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ABSTRACT 

One of the main outcome of quantitative genetics approaches to natural variation is to reveal 

the genetic architecture underlying the phenotypic space. Complex genetic architectures are 

described as including numerous loci (or alleles) with small-effect and/or low-frequency in the 

populations, interactions with the genetic background, environment or age... Linkage or 

association mapping strategies will be more or less sensitive to this complexity, so that we still 

have an unclear picture of its extent. By combining high-throughput phenotyping under two 

environmental conditions with classical QTL mapping approaches in multiple Arabidopsis 

thaliana segregating populations as well as advanced near isogenic lines construction and 

survey, we have attempted to push back the limits of our understanding of quantitative 

phenotypic variation. Integrative traits such as those related to vegetative growth used in this 

work (highlighting either cumulative growth, growth rate or morphology) all showed complex 

and dynamic genetic architecture with respect to the segregating population and condition. 

The more resolutive our mapping approach, the more complexity we uncover, with several 

instances of QTLs visible in near isogenic lines but not detected with the initial QTL mapping, 

indicating that our phenotyping resolution was less limiting than the mapping resolution with 

respect to the underlying genetic architecture. In an ultimate approach to resolve this 

complexity, we intensified our phenotyping effort to target specifically a 3Mb-region known to 

segregate for a major quantitative trait gene, using a series of selected lines recombined every 

100kb. We discovered that at least 3 other independent QTLs had remained hidden in this 

region, some with trait- or condition-specific effects, or opposite allelic effects. If we were to 

extrapolate the figures obtained on this specific region in this particular cross to the genome- 

and species-scale, we would predict hundreds of causative loci of detectable phenotypic effect 

controlling these growth-related phenotypes.  
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INTRODUCTION 

Fine-tuning plant growth throughout development and in response to environmental limitations 

is a decisive process to optimize fitness and population survival in the wild. As a sessile 

organism, plants have to cope with environmental fluctuations and evolved a wide range of 

responses. This is well illustrated by their great phenotypic plasticity and their ability to colonize 

very diverse habitats, through intraspecific genetic diversity as revealed in most pathways [1]. 

Aerial and below-ground growth represent a balance between resource investment in the 

structures and resource acquisition (respectively photosynthesis and water / nutrient uptake). 

Thus, growth is a highly complex trait controlled by many genes with constitutive or more 

specific roles depending on developmental stage, tissue, timing, environment… [2-7]. In this 

context, plant growth can be considered as a model complex trait to increase our knowledge 

in the genetics of adaptation/evolution, as well as to improve plant performance. 

Forward mutant analysis plays a central role in plant biology to blindly identify gene functions 

associated with a phenotype [8], but sometimes remains limiting to reveal genes with modest 

phenotypic effect, or when addressing genes from redundant families. With regard to growth 

and stress tolerance, these limitations are likely to be relevant given the multigenic nature of 

growth phenotypes, the low mean effect at each locus and/or epistatic interaction they involve 

[9, 10]. Thus, the use of naturally-occurring variation through quantitative genetic approaches 

designed to map quantitative trait loci (QTLs) is interesting notably to complement the search 

for alleles selected during evolution which may not be brought out with classical loss-of-

function approaches. Linkage mapping and genome-wide association lead to the identification 

of large amount of alleles involved in intraspecific phenotype variation from different plant 

species [1, 11]. 

With the drop of sequencing and genotyping costs, phenotyping clearly is the limiting factor for 

quantitative genetics approaches [12]. However the complexity of the genetic architecture of a 

given trait, which depends on the contribution and the number of loci controlling a trait and 

their interactions with the genetic background and the environment, has direct consequences 

on how much phenotyping remains limiting. Highly heritable traits with a limited number of 

contributing loci (in a given segregating material, or at the species scale) are more likely to be 

well understood than more complex traits. For instance, a large part of the phenotypic variation 

for flowering time in Arabidopsis thaliana maps to a limited number of loci [13-16], including 

FRIGIDA and FLC genes [17-19] and thus has a relatively simple genetic architecture, 

although many more loci make smaller contributions -at least in some environments- and allelic 

heterogeneity also interferes [15, 16, 20, 21]. By contrast, traits like fitness or growth can be 
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expected to have a more complex basis as they integrate many upstream traits, and 

consequently many genes, each prone to residual variation and heterogeneity. Smaller 

contributions from individual loci means that, although one can still estimate total heritabilities, 

the accuracy and throughput of phenotyping will be limiting to confirm individual QTLs' 

contributions. Heritabilities for flowering time-related traits will often be above 80%, while 

biomass accumulation or fitness' heritabilities are essentially found in the range 20-60% [22-

27]. 

Another factor that will influence the genetic complexity of a trait is its response to the 

environment through phenotypic plasticity [28]. Part of the environmental fluctuations may be 

controlled in an experimental design, while another part may contribute to the residuals / noise. 

Whether the sensitivity of a pathway or trait to the environment depends on the number and 

architecture of the contributing loci remains an open question, however the relationships 

between higher plasticity and lower heritability are described [26]. Water availability is an 

environmental factor that varies through space and time and shows great heterogeneity which 

certainly constrains plant growth and shapes plant distribution in nature and in agricultural 

systems. Prevalence of drought episode is expected to increase with global climate change 

making the understanding of plant response to drought one of the major challenge of the next 

decades [29, 30]; this includes deciphering the genetic basis for variation in mechanisms such 

as drought escape, avoidance and tolerance [31]. Hence, this environmental parameter is 

definitely a good candidate to understand the genetic architecture of GxE. However, drought 

is both difficult to control and hard to predict, because of interactions with almost all other 

factors in the environment (temperature, air flow, light...) and interplay with other constraints 

(especially nutrient-related or osmotic). The development of robotic phenotyping tools 

throughout the community makes it now feasible to acquire traits on hundreds or thousands of 

plants in precisely controlled and reproducible conditions [32-35], pushing a bit further one of 

the main limitation for a better decomposition of the genetic architecture of these complex 

traits. 

Still, regarding plant growth variation in nature, mainly genomic regions with relatively large 

effect were identified in Arabidopsis and were often related to development, immunity or major 

hormones (for instance [36-43]). A limited number of non-theoretical studies seem to confirm 

that many genes with smaller effect –potentially involving epistasis and linked loci– would be 

responsible for part of the phenotypic variation of such complex traits (for instance [44-46]). 

Here, we undertook a precise analysis of plant growth genetic architecture under both optimal 

watering condition and mild drought stress, using a classical linkage mapping approach on 4 

biparental segregating populations [47]. As a dynamic trait, we chose to follow growth during 
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the vegetative phase using a high-throughput phenotyping robot (the Phenoscope [34]; 

https://phenoscope.versailles.inra.fr/) to map major- to small- effect QTLs as well as their 

interaction with drought stress. Zooming in on the loci, we use near-isogenic lines to validate 

these QTLs and reveal in more detail the genetics behind a single QTL peak. We then focus 

more precisely on a region where a major Quantitative Trait Gene (QTG) is segregating (= 

CRY2, a known polymorphic actor with major pleiotropic phenotypic consequences), and show 

that other loci with additive or opposite effect are also present in its vicinity, illustrating the 

complexity of growth genetic architecture. 

 

 

RESULTS 

Characterization of shoot growth-related phenotypes 

The four RIL sets used in this study (BurxCol, CvixCol, BlaxCol, YoxCol) were conducted under 

well-watered (WW) and moderate water deficit (WD) conditions on our high-throughput 

phenotyping platform. Ensuring that growth occurs in a highly controlled and homogeneous 

environment, the Phenoscope records a number of image-based quantitative traits describing 

shoot development (@Figure 1). Taking daily pictures gave access to cumulative (Projected 

Rosette Area, PRA) and dynamics (Relative Expansion Rate, RER) growth parameters for 

individual plants (@Figure 1C&D) as well as other descriptive or derived traits (rosette 

morphology and RGB colour components) [48]. A principal component analysis (PCA) was 

performed using all picture-based phenotypes at the final day of the experiment, 29 Days After 

Sowing (DAS; hence 'PRA29' etc) and relative expansion rate calculated between 16 and 29 

DAS (RER16-29; @Figure 2). The first axis explained a major part of the total variance, 

essentially through final rosette size (PRA29) and expansion rate (RER16-29). However, 

PRA29 and RER16-29 variables were not perfectly correlated, with genotypes exhibiting 

moderate PRA29 despite high RER16-29. The red (Red29) and green (Green29) components 

colour phenotypes mainly contributed to the second axis and were positively correlated, and 

both were negatively correlated with compactness at 29DAS (Compactness29) which was the 

main trait contributing to the third axis. Individual projection showed that the first axis strongly 

structured the individuals according to the watering treatment (WW versus WD) while the axes 

2 and 3 represented cross (RIL set) effects, differentiating CvixCol and BurxCol (axis 2) and 

BlaxCol (axis 3) from the other RIL sets. PRA29, RER16-29 and Compactness29 are 

complementary growth phenotypes that were investigated further in this study to quantify 

different aspects of shoot development variation: final projected rosette area is a cumulative 

proxy for biomass and photosynthetically-active surface, rosette compactness is an informative 
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Figure 1: Extracting phenotypic information from zenithal images 

A: Pictures of plants on the Phenoscope at different selected days after sowing  

B: Representation of the rosette-encompassing convex hull (red shape) used to calculate the 

compactness (here illustrated at day 29) 

C: Growth kinetics obtained by extracting the projected rosette area from the daily images. 

D: Relative Expansion Rate calculated between two dates (for instance RER16-29 was integrated 

from day 16 to 29) 

C and D: Blue: 'WW' = Well Watered (soil water content at 60%); Orange: 'WD' = Water Deficit (soil 

water content at 30%) 
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Figure 2: Principal component analysis of phenotypic traits 

A to C show the results of the PCA based on plan 1-2. 

D to F show the results of the PCA based on plan 1-3. 

A and D: circles of correlations with projected variables on the 2D plan. 

B and E: individual lines (RILs) projected on the 2D plans, clustered and colored according to the 

watering conditions as indicated. 

C and F: individual lines (RILs) projected on the 2D plans, clustered and colored according to the 

RIL set as indicated. 
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parameter -rather stable through time- describing the rosette morphology, and relative 

expansion rate highlights the dynamics of growth. 

 

Phenotypic distribution among the RILs compared to their parents (@Suppl. Figure S1) 

revealed extensive transgressive segregation for most of the traits and the crosses studied. As 

expected, mild drought stress (WD) condition impacted the distribution of the RILs for PRA29 

and RER16-29 with generally reduced values for both traits. Interestingly, compactness 

distribution was much more robust to stress, which indicated that overall the morphology of the 

rosette is less affected by mild drought. In order to estimate the part of phenotypic variation 

that is explained by genetic factors for each traits, heritabilities were calculated (@Suppl. Table 

S1) and were essentially low for RER (except in BurxCol where they were high), intermediate 

for cumulative PRA and generally high for Compactness (this trait is certainly less sensitive to 

shifts in developmental stage that could be induced, for instance, by small changes in 

germination time). Overall, heritabilities were also lower in stress conditions than in control, as 

if the stress was inducing noisier phenotypic variations.  

According to ANOVA analyses (@Suppl. Table S2), all traits and RIL sets showed significant 

variation according to both the watering condition (WD versus WW) and the genotype (within 

each RIL set), except for Compactness29 response to stress in BlaxCol. There were also 

weaker but significant biological replicates’ effects (i.e. independent Phenoscope 

experiments), but less genotype x experiment interactions (with the exception of PRA and RER 

traits in BlaxCol for instance). PRA is more prone to genotype x experiment interactions than 

other traits, especially in CvixCol and YoxCol. Genotype x condition interactions are often 

milder than genotype or condition effects, and overall compactness –or YoxCol– show much 

less genotype x condition interactions than other traits/sets. 

The phenotypic values of each RIL were then corrected for inter-experiment differences 

(indicated by the significant biological replicates’ effect). 

  

QTL mapping-based shoot growth genetic architecture 

Our experimental design allowed the identification of many QTLs for all combinations of traits, 

conditions and RIL sets, and also for the GxE interaction term using genotype x condition 

effects from the ANOVA model for each trait (@Figure 3 and @Suppl. Table S3). Globally 112 

QTLs were identified all along the genome when conditions are studied independently (62 

under WW + 50 under WD) likely corresponding to at least 18 independent loci, yielding an 

average of ~4.7 QTLs per modality of cross x trait x condition. QTL hotspots across RIL sets 

and traits were identified for instance at the beginning of chromosome 1, at the bottom of 

chromosome 2 and 5. These hotspots include very highly significant QTLs with LOD scores 

above 10, and up to 32. Chromosome 3 appeared to show less significant QTLs in all crosses, 
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Figure 3: QTL mapping for 4 RIL sets, 3 traits and 2 conditions  

QTL maps obtained from four RIL sets (BlaxCol in black; CvixCol in red; BurxCol in blue; YoxCol in 

green) using three phenotypes (PRA29, RER16-29 and Compactness29), generated independently 

in two conditions (top panels: WW; middle panels: WD) and from the genotype x environment 

interaction term in the model (bottom panels: Interaction term). LOD score values above (below) the 

X axis indicate that the Col allele increases (decreases) trait value with respect to the other parental 

allele. Significance threshold (LOD=2.4) is shown as dotted lines. The parameters of the significant 

QTLs detected are listed in @Suppl. Table S3. 
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especially for PRA29 and RER16-29. Individual QTL contributions to phenotypic variance (R²) 

ranged from 1 up to 30%, with the typical L-shaped distribution of effect. Using empirical 

significance boundaries according to the observed distribution of QTLs effects, ~10% of the 

QTLs could be considered as showing major effects and significance (R2>10% and/or 

LOD>15); ~25% of the QTLs could be considered as showing intermediate effects and 

significance (5%<R2<10% and/or 7<LOD<15); the remaining 2/3rd of the QTLs could be 

considered as showing minor effects and significance R2<5% and/or LOD<7). Many more 

potential QTLs not listed here were only suggestive with LOD score peaks just below our 

threshold (<2.4 LOD). 

 

Most of the QTL profiles are stable across the 2 watering conditions, especially for the major-

effect loci. However, QTLs specific for one condition were detected, e.g for RER16-29 under 

WD in YoxCol on chromosome 4, and at the top of chromosome 1 under WW. We also mapped 

QTLs for the interaction term with the drought treatment, yielding another 19 QTLs (@Figure 

3 and @Suppl. Table S3). These essentially emphasize large effect QTLs showing a 

modulation of their effect in response to stress (especially for PRA, see chromosome 1 and 5), 

with no real new loci revealed. For RER16-29 in YoxCol, this would confirm the interaction of 

the above-mentioned locus on chromosome 4 (although its exact location is questionable), but 

not for the one at the top of chromosome 1. There may be some power issues when comparing 

across conditions due to lower heritabilities of traits under WD. 

Although derived from PRA29, Compactness29 showed an independent genetic basis, as 

exemplified by the major peaks on the bottom of chromosome 4 in BurxCol or 5 in BlaxCol. 

Although contributing to RER16-29, PRA29 does not always share the same contributing loci, 

for instance on the top of chromosome 1 in CvixCol and BurxCol. Other more complex cross 

x trait patterns are apparent, like at the bottom of chromosome 2 where a major QTL for 

Compactness29 in three of the four RIL sets seems to colocalize with a significant PRA29 and 

RER16-29 QTL (in the same direction), but only in one cross. It may be that these 

Compactness29 QTLs are actually independant in each RIL set.  

 

A two-dimensions search for epistatic interactions was performed across all traits, conditions 

and RIL sets (@Suppl. Figure S2). Overall, the BurxCol and CvixCol RIL sets showed more 

significant epistasis compared to the two other sets. Interestingly, pairwise interactions 

controlling growth phenotypes are overall quite different depending on RIL set and growth 

phenotypes. Shared epistasis effects are potentially detected in both watering conditions: they 

appear as symetrical across the diagonal on @Suppl. Figure S2. One of the most significant 

epistatic interaction was observed between 2 loci on the top and bottom of chromosome 4 in 

the BurxCol cross (@Suppl. Figure S2; highest significance for RER16-29 in WW). Positions 
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and directions of effect match perfectly with the previously published SG3 x SG3i interaction 

known to segregate in this cross [49]. Based on its significance, another relevant interaction 

(p-value=0.01 in WW and p-value=0.03 in WD) was observed for PRA29 in the BlaxCol cross 

between the bottom of chromosomes 4 and 5 (@Figure 4). The effect of the bottom of 

chromosome 5 QTL on PRA29 is observed only when RILs carry Bla alleles at the bottom of 

chromosome 4. As a consequence of this epistasis, these QTLs appear barely significant in 

single QTL scans (@Figure 3).  

 

We also performed dynamic QTL detection on daily-recorded traits (PRA and Compactness) 

to reveal the evolution of QTL effect throughout the experiment on the Phenoscope: these 

interactive QTL profiles can be accessed at http://www.inra.fr/vast/PhenoDynamic.htm 

Most of the PRA QTLs observed after 29 days of growth correspond to locus that become 

gradually significant across the experiment and are essentially not time-specific. These are 

most likely contrasted allelic effect on growth that cumulate their effect over time. There are 

only a few exceptions for PRA, like the bottom of chromosome 5 locus segregating in BlaxCol 

which remains significant only until 13DAS and thereafter is canceled out. For Compactness, 

the picture is rather different with numerous examples of QTLs that are essentially significant 

around specific time-points, even sometimes in successive waves of significance (BlaxCol, 

bottom of chromosome 5 : QTL peaking at Days 11, 17 and 27 –providing that this is a unique 

locus). 

 

In order to take advantage of the different crosses to Col-0 in our experimental setup, QTL 

mapping was performed on the whole dataset using MCQTL tool to compare allelic effects in 

a multicross design and potentially reveal shared QTLs. The combined QTL maps obtained 

(@Figure 5 for PRA29 and @Suppl. Figure S3 for RER16-29 and Compactness29) highlight 

10 independent loci, including at least 4 regions with contrasting allelic effect on PRA29: for 

instance, the middle of chromosome 1 region shows contrasted phenotypic consequences in 

different crosses, particularly when comparing Bur and Yo alleles (with respect to Col). At this 

scale, it can be difficult to distinguish between different alleles at the same QTL and different 

QTLs. Conversely, combining the information of multiple crosses sometimes allows to predict 

narrower QTL intervals than with the initial QTL mapping, enabling the detection of distinct 

linked loci, for instance for PRA on the bottom half of chromosome 2; a location where the 

dynamic QTL analysis for PRA in CvixCol was already showing signs of 2 different segregating 

loci with slightly distinct dynamics over time. Another striking example is for Compactness on 

chromosome 5, with neighbouring QTLs predicted to show opposite allelic effects (e.g. 

BlaxCol). 
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Figure 4: A significant epistatic interaction for PRA29 in BlaxCol 

A significant epistatic effect on PRA29 between the bottom of chromosomes 4 and 5 segregating in 

the BlaxCol RIL set. Results shown in WW condition. The interaction plot (left panel) represents the 

average RIL phenotype (in cm2) for each allelic combination ('AA' = homozygous Col, 'BB' = 

homozygous Bla). Right panel: heatmaps representing the LOD score of the full model with additive 

and interaction effects (triangle below diagonal) and that of the interaction effects only (triangle above 

diagonal) for PRA29 in BlaxCol. The color scales for significance (LOD) are indicated on the right. 
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Figure 5: Multi-cross QTL analysis for PRA29 

The upper panel of the figure represents the LOD scores calculated by the MCQTL method along 

the genetic map in WW (blue) and WD (orange) conditions. Each QTL is depicted by a LOD score 

profile which peak is represented by colored boxes on the lower panel of the figure (WW conditions 

above and WD conditions below). The color of the box indicates the deviation of the trait value for 

the Cvi, Bla, Bur or Yo alleles relative to the Col allele as indicated. Chromosome 3 shows no 

significant combined QTLs for PRA29. This figure shows results obtained for trait PRA29 only; other 

traits are in @Suppl. Figure S3. 
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Near isogenic lines-based shoot growth genetic architecture: 

To confirm and investigate further the complexity of the genetic architecture of these traits, we 

used near-isogenic lines to mendelize QTLs and assess in more details the role of smaller 

chromosomal regions. Using 81 independent Heterogeneous Inbred Families (HIFs) scattered 

across the genome or chosen to decompose candidate regions in specific crosses [50], we 

tested a total of 79 QTL effects from the 24 modalities of RIL set x trait x condition (@Figure 6 

for PRA29; @Suppl. Figure S4 for RER16-29 and Compactness29). Globally, 60% of the HIFs 

with a segregating region covering a candidate region previously identified showed significant 

effect with consistent direction, thus validating the QTL. Larger effect QTL were more often 

validated in HIF, with ~75% of the tested major or intermediate effect QTLs confirmed, 

compared to ~50% of the minor effect QTL. Specifically for PRA29 trait in the two conditions 

studied (@Figure 6), 28 QTL were assessed with at least one HIF, among which 17 (60%) 

were confirmed. Some (minor-effect) QTL x condition interactions detected in the RIL set were 

also significantly confirmed using HIF, such as the top of chromosome 5 locus in BurxCol which 

has significance (PRA29) only under WW. 

Many factors can explain that a QTL is not validated in an HIF (beyond an unreliable 

phenotype): the QTL could be mislocalised by QTL mapping (thus, out of the HIF segregating 

region), the QTL could be under epistatic interaction with another locus (thus, a specific HIF 

may not represent the adequate genetic background), or the HIF harbours a more complex 

genotype than expected at the segregating region, such as a double recombined region (thus, 

the HIF doesn't actually allow to test the whole region). This makes the comparison between 

HIFs difficult, even in the same cross, and negative HIF results should particularly be 

interpreted carefully. In this context, the rate of QTL validation obtained here is rather 

satisfying. 

We are also interested in positive HIF results that were not predicted by the QTL mapping. 

This was particularly possible in regions with high HIF coverage and shows that several LOD 

score peaks were explained by more than one underlying QTL, as also suggested by the 

MCQTL analysis. A good example lies in the CvixCol cross, where the bottom half of 

chromosome 4 seemed to control PRA29 as a single locus in the initial QTL analysis (@Figure 

3) and is now subdivided in at least 2 independent loci with opposite allelic effects after the 

HIF analysis. Another example segregates in YoxCol at the top of chromosome 3 where two 

QTL with opposite-effect on Compactness29 under WW conditions seem to localise closely 

according to the HIFs (@Suppl. Figure S4) but wasn't detected at all in the QTL mapping at 

29DAS (@Figure 3) and only remained significant at intermediate stages around 16DAS 

according to the dynamic analysis. The initial QTL mapping may have lacked power (= RILs) 

to detect these complex patterns, either due to the confusing effect of linked loci, or the 

confusing effect of epistasis, or both. 
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Figure 6: Near isogenic lines-based validation of QTLs for PRA29 

QTL mapping results (same LOD score profiles as @Figure 3) are shown as LOD score heatmaps 

(see color scale on the right) for each RIL set, across long twin boxes representing the 5 

chromosomes (the upper frame is for WW, the lower frame is for WD conditions). Below each 

chromosome are series of short twin boxes representing individual HIFs segregating region, used to 

test phenotypes associated with specific regions (for each twin box the upper frame is for WW, the 

lower frame is for WD). The significance and the direction of the difference between Col-fixed HIF 

lines and alternate parental allele-fixed HIF lines are indicated by the p-value color scale as 

indicated. Details of each HIF used here are gathered in a deposited dataset [50]. This figure shows 

results obtained for trait PRA29 only; other traits are in @Suppl. Figure S4. 
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Finally, we can occasionally exploit the localisation of the segregating region(s) of the tested 

HIFs to narrow down the candidate QTL region, like for a PRA29 QTL in CvixCol at the bottom 

of chromosome 2 which is narrowed down to the extremity of the chromosome and shown to 

be distinct (= confirmed in non-overlapping HIFs) from another nearby QTL segregating in the 

same cross (with allelic effect in the same direction), as predicted by the multicross analysis 

above. Here again the dynamic analysis also helped to distinguish these loci based on their 

effect through time. Still, the 'precision' remains approximately at the Mb level at this stage.  

 

To tackle further the question of the complexity of the genetic architecture at a higher resolution 

than with simple HIFs, we decided to systematically dissect a region of 3Mb at the very 

beginning of chromosome 1 in CvixCol: in this region all previous approaches have predicted 

a single QTL with intermediate to major effect significance on PRA29 (@Figure 3), which was 

confirmed in an HIF (@Figure 6). This HIF was used to zoom in on the region across 30 bins 

(stairs) of ~100kb, defined by successive recombination breakpoints (@Suppl. Table S4) and 

phenotypically evaluated individually in the same conditions as above (an approach coined 

'microStairs'). We selected this interval to test if a region harbouring a large-effect growth QTL 

may typically also include independent loci, maybe of smaller effect or hidden by the main 

QTL. A pairwise comparison of their growth phenotypes allows to test the impact of Cvi versus 

Col alleles over relatively short physical intervals of expected average size 100kb, with a 

maximum ~200kb, depending on recombination breakpoints location and marker interval. We 

either compared only the 2 successive recombinants ('stair by stair'), or we took advantage of 

the support from all pairwise comparisons ('staircase') to increase our power to detect QTL 

(@Figure 7 for PRA29 and @Suppl. Figure S5 for RER16-29 and Compactness29).  

The strongest phenotypic effect for PRA29 in WW and WD (but also –to a lesser extent– for 

RER16-29 in WD) was fine-mapped down to the stair between recombinants 111 and 112, 

covering potentially a physical interval (bin) extending to the maximum between 1.070 and 

1.291 Mb (an interval including 54 genes). In the middle of this region lies the obvious 

candidate gene CRYPTOCHROME 2 (At1g04400; CRY2, a blue-light photoreceptor; @Suppl. 

Table S5) that is known to harbour a functional variant in Cvi (a single amino-acid change) and 

impact plant photomorphogenic development especially in short days [51, 52]. This is a good 

test case of our approach, as it is very likely that CRY2 is primarily responsible for the growth 

difference overall observed in this HIF. 

Still, on either side of this locus, a few other QTLs also affect growth, underlying a much more 

complex genetic architecture than expected after the initial HIF results: in both watering 

conditions, a milder PRA29 QTL, with opposite allelic effect than CRY2, was detected in the 

stair defined by recombinants 115 and 116 (1.495 to 1.703 Mb positions). Another PRA29 QTL 

was predicted in the bin 125/126 (2.509 to 2.710 Mb). For Compactness29 specifically under 
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Figure 7: Dissection of a genomic region in CvixCol for PRA29 ('microStairs' approach) 

The upper panels' are boxplots indicating phenotypic values observed for each of the 31 successive 

recombinant lines along the 3Mb region studied (details of each line used here are in @Suppl. Table 

S4). Significant differences between successive lines (stairs) are indicated along the X axis with '*' 

(p-value < 0.05), '**' (p-value < 0.01), '***' (p-value < 0.001) or '-' for no significant difference. The 

lower panel shows a triangular matrix gathering the significance of all pairwise comparisons between 

lines (see the p-value color scale also indicating the direction of the allelic effect). Blocks of 

significance ('staircase') are interpreted and highlighted in black-framed boxes. This figure shows 

results obtained for trait PRA29 only (in 2 conditions), PRA is expressed in cm2; other traits are in 

@Suppl. Figure S5. 
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WD treatment, CRY2 did not seem to be causal and the causative locus for the observed HIF 

phenotype would most likely be in the bin 118/119 (1.801 to 2.027 Mb); this QTL was not clear 

from the initial QTL analysis for this trait on Day 29 (@Suppl. Figure S4), but appeared 

significant earlier in the experiment (cf dynamic analyses for CvixCol around 14DAS and later). 

There are probably even more loci, especially at the very beginning of the region for PRA29 

(stairs between recombinant 101 and 104 at least), but we reach the limits of our experimental 

design and phenotyping precision to be able to conclude accurately, with either too complex 

genetic architecture in this region or not enough recombinant lines to robustly support each 

intervals' effect.  

 

We then looked for high impact polymorphisms (premature stop codon, frameshift or non-

synonymous mutations) likely affecting gene function between Col-0 and Cvi-0 within the most 

promising bins to find out candidate genes. Because of the numerous non-synonymous 

changes between these accessions (@Suppl. Table S5), we decided to arbitrarily filter the 

genes with the criteria of at least 3 non-synonymous mutations to increase our chance to detect 

genes with altered function or degenerated sequences after loss-of-function mutations.  

Within the bin 115/116 lie at least 2 interesting candidates (among those with functional 

annotations): 

URIDINE DIPHOSPHATE GLYCOSYLTRANSFERASE 74E2 (At1g05680; UGT74E2) is an 

auxin glycosyltransferase whose overexpression was shown to modify plant morphology and 

the size of the petioles, to delay flowering, and to increase drought tolerance [53]. The gene is 

also known for ample natural variation in expression, including potentially cis-acting variants 

[54]: http://www.bioinformatics.nl/AraQTL/multiplot/?query=AT1G05680. 

GLUTAMATE RECEPTOR 3.4 (At1g05200; GLR3.4) is a calcium-dependent abiotic stimuli-

responsive gene [55] expressed throughout the plant and impacting at least lateral root 

initiation [56]. It harbours several non-synonymous variants in Cvi-0 (compared to Col-0), but 

also higher expression in Col-0 as shown by several local-eQTLs in different crosses 

(http://www.bioinformatics.nl/AraQTL/multiplot/?query=AT1G05200) confirmed to be cis-

regulated through Allele-Specific Expression assay [57] (reported in @Suppl. Table S6).  

Within the bin 125/126 lie at least 2 interesting candidates: 

AT1G08130 encodes DNA LIGASE 1 (LIG1), a ligase involved in DNA repair, which mutation 

causes severe growth defects [58]. Its expression is also known to be controlled by a local-

eQTL (most likely cis-acting) in LerxCvi: 

http://www.bioinformatics.nl/AraQTL/multiplot/?query=AT1G08130 

AT1G08410 is DROUGHT INHIBITED GROWTH OF LATERAL ROOTS 6 (DIG6), encoding 

a large 60S subunit nuclear export GTPase 1 that impacts several developmental processes 

regulated by auxin, including growth [59]. 
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Further work is required to prove any link between the observed phenotypic variation and these 

candidate genes. 

 

 

 

DISCUSSION 

Owing to its fine regulation throughout development and in interaction with the environment, 

plant growth represents a highly complex trait potentially controlled by numerous factors and 

interactions. Little is known on the actual genetic architecture of plant growth natural variation, 

with essentially a few genes of major effect being identified until now and only a few exceptions 

of more complex genetics revealed [44]. Association genetics hold great promise to dissect 

the underlying molecular bases of complex traits [12], however one can wonder if the genetic 

architecture of highly integrative traits like growth or fitness is amenable to genome-wide 

association studies (GWAS) at the species scale: GWAS especially lacks power to decompose 

traits controlled by many loci of small effects, particularly if the underlying alleles have 

moderate or low frequency in the populations. For instance when exploiting worldwide 

collections of accessions, very little (if any) significant associations for growth parameters were 

found [60], even when using very anti-conservative thresholds [2, 61] or using morphological 

parameters with higher heritabilities [62]. Even with more targeted growth traits like root cell 

length, Meijon et al. did not detect any significant signal above the threshold, although the first 

peak just below the threshold identified a causal gene [63]. Overall, it is argued that linkage 

and GWA studies are complementary in the loci that they are able to reveal, depending on the 

genetic architecture of the trait in the population considered (e.g. [21, 64]). Here, by studying 

four different crosses to the reference Col-0, we find many cross-specific loci, especially of 

mild effects, several of which might correspond to low frequency-alleles that would not likely 

be pictured in GWAS (not enough power due to low frequency x effect size). 

 

Whether linkage or association mapping, these approaches are both similarly phenotyping-

intensive and prone to interaction with uncontrolled environmental parameters (increasingly so 

with the scale of the experiments). Using our high-throughput phenotyping robots to grow 

individual plants under tightly controlled conditions, we intended to dissect the genetic basis of 

plant growth under optimal and limiting watering conditions, to a level of accuracy rarely 

reached so far. We focused on vegetative growth from days 8 to 29 (after sowing) and selected 

three non fully-correlated variables allowing to characterize plant growth dynamically: rosette 

area (PRA), relative growth rate (RER) and compactness. PRA is a typical cumulative trait: 

what is observed on day n is not independent from what has occured from day 1 to n-1. 
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Compactness, which basically represents a measure of PRA normalised by rosette width, is 

rather independent on cumulative phenomenons and hence shows much more age-specific 

QTLs; this is particularly striking when comparing the dynamic analyses for these traits. Finally 

RER integrates growth rates over a specific period of time, and is independent from plant size 

(= relative). Because estimated during the exponential phase of growth, RER is very much 

similar to what is obtained by fitting exponential models to the PRA data and exploiting model 

parameters [2]. 

 

Hence, growth-related phenotypes, depending on how they are exploited, will present different 

genetic architectures throughout age, with individual loci making different contributions to 

cumulative or age-specific traits. It has previously been shown that heritabilities for growth-

related traits change over time [6, 65], suggesting that QTLs are more or less likely to act at 

specific time points. For instance, studying growth dynamics in maize [66, 67] and root tip 

growth in Arabidopsis [68] allowed to identify marker-trait associations that would not be 

detectable by considering the cumulative trait only at a single (final) time point. At the other 

end of time-resolution for growth, going into much more details of the dynamics (several 

images per day) may result in noisy raw data requiring further treatment before exploiting, for 

example due to projected growth estimates interfering with circadian leaf movements [65]. 

 

Our work has been performed under two environmental conditions, a control condition and one 

that moderately limits growth due to water (but not nutrient) availability [34], i.e. a mild drought 

treatment. The QTL profiles obtained at the genomic scale are very robust to mild drought with 

most of the large effect QTL showing no clear signs of interaction with water availability in our 

conditions. Some of them still change their level of significance with conditions, but it is difficult 

to know if this is a real interaction with drought, a change in trait variance under stress, or a 

change in the rest of the genetic architecture of the trait (which will impact the significance of 

individual QTL). Condition-specific QTLs detected here always are of small effect, which also 

raises the question of the power of these comparisons across different conditions/experiments 

due to false negative in mapping QTL. Still, this result (a relatively smaller part of the 

phenotypic variation is plastic rather than constitutive) is similar to what was found previously 

for instance in linkage [69] and association mapping [61], showing an overlap in the network 

of genes that regulate plant size under control and mild drought conditions [60]. Drought stress 

might have pleiotropic effects on different tightly interrelated phenotypic traits and impose 

strong constraints on them, reducing trait variability [31]. Of course, this may highly depend on 

the type of stress (intensity, stage of application, stability...) that is applied. Here, we chose a 

mild stress intensity, to remain physiologically relevant and avoid the squeezing of trait 

variation concomitant to strong stress levels. Also, our robot is compensating (twice a day) the 
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individual plant size effect on transpiration that may otherwise artificially increase stress 

intensity according to intrinsic plant size difference. 

 

One advantage of using a star-like cross design, increasingly used in nested association 

mapping (NAM) populations, is to combine the power of individual crosses and take advantage 

of the comparison of multiple alleles, with respect to the reference allele in order to identify 

allelic variants more efficiently [70-73]. These could correspond to variants originating from 

Col-0 or to shared allelic variants among the other parents (same direction of the allelic effect 

in all crosses), or to allelic series (other parents could have divergent direction/intensity of 

effect with respect to the reference parent). This multi-population study has confirmed the 

effect of several loci across traits and environments, with particular power for compactness, 

and in some instances already allows to predict that independent loci actually underlie major 

peaks. However, this approach is still limited by the mapping resolution which makes it difficult 

to distinguish shared variants from linked loci. 

 

Considering the precision of our phenotyping (which has an impact on the part of phenotypic 

variation that is amenable to genetic dissection), the need for higher-resolution approaches to 

better describe the trait's genetic architecture is obvious here. If the architecture of variation in 

our crosses is more complex than just a limited number of loci independently segregating for 

intermediate or major effects, then the density of recombination observed in a simple RIL set 

will not allow to decipher the full architecture [74, 75]. We first went deeper in resolution by 

phenotyping numerous pairs of near-isogenic lines (actually, HIFs) that each interrogate a 

specific portion of a chromosome (2-3Mb on average) in an otherwise fixed genetic 

background. This nicely confirms a majority of loci but also shows some effects that were 

unexpected after the initial QTL mapping results, already indicating more complex genetic 

architecture than anticipated; this includes single peaks splitting up in independent loci or 

complex patterns of linkage versus pleiotropy (when comparing different traits) and linkage 

versus GxE (when comparing traits in different conditions). It seems that QTL colocalisation 

among crosses (linkage versus shared variants) is also often questioned, although this 

requires to be able to compare multiple HIFs and they may not be directly comparable due to 

interactions with the genetic background. The difficulties to identify genes responsible for 

complex phenotypes also depends on their involvement in epistatic interactions. HIFs are 

particularly sensitive to epistasis (compared to traditional NILs) as they each harbour a different 

genetic background, which means that they allow epistasis to be interrogated providing that 

one can test enough independent HIFs, otherwise they have to be compared with care.  

Epistatic interactions are detected in all crosses / traits (although not always with very high 

significance) even when the trait heritability or variation is not so high in a cross, illustrating 
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another factor of the complex genetic architecture. Some interactions seem to be condition-

specific, but power issues are likely to be limiting in understanding these patterns of GxGxE. 

Furthermore, HIF have an expected candidate segregating region of several Mb usually, so 

our observations are likely just a glimpse at the real complexity of growth as it is known that 

linkage and epistasis is also active at a very local scale [44]. 

 

Still, the sensitivity of our approach here is validated by the detection of QTL colocalising with 

several already-known QTG expected to segregate in our crosses, like CRY2 as discussed 

above [52, 76], MPK12 which would explain nicely the bottom of chromosome 2 QTL in CvixCol 

[77, 78], or SG3 detected here through its epistasis with SG3i in BurxCol [49, 79]. 

 

To avoid genome-wide epistasis and better reveal local-scale architecture, we have 

investigated in further details a single HIF background for a specific 3Mb region containing a 

known QTG of large and pleiotropic effect (CRY2) in an original approach. Our analysis reveals 

that there are at least 3 other QTGs in this interval controlling one of the traits in at least one 

condition. For PRA29, the picture seems to be even more complex with traces of at least one 

more locus; here, it seems that phenotyping accuracy becomes again limiting after all. 

Obviously these loci with opposite allelic effects, different patterns of pleiotropy and interaction 

with the environment, and just a few hundreds of kb from each other, remain cryptic in simple 

QTL mapping. This major result of local-scale independent complex genetic architecture for 

different traits and conditions should lead us to a lot of caution when interpreting colocalising 

QTLs from different traits / conditions / age, as these may very well be independent loci rather 

than a single pleiotropic locus, as shown here for PRA and Compactness. If we were to 

extrapolate the figures obtained on this specific region in this particular cross to the genome- 

and species-scale, we would expect hundreds of causative loci of detectable phenotypic effect 

controlling these growth-related phenotypes. One way to approach these individual loci would 

be to decompose their independent signature based on different dynamics or underlying traits 

(transcriptomics, metabolomics...) in a 'systems genetics' strategy [54, 60, 80]. 

Complex genetic architecture as revealed in this study has consequences on quantitative 

genetics experimental design and interpretation, arguing in favor of linkage mapping or GWAS 

depending on the balance between genetic complexity due to linked loci (where association is 

expected to behave better than linkage mapping) and genetic complexity due to small 

effect/rare alleles (where association will behave poorly). Other intermediate experimental 

designs like multiparental populations or nested-association mapping should bring more power 

[12, 81]. Resolution is improved by pushing recombination densities to its limits and it was 

shown to help resolve more complex genetic architecture in yeast [82]. In plants, using 'hyper-
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recombinant' mutations to generate new segregating populations could also be a strategy in 

the future [83]. 

 

 

MATERIALS AND METHODS 

Genetic material. Recombinant Inbred Lines (RILs): The 4 RIL sets used for this work were 

generated at the Versailles Arabidopsis Stock Center, France 

(http://publiclines.versailles.inra.fr/) and described previously [47]. Versailles stock center ID 

are indicated as 'xxxAV' and 'xxRV' for Accessions and RILs respectively). They are derived 

from crosses between the following pairs of accessions : 

RIL set 'BlaxCol' (ID = 2RV): Bla-1 (76AV) x Col-0 (186AV)  /  259 RILs 

RIL set 'CvixCol' (ID = 8RV): Cvi-0 (166AV) x Col-0  /  358 RILs 

RIL set 'BurxCol' (ID = 20RV): Bur-0 (172AV) x Col-0  /  283 RILs 

RIL set 'YoxCol' (ID = 23RV): Yo-0 (250AV) x Col-0  /  358 RILs 

Heterogeneous Inbred Families (HIFs): HIFs have been selected in each RIL set to cover 

several regions of the genome, some of which are expected to segregate for QTLs while others 

were chosen at random locations. As described previously [84] they are derived from the 

progeny of one RIL which is heterozygous only at the locus of interest. Hence, one HIF family 

is composed of 2 or 3 lines fixed for one parental allele at the segregating region and 2 or 3 

lines fixed for the alternate parental allele at the segregating region, in an otherwise identical 

genetic background. Each HIF (ID = 'xxHVyyy') is named after the RIL ID ('xxRVyyy') from 

which it has been generated ('xx' is the ID of the RIL set, 'yyy' is the ID of the RIL): for example 

the family 2HV142 is fixed from the RIL 2RV142. The tentative QTL validation is based on the 

phenotypic comparison of these fixed lines within the HIF family. The complete dataset 

gathering genotypic information on the RILs used to generate HIFs has been submitted to 

INRA institutional data repository (https://data.inra.fr) [50], with the genotypic conventions and 

ID from the Versailles Arabidopsis Stock Center (http://publiclines.versailles.inra.fr/). 

microStairs: The progeny of CvixCol RIL 8RV294 (also used to generate HIF family 8HV294), 

segregating for the first 3Mb of chromosome 1, has been screened to detect recombined 

individuals. 4000 individuals were genotyped with markers at the edge of the heterozygous 

region and then 29 evenly distributed recombinants were selected using markers spaced every 

~100kb. These recombinants were genotyped and fixed for the remaining segregating region 

in such a way that they each differ genotypically from the next recombinant by a ~100kb bin 

on average (@Suppl. Table S4). This is similar to the approach taken by Koumproglou et al. 

[85], but at a much finer scale, hence the name 'microStairs'. 
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Phenotyping: Phenotyping was performed on the Phenoscope robots as previously described 

[34] (https://phenoscope.versailles.inra.fr/). Every RIL set and their respective parental 

accessions have been phenotyped in 2 independent Phenoscope experiments (= biological 

replicates), except for CvixCol (3 biological replicates). In short, the peatmoss plugs' soil water 

content (SWC) is gradually adjusted for each plant individually as a fraction of the initially-

saturated plug weight. We worked at 2 watering conditions: 60% SWC for non-limiting 

conditions (called 'WW' for well watered) and 30% SWC for mildly growth-limiting watering 

conditions (called 'WD' for water deficit). The growth room is set at a 8 hours short-days 

photoperiod (230 µmol m-2 sec-1) with days at 21°C/65%RH and nights at 17°C/65%RH. A 

picture of each individual plant is taken every day at the same day-time and a semi-automatic 

segmentation process (with some manual corrections when required) is performed to extract 

leaf pixels. From this we exploit different traits: Projected Rosette Area (PRA), circle radius, 

convex hull area, average Red, Green and Blue components (leaf pixels, RGB colour scale), 

and derived phenotypic traits are calculated, such as the compactness (ratio PRA / convex hull 

area) and the Relative Expansion Rate (RER) over specific time windows (@Figure 1), as 

previously described [34]. The complete raw phenotypic dataset has been submitted to INRA 

institutional data repository (https://data.inra.fr) [48]. Principal component analysis (PCA) was 

performed using the ade4 R package based on phenotypic data from all the RIL sets in WW 

and WD conditions. For QTL detection and further analyses, the phenotypic values were 

corrected for experiment effects. Corrected phenotypic values were calculated using the 

intercept (μ), the condition (α), genotype (γ), and genotype*condition (σ) effects of the following 

model : 

 Y_ijkl ~ μ + α_i + β_j + γ_k + δ_ij + λ_jk + σ_ik + ε_ijkl 

where Y_ijkl : phenotype; μ : mean; α_i : effect of the condition; β_j : effect of the experiment; 

γ_k :effect of the genotype; δ_ij :effect of the interaction condition*experiment; λ_jk :effect of 

the interaction experiment*genotype; σ_ik :effect of the interaction condition*genotype; ε_ijkl : 

residuals. 

Note that one of the replicates of the CvixCol phenotypic data was already analysed for QTL 

mapping -with a different statistical model- in Tisné et al. [34]. 

Similarly, the set of near isogenic lines (microStairs) were phenotyped and analysed from 3 

full biological replicates in independent Phenoscope experiments. 

 

QTL MQM: QTL detections were performed using Multiple QTL Mapping algorithm (MQM) 

implemented in the R/qtl package [86, 87] using a backward selection of cofactors. At first, 

genotype missing data were augmented, then one marker every three markers were selected 

and used as cofactors. Important markers were selected through backward elimination. Finally, 
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a QTL was moved along the genome using these pre-selected markers as cofactors, except 

for the markers in the 25.0 cM window around the region of interest. QTL were identified based 

on the most informative model through maximum likelihood. According to permutation tests 

results, a universal LOD threshold of 2.4 was chosen for all QTL maps. Interactive QTL maps 

for time-course series were generated using the R/qtl charts package [88]. All QTL positions 

were projected on the consensus genetic map of the 4 crosses built with R/qtl. A joint genotype 

dataset was constructed with ‘A’ alleles coding Col alleles (the common parent), ‘B’ alleles for 

non-Col alleles, and monomorphic markers in a cross coded as missing. The linkage groups 

were considered known from the individual maps and the physical position of markers, and a 

first marker order was calculated using orderMarkers function. In case of conflicting marker 

order between individual, physical and consensus maps, the function switch.order was used 

to retain the most probable order (i.e with the lowest number of recombination).  

 

Epistatic interactions: Epistatic interactions were identified using the scantwo function of the 

R/qtl package. LOD scores were calculated for additive, interaction and full models. LOD score 

and p-values were calculated for all pairwise combination of markers, except for adjacent 

markers. Effect plots for the pairs of markers were drawn using the R/qtl package.  

 

QTL mapping in the multi-cross design: QTL mapping in the multi-cross design was 

performed with the MCQTL package [89]. The model was described as additive (no dominance 

effect) and connected (Col-0 centered design) and the following 3 steps process was applied. 

Step 1: thresholds were calculated by variable on the whole genome using 1000 resampling 

replicates (PRA29_WW = 3.73; PRA29_WD = 3.84; RER16-29_WW = 5.22; RER16-

29_WD = 3.95; Compactness29_WW = 3.64 Compactness29_WD = 3.30). Step 2: QTL 

detection was performed using iQTLm method with a threshold of 4. To perform this detection, 

cofactors were automatically chosen by backward selection with a threshold of 2.8 among a 

skeleton with a minimal inter distance of 10cM. Search for QTL was not allowed within +/-10cM 

window surrounding the QTL to avoid linked genetic regions. Step 3: model estimations were 

performed for each variable and condition using the parameters previously described and the 

QTL position identified at the QTL detection step. 

 

Fine dissection of a genomic region 'microStairs': The phenotypes of the recombined HIFs 

lines were modeled using the following linear equation :  

Y_ij ~ μ + α_i + β_j + ε_ij  

where Y_ij is the value of the phenotype; μ is the mean of the phenotype; α_i is the effect of 

the stair (bin) i; β_j is the effect of the line j and ε_ij is the residuals. An anova was performed 
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with this model and the p-value of the stair effects were adjusted by a Benjamini-Hochberg 

correction. 

Polymorphic candidate genes (Cvi versus Col) were listed for each PRA29 'microStairs' 

significant interval according to variants listed on the 1001Genomes website 

(http://1001genomes.org/), through the Polymorph1001 tool. Differentially cis-regulated 

variants were extracted from Cvi/Col Allele-Specific Expression (ASE) data [57] and from 

CvixCol local-eQTLs data [90] across the whole region. 
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DATASETS 

> Two datasets have been submitted to INRA Dataverse repository (https://data.inra.fr) : 

- Raw phenotypic data obtained on the Arabidopsis RILs with the Phenoscope robots 

[48] 

This dataset gathers the main raw phenotypic data obtained and exploited in Marchadier, 

Hanemian, Tisné et al. (2018). It contains data from 4 RIL sets across 9 Phenoscope 

experiments. 

For each Phenoscope experiment, Recombinant Inbred Line (RIL) and Condition ('WW' = Well 

Watered / 'WD' = Water Deficit), the data set indicates the phenotypic value for 6 traits at 21 

successive time points. 'Trait.XX' = Trait at XX days after sowing, with 'XX' = 09 to 29 and 

'Trait' = PRA (Projected Rosette Area; in cm2), GreenMean / RedMean / BlueMean (rosette 

pixels' colour components; arbitrary unit), ConvexHullArea (area of the convex hull 

encompassing the rosette; in cm2) and CircleRadius (radius of the smallest circle 

.CC-BY-NC-ND 4.0 International licenseunder a
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which was notthis version posted July 4, 2018. ; https://doi.org/10.1101/354738doi: bioRxiv preprint 

http://1001genomes.org/
https://data.inra.fr/
https://doi.org/10.1101/354738
http://creativecommons.org/licenses/by-nc-nd/4.0/


19 
 

encompassing the rosette; in cm). RIL set IDs and RIL IDs are according to Publiclines 

http://publiclines.versailles.inra.fr/rils/index 

 

- Genotypic description of the near isogenic lines (HIFs) used for QTL validation and 

significance of the observed segregating phenotypes [50] 

Each row represents a single HIF and the genotype of the F7 RIL it originates from is indicated 

along the chromosomes with RIL ID, markers and genotypic conventions from Publiclines 

http://publiclines.versailles.inra.fr/rils/index (i.e. 'A' = Col allele; 'B' = alternate parental allele; 

'C' = heterozygous). The region highlighted in yellow is the segregating region that is tested in 

the HIF family through several fixed lines for each parental allele. For each of the 3 growth 

traits (Compactness29 = rosette compactness 29 days after sowing; PRA29 = Projected 

Rosette Area 29 days after sowing; RER16-29 = Relative rosette Expansion Rate between 

days 16 and 29 after sowing) in 2 conditions ('WW' = Well Watered / 'WD' = Water Deficit), 

whenever significant, the p-value of the comparison between allelic lines ('Pval') and the 

direction of the allelic effect ('sign' calculated as [Col-Xxx] where Xxx is the alternate parental 

allele) are indicated in the last columns of the table. 

 

 

> A specific webpage is associated with this work to display interactive graphes for dynamic 

QTL analyses at http://www.inra.fr/vast/PhenoDynamic.htm 
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>>> SUPPLEMENTARY MATERIAL 

 

Supplementary Figure S1: Distributions of the mean phenotypic values across RILs 

Frequency histograms showing the distributions of the PRA29, RER16-29 and Compactness29 traits 

within each of the four RIL sets in well watered (WW: blue) and water deficit (WD: orange) conditions. 

Phenotypic values for parental accessions from these specific experiments are indicated by blue 

(WW) and red (WD) ticks (see inset for legend) just above the x axes.  
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Supplementary Figure S2: 2D scans for epistasis 

Heatmaps representing the LOD score of the interaction effects between all pairs of loci for 4 RIL 

sets, 3 traits, in 2 conditions. Each heatmap shows the pairwise interaction effects obtained in control 

condition WW (triangle above diagonal) and in water deficit condition WD (triangle below diagonal). 

The color scale (LOD score values) shared among all heatmaps is indicated on the right (note that 

it is different from the scale of @Figure 4). Diagonal values are canceled and enlarged to exclude 

pairs of adjacent markers from the test.   
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Supplementary Figure S3: Multi-cross QTL analysis for RER16-29 and Compactness29 

Same legend as @Figure 5. 

Chromosome 3 shows no significant combined QTLs for RER16-29. 
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Supplementary Figure S4: Near isogenic lines-based validation of QTLs for RER16-29 and 

Compactness29.   Same legend as @Figure 6  
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Supplementary Figure S5: Dissection of a genomic region in CvixCol for RER16-29 and 

Compactness29 ('microStairs' approach) 

Same legend as @Figure 7 
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Supplementary Table S1: Heritabilities of the observed phenotypes 

Broad-sense heritabilities (h2) in the 4 RIL sets (BlaxCol, CvixCol, BurxCol and YoxCol) for 

PRA29, RER16-29 and Compactness29 in WW and WD conditions. H2 > 0.4 are 

highlighted in bold. Broad-sense heritabilities were calculated with the following equation 

h2 = Var(G)/Var(P) with Var(P)=Var(G)+Var(E) 

 

 BlaxCol CvixCol BurxCol YoxCol 

PRA29 WW 0.23 0.67 0.62 0.48 

PRA29 WD 0.12 0.45 0.55 0.26 

RER16-29 WW 0.17 0.13 0.66 NA 

RER16-29 WD 0.22 NA 0.42 NA 

Compactness29 WW 0.75 0.60 0.65 0.54 

Compactness29 WD 0.50 0.40 0.37 0.34 
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Supplementary Table S2: Analyses of variance for genotype, experiment and 

condition factors, and their interactions 

For each RIL set, -log(p values) of main and interaction effects calculated by the analysis 

of variance (ANOVA) from the following model : 

 Yijkl~μ+αi+βj+γk+δij+λjk+σik+εijkl 

where  

Yijkl: phenotype; μ: mean; αi: effect of the condition; βj: effect of the experiment; γk: effect 

of the genotype; δij: effect of the interaction condition*experiment; λjk: effect of the 

interaction experiment*genotype; σik: effect of the interaction condition*genotype; εijkl: 

residuals 

NS = Not Significant 

 

RIL set Phenotype Condition Experiment Genotype 
Condition * 
Experiment 

Experiment * 
Genotype 

Condition * 
Genotype 

CvixCol PRA29 726,57 26,33 526,59 75,81 51,37 16,87 

CvixCol Compactness29 57,54 212,95 378,58 50,64 13,01 NS 

CvixCol RER16-29 555,13 499,28 138,67 69,48 8,13 3,06 

YoxCol PRA29 450,11 27,20 185,91 20,90 47,28 3,30 

YoxCol Compactness29 12,03 96,39 151,05 25,42 NS NS 

YoxCol RER16-29 482,02 355,28 84,52 8,39 6,57 NS 

BlaxCol PRA29 211,83 10,96 212,99 NS 184,35 9,44 

BlaxCol Compactness29 NS 4,27 183,33 NS 4,85 4,96 

BlaxCol RER16-29 161,24 47,86 112,12 NS 73,21 3,69 

BurxCol PRA29 402,90 14,73 168,74 7,37 4,92 11,24 

BurxCol Compactness29 34,46 8,21 91,88 NS NS NS 

BurxCol RER16-29 407,91 22,25 149,56 NS 11,60 13,24 
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Supplementary Table S3: Mapped QTL parameters across RIL sets, traits and 

conditions 

For each RIL set, trait and condition (or GxE interaction term: 'inter'): every independent 

QTL peak is a row in the table, indicating its localisation (chromosome and position on the 

genetic map), its significance (maximum LOD score) and its effect (direction of the allelic 

effect: 'sign' indicates the sign of the allelic effect estimated as [Col – Xxx], where Xxx is 

the alternate parental allele; R2 %). Independent QTLs peaks are considered when the 

LOD score curve returns below threshold between 2 peaks, to ensure the loci are not too 

genetically linked.  

 

RIL set Phenotype Condition Chromosome 
Position 

(cM) 

LOD 

score 
sign R2 (%) 

BurxCol PRA29 WD 1 5 4,1 -1 1 

BurxCol PRA29 WD 1 50 11,2 1 11 

BurxCol PRA29 WD 5 93 2,6 -1 3 

BurxCol PRA29 WW 1 11 9,1 -1 4 

BurxCol PRA29 WW 1 50 19,8 1 12 

BurxCol PRA29 WW 4 0 8,3 -1 9 

BurxCol PRA29 WW 5 14 2,8 -1 2 

BurxCol PRA29 WW 5 93 3,2 -1 3 

BurxCol PRA29 inter 1 20 9 -1 7 

BurxCol PRA29 inter 1 50 6,6 1 4 

BurxCol PRA29 inter 2 70 3,9 1 3 

BurxCol PRA29 inter 4 0 5,3 -1 6 

BurxCol RER16-29 WD 1 50 9,3 1 11 

BurxCol RER16-29 WD 1 74 3,1 1 4 

BurxCol RER16-29 WD 1 90 2,9 1 8 

BurxCol RER16-29 WD 5 11 9,3 -1 6 

BurxCol RER16-29 WD 5 86 4,3 -1 3 

BurxCol RER16-29 WW 1 56 12,4 1 9 

BurxCol RER16-29 WW 2 64 2,9 1 2 

BurxCol RER16-29 WW 5 11 16 -1 12 

BurxCol RER16-29 WW 5 80 8 -1 4 

BurxCol RER16-29 inter 1 25 3,2 -1 5 

BurxCol Compactness29 WD 1 110 4,1 -1 3 

BurxCol Compactness29 WD 2 56 16,4 1 11 

BurxCol Compactness29 WD 4 56 12 -1 8 

BurxCol Compactness29 WD 5 86 7,4 -1 3 

BurxCol Compactness29 WW 1 104 7,2 -1 3 

BurxCol Compactness29 WW 1 50 2,8 1 1 

BurxCol Compactness29 WW 1 65 2,9 1 1 

BurxCol Compactness29 WW 2 47 14,6 1 11 

BurxCol Compactness29 WW 3 14 3,7 1 3 

BurxCol Compactness29 WW 4 56 13,7 -1 6 

BurxCol Compactness29 WW 5 6 4 -1 1 

BurxCol Compactness29 WW 5 80 17 -1 8 

BurxCol Compactness29 inter 3 59 2,7 1 4 

YoxCol PRA29 WD 1 20 4 -1 4 
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YoxCol PRA29 WD 1 56 3,6 -1 5 

YoxCol PRA29 WD 2 33 4,2 -1 3 

YoxCol PRA29 WD 4 21 2,7 -1 3 

YoxCol PRA29 WD 4 47 2,9 -1 4 

YoxCol PRA29 WD 4 60 2,5 -1 4 

YoxCol PRA29 WD 5 80 11,6 -1 9 

YoxCol PRA29 WD 5 6 3,9 1 3 

YoxCol PRA29 WW 1 16 3,1 -1 4 

YoxCol PRA29 WW 1 35 5,7 -1 7 

YoxCol PRA29 WW 2 39 3 -1 4 

YoxCol PRA29 WW 4 15 6,2 -1 4 

YoxCol PRA29 WW 5 77 16,8 -1 12 

YoxCol PRA29 WW 5 11 9,6 1 6 

YoxCol PRA29 inter 4 0 3,6 -1 3 

YoxCol PRA29 inter 4 71 2,6 1 3 

YoxCol PRA29 inter 5 68 5,6 -1 4 

YoxCol PRA29 inter 5 11 4,9 1 4 

YoxCol RER16-29 WD 4 35 3,6 -1 4 

YoxCol RER16-29 WD 4 51 2,9 -1 5 

YoxCol RER16-29 WD 5 6 3 -1 4 

YoxCol RER16-29 WD 5 65 5,3 -1 5 

YoxCol RER16-29 WW 1 11 3,6 -1 3 

YoxCol RER16-29 WW 3 19 2,6 -1 4 

YoxCol RER16-29 WW 5 14 3,2 -1 4 

YoxCol RER16-29 WW 5 71 9,7 -1 11 

YoxCol RER16-29 inter 4 65 4,9 1 6 

YoxCol RER16-29 inter 5 92 3 -1 3 

YoxCol Compactness29 WD 1 104 27,6 -1 18 

YoxCol Compactness29 WD 1 11 2,4 1 5 

YoxCol Compactness29 WD 2 64 4,9 1 5 

YoxCol Compactness29 WD 3 69 6,6 -1 5 

YoxCol Compactness29 WD 4 32 4,7 1 3 

YoxCol Compactness29 WD 5 24 18,2 -1 10 

YoxCol Compactness29 WD 5 86 15,8 -1 13 

YoxCol Compactness29 WW 1 35 2,8 -1 1 

YoxCol Compactness29 WW 1 104 14,6 -1 10 

YoxCol Compactness29 WW 1 11 2,8 1 3 

YoxCol Compactness29 WW 3 69 8,2 -1 7 

YoxCol Compactness29 WW 4 35 6 1 3 

YoxCol Compactness29 WW 4 71 3,3 1 3 

YoxCol Compactness29 WW 5 28 16,8 -1 10 

YoxCol Compactness29 WW 5 86 24,7 -1 19 

YoxCol Compactness29 inter 1 85 5,1 1 7 

YoxCol Compactness29 inter 2 64 2,6 -1 3 

BlaxCol PRA29 WD 1 20 3,8 -1 6 

BlaxCol PRA29 WW 1 16 4,5 -1 7 

BlaxCol PRA29 WW 1 110 5,8 -1 6 

BlaxCol PRA29 inter 1 110 3,5 -1 6 

BlaxCol RER16-29 WD 3 69 2,8 1 4 

BlaxCol RER16-29 WD 4 65 2,5 -1 4 

BlaxCol RER16-29 WW 1 104 2,7 -1 3 

BlaxCol RER16-29 WW 3 76 3,5 1 4 
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BlaxCol RER16-29 WW 5 65 2,5 -1 5 

BlaxCol RER16-29 WW 5 80 3,2 -1 4 

BlaxCol Compactness29 WD 1 11 6,8 -1 8 

BlaxCol Compactness29 WD 2 64 8,2 1 6 

BlaxCol Compactness29 WD 3 0 9,6 1 9 

BlaxCol Compactness29 WD 5 77 12,2 -1 10 

BlaxCol Compactness29 WW 1 11 6,3 -1 8 

BlaxCol Compactness29 WW 1 74 2,7 1 5 

BlaxCol Compactness29 WW 2 64 3,8 1 2 

BlaxCol Compactness29 WW 3 0 5,5 1 4 

BlaxCol Compactness29 WW 5 77 22,4 -1 20 

BlaxCol Compactness29 WW 5 11 5,6 1 4 

CvixCol PRA29 WD 1 20 4,5 -1 4 

CvixCol PRA29 WD 2 70 29,6 1 30 

CvixCol PRA29 WD 4 47 2,6 -1 1 

CvixCol PRA29 WD 5 86 6,3 -1 4 

CvixCol PRA29 WW 1 16 9,4 -1 7 

CvixCol PRA29 WW 1 104 3 -1 4 

CvixCol PRA29 WW 2 64 27,3 1 24 

CvixCol PRA29 WW 4 47 6,9 -1 3 

CvixCol PRA29 WW 5 86 9,4 -1 4 

CvixCol PRA29 inter 1 0 7,5 -1 8 

CvixCol PRA29 inter 2 42 3,4 1 4 

CvixCol PRA29 inter 4 47 4,9 -1 4 

CvixCol RER16-29 WD 2 70 32 1 27 

CvixCol RER16-29 WD 5 71 7 -1 4 

CvixCol RER16-29 WW 2 64 23,3 1 22 

CvixCol RER16-29 WW 5 80 4,8 -1 4 

CvixCol RER16-29 inter 1 5 2,7 -1 3 

CvixCol Compactness29 WD 2 47 14,2 1 8 

CvixCol Compactness29 WD 3 80 9,4 -1 7 

CvixCol Compactness29 WD 4 21 2,9 1 2 

CvixCol Compactness29 WD 5 86 7,8 -1 4 

CvixCol Compactness29 WD 5 36 2,5 1 1 

CvixCol Compactness29 WD 5 55 2,6 1 2 

CvixCol Compactness29 WW 1 29 2,5 1 2 

CvixCol Compactness29 WW 2 47 11,6 1 8 

CvixCol Compactness29 WW 3 5 3 -1 2 

CvixCol Compactness29 WW 3 80 9,4 -1 7 

CvixCol Compactness29 WW 4 15 3,5 1 3 

CvixCol Compactness29 WW 4 32 2,8 1 4 

CvixCol Compactness29 WW 5 92 8,4 -1 4 

CvixCol Compactness29 WW 5 55 2,6 1 2 
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Supplementary Table S4: microStairs; genotypic description of recombinant lines  

The genotypes of the 31 lines selected for the microStairs experiment are indicated along this 3Mb region of the top of chromosome 1 with markers 

localised on the physical map (kb). 
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Marker name 

Marker pos. 
(kb, Chrom 
1) 

Min Bin size 
(kb) 

Max Bin 
size (kb) 

Rough 
position 

100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130  <  Names on 
Figure 7 & S5 

MSAT1.00008 8 639   0 Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi 
 

HRM1.00084.F1b/R1b 84 908 76 269 161 913 0,1 Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

IND1.00171 170 552 85 644 213 230 0,2 Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

IND1.00298 298 138 127 586 256 791 0,3 Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

T7I23 427 343 129 205 215 153 0,4 Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

IND1.00513 513 291 85 948 189 488 0,5 Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

HRM1.000616.F2b/R2 616 831 103 540 186 219 0,6 Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

HRM1.00699 699 510 82 679 189 317 0,7 Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

HRM1.00806 806 148 106 638 199 053 0,8 Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

IND1.00899 898 563 92 415 200 402 0,9 Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

HRM1.01007 1 006 550 107 987 172 012 1 Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

F20D22#2 1 070 575 64 025 208 869 1,1 Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

IND1.01215bR 1 215 419 144 844 221 028 1,2 Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

HRM1.01292 1 291 603 76 184 203 857 1,3 Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

IND1.01419 1 419 276 127 673 203 953 1,4 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi 
 

EMIND1.01496 1 495 556 76 280 184 549 1,5 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

EMIND1.01604 1 603 825 108 269 208 045 1,6 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

HRM1.01704 1 703 601 99 776 197 220 1,7 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

HRM1.01801 1 801 045 97 444 218 397 1,8 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

HRM1.01922 1 921 998 120 953 225 955 1,9 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

HRM1.02027 F1/R1b 2 027 000 105 002 183 086 2 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

MSAT1.02105 2 105 084 78 084 169 604 2,1 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

HRM1.02197 2 196 604 91 520 179 307 2,2 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  

HRM1.02284 2 284 391 87 787 209 037 2,3 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  
AT1G07790_HRM2_FW 2 405 641 121 250 225 462 2,4 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi Cvi  
HRM1.02509 2 509 853 104 212 181 070 2,5 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi Cvi  
HRM1.02586.F2/R2 2 586 711 76 858 200 432 2,6 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi Cvi  

HRM1.02710 2 710 285 123 574 223 966 2,7 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi Cvi  

HRM1.02811b 2 810 677 100 392 204 895 2,8 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi Cvi  
HRM1.02915 2 915 180 104 503 198 440 2,9 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi Cvi  
HRM1.03009 3 009 117 93 937 181 820 3 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi  

HRM1.03097 3 097 000 87 883 130 943 3,1 Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Col Cvi  

mHIND1.03140 3 140 060 43 060   Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi Cvi  
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Supplementary Table S5: microStairs; polymorphisms segregating in different bins 

This table lists all known polymorphisms between Col-0 and Cvi-0 that can potentially affect gene function (according to 1001Genomes data) within PRA29-

significant bins only: in the selected physical interval, genes with more than 3 non-synonymous SNP or a high-impact polymorphism are highlighted in 

yellow and orange respectively. CRY2 candidate gene is highlighted in red. 

 

intervals microStairs gene id region funct_consequence chr pos Col allele Cvi allele Gene generic name 

101/102 AT1G01220 exonic nonsynonymous SNV Chr1 95386 A C  
101/102 AT1G01260 exonic nonsynonymous SNV Chr1 111074 T G  
101/102 AT1G01260 exonic nonsynonymous SNV Chr1 111321 G C  
101/102 AT1G01300 exonic nonsynonymous SNV Chr1 117329 G C Eukaryotic aspartyl protease family protein 

101/102 AT1G01300 exonic nonsynonymous SNV Chr1 117331 C A  
101/102 AT1G01300 exonic nonsynonymous SNV Chr1 117375 A G  
101/102 AT1G01300 exonic nonsynonymous SNV Chr1 117675 G T  
101/102 AT1G01300 exonic nonsynonymous SNV Chr1 118006 C G  
101/102 AT1G01310 exonic nonsynonymous SNV Chr1 120661 C G  
101/102 AT1G01320 exonic nonsynonymous SNV Chr1 123313 G C REC1, REDUCED CHLOROPLAST COVERAGE 

101/102 AT1G01320 exonic nonsynonymous SNV Chr1 127093 T C  
101/102 AT1G01320 exonic nonsynonymous SNV Chr1 127891 C T  
101/102 AT1G01320 exonic nonsynonymous SNV Chr1 129003 T G  
101/102 AT1G01340 exonic nonsynonymous SNV Chr1 134470 T G  
101/102 AT1G01350 exonic nonsynonymous SNV Chr1 137008 C G  
101/102 AT1G01350 exonic nonsynonymous SNV Chr1 137115 C T  
101/102 AT1G01355 exonic nonsynonymous SNV Chr1 138608 C G  
101/102 AT1G01370 exonic nonsynonymous SNV Chr1 144331 C A  
101/102 AT1G01390 exonic nonsynonymous SNV Chr1 148357 T C  
101/102 AT1G01390 exonic nonsynonymous SNV Chr1 149437 T G  
101/102 AT1G01400 exonic nonsynonymous SNV Chr1 151491 C T hypothetical protein 

101/102 AT1G01400 exonic nonsynonymous SNV Chr1 151494 C T  
101/102 AT1G01400 exonic nonsynonymous SNV Chr1 151617 A G  
101/102 AT1G01400 exonic nonsynonymous SNV Chr1 151942 A C  
101/102 AT1G01410 exonic frameshift deletion Chr1 154016 AT A APUM22, PUM22, PUMILIO 22 
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101/102 AT1G01410 exonic nonsynonymous SNV Chr1 153232 T A  
101/102 AT1G01420 exonic nonsynonymous SNV Chr1 154679 A C UDP-GLUCOSYL TRANSFERASE 72B3 

101/102 AT1G01420 exonic nonsynonymous SNV Chr1 155442 T G  
101/102 AT1G01420 exonic nonsynonymous SNV Chr1 155626 T A  
101/102 AT1G01420 exonic nonsynonymous SNV Chr1 155678 C A  
101/102 AT1G01420 exonic nonsynonymous SNV Chr1 155809 A G  
101/102 AT1G01420 exonic nonsynonymous SNV Chr1 155921 G C  
101/102 AT1G01420 exonic nonsynonymous SNV Chr1 155984 C A  
101/102 AT1G01430 exonic nonsynonymous SNV Chr1 157407 T C TBL25, TRICHOME BIREFRINGENCE-LIKE 25 

101/102 AT1G01430 exonic nonsynonymous SNV Chr1 157974 C T  
101/102 AT1G01430 exonic nonsynonymous SNV Chr1 158305 A G  
101/102 AT1G01430 exonic nonsynonymous SNV Chr1 158355 G A  
101/102 AT1G01450 exonic frameshift deletion Chr1 164164 CTATATA CTATA Protein kinase superfamily protein 

101/102 AT1G01450 exonic nonsynonymous SNV Chr1 164638 A C  
101/102 AT1G01450 exonic nonsynonymous SNV Chr1 165105 T G  
101/102 AT1G01450 exonic stopgain Chr1 165397 G A  
101/102 AT1G01453 exonic nonsynonymous SNV Chr1 167692 T G  
101/102 AT1G01460 exonic nonsynonymous SNV Chr1 169429 A T ATPIPK11, PIPK11 

101/102 AT1G01460 exonic nonsynonymous SNV Chr1 170271 A G  
101/102 AT1G01460 exonic nonsynonymous SNV Chr1 170284 T G  
101/102 & 102/103 AT1G01471 exonic nonsynonymous SNV Chr1 173351 C T  
101/102 & 102/103 AT1G01471 exonic nonsynonymous SNV Chr1 173359 C A  
101/102 & 102/103 AT1G01471 exonic nonsynonymous SNV Chr1 173387 T A  
101/102 & 102/103 AT1G01471 exonic nonsynonymous SNV Chr1 173392 G A  
101/102 & 102/103 AT1G01471 exonic nonsynonymous SNV Chr1 173417 A C  
101/102 & 102/103 AT1G01471 exonic nonsynonymous SNV Chr1 173428 C A  
101/102 & 102/103 AT1G01480 exonic nonsynonymous SNV Chr1 176276 A G 1-AMINO-CYCLOPROPANE-1-CARBOXYLATE SYNTHASE 2, ACS2, AT-ACC2 

101/102 & 102/103 AT1G01480 exonic nonsynonymous SNV Chr1 177089 G A  
101/102 & 102/103 AT1G01480 exonic nonsynonymous SNV Chr1 177090 A G  
101/102 & 102/103 AT1G01480 exonic nonsynonymous SNV Chr1 177112 C G  
101/102 & 102/103 AT1G01480 exonic nonsynonymous SNV Chr1 177117 C T  
101/102 & 102/103 AT1G01480 exonic nonsynonymous SNV Chr1 177121 A C  
101/102 & 102/103 AT1G01480 exonic nonsynonymous SNV Chr1 177611 A C  
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101/102 & 102/103 AT1G01480 exonic nonsynonymous SNV Chr1 177741 G A  
101/102 & 102/103 AT1G01480 exonic nonsynonymous SNV Chr1 177909 A T  
101/102 & 102/103 AT1G01500 exonic nonsynonymous SNV Chr1 185783 T C  
101/102 & 102/103 AT1G01510 exonic nonsynonymous SNV Chr1 187761 G C AN, ANGUSTIFOLIA, DETORQUEO, DOQ 

101/102 & 102/103 AT1G01510 exonic nonsynonymous SNV Chr1 187763 T G  
101/102 & 102/103 AT1G01510 exonic nonsynonymous SNV Chr1 187768 A T  
101/102 & 102/103 AT1G01530 exonic nonsynonymous SNV Chr1 193553 C G  
101/102 & 102/103 AT1G01540 exonic frameshift insertion Chr1 197912 A AT Protein kinase superfamily protein;(source:Araport11) 

101/102 & 102/103 AT1G01540 exonic nonsynonymous SNV Chr1 197929 T C  
101/102 & 102/103 AT1G01540 exonic nonsynonymous SNV Chr1 197947 T G  
101/102 & 102/103 AT1G01540 exonic nonsynonymous SNV Chr1 197963 C T  
101/102 & 102/103 AT1G01540 exonic nonsynonymous SNV Chr1 198347 G C  
101/102 & 102/103 AT1G01540 exonic nonsynonymous SNV Chr1 198376 A T  
101/102 & 102/103 AT1G01550 exonic nonsynonymous SNV Chr1 200533 G C BPS1, BYPASS 1 

101/102 & 102/103 AT1G01550 exonic nonsynonymous SNV Chr1 200551 G C  
101/102 & 102/103 AT1G01550 exonic stopgain Chr1 200568 G T  
101/102 & 102/103 AT1G01570 exonic nonsynonymous SNV Chr1 205393 A G transferring glycosyl group transferase (DUF604);(source:Araport11) 

101/102 & 102/103 AT1G01570 exonic nonsynonymous SNV Chr1 205710 A G  
101/102 & 102/103 AT1G01570 exonic nonsynonymous SNV Chr1 207187 T A  
101/102 & 102/103 AT1G01570 exonic nonsynonymous SNV Chr1 207196 G C  
101/102 & 102/103 AT1G01580 exonic nonsynonymous SNV Chr1 210438 T C ATFRO2, FERRIC CHELATE REDUCTASE DEFECTIVE 1, FERRIC REDUCTION OXIDASE 2, FRD1, FRO2 

101/102 & 102/103 AT1G01580 exonic nonsynonymous SNV Chr1 210543 A C  
101/102 & 102/103 AT1G01580 exonic nonsynonymous SNV Chr1 211861 A C  
101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 214515 C G ATFRO1, FERRIC REDUCTION OXIDASE 1, FRO1 

101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 215411 T G  
101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 215414 T G  
101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 215421 C G  
101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 215427 T G  
101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 215432 C G  
101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 215435 A T  
101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 215444 T G  
101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 215677 G T  
101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 215760 G C  
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101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 215890 C A  
101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 216643 G A  
101/102 & 102/103 AT1G01590 exonic nonsynonymous SNV Chr1 216875 A C  
101/102 & 102/103 AT1G01600 exonic nonsynonymous SNV Chr1 220860 T C "CYTOCHROME P450, FAMILY 86, SUBFAMILY A, POLYPEPTIDE 4", CYP86A4 

101/102 & 102/103 AT1G01600 exonic nonsynonymous SNV Chr1 220937 C G  
101/102 & 102/103 AT1G01600 exonic nonsynonymous SNV Chr1 220968 T A  
101/102 & 102/103 AT1G01650 exonic nonsynonymous SNV Chr1 233581 A C  
101/102 & 102/103 AT1G01670 exonic nonsynonymous SNV Chr1 244174 C T  
101/102 & 102/103 AT1G01670 exonic nonsynonymous SNV Chr1 244584 C T  
101/102 & 102/103 AT1G01680 exonic nonsynonymous SNV Chr1 247400 G C  
101/102 & 102/103 AT1G01680 exonic nonsynonymous SNV Chr1 247410 A T  
101/102 & 102/103 AT1G01690 exonic nonsynonymous SNV Chr1 249795 G T  
101/102 & 102/103 AT1G01690 exonic nonsynonymous SNV Chr1 249796 A C  
101/102 & 102/103 AT1G01695 exonic nonsynonymous SNV Chr1 252953 G A TON1 RECRUITING MOTIF 33, TRM33 

101/102 & 102/103 AT1G01695 exonic nonsynonymous SNV Chr1 253606 G A  
101/102 & 102/103 AT1G01695 exonic nonsynonymous SNV Chr1 254004 C G  
101/102 & 102/103 AT1G01700 exonic nonsynonymous SNV Chr1 259953 G C ATROPGEF2, ROP (RHO OF PLANTS) GUANINE NUCLEOTIDE EXCHANGE FACTOR 2, ROPGEF2 

101/102 & 102/103 AT1G01700 exonic nonsynonymous SNV Chr1 260010 C A  
101/102 & 102/103 AT1G01700 exonic nonsynonymous SNV Chr1 260158 T C  
101/102 & 102/103 AT1G01710 exonic nonsynonymous SNV Chr1 265611 G C  
101/102 & 102/103 AT1G01720 exonic nonsynonymous SNV Chr1 268852 T G  
101/102 & 102/103 AT1G01730 exonic nonsynonymous SNV Chr1 271050 G C  
101/102 & 102/103 AT1G01730 exonic nonsynonymous SNV Chr1 271416 T C  
101/102 & 102/103 AT1G01740 exonic nonsynonymous SNV Chr1 272826 G A  
101/102 & 102/103 AT1G01770 exonic nonsynonymous SNV Chr1 281313 G A  
101/102 & 102/103 AT1G01770 exonic nonsynonymous SNV Chr1 281933 G C  
101/102 & 102/103 AT1G01790 exonic nonsynonymous SNV Chr1 284989 A G ATKEA1, K+ EFFLUX ANTIPORTER 1, KEA1 

101/102 & 102/103 AT1G01790 exonic nonsynonymous SNV Chr1 285111 G A  
101/102 & 102/103 AT1G01790 exonic nonsynonymous SNV Chr1 285729 A G  
101/102 & 102/103 AT1G01790 exonic nonsynonymous SNV Chr1 286029 A C  
101/102 & 102/103 AT1G01800 exonic nonsynonymous SNV Chr1 294545 G C  
101/102 & 102/103 AT1G01800 exonic nonsynonymous SNV Chr1 294704 C G  
101/102 & 102/103 AT1G01820 exonic nonsynonymous SNV Chr1 296955 T A PEROXIN 11C, PEX11C 
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101/102 & 102/103 AT1G01820 exonic nonsynonymous SNV Chr1 296959 T C  
101/102 & 102/103 AT1G01820 exonic nonsynonymous SNV Chr1 296965 T C  
102/103 & 103/104 AT1G01830 exonic nonsynonymous SNV Chr1 299439 T C ARM repeat superfamily protein 

102/103 & 103/104 AT1G01830 exonic nonsynonymous SNV Chr1 299440 T C  
102/103 & 103/104 AT1G01830 exonic nonsynonymous SNV Chr1 300023 C A  
102/103 & 103/104 AT1G01830 exonic nonsynonymous SNV Chr1 300024 C T  
102/103 & 103/104 AT1G01830 exonic nonsynonymous SNV Chr1 300277 C A  
102/103 & 103/104 AT1G01880 exonic nonsynonymous SNV Chr1 306651 A C ATGEN1, GEN1, ORTHOLOG OF HSGEN1 

102/103 & 103/104 AT1G01880 exonic nonsynonymous SNV Chr1 306653 T C  
102/103 & 103/104 AT1G01880 exonic nonsynonymous SNV Chr1 307266 C T  
102/103 & 103/104 AT1G01900 exonic nonsynonymous SNV Chr1 310748 G T  
102/103 & 103/104 AT1G01930 exonic nonsynonymous SNV Chr1 321016 G A  
102/103 & 103/104 AT1G01930 exonic nonsynonymous SNV Chr1 321370 C A  
102/103 & 103/104 AT1G01950 exonic nonsynonymous SNV Chr1 326964 T G ARABIDOPSIS THALIANA KINESIN UNGROUPED CLADE, GENE B, ARK2, ARMADILLO REPEAT KINESIN 2, ATKINUB 

102/103 & 103/104 AT1G01950 exonic nonsynonymous SNV Chr1 326965 T A  
102/103 & 103/104 AT1G01950 exonic nonsynonymous SNV Chr1 328445 A T  
102/103 & 103/104 AT1G01960 exonic nonsynonymous SNV Chr1 331269 A G BIG3, EDA10, EMBRYO SAC DEVELOPMENT ARREST 10 

102/103 & 103/104 AT1G01960 exonic nonsynonymous SNV Chr1 331736 A C  
102/103 & 103/104 AT1G01960 exonic nonsynonymous SNV Chr1 332347 A T  
102/103 & 103/104 AT1G01970 exonic nonsynonymous SNV Chr1 338744 T G  
102/103 & 103/104 AT1G01980 exonic nonsynonymous SNV Chr1 340810 C A ATBBE1 

102/103 & 103/104 AT1G01980 exonic nonsynonymous SNV Chr1 341545 G A  
102/103 & 103/104 AT1G01980 exonic nonsynonymous SNV Chr1 341924 T C  
102/103 & 103/104 AT1G01980 exonic nonsynonymous SNV Chr1 341969 C A  
102/103 & 103/104 AT1G01980 exonic nonsynonymous SNV Chr1 341982 C A  
102/103 & 103/104 AT1G01980 exonic nonsynonymous SNV Chr1 341990 A C  
102/103 & 103/104 AT1G01990 exonic nonsynonymous SNV Chr1 344075 G A  
102/103 & 103/104 AT1G02010 exonic nonsynonymous SNV Chr1 349310 C A  
102/103 & 103/104 AT1G02020 exonic frameshift insertion Chr1 354813 T TACTT nitroreductase family protein 

102/103 & 103/104 AT1G02020 exonic nonsynonymous SNV Chr1 353491 A T  
102/103 & 103/104 AT1G02020 exonic nonsynonymous SNV Chr1 354413 G C  
102/103 & 103/104 AT1G02020 exonic nonsynonymous SNV Chr1 354473 C T  
102/103 & 103/104 AT1G02020 exonic nonsynonymous SNV Chr1 354700 G A  
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102/103 & 103/104 AT1G02020 exonic nonsynonymous SNV Chr1 354701 A C  
102/103 & 103/104 AT1G02020 exonic nonsynonymous SNV Chr1 354727 A G  
102/103 & 103/104 AT1G02020 exonic nonsynonymous SNV Chr1 354746 G A  
102/103 & 103/104 AT1G02030 exonic nonsynonymous SNV Chr1 356127 C T  
102/103 & 103/104 AT1G02040 exonic nonsynonymous SNV Chr1 358397 T G C2H2-type zinc finger family protein 

102/103 & 103/104 AT1G02040 exonic nonsynonymous SNV Chr1 358570 G T  
102/103 & 103/104 AT1G02040 exonic nonsynonymous SNV Chr1 358639 G C  
102/103 & 103/104 AT1G02050 exonic nonsynonymous SNV Chr1 359566 C G  
102/103 & 103/104 AT1G02060 exonic frameshift deletion Chr1 361050 GT G Tetratricopeptide repeat (TPR)-like superfamily protein 

102/103 & 103/104 AT1G02060 exonic nonsynonymous SNV Chr1 361859 G C  
102/103 & 103/104 AT1G02060 exonic nonsynonymous SNV Chr1 362150 C A  
102/103 & 103/104 AT1G02065 exonic nonsynonymous SNV Chr1 365823 C T  
102/103 & 103/104 AT1G02065 exonic nonsynonymous SNV Chr1 366788 A C  
102/103 & 103/104 AT1G02080 exonic nonsynonymous SNV Chr1 373680 G T transcription regulator 

102/103 & 103/104 AT1G02080 exonic nonsynonymous SNV Chr1 375346 G A  
102/103 & 103/104 AT1G02080 exonic nonsynonymous SNV Chr1 381773 A T  
102/103 & 103/104 AT1G02080 exonic nonsynonymous SNV Chr1 384704 A T  
102/103 & 103/104 AT1G02110 exonic nonsynonymous SNV Chr1 393497 C T bZIP domain class transcription factor (DUF630 and DUF632) 

102/103 & 103/104 AT1G02110 exonic nonsynonymous SNV Chr1 395265 T G  
102/103 & 103/104 AT1G02110 exonic nonsynonymous SNV Chr1 395277 T G  
102/103 & 103/104 AT1G02120 exonic nonsynonymous SNV Chr1 395878 A G  
102/103 & 103/104 AT1G02120 exonic nonsynonymous SNV Chr1 399654 A T  
102/103 & 103/104 AT1G02140 exonic nonsynonymous SNV Chr1 404233 T G  
102/103 & 103/104 AT1G02145 exonic nonsynonymous SNV Chr1 405652 A G  
102/103 & 103/104 AT1G02150 exonic nonsynonymous SNV Chr1 408849 T G  
102/103 & 103/104 AT1G02180 exonic nonsynonymous SNV Chr1 413624 A G ferredoxin-like protein 

102/103 & 103/104 AT1G02180 exonic nonsynonymous SNV Chr1 414477 A G  
102/103 & 103/104 AT1G02180 exonic nonsynonymous SNV Chr1 414481 C T  
102/103 & 103/104 AT1G02180 exonic nonsynonymous SNV Chr1 414484 A T  
102/103 & 103/104 AT1G02180 exonic nonsynonymous SNV Chr1 414487 T A  
102/103 & 103/104 AT1G02190 exonic nonsynonymous SNV Chr1 416141 C G Fatty acid hydroxylase superfamily 

102/103 & 103/104 AT1G02190 exonic nonsynonymous SNV Chr1 417318 C G  
102/103 & 103/104 AT1G02190 exonic nonsynonymous SNV Chr1 417642 T G  
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102/103 & 103/104 AT1G02190 exonic nonsynonymous SNV Chr1 417789 C A  
102/103 & 103/104 AT1G02205 exonic nonsynonymous SNV Chr1 420807 A C CER1, CER22, ECERIFERUM 1, ECERIFERUM 22 

102/103 & 103/104 AT1G02205 exonic nonsynonymous SNV Chr1 420866 G A  
102/103 & 103/104 AT1G02205 exonic nonsynonymous SNV Chr1 421745 T G  
102/103 & 103/104 AT1G02205 exonic nonsynonymous SNV Chr1 422054 T C  
102/103 & 103/104 AT1G02205 exonic nonsynonymous SNV Chr1 422095 C A  

         

         

111/112 AT1G04130 exonic nonsynonymous SNV Chr1 1073941 C G  
111/112 AT1G04140 exonic nonsynonymous SNV Chr1 1077510 C T  
111/112 AT1G04140 exonic nonsynonymous SNV Chr1 1080239 C T  
111/112 AT1G04160 exonic nonsynonymous SNV Chr1 1087192 G T  
111/112 AT1G04160 exonic nonsynonymous SNV Chr1 1088730 C A  
111/112 AT1G04160 exonic nonsynonymous SNV Chr1 1089125 A G  
111/112 AT1G04160 exonic nonsynonymous SNV Chr1 1092049 T C  
111/112 AT1G04160 exonic nonsynonymous SNV Chr1 1092888 C T  
111/112 AT1G04160 exonic nonsynonymous SNV Chr1 1093364 A G  
111/112 AT1G04160 exonic nonsynonymous SNV Chr1 1093415 T A  
111/112 AT1G04160 exonic nonsynonymous SNV Chr1 1093442 A G  
111/112 AT1G04160 exonic nonsynonymous SNV Chr1 1093696 T C  
111/112 AT1G04160 exonic nonsynonymous SNV Chr1 1094402 G A  
111/112 AT1G04171 exonic nonsynonymous SNV Chr1 1100483 C G  
111/112 AT1G04171 exonic stoploss Chr1 1100445 T C  
111/112 AT1G04180 exonic nonsynonymous SNV Chr1 1105035 A C  
111/112 AT1G04180 exonic nonsynonymous SNV Chr1 1105284 G A  
111/112 AT1G04180 exonic nonsynonymous SNV Chr1 1105473 G C  
111/112 AT1G04180 exonic nonsynonymous SNV Chr1 1105494 T A  
111/112 AT1G04190 exonic nonsynonymous SNV Chr1 1108545 C A  
111/112 AT1G04200 exonic nonsynonymous SNV Chr1 1112557 G T  
111/112 AT1G04210 exonic nonsynonymous SNV Chr1 1114803 C G  
111/112 AT1G04210 exonic nonsynonymous SNV Chr1 1115603 G A  
111/112 AT1G04210 exonic nonsynonymous SNV Chr1 1116274 G T  
111/112 AT1G04210 exonic nonsynonymous SNV Chr1 1116487 G T  
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111/112 AT1G04210 exonic nonsynonymous SNV Chr1 1116814 G A  
111/112 AT1G04220 exonic nonsynonymous SNV Chr1 1121987 A G  
111/112 AT1G04230 exonic nonsynonymous SNV Chr1 1126079 T G  
111/112 AT1G04280 exonic nonsynonymous SNV Chr1 1143832 A C  
111/112 AT1G04280 exonic nonsynonymous SNV Chr1 1144374 C G  
111/112 AT1G04280 exonic nonsynonymous SNV Chr1 1144388 T G  
111/112 AT1G04280 exonic nonsynonymous SNV Chr1 1144395 T A  
111/112 AT1G04280 exonic nonsynonymous SNV Chr1 1144396 T G  
111/112 AT1G04300 exonic nonsynonymous SNV Chr1 1149308 T G  
111/112 AT1G04300 exonic nonsynonymous SNV Chr1 1149464 C A  
111/112 AT1G04300 exonic nonsynonymous SNV Chr1 1149753 C G  
111/112 AT1G04310 exonic nonsynonymous SNV Chr1 1155448 T C  
111/112 AT1G04310 exonic nonsynonymous SNV Chr1 1155536 G C  
111/112 AT1G04310 exonic nonsynonymous SNV Chr1 1155601 G T  
111/112 AT1G04310 exonic nonsynonymous SNV Chr1 1155940 A G  
111/112 AT1G04330 exonic nonsynonymous SNV Chr1 1161615 G A  
111/112 AT1G04350 exonic nonsynonymous SNV Chr1 1165444 T C  
111/112 AT1G04360 exonic nonsynonymous SNV Chr1 1167844 C T  
111/112 AT1G04360 exonic nonsynonymous SNV Chr1 1168048 T C  
111/112 AT1G04370 exonic nonsynonymous SNV Chr1 1175414 T A  
111/112 AT1G04380 exonic frameshift insertion Chr1 1177257 A AG  
111/112 AT1G04380 exonic nonsynonymous SNV Chr1 1177976 C A  
111/112 AT1G04380 exonic nonsynonymous SNV Chr1 1178065 T A  
111/112 AT1G04380 exonic nonsynonymous SNV Chr1 1178252 C T  
111/112 AT1G04380 exonic nonsynonymous SNV Chr1 1178349 C G  
111/112 AT1G04390 exonic nonsynonymous SNV Chr1 1182175 G A  
111/112 AT1G04390 exonic nonsynonymous SNV Chr1 1183153 T A  
111/112 AT1G04400 exonic nonsynonymous SNV Chr1 1186131 G A  
111/112 AT1G04400 exonic nonsynonymous SNV Chr1 1186604 C T CRY2 

111/112 AT1G04440 exonic nonsynonymous SNV Chr1 1205599 G A  
111/112 AT1G04445 exonic nonsynonymous SNV Chr1 1207461 T C  
111/112 AT1G04445 exonic nonsynonymous SNV Chr1 1207631 T G  
111/112 AT1G04470 exonic nonsynonymous SNV Chr1 1211516 C G  
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111/112 AT1G04470 exonic nonsynonymous SNV Chr1 1211716 G T  
111/112 AT1G04470 exonic nonsynonymous SNV Chr1 1212827 A C  
111/112 AT1G04470 exonic nonsynonymous SNV Chr1 1213602 G T  
111/112 AT1G04500 exonic nonsynonymous SNV Chr1 1221994 G T  
111/112 AT1G04500 exonic nonsynonymous SNV Chr1 1222002 G T  
111/112 AT1G04500 exonic nonsynonymous SNV Chr1 1222664 G A  
111/112 AT1G04500 exonic nonsynonymous SNV Chr1 1222848 G A  
111/112 AT1G04500 exonic nonsynonymous SNV Chr1 1222849 T A  
111/112 AT1G04501 exonic frameshift insertion Chr1 1224678 T TG  
111/112 AT1G04510 exonic nonsynonymous SNV Chr1 1230313 G A  
111/112 AT1G04510 exonic nonsynonymous SNV Chr1 1230476 A T  
111/112 AT1G04530 exonic nonsynonymous SNV Chr1 1234740 C T  
111/112 AT1G04540 exonic nonsynonymous SNV Chr1 1238041 G T  
111/112 AT1G04540 exonic nonsynonymous SNV Chr1 1238146 C A  
111/112 AT1G04540 exonic nonsynonymous SNV Chr1 1238148 A C  
111/112 AT1G04540 exonic nonsynonymous SNV Chr1 1238210 A T  
111/112 AT1G04550 exonic nonsynonymous SNV Chr1 1241208 C G  
111/112 AT1G04580 exonic nonsynonymous SNV Chr1 1252247 T C  
111/112 AT1G04580 exonic nonsynonymous SNV Chr1 1252557 C T  
111/112 AT1G04580 exonic nonsynonymous SNV Chr1 1253047 C T  
111/112 AT1G04580 exonic nonsynonymous SNV Chr1 1253643 C T  
111/112 AT1G04580 exonic nonsynonymous SNV Chr1 1253963 G A  
111/112 AT1G04580 exonic nonsynonymous SNV Chr1 1253964 A T  
111/112 AT1G04580 exonic nonsynonymous SNV Chr1 1253977 A T  
111/112 AT1G04580 exonic nonsynonymous SNV Chr1 1253989 G C  
111/112 AT1G04580 exonic nonsynonymous SNV Chr1 1256134 T C  
111/112 AT1G04580 exonic nonsynonymous SNV Chr1 1256399 T C  
111/112 AT1G04580 exonic nonsynonymous SNV Chr1 1256409 C A  
111/112 AT1G04580 exonic nonsynonymous SNV Chr1 1257491 A C  
111/112 AT1G04590 exonic nonsynonymous SNV Chr1 1258774 C T  
111/112 AT1G04590 exonic nonsynonymous SNV Chr1 1258830 C A  
111/112 AT1G04590 exonic nonsynonymous SNV Chr1 1258841 G C  
111/112 AT1G04590 exonic nonsynonymous SNV Chr1 1258843 T A  
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111/112 AT1G04590 exonic nonsynonymous SNV Chr1 1259468 C T  
111/112 AT1G04590 exonic nonsynonymous SNV Chr1 1260778 C A  
111/112 AT1G04590 exonic nonsynonymous SNV Chr1 1260784 C T  
111/112 AT1G04590 exonic nonsynonymous SNV Chr1 1260793 C T  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1262584 C G  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1264578 G A  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1265645 G T  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1265875 G A  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1266414 C T  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1268742 A C  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1269300 G A  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1270934 T C  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1270935 C T  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1270940 A G  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1270941 A C  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1270942 G T  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1270943 A G  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1270953 A G  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1270957 G T  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1271564 G A  
111/112 AT1G04600 exonic nonsynonymous SNV Chr1 1271577 C A  
111/112 AT1G04610 exonic nonsynonymous SNV Chr1 1279957 T G  
111/112 AT1G04625 exonic nonsynonymous SNV Chr1 1288684 T C  
111/112 AT1G04630 exonic nonsynonymous SNV Chr1 1290815 C A  

         

         

115/116 AT1G05180 exonic nonsynonymous SNV Chr1 1498549 A G  
115/116 AT1G05180 exonic nonsynonymous SNV Chr1 1500228 C T  
115/116 AT1G05200 exonic nonsynonymous SNV Chr1 1505708 G C ATGLR3.4, GLR3.4, GLUR3, GLUTAMATE RECEPTOR 3.4 

115/116 AT1G05200 exonic nonsynonymous SNV Chr1 1505757 T A  
115/116 AT1G05200 exonic nonsynonymous SNV Chr1 1505796 G C  
115/116 AT1G05200 exonic nonsynonymous SNV Chr1 1505805 G C  
115/116 AT1G05200 exonic nonsynonymous SNV Chr1 1505919 G C  
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115/116 AT1G05220 exonic nonsynonymous SNV Chr1 1512531 G A  
115/116 AT1G05220 exonic nonsynonymous SNV Chr1 1512630 G C  
115/116 AT1G05230 exonic nonsynonymous SNV Chr1 1515063 T C  
115/116 AT1G05260 exonic nonsynonymous SNV Chr1 1529880 T G  
115/116 AT1G05270 exonic nonsynonymous SNV Chr1 1532755 A C TraB family protein 

115/116 AT1G05270 exonic nonsynonymous SNV Chr1 1534106 T C  
115/116 AT1G05270 exonic nonsynonymous SNV Chr1 1534298 A T  
115/116 AT1G05280 exonic nonsynonymous SNV Chr1 1535468 A C ERV-F (C)1 provirus ancestral Env polyprotein, putative (DUF604) 

115/116 AT1G05280 exonic nonsynonymous SNV Chr1 1536067 G C  
115/116 AT1G05280 exonic nonsynonymous SNV Chr1 1536136 C A  
115/116 AT1G05280 exonic nonsynonymous SNV Chr1 1537170 A T  
115/116 AT1G05290 exonic nonsynonymous SNV Chr1 1539258 G C CCT motif family protein 

115/116 AT1G05290 exonic nonsynonymous SNV Chr1 1539465 G A  
115/116 AT1G05290 exonic nonsynonymous SNV Chr1 1539666 G A  
115/116 AT1G05290 exonic nonsynonymous SNV Chr1 1539810 C T  
115/116 AT1G05290 exonic nonsynonymous SNV Chr1 1539823 C G  
115/116 AT1G05290 exonic nonsynonymous SNV Chr1 1540311 C A  
115/116 AT1G05290 exonic nonsynonymous SNV Chr1 1540545 A T  
115/116 AT1G05300 exonic nonsynonymous SNV Chr1 1545548 T C  
115/116 AT1G05300 exonic nonsynonymous SNV Chr1 1547262 C A  
115/116 AT1G05310 exonic nonsynonymous SNV Chr1 1550655 A T Pectin lyase-like superfamily protein 

115/116 AT1G05310 exonic nonsynonymous SNV Chr1 1552172 G A  
115/116 AT1G05310 exonic nonsynonymous SNV Chr1 1552179 C T  
115/116 AT1G05320 exonic nonsynonymous SNV Chr1 1555291 C T  
115/116 AT1G05320 exonic nonsynonymous SNV Chr1 1556199 C G  
115/116 AT1G05320 exonic nonsynonymous SNV Chr1 1557299 A G  
115/116 AT1G05320 exonic nonsynonymous SNV Chr1 1557641 G C  
115/116 AT1G05350 exonic nonsynonymous SNV Chr1 1563930 T G  
115/116 AT1G05360 exonic nonsynonymous SNV Chr1 1565881 T C KILLING ME SLOWLY 2, KMS2 

115/116 AT1G05360 exonic nonsynonymous SNV Chr1 1565916 A G  
115/116 AT1G05360 exonic nonsynonymous SNV Chr1 1566911 G A  
115/116 AT1G05360 exonic nonsynonymous SNV Chr1 1567259 C G  
115/116 AT1G05370 exonic nonsynonymous SNV Chr1 1569615 T C myosin heavy chain, embryonic smooth protein 
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115/116 AT1G05370 exonic nonsynonymous SNV Chr1 1569666 T G  
115/116 AT1G05370 exonic nonsynonymous SNV Chr1 1569677 T G  
115/116 AT1G05370 exonic nonsynonymous SNV Chr1 1569687 T G  
115/116 AT1G05380 exonic nonsynonymous SNV Chr1 1578543 C G Acyl-CoA N-acyltransferase with RING/FYVE/PHD-type zinc finger protein 

115/116 AT1G05380 exonic nonsynonymous SNV Chr1 1579543 T C  
115/116 AT1G05380 exonic nonsynonymous SNV Chr1 1580237 G A  
115/116 AT1G05380 exonic nonsynonymous SNV Chr1 1581606 G A  
115/116 AT1G05410 exonic nonsynonymous SNV Chr1 1585517 T C CDPK adapter, putative (DUF1423) 

115/116 AT1G05410 exonic nonsynonymous SNV Chr1 1585637 T G  
115/116 AT1G05410 exonic nonsynonymous SNV Chr1 1586313 A C  
115/116 AT1G05410 exonic nonsynonymous SNV Chr1 1586415 T C  
115/116 AT1G05410 exonic nonsynonymous SNV Chr1 1586980 G T  
115/116 AT1G05420 exonic nonsynonymous SNV Chr1 1590148 G A ARABIDOPSIS THALIANA OVATE FAMILY PROTEIN 12, ATOFP12, OFP12, OVATE FAMILY PROTEIN 12 

115/116 AT1G05420 exonic nonsynonymous SNV Chr1 1590175 C A  
115/116 AT1G05420 exonic nonsynonymous SNV Chr1 1590233 A C  
115/116 AT1G05420 exonic nonsynonymous SNV Chr1 1590409 T C  
115/116 AT1G05420 exonic nonsynonymous SNV Chr1 1590589 A C  
115/116 AT1G05430 exonic nonsynonymous SNV Chr1 1594587 C T hypothetical protein 

115/116 AT1G05430 exonic nonsynonymous SNV Chr1 1594594 T G  
115/116 AT1G05430 exonic nonsynonymous SNV Chr1 1594628 T A  
115/116 AT1G05430 exonic nonsynonymous SNV Chr1 1595032 A T  
115/116 AT1G05440 exonic nonsynonymous SNV Chr1 1596493 C T  
115/116 AT1G05440 exonic nonsynonymous SNV Chr1 1597764 G A  
115/116 AT1G05460 exonic nonsynonymous SNV Chr1 1602829 G A SDE3, SILENCING DEFECTIVE 

115/116 AT1G05460 exonic nonsynonymous SNV Chr1 1603341 T C  
115/116 AT1G05460 exonic nonsynonymous SNV Chr1 1603459 A G  
115/116 AT1G05460 exonic nonsynonymous SNV Chr1 1603471 T A  
115/116 AT1G05470 exonic nonsynonymous SNV Chr1 1610192 T C  
115/116 AT1G05490 exonic nonsynonymous SNV Chr1 1620624 T C  
115/116 AT1G05490 exonic nonsynonymous SNV Chr1 1621838 T A  
115/116 AT1G05500 exonic nonsynonymous SNV Chr1 1625751 A C  
115/116 AT1G05520 exonic nonsynonymous SNV Chr1 1631841 A C  
115/116 AT1G05550 exonic nonsynonymous SNV Chr1 1641504 C T  
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115/116 AT1G05550 exonic nonsynonymous SNV Chr1 1642614 G A  
115/116 AT1G05570 exonic nonsynonymous SNV Chr1 1650886 A C  
115/116 AT1G05570 exonic nonsynonymous SNV Chr1 1655859 A T  
115/116 AT1G05575 exonic nonsynonymous SNV Chr1 1662071 T C  
115/116 AT1G05590 exonic nonsynonymous SNV Chr1 1670227 A C ATHEX3, BETA-HEXOSAMINIDASE 2, BETA-HEXOSAMINIDASE 3, HEXO2 

115/116 AT1G05590 exonic nonsynonymous SNV Chr1 1670564 G C  
115/116 AT1G05590 exonic nonsynonymous SNV Chr1 1671273 T G  
115/116 AT1G05610 exonic nonsynonymous SNV Chr1 1674739 T A  
115/116 AT1G05610 exonic nonsynonymous SNV Chr1 1675823 T C  
115/116 AT1G05615 exonic nonsynonymous SNV Chr1 1677548 T A B3 domain protein 

115/116 AT1G05615 exonic nonsynonymous SNV Chr1 1677914 A C  
115/116 AT1G05615 exonic nonsynonymous SNV Chr1 1678264 C T  
115/116 AT1G05620 exonic nonsynonymous SNV Chr1 1680254 G A  
115/116 AT1G05630 exonic nonsynonymous SNV Chr1 1682798 A C 5PTASE13, ARABIDOPSIS THALIANA INOSITOL-POLYPHOSPHATE 5-PHOSPHATASE 13, AT5PTASE13, INOSITOL-POLYPHOSPHATE 5-PHOSPHATASE 13 

115/116 AT1G05630 exonic nonsynonymous SNV Chr1 1683963 T G  
115/116 AT1G05630 exonic nonsynonymous SNV Chr1 1686860 T A  
115/116 AT1G05640 exonic nonsynonymous SNV Chr1 1688098 C T  
115/116 AT1G05650 exonic nonsynonymous SNV Chr1 1690472 G C  
115/116 AT1G05650 exonic nonsynonymous SNV Chr1 1691013 A T  
115/116 AT1G05660 exonic nonsynonymous SNV Chr1 1695029 G A  
115/116 AT1G05660 exonic nonsynonymous SNV Chr1 1695902 C T  
115/116 AT1G05670 exonic nonsynonymous SNV Chr1 1698662 T C Pentatricopeptide repeat (PPR-like) superfamily protein 

115/116 AT1G05670 exonic nonsynonymous SNV Chr1 1699068 C T  
115/116 AT1G05670 exonic nonsynonymous SNV Chr1 1699680 A G  
115/116 AT1G05675 exonic nonsynonymous SNV Chr1 1701334 G C UDP-Glycosyltransferase superfamily protein 

115/116 AT1G05675 exonic nonsynonymous SNV Chr1 1701577 G C  
115/116 AT1G05675 exonic nonsynonymous SNV Chr1 1702443 C G  
115/116 AT1G05680 exonic nonsynonymous SNV Chr1 1703332 T C UGT74E2, URIDINE DIPHOSPHATE GLYCOSYLTRANSFERASE 74E2 

115/116 AT1G05680 exonic nonsynonymous SNV Chr1 1703338 C G  
115/116 AT1G05680 exonic nonsynonymous SNV Chr1 1703345 T C  

         

         

125/126 AT1G08060 exonic nonsynonymous SNV Chr1 2509854 G A  
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125/126 AT1G08065 exonic nonsynonymous SNV Chr1 2512212 A T ACA5, ALPHA CARBONIC ANHYDRASE 5, ATACA5 

125/126 AT1G08065 exonic nonsynonymous SNV Chr1 2512258 C T  
125/126 AT1G08065 exonic nonsynonymous SNV Chr1 2512977 C A  
125/126 AT1G08065 exonic nonsynonymous SNV Chr1 2512993 C T  
125/126 AT1G08070 exonic nonsynonymous SNV Chr1 2515041 C T EMB3102, EMBRYO DEFECTIVE 3102, ORGANELLE TRANSCRIPT PROCESSING 82, OTP82 

125/126 AT1G08070 exonic nonsynonymous SNV Chr1 2515968 G A  
125/126 AT1G08070 exonic nonsynonymous SNV Chr1 2516044 C T  
125/126 AT1G08070 exonic nonsynonymous SNV Chr1 2516326 T C  
125/126 AT1G08070 exonic nonsynonymous SNV Chr1 2516397 A C  
125/126 AT1G08080 exonic nonsynonymous SNV Chr1 2518362 C T A. THALIANA ALPHA CARBONIC ANHYDRASE 7, ACA7, ALPHA CARBONIC ANHYDRASE 7, ATACA7 

125/126 AT1G08080 exonic nonsynonymous SNV Chr1 2518462 A T  
125/126 AT1G08080 exonic nonsynonymous SNV Chr1 2518485 A G  
125/126 AT1G08080 exonic nonsynonymous SNV Chr1 2518514 G C  
125/126 AT1G08080 exonic nonsynonymous SNV Chr1 2518523 A T  
125/126 AT1G08100 exonic nonsynonymous SNV Chr1 2527436 G C  
125/126 AT1G08110 exonic nonsynonymous SNV Chr1 2535690 T C ATGLYI2, GLYOXALASE12 

125/126 AT1G08110 exonic nonsynonymous SNV Chr1 2535699 T C  
125/126 AT1G08110 exonic nonsynonymous SNV Chr1 2535714 G T  
125/126 AT1G08110 exonic nonsynonymous SNV Chr1 2535715 C T  
125/126 AT1G08125 exonic nonsynonymous SNV Chr1 2540106 C G S-adenosyl-L-methionine-dependent methyltransferases superfamily protein 

125/126 AT1G08125 exonic nonsynonymous SNV Chr1 2542131 A G  
125/126 AT1G08125 exonic nonsynonymous SNV Chr1 2542161 A C  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2543632 G A ATLIG1, DNA LIGASE 1, LIG1 

125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2546066 C A  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2546069 C G  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547316 G C  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547317 A T  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547318 C A  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547320 T C  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547459 A T  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547485 G C  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547487 A G  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547506 G A  
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125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547518 A G  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547688 G A  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547721 A C  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547728 T G  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547743 A C  
125/126 AT1G08130 exonic nonsynonymous SNV Chr1 2547759 T G  
125/126 AT1G08135 exonic nonsynonymous SNV Chr1 2548992 A C ATCHX6B, CATION/H+ EXCHANGER 6B, CHX6B 

125/126 AT1G08135 exonic nonsynonymous SNV Chr1 2549136 A G  
125/126 AT1G08135 exonic nonsynonymous SNV Chr1 2549711 G T  
125/126 AT1G08135 exonic nonsynonymous SNV Chr1 2549914 A T  
125/126 AT1G08135 exonic nonsynonymous SNV Chr1 2550447 G T  
125/126 AT1G08135 exonic nonsynonymous SNV Chr1 2550594 T G  
125/126 AT1G08135 exonic nonsynonymous SNV Chr1 2551032 A C  
125/126 AT1G08135 exonic nonsynonymous SNV Chr1 2551048 C A  
125/126 AT1G08135 exonic nonsynonymous SNV Chr1 2551440 A G  
125/126 AT1G08140 exonic nonsynonymous SNV Chr1 2552226 G C ATCHX6A, CATION/H+ EXCHANGER 6A, CHX6A 

125/126 AT1G08140 exonic nonsynonymous SNV Chr1 2552246 T C  
125/126 AT1G08140 exonic nonsynonymous SNV Chr1 2553324 T G  
125/126 AT1G08140 exonic nonsynonymous SNV Chr1 2553380 G T  
125/126 AT1G08140 exonic nonsynonymous SNV Chr1 2553393 G A  
125/126 AT1G08140 exonic nonsynonymous SNV Chr1 2554146 C G  
125/126 AT1G08140 exonic nonsynonymous SNV Chr1 2554217 C A  
125/126 AT1G08140 exonic nonsynonymous SNV Chr1 2554240 T C  
125/126 AT1G08150 exonic nonsynonymous SNV Chr1 2556911 A T ATCHX5, CATION/H+ EXCHANGER 5, CHX5 

125/126 AT1G08150 exonic nonsynonymous SNV Chr1 2557414 C G  
125/126 AT1G08150 exonic nonsynonymous SNV Chr1 2558213 G T  
125/126 AT1G08150 exonic nonsynonymous SNV Chr1 2558221 A C  
125/126 AT1G08150 exonic nonsynonymous SNV Chr1 2558270 C T  
125/126 AT1G08150 exonic nonsynonymous SNV Chr1 2558300 T G  
125/126 AT1G08150 exonic nonsynonymous SNV Chr1 2558827 T A  
125/126 AT1G08150 exonic nonsynonymous SNV Chr1 2559028 A T  
125/126 AT1G08150 exonic nonsynonymous SNV Chr1 2559048 C G  
125/126 AT1G08150 exonic nonsynonymous SNV Chr1 2559065 G T  
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125/126 AT1G08170 exonic nonsynonymous SNV Chr1 2563240 C T Histone superfamily protein 

125/126 AT1G08170 exonic nonsynonymous SNV Chr1 2563458 A G  
125/126 AT1G08170 exonic nonsynonymous SNV Chr1 2563473 G C  
125/126 AT1G08170 exonic nonsynonymous SNV Chr1 2563515 A G  
125/126 AT1G08170 exonic nonsynonymous SNV Chr1 2563569 A G  
125/126 AT1G08170 exonic nonsynonymous SNV Chr1 2563606 T C  
125/126 AT1G08190 exonic nonsynonymous SNV Chr1 2571385 G C  
125/126 AT1G08210 exonic nonsynonymous SNV Chr1 2577153 A G Eukaryotic aspartyl protease family protein 

125/126 AT1G08210 exonic nonsynonymous SNV Chr1 2577192 T A  
125/126 AT1G08210 exonic nonsynonymous SNV Chr1 2579650 A C  
125/126 AT1G08220 exonic nonsynonymous SNV Chr1 2581872 C T ATPase complex subunit 

125/126 AT1G08220 exonic nonsynonymous SNV Chr1 2582456 C T  
125/126 AT1G08220 exonic nonsynonymous SNV Chr1 2582551 G A  
125/126 AT1G08230 exonic nonsynonymous SNV Chr1 2584326 T A Codes for a H+-driven, high affinity gamma-aminobutyric acid (GABA) transporter 

125/126 AT1G08230 exonic nonsynonymous SNV Chr1 2584662 G T  
125/126 AT1G08230 exonic nonsynonymous SNV Chr1 2584663 G T  
125/126 AT1G08230 exonic nonsynonymous SNV Chr1 2584702 G A  
125/126 AT1G08230 exonic nonsynonymous SNV Chr1 2584705 C T  
125/126 AT1G08230 exonic nonsynonymous SNV Chr1 2586289 T C  
125/126 AT1G08230 exonic nonsynonymous SNV Chr1 2586414 G T  
125/126 AT1G08250 exonic nonsynonymous SNV Chr1 2590091 C T  
125/126 AT1G08260 exonic nonsynonymous SNV Chr1 2604067 A G ABA OVERLY SENSITIVE 4, ABO4, EARLY IN SHORT DAYS 7, EMB142, EMB2284, EMB529, EMBRYO DEFECTIVE 142, EMBRYO DEFECTIVE 2284, EMBRYO DEFECTIVE 529, ESD7, POL2A, TIL1, TILTED 1 

125/126 AT1G08260 exonic nonsynonymous SNV Chr1 2605196 C G  
125/126 AT1G08260 exonic nonsynonymous SNV Chr1 2606695 G C  
125/126 AT1G08270 exonic nonsynonymous SNV Chr1 2607078 T A  
125/126 AT1G08280 exonic nonsynonymous SNV Chr1 2608462 G A GALT29A, GLYCOSYLTRANSFERASE 29A 

125/126 AT1G08280 exonic nonsynonymous SNV Chr1 2608534 T A  
125/126 AT1G08280 exonic nonsynonymous SNV Chr1 2608969 A G  
125/126 AT1G08280 exonic nonsynonymous SNV Chr1 2609119 A G  
125/126 AT1G08280 exonic nonsynonymous SNV Chr1 2609290 A G  
125/126 AT1G08280 exonic nonsynonymous SNV Chr1 2609540 G A  
125/126 AT1G08290 exonic nonsynonymous SNV Chr1 2611044 A G  
125/126 AT1G08290 exonic nonsynonymous SNV Chr1 2612922 G T  
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125/126 AT1G08300 exonic frameshift insertion Chr1 2616190 C CT NO VEIN-LIKE, NVL 

125/126 AT1G08300 exonic frameshift insertion Chr1 2618749 G GA  
125/126 AT1G08300 exonic nonsynonymous SNV Chr1 2615541 C A  
125/126 AT1G08300 exonic nonsynonymous SNV Chr1 2615681 A C  
125/126 AT1G08300 exonic nonsynonymous SNV Chr1 2616091 T C  
125/126 AT1G08300 exonic nonsynonymous SNV Chr1 2616190 C T  
125/126 AT1G08300 exonic nonsynonymous SNV Chr1 2617758 A C  
125/126 AT1G08300 exonic nonsynonymous SNV Chr1 2617809 T A  
125/126 AT1G08300 exonic nonsynonymous SNV Chr1 2617815 A G  
125/126 AT1G08300 exonic nonsynonymous SNV Chr1 2617873 C A  
125/126 AT1G08300 exonic nonsynonymous SNV Chr1 2617914 A G  
125/126 AT1G08300 exonic nonsynonymous SNV Chr1 2617980 C T  
125/126 AT1G08300 exonic nonsynonymous SNV Chr1 2618297 C T  
125/126 AT1G08300 exonic nonsynonymous SNV Chr1 2618641 T A  
125/126 AT1G08310 exonic nonsynonymous SNV Chr1 2619464 C A  
125/126 AT1G08320 exonic nonsynonymous SNV Chr1 2625734 C T  
125/126 AT1G08340 exonic frameshift insertion Chr1 2632664 C CA Rho GTPase activating protein with PAK-box/P21-Rho-binding domain-containing protein 

125/126 AT1G08340 exonic nonsynonymous SNV Chr1 2632486 T A  
125/126 AT1G08340 exonic nonsynonymous SNV Chr1 2632613 G T  
125/126 AT1G08350 exonic nonsynonymous SNV Chr1 2633817 G A  
125/126 AT1G08350 exonic nonsynonymous SNV Chr1 2635515 C T  
125/126 AT1G08370 exonic frameshift insertion Chr1 2639859 C CCTCACCAA 

125/126 AT1G08370 exonic nonsynonymous SNV Chr1 2639845 A C  
125/126 AT1G08370 exonic nonsynonymous SNV Chr1 2640076 C G  
125/126 AT1G08390 exonic nonsynonymous SNV Chr1 2642583 A C  
125/126 AT1G08400 exonic nonsynonymous SNV Chr1 2644262 A T RINT-1 / TIP-1 family 

125/126 AT1G08400 exonic nonsynonymous SNV Chr1 2644442 G A  
125/126 AT1G08400 exonic nonsynonymous SNV Chr1 2645038 C T  
125/126 AT1G08400 exonic nonsynonymous SNV Chr1 2645213 C T  
125/126 AT1G08410 exonic nonsynonymous SNV Chr1 2646460 A T DIG6, DROUGHT INHIBITED GROWTH OF LATERAL ROOTS 6, LSG1-2, YEAST LSG1 ORTHOLOGUE 2 

125/126 AT1G08410 exonic nonsynonymous SNV Chr1 2648160 G A  
125/126 AT1G08410 exonic nonsynonymous SNV Chr1 2648581 A C  
125/126 AT1G08410 exonic nonsynonymous SNV Chr1 2648588 A C  
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125/126 AT1G08420 exonic nonsynonymous SNV Chr1 2650127 C T  
125/126 AT1G08420 exonic nonsynonymous SNV Chr1 2653619 A T  
125/126 AT1G08430 exonic nonsynonymous SNV Chr1 2658847 T G  
125/126 AT1G08430 exonic nonsynonymous SNV Chr1 2660670 G A  
125/126 AT1G08440 exonic nonsynonymous SNV Chr1 2664419 C T aluminum activated malate transporter family protein 

125/126 AT1G08440 exonic nonsynonymous SNV Chr1 2664489 C G  
125/126 AT1G08440 exonic nonsynonymous SNV Chr1 2664744 A T  
125/126 AT1G08440 exonic nonsynonymous SNV Chr1 2664756 T G  
125/126 AT1G08440 exonic nonsynonymous SNV Chr1 2664772 C T  
125/126 AT1G08440 exonic nonsynonymous SNV Chr1 2664818 C A  
125/126 AT1G08440 exonic nonsynonymous SNV Chr1 2664873 A G  
125/126 AT1G08440 exonic nonsynonymous SNV Chr1 2665107 G C  
125/126 AT1G08440 exonic nonsynonymous SNV Chr1 2665295 T G  
125/126 AT1G08460 exonic nonsynonymous SNV Chr1 2672698 A G ATHDA8, HDA08, HDA8, HISTONE DEACETYLASE 8 

125/126 AT1G08460 exonic nonsynonymous SNV Chr1 2672729 T G  
125/126 AT1G08460 exonic nonsynonymous SNV Chr1 2673048 G T  
125/126 AT1G08460 exonic nonsynonymous SNV Chr1 2674228 T C  
125/126 AT1G08460 exonic nonsynonymous SNV Chr1 2674356 C T  
125/126 AT1G08460 exonic nonsynonymous SNV Chr1 2674392 G C  
125/126 AT1G08460 exonic nonsynonymous SNV Chr1 2674399 A T  
125/126 AT1G08460 exonic nonsynonymous SNV Chr1 2674429 C G  
125/126 AT1G08460 exonic nonsynonymous SNV Chr1 2674437 A T  
125/126 AT1G08470 exonic nonsynonymous SNV Chr1 2683834 C A  
125/126 AT1G08470 exonic nonsynonymous SNV Chr1 2683974 C T  
125/126 AT1G08480 exonic nonsynonymous SNV Chr1 2684443 G C  
125/126 AT1G08490 exonic nonsynonymous SNV Chr1 2686021 C A  
125/126 AT1G08490 exonic nonsynonymous SNV Chr1 2687526 C A  
125/126 AT1G08500 exonic nonsynonymous SNV Chr1 2689634 C G  
125/126 AT1G08520 exonic nonsynonymous SNV Chr1 2696747 T A ALB-1V, ALB1, ALBINA 1, CHLD, PDE166, PIGMENT DEFECTIVE EMBRYO 166, V157 

125/126 AT1G08520 exonic nonsynonymous SNV Chr1 2697959 A T  
125/126 AT1G08520 exonic nonsynonymous SNV Chr1 2699081 A C  
125/126 AT1G08530 exonic frameshift insertion Chr1 2701364 A ACT chitinase-like protein 

125/126 AT1G08530 exonic frameshift insertion Chr1 2702948 A AT  
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125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701294 T C  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701297 C T  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701309 G C  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701319 C G  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701340 C A  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701366 G C  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701366 G T  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701369 T A  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701370 C A  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701372 C A  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701373 A T  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701376 C T  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701423 A G  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2701522 T G  
125/126 AT1G08530 exonic nonsynonymous SNV Chr1 2702918 A C  
125/126 AT1G08540 exonic nonsynonymous SNV Chr1 2703512 A C ABC1, ATSIG1, ATSIG2, RNA POLYMERASE SIGMA SUBUNIT 1, RNAPOLYMERASE SIGMA SUBUNIT 2, SIG1, SIG2, SIGA, SIGB, SIGMA FACTOR 1, SIGMA FACTOR 2, SIGMA FACTOR B 

125/126 AT1G08540 exonic nonsynonymous SNV Chr1 2704774 T C  
125/126 AT1G08540 exonic nonsynonymous SNV Chr1 2704795 A T  
125/126 AT1G08540 exonic nonsynonymous SNV Chr1 2704796 T C  
125/126 AT1G08540 exonic nonsynonymous SNV Chr1 2704832 A T  
125/126 AT1G08550 exonic nonsynonymous SNV Chr1 2707640 C T ARABIDOPSIS VIOLAXANTHIN DE-EPOXIDASE 1, AVDE1, NON-PHOTOCHEMICAL QUENCHING 1, NPQ1 

125/126 AT1G08550 exonic nonsynonymous SNV Chr1 2707773 C G  
125/126 AT1G08550 exonic nonsynonymous SNV Chr1 2709007 A G  
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Supplementary Table S6: microStairs; differentially expressed genes controlled in cis 

List of Cvi/Col differentially expressed genes in an allele-specific fashion ([log2]>0.8 in at least one condition; from Cubillos et al., 2014) across the whole 

region. 

 

  ASE Control (WW)     ASE Stress (WD)        

Gene ID Col reads Cvi reads Col/Cvi(log2) q-value Col reads Cvi reads Col/Cvi(log2) q_value intervals microStairs Gene generic name 

AT1G01650 81 108 -0,402639894 0,07560446 108 194 -0,845655158 3,65713E-06 101/102 &102/103 ARABIDOPSIS THALIANA SIGNAL PEPTIDE PEPTIDASE-LIKE 4, ATSPPL4 

AT1G02330 349 138 1,337279936 6,97655E-21 332 134 1,307526862 2,08595E-19 103/104 &104/105 COP1 SUPPRESSOR 2, CSU2 

AT1G02820 187 90 1,056044642 1,7085E-08 209 120 0,80043073 6,11044E-06 105/106 & 106/107 ATLEA3, LATE EMBRYOGENESIS ABUNDANT 3, LEA3 

AT1G04270 1232 589 1,064582504 1,12091E-50 1095 562 0,960855303 2,26474E-38 110/111 & 111/112 CYTOSOLIC RIBOSOMAL PROTEIN S15, RPS15 

AT1G04590 151 95 0,665060862 0,001028409 238 120 0,984119372 2,61273E-09 111/112 & 112/113 PPR containing-like protein;(source:Araport11) 

AT1G04820 946 158 2,579042003 5,8722E-135 1261 267 2,240487717 1,7323E-152 112/113 & 113/114 TOR2, TORTIFOLIA 2, TUA4, TUBULIN ALPHA-4 CHAIN 

AT1G05190 757 1326 -0,808945186 8,83925E-35 1285 1744 -0,440815502 7,13456E-16 114/115 & 115/116 EMB2394, EMBRYO DEFECTIVE 2394, RPL6 

AT1G05200 387 256 0,600150477 1,02508E-06 274 149 0,880791484 7,1714E-09 114/115 & 115/116 ATGLR3.4, GLR3.4, GLUR3, GLUTAMATE RECEPTOR 3.4 

AT1G05830 322 185 0,801618342 6,04279E-09 242 147 0,720931695 5,31431E-06 116/117 & 117/118 ATX2, SDG30, SET DOMAIN PROTEIN 30, TRITHORAX-LIKE PROTEIN 2 

AT1G05940 314 169 0,896291292 2,26578E-10 287 184 0,645465342 9,71077E-06 117/118 & 118/119 CAT9, CATIONIC AMINO ACID TRANSPORTER 9 

AT1G06010 316 122 1,369212951 1,11664E-19 116 55 1,076416631 1,41487E-05 117/118 & 118/119 basic leucine zipper/W2 domain protein;(source:Araport11) 

AT1G06550 128 238 -0,893177584 5,53467E-08 136 215 -0,657481446 8,27649E-05 118/119 & 119/120 
ATP-dependent caseinolytic (Clp) protease/crotonase family 
protein;(source:Araport11) 

AT1G06640 849 75 3,500514393 5,4528E-165 1317 119 3,465373996 9,1562E-254 119/120 & 120/121 similar to a 2-oxoglutarate-dependent dioxygenase  

AT1G06645 317 185 0,77935644 1,92031E-08 298 114 1,384912101 4,99852E-19 119/120 & 120/121 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 

AT1G07110 439 267 0,718500344 7,06647E-10 392 221 0,831349133 3,3311E-11 120/121 & 121/122 "FRUCTOSE-2,6-BISPHOSPHATASE", ATF2KP, F2KP, FKFBP 

AT1G07140 586 205 1,516955755 5,29432E-42 392 188 1,063211171 1,59872E-16 120/121 & 121/122 SIRANBP 

AT1G07470 430 165 1,383568313 4,19265E-27 432 173 1,320547496 2,32775E-25 122/123 & 123/124 Transcription factor IIA, alpha/beta subunit;(source:Araport11) 

AT1G07670 481 261 0,88332755 4,14228E-15 443 234 0,917972643 6,87879E-15 122/123 & 123/124 ATECA4, ECA4, ENDOMEMBRANE-TYPE CA-ATPASE 4 

AT1G07790 114 308 -1,438891813 1,055E-20 73 131 -0,842002787 0,000195055 123/124 & 124/125 HTB1 

AT1G08000 419 211 0,986977656 6,69742E-16 335 265 0,337338638 0,009191087 123/124 & 124/125 GATA TRANSCRIPTION FACTOR 10, GATA10 

AT1G08650 670 401 0,738737387 1,41887E-15 1019 383 1,412385267 2,80763E-65 126/127 & 127/128 ATPPCK1, PHOSPHOENOLPYRUVATE CARBOXYLASE KINASE 1, PPCK1 

AT1G09200 743 241 1,626965603 1,2041E-58 1115 306 1,866440723 2,2682E-106 128/129 & 129/130 H3.1, HISTONE 3.1 

AT1G09590 4894 2357 1,054069628 4,3167E-197 4069 1539 1,402271696 5,0292E-257 128/129 & 129/130 Translation protein SH3-like family protein;(source:Araport11) 

Extracted from Cubillos et al., The Plant Cell, 2014           
Genes that were also identified as local eQTL (Cubillos et al., BMC Genomics, 2012) are in 
bold      
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