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ABSTRACT

Interpreting the functional impacts of genetic variants (GVs) is an important challenge for functional genomic studies in crops and next -generation
breeding . Currently, studies in rice (Oryza sativa) have mainly focused on the identification of GVs, while the functional annotation of GVs has not yet been
systematically carried out . Here we present a functional impact map of GVs in rice . We curated haplotype information of 17,397 ,026 GVs from sequencing
data of 4,726 rice accessions. We quantitatively evaluated the effects of missense mutations in coding regions in each haplotype based on the conservation
of amino acid residues and obtained the effects of 918,848 non-redundant missense GVs. We also generated high-quality chromatin accessibility (CA) data
from six representative rice tissues and used these data to train deep convolutional neural network models to predict the impacts of 5,067 ,405 GVs for CA
in regulatory regions. We characterized the functional properties and tissue specificity of the effects of GVs and found that large-effect GVs in coding
and regulatory regions might be subject to selection in different directions . We finally demonstrated how the functional impact map could be used to
prioritize the causal variants in mapping populations. This impact map will be a useful resource for accelerating gene cloning and functional studies in rice
and can be freely queried in RiceVarMap V2.0 (http ://ricevarmap .ncpgr.cn).

Workflow of variant annotatio n

(A) Identification of
genotypes and haplotypes
from 4,726 rice accessions.

(B) Interpreting the impact of
variants in coding regions.
We used snpEff and CooVar
to annotate variants, and
the impacts of missense
variants were further
evaluated by PolyPhen-2
and SIFT .

(C) Interpreting the impact of
variants in regulatory
regions using deep learning
models.

Overview of the effects of non - synonymous SNPs in rice 

(A) Comparison of non-synonymous
SNP (nsSNP) effects predicted
by PolyPen-2 and SIFT .

(B) Relationship between derived
allele frequencies (DAFs) and
SNP effects assessed by
PolyPen-2.

(C) Enrichment analysis of
deleterious nsSNPs predicted
by PolyPen-2 in different DAF
intervals in Xian/indica and
Geng/japonica subpopulations.

(D) Gene family enrichment analysis
of deleterious nsSNPs
predicted by PolyPhen-2.

(E) Using hwh1 as an example to
show that a functional SNP is
identified as a high-impact
variant .

Chromatin accessibility and variant impacts can be accurately 
predicted using deep convolutional neural networks 

Prioritizing causal polymorphisms of DEP1

(A) An example shows that chromatin
accessibility can be accurately
predicted in different tissues .

(B) ROCcurves for different tissues .
(C) The squared PCCbetween experiment

accessibility signals and predicted
signals in different genomic regions of
six tissues .

(D) Enrichment analysis of variant
effects in different tissues .

(E) The cumulative distributions of
variant effects in all genomic regions
and potential transcription factor
binding sites .

(F) Plot of allele-specific chromatin
accessibility in the NIP �u MH63
hybrid versus the difference between
the predicted chromatin accessibility
of the two alleles by deep CNN.

(A) Variant effects predicted by
deep CNN.

(B) Genotype frequencies of
vg0916410299 in different
populations.

(C) In silico mutagenesis of 200 bp
sequence around the SNP of
vg0916410299 .

(D) Ratio of promoter activity of two
genotypes of vg0916410299 .
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The landscape of chromatin accessibility in six tissues of rice

(A) Multidimensional scaling
(MDS) of all samples.

(B) Enrichment of the number
of sequencing fragments at
transcription start sites
(TSSs) .

(C) ATAC-seq and RNA-seq
data of six tissues around
OsMADS 25, OsSHI 1, and
OsWAK33.

(D) Distribution of different
classes of open chromatin
in the indicated genomic
regions.

(E) Boxplots of log2 fold -
change (MAX/MIN) of
chromatin accessibility
signals between six tissues
in the indicated genomic
regions.

Overview of variant effects predicted by deep convolutional neural 
networks

(A) Relationship between derived allele
frequency (DAF) and predicted variant
effects by Basenji .

(B) The proportion of high-impact
regulatory variants (HEVs) in different
DAF intervals in the population.

(C) The proportion of HEVs in sliding
windows of 250 kb and 50 kb steps
across the whole genome. Data of flag
leaf is used.

(D) The proportion of HEVs in different
genomic regions around genes.

(E) The expected and observed proportion
of HEVs across different number of
tissues .

(F) Top of the arrow : the proportion of
HEVs with different effect directions
(F) in different tissues or with the
same effect direction (G) in different
tissues in the indicated genomic regions.


