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Six environments across three locations were used to evaluate 144 lines of a rice
recombinant inbred line (RIL) population derived from a cross of Kogoni91l-1 and IR64.
Five traits including days to 50% flowering, plant height, number of grains per panicle,
thousand kernels weight and grain yield were recorded. Further, this population was
genotyped with 228 single nucleotide polymorphism markers (SNP). Significant
differences (P < 0.001) were recorded among genotypes for al traits except for GY.
Therefore, QTL analyses were performed on the combined phenotype data of the four traits
by excluding grain yield. Composite interval mapping (CIM) analysis detected 12 QTLs.
Among these, six (QPH8, gPH3, gPH2, qTKW2, gNGP4 and gNGP8) are novel and
reported for the first time and two are major QTLs, gPH8 (R?=16.8) and qTKW2 (R*=16.6).
These novel QTLs will be suitable for fine mapping and map-based cloning studies. The
remaining six had occurrences corresponding to QTLs reported in mapping populations
previoudly. Pyramiding the identified mgjor QTLs could be highly helpful for breeding
programs to increase rice grain yield potential. The study confirms that the RIL population

used constitutes a prominent source of variability for traits of complex inheritance.

© Copy Right, Research Alert, 2016, Academic Journals. All rights reserved.

INTRODUCTION

Rice (Oryza sativa L.) is a major cereal crop, feeding at least
half of the world population. It constitutes a principal source
of calories and a staple food in many of the sub-Saharan
African (SSA) countries, including Benin and Mali (Atera et
al., 2011; Maclean et al., 2013). Rice grain yield isincreasing
at a faster rate in SSA than the world average. For example,
between 2007 and 2011, the average rice yield in SSA
increased by about 30%, which is equivalent to 108 kg ha®
year™ (Seck et al., 2013). Despite such remarkable increase in
grain yield, the gap between demand and supply still remains
very large due to several abiotic (drought, flood, salinity, cold
and iron toxicity) and biotic (blast, rice yellow mottle virus,
stem borers and African gall midge) stresses. Hence, self-
sufficiency in the region may be achieved either by making
more agricultural land available for rice cultivation or
increasing rice yield per unit area by growing improved
varieties that are stable and high yielding with minimal input
requirements. Conventional breeding methods have a proven
track record of developing improved germplasm combining a
wide range of abiotic and biotic stress resistance. Most traits
of interest in breeding are quantitatively inherited, dependent
on the cumulative action of many genes or quantitative trait
loci (QTL) and their interaction with the environment that can
vary among individuals over a given range to produce a

continuous distribution of phenotypes (Sham et al., 2002).
Hence, progress with conventional methods is generally slow,
mainly due to the polygenic nature of most traits associated
with stress, requiring the simultaneous introgression of
several genes or QTLsinto one genotype.

Molecular markers can be used to speed up the development
and deployment of improved germplasm in one of the
following three ways: (i) for quality control analysis, which
includes determination of genetic purity, genetic identity
among multiple sources of the same cultivar and parent-
offspring tests in segregating populations; (ii) for selecting
parents for new pedigree starts, and (iii) for tracing the
introgression of genes or QTLs of interest using marker-
assisted selection (MAS). MAS involves finding a subset of
markers that are significantly associated with genes or major
effect QTLs (R*>15) that regulate the expression of traits of
interest in artificially constructed biparental populations, such
as F,s, backcross (BC), doubled haploid lines (DH),
recombinant inbred lines (RIL) and near isogenic lines (NIL)
(Guo and Ye, 2014).

There are arrays of molecular markers (such as AFLP, RFLP
and SSRs) for QTL analysis, but single nucleotide
polymorphisms (SNPs) marker are gaining importance in
diversity studies because of their high abundance (one SNP
being observed per 140 base pair in rice), their ability to
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generate polymorphism (Singh et al., 2013) and their low cost
for genotyping. To date, SNP markers have been used in
numerous studies regarding association genetics, genetic
variation, linkage mapping, map-based gene isolation,
population structure analysis and plant breeding (Konishi et
al., 2006; McNally et al., 2009; Thomson et al., 2012). SNP
markers has been used to anayze levels and patterns of
genetic diversity in two rice variety subgroups, indica and
japonica(Feltus et al., 2004; McNally et al., 2009; Wade et
al., 2015). A SNP map has been used to validate the positions
of several cloned genes including GS3 and GW5/qSW5, two
major QTLsfor grain length and grain width respectively, and
OsC1, a QTL for low shattering (Konishi et al., 2006) and
pigmentation traits (Yu et al., 2011).

Rice yield is either directly or indirectly affected by various
yield related traits, including flowering time, plant height,
number of grains per panicle, panicle length and thousand
kernels weight (Venu et al., 2014; Ying et al, 2012).
However, the correlation coefficients among these traits is
highly variable, ranging from -0.3 to 0.94 (Atif and Khalid,
2013; Bocanski et al., 2009; Golam et al., 2011; Kishore et
al., 2015; Rao et al., 2014).In another study conducted across
four experiments, we found a significant (p < 0.01) positive
phenotypic correlation between plant height and grain yield
(0.66), thousand kernel weight and grain yield (0.58), and
plant height and thousand kernel weight (0.54) (Sangare JR,
Konaté K.A Cissé Fouseyni Sanni A, 2016. Article
submitted for publication,)

Various QTL mapping studies have been conducted in rice
(Kwon et al., 2011; Lafitte et al., 2004; Venuprasad et al.,
2012; Xu et al., 2015). The proportion of phenotypic variance
explained by individual QTL was highly variable, with few
QTLs showing large effect (Bernier et al., 2007; Kumar et al.,
2014), while most QTLs generally explained a very small
proportion of the phenotypic variance. Most QTLs are aso
often genetic background specific and remain undetected in
crosses from different genetic backgrounds (Price et al., 2002;
Miura et al., 2011). The objectives of the present study were
to identify genomic regions associated with flowering, plant
height, number of grains per panicle and thousand kernels
weight in a RIL population derived from Kogoni91-1 and
IR64 evaluated across six experiments executed over two
years.

MATERIALS AND METHODS

Plant materials and phenotyping

The mapping population was developed by crossing
Kogoni91l-1 as the male parent and IR64 as a female parent.
The Asian semi-dwarf popular high yielding variety IR64 was
released by the International Rice Research Ingtitute (IRRI) in
1985, and has been widely accepted as a high quality rice
variety in many countries. Kogoni91-1 is a Malian €lite high
yielding variety accepted for its good organoleptic quality and
it is wide adaption in SSA. F; plants were selfed to produce
F,s, which were selfed to produce Fss. The F; plants were
later advanced to 144 F3ss (RILS) through the single seed
descent method. For each entry, seeds were sown in a
seedling bed and seedlings were transplanted to a field 21
days later, with a single plant per hill spaced at 20 x 20 cm.
Transplanting was done in an alpha lattice design with two
replications in two consecutive growing years (2013-2014 and

2014-2015) at the Africa Rice research field in Cotonou
(CTN2013a and CTN2014a; CTN2013b and CTN2014b) and
at the Institute of Rura Economy (IER) field station in
Longorola (LGL2013 and LGL2014), Mali. The four
experiments in Cotonou were conducted from February to
May 2013 and from June to September 2014. In Longorola,
the field experiments were conducted from August to
November 2013 and from July to October 2014. The field
experiments in Cotonou were rainfed, with supplementary
irrigation whenever needed, while the Longorola experiments
were only rainfed. For all experiments, compound fertilizer
(NPK 15-15-15) was applied at the rate of 200 kg ha' at
transplanting, followed by 100 kg ha* urea (46% N) at 15 and
30 days after transplanting. The experiments were kept weed-
free by regular hand weeding and bird damage in the field was
controlled using bird scares.

For each experiment, we collected data of the following five
traits that showed significant differences between the two
parents (i) days to 50% flowering (DTF), which is the number
of days from sowing up to the day when 50% of the plants
from each plot had flowering tillers; (ii) plant height (PH)
from the base to the tip of the tallest panicle at physiological
maturity; (iii) number of grains per panicle (NGP); and (iv)
thousand kernels weight (TKW). All panicles from each plot
were harvested at physiological maturity, dried to a moisture
content of about 14%, shelled and weighed, and used to
estimate grain yield (GY) per hectare.

Genotyping

Genomic DNA was extracted from 2-week-old seedlings by
bulking approximately equal leaf tissue of 10 healthy plants
per line using the cetyltrimethyl ammonium bromide method
(Murray and Thompson, 1980). DNA samples were shipped
to LGC Genomics and genotyped using the KASP genotyping
platform (LGC GENOMICS, http://www.lgcgroup.com/
about-us/#.VyjoevnhDIU May 3, 2016). First, the parents
were screened for polymorphism by genotyping them with a
set of 2015 SNPs distributed across all the 12 chromosomes.

Statistical analyses

For each trait, the frequency distribution was computed using
R3.2.2 software; anaysis of variance (ANOVA) was
conducted using XLSAT2015.3.01.19790 software and
effects declared significant at 5% level. Heritability across all
experiments and repeatability in each experiment was
estimated using the Breeding Management System (BMS)
Version3.08 (2015) (INTEGRATED BREEDING
SYSTEM, https:.//www.integratedbreeding.net/breeding-
management-system May 9, 2016)which uses the generalized
heritability measure (Culliset ., 2006).

Linkage groups were established using LOD scores ranging
between 3 and 15, and recombination frequency of 0.30. The
order of the SNPs on each chromosome was determined using
the Kosambi mapping function. x2 analyses and linkage
mapping were performed using JoinMap version 4.0 (Van
Ooijen, 2006). A whole genome scan with composite interval
mapping (CIM) was conducted using the PLABQTL
software, version 1.2 (Utz and Melchinger, 2003) using the
following options: a minimum LOD score of 3.0, a walking
distance of 2 cM, automatic cofactor selection, model to
determine additive effect at individual QTL and additive x
additive epistatic interactions, and F-to-Enter value of ten.
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Additive effect is half the difference between the genotypic
values of the two parental homozygotes, the sign of the
additive effect of each QTL was used to identify the parental
origin of the favorable aleles. Genetic maps and QTL graphs
were drawn using MapChart v2.1 (Voorrips 2002). Each QTL
was named with a prefix q, followed by three letters
representing the trait name, and chromosome number.

RESULTS
Phenotypic data

A wide variation was observed in the performance of the
RILs for all four traits, which varied from 62 to 112 days for
flowering, from 57 to 153 cm in height, from 22 to 145 grains
per panicle, from 20 to 100 g for thousand kernels weight and
from 0.4 to 7 T.ha.the performance of the RIL and their two
parents are presented in Table 1,0n average across the six
experiments, each line was about 91 cm tall, needed 93 days
to reach 50% flowering, produced 55 grains per panicle with a
thousand kernel weight of 27 g and produced 6 T.ha (Table
1). Analysis of variance performed on the combined data of
the six experiments showed significant (p < 0.0001)
differences among genotypes for al traits except grain yield
(Table 1). The mean phenotype data of al five traits showed
continuous variation and normal or approximately normal
distribution (Fig 1). Broad sense heritability across the
combined data of al six experiments was highly variable
depending on trait complexity and varied from 0.19 for grains
yield to 0.91 for daysto flowering (Table 1).

The phenotypic correlation analysis revealed significant
positive correlation between plant height and al other traits
studied excepted thousand kernels weight. The only negative
correlation was observed between NGP and TKW. Gran
yield (GY) showed significant correlation with days to 50%
flowering and plant height (Table 2)

Linkage and QTL mapping

Of the 2015 SNPs initially used for genotyping the two
parents, only 244 (12.1%) were polymorphic between the two
parents (Kogoni91-1 and 1R64). These SNPs were used to
genotype the mapping population.Table 3 shows summary of
the distribution of the 244 polymorph SNPs across 12
chromosomes and the map length for each chromosome. The
number of polymorphic SNPs varied from 12 on
chromosomes 7 and 9 to 28 on chromosome 12, with an
average of 20 SNPs per chromosome. Map length varied from
71 cM on chromosome 9 to 169 cM on chromosome 1, and
the total map length across all 12 chromosomes was 1392 cM.
Map distance between adjacent markers of each chromosome
varied from 0.10 to 29.9 cM, with an overall mean of 6.4 cM.
Most adjacent SNPs had a map distance that varied from 2.5
and 7.5 cM (Table 3).

Since ANOV A of the combined data from the six experiments
showed significant (p < 0.05) differences among genotypes
for al traits except grain yield, QTL analyses were performed
on the phenotype data of the other four traits.

Table1 Agronomic performance of 144 rice recombinant inbred lines (RIL) and their two parents Kogoni91-1 and IR64;
and broad sense heritability for yield and 4 yield-related traits obtained by combined analysis over 6 experiments
conductedat Cotonou and Longorola locations.

. . RILs 2
Trait Kogoni9l-1 |IR64 Mean SD Max Min Prob H
DTF 88.91 9157 9301 364 10312 8441 *** 091
PHT 87.66 8230 9115 413 10986 8320 *** 0.77
NGP 60.67 57.38 5487 847 9036 4727 *** 0.65
TKW 30.30 2539 2736 148 3150 2408 *** 085
GY 7.33 6.22 6.27 052  7.95 497 ns 019

DTF: days to 50% flowering (days), PH: plant height (cm), NGP: number of grains per panicle, TKW: thousand kernels weight (g), GY: grain yield (Tha™), SD: Standard Deviation, ***: significant at 1%, ns:

not significant, Prob: Probability, H? Broad sense heritability
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Figure 1 Phenotypic variation of Kogoni91-1 x IR64 derived recombinant inbred lines (RILS) for yield and four yield related-traits evaluated in six
experiments conducted at Cotonou and Longorola locations;Parental trait means are indicated by arrows

1510



International Journal of Current Advanced Research Vol 5, Issue 12, pp 1508-1517, December 2016

QTLsfor PH, three QTLs for NGP and three QTLs for TKW.
The two QTLs for DTF mapped at the tip of chromosome 3
(gDTF3) and at 26 cM on chromosome 6 (qDTF6) and
explained 10.9 and 13.6% of the phenotypic variation,
respectively (Fig 2). Together they accounted for 24.5% of the

Table 2 Phenotypic correlations testing the relationships
among four yield related-traits evaluated in Kogoni91-1 x
IR64 recombinant inbred lines (RILS) evaluated in six
experiments conducted at Cotonou and Longorola

locations phenotypic variance for DTF across the six experiments. For

Variables  DTF PHT NGP  TKW GY both gDTF3 and gD TF6, the favorable alleles originated from

"3;5 0. 4515** 1 IR64; RILs homozygous to the IR64 alleles at the two

NGP 0022  0.295%* 1 flanking markers for gDTF3 and gDTF6 flowered about 2.5

TKW 0.003 0160  -0.311** 1 and 4.5 days earlier, respectively, than those lines that were
GY 0.200* 0193  0.037 0.115 1 homozygous to the Kogoni91-1 alleles.

DTF: days to 50% flowering (days), PH: plant height (cm), NGP: number of
grains per panicle, TKW: thousand kernels weight (g), *: significant at 5 and 1%
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Figure 2 Genetic linkage map and QTLsfor four yield related-trait identified on eight chromosomes in Kogoni91-1 x IR64 recombinant inbred lines (RIL)
population.
Table 3Distribution of the polymorphic SNP markers between the two rice RIL parents, Kogoni91-1 and IR64, and overview
of map length and inter-marker interval in each of the 12 chromosomes

Chromosome Total map length Number. of polymorphic Distance between adjacent Distance between adjacent

(cM) SNPs markers (cM) SNPs (rangein cM)
1 169.0 28 6.3 11-147
161.1 25 6.7 0.1-28.9
3 164.0 25 53 1.1-123
4 1135 26 52 1.6-16.6
5 1174 23 59 1-14.7
6 124.3 23 5.6 0.7-10.3
7 95.3 12 5.0 0.9-20
8 112.2 15 8.6 2.7-21.2
9 717 12 87 1.3-225
10 79.9 13 6.5 1.3-27.9
11 96.9 14 75 1.6-29.9
12 86.9 28 32 1.2-87
Total 1392.1 244 6.2 0.1-29.9

Composite interval mapping (CIM) identified a total of 12
QTLs (Table 4), which includes two QTLs for DFT, four
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Table 4 Summary of rice QTLsidentified in the combined data of six experiments conducted at Cotonou and Longorola

locations.
. Position Right Confidenceinterval R? Additive  Origin of favorable

QTL  Trait Chromosome (cM) L eft marker mar ker (cM) LOD (%) effect allde
gDTF3 DTF 3 0 K_id3000111  id3002556 0-8 42 136 -2.3 IR64
gDTF6 DTF 6 26 ud6000218 1d6003627 22-30 36 109 -4.5 IR64

gPH3 PH 3 68 K_id3007320 K_id3007604 66-70 36 109 -0.9 IR64

gPH5 PH 5 66 K_id5006470 K_id5007981 52-72 71 202 -4.4 Kogoni91-1

gPH8 PH 8 26 1d8001326 ud8000289 20-28 57 16.8 -1.9 IR64
gPH12 PH 12 66 id12008145  id12008347 64-70 38 113 -25 Kogoni91-1
gNGP1 NGP 1 16 1d1002622 1d1002832 14-22 50 147 71 Kogoni91-1
gNGP4 NGP 4 62 id4006835  K_id4007105 56-64 49 144 71 Kogoni91-1
gNGP8 NGP 8 38 id8002306  K_idB8004986 34-50 39 116 46 Kogoni91-1
gTKW2 TKW 2 112 K_id2011302  id2012147 104-108 57 16.6 09 Kogoni91-1
gTKW5 TKW 5 16 K_id5000953  id5001480 déc-22 38 115 13 IR64
gTKW6 TKW 6 102 K_id6014475  id6015035 98-106 36 111 11 Kogoni91-1

DTF: days to 50% flowering, PH: plant height, NGP: number of grains per panicle, TKW: thousand kernels weight, R? the percentage of phenotypic variance explained by the QTL, LOD: score logarithm (base

10) of Odds

The four QTLs for PH mapped at 68 cM on chromosome 3
(gPH3), a 66 cM on chromosome 5 (qPH5), at 26 cM on
chromosome 8 (gqPH8) and a 66 cM on chromosome 12
(gPH12) (Fig 2). Each QTL explained between 10.9 and
20.2% of the phenotypic variance and together accounted for
59.2%. The favorable aleles for gqPH3 and qPH8 originated
from IR64, while those of gPH5 and gPH12 originated from
Kogoni9l-1. The lines that were homozygous to I1R64 alleles
at flanking markers for g°PH3 and qPH8 were 0.9 and 1.9 cm
shorter than those lines that were homozygous to Kogoni91-1
aleles. In the same way, the lines that were homozygous to
Kogoni91l-1 aleles at the flanking markers for gPH5 and
gPH12 were about 4.4 and 2.5 cm shorter than those lines that
were homozygous for the IR64 aleles.

For NGP, there were three QTLs on chromosomes 1 at 16 ctM
(gNGP1), chromosome 4 at 62 cM (qNGP4) and chromosome
8 at 38 ctM (gNGP8) (Fig 2). Each QTL explained between
11.6 and 14.7% of the phenotypic variance for NGP and
together accounted for 40.7% of the variance. The favorable
alleles for al three QTLs associated with NGP originated
from Kogoni91-1, with lines that were homozygous to the
favorable alleles at the two flanking markers of each QTL
showing between 4.6 and 7.1 more grains per panicle than
those that were homozygous for the unfavorable alleles from
the IR64 parent.

The three QTLs for TKW were located on chromosome 2 at
112 cM (qTKW2), chromosome 5 at 16 cM (qTKW5) and
chromosome 6 at 102 cM (qTKWS6) (Fig 2). Each QTL for
TKW individually explained between 11.1 and 16.6% of the
phenotypic variance and together accounted for 39.2%. The
favorable alele for gTKW5 originated from IR64 and al lines
that were homozygous to the IR64 aleles at the two flanking
markers had a TKW that was 1.3 g higher than those lines that
were homozygous for the Kogoni91-1 alleles. Kogoni91-1
contributed the favorable aleles for gNGP2 and gNGP6, with
lines homozygous to the Kogoni91l-1 alleles at the two
flanking markers of each QTL on average showing a TKW
approximately 1 g higher than those lines that were
homozygous for the IR64 alleles.

DISCUSSION

Discovering genomic regions affecting yield or yield related
traits, is of paramount importance to increase the agricultural
productivity needed to feed the world’s growing population.

The first step in identifying these genetic regions is QTL
analyses (Verbyla et al., 2014). The main factors influencing
QTL identification include population size, marker density
and the parental genetic diversity. Of them, parental genetic
diversity is the key factor because it controls the phenotypic
variation in a population and largely determines the number
of markers available for map construction (Tan et al., 2013).
Here the Philippine high-yielding elite variety IR64 and the
Malian elite variety Kogoni91-1 were included as female and
male parent respectively because of their extreme differences
in origin, for their genetic background and for their morpho-
physiological traits. IR64 is a mega variety widely cultivated
in many countries in Asia due to its high yield, desirable
quality traits and acceptable tolerance for major biotic
stresses; however, it is sensitive to many African
environmental constraints such as drought (Manneh et al.,
2007; Sandhu et al., 2014) while Kogoni91-1 is known as a
high yield variety which is adapted to many difficult African
environmental conditions particularly rainfed conditions in
Madi. The parenta genetic diversity trandated by the
polymorphism rate was relatively low (12.1%) and the genetic
map constructed based on this polymorphism had a length of
1392.1 cM. This low polymorphism and consequently the
relative low density of linkage map could be explained by the
fact that we used two parents from the same variety group.
Indeed, the density of the linkage map for an inter-subgroup
population is much highest than that of an intra-subgroup
population (Tan et al., 2013; Wang et al., 2011; Xing et al.,
2002). It is important to notice that athough the
polymorphism rate observed was low, our study focused only
on the phenotypic traits that highly discriminated the two
parents.

Choosing an appropriate mapping population is critical for the
success of any QTL mapping project (Djedatin et al., 2011;
Semagn et al., 2010). Here we used a popular RIL population
because it can be planted repeatedly in different seasons or
environments and hence it is possible to take into account
environmental  effects and experimental error as
recommended by (Bai et al., 2012). Hence the approach we
followed in our study enabled the identification of 12 QTLs
for DTF, PH, NGP and TKW, six expressed with a large
effect (16.6 to 20.2%). IR64 aleles contributed to five QTLs:
two related to DTF, two to PH and one to TKW; the
remaining seven aleles come from the male parent Kogoni91-
1. This shows that the two parents used to develop the

1512



International Journal of Current Advanced Research Vol 5, Issue 12, pp 1508-1517, December 2016

mapping population evaluated in this study contains favorable
allelesfor breeding.

A QTL can be considered as mgjor when the phenotypic
variance explained by the QTL is more than 15% (Echeverry-
Solarte et al., 2015). Hence, in our study, three magjor QTLs
(R? ranging from 16.6 to 20.2 %) were identified. The
flanking markers of these robust and stable QTLs can be used
for marker assisted transfer into varieties for yield
improvement through these four yield-related traits. The other
nine QTLs showed minor effects (LOD ranging from 3.6 to
3.8 and R? ranging from 10.9 to 14.7%). This included
gDTF6, gPH3, gPH12, gNGP8, gTKW5 and qTKW6. Despite
their minor effect,these QTLs will be useful as they will help
in improvement of yield in a cumulative manner as suggested
by (Marathi et al., 2012). Additionally the study of these QTL
may allow a better understanding of the genetic regulation of
the traits.

The correlation analysis was carried out to understand how
the traits influenced each other. Significant phenotypic
correlation was observed between plant height and days to
50% flowering. As expected, since in grasses vegetative
growth is always followed by flowering (also called heading),
there was highly significant relation between PH and DTF. It
is commonly accepted that correlations between traits are
attributed to the effect of pleiotropy or very close linkage of
genes. Despite the significant correlation observed between
the traits in this study, we found no overlapped or closely
linked QTLs affecting two or more of these traits together.
Therefore this significant correlation can be attributed to the
effect of undetected QTLs rather than pleiotropy or linkage of
the genes.

QTLsidentified in this study in relation to already identified
ones

Because DTF, PH, TKW and NGP are important components
of rice grain yield, the discovery of QTLs and genesrelated to
these component traits and their cloning are important for rice
breeding programs. To date, numerous QTLs and genes for
these traits have been cloned and studied deeply. Most of
these published QTLs have been curated from the literature
and are currently availablein thegramene database
(GRAMENE QTL Database, http://archive.gramene.org/qtl/ ,
May 3, 2016).To understand if the genomic regions associated
to the four yield components traits evaluated in this study had
been identified and cloned previoudy, we compared the QTL
positions in the present study with those reported earlier. Six
of the 12 QTLs identified in this study have similar
chromosomal locations with QTLs from different mapping
experiments and different genetic backgrounds. The
remaining six were identified for the first time.

For example, qTKW6_ which was identified and located at the
position 102 cM, shared the same chromosomic regions with
the gene GW6 identified and cloned more recently between
98.6 and 109.5 cM in a population ofbackcrossed inbred lines
derived from a cross of Kasaath (an indica variety) with
Nipponbare (ajaponica variety) (Song et al., 2015). GW6 has
two loci (GW6a and GWBb) that impacted grain weight
equally,by enlarging spikelet hulls via increasing cell number
and accelerating grain fillingin rice (Song et al., 2015). Other
previous studies identified and located the gene GW6 in the
region between 57.1 and 116.9 cM (Li et al., 1997; Xing et
al., 2002; Ishimaru et al., 2013). However, (Ngu et al., 2014)

using NILs derived from crossing Oryza rufipogonaccession
IRGC105491 and O. sativa cultivar MR219, identified and
fine-mapped qGW6 on the short arm of chromosome 6
between RM 19268 and RM 19271 which is different from the
position found in our study, suggesting that this QTL is
affected by the genetic background. Furthermore the
chromosomic region of gTKW6 in our study has been found to
affect rice grain yield and plant height in backcross
populations developed from crossing IR55419-04/2 and
TDK1 (Dixit et al., 2014).Hong et al. (2003), using the public
rice SSR genetic map (McCouch et al., 2002; Temnykh et al.,
2000, 2001) mapped two major genes related to grain shape
and weight Dwarfl (D1) and D2 between 16-31cM and O-
27cM  on chromosome 1 and 5 respectively. The
chromosomic region where gTKW5 was located (12-22cM) in
this study coincided with the chromosomic region of D1 (16
and 31cM). D1, aso known as the rice heterotrimeric G
protein alpha submit (RGA1) (Huang et al., 2013), is the first
gene cloned that has substantial effects on seed-size
regulation (Ashikari et al., 1999; Fujisawa et al., 1999).

The gNGP1 detected between 14 and 22 cM does not share
chromosomic region with other QTLs/genes related to grain
number but it is in same confidence interval (0-27cM) of the
cloned gene D2 related to grain shape and weight (Hong et
al., 2003). It could be that D2 gene has a pleiotropic effect on
number of grains per panicle.

QTL gDTF6 was identified by our analysis in the confidence
interval between 22 and 30 cM which is not far from the
region where the gene Hd3 related to heading date was
originally detected (Yano et al., 1997).The gene Hd3 has been
found to be located between 10.4 and 16 cM by many studies
(Yamamoto et al., 1998; Yano et al., 2001; Kojima et al.,
2002). An analysis of advanced backcross progeny and NILs
revealed two  distinct  genes, Hd3aand Hd3b, in
the Hd3 region with the Kasalath allele of Hd3a promoting
heading under short-day (SD) conditions while the Kasalath
allele of HA3b causes late heading under long-day (LD) and
natural field conditions (Monna et al., 2002). Photoperiod is
an important environmental signal which determines
flowering time in many plants. It is well known that in rice,
flowering is earlier under SD conditions (Vega-Sanchez et al.,
2008). Whenriceisin SD conditions, Hd1 activates flowering
by up-regulating Hd3a which causes early heading ( |zawa et
al., 2002; Hayama et al., 2003; Hayama and Coupland, 2004).
In contrast, Hd1 represses  flowering by down-
regulating Hd3a expression under LD conditions (Kojima et
al., 2002). Even though we did not identify any QTLSs near the
position of Hd1, the delay of flowering by 5 days promoted
by the presence of gDTF6 in the region of gene Hd3, suggests
that gDTF6 may have the same locus as Hd3a. The effect of
Hd1 is not detected because of its weakness, probably due to
the photoperiod insensitivity of IR64 which contributed an
alele to the QTL. Hence it not surprising that the gDTF6
expressed with minor effect (LOD=3.6; R2=10.9) because of
the undetectable effects of gene Hdl. These results are
consistent with studies in which Hd3 has been detected with
minor effect and only when the phenotypic effect of Hd1 and
Hd2 has been removed from the analysis (Yamamoto et al.,
1998; Yano et al., 1997).

We identified the gDTF3 between 0-8cM, which is the same
region where was identified a QTL named Ehd4 involved in
early heading in diverses rice species including O.sativa , O.
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rufipogon, O. nivara(Gao et al., 2013andHori et al.,
2015).Ehd4 encodes a novel CCCH (C-X7-C-X5-C-X3-H)-
type zinc finger protein and it acts as a critica regulator
promoting flowering under both SD and LD, particularly
under LDs. Mutation in Ehd4 causes a never-flowering
phenotype under natural long-day conditions (NLDs)(Gao et
al., 2013). Wang et al. (2011) identified the gqHD-3 related to
heading date at 3.7cM in the 93-11/ Nipponbare background,;
Lin et al. (2011) identified the Qhd3 in 6 and 10 cM
explaining 15.4 and 35.74% of the phenotypic variation in
TK8/IR1545-339 and Nipponbare/IR1545-339 populations,
respectively. Previously, several works identified QTLsS
affecting flowering times in many genetic backgrounds;
comparison of the chromosomal regions of gDTF3 and these
other QTLs suggest that qDTF3 is the same locus as
QHD3a(Li et al., 1995), dth3(Xiao et al., 1996),dth3.1(Xiao0
et al., 1998), DTH3(Hori et al., 2015), Hd9 (Lin et al., 2002;
Yano et al., 2001). However Lin et al., (2002); Y amamoto et
al., (2000) and Yano et al., (2001)detected Hd9 only in
advanced backcross progeny, such as BCsF, or BC,4F, but not
in F, or BC;Fs which is contrary to our findings that detected
gDTF3 in the position of Hd9 in the RIL population. Our
results are supported by those from Lei and Chen, (2010) and
Mei et al. (2005)who, using RIL population derived from
crossing between indica rice Lemont and japonica rice
Teqing, detected a QTL related to heading with large effect in
the Hd9 region.

The magjor QTL, gPH5 identified between 52-72cM coincided
with the chromosomic position of the Qph5 identified
between 61 and 85cM in a F2 population derived from
TK8/IR1545-339 crosses (Lin et al., 2011).

The comparison of QTLs identified in this study to those
mapped in previous studies provided additional information
about the natural variation of DTF, PHT, NGP and TKW
during evolution and breeding. However, it is important to
note that it is till difficult to clarify with certainty the
relationship between QTLs identified by our investigation and
those already identified because the experimental material and
conditions we used were different.

To the best of our knowledge, this is the first time that QTLs
related to PHT, NGP and TKW are identified at the positions
of thegPH8, gPH3, gPH12 qTKW2 gNGP4 and gNGP8. An
attempt was also made in this study to specially estimate the
allelic contribution of the parent Kogoni91-1 which is a target
of QTL analysis for the first time. Compared with the IR64,
we found that Kogoni91-1 alleles contributed new QTLs with
higher negative and positive effect suggesting the existence of
favorable alleles in this genotype which would be useful and
should be studied in depth for deployment in breeding
programs.

CONCLUSION

In conclusion, the present study identified 12 QTLs affecting
flowering date, plant height, number of grains per panicle and
thousand kernel weight with small and large positive and
negative effects. Our study both confirmed some previously
identified QTLs and cloned genes for yield-related traits in
rice and detected some novel QTLs, confirming the presence
of novel favorable alleles for yield component traits in the
population used. Pyramiding these novel magjor QTLs with
those previously identified should help in enhancing rice yield

potential. The flanking markers for the different major QTLsS
are suitable for use in marker assisted selection.

Acknowledgments

We are thankful to AfricaRice and IER technicians and
research staff for their technical assistance in in conducting
these experiments. This research was funded through a GCP
project led by the last author MN Ndjiondjop.

References

Ashikari, M. Wu, J. Yano, M. Sasaki, T. Yoshimura, A. 1999.
Rice gibberellin-insensitive dwarf mutant gene Dwarf 1
encodes the alpha-subunit of GTP-binding protein. Proc.
Natl. Acad. Sci. U. S. A. 96, 10284-10289.

Atera, E. Onyango, J.C. Azuma, T. Asanuma, S. Itoh, K.
2011. Field evaluation of selected NERICA rice cultivars
in Western Kenya. Afr. J. Agric. Res. 6, 60-66.
doi:10.5897/AJAR09.516

Atif, E.l. Khalid, A.M. 2013. Estimation of Genetic
Variability and Correlation for Grain Yield Components
in Rice (Oryza sativa L.). Glob. J. Plant Ecophysiol. 3,
1-6.

Bai, X. Wu, B. Xing, Y. 2012. Yield-related QTLs and Their
Applications in Rice Genetic ImprovementF: Yield-
related QTLs for Rice Breeding. J. Integr. Plant Biol. 54,
300-311. doi:10.1111/j.1744-7909.2012.01117 .x

Bernier, J. Kumar, A. Ramaiah, V. Spaner, D. Atlin, G. 2007.
A Large-Effect QTL for Grain Yield under Reproductive-
Stage Drought Stress in Upland Rice. Crop Sci. 47, 507.
doi:10.2135/cropsci2006.07.0495

Bocanski, J. Sreckov, Z. Nastasic, A. 2009. Genetic and
phenotypic relationship between grain yield and
components of grain yield of maize (Zea mays L.).
Genetika 41, 145-154. doi:10.2298/GENSR0902145B

Cullis, B.R. Smith, A.B. Coombes, N.E. 2006. On the design
of early generation variety trials with correlated data. J.
Agric.  Biol.  Environ. Stat. 11, 381-393.
doi:10.1198/108571106X 154443

Dixit, S. Singh, A. Sta Cruz, M. Maturan, P.T. Amante, M.
Kumar, A. 2014. Multiple major QTL lead to stable yield
performance of rice cultivars across varying drought
intensities. BMC Genet. 15, 1-13. doi:10.1186/1471-
2156-15-16

Djedatin, G. Sanni, A. Verdier, V. Ghesguiere, A.
Ndjiondjop, M.N. 2011. De la cartographie de locus a
caractére quantitatif (qtl) a [I’identification et a la
validation de génes: que retenir? J. Rech. Sci. Univ.
Lome 13, 14-25.

Echeverry-Solarte, M., Kumar, A., Kianian, S. Simsek, S.
Alamri, M.S. Mantovani, E.E. McClean, P.E. Deckard,
E.L. Elias, E. Schatz, B. Xu, S.S. Mergoum, M. 2015.
New QTL alleles for quality-related traits in spring wheat
revealed by RIL population derived from supernumerary
X non-supernumerary spikelet genotypes. Theor. Appl.
Genet. 128, 893-912. doi:10.1007/s00122-015-2478-0

Feltus, F.A. Wan, J. Schulze, SR. Estill, J.C. Jiang, N.
Paterson, A.H. 2004. An SNP Resource for Rice Genetics
and Breeding Based on Subspecies Indica and Japonica
Genome Alignments. Genome Res. 14, 1812-1819.
doi:10.1101/gr.2479404

Fujisawa, Y. Kato, T. Ohki, S. Ishikawa, A. Kitano, H.
Sasaki, T. Asahi, T. lwasaki, Y., 1999. Suppression of the
heterotrimeric G protein causes abnormal morphology,

1514



International Journal of Current Advanced Research Vol 5, Issue 12, pp 1508-1517, December 2016

including dwarfism, in rice. Proc. Natl. Acad. Sci. U. S.
A. 96, 7575-7580.

Gao, H. Zheng, X.M. Fei, G. Chen, J. Jin, M. Ren, Y. Wu, W.
Zhou, K. Sheng, P. Zhou, F. Jiang, L. Wang, J. Zhang, X.
Guo, X. Wang, J.L. Cheng, Z. Wu, C. Wang, H. Wan,
JM. 2013. Ehd4 Encodes a Novel and Oryza -Genus-
Specific Regulator of Photoperiodic Flowering in Rice.
PLOS Genet 9, €1003281.
doi:10.1371/journal.pgen.1003281

Golam, F. Yin, Y.H. Masitah, A. Afnierna, N. Mgjid, N.A.
Khalid, N. Osman, M. 2011. Analysis of aroma and yield
components of aromatic rice in Malaysian tropical
environment. Aust. J. Crop Sci. 5, 1318.

Guo, L. Ye, G. 2014. Use of Major Quantitative Trait Loci to
Improve Grain Yield of Rice. Rice Sci. 21, 65-82.
doi:10.1016/S1672-6308(13)60174-2

Hayama, R. Coupland, G. 2004. The Molecular Basis of
Diversity in the Photoperiodic Flowering Responses of
Arabidopsis and Rice. Plant Physiol. 135, 677-684.
doi:10.1104/pp.104.042614

Hayama, R. Yokoi, S. Tamaki, S. Yano, M. Shimamoto, K.
2003. Adaptation of photoperiodic control pathways
produces short-day flowering in rice. Nature 422, 719-
722. doi:10.1038/nature01549

Hong, Z. Ueguchi-Tanaka, M. Umemura, K. Uozu, S.
Fujioka, S. Takatsuto, S. Yoshida, S. Ashikari, M.
Kitano, H. Matsuoka, M. 2003. A Rice Brassinosteroid-
Deficient Mutant, ebisu dwarf (d2), Is Caused by a Loss
of Function of a New Member of Cytochrome P450.
Plant Cell 15, 2900-2910. doi:10.1105/tpc.014712

Hori, K. Nonoue, Y. Ono, N. Shibaya, T. Ebana K.
Matsubara, K. Ogiso-Tanaka, E. Tanabata, T. Sugimoto,
K. Taguchi-Shiobara, F. Yonemaru, J. Mizobuchi, R.
Uga, Y. Fukuda, A. Ueda, T., Yamamoto, S,
Y amanouchi, U., Takai, T., Ikka, T., Kondo, K., Hoshino,
T., Yamamoto, E., Adachi, S. Nagasaki, H. Shomura, A.
Shimizu, T. Kono, I. Ito, S. Mizubayashi, T. Kitazawa, N.
Nagata, K. Ando, T. Fukuoka, S. Yamamoto, T. Yano,
M. 2015. Genetic architecture of variation in heading date
among Asian rice accessions. BMC Plant Biol. 15.
doi:10.1186/s12870-015-0501-x

Huang, R. Jiang, L. Zheng, J. Wang, T. Wang, H. Huang, Y.
Hong, Z. 2013. Genetic bases of rice grain shape: so
many genes, o little known. Trends Plant Sci. 18, 218-
226. doi:10.1016/j.tplants.2012.11.001

Ishimaru, K. Hirotsu, N. Madoka, Y. Murakami, N. Hara, N.
Onodera, H. Kashiwagi, T. Ujiie, K. Shimizu, B.-I.
Onishi, A. Miyagawa, H. Katoh, E. 2013. Loss of
function of the IAA-glucose hydrolase gene TGW6
enhances rice grain weight and increases yield. Nat.
Genet. 45, 707-711. doi:10.1038/ng.2612

Izawa, T. Oikawa, T. Sugiyama, N. Tanisaka, T. Yano, M.
Shimamoto, K. 2002. Phytochrome mediates the external
light signal to repress FT orthologs in photoperiodic
flowering of rice. Genes Dev. 16, 2006-2020.
doi:10.1101/gad.999202

Kishore, N. Srinivas, T. Nagabhushanam, U. Pallavi, M.
Sameera, S. 2015. Genetic variability, correlation and
path analysis for yield and yield components in promising
rice (Oryza sativa L.) genotypes. SAARC J. Agric. 13, 99.
doi:10.3329/5av13i1.24184

Kojima, S. Takahashi, Y. Kobayashi, Y. Monna, L. Sasaki, T.
Araki, T. Yano, M. 2002. Hd3a, a Rice Ortholog of the

Arabidopsis FT Gene, Promotes Transition to Flowering
Downstream of Hd1 under Short-Day Conditions. Plant
Cell Physiol. 43, 1096-1105. doi:10.1093/pcp/pcf156

Konishi, S. Izawa, T. Lin, S.Y. Ebana, K., Fukuta, Y. Sasaki,
T. Yano, M. 2006. An SNP Caused Loss of Seed
Shattering During Rice Domestication. Science 312,
1392-1396. doi:10.1126/science.1126410

Kumar, A. Dixit, S. Ram, T. Yadaw, R.B. Mishra, K.K.
Mandal, N.P. 2014. Breeding high-yielding drought-
tolerant rice: genetic variations and conventional and
molecular  approaches. J. Exp. Bot. eru363.
doi:10.1093/jxb/eru363

Kwon, SW. Cho, Y.C. Lee, JH. Suh, JP. Kim, JJ. Kim,
M.K. Choi, I.S. Hwang, H.G. Koh, H.J. Kim, Y.G. 2011.
Identification of Quantitative Trait Loci Associated with
Rice Eating Quality Traits Using a Population of
Recombinant Inbred Lines Derived from a Cross between
Two Temperate japonica Cultivars. Mol. Cells 31, 437-
445. doi:10.1007/s10059-011-0289-y

Lafitte, H.R. Price, A.H. Courtois, B. 2004. Yield response to
water deficit in an upland rice mapping population:
associations among traits and genetic markers. Theor.
Appl. Genet. 109, 1237-1246. doi:10.1007/s00122-004-
1731-8

Lei, D.Y. Chen, L.Y. 2010. Mapping QTLs with epistatic
effect and QTL x environmental interaction effect of
heading datein rice. J. Hunan Agric. Univ. 36, 245-249.

Li, Z. Pinson, SR. Park, W.D. Paterson, A.H. Stansel, JW.
1997. Epistasis for three grain yield components in rice
(Oryxasativa L.). Genetics 145, 453-465.

Li, Z. Pinson, SRM. Stansel, JW. Pak, W.D. 1995,
Identification of quantitative trait loci (QTLS) for heading
date and plant height in cultivated rice (Oryza sativa L.).
Theor. Appl. Genet. 91, 374-381.

Lin, H., Ashikari, M. Yamanouchi, U. Sasaki, T. Yano, M.
2002. Identification and Characterization of a
Quantitative Trait Locus, Hd9, Controlling Heading Date
in Rice. Breed. Sci. 52, 35-41. doi:10.1270/jsbbs.52.35

Lin, Y.R. Wu, S.C. Chen, SEE. Tseng, T.H. Chen, C.S. Kuo,
SC. Wu, H.P. Hsing, Y.I.C. 2011. Mapping of
quantitative trait loci for plant height and heading date in
two inter-subspecific crosses of rice and comparison
across Oryza genus. Bot Stud 52, 1-14.

Maclean, J. Hardy, B. Hettel, G. 2013. Rice almanac: source
book for the most important economic activities on Earth,
Fourth Edition. ed. IRRI, Los Bafios, Philippines.

Manneh, B. Kiepe, P. Sie, M. Ndjiondjop, M.N. Dramé, K.N.
Traoré, K. Rodenburg, J. Somado, E.A. Narteh, L. Youm,
O. Diagne, A. Futakuchi, K. 2007. Exploiting
Partnerships in Research and Development to help
African Rice Farmers cope with Climate Variability. J.
SAT Agric. Res. 4, 1-24.

Marathi, B. Guleria, S. Mohapatra, T. Parsad, R. Mariappan,
N. Kurungara, V. Atwal, S. Prabhu, K. Singh, N. Singh,
A. 2012. QTL analysis of novel genomic regions
associated with yield and yield related traits in new plant
type based recombinant inbred lines of rice (Oryza sativa
L.). BMC Plant Biol. 12, 137. doi:10.1186/1471-2229-
12-137

McCouch, SR. Teytelman, L. Xu, Y. Lobos, K.B. Clare, K.
Walton, M. Fu, B. Maghirang, R. Li, Z. Xing, Y. Zhang,
Q. Kono, I. Yano, M. Fjellstrom, R. DeClerck, G.
Schneider, D. Cartinhour, S. Ware, D. Stein, L., 2002.

1515



International Journal of Current Advanced Research Vol 5, Issue 12, pp 1508-1517, December 2016

Development and Mapping of 2240 New SSR Markers
for Rice (Oryza sativa L.). DNA Res. 9, 199-207.
doi:10.1093/dnares/9.6.199

McNally, K.L. Childs, K.L. Bohnert, R. Davidson, R.M.
Zhao, K. Ulat, V.J. Zeller, G. Clark, R.M. Hoen, D.R.
Bureau, T.E. Stokowski, R. Ballinger, D.G. Frazer, K.A.
Cox, D.R. Padhukasahasram, B. Bustamante, C.D.
Weigel, D. Mackill, D.J. Bruskiewich, R.M. Ratsch, G.
Buell, C.R. Leung, H. Leach, JE. 2009. Genomewide
SNP variation reveals relationships among landraces and
modern varieties of rice. Proc. Natl. Acad. Sci. 106,
12273-12278. doi:10.1073/pnas.0900992106

Mei, HW. Li, Z.K. Shu, Q.Y. Guo, L.B. Wang, Y.P. Yu,
X.Q. Ying, C.S. Luo, L.J. 2005. Gene actions of QTLs
affecting several agronomic traits resolved in a
recombinant inbred rice population and two backcross
populations. Theor. Appl. Genet. 110, 649-659.
doi:10.1007/s00122-004-1890-7

Miura, K., Ashikari, M., Matsuoka, M., 2011. The role of
QTLs in the breeding of high-yielding rice. Trends Plant
Sci. 16, 319-326. doi:10.1016/j.tplants.2011.02.009

Monna, L., Lin, X., Kojima, S., Sasaki, T., Yano, M., 2002.
Genetic dissection of a genomic region for a quantitative
trait locus, Hd3, into two loci, Hd3a and Hd3b,
controlling heading date in rice. TAG Theor. Appl.
Genet. Theor. Angew. Genet. 104, 772-778.
doi:10.1007/s00122-001-0813-0

Murray, M.G. Thompson, W.F. 1980. Rapid isolation of high
molecular weight plant DNA. Nucleic Acids Res. 8,
4321-4325.

Ngu, M.S., Thomson, M.J. Bhuiyan, M.A.R. Ho, C.
Wickneswari, R. 2014. Fine mapping of a grain weight
guantitative trait locus, qGW6, using near isogenic lines
derived from Oryza rufipogon IRGC105491 and Oryza
sativa cultivar MR219. Genet. Mol. Res. 13, 9477-9488.
doi:10.4238/2014.November.11.13

Price, A.H. Cairns, J.E. Horton, P. Jones, H.G. Griffiths, H.
2002. Linking drought-resistance mechanisms to drought
avoidance in upland rice using a QTL approach: progress
and new opportunities to integrate stomatal and
mesophyll responses. J. Exp. Bot. 53, 989-1004.
doi:10.1093/jexbot/53.371.989

Rao, V.T. Mohan, Y.C. Bhadru, D. Bharathi, D. Venkanna,
V. 2014. genetic variability and association analysis in
rice. Int. J. Appl. Biol. Pharm. Technol. 5, 63-63.

Sandhu, N. Singh, A. Dixit, S. Cruz, M.T.S. Maturan, P.C.
Jain, R.K. Kumar, A. 2014. Identification and mapping of
stable QTL with main and epistasis effect on rice grain
yield under upland drought stress. BMC Genet. 15, 63.
doi:10.1186/1471-2156-15-63

Seck, P.A. Touré, A.A. Coulibaly, J.Y. Diagne, A. Wopereis,
M.C.S. 2013. Africa’s rice economy before and after the
2008 rice crisis., in: Wopereis, M.C.S,, Johnson, D.E.,
Ahmadi, N., Tollens, E., Jdloh, A. (Eds), Realizing
Africa’s Rice Promise. CABI, Wallingford, pp. 24-34.

Semagn, K. Bjgrnstad, A. Xu, Y. 2010. The genetic dissection
of quantitative traitsin crops. Electron. J. Biotechnol. 13,
0-0. doi:10.2225/vol13-issue5-fulltext-14

Sham, P. Bader, J.S. Craig, I. O’Donovan, M. Owen, M.
2002. DNA Pooling: a tool for large-scale association
studies. Nat. Rev. Genet. 3, 862-871. doi:10.1038/nrg930

Singh, N. Choudhury, D.R. Singh, A.K. Kumar, S.
Srinivasan, K. Tyagi, R.K. Singh, N.K. Singh, R., 2013.

Comparison of SSR and SNP Markers in Estimation of
Genetic Diversity and Population Structure of Indian
Rice  Varieties. PLoS ONE 8, €84136.
doi:10.1371/journal.pone.0084136

Song, X.J. Kuroha, T. Ayano, M. Furuta, T. Nagai, K.
Komeda, N. Segami, S. Miura, K. Ogawa, D. Kamura, T.
Suzuki, T. Higashiyama, T. Yamasaki, M. Mori, H.
Inukai, Y. Wu, J. Kitano, H. Sakakibara, H. Jacobsen,
S.E. Ashikari, M. 2015. Rare alele of a previously
unidentified histone H4 acetyltransferase enhances grain
weight, yield, and plant biomassin rice. Proc. Natl. Acad.
Sci. 112, 76-81. doi:10.1073/pnas.1421127112

Tan, C. Han, Z. Yu, H. Zhan, W. Xie, W. Chen, X. Zhao, H.
Zhou, F. Xing, Y. 2013. QTL Scanning for Rice Yield
Using a Whole Genome SNP Array. J. Genet. Genomics
40, 629-638. doi:10.1016/j.jgg.2013.06.009

Temnykh, S. DeClerck, G. Lukashova, A. Lipovich, L.
Cartinhour, S. McCouch, S. 2001. Computational and
Experimental Analysis of Microsatellites in Rice (Oryza
sativa L.): Frequency, Length Variation, Transposon
Associations, and Genetic Marker Potential. Genome
Res. 11, 1441-1452. doi:10.1101/gr.184001

Temnykh, S. Park, W.D. Ayres, N. Cartinhour, S. Hauck, N.
Lipovich, L. Cho, Y.G. Ishii, T. McCouch, S.R. 2000.
Mapping and genome organization of microsatellite
sequences in rice ( Oryza sativa L.). Theor. Appl. Genet.
100, 697-712. doi:10.1007/s001220051342

Thomson, M.J. Zhao, K. Wright, M. McNally, K.L. Rey, J.
Tung, CW. Reynolds, A. Scheffler, B. Eizenga, G.
McClung, A. Kim, H. Ismail, A.M. de Ocampo, M.
Mojica, C. Reveche, M.Y. Dilla-Ermita, C.J. Mauleon, R.
Leung, H. Bustamante, C. McCouch, S.R. 2012. High-
throughput single nucleotide polymorphism genotyping
for breeding applications in rice using the BeadXpress
platform. Mol. Breed. 29, 875-886. doi:10.1007/s11032-
011-9663-x

Utz, H.F. Melchinger A.E. 2003. PLABQTL, a computer
program to map QTL, Version 1.2. 2006-06-01. Stuttgart,
Intitute of Plant Breeding, Seed Science, and Population
Genetics, University of Hohenheim.

Van, O. 2006. JoinMap ® 4, Software for the calculation of
genetic linkage maps in experimental populations.

Vega-Sanchez, M.E. Zeng, L. Chen, S. Leung, H. Wang, G.L.
2008. SPIN1, a K Homology Domain Protein Negatively
Regulated and Ubiquitinated by the E3 Ubiquitin Ligase
SPL11, Is Involved in Flowering Time Control in Rice.
Plant Cell 20, 1456-1469. doi:10.1105/tpc.108.058610

Venu, R.C. Ma, J Jia Y. Liu, G. Jia, M.H. Nobuta, K.
Sreerekha, M.V. Moldenhauer, K. McClung, A.M.
Meyers, B.C. Wang, G.L. 2014. Identification of
Candidate Genes Associated with Positive and Negative
Heterosis in Rice. PLoS ONE 9.
doi:10.1371/journal.pone.0095178

Venuprasad, R. Bool, M.E. Quiatchon, L. Atlin, G.N. 2012. A
QTL for rice grain yield in aerobic environments with
large effects in three genetic backgrounds. Theor. Appl.
Genet. 124, 323-332. doi:10.1007/s00122-011-1707-4

Verbyla, A.P. Cavanagh, C.R. Verbyla, K.L. 2014. Whole-
Genome Analysis of Multienvironment or Multitrait QTL
in MAGIC. G3.Genes|Genomes|Genetics 4, 1569-1584.
doi:10.1534/g3.114.012971

1516



International Journal of Current Advanced Research Vol 5, Issue 12, pp 1508-1517, December 2016

Voorrips, R.E. 2002. MapChart: software for the graphical
presentation of linkage maps and QTLs. J. Hered. 93, 77—
78.

Wade, L.J. Bartolome, V. Mauleon, R. Vasant, V.D.
Prabakar, S.M. Chelliah, M. Kameoka, E. Nagendra, K.
Reddy, K.R.K. Varma, CM K. Patil, K.G. Shrestha, R.
Al-Shugeairy, Z. Al-Ogaidi, F. Munasinghe, M. Gowda,
V. Semon, M. Surata, R.R. Shenoy, V. Vadez, V. Serraj,
R. Shashidhar, H.E. Yamauchi, A. Babu, R.C. Price, A.
McNally, K.L. Henry, A. 2015. Environmental Response
and Genomic Regions Correlated with Rice Root Growth
and Yield under Drought in the OryzaSNP Panel across
Multiple Study Systems. PloS One 10, e0124127.
doi:10.1371/journal.pone.0124127

Wang, L. Wang, A. Huang, X. Zhao, Q. Dong, G. Qian, Q.
Sang, T. Han, B. 2011. Mapping 49 quantitative trait loci
at high resolution through sequencing-based genotyping
of rice recombinant inbred lines. Theor. Appl. Genet.
122, 327-340. doi:10.1007/s00122-010-1449-8

Xiao, J. Li, J. Grandillo, S. Ahn, SN. Yuan, L. Tanksley, S.D.
McCouch, S.R. 1998. Identification of trait-improving
guantitative trait loci alleles from a wild rice relative,
Oryza rufipogon. Genetics 150, 899-909.

Xiao, J. Li, J. Yuan, L. Tanksley, S.D. 1996. |dentification of
QTLs affecting traits of agronomic importance in a
recombinant inbred population derived from a subspecific
rice cross. Theor. Appl. Genet. 92, 230-244.
doi:10.1007/BF00223380

Xu, F. Sun, X. Chen, Y. Huang, Y. Tong, C. Bao, J. 2015.
Rapid Identification of Major QTLs Associated with Rice
Grain Weight and Their Utilization. PLoS ONE 10.
doi:10.1371/journal.pone.0122206

Xing, Z. Tan, F. Hua, P. Sun, L. Xu, G. Zhang, Q. 2002.
Characterization of the main effects, epistatic effects and
their environmental interactions of QTLs on the genetic
basis of yield traitsin rice. Theor. Appl. Genet. 105, 248
257. doi:10.1007/s00122-002-0952-y

Yamamoto, T. Kuboki, Y. Lin, SY. Sasaki, T. Yano, M.
1998. Fine mapping of quantitative trait loci Hd-1, Hd-2
and Hd-3, controlling heading date of rice, as single
Mendelian factors. Theor. Appl. Genet. 97, 37-44.

Yamamoto, T. Lin, H. Sasaki, T. Yano, M. 2000.
Identification of heading date quantitative trait locus Hd6
and characterization of its epistatic interactions with Hd2
in rice using advanced backcross progeny. Genetics 154,
885-891.

Yano, M. Harushima, Y. Nagamura, Y. Kurata, N. Minobe,
Y. Sasaki, T. 1997. Identification of quantitative trait loci
controlling heading date in rice using a high-density
linkage map. Theor. Appl. Genet. 95, 1025-1032.
doi:10.1007/s001220050658

Yano, M. Kojima, S. Takahashi, Y. Lin, H. Sasaki, T. 2001.
Genetic Control of Flowering Time in Rice, a Short-Day
Plant. Plant Physiol. 127, 1425-1429.
doi:10.1104/pp.010710

Ying, J.Z. Gao, J.P. Shan, J.X. Zhu, M.Z. Shi, M. Lin, H.X.
2012. Dissecting the Genetic Basis of Extremely Large
Grain Shape in Rice Cultivar “JZ1560.” J. Genet.
Genomics 39, 325-333. doi:10.1016/j.jgg.2012.03.001

Yu, H. Xie, W. Wang, J. Xing, Y. Xu, C. Li, X. Xiao, J.
Zhang, Q. 2011. Gains in QTL detection using an ultra-
high density SNP map based on population sequencing
relative to traditional RFLP/SSR markers. PloS One 6.
doi:10.1371/journal.pone.0017595

*kkkkkk*k

1517



