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Abstract

Blast caused by Pyricularia oryzae is one of the major constraints limiting rice production globally. Study was
undertaken at TNAU, India using a set of selected genotypes including cultivated varieties and (Near Isogenic Lines)
NILs and they were screened for blast resistance both genotypically and phenotypically. Genetic diversity was
studied among the genotypes and those which are diverse in blast resistance but had similar morphological and
quality traits were selected as parents for breeding programme. Selected genotypes were crossed and advanced to
further generations up to BC,F, by marker assisted back crossing. Genetic variability and heritability parameters were
assessed among these segregating generations for yield and resistance traits and their trend in each generation
was analysed. The disease resistance traits showed high variability in segregating generations as the parents were
selected based on the diversity in disease reaction and therefore gives scope for improvement through selection.
High heritability coupled with low genetic advance was found in all characters in the segregating generations except

single plant yield and panicle length.
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Introduction

Rice (Oryza sativa L.) being one of the prime staple crops of the
world has a crucial role in the global food security and contributes for
the livelihood of majority of the Asian population. Rice production
and productivity are constrained by biotic and abiotic stresses in the
growing areas. Rice blast caused by the fungus Pyricularia oryzae has
been recognized as one of the most serious diseases and is distributed
across 85 countries globally. Host plant resistance has been recognized
as an important strategy to manage blast disease compared to chemical
control measures. More than 100 blast resistance genes have been
identified in rice [1,2] but effective and durable use of these reported
genes has been limited because of evolution of new virulent races of
the fungus [3]. Enhancing host plant resistance through pyramiding of
multiple resistance genes is one of the useful strategies to avoid frequent
breakdown of resistance. In addition to overlapping resistance, it could
provide cross protection by minimizing the race evolution in the
fungus. Combining many resistant traits or resistant genes without
appropriate study of their effect on the genetic background may derive
undesirable genotypes.

The application of molecular tools in identification of resistance
sources and selection of desirable genotypes in segregating generations
can accelerate the development of blast-resistant cultivars in an
adapted genetic background. Simple Sequence Repeats (SSRs) linked
to report resistance have been used for screening the parents and to
identify the polymorphism between the genotypes because of their
quantity and high polymorphism among rice varieties [4-8]. Rice
genetic diversity on the basis of morphological characterization has
been studied previously and used in selection of parents in breeding
programs [9-13].

Alongwith this, genetics of resistance traits and their effect on yield is
tobeassessed to obtain high yielding resistant lines. Study on inheritance
and genetic basis of the resistance traits is of high importance, in initial
segregating generations or prior to crop improvement programs. It will
be helpful in implementing appropriate breeding strategy, and precise
screening of advanced generations. Variability parameters for different

morpho-agronomic as well as resistance traits were estimated in the
segregating generations. It is evident that assessing the variability in the
segregating lines under varying environmental conditions is essential
for the improvement of popular varieties with stable yield potential.
Study was conducted to improve blast resistance in popular Indian
rice varieties through marker assisted backcross breeding approach
[14]. The parental genotypes were screened for identifying suitable
genotypes to develop a high yielding variety with blast resistance. Each
segregating populations generated from selfing and back crossing
of the selected cross were phenotyped for yield and resistance traits.
Information on the phenotypic data of different generations was
subjected to analysis of variability and heritability parameters and the
trend in each generation was assessed.

Materials and Methods

In this study, a group of blast susceptible and resistant genotypes
(Table 1) were subjected to diversity analysis and they were crossed
to obtain Fs. The parental genotypes and advanced generations
obtained from a selected cross (ADT43 x CT13432-3R) were screened
for blast resistance and yield parameters using both genotypic and
phenotypic measures. Popular Indian cultivar, ADT 43 was selected as
recurrent parent for improvement because of its wide adaptability and
acceptability in South India owing to its high yield, short duration and
grain quality, but it is highly susceptible to blast disease. CO 39 near
isogenic line (NIL), CT13432-3R pyramided with four blast resistance
genes [15] developed from CIRAD was selected as resistant donor in
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S| No. Parents Blast Response Pedigree Varietal group Origin Features
. . . . TRRI, Aduthurai, High yielding, semi dwarf popular rice variety in
P1 ADT 43 Susceptible IR 50xImproved White Ponni Indica Tamil Nadu Tamil Nadu (110 days)
Improved White . . . . TNAU, Coimbatore, High yielding, tall, medium slender rice variety
P2 Ponni Susceptible Selection from Ponni Indica Tamil Nadu (125-130 days)
High yielding, semi dwarf, fine medium slender
P3 BPT 5204 Susceptible GEB 24/ TN1/ Mahsuri Indica ANGRAU, Bapatla, grain variety grown across India for its high yield
Andhra Pradesh .
and quality. (140-145 days)
P4 CO 39 Susceptible Cul. 340xKannagi Indica TNAU, Cplmbatore, High yielding short dur.atlon variety Blast
Tamil Nadu susceptible
P5 CT 13432-3R Resistant CO 39 NIL Indica CIRAD Blast resistant NIL with genes Pi1, Pi2, Pi33
P6 C101 A51 Resistant CO 39xA5173 NIL Indica CIRAD Blast resistant NIL with genes Pi2/Piz5
P7 Cl01 PKT Resistant CO 39x%Pai-kan-tao NIL Indica CIRAD Blast resistant NIL with genes Pi 4a, Pi-3
P8 Cl0o1 LAC Resistant CO 39xLac23 NIL Indica CIRAD Blast resistant NIL with genes Pi1, Pi33
P9 TORIREI Resistant CO 39 NIL Indica CIRAD Blast resistant NIL with genes Piz!
P10 CO 39 (CIRAD) Resistant CO 39 NIL Indica CIRAD
. . - Semi dwarf, Blast resistant variety with genes Pikh/
P11 TETEP Resistant Indica Vietnam Pi54, Pi ta (130-135 days)
P12 A MOROBOREKAN Resistant Japonica Guinea (West Africa) Blast resistant variety with genes Pi 5(t), Pi7(t)
Table 1: Description of the genotypes used in the study.
Figure 1: Parental polymorphism of blast resistant genes linked markers along with CO 39 NILs.

this study. Parental genotypes and advanced generations were raised
during 2009 to 2012 in the experimental plots of the Paddy Breeding
Station (PBS), Coimbatore and at Hybrid Rice Evaluation Centre
(HREC), Gudalur which is an endemic location for blast disease.
Advanced generations from the cross of ADT 43 x CT13432-3R viz,
F, F, BC, BC, and BC, were raised and screened in normal as well
as epiphytotic conditions. The data obtained from the segregating
generations were assessed statistically for various yield and disease
related traits viz., plant height, number of tillers, productive tillers,
leaf length, leaf width, panicle length, days to first flowering, days to
maturity, filled grains per panicle, total grains per panicle, spikelet
fertility, 100 grain weight, single plant yield, lesion number, infected
leaf area, potential disease incidence percentage, leaf blast and lesion
type (Supplementary Table 1). The experimental details are given in
Supplementary Figure 1.

Diversity analysis

The parental genotypes were screened for reported molecular
markers linked to blast resistance (Supplementary Table 2). For the
microsatellite assay, twenty markers linked to four blast resistance
genes Pil, Pi2, Pi33 and Pi54 were used viz., RM 224, RM 1223, RM
5926, RM 1233, PR 10, RM 527, RM 136, RM 549, RM6836, AP5659-
3, RM 72, RM 331,RM 404, RM 483, RM 3374, RM 284 and RM 25
(Figure 1). The allelic variation of these markers were surveyed at the
parental level was and the polymorphic SSR markers were selected
for the further screening of the crosses and segregating populations.
Diversity of the parental genotypes were studied using phenotypical
data and molecular marker information using NTSYs-pc UPGMA
cluster analysis and Jaccard’s coefficient [16].

Estimation of genetic parameters

The various genetic parameters like variability, genotypic co-

efficient of variation (GCV), phenotypic co-efficient of variation (PCV),
heritability and genetic advance were calculated by adopting the given
formulae [17]. The average variance observed in the genotypes was
considered as environmental variance. The genotypic variance of each
progeny was estimated by subtracting the estimated environmental
variance from the phenotypic variance.

Environmental variance (VE) = Average phenotypic variance of
both the parents

Phenotypic variance (VP) = VG + VE
Genotypic variance (VG) = VP - VE

Data on quantitative characters were analysed for variances and
significance of treatments. The genotypic co-efficient of variation
(GCV) and phenotypic co-efficient of variation (PCV) were estimated.

/Phenotypic variance X100
Mean of the character under study

The PCV and GCV values were categorized as follows [18].

Phenotypic Coefficient of variation =

PCV and GCV Category
<10% Low
10-20% Moderate
>20% High
Heritability

Heritability in the broad sense was calculated according to the
formula [17] suggested as follows

Genotypi i
enotypic variance _, o

Heritability= - -
Phenotypic variance

The heritability was categorized as follows.

J Rice Res, an open access journal
ISSN: 2375-4338

Volume 4 + Issue 3 + 1000169



Citation: Balakrishnan D, Robin S, Rabindran R, Joel AJ (2016) Molecular and Morphological Characterisation of Back Cross Generations for Yield
and Blast Resistance in Rice. J Rice Res 4: 169. doi:10.4172/2375-4338.1000169

Page 3 of 7

GENOTYPES PH NT [PRT LL LW | PL DFF DM FGP TGP SPF | SPS 100GW SPY GL GB LBR LN ILA | PDI%
ADT 43 62.30 28.0025.33 27.17  0.97 23.13 86.00 111.00  186.00 | 191.00 97.38 269 1.52 2572 8.00 2.00 4.00 35.00 80.00 100.00
CT 13432-3R | 87.33 123.00/21.00 28.00  1.30 20.67 82.67 107.67 157.00 184.00 | 85.33  17.20  2.31 |24.58 6.83 | 3.17 ' 216 | 500 3.00 | 11.11
IMP. W. PONNI |113.67 19.33 19.00 30.67 | 1.03  24.70 119.33144.33 121.00 175.00 69.14 44.63 | 2.43 |50.50 7.00 | 1.67 4.20  22.00 60.00 | 77.78
BPT 5204 65.00 22.00/21.00 26.00 1.20 21.00 125.33/150.33 113.00 | 171.00 66.08 51.33 2.13 3587 7.17 1.83 3.91 2500 75.00  55.56
TETEP 133.33/23.67 23.6730.00 0.83 25.53/114.00|/139.00 125.00 158.00 79.11 | 26.40 2.06 |29.68 6.33  2.33 2.71 | 5.00 | 5.00 @ 11.11
MOROBOREKAN 117.33 9.33 | 9.33 33.00| 1.50 |26.67 109.00 134.00| 143.00 148.00 | 96.62 3.50 | 2.84 32.56 8.17 | 3.17 | 2.58 15.00 | 10.00 | 33.33
TORIREI 61.00 14.33/10.33 17.00 0.63 16.40 75.00 100.00 50.00 | 69.00 72.46 38.00 2.02 3517 6.57 3.00 2.19 2500 10.00  22.22
CIOI A51 62.67 12.00 7.33 23.53 0.67 17.50 77.00 102.00 80.00 @ 94.00 85.11 17.50  2.71 31.09 7.33  3.17 232 3.00 | 5.00 @ 11.11
CIO1 PKT 58.33 14.00) 9.33 14.00 0.57 15.63 69.67  94.67 66.00 | 79.00 83.54 19.70 2.34 3514 7.00 250 2.80 10.00  10.00 ' 33.33
CIOI LAC 55.00 7.33 | 5.33 18.77 0.57 |15.33 70.00  95.00 71.00 | 91.00 78.02 28.17 2.35 3553 7.00 3.00 2.33 15.00 | 50.00  55.56
CO 39 CIRAD | 56.67 10.67  9.00 17.50 0.53 15.70 69.67 94.67 | 70.00 @ 73.00 9589 429 211 39.99 6.00 3.00 2.00 25.00 | 10.00  44.44
CO 39 68.33 10.00| 6.67 21.00 0.97 20.17 69.67  94.67 49.00  53.00 9245 8.16 216 13.51 7.00 3.00 2.33 4500 85.00  77.78
MEAN 78.41 16.14/13.94 23.89 0.90 20.20 88.95 113.95 102.58 | 123.83 83.43 21.80 2.25 3245 7.03 265 279 19.17 | 33.58  44.44
MAX 55.00 7.33  5.33 14.00 0.53 15.33 69.67 | 94.67 49.00 53.00 66.08 269 | 1.52 13.51 6.00 1.67 2.00 3.00  3.00 @ 11.11
MIN 133.33/28.00 25.33/33.00 1.50 26.67 125.33/150.33 186.00  191.00 | 97.38 | 51.33 = 2.84 ' 50.50| 8.17 | 3.17 | 4.20 45.00 85.00 | 100.00

SD 2758 6.78 | 7.39 6.17 032 412 21.61 21.61 4477 5162 1081 16.39 0.34 9.01 0.61 0.56 0.79 12.83 | 33.41  29.59
VAR 760.86/45.96 54.57 38.11| 0.10 | 16.96 466.89 466.89 2004.27 2664.70 116.83 268.56 0.12 ' 81.27 0.38 0.32  0.62 164.52 1115.90 875.51
SKEWNESS 1.00 | 0.36 0.37 |-0.12 048 0.22 063 | 0.63 042 0.01 -015 045  -0.23 -0.05 0.02 -0.18 0.11 0.50  0.51 0.52
KURTOSIS -0.62 -1.25 -1.56 -1.29 -094 -1.38 -129 -129  -102 -169  -1.21 -097 035 -0.65 -1.10 -0.79 -1.07| -0.55 -1.52 | 0.64
CV% 33.68 40.22 50.73 24.74 34.07 19.52| 23.26 | 18.16 | 41.78 | 39.91 H 1240 71.98 14.51 31.82 37.46/30.75 16.06 64.07 = 95.23 -0.74
S.E 762 1.87 204 171 0.09 | 114 | 597 | 597 1237 1427 299 | 453 009 327 215 171 005 355  9.23 1.23

Table 2: Mean performance of the parental genotypes in field conditions. Plant height (PH) in cm, number of tillers (NT), number of productive tillers (PRT), leaf length (LL)
in cm, leaf width (LW) in mm, panicle length (PL) in cm, days to first flowering (DFF), days to maturity(DM), filled grains per panicle (FGP), total grains per panicle (TGP),
spikelet fertility (SPF), spikelet sterility (SPS), 100 grain weight (100GW), single plant yield (SPY), lesion number(LN), infested leaf area (ILA), potential disease incidence
percentage (PDI%), grain length (GL), grain breadth (GB),length-breadth ratio (LBR).

Coefficient

i. Based on morpho-agronomic traits ii. Based on component traits on blast disease resistance iii. Based on SSR markers linked to blast resistance genes

Figure 2: Dendrogram of parental genotypes by cluster analysis.

Heritability in per cent Category GA per cent value Category
<30 Low <10% Low

31-60 Medium 10-20% Moderate
>60 High >20% High

Genetic advance
Genetic advance was estimated by following formula [17] given as
Genetic advance = k x h’x G,
where,
h? = Heritability in broad sense
0, = Phenotypic standard deviation
k = Selection differential (2.06 at 5% selection intensity)
Genetic gain

Expected genetic gain under selection was calculated by the
following formula [17] suggested as

. . Genetic advance
Genetic gain=———— x 100

Grand mean

Genetic gain was categorized as

Results and Discussion

Estimation of diversity among parental genotypes

The parents ADT 43 and CT13432-3R were grouped into different
clusters based on blast resistance parameters, but came under similar
cluster on morpho-agronomic trait (Table 2) information (Figure
2). The Es of these parents were selected for further advancement,
so that recovery of the parental genotype was faster with not much
compromise on local adaptability and acceptability. Among the parents,
resistant donor CT13432-3R was having alleles of all the Pi genes and
the susceptible lines were devoid of those alleles which confirmed the
linkage of markers to the resistance genes. Many workers employed the
technique of molecular analysis along with morpho-agronomic studies
and their association in rice [19-21] for the simultaneous improvement
of various traits.

Cluster analysis based on SSR marker data on parental genotypes
revealed that four susceptible genotype (ADT 43, Improved White
Ponni, BPT 5204 and CO39) and moderately resistant genotypes
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(C101PKT, CO39 CIRAD, C101A51 and Tetep) were grouped into
cluster I. Three other blast-resistant genotypes (Moroborekan, C101
LAC, and TORIDEL1) were grouped into cluster II, and Cluster III had
only one genotype, CT 13432-3R which is highly resistant with four
pyramided Pi genes. The susceptible and resistant genotypes exhibited
polymorphic alleles for Pi gene linked SSR markers. Efficiency of
detecting blast-resistance gene depended on genotypes and gene-
linked markers. These results indicated scope for utilization of blast-
resistant genotypes with detected gene-linked markers in marker-
assisted selection. CO 39 NILs were screened for blast resistance using
SSR markers linked to 14 Pi genes and obtained similar results [15].
Advanced backcross population consisting of 80 BCF, lines derived
from rice vars. Vandana/Moroborekan were genotyped for blast
resistance with 50 candidate genes and 23 SSR markers and cluster
analysis was carried out [22]. Similarly eight genotypes of rice were
studied for genetic analysis with 85 gene linked SSR markers for rice
blast resistance and relatedness among eight genotypes were examined
through clustering analysis [23].

Estimation of variability parameters

The values of variability parameters like genotypic variance (GV),
phenotypic variance (PV), genotypic coeflicient of variation (GCV),
phenotypic coefficient of variation (PCV), heritability (h*) and genetic
advance as per cent of mean for plant height, number of tillers,
productive tillers, leaf length, leaf width, panicle length, days to first
flowering, days to maturity, filled grains per panicle, total grains per
panicle, spikelet fertility, 100 grain weight, single plant yield, lesion
number, infected leaf area, potential disease incidence percentage, leaf
blast and lesion type pertaining to different segregating populations of
the cross ADT 43 x CT13432-3R are presented in Tables 3 and 4. The
co-efficient of variations at genotypic (GCV per cent) and phenotypic
level (PCV per cent) calculated for the morphological characters

PH NT PRT LL LW | PL DFF | DM FGP
Mean F, 7896  24.89 2178 2767 - |2049 - - 119.64
F, 7994 1531 11.29 | 26.06 0.89 22.28 89.71|114.71 128.64
B, 7899 2556 | 22.89 2687 | - 2053 - - 190.13
B, 7836 2496 | 2202 27.73| - 2067 - - 190.13
B, 63.02 27.78 | 27.67 25.78 0.90 18.09 95.18 120.18| 120.84
SD F, 823 578 561 | 3.83 - 2.40 - - 27.43
F, 874 397 | 327 | 426 019 | 246 1.89 1.89 4273
B, 838 633 6.10 3.75 - 2.34 - - 54.72
B, 833 580 550  3.80 - 2.41 - - 54.72
B, 793 11.06 1096 4.21 013 226 186 1.86 34.70
VAR |F, 67.70 3346 3145 1468 - 5.76 - - 752.64
F, 76.40 1576 10.66 | 18.17 0.03 | 6.07  3.57 3.57  1825.60
B, | 70.24  40.07 | 37.24 | 14.07 | - 5.48 - - 2993.98
B, 69.42 33.68 30.25 14.43 | - 5.82 - - 2993.98
B, 6296 122.36|/120.14 17.72  0.02 5.13 | 3.47 3.47 1204.18
%CV | F, 10.42 | 23.22 | 25.76 | 13.84 11.71 - - 22.93
F, 1093 2593  28.96 | 16.35 21.35 11.04 211 1.65 33.22
B, 10.61 | 24.77 | 26.65 | 13.96 11.40 - - 28.78
B, 10.63  23.24 | 24.98 13.70 11.66 - - 28.78
B, 1258  39.81 | 39.61  16.33 14.44 1249 195 155 | 28.72

observed in various segregating generations are presented in Table 4.
In general, the PCV was higher than the corresponding GCV for all the
traits under study. The percentage of GCV was less than 20 per cent
(low variability) for plant height, leaf length, leaf width, panicle length,
days to 50 per cent flowering days to maturity, spikelet fertility, 100
grain weight, single plant yield; 20 to 25 per cent (medium variability)
for number of tillers and productive number of tillers; above 25 per
cent (high variability) for grains per panicle, lesion number, infected
leaf area, potential disease percentage, leaf blast and lesion type.

Selection of parents is one of the most important steps in any
breeding program and will helps to extract good cultivars if the parents
used in the program were suitable. Therefore, emphasis was given
to choose appropriate parents in order to obtain useful segregants.
Inclusion of at least one agronomically superior, locally adapted,
popular cultivar as parent (ADT 43) in the breeding programme will
largely help to ensure the recovery of a high proportion of progenies with
adaptation and quality that were acceptable to farmers. The variability
in parental genotypes was studied for different morpho-agronomic
as well as resistance traits. Mean, standard deviation and variance
values for all the traits under study were exhibited less difference in
the segregating generations of the cross ADT 43 x CT13432-3R (F,,
F,, BCF, and BCZFI). But in BCF, a reduction in mean plant height,
leaf length, panicle length, total grain per panicle and 100 grain weight
was observed. Similarly, there was an increase in single plant yield,
number of tillers and productive tillers which indicate the maximum
restoration of the desirable parent in the third backcross generation as
the population mean was more towards the recurrent parent ADT 43
compared to previous generations.

In the segregating generations of the cross ADT 43/ CT13432-
3R, co-efficient of variations, PCV and GCV were classified following
the low, moderate and high scale [18]. In the segregating populations

TGP SPF | SPS 100GW SPY LN ILA PDI% | LB LT
143.91 | 83.26 16.74 - - - - - -
143.16 | 90.72  10.82 210 | 25.00 | 31.60 @ 45.82 | 78.52 | 7.07 | 6.51
207.56 | 91.70 = 9.62 1.82 | 22.06 - - - -
207.56 | 91.70 | 9.62 1.82 - 13.13  23.27 | 29.14 | 262 | 3.13
136.64 | 88.22 11.78 1.57  46.25 - - - - -
30.36 | 8.54 | 8.54 - - - - - - -
5157 | 6.36 860 | 029 | 1051 | 11.70 | 3148  24.89 224 | 2.30
58.58 | 6.22 867 025 | 10.22 - - - - -
58.58 | 6.22 867 @ 0.25 - 10.05 | 2140 1929 174 2.1
3566 | 727 727 018 | 21.13 - - - - -
921.76 | 72.94 | 72.94 - - - - - - -
2659.54 | 40.45 | 74.00 0.08 |110.43 136.79 991.10 | 619.53 | 5.02 A 5.30
3431.34 | 38.69 | 75.11 | 0.06 |104.55 - - - - -
3431.34 | 38.69 | 75.11  0.06 - 101.07 | 458.11 | 371.99 | 3.01 | 4.44
1271.73 1 52.88 | 52.88 | 0.03 | 446.66 - - - - -
21.10 | 10.26 51.02 - - - - - - -
36.02 | 7.01 7948 13.81 | 42.04 37.03 68.70 | 31.70 ' 31.68 35.33
28.22 | 6.78 90.12 | 13.74 | 46.33 - - - - -
2822 | 6.78 90.12 | 13.74 - 76.54 9196 @ 66.20 |66.41 67.41
26.10 | 8.24 61.71 | 11.46 @ 45.69 - - - - -

Table 3: Variability parameters in Segregating generations for different quantitative traits. Plant height (PH) in cm, number of tillers (NT), number of productive tillers (PRT),
leaf length (LL) in cm, leaf width (LW) in mm, panicle length (PL) in cm, days to first flowering (DFF), days to maturity(DM), filled grains per panicle (FGP), total grains per
panicle (TGP), spikelet fertility (SPF), spikelet sterility (SPS), 100 grain weight (100GW), single plant yield (SPY), lesion number(LN), infested leaf area (ILA), potential

disease incidence percentage (PDI%), leaf blast (LB), lesion type (LT).
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PH NT PRT LL LW | PL DFF DM | FGP TGP SPF SPS 100GW| SPY LN  ILA PDI% LB LT

PCV F, 1042|2324 2575 13.85 - 11.71 - - 22.93 | 21.10 [ 10.26 51.03 - - - - - - -
F, 1093 2593 2893 16.35 20.86 11.06 2.11  1.65 3321 36.02  7.01 79.54 13.74 4203 37.01 68.70 31.70 31.70 | 35.36

B, | 10.61 24.77 | 26.66  13.96 - 1140 - - 28.78 | 28.22 | 6.78 | 90.05 13.95 | 46.35 - - - - -

B, | 10.63 23.26 | 24.97 13.70 - 1167 - - 28.78 | 28.22 | 6.78 | 90.05 13.95 - 76.55 91.99 66.20 66.20 | 67.22

B, 1259 39.82  39.62 16.33 14.08 1252 196 1.55 | 28.72 26.10 8.24 61.71 | 11.13  45.69 - - - - -

GCV | F, 10.22 2190  24.30 9.86 - 4.49 - - 22.69 20.06 8.99 44.75 - - - - - - -
F, 1075 22.63 23.81 1268 19.10 4.84 | 194 159 | 33.07 3542 536  69.90 1249 1551 32.08 68.22 29.61 29.61 | 32.00

B, 1041 2358 2540 973 - 3.69 - - 28.70 | 27.86 510 79.31 | 12.29  13.71 - - - - -

B, 1043 2192 23.51 | 9.67 - 4.62 - - 28.70 | 27.86 | 510 | 79.31 12.29 62.36 90.58 58.75 58.75 | 59.51

B, 1233 39.21 39.05 1256 | 11.37 | 259  1.79 | 149 | 28.53 2517 6.80 50.94 8.09 | 40.52 - - - - -

h? F, | 96.22  88.76 89.06 | 50.69 - 1473 - - 97.91  90.38 76.91| 76.91 - - - - - - -
F, | 96.65 76.15 67.74 60.15 83.87 19.15 84.33|93.28 99.14 96.67 58.36 77.24 82.58 | 13.62 75.14 98.59 87.25 87.25 | 81.89

B, | 96.36 90.62 | 90.76 | 48.55 - 1047 | - - 99.47 | 97.42 56.46 77.58 7759 @ 8.75 - - - - -

B, 96.31 88.84 88.63 | 49.82 - 1564 - - 99.47 | 97.42 56.46 77.58 | 77.59 66.36 96.94 78.76 78.76 | 78.36

B, 9593 96.93 97.14 59.15 6528 4.30 83.85|93.08 98.69 93.03 68.15 68.15 52.87 | 78.64 - - - - -

GA | F, 251 1058 250 1.71 - 0.45 - - 402 571 321 321 - - - - - - -
F, 252 623 190 203 047 059 150 135 4.07 6.11 | 244 | 322 059 | 0.88 | 3.74 | 393 536 1.61 1.67

B, 251 1182 255 164 - 0.32 - - 408 6.16 236 3.24 0.55 | 0.56 - - - - -

B, 251 1062 249 168 - 0.48 - - 408 6.16 4 236 3.24 0.55 330 | 386  4.84 1.45 1.60

B, | 250 2209 | 273 | 200 037 | 013 149 134 | 405 588 | 284 284 0.38 | 5.06 - - - - -

GA(%) F, 3.18 | 4250 11.47  6.19 - 2.20 - - 336 397 385 19.18 - - - - - - -
F, 315 4068 16.84 7.80 5291 264 168 117 316 427 | 268 2980 2813 3.51 11.83 857 6.82 22,75 | 25.65

B, 3.18 4624 11.12 | 6.11 - 1.56 - - 215 | 297 257 33.64 | 3044 255 - - - - -

B, 320 4256 1129 6.07 - 2.32 - - 215 | 297 | 257 | 33.64 | 30.44 25.13 16.60 16.60 55.34 | 50.99

B, 397 7951 985 7.75 4078 073 157 112 | 335 430 322 2413 | 23.99  10.95 - - - - -

Table 4: Heritability and GA in segregating generation for different quantitative traits. Plant height (PH) in cm, number of tillers (NT), number of productive tillers (PRT),
leaf length (LL) in cm, leaf width (LW) in mm, panicle length (PL) in cm, days to first flowering (DFF), days to maturity(DM), filled grains per panicle (FGP), total grains per
panicle (TGP), spikelet fertility (SPF), spikelet sterility (SPS), 100 grain weight (100GW), single plant yield (SPY), lesion number(LN), infested leaf area (ILA), potential

disease incidence percentage (PDI%), leaf blast (LB), lesion type (LT).
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Figure 3: Genotypic and phenotypic components of variance for yield and resistance traits in BC3 generation.
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variability for plant height, panicle length, spikelet fertility and 100 grain
weight was low as it was evident from low GCV and high variability
was exhibited by filled grains per panicle, spikelet sterility and disease
parameters like lesion number infested leaf area, potential disease
incidence per cent, leaf blast and lesion type. All other characters have
shown an intermediate genotypic component of variation. The disease
resistance traits showed high variability in segregating generations as
the parents were selected based on the diversity in disease response.
The high GCV gives an indication of justifiable variability among the
genotypes with respect to these characters and therefore gives scope for
improvement through selection. In general, the PCV was higher than
the corresponding GCV for all the traits under study (Figure 3). The
minor variation between values of GCV and PCV shows the limited
role of environment in these characters and the heritability was very
high for these traits. Selection for improvement of such characters will

be rewarding in this situation. Similar results were reported by Bisne et
al. [24-27] in rice.

Estimation of heritability (h?) and genetic advance

Broad sense heritability was estimated for different traits and
computed across five generations (Table 4). The trait such as plant
height, number of tillers, days to 50 per cent flowering, number of
grains per panicle, spikelet fertility per cent and 100 grain weight had
high heritability (h?) values in all the segregating generations. The blast
scoring traits viz., lesion number, infected leaf area, potential disease
percentage, leaf blast and lesion type also recorded the high h? values of
75.14,98.59, 87.25, 87.25 and 81.89 respectively, under stress condition.
Other traits such as leaf length and leaf width have medium heritability
and panicle length was having low heritability (14.73) values. Among
those traits single plant yield recorded low h? values of 13.62 and

J Rice Res, an open access journal
ISSN: 2375-4338

Volume 4 + Issue 3 + 1000169



Citation: Balakrishnan D, Robin S, Rabindran R, Joel AJ (2016) Molecular and Morphological Characterisation of Back Cross Generations for Yield
and Blast Resistance in Rice. J Rice Res 4: 169. doi:10.4172/2375-4338.1000169

Page 6 of 7

100

20
80 |
70
60
50 |
40

30

‘2\2‘ QQ'3 v \§

mH2
BGA%

Al

&£ N g Q<§\° g ¢

&

<,

Figure 4: Heritability and genetic advance in percentage for yield and resistance traits in BC3 generation.

8.75 in F, and BCF, respectively but high heritability was recorded
in (78.64) BC,F, generation. Genetic advance was higher in case of
number of tillers (10.58) and all other traits exhibited lower genetic
advance value. Genetic gain or genetic advance per cent value was
highest for number of tillers (42.50) and leaf width (52.91); medium
value was exhibited by number of productive tillers (11.47), spikelet
sterility (19.18), 100 grain weight (28.13), lesion number (11.83), leaf
blast (22.75) and lesion type (25.65) and all other traits were recorded a
lower genetic gain of less than 10 per cent. The heritability percentage
was categorized [28]. The genetic advance as per cent of mean was
categorized as low, moderate or high [17]. High heritability coupled
with low genetic advance was found in all characters in the segregating
generations except single plant yield and panicle length. This is the
indication of predominance of epistasis and dominant gene action.
The traits like number of tillers, spikelet sterility, 100 grain weight, and
leaf blast and lesion type recorded simultaneous higher heritability and
genetic gain compared to other traits and could be further improved
through individual line selection (Figure 4). Frequency distribution
curve of different agronomic yield and resistance traits were made in
segregating generations with the normal distribution and given in the
Figure 4. Similarly high heritability for most of the yield contributing
traits was reported in rice [25,27,29,30].

Conclusion

Clustering of the parental genotypes on morphological traits on
yield parameters grouped the major parents under study ADT 43 and
CT13432-3R into same cluster but came under different clusters when
grouped based on leaf blast score and molecular marker data generated
using polymorphic SSR markers. In the segregating populations high
variability was exhibited by filled grains per panicle, spikelet sterility
and disease parameters like lesion number, infested leaf area, potential
disease incidence percent, and leaf blast and lesion type. In general, the
PCV was higher than the corresponding GCV for all the traits under
study. Traits like number of tillers, spikelet sterility, 100 grain weight,
leaf blast and lesion type recorded simultaneous higher heritability and
genetic gain compared to other traits indicating the predominance of
epistasis and dominant gene action.

Selection of genetically divergent parents and clear understanding
of genetics of the selected traits have brought forth gene introgressed
lines in adapted genetic background. Any marker assisted breeding
programme has to be initiated with a detailed phenotypic and genotypic
study of parental genotypes. It is essential to understand the behaviour
of reported markers in the novel genetic background of the parents for
a successful breeding programme for varietal development. It is also

important to understand the genetics of the traits involved and their
interactions in advanced segregating generations for the simultaneous
improvement of various traits in an existing variety. In this study both
the phenotypic and genotypic information was equally employed for
the development of a high yielding blast resistant variety with better
adaptability and acceptability.
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