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Unified Model of Autism

Sporadic Autism: 1in 100

4 ) Prediction: De novo mutations of high
O Z A penetrance contributes to autism, especially
in low risk families with no history of autism.
O Je
N _/ Familial Autism: 90% concordance in twins
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Legend ! !

A Sporadic mutation

Fails to procreate

A unified genetic theory for sporadic and inherited autism
Zhao et al. (2007) PNAS. 104(31)12831-12836.



Autism and de novo CNVs
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Rare de novo and transmitted copy-number variation in autism spectrum disorders.
Levy et al. (201 1) Neuron. 70:886-897.



Exome-Capture and Sequencing

Sequencing of 343 families from the

o Simons Simplex Collection
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De novo gene disruptions in children on the autism spectrum
lossifov et al. (2012) Neuron. 74:2 285-299



Exome Sequencing Pipeline
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Variation Detection Complexity

SN PS . . TTTAGAATAGCCGAGTGC. . .
ARRRREINERY
Seed-and-extend + scan/permute AGAATAGGCGAG
Short indels (<3bp) - TITGARIAG COAGIGC .
Seed-and-extend + dynamic programming AGAATAGGCGAG
- . . .TTTAG-——————— AGTGC. ..
Medium indels (<|5bp) y y
Split-read mapping w/short seeds AGAATAGGCGAG
. + « I TTAG-——=—=——— AGTGC. ..
Long indels (15bp+) it it
Split-read / soft-clipped / failed map TTTAGAATAGGC || | |||
ATAGGCGAGTGC

Analysis confounded by localized repeats: 30% of exons have at least a |0bp repeat



Scalpel: Haplotype Microassembly

G. Narzisi, D. Levy, l. lossifov, |. Kendall, M.Wigler, M. Schatz

DNA sequence micro-assembly pipeline for accurate
detection and validation of de novo mutations (SNPs,
indels) within exome-capture data.

Features -

I. Combine mapping and assembly

2. Exhaustive search of haplotypes

3. De novo mutations _\/\//

NRXN1 de novo SNP
(auSSC12501 chr2:50724605)



Scalpel Pipeline

Extract reads mapping within the exon A== A\
including (1) well-mapped reads, (2) soft- N— <-=-->>—>>
clipped reads, and (3) anchored pairs 2= =3

&

Decompose reads into overlapping
k-mers and construct de Bruijn graph
from the reads

<

Find end-to-end haplotype paths
spanning the region

A \ 7
. 7\ A4
Align assembled sequences to VA v

reference to detect mutations

deletion insertion




De novo mutation discovery and validation

Concept: Identify mutations not present Q
in parents. A

Challenge: Sequencing errors in the child
or low coverage in parents (of G
lead to false positive de novos

Ref: .+ . TCAGAACAGCTGGATGAGATCTTAGCCAACTACCAGGAGATTGTCTTTGCCCGGA. ..
Father: ...TCAGAACAGCTGGATGAGATCTTAGCCAACTACCAGGAGATTGTCTTTGCCCGGA...
Mother: ...TCAGAACAGCTGGATGAGATCTTAGCCAACTACCAGGAGATTGTCTTTGCCCGGA...
Sib: . « . TCAGAACAGCTGGATGAGATCTTAGCCAACTACCAGGAGATTGTCTTTGCCCGGA. ..
Aut(l): ...TCAGAACAGCTGGATGAGATCTTAGCCAACTACCAGGAGATTGTCTTTGCCCGGA...
Aut(2): ...TCAGAACAGCTGGATGAGATCTTACC-————-— CCGGGAGATTGTCTTTGCCCGGA. ..

6bp heterozygous deletion at chrl3:25280526 ATPI12A



De novo Genetics of Autism

* In 343 family quads so far, we see significant enrichment
in de novo likely gene killers in the autistic kids
— Ovverall rate basically |:1 (432:396)
— 2:| enrichment in nonsense mutations
— 2:1 enrichment in frameshift indels
— 4:| enrichment in splice-site mutations

— Most de novo originate in the paternal line in an age-dependent
manner (56:18 of the mutations that we could determine)

* Observe strong overlap with the 842 genes known to be
associated with fragile X protein FMPR

— Related to neuron development and synaptic plasticity

De novo gene disruptions in children on the autism spectrum
lossifov et al. (2012) Neuron. 74:2 285-299



Applications to ADHD & Tourette’s

J. O’'Rawe, G. Narzisi, M. Schatz, G. Lyon

* We believe similar mechanisms are

1

involved in ADHD and Tourette’s

syndrome

— Begun sequencing of families

— ldentify de novo and segregating mutations

* Cross analysis of GATK / SAMTools /
SOAPindel / Scapel

— High concordance on small events
— Scalpel tends to identify more large events

— Extensive wetlab validation in progress

Age 79,

TS- definite,
YGTSS 47
OCD? ADHD?

Age 51

NO TICS

Mild OCD w
YBOCS 14
Possible ADHD

Age 49

Possible Motor Tic
YGTSS 6

OCD also YBOCS 25

Age 24 Age 22
TS No Tics

Age 19 Age 14
No tics No tics yet

ADHD, OCD-mild OCD-mild Subclinical

definite ADHD

ADHD- OCD

YGTSS 47 YBOCS 18 severe YBOCS 12

YBOCS 6

YBOCS 14
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Genomic Dark Matter

Short read mapping is a widely used for identifying
mutations in the genome

* Not every base of the genome can mapped
equally well, because repeats may obscure
where the reads originated

Introduced a new probabilistic metric - the
Genome Mappability Score - that quantifies how
reliably reads can be mapped to every position in
the genome

*  We have little power to measure | 1-13% of
the human genome, including of known
clinically relevant variations

* Errors in variation discovery are dominated by
false negatives in low GMS regions
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Genomic Dark Matter:The reliability of short read mapping illustrated by the GMS.
Lee, H., Schatz, M.C. (2012) Bioinformatics. 10.1093/bioinformatics/bts330



PacBio Long Read Sequencing

C1 Chemistry — Summer 2011

Mean=824 Max=10,008

Match
Mismatch
Insertions

Deletions

l

l
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C2 Chemistry — Summer 2012
Mean=3290 Max=24,405
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83.7%
|.4%
1 1.5%
3.4%



PacBio Error Correction

http://wgs-assembler.sf.net

|. Correction Pipeline
|.  Map short reads (SR) to long reads (LR)
2. Trim LRs at coverage gaps
3. Compute consensus for each LR

2. Error corrected reads can be easily assembled, aligned

|.  Improves accuracy from ~85% to ~99%

| — —— ¢ — — —

3
X : | :

Hybrid error correction and de novo assembly of single-molecule sequencing reads.
Koren, S, Schatz, MC, et al. (2012) Nature Biotechnology. doi:10.1038/nbt.2280



SMRT-Assembly Results
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Hybrid assembly results using error corrected PacBio reads
Meets or beats lllumina-only or 454-only assembly in every case
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Long Read CNV Analysis

Aluminum tolerance in maize is important for drought resistance
and protecting against nutrient deficiencies

* Segregating population localized a QTL on a BAC, but unable to genotype with
lllumina sequencing because of high repeat content

* Long read PacBio sequencing revealed an additional copy of the ZnMATEI
membrane transporter and enabled assembly of the entire gene cluster

2 X 40 80

&0
-
L L] Triplicated region
___. Class | retrotransposon (Gypsy)
e Class |l retrotransposon (CACTA)
i Class | retrotransposon (Copila)
e Ciass || retrotransposon (Mutator)

i Ciass | retrotransposon (L1)

A rare gene copy-number variant that contributes to maize aluminum tolerance
and adaptation to acid soils

Maron, LG et al. (2012) Under review.



Summary

Likely gene-killing de novo mutations in FMRP-related genes have a
significant role in autism spectrum disorders

* Explains how the disorder can appear in otherwise low risk families, explains
the recurrence in families, explains how development can be impaired

* Lends itself to early diagnosis and early intervention
*  We suspect similar mechanisms at work in other neurological disorders

* Discovering de novo mutations requires great care — must be both highly
sensitive and highly specific to overcome the noise without missing the rare
events

Beware of the dark matter /
* Use the GMS to pinpoint the blind spots in your study V}/
Exciting developments on the horizon o

* Longer reads, higher throughput PacBio & Nanopore /’J

* Cloud resources for disease and bioenergy research



Acknowledgements

4 I
O+ A

Giuseppe Narzisi

Wigler Lab
Iossifov Lab
Levy Lab
Lyon Lab

SFARI

SIMONS FOUNDATION
AUTISM RESEARCH INITIATIVE

';,_L!#m:l_ﬂ_l:m
v a— 1%

Hayan Lee

McCombie Lab

Adam Phillippy (NBACC)
Sergey Koren (NBACC)
Lyza Maron (Cornell)

H”H [Ill' National Human

ﬁ"“m Genome Research

Institute




Thank You!

Want to push the frontier of bioinformatics,
biotechnology, & genetics?

http://schatzlab.cshl.edu/apply




