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Abstract

QTL for days to flowering in rice under drought condition were mapped using a DH population derived from a cross between a
deep-rooted upland adapted japonica genotype ‘CT9993-5-10-1-M’ and a lowland adapted shallow-rooted moderately drought tolerant
indica genotype TR62266-42-6-2° QTL mapping was performed following three different mapping models viz. simple (SIM), composite
(CIM) and multiple mapping model (MIM) using WinQTL Cartographer version 2.5.006. SIM located 12 QTL for days to flowering
spread over nine chromosomes whereas CIM and MIM each located 5 QTL with a threshold LOD score of 2.5. A comparison of the
QTL detected by three different models identified five QTL that were common across at least two models for days to flowering. In MIM
analysis, the detected QTL (qHD-1-b) between flanking markers (RG109-ME1014) located on chromosome 1 recorded positive
effect (1.4090) but the remaining four QTL had negative effect. The QTL (qHD-3-a) detected between flanking markers (RG104-
RG409) by both MIM and SIM in the present study was also reported carlier as linked with the marker RG104. The five common QTL
detected by at least two models could be considered as stable QTL for days to flowering under drought and might be of practical use in

marker assisted selection.

Keywords: days to flowering, drought, rice, QTL mapping

Introduction

Rice (Oryza sativa L.) is one of the most important ce-
real crops in the world and feeds nearly 50% of the world
population. Days to flowering (heading date) in rice is a
quantitative trait of agronomic importance. In some agro-
ecosystems rice cultivars with early flowering habit are
favored so that they can be fit well in multiple cropping
patterns to increase the cropping intensity and crop pro-
ductivity. The expression of quantitative trait like days to
flowering is controlled by several genes with small contri-
butions of each gene to the trait resulting in continuous
rather than discrete variation (Liu, 1998). Quantitative
traits are highly vulnerable to environmental influences.

In Asia, rice is mostly grown as a rainfed crop due to
limited irrigation facilities. The rice crop under rainfed
condition often passes through short dry spells resulting in
variation of flowering time and low grain yield. The analy-
sis of the quantitative variation of such trait, especially its
potential genetic basis, is of prime importance to a plant
breeder (Asins, 2002). In fact, plant breeders make use of
the genetic variation and the genetic basis of the quantita-
tive trait for formulating an efficient, time-bound breeding
program for genetic enhancement of the trait. Because of
their features such as large number of genes, small effects
and greater influence of environment, the phenotype of
the quantitative trait does not provide ample insight into
its genotype as against simple monogenic traits (Kearsey,
2002). So molecular marker-mediated genetic analysis is

now widely used to dissect such complex quantitative trait
into individual Mendelian factors for better understand-
ing of the genetics of the quantitative trait (Pathak and
Zhu, 2007).

QTL mapping analysis is one of the molecular marker
technologies commonly used for dissecting the complex
nature of quantitative traits (Wang ez 4l., 1999). The prime
objective of QTL mapping for a quantitative trait is to de-
tect, locate and characterize the QTL (quantitative trait
loci) on the chromosome(s). QTLs are the loci/genes con-
trolling quantitative traits. Any chromosomal region asso-
ciated with a quantitative trait and a marker was defined as
QTL (Xu, 2002).

The concept of detecting QTL for quantitative trait
loci was first elucidated by Sax (1923) in beans by using
pigment markers to analyze genes affecting the seed size in
F, progeny of crosses. Thoday (1960) proposed the idea of
using two markers to bracket a region for detecting QTL
and was the first known statistical approach. QTL map-
ping is a combination of the approaches of linkage map-
ping and statistical genetics to elaborate a quantitative
trait at individual gene level in order to draw inferences at
population level. QTL mapping analysis is essentially a set
of procedures for detecting and locating QTL for a trait.
The number of QTL detected depends on the accuracy of
the experimental data (both phenotypic and marker data)
and the model used for analysis.

Methods commonly used for QTL mappingare simple
interval mapping (SIM or IM), composite interval map-
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ping (CIM) and multiple interval mapping (MIM). The
principle behind SIM is to test the presence of a QTL at
many positions between two marker loci (Lander and Bot-
stein, 1989). CIM performs SIM in the usual way, except
that the variance from other QTL is accounted for by in-
cluding partial regression coeflicients from markers in oth-
er regions of the genome (Basten ez 4l., 2000). The model
of CIM includes one QTL and markers (Kao ez 4/, 1999).
It gives more power and precision than SIM because the
effects of other QTL are not present as residual variance.
CIM can eliminate the bias that would normally be caused
by QTL that are linked to the position being tested (Na-
gabhusana ez 4/., 20006).

QTL mapping by MIM model was first proposed by
Kao ez al. (1999). MIM uses multiple marker intervals si-
multaneously to construct multiple putative QTL in the
model for QTL mapping. Therefore, when compared with
SIM and CIM, the MIM tends to be more powerful and
precise in detecting QTL. In addition, MIM can read-
ily search for and analyze epistatic QTL and estimate the
individual genotypic value and the heritabilities of quan-
titative traits. On the basis of MIM result, genetic vari-
ance components contributed by individual QTL can be
estimated and marker assisted selection can be easily per-
formed. Multiple QTL mapping for quantitative trait can
be done by using the software R/qtl (Arends ez 4/., 2010).

In rice, QTL for various quantitative traits of agronom-
ic importance have been mapped by different approaches
using different populations. A comparison of regression
interval mapping (CIM) and MIM for a linked QTL was
carried out using simulated dataset of different F, popu-
lations and distinct differences were noticed between the
two methods (Mayer, 2005). QTL analysis by both SIM
and CIM methods for yield attributing traits in rice was
carried out by Cai and Morishima (1998). SIM could de-
tect only three QTL for days to flowering and basic vegeta-
tive phase, whereas CIM revealed other significant QTL.
The present study was undertaken to detect and locate the
significant and common QTL for days to flowering under
drought condition in rice using three mapping models
namely SIM, CIM and MIM.

Materials and methods

Plant material

The plant material used for mapping of the QTL for
days to flowering consisted of a population of 154 double
haploid (DH) lines derived from a cross between a deep-
rooted upland adapted japonica rice genotype, ‘CT9993-
5-10-1-M’ and alowland indica rice genotype with shallow
roots having moderate drought tolerance, TR62266-42-6-
2.

Evaluation for days to flowering
The lines were grown in 3mx3m plots in randomized
block design with three replications for two years. Two

59
weeks after transplanting, the fields were drained out and
not irrigated again for the rest of the season leading to
drought stress. Mean data for days to flowering over two
years under moisture stress condition were recorded from
100 lines out of 154 lines grown in Raipur, India and the
details of the field experiment are available at http://crop-
wiki.irri.org/gep/images/9/9¢/IRRI_QTL_Mapping_
workshop.pdf. These data were collected from IRRI, Phil-
ippines for the present comparative analysis.

Linkage map

The genetic linkage map of rice consisting of 280 mark-
er loci including 134 restriction fragment length polymor-
phisms, 131 amplified fragment length polymorphisms
and 15 simple sequence repeats was previously developed
from an initial population of 154 DH lines (Zhang e 4l.,
2001). The linkage map covered a map distance of 1602
centimorgans (cM) on the basis of Kosambi function with
an average distance of 5.7cM between adjacent markers.
Linkage was declared at LOD score greater than or equal
to 2.5.

QTL analysis

QTL for days to flowering were detected and mapped
on rice chromosomes by performing simple (SIM), com-
posite (CIM) and multiple interval mapping (MIM)
analyses using WinQTL Cartographer/version 2.5.006
(Wang et al., 2010) with threshold LOD score of 2.5.
The significant threshold LOD score for detection of the
QTL was calculated based on 500 permutations at p<0.05
(Churchill and Doerge, 1994) for SIM and CIM. A work
speed of 1cM and a window size of 10cM were chosen.
The number of markers for the background control was
set to S.

Results and discussion

Most of the traits of agronomic importance in plants
are controlled by many genes having small effect, which
are commonly called QTL. QTL are largely influenced by
the environment. Mapping of QTL for a trait with a close-
ly linked marker is essential to understand the effect of the
QTL on the phenotypic expression of the trait. Consider-
able progress has been made in the field of QTL mapping
in rice (Rahman ez 4., 2007). To date, a large number of
QTL, derived from interspecific crosses and associated
with various traits including yield and its components,
quality traits, environmental stress tolerance, and disease
and insect resistances, have been identified in rice (Aluko
et al., 2004; Suh et al., 2005; Thomson et al., 2003).

Rice is mostly grown as a rainfed crop in Asia and the
rice crop in the field often passes through intermittent
short dry-spells resulting in moisture stress condition, par-
ticularly in upland ecosystem. Moisture stress (drought) is
a major limiting factor for crop production and it is be-
coming an increasingly severe problem in many regions of
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Tab. 1. QTLs for days to flowering detected by simple,
composite and multiple interval mapping models in
the DH population of the rice cross ‘CT9993-5-10-1-
M’/’IR62266-42-6-2’

Trait Model I(;?Fl(jsf Chromosome l:z;t;?f LOD
1 1 RM212-ME418 5.7
2 2 Cl1408-EM1110 4.7
TGMSP2-K706 3.6
1 3 RG104-RG409 39
1 5 C119-EMP210 35
SIM 1 7 ME215-EM1511 54
3 8 ME28-EM166 3.1
MES84-R1394A 4.6
RZ997-EM185 6.3
9 K985-RM215 35
Days to 1 11 EM188-G257 33
ﬂowcring 1 12 ME29-ME415 5.0
| 1 RM212-ME418 35
1 ) C1408-EM1110 3.9
CIM | - ME71-EM165 35
N g EMI141-RZ997 3.8
RZ997-EM185 4.6
) 1 RM212-ME418 4.6
RG109-ME1014 5.2
MIM 1 3 RG104-RG409 2.8
N 5 C119-EMP210 2.8

RG164-RG573 3.0

Tab. 2. Common QTLs detected for days to flowering by two or
more QTL mapping models in the DH population of the rice
cross ‘CT9993-5-10-1-M’/’IR62266-42-6-2°

Trait QTL Models  Chromosome 1&‘_}1‘35 1;12;112:?
SIM, CIM, MIM 1 1 RM212-ME418
Days to SIM, CIM 2 1 C1408-EM1110
fowering SIM, MIM 3 1 RG104-RG409
SIM, MIM 5 1 CI119-EMP210
SIM, CIM 8 1 RZ997-EM185

the world (Passioura, 2007). Drought stress induces sev-
eral physiological, biochemical and molecular responses
in crop plants, which would help them to adapt to such
limiting environmental conditions (Arora ez al., 2002).
It inhibits the photosynthesis of plants, causes changes

in chlorophyll contents and components, and also causes
damage to the photosynthetic apparatus (Escuredo ez 4/.,
1998). Drought tolerant crop plants usually possess one or
more of the drought tolerant mechanisms, such as escape,
avoidance, tolerance and recovery (Asch ez al., 2005). It
has been estimated that nearly 50% of the world rice pro-
duction is more or less affected by drought (Bouman ez 4/.,
2005). Moisture stress brings about several developmen-
tal changes in the rice plant, often leading to early flower-
ing, shortening of life cycle and invariably low grain yield.
Shortening of life cycle (generally defined by short growth
duration or carly flowering) constitutes an attribute of
“drought escape”, a mechanism to get rid of drought stress,
by the plants (Allah, 2010). Rice is very sensitive to mois-
ture stress during flowering resulting in high floret steril-
ity. For rice genetic improvement, it is thus essential to un-
derstand the genetic control of flowering under moisture
stress condition in order to develop rice cultivars suitable
for such condition.

In the present study, days to flowering ranged from 88.5
to 119.5 days with a mean value of 99.6 days and a coefhi-
cient of variation of 6.06%. The number of QTL for days
to flowering detected by SIM, CIM and MIM models are
presented along with the chromosome number, flanking
markers and peak LOD values (Tab. 1).

Simple interval mapping detected a total of 12 QTL
for days to flowering under drought condition spread over
nine chromosomes (Tab. 1). All the detected QTL had
a LOD score equal to or more than 2.5 (Fig. 1). Li ez al.
(2003) detected QTL for days to flowering on rice chro-
mosome 1,2,3,5,8,9, 11 and 12 from the rice DH popu-
lation of IR-64/Azucena. Yamamoto et /. (2000) located
QTL for days to flowering on chromosome 7 in the BC F,
population of Nipponbare / Kasalath.

Composite interval mapping in the present study de-
tected five QTL for days to flowering i.e. one QTL each on
chromosome 1, 2 and 7 and two on chromosome 8 (Tab.
1). The locations of the QTL are presented in Fig. 2. The
QTL on chromosome 1 between flanking markers RM
212- ME 418 was commonly detected by SIM, CIM and
MIM models.

Like CIM, multiple interval mapping also detected
five QTL for days to flowering i.e. 2 QTL each on chro-
mosome 1 and 5 but 1 QTL only on chromosome 3 (Tab.
1). The locations of the detected QTL are presented in Fig.
3. The QTL (qHD-3-a) detected by both MIM and SIM

Tab. 3. Estimates of QTL effects for days to flowering and percent variance explained by each QTL in MIM model in the
DH population of the rice cross ‘CT9993-5-10-1-M’/’IR62266-42-6-2°

0, 3 V) 3
QTIf fame Chromosome  Flanking markers ~ QTL effect & G'CHCUC % Phe-no typic Gene action

(given) variance variance

qHD-1-a 1 RM212 - ME418 -2.56 42.63 172 Additive
qHD—l-b 1 RG109 - ME1014 1.41 1.82 0.7 Additive
qHD-3-a 3 RG104 — RG409 -2.50 30.18 122 Additive
qHD-5-a 5 C119 - EMP210 -1.29 18.24 7.4 Additive
qHD—S-b 5 RG164 - RG573 -0.83 7.13 29 Additive
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Fig. 1. Twelve QTL for days to flowering detected by interval mapping on rice chromosomes (1,2, 3,5,7,8,9, 11 & 12) in the DH
population of the rice cross ‘CT9993-5-10-1-M’/'IR62266-42-6-2°
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Fig. 2. Five QTL for days to flowering detected by composite interval mapping on rice chromosomes (1, 2,7 & 8) in the DH popula-
tion of the rice cross ‘CT9993-5-10-1-M’/'IR62266-42-6-2’

models in the present study between the flanking markers

The QTL which were commonly detected by two or

RG104 — RG409) on chromosome 3 was also reported more models are presented in Tab. 2. In MIM analysis, the
p p y
genetic and the phenotypic variance for days to flower-

carlier as linked with the marker RG104 by Li ez 4/. (2003)

in the IR64 / Azucena DH population.
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Fig. 3. Five QTL for days to flowering detected by multiple interval mapping model on rice chromosomes (1, 3 & 5) in the DH
population of the rice cross ‘CT9993-5-10-1-M’/'IR62266-42-6-2°

ing were estimated as 14.59 and 36.12, respectively with a
heritability estimate of 40.39%.

The estimates of QTL effects and the amount of ge-
netic and phenotypic variance explained by each QTL in
MIM model for days to flowering are presented in Tab. 3.
The QTL (qHD-1-b) located on chromosome 2 record-
ed positive effect whereas the remaining QTL recorded
negative effect (i.e. desirable for developing early flowering
variety with short duration to fit into multiple cropping
patterns). The sum of the phenotypic variance explained
by all the QTL was 40.4% i.e. the heritability estimate of
the trait. In other words, the detected QTLs for days to
flowering could explain only 40.4% of the variation in the
trait under drought condition.

The identification of almost entirely different sets of
QTL for days to flowering in different environmental con-
ditions is not at all implausible according to the concepts
of developmental genetics (Pathak and Jhu, 2007). Devel-
opment is sequential and hierarchical in nature that gener-
ates integrative networks of inter relationships within and
between levels of organization. Developmental genetic
theories suggest that, because of its sequential and hierar-
chical nature, development is epigenetic and involves cas-
cades of interactions among directly and indirectly acting
controlling factors and these interactions may vary during
ontogeny (Atchley, 1990). Thus it was highly expected
that several QTL, though not necessarily entirely different
set of QTL, would be detected for days to flowering in the
moisture stress environment of the present study.

Conclusions
The present study provides insight into the genetic

control of days to flowering in rice under moisture stress
condition. With the same number and set of markers and

genotypes used, SIM located 12 QTL for days to flow-
ering spread over nine chromosomes whereas CIM and
MIM each located 5 QTL with a threshold LOD score
of 2.5. However, considerable resemblance among SIM,
CIM and MIM was observed for the common QTL de-
tected by at least two models with respect to the position
of QTL on chromosomes. In MIM analysis, the detected
QTL (qHD-1-b) between flanking markers (RG109 —
ME1014) located on chromosome 1 recorded positive ef-
fect (1.4090) but the remaining four QTL had negative
effect. The QTL (qHD-3-a) detected between flanking
markers (RG104 — RG409) by both MIM and SIM in
the present study was also reported earlier as linked with
the marker RG104. A set of five QTL that were common
across at least two models were detected and located in the
present study. The detection of such common QTL for a
quantitative trait of agronomic importance by different
mapping models helps in designing strategies to improve
the trait by targeting such QTL through marker-assisted
selection.
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