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Genome Wide Association Studies on 7 Yield-related
Traits of 183 Rice Varieties in Bangladesh

Abstract

Rice genetic diversity is regulated by multiple genes and is largely dependent on
various environmental factors. Uncovering the genetic variations associated with
the diversity in rice populations is the key to breed stable and high yielding rice
varieties. We performed Genome Wide Association Studies (GWAS) on 7 rice yield-
ing traits (grain length, grain width, grain weight, panicle length, leaf length, leaf
width and leaf angle) based on 39,40,165 single nucleotide polymorphisms (SNPs)
in a population of 183 rice landraces of Bangladesh. Our studies reveal various chro-
mosomal regions that are significantly associated with different traits in Bangladeshi
rice varieties. We also identified various candidate genes, which are associated with
these traits. This study reveals multiple candidate genes within short intervals.
We also identified SNP loci, which are significantly associated with multiple yield-
related traits. The results of these association studies support previous findings as
well as provide additional insights into the genetic diversity of rice. This is the first
known GWAS study on various yield-related traits in the varieties of Oryza sativa
available in Bangladesh – the fourth largest rice producing country. We believe this
study will accelerate rice genetics research and breeding stable high-yielding rice in
Bangladesh.

Keywords: Genome Wide Association Studies (GWAS); Rice; yield-related
traits; Single Nucleotide Polymorphism (SNP).

1 Introduction

Rice (Oryza sativa L.) is one of the most important food crops and feeds half the world’s
population. Especially, this is the staple food of about 160 million people in Bangladesh,
and this country has one of the highest per capita consumption of rice. Therefore, its
food security largely depends on the good harvest of rice. Future increases in rice produc-
tion, required to feed a continuously growing population of this country amidst various
adverse climatic conditions due to the climate change and limited arable land resources
will rely primarily on genetic improvement of rice cultivars. Therefore, understanding the
genetic basis of physiological and morphological variation in rice landraces in Bangladesh
is critical for improving the quality and quantity of rice production. During the last few
decades, great efforts in rice research have been made by Bangladesh Rice Research In-
stitute (BRRI), in association with International Rice Research Institute (IRRI) to boost
rice production. However, the current effort in increasing rice production in Bangladesh
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is mostly based on analyzing morphological characteristics and developing hybrids with
trial-and-error. This traditional approach is not “scalable” to investigate the tremendous
genetic and phenotypic variation of thousands of rice varieties available in Bangladesh.
GWAS, considering the rice varieties in Bangladesh, may reveal important genotype-
phenotype associations which will direct the agricultural scientists towards a more in-
formed research for breeding better rice varieties with desirable phenotypes suitable for
the climate of Bangladesh.

Genome wide association studies (GWAS) have become a popular method to classify
advantageous alleles and quantitative trait loci (QTL) associated with large-scale com-
plex traits in rice population. Due to the growing awareness of the efficacy of GWAS in
molecular dissection of traits and the abundance of genomic and phenotypic resources,
many GWAS studies have been conducted over the past few years on various rice va-
rieties across the world. Huang et al. (2010) [1] performed an association study on 14
rice agronomic traits across 373 indica rice varieties, and identified a total of 80 related
sites. Huang et al. (2012) [2] identified a total of 32 heading date sites and 20 grain
type sites across 950 rice varieties. Zhao et al. (2011) performed a GWAS on 34 traits
across 413 rice varieties from 82 countries, and identified 234 associated sites [3]. Ya-fang
et al. (2014) analyzed 315 rice varieties from the International Core Rice Germplasm
Bank to perform a GWAS on five panicle traits, and a total of 36 candidate associated
regions were detected [4]. Yang et al. (2014) performed GWAS on 15 traits, including 13
traditional agronomic traits and identified 141 associated loci [5]. Then they compared
how these traits change along with the ecological environment. This led to the identifi-
cation of valuable varieties and sub-groups with more favorable alleles. Biscarini et al.
(2016) [6] conducted a genome-wide association analysis for grain morphology and root
architecture for temperate rice accessions adapted to European pedo-climatic conditions,
and a set of 391 rice accessions were GBS-genotyped leading to 57,000 polymorphic and
informative SNPs. Among which 54% were in genic regions. A total of 42 significant
genotype-phenotype associations were detected: 21 for plant morphology traits, 11 for
grain quality traits, 10 for root architecture traits. The results helped them to dig into
the narrow genetic pool of European temperate rice and to identify the most relevant ge-
netic components contributing to a high yield of this germplasm. Zhang et al. (2019) [7]
performed a GWAS with EMMAX for 12 agronomic traits using Ting’s core collection
(7128 rice landraces from all over China and from some of the other main rice-cultivating
countries collected by Ying Ting [8]). Yang et al. (2019) [9] detected SNP loci and deter-
mined related genes affecting the rice grain shape which lead to high-yielding breeding of
rice. In that study, a total of 161 natural Indica rice varieties grown in southern China
were used for a GWAS of grain shape-related traits. These traits include grain length
(GL), grain width (GW), 1000-grain weight (TGW), and grain length/width (GLW). Ma
et al. (2019) conducted a GWAS and a gene called OsSNB was identified controlling
the grain size in rice [10]. Similarly, significant efforts have been made for association
mapping with other yield related traits (e.g., panicle and leaf traits) [4, 5, 7, 9, 11].

In this study, we performed genome-wide association studies on 7 yield traits across
183 rice varieties in Bangladesh. We leverage the 3K Rice Genome Project (3K RGP) [12],
where 3,000 rice genomes were re-sequenced and a resulting set of over 19 million SNPs
has been characterized and made accessible [12–14]. While the previous GWAS studies
provide fundamental resources regarding association mapping on various rice traits, none
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of them were especially targeted for Bangladeshi rice varieties. However, the grain yield-
related rice traits are regulated by multiple genes, which are significantly influenced by the
environment [1,4,15,16]. As such, this study will further elucidate the impact of specific
environmental conditions on the association between traits and genetic variations.

2 Materials and Methods

2.1 Rice Materials

We leveraged the data from 3K RGP [12] (snp-seek.irri.org), which has sequenced a core
selection of 3,000 rice accessions from 89 countries. We filtered a total of 183 rice va-
rieties of Bangladesh. Detailed information on these 183 rice varieties are provided in
Supplementary Material SM2. We considered seven yield-related phenotypes, namely
grain length (GL), grain width (GW), grain weight (GWT), panicle length (PL), leaf
length (LL), leaf width (LW) and leaf angle (LA). Rice grain shapes are closely related
to the yield and quality [9, 17]. Leaf traits are among the major determinants of plant
architecture, and are strongly associated to yield [18–21]. Panicle, being the top or-
gan, is an important component in the canopy and is strongly correlated with spikelet
yield [22]. Thus, investigating the genetic variations associated with these traits under
specific conditions of Bangladesh would be fundamental to high-yield rice research in this
country.

2.2 Data Analysis

The association analysis was done by Plink [23]. SNP markers with a missing rate of over
20 percent and minor allele frequency (MAF) less than 0.05 were removed to reduce false-
positive rate. Thereby, we selected a total of 39,40,165 SNPs for conducting GWAS. We
pruned our dataset of variants that are in linkage, and then performed Principle Compo-
nent Analyses (PCA) to investigate as well as to correct for population structure by using
the main components as covariates in the association tests. The quantitative association
test function of Plink was used to get the P -values of significant SNPs. Significant thresh-
old was set to − log10 P , where P = 1

n
, n = total number of markers used [7, 9]. For the

leaf angle, no association signal was higher than 6.58 (-log10 P ), and thus, we calculated
another significant threshold based on the minimum Bayes factor (mBF), where mBF =
−eP lnP [24]. Therefore, we used -log10mBF = 4.98 as the significant threshold for LA.
A linkage disequilibrium threshold r2 of 0.6 was used for the clumping of the independent
significant SNPs. Physical distance threshold for clumping was set to the default value
(250 Kb). Visualization and interpretation of the inferred association were done with
the help of SNPEVG [25]. Candidate genes were screened through the Michigan State
University (MSU) Rice Genome Annotation Project Database [26].
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3 Results and Discussion

3.1 Phenotypic diversity of the traits

Statistical analyses of the phenotypic diversity in the yield-related traits are shown in
Table 1. The minimum and maximum GL in this population are 4.7 and 10.2, respectively,
having a mean GL of 8.28 with 9.48% coefficient of variation. The CV values of various
grain shapre related traits range from 9.48% ∼16.4%, and those of leaf and panicle traits
range from 11.67% ∼57.7%. These analyses suggest that this group of rice varieties
represent significant variations in grain shape and other yield-related traits.

The distribution of these traits as well the correlations between them are depicted in
Fig. 1. It suggests that these traits are normally distributed, and GL, GW and GWT are
positively correlated with each other, especially GW and GWT are strongly correlated
with each other.

Table 1: Statistical analyses of the yield-related traits. We show the minimum
(Min), maximum (Max), mean, standard deviation (SD) and coefficient of variation (CV)
values for each of the 7 traits.

Trait Min Max Mean SD CV (%)

GL (mm) 4.7 10.2 8.28 0.78 9.48
GW (mm) 2.1 3.9 3.05 0.33 10.8
GWT (gm) 1.2 3.5 2.4 0.4 16.4

LL (cm) 2 5 3.26 0.63 19.41
LW (cm) 0.8 2.3 1.29 0.24 19.26
LA (rd) 1 9 3.39 1.96 57.7
PL (cm) 18 32 24.89 2.90 11.67

3.2 Population structure

Principal component analysis was performed based on 39,40,165 SNPs in 183 rice va-
rieties. PCA plot of the first two principal components is shown in Fig. 2 (a) which
suggests three major subgroups: indica (IND), aus (AUS), aromatic (ARO). The prin-
cipal components representing the IND samples are located in the lower left, the ARO
samples are located in the upper right, and the AUS sample are located in the lower right
part. There are a few ad-mixed (intermediate type) varieties as well. We also show the
genome stratification based on SNP markers using multidimensional scaling (MDS) plot
(see Fig. 2(b)).

Since population stratification is observed in the samples, we adjust for population
stratification while testing for associations between the SNPs and the phenotypes. We
find that the first two principal components capture the three main subgroups of rice
varieties in our samples. So, we use the first two axes of variation as covariates in the
P -value calculation.
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Figure 1: Statistical analyses of the grain shape related traits. We show the
distribution and correlation scatter matrix of these three traits. GL and GW are shown
in millimetre (mm) and GWT is shown in gram (gm). The blue lines in the scatter plots
indicate the correlation trends.

3.3 Results on grain shape related traits

A total of 168 rice varieties (out of 183 Bangladeshi varieties collected from the 3K
RGP) had GL, GW and GWT values associated with them, and we used these 168
varieties for our association studies. Manhattan plots (-log10(P ) genome-wide association
plots) and quantile-quantile (QQ) plots for three grain shape related traits are shown in
Fig. 3. We identified 15 lead SNP markers harbored in chromosomes 1, 3, 4, 5, 7, 8, 9,
10, and 12 that were significantly associated with GL (Fig. 3(a)). Both chromosomes
4 and 5 harbor three peak SNPs. The strongest peak was found in chromosome 5.
The QQ plot (Fig. 3(d)) supports that some observed P -values are more significant
than expected under the null hypothesis. The information regarding the peak SNPs
are shown in Table 2. Nine candidate genes in chromosomes 1, 3, 4, 5, 7, and 10 were
identified, harboring the SNPs which were associated with GL. Two candidate regions,
chr04:4236793 and chr04:7788382, were found to be associated with a single candidate
gene LOC Os04g59624 (see Table 2). Notably, all three lead SNP loci in chromosome 5
(chr05 9776079, chr05 1025757, and chr05 23772096) were also found to be significantly
associated with GWT (see Table 2). Moreover, SNP loci at chr05 23772096 – associated
with the candidate gene LOC Os05g40480 – was the strongest association peak for both
GL and GWT. Thus, this study reveals chromosomal regions that are likely to regulate
both GL and GWT, and thus stems the necessity of further future characterization.
Furthermore, this loci was also significantly associated with panicle length (see Sec. 3.4
and Supplementary Materials SM1). However, future studies will need to identify and
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(a) PCA plot (b) MDS plot

Figure 2: Population structure using PCA and MDS. (a) PCA plot of the first two
principal components of 183 rice varieties. (b) MDS plot of the 183 rice varieties.

Our GWAS study supports previous findings as well as reveal additional chromosomal
regions associated with GL. Yang et al. (2019) [9] identified eight SNP loci in four
chromosomes (3, 5, 6, and 7) to be in close association with GL, and – among these four
chromosomes – our study identified chromosomes 3, 5 and 7 to harbor seven significant
loci. Ya-fang et al. (2015) identified 10 SNP loci in choromosomes 3, 5, 6, 7, 8, 10 and
12, which were significantly associated with GL [4]. A study on basmati rice of Indian
origin (Singh et al. (2012) [27]) also revealed chromosomal regions in 1 and 7 to be
associated with GL, and an SSR (simple sequence repeat) analysis in Pakistan (Aslam et
al. (2014) [28]) identified chromosomal regions in 3 and 7 to be in close association with
grain length. Kinoshita et al. [29] found chromosome 4 and 11 to harbor QTLs associated
with GL.

Figure 3(c) shows the results on GW trait. Chromosomes 1, 3, 4, 6, 7, and 10 were
found to harbor 9 lead SNPs, that were significantly associated with GW. These loci as-
sociated with GW included three strong peaks in chromosomes 7, 1 and 10, respectively.
Notably, chromosome 7 included 4 strong peaks, including the strongest association signal
associated with GW. Nine candidate genes were screened out based on these lead SNPs.
Two lead SNP loci in chromosome 1 (chr01 33401190 and chr01 33410685) were associ-
ated with two candidate genes LOC Os01g57760 and LOC Os01g57770, and were within
a short (10 kb) candidate interval. The presence of multiple candidate genes within such
a short candidate interval suggest further investigation to explore the causality of genes
may be beneficial, and subsequently may facilitate the identification of advantageous ge-
netic variations. Ya-fang et al. (2015) [4] found chromosomes 1, 2, 3, 5, 6, 7, 10, 11 and
12 to harbor significant SNPs associated with GW. Yang et al. (2019) [9] identified vari-
ous regions in chromosomes 4, 5, 6, 8, 9, and 11 to be associated with GW. Zhang et al.
(2019) [7] discovered GS2 loci in chromosome 2 in close association with GW. Therefore,
our studies have notable similarities as well as dissimilarities with prior studies.

Figure 3(e) shows the results on the GWAS for GWT. Chromosomal regions in 1,
4, 5, 7, 8, 9, 10 and 11 were identified to be associated with GWT that harbor 14
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(e) Grain weight

(f)

(c) Grain width

(a) Grain length

(d)

(b)

(b)

(d)

(f)

Figure 3: GWAS on grain shape related traits using 168 rice varieties. We show
the Manhattan plots for GL, GW and GWT in figures (a), (c) and (e), respectively. The
green line indicates the genome-wide significant threshold. Corresponding QQ-plots are
shown in figures (b), (d) and (f). For QQ plots, the horizontal axis shows the − log10-
transformed expected P -values, and the vertical axis indicates − log10-transformed ob-
served P -values. 7
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Table 2: Genome-wide lead SNPs significantly associated with grain shape
related traits. For each trait, we show the significantly associated SNPs. Beta denotes
the coefficient from a fit.

Trait Chr SNP ID SNP site Minor Major MAF P Beta (β) Candidate
(bp) Allele Allele gene

GL 5 174896782 23772096 A G 0.09 6.05E-09 0.96 LOC Os05g40480
10 298342138 4856868 G T 0.07 6.97E-08 1.03 LOC Os10g01750
3 109343151 30134978 T C 0.06 7.93E-08 -0.96 LOC Os03g52520
1 20428432 20428432 T A 0.08 8.64E-08 -0.76 LOC Os01g36772
4 119858785 4236793 T C 0.05 9.08E-08 -1.09 LOC Os04g59624
4 123410374 7788382 T G 0.07 9.11E-08 -0.92 LOC Os04g59624
5 152150443 1025757 A G 0.12 1.01E-07 -0.83 LOC Os05g02840
3 96033585 16825412 A G 0.06 1.55E-07 -1.05 LOC Os03g29520
7 238925722 26593815 G A 0.06 1.59E-07 -1.08 LOC Os07g44540
5 160900765 9776079 A G 0.12 1.62E-07 1.10
4 118951371 3329379 T C 0.10 1.76E-07 0.90
9 272505994 2033444 G C 0.05 2.04E-07 -4.87
8 249602184 7572656 C T 0.10 2.19E-07 -0.97
7 224254658 11922751 G A 0.10 2.38E-07 0.97
12 351735526 6021863 C A 0.10 2.38E-07 0.91

GW 7 236327454 23995547 A G 0.10 1.75E-08 -0.26 LOC Os07g40000
1 33401190 33401190 C T 0.22 4.40E-08 0.23 LOC Os01g57760
10 302089342 8604072 A G 0.31 5.07E-08 -0.39 LOC Os10g17140
4 126597821 10975829 A C 0.13 1.29E-07 2.72 LOC Os04g19670
7 213782817 1450910 G A 0.07 1.47E-07 -0.29 LOC Os04g03620
6 194695024 13611904 A G 0.14 1.74E-07 2.39 LOC Os06g23300
7 219851828 7519921 C T 0.19 1.90E-07 1.96 LOC Os07g13130
3 111434100 32225927 T C 0.49 2.30E-07 2.68 LOC Os03g56572
1 33410685 33410685 T C 0.19 2.46E-07 1.92 LOC Os01g57770

GWT 5 174896782 23772096 A G 0.09 4.35E-09 0.50 LOC Os05g40480
7 213298898 966991 C A 0.25 2.82E-08 -3.20 LOC Os07g02674
10 298342138 4856868 G T 0.07 3.59E-08 0.52 LOC Os10g08970
1 20428432 20428432 T A 0.08 4.36E-08 -0.39 LOC Os01g36766
10 295897683 2412413 G T 0.08 4.40E-08 -2.67 LOC Os10g04940
5 152150443 1025757 A G 0.12 4.54E-08 -0.44 LOC Os05g02840
11 323223710 6531153 C T 0.37 5.76E-08 0.25 LOC Os11g11760
9 272505994 2033444 G C 0.05 6.19E-08 -2.50 LOC Os09g03960
4 118951371 3329379 T C 0.10 8.19E-08 0.46
1 161054 161054 C A 0.09 1.23E-07 -0.46
8 254597466 12567938 A G 0.06 1.36E-07 -2.29
5 160900765 9776079 A G 0.12 1.48E-07 -2.93
5 158859162 7734476 T C 0.07 2.50E-07 -2.28
1 25065564 25065564 A G 0.37 2.58E-07 -0.21

significant SNPs. Especially, chromosomes 1, 5, and 10 harbor more lead SNPs than
others. We identified eight candidate genes in chromosomes 1, 5, 7, 9, 10 and 11, harboring
the peak association signals associated with GWT. As we mentioned earlier, three lead
SNP loci in chromosome 5 (chr05 9776079, chr05 1025757, and chr05 23772096) were
significantly associated with both GWT and GL. As was observed for GL and GW, our
association study on GWT presents some congruent results with respect to the previous
studies [29,30], in addition to revealing new chromosomal regions associated with GWT.

3.4 Results on Leaf and Panicle Traits

We performed association studies on four other yield related traits: panicle length and
three leaf traits (leaf length (LL), leaf width (LW) and leaf angle (LA)). Among the 183
rice varieties in the 3K RGP project, four different subsets containing 158, 153, 160, 84
varieties had PL, LL, LW and LA trait values, respectively. The Manhattan plots on
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these traits are shown in Fig. 4. Key observations include the identification of (i) a lead
SNP in chromosome 5 which is also associated with GL, (ii) five lead SNPs (among 10)
associated with leaf angle were found in chromosome 12, and four of them (chr12 3263244,
chr12 3587574, chr12 3660122, and chr12 3650583) are within a short (400 kb) candidate
region, and (iii) four strong peaks associated with leaf length (supported by P -values and
QQ plot). QQ plots and more information on the lead SNPs are provided in Supplemen-
tary Material SM1.

(a) Leaf length (b) Leaf angle

(c) Leaf width (d) Panicle length

Figure 4: GWAS on leaf and panicle traits. We show the Manhattan plots for LL,
LA, LW and PL.

4 Conclusions

Production of high-yield strains is crucial for meeting the continuously increasing food
demand of the world population. Hybrid rice has been an effective way to meet this ever
increasing food demand in Bangladesh. Despite a significant success in rice production,
Bangladesh faces many challenges in the agricultural sector as it is becoming more densely
populated day by day. In addition, climate change impacts like temperature rise, uncer-
tain weather, prolonged dry season, irregular rainfall, frequent cyclones, sea-level rise,
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floods etc. are already being felt in Bangladesh. Therefore, understanding the genetic
architecture underlying yield related traits as well as the impact of environmental factors
are fundamental to the advancement of rice cultivars as the performance of various rice
varieties vary with varying conditions of cultivation [31].

We presented genome-wide associated studies on 7 important yield-related traits using
183 rice varieties in Bangladesh. These GWASs are especially targeted for the Bangladeshi
rice varieties, and thus it considers the interactions between genetic variations underlying
yield-related traits and particular ecological environment of Bangladesh. In general, our
GWAS results reveal some association signals for three grain shape related traits that
were located close to the SNP loci that have been identified previously. Our results
identified some chromosomes (e.g., chromosome 1, 6, 7, and 11) – to harbor lead SNPs
– that are common for three grain shape related traits. We also identified SNP loci,
which are strongly associated with both grain length and grain weight. This result could
partially explain the genetic basis of correlation among the three traits (as demonstrated
in Fig. 1), and provide useful information for genetic improvement of these traits by
marker-assisted selection (MAS) [32–34]. As we discussed in our results section, there is
discordance among the significant loci identified by various association studies performed
on same traits. Differences in sample sizes and various types of rice varieties considered
in different studies may be attributed to this disagreement. Another crucial factor is the
ecological environment where the considered rice varieties were grown. Therefore, this
study advances the state-of-the-art in rice research in Bangladesh. However, this study is
limited in scope, and can be extended in various directions. We have leveraged the data
from the 3K RGP project. Future studies need to collect rice materials, planted in various
regions of Bangladesh under adverse ecological conditions to better elucidate the impact
of specific environmental factors in genotype-phenotype association. Follow-up studies
also need to investigate the candidate genes through functional genomics approach [1,35].
This study is limited to 7 yield-related traits. However, more information will be gained
through GWAS of rice landraces as additional phenotypes are evaluated, especially the
ones that are related to the adverse ecological environments of Bangladesh. To name
a few, tolerance to prolonged flood, submergence, salinity, drought and cold are special
features for various rice varieties in Bangladesh. As such, future studies need to sample a
larger number of broadly representative varieties with special traits. For example, Rayada
– a distinctive group of deepwater rice, totally endemic to certain area of Bangladesh and
have multiple physiological features distinctly different from typical deepwater rice – could
be potential resources of abiotic stress tolerance traits like flood, cold and drought [36–38].
Thus, we believe that this study will stimulate related future studies and will help identify
beneficial genetic variations – which will enable the agricultural scientists to direct their
efforts in developing elite varieties with desirable genetic compositions.

Supplementary Materials

Supplementary Material SM1: Additional results on leaf and panicle traits.
Data File SM2: Detailed information on the 183 rice varieties considered in this study.
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(a) Panicle Length (b) Leaf Length

(c) Leaf Width (d) Leaf Angle

Figure S1: QQ Plots on leaf and panicle traits. The horizontal axis shows
the − log10-transformed expected P -values, and the vertical axis indicates − log10-
transformed observed P -values
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Table S1: Genome-wide lead SNPs significantly associated with panicle length
and leaf related traits. For each trait, we show the significantly associated SNPs.
We also show the candidate genes, harboring these significant SNPs. Beta denotes the
coefficient from a fit. For LW, we show the top 20 lead SNPs (among a total of 94
significant SNPs).

Trait Chr SNP ID SNP (bp) Minor Major MAF P Beta (β) T
Allele Allele

LA 11 336082971 19390414 A T 0.28 9.20E-07 -2.41 -5.4
12 349301237 3587574 C A 0.14 1.68E-06 2.01 5.22
6 194632495 13549375 G A 0.12 1.69E-06 4.05 5.26
2 45302658 2031735 G A 0.43 2.09E-06 -1.31 -5.13
12 349364246 3650583 A G 0.07 4.43E-06 2.37 4.97
12 348976907 3263244 A T 0.09 7.22E-06 2.17 4.86
3 93129009 13920836 A G 0.28 8.12E-06 1.27 4.78
12 349373785 3660122 A G 0.19 9.00E-06 1.29 4.75
12 359971828 14258165 C T 0.05 9.01E-06 3.31 4.82
3 112939373 33731200 A T 0.24 1.04E-05 2.72 4.73

LL 6 186252827 5169707 C T 0.22 2.04E-08 -0.60 -6.00
3 98618701 19410528 C T 0.21 2.84E-08 -0.64 -5.95
8 242276041 246513 T C 0.11 7.52E-08 -0.81 -5.71
1 12035025 12035025 G A 0.17 2.32E-07 0.61 5.47

LW 8 257488768 15459240 T C 0.06 1.23E-09 4.96 6.51
8 252585885 10556357 A G 0.05 1.56E-09 0.30 6.50
1 24422813 24422813 A T 0.06 2.15E-09 5.25 6.38
9 285199478 14726928 C T 0.07 3.34E-09 5.18 6.29
1 26927183 26927183 G A 0.08 3.53E-09 3.66 6.28
4 125098182 9476190 C T 0.05 3.89E-09 3.82 6.29
9 287877924 17405374 G A 0.06 3.92E-09 5.16 6.25
6 194707456 13624336 T C 0.07 4.46E-09 3.43 6.26
4 145570760 29948768 T C 0.09 4.77E-09 2.31 6.21
1 33379573 33379573 C T 0.06 6.43E-09 5.23 6.18
3 109144323 29936150 T C 0.06 6.76E-09 3.56 6.14
1 34209824 34209824 A G 0.12 6.93E-09 0.20 6.19
5 171146372 20021686 C T 0.07 7.70E-09 4.38 6.11
1 33702095 33702095 A G 0.06 7.86E-09 5.17 6.11
4 136194663 20572671 T A 0.06 9.89E-09 5.07 6.07
5 151306979 182293 G A 0.07 9.99E-09 4.67 6.06
6 207956689 26873569 T C 0.06 1.20E-08 4.95 6.03
5 173727106 22602420 A C 0.06 1.24E-08 5.01 6.02
9 272571916 2099366 A G 0.07 1.29E-08 4.96 6.03
12 347991169 2277506 A G 0.06 1.43E-08 5.01 6.00

PL 6 185302850 4219730 A G 0.13 3.78E-09 24.31 6.29
1 12092594 12092594 G A 0.29 1.12E-08 2.52 6.04
4 132814753 17192761 C T 0.14 1.30E-08 -2.10 -6.06
3 81204448 1996275 T G 0.07 1.77E-08 -4.32 -6.03
1 34026055 34026055 G T 0.50 1.90E-08 22.45 5.94
11 335095423 18402866 C T 0.10 2.36E-08 3.31 5.91
1 10059575 10059575 T C 0.13 3.00E-08 -2.55 -5.92
9 286628275 16155725 A G 0.10 3.07E-08 -3.77 -5.89
4 144826279 29204287 C T 0.24 3.84E-08 1.86 5.79
1 34989124 34989124 C T 0.10 4.16E-08 3.34 5.83
6 201474144 20391024 T C 0.06 6.65E-08 4.26 5.73
9 271855609 1383059 G A 0.18 8.00E-08 20.32 5.64
3 82872615 3664442 A G 0.09 9.65E-08 -3.11 -5.63
2 55441587 12170664 T C 0.05 1.23E-07 39.04 5.55
2 71500571 28229648 T C 0.33 1.36E-07 1.80 5.56
11 322211290 5518733 C A 0.38 1.42E-07 2.98 5.57
8 262899554 20870026 T C 0.07 1.51E-07 3.52 5.57
12 360565118 14851455 T C 0.10 1.65E-07 -3.66 -5.54
3 82894142 3685969 T G 0.22 1.71E-07 -1.59 -5.48
8 262572164 20542636 T C 0.33 1.83E-07 2.64 5.48
10 295893660 2408390 A G 0.27 1.98E-07 2.42 5.45
5 174896782 23772096 A G 0.08 2.30E-07 3.53 5.46
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