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Approaches to clinical exome analysis

Phenotype-driven approach

1. Filtering

Virtual gene panels

2. Variant prioritisation
Exomizer, Phenodigm, Vaast, Phevor, PhoRank etc.

Phenotype-agnostic approach

1. Trios

Increased diagnostic yield
De novo variant detection
Variant inheritance
3x cost

2. Very low frequency, high-impact variants



Referrals for clinical exome analysis - 1

Referrals for clinical exome analysis previously characterised by:

1. Variable method and quality of communication (emails, referral 
cards, phone calls).

2. Limited up-front clinical details and phenotypic information 
provided.

3. Long analysis and reporting times, especially for negatives.

4. Difficulties in providing a consistent approach.

Aim was to provide a new system for referrers in our Clinical Genetics 
team to address the issues above.



Referrals for clinical exome analysis – 2

Design and prototyping

• A variety of tools exist to create ‘wireframes’ and mock-ups for
apps (examples includes Wireframe.cc, Invision and Justinmind).

• Other tools exist for the creation of on-line forms such as JotForm,
FormStack and WuFoo.

• We selected JotForm to enable us to design a prototype form to
facilitate discussion with a web developer.



Referrals for clinical exome analysis – 3



Referrals for clinical exome analysis – 4

Design and prototyping continued:

• The JotForm prototype was converted into a fully functional web-
based submission form by Web Developer Algy Taylor.

Features of version 1 of web referral form included:

• Secure login via an email linked to trust account

• Collection of basic referral information (demographics, referring 
clinician etc.)

• Capture of phenotypic codes

- Acknowledgement of submission



Referrals for clinical exome analysis – 5

Development of additional functionality

A version 2 of the system was developed further to include:

• The ability to select individual genes that are represented in the
Agilent Focused Exome design

• The ability to select panels of genes from existing PanelApp panels

• The ability to select phenotypic terms and use the associated HPO
code to select a gene panel

• Coverage predictions



Current Web Referral Form



Gene Panel Selection



Review of selected panel



Consent



Phenotypically-driven gene panel selection



User-entered list of HPO terms

- Conductive Hearing Loss
- Microtia
- Failure to thrive
- Patent Ductus Arteriosus
- Facial Palsy

Gene Terms Linked
(OMIM/Orphanet)

ACMG % Stated
(> 5%)

% Best
(> 40%)

<18x Coverage
(> 9%)

30x Coverage
(< 70%)

AMER1 4 80% 100% 0% 100%

SMAD4 3 60% 75% 0% 97.58%

BRAF 2 40% 50% 2.65% 87.06%

GJA1 2 40% 50% 75.64% 14.53%

OTC 1 20% 25% 0% 98.06%

ABCA4 0 0% 0% 0.09% 98.59%

BRCA1 0 X 0% 0% 4.35% 95.56%

…

Count links in 
OMIM / 

Orphanet

Highlight if 
on ACMG List

Remove if 
linked to <5% 

terms

Remove if 
<40% best 

match

Highlight if 
low coverage

User reviews  
gene list



Personalised BED file generation



Variant filtering 

VarSeq Filter Chain

Retained: 

• High quality variants

• Reasonable depth coverage

• <1% MAF

• Not a run-specific artifact present in 
other patients in project

• Limited to variants genes contained in 
the personalized .BED file

www.goldenhelix.com



Preference for method of panel creation at referral

Venn diagram creator from http://bioinformatics.psb.ugent.be/webtools/Venn/



Preliminary findings

Case Initials HPO PanelApp Custom Comments

1 AR ✓ ✓

2 ZK ✓
Consultant knew that HPO panel covered their 
preferences

3 MS ✓

4 BS  No specific genes suspected

5 KS ✓ ✓

6 FM ✓ ✓

7 BW  
Likely pathogenic variant detected by PhenIX
prioritisation

8 ARo ✓

9 MA ✓
Specific gene in mind but HPO used to 
generate the panel

10 AC ✓ ✓

11 SM ✓ ✓



Variant Prioritisation



Unknown unknowns

“Reports that say that something hasn't happened are always
interesting to me, because as we know, there are known knowns;
there are things we know we know. We also know there are known
unknowns; that is to say we know there are some things we do not
know. But there are also unknown unknowns – the ones we don't
know we don't know”

Donald Rumsfeld, United States Secretary of Defense, February 2012



Unknown unknowns

Joseph Luft and Harrington Ingham (1955) 



Unknown unknowns



Conclusions

Conclusions from preliminary cases referred using this approach:

• It is possible to rapidly select gene panels from the clinical exome
using an HPO-driven ‘dynamic panelisation’ approach.

• Our preliminary results suggest that this approach should currently be
used to ‘back-stop’ rather than replacing existing approaches.

• Panel selection (by humans or algorithms) needs to factor in any
potential anomalies in the Human Phenotype Ontology.

• Don’t forget the acknowledgments
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