Analysis of genome structural variation breakpoints from 1,092 humans revealed details of mutation mechanisms. 
Nature Genetics, Nature Biotech

Abstract
This is a great paper!!!

Results
· Why deriving a confident set of breakpoints
· Pilot set was not well validated
· Phase1 integrated set was very biased by mechanism and size because we selected only well genotypable events, i.e. large and less repetitive. As a results almost no MEIs.
· This is better quality, less biased set and more representative dataset. In pilot, we didn’t validate full spectrum of events very well. We replicate this pie, but we leave out the red, b/c of quality
· How it was derived (Figure 1)
· Deletion calling (multiple caller to get the full spectrum of events)
· Contig assembly with TIGRA
· Alignment with AGE and CROSSMATCH
·  Selection with mapping to junction
· New null model
· Ensuring continuity flanking and inserted (if any) sequences
· Filtering
· Mechanism classification with BREAKSEQ
· Resulting dataset. We validated them very carefully (unlike pilot), and we only have events which are confident (thus no big red triangle) in terms of sites are real deletions and and in terms of  breakpoint sequences are mostly correct
· Number of breakpoints and breakdown by mechanism
· Null model quality estimates
· PCR validation
· IRS validation
· OMINI 2.5s overlap and genotype concordance (genotype from OMNI vs genotype from mapping to junctions, this is additional prove of the approach by mapping to junctions)
· Comparison with Pilot and Integrated





	A. Flow chart of derivation
	C.[image: ]

	B. [image: ]
	


Figure 1
· Co-aggregation with SNPs and indels (Figure 2)
· SNPs and indels aggregate around SV breakpoints, conservation score drops around breakpoints
· It is likely due to variants clustering in regions of weak selection and/or higher mutation
[image: ]
Figure 2 Stat showing significance. Need to do random regions as a control


· NAHR (Figure 3)
· Showed pronounced aggregation of C>T mutations and may be with APOBEC motif
· Breakpoints are enriched with enhancers
· Change in expression of nearby genes?
· Breakpoints are enriched with unpacked DNA
· Breakpoints are depleted for methylation
· We previously new that they also aggregate with active histone marks

	A. Motif enrichment
	B. Methylation depletion (Shantao) or gene expression change (Arif)

	C. Open chromatin enrichment
	D. [image: Science-2013-Khurana-.pdf]


Figure 3. Panel, their arrangement and content depend on further analyses.
· NH (Figure 4)
· Inserted sequence (IS)  mostly occurs for NH. Some NAHR can be misclassified (transduction for MEIs)
· They originate from a close vicinity on the same chromosome
· We do observe signature of template switching events
· Correlation with replication timing
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	C. Correlation with replication timing
	


Figure 4.

Discussion
· We provide large, less biased, and high quality dataset of breakpoints
· They aggregate with SNPs and indels. Perhaps, expected.
· Hypothesis about ssDNA in relation to NAHR event and C>T mutations
· Insight into template switching from mapping inserted sequence and correlation timing.

We have advanced science beyond imaginable.
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Figure S1
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Figure S2
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Figure S3
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Figure S4
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Figure S5
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Figure S6. Make it 3-way Venn diagram with Pilot.
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Figure S7.
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[bookmark: _GoBack]Figure S9, Work on redefining breakpoints and removing accumulation at < 10.
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37 proximal TFBSs) (Fig. SB). It was previously
proposed that mutations in cis elements in reg-
ulatory networks may play an important role in
development (42, 43); our study supports this by
suggesting that some hub promoters may have
undergone recent adaptive evolution.

Contrasting Patterns of Somatic Mutations
with Inherited Variants

After analyzing inherited polymorphisms in func-
tional elements, we examined somatic variants. Be-
cause somatic variants from diverse tumors exhibit
different sets of properties, we analyzed variants
from a wide range of cancer types: prostate, breast,
and medulloblastoma (77, 19, 20). We found that

~99% of somatic SNVs occur in noncoding re-
gions, including TFBSs, ncRNAs, and pseudo-
genes (fig. S22).

Analysis of matched tumor and normal tis-
sues from the same individuals showed that so-
matic variants tend to be enriched for missense
(~5%), LoF (~14x), sensitive (~1.2%), and ultrasen-
sitive (~2x) variants (Fig. 6A, fig. S24, and table
S6). Consistent with this trend, we found higher
TF-motif-breaking/conserving ratios for somatic
variants compared with germline ones across many
different samples and cancer types (~3 for somatic
versus ~1.4 for germline) (Fig. 6B and table S7).
Thus, somatic-cancer variants are generally en-
riched for functionally deleterious mutations.

RESEARCH ARTICLE

This enrichment of functionally deleterious
mutations among somatic variants is understand-
able because they are not under organism-level
natural selection (unlike inherited-disease muta-
tions, including GWAS variants). Indeed, among
all somatic mutations, those most deviating from
patterns of natural polymorphisms are the most
likely to be cancer drivers. Consistent with this,
our analysis has shown that, among all disease
mutations, those causing cancer occur in genes
under strongest negative selection (and with highest
network connectivity) (Figs. 1A and 3A). Thus,
we argue that somatic variants in the noncoding
elements under strongest selection are the most
likely to be cancer drivers.
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Fig. 4. Functional annotations of indels and
SVs. (A) Fraction of rare indels in coding-gene
categories. Total number of indels shown. (B) En-
richment of SVs affecting functional annotations.
Middle box shows genes, pseudogenes, and TF motifs;
upper blow-out shows gene parts in different modes,
and bottom blow-out shows enhancers with differ-
ent formation mechanisms, i.e,, NAHR, NH (nonhomol-
ogous), TEI (transposable element insertion), and
VNTR (variable number of tandem repeats). Aster-
isks indicate significant enrichment (green) or
depletion (red) after multiple hypothesis correction.
SVs intersecting various functional categories in
different modes (e.g., whole/partial) are shown in
the right-hand schematics. (C) Aggregation of his-
tone signal around breakpoints of deletions formed
by different mechanisms. Breakpoints centered at
zero. Aggregation for upstream and downstream re-
gions corresponds to negative and positive distance,
respectively. Signals for an activating histone mark
(H3K4me1) and a repressive mark (H3K27me3) are
shown.
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