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Abstract

In this study, rice germplasms were screened for biotic (blast, bacterial blight, brown planthopper, gall midge) and
abiotic stress tolerance (drought, salinity) in 50 rice genotypes using 19 trait linked SSR markers.Among the genotypes;
B 40 showed amplification of the resistance/tolerance specific alleles for multiple traits, viz., blast, bacterial blight, gall
midge, saltol and IRBB 57 showed presence of resistance/tolerance specific alleles for blast, bacterial blight, gall midge
and drought. Moreover the genotypes, IR 11 A546, IR 11 A581, IR 11 N 169, IRBB 2, IRBB 4, IRBB 5, IRBB 13, IRBB
64, IRBB 12 DS-GMEI-22, IR 64, IRBB 55, IRBB 62, IRBB 14, IRBB 50, IR 11 N 223 showed presence of resistance
specific alleles for blast, bacterial blight, gall midge, brown planthopper and drought, Saltol by combination of any of
the above three traits. The rice line IRBB 10 showed presence of resistance linked alleles for two gall midge resistance
genes,Gm4 (270bp) and Gm8 (170bp). Genotypes IRBB 61 and IRBB 62 showed presence of resistance linked alleles
for two of the Saltol linked loci. The rice genotypes displaying amplification of resistance/tolerance linked alleles for
multiple traits can be used as donors for these traits after their validation through phenotypic screening. All the nineteen
SSR primers used in this study amplified and showed the polymorphism among the rice genotypes. With an average of
5.42 alleles per locus, a total of 103 alleles were detected. The polymorphism information content (PIC) values ranged
from 0.40 to 0.90 with an average PIC value of 0.65 per primer. Rice genotypes were grouped into two main clusters
by UPGMA, which were further divided into two sub-clusters. Through Marker Assisted Selection (MAS), this study
will assist in selection of parental lines and also for development of new breeding population that will be tolerant to
specific biotic and abiotic stresses.
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Introduction

Rice (Oryza sativa L.) is one of the most widely cultivated
(118 countries) crops in the world. Rice ranks second after
wheat in terms of area harvested but in terms of importance
as a food crop, rice provides more calories per hectare than
any other cereal crop. It’s a staple food for more than three
billion people in the world (Ma et al., 2007).

Exposure of rice crop to various environmental stresses
such as abiotic (salinity, heat, drought, cold, submergence,
radiation, and heavy metals) and biotic factors (pathogens
and herbivores) cause a rigorous yield loss (Gomez,
2013). The emergence of new diseases and insect pests
and the changing climate are the major issues that address
the requirement for sustainable crop development and
resistance to biotic and abiotic stresses. For precise
genetic manipulation of complex quantitative traits like
yield, tolerance against biotic/abiotic stresses, quality etc.,

understanding the genetic/molecular basis of target traits
needs to be investigated thoroughly.

In the recent times, due to technological innovations
and development of DNA based molecular markers it
has become possible for the transfer of genes that confer
resistance to biotic stresses (bacterial blight, blast, gall
midge etc.) and abiotic stresses (submergence, drought,
salinity etc.). With the improvements made in the area of
molecular markers, the tracking of the genes for resistance
has become easier by following the path of markers that are
linked/ tagged to each gene for resistance, thus making the
identification of plants with two and more genes possible.

Traditional breeding approaches are effective but delay
production of climate-resilient variety as they rely on
extensive phenotypic screening methods and also are
not suitable for making rapid improvement in tolerance
to multiple stresses. Hence, molecular breeding can be
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preferred as it offers an opportunity to increase the speed
and efficiency of plant breeding (Whitford et al., 2010).
Molecular markers are promising and effective tools for
measuring genetic diversity in germplasm collection
and elucidating their evolutionary relationships. Using
molecular marker technology, it is now feasible to analyze
the quantitative traits and identify the chromosomal regions
associated with such characters known as quantitative trait
loci (QTLs) (Choudhary et al., 2008). Identifying such
regions will help to increase the selection efficiency in the
breeding program.

Among various PCR based markers, SSR markers are
more popular in rice because they are highly informative,
mostly monolocus, codominant, easily analysed, highly
reproducible and cost effective (Gracia et al., 2004).
Microsatellites or SSR markers are sequences of a
few repeated and adjacent base pairs and are abundant
throughout the eukaryotic genome (Powell et al., 1996).
Variations in the number of repeats can be detected by
polymerase chain reaction (PCR) with the development
of primers (20-30 basepairs) specifically built for
amplification and complementary to conserved sequences
flanking the microsatellite. SSR markers are able to
detect high level of allelic diversity and they have been
extensively used to identify genetic variation among rice
subspecies (Ni et al., 2002). SSR markers are efficient
in detecting genetic polymorphisms and discriminating
among genotypes from germplasm of various sources,
even they can detect finer level of variation among closely
related breeding lines within a same variety (Lapitan etal.,
2007).

Different rice varieties of distinct genetic background are
a good promise for the future of rice crop improvement
programmes as genetic diversity helps in estimating
and establishing of genetic relationship in germplasm
collection, identifying diverse parental combinations
to create segregating progenies with maximum genetic
variability and superior recombinations for further
selection and introgressing desirable genes from diverse
germplasm (Thompson et al., 1998 and Islam et al., 2012).

The major objective of this study was to screen the
genotypes for biotic and abiotic stresses using SSR markers
linked with tolerance traits or QTLs and to identify the
best genotype to be used as donor for tolerance to multiple
stresses in breeding program in the future for development
of new rice varieties that are equally beneficial for farmers

and the scientific community. In the investigation reported
here, 19 SSR markers were used to fingerprint 50 rice
accessions. The SSR data was used to evaluate the level
of genetic diversity within the rice genotypes and to assess
genetic relationship among the accessions.

Materials and Methods

The present study was conducted at the Plant Biotechnology
Centre, Dapoli, Ratnagiri district, India in 2017-2018.
Fifty rice genotypes obtained from Regional Agricultural
Research Station, Karjat, District-Raigad, Maharashtra,
India were used for the study (Table 1).

Table 1.Genotypes used in this study

sg. Genotypes S(r) Genotypes Sg Genotypes

1 |[IR11A546 |18 IRBB5 |35 |IRBB56

2 [IR11A581 |19 IRBB7 |36 |IRBB57

3 [IR11IN121 | 20 IRBB8 |37 |IRBB 58

4 [IR11N137 | 21| IRBB10 | 38 [IRBB 59

5 [IR11IN169 |22 | IRBB11 | 39 |IRBB 60

6 [IR11N239 | 23| IRBB13 |40 |IRRI123

7 [IR11N313 |24 | IRBB14 |41 |IRBB61

8 [IR12L201 | 25| IRBB21 |42 |IRBB 62

9 |SAKHA 105 | 26 | IRBB50 |43 |IRBB 63

10 [B 40 27| IRBB51 |44 |IRBB 64

11 |IR 552 28 | IRBB52 |45 |IRBB 65

12 |[IR11A106 |29 | IRBB53 |46 [IRBB 66

13 |IRBB 1 30 [IR11 N 223| 47 |12 DS-GMEI-22

14 |IRBB 2 31| IRBB54 |48 |HHZ5-DT20-
DT3-Y2

15 |IRBB 3 32 [IR09L226|49 |[IRO5A272

16 |[IR12L125 |33 | IRBB55 |50 |IR 64

17 |IRBB 4 34 |IR 11 N 400

The DNA was isolated by following the protocol of

Edwards et al., (1991). For DNA isolation, 10 days old
leaves were collected and sterilized with 70% ethanol
to avoid the contamination. Leaf tissue (100 mg) was
collected and kept in 1.5 ml eppendorf tube which leads
to ensure uniform size of sample. Collected tissue was
macerated by micro pestle at room temperature without
buffer for 15 sec. Extraction buffer (500 ul) was added and
leaf tissue macerated gently for few seconds and kept in
hot water bath for 45 minutes at 65°C. The sample was
cooled down to room temperature and centrifuged at
10000 rpm for 10 minutes. Aqueous layer was transferred
to fresh eppendorf tube and 200 pl of chloroform: iso-amy]l
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alcohol (24:1) was added and mixed by gentle inversion
for 5-6 times. The contents were then centrifuged at 8000
rpm for 10 minutes. Supernatant was mixed with double
volume of chilled Iso-propanol and incubated at —20°C for
overnight. On the next day the solution was centrifuged at
8000 rpm for 10 minutes and pellet was collected. Pellet
was washed with 100 ul of 70 per cent ethanol followed by
centrifugation at 8000 rpm for 10 minutes. Pellet was dried
and re-suspended in 50 pl of 1x TE buffer and incubated at
37°C in a water bath for 30 minutes and stored at -20°C till
further use. Quality of the isolated DNA was confirmed by
Agarose gel electrophoresis method.

Simple sequence repeat (SSR; i.e. microsatellite)
marker analysis: For the molecular screening of rice
germplasm, nineteen different trait specific SSR markers
well distributed on all the 12 chromosomes of rice were
used (Table 2). These SSR markers were chosen based
on their physical position on the 12 chromosomes of rice
genome according to the ‘Gramene’ database (http//:www.

/R

gramene.org) and also based on their linkage to different
genes conferring resistance to bacterial blight blast, gall
midge and tolerance to salinity and drought. PCR reactions
were carried out in Thermal cycler with the total reaction
volume of 20ul containing, 10ng of genomic DNA, 10X
assay buffer, 10mM of dNTPs, 25mM MgCl,, 10pmol
of forward and reverse primers and 3 U Taqg polymerase
enzyme and Nano pure water. The PCR cycles were
programmed as 95°C for 5 min, 94°C for 20 sec, 55°C for
30 sec, 72°C for 45 sec for 35 cycles and an additional
temperature of 72°C for 7 min for final extension. The
amplified products were separated on 2% agarose gel
prepared in 1X TAE buffer and stained with Ethidium
bromide.The gel was run in 1X TAE buffer at constant
voltage of 80 V for a period of 100 minutes.

Scoring and data analysis: Marker alleles were scored
as present (+/1) or absent (-/0). The data was used for
similarity based analysis using the programme MVSP-A
(Multivariate Statistical Package 5785, Version 3.1).

Table 2. List of SSR primers with their sequences and linked gene

Sr. Primer |Sequence Forward primer Sequence Reverse Primer Chromosome | Linked Reference
No No. gene
Karmarkar

1. | RM140 |TGCCTCTTCCCTGGCTCCCCTG | GGCATGCCGAATGAAATGCATG 1 Saltol ol o1
2. | RM 1287 |CCATTTGCAGTATGAACCATGC | ATCATGCAATAGCCGGTAGAGG 1 Saltol | Ganie et al. 2016
3. | RM562 gig@AGGAAGAATCAGACACA' GTACCGTTCCTTTCGTCACTTCC 1 saltol | CGaneetal.2016
4. | RM3412 |AAAGCAGGTTTTCCTCCTCC CCCATGTGCAATGTGTCTTC 1 Saltol | Islam et al..2015
5. | RM6775 | AATTGATGCAGGTTCAGCAAGC | GGAAATGTGGTTGAGAGTTGAGAGC 6 Bph25 | Myint et al. 2012
6. | RM309 |CACGCACCTTTCTGGCTTTCAGC |AGCAACCTCCGACGGGAGAAGG 12 Bph26 | Myint et al.2012
7. | RM 5479 |CTCACCATAGCAATCTCCTGTGC | ACTTCGTTCACTTGCATCATGG 12 Bph26 | Myint et al.2012
8. | RM5926 | ATATACTGTAGGTCCATCCA AGATAGTATAGCGTAGCAGC 11 Pi1 T';'tp;esz"(‘)’i?y
9. | RM8225 | GCGTGTTCAGAAATTAGGATACGG | GATCTCGCCACGTAATTGTTGC 6 Pi-z | Ashkani et al. 2011
10. | RM206 |ATCGATCCGTATGGGTTCTAGC | GTCCATGTAGCCAATCTTATGTGG 11 Pi-kh | Kumar et al. 2013
11. | RM212 |AAGGTCAAGGAAACAGGGACTGG | AGCCACGAATTCCACTTTCAGC 1 Dr | Ashfaqetal.2014
12. | RM302 |TGCAGGTAGAAACTTGAAGC AGTGGATGTTAGGTGTAACAGG 1 Dr | Ashfagetal.2014
13. | RM 3825 | CCACTAGCAGATGATCACAGACG | GAGCACCTCATAAGGGTTTCAGC 1 Dr | Kanagraj et al..2010
14. | RM201 |CTCGTTTATTACCTACAGTACC |CTACCTCCTTTCTAGACCGATA 9 Dr | Kanagraj et al.2010

ATCCTCGAAAGTAGGAGTAG- . Ramadevi
15. | RM 1233 | ATGGGCACGTGTAATTCATTCG |, - 11 Pi-1 tal 2018
16. | pTA248 | AGACGCGGAAGGGTGGTTCCCGGA | AGACCGGGTAAT CGAAAGATGAAA 11 Xa2l | Sabaretal.2016
17. | RM122 |GAGTCGATGTAATGTCATCAGTGC | GAAGGAGGTATCGCTTTGTTGGAC 5 Xa5 | Sabaretal,2016
18. | RM 22709 | CGCGTGGGCGAGACTAATCG CCTTGACTCCGAGGATTCATTGTCC 8 Gm8 Z(;Taggtlrg
19. | RM547 |TTGTCAAGATCATCCTCGTAGC | GTCATTCTGCAACCTGAGATCC 8 Gm4 | Kalpana et al.2016
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Similarity coefficients were used to construct UPGMA
(Unweighted Pair Group Method with Average) to generate
dendrogram. Distance matrix and dendrogram was
constructed based on diversity coefficient generated from
pooled data by using UPGMA, a computer programme for
distance estimation. The polymorphism percentage of the
obtained bands was calculated by using following formula,

Total number of Polymorphic alleles

Total number of alleles X100

Percent Polymorphism

Polymorphism Information Content: Polymorphism
Information Content (PIC) value were calculated as per
formula developed by Powell et al.,(1996).

PIC=1-YP,?

Where, P, is the frequency of i"and j" locus, summed
across the entire locus over all lines. PIC values range
from O (monomorphic) to 1 (very highly discriminative,
with many alleles each in equal and low frequency)
were estimated for each profile generated across 50 rice
genotypes.

Results and Discussions
Biotic stresses

Blast: Four primers i.e. RM8225, RM206, RM5926 and
RM1233 were used to identify blast resistance linked
alleles in 50 rice genotypes. Marker RM8225 specific to
gene Pi-z indicated presence of resistance linked alleles
(221bp) in the genotypes, IRBB 53, IR 11 N 223, IRBB
57, IRBB 58. Fjellstrom et al., (2004), Askani et al., (2011)
reported resistance linked alleles specific to gene Pi-z by
using marker RM8225. Marker RM5926 specific to gene
Pi-1 indicated presence of resistance linked alleles (at
176bp) in the genotypes, B 40, IRBB 13, IRBB 65, IRBB
66, 12 DS-GMEI-22, IR 64 (Plate No.1). Thippeswamyet
al., (2006) and Thippeswamy et al., (2015) also evaluated

L0 & & @ @ Fom ® j@ wk g3 o1 g4 p8
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Pladr Ma 1D Lisglifed DG baik of 50 ricr grastypry wibsg SSH marker
FALSH2 S Bubird (o Bladl rrohibnser lrwdl, L= 1000 laddir. (Astaw
it gt prorsdr of K froedssr linked aBeie).

rice genotypes for presence of resistance linked alleles
specific to gene Pil by marker RM5926.

The genotypes were screened for the presence of resistance
linked allele for gene Pil by visualization of amplicons
of 170 bp fragments using SSR marker, RM1233. The
results showed that all the genotypes indicated absence
of resistance linked alleles for gene Pil specific marker
RM1233. Earlier studies (Ashkani et al., 2011; Ramadevi
et al., 2015; Yadav et al., 2017) reported the use of marker
RM 1233 specific to gene Pil for screening blast resistance
in rice genotypes. The genotypes were verified for the
presence of blast resistance gene, Pi-kh by using the gene
specific primer, RM206 which is expected to amplify a
140bp fragment in the genotypes containing the resistance
linked allele. No genotype was observed to possess the
resistance linked allele for the blast resistance gene, Pi-
kh for the primer RM206. Kumar et al., (2013) screened
rice genotypes for blast resistance linked alleles specific to
gene pi-kh by marker RM206.

Bacterial Blight: In this study, 50 rice accessions
were screened to determine resistance status for BLB-
resistance genes viz., Xa5 and Xa21 by using PCR based
microsatellite markers RM122 and pTA248, respectively.
Screening for the Xa5 resistance gene by the amplification
of the microsatellite marker RM122, which was employed
to track the resistant amplicons of 240-250bp revealed
resistance linked alleles in almost all the genotypes in this
study. Studies performed by Islam et al., (2015), Ullahet
al., (2012) and Sabaret al., (2016) also revealed presence
of resistance linked alleles at 240-250bp for Xa5 gene
specific marker RM122. This indicates that bacterial blight
gene Xa5 specific marker RM122 is effective in detecting
presence of resistance linked alleles in all the genotypes
used in this study. No amplicons (1040bp) specific to
resistance linked alleles for Xa21 gene were detected by
marker pTA 248. This indicates that resistance linked
alleles for gene Xa21 were absent in all the genotypes.

Brown Planthopper: The 50 germplasms of rice were
evaluated for brown planthopper (BPH) resistance using the
SSR markers viz., RM5479, RM6775 and RM309. Among
these, RM6775 was most effective in identification of the
resistant linked alleles in the genotypes. Marker RM6775
specific to gene Bph25 indicated presence of resistance
linked alleles (192bp) in the genotypes, IRBB 13, IRBB
14, IRBB 64, 12 DS-GMEI-22, HHZ5-DT20-DT3-Y2,
IR 05 A 272, IR 64. Marker RM309 and RM5479 specific
to gene Bph26 (at 152bp) indicated absence of resistance
linked alleles in all the genotypes. These genotypes may
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either have resistance linked alleles for other Bph genes
which can be detected by using corresponding gene specific
markers or these genotypes are devoid of resistance linked
alleles for any of the BPH genes. Myint et al., (2012)
also screened rice genotypes for Bph25 and Bph26 genes
by the primers RM6775, RM309 and RM5479. Several
other workers (Rahman et al., 2009; Harini et al., 2013;
Shabanimofrad et al., 2015a and 2015b and Bhogadhi et
al., 2015) also reported similar marker study for Bph genes.

Gall midge: The SSR markers RM547 and RM22709 used
in this study reported the presence of resistance linked
alleles for biotypes Gm4 (270bp) and Gm8 (160 to 170bp),
respectively. RM547 at 270bp showed resistance linked
alleles in eight genotypes, IR 11 N 169, IR 11 N 239, B 40,
IRBB 2, IRBB 4, IRBB 5, IRBB 10, IRBB 50 and marker
RM22709 specific to gene GmS8 (at 170bp) indicated
presence of resistance linked alleles in the genotypes, IR
11 A546,IR 11 A581, IRBB 8, IRBB 10, IRBB 14, IR 11
N 223. Both the markers used in this study were effective
in detecting resistance linked alleles. The genotypes
showing presence of resistance linked alleles can further
be used in various breeding programs. Using flanking SSR
markers Sama et al., (2012) detected Gm8 gene in nine rice
genotypes. Various previous reports (Kalpana et al., 2016
and Mohapatra et al., 2016) revealed the strong association
of locus specific makers which are in agreement with this
study.

Abiotic stresses

Salt Tolerance: Salt tolerance linked markers used in
this study were RM140, RM1287, RM562 and RM3412.
Saltol QTL detected by the marker RM140 (at 260bp) was
observed in the genotypes, IR 11 A 546, IR 11 A 581, IR
11N 121, IR 11 N 137, IR 11 N 169, B 40, IRBB 7, IRBB
50, IRBB 61, IRBB 62. Saltol QTL detected by the marker
RM1287 (at 160bp) was observed in the genotypes, IR
552, IRBB 1, IRBB 2, IRBB 3. Saltol QTL detected by the
marker RM3412 (at 211bp) was observed in the genotypes,
IR 11 N 137, IR 11 N 169, B 40, IRBB 4, IRBB 5, IRBB
50, IRBB 51, IRBB 53, IRBB 54, IRBB 55, IRBB 56,
IRBB 57, IRBB 60, IRBB 61, IRBB 62 (Plate No. 2).
Marker RM562 (at 243bp) indicated absence of resistance
linked alleles in all the genotypes. Markers used in this
study were effective in detecting Saltol QTL in several
genotypes screened. Further study may confirm that some
of these genotypes might have Saltol QTL and can be
used as alternative donors in salt tolerant rice breeding
programmes. All the four Saltol linked SSRs used in this
study amplified polymorphic bands in the 50 genotypes.

/R

Studies performed by Zeng et al., (2004), Karmakar et al.,
(2012) Islam et al., (2012), Igbal et al., (2015) and Ganie
et al., (2016) also reported that these markers are highly
polymorphic in nature.

Fiwie % B Amphifed N4 Basds of 20 pie prasyps esleg S5R men
BEALRLY lmked dm bl rwdsisgers fwil, 1o | Bbp ieddar, gArrew
imdwwiry prrwagr ol e roistiaeey kel lﬂ.rk|.|

Drought Tolerance: Molecular markers linked to drought
tolerance in rice are an important tool for screening and
selection of drought tolerant genotypes for use in future
breeding programs. Drought resistance linked markers
used in this study includes RM212, RM302, RM3825 and
RM201. Resistance linked alleles Dr (135 bp) detected by
the marker RM212 were present in the genotypes, IRBB
55, IR 11 N 400, IRBB 57, IRBB 62, IRBB 63. Markers
RM302 (at 140bp), RM3825 (at 147bp) and RM201 (at
220bp) indicated absence of resistance linked alleles in all
the genotypes. As these genotypes showed no amplification
for these primers, we can suggest the use of other drought
related marker combinations to screen the genotypes for
drought resistance.

Studies performed by Ashfaq et al.,(2014) stated that the
markers RM315, RM212 and RM302 on chromosome 1
may be useful for evaluation of diverse germplasm and
on the basis of these molecular markers some genotypes
of rice were identified as drought tolerant genotypes.
This was also linked with the root traits, i.e. root length
of the genotypes. It is also evident from results given by
Kanagaraj et al., (2010) that the genomic region RM212—
RM302-RM3825 on chromosome 1 is linked to drought
resistance traits and may be useful in marker assisted
breeding for drought resistance in rice. Various similar
reports were observed in the studies done by Kanagaraj et
al., (2010), Ashfaq et al., (2014), Ramadan et al., (2015),
Freeg et al., (2016) and Sindhumole et al., (2017).

Genetic Diversity: The polymorphism percentage for
each primer was calculated by the ratio of number of
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polymorphic bands obtained over the total number of
bands produced across the 50 rice germplasms. All the
50 rice accessions were genotyped with 19 trait linked
microsatellite markers and were selected for their ability to
produce amplified product and detect polymorphism level

among the varieties and consistency of the pattern. Total
103 alleles were scored from 19 markers and 100 per cent
were found to be polymorphic (Table 4). The overall size
of amplified products ranged from 100bp to 1050bp.

Table 3: Genotypes showing amplification of resistance/tolerance specific alleles for multiple resistance / tolerance

for different traits

Sr.No | Genotypes Blast | Bacterial Blight | Brown Plant hopper | Gall Midge Saltol Drought
1. IR 11 A 546 - + - + + -
2. IR 11 A581 - + - + + -
3. IR11 N 121 - + - - + —
4, IR 11 N 137 - + - - + —
5. IR 11 N 169 - + - + -
6. IR 11 N 239 - + - - —
7. IR 11 N 313 - + - — - —
8. IR12 L 201 - + - - - -
9. SAKHA 105 - + - - - -
10. B 40 + + - + -
11. IR 552 - + - - -
12. IR 11 A 106 - + - - - -
13. IRBB 1 - + - - + -
14. IRBB 2 - + - + + -
15. IRBB 3 - + — — + —
16. IR12 L 125 - + - - + —
17. IRBB 4 - + - + —
18. IRBB 5 - + - + -
19. IRBB 7 - + - - + -
20. IRBB 8 - + - - -
21. IRBB 10 - + - - -
22. IRBB 11 - + - - - -
23. IRBB 13 + + + - - -
24, IRBB 14 - + + + - -
25. IRBB 21 - + - - - -
26. IRBB 50 - + - + -
217. IRBB 51 - + - - -
28. IRBB 52 - + - — - -
29. IRBB 53 + - - + -
30. IR 11 N 223 + + - + — -
3L IRBB 54 - + - - + -
32. IR 09 L 226 - + - - - -
33. IRBB 55 - + — - +
34. IR 11 N 400 - + - — -

35. IRBB 56 - + - - -
36. IRBB 57 + + - - + +
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Sr.No | Genotypes Blast | Bacterial Blight | Brown Plant hopper | Gall Midge Saltol Drought
37. IRBB 58 + + - - - -
38. IRBB 59 - + - - - -
39. IRBB 60 - + — - + -
40. IRRI 123 - + - - - -
41. IRBB 61 - + - - -
42. IRBB 62 - + - - + +
43. IRBB 63 - + - - - +
44, IRBB 64 + + + - - -
45, IRBB 65 - + — - - -
46. IRBB 66 + + - - - -
47. 12 DS-GMEI-22 + + + - - -
48. HHZ5-DT20- - + + - - -

DT3-Y2
49, IR05A272 - + - - -
50. IR 64 + + - - -
(“+” indicates presence of the resistance linked allele; “-”indicates absence of the resistance linked allele for the marker).

The PIC values were calculated to find out the effectiveness
of primers in distinguishing individual accessions (Table 4).
The PIC values ranged from 0.40 to 0.90 with an average
of 0.65 per primer. Total of 103 alleles were detected with
an average of 5.42 alleles per locus. The marker pTA-
248 generated a maximum number of alleles (16) while
the marker RM5479 produced minimum number of alleles
(2). The SSR marker, pTA 248 revealed highest (0.90) PIC
value whereas the marker RM22709 revealed the lowest
(0.40) PIC value. The higher the PIC value, the more
informative is the SSR marker. Hence, primers pTA 248,
RM547 and RM302 were found to be highly informative
(Table 4).

In this study, a total of 103 alleles were detected with an
average number of alleles of 5.42 per locus (ranged from
3 to 16 per locus). It was observed that marker detecting
the lower number of alleles showed lower gene diversity
than those which detected higher number of alleles with
higher gene diversity. The average number of alleles (5.42)
obtained in this study is higher than the values reported
by earlier studies (Islam et al., 2012; Gholizadeh et al.,
2015; Freeg et al., 2016; Krupa et al., 2017) on smaller
germplasm sets and comparable to values reported by
Hoque et al., (2014). However, lower than the values
reported by Jain et al., (2004), Giarrocco et al., (2007);
Thomson et al., (2007) and Roy et al., (2015) with large
germplasms (Table 5). These inconsistencies might be due
to the genotypes used and selection of SSR markers.

The markers showed an average PIC value of 0.65 which
indicated that SSR markers used in this study were highly
informative because only PIC values higher than 0.5
indicate high polymorphism. Markers with PIC values of
0.5 or higher are highly informative for genetic studies and
are extremely useful in distinguishing the polymorphism
rate of a marker at a specific locus (Dewoody et al.,
1995). The overall genetic diversity (PIC=0.65) of the
50 rice germplasm accessions included in this study was
comparable to the value reported in previous studies (Jain
et al., 2004; Giarrocco et al., 2007; Thomson et al., 2007
and Roy et al., 2015) and higher than the values reported
by Hoque et al., (2014), Gholizadeh et al., (2015), Freeg et
al., (2016) and Krupa et al., (2017) who reported average
PIC value equivalent to 0.54, 0.45, 0.52 and 0.49 and
smaller than the values reported by Nguyen et al., 2012 and
Nachimuthu et al., (2015) who reported average PIC value
of 0.73 and 0.75, respectively. PIC shows how the marker
can indicate the population polymorphism depending on
the number and frequency of the alleles (Botstein et al.,
1980). So the PIC reflects a discriminating ability of the
marker and, in fact, depends on the number of known
alleles and their frequency distribution, thus being equal
to genetic diversity.

Genetic distance values between germplasm accessions:
On the basis of analysis of SSR scoring, the alleles were
converted to binary score based on their presence (1)
or absence (0). This data was used for similarity based
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analysis using the programme Multivariate Statistical
Package(MVSP) to determine the Jaccard’s coefficient
matrices i.e. estimate of similarity among the fifty
genotypes.The genetic distances ranged from 0.308 to
1 with an average of 0.77 among these 50 promising
genotypes of rice.The lowest GD value (0.308) was found
between the genotypes IRBB 59 vs. IRBB 58, IRBB 60 vs.
IRBB 59 whereas highest genetic distance value (1) was
found between the genotypes IRBB 5 vs. IR 64.Further,
the average genetic distance values per genotype from rest
of the genotypes based on Jaccard’s similarity index of all
germplasm lines in rice were also analysed separately.It
was revealed that an average genetic distance among the
50 rice accessions ranged from 0.711 (IR 11 N 169) to
0.819 (IR 64)from MVSP analysis (Table 5).

Clustering analysis based on SSR marker analysis:
The UPGMA based dendrogram of 50 rice genotypes was
generated with Multivariate Statistical Package (MVSP).
Clustering pattern of dendrogram generated by using the
pooled molecular data of 19 primers of 50 genotypes
produced two main clusters namely | and 11 (Table 6). The
major cluster-1 comprised of 17 accessions and was further
found to be divided into two sub clusters (IA and IB).
The major cluster-11 comprised of 33 accessions and was
further found to be divided into two sub clusters (IIA and
[1B). The dendrogram revealed that the genotypes that are
derivatives of genetically similar type clustered together
(Figure 1).

Table 4: Molecular polymorphism, PIC Values, No. of alleles and size of loci by SSR Primers in rice genotypes

Sr. Primer Total no. of Average No. of % No. of PIC Range of amplified
No. polymorphic Band bands/ genotype | Polymorphism | alleles products
1 RM 8225 50 1.0 100 6 0.73 180-330
2 RM 206 58 1.16 100 8 0.80 320-530
3 RM 5926 56 1.12 100 5 0.65 120-190
4 RM 122 50 1.0 100 2 0.43 230-270
5 RM 1233 50 1.0 100 5 0.65 150-250
6 pTA248 50 1.0 100 16 0.90 520-1050
7 RM 5479 50 1.0 100 2 0.50 230-340
8 RM 6775 69 1.38 100 7 0.78 120-190
9 RM 309 50 1.0 100 3 0.44 150-220
10 RM22709 52 1.04 100 3 0.40 100-180
1 RM 547 78 1.56 100 9 0.86 190-370
12 RM 140 50 1.0 100 5 0.69 200-320
13 RM 1287 50 1.0 100 5 0.66 150-230
14 RM 562 50 1.0 100 4 0.70 100-200
15 RM 3412 50 1.0 100 4 0.60 180-250
16 RM 212 50 1.0 100 4 0.64 140-220
17 RM 302 83 1.66 100 8 0.83 170-360
18 RM 3825 50 1 100 4 0.61 160-240
19 RM 201 50 1 100 3 0.62 110-160
Total 1046 20.92 - 103 -
Average 55.05 1.10 100.00 5.42 0.65
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Table 5: Average genetic distance estimates by SSR marker analysis based on Jaccard’s dissimilarity coefficient

Sr.No. Accession Avg. GD Sr.No. Accession Avg. GD
1. IR 11 A 546 0.738 26. IRBB 50 0.786
2. IR 11 A581 0.738 27. IRBB 51 0.765
3. IR11N 121 0.745 28. IRBB 52 0.751
4. IR 11 N 137 0.722 29. IRBB 53 0.740
5. IR 11 N 169 0.711 30. IR 11 N 223 0.750
6. IR 11 N 239 0.715 3L IRBB 54 0.768
7. IR11 N 313 0.762 32. IR09 L 226 0.769
8. IR12 L 201 0.712 33. IRBB 55 0.791
9. SAKHA 105 0.745 34, IR 11 N 400 0.771
10. B 40 0.767 35. IRBB 56 0.754
11. IR 552 0.766 36. IRBB 57 0.781
12. IR 11 A 106 0.794 37. IRBB 58 0.777
13. IRBB 1 0.763 38. IRBB 59 0.773
14. IRBB 2 0.826 39. IRBB 60 0.772
15. IRBB 3 0.778 40. IRRI 123 0.768
16. IR12 L 125 0.773 41. IRBB 61 0.758
17. IRBB 4 0.778 42. IRBB 62 0.825
18. IRBB 5 0.798 43. IRBB 63 0.809
19. IRBB 7 0.786 44, IRBB 64 0.768
20. IRBB 8 0.763 45, IRBB 65 0.767
21. IRBB 10 0.760 46. IRBB 66 0.774
22. IRBB 11 0.764 47. 12 DS-GMEI-22 0.800
23. IRBB 13 0.767 48. HHZ5-DT20-DT3-Y2 0.811
24. IRBB 14 0.779 49. IR05A 272 0.783
25. IRBB 21 0.815 50. IR 64 0.819

AVERAGE GENETIC DISTANCE=0.77

Table 6: Distribution of 50 rice accessions into different clusters based on SSR analysis

Cluster | Sub cluster | Sub-sub cluster | Number of genotypes Genotypes
| 1A 2 IRBB 63, IRBB 62.
IB IB (i) 5 IRBB 58, IRBB 59, IRBB 60, IRRI 123, IRBB 61.
IB (ii) 10 IRBB 51, IRBB 53, IR 11 N 223, IRBB 52, IR 09 L 226,
IRBB 54, IRBB 55, IR 11 N 400, IRBB 56, IRBB 57.
| 1A A (i) 3 HHZ5-DT20-DT3-Y2, IR05A 272, IR 64.
A (ii) 4 IRBB 64, IRBB 65, IRBB 66, 12 DS-GMEI-22.
11B 1B (i) 12 IR 11 N 313, IR 11 A 106, SAKHA 105, IRBB 1, IR 552,
IRBB 3, IR12 L 125, IRBB, B 40, IRBB 4, IRBB 5,
IRBB 7.
1B (ii) 14 IR11A546, IR11A581, IR11N 121, IR11N 137, IR
11N 169, IR11 N 239, IR12L 201, IRBB 8, IRBB 10,
IRBB 11, IRBB 13, IRBB 14, IRBB 21, IRBB 50.
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Figure 1: Dendrogram constructed using Jaccard’s Similarity Coefficient

Similarly, Choudhary et al., (2013) constructed the
unweighted neighbour-joining (UNJ) dendrogram on
the basis of genetic similarity matrix and grouped 100
genotypes into five clusters viz., landraces, 1970s, 1980s,
1990s, and 2000s. Yadav et al., (2013) grouped 88 rice
accessions that included landraces, farmer’s varieties
and popular Basmati lines into two major clusters at the
dissimilarity coefficient of 0.55 and further into four
clusters at a dissimilarity coefficient of 0.58. Mohiuddin
et al., (2014) constructed dendrogram based on the Nei’s
genetic distance calculated from 27 SSR markers generated
from the 30 rice accessions. Singh et al., (2016) grouped
729 rice varieties into two major clusters, 400 varieties in
cluster 1 whereas 329 varieties were grouped into cluster
2. From this study it is revealed that rice varieties are
more divergent and the genetic diversity detected using
molecular markers in the present investigation indicates
the high discrimination capacity of SSR markers precisely
due to the multi-allelic nature of SSR markers.

Conclusion

Of all the screened genotypes, B 40 showed presence of
multiple resistance traits for the blast, bacterial blight,
gall midge and Saltol while IRBB 57 showed presence

of multiple resistance traits for blast, bacterial blight, gall
midge and drought. Moreover, some genotypes showed
presence of three different combinations of resistance traits
i.e. genotypes IR 11 A 546, IR 11 A 581, IR 11 N 169,
IRBB 50, IRBB 2, IRBB 4 and IRBB 5 for bacterial blight,
gall midge and Saltol; IRBB 13, IRBB 64, DS-GMEI-22
and IR 64 for blast, bacterial blight and brown planthopper;
IRBB 14 for bacterial blight, brown planthopper and gall
midge; IRBB 53 for blast, bacterial blight and Saltol; IR
11 N 223 for blast, bacterial blight and gall midge; IRBB
55 and IRBB 62 for blast, Saltol and drought. Many other
genotypes also showed amplification of the resistance/
tolerance specific alleles in the present study. These rice
genotypes can be exploited for marker-assisted breeding
after their validation through phenotype based screening
for the target traits. The SSR marker gave more clusters
with fewer genotypes in each cluster and therefore, more
variation within each cluster. In the present study, the rice
varieties are grouped into two major clusters. The genetic
diversity and cluster analysis together for stress resistance
provides some useful guides for assisting plant breeders
in selecting genetically diverse parents for crossing
programme and also helps in broadening the genetic base
of the rice germplasm.
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