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	ABSTRACT	
Biotic	stresses	are	a	major	threat	to	rice	production.	Among	the	biotic	stresses,	bacterial	leaf	blight	(BB)	is	one	of	the	major	diseases	
affecting	rice	grain	production.	The	present	investigation	was	conducted	to	evaluate	genotypic	and	phenotypic	effects	of	50	breeding	
lines	from	a	cross	(Pranahitha//ISM/MTU1010	NIL)	at	the	Regional	Agricultural	Research	Station,	Jagtial.	50	advanced	breeding	
lines	were	screened	through	foreground	selection	for	con�irmation	of	the	presence	of	target	trait-speci�ic	genes,	viz.,	for	BB	(Xa21)	
and	yield	gene	(Gn1a).	It	was	carried	out	with	the	co-dominant	marker	pTA	248	for	checking	the	presence	of	Xa21	and	the	Gn1a	
INDEL	marker-3	for	checking	the	presence	of	Gn1a.	Out	of	50	advanced	breeding	lines,	36	lines	possess	the	resistant	allele	of	the	Gn1a	
gene	and	21	lines	possess	the	Xa21	gene.	Phenotypic	screening	of	50	F4	breeding	lines	identi�ied	29	resistant	lines,	10	moderately	
resistant	lines,	seven	susceptible	lines,	and	four	highly	susceptible	lines.	The	results	obtained	in	the	present	study	indicate	the	success	
of	combining	marker-assisted	breeding	with	phenotypic	selection.	Analysis	of	variance	among	advanced	breeding	lines	revealed	the	
presence	of	 signi�icant	difference	 for	days	to	 �ifty	percent	 �lowering,	plant	height,	panicle	 length,	number	of	productive	 tillers,	
number	of	�illed	grains	per	panicle,	number	of	un�illed	grains	per	panicle,	total	number	of	spikelets	per	panicle,	1000	seed	weight	and	
grain	yield	per	plant	between	parents	and	breeding	lines.
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INTRODUCTION
Rice is the world's second most important crop after wheat, 
which feeds half of the population. Among the biotic stresses, 
which cause yield reduction in rice, Bacterial leaf blight (BB) is 
one of the serious diseases caused by the pathogen 
Xanthomonas	 oryzae	 pv.	 Oryzae	 (Xoo), responsible for 
signi�icant yield reduction in rice. This disease is prevalent in 
almost all paddy-growing regions across the states in India, 
reported �irstly by (34). The most destructive phase of the 
disease is the "Kresek" or wilt resulting from early systemic 
infection. The symptom of the disease at the seedling stage is 
known as kresek (28). Bacterial Blight disease can be managed 
through chemical control, biological control, and by introducing 
genetic resistance through plant breeding. Biological control for 
BB has not received much attention due to pathogen variation, 
thus preventing the development of suitable biological agents 
for control. Also, negative impact is seen by the usage of 
chemical control for BB disease, and excessive chemical sprays 
have a negative impact on consumer health and farmers as well 
as the environment. 

Developing disease-resistant cultivars against BB is the only 
effective method to control the disease. Deployment of gene-
conferred host plant resistance provides a cheap, effective, 
environment environment-friendly approach to regulate plant 
diseases and minimize the losses. Molecular markers usage 
accelerates resistance breeding efforts, as the plants can be 
selected on the basis of molecular marker alleles instead of their 
phenotypes. Although more than 42 genes for bacterial leaf 
blight resistance have been identi�ied and mapped in both 
indica and japonica rice. Out of them only 25 percent genes have 
been cloned including Xa21 (33), Xa1 (41), xa13 (6), xa5 (14 and 
16), Xa26/Xa3 (36 and 39), Xa27 (10), Xa25 (24), Xa7 (38) and 
Xa10 (37) for bacterial blight resistance in rice. The rice BB 
disease resistance gene Xa21 is widely used in breeding 
programs as it has having broad spectrum of resistance. Several 
tested chemicals or antibiotics could not control the BB 
infestation completely. Consequently, the most effective and 
sustainable approach is the development and deployment of 
BB-resistant rice varieties introgressed with resistant genes.
 Enhancing the rice grain yield potential is a major challenge in 
areas where rice yield is stagnating. Yield stagnation is mainly 
due to adverse or unsuitable climatic conditions, pressure of 
insects, diseases, and weeds, and inadequate crop and soil 
management. The era of the green revolution has signi�icantly 
improved rice yield productivity. However, with the growing 
population and decreasing arable land, rice scientists must �ind 
new ways to improve rice productivity. 
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Molecular breeding would improve the ef�iciency of breeding 
methods by introgressing genes and selecting plants having 
yield genes that could directly contribute to signi�icant grain 
yield improvement. A large number of QTLs related to rice grain 
yield, such as Gn1a (3), OsSPL14 (17; 26), APO1 (13), DEP1 (12), 
OsARG (25), TAWAWA1 (40), OsEBS (7), DST (23) and PAY1 (42) 
had been functionally characterized by positional cloning. Of 
these genes, the Gn1a (grain number) gene, a signi�icant QTL 
mapped on chromosome number 1, directly affects the plant 
yield by increasing the number of spikelets per panicle. 
Although signi�icant studies have been made in crop 
improvement through phenotypic selections for agronomically 
important traits, considerable dif�iculties are often encountered 
during this process, mainly due to genotype-environment 
interactions. Marker-assisted selection accelerates line 
development in breeding programs with greater ef�iciency. 
Pranahitha is a medium-duration (135-140 days) local popular 
�ine-grain rice variety with a yield capacity of 6200 kg/ha, 
having resistance to gall midge, with good cooking quality, and 
suitable for irrigated conditions. It was released during the year 
2012 by the Regional Agricultural Research Station (RARS), 
Polasa, Jagtial. Hence, Pranahitha is used to improve its 
resistance to the major disease, bacterial leaf blight (BB), 
coupled with high yield. Considering the imminent need to 
improve BB along with yield, we attempted to deploy the 
strategy of marker-assisted pedigree breeding (MAPB) to 
transfer Xa21 and Gn1a into the genetic background of 
Pranahitha.

MATERIAL	AND	METHODS
Plant	material
Donor parents/Male parents include ISM (Xa21) and 
MTU1010NIL (Gn1a). ISM is a medium duration (135-140 days) 
variety having a yield capacity of 5500-6000 kg/ha. Three genes 
pyramided line (Xa21, xa13, and xa5) exhibit a high level of 
resistance to BB disease, showing a high yield advantage over 
Samba Mahsuri. Recently, it has been con�irmed to have a low 
glycemic index (50.99). It was released during year 2008 by the 
Indian Institute of Rice Research (ICAR-IIRR), Hyderabad. 
MTU1010 is a short duration semi dwarf Mega variety (120-125 
days) with long slender grain type, cultivated in many rice-
growing states during wet and dry seasons. It is tolerant to BPH, 
resistant to blast, but susceptible to BB. MTU1010 is 
introgressed with the Gn1a gene through marker-assisted 
backcross breeding by the International Rice Research Institute 
(IRRI), Philippines & Indian Institute of Rice Research (IIRR), 
Hyderabad, and MTU1010 NIL possessing Gn1a was developed. 
The female parent is Pranahitha, a medium-duration (135-140 
days) �ine-grain rice variety with a yield capacity of 6200 kg/ha, 
having resistance to gall midge, with good cooking quality, and 
suitable for irrigated conditions.

Isolation	 and	 characterization	 of	 the	 bacterial	 blight	
pathogen
The bacterial cultures of the virulent isolate, DX-020 of 
Xanthomonas	 oryzae	 pv.	 Oryzae	 (Xoo)was isolated from the 
infected leaf samples on modi�ied Wakimoto's medium, which 
was collected from Hyderabad, Telangana, were maintained on 

0Hayward's agar media at 28 C for 96 hours. After the incubation 
period, the bacterial cells were harvested and diluted with 10ml 
of sterile distilled water to get a �inal concentration of 

8-9approximately 10 cfu/µl (29). 

The pathogenicity of the bacterial pathogen was con�irmed on 
the susceptible rice variety MTU1010.

STRATEGY	FOR	MARKER-ASSISTED	PEDIGREE	BREEDING	
A cross was carried out between Pranahitha and Improved 
Sambha Mahsuri (ISM) having the Xa21 gene, and resultant F s 1

were con�irmed. True F s were crossed with MTU 1010 NIL, 1

having Gn1a. The F s were con�irmed for their heterozygosity 1

using target-resistant gene-speci�ic markers. The true F  plants 1

(i.e., heterozygous F  plants) were selfed to develop F s. 1 2

Homozygous positive F  plants were identi�ied through 2

foreground selection, using the target QTLs/gene-speci�ic 
markers. DNA marker pTA 248 (5'-AGACGCGGGAAGGGTGG 
TTCCCGGA -3', 5'-AGACGCGGGTAATCGAAAGATGAAA-3') was 
used to select the plants that were homozygous for the Xa21 
gene. DNA marker Gn1a INDEL marker -3 (5'- GATCTAGATGCT 
CCAAAGTCC-3 5'- CTGTACGTACGTGCACGTAG-3') was used to 
select the plants that were homozygous for Gn1a gene and 
advanced further by sel�ing through pedigree breeding to F  4

generation, based on selection for phenotypic characters 
speci�ic for Pranahitha. DNA isolation was carried out through 
modi�ied method of (8). Twenty one promising homozygous 
positive F  lines, which closely resembled Pranahitha in terms of 4

plant type and grain type, were selected and further evaluated 
for their resistance/tolerance to target stresses as well as for key 
agro-morphological traits.

Figure	2.	Strategy	for	development	of	marker	assisted	pedigree	breeding

Bacterial	leaf	blight	screening	and	evaluation	
The selected target F  plants, along with the parents, were 4

screened in the �ield at RARS, Jagtial. Homozygous F  lines were 4

inoculated with bacterial culture at maximum tillering and �lag 
leaf stages by following the leaf clipping method described by 
(18). Plant inoculation was carried out by clipping the tip (about 
1 to 2 cm) of the fully expanded uppermost leaf with scissors 
that had been dipped into the inoculum. The lesion length on 
leaves was measured at 15 days after inoculation. Scoring was 
done as per SES, IRRI, 2013 (Table 1).

Evaluation	 of	 agro-morphological	 traits	 in	 the	 improved	
breeding	lines	of	Pranahitha
During Rabi 2020-21, selected F  lines possessing Xa21, Gn1a, 4

and the parents MTU1010 and ISM were transplanted into the 
experimental farm of RARS, Jagtial in a randomised block design 
of spacing 15cm  20cm in soil with optimum levels of macro and 
micro-nutrients. 
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Data was recorded for selected agro morphological traits such 
as days to 50% �lowering (DFF), Plant height (PH), Panicle 
length (PL), Number of productive tillers/plant (NPT), Total 
spikelets/panicle, Number of �illed grains/panicle, Number of 
un�illed grains/panicle, 1000-grain weight (g) and Grain yield 
per plant (g).

Statistical	analysis
The data collected was subjected to statistical analysis using SAS 
9.2 (SAS version 9.2 software packages; SAS Institute, Inc.; Cary, 
NC) software for coef�icient of variation (CV), Critical Difference 
(CD), Standard Error (SE), and Analysis of variance (ANOVA).

RESULTS	AND	DISCUSSIONS
Combining	the	BB	gene	Xa21	and	the	yield	gene	Gn1a	into	
the	genetic	background	of	Pranahitha

Phenotypic	evaluation	of	improved	breeding	lines	for	BB
A total of 50 F  breeding lines, along with parents, were screened 4

for bacterial blight resistance using bacterial cultures of a 
virulent local isolate of the BB pathogen, DX-020. A total number 
of 500 plants (10 plants/entry) lines were inoculated with 
bacterial culture at the maximum tillering stage by following the 
leaf clipping inoculation method described by (18). Along with 
F  plants, a resistant check, ISM, and a BB susceptible check, 4

MTU1010 was screened for bacterial blight resistance under 
�ield conditions. BB Scoring was done at 15 days after 
inoculation. Scoring was done as per the SES scale, IRRI, 2013. 
Out of the 50 F  lines evaluated against BB, twenty-nine breeding 4

lines showed a resistant reaction with a disease score of 3 (Table 
2). Eleven lines, viz., showed moderately resistant reaction with 
a disease score of 5. Susceptible check, MTU1010 showed a 
highly susceptible reaction with a disease score of 9. Resistant 
check, Improved Samba mahsuri showed a highly resistant 
reaction with a disease score of 1. 

Genotypic	characterization	of	advanced	breeding	lines	for	
introgression	of	the	BB	gene,	Xa21,	and	Gn1a	gene
	 The ef�iciency of selection will be greatly increased by the 
employment of molecular markers, especially through 
'foreground selection' where markers are used for the 
identi�ication of target genes or QTL to accelerate phenotypic 
screening (11). In the present study, the co-dominant marker, 
pTA248, was used to assess the presence of the major bacterial 
blight resistant gene (Xa21). Functional/closely linked co-
dominant markers are available for the major bacterial blight 
resistance gene, Xa21 (pTA248).	 It was used to screen the 
improved breeding lines to identify the homozygous one for the 
respective target genes. As the marker, pTA248 is tightly linked 
with Xa21	at a genetic distance of ~ 0.1 cM (31) it is a good choice 
to use in marker assisted breeding programmes.
A total number of 250 plants (5 plants each from the entry/line) 
were tested for con�irmation of the target gene	Xa21	speci�ic for 
bacterial blight resistance. Out of them thirty two lines were 
identi�ied to be homozygous positive for the target trait, BB and 
the remaining eighteen lines were identi�ied as homozygous 
negative (Figure 6.1). Among the breeding lines that are tested 
for Gn1a gene, thirty six breeding lines were identi�ied to be 
homozygous positive for grain number gene Gn1a	 and 
remaining fourteen lines were identi�ied to be homozygous 
negative. (Figure 6.2).

Though the gene pyramiding with more than one gene found 
effective (1), single gene (Xa21) conferring durable resistance 
was observed with the studies (32, 2, 22 and 30). These lines 
could perform better in farmer's �ield with respect to bacterial 
blight resistance. With reference to Gn1a gene, similar results 
were obtained by the earlier studies (9, 19, 35 and 27) in which 
the reliability of the gene has been observed.

Mean	 performance	 of	 yield	 and	 yield	 contributing	
characters	in	rice
Analysis of variance among advanced breeding lines revealed 
the presence of signi�icant difference for days to �ifty percent 
�lowering, plant height, panicle length, number of productive 
tillers, number of �illed grains per panicle, number of un�illed 
grains per panicle, total number of spikelets per panicle, 1000 
seed weight and grain yield per plant between parents and 
breeding lines (Table 3.0).
 Female parent Pranahitha (JGL11727) attained 50 % �lowering 
after 107 days of sowing. Mean days to 50% �lowering of 
improved breeding lines (possessing Xa21 and Gn1a) ranged 
from 90 days (KAR-17) to 108 days (KAR-13) with an average of 
98. Seventeen breeding lines viz., KAR-1, KAR-3, KAR-7, KAR-8, 
KAR-9, KAR-14, KAR-17, KAR-20, KAR-21, KAR-22, KAR-24, 
KAR-25, KAR-27, KAR-29, KAR-31, KAR-37 and KAR-47 
�lowered signi�icantly earlier as compared to female parent 
Pranahitha. Results obtained were found to be similar to (22, 4 
and 1). The mean plant height of female parent Pranahitha 
(JGL11727) was observed to be 117 days. Mean plant height 
values of the breeding lines (F  population) ranged from 87 cm 4

(KAR-20) to (KAR-34) 114 cm with an average value of 100.5 
cm. Forty breeding lines viz., were signi�icantly shorter (<117 
cm) than female parent Pranahitha (JGL11727) viz., KAR-1, 
KAR-3, KAR-5, KAR-6, KAR-7, KAR-8, KAR-9, KAR-11, KAR-12, 
KAR-13, KAR-14, KAR-15, KAR-17, KAR-18, KAR-19, KAR-20, 
KAR-21, KAR-23, KAR-24, KAR-25, KAR-26, KAR-27, KAR-29, 
KAR-30, KAR-31, KAR-32, KAR-33, KAR-35, KAR-36, KAR-37, 
KAR-38, KAR-39, KAR-40, KAR-42, KAR-43, KAR-44, KAR-45, 
KAR-46, KAR-47 and KAR-49. Similar observations of 
signi�icant variation in plant height were found in (2, 22, and 
30). Lower plant height results in lodging resistance in the 
farmer's �ield. 
 The panicle length of female parent Pranahitha (JGL11727) was 
observed to be 24.9 cm. Mean panicle length was 27.9 cm with a 
range of 24.65 (KAR-1) to 31.3 cm (KAR-2). Twelve breeding 
lines viz., KAR-2, KAR-4, KAR-9, KAR-10, KAR-16, KAR-22, KAR-
30, KAR-35, KAR-41, KAR-45, KAR-46 and KAR-50 showed 
signi�icantly higher panicle length than Pranahitha (JGL11727). 
Similar to the present study, signi�icant variations in terms of 
panicle length were found with (2, 22 and 4) et	 al. 2018. As 
panicle length is directly correlated with grain yield, the 
breeding lines with better panicle length may perform better in 
farmers' �ields. The mean number of productive tillers of female 
parent Pranahitha (JGL11727) was found to be eight (8). The 
mean productive tillers of improved breeding lines ranged from 
eight (8) (KAR-11) to 13 (KAR-30 and KAR-38), with an average 
of 11. Thirty three improved breeding lines viKAR-1, KAR-5, 
KAR-6, KAR-9, KAR-14, KAR-15, KAR-16, KAR-17, KAR-18, KAR-
19, KAR-20, KAR-22, KAR-23, KAR-24, KAR-26, KAR-27, KAR-
28, KAR-29, KAR-30, KAR-31, KAR-33, KAR-34, KAR-35, KAR-
36, KAR-38, KAR-39, KAR-40, KAR-41, KAR-42, KAR-44, KAR-
45, KAR-46 and KAR-47 viz., were found to be signi�icantly 
higher in terms of number of productive tillers than Pranahitha 
(JGL11727). 
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In the present study, observations of signi�icant variations 
regarding productive tillers per plant were found to be similar to 
(20 and 4). The number of �illed grains per panicle of female 
parent Pranahitha (JGL11727) was recorded as 194. The mean 
number of �illed spikelets per panicle varied from 121(KAR-15) 
to 317 (KAR-1), with an average of 219. Fourteen lines showed a 
signi�icantly higher number of �illed grains per panicle than the 
female parent, viz., KAR-1, KAR-2, KAR-4, KAR-6, KAR-9, KAR-
10, KAR-12, KAR-22, KAR-24, KAR-27, KAR-30, KAR-31, KAR-
32, and KAR-47. Similarly, signi�icant variation in terms of �illed 
grains per panicle was found with (5, 20, 2, 9, 19 and 4). The 
number of un�illed grains per panicle of female parent 
Pranahitha (JGAL11727) was recorded as 29. The mean number 
of un�illed spikelets per panicle varied from 13 (KAR-15) to 120 
(KAR-11), with an average of 66.5. Four breeding lines, viz., KAR-
15, KAR-34, KAR-44, and KAR-49, showed signi�icantly lower 
numbers of un�illed grains per panicle. The average number of 
spikelets per panicle of the female parent was recorded as 198. 
The mean number of spikelets per panicle varied from 134 
(KAR-15) to 366 (KAR-1), with an average of 250. Eight 
improved breeding lines viz., KAR-1, KAR-2, KAR-4, KAR-6, KAR-
11, KAR-22, KAR-27 and KAR-32 showed signi�icantly higher 
number of spikelets per panicle. Similar observations in terms 
of total spikelets per panicle were found with (5, 4, 15 and 27). 
1000-grain weight of female parent Pranahitha (JGL11727) 
displayed a mean of 16.14 g. Mean 1000-grain weight values of 
breeding line (F  generation) were varied from 14.2 g (KAR-10) 4

to 27.15 g (KAR-49) with a mean range of 20.6 g. Seven breeding 
lines, viz., KAR-1, KAR-7, KAR-12, KAR-17, KAR-46, KAR-47, and 
KAR-49, showed signi�icantly higher grain weight than the 
female parent. Similar observations of signi�icant variations 
with regard to 1000-grain weight were found with (5, 30, 22 and 
20). Mean grain yield per plant of female parent Pranahitha 
(JGL11727) was observed to be 30.1 g. Mean grain yield per 
plant values of breeding line (F  generation) were varied from 4

21.35 g (KAR-7 and KAR-39) to 48.45 g (KAR-19) with a mean 
range of 34.9 g. Twenty two lines viz., KAR-1, KAR-4, KAR-6, 
KAR-9, KAR-14, KAR-17, KAR-18, KAR-19, KAR-20, KAR-21, 
KAR-22, KAR-24, KAR-25, KAR-28, KAR-30, KAR-31, KAR-32, 
KAR-35, KAR-46, KAR-47, KAR-48 and KAR-49 showed 
signi�icantly higher grain yield than female parent. Results were 
on par with the �indings of (5, 20, 2, 9, 21, 27, 35 and 15). Seven 
lines performed better, having higher yields with a high level of 
resistance to bacterial leaf blight disease (Table 4.0)

CONCLUSIONS
In the present study, in the F4 generation, out of 50 breeding 
lines evaluated, 21 breeding lines were found to possess both 
Xa21	and Gn1a	resistance alleles and eight lines had only the 
Xa21	resistance allele, and 15 lines had only the Gn1a	resistance 
allele. Seven lines performed better, having higher yields with a 
high level of resistance to bacterial leaf blight disease. Thus, the 
present study has proven that the Marker-assisted selection 
coupled with phenotypic selection is successful, as these 
improved breeding lines with higher yield levels could perform 
better in the farmer's �ield with a good level of bacterial leaf 
blight resistance.
Future perspective: 
The identi�ied breeding lines carrying both Xa21 and Gn1a 
genes can be advanced for multilocation trials and released as 
high-performing varieties with durable resistance to bacterial 
leaf blight and improved grain yield. 

These lines can serve as valuable genetic resources for 
pyramiding additional biotic (e.g., blast, sheath blight) and 
abiotic stress tolerance (e.g., drought, salinity) traits through 
further marker-assisted selection.
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Figure	1.	Transplanted	Field

Figure	3.	BB	culture	plates	and	bacterial	blight	inoculum
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Figure:	 4.	 Phenotypic	 screening	 for	 bacterial	 blight	 resistance	 using	 Xoo	 (DX020)	
culture.	ISM-	Resistant	check;	MTU1010	-	Susceptible	check;	Improved	breeding	lines	
possessing	Xa21	(F4	Generation)

Figure	5.	Panicles	of	Gn1a	introgressed	lines	of	cross:	Pranahitha*ISM	(Xa21)	
*MTU1010	(Gn1a)

Figure	6.1	Segregation	pattern	of	F4	population	for	the	marker	pTA248	for	Xa21gene
L=100bp	Ladder,	P1=MTU1010,	P2=ISM

Table.	1.	Standard	Evaluation	System,	IRRI	scale	(2013)	for	bacterial	leaf	blight

Figure	6.2	Segregation	pattern	of	F4	population	for	the	marker	Gn1aINDEL	marker-3	
for	Gn1agene	 L=100bp	Ladder,	P1=MTU1010,	P2=ISM

Table.	 2.	 Scoring	 details	 of	 twenty-nine	 breeding	 lines	 which	 showed	 resistance	
obtained	through	screening	for	BB	resistance	as	per	IRRI-SES	scale	(IRRI	2013)
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Table	3.0	Mean	performance	of	yield	and	yield	contributing	characters	in	rice

CV	%	-	Coef�icient	of	Variation,	CD	-	Critical	Difference	and		S.E	d	-	Standard	Error

Table	4.	Performance	of	lines	with	bacterial	blight	resistance	and	higher	yield
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