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Abstract

A previous study conducted on a new plant type based recombinant inbred line mapping population
derived from Pusa 1266 X Jaya identified nine major quantitative trait loci (QTLS) expressing across
environments for nine yield and yield component traits. For utilization of the markers flanking the major
QTLs for marker assisted improvement, we analyzed SSR markers flanking QTL regions in a set of 120
germplasm lines to find marker QTL association. Out of eighteen markers linked to nine QTLs
representing nine traits, seven markers linked to six QTLs showed significant association with respective
traits in germplasm lines. Two flanking markers, RM152 and RM25 linked to a QTL qDFF8-1 was
significantly associated with days to 50% flowering at P<0.01 level and explained 6% and 16% of
phenotypic variation in the germplasm lines respectively. A QTL affecting panicles per plant (QPPP4-1)
flanked by marker RM262 showed significant association in the germplasm lines. The genomic region
showing pleiotropic effect on flag leaf width (qFLW4-2), spikelets per panicle (qSPP4-1), filled grains
per panicle (QqFGP4-2) and spikelet setting density (qSSD4-2) flanked by SSR marker RM3276 was
significantly associated at P<0.01 explaining 9%, 6%, 9% and 12% of phenotypic variation respectively
in germplasm lines. The markers RM25, RM262 and RM3276 showing significant association of
genomic region in germplasm lines can be utilized for marker assisted improvement of the component
traits of yield in rice.
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Introduction

In recent years with availability of DNA markers and powerful biometrical methods, it has
become feasible to identify the genetic factors underlying quantitative traits, commonly known
as quantitative trait loci (QTLs). Meanwhile, QTL mapping has resulted in a large number of
research papers with understanding about how many loci affect the traits, where are they
located in the genome, and how do they interact. The information generated in QTL mapping
experiment regarding markers linked to genomic regions effecting quantitative traits are useful
for marker assisted selection and map based cloning. Major criteria for using the identified
QTLs for marker assisted selection is that they should have significant effect, mapped with
high degree of accuracy, should express across locations, effective in desired genetic
background and should not have negative effect on other traits. It is necessary to validate these
putative quantitative trait loci across various genetic backgrounds before using for marker
assisted selection.

There are a few important factors that determine whether a QTL-maker association identified
in one population will be useful for selection in a different population. These include the
presence of marker-QTL segregation, the linkage phase of the marker and QTL and various
other loci in the new population. Polymorphism of the markers is easy to determine, but the
association of a given marker with quantitative trait in new population or germplasm may need
to be determined experimentally [, One approach to validate marker QTL association across
populations is to develop multiple mapping populations and to perform interval mapping on
each to identify QTL, which are common to two or more populations [, Repeating the interval
mapping experiment in an entirely new population to validate QTLs may be time consuming
and expensive. Selective genotyping has shown to be nearly as effective as interval mapping
for identifying QTLs . Another approach for validation of QTLs is development of near
isogenic lines by introgressing QTL region into new back ground by back cross breeding and
using to precisely estimate effect of QTL region.

A previous study conducted on a new plant type based recombinant inbred line mapping
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population derived from Pusal266 X Jaya identified nine
major quantitative trait loci (QTLS) expressing across
environments for nine yield and yield component traits (%1, In
the present study we analyzed SSR markers flanking major
QTL regions influencing nine yield and yield component
traits in a set of 120 germplasm lines to find marker-QTL
association for utilization in marker assisted improvement of
rice.

Materials and Methods

Plant material and phenotypic data

The plant material consisted of the a set of 120 germplasm
lines, representing diverse genetic material including land
races, improved varieties from North and South India,
japonica lines covering short, medium, long duration groups,

irrigated and rainfed ecotypes, basmati, non basmati grain
characteristics, and resistant to different biotic and abiotic
stresses (Table 1). One hundred and twenty germplasm lines
were transplanted in randomized complete block design. Each
entry was transplanted with three rows each in two
replications. Each row consists of 15 plants with spacing of
30 cm between rows and 20 cm between plants. Five single
plants were selected from the middle of the row avoiding
border plants for data collection. Data on days to 50%
flowering (DFF), panicle length (PL), panicles per plant
(PPP), flag leaf width (FLW), spikelets per panicle (SPP),
filled grains per panicle (FGP), percent sterility, 1000 grain
weight and spikelet setting density (SSD) was collected as per
Standard evaluation system of rice.

Table 1: List of germplasm lines used for validation of yield QTLs in rice

Sl. No Variety Sl. No Variety Sl. No Variety Sl. No Variety
1 Sathi 31 Adt 38 61 Taipai-309 91 Pothana
2 Heera 32 Mandya Vijya 62 Pechi Badam 92 JGL3844
3 IR-20 33 Kanak 63 Golmalati 93 JGL13595
4 Narendra-118 34 PR 106 64 Hasan Sarai 94 RNRM7
5 IR 36 35 Pusa 1342 65 Tetep 95 Rajavadlu
6 IR 50 36 PR 113 66 Sonasal 96 Sumati
7 Neela 37 Phalguna 67 P-1301(K02) 97 Saleem
8 ADT -37 38 Kanti 68 Second Basmati 98 NLR34449
9 VL Dhan -221 39 Pusa Basmati-1 69 Pusa Sugandh-3 99 NLR30491
10 Narendra-97 40 Lunishri 70 Kasturi 100 Swarnamukhi
11 Rasi 41 Pusa 1121 71 Basmati-370 101 Pelelavadlu
12 Red Triveni 42 JD-6 72 CSR -13 102 Divya
13 PNR 162 43 Hei-Bao 73 Tarori Basmati 103 Surekha
14 Jyoti 44 N-22 74 Pusa sungandh-2 104 Bhadrakali
15 PR 108 45 Pusa44 75 indli 105 Kavya
16 Annada 46 ADTA43 76 ShaPasand 106 WGL14
17 Vikas 47 Kalinga-3 77 Intan 107 JGL3828
18 Ratna 48 Aditya 78 Pokali 108 JGL11727
19 Krishna Hamsa 49 Vanparva 79 Nipponbare 109 Sagarsamba
20 PNR -381 50 Tripura Medicinal Rice 80 P-1221 110 Chandana
21 Pusa 205 51 Jhum Khasa 81 CSR-36 111 Sonamahsuri
22 IR 4630 52 TKM-6 82 Tellahamsa 112 Sambamahsuri
23 JD10 53 Pant Dhan-12 83 Satya 113 Keshava
24 Pusa 169 54 Narendra 359 84 Rajendra 114 Orugallu
25 Pusa-834 55 SKR126 85 Rudrama 115 Shiva
26 IR-64 56 CSR-27 86 Indursamba 116 Pusa 1266
27 PR-111 57 MI-48 87 Varsha 117 Prabhat
28 Malviya Dhan-36 58 Pusa sungadh-5 88 Erramallelu 118 Vijetha
29 Vijram 59 Jaya 89 Varalu 119 Cottondora Sannalu
30 Pant Dhan-4 60 P-1447 90 WGL32100 120 MTU1081

DNA isolation, quantification and PCR

DNA was isolated by CTAB (Cetyl- Tetra Methyl
Ammonium Bromide) method [ and quantified using gel
electrophoresis in 0.8% agarose gel in 0.5X TAE buffer along
with known concentrations of A genomic DNA as standards.
The PCR reactions were carried out in 96-well PCR plates
obtained from Axygen Scientific Inc., Union city CA, USA.
The master mix consisted of 25 ng of genomic DNA, 0.2 U of
Tag DNA polymerase, 1 X PCR assay buffer with 1.5 mM
MgCl, 12 ng (1.8 picomole) each of forward and reverse
primer and 200 uM of ANTP mix in a 10 pl reaction volume.
The reaction mix was prepared on ice and the PCR plate was
immediately loaded in the thermal cycler (Eppendorf,
Biometra or Applied Biosystems USA) for PCR using
conditions of (1) initial denaturation at 94°C for 5 min; (2) 35
cycles of 94°C for 1 min, 55-60°C (depending on marker) for
1 min, 72°C for 2 min; (3) final extension at 72°C for 5 min.

The PCR products were separated on 3% MetaPhor® agarose
gel and visualized in a UV transilluminator.

SSR markers and data analysis

A list of nine major QTLs identified in the previous study has
been given in Table 2. A set of 18 markers linked to nine
major QTLs were used to genotype germplasm lines. The
Banding pattern of each marker was recorded for each
genotype. SSR allele size was determined depending on the
position of band relative to the ladder. The mean phenotypic
data of 120 germplasm lines for nine yield component traits
along with marker (linked to QTL) genotypic data was
subjected to single marker analysis by using PROC GLM of
SAS separately for each trait. The F probabilities and R?
values generated were analyzed for declaring significant
association of markers with phenotype in the germplasm set.
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Table 2: QTLs expressing across three environments in Pusal266 X Jaya population

Sl. ch | oTL Name | Marker interval Location Marker | Genetic | Physical LOD Additive R?

No ND | KAR [ ADT [ position [ interval | interval | MIN | MAX | MIN [ MAX | MIN | MAX
1] 8 | gDFF8-1 RM152-RM25 * * * 82-190.3 108.3 | 4,540,944 | 3.05 | 22.8 | 1.73 | 7.26 | 0.04 | 0.55
212 gqPL2-3 | RM262-GNMS3876 | * * * 85.4-107.8 224 |9,454,047 | 3.36 | 7.74 [ -0.60 | -0.74 | 0.07 | 0.10
3| 4| gPPP4-1 | RM241-GNMS1539 | * * * |142.1-163.6 | 215 |3,577,033| 4.38 | 7.66 | -0.7 | -1.21 | 0.09 | 0.16
4 | 4 | gFLW4-2 | RM3276-RM5709 | * * * 8-177.8 9.8 814,464 | 21.7 | 46.5 | 0.15 | 0.24 | 0.33 | 0.53
5] 4 qSPP1 RM327RM5709 * * * 168-177.8 9.8 814,464 | 5.71 | 13.84 [ 20.14 | 28.61 | 0.09 | 0.16
6 | 4 | gFGP4-2 | RM3276-RM5709 | * * * 68-177.8 9.8 814,464 | 7.71 | 15.27 [ 18.07| 23.8 | 0.12 | 0.22
7 | 3 | gPSTE3-1 RM7-RM1140 * * * 92.9-148.4 55.3 |6,877,844 | 7.85 | 14.24 | 5.04 | 8.03 | 0.16 | 0.21
8 | 6 | gTGW5-1 RM1776-RM413 * * * 35.4-66.3 30.9 |1,403,676| 4.07 | 12.88 | -0.98 | -1.37 | 0.12 | 0.25
9| 4 qSSD4-2 RM3276-RM5709 | * * * 68-177.8 9.8 1,314,464 | 7.99 | 16.6 | 0.92 | 1.20 | 0.13 | 0.19

Results and Discussion
The characteristics of 120 germplasm lines i.e., minimum,
maximum, mean, range and standard error for nine yield

component traits i.e., DFF, PL, PPP, FLW, SPP, FGP, PSTE,
TGW and SSD is presented in Table 3.

Table 3: Characteristics of 120 germplasm lines used for validation of QTLs

. Range

SI. No Trait Min Max Mean SEmz
1 Days to 50% flowering 46.00 124.00 90.82 0.85
2 Panicle length (cm) 19.00 35.70 25.72 1.28
3 Panicles per plant 5.50 19.50 12.12 2.39
4 Fleaf width (cm) 0.83 2.45 1.54 0.22
5 Spikelets per panicle 88.50 336.00 156.28 47.54
6 Filled grains per panicle 82.00 276.50 120.28 24.67
7 Percent sterility 3.29 37.68 27.16 9.59
8 Thousand grain weight (g) 9.65 34.12 20.11 2.30
9 Spikelet setting density 2.93 12.03 6.51 1.07

The trait DFF among germplasm lines ranged from 46 days in
jaldi dhan-6 to 125 days in MTU1001 with mean of 91 days.
The mean PL of germplasm lines was 25.72cm, while jaldi
dhan-6 showed shortest panicle length (19.00cm) and kasturi
had maximum panicle length (35.70cm) (Fig 1). Pusall21, a
popular basmati variety has maximum number of panicles
(19.5) per plant whereas, tripura medicinal rice showed only
5.5 panicles per plant. Hasansarai, a land race, showed narrow
flag leaf (0.83cm) whereas, Pusa 1266, which is one of the
parent of RIL population in which QTLs were identified, has
widest leaf (2.45cm). The total number of spikelets per
panicle were minimum in divya (88.5) and maximum in
pechibadam (336). TKM 6 had lowest filled grains per panicle
(82.5) whereas, WGL 32100 had highest filled grains per
panicle (276.5). The mean per cent sterility in germplasm
lines was 27.16 % with a minimum of 3.29% in WGL 32100
and maximum of 37.68% in TKM 6. The 1000-grain weight
of sagarsamba variety was minimum (9.65g) whereas,
shahpasand had a maximum test weight (34.12g). Among
germplasm lines, WGL32100 recorded maximum spikelet

setting density (12.03 grains per cm length of panicle) and it
was minimum in P1301 (2.39).

Fig 1: Variation for panicle length and number of grains per panicle
of germplasm lines

Genotyping of 120 germplasm lines was done with eighteen
markers on five chromosomes. A gel picture showing
amplification pattern in germplasm lines is given in Fig. 2.

M12345 6789101112131415161718192021222324252627282930313233343536373830404142434445464748

Fig 2: Gel picture showing amplification pattern of RM413 in germplasm lines

M- 100bp ladder; 1-48 — Germplasm line numbers

Genotypic data of eighteen markers linked to 9 QTLs along
with phenotypic data of 120 germplasm lines were used to
find marker QTL association with single marker analysis by
using SAS v9.1 software. In association analysis of markers
linked to QTLs, out of eighteen markers linked to nine QTLs
representing nine traits, seven markers linked to six QTLsS

showed significant association with respective traits in
germplasm lines explaining 6-16% of phenotypic variation
(Table 4). Markers linked to QTL gDFF8-1 i.e., RM152 and
RM25 were significantly associated with days to 50%
flowering at 1% level of significance and explained 6% and
16% of phenotypic variation in the germplasm lines
respectively. For panicle length, two markers i.e., RM262 and
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RM3876 on chromosome 2 were found to be non-significant
association in germplasm lines. Out of two markers linked to
panicles per plant, a marker RM241 linked to the QTL
gPPP4-1 has shown significant association with the trait in
the germplasm lines and explained 5% phenotypic variation
whereas other marker GNMS1539 has shown non-significant
association. In a near isogenic F, population developed by
using two plants of a RI line showing significant difference in
heading date, panicle size and plant height has been used to
validate the traits and found significant association”. Among
the two markers RM3276 and RM5709 linked to QTL
qFLW4-2, RM3276 was significantly associated with flag leaf
width at 1% significance level and explained 9% of
phenotypic variation in germplasm lines where as other
marker, RM5709 has not shown any association. Out of two
markers linked to spikelets per panicle, only one marker
RM3276 linked to QTL gSPP4-1 was significantly associated
in germplasm lines at 0.01 level explaining 6% phenotypic
variation. A RIL having QTL (qSPP7) allele of Minghui 63
with 70% of genetic background same as of female parent
Zhenshan97 was crossed with Zhanshan97 to produce near
isogenic lines for QTL region which have 51.1 and 24.9
spikelets as additive, dominant effects respectively . Like
markers linked to flag leaf width and spikelets per panicle, the
same marker (RM3276) linked to QTL gFGP4-2 effecting
filled grains per panicle, was significantly associated in
germplasm lines at 0.01 level explaining 9% phenotypic
variation where as other marker, RM5709 has not shown any
association. In another approach, an introgression line was
developed by introgressing chromosomal segments (gpa7)

from O. rufipogon into an indica cultivar Guichao2 and found
that alleles from O. rufipogon decreased grains per panicle
and this region influence five panicle traits showing
pleiotropic effects I, For percent sterility, two markers i.e.,
RM7 and GNMs1140 on chromosome 3 have shown non-
significant association in germplasm lines. In the same
manner, two markers i.e., GNMS1776 and RM413 on
chromosome 5 linked to qTGWS5-1 effecting thousand grains
per panicle have shown non-significant association in
germplasm lines. Similarly, association mapping was done for
five traits i.e., grain yield, kernel length, width, length/width
ratio, 1000 dehulled grain weight in a set of 103 germplasm
lines with 123 marker, with fair amount of success
establishing significant association between 25 markers with
five traits and found that many of the associated markers were
located in regions where QTL had previously been identified
(291 In rice, two sister BCsF3 Near isogenic lines developed
from Japonica cultivar Hwaseongbyeo and O. rufipogon were
used to estimate the effect of QTL affecting grain weight on
chromosome 8 near SSR marker RM210 4, In another study
carried out in rice, a natural grain weight mutant ‘sgw’ was
crossed with a cultivar ‘9311° and in the population so
derived, a QTL governing grain weight was detected on the
short arm of chromosome 7. To validate and further refine the
locus, QTL analysis based on F, and Fs; populations was
conducted, and a single major QTL (designated as gsgw7)
affecting the 1000-grain weight of paddy rice was identified
on the short arm region of rice chromosome 7 between simple
sequence repeat (SSR) markers RM21997 and RM22015.

Table 4: Validation marker- QTL association in germplasm lines by Single marker analysis

Sl. No Trait QTL Markers Distance from QTL (cM) % variance F Probability

1 Days to 50% flowering gDFF8-1 RM152 33 6 0.01**

RM25 18 16 0.0001**
2 Panicle length qPL2-3 RM262 14 3 0.17Ns
GNMS3876 6 2 0.22Ns
3 Panicles per plant qPPP4-1 RM241 11 5 0.04*
GNMS1539 9 1 0.91Ns

4 Flag leaf width gFLW4-2 RM3276 2 9 0.003**
RM5709 7 0.8 0.6Ns
5 Spikelets per panicle qSPP4-1 RM3276 4 6 0.01**
RM5709 5 0.7 0.65Ns

6 Filled grains per panicle gFGP4-2 RM3276 4 9 0.003**
RM5709 5 1 0.38Ns
7 Percent sterility qPSTE3-1 RM7 30 3 0.11Ns
GNMS1140 4 0.6 0.69NS
8 1000-gain weight qTGW5-1 GNMS1776 11 4 0.08Ns
RM413 22 0.2 0.84Ns

9 Spikelet setting density qSSD4-2 RM3276 2 12 0.009**
RM5709 7 2 0.19Ns

The region so identified was novel and could affect grain
weight and grain shape [, In an investigation taken up in
rice, a RIL population derived from cross D50 (javanica) X
HB277 (indica) was used to map seven QTLs for the trait
thousand grain weight. Of all the loci, the QTL qTGW3.2
located on chromosome 3 was stably expressed over two
years and contributed 9-10% phenotypic variance. This region
was validated in F, and F2.3 populations derived from selfing a
residual heterozygous line from the RIL population where it
explained a variance of 23% and 33% respectively [*31. For
spikelet setting density, a marker (RM 3276) linked to QTL
qSSD4-2 at 2 ¢cM was also found to be significantly associated
with spikelet setting density in germplasm lines explaining
12% of total phenotypic variation. In a research study carried

out in rice to identify and validate QTLs controlling harvest
index, the cultivars ‘Yuexiangzhan’ and ‘Shengbasimiao’
were crossed to develop a RIL population. QTL mapping
resulted in identification of five QTLs for harvest index, three
QTLs for grain yield, and six QTLs for biomass in two-year
experiments. A harvest index QTL on chromosome 8, qHI-8,
was detected across two years and explained 42.8% and
44.5% of the phenotypic variation, respectively. The existence
of qHI-8 was confirmed by the evaluation of the near isogenic
lines derived from a residual heterozygous line, and this QTL
was delimitated to a 1070 kb interval by substitution mapping
[14]

In a study conducted in rice, a pair of SSR markers RM518
and RM225 reported in a RIL population derived from cross
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Swarna x WABA450 flanking the QTLs for water use
efficiency and nitrogen use efficiency respectively were used
for validation in two F, populations derived from crosses
BPT5204 x WAB450 and BPT5204 x Mysore Mallige. The
markers RM518 and RM225 (for their respective traits)
explained a phenotypic variance of 48.26% (p-0.0135) and
38.74% (p-0.0306) in the former and latter F, populations
respectively [*°, In a work done in Africa, an F, population
derived from a cross between Hnanomai (temperate japonica)
and WAB56-104 (tropical japonica) was used to identify
QTLs governing cold tolerance at booting stage. Two QTLs
were detected on chromosome 8 and 10 which explained 30%
and 33% variance respectively for spikelet fertility under
cold. Selected BC:Fs and BCiFs genotypes having
homozygous alleles for both QTLs exhibited higher spikelet
fertility under cold stress [61,

Repeating the interval mapping experiment in an entirely new
population to validate QTLS may be time consuming and
expensive. In the present study seven markers linked to six
QTLs influencing six traits i.e. days to 50% flowering,
panicles per plant, flag leaf width, spikelets per panicle, filled
grains per panicle and spikelet setting density were validated
in a set of 120 germplasm lines. However, the linked markers
explained lesser variation in germplasm lines than mapping
population. This might be due to use of indica germplasm
lines in which alleles contributed by one of the parent
Pusal266, an indica/japonica derivative might not be widely
distributed. Nevertheless, the alleles are novel and can be
used for improvement of yield and its components. In this
study, a marker interval RM3276-RM5709 on chromosome 4
influencing 4 traits namely flag leaf width (31-52%), spikelets
per panicle (9-16%), filled grains per panicle (12-22%) and
spikelet setting density (13-19%) showed significant
association in germplasm. Out of seven flanking markers
showing significant association, five markers are linked less
than 10 cM away from QTL position may directly be used for
marker assisted pyramiding of major QTLs for enhancing
productivity of rice. The physical distance between flanking
markers is about 1 Mb and may be fine mapped to identify
candidate genes for all the four traits. There are number of
reports of mapping and introgression of QTLs from wild
species in rice. However, the related subspecies of Oryza
sativa such as japonica carry many favorable alleles which
can be used for improvement of indica. The markers RM25,
RM262 and RM3276 showing significant association of
genomic region in germplasm lines can be utilized for marker
assisted improvement of the component traits of yield in rice.

References

1. Dudley JW. Molecular markers in plant improvement:
manipulation of genes affecting quantitative traits. Crop
Sci. 1993; 33:660-668.

2. Lin HX, Qian H, Zhuang JY, Lu J, Min SK, Xiong ZM et
al. RFLP mapping of QTLs for yield and related
characters in rice (Oryza sativa L.). Theor. Appl. Genet.
1996; 92:920-927.

3. Foolad MR, Zhang LP, Lin GY. ldentification and
validation of QTLs for salt tolerance during vegetative
growth in tomato by selective genotyping. Genome.
2001; 44:444-454,

4. Balram M, Smriti G, Singh NK, Mohapatra T, Prabhu
KV, Singh AK. Molecular diversity and segregation
distortion measured by SSR markers in a new plant type
based recombinant inbred line population. Indian J of
Genet. PI. Breed. 2011; 71(4):296-303.

10.

11.

12.

13.

14.

15.

16.

~1791~

Balram M, Smriti G, Mohapatra T, Rajender P,
Nagarajan M, Vinod KK et al. 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 Biology. 2012; 12:137.
Murray MG, Thompson WF. Rapid isolation of high
molecular weight plant DNA. Nucleic Acid Res. 1980;
8:4321-4325.

Zhang Y, Luo L, Xu C, Zhang Q, Xing Y. Quantitative
trait loci for panicle size, heading date and plant height
co-segregating in trait-performance derived near-isogenic
lines of rice (Oryza sativa). Theor. Appl. Genet. 2006;
113:361-368.

Xing YZ, Tang WJ, Xue WY, Xu CG, Zhang Q. Fine
mapping of a major quantitative trait loci, qSSP7,
controlling the number of spikelets per panicle as a single
Mendelian factor in rice. Theor. Appl. Genet. 2008;
116:789-796.

Tian F, Li DJ, Fu Q, Feng Z, Yong Z, Fu C et al.
Construction of introgression lines carrying wild rice
(Oryza rufipogon Griff.) segments in cultivated rice
(Oryza sativa L.) background and characterization of
introgressed segments associated with yield-related traits.
Theor. Appl. Genet. 2006; 112:570-580.

Agrama HA, Eizenga GC, Yan W. Association mapping
of yield and its components in rice cultivars. Mol. breed.
2007; 19:341-346.

Lee SJ, Oh CS, Suh JP, McCouch SR, Ahn SN.
Identification of QTLs for domestication-related and
agronomic traits in an Oryza sativa x O. rufipogon
BC;F7 population. Plant Breed. 2005; 124:209-219.

Bian JM, He HH, Li CJ, Shi H, Zhu, CL Peng XS et al.
Identification and validation of a new grain weight QTL
in rice. Genetics and Molecular research. 2013;
12(4):5623-5633.

Tang SQ, Shao GN, Wei XJ, Chen ML, Sheng ZH, Luo J
et al. QTL mapping of grain weight in rice and the
validation of the QTL qTGW3.2. Gene. 2013;
527(1):201-206.

Zhang S, He X, Zhao J, Cheng Y, Xie Z Chen Y et al.
Identification and validation of a novel major QTL for
harvest index in rice (Oryza sativa L.). Rice. 2017; 10:44.
Boranayaka MB, Lokesha R, Diwan JR, Patil R. Marker
validation in F, population of Rice (Oryza sativa L.) for
water and nitrogen use efficiency. Int. J. Curr. Microbiol.
App. Sci. 2018; 7(1):1275-1278.

Wainaina CM, Makihara D, Nakamura M, lkeda A,
Suzuki T, Mizukami Y et al. Identification and validation
of QTLs for cold tolerance at the booting stage and other
agronomic traits in a rice cross of a Japanese tolerant
variety, Hananomai, and a NERICA parent, WAB56-104.
Plant Production Science. 2018; 21(2):132-143.



