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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
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Genomics 101 
(For developers)
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DNA RNA Protein

Source Code Object / 
Byte Code

Binary
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Source 
Code

ACGGTAGTGCAGTGTAC 
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decrypt unaligned.fastq > 
aligned.bam
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Source

Code

diff > results.vcf
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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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git push
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Molecular Characterization Initiative 
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Three Clinically Validated Assays

• WES Tumor/Normal 
• Methylation 
• Archer Fusion
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Enrollment
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Sample Submitted

• Doctor enrolls patient 
• Sample extracted 
• Shipped to NCH



Patient/Sample Origin
• Patients from 45 states, Washington DC, and Puerto Rico

• 196 international patients (Canada, Australia, New Zealand)
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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 in 
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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igmprimary (primary)
Receives: 
Old style S3  
Event Notifications



igmprimary
Sends: 
SQS, SNS,  
EventBridge 



IGMSeq*
Receives: 
SQS  
Sends: 
API call 



Churchill
Receives: 
API Call 

Sends: 
EventBridge



Churchill
Receives: 
API Call 

Sends: 
EventBridge



Alignment



CNV LOH
Sends: 
EventBridge



Churchill
Receives: 
API Call 

Sends: 
EventBridge



Variant Calling



Churchill - Complete
Receives: 
API Call 

Sends: 
EventBridge



Varhouse  
(Tertiary)

Receives: 
EventBridge 

Sends: 
EventBridge



Varhouse  
(Tertiary)



Varhouse  
(Tertiary)

Sends: 
EventBridge



Varhouse  
Importer

Sends: 
EventBridge



Varhouse  
Importer

Sends: 
EventBridge



Varhouse  
Importer

Sends: 
EventBridge



Varhouse  
CNV

Receives: 
EventBridge 

Sends: 
EventBridge



Varhouse  
CNV

Receives: 
EventBridge 

Sends: 
EventBridge



Varhouse  
CNV

Receives: 
EventBridge 

Sends: 
EventBridge
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All these events seem intentional… 
Why?
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BPC 
receives 

Specimen 
& STF

Accession 
case into 

BPC 
STARS. USI 

assigned

COG patient 
demographics 

DB

BPC 
performs 
pathology 

& DNA/RNA 
extraction 

Patient and sample 
information transmitted via 

secure API from BPC to 
LabVantage (including USI)

Patient data

Sample data 
USI would be 
attached to 

each sample

NOTES:
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 will be delivered to an AWS bucket set up by IGM for COG to access via FTP
3. Redacted report will not have any identifiers on the report, the USI identifier will only be in the file name

Verify Case
Send samples to 

laboratory for 
processing

Specimen, NCH clinical trial 
testing requisition form, & 
clinical trial testing request 

email sent to IGM 

Patients & Orders 
transmitted to 
IGMSeq from 
LabVantage

Techs add samples onto 
the sample sheet 

Bioinformatics pipeline 

Laboratory Processing 

Transmitted data is patient name,
sex, DOB, LV order number

Sequencing 

Results interpretation 

Results entered and Case 
Signed Out in LabVantage

PII Reports (PDF) delivered 
to IGM portal

T/N Exome 
Sequencing 

(.bam, .bai, .gz, .tbi) 

Archer Fusion 
Analysis

(.bam, .bai, .xlsx)

Methylation Analysis
(.idat, .html)  

PII Redacted Reports 
(PDF)+

BAM to CRAM 
replaces Clinical Lab 

IDs with USI

Find & Replace
Clinical Lab IDs with 
USI in file metadata

T/N Exome
Sequencing

Archer Fusion 
Analysis

Methylation 
Analysis

Cancer Data ServiceMolecular files generated 
using LabVantage Order 
Number & LabVantage 

Sample Number 

USI

Sample Data:
-LabVantage Sample #
-All specimen metadata 

except for USI

Sample Data:
-LabVantage Sample #

-USI

Accession case 
into IGM 

LabVantage. Link 
patient, order, and 

samples1 

USI

PII Clinical Reports 
(PDF)

Programmatically call 
LabVantage with the Sample 

Number and have it return the 
USI

USI

API call to LabVantage which sends LabVantage sample number
in exchange for the USI 

Rename all files 
using USI, replacing 

Clinical Lab IDs

Clinical Report and 
Specimen Data

De-identified PII 
Redacted report3  

(.pdf)

Biospecimen
Data

(.json)

Germline Read 
Alignment

(.cram & .crai)

Somatic Read 
Alignment

(.cram & .crai)

Germline VCF
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The USI would be stored securely within 
IGM 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 
to view the USI within IGM LabVantage, 
and thereby link it back to either IGM's 
or BPC's sample identifiers. It would only 
be made available via an API call in which 
a sample number was provided to IGM 
LabVantage in exchange for a USI to 
generate the molecular file deliverable.  

Original files and internal 
naming convention retained for 
compliance and traceability

API call to LabVantage which indicates the sample number to 
USI exchange is complete and permanently delete the USI from LabVantage 

PII Redacted  
Reports w/COG Reg. 

Number 
(PDF)

PII Redacted Reports w/COG 
Reg. Number (PDF) delivered to 

AWS for COG access2

RAVE

Transmitted data is site contact information 
e.g., physician, coordinator, and their contact information





IGM Tracking 
Alignment

Receives: 
EventBridge 



IGM Tracking 
Variant 
Calling

Receives: 
EventBridge 



IGM Tracking 
CNV LOH

Receives: 
EventBridge 



IGM Tracking 
Varhouse

Receives: 
EventBridge 



IGM Tracking 
Varhouse CNV

Receives: 
EventBridge 
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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



………………..……………………………………………………………………………………………………………………………………..

Clinical Directors

• Review variant list and classification 
from variant scientists  

• Review and sign off on report
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Delivery



IGM Portal 
Cleartext report

Receives: 
API Call 

Sends: 
EventBridge 



IGM Portal 
Redacted report

Receives: 
API Call



IGM Trucker
Receives: 
EventBridge 

Sends: 
EventBridge



IGM Trucker
Receives: 
EventBridge 

Sends: 
EventBridge



IGM Trucker
Receives: 
EventBridge 

Sends: 
EventBridge



IGM Trucker
Receives: 
EventBridge 

Sends: 
EventBridge
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Lessons
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Pros

• Security built in 
• Scalable 
• Extensible 

• Notifications 
• New algorithms and tests without 

touching anything else!
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Challenges

• Humans need help 
• Interpreting results takes time 
• Writing reports takes time 
• Results are static in time
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Varhouse v1

• An elephant in the room 
• The output is Excel 
• Works, but is clunky
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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?
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Varhouse 2
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Have to rerun entire pipeline to 
reanalyze with latest annotations



IGM Annotations - Add
Receives: 
EventBridge 

Sends: 
EventBridge



IGM Annotations 
Deploy to Prod

Receives: 
EventBridge 

Sends: 
EventBridge



IGM Annotations -  
Expose in Athena 

Receives: 
EventBridge 

Sends: 
EventBridge



Scanotation
Receives: 
EventBridge 

Sends: 
EventBridge



Syncotation
Receives: 
EventBridge 

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











Have we assessed this variant before? 



Have we assessed this variant before? 
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EDA Bonus…



Same 
pattern…

Prod v1

New v2
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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
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…especially for clinical stuff
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Thanks!

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

@glammi

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



