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Abstract

In the present study a group of four indigenous and less popular rice genotypes (Meghi, Panibha-
sha, Jabra and Sholey) reported by growers as submergence tolerant lines from flood prone areas
of south Bengal were explored through study of nodal anatomy, physio-biochemical screening
under submergence and genotyping with submergence tolerance linked rice microsatellite loci
(RM loci). To identify the different allelic forms of different Sub1l compnents (Sub1A, Sub1B and
Sub1C) among the studied lines, the genomic DNA of individual genotypes was amplified with
three ethylene response factor like genes from Sub1 loci, located on rice chromosome 9. From the
different physio-biochemical experiments performed in this investigation, it has been shown that
Meghi and Jabra are the two probable potent genotypes which share common properties of both
submergence tolerant and deep water nature whereas rest two genotypes (Sholey and Panibhasha)
behave like typical deep water rice. The submergence tolerance property of Meghi was also con-
firmed from submergence tolerance linked SSR based genotyping by sharing with FR13A for some
common alleles as reflected in fingerprint derived dendrogram. The rest of the genotypes shared a
number of alleles and were included in a separate cluster. The common behaviour of Meghi and
FR13A under submergence was also confirmed from genetic study of Sub1 loci through sharing of
some common alleles for three Sub1 components (Sub1A, Sub1B and Sub1C loci). One SSR loci (RM
285) was identified as a potent molecular marker for submergence tolerance breeding programme
involving these two selected rice lines (Meghi and Jabra) as donor plant through marker assisted
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1. Introduction

Submergence is the third most important abioitic stress, hindering rice productivity in eastern India [1]. Though
rice is a crop that requires flooded and irrigated condition for cultivation, most of the rice varieties are suscepti-
ble to flooding if the water stagnates keeping the plants submerged under water for more than seven days [2]
causing leaf or stem elongation, leaf rotting, loss of dry mass and also lodging after the flood water recedes [3].
According to Sarkar et al. [1], “submergence tolerance is a metabolic adaptation in response to anaerobiosis that
enables cells to maintain their integrity so that the plant survives hypoxia without major damages”. Submer-
gence tolerance includes a number of anatomical (formation of higher aerenchyma tissue in nodal region),
physiological (more shoot elongation) and biochemical (inhibition of chlorophyll degradation, less utilization of
storage carbohydrates, and increased activity of antioxidative enzymes) adaptations [4]-[10]. A major QTL loci
responsible for submergence tolerance was mapped to chromosome 9, designated as Submergencel (Subl), re-
ported to be accounting for about 70% of the phenotypic variation under submergence [11]. This locus includes
three similar genes that encode ethylene response factor (ERF)/ethylene-responsive element binding (EREB)
proteins/Apetala2—type transcription factor domain: Sub14, Sub1B and Sub1C [12]. Sub1B and Sub1C are pre-
sent in the Sub1 region of all rice cultivars whereas the presence of Sub14 is varying [12] [13]. Over expression
of Sub14-1 in a submergence-intolerant O. sativa ssp. japonica conferred enhanced tolerance to submergence to
the plants, down regulation of Sub1C and up regulation of Alcohol dehydrogenase 1 (Adhl), indicating that
Subl1A-1 was a primary determinant of submergence tolerance [12] [13]. Development of submergence tolerant
rice genotypes is very essential for reducing the yield loss in lowland and flood prone rice growing areas. Till
today only a single rice landrace (FR13A) has been utilized in submergence tolerance breeding programme for
which a major QTL (Sub1) has been transferred to a number of high yielding improved lines for development of
submergence tolerant HYVs (e.g. Swarna-Subl, IR64-Subl, Samba Mahsuri-Subl, etc.) [14]-[17]. The only
limitation with these inbred lines is short plant type which makes them unsuitable for medium to deep low land
areas where water depth may reach up to 100 cm or more and persist for more than one month [1] [18]-[21]. It
has been shown that few traditional deep water low yielding rice lines are still cultivated in extremely deep wa-
ter lowland areas by poor marginal farmers where none of the improved lines can grow [14]. Though eastern In-
dia had harboured a hand full of such rice land races, during and after green revolution, most of them were pre-
maturely replaced by HY Vs prior to any experimentation and possible utilization in breeding [22]. Experimenta-
tion and utilization of remaining few such lines which are limited to a narrow marginal rice growing regions
may prove to be one of the most effective strategies for possible utilization of the different beneficiary traits
available within them [15] [23]. Keeping this as the objective, a good number of low yielding, less popular,
submergence tolerant rice lines were collected from low land flood prone areas of south Bengal, for which no
earlier information was available except on their growth and habitat from their respective growers. In this pre-
sent study four such selected lines were experimented for their submergence tolerance properties through
physio-biochemical and genetic analysis for their possible utilization in marker assisted breeding programme.
Another objective of the present study was to find out some polymorphic molecular markers between the se-
lected submergence tolerant line (donor plant) and a high yielding submergence sensitive rice line (recurrent
plant) which would be used to select out the appropriate inbred lines in breeding programme.

2. Materials and Methods
2.1. Plant Materials

A good number of indigenous rice lines were collected from the farmer’s field of low land flood prone areas of
south Bengal (Figure 1) of which four genotypes were selected based on the available information on growth
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and habitat from local farmers of respective rice growing regions. The detailed description of these lines is pre-
sented in Table 1. FR13A, the most well experimented submergence tolerant line utilized in submergence to-
lerance breeding programme was included in this experiment as reference genotype. One high yielding, sub-
mergence susceptible rice line (IR36) which has been used as high yielding recurrent parent in a number of in-
ternational breeding programme and also the most extensively cultivated high yielding line of West Bengal at
present with high consumer preferences was included in this study as reference line for marker based genotyping.
As this line is very popular and well characterized, only marker based genotyping was done to find out the po-
lymorphic markers between the studied varieties and IR36.

— —
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Figure 1. Lowland Flood prone districts of West Bengal.

Table 1. Details of landraces used in this study.

S1. No. Acc.No. Genotype Specific Note

Highly submergence tolerant rice landrace, for the first time reported from the rice field of Orissa in
1950’s and have been included in a number of submergence tolerant breeding programme
as donor to develop a number of high yielding submergence tolerant hybrid lines.
Grain medium long with distinct awn. Kernel reddish brown in color and bold in shape.

1. VB69 FRI13A

Submergence tolerant traditional rice line of south Bengal, deep water rice and can grow with
2. VB196 Meghi increase of water level as reported by growers, having grain length of medium length with bold,

brown kernel. Good for popped rice preparation.

Submergence tolerant indigenous rice line of south Bengal can tolerate 5 - 15 days of submergence

3 VBI99 Sholey with medium long grain and kernel which is brown in color. Straw may be up to 10 - 22 ft long.

4. VB231 Panibhasha Submergence tolerant rice line of south Bengal with long grain length and medium shaped, brown kernel.

Submergence tolerant indigenous rice line of south Bengal can tolerate 5 - 15 days of submergence with
5. VB239 Jabra medium long grain and kernel, which is brown in color. Straw may be up to 10 - 22 ft long. Presence
of anthocyanin pigmentation can be seen on the lower portion of the stem of mature plants.
Submergence susceptible, high yielding improved, semi dwarf rice line developed during the green

6. VB9 IR36 revolution, with maturation time of 105 days and presently cultivated in most of
the upland rice fields of eastern India. Produces slender grain.
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2.2. Agromorphological Characterization

Initial characterization of the studied lines was done for grain and kernel dimension and their weight for proper
identification of the selected lines.

2.3. Anatomical Study

A comparative study on amount and distribution of aerenchyma tissues between normal and submerged plant of
each lines were done for the same nodal region. Thin cross sections, prepared from the respective nodal portion
were stained properly with safranin and examined under compound microscope.

2.4. Physiological Characterization

For physiological characterization germination potential, seedling vigor and seedling growth of each studied
lines were recorded under submerged condition. All the experiments were repeated twice. For study of germina-
tion potential, 10 healthy seeds of each selected rice genotypes were surface sterilized with 0.1% mercuric chlo-
ride and kept under water in test tubes with control set for each lines. Germination potential (percentage) was
calculated using the ratio (No. of seeds germinated/No. of seeds kept for germination) multiplied by 100. Seedl-
ing vigor of the experimental varieties was tested using test tube method as described [24]. Seedling vigor index
was calculated according to the formula as mentioned [25]. Five healthy seeds of each studied genotypes were
first surface sterilised with freshly prepared 0.01% (w/v) mercuric chloride and then soaked in cotton for germi-
nation. Seven days old seedlings were fully submerged for duration of seven days under 90 cm of water. After
seven days, the plants were desubmerged and kept seven days of duration for hardening. A control set was
maintained under nonsubmerged condition for same duration. Anatomical study and biochemical estimation
were done 21 days after germination. Shoot length of the seedling were measured at two days interval during the
period of submergence and at the time of hardening after desubmergence.

2.5. Biochemical Studies

Comparative estimations for soluble and insoluble carbohydrate, total chlorophyll and protein content were done
from mature leaf tissue of submerged and nonsubmerged plants for each genotype. Carbohydrate estimation was
done using anthrone reagent following a published protocol [26] and chlorophyll estimation was done following
Arnon’s method using Arnon’s formula [27].

2.6. Genetic Analysis

Genetic analysis was done through genotyping with submergence tolerance linked microsatellite loci and allelic
diversity analysis for the Sub14 loci among the studied lines. The genotype IR36 was included in marker based
genotyping but not in the study of allelic diversity for the Sub1A4 loci. Genomic DNA was isolated following a
pre-standardized protocol [28] [29] of our laboratory. To assess the genetic relationship amongst the rice geno-
types, SSR markers are found to be most advantageous [30] and informative. Genetic relationship among the
five studied rice genotypes was assessed for five reported tightly linked SSR markers (RM 219, RM 316, RM
464A, RM 444 and RM 285) mapped to Subl QTL on rice chromosome 9 [12] [16] [19]. Detail information of
the map position of five used SSR markers are presented in Figure 2 (after taking kind permission from the
workers [31]). This map was constructed using three mapping populations (ZS97, WYJ, DL208 and H94). The
detailed information of these markers and their respective sequences were collected from Gramene website
(http://www.gramene.org), a freely available website for cereals and presented in Table 2. To study the allelic
diversity in Subl loci (the detail information of Subl is given in Table 3) among the studied lines, primers were
designed from three components of Subl loci (SublA, Sub1B and Sub1C) (Table 4). Primer sequences were
subjected to BLAST analysis in Gramene database (www.gramene.org) to find out the possible sequence simi-
larity in rice genome and final confirmation was done through in silico PCR targeting the respective DNA se-
quences using a freely available web resource (http://insilico.ehu.es) (Table 5). The primer sequences were
synthesized from Integrated DNA Technology (IDT, USA).

2.7. PCR Amplification

PCR amplification was done following an earlier reported protocol [28] from our laboratory using a thermal
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Figure 2. Location of the five selected SSR loci on rice
chromosome 9 used in this study (Peng et al. 2014).

Table 2. Details of RM markers used in this study.

Primer Sequence

SI. No. RM Marker ~ Repeat Motif Chr. No.
Forward Reverse
1 RM 219 cni7 5'CGTCGGATGATGTAAAGCCT3’ 5'CATATCGGCATTCGCCTG 3' 9
(GT)B(TG)9 . , ' ,
2 RM 316 (TTTGA(TG)4 5'CTAGTTGGGCATACGATGGC3 5'ACGCTTATATGTTACGTCAAC3 9
3 RM 464A (AT)21 5'AACGGGCACATTCTGTCTTC3’ 5S'TGGAAGACCTGATCGTTTCC3’ 9
4 RM 444 (AT)12 5'GCTCCACCTGCTTAAGCATC3’ S'TGAAGACCATGTTCTGCAGG3' 9
5 RM 285 (GA)12 5'CTGTGGGCCCAATATGTCAC3’ 5'GGCGGTGACATGGAGAAAG3' 9

Table 3. Details of Submergencel loci.

S1. No. Name Description Position Source
1 DQO11598.1 Submergence-1A Chr09:2308684..2309239 NCBI, Ensembl Plant
2 tr|B1PI82|B1PI82_xORYNI Submergence-1B chr09:6404750..6405950 RAP-DB
3 tr|B1PI84|B1PI84_ORYNI Submergence-1C chr09:6388958..6389653 RAP-DB

Table 4. Details of markers specifically linked with Sub1 loci used in this study.

Primer Sequence

SL. No. Ge“Meanl’(zcriﬁc Chr. No.
Forward Reverse
1 SublA4 5'CAGGAATAAGTAGGCACATCA3’ 5S'GGACCAAGAACAAAGTCAAAZ 9
2 SublB S'ATGGAGACGACCACAGAG3’ 5S'GCAGCACTCCAGCAGTATS3' 9
3 SublC S'GATCCGTGGTAGTGACAAG3' 5S’AGCAGCACTCGATGAGTAT3' 9

Table 5. Comparison between molecular weights of products of in silico PCR and wet lab PCR.

S1. No. Gene Name Product Size Estimated in Silico PCR (bp) Product Size through Wet Lab PCR (bp)
1 Subl14 715 956.09 (al), 747.65 (a2)
2 Subl1B 453 1400 (b1)
3 Sub1C 434 1330 (cl), 534.6 (c2)
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cycler (M. J. Research, MC 013130) in 25 pl of reaction mixture containing 100 ng of genomic DNA, 2.5 ul of
10X Tagbuffer, 1.0 pl of 50 mM MgCl,, 0.25 pl of 2.5 mM dNTPs, 1 pul each of the forward and reverse primers
(10 pmol/ul), 0.1 pl of 5 U/ul Tag-polymerase. The thermal cycling profile for the first step was 95°C for 5 min.
For the next 35 cycles the temperature regime was 94°C for 1 min, 50°C for 1 min and 72°C for 2 min, final ex-
tension at 72°C for 10 min. The annealing temperature of each set of PCR reaction was changed according Tm
value of individual primer set.

2.8. Polymorphism Screening and Allelic Diversity Analysis

For SSR based polymorphism screening among the studied genotypes, the amplified products were resolved in 6%
native polyacrylamide gel following the standard protocol [32]. The molecular weight of the amplified DNA
bands from the different rice genotypes was determined with help of a 100 bp DNA ladder, included in the gel
as size marker with the help of image analysis software (AlphaEaseFC 4.0, USA). Individual alleles (in form of
differences in molecular weight of the amplified product for individual SSR loci) for each microsatellite loci
were scored to prepare a 1/0 matrix based on presence (1) or absence (0) of a particular band. A pair-wise simi-
larity coefficient matrix between all possible pairs of the rice genotypes were calculated from the 1/0 matrix us-
ing statistical software (SPSS 16.0) and a dendrogram was constructed using average linkage between groups
using STATISTICA software. To find out the informativeness of individual markers, the Polymorphism infor-

mation content (PIC) of each marker loci was calculated by the simplified formula PIC, =1- ZPUZ , Where, i =

1 to n and P; is the frequency of /™ allele for the i band scored for a particular marker loci [33]. For IR36 the
different allelic forms of each SSR loci were only determined, but not included in further analysis. The ampli-
fied products, obtained from the individual Sub1 loci specific primers across the studied genotypes were re-
solved in 1.5% agarose gel and the different allelic (variation in molecular weight) forms of each individual
Sub1 loci were determined.

3. Results
3.1. Agromorphological Studies

Grain and kernel morphology (size and shape) of the studied lines are presented in Figure 3. Grain and kernel
dimension were categorized (Table 6) according to SES (Standard Evaluation System, IRRI, Philippines). For
elaborate characterization 100 grain and kernel weights were also recorded and presented in Table 6.

L B
I e

L1 S

Figure 3. Grain and kernel dimension of the studied rice lines.
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3.2. Anatomical Studies

Among the studied lines, Meghi showed maximum difference in aerenchyma tissue formation between the con-
trol and submerged plants in comparison to other lines. The submerged plants showed more amount of aeren-
chyma tissues (Figure 4) with air channels of relatively bigger in size.

3.3. Physiological Studies

Under submerged condition all the varieties germinated with varied potentiality. Jabra showed highest germina-
tion percentage (100%) (Figure 5(a)) among all the studied lines under submerged condition within seven days
of treatment. Jabra also showed highest seedling vigor among the studied lines. The graphical representation of
seedling vigor is shown in Figure 5(b). From the growth pattern analysis during submergence it was observed
(Figure 5(c)) that Meghi checked the growth during submergence which is very much similar to FR13A also
consistent with the submergence tolerant property. Whereas Jabra, Sholey and to some extent Panibhasha
showed a continuous increase in shoot length during submergence exemplifying the submergence escaping

property.

3.4. Biochemical Studies

Total chlorophyll and total protein content of all the studied rice lines are represented in Figure 5(d) and Figure
5(e) respectively. Of all the studied lines Meghi showed highest reduction in total chlorophyll as well as total
protein content during submergence. Meghi, Panibhasha and Sholey showed significant increase in soluble car-
bohydrate content whereas Jabra showed decrease (5%) in soluble carbohydrate content under submergence. All
of the rice lines except Jabra showed significant decrease in the amount of insoluble carbohydrate content. Both
soluble and insoluble carbohydrate profiles are represented graphically in Figure 6(a) and Figure 6(b) respec-
tively.

3.5. Genetic Analysis
Dendrogram (Figure 7) resulted out from the genotypic profiling showed that Meghi and FR13A are included in

Meghi (Contre

Figure 4. Cross section across the nodal region of rice line (Meghi) in both
submerged (test) and non submerged (control) condition.

Table 6. Agromorphological data.

Grain Kernel
St Mo Ace. To. I?;iit)h B(r;?ﬂ;h Length/Breadth {78? f;?ln)l szrrllr%lt)h B(rrf::;i;h Length/Breadth 1\2](:.1?;331
1 VB196 8.28 3.72 2.2258 15.0 6.06 33 1.8363 12.6
2 VB231 9.3 3.6 2.5833 11.1 6.6 2.84 2.3239 11.2
3 VB239 7.96 2.96 2.6891 13.4 5.4 2.6 2.0769 9.8
4 VBI199 8.44 3.1 2.7225 10.9 6.1 2.9 2.1034 10.7
5 VB69 8 3.42 2.3391 13.4 6.0 2.46 2.4390 8.4
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Figure 5. Graphical presentation (a) Seedling Vigor Index (b) Germination percentage (c) Shoot growth (d)
Total chlorophyll content and (e) Total protein content in studied rice lines in submerged (test) and non sub-

merged (control) condition.

first cluster whereas Jabra, Sholey and Panibhasha shared the second one. PIC (Table 7) values of all the studied
SSR markers were calculated which showed highest (0.96) value in RM464A followed by rest of the markers

with PIC value ranging from 0.8 to 0.93.

3.6. Allelic Diversity Analysis for Sub1 Loci among the Studied Genotypes

DNA amplification profile (Figure 8) generated from three components of Sub1 loci (Sub14, Sub1B and Sub1C)
for the studied lines showed presence of common alleles (a;, by, ¢, as well as ¢,) between Meghi and FR13A. On
the other hand Panibhasha and Jabra, sharaed the presence of a, allele of Sub14 loci and c, allele of Sub1C loci.
Meghi also shared with the earlier genotypes (Panibhasha and Jabra) the presence of another common allele (a,)
of Sub14 loci. The Sub1A4 locus of Meghi is very interesting because of the fact that Meghi shares both a, allele



S. Goswami et al.

o CONTROL &TEST 8 CONTROL o TEST

.. IFi

Soluble carbohydrate per
gram tissue (mg/ml)
Insoluble carbohydrate content

MEGHI PANIBHASHA JABRA SHOLEY FRI3A MEGHI PANIBHASHA JABRA SHOLEY FR13A
(@) (b)

Figure 6. Graphical presentation of soluble (a) and insoluble (b) carbohydrate content of studied rice lines in submerged (test)
and non submerged (control) conditions.

Tree Diagram for 5 Variables
Unweighted pair-group average
Euclidean distances

FR 13A A
Meghi
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B
Jabra
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1.9 2.0 2.1 22 23 24 2.5 2.6 2.7
Linkage Distance

Figure 7. Genotype derived dendrogram showing interrelationship among
studied genotypes.

Table 7. PIC value of the studied RM loci.

Sl. No. Marker PIC Value
1 RM219 0.80
2 RM464A 0.96
3 RM316 0.90
4 RM444 0.90
5 RM285 0.93

of FR13A and a, allele of Panibhasha and Jabra. The remaining genotype, Sholey showed b, allele of Sub1B loci
and ¢, allele of Sub1C loci but total absence the Sub14 loci.

4. Discussions

From this study it had been concluded that the different rice lines investigated in this present study showed dif-
ferential responses to submergence. In Meghi, Panibhasa and FR13A seedling growth and development checked
under submerged condition, whereas in Jabra the seedling growth and development was affected least. In the
rest genotype (Sholey), the seedling showed better performance under submerged condition. Statistical test for
mean difference in shoot length under normal and test condition showed that Meghi and FR13A shared a com-
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mon performance where non-significant mean difference indicated submergence tolerance whereas significant
difference with positive increment in Panibhasa, Jabra and Sholey indicated their long rice nature (submergence
escaping properties). Out of these four lines, Meghi showed some unique properties very much parallel to
FR13A, a well reported rice line which had been taken as donor plant in a number of submergence tolerance
breeding programme and had been introgressed to develop a good number of high yielding submergence tolerant
lines (e.g. Swarna-Subl, IR64-Subl, Samba Mahsuri-Subl, etc.). The higher amount of aerenchyma tissue for-
mation with retarded shoot growth under submerged condition indicated its submergence tolerance property
(quiescence strategy), very much similar to FR13A whereas continuous growth and insignificant changes of ae-
renchyma tissue formation under submergence for the rest of the genotypes (Jabra, Sholey and Panibhasha)
shared properties of deep water rice. In respect to carbohydrate utilization under submerged condition only Jabra
followed deep water properties as in this line amount of soluble carbohydrate decreased with gradual increase of
insoluble carbohydrate. Least degradation in chlorophyll content under submergence in Jabra is very significant
for its stress tolerant properties in addition to its deep water nature. Though most of the incidence of flooding
occurs at late monsoon (post-transplantation time), sometimes seed beds are also affected by early monsoon
which results in severe loss of seedlings. Jabra, which shows highest seedling vigor under submerged condition,
may be included as a potent tolerant genotype for seedbed flooding and consequent seedling loss. The submer-
gence tolerance property of Meghi was also confirmed through marker based genotyping by sharing with
FR13A in derived dendrogram and also sharing of common allele for Sub14, Sub1B and Sub1C loci. Sharing of
another allelic form of Sub14 locus respectively by Meghi with Panibhasha and Jabra proves their partial like-
ness which may result in common sharing of both submergence tolerance and deep water nature. As the in silico
study is done on Nipponbare genome (which is the main rice genomic source of Gramene), which is also a
known submergence susceptible variety, the presence of Sub14 of 950bp is in keeping with the submergence
tolerant varieties (Meghi and FR13A). From this study it can be concluded that both Meghi and Jabra are the
potent genetic resources for lowland and flood prone areas having common properties of both submergence to-
lerance and deepwater nature. Though both of these lines are low yielder with poor grain and kernel quality,
they can be used as donor plant for the development of high yielding submergence tolerant and deep water rice
through marker assisted breeding programme. From the marker based screening among IR36 and the lines se-
lected to be most potent in this study (Meghi and Jabra), it is revealed (Table 8) that RM 285 may be used as a
polymorphic marker for marker assisted selection (MAS) involving submergence tolerance breeding programme.
This present investigation may be considered as a baseline study for characterization and utilization of valuable

FR 13A Panibhasa Jabra Meghi Sholey
| | | | |
Ladder jsublA sublB sublC|sublA subIlB sublC/sublA sublB subIC{sublA sublB sublClsublA sublB subl1C|

1.5kb bl cf b1 L1, 1.4kb
1.2kb ] 1.3kb
kb [ 0.956kb
0.9Kb [

0.8Kb [ : 0.750kb
0.7kb [

0.6kb [l

0.530kb

Figure 8. Gel picture showing amplified bands for the Sub1 loci among the studied rice lines.

Table 8. The fingerprint profile.

Rice genotypes
SSRs

IR36 Jabra Meghi
RM219 24527 NA 236.77

RM316 187.68 185.36 NA
RM464A NA" 246.07 261.72
RM444 NA NA 230.36
RM285 204.005 196.85 193.21

"Not Amplified.
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unexplored genetic resources through marker assisted breeding programme. In addition to this, the experimented
lines and the investigated marker loci may also be used for QTL mapping following development of mapping
population targeting Sub1 loci in rice.
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