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Abstract: Heading date in rice is one of the most important indices in rice breeding being governed by multiple
genes known as quantitative trait loci (QTLs). This character along with grain yield determines the commercial
potential of any rice cultivar. In the last three decades the development of DNA markers have led to the precise
analysis of QTLs. Various mapping populations are being used to explore QTLs for yield related parameters
including heading date in rice. Like F , RILs, NILs, DH, BCs and SSSLs. To date among reported QTLs of2

heading date, 20 QTLs have been identified and cloned. The purpose of the present review is therefore to
consolidate our existing knowledge about the progress that so far have been made in mapping of QTLs for
heading date character. In addition to that requirements of QTL mapping and different QTL mapping methods
have also been discussed. The information could be useful for further identification of QTLs for heading date
that can be successfully incorporated in marker assisted breeding programs aiming to develop early maturing
widely adaptive and high yielding rice cultivars. 
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INTRODUCTION important characters heading date is also a polygenic

Evolution of short duration crop plant varieties pattern of this character is also mysterious due to its
remains the principle objective throughout the history of quantitative nature and immense influence of environment
plant breeding. World population is increasing at an such as day length and temperature. Basically heading
alarming rate with a significant decrease in cultivated area. date is the aggregate effect of two phases i.e. basic
The only solution to this threat is development of short vegetative phase and photoperiod sensitive phase.
duration high yielding varieties. Rice is an important Variation in duration of basic vegetative phase is
cereal feeding about half of world population. Its small controlled by gene Ef-1 [3, 4] however photoperiod
genome size (~389 Mb), known genome sequence, easy sensitive  phase   is   determined   by   following    genes
agro-bacterium mediated transformation [1] and E  (Hd4), E , E , [5] and Se-1 (Hd1) [6, 7] where as genes
compatibility of its genome to other cereals (i.e. barley, E1 and Se-1 are supposed to be having strongest effect
wheat,  maize  and  sorghum)  [2]  had  made  this  a  model on photoperiod sensitivity [6, 8, 9]. Presence of recessive
plant. alleles at Ef-1 and Se-1 locus increases the vegetative

Heading date of Rice is a character of prime phase [10, 11]. E  and E  indirectly delay heading by
importance for its adoption to diverse environmental influencing  the  photoperiod sensitive allele at E  locus
conditions. Like other biologically and economically [6, 8, 12]. 

character, controlled by many genes. The inheritance
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In past lack of advanced molecular techniques limits 100-200 randomly [16] and equally spaced (up to 10 cM)
scientists to dissect complex quantitative traits into easily DNA markers are considered to be enough for mapping
understand able components. As a result study of QTLs, however their number depends upon the type of
aggregate effect of many genes was only possible experiment and genomic size of specie under study [27].
however individual genetic effects remain unclear due to In order to start QTL mapping experiment there is a
the crudeness of study. This lead to ambigious need of availability of mapping population. Different
explanation of the phenotypic variation observed for the populations have both advantages and disadvantages
trait. With the availability of molecular markers its [15, 17]. Populations like F , back cross (BC), double
possible to explore the individual effects of various genes haploid (DH), nearly isogenic lines (NIL), recombinant
controlling a particular quantitative trait. This is an end to inbred lines (RIL) and single segment substitution lines
end linked process involving development of linkage map, (SSSL) have been used for above mentioned purpose.
QTL mapping and map based cloning followed by Among these F2 and BC populations are easy to develop
characterization of isolated gene, finally knowing the and do not need long time to develop, apart from these all
protein product of the isolated gene. Although the other populations mentioned here are considered very
concept for mapping QTLs is too old [13] however a ten good for QTL mapping although usually not used owing
times increase in this field has been made in the past to their difficult and lengthy method of development. In
decade [14]. order to develop a mapping population the selected

Principle of QTL Mapping: The process of constructing [28]. Usually it is observed that cross pollinating crops
linkage maps and analyzing quantitative trait loci to find exhibit greater level of polymorphism as compared to self
the genomic region controlling that particular trait is called pollinated crops. 
QTL mapping [15-18]. The basic principal of QTL mapping A population of 20-250 individuals in considered to
is that genes and markers are linked to each other and be enough for a preliminary mapping [16] whereas fine
both segregate at time of crossing over and are detected mapping needs more plants to be mapped. Development
by analysis of their progenies. Markers linked to the of mapping population for self and cross pollinated crops
target QTLs should follow the Mendelian inheritance is not alike, inbred lines are used in case of self pollinated
pattern. A QTL is actually a location on the chromosome crops, while a cross between heterozygous parent and a
either is linked to a marker or is a location in between two haploid or homozygous parents is made to develop a
flanking markers. QTL may contains single or many genes, mapping population in case of a cross pollinated crop,
those are dissected by designing new markers taking the because most of cross pollinated crops cannot with stand
sequence of QTL's linked clone (BAC clone) oftenly in inbreeding depression.
case of those organisms whose complete genome has Having a suitable mapping population and genetic
been mapped. QTL mapped by any of the known markers next is to develop a linkage map. Linkage map of
statistical methods is never a true gene; rather it is a a chromosome is like a road map, where markers along the
chromosomal segment containing single or many genes linkage group appears like land marks on a road. Linkage
[19]. map represents the location and distances among

Requirements of QTL Mapping: DNA markers are oftenly probable recombination frequencies observed between
used in mapping experiments due to their ease of two markers. These recombination frequencies of
abundent availability, free of environmental influences genotypes may be used to calculate the recombination
and their neutral nature (usually found in non-coding fractions, allowing inferring genetic distances between
region of chromosome). Due to these advantages over markers. Lower the frequency of recombination closer will
other markers the use of DNA markers is not limited to be the markers and vice versa, however a recombination
mapping only; their usefulness is even extended to other frequency of 50% represents the independent nature of
studies like genetic diversity and cultivar identity [20-24]. markers. Linkage between two markers is calculated by
Polymorphic and co-dominant markers are preferred over odds ratio, also called logarithm of odds value (LOD) [29].
monomorphic and dominant markers. Generally the An LOD value of 3 indicates a significant relationship
markers segregate in Mendelian fashion however between markers; however this value can be decreased in
sometime may have  different  results  [25,  26].  About order to increase the number of markers per linkage group.

2

parents should have diverse genotype for trait of interest

different markers, these distances are the reflection of
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Table 1: Total number of mapped QTLs for Oryza sativa L.
Sr No. Trait No. of QTLs
1 Vigor 1834
2 Yield and yield components 2060
3 Development 944
5 Biotic stress 402
6 Abiotic stress 835
7 Anatomy 1332
8 Sterility/fertility 484
9 Quality 589
10 Bio-chemical 166
Total All traits

An increased LOD value may represents a false linkage
among different markers and an increased number of
linkage groups. Mapmaker/EXP [30-33] are the softwares
commonly used for genetic mapping.

Genetic distance in a genetic map is equal to the
recombination frequency between the markers [17].
Generally it is believed that 1% crossing over between
two genes represents a genetic distance of 1 cM, this
situation is true only when the distance is < 10 cM. There
is nonlinear relationship if the value exceeds 10 cM [34]
also mapping functions are required to convert
recombination frequencies to cM under such
circumstances [35]. Kosambi and Haladain mapping
functions are mostly used, considering interference and
lack of interference between cross over events in case of
Haldane and Kosambi functions respectively (Hartl and
Jones 2001 and Kearsey and Pooni, 1996).

QTL Mapping Methods: With the passage of time various
methods for QTL mapping have been devised ranging
from very simple to complex ones. Earliest and easiest one
Single Marker Approach is simplest method for mapping
quantitative traits. This approach involves F-test/t-test for
the confirmation of significant difference between the
genotypes at single marker locus but independent of
other loci or comparing two phenotypes having homo and
heterozygous genotypes at one locus. This approach has
been used extensively for isozymes markers [13,36,37].
Along with this Simple Interval Mapping (SIM),
Composite Interval Mapping (CIM) and Multiple Interval
Mapping (MIM) are also extensively used in mapping of
complex traits. 

Progress of QTL Mapping for Heading Date: Although
the history of genetic studies about heading date is very
long, however marvelous break through in this field has
started after the discovery of QTL mapping technique in
1980. Up to the present about 8646 QTLs on rice crop as
a whole has been mapped and out of these 8646 about 614

QTLs are related to heading date (www.gramene.org)
Tabe1. In order to know the complete information about
a gene function, research does not stop at mapping only,
but need to clone the mapped QTL, Isolate and
characterize the gene. Although large number of identified
QTLs a have been cloned, still need a large number of
QTLs left un-cloned.

Takeuchi [38] utilized the qDTH6 an early heading
QTL for breeding of Koshihikari Kanto HD1 an isogenic
line of rice cultivar Koshihikari. One hundered sixteen
DNA markers were used to detect the location of target
QTL; however 6 additional markers were designed in the
target QTL region. Field trials at different location proved
the early heading of this line compared to Koshihikari
variety at various locations. In another study genetic
reason of extremely early heading was heading genes of
rice variety USSR5. They observed that photoperiod
insensitive allele at E  and Se-1 gene locus, the1

photoperiod-sensitive inhibitor gene i-Se-1 and dominant
earliness gene Ef-1 would be the probable reasons of the
earliness of this variety. Yoo [39] conducted an
experiment for mapping Early heading QTL using a
japonica line H143. The observed two QTLs EHV-1 and
EHV-2, which were found to be two known QTLs Hd4 and
Hd2 respectively.

Liu [40] conducted an interaction study's experiment
for epistasis and QTL × environment. Their results were
same as already predicted information about heading date
in rice, i.e. both epistasis and QE interaction are important
genetic basis for determining heading date in rice. Rabiei
[41] mapped six QTLs for heading date in his genetic
experiment. Out of these six QTLs, half were found to be
having major effect while other half were found to be
having minor effect for the total phenotypic variation
observed. Yano [9] performed an QTL mapping experiment
and explored 5 QTLs explaining 84% of the total variation
observed in F  population for heading date. Out of these2

5, two QTLs located on chromosome 6 and 7 showed
major effects. Kenji [42] mapped two QTLs qDTH-7-1 and
QDTH-7-2 on seventh chromosome using BC F1 1

population, showing epistatic interaction between them.
Hongxuan [43] reported a new QTL, Hd9 from BC F4 2

population developed by crossing indica and japonica
cultivars. By crossing NILs of Hd1, Hd2 and Hd9, they
proved the phenotypic genetic effect of Hd9 was additive
to that of other two QTLs however lack of epistatic
interaction was found between Hd 1 and Hd2. Zhou [44]
mapped 19 QTLs for heading time through out rice
genome except first and forth chromosome. They divided
heading time into vegetative growth time and
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reproductive growth time and concluded in their 2. Bennetzen, J.L. and J. Ma, 2003. The genetic
experiment that I) more QTLs could be detected by colinearity of rice and other cereals on the basis of
separating Heading time into Vegetative and reproductive genomic sequence analysis. Current Opinion Plant
growth time, ii) vegetative growth time influence Heading Biology. 6: 128-133.
time more than reproductive growth time and iii) two 3. Tanisaka, T., H. Inoue, S. Uozu and H. Yamagata,
phases are free of any component effects for QTL study 1992. besic vegetative growth and photoperiod
and genetic ratio between these two could be adjusted sensitivity of heading time mutants induced in rice.
without any effect on heading time. Japanese Journal of Breeding, 42: 657-668 .

Ishimaru  and  Kashiwagi  [45]  mapped  and  proved 4. Tasi, K.H.,   1985.   Further   observations   on  the
a QTL qah7 from a backcross inbred lines. Lin [46] EF-1 gene for early heading. Rice Genetics News
conducted a fine mapping experiment of  two  heading Letter, 2: 77-78.
date QTLs Hd4 and Hd5 on chromosome 7 and 8 5. Okumoto,   Y.,    A.   Yoshimura,   T.   Tanisaka  and
respectively. Also it was observed that Hd5 is a H.  Yamagata, 1992. Analysis of rice variety Taichung
photoperiod sensitive gene. However the genetic effect of 65 and its isogenic early-heading lines for late
Hd4 was additive to that of Hd1 and Hd2 (photoperiod heading genes E , E  and E . Japnese Journal of
sensitive QTLs), showing absence of epistasis among Breeding, 42: 415-429.
them. Lin [47] mapped a QTL Hd9 on short arm of 3 6. Ichitani, K., Y. Okumoto and T. Tanisaka. 1998.rd

Chromosome using BC F population. Nearly isogenic line Genetic analysis of the rice cultivar Kasalath with4 2

containing Hd9 QTL showed delayed heading under long- special refrence to two photoperiod sensitivity loci E
day conditions but remained same under short day and Se-1. Breeding Science, 48: 51-57. 
conditions. 7. Yano,  M.,  Y. Katayose, M. Ashikari, U. Yamanouchi,

Problems with QTL Mapping: During quantitative trait Y.  Umihara,  Y.  Magamura and T. Sasaki, 2000. Hdl,
loci mapping lot of problems are encountered. Large a major photoperiod sensitivity quantitative trait
numbers of genetic approaches using various populations locus  in  rice,  is  closely  related   to  the
coupled with modern molecular techniques have resulted Arabidopsis flowering time gene CONSTANS. Plant
in the mapping of complex quantitative traits. Huge Cell, 12: 2473-2484.
numbers of QTLs are reported for each trait but their 8. Cai, C.M., M.W. Li and C.Y. Zhou, 1987.
practical utilization in breeding population is still lagging Complementary genes controlling photoperiod
behind. Only limited number of reported QTLs are fine sensitivity  in  hybrid   rice.   Rice   Genet  Newslett,
mapped and utilized in MAS. Limited numbers of QTLs 4: 90-91. 
are identified in centromeric region which possesses huge 9. Yano,  M.,  Y.  Harushima,  Y. Nagamura, N. Kurata,
packing of DNA. Y. Minobe and T. Sasaki, 1997. Identification of

Prospects: Recent advances in molecular marker using a high density linkage map. Theory and
technology, coupled with development of better Applied Genetics, 95: 1025-1032.
theoretical models and high-throughput strategies, are 10. Nishida, H. and T. Ta Nisaka, 2002. A novel ef1-h
expected to enable greater power and precision in conferring an extremely logic base vegetative growth
detection of QTL and utilization of QTL information for periodin rice. Crop Science, 42: 348-354.
crop improvement. There is strong need for identification 11. Ichitani, K., Y. Okumoto and T. Tanisaka, 2002.
of new QTLs and fine mapping of identified QTLs for their Interactive effects of two heading-time loci, Se-1 and
utilization in practical breeding. Ef-1, on pre-flowering developmentary phase in rice.
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