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Golden Helix —= Who We Are

Golden Helix is a global bioinformatics -~
company founded in 1998. GlaxoSmithKline

- SNP &
WARI:
- VARIATION

ICUSI: SUITE
Variant Calling Variant Warehouse GWAS
Filtering and Annotation Centralized Annotations Genomic Prediction
Clinical Reports Hosted Reports Large-N-Population Studies
CNV Analysis Sharing and Integration RNA-Seq
Pipeline: Run Workflows Large-N CNV-Analysis
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Golden Helix —= Who We Are

- E_ Genetic Testing for -
- REPUTATION - S INDUSTRY FOCUS
| ' R = THOUGHT
TRUST ™ LEADERSHIP
= EXPERIENCE & . COMMUNITY
— % e

= TRAINING
= SUPPORT
= RESPONSIVENESS

= TRANSPARENCY

= INNOVATION and
SPEED

= CUSTOMIZATIONS
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VarSeq Clinical Workflows Stack

GENE PANEL  EXOME GENOME GOLDEN HEL:X
Enabling Precision Medicine
PRODUCTS BIOINFORMATICS PIPELINE FUNCTION

.

T .

OMIM  SIFT & POLYPHEN CLINVAR ENSEMBL GENES
CADD  EXAC & GNOMAD EXOMES DBSNP  REFSEQ GENES L' % ANNOTATED VCF il el ol
ONCO MD CONSERVATION SCORES  COSMIC TO ENRICH GENOMIC DATA SETS

VARSEQ CLINICAL REPORT ANNOTATE & FILTER
@ - VISUALLY INSPECT ALIGNMENTS
vSRH’GRTS : VARIANT PRIORITIZATION
CLINICAL ASSESSMENT
\/ .
VorSEQ VSPIPELINE

DATA WAREHOUSING CLINICAL ASSESSMENT CATALOG
ADVANCED DATA QUERYING

VERSIONING

WEB-ENABLED INTERFACE INTEROPERABILITY
+ POWERFUL API: JSON, XML COMPLIANCE WITH HIPAA, CLIA, & CAP
TSV, C5V, 5QL, FHIR DATA DISCOVERY



Clinical Interpretation Workflows (including CNV)

C Secondary Analysis Secondary Analysis
- Sentieon or Other VCF BAM
- Small variants called in VCF
- BAMSs provide important coverage data Call CNVs
for your targets, also input to CNV Coverage VAF from VCFs  LoH Regions
= VS-CNV Caller 2.0 \ 4
- Can incorporate VCF BAF/VAF
- Enhanced by LoH regions (exomes) Variants CNVs
- Per-sample CNV calls '
- Supporting metrics Variants CNVs
- P-Values
= After caIIing: Add to Reports & Knowledgebase

- In some cases we want to treat CNVs Variants CNVs

like small variants in remaining steps of
workflow

|¢

Finalize

GOLDEN L‘IEL%X Issue Report Save to VSWarehouse
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Why Annotate CNVs?

. *Prevention Filtered Exomes with CMA - Golden Helix VarSeq 1.4.7 2017-10-05 (22700-f3891b622118) Internal — O X
File View Tools Help
= Gene Panels ("‘"50 genes) M B oo, oo, Qoomes 4 b % ? @ Proes: 7
. [ Variants: 119,630 X |77 Samples:2 % [ Coverage Regions: 193,00 ¥ [ LoH: % |77 onvs: 14 % /77 onvs: 37 %\ 4
- NO prObIem IOOkIng at one or tWO CNVS [anwvs i @ 2 00 Z'_|:=|ags(::unent)isming:RD{REmmM?'d‘:'Z CNVs: 37
per sample e " R ——

Region # Targets Span Type CNvVs CNV State Avg Z Score Avg Ratio p-value

_ Of h H 11 / p 1 h d I H g 1:905647-909965 14 4319 Loss () HetDeletion 236853 0.530871 1.54740724523742¢-32
te n nave | ntu Itl on / experience nandlin 1:47512129-47515856 4 3728 Gain [J Duplicate 235898 1.39605 5.5225005607625e-09

h a n dfu I Of atyp | Ca I g e n es ( P M 82 fa I Se_ 1:76251947-76251969 1 23 Loss () HetDeletion -2.66384  0.536166 0.0004025686357636

v 1:207715517-207710033 3 3517 Loss ) Deletion -0.738708 0 0.0680902681145668

pOS |t|Ve p rone etC) 2:41508-242812076 14704 242770479 Gain [ Duplicate 228603 131368 0
2:08120633-98164204 18 34572 Lloss ) Deletion -0.620039 0 0.000386242609238252

_ Often have pre_eX|St|ng |nterpretat|0ns for 4:88035500-88116701 19 81193 Gan (J Duplicate 274065 142137 0
. 5:65459610-65450760 1 151 Gain ) Duplicate 263775 159501 0.00111535950877074

most genes Focused across a S|ng|e £:160159213- 160169682 2 40 Gain [J Duplicate 245473 1.89891 1.7859860236058¢-05
7:74160666-74166512 6 587 Loss [ Deletion -0.316695 0 0.33720850944519

p h en Otype 2:17381171-17581352 1 182 loss [ Het Deletion 427355 0.50018 1.88919688731652e-08
9:130213550- 130213606 1 57 Gan (J Duplicate 3.33468 1.3281 3.13410564558581e-05

9:140881224-140281316 1 93 Gain [J Duplicate 3.00226 1.4975 0.000182814723514952

[ | L a rg e P a n e I S l Exo m e S 10:51958801-51972823 3 14028 Lloss (J Deletion -0.458269 0 0.123400561812878
10:51974260-51972400 1 41 Less ) Deletion -0.629365 0 0.413522894382477

H 11:5270588-5271044 2 457 less O Deletion -0.767145 0 0.129218369722366

- Genes may have mu Itl ple phenOtype 11:8959153-8959718 1 566 Loss ()  Het Deletion -6.42114  0.50189 4,65501448367933-17
1t 12:59313198-59313273 1 76  Loss [J  Het Deletion -292534  0.58603 0.000105544924736023

assocl atl ons 13:50243903-50243992 1 90 Loss () Het Deletion -3.531  0.558606 3.13607756652345e-06

. . . 14:24523287-24523357 1 71 Gain [J Duplicate 267221 146209 0.000951633555814624

- I n CI u d es reg 10NS W|th h |g h Ievels Of C NVS 14:53150496-53150635 1 140 Loss () Het Deletion -2.43545 0439705 0.00118756364099681
H H 15:75341421-75341586 1 106 Gain ) Duplicate 332049 143855 3.22774040286763e-05

N popu Iatlon Catalogs 16:230476-230590 1 15 Gain [J Duplicate 251971 155253 0.00189464085269719
.. . . v s 16:4326716-4387535 1 220 Gain [ Duplicate 450752 156751 1.34236054820262e-08

- Clinical interpretations of existing CNVs wouTies 1 W Gan () Dulete 2708 1687 O0NeSISOSSTIONTS
. 17:20353276-20353442 1 167 loss (J Deletion -1.4448 0 0.0516280271112919
Im po rta nt 17:20356320-20359994 4 3675 Lloss [ Deletion -0.934711 0 0.00850282310032845

. . . 17:34523187-34524082 2 896 Lloss [ Deletion -0.422512 0 0.412014037370682

- F| Ite r|ng or ran klng necessary tO red uce 17:44370004-44405226 6 25803 Lless [J Deletion -0.441802 0 0.187650740447992
. . 17:44412901-44415099 4 2199 Loss (J Deletion -0.573289 0 0.0939922109246254

manual interpretation to a handful of mrsTasisee 1 6o Gan () Duplte 2601 1402 00017IeeT0es
C N V 19:1452091-1453151 1 161 Gain (J Duplicate 27231 166166 0.000750205712392926

S 19:19748719-19748876 1 158 Gain ) Duplicate 243192 144044 0.00213966937735677
20:1579460-1585715 3 6256  Loss [ Deletion -0.637660 0 0.113159634172916

22:39357382-39357696 1 315 loss (J Deletion -1.20609 0 0.0154550056004554

¥:153406007-153520480 6 24474 loss [J Deletion -0.959531 0 0.050802263263464

G OLDEN HE L&X X:154722008- 154722371 2 364 Loss [J Deletion -0.738125 0 0.143895983605984
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Filtering CNVs

" T NOT(ClinicalSignificance is (Benign, Benign/Lik # =

= Potentially remove “common” ChicaiSiniicancs - Oveikipping s Chvar Qs and Lorge I
. . . Benign 1
- Want to have_: a match based on type (i.e. is this a T ;
Common Galn Or a Common Loss) Conflicting data from submitters 0
- Would like to know prevalence in different catalogs Likely benign 0
. - . |Likely pathogenic ]o
= Remove likely false-positives or common in Not provided 0
internal cohort: ESaohic ’
. . Uncertain significance 0
- Labs keep track of previously validated / reported bk 5
CNVs 0] 34
[ p-value (Current) < 0.001 AT |
= What genes are affected b ™
- Including gene-based annotations like phenotype *
derived gene list Loes then S061 “
Equal to 0.001 0
= Clinical Classification / Disease Association e =
Missing 0
- Prioritize Pathogenic, Likely Pathogenic & il
- Filter out Benign, leely Benign '[] OMIM Genes with Phenotypes is true AT
True 6
= In regions of potential difficulty in genome False 18
Missing 0

GOLDEN HeEL:X | o] 6
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Sources for Annotating CNVs

CNYV calls in Populations:

- 1000 Genomes Phase3 Large Variants
- EXAC per-sample CNV calls

- DGV large-cohort studies

Clinical Interpretations:
- ClinVar Large Variants
- ClinGen (Previously ISCA)

Genes
- Gene track, which transcripts/exons

- Special considerations considering large
sizes

Regions
- Genomic Superdups (Large Scale)
- Low Complexity Regions (Smaller Scale)

GOLDEN HEL:X
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(/) Select Data Source O X

Select tracks to use as annotation sources against the imported variant set.

P Locations [ Local G
Fiter: |= H(Anytyp" }Homosq:iens(l-l.mm),mmﬂglk(& v | M current
Name ) ()G
O -= 1kG Phase3 - CNVs and Large Variants 5b, GHI In
O -= Cancer Hotspot Panel v2 - Hotspots In
O -= Cancer Hotspot v2 Panel Design In
O -= CIViC - Region Clinical Evidence Summaries 2017-06-01, WUSTL In
O -= ClinGen (ISCA) 2017-09-10, USCS In
O -= ClinVar CNVs and Large Variants, NCBI In
(] == CNV Catalog In
O -= COSMIC Cancer Gene Census 71, GHI In
O -= CpG Islands In
O -= DAC Blacklisted Regions, ENCODE In
O -= Danger Track Regicns In
O -= dbNSFP Gene Annotation with Entrez Gene Coordinates and MedGen 2.9, GHI In
O -= DGV SupportingVariants 2016-05-15, DGV In
O -= DGV Variants 2016-05-15, DGV In
O -= DNase Hypersensitivy Sites In
[ [ Ensembl Genes 75v2, Ensembl G
O -= ExAC XHMM CNV Calls 0.3.1, BROAD In
O mu GENCODE Genes 19, GENCODE G
O T Gene Ontology 2017-05-09 T
O := Genomic Super Dups 2011-10-25, UCSC In 5
< >

4. Information showing (38/152), 0 selected (0 bytes) | Clear |

et | [Tt s [




Annotation Algorithms: For CNVs / Coverage Regions

U PG Exomes 17-20 - Golden Helix VarSeq 1.4.7 2017-10-05 (22700-f3891b622118) Internal
File View Tools Help

M & Mad @ oot {7t @) comet ¢ [Ro-RExome-19 v|

= Need different algorithms than

. Y Filter C ﬁ Variant Annotation... I Note X'\ +
those used for Varlants , Secondary Tables Al Coverage Region Annotation...
2 Computed Data... @ AddLoHs..

= Specialized to annotation data B CNVAnnotation...

= Annotate Overlapping Genes
- Genes and transcripts

W/ Select an Algorithm O X
= Annotate Overlapping Regions Bkl o it e |
Algorithms: Documentation
_ Generlc |ntervals |CNVs =] Algorithm: Annotate Overlapping Genes (ovlerapgene) Version:hl
<ol Annotate Overlapping
= Annotate Overlapping CNVs [ Compute Fields Genes

¥ [0 Project/Cohort
% Annotate Overlapping Genes
[@ Annotate Overlapping Regions
I8 Annotate Overlapping CNVs

This algorithm identifies regions that overlap
genes in the selected source. This algorithm

only performs the simple case of whether or
I8 Aggregate Compute Fields il o

= Other algorithms work on “CNVs” LA not the region overaps a gene in the

= annotation source.
¥ ) PerSample

- Compute fields (combine / mutate fields) [ Match Genes Lit (Per Sample) Requirements

¥ [ Project/Cohort
I8 Match Genes Linked to Phenotypes

- MatCh Gene L|nked tO Phenotypes IS Match Genes List An annotation source to use for annotating

the regions.

- Match Gene List -
GOLDEN HEL:X
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- Catalogs containing CNVs




Annotation Algorithms: Overlapping Genes

20:3759588-3760009 (422 bp) O x
Avg Z Score: 2.9057

Ove rlappl ng a feW exons. Overlapping Genes RefSeq Genes 105 Interim v1, NCBI <

— N ENEINEE SPEF1
Current Sample: RD-CRExome-17 - CNV State
- # Genes 1

Overlapping Transcripts RefSeq Genes 105 Interim v1, NCBI

] Rel‘Seq_Genes 105 Interim v1, NCBI

{  [SPEF1 ﬂ

LUV ETn N NV _015417 4

Gene Name SPEF1

% Covered 10.6781
QOverlapping Exons k¥

19:19329714-19779785 (450.1 Kbp) O x
Span: 450072
Ove r|app| ng many genes . Overlapping Genes RefSeq Genes 105 Interim v1, NCBI ~

ATP13A1, CILP2, GATAD2A, GMIP, HAPLN4, LPAR2, MAU2, NCAN,
NEIERY NDUFA13, PBX4, SUGP1, TM6SF2, TSSK6, YJEFN3, ZNF101

15

Current Sample: RD-CRExome-7 - CNV State

m

| RefSeq Genes 105v2, NCBI

Overlapping Transcripts RefSeq Genes 105 Interim v1, NCBI

3 @-RFXANK MIR MEUESRINETCI NIM_004386.2 NM_001300949.1 NM_033204.3
o . e Gene Name NCAN ZNF101 ZNF101
) - | | ——F
o v H NCAN 1 = SUGP1 ji MAU2 [ = % Covered 82.7905 5.36668 1.27726

Overlapping Exons RIS 1 1

Overlapping Tx Aux Fields RefSeq Genes 105 Interim v1, NCBI v
GOLDEN HEL:X
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Annotation Algorithms: Overlapping Regions

Annotation
= Not expect exact matches } 100%
= Percent overlap not correct metric RN
= Need metric of “sameness”
Annotation
= Jaccard index: 20%
- “similarity coefficient” CNV
|A N B|
J(A, B) —_ Annotgtion
|A U B| 7%

For fully overlapped regions, the percent
overlap of the smaller to the larger

Default value of 20% for annotations _

Annotation
If set to 0%, then any overlap matches ], 31%
If set to 100%, then exact matches CNV

eeeeeeeeeeeeeeeeeeeeeeee



Annotation Algorithms: Overlapping CNVs

= First Match based on Overlap Regions
- Use 20% similarity coefficient

= Then Match the CNV Type to the CNV Type of the source:

/"ﬂ GenomeBrowse X | ) Log X +

{. Plot £ 3 ‘_ D (s v |[6: 123,476,363 - 123,666,995 | M| B2 R Q,  |Homo sapiens (Human), GRCh37 g1k (Feb 2009) v <
I T T . T ool BN SN B W >
: L
< 6: 123,498.0K 6: 123,518.0K 6: 123,538.0K 6: 123,558.0K 6: 123,578.0K 6: 123,598.0K 6: 123,618.0K 6: 123,638.0K 6:123,658.0k ),
1 " 1 L 1 L 1 1 1 4 1 1 1 L 1 L 1 1 1
RefSeq Genes 105 Interim v1, NCBI UserAnnofafions @@ A
TRDN«[ A
L —cdchis DDV DD PPD DD W | VIS I1DS UL P H Y R VDA T ¢ ' Ececk
] EXAC XHMM CNV Calls 0.3.1, BROAD UserAnnotations #m
10 chr6:123542630-123600230
6
- z L}
Current Sample: RD-CRExome-12 - CNV State Project Data M|

=

-

v
{7 variants: 119,630 X | Samples: 27 X [ Coverage Regions: 193,004 X [ LoHs:8 X [ 7 cnvs: 308 X / I ows:s x\ +
\onvs (2) ~Hl @© R (O, [ | #MtchesType missing: Greater than 0: RD-CRExome-127 ef® || {4 Targets X |[CNVState 1=~ 7 X |
CNV Info Fl.. Summary of CNVs ExAC XHMM CNY Calls 0.3.1... Overlapping CNVs ExAC XHMM CNV Calls 0.3.1, BROAD
Region =‘Fargeis Type CNVs  # Matched £ Gains #Losses MatchesType Region Span Similarity Coefficient Type Population
6:123542622-123600237 16 Gain || 8 6 2 6 6:123539745-.. 46742,39420,... 72.5125,50.7403,59.7403,6... Duplication,Duplicat..  EXAC-NFE,Ex... {

1:25611054-25655637 10 Loss O 1 0 1 1 1:25629811-2... 53539 35.724 Deletion ExAC-NFE

18:18531335-18540177 6 Gain D 4 3 il 3 18:18531343-.. 8830,41561,1... 99.853,21.2538,28.3938 Duplication,Duplicat... ExAC-AMR,E...
1:87333726-87369141 3 Gain D 1 1 0 1 1:87333735-8... 47114 75.1374 Duplication ExAC-SAS
10:47758836-47758914 1 Loss D 1 0 il 1 10:47758844-... 66 83.5443 Deletion ExAC-AFR




Knowledge Capture for CNVs

[J Create New Assessment Catalog (m| X
= Assessment Catalogs Dotabane Recrd Type
Type: O variant (O Region @ CnNv
- Capture knowledge [ Optonal Custam Key Fieid
- Custom field schema o con e e sssssmentpr sl Goeos oty o
_ sample Name v Set Choices
- Act as annotation/plot sources E;ﬁm ,
Text
= Use Cases Databmse Type: [EES d
Description
- Clinical assessments
_ Al QC’d CNVs catalog GenomeBrowse X (@ Observerd CNVsinLab.. X/ @ CNVCatalog X\ +
aws v| d add (€ 1mport (& Bxport. S Manage ¥ sync
- Gene/ Reglon mterpretatlons Chr13: 21,729,232 - 21,746,653 Gain (Existing Record)
[ save | | X Delete Record | | ¥ Revert Changes
* New “Custom Key”
- Can be auto-set to sample el e
Classification: |Pathogenic " @
- Cansetto phenOtype Notes: Developmental delay ANDJOR other significant developmental or
morphological phenotypes
= CNV Catalogs @
- Automatically capture the CNV
“Type” (Galn VS LOSS) Validated: [ short explanation @
- Centralize on szarehouse Related Assessments Using Current Schema .
No related assessments for this variant.
GDLDEN HELEX Previous Assessments Using Current Schema and Key

Accelerating the Quest for Significance™
Date User Classification Notes Validated



VarSeq Demonstration
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Looking Forward

= Release Schedule
- VarSeq 1.4.7 (early October)
- VSWarehouse 1.4 (late October)

= Up Next for VarSeq:

- Improved clinical interpretation of variants with
emphasis on accurate and up-to-date per-
transcript in-silico predictions

- Per-transcript splice site prediction algorithms
in VarSeq

- SpliceSiteFinder-like, MaxEntScan,
GeneSplicer, HumanSplicingFinder,
NNSplice

- Pre-transcript functional prediction in VarSeq
- SIFT, PolyPhen2

- Per-base conservation scores and multi-
species alignment

GOLDEN HEL:X
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Announcements

= Next Webcast: October 11t"!
- CNV Annotations: User Experience
- Building some of these workflows from scratch
- More examples of the interpretation process
- VSWarehouse Integration

= Golden Helix at ASHG 2017!
- Booth 902
- Come see demos and ask us questions!

= See Gabe’s talk at pre-ASHG meeting

- “Rethinking the 5 splice site algorithms used in
clinical genomics”

- October 17, HGVS meeting @ Hilton

GDLDEN HELX
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Questions or
more info:

=  Email
info@aoldenhelix.com

= Request an evaluation of

the software at
www.goldenhelix.com

Acceleraring the Quest for Significance
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