
Abstract In the present investigation, a framework
linkage map of Basmati370 / ASD16 recombinant inbred
population (F

9
) based on microsatellite markers and candidate

genes was constructed. Parental polymorphism survey with
471 SSR primer pairs identified about 357 pairs (markers)
to be polymorphic between the parental lines. A subset of
polymorphic markers was surveyed across the 182 RILs of
the mapping population and the marker segregation data was
used for the construction of a framework linkage map with
101 loci. Mapping of the candidate genes involved in nitrogen
metabolism as well as in grain quality parameters was also
taken up. Parental polymorphism survey with 22 candidate
gene based primer pairs resulted in successful amplification
of only nine primer pairs of which six were polymorphic
and 3 were monomorphic between the parents. Three
polymorphic primer pairs, each representing the genes
encoding  glutamate synthase (GOP5), starch branching
enzyme (SBE12) and granule bound starch synthase (GBSS1)
were surveyed across the RILs. Analysis of the marker
segregation data from candidate gene primers resulted in
successful mapping of only the gene GBSS (Wx) on the
linkage group 6. The GBSS1 marker was positioned between
the microsatellite markers RM4923 and RM253 in the
linkage group 6 of the framework genetic map.
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Introduction

Rice (Oryza sativa L.) is one of the most important cereal
crops that feed almost one half of the world’s population
and is a model plant for cereal molecular genetic studies.
With the development of a vast array of DNA markers, a
large number of genetic linkage maps have been constructed
in rice (Antonio et al. 1996; Guo et al. 2010; Lou et al. 2007;
McCouch et al. 2002; Sabouri and Biabani 2009; Shimizu
and Kawasaki 2009; Tanksley et al. 1992). Utilizing these
maps, gene(s) and genomic regions controlling the expression
of different traits of agronomic importance such as resistance
against insect pests (Duan et al. 2009; Rao et al. 2010; Tamura
et al. 2004) and diseases (Ikeda et al. 1991; Lei C.L. et al.
2005), root morphology and drought avoidance (Champoux
et al. 1995), heading date of rice (Nonoue et al. 2008),
appearance of rice grains (Tan et al. 2000), cooking and
eating quality of rice grains (Kobayashi et al. 2008; Takeuchi
et al. 2007) etc., have been identified. Besides mapping and
detection of QTLs, it has been possible to clone the genes
(Pan et al. 2006; Song et al. 1995; Yoshimura et al. 1998)
and QTLs (Fujino and Sekiguchi 2011; Su et al. 2011;
Yamamoto et al. 1998) based on their map positions.

In our laboratory, a set of 182 RILs of the cross
Basmati370 / ASD16 was subjected to the study of genetics
of nitrogen use efficiency and grain quality parameters
(Govindaraj et al. 2005; Vinod 2007) as well as resistance to
brown plant hopper (Geethanjali 2007). In order to have a
broader understanding on the genome locations controlling
the above traits, an SSR based linkage map was generated.
In addition to SSR markers, single strand conformation
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polymorphism analysis  (SSCP),  a  rapid  and  efficient
method  for  the  detection of point mutations  and
polymorphisms  in genomic  or cDNA  sequences (Bertin et
al. 2005; Makino et al. 1992; Orita et al. 1989) has been
utilized in the present study for mapping candidate gene
sequences.  In rice, nitrogen uptake takes place
predominantly in the ammonium form. Ammonium uptake
is dependent on the genes of Ammonium transporters (AMT
- family), and its assimilation on genes such as Glutamine
synthetase (GS) and NADH dependent Glutamate synthase
(GOGAT). Genes involved in starch biosynthesis namely
Starch branching enzyme (SBEI, III and IV), Granule bound
starch synthase (GBSS = Waxy gene, Wx) and Soluble starch
synthase (SSS) play a major role in determining grain quality
parameters. DNA sequences of the above listed genes
available in databases were used for developing functional
markers.  Here, we report the construction of a framework
linkage map of the RILs of Basmati370 / ASD16 based on
SSR markers and mapping of the gene encoding the enzyme
granule bound starch synthase.

Materials and methods

Mapping population

The mapping population consisted of 182 RILs in the F
9

generation of the cross Basmati370 / ASD16. Basmati370,
an aromatic rice variety, is a selection from the land races of
Punjab whereas, ASD16 (indica type) is a selection from
the cross ADT31 / CO39. Basmati370 is a tall, photosensitive
variety with long slender and scented grains whereas ASD16
is a semi-dwarf, photo insensitive variety with short bold
grains.

DNA extraction

Leaf samples were collected from 2-3 plants representing
each of the RILs from 7 – 8 week old plants raised in the
field. “ Cetyl trimethyl ammonium bromide (CTAB) “
(Murray and Thompson 1980) method was followed for
DNA isolation from the 182 RILs and the 2 parents namely
Basmati370 and ASD16. The isolated DNA was dissolved
in 500 ìl of TE buffer (pH 8.0) and stored at -20OC. The
quality of the DNA was assessed by electrophoresing in 0.8%
agarose gel.

Linkage map construction

SSR markers and parental polymorphism survey

A set of 471 SSR primer pairs randomly selected from
Temnykh et al. (2001) and McCouch et al. (2002) were used
to identify the polymorphic SSR loci that could be used to
survey the RILs for linkage map construction.

Reaction mixture and PCR amplification

Amplification of SSR loci was carried out in a reaction
volume of 15μl that included 20-40ng of genomic DNA, 1X
Taq DNA polymerase assay buffer, 0.5μM of primer, 0.5mM
each of dNTPs and 0.5 units of Taq DNA polymerase. The
annealing temperature for PCR amplification was maintained
based on the specificity of the primer pair used. PCR
amplifications were performed in a PTC100 (MJ Research
Inc.) Thermal Cycler with a PCR profile of 94OC for 5 min
followed by 29 cycles of 45 sec at 94OC, 45 sec at 55OC to
67OC (specific to the primer pair) and 45 sec at 72OC with a
final extension for 5 min at 72OC and then at 4ºC for storage
(Senthilvel 2002).

Gel electrophoresis

The SSR-PCR products were mixed with 5ìl loading dye
(98% formamide, 10 mM EDTA, 0.005% each of
bromophenol blue and xylene cyanol as tracking dyes) and
3ìl of each sample (denatured) was electrophoresed in a 4 -
6% denaturing polyacrylamide gel containing 7M urea at
3000 volts, 400 mA and 100 watts. Single loading of PCR
products was done for parental polymorphism surveys
whereas multiple loadings was followed during the survey
of mapping population with polymorphic markers in
polyacrylamide gels. The polyacrylamide gels were stained
by silver staining procedure as described in Panaud et al
(1996).

Survey of the mapping population

Polymorphic SSR loci identified based on the survey of
Basmati370 and ASD16 were used to survey the RILs to
generate the marker segregation data. In order to ensure
genome wide coverage (during map construction), care was
taken to choose the polymorphic markers that were separated
by a 10 – 15 cM distance in the maps published by Temnykh
et al. (2001) and  McCouch et al. (2002).
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Scoring, data analysis and linkage map construction

The segregation pattern of each SSR locus was recorded by
giving a score of ‘1’ for the presence of Basmati 370 allele
and ‘3’ for the presence of ASD 16 allele. The marker
segregation data thus obtained for the polymorphic SSR loci
was analyzed using the software Mapmaker v 3.0 (Lander
et al. 1987) with a threshold of 50 cM for the mapping
distance and 3.0 for LOD for the purpose of linkage map
construction. The two point data of linked markers were
obtained by using the “links” command on the linkage groups
obtained after the execution of “group” command on all the
loci (chromosome wise) during analysis. Multipoint analysis
commands such as “order, try and ripple” were used to get
the best order of the markers along with their recombination
fractions. The recombination fractions of linked markers
were used for creating the linkage map using Mapchart v
2.2 (Voorrips 2002).

Mapping of candidate gene loci

Sourcing candidate genes
The sequences of candidate genes involved in nitrogen
metabolism and grain quality parameters were sourced from
the JCVI (J. Craig Venter Institute) Rice Database(Ouyang
et al. 2007). The putative sequences encoding for the enzymes
namely glutamine synthetase (GS), NADH dependent
glutamate synthase (GOGAT), ammonium transporter genes
(AMT), granule bound starch synthase (GBSS), soluble starch
synthase (SSS) and starch branching enzymes (SBE I, SBE
III and SBE IV) were retrieved in FASTA format and used
for designing gene specific primers. Around five to six
Nipponbare sequences were selected for each gene.

Synthesis of candidate gene specific primer pairs
Conserved domain sequences for the candidate genes were
obtained from database and gene specific primer pairs were
designed using the Fast PCR version 3.2.22. The parameters
considered for the primer selection were primer length (20
bases), length of PCR product (400 – 500 bp), annealing
temperature (50 – 60°C), GC content (50%) and PCR
efficiency (70-90%). Efficient compatible primer
combinations were selected from the results obtained from
Fast PCR. Further selection was performed so as to amplify
different regions of the candidate genes. The primers were
synthesized at M/s Sigma-Aldrich Chemicals Pvt. Ltd.,
Bangalore (Table 1).

Parental polymorphism survey
The gene specific primer pairs were surveyed between the
two parents, Basmati370 and ASD16 with an idea of mapping
these genes on genome map being developed with SSR loci
using single stranded DNA conformation polymorphism
(SSCP) (Orita et al. 1989).

Results and discussion

Mapping of SSR markers

Identification of polymorphic SSR loci
Out of the 471 primer pairs of SSR loci, 357 were found to
be polymorphic between the parents with an average of 75.80
percent polymorphism. The details on the number of
polymorphic SSR loci established and the level of
polymorphism observed for each of the linkage groups are
given in Table 2. A subset of 197 SSRs were shortlisted from
the polymorphic markers, ensuring total genome coverage
with at least 10-15cM between adjacent markers.

SSR segregation analyses
The survey of 182 RILs was carried out using the primer
pairs of 197 polymorphic SSR loci (out of 357) distributed
across the 12 linkage groups. Out of 197 SSR loci surveyed
on the population, 156 were unambiguous and easily
scorable. The number of polymorphic SSR loci surveyed
ranged from 10 (chromosomes 7, 9 and 10) to 19
(chromosome 6) (Table 2). Among the 156 primer pairs used,
the primer pairs of the SSR loci viz., RM4, RM330 and
RM465 detected 2, 2 and 3 loci each, respectively on different
linkage groups as established by Temnykh et al. (2001). Thus,
the survey of 156 primers resulted in the establishment of
160 SSR loci covering the entire genome. A total of 42 SSR
markers (26.25%) fit the expected segregation ratio of 1:1
based on c2 test at 0.05 percent probability (Data not shown).
Out of 118 markers that deviated from the Mendelian
segregation, 11 markers (6.88%) exhibited segregation
distortion towards Basmati370 whereas 107 markers
(66.88%) were skewed towards ASD16. The overall allelic
frequency for all the 160 loci showed an overabundance of
the ASD16 alleles. Segregation patterns of the SSR locus
RM434 is shown in Figure 1.

Construction of a genetic linkage map
The initial two-point analysis carried out on the marker
segregation data of individual chromosomes identified linked
marker pairs. Out of the 160 markers, 59 markers remained
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unlinked across the 12 chromosomes, thus only 101 markers
could be used for construction of framework genetic map of
Basmati370 / ASD16. There was discontinuity in the linkage
map of chromosomes 1, 4, 6, 7 and 10. The framework
linkage map of 12 linkage groups constructed for the
Basmati370 / ASD16 cross is shown in Figure 2. The map
distance covered by the SSR loci across the 12 chromosomes
ranged between 130.6 cM (chromosome 5) and 303.0 cM
(chromosome 1) and the total genetic distance covered is
2473.5 cM. The average distance between linked markers
was 24.49 cM.

Mapping of candidate gene loci

Parental polymorphism survey
Of the 22 primer pairs designed for the candidate genes,
only 9 primer pairs produced unambiguous scorable products
upon electrophoretic separation. Of the nine primer pairs,
only six primer pairs produced polymorphic markers
between Basmati370 and ASD16. These include primer pairs
GOP1, GOP2, GOP4 and GOP5 (for genes associated with

nitrogen metabolism) and GBSS1 and SBE12 (for genes
associated with grain quality).

Survey of the mapping population
Among the six polymorphic candidate gene primers, three
pairs, one pair for each of the genes viz. GOP, GBSS and
SBE I were surveyed across the 182 RILs to establish the
segregation pattern.  Of the three candidate gene loci
surveyed, only SBE12 was found to fit the expected
segregation ratio of 1:1 based on c2 test at 0.05 percent
probability (data not shown) and the remaining two showed
segregation distortion and were skewed towards ASD16.

Mapping of candidate gene loci
Based on the database information, that the genes of GBSS
and SBE lie on chromosome 6 whereas GOP on
chromosomes 1 and 5, the segregation data of these gene
specific primers were analyzed along with the SSR marker
data of respective chromosomes for mapping the genes. Of
the three markers surveyed, only the waxy gene (GBSS) was

Table 1 List of primer pairs synthesized for the candidate genes

Candidate Genes Primer Forward primer (5’ - 3’) Reverse primer (5’ - 3’)

Nitrogen metabolism

GOGAT GOP1 AGCTACTCAAGATCCAGTGC ACTTTGACCAGCACTTCCAG

GOP2 TCAGCATCTTGTGGCCAATC TGAAGACGTAGAGCATCTCG

GOP3 AGTTACAAACCCGCCAATCG TACAGCATCAGCACCAAACC

GOP4 GTGTTTGAACGTGCTGATCG ACAATGCTGGTGCAACCATG

GOP5 CAATTCAGGTGCTCAAGCTG GCATTGGAAACACGTGTTGG

GS GSP1 ACTACAGCATTCGATGGTGC TGGCTGAATTCGGTTGTAGC

GSP2 TTGAATGTTGCCAACGGGTC GATGCACCATCGAATGCTGT

GSP3 ACTTGCGAAAGTGCAACCCT TCAATCCAGACGACTCGAAC

GSP4 GAAAGCTTCCTTGCTGGAGT TCTCAGCCTTTCGTACAGCA

AMT AMMT ACATACTGTTCACGCTGACG GATCATCATGGTGTACCACG

Grain quality parameters

GBSS GBSS1 ATTGATGCTACCTGCAGGCA TCAGGGTAATCCTCGAAAGC

GBSS2 TGTTCTTTGCAGGCGAATGG AGAAGGCTGAAACGCATCTG

GBSS3 AGGCTTTGAACCCAGATCGT CATGTGGAAACCAGTCTTGC

SSS SSS1 AGATGTTGTGGGTGCTTTGC GCGAGTATACTGCATCAAGC

SSS3 TGTCATTGTGGTGGCTTCTG GCGAGTATACTGCATCAAGC

SBE I SBE11 TGCTGAAGATGTTTCGGGCA CATTCTGGATGGCCAAACTC

SBE12 TGCACAAGAAGCACAGCTCA TATTTGCCCGTATGCGTGGT

SBE III SBE31 GCCTAACAATGCTGATGGCT CGAAACGACTACTTGGTGCA

SBE32 TGTTGTTCACAGCCATGCGT GGGCAAATGTAGGCATTCCA

SBE33 GATCAAGTACTCTGTGCAGG TTTGACGCATGGCTGTGAAC

SBE IV SBE41 TGGATCGAACTCCTCAAGCA TTCCTCAAGATGCTGCATGG

SBE42 TTTAGGGATGAGGTGCTACC AGTTGCCAGTAAATGCCACC
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linked to the SSR markers and was found to be positioned
between the markers RM4923 and RM253 on the linkage
group 6 (Figure 2).

In the present study, the need for the genetic map
construction involving a population of 182 RILs from
Basmati370 / ASD16 has become a priority since these RILs
were extensively phenotyped for resistance to BPH
(Geethanjali 2007) and various agronomic traits under two
different nitrogen regimes and grain quality parameters
(Vinod 2007). The identification of polymorphic SSR loci
revealed a high level of polymorphism between the parents,
suggesting their suitability in the generation of mapping
population and their inherently greater genetic diversity. The
marker segregation displayed segregation distortion which
is a common phenomenon observed across the mapping
populations of rice wherein distantly related parents were
involved in the process of mapping population development.
Wang et al.(1994) observed segregation distortion for almost
all the 127 RFLP markers surveyed across the RILSs of
CO39, an indica variety and Moroberekan, a japonica
variety. The same kind of segregation distortions was
observed for many of the RFLP and SSLP markers across
mapping populations of rice (Cho et al. 1998; McCouch
1990).

In the present study ordering of the SSR loci could not
be confirmed since the unique positions of these SSR loci
on rice genome are not available across different mapping
populations. However, McCouch et al. (2002) established
the unique positions of these SSR loci based on Nipponbare
sequence. The simultaneous survey of a core set of SSR
markers in different mapping populations could be an
alternative approach to crosscheck the unique positions of
these markers. The present framework map of Basmati370/
ASD16 could be saturated by exploiting more number of
SSR markers available.

Recently, employing functional markers (Andersen and
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Fig. 1 Segregation pattern of the market RM343 (Chromosome
9) across RILs of the cross Basmati370/ ASD16

Recombinant inbred line of the cross Basmati370 / ASD16
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Lübberstedt 2003), otherwise named as candidate gene
approach is emerging as a promising tool to deduce
functional information about different major genes and QTLs
(Pflieger et al. 2001). This approach could be possible for
the traits where sufficient detail of pathway biochemistry
and/or genetics is available along with functional
polymorphism between parents involved in developing
mapping populations. Placing functional markers on the
genetic map will facilitate to establish biological meaning
to the genes and QTLs mapped based on the phenotype
driven approach.

Cooking and eating quality of rice grains depends on
three important properties namely amylose content, gel
consistency and gelatinization temperature of starch (Su et
al. 2011). Of these three traits, amylose content is controlled
by the expression of the Waxy gene (Wx) and molecular
studies have been attempted to characterize the genetic basis
of amylose content (Tan et al. 1999). In the present study,
out of three genes attempted, only GBSS was found to be
linked to the SSR markers and was found to be placed
between RM4923 and RM253 on the linkage group 6. The
result obtained indicated the possibility of placing more
number of functional markers associated with agronomically
important genes in rice. Ramalingam et al.(2003)  used
candidate genes involved in both recognition (resistance gene
analogs [RGAs]) and general plant defense (putative defense
response [DR]) as markers to test for association with
resistance in rice to blast, bacterial blight (BB), sheath blight,
and brown plant-hopper (BPH). Most of the RGAs and DR
genes detected a single locus with variable copy number and
mapped on different chromosomes. Clusters of RGAs were

observed, most notably on chromosome 11 where many
known blast and BB resistance genes and quantitative trait
loci (QTL) for blast, BB, sheath blight, and BPH were
located. Major resistance genes and QTL for blast and BB
resistance located on different chromosomes were associated
with several candidate genes.

In summary, the present study indicated that the success
of a mapping program depends not only on the selection the
parents of diverse origin, but also on the deployment of more
number of polymorphic markers. By surveying the mapping
population with additional polymorphic SSR markers and
candidate gene markers, the framework genetic map so
constructed could be saturated and be utilized for the
localization of gene(s) and QTLs involved in nitrogen
metabolism and grain quality parameters.

Acknowledgment: PM wishes to acknowledge the Council
of Scientific and Industrial Research (CSIR), India, for the
fellowship.
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