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EN-TEx: Expression & Regulation 
Analysis of Personalized Genomes

2##>CDD.+,%<.>3%E.,#F%3&

ENC-001 ENC-002 ENC-003 ENC-004
Age 37 54 53 51

Sex Male Male Female Female

Cause of 
Death

Anoxia Anoxia Cerebral 
Vascular 
Accident

Cerebral
Vascular 
Accident

Total 
Libraries

319 299 488 299
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Assembling and Analyzing Personal Genomes

Sequence Genomes using
Multiple Technologies

Identify SNP, INDEL, SV

Map to 
Reference

Functional Analysis

Phase Variants & 
Construct Diploid Chromosomes

De novo
Assembly

:"41&

!" #$%&'%()'&$)'*+,&')--).&/0)'
1/+&).$2+3+4/),' -+('
,)56)2./247

8" #$%&'9+':)'3)%(2'-(+*' %'
;)(,+2%3/<)9'4)2+*)'
/2,&)%9'+-'&$)'()-)()2.)7

=" >%2':)'6,)'&$)'4)2+*/.'
0%(/%2&,'%,'2%&6(%3'
;)(&6(1%&/+2,'+-'&$)'
)2.?.3+;)9/%')3)*)2&, 7



PacBio Read Lengths

Read Length
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Genomic Sequencing Data
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De Novo Assembly
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Assembly Contiguity
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Assemblytics: a web analytics tool for the detection of variants from an assembly
Nattestad, M, Schatz, MC (2016) Bioinformatics doi: 10.1093/bioinformatics/btw369
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Structural Variations vsGRCh38
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Missing Insertions from Short and Linked Read?
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SmallVariantAnalysis

ZH> LDD! ZH> LDD8 ZH> LDD= ZH> LDD[
Synonymous SNP 12,007 12,249 12,524 12,172

!"*#82*O#8!9 NN9WOU NN9`N_ NI9OU` NI9OOa

M34@'&6,P0Q*7'1 [O\ [\\ [\\ [II
Stop Gain + Loss 113 / 27 120 / 33 136 / 25 135 / 28

851,+,*- 8!9#R#Q*7'1 NOa'D'\N NOI'D'\[ NNU'DWW NNN'D'WO

G X">>.< :$$*/-+" ;b 3."<0 *0-+& R^7 4XbX YJ-9ION[ Z
G :<.+#-)-.< [ FUX H6;0 *0-+& Q7Lc Yd"+ <.3 7*@.3" &1,. $ION[ Z
G :<.+#-)-.< UOOV-+<.$0*0-+& H,"$>.$ Y]"+& &1,. $9ION_Z
G 7++%A"3Y^"+& &1,. $9IONOZ,2"3",#.3-?"#-%+%)A"3-"+#0

>&04S1,&6'&#4#+4041"-#"P#L43,40,"*.#6'0'3"N2-")&#5"&,0,"*&#,*P"3@40,L'#P"3#564&,*-

e"+']"+&



ConsensusSVAnalysiswith SURVIVOR

Type SURVIVOR2

Deletions 3,692

Duplications 1,144

Insertions 253

Inversions 602

Translocations 676

All 6,367
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10X LongRangerVariantCalls

Large SV DEL DUP INV Small Del. Del. Span Del. Mean

ENC-001 96 21 7 7 4,022 3.77 Mbp 937bp

ENC-002 194 36 6 6 3,796 3.21 Mbp 852bp

ENC-003 96 32 2 8 4,055 3.74 Mbp 927 bp

ENC-004 103 33 1 4 4,294 3.43Mbp 805bp

G 5.,.+# A.30-%+0%)J%+&5"+&.3 3.>%3#Hd0 -+ "<<-#-%+#%>2"0-+&
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TopSorter: 10X SV Analysis

Lead Author: Han Fang
https://github.com/hanfang/Topsorter
Preprint: Coming soon

LRSim: Linked Read Simulator

Lead Author: RuibangLuo
https://github.com/aquaskyline/LRSIM
bioRxiv: https://doi.org/10.1101/103549
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R^7 4XbX

6QX 4J5

Improved SV Variant Detection with long reads
1. NGM-LR: Improve mapping of noisy long reads: improved seeding, convex gap scoring
2. Sniffles: Integrates evidence from split-reads, alignment fidelity, breakpoint concordance

NGM-LR+ Sniffles:PacBioSVAnalysisTools
2##>0CDD&-#2*KF,%/D>2-$3.0D+&/$3 k 2##>0CDD&-#2*KF,%/D)3-#?0.<$"?.,VDH+-))$.0
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Sniffles PacBioVariant Calls

Ribbon: Visualizing complex genome alignments and structural variation
Nattestadet al. (2016) bioRxiv doi: http://dx.doi.org/10.1101/082123

Translocation in Ribbon

All SVs
(50bp+)

Large SVs 
(10kbp+)

Deletions 7,389 164

Duplications 1,284 139

Insertions 8,382 4

Inversions 229 116

Translocations 170 170

All 17,454 593

Sniffles calls



Structural Variations Concordance
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Structural Variations Concordance
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Structural Variations Concordance
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Phasing Results

HapCUT2: robust and accurate haplotype assembly for diverse sequencing technologies
Edge, P, Bafna, V, Bansal, V (2016) Genome Research. doi: 10.1101/gr.213462.116
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AlleleSeq: Constructing the Personal Genomes
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Structural Variations Across the Genome
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Personalized Phased Diploid Genomes
G Multiple sequencing technologies & approaches needed

G PacBio:BestResolutionof SVs ¥ De novo:BestResolutionof smallerevents
G 10X: BestResolutionof Phasing ¥ Mapping:Bestresolutionof largerevents

G We have just begun to explore the universe of variants that can be detected
G Tensof thousandsof SVsper person`
G Thousandsof genes,thousandsof regulatoryelementsimpactedper person

TopSorter

6005VTT&+640NI14SO"3-

NGM+Sniffles RibbonSURVIVOR AssemblyticsLRSim



Acknowledgements
!"#$%&'( )'*

!"##$%&'"($)

*+%,&'-.$/

*)01$/ 2#"3")0

+,-./*"% )'*

4"#"&5--61$/

!0"$. )'*

*+%))"/6#"&7#%)80$

*//"& 9+")-("

1,2'345 )'*

!0"#+-::%&'"#.;

<"/& ="/>

4"?&@-("3"

AB$."/> CB-

D"#$"&E"::%):"6

4#$($6;"

A"?"3#$)0/"/

20$+$FF

A%)80%/%6%#

=#$:G&4%6+"G%83

67-8965
:'&3#%&(

7%#):%$/C".

5%#):%$/&C".

D;%#)&C".

A%/ C".

4/;6%#&C".

4:"? C".

H-+6 C".

I&*++&JE!K'J&&&&

D%?.%#)



Now hiring postdocs!
http://schatz-lab.org/apply

Thank you
http://schatz-lab.org

@mike_schatz



LRSim: Linked Read Simulator
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LRSim: a Linked Reads Simulator generating insights for better genome partitioning
Luo, R et al MC (2017) bioRxivdoi: https://doi.org/10.1101/103549
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