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Agenda

* World’s worst explanation of genomics

* Overview of the MCI project

» Current solution

* What we've learned, where we are going

&NATIONWIDE CHILDRENS

When your child needs a hospital, er



Genomics 101

(For developers)
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DNA RNA Protein

Source Code Object / Binary
Byte Code
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Source
Code

ACGGTAGTGCAGTGTAC
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Let's eat grandma!
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Let's eat, grandma!

Punctuation
Saves Lives.
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decrypt unaligned.fastg >
aligned.bam
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diff > results.vct
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git blame results.vcf > annotated results.diff
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analyze —> report.pdf
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scp report.pdf doctor@hospital:~/
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glt push
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Molecular Characterization Initiative
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WHAT IS THE ] ] o
CCDI Molecular Characterization Initiative?

Data inform treatment and
F clinical trial participation
N\
° (@ o0
7 i
Tumor DNA and RNA 553555} D 2
is analyzed

D ta help develop new
and better treatments —
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Three Clinically Validated Assays

« WES Tumor/Normal
* Methylation
 Archer Fusion
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Enroliment
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Sample Submitted

* Doctor enrolls patient
« Sample extracted

* Shipped to NCH
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Patient/Sample Origin

® Patients from 45 states, Washington DC, and Puerto Rico

® 196 international patients (Canada, Australia, New Zealand)

Patients from Ohio= 100

5)
47

3 73 13
72 3
29 11
22
& 41820

33 50 100

36

36 28 26
11 28

38
25

14 41 48

105

= Akron Children's Hospital

= Cincinnati Children's Hospital Medical Center
= Cleveland Clinic

= Dayton Children's Hospital

= Nationwide Children's Hospital

= ProMedica

= University Hospitals



Processing
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Sample sent to IGM

» Stored at Biopathology Center (BPC)
* Accessions samples

* Creates IGM IDs

* Pulls in order info electronically
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IGM Lab

* Techs put samples on sequencers Iin
the lab

* Then enter sample information into
IGMSeq
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IGM Lab

» Genetic counselors write up the case
In IGMSeq

* Associate different samples into the
same case

 Tumor sample
* Normal sample
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Cloud
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Three Step Bioinformatics Pipeline -
Two Step Results

* igmprimary (Primary)

* Churchill (Secondary)

* Varhouse (Tertiary)

* Publishing clinical report

» Sharing de-identified molecular data
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93‘0\ Receives:
Old style S3

ig m p ri m a ry (p ri m a ry) . Event Notifications

Event notifications (2) Create event notification
Send a notification when specific events occur in your bucket. Learn more [/}

Destination

Name Event types Filters Destination
type

. . lgmprimary-
igmprimary-
gmp y sequencer_run_metadata/, Lambda prod-
prod-research- Put . -
. Runinfo.xml function research-
kickoff

proxy [4
igmprimary- igmprimary-
gmp . .y sequencer_run_metadata/, Lambda 19mp i .y_
prod-clinical- Put . prod-clinical-
. unParameters.xml function
kickoff proxy [4
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igmprimary
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27 vcztsnMap

{ P

- B

Sends:
SQS, SNS,
EventBridge

Paratnt

Choice Run Preard

=

S7 Picars Map
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Receives:
2% sas

* Sends:
IGMSeq API(:aII




Churchill

Receives:
29 APICall

Sends:
EventBridge
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Churchill

$ signment meta

b

. ¥
'_QE Step Functions: StartExecution
ﬁr Run the Alignment State Machine

Calch #1

&

Pass state

Initialize IsFall to False

Receives:
S AP Call

Sends:
EventBridge

Y
Choice state
Run Alignment? —
[Doteur - |_$.algnmont.mata.run == falsc
-
| c— - | -
Choice state Choice slate
Send BAM Event to Bus? Run CnvLoh?
J - - N
A A \ A & !
EventBridge: PutEvents Step Functions: StariExecution
Post the Bam Event . Run the cnvLoh state machine
T {camnm]_ T {camnm
¥ v y
| Pass state Pass state | Pass state Pass state
%3 Skip Sending the Bam Event ‘ Falled to post Bam Event | ? Skipping cnvioh T~ CnvLoh State Machine Falled
— Y I e - —
—




Alighment

Start

Y
Parallel state
Execute

¥ . Y
Lambda: Invoke
& Validatelnput

Drop state here

Y
Choice state
Validate Only?
g \ Defautt |
$.common.vall da\»’)vn\y s present and $ '

Map state
(29 sSampleMap

{} Item source: JSON Payload

A J
Lambda: Invoke
A i CliAlignment
— Succeed state
@ Validated and End

A 4
Batch: SubmitJob
RunAlignment
) 4
\\\_ ,v/"
— e
[
A 4 : - Y
~ Succeed state Fail state
(‘//‘ Succeed Fail

\

End



S, Crack i1 me rn s vasdaneOny

Run GATX ?

Run GATK Normal Pipetns

All GATK Pipeines Sucoseded

Foun GATK Tumer Pipeine

> -

Run GATK Pipelines in Paraiel

'

One of e GATK Pipeines Falled

Sends:
. EventBridge

s the user input vaiid?

Run GATK and Virscan in Parstel

]

Skip the Tumor Normal pipeline?

'
27 herato Prough he tumor nomal samples 3~
0
)
Croate Tumer Normal Docker Command r m

L]

Run GATK Tumor Normal Pgeine

VerScan ppeines have succeeded

D¥ one of e pipetines fal?




Churchill

es in Parallel

Receives:
229 ApICall

Sends:
EventBridge

Y
Choice state
Run Variant Calling?
[ Deran =
EN -~
Step Functions: StartExecution
Run the Variant Calling State Machine | — | .
atch # — ) — >
Lambda: Invoke
Check to see If the filtered somatic vcf exists

[ L v

[ Choice state ce state

| Post VCF Event to EventBridge Bus? Run QC VCF?

S o [Sacvermetann — Defaw
- LN v
13 EventBrid Step Functions: StartExecution |
bt o 92:2, Posting VCF Event %g’ Run the QC VCF State Machine| |
T {cahs | g B
¥ L] ¥
Pass state Pass state | Pass state Pass state
Skip posting the VCF Event Falled (0 post the VCF Event S skipping ac voF S acveF Faled
—( —(
L J v y

Pass stale

|y | Passsate |
~J~ Variant Calling State Machine Failed ‘:;3 Falled to check if the filtered vcf exists

Lambda: Invoke
Evaluate whether or not the Parallel VCF Services Falled



| Start

\

ariant Calling

Y -
Lambda: Invoke
Validatelnput —_—

— I— P .
Choice state
S’z CheckValidateOnly
/,,—"/ $.commen. vaidataOny = ‘lsa
s ~
/ ! !
/ Parallel state
L Parallel
§ comman validataOnly == tne |
4 X
/ B A~ B
// - v
/ Choice state Choice state
OnlyRunGvcfTovet CholceRunGvcfTovef
/ = - —
/ // |$.common. onlyRunGeTove! == false | l su.u.um.(..y\,ﬁ.;‘.mm-v::' == false | @
— L \
mmon. onyRunGvelToVc! == wue ] Map state Chokce state
| /‘ é} NormalMap @ ChoiceHasTumor \
) —_—
| I {} item source: JSON Payload ‘ I |
(22 tumor_sample == e [$.na_tumor_sample == face |
L.
Lambda: Invoke Succeed state
= — CliMutect2 ¥)  PassMutect2
Q Lambda: Invoke | |
W\ CiHaplotypeCaller
Batch: SubmitJob
- RunMutect2
Batch: SubmitJob
RunHaplotypeCaller
L J
l Lambda: Invoks
Transform Data FfpeFilterSminput
|
\‘\ Step Functions: StartExecution
L J A58 Run FfpeFilter
S — C //
Lambda: Invoke ~——— _
L CliGvefToVef ————
5
— // - 1 |
| _— \[ Catch #1 | /
< e — — ¥
Succeed state - Fall state
Succeed Fail
~—— N e —




Receives:
2%~ APICall

L o

Churchill - Complete

Sends:
EventBridge

i % Choice state B — —
v Determine Status

fals $.isFail == tru

v Y
oy Pesssate o Passsute
1~ Status is SUCCEED 1 Statusis FAIL
- -
(t? Event8 PutEvents
2 {L Send a Complete Event to Eventbridge
[camnei] v
(;\ Choice state
N4, IsisFail set to True?
‘ =
A | P 4
Fail state Succeed state
G) The API State Machine has Failed “/)  The API State Machine was Successful
T )
= 3

End



Varhouse
(Tertiary)

x

I Ciear Groma Cluster Paamesars

- “«

Marge Create Ciuster Resalis

3
—  Map stata

Suomit Cancar Samples to Varhouse

{} tem scurce: JSON Payload

T
ambaa

Create Cancer Varhouse Params

v

pumy v
37 submit Joos o Varhouse

(} o scurcs: JSON Payload

Catapse Varhouse Resuls

r

[S—
& Merge Somatics it Sngle Excel Fila

it

Shauld Terminate Cluster?

- e
—.  Sucosed sists

SuccessSate

Ens

Receives:
EventBridge

Sends:
EventBridge



Varhouse
(Te rtia ry) 15

Choice state
Should Create Cluster?

== [[5.cluster_info.CrestaClu
T
A 4

EMR: CreateCluster
Create a Cluster

4
I Pass state
Clear Create Cluster Parameters

A o
Lambda: Invoke
I & Merge Create Cluster Results

A 4
Map state

\ 2 7 Submit Cancer Samples to Varhouse

{} item source: JSON Payload

Y .
Lambda: Invoke
& Create Cancer Varhouse Params
A 4

Map state
{25 Submit Jobs to Varhouse

‘ {} item source: JSON Payload ‘

y Y S
Step Functions: StartExecution
Annotate with Varhouse

Y

| Pass state

Collapse Varhouse Results

Y



Varhouse
(Tertiary)

y .
Step Functions: StartExecution
Annotate with Varhouse

A 4
Pass state

? Collapse Varhouse Results

— 1

{ Catch #1 |

vy

( Lambda: Invoke
Merge Somatics into Single Excel File
Lambda: Invoke
28 Submit Result to EventBridge

A 4

‘ Pass state

%3 Clear Input Values

1 14
Choice state
Should Terminate Cluster?

Default $.cluster_info.TerminateCluster = true

Y
EMR: TerminateCluster
Terminate Cluster
~ -

Q SuccessState

‘ Succeed state ‘

End

Vo
>

Sends:
EventBridge



Varhouse

Importer

Start
Paralel stale
Pre Import

'A

ice state

Should Fitter VCF?

Pass state

|
C1”  SetVCF es Fitered VCF

. Ty
Chaice stals
Q Should Create Cluster?

= § ~intnr_ria CramaCuisin® & not prasan

EMR: Cre Custer
Create & Cluster
]

P

uster Results

4
Lambas: Invoke |
Setup EMR Import Step Params
L 4
EMR: AddSiop
Run Varhouse Annotation
Calch ¥
L]
Chcice su
| .Q‘ Should Export JSSON?
Dot R P —— =
¥

Lambca: Invoke
Parse EMR emor Info

Cholce state
Si Should Terminate Cluster?

a -

A 4
EMR TarminateCiustar
% Terminate Cluster
- &

Cheice state
Q Is Project Defined?

A 4

Pass siate

’413 Set Project as Unknown

Irm

L
Post Results to EventBridge

Cne ate

Did Import succeed?

—
Suieine snncluion el "
L 4
Sucosed stee
SuccessState

]

—_ Fall state
(5) FallState

-
Ena

Sends:
EventBridge



Varhouse
Importer

Start

i

Parallel state
Pre Import

Choice state
Should Filter VCF?

I $.output_vcf is present and $.bed is pres... ]
\

Pass state

|
G set VCF as Filtered VCF

) A 4
ECS: RunTask
Filter VCF with BED file

l

;}?‘*\ EventBridge

"y
Choice state
Should Create Cluster?
// \"\
Default L $.cluster_info.CreateCluster is not presen
« !
EMR: CreateCluster
Create a Cluster
|
/,
\\‘ - ‘
Lambda: Invoke
Merge Create Cluster Results
) 4

Lambda: Invoke
Setup EMR Import Step Params

l

EMR: AddStep
Run Varhouse Annotation

el

\

Sends:



Sends:

Va rhouse }”\ EventBridge

Importer S

Should Export JSON?

~
N

Default [ $.varhouse_static_params.output-forma... l
7 1
[ . A 4

- ~ ] ~
Lambda: Invoke EMR: AddStep
5\\_, Parse EMR error info G& Export parquet to JSON

[ \ 7

~ \ / Catch #1 |
-

‘ Choice state ‘

Should Terminate Cluster?

A 4

EMR: TerminateCluster
(@ Terminate Cluster

T

Default [ $.pre_import_results. TerminateCluster =. ]
; )
]
/
\

N /

) " |
5 :z Choice state
I Project Defined?
= <
$.project is present and $.project is not n w
Y

Set Project as Unknown

( ‘ | Pass state ’

N W

&~

X o Lambda: Invoke
Do Post Results to EventBridge

i

‘ Choice state ‘

Did import succeed?

[ $.varhouse_annotation_results. StepStat. ] Default

A 4 N . A J
Succeed state Fail state
SuccessState ® FailState

K T



Varhouse
CNV

= e

Gel CNY Varhouse DynamoDB Params

|
|
(
|

P

£

celuraticn

ruraton

X
FVR: ConsaChsin

EMR CressteCluster

Mx

Get CNV Verhouse Parquat Params

£ Process all CNV nputs

{} tam sourca: JSOM Paylcad

(]

T

K

Pa

Build Parquet Args

L}

P wale

frray

Buid DynamzDB Args Aray

e p
Creste CNY Parg

uess

'

ENR Acasep

Export Parquets to JSON
*

0B Gattam

L}

ste

Gel CNV Analysis metadala from DynamoDB

Does anaysis amady most?

L3

|- Passsiae

Skip impoet info DyramaDB

r
@ R: Teeminge
EMR TerminateCiuster on Fallure

Pas

7 Colispse Resuts

5: StarExecuson

Records Cache
'

Vﬁ Step Functn Exacuion
Bl Bulc Focals Events Cache
x

oTp—

Peet Results to EventBridge

v

EMR: TemnaxCluse
EMR TerminateChuster

e

Receives:
EventBridge

Sends:
EventBridge



Varhouse
CNV

Start

Y
AppConfig: GetConfiguration
Get CNV Cluster Params

A 4
{r’_‘} AppConfig: GetConfiguration
2. Get CNV Varhouse Parquet Params

Y

(-’-} AppConfig: GetConfiguration
7. Get CNV Varhouse DynamoDB Params

. 4
EMR: CreateCluster
(@ EMR CreateCluster

A 4
Map state
éj‘ Process all CNV inputs

{} Item source: JSON Payload ]

| Pass state
C,I,D Build Parquet Args Array

T
Y
Pass state

| )
‘ 7 Build DynamoDB Args Array
Y
Pass state
Build JSON Args Array
Y
EMR: AddStep
@ Create CNV Parquets
Y

[ EMR: AddStep
(% Export Parquets to JSON

-

Receives:
EventBridge

Sends:
EventBridge



Varh
CNV

ouse

Get CNV Analysis metadata from DynamoDB

Y

‘ DynamoDB: Getitem

T

b

Y

Choice state

s

%,3 Skip Import into DynamoDB

cached_cnv_records ftem is prasant

Y
Pass slate

Catch #1

A J

Does analysis already exist?

Default

Y

EMR: AddStep
G@ Load CNV data into DynamoDB

EMR: TerminateCluster

EMR TerminateCluster on Failure

A 4

Falil state
FailState

End

Y
Pass slate ‘

%3 Collapse Results

Y

( Step Functions: StartExecution |
Build CNV Records Cache
p Y
Step Functions: StartExecution
E:—Ef’ Build Focals Events Cache
13 EventBr wdce PutEvents
& Post Results to EventBridge

EMR: TerminateCluster
EMR TerminateCluster

Receives:
EventBridge

Sends:
EventBridge
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Varhouse Clinical Home
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All these events seem intentional...
Why?
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e.q., physician, coordinator, and their contact information

NOTES:

“The US! would be stored securely within
1GM LabVantage, in a manner that makes it
invisible to all authorized users of the.
system within IGM. When viewing sample
information, or any other page in IGM
LabVantage, NO ONE would have access
10 view the US within IGM LabVantage.
and thereby link it back to either IGM's

LabVantage i exchange for a US| to
generate the molecular file defiverable.

Transmitted data s patient name,
Sex, DOB, LV order number

Laboratory Processing

eduencl Original files and internal
naming convention retained for
compliance and traceabity

API call to LabVantage which sends LabVantage sample number

-5

PIl Redacted Reports wiCOG.
Reg. Number (PDF) delivered to
AWS for COG access?

Programmatically call
LabVantage with the Sample
Number and have it return the
st

AP callto Labvantage which indicates the sample number to

Rename all files
using USI, replacing
Clinical Lab IDs

BAM to CRAM
replaces Clinical Lab
IDs with USI

Find & Replace
Clinical Lab IDs with

US! in file metadata

‘Germline Read
Alignment

n& crai)
‘Germline VCF
(92 & tbi)

Targeted RNA
Read Alignment
(.cram & crai)

[
Array Intensity Fil
0)

Clinical Report and
Specimen Data

TIN Exome
Sequencing

Archer Fusion
Analysis

Methylation
Analysis

Alignment
(ccram & crai)

‘Somatic VCF
2 & tbi)

Cancer Data Service

DKFZ
Classification
(htmi)

1.For simplicity, this diagram does not include transmission attachments (e.g., pathology report)

2. Redacted clinical reports with the COG number remaining un-redacted wil be delivered to an AWS bucket set up by IGM for COG to access via FTP
e

3. Redacted report il not have any identifiers on the report, the USI identifier will only be in the file nam




Clinical Report and
Specimen Data

De-identified PII Biospecimen
Redacted report® DETE]
(-pdf) (-json)

Pll Redacted Reports w/ICOG
Reg. Number (PDF) delivered to
AWS for COG access?

TIN Exome
¢ Sequencing

Rename all files
using US|, replacing
Clinical Lab IDs Germline Read Somatic Read

Alignment Alignment
(.cram & .crai) (.cram & .crai)

Programmatically call

LabVantage with the Sample BAM to CRAM Germline VCF Somatic VCF
Number and have it return the 4 replaces Clinical Lab . (-.9z & .tbi) (.9z & .tbi)

usl IDs with USI

Cancer Data Service

Find & Replace
Clinical Lab IDs with

Archer Fusion >
Analysis

USlI in file metadata

~N N

Archer Fustion
Results

Targeted RNA
Read Alignment
(.cram & .crai)

(.txt)

Methylation
Analysis

Illumina EPIC DKFZ
Array Intensity File Classification

(idat) (-html)

B R R



IGM Tracking
Alignment

() skip Control Sample

v

taale

Start

h 4

a: Irvoke

Parse Case and Run Name

Che

D
S 1s Gontro: Sample?

a: Invoke
E Translate IGM string for normal sample

L]

way: Invoke

L

7 Map over Sample Records

{} mem source: JSON Payload

L}
ambdar Invoise

Translate IGM string

A J
/ waty: Invake
Lookup Case Metadata from LIMS

“wr

ymbda I
’ m Bulld Sample Records

v

bl o
‘ m Build Version Report

v
DynamcOB: Putitar

Save Version Report to DynamoDB

Lookup Case Metadata from LIMS for normal sample

own Lims Order Id

Receives:
EventBridge



] Receives:
IGM Tracking &= %~ EventBridge
Variant l

Lambda: Invoke .
C al I i n g Parse Case and Run Name

B
Choice state
,ﬁz Is Control Sample?
_—

—~

/

$.case_metadata.is_control == true Di'faui

7
Lambda: Invoke
5\_\, Translate IGM string

b AP| Gateway: Invoke
[]'-’-'D Lookup Case Metadata from LIMS

Catch #1
1

f 4

Pass state }

|
' {H ? Set Unknown Lims Order Id

| :
Choice state v
Q‘ Is Project Value Valid?

-

Default l $.detail.project is null or $.detail.project.. I
[ v

" | Pass state
'. <7 set Unknown Project

, SN, .

I Succeed state 9 DynamoDB: Putitem
Skip Control Sample g Save Secondary Analysis Record to DynamoDB




Receives:

IGM Tracking S EventBridge

CNV LOH
: B Lambda: Invoke |
| 0'\. Parse Case and Run Name

' Map state
‘H g 7 Map over CNV Records

’ {} Item source: JSON Payload ‘

[ DynamoDB: Updateltem ]
@ Save Sample to DynamoDB

End



Receives:

IGM TraCking %~ EventBridge
Varhouse

Start

. Choice state |
o ,Q, Is Clinical Exome/Genome? |

$.detail project ~= "cl "‘53|_€4 $.detail project ~= "clinical-exomd $.detail.project ~= "clinica exome| $.detail.project ~= "clinica J_zeno'ne'{ $.detail_project = "clinical-ge{ $.detail.project ~= "clinicalgenome"” | Default —
—_— . P e —— ¥
o Lambda: Invoke - Lambda: Invoke
Translate Clinical IGM string Translate IGM string
\» S/

e S
API Gateway: Invoke [*
Lookup Case Metadata from LIMS

7 e

[ Y
‘ ’ | Pass state

Set Unknown Lims Order Id

\ - T

s \‘ / n)
Lambda: Invoke
& Build Varhouse Tertiary Record
[ ? DynamoDB: Putitem ]
g Save Tertiary Analysis Record to DynamoDB

End




Receives:

IGM Tracking % EventBridge
Varhouse CNV

Start

' Lambda: Invoke |
[ 5\\_, Translate IGM string

- API| Gateway: Invoke
[}-’-'D Lookup Case Metadata from LIMS

/ . N

/ Calc.*: #1

1

| | Pass state
Set Unknown Lims Order Id

|

~ /'
— .

Lambda: Invoke
Build Varhouse CNV Record

y

' DynamoDB: Putitem v
Save CNV Analysis Record to DynamoDB

End




Interpretation
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Variant Scientists

» Variant scientists review assays
» Select variants to interpret
* Do research on variants
» Write draft of clinical report
 Tumor sample
* Normal sample
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Clinical Directors

« Review variant list and classification
from variant scientists

» Review and sign off on report
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Delivery
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Receives:

IGM Portal 2% Apicall
Cleartext report Sends:

Start EventBridge

l

‘ @ Cognito Identity Pools: GetOpenldTokenForDeveloperldentity
(@) Get Cognito Identity Id

l

' | Pass state
H Build S3 Destination

A S3: CopyObject \
H Copy report to secure bucket location
' ? DynamoDB: Putitem |
H g Add Report to DynamoDb

o f -g EventBridge: PutEvents |
. & Post Results to EventBridge

End




Receives:
S AP Call

Start

IGM Portal
, l
Redacted report | E=—

/
A 4 -

Choice state
Have Cleartext Reports Been Uploaded?
|

~
\

) N

I $.dynamodb_keys.found == true I
Default
|

L

o Map state
‘ \ g 7 Update DynamoDB Records

I {} Item source: JSON Payload

|

y .
\

Pass state
Build S3 Destination
, v ) ‘ € |
S3: CopyObiject Walt state
Copy Report to Delivery Bucket SVRNLTS enties
A 4
ﬁ} DynamoDB: Updateltem
I g Update DynamoDB Record
Y
Y

End



Receives:
>~ EventBridge
IGM Trucker -
= Sends:
' ~%*~-_-m EventBridge

T e T w—
[ Ere— SE.
B

5 e



Receives:
2%~ EventBridge
IGM Trucker -
# | Sends:
et Trcker Metadata by Order | Eve ntBridge

|

Choice state
- I | @‘ Is Order Canceled?

Pass state
(:‘LD Clear Order Metadata

A J
Lambda: Invoke
Get Redacted Report as JSON

API| Gateway: Invoke
Get Files for Order L

Lambda: Invoke
Parse out internal IDs
L

AP Gateway: Invoke |
Get USI for normal sample id | o

',

Pass state

CJ,D Parse Normal USI

AP \_al-:.wcy Invoke
Get US| for tumor sample id | o

Y
Pass state
%3 Parse Tumor US|

Y

API Gateway: Invoke
Decode Normal Sequencer Info

h J

API| Gateway: Invoke
) Decode Tumor Sequencer Info |

~{ carch#1




Receives:

- EventBridge
IGM Trucker

Sends:
EventZiidge

Setup file lists

l

Parallel siate
Parallel
[ : Y Yy Yy
Map state Map state D Map state §3: CopyObject

&4 Process BAM flles &4 Process VCF files &2 Process JSON files Copy Redacted Report to S3 staging area

[ {3} ntem source: JSON Payload | l {} item source: JSON Payload {} 1tem source: JSON Payload l
| Pass state
‘ Y 7 Format Redacted PDF results
Lambda: Invoke Lambda: Invoke ( Lambda: Invoke
Copy Source BAM to S3 staging area Replace internal IDs in VCF Replace intemal IDs in JSON file

l | . .
Lambda: Invoke Pass state } Pass state
Copy Source BAM Index to S3 staging area Format VCF results CJ,D Format JSON results

l

) 4 ) 4
Step Functions: StartExecution
= BAM to CRAM conversion
Pass state v v
Format BAM resuits

|

| Lambda: Invoke
Build and upload manifest file

N




IGM Trucker

G v s v

Y
Step Functions: StartExecution
Generate SRA CDS File

Y

Lambda: Invoke

Upload SRA CDS File
A 4

Lambda: Invoke

Upload CCDI File

v

Pass state ‘

|
’ P Delete USI from LIMS

EventBricge: PutEvents

Post Success to EventBridge

. -

~ Succeed state -
() Succeed Process

Lambda: Invoke

Build and upload manifest file
ECS: RunTask
Upload files to CDS

—® End e

Receives:

2%~ EventBridge

Sends:
EventBridge

Eve
Post Fallure to EventBridge

Fail state

—
Qf/' Fall Process




Lessons
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When your child needs a hospital, everything matters.



Pros

» Security built in
* Scalable
» Extensible

* Notifications

* New algorithms and tests without
touching anything else!

@NATIONWIDE CHILDREN'S

When your child needs a hospital, everything matters.



Report Date

10/1/23
IGM Cumulative Data
IGM - Patients and Orders Totals IGM - Total Orders by Test
6000 5655 2000 1959 1852
1340

4000 1500

1 1000
= =

0 o [
@ ot Patients @ Total Orders Received B Total NS Methylation @) Total Research Methylation () Total Fusion @) Total SDGC Exome

Y

s [
a U
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When your child needs a hospital, everything matters.



Cases Received

Mar22  Apr-22 May-22 Jun-22 Jul-22  Aug-22 Sep-22 Oct22 Nov-22 Dec22 Jan-23 Feb-23 Mar23 Apr-23 May-23 Jun-23 Jul-23  Aug-23  Sep-23

Total= 1954 Cases



Challenges

 Humans need help

* Interpreting results takes time
* Writing reports takes time

* Results are static in time

% NATIONWIDE CHILDRENS

When your child needs a hospital, everything m



Varhouse v1

* An elephant in the room
* The output is Excel
* Works, but is clunky

‘g'\‘ A
%ﬁﬁ NATIONWIDE CHILDREN'S'

When your child needs a hospital, everything matters.



Other problems

* Have to rerun entire pipeline to
reanalyze with latest annotations

 Excel limits us to a two dimensional
view

* Evidence is kept as screenshots
inside an Excel form

« Have we assessed this variant
before?

a4 NATIONWIDE CHILDREN'S

R When your child needs a hospital, everything matters.



Qgﬁfﬁ NATIONWIDE CHILDREN'S

When your child needs a hospital, everything matters.



Have to rerun entire pipeline to
reanalyze with latest annotations

~~
adam
‘/ snpeﬂsv:a‘:;f:\t le:
a
"\
>
annotated
/
ulate
Itered
V4
son

@NATIONWIDE CHILDREN'S

When your child needs a hospital, everything matters.



IGM A

nnotations - Add

Start

Y

Lambda: Invoke
\ Validate and Format Input Data

Choice state
.Q Is Data Valid?

rmatted_data.valid == tn
v

DynamoDB: Putiter
Save Annotation to DynamoDB

&

|

Step Functions: StartExecution

A 4

Set New Annotation to Staging Environment

i

EventBridge: PutEvents

Post New Annotation Added to EventBridge

End

Y
—. Fail state

Q_() Fail on Invalid Data

\"

’;\.?

Receives:
EventBridge

Sends:
EventBridge



Receives:

IGM Annotations % EventBridge
DeplOy tO PrOd Sends:

- EventBridge

Y
Choice state

Has Reference?

::)e"a_ﬂt |
Y
| Pass state
‘ CJ,D Add NA reference value

-

DynamoDB: Query
Query Current Environment

) A i
Lambda: Invoke
Filter by Reference
4

Choice state
Does Annotation Already Exist in Environment?

Default

DynamoDB: Updateltem DynamoDB: TransactWriteltems
@ Update Environment On Item @ Transactionally Update Old and New Items

T : h I

-—

oS / EventBridge: PutEvents

Post Annotation Set to Environment

Y

End



IGM Annotations -
Expose in Athena

B

B

[n &R

{I

Y

<

| Start |

l

DynamoDB: Getltem
Get Parquet Path from DynamoDB

l

Glue: CreateCrawler
Create Glue Crawler

l

o Glue: StartCrawler

{I

Start Crawler to Create Scratch Table

l

Wait state
Wait for 60 Seconds

,. N
2% Glue: GetCrawler |
? Get Crawler Status ‘
| - -

’\

Choice state
Is Crawler Finished Creating Scratch Table?

IS.craw[er.s:aius ~= "READY" I

Lambda: Invoke
Rename Scratch Table to Prod Glue Catalog Database

3

] B

A 4

0% Glue: DeleteTable

<

=

Delete Scratch Table

Y

2% Glue: DeleteCrawler
Y Delete Glue Crawler

A 4

EventBridge: PutEvents
Post Glue Update Event

l

| End

Receives:
EventBridge

Sends:
EventBridge



Receives:
. BE= | >~ EventBridge
Scanotation .
e Sends:
B EventBridge

i New Verson?

T 3
!\‘] G It verson wih Raderence [‘\'i Gt moma Vorsen weveus Roterance
!/ \1 Croste Custer Panams



Receives:

i EventBridge

Syncotation
Sends:

EventBridge

B , B B
=

|

]

i

i
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Evidence is kept as screenshots inside an Excel form
Excel limits us to a two dimensional view

Analysis Connections

« CNVAOH h: ing Cart
Views * Methylaton Shopping C
+ Constitutional
« Germline
atic
Hotspot
'arental ACMG °
\ //
T~ ) _—
T~ P _—
—_—
Germline Variants B i B o220
Annotations ; o — —
B — Notes
- P ~——
_— T~

— ~

Filtering
Reanalysis "What's changed"
VAF Lookup

ﬂgi A
%&NATIONWIDE CHILDREN'S

When your child needs a hospital, everything matters.



e0e® [{] 2pefaut~ < > [0) @ alpha.clinical varhouse.org @

Varhouse Clinical (@) Home

Germline Somatic CNV Methylation Analyze

Somatic = 556 of 556 variants «< <
Analyze Chr MANE O Gene Coding © Protein ® NO TO T-NO® Interpretation Clinvar Frequency Info Effect
Sea Selec v Search 5¢ Search 556 re Search 556 re Searct Searct Searct Select v Select v LTE: 1.0000 Searc Select v
® 2 MSHE 3261dupC Phe1088fs 00%s) 35%0a) +35%  por o oMC s 00000 Mo —l:._';l—
® 7 BRAF 1799T>A Val600Glu 0.6% (175 23.5% (17) +22.9% a0 Mo —:‘:l—
1919T>A Val640Giu e
2 COL1BAT  2823_2832delCG Gly342fs 05% 04 22% 21 +17%  LOF Panoasms 0.0001 M —_I_p—
ok F T
Pathogenic

ABL1 1826_1828delAGA Lys&09del 07% 27 21% 291 +1.4%

4

Tokkok 0000 O0 —===immr—
Pathagenic

KMT2C 1013C>T Ser338Leu 0.0%2¢) 12% 81 +12% IGM>=50 0.0001 MO0 —EEEE—
Hook ok 113 misscnse

IGM>=60 vus
KMT2C 1013-2456 00% @2 13%ea +13% o *kkx 00001 Mo ]
LOF(1/0.86)-CHECK
DtSS-CHECK Likely benvgn
7 KMT2C 1038G>A Val346val 3.2% (124) 16% 1123 -1.6% 10M>280 v 0.0003 Mo —:‘%l”—
. . LOF Pathogenic P—
10 MKIG7 4991_4992delCA Thr1664fs 14% ey 30% oz +16% o e ok 0.0002 M — —r

MKI67 7899_7900d0ICA His2633ts 3T% (I 25% @80 -12%  nap 0 M —:':I—
frameshht

ARV1 518delA Lys173fs 14%235) 2.3% 001 +0.9%  LOF ‘:','j";";f’"" 0.0001 M —:'ﬁ—
fameshift

OOIO|0| O|B|O|®
QI0(0(0 00|00 0|0

Variant: 2-47803500-A-AC

Information Frequency Transcripts Scores Cases Genotype Phenotype Germline CNV/LOH

TS ACMG Actionable IGM Carrier  IGM Cancer Predisposition

MSHE  ~ - v

(ELWVAR) - Interpretation: Pathogenic
Review Status: &  * reviewed by expert panel

Diseases: Hereditary nonpolyposis colorectal I Lynch synd 5; End; ial carcinoma; MSHG-related disorders; Gastric cancer; Lynch syndrome; Breast and/or ovarian
cancer; itary cancer-predi ing Mi repair cancer syndrome 3; Lynch-like syndrome

oMM No Data

ORPHA MSH6
Syndrome Prevalence Age of Onset Inheritance
Lynch syndrome Unknown Adult Autosomal dominant

onstitytional
mismatch repair - Childhood Autosomal recessive
deficiency syndrome
Muir-Torre syndrome  Unknown Adult Autosomal dominant
QHARED  MSHE

MANE Status  Chr Strand  GRCh38 Range Refseqld Refseq Prot Ensembl Id Ensembl Prot MANE Name HGNC Id
Select NC_00000212 + 47783145-47806353 NM_D00179.3 NP_000170.1 ENSTO0000234420.11  ENSPC00002344205 mutS homolog 6 7329



eve [{] 2pefautvy < > (0) @ alpha.clinical varhouse.org @

Varhouse Clinical (@) Home

Germline Somatic CNV Methylation Analyze

Somatic = 556 of 556 variants ~ IR page 1of 56
Analyze Chr MANE © Gene Coding © Protein © NO TO T-NO Interpretation ClinVar Frequency Info Effect
Sea Selec v Search 5¢ Search 556 re Search 556 re Searct Searct Searck Select v Select v LTE: 1.0000 Searc Select v
® 2 @ wmsHe 3261dupC Phe1088fs 00% 5 36% 041 +35% o oMC T 0.0000 Mo —1:'_;'—
® 7 ®  BRAF 1799T>A Val600Glu 06%(7) 235%(187) +22.9% xrx 0 Mo —:‘:n—
1919T>A Val640Glu e
Pathogenic
® 2 @  COLBAT  2823.2832delCG Gly242fs 05% @04 22% @ +17%  LOF e 00001 M —:‘%}—
Pathogenic
® 9 @ v 1826_1828deIAGA LysE09del 07% @ 21% e +14% ks 00004 Mo —:‘%ﬁl:
» . Pathoganic —
® 7 ® Kumc 1013¢5T Ser338Ley 00%@a) 12%@n  +12%  1GM>=50 kg 00001 W o H ——
1GM>=60 ws
® 7 ® e 1013-2456 00% (2 13%0) +13% | op rkkx 00001 Mo 1
LOF(1/0.86)-CHECK
— DISS-CHECK Likely bengn
® 7 ® e 1038G>A Val345Val 32% 2 16% 023 -16% LU *hkx 00003 Mo —:‘%&\—
( LoF Pathogenic = —
® 10 ® e 4991_4992deICA Thr1664fs 14% zn 30% 0z +16% oo g 00002 M —_I%l—
® 10 @ wvke 7899_7900deICA Kis2633ts 37% o 26% @0l -12%  wao 0 M —:‘:l—
frameshit
. Likely pathogenic & —
® 1 ® 518delA Lys173fs 14% 255 23% (00 +09%  LOF R ™ 00001 M —lm'_

Variant: 2-47803500-A-AC 1 EZEED
Information Frequency Transcripts Scores Cases Genotype Phenotype Germline CNV/LOH

GNOMAD ~ Genome  Popmax FAF (95%): 0.0000 Exome Popmax FAF (95%): 0.0000
Allele Frequency: 0.0001 Allele Frequency: 0.0001
Allele Count: 9 Allele Count: 16
Allele Number: 160,380 Allele Number: 249,750
Number of homozygotes: 0 Number of homozygotes: 0
Genome Exome
Populationa Allele Allele Homozygotes  Allele Allele Allele Homozygotes ~ Allele
Count Number Frequency Count Number Frequency
African/Atrican- 2 40,806 0 0.0000 2 16,126 0  0.0001
American
Amish ) 04 [ - - - -
Ashkenazi Jewish o 3,456 0 0 0 10,032 0o o
East Asian ) 5136 0o 0 0 18,302 0o o
European (Finnish) 1 10,370 0 00001 2 21,590 0 00001
European (non-Finnish) 6 67,594 0 0.0001 8 12,624 0 00001
LatinofAdmixed o 14,988 o 0 1 34,460 0 00000
American
Middle Eastern o 34 00 -
Other o 2,070 0 0 2 6,104 0 00003

South Asian 0 4742 00 1 30,512 0 0.0000




oo e [ apefaurv < > [0} & alpha.clinical.varhouse.org @ ® M +
Varhouse Clinical (@) Home m
Germline Somatic CNV Methylation Analyze
Somatic. = o e
Analyze Chr MANE O Gene Coding © Protein @ NO TO T-NO Interpretation ClinVar Frequency Info Effect
Sea Selec v Search 5¢ Search 556 re Search 556 re Search Search Search Select v Select v LTE: 1.0000 Searc Select v
ASSESS-ACMO Pathogenic
® 2 @ e 3261dupC Phe1088fs 00%(5) 35%(4) +35%  jor "t 0.0000 ™o —(:'E)—
® 7 ® oA 1799T>A Val600Glu 0.6% (179)  23.5% (17) +22.9% A kx o "o —(:t:)—
1919T>A Val6406lu e
® 2 @  cousal  2823.2832elCG Glyoa2ls 05%@on 22% 0 7% LOF PaessnE 00001 woo— -
® 9 ) ABLY 1826_1828delAGA Lys609del 07%(271) 21% (200 +1.4% % 00004 ™o —
Pathos
® 7 ®  Kkvizc 1013C>T Sera3sLeu 00% (08 12% (N  +12%  IGM>=50 ek 00001 o %
IGM>»50 vus
® 7 ) KMT2C 1013-2A>6 0.0% 2 1.3%@0) +1.3% . ek k A 00001 o ) P
LOF(1/0.86)-CHECK
DISS-CHECK Likely benign
® 7 (V) KMT2C 1038G>A Val3a6Val 32% e 16% ) 6% gl e 00003 "o —(:m'—
LOF Pathor
® 10 (/] MKIE7 4991_4992delCA Thr1664fs 14% 29n 3.0%on 416% o TRes 00002 " —(:t;—
LOF
® 10 @ e 7899_7900deICA His2633fs 37% (200 25% (80 -12% o 0 " —(:‘;'—
® 1 ) ARV 518delA Lys173fs 1.4% 205 2.3% (300) +09%  LOF A AR 0.0001 " —(:tﬁ—
Variant: 2-47803500-A-AC
Information Frequency Transcripts Scores Cases Genotype Phenotype Germline CNV/LOH

Comments (0)

‘ Grant Lammi

Type your comment here

¥ Event Details

Copies: 2.0 Log2: 0.00

Chr: 2 Start: 41258

Size: 241.8 Mb Start Cytoband: p25.3
EBXO11

LOH: No
End: 241873624
End Cytoband: q37.3




eoe ADefaut v < > ® @ alpha.clinical.varhouse.org R

Varhouse Clinical (a) Home

Germline Somatic CNV Methylation Analyze (1)

- omm  LYNCH SYNDROME 1; LYNCH1 (1 gene) [RSLELEENDIELEED
Somatic (1) A
INS: 2-47803500-A-AC Openinvarcat (@)
~ Analysis

Notes Previously assessed

We have seen this before in a similar case that suggested Lynch syndrome. The CNV status is copy neutral so nothing to see here.

v Variant Details

Variant: 2-47803500-A-AC EEEEmEE S o

Frequency: 0.0000

Info: ORPHA

Information Frequency Transcripts Scores Cases Genotype Phenotype CNV/LOH

v Event Details
Copies: 2.0 Log2: 0.00 LOH: No
Chr: 2 Start: 41258 End: 241873624
Size: 241.8 Mb Start Cytoband: p25.3 End Cytoband: q37.3
EBXO11

e



Have we assessed this variant before?

ese M < 0 © & alpha.clinical varhouse.org LR ®© O + ©

Varhouse Clinical (@) Home G

Germline Somatic CNV

Methylation Analyze

Somatic = 5190f 519 variants

Analyze = Chr MANE O Gene Protein @ NO TO T-NO Interpretation Pheno... ClinVar Frequency Info Effect

Selec v arch 5 Se Search Select v Select v LTE: 1.0000 Select v
. ASSESS-Carriel Pathogenio
O] 15 ® b&m 1544delA AsnS15fs 10% e 22% s 412% Lo ‘ i 0.0001 Mo —i | =
G s 8% ey 14% 00 +1.0% ASSL55-ACMG Pathogen - | —
) 7 (V) PMS2 1239delA Aspdiafs 04%cen 14% a0 +10%  1op Mo —
Pathagen
O] 6 (V) JARID2 1272¢elG Arga25fs 0.0%0n  21%ss  +2.1% LOF M — | —_—
Tameshi
N Conflict
O] 8 (V) CHD? 7212_7214deIGAG  Arg2405del 13% @ 12%ess  -01% Mo = | S —
= Cont
@ 2 ® «ena 2745_275302IGGA GIUG16_GIu917del 22% w2 100% w0 +78% irai 0.0007 Mo — l T —
Conflicr
O] 12 (V] KMT20 1766_11758delAG! Gin3g19del 08% iy 34% s +26% 2 Mo = | —_
- Contier
(+) 5 (V) NKX2-5 639_64106IGCC  Pro214del 0.9% 23% e +14% 0004 MO - | —
- iame delti
- Conticr
) 9 (V) NOTCH1 7244_724606ICAC Pro2415de 12% 26% 27 +14% 0,000 Mo - |
. - Confit
¥ 2 (V] RUNX1 1270T>C Serd2aPro 76% 66 132% s +56% ).0002 Mo — I p—
= vis
(+) n (V) RUNX1 1268G>C Arga23Pro 35% B8%cu  +33% 0 Mo = | —_

Variant: 15-90760908-GA-G 7 [ tsereus waves

nformation Frequency Transcripts Scores Cases Genotype Phenotype

Germline CNV/LOH

ONOMAD v Genome  Popmax FAF (95%): 0 Exemme  Popmax FAF {

Alale Fraquency: 0.00¢ Allele Fraquancy,

Alela Count: 1 Allele Count:

Alele Number: 160,032 Allele Number

Number of homczygotes: 0 Numbar of homozygotes: 0

Genome Exome
Populationa Allele Allele  Homozygotes Allele Allele Allele  Homozygotes Allele
Count Number Frequency Count Number Frequency

Africanjafrcan-American 1 40,808 0 00000 3 15814 0 00002
Amish ¢ 904 0 0 - - -~
Ashkenaz| Jewish © 3,448 0 0 0 9728 0 0
East Aslan [ 5,180 [ o 7668 0 0
European [Finnish) o 10,076 0o 0 1 19,786 0 0000"
European [non-Finnish) © 67424 [ 7 109,306 0 0000%
LatinojAdmixed American [ 16,0838 0o o 0 33,368 0 0

Midcike:




Have we assessed this variant before?

Varhouse Clinical (a) Home

Germline Somatic CNV Methylation Analyze

Page 1of 288

Gnomad Popmax Point 1 pct and Priority = 2879 of 2879 variants

Analyze = Chr MANE OO Gene Coding © Protein © NO TO T-NO® Interpretation Pheno... ClinVar Frequency Info Effect
Sea Selec v Search 28 Search 287 nc Search 2879 r Search Search Searct Select v Searcl Select v LTE: 1.0000 Sear Select v
® 3 ®  rkca 3140456 His1047Arg 0.0% (312 39.9% (53 +399% o 0 MO — |mw“_u —
+ 2 (v] AGXT 33dupC Lys12fs 10% 081 3.9% +29%  LOF . 00002 Mo — l ——
+ 8 (V) £5CO2 760dlelA Thr254fs 21% s 26% +05%  LOF P 00000 Mo — I T
" 8 (V] ESCO2 760dupA Thr254fs 05% (573 2.6% 198 +2.1% LOF ! Mo — | m——
B 12 (V) HNF1A 863_864insC Pro289fs 36% (276) 126%  horosAeMe 00005 Mo = | ——
N 12 (V) HNF1A 864delG Pro291ls VA% e BN% e 44T%  Lap e Lel PRoaenE 5 0001 Mo — | =
‘ 12 @  wen 1690G>T Leus30Leu 00% T0% s 470% et e Mo — | o
v 17 @  earawEl 337CsT Argnz® 00%es) 3% +31%  LOF et M o  coding_sequence_stop
() 7 (V] PEX1 1108duph le370fs 14% @ 37%cen  +23%  LOF raree 0 Mo — | ——
D a (V] FROMY 1697dupA ASNE66fs 00% e 22% 0z 422%  LOF i 0.0000 Mo = | ——
Variant: 3-179234297-A-G
Information Frequency Transcripts Scores Cases Genotype Phendpe Cermline CNV/LOH
Pathogenicity Scores
weTa v Y
Score Name Prediction Score Rankscore
METALR Tolerated -0.56 061
METASVM Toleral 0.56 0.66
REVEL .- 0as 0.7

Score Name Prediction Score Rankscore
SIFT Camaging 0.02 0.50
LRT Lamaging 0.00 0.84
MUTATIONTASTER Disease ¢ ng 1.00 081

MIITATINMARSERSNE Nt nan LEL]



EDA Bonus...
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Same
pattern...

Prod v1

New v2

Event pattern Targets Monitoring Tags

Event pattern info

L)

"detail-type": ["Churchill VCF Event"],
"source": [“org.nationwidechildrens.igm.churchill3"],

"detail": {
"project": ["clinical-cancer”, "validation-cancer"]

NV A WN =

e

Copy

Event pattern Targets Monitoring Tags

Details Target Name Type Arn Input Role
igm-varhouse-clinical- @ arn:aws:lambda:us-east-2:257995316808:fun
cancer-Prod- Lambda function ction:igm-varhouse-clinical-cancer-Prod-Churchill Matched event -
ChurchillTrigger [ Trigger

Input to target: Matched event

Additional parameters: -~

Dead-letter queue (DLQ): -

Event pattern Targets Monitoring Tags

Details Target Name Type Arn Input Role
igm-varhouse2-clinical- arn:aws:lambda:us-east-2:257995316808:fun

v cancer-Prod- Lambda function ction:igm-varhouse2-clinical-cancer-Prod-Churchi Matched event -

ChurchillTrigger [2
Input to target: Matched event
Additional parameters: -

Dead-letter queue (DLQ): -

ITrigger




EDA is really great...

* Works now for us in prod, under load
* Design that allows of expandability
« Updates to the annotations

* Shopping cart saves to the
database

* As many environments as you want

<3, (%
a4 NATIONWIDE CHILDREN'S
R When your child needs a hospital, everything matters.



...especially for clinical stuff

st NATIONWIDE CHILDREN'S

When your child needs a hospital, everything matters.




Thanks!

https://www.nationwidechildrens.org/specialties/institute-for-genomic-medicine

@glammi

%&NATIONWIDE CHILDREN'S'

Vhen your child needs a hospital, everything matters.


https://www.nationwidechildrens.org/specialties/institute-for-genomic-medicine

aws xgoto;

Don't forget to
vote for this session
inthe GOTO Guide app



