 0.108 0.109 -0.068 0.026 -0.115 -0.045 0.018 0.003 0.032
DFF -0.044 1 -0.186 -0.052 -0.045 -0.139 -0.045 -0.112 0.166 -0.035 0.046 -0.028 -0.030 0.023 -0.114

SCMR  0.083 -0.186 1 0421 0424 0548 0459 0572 -0.687 0.099 -0.062 0.069 0.224 -0.065 0.410
TLA 0.152 -0.052 0.421 1 0.822 0589 0.523 0.684 -0.356 0.489 -0.190 0.026 0.061 0.024 0.367
TLWT  0.148 -0.045 0.424 0.822 1 0.631 0542 0.746 -0.378 -0.054 -0.157 0.039 0.077 -0.013 0.358
Yield 0.076 -0.139 0548 0.589 0.631 1 0.622 0951 -0.497 0.074 -0.159 0.040 0.114 -0.084 0.879
SWT 0.108 -0.045 0459 0523 0542 0.622 1 0.815 -0.449 0.082 0.032 -0.057 0.065 -0.039 0.250
TDM 0.109 -0.112 0572 0.684 0.746 0951 0.815 1 -0.528 0.066 -0.118 0.014 0.107 -0.069 0.707
LT -0.068 0.166 -0.687 -0.356 -0.378 -0.497 -0.449 -0.528 1 -0.070 -0.001 -0.060 -0.154 0.062 -0.353
SLA 0.026 -0.085 0.099 0489 -0.054 0.074 0.082 0.066 -0.070 1 -0.078 -0.020 -0.014 0.058 0.098
TN -0.115 0.046 -0.062 -0.190 -0.157 -0.159 0.032 -0.118 -0.001 -0.078 1 -0.026 -0.087 0.073 -0.162
RL -0.045 -0.028 0.069 0.026 0.039 0.040 -0.057 0.014 -0.060 -0.020 -0.026 1 0.158 -0.041 0.020
RWT 0.018 -0.030 0.224 0.061 0.077 0.114 0.065 0.107 -0.154 -0.014 -0.087 0.158 1 -0.020 0.070
ABC 0.003 0.023 -0.065 0.024 -0.013 -0.084 -0.039 -0.069 0.062 0.058 0.073 -0.041 -0.020 1 -0.096
HI 0.032 -0.114 0.410 0.367 0.358 0.879 0.250 0.707 -0.353 0.098 -0.162 0.020 0.070 -0.096 1

Values in bold are different from 0 with a significance level alpha=0.05

PHT-Plant height, DFF-Days to 50%flowering, SCMR-SPAD Chlorophyll Meter Reading, TLA-Total Leaf Area, TLWT-Total leaf weight, SWT-Shoot
Weight, TDM-Total Dry Matter, LT-Leaf Temp, SLA-Specific Leaf Area, TN-Tiller Number, RL-Root length, RWT-Root weight, HI-Harvest Index



Table 4.3: Details of traits in selected groups of TILs (Trait Introgressed Lines)

Group RL | RWT ABC TLA Yield | TDM | SF

em) | (9) (per mil) (cm2) () @ | (%)
HR+LD | 39.67 | 6.42 18.58 2269.71 | 36.10 | 85.68 | 86.2
HR+HD | 36.86 | 4.49 20.08 227719 | 3516 | 80.84 | 84.1
LR+LD | 3050 | 2.93 19.26 2379.71 | 33.63 | 78.12 | 78.6
LR+HD | 2843 | 2.70 20.01 2300.24 | 34.40 | 71.04 | 75.3

HR-High Root, LR-Low Root, HD-High Delta 13C, LD-Low Delta
TLA-Total Leaf Area, TDM-Total Dry Matter, SF- Spikelet fertility, RL-Root length, RWT-Root weight

Table 4.4: List of selected trait introgressed lines from the four groups

Group TIL # Group TIL #
55 21
93 219
HR+LD 227 LR+LD 253
228 262
237
12 3
54 18
57 97
84 233
86 145
HR+HD 87 LR+HD
139
142
6
221
248
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4.2.1 Characterization of selected TILs in various seasons and locations for various

morpho-physiological traits

The selected TILs along with the parents were extensively studied in various
seasons and locations. These were widely phenotyped in field conditions for multiple
adaptive features of drought such as leaf temperature (surrogate for root traits), A*C
(surrogate for WUE), yield and other morpho-physiological traits. This section outlines

the outcomes for the performance of the selected TILs.

4.2.1.1 Performance of parents and TILs for morpho-physiological traits in GKVK
in Kharif 2016

Total dry matter of TILs ranged from 59.8 to 69.7 g per plant with a mean of 65.9
g per plant. Similarly, yield of these lines were also not significantly different, as all the
selected TILs were higher yield types in all the four groups. The value of A®C for IR-64,
AC-39020 and IET-16348 was 22.67, 21.46 and 19.27 per mil, respectively. The mean of
ABC for TILs was 19.95 per mil which ranges from 18.15 to 21.83 per mil. Leaf
temperature for IR-64, AC-39020 and IET-16348 was 33.6, 24.58 and 26.4 degree
Celsius, respectively. The mean value for the selected 25 TILs was 28.12 degree Celsius
and range was from 27.3 to 28.7 degree Celsius (Table 4.5). The improvement over IR-64
for yield was ~28 per cent, for AC was ~11 per cent and for LT the improvement was
~18 per cent (Fig. 4.5).

Correlation Matrix

There was strong positive correlation between total leaf area and yield, although
the selected TILs were of similar leaf area types. It suggests that even marginal increase
in leaf area contributes to yield in significant manner. A¥*C and spikelet fertility showed

strong positive correlation (Table 4.6).

4.2.1.2 Performance of parents and TILs for morpho-physiological traits in GKVK

in Summer season 2017

IR-64, AC-39020 and IET-16348 flowered at 85, 106 and 92 days respectively.

Average number of days to flowering for TILs was 82 days with a range of 78 to 87 days.
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Table 4.5: Performance of parents and TILs for morpho-physiological traits in GKVK (Kharif, 2016)

Parameters IR-64 AC-39020 IET-16348 F>Pr Mean Minimum Maximum o2g
PHT 81.22 108.45 78.93 * 81.83 79.25 83.62 ns
DFF 88.00 105.00 93.00 * 82.48 77.00 88.00 *

SCMR 43.78 44.27 43.87 ns 43.13 42.05 44.77 ns
TLA 2793.91 3637.58 2929.81 * 2499.40 1883.04 3036.21 *
YIELD 21.70 20.95 21.89 ns 28.12 22.41 32.86 *
TDM 71.27 96.49 66.16 * 65.99 59.80 69.71 *
SF 74.47 76.26 76.64 ns 77.74 72.52 84.03 *
HI 0.30 0.22 0.33 ns 0.32 0.30 0.34 *
LT 33.60 24.58 26.40 * 28.12 27.30 28.70 *
SLA 180.86 243.78 198.56 * 184.45 165.47 194.48 *
TN 27.50 30.17 28.50 ns 27.40 24.83 31.00 *
ABC 22.67 21.46 19.27 * 19.95 18.15 21.83 *

* and ** significant P <0.05, and p<0.01 respectively. ns: is non- significant

PHT-Plant height, DFF-Days to 50%flowering, SCMR-SPAD Chlorophyll Meter Reading, TLA-Total Leaf Area, TDM-Total Dry Matter, SF-
Spikelet fertility, LT-Leaf Temp, SLA-Specific Leaf Area, HI- Harvest Index, TN-Tiller Number
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Table 4.6: Correlation matrix for various traits (GKVK, Kharif 2016)

Variables Yield TDM LT SCMR TN PHT SLA DFF SF% TLA ABC
Yield 1 0.728 0.039 -0.033 0.038 -0.028 0.172 -0.145 0.053 0.402 -0.132
TDM 0.728 1 0.041 0.037 -0.101 0.074 0.204 0.004 0.016 0.601 0.171

LT 0.039 0.041 1 0.123 0.209 0.101 -0.016  -0.358  -0.081  -0.072 0.157
SCMR -0.033 0.037 0.123 1 -0.061 0.263 0.259 0.015 -0.132 0.203 0.205
TN 0.038 -0.101 0.209 -0.061 1 0.237 0.025 -0.144 0.291 -0.192 0.247
PHT -0.028 0.074 0.101 0.263 0.237 1 0.173 0.138 -0.039 0.144 0.229
SLA 0.172 0.204 -0.016 0.259 0.025 0.173 1 -0.059  -0.287 0.766 0.104
DFF -0.145 0.004 -0.358 0.015 -0.144 0.138 -0.059 1 -0.096 0.038 -0.041
SF% 0.053 0.016 -0.081 -0.132 0.291 -0.039  -0.287  -0.096 1 -0.262 0.378
TLA 0.402 0.601 -0.072 0.203 -0.192 0.144 0.766 0.038 -0.262 1 0.112
ABC -0.132 0.171 0.157 0.205 0.247 0.229 0.104 -0.041 0.378 0.112 1

Values in bold are different from 0 with a significance level alpha=0.05

19

Note: Correlation coefficient for various traits like Yield, TDM-Total Dry Matter, LT-Leaf Temperature, SCMR- SPAD Chlorophyll Meter
Reading, TN-Tiller Number, PHT-Plant height, SLA-Specific Leaf Area, DFF-Days to 50%flowering, SF- Spikelet fertility, TLA-Total Leaf Area
and ABC -Carbon Isotope Discrimination are given in the table.



The average number of days to flowering for selected lines was statistically non-
significant. Total leaf area (TLA) for parents was significantly different. The value of
TLA for IR-64, AC-39020 and IET-16348 was 2044.18, 3371.58 and 2536.52 cm?
respectively. Selected TILs were of similar leaf area and there were no significant
differences in leaf area of TILs. The value of A®C for IR-64, AC-39020 and IET-16348
was 21.12, 20.21 and 19.74 per mil respectively. Mean A¥C for TILs was 20.47 per mil
which ranges from 19.21 to 21.80 per mil. Leaf temperature for IR-64, AC-39020 and
IET-16348 was 34.45, 30.02 and 31.5 degree Celsius, respectively. The mean value for
25 selected TILs was 28.38 degree Celsius and range was from 25.06 to 29.8 degree
Celsius (Table 4.7). It suggests that the selected trait introgressed lines maintains cooler
leaf temperature by using water effectively. Hence, there is no penalty of yield reduction.
The improvement over IR-64 for yield was ~20 per cent, for A3C was ~4 per cent and for
LT was ~17 per cent (Fig. 4.5).

Correlation Matrix

Yield was positively correlated with spikelet fertility, tiller number, total dry
matter, harvest index, total leaf area and negatively correlated with AC value. A®C
value was strongly positively correlated with leaf temperature. Leaf temperature was
strongly negatively correlated with yield and yield attributes. Specific leaf area positively
correlated with total leaf area (Table 4.8). Total leaf area showed significant association
with yield per plant, total dry matter, tiller number and filled seeds per plant, of which all

the traits had positive relationship.

4.2.1.3 Performance of parents and TILs for morpho-physiological traits in TNAU

in Summer season 2017

There was no significant variation among TILs for plant height. It ranges from
75.4 to 83.8 cm with the mean of 78.96 cm. Total leaf area of the selected 25 TILs were
similar, hence it was not significantly different. Significant variation was found in parents
for TLA. Yield was found to be significantly different for the selected TILs. The value of
ABC for IR-64, AC-39020 and IET-16348 was 22.61, 21.88 and 19.60 per mil

respectively.
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Table 4.7: Performance of TILs and parents for morpho-physiological traits in GKVK (Summer, 2017)

Parameters IR 64 AC 39020 IET 16348 F>Pr Mean Minimum Maximum o2g
PHT 80.83 103.55 78.65 * 75.49 72.00 79.11 ns
DFF 85.00 106.00 92.00 * 82.68 78.00 87.00 *

SCMR 44.15 47.12 45.97 ns 44.90 42.80 47.13 ns
TLA 2044.18 3371.58 2536.52 wx 2031.79 2128.61 2337.54 ns
Yield 25.18 23.65 21.84 ns 30.29 25.91 33.52 *
TDM 74.26 91.33 72.39 * 75.84 69.13 81.44 *

SF 78.67 74.86 73.41 ns 76.92 70.00 87.13 *
HI 0.34 0.26 0.30 ns 0.40 0.37 0.41 *
LT 34.45 30.02 31.50 * 28.38 25.06 29.80 *
SLA 178.09 285.53 197.18 * 180.54 172.47 196.21 *
TN 31.67 24.17 33.17 * 32.31 30.50 34.83 *
ABC 21.12 20.21 19.74 * 20.47 19.21 21.80 *

*and ** significant P <0.05, and p<0.01 respectively. ns: is non- significant

PHT-Plant height, DFF-Days to 50%flowering, SCMR-SPAD Chlorophyll Meter Reading, TLA-Total Leaf Area, TDM-Total Dry Matter, SF-
Spikelet fertility, LT-Leaf Temp, SLA-Specific Leaf Area, HI- Harvest Index, TN-Tiller Number
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Table 4.8: Correlation matrix for various traits (GKVK, Summer 2017)
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Variables  Yield TDM LT SCMR TN PHT SLA DFF ABC SF HI TLA
Yield 1 0.666  -0.702  0.138 0436  -0.202 0.054 -0.095 -0.405 0.443 0.893 0.473
TDM 0.666 1 -0421 -0119 0342 -0.07/0 -0.014 -0.152 -0.135 0.470 0.260 0.443

LT -0.702  -0.421 1 -0.136 -0.175 0370 -0.020 -0.059 0512 -0.638 -0.645 -0.439
SCMR 0.138 -0.119 -0.136 1 0.038 0.245 -0.230 0.045 -0.107 0.018 0.260 -0.203
TN 0.436 0342 -0.175 0.038 1 0.100 0.316  -0.159  0.008 0.041 0.350 0.328
PHT -0.202  -0.070  0.370 0.245 0.100 1 0.152 -0.186 0.484 -0.333 -0.220 -0.140
SLA 0.054 -0.014 -0.020 -0.230 0.316 0.152 1 -0.372 0123 -0.174  0.076 0.552
DFF -0.095 -0.152 -0.059 0.045 -0.159 -0.186 -0.372 1 0.040 -0.090 -0.026 -0.231
ABC -0.405 -0.135 0.512 -0.107  0.008 0.484 0.123 0.040 1 -0.378 -0.434 -0.117
SF 0.443 0470 -0.638 0.018 0.041 -0.333 -0.174 -0.090 -0.378 1 0.278 0.266
HI 0.893 0.260 -0.645  0.260 0350 -0.220 0.076  -0.026 -0.434 0.278 1 0.338

TLA 0.473 0443 -0439 -0.203 0328 -0.140 0552 -0.231 -0.117 0.266 0.338 1

0¢0¢

Values in bold are different from 0 with a significance level alpha=0.05

Note: Correlation coefficient for various traits like Yield, TDM-Total Dry Matter, LT-Leaf Temperature, SCMR- SPAD Chlorophyll Meter
Reading, TN-Tiller Number, PHT-Plant height, SLA-Specific Leaf Area, DFF-Days to 50%flowering, A¥*C -Carbon Isotope Discrimination, SF-
Spikelet fertility, HI- Harvest Index and TLA-Total Leaf Area are given in the table.



AC mean for TILs was 21.50 per mil which ranges from 18.93 to 22.24 per mil.
Leaf temperature for IR-64, AC-39020 and IET-16348 was 39.52, 35.93 and 37.87
degree Celsius respectively. Specific leaf area (SLA) ranged from 150.02 to 177.54 cm?/g
with mean of 160.39 cm?/g (Table 4.9). Per cent improvement over IR-64 was much
more for yield (~50 per cent). Reduction in leaf temperature among TILs was observed.

These all suggests the improvement of TILs over IR-64 (Fig. 4.5).

Correlation Matrix

Negative correlation was found between spikelet fertility and ARC. Leaf
temperature showed negative correlation with yield attributes. A®C was highly
negatively correlated with total dry matter. Yield attributes such as tiller number, panicle
number, spikelet fertility, harvest index was strongly positively correlated with yield
(Table 4.10).

4.2.1.4 Performance of parents and TILs for morpho-physiological traits in GKVK

in Summer season 2018

Mean performance of the parents (IR-64, AC-39020 and IET-16348) and TILs for
the measured traits under semi-irrigated aerobic condition is shown in Table 4.11. SCMR
of the selected plants statistically did not vary compared to IR-64 whereas leaf
temperature of the selected plants was statistically significant compared to IR-64. Days to
fifty per cent flowering of TILs was similar to the IR-64. TILs had mean grain yield of
32.79 g per plant which ranged 20.04 to 35.34 g per plant. IR-64, AC-39020 and IET-
16348 had grain yield of 26.91, 19.09 and 27.16 g per plant, respectively. The value of
ABC for IR-64, AC-39020 and IET-16348 was 22.45, 20.56 and 20.67 per mil,
respectively. AC for TILs ranges from 18.19 to 22.75 per mil. Leaf temperature for IR-
64, AC-39020 and IET-16348 was 34.5, 30.40 and 31.2 degree Celsius, respectively
(Table 4.11). The per cent improvement over IR-64 for yield ~22, LT ~6 and A®C was
~9 (Fig. 4.5).
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Table 4.9: Performance of TILs along with parents for morpho-physiological traits in TNAU (Summer, 2017)

Parameters IR-64 AC-39020 IET-16348 F>Pr Mean Minimum Maximum o2g
PHT 80.85 106.30 80.18 * 78.96 75.40 83.80 ns
DFF 78.00 95.00 77.00 * 78.76 72.00 85.00 *

SCMR 41.53 41.82 39.87 ns 41.45 39.43 43.32 ns
TLA 1915.78 3257.01 2217.25 e 1914.93 1883.61 1937.54 ns
Yield 13.56 11.49 13.40 ns 20.89 18.91 22.29 *
TDM 46.64 53.85 49.39 * 53.50 50.02 58.39 *

SF 70.31 68.86 69.50 ns 67.76 63.18 71.43 *

HI 0.29 0.24 0.27 ns 0.39 0.37 0.41 *
LT 39.52 35.93 37.87 * 35.61 34.60 36.43 *
SLA 158.83 192.59 180.34 * 160.39 150.02 177.54 *
TN 15.50 12.50 17.17 * 18.01 16.00 19.83 *
ABC 22.61 21.88 19.60 * 21.50 18.93 22.24 *

*and ** significant P <0.05, and p<0.01 respectively. ns: is non- significant

PHT-Plant height, DFF-Days to 50%flowering, SCMR-SPAD Chlorophyll Meter Reading, TLA-Total Leaf Area, TDM-Total Dry Matter, SF-
Spikelet fertility, LT-Leaf Temp, SLA-Specific Leaf Area, HI- Harvest Index, TN-Tiller Number
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Table 4.10: Correlation matrix for various traits (TNAU, Summer 2017)

Variables Yield TDM LT SCMR TN PN PHT  SLA DFF ABC SF TLA HI
Yield 1 0917 -0.611 0323 0449 0.236 -0.417 -0.172 -0.084 -0.333 0.444 0.099 0.698
TDM 0.917 1 -0485 0372 0239 0328 -0.172 0.015 0.031 -0376 0557 0376 0.386

LT -0.611 -0.485 1 -0.085 -0.548 0.130 0.004 0.103 0.171 0.287 -0.268 -0.192 -0.494
SCMR 0.323 0.372 -0.085 1 0.046 0.092 0.115 0.249 0460 -0.046 0.399 0.344 0.122
TN 0.449 0.239 -0.548 0.046 1 -0.187 -0.455 -0.164 -0.299 -0.284 0.324 -0.177 0.534
PN 0.236 0328 0.130 0.092 -0.187 1 -0.157 0.056 -0.149 -0.092 -0.057 0.077 -0.102
PHT -0.417 -0.172 0.004 0.115 -0.455 -0.157 1 0.547 0279 -0.071 0.119 0.658 -0.693
SLA -0.172 0.015 0.103 0.249 -0.164 0.056 0.547 1 0210 -0.230 0.186 0.767 -0.520
DFF -0.084 0.031 0.171 0460 -0.299 -0.149 0.279 0.210 1 -0.074 0.127 0.254 -0.135
ABC -0.333 -0.376 0.287 -0.046 -0.284 -0.092 -0.071 -0.230 -0.074 1 -0.437 -0.348 -0.031
SF 0.444 0557 -0.268 0.399 0.324 -0.057 0.119 0.186 0.127 -0.437 1 0.478 -0.010
TLA 0.099 0376 -0.192 0.344 -0.177 0.077 0.658 0.767 0.254 -0.348 0.478 1 -0.481
HI 0.698 0386 -0.494 0.122 0534 -0.102 -0.693 -0.520 -0.135 -0.031 -0.010 -0.481 1

Values in bold are different from 0 with a significance level alpha=0.05

Note: Correlation coefficient for various traits like Yield, TDM-Total Dry Matter, LT-Leaf Temperature, SCMR- SPAD Chlorophyll Meter
Reading, TN-Tiller Number, PN-Panicle Number, PHT-Plant height, SLA-Specific Leaf Area, DFF-Days to 50%flowering, D13C-Carbon Isotope
Discrimination, SF- Spikelet fertility, HI- Harvest Index and TLA-Total Leaf Area are given in the table.
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Table 4.11: Performance of TILs and parents for morpho-physiological traits in GKVK (Summer, 2018)

Parameters IR 64 AC 39020 IET 16348 F>Pr Mean Minimum Maximum o2g
PHT 79.20 113.80 82.40 * 84.63 81.80 88.40 ns
DFF 82.00 95.00 81.00 * 81.36 78.00 84.00 *

SCMR 47.32 47.52 43.93 ns 44.06 41.66 47.56 *
TLA 2209.00 3115.00 2258.30 wx 2248.64 1910.54 2256.74 ns
Yield 26.91 19.09 27.16 * 32.79 20.04 35.34 *
TDM 68.99 87.60 76.41 * 75.31 68.99 89.90 *

SF 79.50 84.60 84.10 ns 82.37 78.90 86.10 *
HI 0.39 0.22 0.36 * 0.38 0.30 0.43 *
LT 34.50 30.40 31.20 * 32.66 30.30 35.40 *
SLA 185.10 218.20 172.60 * 194.90 180.02 202.71 *
TN 25.72 19.73 20.15 * 30.21 24.87 37.34 *
ABC 22.45 20.56 20.67 * 20.64 18.19 22.75 *

*and ** significant P <0.05, and p<0.01 respectively. ns: is non- significant

PHT-Plant height, DFF-Days to 50%flowering, SCMR-SPAD Chlorophyll Meter Reading, TLA-Total Leaf Area, TDM-Total Dry Matter, SF-
Spikelet fertility, LT-Leaf Temp, SLA-Specific Leaf Area, HI- Harvest Index, TN-Tiller Number




Correlation Matrix

Yield was positively correlated with yield attributes. Total leaf area was
negatively correlated with leaf temperature. Leaf temperature showed negative

correlation with yield attributes (Table 4.12).

4.2.2 Consistency of traits across seasons

Phenotype of a plant is a dynamic interaction between its genotype and the
prevailing environmental conditions. Quantitative traits are controlled by many genes
exhibiting a string of modulation by the environment. Although an inconsistent
phenotypic expression would not be useful in crop improvement due to lack of stability.
Hence, it becomes essential that environmental and genetic control of any given trait is
assessed before it can be exploited. The mean values of a few important traits are
compared to assess the effects of the environment. Stability of the phenotypic expression
across environment or location or season is a good indicator of strong genetic control of
the traits. Heritability of such traits will be generally high. Majority of the traits exhibited
continuous variation indicating a Quantitative inheritance pattern. Regressions analysis
was carried out to assess the consistency of a few traits across seasons and environment.

The results of the analysis are described under this section.

To examine the consistency of WUE, regression analysis was done between A*C
values among the selected 25 TILs measured in field experiment across various seasons
and locations. Data indicated that there was a consistency between the experiments for
CID values (Fig. 4.6, 4.7, 4.8, 4.9) indicating that A*C is a consistent parameter in terms
of its relative ranking. Similarly, consistency analysis was done for grain yield and leaf
temperature to verify whether there is consistency among the seasons or not. The results
implicate that these traits are stable across the season or location in these lines (Fig. 4.6,
4.7, 4.8, 4.9). It further suggests that the QTLs effects are stable across the season and

location.
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Table 4.12: Correlation matrix for various traits (GKVK, Summer 2018)

Variables  Yield TDM LT SCMR TN PHT SLA DFF ABC SF HI TLA
Yield 1 0548 -0492 -0.114 0603 -0.030 0.173 -0.020 -0.299  0.195 0.712 0.333
TDM 0.548 1 -0.314  0.429 0.436 0.123 0372 -0.089 -0.283 0.102 -0.194 0.394

LT -0.492  -0.314 1 0.149 -0496 0.069 -0.247 -0.008 -0.056 -0.205 -0.320 -0.512
SCMR -0.114  0.429 0.149 1 -0.131  0.211 0.042 -0.174 -0.043 -0.050 -0.494 0.161
TN 0.603 0436  -0.49 -0.131 1 0.107 0307 -0.138 -0.128 0.310 0.344 0.079
PHT -0.030  0.123 0.069 0.211 0.107 1 -0.022 -0.105  0.002 0.032 -0.158 -0.149
SLA 0.173 0372  -0.247  0.042 0.307  -0.022 1 0.016 -0.454 0405 -0.121 0.135
DFF -0.020 -0.089 -0.008 -0.174 -0.138 -0.105 0.016 1 -0.012  0.047 0.034 0.138
ABC -0.299 -0.283 -0.056 -0.043 -0.128 0.002 -0.454 -0.012 1 0.006 -0.081  0.052
SF 0.195 0.102 -0.205 -0.050  0.310 0.032 0.405 0.047 0.006 1 0.145 0.157
HI 0.712 -0.194 -0.320 -0.494 0344 -0.158 -0.121 0.034 -0.081 0.145 1 0.074
TLA 0.333 0394 -0512 0.161 0.079 -0.149 0.135 0.138 0.052 0.157 0.074 1

0¢0¢

Values in bold are different from 0 with a significance level alpha=0.05

Note: Correlation coefficient for various traits like Yield, TDM-Total Dry Matter, LT-Leaf Temperature, SCMR- SPAD Chlorophyll Meter
Reading, TN-Tiller Number, PHT-Plant height, SLA-Specific Leaf Area, DFF-Days to 50%flowering, A¥*C -Carbon Isotope Discrimination, SF-
Spikelet fertility, HI- Harvest Index and TLA-Total Leaf Area are given in the table.
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Figure 4.6: Consistency of traits such as A'C, Yield and Leaf temperature under GKVK 2016 Vs GKVK 2017
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Figure 4.7: Consistency of traits such as A'C, Yield and Leaf temperature under GKVK 2017 Vs GKVK 2018
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4.3 Marker class analysis

Based on previous genotypic data with 16 foreground markers (Prathibha, 2016)
(Table 3.4) and current phenotypic data, marker class analysis was carried out with 260
DCBCsF4 lines. Coding of genotypic data was done with “Y” and “N” letters based on
the alleles present from donor and other parents. Donor alleles (allele of AC-39020 for
root traits and 1ET-16348 for A*C was denoted as “Y” and other than donor alleles with
“N”. Coded data is given in plate 3.3. The phenotypic performance of the TILs was

analysed with the presence of marker loci from trait donor genotypes.

The lines were grouped into low root and high root type with low A¥*C value and
higher yield. Low root lines with low AC had a particular combination of
markers/QTLs and high root lines with low A'3C had different combination pattern. This
assessment of marker combination is all that more important as root and WUE traits have
an intrinsic trade-off (Table 4.13, Table 4.14). This suggests that a specific combination
of marker loci would be important to achieve greater success in introgressing relevant
traits. Low root types were having the alleles of RM 2584, RM 1388 and RM 16 from
AC-39020. However, high root types had RM 2584 and RM 1388 alleles from AC-39020

and RM 16 alleles from non-donor parent.

4.4 Validation of the combination by physiological characterization
4.4.1 Selection of best trait introgressed lines based on marker combination

From the 25 TILs studied under various seasons, six lines were selected based on
the marker/QTL combination given in Table 4.15. These six TILs (TIL # 18, 54, 55, 84,
228, 248) along with the recurrent parent IR-64 were grown under various moisture

regimes in phenomics experiment.

Developing aerobic worthy rice varieties with yield potential will help in
maximizing rice production in the challenging environment of water scarcity. Mean yield
and relative yield performance under well-watered and water limited conditions are the

most widely used criteria for selecting genotypes for water limited environments.
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Table 4.13: Number of markers and traits variability of TILs
| TIL# I?oot markers D13C marker | Total |

RL- Root Length; RWT-Root Weight

72

30
243
244
245
246
247
248
249
250
251
140

3
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D13C
19.80
19.93
20.08
19.20
18.94
19.94
18.86
19.41
20.23
18.43
19.86
19.73
20.32
20.19
19.12
19.38
20.40
19.58
19.68
20.17
18.75
19.71
20.26
16.31
20.44
20.15
18.50
20.36
19.75

Pooja Bharti, Ph.D.

RL
33.33
37.00
20.00
32.50
39.50
41.50
32.33
32.00
31.33
36.00
42.00
43.67
28.00
28.33
34.50
40.00
31.50
30.00
26.50
33.00
31.00
33.50
30.00
32.00
22.50
29.00
32.67
32.33
34.67

RWT

2.80
2.23
1.55
3.55
2.67
4.60
3.40
6.30
4.05
3.88
5.20
4.25
4.50
3.95
4.60
3.00
3.17
2.40
4.50
2.53
6.85
4.65
7.13
2.73
4.07
5.05
4.15
6.83
3.10

2020



Table 4.14: Marker combination and the trait value of the TILs

Low root, Low yield

TIL
122
56
156
20
38
27

TIL
15
219
10
108
232
215
250
12
55
134
78
35
213
199
77
161
124
43
50
210
167
159

RL-Root Length, RWT-Root Weight
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Table 4.15: List of selected TILs for phenomics experiment 1
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The ability of crop cultivars to perform reasonably well in water limited condition
is paramount for stability of production. The combination of high yield stability and high
relative yield under water limited condition has been proposed as useful selection criteria
for characterizing genotypic performance under varying degrees of water stress (Pinter et
al., 1990).

A Mini-Lysimeter based phenomics platform conceptualized at our center was
used for the precise maintenance of soil and plant moisture status. The approach involves
the real time measurement of transpiration and soil moisture status in container grown
plants exposed to natural field environment conditions. The evapotranspiration (ET)
interfaced renewal of water provides an option to maintain the desired soil moisture
status across the genotypes irrespective of variation in transpiration. Non-invasive
phenotyping tools like Fieldspec (Spectral reflectance characteristics), Planteye (imaging
growth), IR Camara (thermal imaging) made the platform highly accurate in terms of real

time and high through put phenotyping.

Phenomics experiment 1:

In this experiment, plants were phenotyped under three moisture regimes
(100%FC, 65% FC and 45% FC during kharif 2017. Six TILs were renamed as follows
(Table 4.15).

The morpho-physiological parameters like total dry matter, total leaf area, yield,
spikelet fertility, root traits, A®C, relative water content (RWC) and gas exchange

parameters were recorded for the six TILs along with IR-64.

Relative water content (RWC) is the suitable measure of plant water status in
terms of the physiological consequence of cellular water deficit. Relative water content of
the tissue is primary factor affected under moisture stress. Relative water content of IR-
64 and TILs did not differ significantly under 100% FC (well-watered) condition (Fig
4.10). But relative water content of the TILs under 65% FC and 45% FC (water limited)

condition were higher compared to IR-64. RWC of IR-64 under water limited condition
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was 68.2 per cent (65%FC) & 64.75 per cent (45% FC) and for TILs it was in the range
of 80-85per cent under the two regimes of water limitation (Fig 4.10).

Drought stress suppresses leaf expansion, tillering and midday photosynthesis
(Kramer and Boyer, 1995) and reduces photosynthetic rates and leaf area due to early
senescence (Nooden, 1988). All of these factors are responsible for a reduction in dry
matter accumulation and grain yield under drought. The instantaneous photosynthetic rate

was low for IR-64 compared to TILs even under well-watered condition (Fig 4.10).
Although, the reduction in leaf area was not significantly for TILs as well as IR-64, the
yield and its attributes reduced in case of IR-64 compared to the TILs under water limited
conditions (Fig 4.11). The AC value was not significantly different for TILs and IR-64

under all water regimes (Fig 4.11).

IR-64 had lower root biomass compared with TILs at all three water regimes. It
shows that all the trait introgressed lines have better root growth than IR-64 at all water

regimes (Fig 4.11).

Per cent improvement over IR-64 for the traits like root weight, yield, leaf

temperature and A*3C signifies the importance of trait based breeding (Fig 4.12).

Phenomics experiment 2:

The same TILs along with IR-64 were grown in two water regimes (100% FC and
65% FC during summer season of 2017). The morpho-physiological parameters total dry
matter, total leaf area, spikelet fertility, root traits, A3C, relative water content (RWC)
and gas exchange parameters and also yield were recorded. Relative water content at
water limited condition (65% FC) decreased for all the TILs as well as for IR-64. But the
reduction was more for IR-64 (reduced from 72.8 to 43.7 %) (Fig. 4.13). It suggests that

at same water regimes, IR-64 experienced greater tissue dehydration than TILs.

Water deficit reduces cell expansion and hence photosynthesis. The
photosynthetic rate of IR-64 was lower than TILs even under well-watered condition
(Fig. 4.13). As IR-64 is an irrigated rice variety, at 100% FC also it experiences stress.
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Therefore, the total leaf area under well-watered treatment was less, compared to TILs.
There was no significant difference in A3C value of IR-64 and TILs under both water

regimes (Fig. 4.14).

Per cent improvement of yield over IR-64 was 22.3% and 38.6% at 100% and
65% FC respectively. Per cent improvement over IR-64 for A¥C was -9.7 and -17.3% at
100% and 65% FC respectively. Leaf temperature improvement over IR-64 suggests root

traits has been improved for TILs (Fig. 4.14).

Phenomics experiment 3:

Apart from the six TILs, few more TILs were selected from the set of 260
DCBC3F4 lines (Table 4.16) to reconfirm the interaction effect of makers/QTLs. These
TILs had the same marker combinations. The total lines that were phenotyped in this
experiment was 14 (13 TILs and IR-64). These lines were phenotyped for various
drought adaptive traits such as root weight, ABC, vyield and its attributes, mean
transpiration rate (MTR), relative water content (RWC), Net Assimilation Rate (NAR),
Water use efficiency on whole plant basis, Leaf temperature etc.

Cell growth is one of the most drought-sensitive physiological processes due to
the reduction in turgor pressure (Taiz and Zeiger, 2006). Under severe water deficiency,
cell elongation of higher plants can be inhibited by interruption of water flow from the
xylem to the surrounding elongating cells (Nonami, 1998). Impaired mitosis, cell
elongation and expansion result in reduced plant height, leaf area and crop growth under
drought (Nonami, 1998; Kaya et al., 2006; Hussain et al., 2008).

The yield of IR-64 in control/well-watered condition was 68.4 g per plant and in
stressed condition 63.3 g per plant. Mean yield of TILs was 80.22 and 74.62 g under
control (well-watered) and stressed (water limited) conditions, respectively (Table 4.17).

The stable isotope ratio of carbon was determined using isotope ratio mass
spectrometer with samples collected under both the water regimes. Significant genotypic

variation in A¥C was noticed among the TILs.
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Figure 4.10: Various parameters under different water regimes for TILs along with recurrent parent
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Table 4.16: Selection of trait introgressed lines based on marker combination

Marker profile |Phenomics [RM80 IRM2584 RM1388 RM262 |RM239 |RM3825 |RM16 RM3276 |RM247 |RM167 |RMA4455 [RM71
18 1 Y Y Y Y N N N N \ N N N
54 5 N Y Y N N N Y N N N N N
55 6 Y Y Y N N N N N N N N N
84 4 Y N Y N Y N N N N Y N N

228 3 N N N N N N Y N Y N N N
248 2 N N N N N N N N N Y Y N
122 7 N Y Y N Y N Y N N Y N N
56 9 Y Y Y Y N N Y N N Y N N
20 8 N Y Y N N N Y N Y Y N N
199 11 N Y Y N Y N N N N N N N
77 10 Y Y Y N N N N N N Y N N
215 12 N Y Y N N N N N N N Y N

Note-Marker profile column contains the generic number of the TILs. Phenomics column contains the number provided to the TILs in phenomics.




Table 4.17: Performance in terms of root weight of TILs and IR-64 under stress

and control conditions and its improvement

Genotype Root weight (g) % increase over control % increase over IR 64
Control Stress
TIL1 11.57 15.10 23.43 54.85
TIL 2 14.44 17.12 15.63 60.16
TIL 3 22.20 16.34 -35.87 58.25
TILA4 11.56 16.25 28.82 58.02
TIL S5 14.21 13.21 -7.60 48.37
TIL 6 13.24 17.20 22.99 60.34
TIL 7 9.29 15.64 40.56 56.38
TIL 8 11.61 22.56 48.52 69.77
TIL9 12.32 13.23 6.90 48.45
TIL 10 13.17 13.32 1.16 48.80
TIL 11 11.88 13.21 10.08 48.37
TIL 12 12.99 18.24 28.81 62.61
TIL 13 10.98 14.68 25.22 53.55
IR 64 9.04 6.82 -32.42

An inverse relationship between WUE and AC (Fig. 4.15) are in accordance
with expected trends, confirming the relevance of stable isotope ratios as a time averaged

surrogate for WUE and transpiration rate.

Total water transpired (CWT) during the entire period of crop growth was
monitored on a real time basis at the MLM platform. CWT varied significantly among
the TILs. The CWT of IR-64 was 44.9 L which was higher than TILs. The ratio of total
biomass and CWT over the entire period of crop growth was computed to arrive at the
time averaged whole plant water use efficiency. This parameter ranged between 5.3 and
6.9 g per litre among TILs and it was 4.8 g per litre in IR-64. WUE was increased under
water limited conditions among the TILs. Root weight of IR-64 in control condition was
9.03 g and in stressed condition was 6.82g. The mean of root weight of TILs was 13.04 g
and 15.85g under controlled and stresses conditions respectively (Table 4.17). The root
weight of the line with RM 2584 and RM 1388 donor allele & RM 16 with non-donor
allele was having higher root weight compared to other TILs (Fig. 4.17). RM 16 seems to
act like negative regulator of root growth. Literature also suggests RM 16 as negative
regulator (Table 4.18).
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Figure 4.18: Co-localization study of root traits associated QTLs
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Table 4.18: RM 16 acts as negative regulator in previous studies

Trait QTL Interval LOD | Additive effect | Phenotypic variance Reference

Grain length qGL-3 RM 6283-RM 16 | 90.13 -0.99 48.45 Lou et al., 2009

Length width ratio gLWR-3 | RM 6283-RM 16 | 43.13 -0.32 36.09 Lou et al., 2009

Spikelet fertility qSF3 RM 15303-RM 16 -1.28 3.84 Zhu et al., 2016

R/S ratio gRS-3-1 RM16-RM237 3.23 -0.06 50.18 Smitharani, 2019

Leaf length gqLL-3-1 RM16-RM237 4.39 -4.19 54.08 Smitharani, 2019

Total leaf area qTLA-3-1 | RM16-RM237 4.18 -809.83 47.94 Smitharani, 2019
Grain weight per plant qGW-3-1 | RM563-RM16 | 3.09 -3.81 38.8 Sangodele et al., 2014
Grain weight per plant qGW-3-2 | RM16-RM 130 | 3.11 -3.62 43.87 Sangodele et al., 2014

Number of grains per plant | gNGP-3 | RM 15303-RM 16 -6.68 3.42 Zhuetal., 2016
Leaf blast disease gLB3 RM 563-RM 16 | 4.05 -0.8 41.67 Sangodele et al., 2014




TDM is correlated with TLA in control as well as in stressed conditions. TDM is
also correlated with CWT (Fig 4.16).

Outcome

All the TILs identified as superior transgressive seggregants, performed better

than the recurrent parent. RM 16 seems to act like negative regulator of root growth.

4.5 Molecular network responsible for variation in traits

The panel of germplasm used previously for association mapping revealed that
LD decay was 5cM (Raju et al., 2016). Considering this limit PCR primers were
designed to amplify genomic DNA in the range of 1.2755 Mb. This stretch of genomic
DNA was computed as per the equation cM/3.92. For designing primers for the
associated SSR marker loci, the physical location of the SSR markers was ascertained by
comparing with the rice physical map at Gramene database (Table 4.19). The selected
marker/QTL combination (RM 2584, RM 1388 and RM 16) with in the flanking region

was searched for the respective physical positions in the genome (Table 4.20).

Table 4.19: Physical positions of markers on chromosome

Marker name Chromosome number Start position End position
RM16 3 231,26,064 bp 231,26,256 bp
RM2584 8 75,64,586 bp 75,64,979 bp
RM1388 4 250,35,173 bp 250,35,422 bp
Table 4.20: Flanking regions converted to base pair
New positions
Flanking region 5 cM down 5cM up
Marker name
RM 16 218,50,554 bp 244,01,766 bp
RM 2584 62,89,076 bp 88,40,489 bp
RM 1388 237,59,663 bp 263,10,932 bp
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Co-localization study

QTLs reported in rice for drought adaptive traits till date were collected from the
available literature and available databases. A meta-analysis was performed for 8000
QTLs collected and analysed for its function. Total number of root QTLs were 810 out of
8000 reported QTLs. The phenogram was developed with the help of these QTLs along
with the QTLs being studied in this investigation (Fig. 4.18). The phenogram developed,
a digital linkage map, revealed several QTL hotspots. The three marker loci, viz., RM16,
RM2584 and RM1388 were also found to co-localise with important root QTL hotsopts
(Fig. 4.18).

Gene mining

The foremost goal of mapping QTL is to identify genes underlying polygenic
traits and gain a better understanding of their physiology and biochemistry (Korstanje et
al., 2002). The process of selecting candidate gene/s relie/s on wealth of information
gained through traditional genetics and molecular approaches (Borevitz et al., 2004).
Many publicly useful biological data, especially, the high-throughput technologies are
significantly increasing the volume of biological information to assist gene function
identification. Most of these biological data are published on the public domain
databases. Scientists target these databases to apply bioinformatics approaches and data
integration systems to find the most promising candidate genes and to elucidate functions

of rice genes.

Although a large amount of data available in public database have been precious
in molecular biology and functional genomics in particular (Kurata and Yamazaki 2006,
Liang et al., 2008), only a few databases have been developed so far to facilitate more
efficient utilization of genomics data particularly in applied aspects of genomics. Most of
these databases such as the RiceGeneThresher (Thongjuea et al., 2009), Gramene QTL
Database (Ni et al., 2009) and Q-TARO Database (Yonemaru et al., 2010) focused on

guantitative trait locus (QTL) information available for rice.
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In the present study, Gramene QTL Database was used to identify the genes
underlying QTLs. Now it has been designed and developed to integrate catalogs from
public domain databases on rice that involve genetic information, genome annotation,
expressed sequence tags (ESTs), protein information such as protein domains, gene
ontology (GO), metabolic pathway information, prediction of protein—protein interaction
and stress-responsive genes. In our findings from QTL combination, three QTL regions
around RM16, RM 2584 and RM 1388 were considered to detect candidate genes.
Candidate genes have been successfully used in genetic and association mapping,
molecular marker-assisted selection and development of transgenic plants for various
traits in crop plants. Generally, candidate genes are known with its biological function
regulating the investigated traits, which are involved directly or indirectly in the
development stages of the trait and are confirmed by evaluating the effects.

For instance, a gene or transcription factors like bZIP, Myb, AP2 domain, DREB
factor, and WRKY showed the relevance in mitigating stress effects by altering root
growth parameters and their function analysis has been confirmed by transgenic approach
(www.plantstress.com). Though, fine mapping of specific QTL regions is a widely
adopted approach for “gene mining”, since the whole genome sequence of rice is
available along with an accurate physical map, locating the actual gene position is now
highly feasible (Thongjuea et al., 2009). When validated, such genes could help in fine
mapping the QTL regions besides being useful in improving a trait through genetic

transformation or molecular breeding.

A total of 368 genes found associated with RM 16, 393 genes were found
associated with RM 2584 and 440 genes found associated with RM 1388.

Attempts to map metabolic networks using known functions of identified genes
present in the selected marker loci or miRNA interactions did not reveal any novel
discovery (Table 4.21). However, the marker locus around RM 16 that always showed a

negative association with root traits led to the identification of a gene.
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Table 4.21: mi RNA in the region and their targets

RM2584 miRNA on chromosome 8 and their target

Model Start Stop Chr8_RM2584 locus miRNA_Acc.

LOC_0s03g39830.1 | 22150323 | 22151612 Chr3 LOC_0s03g39830 | osa-miR1854-5p Network forming
LOC_0s03g41780.1 | 23201176 | 23207379 Chr3 LOC_0s03g41780 | osa-miR1862b

LOC_0s04g41250.1 | 24471709 | 24479505 Chrd LOC_0s04g41250 | osa-miR1862b Network forming
LOC_0Os04g41560.4 | 24647901 | 24649396 Chr4 LOC_0s04g41560 | osa-miR1874-3p Network forming
LOC_0s04g42860.1 | 25368373 | 25372115 Chrd LOC_0s04g42860 | osa-miR1874-5p Network forming
LOC_0s08g11040.1 | 6496646 | 6500101

LOC_0s08g11190.1 6573875 | 6576641 Network forming
LOC_0s08g12020.1 | 7054851 | 7072109

LOC_0s08g12210.1 | 7190774 | 7195324

LOC_0s08g13320.1 7911799 | 7916504 Network forming
LOC_0s08g14290.1 | 8560660 | 8564463
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Table 4.21 Contd....

RM1388 miRNA on chromosome 4 and their target

Model Start Stop Chr4_RM1388 locus miRNA_Acc.

LOC_0s03g42320.1 | 23545317 | 23547668 Chr3 LOC_0s03g42320 | osa-miR156e Network forming
LOC _0s04g42760.1 | 25307143 | 25308653 Chr4 LOC_0s04g42760 | osa-miR156e Network forming
LOC_0s04g43916.1 | 26023936 | 26034503 Chr4 LOC_0s04g43916 | osa-miR5532 Network forming
LOC_0s08g10800.1 | 6358775 | 6359320

LOC _0s08g12430.1 7338826 | 7348077 Network forming
LOC_0s08g12880.1 | 7643663 | 7646302

LOC_0s08g14050.1 8415405 | 8418565 Network forming

RM16 miRNA on chromosome 3 and their target

Model Start Stop Chr3_RM16 locus miRNA_Acc.
LOC_0s03g40690.1 | 22624156 | 22628484 Chr3 LOC_0s03g40690 | osa-miR1319b
LOC_0s03g40920.1 | 22739267 | 22743374 Chr3 LOC_0s03g40920 | osa-miR2880 Network forming
LOC_0s04g40230.1 | 23932699 | 23933966 Chr4 LOC_0s04g40230 | osa-miR2880
LOC_0Os04g40860.1 | 24243897 | 24247750 Chr4 LOC_0Os04g40860 | osa-miR821a Network forming
LOC_0Os04g42670.1 | 25244008 | 25246628 Chr4 LOC_0s04g42670 | osa-miR821a Network forming
LOC_0s04g43600.1 | 25799856 | 25802057 Chr4 LOC_0s04g43600 | osa-miR5485
LOC_0Os08g11430.1 | 6700177 | 6704358
LOC_0s08g11480.1 6734408 | 6739686 Network forming
LOC_0s08g11830.1 | 6934977 | 6937612
LOC_0s08g12430.1 7338826 | 7348077 Network forming
LOC_0s08g12680.1 7488653 | 7510517 Network forming




The functional characterization of this gene has been reported elsewhere and is
shown to be a negative regulator of root growth. This gene is found to be auxin
responsive that belonged to the AUX/IAA gene families.

Bioinformatics analysis suggested that OsIAA 11 is the molecular candidate
which is responsible for root growth regulation in QTL-NILs/TILs. In-silico expression
of the gene indicates that it is expressed in root during vegetative stage in day as well as
night time (Plate 4.1, 4.2). INDELS present in the gene may be responsible for variation
in phenotype for different alleles (Table 4.22). The well explained model of IAA1l in
inhibition of lateral root growth is given in the plate 4.3. It suggests that RM 16 acts via

auxin mediated mechanism to control the root growth in rice.
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Table 4.22: INDELS present in the gene Os03g43400

INDEL ID | Start Position | End Position ALT Effect
vf0324107128 | 24197128 | 24197130 GT LOC_0s03g43400.1(-T) INTRON
vf0324107130 | 24197130 | 24197134 TGAGAGA LOC_0s03¢43400.1(+GA) INTRON

TAAAAAAA LOC_0s03g43400.1(+A) INTRON
vi0324197348 | 24197348 | 24197356 | TANAAAAAAA | LOC 0s03¢43400.1(-A) INTRON
vf0324197355 | 24197355 | 24197355 AT LOC_0s03g43400.1(+T) INTRON

ATT LOC_0s03g43400.1(+T) INTRON
vf0324197356 | 24197356 | 24197357 jolan LOC 0505043400 1(+T) INTRON
C LOC_0s03g43400.1(+TA) INTRON
vf0324197821 | 24197821 | 24197823 CATAG L0 0503043400 1 AG) INTRON
CTATATATAT | LOC_0s03g43400.1(+AT) INTRON
vi0324197825 | 24197825 | 24197836 | ~rATATATATATAT | LOC_0s03g43400.1(-AT) INTRON
V0324198086 | 24198086 | 24198099 | AATATATATATA | LOC_Os03g43400.1(-TA) INTRON
Vvf0324198448 | 24198448 | 24198457 TTTTT LOC_0s03¢43400.1(-ATTTT) INTRON
vf0324198449 | 24198449 | 24198456 77T LOC_0s03¢43400.1(-ATTT) INTRON
vf0324198450 | 24198450 | 24198455 T LOC_0s03¢43400.1(-ATT) INTRON
vf0324108451 | 24198451 | 24198454 T LOC_0s03g43400.1(-AT) INTRON
vf0324108452 | 24198452 | 24198453 T LOC_0s03g43400.1(-A) INTRON
GAAAAAAAAA | LOC_Os03g43400.1(+A) INTRON
vi0324198526 | 24198526 | 24198534 | SAAAAAAAAAA | LOC Os03g43400.1(+AA) INTRON

TAAAAAAA LOC_0s03g43400.1(+A) INTRON
vi0324198754 | 24198754 | 24198762 | ANAAAAAAA | LOC Os03g43400.1(-A) INTRON
vf0324199156 | 24199156 | 24199162 CATAT LOC_0s03g43400.1(-AT) INTRON
vf0324109692 | 24199692 | 24199693 CTT LOC_0s03g43400.1(+T) INTRON
vf0324190884 | 24199884 | 24199912 TCGTCGGC LOC_0s03g43400.1{-GGCCGCCGCCECCECGTCEEE)

CODON_DELETION
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V SUMMARY

Rice (Oryza sativa L.), the staple crop that requires enormous quantity of water
during its growth period. It accounts for more than 50 per cent of fresh water diverted for
agriculture. Water, which is a non-renewable is becoming a major constraint. Therefore,
the effort is to produce more grain per drop of water used. Several water saving
management practices (namely alternate wetting and drying, SRI method etc.) are being
practiced. Aerobic rice has been credited as one of the water saving method. Although it
saves 60 per cent of water required, significant reduction in yield has been also noticed.
Therefore, sustaining productivity under aerobic condition is more important. Rice
cultivar with increased tolerance for water limited conditions is need of the hour. The
cultivars that can mine water from various soil strata and use it more efficiently for
growth and development are extremely vital to sustain productivity under water scarce
conditions. Efforts are needed to bring together distinct traits on an elite background.
Several relevant traits must be pyramided to develop drought tolerant crop varieties
through “trait-based” breeding approach. Traits involved in maintaining leaf water
relations and metabolism have greatest pertinence. Improvement of plant traits linked
with water relations and water conservation besides cellular level tolerance is needed.
There are evidences signifying introgression of drought adaptive traits such as root trait
and WUE trait has improved the yield level of rice varieties under semi-irrigated aerobic

conditions.

Roots and WUE traits are complex morpho-physiological traits that are controlled
by multiple genes. It rendered conventional breeding for trait introgression almost
difficult. Considering the importance of trait pyramiding, highly focused molecular
breeding is the most appropriate approach. In this direction, numerous QTLs were
identified by both LD (Linkage Disequilibrium) based association mapping and bi-
parental mapping methods. Though there are several published data available online on
QTLs and trait specific candidate genes related to drought related traits, validation of
linked markers (QTLs) and genes are still in the preliminary stage. In spite of high
information on QTLs linked to different drought adaptive traits they are not frequently

used in MAS. This is because of their inconsistency due to large GxG and GXE
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interaction. Hence, the major focus of the present study was to analyze the interaction
of traits among QTL-NILs/ TILs/ CSSLs, to identify the best trait introgressed line/s
consistent across environments and to find out the molecular candidate responsible for

the variation.

A set of 260 DCBC3F4 lines developed by introgressing root traits and WUE via
marker assisted back cross were phenotyped for different drought adaptive traits like leaf
temperature (surrogate for root traits), A*C (surrogate for WUE), yield, spikelet fertility
and other morpho-physiological traits along with the parents under semi-irrigated aerobic
conditions. The phenotypic data indicated that variability for the traits still exists in
DCBCa3F4 TILs for most of the traits. Transgressive segregants were having improved
traits indicating the introgression of genomic region by donor parents. It indicated
improvement over recurrent parent for drought adaptive traits. Based on traits of interest
and yield data, 25 TILs were shortlisted for further recharacterization which came under
four groups (HD+HR, HD+LR, LD+HR and LD+LR). These 25 lines were of similar leaf
area and high yield types with difference in root and AC value.

The performance of these selected TILS/NILs were evaluated in various seasons
and locations. These TILs and the parents grown in GKVK (three seasons) and TNAU
(one season) in 1*1m? plots. The TILs performed much superior than the recipient parent
IR-64. Multi season experiments were conducted to check the stability of the lines for
traits and also yield. The result indicated that TILs/NILs performed consistently better
than IR-64. The consistency of the trait across seasons demonstrated the stability of the
QTLs along with the stability of TILs.

To analyze the interaction among traits in QTL-NILsS/TILs marker class analysis
was performed by using previous genotypic data (Prathibha, 2016) and current
phenotypic data in 260 lines and selected 25 lines. The analysis highlighted that the
number of QTLs present did not tally with the trait value, suggesting the interaction
among loci. The lines were divided into low root type and high root type with low A*C
value and higher yield. Low root types were having the alleles of RM 2584, RM 1388
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and RM 16 from AC-39020. However, high root types had RM 2584 and RM 1388
alleles from AC-39020 and RM 16 alleles from non-donor parent.

From the 25 TILs studied under various seasons, six lines selected based on the
above marker/QTL combination and additional seven lines were selected out of 260
DCBCa3F4 with the marker combination. These lines were physiologically characterized
under phenomics platform. The result specified that root weight of the line with RM 2584
and RM 1388 donor allele & RM 16 with non-donor allele was having higher root weight
compared to other TILs. RM 16 seems to act like negative regulator of root growth.
Various literature also suggests RM 16 as negative regulator. All the 13 TILs identified
as superior transgressive seggregants, performed better than the recurrent parent.

To know the genic network responsible for variation in traits, the selected
marker/QTL combination was digged to determine the genes within the flanking region.
The flanking region was selected based on the LD decay value. Co-localization study

suggested that those regions which had been taken to find the candidate gene was correct.

The genes inside the regions were searched for their role in controlling of the trait
or related by using bioinformatics online tools. Several public databases were used to find
the candidate genes that controlled the traits. RiceFREND database was used to get the
network for the gene forms with any metabolic pathway. The gene Os03g43400 present
within RM 16 region was selected as the candidate gene as it has a clear role in inhibiting
lateral root growth. In-silico expression of the gene highlighted that it is expressed in root

throughout the vegetative stage.
The salient features of work are summarized as follows

= 260 DCBC3F4lines were phenotyped for drought adaptive and growth parameters

=  These 260 DCBCsFslines were classified into four sub classes (HR+LD, HR+HD,
LR+LD, LR+HD)

= 25 TILs corresponding to all groups together selected for further study
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25 TILs were grown in 4 different seasons (three in GKVK and one in TNAU) and

various morpho-physiological and growth parameters were examined

Marker class analysis for 260 DCBCsF4suggests that there is interaction among traits
in the TILs

13 trait introgressed lines identified as superior transgressive seggregants. All

performed superior over the recurrent parent IR-64.

TILs with RM 16 allele from AC-39020 showed lower root biomass compared with
TILs which contain RM 16 allele from either IR 64 or IET 16348

RM 16 seems to act like negative regulator of root growth

Future line of work

90

Validation of the gene for its function by wet lab experiments

Identification and mining of superior alleles for trait specific candidate genes is

crucial in developing focused translational research activities
Reconfirmation of the marker/QTL

Extensive field trial of the selected promising lines as a step towards releasing as a

variety

TILs having consistent and superior performance in diverse environment can be used

as improved IR-64 variety

Pooja Bharti, Ph.D. 2020



VI REFERENCES

ABDURAKHMONOV, I. AND ABDUKARIMOV, A., 2008, Application of association
mapping to understanding the genetic diversity of plant germplasm resources.

International Journal of Plant Genomics, 2008: 1-18.
ALLARD, R.W., 1999, Principles of plant breeding. 2nd edition, New York, NY:Wiley.

ARAUS, J. L., SLAFER, G. A., REYNOLDS, M. P. AND ROYO, C., 2002, Plant
breeding and drought in C3 cereals: what should we breed for?. Annals of Botany,
89: 925-940.

ARAUS, J. L., SLAFER, G. A., ROYO, C. AND SERRET, M. D., 2008, Breeding for
yield potential and stress adaptation in cereals. Critical Reviews in Plant Sciences,
27: 377-412.

ARMENTA-SOTO, J., CHANG, T. T., LORESTO, G. C. AND O’TOOLE, J., 1983,
Genetic analysis of root characteristics in rice. SABRAO Journal of Breeding and
Genetics, 15: 103-118.

ASCH, F., DINGKUHN, M., SOW, A. AND AUDEBERT, A., 2005, Drought-induced
changes in rooting patterns and assimilate partitioning between root and shoot in
upland rice. Field Crops Research, 93: 223-236.

ASINS M, 2002, Present and future of quantitative trait locus analysis in plant breeding.
Plant Breed, 121: 281-291.

AZHIRI-SIGARI, T. A., YAMAUCHI, A., KAMOSHITA, A. AND WADE, L.J., 2000,
Genotypic variation in response of rainfed lowland rice to drought and rewatering.
Plant Production Science, 3: 180-188.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 91



BABU, R. C., SHASHIDHAR, H. E., LILLEY, J. M., RAY, J. D., SADASIVAM, S.
AND SARKARUNG, S., 2001, Variation in root penetration ability, osmotic
adjustment and dehydration tolerance among accessions of rice adapted to rainfed
lowland and upland ecosystems. Plant Breeding, 120: 233-238.

BACON, M. A,, 2004, Water use efficiency in plant biology. In Water Use Efficiency in
Plant Biology (ed. M.A. Bacon), Blackwell Publishing, Oxford, UK. 1-26.

BAENZIGER, P. S., WESENBERG, D. M. AND SICHER, R. C., 1983, The effects of
genes controlling barley leaf and sheath waxes on agronomic performance in
irrigated and dry land environments. Crop Science, 23: 116-120.

BAO, Y., AGGARWAL, P., ROBBINS, N. E., STURROCK, C. J., THOMPSON, M. C.,
TAN, H. Q., THAM, C., DUAN, L., RODRIGUEZ, P. L. AND VERNOUX, T.,
2014, Plant roots use a patterning mechanism to position lateral root branches
toward available water. Proceedings of the National Academy of Sciences of the
United States of America, 111: 9319-9324.

BARNABAS, B., JAGER, K. AND FEHER, A., 2008, The effect of drought and heat

stress on reproductive processes in cereals. Plant, Cell & Environment, 31: 11-38.

BARRS, H. D. AND WEATHERLEY, P. E., 1962, A Re-Examination of the Relative
Turgidity Techniques for Estimating Water Deficits in Leaves. Australian Journal
of Biological Sciences, 15: 413-428.

BASU, S., RAMEGOWDA, V., KUMAR, A. AND PEREIRA, A. 2016, Plant
adaptation to drought stress. F1000Research, 1554: 1-10.

BECK, E. H., FETTIG, S., KNAKE, C., HARTIG, K. AND BHATTARAI, T., 2007,
Specific and unspecific responses of plants to cold and drought stress, Journal of
Biosciences, 32: 501-510.

BERNARDO, R., 2008, Molecular markers and selection for complex traits in plants:
learning from the last 20 years. Crop Science, 48: 1649-64.

92 Pooja Bharti, Ph.D. 2020



BERNIER, J., KUMAR, A., VENUPRASAD, R., SPANER, D., ATLIN, G. N., 2007, A
large-effect QTL for grain yield under reproductive-stage drought stress in upland
rice. Crop Science, 47: 507-516.

BERNIER, J., SERRAJ, R., KUMAR, A., VENUPRASAD, R., IMPA, S., GOWDA, V.,
OWANE, R., SPANER, D. AND ATLIN, G., 2009, Increased water uptake
explains the effect of qtl 12.1, a large-effect drought-resistance QTL in upland
rice. Field Crop Research, 110: 139-146.

BHATTACHARYA JEE, BENGSTON, C., LARSSON, S. AND LIIJENBERG, C.,
1973, Effect of water stress on cuticular transpiration rate and amount and
composition of epicuticular wax in seedling of six oat varieties. Physiologia
Plantarum, 44: 319-325.

BHEEMANAHALLI R. RAJU., A, BEERASANDRA, NARAYANASWAMY,
MALAGONDANAHALLI, V, MOHANKUMARA, KAMBALIMATH, K,
SUMANTHA, A, MAVINAHALLI, P, RAJANNA, BASAVAIAH,
MOHANRAJU, A, MAKARLA UDAYAKUMARA AND MADAVALAM §,
SHESHSHAYEE, 2014, Root traits and cellular level tolerance hold the key in
maintaining higher spikelet fertility of rice under water limited conditions,
Functional Plant Biology, 41 (9): 930-939.

BINDUMADHAVA, H., 2000, Oxygen (180) and Carbon (13C) isotope composition in
plants—an approach to quantify transpiration and mesophyll factors associated
with water use efficiency. Ph.D. Thesis, University of Agricultural Sciences,

Bangalore.

BINDUMADHAVA, H., SHESHSHAYEE, M. S., SHANKAR, A. G., PRASAD, T. G.
AND UDAYAKUMAR, M., 2003, Use of SPAD chlorophyll meter to assess
transpiration efficiency of peanut. Breeding of drought resistant peanut:
Proceedings of a Collaborative Review Meeting, 25-27 Feb 2002, Hyderabad,
India (Cruickshank AW, Rachaputi NC, Wright GC and Nigam SN, eds.). ACIAR
Proceedings No. 112. Canberra, Australia. Pages 3-9.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 93



BLUM, A. AND EBERCON, A., 1982, Cell membrane stability as a measure of drought

and heat tolerance in wheat. Crop Science, 21: 43-47.

BLUM, A., 2005, Drought resistance, water-use efficiency, and yield potential-are they
compatible, dissonant, or mutually exclusive?. Australian Journal of Agricultural
Research, 56: 1159-1168.

BLUM, A., 2009, Effective use of water (EUW) and not water use efficiency (WUE) is
the target of crop yield improvement under drought stress. Field Crop Research,
112: 119-123.

BOOMINATHAN, 2001, DNA polymorphism and genetic variability in physiological
traits on associated with water use efficiency in rice — an approach based on
carbon isotope discrimination and RAPD profiles. M. Sc. (Ag) thesis, University

of Agricultural Sciences Bangalore.

BOREVITZ, J. O. AND CHORY, J., 2004, Genomics tools for QTL analysis and gene
discovery. Current Opinion in Plant Biology, 7: 132-136.

BOUMAN, B. A. M., LAMPAYAN, R. M. AND TOUNG, T. P., 2007, Water
management in irrigated rice: Cropping with water scarcity. International Rice
Research Institute. LosBanos, Philippines.

BOUMAN, B. A. M. AND TUONG T. P., 2001, Field water management to save water
and increase its productivity in irrigated rice. Agricultural Water Management.,
49 (1): 11-30.

BOUMAN, T. J., NIELSEN, K. L. AND KOUTSTAAL, B., 2000, Sample preparation
and scanning protocol for computerized analysis of root length and diameter.
Plant Soil, 218: 185-196.

BOYER, J. S., 1982, Plant productivity and environment. Science, 218: 443-448.

94 Pooja Bharti, Ph.D. 2020



BRAY, E. A., BAILEY-SERRES, J. AND WERETILNYK, E., 2000, Responses to
abiotic stresses. American Society of Plant Physiologists, 1158-1249.

BRONDANI, C., RANGEL, N., BRONDANI, V. AND FERREIRA, E., 2002, "QTL
mapping and introgression of yield-related traits from Oryza glumaepatula to
cultivated rice (Oryza sativa) using microsatellite markers”. Theoretical and
applied genetics, 104: 1192-1203.

CAMPOS, H., COOPER, M., HABBEN, J. E., EDMEADES, G.O0. AND SCHUSSLER,
J. R., 2004, Improving drought tolerance in maize: A view from industry. Field
Crop Research, 90: 19-34.

CENTRITTO, M., LAUTERI, M., MONTEVERDI, M. C. AND SERRAJ, R., 2009,
Leaf gas exchange, carbon isotope discrimination, and grain yield in contrasting
rice genotypes subjected to water deficits during the reproductive stage. Journal
of Experimental Botany, 60: 2325 2339.

CHAPMAN, S. C., CHAKRABORTY, S., DRECCER, M. F. AND HOWDEN, S. M.,
2012, Plant adaptation to climate change-opportunities and priorities in breeding.
Crop and Pasture Science, 63: 251-268.

CHAVES, M. M., MAROCO, J. P. AND PEREIRA, J. S., 2003, Understanding plant
responses to drought — from genes to the whole plant. Functional Plant Biology,
30: 239-264.

CHAVES, M. M. AND OLIVEIRA, M. M., 2004, Mechanisms underlying plant
resilience to water deficits: prospects for water-saving agriculture Journal of
Experimental Botany, 55: 2365-2384.

CHEN, J., SCOTT, X. C. AND ANYIA, 0. A,, 2011, Gene discovery in cereals through
quantitative trait loci and expression analysis in water-use efficiency measured by

carbon isotope discrimination. Plant, Cell and Environment, 34: 2009-2023.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 95



CHOI, W. J,, CHANG, S. X. AND BHATTI, J. S., 2007, Drainage affects tree growth
and C and N dynamics in a minerotrophic peatland. Ecology, 88: 443-453.

CHRISTOPHER, N., TOPPA, ANJALLI, S., IYER, P., JILL, T., ANDERSOND, AND
PAUL, R., 2013, 3D phenotyping and quantitative trait locus mapping identify
core regions of the rice genome controlling root architecture. Proceedings of the
National Academy of Sciences of the United States of America, 1695-1700.

CLARK, L. J., APHALE, S. L. AND BARRACLOUGH, P. B., 2000, Screening the
ability of rice roots to overcome the mechanical impedance of wax layers:
importance of test conditions and measurement criteria. Plant Soil, 219: 187-196.

CLARK, L. J,, PRICE, A. H., STEELE, K. A. AND WHALLEY, W. R., 2008, Evidence
from near-isogenic lines that root penetration increases with root diameter and

bending stiffness in rice. Functional Plant Biology, 35: 1163-1171.

CLARK, R. T., FAMOSO, A. N., ZHAO, K., SHAFF, J. E., CRAFT, J. E,
BUSTAMANTE, C. D., MCCOUCH, S. R., ANESHANSLEY, D. J. AND
KOCHIAN, L.V., 2012, High-throughput 2D root system phenotyping platform
facilitates genetic analysis of root growth and development. Plant Cell
Environment., doi: 10.1111/j.1365-3040.2012.02587.

CLARK, R., MACCURDY, R., JUNG, J, SHAFF, J, MCCOUCH, SR,
ANESHANSLEY, D. AND KOCHIAN, L., 2011, Three-Dimensional Root
Phenotyping with a Novel Imaging and Software Platform. Plant Physiology, 156
(2): 455-465.

COLLARD, B. C.Y. AND MACKILL, D. J., 2007, Marker-assisted selection: an
approach for precision plant breeding in the twenty-first century. Philosophical
Translation Royal Society, 363: 557-572.

96 Pooja Bharti, Ph.D. 2020



CONDON, A. G., FARQUHAR, G. D. AND RICHARDS, R. A., 1990, Genotypic
variation in carbon isotope discrimination and transpiration efficiency in wheat.
Leaf gas exchange and whole plant studies. Australian Journal of Plant
Physiology, 17: 9-22.

CONDON, A. G., RICHARDS, R. A., REBETZKE, G. J. AND FARQUHAR, G. D.,
2002, Improving intrinsic water-use efficiency and crop yield. Crop Science, 42:
122-131.

CONDON, A. G., RICHARDS, R. A., REBETZKE, J. AND FARQUHAR, G. D., 2004,
Breeding for high water-use efficiency. Journal of Experimental Botany, 55:
2447-2460.

COURTOIS, B., MCLAREN, G., SINHA, P. K., PRASAD, K., YADAV, R. AND
SHEN, L., 2000, Mapping QTLs associated with drought avoidance in upland
rice. Molecular Breeding, 6: 55-66.

DE-DATTA, S. K. AND SESHU, D.V., 1973, Evaluating rice for drought tolerance
using field screening and multilocation testing. In: Drought resistance in crops
with emphasis on rice, IRRI, Los Banos, Laguna, Philippines, 245-263.

DHARMAPPA, M. P., DODDARAJU, P., MOHANKUMAR, M. V., RAJU, B. R,
MALLIKARJUNA, N. M., SOWMYA, H. R, RAMACHANDRA, R,
RAJANNA, M. P, PRASAD, T. G. UDAYAKUMAR, M. AND
SHESHSHAYEE, M. S., 2019, Introgression of Root and Water Use Efficiency
Traits Enhances Water Productivity: An Evidence for Physiological Breeding in
Rice (Oryza sativa L.), Rice, 12: 1-14.

DIAB, A. A., KANTETY, R. V., OZTURK, N. Z., BENSCHER, D., NACHIT, M. M.
AND SORRELLS, M. E., 2008, Drought inducible genes and differentially
expressed sequence tags associated with components of drought tolerance in

durum wheat. Scientific Research & Essays, 3: 9-26.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 97



DINGKUHN, M., FARQUHAR, G. D., DE DATTA, S.K. AND O’TOOLE, J.C., 1991,
Discrimination of 13C among upland rice having different water use efficiencies.

Australian Journal of Agricultural Research, 42: 1123-1131.

DONG, Y., KAMIUNTEN, H., OGAWA, T., TSUZUK]I, E., TERAO, H., LIN, D. AND
MATSUO, M., 2004, Mapping of QTLs for leaf developmental behavior in rice
(Oryza sativa L.) Euphytica, 138: 169-175.

DORAN, JW. AND ZEISS, M. R, 2000, Soil health and sustainability: Managing the
biotic component of soil quality. Applied Soil Ecology, 15: 3-11.

ESHED, Y. AND ZAMIR, D., 1994, A genomic library of Lycopersicon pennellii in L.
esculentum: A tool for fine mapping of genes. Euphytica, 79: 175-179.

FAROOQ, M., WAHID, A., KOBAYASHI, N., FUJITA, D. AND BASRA, S. M. A,
2009, Plant drought stress: effects, mechanisms and management. Agronomy for
Sustainable Development, 29 (1): 185-212.

FARQUHAR, G. D., O'LEARY, M. H. AND BERRY, J. A., 1982, On the relationship
between carbon isotope discrimination and the intercellular carbon dioxide

concentration in leaves. Australian Journal of Plant Physiology, 9: 121-137.

FARQUHAR, G. D. AND RICHARDS, R. A., 1984, Isotopic composition of plant
carbon correlates with water-use efficiency of wheat genotypes. Australian
Journal of Plant Physiology, 11: 539- 552.

FARQUHAR, G. D., EHLERINGER, J. R. AND HUBICK K. T., 1989, Carbon isotope
discrimination and photosynthesis. Annual Review of Plant Physiology and Plant
Molecular Biology, 40: 503-537.

FELDMAN, M. J., PATRICK, Z. E., FAHLGREN, N., GEHAN, M. A., COUSINS, A.
B. AND BAXTERA, 1., 2018, Components of Water Use Efficiency Have Unique
Genetic Signatures in the Model C4 Grass Setaria. Plant Physiology, 178: 699-
715.

98 Pooja Bharti, Ph.D. 2020



FISCHER, K. S., FUKAI, S., KUMAR, A., LEUNG, H. AND JONGDEE, B., 2012,
Field phenotyping strategies and breeding for adaptation of rice to drought.
Frontiers in Physiology, 282 (3): 1-21.

FISCHER, K. S., LAFITTE, R., FUKAI, S., ATLIN, G. AND HARDY, B., 2003,
Breeding Rice for Drought-Prone Environments; International Rice Research

Institute: Los Banos, Philippines.

FITTER, A. H., 1991, The ecological significance of root system architecture: an
economic approach. In: Plant Root Growth: An Ecological Perspective. Blackwell

Scientific Publishers, London.

FLEXAS, J.,, GALMES, J., GALLE, A., GULIAS, J,, POU, A., RIBAS-CARBO, M.,
TOMAS, M. AND MEDRANO, H., 2010, Improving water use efficiency in
grapevines: potential physiological targets for biotechnological improvement.
Australian Journal of Grape and Wine Research, 16: 106-121.

FUKAI, S. AND COOPER, M., 1995, Development of drought-resistant cultivars using
physio-morphological traits in rice. Field Crops Research, 40: 67-86.

GARCIA, A. A. F., KIDO, E. A., MEZA, A. N., SOUZA, H. M. B,, PINTO, L. R,
PASTINA, M. M., LEITE, C. S, DASILVA, J. A. G, ULIAN, E. C,
FIGUEIRA, A. AND SOUZA, A. P., 2006, Development of an integrated genetic
map of a sugarcane (Saccharum spp.) commercial cross, based on a maximum-
likelihood approach for estimation of linkage and linkage phases. Theoretical and
applied genetics, 112: 298-314.

GARRITY, D. P. AND O'TOOLE, J. C., 1995, Selection for reproductive stage drought

avoidance in rice by infrared thermometry. Agronomy Journal, 87: 773-779.

GIRISH, T. N., GIREESHA, T. M., VAISHALI, M. G.,, HANAMAREDDY, B. G. AND
SHAILAJA, H., 2006, Response of a new IR50/Moroberekan recombinant inbred
population of rice (Oryza sativa L.) from an indica x japonica cross for growth
and yield traits under aerobic conditions. Euphytica, 52: 149-161.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 99



GOWDA, V. R. P, HENRY, A., AKIRA, Y., SHASHIDHAR, H. E. AND SERRAJ, R.,
2011, Root biology and genetic improvement for drought avoidance in rice. Field
Crop Research, doi:10.1016/j.fcr.2011.03.001.

GROSSMAN, J. D. AND RICE, K. J., 2012, Evolution of root plasticity responses to
variation in soil nutrient distribution and concentration. Evolutionary
Applications, 5: 850-857.

HAEFELE, S. M. AND BOUMAN, B. A. M., 2009, Drought-prone rainfed lowland rice
in Asia: Limitations and management options. doi:
10.1142/9789814280013 0012 book chapter, 1-17.

HALL, A. E., MUTTERS, R. G. AND FARQUHAR, G. D., 1992, Genotypic and
drought-induced differences in carbon isotope discrimination and gas exchange of
cowpea. Crop Science, 32: 1-6.

HANDLEY, I. L., NEVO, E., RAVEN, J, A., CARRASCO, R. M., SCRIMGEOUR, C.
M., PAKNIYAT, H. AND FORSTER, B. P., 1994, Chromosome 4 controls
potential water use efficiency in barley. Journal of Experimental Botany, 45 (11):
1661-1663, doi:1093/jxb/45.11.1661.

HAYWARD, A, C., TOLLENAERE, R., DALTON-MORGAN, J. AND BATLEY, J.,
2015, Molecular marker applications in plants. In: Batley J (ed) Plant Genotyping.
Springer, New York, NY, pp 13-27.

HEMAMALINI, G. S., SHASHIDHAR, H. E. AND HITTALMANI, S., 2000, Molecular
marker assisted tagging of morphological and physiological traits under two
contrasting moisture regimes at peak vegetative stage in rice (Oryza sativa L.).
Euphytica, 112: 69-76.

HENRY, A., GOWDA, V. R. P., TORRES, R. O., MCNALLY, K. AND SERRAJ, R,
2011, Geneticvariation in root architecture and drought response in Oryza sativa:
rainfed lowland field studies of the OryzaSNP panel. Field Crop Research, 120:
205-214.

100 Pooja Bharti, Ph.D. 2020



HIRABAYASHI, H., SATO, H., NONOUE, Y. KUNO-TAKEMOTO,Y.,
TAKEUCHI, Y., KATO, H., NEMOTO, H., OGAWA, T., YANO, M., IMBE, T.
AND ANDO, I., 2010, Development of introgression lines derived from Oryza
rufipogon and O. glumaepatula in the genetic background of japonica cultivated
rice (O. sativa L.) and evaluation of resistance to rice blast. Breeding Science, 60
(5): 604-612.

HITTALMANI, S., HUANG, N., COURTOIS, B., VENUPRASAD, R., SHASHIDHAR,
H. E. AND ZHUANG, J.Y. 2003, Identification of QTL for growth- and grain
yield-related traits in rice across nine locations of Asia. Theoretical and applied
genetics, 107: 679-690.

HOSPITAL, F., 2005, Selection in backcross programmes. Philosophical Transactions of
Royal Society of Biology, 360: 1503-1511. (d0i:10.1098/rstbh.2005.1670).

https://www.irri.org/IRRI NEWS, 2016.

HUFNAGEL, B., DE SOUSA, S. M., ASSIS, L., GUIMARAES, C. T., LEISER, W.,
AZEVEDQO, G. C., NEGRI, B., LARSON, B. G., SHAFF, J. E. AND PASTINA,
M. M., 2014, Duplicate and conquer: Multiple homologs of PHOSPHORUS-
STARVATION TOLERANCEL enhance phosphorus acquisition and sorghum
performance on low-phosphorus soils. Plant Physiology, 166: 659-677.

HUSSAIN, M., MALIK, M. A., FAROOQ, M., ASHRAF, M. Y. AND CHEEMA, M.
A., 2008, Improving Drought tolerance by exogenous application of glycine
betaine and salicylic acid in sunflower. Journal of Agronomy and Crop Science,
194:193-199.

IMPA, S. M., 2002, Stable isotopic approach to identify gs and gm types in rice (Oryza
sativa L.) and their genetic analysis using RAPD markers. M.Sc.(Ag) thesis,

University of Agricultural Sciences, Bangalore.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 101


https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Yoko+Kuno-Takemoto
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Yoshinobu+Takeuchi
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Hiroshi+Kato
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Hiroshi+Nemoto
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Tsugufumi+Ogawa
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Masahiro+Yano
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Tokio+Imbe
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Ikuo+Ando

IMPA, S. M., NADARAJAN, S., BOOMINATHAN, P., SHASHIDHAR, G,
BINDHUMADHAVA, H. AND SHESHSHAYEE, M. S., 2005, Carbon Isotope
Discrimination Accurately reflects variability in WUE Measured at a whole plant
level in Rice. Crop Science, 45: 2517 - 2522.

INGRAM, K. T., BUENO, F. D.,, NAMUCO, O. S.,, YAMBAO, E. B. AND
BEYROUTY, C. A., 1994, Rice root traits for drought resistance and their genetic
variation. In: Kirk, G.J.D. (Ed.), Rice Roots: Nutrient and Water Use.

International Rice Research Institute, Manila, Philippines.

ISHIMARU, K., YANO, M., AOKI, N., ONO, K. AND HIROSE, T., 2001, Toward the
mapping of physiological and agronomic characters on rice function map: QTL
analysis and comparison between QTLs and expressed sequence tags. Theoretical
and applied genetics, 102: 793-800.

JONAH, P., BELLO, L., LUCKY, O., MIDAU, A. AND MORUPPA, S., 2011, Review:
the importance of molecular markers in plant breeding programmes. Global

Journal of Science Frontier Research, 11 (5): 1-9.

KALIA, R. K., RAI, M. K., KALIA, S., SINGH, R. AND DHAWAN, A. K., 2011,
Microsatellite markers: an overview of the recent progress in plants. Euphytica,
177: 309-334.

KAMOSHITA, A., BABU, R. C.,, BOOPATHI, N. M. AND FUKAI, S., 2008,
Phenotypic and genotypic analysis of drought-resistance traits for development of
rice cultivars adapted to rainfed environments. Field Crop Research, 109: 1-23.

KAMOSHITA, A, WADE, L. J, ALI, M. L., PATHAN, M. S, ZHANG, J,
SARKARUNG, S. AND NGUYEN, H. T., 2002. Mapping QTLs for root
morphology of a rice population adapted to rainfed lowland conditions.
Theoretical Applied Genetics, 104: 880-893.

102 Pooja Bharti, Ph.D. 2020



KANO, M., INUKAL, Y., KITANO, H. AND YAMAUCHI, A., 2011, Root plasticity as
the key root trait for adaptation to various intensities of drought stress in rice.
Plant Soil, 342: 117-128.

KATO, Y., ABE, J, KAMOSHITA, A. AND YAMAGISHI, J., 2006, Genotypic
variation in root growth angle in rice (Oryza sativa L.) and its association with
deep root development in upland fields with different water regimes. Plant Soll,
287:117-129.

KAYA, M. D., OKCUB, G., ATAKA, M., CIKILICY. AND KOLSARICIA, O., 2006,
Seed treatments to overcome salt and drought stress during germination in

sunflower (Helianthus annuus L.). Europian Journal of Agronomy, 24: 291 295.

KEARSEY, M. J. AND FARQUHAR, A. G. L., 1998, QTL analysis in plants. Where are
we now?. Heredity, 80: 137-42.

KELL, D. B., 2011, Breeding crop plants with deep roots: Their role in sustainable
carbon, nutrient and water sequestration. Annals of Botany, 108 (3): 407-418.

KEULS, M., 1952, The use of the Studentized range in connection with an analysis of
variance. Euphytica, 1: 112-122.

KORSTANJE, R. AND PAIGEN, B., 2002, From QTL to gene: the harvest begins.
Nature Genetics, 31: 235-236.

KRAMER, J., BOYER, J.S., 1995, Water Relations of Plant and Soil, Academic Press,
San Diego, CA, U.S.A,, 495-534.

KRILL, A. M., KIRST, M., KOCHIAN, L. V., BUCKLER, E. S. AND HOEKENGA, O.
A., 2010, Association and Linkage Analysis of Aluminium Tolerance Genes in
Maize. PLoS ONE, 5 (4): 1992-1998.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 103



KUMAR, A., SANDHU,N. DIXIT,S.,, SWAMY,B. P. M., VIKRAM,P,
VENKATESHWARLU, C. AND CATOLOS, M., 2018, Positive interactions of
major-effect QTLs with genetic background that enhances rice yield under
drought. Scientific Reports, 1626 (8): 1-13.

KUMAR, R., VENUPRASAD, R. AND ATLIN, G., 2007, Genetic analysis of rain- fed
lowland rice drought tolerance under naturally occur ring stress in eastern India:
heritability and QT L effects. Field Crop Research, 103: 42-52.

KURATA, N. AND YAMAZAKI, Y., 2006, Oryzabase. An integrated biological and
genome information database for rice. Plant Physiology, 140: 12-17.

LAFITTE, R., BLUM, A. AND ATLIN, G., 2004. Using secondary traits to help identify
drought-tolerant genotypes. In: (Fischer, K.S., Lafitte, R., Fukai, S., Atlin, G,
Hardy, B. (Eds.)), Breeding Rice for Drought-prone Environments. IRRI, Los
Bafios, the Philippines, pp. 37-48.

LAFFITTE, H. R., ZHIKANG, L. I., DAVID JAMES, M., et al., 2006, Improvement of
rice drought tolerance through backcross breeding: Evaluation of donors and

selection in drought nurseries. Field Crops Research, 97 (1): 77-86.

LAZA, M. R.,, KONDO, M., IDETA, O., BARLAAN E. AND IMBE, T., 2006,
Identification of quantitative trait loci for 13C and productivity in irrigated
lowland rice. Crop Science, 46: 763-773.

LEVENE, H., 1960. Robust tests for quality of variances. ‘Contribution to probability
and statistics: essays in honour of Harold Hotelling’. Stanford University Press:

Stanford, In CA. 1.0lkin (ed.), 278-292.

LI, Z.C., MU, P., LI, C. P., ZHANG, H. L., LI, Z. K., GAO, Y. M. AND WANG, X. K.,
2005, QTL mapping of root traits in a doubled haploid population from a cross
between upland and lowland japonica rice in three environments. Theoretical
Applied Genetics, 110: 1244-1252.

104 Pooja Bharti, Ph.D. 2020



LIAN, X., XING, Y., YAN, H., XU, C,, LI, X. AND ZHANG, Q., 2005, QTLs for low
nitrogen tolerance at seedling stage identified using a recombinant inbred line
population derived from an elite rice hybrid. Theoretical Applied Genetics, 112:
85-96.

LIANG, C., JAISWAL, P., HEBBARD, C., AVRAHAM, S., BUCKLER, E. S,
CASSTEVENS, T. et al., 2008, Gramene: a growing plant comparative genomics
resource. Nucleic Acids Research, 36: 947-953.

LILLEY, J. M., LUDLOW, M. M., MCCOUCH, S. R. AND O’TOOLE, J. C., 1996,
Locating QTL for osmotic adjustment and dehydration tolerance in rice. Journal
of Experimental Botany, 47: 1427-1436.

LOU, J., CHEN, L., YUE, G., QIAOJUN, L., MEI, H., XIONG, L. AND LUOQ, L., 2019,
QTL mapping of grain quality traits in rice. Journal of Cereal Science, 50 (2):
145-151.

LUDLOW, M. M. AND MUCHOW, R. C., 1990, A critical evaluation of traits for
improving crop Yyields in water-limited environments. Advances in Agronomy, 43:
107-153.

LUDLOW, M. M., 1989, Strategies of response to water stress. In structural and
functional responses in environmental stresses (eds. K.H. Kreeb, H.Richter and
T.M. Hinkley) pp. 269-281. SPB Academic, The Hague, The Netherlands.

LUO, R., 2010, Advances in Rice Research for Abiotic Stress Tolerance. Book chapter,
page 51-53.

LYNCH, J., 1995, Root architecture and plant productivity. Plant Physiology, 109: 7-13.

LYNCH, J. P., 2007, Roots of the second green revolution. Australian Journal of Botany,
55: 493-512.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 105


https://www.researchgate.net/scientific-contributions/74211507_Jue_Lou
https://www.researchgate.net/scientific-contributions/73854846_Gaohong_Yue
https://www.researchgate.net/profile/Lou_Qiaojun
https://www.researchgate.net/profile/Hanwei_Mei
https://www.researchgate.net/profile/Lijun_Luo

MACCAFERRI, M., SANGUINETI, M. C., DEMONTIS, A., EL-AHMED, A.,
MORAL, L. G., MAALOUF, F., NACHIT, M., NSERALLAH, N.,
OUABBOU, H., RHOUMA, S., ROYO, C., VILLEGAS, D. AND TUBEROSA,
R., 2011, Association mapping in durum wheat grown across a broad range of

water regimes. Journal of Experimental Botany, 62: 409-438.

MAMMADOQV, J.,, AGGARWAL, R., BUYYARAPU, R., AND KUMPATLA, S., 2012,
SNP markers and their impact on plant breeding. International Journal of Plant

Genomics, 1-11.

MANDAL, K. G., THAKUR, A. K. AND AMBAST, S. K., 2019, Current rice farming,

water resources and micro-irrigation. Current science, 116 (4): 568-576.

MANENTI, G., GALVAN, A., PETTINICCHIO, A., TRINCUCCI, G., SPADA, E, ET
AL. 2009, Mouse Genome-Wide Association Mapping Needs Linkage Analysis
to Avoid False-Positive Loci. PLoS Genetics, 5 (1): €1000331.

MARTIN, B. AND NIENHUIS, J., 1989, Restriction fragment length polymorphisms
associated with water use efficiency in tomato. Science, 243: 1725-1728.

MASLE, J., GILMORE, S. R. AND FARQUHAR, G. D., 2005, The ERECTA gene
regulates plant transpiration efficiency in Arabidopsis. Nature, 436: 866-870.

MASON, A, S., 2015, SSR Genotyping in Barley J (ed) Plant Genotyping. Springer, New
York, NY, pp 77-89.

McCOUCH, S. R. AND JUNG, J. K., 2013, Getting to the roots of it: Genetic and

hormonal control of root architecture. Frontiers in Plant Science, 186 (4): 1-32.

McCOUCH, S., TEYTELMAN, L., XU, Y., LOBOS, K. B., CLARE, K., WALTON, M.,
FU, B., MAGHIRANG, R, LI, Z., XING, Y., ZHANG, Q., KONO, I., YANO,
M., FJELLSTROM, R., DECLERCK, G., SCHNEIDER, D., CARINHOUR, S.,
WARE, D. AND STEIN, L., 2002, Development and mapping of 2240 new SSR
markers for rice (Oryza sativa L.). DNA Research, 9: 199-207.

106 Pooja Bharti, Ph.D. 2020


https://pubmed.ncbi.nlm.nih.gov/?term=El-Ahmed+A&cauthor_id=21041372
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia+del+Moral+L&cauthor_id=21041372
https://pubmed.ncbi.nlm.nih.gov/?term=Maalouf+F&cauthor_id=21041372
https://pubmed.ncbi.nlm.nih.gov/?term=Nachit+M&cauthor_id=21041372
https://pubmed.ncbi.nlm.nih.gov/?term=Nserallah+N&cauthor_id=21041372
https://pubmed.ncbi.nlm.nih.gov/?term=Ouabbou+H&cauthor_id=21041372
https://pubmed.ncbi.nlm.nih.gov/?term=Rhouma+S&cauthor_id=21041372
https://pubmed.ncbi.nlm.nih.gov/?term=Royo+C&cauthor_id=21041372
https://pubmed.ncbi.nlm.nih.gov/?term=Villegas+D&cauthor_id=21041372
https://pubmed.ncbi.nlm.nih.gov/?term=Tuberosa+R&cauthor_id=21041372

MEISTER, R., RAJANI, M., RUZICKA, D. AND SCHACHTMAN, D. P., 2014,
Challenges of modifying root traits in crops for agriculture. Trends in Plant
Science, 19: 779-788.

MENG, F., XIANG, D., ZHU, J., LI, Y. AND MAO, C., 2019, Molecular Mechanisms of
Root Development in Rice. Rice, 12 (1): 1-10.

MIAN, M. A. R, BAILEY, M. A, ASHLEY, D. A., WELLS, R., CARTER, T. E,,
PARROTT, W. A,, AND BIERMA, H.R., 1996, Molecular markers associated
with Water Use Efficiency and Leaf ash in soybean. Crop Science, 36 (5): 1252-
1257.

MITTLER, R., 2002, Oxidative stress, antioxidants and stress tolerance. Trends in Plant
Science, 7: 405-410.

MIURA, K., LIN, S. Y., YANO, M. AND NAGAMINE, T., 2002, Mapping quantitative
trait loci controlling seed longevity in rice (Oryza sativa L.). Theoretical Applied
Genetics, 104: 981-986.

MUCHOW, R. C, 1985, Canopy development in grain legumes grown under different
soil water regimes in a semi-arid tropical environment. Field Crop Research. 11:
99 -100.

MOHANKUMAR, M. V., MADHURA, J. N.,, RATHANAKAR, M. S., SIJI, A,
RAJANNA, M. P., MALLIKARJUNA, N. M., RAJU, B. R,
SUMANTHKUMAR, K., SHESHSHAYEE, M. S., PRASAD, T.G. AND
UDAYAKUMAR, M., 2012, Linkage disequilibrium mapping for root traits and
WUE in rice germplasm accessions. Proceedings of the International symposium

on 100 years of rice science and looking beyond, 1: 74.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 107



MOHANKUMAR., 2010, Association Mapping for Drought Tolerance Traits Like Root
Traits and Water Use Efficiency in Rice Germplasm Accessions. Paper presented
at the National symposium on genomics and crop improvement: relevance and
reservations, ANGRU, Hyderabad, India, February 25-27.

MORAN, J. F., BECANA, M., ITURBE-ORMAETXE, |.,, FRECHILLA, S., KLUCAS,
R. V. AND APARICIO-TEJO, P., 1994, Drought induces oxidative stress in pea
plants. Planta, 194: 346-352.

NADARADJAN, S., IMPA, S. M., SHESHSHAYEE, M. S. AND PRASAD, T. G,
2005, Overlapping markers for WUE and Carbon isotope discrimination in
Doubled haploid population of Rice. Journal of Plant Biology, 32 (2): 117-122.

NAGAMURA, Y., ANTONIO, B. A.,, SATO, Y. MIYAO, A., NAMIKI, N,
YONEMARU, J., MINAMI, H., KAMATSUKI, K., SHIMURA, K., SHIMIZU,
Y. AND HIROCHIKA, H., 2011, Rice TOGO Browser: A Platform to Retrieve
Integrated Information on Rice Functional and Applied Genomics. Plant Cell
Physiology, 52 (2): 230-237.

NAGESWARARAO, R. C., TALWAR, H. S. AND WRIGHT, G. C., 2001, Rapid
assessment of specific leaf area and leaf N in peanut (Arachis hypogaea L.) using

chlorophyll meter. Journal of Agronomy and Crop Science, 189: 175-182.

NEWMAN, D., 1939, The distribution of range in sample from a normal population
expressed in terms of an independent estimate of standard deviation. Biometrika,
31: 20-30.

NGUYEN, H. T., BABU, R. C. AND BLUM, A., 1997, Breeding for drought resistance
in rice: physiological and molecular genetics considerations. Crop Science, 37:
1426-1434.

108 Pooja Bharti, Ph.D. 2020



NI, J., PUJAR, A., YOUENS-CLARK, K., YAP, I., JAISWAL, P., TECLE, I., TUNG,
C.,REN, L., SPOONER, W., WEI, X., AVRAHAM, S., WARE, D., STEIN, L.
AND MCCOUCH, S., 2009, Gramene QTL database: development, content and
applications. Database: The Journal of Biological Databases and Curation, 1-13.

NICOU, R., SEGUY, L. AND HADDAD, G., 1970, Comparison of rooting in four
upland rice varieties with and without soil tillage. Agronomy Tropical, 25: 639—
659.

NONAMI, H.,1998, Plant water relations and control of cell elongation at low water
potentials, Journal of Plant Research, 111: 373-382.

NOODEN, L. D. AND LEOPALD, A. C., 1988, Senescence and Aging in Plants,
Academic Press, San Diego, CA, U.S.A., 1-50.

O’LEARY, M. H., 1981, Carbon isotope fractionation in plants. Phytochemistry, 20:
553-567.

ORAGUZIE, N., RIKKERINK, E., GARDINER, S. AND DE SILVA, H., 2007,
Association mapping in plants. Springer, NEW YORK, NY, USA.

O’TOOLE, J. C. AND BLAND, W. L., 1987, Genotypic variation in crop plant root
systems. Advances in Agronomy, 41: 91-145.

PASSIOURA, J. B., 1986, Resistance to drought and salinity: Avenues for improvement.
Australian Journal of Plant Physiology, 13: 191-201.

PASSIOURA, J. AND ANGUS, J. F., 2010, Improving productivity of crops in water
limited environments. Advances in Agronomy, 106: 37—-75.

PASSIOURA, J., 2007, The drought environment: physical, biological and agricultural
perspectives. Journal of Experimental Botany, 58: 113-117.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 109


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

PASSIOURA, J., 2012, Phenotyping for drought tolerance in grain crops: when is it
useful to breeders?. Functional Plant Biology, 39: 851-859.

PATERSON, A. H., 1995, Molecular dissection of quantitative traits: progress and
prospects. Genome Research, 5: 321-333.

PENG, S., LAZA, R. C., KHUSH, G. S., SANICO, A. L., VISPERAS, R. M. AND
GARCIA, F. V., 1998, Transpiration efficiencies of indica and improved tropical
japonica rice grown under irrigated conditions. Euphytica, 103: 103-108.

PEREIRA, G. S., NUNES, E. S., LAPERUTA, L. D. C., BRAGA, M. F., PENHA, H. A,,
DINIZ, A. L., MUNHOZ, C. F., GAZAFFI, R.,, GARCIA, A. A. F. AND
VIEIRA, M. L. C., 2013, Molecular polymorphism and linkage analysis in sweet
passion fruit, an outcrossing species: Molecular map in sweet passion fruit.
Annals of Applied Biology, 162: 347-361.

PRATHIBHA, M. D., 2016, Introgression of root and water use efficiency traits by
Marker Assisted Backcross strategy (MABC) in rice (Oryza sativa L.) And
validation of progeny through characterization. Ph.D. Thesis, University of

Agricultural Sciences, Bengaluru.

PRICE, A. H., STEELE, K. A., MOORE, B. J., JONES, R. G. W., 2002, Upland rice
grown in soil-filled chambers exposed to contrasting water-deficit regimes. II.
Mapping quantitative trait loci for root morphology and distribution. Field Crop
Research, 76: 25-43.

PRICE, A. H., TOMOS, A. D., 1997, Genetic dissection of root growth in rice (Oryza
sativa L.). Il. Mapping quantitative trait loci using molecular markers. Theoretical
Applied Genetics, 95: 143-152.

PRICE, A., AND COURTOIS, B., 1999, Mapping QTLs associated with drought
resistance in rice: progress, problems, and prospects. Plant Growth Regulator,
29: 123-133.

110 Pooja Bharti, Ph.D. 2020



PRIYANKA, A. B., 2015, Relevance of WUE in improving growth rates in rice (Oryza
sativa L.) lines with comparable root and leaf area. M.Sc. thesis, submitted to

Dept. of Crop Physiology, University of Agricultural Sciences, Bangalore-65.

QIAO, W., QI, L., CHENG, Z., SU, L., LI, J.,, SUN, Y., REN, J., ZHENG, X. AND
YANG, Q., 2016, Development and characterization of chromosome segment
substitution lines derived from Oryza rufipogon in the genetic background of O.
sativa spp. indica cultivar 9311. BMC Genomics, 580 (17): 1-12.

QUARRIE, S. A.,, LAURIE, D. A., ZHU, J., LEBRETON, C., SEMIKHODSKII. A.,
STEED, A., WITSENBOER, H. AND CALESTANI, C., 1997, QTL analysis to
study the association between leaf size and abscisic acid accumulation in
droughted rice leaves and comparisons across cereals. Plant Molecular Biology,
35: 155-165.

RAFALSKI, J. A., 2010, Association genetics in crop improvement. Current Opinion in
Plant Biology, 13: 174-180.

RAJU, B. R.,, NARAYANASWAMY, B. R., MOHANKUMAR, M. V., MOHANRAJU,
B., SHESHSHAYEE, M. S., RAJANNA, M. P.,, PRASAD, T. G. AND
UDAYAKUMAR, M., 2012, Better roots and superior cellular level tolerance are
essential to maintain spikelet fertility under water limited. 41 (9): 930-939.

RAJU, B, R, MOHANKUMAR, M.V., SUMANTH, K. K., RAJANNA, M.P,
UDAYAKUMAR, M., PRASAD, T, G. AND SHESHSHAYEE, M.S., 2016,
Discovery of QTLs for water mining and water use efficiency traits in rice under
water-limited condition through association mapping. Molecular Breeding, 36:
35.

RAO, R. C. N. AND WRIGHT, G. C., 1994, Stability of the relationship between
specific leaf area and carbon isotope discrimination across environments in

peanut. Crop Science, 34: 98 -103.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 111



REBETZKE, G. J., CONDON, A. G., RICHARDS, R. A. AND FARQUHAR, G. D.,
2002, Selection for reduced carbon isotope discrimination increases aerial

biomass and grain yield of rainfed bread wheat. Crop Science, 42: 739-745.

REYNOLDS, M. AND TUBEROSA, R., 2008, Translational research impacting on crop
productivity in drought-prone environments. Current Opinion in Plant Biology,
11:171-179.

REYNOLDS, M., MANES, Y., IZANLOO, A. AND LANGRIDGE, P., 2011, Raising
yield potential of wheat. I. Overview of a consortium approach and breeding
strategies. Journal of Experimental Botany, 62: 439-452.

RICHARDS, R. A, RAWSON, H. M. AND JOHNSON, D. A., 1986, Glaucousness in
wheat its development and effect on water-use efficiency, gas exchange and
photosynthetic tissue temperatures. Australian Journal of Plant Physiology, 13:
465-473.

RICHARDS, R. A., REBETZKE, G. J.,, CONDON, A. G. AND VAN HERWAARDEN,
A. F., 2002, Breeding opportunities for increasing the efficiency of water use and

crop yield in temperate cereals. Crop Science, 42: 111-121.

ROBBINS, N. E. AND DINNENY, J. R., 2015, The divining root: Moisture-driven
responses of roots at the micro-and macro-scale. Journal of Experimental Botany,
66 (8): 2145-54.

SAHEBI, M., HANAFI, M. M., RAFII, M. Y., MAHMUD, T.M. M., AZIZI, P,
OSMAN, M., ABIRI, R., TAHERI, S., KALHORI, N., SHABANIMOFRAD, M.,
MIAH, G. AND ATABAKI, N., 2018, Improvement of Drought Tolerance in
Rice (Oryza sativa L.): Genetics, Genomic Tools, and the WRKY Gene Family.
Journal of Biomedicine and Biotechnology, 4: 1-20.

112 Pooja Bharti, Ph.D. 2020


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sahebi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hanafi%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rafii%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahmud%20TMM%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azizi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Osman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Osman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abiri%20R%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taheri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kalhori%20N%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shabanimofrad%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miah%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miah%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30175125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atabaki%20N%5BAuthor%5D&cauthor=true&cauthor_uid=30175125

SAIKIA, P, BHATTACHARYA, S. S. AND BARUAH, K. K., 2015, Organic
substitution in fertilizer schedule: Impacts on soil health, photosynthetic
efficiency, yield and assimilation in wheat grown in alluvial soil. Agriculture
Ecosystems & Environment, 203: 102—-109.

SALEKDEH, G. H., REYNOLDS, M., BENNETT, J. AND BOYER, J., 2009,
Conceptual framework for drought phenotyping during molecular breeding.
Trends in Plant Science, 14: 488—496.

SALINA, E., DOBROVOLSKAYA, 0., EFREMOVA, T., LEONOVA, |I. AND
RODER, M. S., 2003, Microsatellite monitoring of recombination around the
Vrn-B1 locus of wheat during early backcross breeding. Plant Breeding, 122:
116-119.

SANGODELE, E. A., HANCHINAL, R. R., HANAMARATTI, N. G., SHENOY, V.
AND MOHAN KUMAR, V., 2014, Analysis of drought tolerant QTL linked to
physiological and productivity component traits under water-stress and non-stress
in rice (Oryza sativa L.). International journal of current research and academic
review, 2 (5): 108-113.

SERRAJ, R., KRISHNAMURTHY, L., KASHIWAGI, J. W., KUMAR, J., CHANDRA,
S. AND CROUCH, J. H., 2004, Variation in root traits of chickpea (Cicer
arietinum L.) grown under terminal drought. Field Crop Research, 88: 115-127.

SERRAJ, R.,, MCNALLY, K. L., SLAMET-LOEDIN, I., KOHLI, A., HAEFELE, S. M.,
ATLIN, G. AND KUMAR, A., 2009, Drought resistance improvement in rice: an
integrated genetic and resource management strategy. Plant Production Science,
14: 1-14.

SHESHSHAYEE, M. S., BINDUMADHAVA, H., RAO, N. R.,, PRASAD, T. G,,
UDAYAKUMAR, M., WRIGHT, G. C. AND NIGAM, S. N., 2006, Leaf
chlorophyll concentration relates to transpiration efficiency in Peanut. Annals of
Applied Biology, 148: 7-12.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 113



SHESHSHAYEE, M. S., EHAB, A. K., ROHINI, S., NAMITA, S., MOHANRAJU, B,,
NATARAJA, K. N., PRASAD, T. G. AND UDAYAKUMAR, M., 2011a,
Phenotyping for root traits and their improvement through biotechnological
approaches to sustaining crop productivity. In: Vashney RK eds. Root Genomics,
Springer, 205 — 232.

SHESHSHAYEE, M. S., MOHANKUMAR, M. V., RAJU, B. R., PRATIBHA, M. D.,
RAJANNA, M. P, MOHANRAJU, B. AND UDAYAKUMAR, M., 2012,
Enhancing water use efficiency besides effective use of water is a potential
strategy in developing rice cultivars suitable for semi-irrigated aerobic cultivation.
In. Muralidharan K and Siddiq EA, eds. International Dialogue on perception and
Prospects of Designer Rice. Society for Advancement of Rice Research,
Directorate of Rice Research, Hyderabad 500030, India, pp 261-272.

SHESHSHAYEE, M. S., SHASHIDHAR, G. P., MADHURA, J. N., BEENA, R,,
PRASAD, T. G.,, UDAYAKUMAR, M., 2011b, Phenotyping Groundnuts for
Adaptation to Drought. In: Mannevaux, eds. Phenotyping document I1.2
Legumes. CIMMYT, 371-391.

SHESHSHAYEE, M. S., BINDUMADHAVA, H., SHANKAR, A. G., PRASAD, T. G.
AND UDAYAKUMAR, M., 2003, Breeding strategies to exploit water use
efficiency for crop improvement. Journal of Plant Biology, 30 (2): 253-268.

SHESHSHAYEE, M. S., VIJAYARAGHAVAREDDY, P., SREEVATHSA, R,
RAJENDRAREDDY, S., SMITHARANI, J. A., POOJA BHARTI,
DHARMAPPA, P. AND RAJU, S., 2018, Introgression of Physiological Traits
for a Comprehensive Improvement of Drought Adaptation in Crop Plants,

Frontiers in Chemistry, 6: 92.

SINCLAIR, T. R., 2011, Challenges in breeding for yield increase for drought. Trends in
Plant Science, 16: 289-293.

114 Pooja Bharti, Ph.D. 2020



SINCLAIR, T. R., MESSINA, C. D., BEATTY, A. AND SAMPLES, M., 2010,
Assessment across the united states of the benefits of altered soybean drought
traits. Agronomy Journal, 102: 475-482.

SMIT, A. L., BENGOUGH, A. G., ENGELS, C., VAN NOORDWUJK, M., PELLERIN,
S. AND VAN DE GEIN, S. C., 2000, Root Methods: A Handbook. Springer-
Verlag, Berlin.

SMITHARANI, J. A, 2019, Validation of markers associated with drought adaptive traits
— an approach using trait specific mapping populations in rice (Oryza sativa). Ph.
D. thesis, University of Agricultural Sciences, Bengaluru.

SONGSRI, P., JOGLOY, S., HOLBROOK, C. C., KESMALA, T., VORASOOT, N.,
AKKASAENG, C. AND PATANOTHAI, A., 2008, Association of root, specific
leaf area and SPAD chlorophyll meter reading to water use efficiency of peanut
under different available soil water. Agriculture and Water Management. 96: 790
—798.

SORKHEH, K., MALYSHEVA-OTTO, L.V., WIRTHENSOHN, M.G., TARKESH-
ESFAHANI, S. AND MARTINEZ-GOMEZ, P., 2008, Linkage disequilibrium,
genetic association mapping and gene localization in crop plants. Genetics and
Molecular Biology, 31: 805-814.

SOUZA, L. M., GAZAFFI, R., MANTELLDO, C. C,, SILVA, C. C., GARCIA, D,, LE
GUEN, V., CARDOSO, S. E. A, GARCIA, A. A. F. AND SOUZA, A. P., 2013,
QTL Mapping of growth-related traits in a full-sib family of rubber tree (Hevea

brasiliensis) evaluated in a sub-tropical climate. PLoS One, 8: €61238.

STILLER, W. N., READ, J. J.,, CONSTABLE, G. A. AND REID, P. E., 2005, Selection
for water use efficiency traits in a cotton breeding program: cultivar differences.
Crop Science, 45: 1107-1113.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 115



TAIZ, L. AND ZEIGER, E., 2006, Plant Physiology, 4 Ed., Sinauer Associates Inc.

Publishers, Massachusetts.

TAKAI, T., OHSUMI, A., SAN-OH, Y., LAZA, M.R.C., KONDO, M., YAMAMOTO,
T. AND YANO, M., 2009, Detection of a quantitative trait locus controlling
carbon isotope discrimination and its contribution to stomatal conductance in

japonica rice. Theoretical and Applied Genetics, 118: 1401-1410.

TAMBUSSI, E. A., BORT, J. AND ARAUS, J. L., 2007, Water use efficiency in C3
cereals under Mediterranean conditions: a review of physiological aspects. Annals
of Applied Biology, 150: 307-321.

TANKSLEY, S. D., 1993, Mapping polygenes. Annual Review in Genetics, 27: 205-233.

TARDIEU, F., 2011, Any trait related allele can confer drought tolerance: just design the
right drought scenario. Journal of Experimental Botany, doi:10.1093/jxb/err269.

TEMNYKH, S., DECLERCK, G., LUKASHOVA, A., LIPOVICH, L., CARTINHOUR,
S., AND MCCOUCH, S., 2001, Computational and experimental analysis of
microsatellites in rice (Oryza sativa L.): frequency, length variation, transposon

associations, and genetic marker potential. Genome Research, 11: 1441-1452.

THIS, D., COMSTOCK, J., COURTOIS, B., XU, Y., AHMADI, N., VONHOF, W.M.,
FLEET, C., SETTER, T. AND MCCOUCH, S., 2010, Genetic analysis of water

use efficiency in rice (Oryza sativa L.) at the leaf level. Rice, 3: 72-86.

THONGJUEA, S., RUANJAICHON, V., BRUSKIEWICH, R. AND VANAVICHIT, A,
2009, RiceGeneThresher: a web-based application for mining genes underlying
QTL in rice genome. Nucleic Acids Research, 37: 1996-1999.

TRIPATHY, J. N., ZHANG, J. X., ROBIN, S., NGUYEN, T. T. AND NGUYEN, H. T,
2000, Mapping quantitative trait loci for cell membrane stability in rice.
Theoretical and Applied Genetics, 100: 1197-1202.

116 Pooja Bharti, Ph.D. 2020



TUBEROSA, R., 2012, Phenotyping for drought tolerance of crops in the genomics era.
Frontiers in physiology, 3: 1-26.

TUBEROSA, R., GIULIANI, S., PARRY, M.A.J. AND ARAUS, J.L., 2007, Improving
water use efficiency in Mediterranean agriculture: what limits the adoption of new
technologies?. Annals of Applied Biology, 150: 157-162.

TURNER, N. C., WRIGHT, G. C. AND SIDDIQUE, K. H. M., 2001, Adaptation of
grain legumes (pulses) to water limited environments. Advances in Agronomy, 71:
193 -123.

TURNER, N. C,, PALTA, J. A, SHRESTHA, R., LUDWIG, C., SIDDIQUE, K. H. M.
AND TURNER, D.W., 2007, Carbon isotope discrimination is not correlated with
transpiration efficiency in three cool-season grain legumes (Pulses). Journal of
Integrative Plant Biology, 49: 1478— 1483.

UDAYAKUMAR, M. AND PRASAD, T. G., 1994, 13C isotope discrimination in plants-
A potential technique to determine WUE. In: selection for WUE in grain legumes
(Rao, RCN and Wright, GC. Eds), a report of workshop held at ICRISAT centre.
Andhra Pradesh, India. Pp 42-45.

UDAYAKUMAR, M., SHESHSHAYEE, M. S., NATARAJ, K. N,
BINDUMADHAVA, H., DEVENDRA, R., AFTAB HUSSAIN, I. S. AND
PRASAD, T. G., 1998, Why breeding for water use efficiency has not been
successful. An analysis and alternate approach to exploit this trait for crop
improvement. Current Science, 74: 994-1000.

UDAYAKUMAR, M., RAO, R. C. N., WRIGHT, G. C., RAMASWAMY, G. C,
ASHOK, ROY STEPHAN, GANGADHAR, G. C. AND AFTAB HUSSAIN, I.
S., 1998, Measurement of transpiration efficiency in field condition. Journal of
Plant Physiology and Biochemistry, 1: 69-75.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 117



UGA, Y., EBANA, K., ABE, J., MORITA, S., OKUNO, K. AND YANO, M., 2009,
Variation in root morphology and anatomy among accessions of cultivated rice
(Oryza sativa L.) with different genetic backgrounds. Breeding Science, 59: 87—
93.

UGA, Y., OKUNO, K. AND YANO, M., 2011, Drol, a major QTL involved in deep
rooting of rice under upland field conditions. Journal of Experimental Botany, 62
(8): 2485-2494.

UGA, Y., SUGIMOTO, K. OGAWA, S., RANE, J. AND ISHITANI, M., 2013,
Control of root system architecture by DEEPER ROOTING 1 increases rice yield
under drought conditions. Nature Genetics, 45: 1097-102.

VENUPRASAD, R., ZENNA, N., CHOI, R. I., AMANTE, M., VIRK, P. S., KUMAR,
K. AND ATLIN, G.N., 2007, Identification of marker loci associated with tungro
tolerance and drought tolerance in near-isogenic rice lines derived from
IR64/Aday Sel. International Rice Research Notes, 31: 27-29.

VENUPRASAD, R., LAFITTE, H. R. AND ATLIN, G. N., 2007, Response to direct

selection for grain yield under drought stress in rice. Crop Science, 47: 285-293.

WADE, L. J.,, FUKAI, S.,, SAMSON, B. K., ALI, A. AND MAZID, M. A., 2000,
Rainfed lowland rice: physical environment and cultivar requirements. Field Crop
Research, 64: 3-12.

WANG, H., INUKAI, Y. AND YAMAUCHI, A., 2009, Root development and nutrient
uptake. Critical Review in Plant Science, 25: 279-301.

WASAYA, A., ZHANG, X., FANG, Q. AND YAN, Z., 2018, Root Phenotyping for
Drought Tolerance: A Review. Agronomy, 8: 241.

WIDAWSKY, G.C., AND O’TOOLE, 1990, Peanut Water Relations. In: Smartt, J. (Ed.),
The rice Crop, Chapman & Hall, London, pp. 281-325

118 Pooja Bharti, Ph.D. 2020



XU, Y., 2003, Theoretical Basis of the Beavis Effect. Genetics, 165: 2259-2268.

XU, Y., THIS, D., PAUSCH, R. C., VONHOF, W. M., COBURN, J. R., COMSTOCK,
J. P. AND MCCOUCH, S. R., 2009, Leaf-level water use efficiency determined
by carbon isotope discrimination in rice seedlings: genetic variation associated
with population structure and QTL mapping. Theoretical and Applied Genetics,
118: 1065-1081.

YADAYV, R., COURTOIS, B., HUANG, N. AND MCLAREN, G., 1997, Mapping genes
controlling root morphology and root distribution in a double-haploid population
of rice. Theoretical and Applied Genetics, 94: 619-632.

YAN, C. J., LIANG, G. H.,, CHEN, F., LI. X,, TANG, S. Z,, YI, C. D., TIAN, S., LU, J.
F. AND GU, M. H., 2003, "Mapping quantitative trait loci associated with rice
grain shape based on an indica/japonica backcross population”, Acta genetica
Sinica, 30: 711-716.

YAN, J. Q., ZHU, J., HE, C. X., BENMOUSA, M. AND WU, P., 1998a, Quantitative
trait loci analysis for developmental behavior of tiller number in rice (Oryza
sativa L.). Theoretical and Applied Genetics, 97: 267-274.

YAN, J. Q., ZHU, J., HE, C. X., BENMOUSA, M. AND WU, P., 1998b, Molecular
marker assisted dissection of developmental behavior of plant height in rice
(Oryza sativa L.). Genetics, 150: 1257-1265.

YANG, X., WANG, B., CHEN, L., LI, P. AND CAO, C., 2019, The different influences
of drought stress at the flowering stage on rice physiological traits, grain yield,
and Quality. Scientific Reports, 3742 (9): 1-12.

YE, G., LIANG, S. AND WAN, J., 2010, QTL mapping of protein content in rice using
single chromosome segment substitution lines. Theoretical and Applied Genetics,
121: 741-750.

Analysis of Interaction Among Traits in QTL-NIL .... Progenies of Rice (Oryza sativa L.) 119



YONEMARU, J. I., YAMAMOTO, T., FUKUOKA, S., UGA, Y., HORI, K. AND
YANO, M., 2010, Q-TARO: QTL annotation rice online database. Rice, 3: 194—
203.

YOSHIDA, S. AND HASEGAWA, S., 1982, The rice root system: its development and
function. In: Drought Resistance in Crops, with Emphasis on Rice. International
Rice Research Institute, Manila, Philippines, pp 36.

YOUNG, N., 1996, QTL mapping and quantitative disease resistance in plants. Annual
Review in Phytopathology, 34: 479-501.

YU, J. AND BUCKLER, E., 2006, Genetic association mapping and genome

organization of maize. Current Opinion in Biotechnology, 17: 155-160.

YU, L. X., RAY, J. D, O'TOOLE, J. C. AND NGUYEN, H. T., 1995, Use of wax-

petrolatum layers for screening rice root penetration. Crop Science, 35: 684-687.

YU, S. B.,, XU, W. J,, VIJAYAKUMAR, C. H. M., ALI, J. AND FU, B.Y., 2003,
Molecular diversity and multilocus organization of the parental lines used in the
International Rice Molecular Breeding Program. Theoretical Applied Genetics,
108: 131-40.

YUE, B., XUE, W. Y., LUO, L. J. AND XING, Y. Z., 2006, QTL analysis for flag leaf
characteristics and their relationships with yield and yield traits in rice. Acta
genetica Sinica, 33: 824-832.

ZHU, Y. J, HUANG, D., FAN, Y., ZHANG, Z., YING, J. AND ZHUANG, J., 2016,
Detection of QTLs for Yield Heterosis in Rice Using a RIL Population and Its
Testcross Population. International Journal of Genomics, 2016: 1-9.

ZHU, X., GONG, H., CHEN, G., WANG, S. AND ZHANG, C., 2005, Different solute
levels in two spring wheat cultivars induced by progressive field water stress at

different developmental stages. Journal of Arid Environment, 62: 1-14.

120 Pooja Bharti, Ph.D. 2020



APPENDIX-I: Morpho-physiological parameters recorded among trait
introgressed lines in semi-irrigated aerobic condition

TIL | PH DFF | SPAD TLA TLWT | YIELD | SWT | TDM | LT
1 | 78.83 | 81.00 | 34.83 | 1532.07 8.66 2353 | 32.14 | 64.34 | 30.9
2 | 79.67 | 83.00 | 37.57 | 1908.90 | 12.36 17.93 | 29.47 | 59.77 | 33.0
3 | 82.67 | 82.00 | 4457 | 2720.85 | 10.01 33.32 | 30.50 | 73.83 | 27.7
4 | 82.07 | 85.00 | 39.13 | 2827.20 | 14.00 28.65 | 32.61 | 75.26 | 34.1
5 |8140 | 81.00 | 36.83 | 2068.94 | 11.26 26.61 | 31.77 | 69.65 | 32.7
6 | 80.17 | 85.00 | 44.30 | 1952.07 9.82 38.17 | 32.79 | 80.78 | 28.9
7 | 80.03 | 85.00 | 38.33 | 2478.71 | 12.42 14.41 | 32.62 | 59.45 | 33.6
8 | 79.50 | 82.00 | 40.13 | 1651.60 9.21 18.81 | 24.95 | 52.97 | 34.8
9 | 79.60 | 83.00 | 36.70 | 1447.62 7.87 16.90 | 27.22 | 51.99 | 31.0
10 | 81.30 | 81.00 | 37.63 | 2069.94 | 11.42 22.65 | 31.79 | 65.86 | 30.6
11 | 79.97 | 85.00 | 36.87 | 2050.64 | 10.85 2254 | 29.44 | 62.83 | 33.9
12 | 77.87 | 79.00 | 4450 | 2542.44 | 12.68 34.73 | 33.54 | 80.95 | 29.8
13 | 80.23 | 82.00 | 38.03 | 1779.72 7.10 14.46 | 25.69 | 47.25 | 34.0
14 | 80.97 | 82.00 | 39.90 | 1783.14 | 10.28 20.38 | 24.48 | 55.14 | 33.0
15 | 80.77 | 83.00 | 43.70 | 2167.31 | 11.58 36.82 | 25.56 | 73.96 | 29.4
16 | 79.27 | 80.00 | 38.63 | 1398.57 8.75 2242 | 2355 | 54.72 | 34.2
17 | 82.03 | 83.00 | 36.60 | 1790.77 7.77 1755 | 29.19 | 5451 | 34.1
18 | 82,50 | 79.00 | 45.83 | 2745.66 | 14.44 30.21 | 30.66 | 75.31 | 27.7
19 | 78.40 | 82.00 | 36.30 | 1595.34 8.94 24.67 | 31.35 | 64.95 | 32.6
20 | 80.80 | 80.00 | 34.23 | 1389.64 7.34 20.00 | 26.60 | 53.94 | 31.2
21 | 80.37 | 79.00 | 42.30 | 2593.28 | 12.87 30.09 | 28.28 | 71.24 | 28.7
22 | 80.20 | 80.00 | 39.90 | 1506.40 7.74 25.92 | 31.33 | 64.99 | 344
23 | 80.03 | 79.00 | 38.07 | 1843.35 | 10.58 2091 | 27.21 | 58.70 | 335
24 | 82.73 | 85.00 | 36.57 | 1442.11 7.69 17.01 | 32.94 | 57.64 | 33.7
25 | 79.10 | 82.00 | 36.60 | 2561.94 | 11.77 21.37 | 28.16 | 61.30 | 32.7
26 | 82.97 | 85.00 | 33.30 | 1054.07 7.47 21.12 | 26.05 | 54.64 | 33.4
27 | 77.57 | 82.00 | 35.27 | 1527.45 6.99 21.67 | 23.56 | 52.22 | 33.4
28 | 79.97 | 80.00 | 35.33 | 1699.36 7.64 1191 | 26.13 | 45.68 | 34.2
29 | 7853 | 84.00 | 36.53 | 1619.39 7.70 14.15 | 26.77 | 48.62 | 33.7
30 | 77.47 | 85.00 | 35.70 | 1763.04 9.42 21.74 | 22.78 | 53.94 | 32.0
31 | 80.77 | 81.00 | 39.40 | 2201.31 9.88 21.27 | 32.88 | 64.02 | 315
32 | 77.63 | 83.00 | 36.23 | 1835.19 8.83 18.47 | 26.50 | 53.80 | 34.4
33 | 80.57 | 82.00 | 38.87 | 1673.03 9.87 2347 | 30.44 | 63.78 | 32.8
34 | 78.60 | 85.00 | 35.33 | 1649.33 9.08 19.13 | 29.60 | 57.82 | 34.3
35 | 79.33 | 83.00 | 44.97 | 2404.22 | 13.15 34.30 | 35.05 | 82.50 | 25.0
36 | 79.30 | 81.00 | 37.40 | 1719.43 | 10.21 37.29 | 33.68 | 81.17 | 33.7
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TIL | PH DFF | SPAD TLA TLWT | YIELD | SWT | TDM | LT
37 | 79.47 | 81.00 | 37.53 | 1476.27 8.22 34.10 | 31.60 | 73.92 | 33.3
38 | 82.60 | 79.00 | 35.50 | 1573.61 8.72 18.13 | 26.92 | 53.77 | 34.3
39 | 80.07 | 84.00 | 35.53 | 1578.98 9.79 13.03 | 33.30 | 56.13 | 31.6
40 | 79.07 | 84.00 | 36.07 | 1282.63 8.47 22.54 | 28.04 | 59.05 | 335
41 | 78.00 | 84.00 | 37.77 | 1569.22 7.77 20.79 | 28.50 | 57.06 | 30.7
42 | 78.80 | 82.00 | 36.90 | 1691.03 7.54 14,10 | 30.22 | 51.87 | 33.9
43 | 78.67 | 85.00 | 44.33 | 2965.06 | 13.21 32.22 | 33.66 | 79.09 | 28.8
44 | 80.43 | 81.00 | 36.40 | 1492.01 7.20 20.79 | 26.19 | 54.19 | 32.9
45 | 78.90 | 85.00 | 38.43 | 1399.52 8.35 21.15 | 26.71 | 56.21 | 33.1
46 | 78.73 | 83.00 | 36.20 | 1646.62 8.17 13.57 | 26.87 | 48.60 | 32.9
A7 | 77.77 | 83.00 | 37.97 | 2675.34 | 13.84 17.96 | 26.28 | 58.08 | 30.9
48 | 80.90 | 83.00 | 35.57 | 1698.00 9.06 27.29 | 30.41 | 66.77 | 31.3
49 | 79.80 | 84.00 | 37.03 | 1512.44 | 10.13 21.52 | 30.84 | 62.50 | 32.4
50 | 78.33 | 79.00 | 46.53 | 2381.47 | 14.06 38.95 | 34.90 | 87.90 | 26.1
51 | 80.60 | 83.00 | 35.67 | 1909.87 8.18 16.98 | 27.88 | 53.04 | 32.0
52 | 80.07 | 81.00 | 37.93 | 1762.02 | 11.84 24.16 | 29.23 | 65.23 | 32.6
53 | 79.70 | 80.00 | 39.00 | 2263.94 | 10.23 23.58 | 23.88 | 57.69 | 32.9
54 | 80.47 | 80.00 | 45.87 | 2378.40 | 12.79 35.46 | 32.38 | 80.64 | 28.5
55 | 80.27 | 80.00 | 44.73 | 1733.82 | 10.67 34.87 | 3257 | 78.11 | 295
56 | 79.73 | 83.00 | 35.30 | 2030.80 8.43 15.85 | 25.11 | 49.39 | 33.3
57 | 77.90 | 81.00 | 41.43 | 2161.39 | 11.24 31.67 | 3259 | 75.49 | 28.4
58 | 80.40 | 85.00 | 34.97 | 2152.61 | 11.64 2458 | 30.02 | 66.24 | 32.0
59 | 81.33 | 82.00 | 36.13 | 2419.58 | 13.78 32.87 | 23.95 | 70.60 | 34.0
60 | 81.17 | 79.00 | 38.23 | 2435.78 7.72 2399 | 24.16 | 55.87 | 33.1
61 | 80.47 | 83.00 | 35.40 | 1450.49 7.27 20.37 | 23.52 | 51.16 | 31.7
62 | 79.70 | 85.00 | 38.73 | 1493.61 7.27 23.83 | 27.43 | 58.53 | 33.0
63 | 80.10 | 83.00 | 37.40 | 1734.83 9.18 22.19 | 24.95 | 56.32 | 32.7
64 | 81.63 | 85.00 | 36.40 | 1885.87 | 10.44 19.11 | 2459 | 54.14 | 32.7
65 | 78.23 | 84.00 | 36.73 | 1722.06 8.56 20.42 | 24.26 | 53.24 | 32.2
66 | 77.67 | 82.00 | 38.57 | 1821.84 9.49 18.43 | 26.16 | 54.09 | 34.4
67 | 81.77 | 80.00 | 37.63 | 1418.79 7.92 23.27 | 28.02 | 59.22 | 33.0
68 | 80.80 | 83.00 | 36.53 | 1295.86 8.90 1443 | 27.72 | 51.04 | 33.3
69 | 79.07 | 83.00 | 37.83 | 1975.15 | 1231 28.92 | 27.37 | 68.60 | 34.3
70 | 78.10 | 81.00 | 36.80 | 1532.81 7.05 16.92 | 22.27 | 46.24 | 33.2
71 | 79.20 | 83.00 | 35.00 | 1771.91 9.34 24.01 | 24.05 | 57.40 | 33.6
72 | 78.63 | 85.00 | 37.80 | 1741.31 8.51 19.72 | 24.48 | 52.70 | 32.0
73 | 78.90 | 81.00 | 35.03 | 2126.90 | 12.00 30.47 | 26.65 | 69.12 | 33.0
74 | 80.93 | 79.00 | 37.93 | 1843.23 | 12.65 35.94 | 30.73 | 79.32 | 31.2
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TIL PH DFF | SPAD TLA TLWT | YIELD | SWT | TDM | LT
75 | 79.37 | 79.00 | 36.20 | 1807.92 7.58 33.83 | 27.80 | 69.21 | 32,5
76 | 77.70 | 81.00 | 37.97 | 1819.41 8.73 25.39 27.71 | 61.83 | 32.2
77 | 81.30 | 79.00 | 44.57 | 2497.40 12.82 40.46 | 36.67 | 89.95 | 26.0
78 | 78.33 | 82.00 | 42.10 | 2353.08 14.47 3432 | 37.40 | 86.19 | 25.5
79 | 80.07 | 83.00 | 35.80 | 1787.14 9.22 12.08 25.35 | 46.65 | 33.0
80 | 78.03 | 84.00 | 39.87 | 1899.32 9.28 19.09 28.04 | 56.41 | 31.5
81 | 79.23 | 80.00 | 37.73 | 1602.43 9.15 27.73 24.48 | 61.36 | 31.2
82 | 80.20 | 81.00 | 38.53 | 1698.75 8.62 20.61 29.63 | 58.86 | 32.9
83 | 80.13 | 82.00 | 36.57 | 1854.95 10.00 34.03 22.65 | 66.68 | 32.2
84 | 80.37 | 83.00 | 44.90 | 2363.06 | 12.03 39.27 | 36.69 | 87.98 | 294
85 | 79.87 | 80.00 | 35.00 | 1716.36 9.67 24.29 | 30.30 | 64.26 | 31.3
86 | 81.63 | 84.00 | 45.83 | 2428.75 13.76 37.74 | 29.01 | 80.51 | 28.6
87 | 80.77 | 80.00 | 43.77 | 2007.36 12.83 34.02 | 30.01 | 76.86 | 27.2
88 | 81.63 | 84.00 | 37.03 | 2357.66 | 12.94 15.49 | 23.83 | 52.26 | 31.9
89 | 79.53 | 83.00 | 36.07 | 2329.79 | 12.97 15.61 | 28.17 | 56.75 | 33.9
90 | 79.27 | 79.00 | 37.03 | 1831.57 9.65 16.83 26.47 | 52.95 | 34.3
91 | 78.47 | 81.00 | 34.70 | 1218.88 7.60 20.80 | 30.04 | 58.44 | 354
92 | 79.40 | 81.00 | 37.50 | 1729.15 7.64 19.92 23.36 | 50.92 | 32.5
93 | 77.93 | 79.00 | 43.57 | 1963.40 10.74 31.86 | 30.36 | 72.95 | 28.3
94 | 81.97 | 83.00 | 37.50 | 1738.04 9.64 20.88 22.92 | 53.44 | 35.6
95 | 81.97 | 84.00 | 37.07 | 1948.19 9.91 19.82 27.78 | 57.51 | 33.9
96 | 80.70 | 81.00 | 38.07 | 1150.51 7.06 25.64 | 30.78 | 63.48 | 34.2
97 | 80.83 | 83.00 | 42.33 | 1812.92 941 3289 | 30.84 | 73.14 | 27.5
98 | 82.10 | 81.00 | 37.93 | 2668.55 | 14.05 13.87 | 31.64 | 59.56 | 31.1
99 | 81.20 | 83.00 | 36.73 | 1901.36 8.34 1550 | 25.41 | 49.25 | 32.9
100 | 78.60 | 79.00 | 38.57 | 1441.04 7.29 11.77 23.22 | 42.28 | 32.4
101 | 83.27 | 83.00 | 38.13 | 2285.67 12.77 26.63 27.36 | 66.77 | 32.3
102 | 79.67 | 82.00 | 36.17 | 1160.01 6.79 8.51 28.57 | 43.87 | 33.1
103 | 78.23 | 85.00 | 36.63 | 1720.33 8.38 21.72 | 30.45 | 60.55 | 32.9
104 | 81.17 | 81.00 | 39.57 | 2252.39 13.83 18.13 23.37 | 55.33 | 334
105 | 80.47 | 79.00 | 34.73 | 1912.24 9.04 20.88 21.62 | 51.54 | 30.7
106 | 79.03 | 80.00 | 38.23 | 1939.78 9.86 17.77 25.68 | 53.31 | 32.0
107 | 76.70 | 81.00 | 36.67 | 1857.94 9.64 18.99 23.39 | 52.03 | 32.7
108 | 77.53 | 82.00 | 37.00 | 2137.05 11.37 15.39 27.73 | 5450 | 32.1
109 | 81.40 | 79.00 | 38.30 | 1625.00 9.34 11.96 23.07 | 44.37 | 34.2
110 | 77.83 | 84.00 | 36.00 | 2226.89 9.08 16.39 | 23.52 | 48.99 | 31.9
111 | 79.37 | 80.00 | 34.57 | 1365.85 7.86 11.52 25.80 | 45.18 | 33.0

TIL | PH DFF | SPAD TLA TLWT | YIELD | SWT | TDM | LT
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TIL | PH DFF | SPAD TLA TLWT | YIELD | SWT | TDM | LT
112 | 79.10 | 83.00 | 37.77 | 1595.20 8.52 16.51 | 27.89 | 52.92 | 32.0
113 | 78.40 | 84.00 | 34.63 | 1640.99 9.08 19.65 | 22.70 | 51.44 | 325
114 | 81.10 | 82.00 | 36.57 | 207254 | 12.11 28.34 | 23.60 | 64.06 | 33.5
115 | 80.50 | 83.00 | 38.70 | 2040.90 9.60 2496 | 25.55 | 60.12 | 31.3
116 | 79.20 | 84.00 | 37.57 | 2108.29 | 12.89 1556 | 24.30 | 52.75 | 35.2
117 | 79.13 | 79.00 | 38.83 | 1856.99 7.98 1432 | 29.81 | 52.12 | 31.0
118 | 82.07 | 82.00 | 38.57 | 1558.32 9.17 12,28 | 32.05 | 53.50 | 31.8
119 | 80.90 | 83.00 | 36.33 | 1653.47 8.17 12.90 | 24.70 | 45.77 | 32.5
120 | 80.57 | 83.00 | 38.77 | 2457.31 | 10.21 12.12 | 30.35 | 52.68 | 34.3
121 | 80.10 | 79.00 | 37.83 | 2100.69 9.81 17.53 | 33.47 | 60.80 | 31.8
122 | 80.37 | 81.00 | 36.90 | 1449.20 7.87 13.20 | 25.54 | 46.61 | 33.7
123 | 80.77 | 85.00 | 37.70 | 2798.88 | 12.13 20.00 | 25.30 | 57.43 | 325
124 | 81.33 | 79.00 | 42.10 | 2574.29 | 13.78 36.68 | 33.12 | 83.58 | 27.5
125 | 79.83 | 82.00 | 36.60 | 2629.51 | 13.23 13.67 | 26.73 | 53.63 | 33.1
126 | 78.83 | 80.00 | 36.57 | 2155.72 | 12.05 23.02 | 26.32 | 61.40 | 33.1
127 | 79.53 | 84.00 | 38.67 | 1776.36 | 12.10 23.12 | 27.98 | 63.20 | 32.0
128 | 81.20 | 82.00 | 37.97 | 1483.22 8.18 14.81 | 24.29 | 47.28 | 33.0
129 | 79.47 | 82.00 | 38.20 | 1311.08 7.63 12.30 | 25.20 | 45.13 | 31.3
130 | 78.90 | 85.00 | 38.17 | 1431.99 8.59 21.67 | 24.35 | 54.62 | 33.2
131 | 77.67 | 81.00 | 39.40 | 260243 | 11.14 26.81 | 22.96 | 60.90 | 34.8
132 | 79.03 | 80.00 | 39.27 | 1924.32 | 11.01 25.79 | 26.07 | 62.87 | 31.9
133 | 78.37 | 81.00 | 39.07 | 1717.99 7.65 11.80 | 25.64 | 45.09 | 32.2
134 | 78.33 | 79.00 | 37.10 | 2058.44 | 12.92 10.88 | 25.93 | 49.73 | 314
135 | 78.83 | 80.00 | 38.17 | 2461.81 | 11.73 1454 | 24.29 | 50.56 | 33.3
136 | 80.20 | 85.00 | 39.80 | 1468.86 7.60 17.18 | 23.94 | 48.72 | 33.2
137 | 79.30 | 80.00 | 39.47 | 1516.52 7.41 17.02 | 27.08 | 51.51 | 32.9
138 | 79.67 | 82.00 | 37.07 | 1901.25 | 10.13 20.65 | 25.07 | 55.86 | 33.6
139 | 79.77 | 83.00 | 43.73 | 2546.16 | 12.62 32.70 | 32.78 | 78.09 | 29.2
140 | 80.27 | 82.00 | 36.70 | 1912.36 | 11.91 24.88 | 26.73 | 63.53 | 30.2
141 | 78.90 | 79.00 | 38.37 | 1097.50 7.61 15.39 | 21.31 | 4431 | 346
142 | 78.67 | 81.00 | 41.47 | 1981.22 | 12.33 30.50 | 30.16 | 72.99 | 27.7
143 | 78.67 | 80.00 | 36.67 | 1434.08 7.20 16.18 | 23.62 | 47.00 | 32.8
144 | 77.47 | 84.00 | 38.03 | 1222.07 7.58 20.64 | 22.29 | 50.50 | 31.2
145 | 80.77 | 80.00 | 44.93 | 2964.57 | 12.01 36.17 | 28.48 | 76.66 | 27.8
146 | 77.97 | 83.00 | 37.87 | 1641.00 9.30 15.22 | 2259 | 47.10 | 34.7
147 | 79.23 | 83.00 | 36.53 | 1408.07 8.27 19.91 | 23.24 | 5142 | 32.3
148 | 80.07 | 80.00 | 39.33 | 1584.43 9.10 19.69 | 24.13 | 52.92 | 31.9
149 | 81.23 | 83.00 | 36.80 | 1992.37 | 10.96 20.31 | 22.82 | 54.09 | 31.7
124 Pooja Bharti, Ph.D. 2020




TIL PH DFF | SPAD TLA TLWT | YIELD | SWT | TDM | LT

150 | 80.17 | 81.00 | 39.63 | 1881.87 9.60 1359 | 21.73 | 44.93 | 30.8
151 | 78.43 | 80.00 | 37.90 | 3054.73 | 13.40 29.35 | 30.49 | 73.24 | 33.0
152 | 78.83 | 83.00 | 39.03 | 2520.63 | 12.60 25.29 | 26.90 | 64.79 | 335
153 | 81.77 | 83.00 | 33.53 | 1338.16 8.76 12.66 18.95 | 40.37 | 34.3
154 | 78.53 | 83.00 | 37.77 | 1776.56 8.91 13.61 18.97 | 41.49 | 30.9
155 | 79.40 | 82.00 | 37.43 | 1591.95 10.51 14.09 22.40 | 46.99 | 34.3
156 | 80.17 | 83.00 | 34.73 | 1403.92 7.82 14.61 19.78 | 42.20 | 34.1
157 | 77.60 | 79.00 | 38.73 | 1920.64 | 11.57 29.78 25.17 | 66.52 | 32.7
158 | 78.17 | 85.00 | 38.03 | 2113.70 10.28 17.38 | 31.16 | 58.82 | 34.2
159 | 80.27 | 82.00 | 45.63 | 2585.70 13.02 43.01 | 3252 | 88.54 | 26.9
160 | 81.27 | 85.00 | 37.23 | 2646.63 12.59 37.07 29.48 | 79.14 | 32.6
161 | 79.83 | 83.00 | 40.27 | 1452.36 8.82 20.17 26.65 | 55.64 | 33.3
162 | 77.60 | 82.00 | 37.77 | 1482.60 7.71 13.13 2297 | 43.81 | 32.5
163 | 81.07 | 80.00 | 39.67 | 2003.28 9.72 18.86 | 27.04 | 55.62 | 33.6
164 | 79.37 | 81.00 | 39.03 | 1317.89 8.30 20.65 | 26.78 | 55.74 | 34.0
165 | 77.73 | 85.00 | 37.17 | 1778.77 10.15 23.85 24.10 | 58.10 | 34.0
166 | 78.80 | 84.00 | 38.20 | 1745.37 10.13 18.84 | 27.02 | 56.00 | 33.0
167 | 79.77 | 80.00 | 40.93 | 2605.13 12.27 41.69 | 33.53 | 87.50 | 27.3
168 | 81.63 | 85.00 | 37.40 | 1928.75 10.09 13.39 29.88 | 53.35 | 30.6
169 | 81.37 | 80.00 | 37.47 | 1970.15 8.39 14.15 20.84 | 43.38 | 33.9
170 | 80.63 | 79.00 | 36.07 | 1314.40 8.52 14.75 21.12 | 44.40 | 30.6
171 | 81.83 | 79.00 | 39.20 | 2809.05 14.63 33.69 25.70 | 74.02 | 31.7
172 | 81.63 | 84.00 | 39.27 | 2169.65 9.55 14.32 20.83 | 44.70 | 31.7
173 | 80.27 | 83.00 | 38.80 | 1544.84 8.60 15.90 21.42 | 45.92 | 314
174 | 81.73 | 80.00 | 37.63 | 1863.46 9.40 18.51 21.39 | 49.30 | 30.5
175 | 78.17 | 82.00 | 38.03 | 1990.13 9.48 21.97 22.46 | 53.90 | 31.2
176 | 79.83 | 84.00 | 38.20 | 2248.91 10.35 25.73 28.42 | 6451 | 32.3
177 | 80.23 | 85.00 | 38.23 | 2066.26 10.70 21.53 28.02 | 60.25 | 32.3
178 | 81.03 | 79.00 | 39.60 | 2442.17 12.35 33.60 29.53 | 75.48 | 33.8
179 | 81.03 | 83.00 | 36.10 | 2152.03 12.80 38.60 28.50 | 79.90 | 324
180 | 81.40 | 81.00 | 37.10 | 1629.84 9.60 22.79 23.00 | 55.39 | 33.9
181 | 79.00 | 85.00 | 38.77 | 2446.43 12.43 3407 | 31.81 | 78.32 | 31.6
182 | 80.90 | 83.00 | 38.57 | 2234.91 12.81 26.34 | 28.57 | 67.73 | 33.9
183 | 80.20 | 85.00 | 40.37 | 1595.39 9.74 13.22 26.21 | 49.18 | 32.0
184 | 81.40 | 84.00 | 39.07 | 1861.55 10.34 11.86 27.85 | 50.05 | 32.6
185 | 80.43 | 81.00 | 37.17 | 2496.63 11.85 31.46 28.32 | 71.64 | 31.9
186 | 78.87 | 80.00 | 38.60 | 1920.89 | 10.34 26.84 | 27.64 | 64.82 | 335
187 | 81.97 | 80.00 | 36.43 | 1811.87 9.34 19.97 2294 | 52.24 | 34.3
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TIL | PH DFF | SPAD TLA TLWT | YIELD | SWT | TDM | LT
188 | 78.20 | 85.00 | 37.73 | 1545.43 9.86 21.40 | 28.76 | 60.02 | 31.1
189 | 78.40 | 84.00 | 39.23 | 1740.00 8.52 20.30 | 22.33 | 51.16 | 31.1
190 | 81.10 | 82.00 | 36.90 | 1953.00 9.93 23.30 | 23.85 | 57.08 | 33.8
191 | 78.90 | 81.00 | 38.03 | 2216.92 | 11.90 25.97 | 33.75 | 71.62 | 34.7
192 | 79.50 | 84.00 | 39.23 | 267247 | 12.94 30.65 | 31.48 | 75.07 | 33.1
193 | 79.30 | 83.00 | 37.73 | 2100.93 7.85 22.60 | 22.28 | 52.73 | 335
194 | 82.07 | 79.00 | 37.87 | 1926.53 9.38 13.00 | 22.32 | 44.70 | 32.8
195 | 80.67 | 85.00 | 35.93 | 1574.35 9.30 16.65 | 23.14 | 49.09 | 30.0
196 | 79.90 | 80.00 | 37.93 | 1770.05 7.15 17.16 | 21.18 | 45.50 | 30.6
197 | 79.87 | 83.00 | 36.83 | 1924.59 9.11 16.78 | 22.23 | 48.12 | 33.3
198 | 81.10 | 80.00 | 37.73 | 2672.77 | 14.26 35.62 | 33.13 | 83.00 | 304
199 | 82.73 | 80.00 | 46.33 | 2562.27 | 13.75 39.68 | 36.64 | 90.07 | 25.0
200 | 79.10 | 84.00 | 37.73 | 1101.52 7.44 21.32 | 24.08 | 52.84 | 32.7
201 | 81.10 | 83.00 | 39.17 | 1487.42 7.59 20.34 | 25.12 | 53.05 | 33.2
202 | 79.10 | 80.00 | 37.43 | 2338.35 | 11.75 36.25 | 32.11 | 80.11 | 33.9
203 | 78.00 | 80.00 | 38.63 | 1311.81 7.47 13.98 | 20.30 | 41.75 | 33.6
204 | 79.67 | 81.00 | 37.30 | 1509.45 9.48 16.35 | 23.37 | 49.19 | 32.6
205 | 79.80 | 82.00 | 38.10 | 1759.89 9.14 26.49 | 26.50 | 62.14 | 33.1
206 | 82.33 | 84.00 | 39.20 | 2477.57 | 12.96 35.34 | 33.10 | 81.40 | 315
207 | 79.40 | 84.00 | 39.77 | 1603.95 7.30 17.88 | 23.17 | 48.35 | 32.1
208 | 81.87 | 83.00 | 37.27 | 4046.02 | 14.06 34.54 | 36.98 | 85.59 | 30.9
209 | 78.40 | 82.00 | 37.70 | 1740.13 | 10.09 29.18 | 22.37 | 61.64 | 32.6
210 | 80.30 | 82.00 | 37.37 | 1457.09 8.44 13.51 | 23.25 | 45.20 | 34.7
211 | 81.70 | 79.00 | 39.10 | 1614.85 8.66 2153 | 27.51 | 57.70 | 33.1
212 | 79.30 | 83.00 | 37.80 | 1154.44 7.23 19.34 | 21.10 | 47.67 | 315
213 | 78.60 | 81.00 | 37.07 | 2648.33 | 13.10 40.75 | 36.87 | 90.72 | 33.1
214 | 78.17 | 83.00 | 39.23 | 2181.53 | 10.94 22.75 | 34.90 | 68.60 | 32.5
215 | 78.73 | 79.00 | 44.63 | 251258 | 12.28 39.78 | 37.61 | 89.67 | 25.6
216 | 79.90 | 80.00 | 36.87 | 2601.28 | 10.98 3253 | 27.80 | 71.31 | 32.2
217 | 77.80 | 81.00 | 36.87 | 2428.94 | 12.65 36.23 | 34.40 | 83.28 | 32.7
218 | 79.33 | 85.00 | 38.90 | 1809.89 9.91 21.44 | 27.55 | 58.90 | 35.2
219 | 79.77 | 82.00 | 4157 | 2166.14 | 12.15 37.16 | 35.68 | 85.00 | 30.7
220 | 80.37 | 81.00 | 37.93 | 2268.12 | 13.84 28.37 | 29.30 | 7151 | 314
221 | 80.87 | 79.00 | 42.97 | 2034.12 | 1253 33.25 | 33.05 | 78.83 | 29.8
222 | 79.90 | 79.00 | 40.10 | 1709.87 8.44 13.54 | 2258 | 4455 | 33.8
223 | 78.97 | 82.00 | 37.10 | 2392.39 | 12.30 3850 | 26.01 | 76.81 | 334
224 | 79.17 | 85.00 | 36.37 | 2407.18 | 12.33 22.87 | 29.80 | 65.00 | 31.9
225 | 79.40 | 80.00 | 38.70 | 2071.71 | 13.67 39.37 | 29.58 | 82.62 | 32.3
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TIL PH DFF | SPAD TLA TLWT | YIELD | SWT | TDM | LT
226 | 78.43 | 82.00 | 38.53 | 1714.08 8.66 26.26 | 23.74 | 58.67 | 34.8
227 | 81.27 | 82.00 | 44.17 | 2505.78 | 11.63 38.68 | 33.19 | 83.50 | 30.0
228 | 82.07 | 82.00 | 42.20 | 2384.32 | 11.67 37.46 | 33.49 | 82.61 | 28.9
229 | 77.47 | 85.00 | 39.17 | 2147.08 | 12.14 32.36 | 26.28 | 70.78 | 31.2
230 | 79.03 | 81.00 | 38.73 | 2482.39 | 10.73 29.32 | 29.75 | 69.80 | 32.1
231 | 79.17 | 85.00 | 39.33 | 2230.86 | 12.22 27.15 | 28.65 | 68.02 | 344
232 | 80.10 | 85.00 | 38.33 | 2482.30 | 12.77 33.55 | 27.68 | 74.00 | 33.4
233 | 78.63 | 80.00 | 42.93 | 2757.22 | 13.82 39.40 | 38.05 | 91.27 | 27.2
234 | 80.47 | 81.00 | 36.80 | 2606.28 | 14.28 38.44 | 34.29 | 87.01 | 33.6
235 | 78.27 | 79.00 | 40.03 | 1891.64 9.46 29.70 | 24.34 | 63.50 | 32.5
236 | 79.73 | 83.00 | 39.23 | 2533.46 | 13.28 36.28 | 26.29 | 75.85 | 32.0
237 | 78.43 | 83.00 | 45.37 | 2761.25 | 11.71 37.63 | 35.52 | 84.87 | 27.5
238 | 80.57 | 85.00 | 39.10 | 2654.10 | 13.38 34.79 | 33.06 | 81.24 | 33.7
239 | 80.80 | 85.00 | 37.43 | 2316.04 | 12.34 30.20 | 31.57 | 74.11 | 32.6
240 | 81.13 | 79.00 | 40.23 | 2718.01 | 11.38 32.26 | 32.02 | 75.66 | 33.0
241 | 81.90 | 82.00 | 39.87 | 2814.96 | 14.00 38.50 | 38.85 | 91.35 | 32.1
242 | 79.57 | 83.00 | 39.37 | 1999.81 9.60 26.28 | 24.95 | 60.84 | 32.6
243 | 79.43 | 83.00 | 36.80 | 1310.78 8.83 17.29 | 24.72 | 50.85 | 33.1
244 | 79.43 | 79.00 | 39.63 | 2426.50 | 12.25 37.60 | 33.12 | 82.96 | 32.8
245 | 79.93 | 84.00 | 38.60 | 3325.19 | 12.78 36.45 | 34.27 | 83.50 | 324
246 | 81.47 | 81.00 | 38.27 | 1499.73 7.72 18.62 | 24.67 | 51.01 | 32.3
247 | 78.67 | 80.00 | 37.93 | 1701.79 9.00 25.33 | 26.65 | 60.98 | 31.3
248 | 82.60 | 81.00 | 42.07 | 2654.06 | 12.06 39.23 | 33.90 | 85.19 | 28.6
249 | 79.33 | 80.00 | 39.23 | 1979.62 9.96 16.31 | 26.44 | 52.70 | 31.0
250 | 80.53 | 80.00 | 37.90 | 2539.02 | 11.35 22.32 | 29.22 | 62.88 | 33.7
251 | 80.17 | 82.00 | 38.07 | 2068.75 9.52 18.52 | 24.11 | 52.15 | 33.0
252 | 77.73 | 81.00 | 37.70 | 2371.89 | 11.64 27.85 | 31.44 | 70.93 | 30.0
253 | 82.03 | 81.00 | 42.00 | 299458 | 14.57 4119 | 36.15 | 9191 | 26.4
254 | 81.10 | 85.00 | 36.67 | 2276.60 | 12.48 32.24 | 29.69 | 74.40 | 30.7
255 | 80.30 | 81.00 | 39.33 | 1406.49 8.99 2420 | 26.20 | 59.39 | 304
256 | 81.50 | 81.00 | 40.07 | 2772.48 | 13.26 4392 | 3394 | 91.12 | 304
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APPENDIX-I1I: List of known function genes found in the genome region of RM 16

SI. No. Start Stop locus Annotation
1 21849343 | 21853782 | LOC_0s039g39330 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
2 21866682 | 21874515 | LOC_0s03g39350 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
3 21874849 | 21877521 | LOC_0s03g39356 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
4 21878910 | 21879224 | LOC_0s03g39362 | retrotransposon protein, putative, unclassified
5 21880770 | 21881621 | LOC_0s03g39370 | expressed protein
6 21881948 | 21885333 | LOC_0s03g39380 | expressed protein
7 21885995 | 21886435 | LOC_0s03g39390 | expressed protein
8 21893388 | 21900472 | LOC_0s039g39400 | retrotransposon protein, putative, Tyl-copia subclass, expressed
9 21900414 | 21904231 | LOC_0s039g39407 | expressed protein
10 21910225 | 21913786 | LOC_0s03g39432 | CPUORF3L1 - conserved peptide uUORF-containing transcript, expressed
11 21912140 | 21913786 | LOC_0s03g39432 | CPUORF3L1 - conserved peptide uUORF-containing transcript, expressed
12 21921579 | 21926957 | LOC_0s03g39450 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
13 21927810 | 21928475 | LOC_0s03g39460 | retrotransposon, putative, centromere-specific
14 21933715 | 21934736 | LOC_0s03g39490 | retrotransposon protein, putative, Ty3-gypsy subclass
15 21937196 | 21941799 | LOC_0s03g39500 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
16 21944298 | 21944624 | LOC_0s039g39510 | expressed protein
17 21950474 | 21953062 | LOC_0s039g39520 | plant protein of unknown function domain containing protein, expressed
18 21955115 | 21956457 | LOC_0s039g39530 | expressed protein
19 21959933 | 21960490 | LOC_0s03g39540 | cytochrome P450, putative, expressed
20 21963215 | 21963968 | LOC_0s039g39550 | expressed protein
21 21966674 | 21967615 | LOC_0s03g39560 | retrotransposon protein, putative, unclassified, expressed
22 21969710 | 21973153 | LOC_0s03g39570 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
23 21975258 | 21978550 | LOC_0s03g39580 | retrotransposon protein, putative, unclassified, expressed
24 21979178 | 21983610 | LOC_0s03g39590 | retrotransposon protein, putative, unclassified, expressed




SI. No. Start Stop locus Annotation

25 21988968 | 21990035 | LOC_0s03g39594 | transposon protein, putative, CACTA, En/Spm sub-class, expressed

26 21990590 | 21993965 | LOC_0s03g39598 | transposon protein, putative, CACTA, En/Spm sub-class, expressed

27 21995993 | 21998021 | LOC_0s03g39602 | expressed protein

28 21999942 | 22001714 | LOC_0s03g39610 | chlorophyll A-B binding protein, putative, expressed

29 22008351 | 22009220 | LOC_0s039g39620 | expressed protein

30 22011080 | 22011546 | LOC_0s039g39629 | expressed protein

31 22016151 | 22029740 | LOC_0s03g39640 | CBS domain containing protein, expressed

32 22048470 | 22052542 | LOC_0s039g39650 | cytochrome P450, putative, expressed

33 22053827 | 22056431 | LOC_0s03g39655 | expressed protein

34 22056764 | 22058465 | LOC_0s03g39660 | expressed protein
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35 22069041 | 22070159 | LOC_0s03g39670 | retrotransposon protein, putative, unclassified

36 22075719 | 22076960 | LOC_0s03g39680 | retrotransposon protein, putative, LINE subclass

37 22083215 | 22086166 | LOC_0s03g39690 | cytochrome P450, putative, expressed

38 22089623 | 22090102 | LOC_0s03g39700 | expressed protein

39 22091999 | 22095372 | LOC_0s03g39710 | transporter family protein, putative, expressed

40 22099661 | 22100952 | LOC_0s039g39720 | expressed protein

41 22103750 | 22105110 | LOC_0s03g39730 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed

42 22110421 | 22116473 | LOC_0s03g39740 | expressed protein

43 22123330 | 22125643 | LOC_0s03g39760 | cytochrome P450, putative, expressed

44 22132011 | 22135108 | LOC_0s03g39780 | retrotransposon protein, putative, unclassified, expressed
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45 22135801 | 22138216 | LOC_0s03g39790 | retrotransposon protein, putative, unclassified, expressed

46 22147967 | 22149973 | LOC_0s03g39820 | expressed protein

47 22150323 | 22151612 | LOC_0s039g39830 | expressed protein

48 22160246 | 22161494 | LOC_0s03g39850 | glutathione S-transferase, putative, expressed
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SI. No. Start Stop locus Annotation
49 22164612 | 22169919 | LOC_0s03g39860 | acyl carrier protein, putative, expressed
50 22171726 | 22174047 | LOC_0s039g39870 | expressed protein
51 22173113 | 22174949 | LOC_0s039g39880 | expressed protein
52 22175331 | 22177113 | LOC_0s03g39890 | retrotransposon, putative, centromere-specific
53 22179255 | 22184032 | LOC_0s03g39900 | retrotransposon protein, putative, unclassified, expressed
54 22184199 | 22187943 | LOC_0s03g39910 | XH domain containing protein, expressed
55 22187208 | 22193170 | LOC_0s03g39920 | retrotransposon protein, putative, unclassified, expressed
56 22193676 | 22195637 | LOC_0s03g39930 | retrotransposon protein, putative, unclassified, expressed
57 22197895 | 22200121 | LOC_0s03g39940 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
58 22203679 | 22207213 | LOC_0s03g39960 | expressed protein
59 22210884 | 22212880 | LOC_0s03g39970 | conserved hypothetical protein
60 22213575 | 22214408 | LOC_0s03g39980 | expressed protein
61 22217150 | 22218152 | LOC_0s03g40000 | expressed protein
62 22219243 | 22227221 | LOC_0s03g40010 | DEK C terminal domain containing protein, expressed
63 22233268 | 22238894 | LOC_0s03g40020 | PPR repeat containing protein, expressed
64 22239456 | 22239986 | LOC_0s03g40030 | expressed protein
65 22243187 | 22244649 | LOC_0s03g40040 | expressed protein
66 22253571 | 22254887 | LOC_0s03g40060 | expressed protein
67 22255208 | 22259154 | LOC_0s03g40070 | transposon protein, putative, unclassified, expressed
68 22262511 | 22267163 | LOC_0s03g40080 | GRAS family transcription factor containing protein, expressed
69 22268809 | 22270021 | LOC_0s03g40084 | expressed protein
70 22271274 | 22272394 | LOC_0s03g40090 | expressed protein
71 22281686 | 22284642 | LOC_0s03g40100 | ACT domain containing protein, expressed
72 22285683 | 22292562 | LOC_0s03g40110 | nopl4-like family protein, expressed
73 22295371 | 22295889 | LOC_0s03g40120 | hypothetical protein
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SI. No. Start Stop locus Annotation
74 22298590 | 22300150 | LOC_0s03g40130 | universal stress protein domain containing protein, putative, expressed
75 22314403 | 22321662 | LOC_0s03g40160 | transposon protein, putative, unclassified, expressed
76 22332262 | 22335094 | LOC_0s03g40170 | zinc finger, C3HC4 type domain containing protein, expressed
77 22336536 | 22338324 | LOC_0s03g40180 | 60S ribosomal protein L15, putative, expressed
78 22347660 | 22351524 | LOC_0s03g40194 | disease resistance RPP13-like protein 1, putative, expressed
79 22353967 | 22354876 | LOC_0s03g40210 | expressed protein
80 22357722 | 22359717 | LOC_0s03g40220 | retrotransposon protein, putative, unclassified
81 22361179 | 22361714 | LOC_0s03g40230 | expressed protein
82 22365732 | 22366824 | LOC_0s03g40240 | hypothetical protein
83 22369319 | 22371345 | LOC_0s03g40250 | Leucine Rich Repeat family protein, expressed
84 22372924 | 22380193 | LOC_0s03g40260 | Regulator of chromosome condensation domain containing protein, expressed
85 22381320 | 22383933 | LOC_0s03g40270 | alpha-1,4-glucan-protein synthase, putative, expressed
86 22399872 | 22400594 | LOC_0s03g40290 | expressed protein
87 22402435 | 22403164 | LOC_0s03g40300 | expressed protein
88 22413557 | 22418672 | LOC_0s03g40310 | RNA recognition motif containing protein, putative, expressed
89 22423119 | 22423738 | LOC_0s03g40320 | expressed protein
90 22424025 | 22424841 | LOC_0s03g40330 | glycosyl hydrolases family 17, putative, expressed
91 22430238 | 22431881 | LOC_0s03g40360 | retrotransposon protein, putative, unclassified, expressed
92 22434875 | 22436110 | LOC_0s03g40370 | OsFBDUF15 - F-box and DUF domain containing protein, expressed
93 22441160 | 22441552 | LOC_0s03g40380 | expressed protein
94 22443273 | 22445121 | LOC_0s03g40390 | expressed protein
95 22445964 | 22447733 | LOC_0s03g40400 Lr)l(tsrrgzgzg-induced, double-stranded RNA-activated protein Kinase, putative,
96 22451553 | 22453961 | LOC_0s03g40410 | expressed protein
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SI. No. Start Stop locus Annotation
97 22462307 | 22462933 | LOC_0s03g40430 | expressed protein
98 22464518 | 22470146 | LOC_0s03g40440 | B12D protein, putative, expressed
99 22474543 | 22478130 | LOC_0s03g40460 | expressed protein
100 | 22494223 | 22494507 | LOC_0s03g40470 | expressed protein
101 | 22497208 | 22504375 | LOC_0s03g40480 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
102 | 22512261 | 22512545 | LOC_0s03g40490 | expressed protein
103 | 22513652 | 22515991 | LOC_0s03g40500 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
104 | 22519106 | 22522201 | LOC_0s03g40510 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
105 | 22532290 | 22532535 | LOC_0s03g40520 | hypothetical protein
106 | 22538341 | 22542520 | LOC_0s03g40540 | cytochrome P450, putative, expressed
107 | 22547513 | 22552046 | LOC_0s03g40550 | kinase, pfkB family, putative, expressed
108 | 22554950 | 22559774 | LOC_0s03g40560 | retrotransposon protein, putative, unclassified, expressed
109 | 22559946 | 22560944 | LOC_0s03g40570 | retrotransposon protein, putative, unclassified, expressed
110 | 22562357 | 22564715 | LOC_0s03g40580 | retrotransposon protein, putative, unclassified, expressed
111 | 22567670 | 22568685 | LOC_0s03g40600 | cytochrome P450 78A11, putative, expressed
112 | 22572706 | 22574008 | LOC_0s03g40610 | cytochrome P450, putative, expressed
113 | 22593142 | 22594058 | LOC_0s03g40630 | transposon protein, putative, unclassified
114 | 22595701 | 22604033 | LOC_0s03g40650 | bromodomain associated family protein, expressed
115 | 22615886 | 22619553 | LOC_0s03g40670 g)l()gcr(;;cs)ggosphoryl diester phosphodiesterase family protein, putative,
116 | 22624156 | 22628484 | LOC_0s03g40690 | PPR repeat containing protein, expressed
117 | 22628794 | 22630343 | LOC_0s03g40700 | presenilin, putative, expressed
118 | 22635142 | 22640881 | LOC_0s03g40710 | ZOS3-13 - C2H2 zinc finger protein, expressed
119 | 22641452 | 22657252 | LOC_0s03g40720 | UDP-glucose 6-dehydrogenase, putative, expressed
120 | 22659157 | 22664290 | LOC_0s03g40725 | expressed protein
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SI. No. Start Stop locus Annotation
121 | 22666722 | 22669037 | LOC_0s03g40770 | expressed protein
122 | 22670460 | 22675791 | LOC_0s03g40780 | transport protein-related, putative, expressed
123 | 22683996 | 22684274 | LOC_0s03g40790 | hypothetical protein
124 | 22689139 | 22690325 | LOC_0s03g40800 | expressed protein
125 | 22694126 | 22696715 | LOC_0s03g40820 | retrotransposon protein, putative, unclassified, expressed
126 | 22702919 | 22706164 | LOC_0s03g40830 | OsSub30 - Putative Subtilisin homologue, expressed
127 | 22710115 | 22713187 | LOC_0s03g40840 | expressed protein
128 | 22721921 | 22722178 | LOC_0s03g40860 | expressed protein
129 | 22723013 | 22729444 | LOC_0s03g40870 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
130 | 22730603 | 22732967 | LOC_0s03g40880 | retrotransposon protein, putative, unclassified, expressed
131 | 22736696 | 22737199 | LOC_0s03g40900 | expressed protein
132 | 22737749 | 22738570 | LOC_0s03g40910 | retrotransposon protein, putative, unclassified, expressed
133 | 22739267 | 22743374 | LOC_0s03g40920 | expressed protein
134 | 22744328 | 22746916 | LOC_0s03g40930 | expressed protein
135 | 22758451 | 22759095 | LOC_0s03g40950 | expressed protein
136 | 22766735 | 22767868 | LOC_0s03g40960 | retrotransposon protein, putative, unclassified
137 | 22768487 | 22774452 | LOC_0s03g40970 | retrotransposon protein, putative, unclassified, expressed
138 | 22775104 | 22775430 | LOC_0s03g40980 | retrotransposon protein, putative, Ty3-gypsy subclass
139 | 22786883 | 22793943 | LOC_0s03g41000 | retrotransposon protein, putative, Tyl-copia subclass, expressed
140 | 22797204 | 22797865 | LOC_0s03941010 | hypothetical protein
141 | 22803576 | 22803995 | LOC_0s03g41030 | expressed protein
142 | 22815635 | 22816468 | LOC_0s03g41050 | expressed protein
143 | 22816933 | 22817775 | LOC_0s03g41060 GASR?2 - Gibberellin-regulated GASA/GAST/Snakin family protein

precursor, putative, expressed
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144 | 22823772 | 22824543 | LOC_0s03g41064 | natural resistance-associated macrophage protein, putative, expressed
145 | 22825897 | 22826541 | LOC_0s03g41070 | metal transporter Nramp2, putative, expressed
146 | 22827426 | 22833017 | LOC_0s03g41080 | seed maturation protein PM23, putative, expressed
147 | 22845483 | 22847345 | LOC_0s03g41100 | cyclin, putative, expressed
148 | 22850839 | 22852132 | LOC_0s03g41110 | ZOS3-14 - C2H2 zinc finger protein, expressed
149 | 22856683 | 22861392 | LOC_0s03g41120 | expressed protein
150 | 22863494 | 22864072 | LOC_0s03g41130 | expressed protein
151 | 22870904 | 22871934 | LOC_0s03g41140 EIE?:;ESS?:SI:;Igtneingrzggézln, putative, containing Pfam profile: PF04195,
152 | 22880011 | 22880454 | LOC_0s03g41150 | expressed protein
153 | 22882427 | 22882627 | LOC_0s03g41154 | hypothetical protein
154 | 22884800 | 22885632 | LOC_0s03g41160 | RNA-directed DNA polymerase, putative
155 | 22892396 | 22895558 | LOC_0s03g41170 | expressed protein
156 | 22900882 | 22903977 | LOC_0s03g41180 | transposon protein, putative, CACTA, En/Spm sub-class
157 | 22911337 | 22918539 | LOC_0s03g41200 | retrotransposon protein, putative, unclassified, expressed
158 | 22912599 | 22918539 | LOC_0s03g41200 | retrotransposon protein, putative, unclassified, expressed
159 | 22930270 | 22937157 | LOC_0s03g41229 | expressed protein
160 | 22944456 | 22944740 | LOC_0s03g41260 | hypothetical protein
161 | 22947541 | 22950581 | LOC_0s03g41280 | expressed protein
162 | 22959065 | 22959955 | LOC_0s03g41290 | expressed protein
163 | 22960920 | 22967160 | LOC_0s03g41300 | expressed protein
164 | 22969255 | 22969500 | LOC_0s03g41310 | expressed protein
165 | 22971491 | 22971736 | LOC_0s03g41320 | expressed protein
166 | 22976955 | 22979936 | LOC_0s03g41330 | DUF260 domain containing protein, putative, expressed
167 | 22984760 | 22985227 | LOC_0s03g41339 | expressed protein




TIN-TL0 ut suel Buowy uonoesaiu| Jo siskjeuy

("1 ennres vzA1Q) 921y Jo salusboid -

GET

SI. No. Start Stop locus Annotation
168 | 22990165 | 22096334 | LOC_OS0341380 | Jovdicnic oot s Nps comaim expressed
169 | 23021091 | 23022920 | LOC_0s03g41380 | expressed protein
170 | 23036228 | 23037437 | LOC_0s03g41390 | ZOS3-15 - C2H2 zinc finger protein, expressed
171 | 23045392 | 23046942 | LOC_0s03g41400 | EBNA-1, putative, expressed
172 | 23048222 | 23053499 | LOC_0s03g41419 | serpin domain containing protein, putative, expressed
173 | 23054583 | 23068315 | LOC_0s03g41438 | serpin domain containing protein, putative, expressed
174 | 23068745 | 23071303 | LOC_0s03g41460 g@m&@%@xg&gfgg&j CAMK includes calcium/calmodulin depedent
175 | 23072297 | 23074935 | LOC_0s03g41470 | expressed protein
176 | 23077832 | 23080251 | LOC_0s03g41480 | expressed protein
177 | 23082698 | 23082964 | LOC_0s03g41500 | expressed protein
178 | 23086275 | 23090291 | LOC_0s03g41510 | oxidoreductase, aldo/keto reductase family protein, putative, expressed
179 | 23093139 | 23096386 | LOC_0s03g41530 | single-stranded DNA-binding protein, putative, expressed
180 | 23100472 | 23101690 | LOC_0s03g41540 | hypothetical protein
181 | 23119044 | 23122456 | LOC_0s03g41570 | transposon protein, putative, unclassified, expressed
182 | 23123059 | 23123593 | LOC_0s03g41580 | transposon protein, putative, CACTA, En/Spm sub-class
183 | 23127983 | 23128906 | LOC_0s03g41600 | DUF260 domain containing protein, putative, expressed
184 | 23135473 | 23140230 | LOC_0s03g41612 | ribosomal protein L25, putative, expressed
185 | 23142781 | 23147227 | LOC_0s03g41624 | retrotransposon, putative, centromere-specific, expressed
186 | 23149433 | 23150566 | LOC_0s03g41640 | GRF zinc finger family protein, expressed
187 | 23151315 | 23153673 | LOC_0s03g41650 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
188 | 23155593 | 23156099 | LOC_0s03g41662 | expressed protein
189 | 23157870 | 23159127 | LOC_0s03g41675 | expressed protein
190 | 23165458 | 23165841 | LOC_0s03g41690 | expressed protein
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191 | 23167124 | 23170084 | LOC_0s03g41700 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
192 | 23173062 | 23176315 | LOC_0s03g41710 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
193 | 23176661 | 23177506 | LOC_0s03g41720 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
194 | 23183608 | 23187458 | LOC_0s03g41740 | retrotransposon protein, putative, unclassified, expressed
195 | 23189236 | 23190465 | LOC_0s03g41750 | retrotransposon protein, putative, unclassified
196 | 23192525 | 23198427 | LOC_0s03g41770 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
197 | 23201176 | 23207379 | LOC_0s03g41780 | retrotransposon, putative, centromere-specific, expressed
198 | 23208034 | 23210281 | LOC_0s03g41790 | retrotransposon, putative, centromere-specific, expressed
199 | 23213785 | 23217778 | LOC_0s03g41800 | transposon protein, putative, unclassified, expressed
200 | 23218781 | 23219212 | LOC_0s03g41810 | hypothetical protein
201 | 23221526 | 23221927 | LOC_0s03g41820 | expressed protein
202 | 23227125 | 23232645 | LOC_0s03g41830 | retrotransposon protein, putative, unclassified, expressed
203 | 23234414 | 23235754 | LOC_0s03g41840 | retrotransposon protein, putative, unclassified, expressed
204 | 23239272 | 23240408 | LOC_0s03g41850 | transposon protein, putative, unclassified
205 | 23244333 | 23247136 | LOC_0s03g41860 | retrotransposon, putative, centromere-specific, expressed
206 | 23248780 | 23249588 | LOC_0s03g41870 | nucleic acid binding protein, putative
207 | 23262074 | 23262832 | LOC_0s03g41890 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
208 | 23264430 | 23264876 | LOC_0s03g41879 | retrotransposon, putative, centromere-specific
209 | 23278859 | 23279095 | LOC_0s03g41910 | hypothetical protein
210 | 23280702 | 23285567 | LOC_0s03g41920 | expressed protein
211 | 23290579 | 23291191 | LOC_0s03g41932 | expressed protein
212 | 23294200 | 23294912 | LOC_0s03g41940 | expressed protein
213 | 23303545 | 23318841 | LOC_0s03g41960 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
214 | 23320512 | 23321492 | LOC_0s03g41970 | retrotransposon protein, putative, unclassified
215 | 23322635 | 23328795 | LOC_0s03g41980 | retrotransposon protein, putative, unclassified, expressed
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216 | 23329181 | 23332413 | LOC_0s03g41990 | retrotransposon protein, putative, unclassified, expressed
217 | 23333353 | 23333676 | LOC_0s03g42000 | retrotransposon protein, putative, Ty3-gypsy subclass
218 | 23334978 | 23340914 | LOC_0s03g42010 | DNA-directed polymerase, putative, expressed
219 | 23341805 | 23347331 | LOC_0s03g42020 | calcium-transporting ATPase, plasma membrane-type, putative, expressed
220 | 23351131 | 23351813 | LOC_0s03g42030 | expressed protein
221 | 23353232 | 23360680 | LOC_0s03g42040 | HEAT repeat family protein, putative, expressed
222 | 23368991 | 23382556 | LOC_0s03g42050 | exportin-7-A, putative, expressed
223 | 23387051 | 23387693 | LOC_0s03g42060 | expressed protein
224 | 23410207 | 23412753 | LOC_0s03g42070 | cyclin, putative, expressed
225 | 23417451 | 23417831 | LOC_0s03g42080 | expressed protein
226 | 23424832 | 23425245 | LOC_0s03g42090 | expressed protein
227 | 23433316 | 23434712 | LOC_0s03g42100 | helix-loop-helix DNA-binding domain containing protein, expressed
208 | 23438157 | 23442337 | LOC_0s0342110 ;elzjrtrlaltzii\lldee’rr&(:)e;e(izzii/drogenase, NAD binding domain containing protein,
229 | 23444572 | 23446715 | LOC_0s03g42120 | expressed protein
230 | 23450164 | 23452171 | LOC_0s03g42130 | gibberellin 20 oxidase 2, putative, expressed
231 | 23453396 | 23453889 | LOC_0s03g42140 | hypothetical protein
232 | 23455130 | 23457864 | LOC_0s03g42150 | retrotransposon protein, putative, Tyl-copia subclass, expressed
233 | 23460943 | 23461605 | LOC_0s03g42170 | retrotransposon protein, putative, Tyl-copia subclass, expressed
234 | 23462933 | 23463301 | LOC_0s03g42180 | hypothetical protein
235 | 23464716 | 23466453 | LOC_0s03g42190 | expressed protein
236 | 23472278 | 23475827 | LOC_0s03g42200 | dof zinc finger domain containing protein, putative, expressed
237 | 23484619 | 23484996 | LOC_0s03g42210 | expressed protein
238 | 23485491 | 23490741 | LOC_0s03g42220 | T-complex protein, putative, expressed
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239 | 23487817 | 23490741 | LOC_0s03g42220 | T-complex protein, putative, expressed
240 | 23491995 | 23496324 | LOC_0s03g42230 | B3 DNA binding domain containing protein, expressed
241 | 23496334 | 23497401 | LOC_0s03g42235 | expressed protein
242 | 23499435 | 23503720 | LOC_0s03g42240 | B3 DNA binding domain containing protein, expressed
243 | 23512612 | 23513579 | LOC_0s03g42259 | hypervariable Bacillus group-specific protein, putative, expressed
244 | 23516352 | 23521799 | LOC_0s03g42270 | retrotransposon protein, putative, unclassified, expressed
245 | 23523494 | 23528315 | LOC_0s03g42280 | B3 DNA binding domain containing protein, expressed
246 | 23523560 | 23528315 | LOC_0s03g42280 | B3 DNA binding domain containing protein, expressed
247 | 23530061 | 23530602 | LOC_0s03g42284 | hypothetical protein
248 | 23533463 | 23538865 | LOC_0s03g42290 | B3 DNA binding domain containing protein, expressed
249 | 23541015 | 23542945 | LOC_0s03g42310 | expressed protein
250 | 23545317 | 23547668 | LOC_0s03g42320 | Secl family transport protein, putative, expressed
251 | 23555365 | 23555901 | LOC_0s03g42334 | expressed protein
252 | 23556180 | 23562967 | LOC_0s03g42350 | ankyrin, putative, expressed
253 | 23565984 | 23566454 | LOC_0s03g42360 | expressed protein
254 | 23567544 | 23577244 | LOC_0s03g42370 | B3 DNA binding domain containing protein, expressed
255 | 23577861 | 23588045 | LOC_0s03g42380 | expressed protein
256 | 23592134 | 23592585 | LOC_0s03g42400 | expressed protein
257 | 23595409 | 23597429 | LOC_0s03g42410 | B3 DNA binding domain containing protein
258 | 23609771 | 23611885 | LOC_0s03g42420 | B3 DNA binding domain containing protein, expressed
259 | 23613955 | 23616375 | LOC_0s03g42430 | B3 DNA binding domain containing protein, expressed
260 | 23616738 | 23620260 | LOC_0s03g42440 | expressed protein
261 | 23620827 | 23621303 | LOC_0s03g42450 | expressed protein
262 | 23623464 | 23630649 | LOC_0s03g42464 | expressed protein
263 | 23633268 | 23640082 | LOC_0s03g42480 | expressed protein
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264 | 23641888 | 23642211 | LOC_0s03g42490 | expressed protein
265 | 23644298 | 23645268 | LOC_0s03g42500 | expressed protein
266 | 23647892 | 23651394 | LOC_0s03g42510 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
267 | 23655935 | 23658301 | LOC_0s03g42520 | expressed protein
268 | 23658542 | 23667612 | LOC_0s03g42530 | retrotransposon, putative, centromere-specific, expressed
269 | 23671609 | 23674781 | LOC_0s03g42540 | transposon protein, putative, CACTA, En/Spm sub-class
270 | 23689494 | 23691731 | LOC_0s03g42550 | expressed protein
271 | 23694358 | 23704806 | LOC_0s03g42569 | expressed protein
272 | 23705188 | 23705874 | LOC_0s03g42590 | expressed protein
273 | 23715172 | 23715759 | LOC_0s03g42600 | expressed protein
274 | 23718070 | 23723733 | LOC_0s03g42610 | retrotransposon protein, putative, unclassified, expressed
275 | 23734580 | 23736564 | LOC_0s03g42630 | No apical meristem protein, putative, expressed
276 | 23738885 | 23746139 | LOC_0s03g42650 | vegetative storage protein, putative, expressed
277 | 23754704 | 23755198 | LOC_0s03g42654 | expressed protein
278 | 23765062 | 23768125 | LOC_0s03g42660 | retrotransposon protein, putative, unclassified
279 | 23768899 | 23771242 | LOC_0s03g42670 | transposon protein, putative, unclassified, expressed
280 | 23774090 | 23778184 | LOC_0s03g42690 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
281 | 23780175 | 23780484 | LOC_0s03g42700 | hypothetical protein
282 | 23781111 | 23782726 | LOC_0s03g42710 | WD-40 repeat family protein, putative, expressed
283 | 23785316 | 23787756 | LOC_0s03g42720 | expressed protein
284 | 23789242 | 23791395 | LOC_0s03g42730 | expressed protein
285 | 23794410 | 23795359 | LOC_0s03g42740 | F-box/LRR-repeat protein 16, putative, expressed
286 | 23797161 | 23808349 | LOC_0s03g42750 | roothairless 1, putative, expressed
287 | 23812565 | 23816582 | LOC_0s03g42760 | zinc finger protein-related, putative, expressed
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288 | 23817641 | 23824229 | LOC_0s03g42770 | expressed protein
289 | 23827633 | 23832767 | LOC_0s03g42780 | zinc finger protein-related, putative, expressed
290 | 23836063 | 23839588 | LOC_0s03g42790 | zinc finger protein-related, putative, expressed
291 | 23841709 | 23844608 | LOC_0s03g42799 | expressed protein
292 | 23849970 | 23852188 | LOC_0s0342810 ggg(r):sl;célc;ease/exonuclease/phosphatase family domain containing protein,
293 | 23855187 | 23861941 | LOC_0s03g42820 | LIM domain-containing protein, putative, expressed
294 | 23870183 | 23876307 | LOC_0s03g42830 | MATE efflux family protein, putative, expressed
295 | 23888729 | 23895481 | LOC_0s03g42840 | calcineurin B, putative, expressed
296 | 23898856 | 23899879 | LOC_0s03g42850 | expressed protein
297 | 23900148 | 23900540 | LOC_0s03g42860 | pentatricopeptide, putative, expressed
298 | 23901880 | 23902191 | LOC_0s03g42870 | hypothetical protein
299 | 23907648 | 23913211 | LOC_0s03g42880 | nucleotide-binding protein-like, putative, expressed
300 | 23915676 | 23917302 | LOC_0s03g42890 | retrotransposon protein, putative, unclassified, expressed
301 | 23925619 | 23934205 | LOC_0s03g42900 | KH domain containing protein, putative, expressed
302 | 23937445 | 23937999 | LOC_0s03g42910 | hypothetical protein
303 | 23938325 | 23938825 | LOC_0s03g42920 | expressed protein
304 | 23940036 | 23943060 | LOC_0s03g42930 | expressed protein
305 | 23947041 | 23954477 | LOC_0s03g42950 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
306 | 23954085 | 23954870 | LOC_0s03g42954 | conserved hypothetical protein
307 | 23957825 | 23961086 | LOC_0s03g42960 | expressed protein
308 | 23962964 | 23965814 | LOC_0s03g42970 | transposon protein, putative, unclassified, expressed
309 | 23977568 | 23978287 | LOC_0s03g42990 | hypothetical protein
310 | 23981542 | 23981781 | LOC_0s03g43000 | expressed protein
311 | 23989140 | 23997536 | LOC_0s03g43010 | expressed protein
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312 | 23999212 | 24003075 | LOC_0s03g43020 | prefoldin subunit, putative, expressed
313 | 24009227 | 24010121 | LOC_0s03g43030 | expressed protein
314 | 24010375 | 24013822 | LOC_0s03g43040 | retrotransposon protein, putative, unclassified, expressed
315 | 24014790 | 24015912 | LOC_0s03g43050 Ip?llitl?\?g -eirr)ﬁézgzg inhibitor/seed storage/L TP family protein precursor,
316 | 24018612 | 24023409 | LOC_0s03g43060 | OsFBX96 - F-box domain containing protein, expressed
317 | 24028263 | 24031101 | LOC_0s03g43070 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
318 | 24035639 | 24036309 | LOC_0s03g43080 | expressed protein
319 | 24036836 | 24044082 | LOC_0s03g43090 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
320 | 24046089 | 24047243 | LOC_0s03g43100 | expressed protein
321 | 24049172 | 24053785 | LOC_0s03g43114 | expressed protein
322 | 24055470 | 24058548 | LOC_0s03g43130 | transposon protein, putative, unclassified
323 | 24060188 | 24061232 | LOC_0s03g43140 | expressed protein
324 | 24076287 | 24076643 | LOC_0s03g43150 | transposon protein, putative, unclassified, expressed
325 | 24079290 | 24082825 | LOC_0s03g43160 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
326 | 24084048 | 24084550 | LOC_0s039g43169 | retrotransposon protein, putative, Ty3-gypsy subclass
327 | 24085073 | 24085396 | LOC_0s03g43180 | transposon protein, putative, unclassified, expressed
328 | 24087079 | 24087718 | LOC_0s03g43190 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
329 | 24092341 | 24093516 | LOC_0s03g43200 | retrotransposon protein, putative, unclassified, expressed
330 | 24095243 | 24098440 | LOC_0s039g43210 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
331 | 24098772 | 24105769 | LOC_0s03g43220 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
332 | 24106025 | 24110042 | LOC_0s03g43230 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
333 | 24110456 | 24111678 | LOC_0s039g43235 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
334 | 24111938 | 24113250 | LOC_0s03g43240 | retrotransposon protein, putative, Ty3-gypsy subclass
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335 | 24114766 | 24119958 | LOC_0s03g43250 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
336 | 24121819 | 24126219 | LOC_0s039g43270 | retrotransposon protein, putative, unclassified, expressed
337 | 24129970 | 24133662 | LOC_0s03g43280 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
338 | 24136043 | 24140389 | LOC_0s03g43290 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
339 | 24143221 | 24145696 | LOC_0s03g43309 | retrotransposon protein, putative, unclassified, expressed
340 | 24154395 | 24156863 | LOC_0s03g43330 | keratin, type | cytoskeletal 9, putative, expressed
341 | 24160652 | 24162189 | LOC_0s03g43340 | expressed protein
342 | 24168644 | 24171622 | LOC_0s03g43350 | expressed protein
343 | 24174317 | 24180460 | LOC_0s03g43360 | zinc finger, C3HC4 type domain containing protein, expressed
344 | 24184421 | 24185066 | LOC_0s03g43374 | retrotransposon protein, putative, unclassified
345 | 24189817 | 24197398 | LOC_0s03g43390 | F-box/LRR domain containing protein, putative, expressed
346 | 24198649 | 24202021 | LOC_0s03g43400 | OslAA1L1 - Auxin-responsive Aux/IAA gene family member, expressed
347 | 24212554 | 24213860 | LOC_0s03g43410 | OsIAA12 - Auxin-responsive Aux/IAA gene family member, expressed
348 | 24215221 | 24219448 | LOC_0s039g43420 | single-stranded DNA-binding protein, putative, expressed
349 | 24220021 | 24222271 | LOC_0s03g43430 | mttA/Hcf106 family protein, putative, expressed
350 | 24226224 | 24227930 | LOC_0s03g43440 (Cj:é?)g/élgn_tlélrlgléliil}l(l?r]lésl\lelgél)?rl)lrl;i.sg - CAMK includes calcium/calmodulin
351 | 24240070 | 24240501 | LOC_0s03g43460 | hypothetical protein
352 | 24246840 | 24248814 | LOC_0s03g43464 | hypothetical protein
353 | 24250816 | 24252399 | LOC_0s03g43470 | pentatricopeptide, putative, expressed
354 | 24255997 | 24256851 | LOC_0s03g43480 | AGG2, putative, expressed
355 | 24261349 | 24262664 | LOC_0s03g43490 | retrotransposon protein, putative, unclassified, expressed
356 | 24264677 | 24266783 | LOC_0s03g43500 | expressed protein
357 | 24271404 | 24277905 | LOC_0s03g43510 | expressed protein
358 | 24283867 | 24284737 | LOC_0s03g43524 | expressed protein
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359 | 24308939 | 24313541 | LOC_0s03g43540 | expressed protein
360 | 24315573 | 24320015 | LOC_0s03g43550 | retrotransposon protein, putative, unclassified
361 | 24326109 | 24328372 | LOC_0s03g43560 | hypothetical protein
362 | 24335387 | 24337564 | LOC_0s03g43564 | hypothetical protein
363 | 24341243 | 24344785 | LOC_0s03g43570 | UBX domain-containing protein 1, putative, expressed
364 | 24347498 | 24349006 | LOC_0s03g43580 | 1Q calmodulin-binding motif family protein, putative, expressed
365 | 24351611 | 24357284 | LOC_0s03g43590 | LSTK-1-like kinase, putative, expressed
366 | 24371063 | 24376085 | LOC_0s03g43610 | retrotransposon protein, putative, Tyl-copia subclass, expressed
367 | 24389529 | 24390916 | LOC_0s03g43620 | hypothetical protein
368 | 24400926 | 24402895 | LOC_0s039g43650 | uncharacterized protein At4g06744 precursor, putative, expressed
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APPENDIX-I1I: List of known function genes found in the genome region of RM 1388

SI. No. Start Stop locus Annotation
- - [ imi lul2
1 | 23762322 | 23768245 | LOC_0s04g39900 &Sgé’lﬂ'é’alni . ,b_g|ﬂit§S?J;‘§§,sé‘i?,iisseZ°m°'°g“e' similar - to Os4Bg
2 23770072 | 23772456 | LOC_0s04939910 | receptor-like protein kinase, putative, expressed
3 23779181 | 23781586 | LOC_0s04939930 | receptor-like protein kinase, putative, expressed
4 23782369 | 23784821 | LOC_0s04939940 | brevis radix, putative, expressed
5 23790789 | 23792871 | LOC_0s04939970 | vacuolar sorting protein 9 domain-containing protein, putative, expressed
6 23795409 | 23797531 | LOC_0s04939980 | gibberellin 20 oxidase 2, expressed
7 23800784 | 23806938 | LOC_0s049g39990 | retrotransposon protein, putative, unclassified, expressed
8 23807559 | 23810542 | LOC_0s04g40000 | retrotransposon protein, putative, unclassified, expressed
9 23815413 | 23817050 | LOC_0s04g40010 | PPR repeat domain containing protein, putative, expressed
10 23826525 | 23829383 | LOC_0s04g40030 | OsFBO17 - F-box and other domain containing protein, expressed
11 23829705 | 23836276 | LOC_0s04g40040 | copper methylamine oxidase precursor, putative, expressed
12 23843544 | 23847934 | LOC_0s04g40050 | ribonuclease H2 subunit B, putative, expressed
13 23849329 | 23853944 | LOC_0s04g40060 | transposon protein, putative, unclassified, expressed
14 23859220 | 23863737 | LOC_0s04g40070 | GRAM and C2 domains containing protein, putative, expressed
15 23864150 | 23867322 | LOC_0s04g40080 | leucine rich repeat containing protein, expressed
16 23867457 | 23872309 | LOC_0s04g40090 | zinc finger, ZZ type family protein, expressed
- -a- n-
17 | zareszn | zaoroes | Loc_oaganson | BTONEL Brica-Bre ek Broas Complx B8 domain wih o
18 23882661 | 23885227 | LOC_0s04g40130 | Rf1, mitochondrial precursor, putative, expressed
19 23892683 | 23896476 | LOC_0s04g40150 | glycosyl transferase family 17 protein, putative, expressed
20 23915728 | 23917010 | LOC_0s04g40190 | circumsporozoite protein, putative, expressed
21 23919033 | 23920878 | LOC_0s04g40200 | HNH endonuclease family protein, putative, expressed
22 23923507 | 23924362 | LOC_0s04g40210 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
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23 23927513 | 23930310 | LOC_0s04g40220 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
24 23932699 | 23933966 | LOC_0s04g40230 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
25 23934260 | 23936479 | LOC_0s04940240 | transposon protein, putative, CACTA, En/Spm sub-class
26 23944139 | 23947759 | LOC_0s04g40260 | retrotransposon protein, putative, unclassified, expressed
27 23955470 | 23959975 | LOC_0s04g40290 | AAA-type ATPase family protein, putative, expressed
28 23960070 | 23963329 | LOC_0s04g40300 | transglutaminase, putative, expressed
29 23963996 | 23967809 | LOC_0s04g40310 | dehydrogenase, putative, expressed
30 23976077 | 23979533 | LOC_0s04g40330 | OsFBX141 - F-box domain containing protein, expressed
31 23990892 | 23991709 | LOC_0s04g40350 | GRF zinc finger family protein
32 23992130 | 23998033 | LOC_0s049g40360 | transposon protein, putative, unclassified, expressed
33 23998827 | 24002250 | LOC_0s04g40370 | OsFBX142 - F-box domain containing protein, expressed
34 23999562 | 24002250 | LOC_0s04g40370 | OsFBX142 - F-box domain containing protein, expressed
35 24013077 | 24016880 | LOC_0s04g40400 | eukaryotic translation initiation factor 4B, putative, expressed
36 24018289 | 24019456 | LOC_0s04g40410 | high affinity nitrate transporter, putative, expressed
37 24021401 | 24026205 | LOC_0s04g40420 | SWIRM domain containing protein, expressed
38 24026632 | 24029053 | LOC_0s04940430 | surfeit locus protein, putative, expressed
39 24036670 | 24041085 | LOC_0s04g40450 | retrotransposon protein, putative, unclassified, expressed
40 24043880 | 24047054 | LOC_0s04940460 | cytochrome P450, putative, expressed
41 24049070 | 24051142 | LOC_0s04g40470 | cytochrome P450, putative, expressed
42 24054885 | 24058958 | LOC_0s04940490 | glycosyl hydrolase family 5 protein, putative, expressed
43 24060045 | 24063819 | LOC_0s04g40500 | glycosyl hydrolase family 5 protein, putative, expressed
44 24064718 | 24068505 | LOC_0s04940510 | glycosyl hydrolase family 5 protein, putative, expressed
45 24068037 | 24072124 | LOC_0s04940520 | uncharacterized glycosyltransferase, putative, expressed
46 24073335 | 24074729 | LOC_0s04g40530 | methyltransferase domain containing protein, expressed
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47 24075211 | 24077600 | LOC_0s04g40540 | protein-L-isoaspartate O-methyltransferase, putative, expressed
48 24086334 | 24088075 | LOC_0s04g40560 | WD domain, G-beta repeat domain containing protein, expressed
49 24093981 | 24098250 | LOC_0s04g40570 | ABC transporter, ATP-binding protein, putative, expressed
50 24098305 | 24099665 | LOC_0s04g40580 | O-acyltransferase, putative, expressed
51 24101138 | 24102493 | LOC_0s04940590 | wax synthase isoform 1, putative, expressed
52 24102870 | 24104925 | LOC_0s04g40600 | peptide methionine sulfoxide reductase, putative, expressed
53 24108926 | 24109758 | LOC_0s04940620 | peptide methionine sulfoxide reductase, putative, expressed
4| aausons | aanteats | Loc_osagosan | STERE - Brcrerc, ek Brerd Corples BB dorln wih TAZ
55 24129561 | 24133242 | LOC_0s04940650 | metalloprotease ATP23, putative, expressed
56 24133854 | 24138557 | LOC_0s04g40660 | MA3 domain containing protein, expressed
57 24187919 | 24188910 | LOC_0s04940750 | expressed protein
58 24189434 | 24191259 | LOC_0s04g40760 | OsFBX143 - F-box domain containing protein, expressed
59 24192009 | 24195350 | LOC_0s04g40770 | OsFBX144 - F-box domain containing protein, expressed
60 24199124 | 24200930 | LOC_0s04g40780 | OsFBX145 - F-box domain containing protein, expressed
61 24202313 | 24204684 | LOC_0s04g40790 | conserved hypothetical protein
62 24206249 | 24210114 | LOC_0s04940800 | OsFBL18 - F-box domain and LRR containing protein, expressed
63 24229225 | 24236905 | LOC_0s04g40830 | cullin family domain containing protein, putative, expressed
64 24237082 | 24240761 | LOC_0s04940840 | elongator complex protein 3, putative, expressed
65 24240921 | 24243770 | LOC_0s04g40850 | 26S proteasome non-ATPase regulatory subunit 6, putative, expressed
66 24241295 | 24243770 | LOC_0s04g40850 | 26S proteasome non-ATPase regulatory subunit 6, putative, expressed
67 24243897 | 24247750 | LOC_0s04940860 | transposon protein, putative, unclassified, expressed
68 24253308 | 24257461 | LOC_Os04g40870 alveolar soft part sarcoma chromosome region, candidate 1, putative,

expressed
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69 24261369 | 24267801 | LOC_Os04gA0874 g)l(l;)c;gzgég-phosphate 1-dehydrogenase, cytoplasmic isoform, putative,
70 24267885 | 24269926 | LOC_0s04g40880 | nucleotide-binding protein 1, putative, expressed
71 24276590 | 24278318 | LOC_0s04g40900 | exonuclease, putative, expressed
72 24279585 | 24283277 | LOC_0s04g40910 | OsFBX146 - F-box domain containing protein, expressed
73 24296450 | 24301211 | LOC_0s04g40930 | MYB family transcription factor, putative, expressed
74 24301441 | 24303182 | LOC_0s04g40940 | mitotic spindle checkpoint protein MAD2, putative, expressed
75 24305451 | 24309169 | LOC_0s04g40950 | glyceraldehyde-3-phosphate dehydrogenase, putative, expressed
76 24309580 | 24310149 | LOC_0s04g40960 | OsFBX147 - F-box domain containing protein, expressed
77 24312618 | 24319913 | LOC_0s04g40970 | DEAD-box ATP-dependent RNA helicase, putative, expressed
78 24321375 | 24325746 | LOC_0s04940980 | Divergent PAP2 family domain containing protein, expressed
79 24325764 | 24328254 | LOC_0s04g40990 | malate synthase, glyoxysomal, putative, expressed
80 24339609 | 24343784 | LOC_0s04941020 | kelch repeat protein, putative, expressed
81 24348022 | 24350872 | LOC_0s04g41030 | inactive receptor kinase At1g27190 precursor, putative, expressed
82 24352391 | 24355421 | LOC_0s04g41040 (I;))(Npg::;rgcted RNA polymerases I, Il, and Il subunit RPABC1, putative,
83 24356759 | 24357616 | LOC_0s04g41050 | zinc finger, C3HC4 type domain containing protein, expressed
84 24359394 | 24360538 | LOC_0s04g41060 | zinc finger C-x8-C-x5-C-x3-H type family protein, expressed
85 24363537 | 24364130 | LOC_0s049g41070 | zinc finger, C3HC4 type domain containing protein, expressed
86 24366152 | 24366736 | LOC_0s04g41080 | zinc finger, C3HC4 type domain containing protein, expressed
87 24368547 | 24369678 | LOC_0s049g41090 | retrotransposon protein, putative, unclassified, expressed
88 24371795 | 24378071 | LOC_0s04g41100 | cyclin-dependent kinase G-2, putative, expressed
89 24379793 | 24386408 | LOC_0s04g41110 | Rad21 / Rec8 like protein, putative, expressed
90 24389132 | 24390928 | LOC_0s04g41120 | pentatricopeptide, putative, expressed
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L | 24391002 | 24395755 | LOC_Os0AG41130 | i1 o oophatiylthanlamine. bining protei, expressed.
92 24399162 | 24402461 | LOC_0s04941140 | PPR repeat containing protein, expressed
93 24402658 | 24405107 | LOC_0Os04g41150 | DUF565 domain containing protein, putative, expressed
94 24416321 | 24418474 | LOC_0s04941160 | protein kinase, putative, expressed
95 24420285 | 24421910 | LOC_0s04g41170 | retrotransposon protein, putative, unclassified, expressed
96 24431480 | 24440347 | LOC_0s04941200 | lipase, putative, expressed
97 24455226 | 24459050 | LOC_0s04g41220 | transposon protein, putative, unclassified, expressed
98 24461146 | 24468949 | LOC_0s04941229 | helix-loop-helix DNA-binding domain containing protein, expressed
99 24471709 | 24479505 | LOC_0s04941250 | armadillo/beta-catenin repeat family protein, putative, expressed
100 | 24480757 | 24488863 | LOC_0s04g41260 | amine oxidase, flavin-containing, domain containing protein, expressed
101 | 24497616 | 24505401 | LOC_0s04g41280 | ankyrin repeat domain containing protein, expressed
102 | 24505544 | 24508402 | LOC_0s04g41300 | ribosome recycling factor, putative, expressed
103 | 24512414 | 24515768 | LOC_0s04g41310 | STRUBBELIG-RECEPTOR FAMILY 8 precursor, putative, expressed
104 | 24514932 | 24521631 | LOC_0s04g41320 | nucleotide-sugar transporter family protein, putative, expressed
105 | 24527897 | 24530505 | LOC_0s04g41340 | 4-nitrophenylphosphatase, putative, expressed
106 | 24534461 | 24536254 | LOC_0s04g41350 | amino acid transporter, putative, expressed
107 | 24538462 | 24541590 | LOC_0s04g41370 | Leucine Rich Repeat family protein, expressed
108 | 24541955 | 24545637 | LOC_0s04g41380 | Leucine Rich Repeat family protein, expressed
109 | 24546341 | 24549172 | LOC_0s04g41400 | peptide transporter PTR2, putative, expressed
110 | 24557253 | 24558614 | LOC_0s04941430 | retrotransposon protein, putative, unclassified
111 | 24560986 | 24566456 | LOC_0s04g41450 | TGF-beta receptor, type I/11 extracellular region, putative, expressed
112 | 24567103 | 24571704 | LOC_0s04g41460 | transporter family protein, putative, expressed
113 | 24589351 | 24590058 | LOC_0s04941480 | skin secretory protein XxP2 precursor, putative, expressed
114 | 24593234 | 24604876 | LOC_0s04g41490 | DNA-directed RNA polymerase Il subunit RPC1, putative, expressed
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115 | 24615554 | 24624651 | LOC_0s04g41510 | serine/threonine-protein kinase GCNZ2, putative, expressed
116 | 24625390 | 24630182 | LOC_0s04g41520 | retrotransposon protein, putative, unclassified, expressed
117 | 24631230 | 24635840 | LOC_0s04g41530 | serine/threonine-protein kinase GCNZ2, putative, expressed
118 | 24640382 | 24641575 | LOC_0s04g41540 | OsCML22 - Calmodulin-related calcium sensor protein, expressed
119 | 24644170 | 24647863 | LOC_0s04g41550 | CRS1/YhbY domain containing protein, putative, expressed
120 | 24647901 | 24649396 | LOC_0s04g41560 | B-box zinc finger family protein, putative, expressed
121 | 24655105 | 24660068 | LOC_0s04g41570 | ethylene-responsive protein related, putative, expressed
122 | 24667261 | 24670983 | LOC_0s04g41580 | glycine-rich protein, putative, expressed
123 | 24675324 | 24685375 | LOC_0s04g41599 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
124 | 24687707 | 24689307 | LOC_0s04g41620 | CHIT2 - Chitinase family protein precursor, expressed
125 | 24692677 | 24693326 | LOC_0s04g41640 | HEV2 - Hevein family protein precursor, expressed
126 | 24696653 | 24697516 | LOC_0s04g41650 | transposon protein, putative, CACTA, En/Spm sub-class
127 | 24700214 | 24702288 | LOC_0s04g41660 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
128 | 24704669 | 24708297 | LOC_0s04g41670 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
129 | 24708716 | 24709910 | LOC_0s04g41680 | CHIT3 - Chitinase family protein precursor, expressed
130 | 24712476 | 24716983 | LOC_0s04g41690 | transposon protein, putative, unclassified, expressed
131 | 24731431 | 24732927 | LOC_0s04g41720 | retrotransposon, putative, centromere-specific, expressed
132 | 24734341 | 24737996 | LOC_0s04g41730 | retrotransposon protein, putative, Tyl-copia subclass, expressed
133 | 24769903 | 24773347 | LOC_0s04941820 | transcription factor RF2a, putative, expressed
134 | 24775664 | 24779580 | LOC_0s04941830 | myb-like DNA-binding domain containing protein, expressed
135 | 24787424 | 24794732 | LOC_0s049g41840 | transposon protein, putative, unclassified, expressed
136 | 24795660 | 24802127 | LOC_0s04941850 | NIN, putative, expressed
137 | 24815364 | 24816067 | LOC_0s04g41875 oxidoreductase, short chain dehydrogenase/reductase domain containing

protein, expressed
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138 | 24822028 | 24823293 | LOC_0s04g41880 | transposon protein, putative, unclassified, expressed
139 | 24834401 | 24839784 | LOC_0s04g41910 | RNA recognition motif containing protein, putative, expressed
140 | 24841303 | 24843711 | LOC_0s04g41920 | protein FAM133, putative, expressed
141 | 24846903 | 24853939 | LOC_0s04g41950 | calcium-binding mitochondrial protein anon-60Da, putative, expressed
142 | 24858040 | 24859661 | LOC_0s04g41960 | NADP-dependent oxidoreductase, putative, expressed
143 | 24863964 | 24867824 | LOC_0s04g41970 | endoglucanase, putative, expressed
144 | 24874021 | 24875977 | LOC_0s04g41980 | ATOZI1, putative, expressed
145 | 24875259 | 24875977 | LOC_0s04g41980 | ATOZI1, putative, expressed
146 | 24876009 | 24877897 | LOC_0s04g41990 | autophagy-related protein 10, putative, expressed
147 | 24878141 | 24881728 | LOC_0s0442000 S),(?p—rdeigeeéhyl-&ribitylIumazine synthase, chloroplast precursor, putative,
148 | 24882776 | 24886711 | LOC_0s04g42010 | RNA binding protein, putative, expressed
149 | 24889983 | 24891487 | LOC_0s04g42020 | CCT/B-box zinc finger protein, putative, expressed
150 | 24915054 | 24918786 | LOC_0s04g42090 | CPuORF7 - conserved peptide uORF-containing transcript, expressed
151 | 24915889 | 24918786 | LOC_0s04g42090 | CPuORF7 - conserved peptide uORF-containing transcript, expressed
152 | 24920323 | 24924654 | LOC_0s04g42100 | retrotransposon protein, putative, unclassified, expressed
153 | 24932085 | 24936078 | LOC_0s04g42110 | cell division control protein 48 homolog B, putative, expressed
154 | 24935457 | 24938782 | LOC_0s049g42120 | N-acetyltransferase ESCO2, putative, expressed
155 | 24940461 | 24943098 | LOC_0s04g42130 | integral membrane transporter family protein, putative, expressed
156 | 24943121 | 24945222 | LOC_0s04g42134 | enhancer of rudimentary protein, putative, expressed
157 | 24946091 | 24952282 | LOC_0s04942140 | eukaryotic initiation factor iso-4F subunit p82-34, putative, expressed
158 | 24993910 | 24999600 | LOC_0s04g42250 | transferase family protein, putative, expressed
159 | 25001492 | 25006621 | LOC_0s049g42260 | protein phosphatase 2C, putative, expressed
160 | 25007808 | 25009995 | LOC_0s04g42270 | 60S ribosomal protein L23A, putative, expressed
161 | 25011981 | 25015314 | LOC_0s049g42280 | CorA-like magnesium transporter protein, putative, expressed
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162 | 25017214 | 25020556 | LOC_0s04g42290 | methyladenine glycosylase, putative, expressed
163 | 25034970 | 25036582 | LOC_0s04g42310 SBU“b'f'i;?Ii COE;‘;V%E;Z‘SU ;rfgterjgfésfe?ad Complex BTB domain with B4
164 | 25038921 | 25045802 | LOC_0s049g42320 | AT hook motif family protein, expressed
165 | 25048428 | 25054483 | LOC_0s04942330 | Spc97 / Spc98 family protein, putative, expressed
166 | 25059789 | 25061979 | LOC_0s04g42350 | heavy metal-associated domain containing protein, expressed
167 | 25076764 | 25079041 | LOC_0s04g42380 | ribosomal protein S17, putative, expressed
168 | 25082797 | 25089333 | LOC_0s04g42399 | retrotransposon protein, putative, Tyl-copia subclass, expressed
169 | 25102101 | 25107672 | LOC_0s04g42420 | nodulin, putative, expressed
170 | 25104771 | 25107672 | LOC_0s04g42420 | nodulin, putative, expressed
171 | 25111035 | 25115188 | LOC_0s04g42430 | EF hand family protein, putative, expressed
172 | 25123382 | 25125264 | LOC_0s04g42460 | G-patch domain containing protein, expressed
173 | 25126715 | 25134362 | LOC_0s04g42470 | regulatory subunit, putative, expressed
174 | 25128146 | 25134362 | LOC_0s04g42470 | regulatory subunit, putative, expressed
175 | 25140210 | 25145158 | LOC_0s04g42480 | receptor-like protein kinase At3g46290 precursor, putative, expressed
176 | 25145877 | 25149607 | LOC_0s04g42490 | DIE2/ALG10 family, putative, expressed
177 | 25150360 | 25152873 | LOC_0s04g42500 | trafficking protein particle complex subunit, putative, expressed
178 | 25165690 | 25170764 | LOC_0s04g42520 | phosphoribosyl transferase, putative, expressed
179 | 25182201 | 25186675 | LOC_0s04942570 | AP2/EREBP transcription factor BABY BOOM, putative, expressed
180 | 25187851 | 25192745 | LOC_0s04g42580 | carboxyvinyl-carboxyphosphonate phosphorylmutase, putative, expressed
181 | 25191054 | 25192947 | LOC_0s04g42590 | expressed protein
182 | 25194025 | 25201272 | LOC_0s04g42600 | polyadenylate-binding protein, putative, expressed
183 | 25194790 | 25201272 | LOC_0s04g42600 | polyadenylate-binding protein, putative, expressed
184 | 25207809 | 25213918 | LOC_0s04g42610 plant protein of unknown function DUF869 domain containing protein,

expressed
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185 | 25217850 | 25219732 | LOC_0s04942620 | uncharacterized protein At4g06744 precursor, putative, expressed
186 | 25232433 | 25234689 | LOC_0s04g42650 | plant protein of unknown function domain containing protein, expressed
187 | 25244008 | 25246628 | LOC_0s04942670 | OsFBL19 - F-box domain and LRR containing protein, expressed
188 | 25251409 | 25253149 | LOC_Os04g42690 éJxDprPE;SgSI:goronosyl and UDP-glucosyl transferase domain containing protein,
189 | 25253589 | 25258424 | LOC_0s04g42700 | receptor-like protein kinase precursor, putative, expressed
190 | 25263750 | 25265626 | LOC_0s04g42710 | retrotransposon protein, putative, unclassified, expressed
191 | 25280907 | 25285098 | LOC_0s04g42720 'el')l(\élrsessn;gmbrane protein/tumour differentially expressed protein, putative,
192 | 25287663 | 25293334 | LOC_0s04g42730 | retrotransposon protein, putative, unclassified
193 | 25297188 | 25299569 | LOC_0s04g42740 | serine/threonine-protein kinase receptor precursor, putative, expressed
194 | 25302993 | 25304831 | LOC_0s04g42750 | retrotransposon protein, putative, unclassified, expressed
195 | 25307143 | 25308653 | LOC_0s04g42760 | sialyltransferase family domain containing protein, expressed
196 | 25323642 | 25340031 | LOC_0s04g42784 | DNA mismatch repair protein, putative, expressed
197 | 25340375 | 25341989 | LOC_0s04942800 | photosystem-II repair protein, putative, expressed
198 | 25342960 | 25344751 | LOC_0s04g42810 | transposon protein, putative, unclassified
199 | 25346878 | 25348319 | LOC_0s049g42830 | transferase family protein, putative, expressed
200 | 25349743 | 25361092 | LOC_0s04g42840 | HEAT repeat family protein, putative, expressed
201 | 25368373 | 25372115 | LOC_0s04942860 | GDSL-like lipase/acylhydrolase, putative, expressed
202 | 25372496 | 25374580 | LOC_0s04g42870 | methyltransferase domain containing protein, putative, expressed
203 | 25374638 | 25376829 | LOC_0s049g42880 | WD domain, G-beta repeat domain containing protein, expressed
204 | 25396939 | 25399827 | LOC_0s04g42930 | OsGrx_C2.2 - glutaredoxin subgroup I, expressed
205 | 25404933 | 25407689 | LOC_0s04g42950 | MYB family transcription factor, putative, expressed
206 | 25417063 | 25418733 | LOC_Os04g42960 Lung seven transmembrane receptor domain containing protein, putative,

expressed
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207 | 25423949 | 25429277 | LOC_0s04g42980 | zinc finger family protein, putative, expressed
208 | 25435287 | 25438940 | LOC_0s04g42990 | suppressor of stem-loop protein 1, putative, expressed
209 | 25451638 | 25451961 | LOC_0s049g43010 | retrotransposon protein, putative, unclassified
210 | 25453449 | 25459806 | LOC_0s04g43020 | protein kinase, putative, expressed
211 | 25460247 | 25468576 | LOC_0s04g43030 | lipase class 3 family protein, putative, expressed
212 | 25492137 | 25493273 | LOC_0s04g43060 | enzyme of the cupin superfamily protein, putative, expressed
213 | 25500158 | 25502633 | LOC_0s04g43070 | ammonium transporter protein, putative, expressed
214 | 25535300 | 25541426 | LOC_0s04g43140 | DEAD-box ATP-dependent RNA helicase, putative, expressed
215 | 25543324 | 25548914 | LOC_0s04g43150 | nuclear transport factor 2, putative, expressed
216 | 25554735 | 25556460 | LOC_0s04g43170 | caleosin related protein, putative, expressed
217 | 25559011 | 25559448 | LOC_0s04g43180 | transposon protein, putative, unclassified, expressed
218 | 25563393 | 25565204 | LOC_0s04g43200 | caleosin related protein, putative, expressed
219 | 25567693 | 25571247 | LOC_0s04g43210 | transporter family protein, putative, expressed
220 | 25573548 | 25579413 | LOC_0s04g43220 | zinc finger, C3HC4 type domain containing protein, expressed
221 | 25584582 | 25585379 | LOC_0s04g43240 | retrotransposon protein, putative, unclassified, expressed
222 | 25586050 | 25590654 | LOC_0s04g43250 | retrotransposon protein, putative, unclassified, expressed
223 | 25591244 | 25594230 | LOC_0s04g43260 | retrotransposon protein, putative, unclassified, expressed
224 | 25598959 | 25606215 | LOC_0s04943270 | WAX2, putative, expressed
225 | 25608130 | 25611089 | LOC_0s049g43290 | ARPC2B, putative, expressed
226 | 25611673 | 25615824 | LOC_0s04g43300 | BRCA1 C Terminus domain containing protein, expressed
227 | 25627113 | 25631440 | LOC_0s04g43324 | G-patch domain containing protein, putative, expressed
228 | 25631835 | 25636842 | LOC_0s049g43340 | disease resistance RPP13-like protein 1, putative, expressed
229 | 25640270 | 25644607 | LOC_0s04g43360 Os4bglul4 - monolignol beta-glucoside homologue without catalytic

acid/base, expressed
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230 | 25646120 | 25646676 | LOC_0s04g43370 | pectinesterase, putative, expressed
231 | 25650132 | 25652646 | LOC_0s04g43380 | Os4bglul5 - GH1 gene fragment, expressed
232 | 25658402 | 25666730 | LOC_0s04g43390 | Os4bglul6 - monolignol beta-glucoside homologue, expressed
233 | 25672571 | 25674982 | LOC_0s04g43400 | Os4bglul7 - GH1 gene fragment, expressed
234 | 25681557 | 25693918 | LOC_0s04g43410 | Os4bglul8 - monolignol beta-glucoside homologue, expressed
235 | 25700861 | 25703587 | LOC_0s04g43420 | PTACS, putative, expressed
236 | 25702074 | 25707426 | LOC_0s04g43430 | pentatricopeptide, putative, expressed
237 | 25703701 | 25707426 | LOC_0s04g43430 | pentatricopeptide, putative, expressed
238 | 25708299 | 25712533 | LOC_0s04g43440 | NB-ARC/LRR disease resistance protein, putative, expressed
239 | 25727283 | 25731803 | LOC_0s04g43490 | CK1 CaseinKinase_1.7 - CK1 includes the casein kinase 1 kinases, expressed
240 | 25737467 | 25743088 | LOC_0s04g43500 | transposon protein, putative, unclassified
241 | 25753700 | 25756577 | LOC_0s04g43550 Igil(gzrisegucleotide pyrophosphohydrolase domain containing protein,
242 | 25773341 | 25776243 | LOC_0s04g43560 | no apical meristem protein, putative, expressed
243 | 25790014 | 25791567 | LOC_0s04g43580 | DUF640 domain containing protein, putative, expressed
244 | 25793153 | 25798426 | LOC_0s04g43590 | transposon protein, putative, CACTA, En/Spm sub-class
245 | 25799856 | 25802057 | LOC_0s04g43600 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
246 | 25803356 | 25806887 | LOC_0s04g43610 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
247 | 25816497 | 25816985 | LOC_0s04943630 | retrotransposon protein, putative, unclassified
248 | 25822676 | 25825480 | LOC_0s04g43640 | hypothetical protein
249 | 25826665 | 25830703 | LOC_0s049g43650 | L-allo-threonine aldolase, putative, expressed
250 | 25843038 | 25844912 | LOC_0s04g43680 | MYB family transcription factor, putative, expressed
251 | 25855652 | 25860031 | LOC_0s04g43690 | DUF647 domain containing protein, putative, expressed
252 | 25860364 | 25865216 | LOC_0s04g43700 | glycosyl transferase 8 domain containing protein, putative, expressed
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253 | 25867807 | 25869189 | LOC_0s04g43710 gﬁ)\':\e{lilrfi(i:rlﬁsl\:sl,(él(lgfefsea CAMK includes calcium/calmodulin depedent
254 | 25873036 | 25878414 | LOC_0s04g43720 | retrotransposon protein, putative, unclassified, expressed
255 | 25884745 | 25888285 | LOC_0s04g43730 | OsWAKH51 - OsWAK receptor-like protein kinase, expressed
256 | 25896733 | 25897489 | LOC_0s04g43740 | OsSAUR18 - Auxin-responsive SAUR gene family member, expressed
257 | 25898097 | 25902359 | LOC_0s04g43750 | kinase, pfkB family, putative, expressed
258 | 25906849 | 25910074 | LOC_0s04g43760 | phenylalanine ammonia-lyase, putative, expressed
259 | 25920463 | 25921383 | LOC_0s04g43780 | retrotransposon protein, putative, Ty3-gypsy subclass, expressed
260 | 25923951 | 25925448 | LOC_0s04g43790 | expressed protein
261 | 25926988 | 25929732 | LOC_0s04g43800 | phenylalanine ammonia-lyase, putative, expressed
262 | 26013418 | 26016187 | LOC_0s04g43910 | auxin response factor, putative, expressed
263 | 26036773 | 26041443 | LOC_0s04g43922 | exosome complex exonuclease rrp4, putative, expressed
264 | 26074682 | 26075869 | LOC_0s04g43990 | DUF584 domain containing protein, putative, expressed
265 | 26079566 | 26084308 | LOC_0s04g44000 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
266 | 26084656 | 26086810 | LOC_0s04g44010 | transposon protein, putative, CACTA, En/Spm sub-class, expressed
267 | 26090648 | 26093773 | LOC_0s04g44030 | PPR repeat domain containing protein, putative, expressed
268 | 26099273 | 26101782 | LOC_0s04g44060 | aquaporin protein, putative, expressed
269 | 26114801 | 26118126 | LOC_0s04g44110 | hydrolase, putative, expressed
270 | 26118498 | 26118866 | LOC_0s04g44120 | collagen triple helix repeat, putative, expressed
271 | 26120333 | 26120839 | LOC_0s04g44130 | DEF12 - Defensin and Defensin-like DEFL family, expressed
272 | 26130707 | 26134356 | LOC_0s04g44150 | gibberellin 2-beta-dioxygenase 7, putative, expressed
273 | 26167892 | 26168538 | LOC_0s04g44200 g))((;/?eesr;éedvolving enhancer protein 3, chloroplast precursor, putative,
274 | 26179449 | 26184228 | LOC_0s049g44220 | MIF4G domain containing protein, putative, expressed
275 | 26184978 | 26186908 | LOC_0s04g44224 | brain acid soluble protein 1, putative, expressed
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276 | 26199152 | 26203656 | LOC_0s04g44230 | cytokinin dehydrogenase precursor, putative, expressed
277 | 26206039 | 26207903 | LOC_0s04g44240 | cytokinin-O-glucosyltransferase 3, putative, expressed
278 | 26213702 | 26215406 | LOC_0s04g44250 | cytokinin-O-glucosyltransferase 3, putative, expressed
279 | 26218187 | 26218732 | LOC_0s04g44260 | thioredoxin reductase 2, putative, expressed
280 | 26227217 | 26228435 | LOC_0s04g44280 | OsRR5 type-A response regulator, expressed
281 | 26260450 | 26262268 | LOC_Os04g44354 ;JXE;E:;SgSI:goronosyl and UDP-glucosyl transferase domain containing protein,
282 | 26260664 | 26267392 | LOC_Os04g44354 ;JXE;E:;SgSI:goronosyl and UDP-glucosyl transferase domain containing protein,
283 | 26263781 | 26267430 | LOC_Os04g44354 ;JXE;E:;SgSI:goronosyl and UDP-glucosyl transferase domain containing protein,
284 | 26284657 | 26285880 | LOC_0s04g44400 | OsClp7 - Putative Clp protease homologue, expressed
285 | 26287757 | 26292362 | LOC_0s04g44410 | OsSCP25 - Putative Serine Carboxypeptidase homologue, expressed
286 | 26296166 | 26296639 | LOC_0s04944420 | isochorismatase family protein, putative, expressed
287 | 26299432 | 26307749 | LOC_0s04g44430 | transporter, major facilitator family, putative, expressed
288 | 26310603 | 26311673 | LOC_0s04g44440 | TCP family transcription factor, putative, expressed
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APPENDIX-1V: List of known function genes found in the genome region of RM 2584

SI. No. | Start Stop locus Annotation
1 7338826 | 7348077 | LOC_0s089g12430 | VERNALIZATION-INSENSITIVE, putative, expressed
2 7488653 | 7510517 | LOC_0s089g12680 | zinc finger domain, LSD1 subclass family protein, expressed
3 7539941 | 7551975 | LOC_0s089g12740 | disease resistance protein RGA3, putative, expressed
4 7545583 | 7551989 | LOC_0s089g12740 | disease resistance protein RGA3, putative, expressed
5 7553769 | 7558834 | LOC_0s089g12750 | serine/threonine-protein kinase HT1, putative, expressed
6 7559098 | 7563188 | LOC_0s08912760 | YT521-B, putative, expressed
7 7568534 | 7574295 | LOC_0s089g12780 | chloroplast envelope membrane protein, putative, expressed
8 7571731 | 7574295 | LOC_0s08g12780 | chloroplast envelope membrane protein, putative, expressed
9 7576906 | 7577904 | LOC_0s08g12790 | cytokinin inducible protein, putative, expressed
10 7583446 | 7588419 | LOC_0s089g12800 | glucan endo-1,3-beta-glucosidase precursor, putative, expressed
11 7591562 | 7597012 | LOC_0s08g12820 | proteasome/cyclosome repeat containing protein, expressed
12 7605599 | 7610227 | LOC_0s089g12830 | cytidylyltransferase domain containing protein, expressed
13 7610695 | 7614807 | LOC_0s08g12840 | FabA-like domain containing protein, expressed
14 7616771 | 7620292 | LOC_0s08g12850 | pentatricopeptide, putative, expressed
15 7693822 | 7694865 | LOC_0s08912960 | speckle-type POZ protein-like, putative, expressed
16 7735492 | 7737096 | LOC_0s08913020 | BTB and MATH domain containing protein, putative, expressed
17 7982559 | 7985538 | LOC_0s08g13420 | S-domain receptor-like protein kinase, putative, expressed
18 8061312 | 8063491 | LOC_0s089g13570 | exo70 exocyst complex subunit family protein, putative, expressed
19 8153369 | 8155981 | LOC_0s089g13690 | 60S ribosomal protein L7, putative, expressed
20 8216427 | 8219047 | LOC_0s08g13780 | U-box domain-containing protein, putative, expressed
21 8230111 | 8236739 | LOC_0s089g13800 | NB-ARC domain containing protein, expressed
22 8258575 | 8259595 | LOC_0s08g13840 | WRKY25, expressed
23 8282962 | 8285334 | LOC_0s089g13870 | S-locus lectin protein kinase family protein, putative, expressed
24 8327866 | 8329399 | LOC_0s089g13920 | glycosyl hydrolases family 16, putative, expressed
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SI. No. | Start Stop locus Annotation
25 8342181 | 8344712 | LOC_0s08g13930 | mannose-1-phosphate guanyltransferase, putative, expressed
26 8355403 | 8360496 | LOC_0s08913950 | transposon protein, putative, CACTA, En/Spm sub-class
27 8367120 | 8372818 | LOC_0s08913960 | retrotransposon protein, putative, Tyl-copia subclass, expressed
28 8375647 | 8383493 | LOC_0s08g13970 | transposon protein, putative, unclassified, expressed
29 8384570 | 8385799 | LOC_0s089g13980 | glycosyl hydrolases family 16, putative, expressed
30 8389386 | 8393585 | LOC_0s08g13990 | pentatricopeptide, putative, expressed
31 8424284 | 8425291 | LOC_0s089g14070 | LYR motif containing protein, putative, expressed
32 8464913 | 8469510 | LOC_0s089g14180 | flavonol sulfotransferase, putative, expressed
33 8472521 | 8475589 | LOC_0s08g14190 | flavonol sulfotransferase, putative, expressed
34 8488370 | 8489922 | LOC_0s089g14200 | glycosyl hydrolases family 16, putative, expressed
35 8493861 | 8495316 | LOC_0s089g14210 | glycosyl hydrolases family 16, putative, expressed
36 8508449 | 8516435 | LOC_0s08914230 | villin, putative, expressed
37 8582061 | 8584105 | LOC_0s08914320 | zinc finger, C3HC4 type domain containing protein, expressed
38 8589037 | 8594478 | LOC_0s08g14330 | aldose 1-epimerase, putative, expressed
39 8590592 | 8594478 | LOC_0s089g14330 | aldose 1-epimerase, putative, expressed
40 8668896 | 8672887 | LOC_0s08g14440 | uridylyltransferase-related, putative, expressed
41 8677955 | 8681990 | LOC_0s089g14450 | RNA polymerase sigma factor, putative, expressed
42 8703799 | 8708988 | LOC _0s08g14490 | dehydrogenase-phosphopantetheinyltransferase, putative, expressed
43 8760073 | 8765208 | LOC_0s08g14570 | NADPH reductase, putative, expressed
44 8767726 | 8771583 | LOC_Os08g14580 Zilporits:istzddehalogenase-like hydrolase domain-containing protein 1A, putative,
45 8784440 | 8793976 | LOC_0s089g14610 | DRD1, putative, expressed
46 8802818 | 8806882 | LOC_0s08g14640 | syntaxin 6, N-terminal domain containing protein, expressed
47 8804473 | 8806882 | LOC_0s08g14640 | syntaxin 6, N-terminal domain containing protein, expressed
48 8811774 | 8816699 | LOC_0s089g14660 | SET domain containing protein, expressed
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Analysis of Trait Introgressed Back Cross Progenies to Identify Superior Lines for
Aerobic Cultivation in Rice (Oryza sativa L.)
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E-mail : poojapb62(@gmail.com

ABSTRACT

Markers assisted back cross (DCBC.I,. Double Cross Back Cross) progenies introgressing roof traits and
WUE,were screened for vield performance under semi-irrigated aerobic cultivation. Based on the initial vigour
100 plants were selected for phenoty ping for yield related traits. Effective surrogates such as leaf temperature for

root traits, SCMR for WUEwere used for the identification of promising trait introgressed lines. The trait

introgressed plants showed better vield than the recurrent parent, IR-604. Based on the variability in trait
introgression, a few highly promising lines were selected using 16 traitsassociated polymorphic SSR markers.
The molecular analysis suggests that the selected transgressiveseggregantswere having allelesintrogressed

from the donor parents of the respective traits.

Keywords : Rice, introgression, SSR marker, superior, root, WUE.

Rick (Orvza sativa L.) 1s the major staple food for
more than half of the world population. The
consumption is projected to increase to 490 million tons
in 2020 and to about 650 million tons by 2050 globally
(Annon., 2016). These environmental crises have been
the factors that decrease rice production around the
world (IPCC, 2013). Drought is one of the major
factors that target the rice vield (Fischer ez al., 2012).
Therefore. the challenge before the plant scientists is
to increase the yield by minimizing the impacts of
climate change through the adoption of modern
molecular breeding approaches.

Plants have adopted several drought tolerance
mechanisms to overcome drought effects ranging from
cellular level to whole plant level. It maintains growth
bv maintaining tissue water relations and positive
carbon gain bv mining and providing water from deeper
soil profiles (Farooq er al., 2009). Water content of
the leaf (turgor) and carbon gain under water limited
conditions strongly dictates crop productivity. Turgidity
of the leaf is strongly associated with water mining
properties (Deep root. cooler canopy) and water use
efficiency of the plant. It has been proven that. if these
traits are pyvramided together, the crop productivity
increases (Raju e/ al.. 2014). This can be achieved
by bringing together various drought adaptive traits
with reasonably high acquired tolerance traits also
referred to as cellular level tolerance (CLT) on to an

clite genctic background. Although a conventional
breeding approach to combine drought adaptive traits
such as root and WUE led to the development of a
significantly higher yielding cultivar namely KMP-175
(Sheshshayee er al., 2011), introgressing such
physiological traits are extremely difficult through the
conventional breeding programmes. Therefore, a more
focused marker assisted breeding strategy needs to
be adopted.

MATERIAL AND METHODS

The major goal of the present study was to
analyse backcross progenies and identify the superior
lines with improved WUE and root traits for acrobic
cultivation. Plant vigour is one of the main characters
which are selected under semi-irrigated condition.
Based on the initial vigour, 100 DCBC,F, plants (the
scheme for the development of DCBC.F, is given in
Fig. 1.) were selected for phenotyping. The parameters
measured were chlorophyll content (SCMR value),
leaf temperature (surrogate for root traits), tiller
number, yield per plant (YPP) and total dry
matter (TDM).

Chlorophyll content was measured using the
SPAD meter (Soil Plant Analysis Development). The
mstrument measures the light attenuation at 430 nm
(the peak wavelength for chlorophyll a and b
absorption) and that at 750 nm (near infrared) with no
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[ 1R 64 x IET 16348
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Fig. 1: The scheme for development of Marker Assisted
Back Cross progenies

transmittance. The unit less value measured by the
chlorophyll meter is termed as SCMR (SPAD
Chlorophyll Meter Reading) which is a good estimate
of chlorophyll content and therefore N content. Three
readings were recorded on each leaves using SPAD
chlorophyll meter. Necessary care was taken to avoid
the interference of the midrib and sensor fully cover
the leaf surface. Leaf temperature of the plants was
measured using infra-red gun and expressed in degree
celsius. Observations recorded just before irrigation
twice during the crop cycle (mean values
ofobservations were used for analysis). Infra-red gun
was held pointing towards the leaf surface and the
measurements were made at the midday when there
was bright sunlight. Tiller number was computed by
counting the number of productive tillers per plant.
Grain yield per plant (YPP) was measured at
physiological maturity by taking weight of all the grains
from the plant. Total dry matter (TDM) the biomass
accumulated during the experimental period was
computed by summing up leaf dry weight, stem dry
weights and yield.

10 DCBC,F, plants were selected based on vield
for molecular analysis. Genomic DNA was extracted
from the leaves of 4 weeks old plants of the donor
(AC-39020 for root and IET-16348 for WUE) and
recipient parents (IR-64) and the selected progenies
by using the CTAB (CetylTrimethyl Ammonium
Bromide) method. Using Biospec-nano
(Spectrophotometer for life science), advanced
automated DNA quantificr, the ratios between 260 nm
and 280 nm was estimated and used to estimate the

DNA purity. A ratio of 1.8 to 2.0 for pure DNA samples
1s standard. PCR was performed in 15pl reactions
containing 25ng of DNA template, 1.5ul Taq buffer
(1X), 1.5pl of dNTPs (3.0mM), 0.3ul of MgCL, (ZmM),
1.5 pL (5 pmole. pL") each forward primer and
reverse SSR primers, 1U of Taq polymerase and 7.40
uL of sterile water. Based on polymorphism among
the three parents, 16 associated SSR markers were
selected from previous study (Prathiba, 2015) as
foreground markers for trait introgression. The 16 SSR
markers (12 for roots and 4 for AC) were used to
screen the selected progenies along with the parents
mn the present study (Table I).

TaBLE I
List of markers used for foreground selection

. Trait Position on
Trait component Marker  Chr.No.  hromosome

(cM)

Root RLD RMS80 8 103.7
RWT RM2584 8 458

RLD RM1388 4 779

RLD RM262 2 81.1

R/S RM239 10 252

RV RM3825 1 143.7

RV RM16 3 131.5

R RM3276 4 102.4

RV RM247 12 323

RLD RM167 4 375

RV RM4455 10 218

/S RM71 2 498

APC AlC RM493 1 79.9
ABC RMS586 6 74

ABC RM149 8 122.1

ABC RM131 4 1488

A total of 800 DCBC,F, plants were screened
under semi irrigated acrobic conditions. Based on the
carly seedling vigour 100 DCBC,F plants were
selected for phenotyping. The parameters considered
for phenotyping were SCMR value (chlorophyll
content), canopy temperature (surrogate parameter
for root traits). number of tillers. yield per plant and
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total dry matter. Further, advancing and
characterisation of TILs depends on the identification
of appropriate promising lines. Therefore, trait
introgressed lines were selected based on marker data
(foreground selection) and phenotyping data (grain
vield and total dry matter).

REsULTS AND DISCUSSION

The SCMR value of 100 plants varied from 31.7
to 49.5 with a mean of 40.96. Tiller number of IR-64,
AC-39020 and IET-16348 was 20, 11 and 25 per plant,
respectively. The tiller number of 100 plants ranged
from 9 to 37 per plant with a mean of 23 per plant.
Yield per plant of IR-64, AC-39020 and IET-16348
was 20.45, 17.25 and 19.15 g pl?, respectively. Yield
of 100 plants varied from 10 to 23 g pl™ with a mean
of 18.92. Total dry matter of IR-64, AC-39020 and
IET-16348 was 51.05, 83.45 and 58.65 g pl*,
respectively. The total drv matter of 100 plants ranged
from 15 to 79 g pl" with a mean of 35.84 g pl™'. Leaf
temperature of IR-64, AC-39020 and IET-16348 was
35.7.31.1 and 33.3 °C, respectively. Leaf temperature
of 100 plants ranged from 30.90 to 35.90 °C with a
mean of 33.91°C.

Based on the yield per plant 10 lines were se-
lected which were having lower leaf temperature, as

leaf temperature is surrogate for root traits, and higher
total dry matter. The selected lines were having bet-
ter drought adaptive traits as these lines are having
more SCMR value, cooler leaf and also enhanced vield
associated parameters than the recurrent parent IR-
64 and other lines of the same population (Fig. 2).

35 4
30 4

lines over other lines

Per cent difference n selected

0 T
5 ;f-(om YPP (g)

-10 -

TDM (g)

Fig. 2: Per cent difference in traits of the selected lines in
comparison with non-selected lines

SCMR values varied from 34.7 to 46.7, leaf tempera-
ture 30.9 to 32.9°C, TDM 64.90 to 78.65 g and YPP
20.95t0 23.05 g (Table II). It implies that the selected
introgressed lines have better root svstem and cellular
level tolerance mechanisms due to which these lines
were performed better under semi-irrigated aerobic
cultivation and shows the improved traits values. The

TasLe 11
Comparison of selected trait introgressed lines with the parents for biomass and yield related
parameters in DCBC I', generation

Plant No. SCMR Leaftemp. (°C)  Panicle per plant (#) TDM (g) YPP (g)
[R-64 399 357 20 51.05 2045
AC-39020 376 311 11 83.45 17.25
[ET-16348 385 333 25 58.65 1915
37 46.7 316 26 64.90 2105
38 439 318 24 7535 2095
40 419 309 37 69.05 2230
45 41.7 322 33 7240 2205
49 43.7 313 32 68.85 21.70
6l 42.5 327 32 74.65 2095
65 44.9 318 29 73.55 2305
& 347 318 28 69.55 2255
72 41.5 325 23 7865 21.60
s 349 329 21 65.35 2175
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Phenotypic parameters
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=
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w

: Per cent improvement of traits for selected lines over
the recurrent parent

parental lines differed significantly for all the traits
specially leaf temperature and total drv matter.

The sclected lines (mcan of the 10 lines) show
10 per cent lower leaf temperature than the recurrent
parent IR-64 (Fig. 3). This significs that the sclected
lines were having improved root traits, due to which
these lings were able to explore more water from the
deeper layer of soil and hence maintain lower leaf

temperatures by transpiring more. Ability to extract
water from decper soil profiles is an extremely
important determinant of crop growth under water
limited conditions. Identification of TILs with good
root system under semi-irrigated acrobic condition
holds the key for success in crop improvement
programmcs.

Further, these lines show 40 per cent improve-
ment over recurrent parent for total dry matter. It
implies that these lines were able to gain more carbon
than IR-64 either by means of more water use
efficiency or by keeping stomata opens for longer time
or combination of both, There was significant
improvement for SCMR value of the selected TILs
over recurrent parent, This suggests that the TILs
were able to maintain better chlorophyll content under
acrobic conditions, which is also needed for more
vigorous growth. Hence, the phenotypic characte-
rization proved that the selected lines were having
drought adaptive traits.

Tasre I

Foreground marker distribution of the selected DCBC I, lines

Trait Marker 45 6l 37 40 65 75 69 3 72
Root RM3825 - v - - - - v - -
Root RM262 v - - v - - v v v
Root RM71 v v v v - - - -
Root RMI6 - - - v v - - -
Root RMI1388 - v v - - - - -
Root RM3276 v 4 - s s v - - -
Root RMI167 v - v - - v v -
Root RM80 v - - - v v - - v
Rool RM2584 - - 4 v v - - -
Root RM4455 - v - - - - - v -
Root RM239 v - - v v v - B
Root RM247 v v - v - - - - -
ABC RM493 v - - - - - v -
ABC RM131 - v - - - - - - v
APC RMS86 v v - - v v v - -
ABC RM149 - v - - - v - - v

Total (#) 9 9 7 7 7 7 5 4 4
162 Pooja Bharti, Ph.D. 2020
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The marker distribution indicated that the number
of foreground markers varied from four alleles to nine
alleles per plant. The foreground marker distribution
of'the selected 10 lines is given in Table [11. The plants
with higher foreground as well as higher vield and
cooler leaf temperature were sclected. It suggests that
the lines with more proportion of introgressed traits /
markers performed better in terms of vield
performance under semi-irrigated acrobic condition.

The marker distribution indicated that the number
of foreground markers varied from four alleles to nine
alleles per plant. The foreground marker distribution
of the 10 lines is given in Table IIT, The plants with
higher foreground as well as higher vield were
selected.

Molecular characterization leads to the identi-
fication of plants with higher foreground markers.
Physiological parameters support the results of
molecular characterization. Based on molecular and
phenotyping data, 10 TILs with improved drought
tolerance were identified.
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ABSTRACT
Twenty-five lines of rice which were introgressed for root traits and water use efficiency (WULE)
were physiologically characterized for drought adaptive trails in the present siudy. These lines
along with the parents were screened for vield and other trait performance under semi-irrigated
aerobic cultivation. Leaf temperature was selected as surrogate for root traits and SCMR for
WUE. Apart from these raits, yield and yield associated traits, relative water content (RWC),
membrane stability index and chlorophyll content were measured. The lower leaf temperature of
irait introgressed lines than IR-G4 suggests lines have belter root biomass which enabled them to
maintain its temperature. The vield performance of trait introgressed lines were better than

recurrent parent, IR-64 under semi-irrigated aerobic cultivation. It indicates that the
introgression of the respective trails onto an elite background, IR-64 improved the efficacy of the

introgressed lines under water limited condition. Comparative analysis of introgressed lines for
drought adaptive trails suggested G 25, G 4, G 12 and (5 18 performed better than other lines.
Therefore, these lines introgreseed for drought tolerance traits could be utilized for other
breeding programs for further improvement in drought tolerance in rice for the development of
elite genotypes.

Keywords: Rice, Drought, Root, WUE, RWC.

INTRODUCTION population. Rice is water intensive crop

Rice (Oryza sativa L.) is one of the major
staple food crops of Asia. It belongs to
Poaceae family with chromosome number
2n=24. Out of the 25 species of genus Oryza
known so far, only 2 species are being
cultivated 7e, Oryza sativa and Oryza
glaberrima. On view of its importance as one
of the staple foods, its enhanced production is

needed to feed the world’s growing

(Bouman, 2007). Due to shortage of fresh

water, various technologies have been
developed to grow rice in considerable less
amount of water. Among the various
technologies semi-irrigated aerobic approach
had shown great potential to save water with a
significant compromise in yield (Bouman et

al., 2000).

Cite this article: Bharti, P., Prathibha, M. D., Smitharani, J. A., & Sheshshayee, M. S. (2020).
Physiological Characterization of Trait Introgressed Lines of Rice (Oryvza safiva L.) for Drought Stress
Tolerance, fnd. J. Pure App. Biosci. 8(6), 229-234. doi: http://dx.doi.org/10.18782/2582-2845.8457
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Therefore, to avoid such compromise, one
needs to develop or breed for varieties which
grow well under aerobic condition without
penalty in yield.

Several attempts have been made so
far, but plant breeders selected yield as a trait
under water limited conditions. Due to high G
X E interaction and narrow variability for
yield among the improved lines, further
selection for yield was not effective (Araus et
al,, 2008, & Reynolds & Tuberosa, 2008).
Targeting its component traits led to a great
deal of success (Araus et al., 2008). Genetic
enhancement of rice by component trait based
breeding is one of the most appropriate
strategies to tackle drought. Among the
various component traits, water acquisition by
roots, WUE, water conservation through
epicuticle wax load and cellular level tolerance
(CLT) proved to have great impact during
water  limited conditions. Therefore,
introgression of root and WUE traits onto an
elite background appears to improve the yield
under semi irrigated aerobic conditions.

Developing aerobic worthy rice
varieties with yield potential will help in
maximizing rice production in the challenging
environment of water scarcity. Mean yield and
relative yield performance under well-watered
and water limited conditions are the most
widely used criteria for selecting genotypes for
water limited environments. The ability of
crop cultivars to perform reasonably well in
water limited condition is paramount for
stability of production. The combination of
high yield stability and high relative yield
under water

limited condition has been

proposed as useful selection criteria for
characterizing genotypic performance under

varying degrees of water stress.

MATERIALS AND METHODS
The experimental material compromised of 25
trait introgressed lines (the scheme for the
development of trait introgressed lines is given
in Fig. A) and the parental lines (AC-39020
(Root donor), IET-16348 (WUE donor) and
[R-64 (recurrent parent). These materials were

Copyright © Nov.-Dec., 2020; IJPAB

Ind. J. Pure App. Biosci. (2020) 8(6), 229-234

ISSN: 2582 — 2845
raised in blocks of lm*lm size with three
replications of blocks in
Completely Block Design

Randomized
(RCBD) at
Department of Crop Physiology, University of
Agricultural Sciences, GKVK, Bangalore
during kharif 2017. Irrigation was provided
alternatively by means of surface irrigation.
Cultural operations such as protection
measurements, accurate nutrient supply by
fertilizer application were followed as per the
recommendation. All necessary measures were
taken to ensure the development of healthy
plants.

The major goal of the present study was
to physiologically characterize these lines and
identify the superior lines with improved WUE
and root traits. The parameters selected to
meet the objective were chlorophyll content
(SCMR value) (Surrogate for WUE), Relative
water content (RWC), cell membrane stability
(CMS), leaf temperature (surrogate for root
traits) (LT), spikelet fertility (SF), yield per
plant (YPP) and total dry matter (TDM).
Nitrogen/Chlorophyll content was measured
using the SPAD (Soil Plant Analysis
Development) This
measures the light attenuation at 430 nm (peak
wavelength for chlorophyll a and b absorption)

meter. instrument

and at 750 nm (near infrared) with no
transmittance. The value measured by
chlorophyll meter is termed as SCMR (SPAD
Chlorophyll Meter Reading) which is a unit
less parameter. Three readings were recorded
on each leaves using SPAD meter. Care was
taken to avoid the interference of midrib and
sensor should fully cover the leaf surface.
Relative water content (RWC) is an important
indicator of leaf water status. The leaf discs
from the lines were collected separately and
the fresh weight was measured and recorded.
Leaf discs were floated on distilled water for 5
hours to attain full turgidity. Turgid weight
was taken when the leaf discs were fully
turgid. Later, leaf discs were dried in hot air
oven at 70 °C to attain a constant weight and
dry weight was recorded. RWC was calculated
by equation as given by Barrs et al. 1962.
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RWC (%) = {{(FW-DW)/ (TW-DW)} X100
where, FW- Fresh weight, DW- Dry weight, TW- Turgid weight

Cell membrane stability index/ membrane

stability index (MSI) was calculated as

protocol given by Sairam et al. (2002) as
follows:

MSI=[1-(ECI /EC2)] %100

Leaf temperature (surrogate for root traits) was
measured using infra-red gun and expressed in
degree celsius. Spikelet fertility was calculated
by considering ratio of number of filled
spikelets per panicle over total number of
spikelets per panicle and expressed in
percentage. Grain yield per plant (YPP) was
measured at physiological maturity stage by
taking weight of all the grains from one plant.
Total dry matter (TDM) the biomass
accumulated during the experimental period
was computed by summing up leaf dry weight,
stemn dry weights and yield. The data were
statistically analyzed by XLSTAT software.
The means of trait introgressed lines were
compared by Least significance difference
(LSD) at 5 % level of significance.

RESULTS AND DISCUSSION
The main goal of the study was to phenotype
25 DCBC,F; lines for drought adaptive traits
along with the parents under semi-irrigated
aerobic condition. Phenotypic data on various
drought adaptive traits like SCMR (a surrogate
for water use efficiency and chlorophyll
content), leaf temperature (LT), vyield
attributes, spikelet fertility. relative water
content and membrane stability index were
recorded for each line along with the parents
under semi-irrigated aerobic condition. The
SCMR value of lines varied from 41.40 to 48.5
with a mean of 44.64. Yield per plant of [R-64,
AC-39020 and IET-16348 was 1543, 12.54
and 1328 g pl-1, respectively. Yield of
introgressed lines varied from 18.26 to 24.66 g
pl-1. Total dry matter of [R-64, AC-39020 and
[ET-16348 was 65.10, 81.73 and 59.62 g pl-1,
respectively. However, total dry matter of
introgressed lines ranged from 56.72 to 72.6 g
pl-1with a mean of 65.10 g pl-1. The yield
attributes which determine the output of grain
viz.,  spikelet fertility also  differed
considerably among the lines and parents. The
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spikelet fertility percentage of lines varied
from 80.71 to 94.54 per cent with a mean of
86.37 per cent. However, IR-64 had 75.65 %
spikelet fertility. Relative water content
(RWC) is the suitable measure of plant water
status in terms of the physiological
consequence of cellular water deficit. Relative
water content of the tissue is primary factor
affected under moisture stress. Relative water
content of IR-64 and TILs differ significantly.
RWC of lines varied from 85.24 to 89.92 per
cent with a mean of 88.18 per cent. RWC
value for IR-64 was 81.04 per cent. Leaf
temperature (LT) of lines varied from 28.5 to
29.5 degree celsius with a mean of 28.98
degree celsius. LT value for [R-64 was 31.2
degree celsius. MSI also differed significantly
between lines and IR-64.

Fig. B shows percent improvement of
traits of trait introgressed lines over [R-64. IR-
64 is recurrent parent, therefore, the traits has
been compared with IR-64. Yield per plant for
trait introgressed lines was 35.82, TDM
(43.33), SF (14.17), RWC (8.81), SCMR
(9.04), MSI (10.35) per cent improved than
IR-64. Leaf temperature for introgressed lines
was reduced to 7.10 per cent than [R-64. Per
cent improvement over [R-64 for the traits like
SCMR value, yield, leaf temperature and cell
membrane stability signifies the importance of
trait based breeding. Leaf temperature
improvement over IR-64 suggests root traits
has been improved for introgressed lines.

Drought  stress/ Water limited
condition suppresses leaf expansion and
photosynthesis (Kramer & Boyer, 1995) and
reduces photosynthetic rates and leaf area due
to early senescence (Nooden, 1988).
Chlorophyll pigment dictates photosynthetic
capability of genotypes and generally used to
quantify leaf senescence. The reduction in
chlorophyll content reduces the carbon
fixation which ultimately affects the
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photosynthesis  of Plasma

genotype.
membranes are one of the primary sites of
water stress and MSI measure the electrolyte
leakage due to cell injury.
Electrolyte leakage from plasma membranes is
reported as one of the most important selection
criterion for identification of drought tolerant
plants. All of these factors are responsible for
a reduction in dry matter accumulation and
grain yield under drought. The

membrane

drought
tolerant variety expected to perform better
under water limited condition by developing
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Comparative study of trait introgressed
lines for physiological traits under aerobic
condition had identified superior lines based
on ranking of physiological traits. The trait
introgressed lines G 25, G 4, G 12 and G 18
scored higher ranks followed by G 3, G6, G
13, G 114, G 15, G 21 and G 22 based on
performance ranks (Table 1). Therefore, trait
introgressed lines G 25, G 4, G 12 and G 18
identified for drought tolerance in the present
study based on comparative study which could
be used for further improvement in rice for

these traits. Higher RWC and a lower drought tolerance in future breeding
electrolyte leakage can be used as markers of programine.
membrane integrity under drought stress
condition.
FIGURES
| R4 5 AC.39020 | | IR64 x IET-16348 \
l Root trait donor l WUE donor
X
| DCF, X IR-64
| DCBC, F, |
| DCBC, F, |
i
DCBC; Fg (25 trait introgressed lines) ‘
Prathibha, 2015

Fig. (A) The scheme for development of 25 Trait Introgressed Line

50.00
40.00
30.00
20.00
10.00

0.00

parent (IR-64)

YPP
-10.00

% improvement over recurrent

TDM

SCMR -

SF RWC MSI

YPP-Yield per plant; TDM-Total Dry Matter; SF-Spikelet fertility; RWC-Relative Water Content; SCMR-
SPAD value; LT-Leaf Temperature; MSI-Membrane Stability Index
Fig. (B) Per cent improvement of traits in trait introgressed lines over recurrent parent (IR-64)
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Table 1: Comparative study of ranks of trait introgressed lines of rice based on physiological
performance under aerobic conditions as compare to IR-64
% I- Per cent Improvement

Lined RWC SCMR CMS LT SF YPP TDM Repeated ranks _[Total
% I [Rank| % I |Rank| % I [Ranld % I [Rank| % I [Rank| %I [Ranl %I [Rani] 1 [ 2[3[a][s
G1[10.51] 3 J12.81] 8 [8.61] 20 |-6.41] 17 |89.67] 6 [42.06] 7 |25.74] 23 1 1
G2|oas| 11 [7.6a] 17 [10.6] 6 |-7.69] 10 |[91.57] a [40.44] 10 [33.47] 21 1 1
G3l10.25] 5 [s67]20[11.3] 1 [-6.73] 16 |88.62] 8 [20.29] 24 [25.69] 24 [ 1 1] 2
G4|8.00] 18 [19.46] 1 [103] 7 [-5.77] 21 [92.89] 3 [38.43[ 12[54.45] 5 |1 1 1] 3
G5|0.07] 14 |2.22 | 24 [10.7] 3 |-6.41]| 18 |83.56] 19 |26.31] 21 |40.31] 16 1 1
G6|9.87| 8 [11.08] 10 [9.46] 13 |-8.65| 2 |8522] 13 [59.82] 1 [4a.76] 11 [ 1|1 2
G7[7.90[ 19 665 19(8.37] 21 |-8.01] 7 |83.97] 18 |45.69| 4 |41.30] 15 1 1
Gs|7.60] 20 [887] 15 [8.23] 24 |-7.69] o [85.12] 14 [44.98] 6 |24.88] 25 0
Gol1o2s] a [13.55] 7 [o.24] 15 [-8.01] 8 [84.76] 15 |35.71] 13 |36.06] 20 1 1
G 10] 9.37] 12 [4.68 [ 23 [8.31] 22 [-8.33] 6 [81.50] 22 [34.48] 14 [39.08] 18 0
G 11] 9.83] 10 [10.10] 14 [o.15] 18 [-7.37[ 11 [84.23] 17 [23.14] 22 [31.66] 22 0
G12[9.16] 13 [ 54222 J106] 5 [-6.73] 15 [90.64] 5 [27.74] 18 [50.11] 2 1 2] 3
G 13[10.70] 2 | 7.64 | 16 [921] 16 [-7.37] 12 [88.17] o [s1.98] 2 [5335] & 2 2
G14/ 986 9 [5.67 [ 21 [7.17] 25 [-8.33] 4 [93.21] 2 [21.84[ 23 [s3.04] 7 1 1 2
G15[9.01] 16 | 1.97 [ 25 [9.05] 19 [-8.65] 1 [9as2] 1 [1834] 25 [4251] 13 |2 2
G 16| 5.18 | 25 [15.02] 4 [9.39] 14 [-5.77] 20 [89.35] 7 [40.51] o [39.63] 17 1 1
G 17 6.19] 23 [11.08] 11 | 10 | 9 [-5.a5] 25 [86.34] 11 [29.94] 17 [42.12] 14 0
G 18[10.96] 1 [10.34] 12 [8.28] 23 [-8.33] 5 [85.59] 12 [50.36] 3 [46.48] 9 |1 1 1| 3
G 19]10.02] 7 [13.79] 5 [9.72] 11 [-5.a5] 24 [84.33] 16 [26.51] 20 [43.57] 12 1
G20/ 864 17 | 71418 [ 92 [ 17 [-5.77[ 19 [82.22] 21 [38.95[ 11 [51.70] 8 0
G21] 5.45] 24 [13.79] 6 [10.6] 4 [-7.37] 14 [87.45] 10 [41.35] 8 [s59.84] 1 |1 1 2
G22[ 7.10] 21 J11.82] o J1o9] 2 [-5.77] 22 [80.71] 25 [30.59] 16 [57.75] 3 11 2
G 23] 9.06| 15 |16.26] 2 |9.62| 12 |-5.45| 23 |83.41| 20 |27.41] 19 [44.85]| 10 1 1
G 24[10.13] 6 [10.34] 13 [9.04] 10 [-7.37[ 13 [80.77] 24 [33.12[ 15 [37.14] 19 0
G 25| 6.69] 22 [15.52] 3 [10.1] 8 [-8.65] 3 [81.34] 23 [as.50] 5 [s4.82] 4 2 |afa] a

CONCLUSION Bouman, B. A. M., Lampayan, R. M., &

In the present study G25, G 4, G 12 and G18
performed better than the other introgressed
lines and [R-64 under aerobic condition. These
lines could be used for further breeding
programmes or released as variety after field
trials in drought prone areas.

Acknowledgement
Authors acknowledge the financial help from
Niche area of Excellence program of ICAR
(F.No. 10-(6)/2005 EP&D. Authors also thank
the DST-INSPIRE program that supported the
fellowship to Pooja Bharti.

REFERENCES

Araus, J. L, Slafer, G. A, Royo, C., & Serret,
M. D. (2008). Breeding for yield
potential and stress adaptation in
cereals. Crit. Rev. Plant Sci, 27, 377-
412.

Barrs, H. D., & Weatherley, P. E. (1962). A
Re-Examination of the
Turgidity Techniques for Estimating
Water Deficits in Leaves. Australian

Relative

Journal of Biological Sciences, 13,
413-428.

Copyright © Nov.-Dec., 2020; IJPAB

Analysis of Interaction Among Traits in QTL-NIL

Toung, T. P. (2007). Water
management in  irrigated  rice:
Cropping with  water  scarcity.

International Rice Research Institute.
LosBanos, Philippines.

Bouman, T. J., Nielsen, K. L., & Koutstaal, B.
(2000). Sample preparation and
scanning protocol for computerized
analysis of root length and diameter.
Plant Soil, 218, 185-196.

Kramer, J., & Boyer, J. S. (1995). Water
Relations of Plant and Soil. Academic
Press, San Diego, CA, U.S.A., 495-
534,

Nooden, L. D., & Leopald, A. C. (1988).
Senescence and Aging in Plants.
Academic Press, San Diego, CA,
US.A., 1-50.

Prathibha, M. D. (2015). Introgression of root
and water use efficiency traits by
Marker Assisted Backcross strategy
(MABC) in rice (Oryza sativa L.) And

validation of  progeny through
characterization. Ph.D. Thesis,
University of Agricultural Sciences,
Bengaluru.
233
.... Progenies of Rice (Oryza sativa L.)

168



Bharti et al.

Reynolds, M., & Tuberosa, R. (2008).

Translational research impacting on
crop productivity in drought-prone
environments. Current Opinion in
Plant Biology, 11, 171-179.

Sairam, R. K., Rao, K. V., & Srivastava, G. C.

169

(2002). Differential Response of

Copyright © Nov.-Dec., 2020; IJPAB

Pooja Bharti, Ph.D.

Ind. J. Pure App. Biosci. (2020) 8(6), 229-234

[SSN: 2582 — 2845
Wheat Genotypes to Long Term
Salinity  Stress in  Relation to
Oxidative Stress, Antioxidant Activity
and Osmolyte Concentration. Plant
Science, 163(5), 1037-1046.

234

2020



	Plain.pdf
	Plain.pdf




