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Evolution of molecular HLA typing methods

1991 1996 2001 2006 2013 2018

PCR-SSP/SSO

Sanger sequencing

NGS - Illumina

December 16th 1998:
Introduction of HLA 

IMGT database
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Evolution of NGS platforms



www.omixon.com support@omixon.com

1. Fulllengthgenesequencing

2. Theabilitytoidentifynovel/nullalleles

3. Typingwith(almost)zeroambiguities

4. Flexibilityinsamplenumber,fromlow- tohighthroughput

5. Possibilitytoautomatepre- andpost-PCR

6. Cost efficientïpossibilityto combinedifferenttype of
libraries

What do we gain from NGS?



Exon 2 Exon 3 Exon 4 All exons, introns, UTR

3h

Exon 2 Exon 2, Intron 2, Exon 3, Intron 3, Exon 4

Exon 2 Exon 3

Courtesy of Curt Lind at CHOP

All exons, introns, UTR

SBT NGS

HLA-A,B,C genes sequenced at Exons 
2,3,4 only (822 bases)

HLA-A,B,C genes sequenced full length 
(~3,200 bases)

HLA-DQB1 genes sequenced at Exons 2 
and 3 only (540 bases)

HLA-DQB1 genes sequenced full length 
(~7,000 bases)

HLA-DRB1 genes sequenced partial 
length (~5,500 bases)

HLA-DRB1 genes sequenced at  Exon 2 
only (276 bases)



Benefit of phasing with NGS

SBT ï1 signal NGS ï2 signals
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Challenge of HLA typing using NGS

ÁNew definitions (phasing, coverage, Q30 score etc.)

ÁComplex algorithms

Á Incomplete reference allele database

Á Increasing allele database (35% increase from 3.33 to 

3.38)

ÁLarge and more complex dataset
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The software is crucial in orderto make sense of the huge 
amount of sequencing data

NGS analysis software
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Illumina as primary platform

ABI 3730

Capillary sequencer

Low volume, high labor

Roche 454 GS Junior
BenchtopNGS 
Expensive per run

GenestudioS5
BenchtopNGS
Semi-conductor sequencing
Long sample prep
Rapid run time

Illumina MiSeq
BenchtopNGS
Highly automated
Quick sample prep
Lowest error rate

PacBioRS
Non Benchtop(large)
Fluorophorephotocapture
S M R T
High raw error
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Library contains various fragment sizes 

Fragment distribution after the bead-based size selection 
(500 ï1500 bp)
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IlluminaNGS Chemistry

Anneal sequencing 
primer

Generate clustersPerform bridge 
amplification

Attach DNA to 
flow cell



www.omixon.com support@omixon.com

IlluminaNGS Chemistry

Extend first base 
and read it
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Paired-End Sequencing

Single-End Reads Paired-End Reads

Read 1

Template

Read 1

Read 2
Template

Sequencefrom the paired reads originate from the same
template,andthereforearephasedwith eachother
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Long Distance Phasing

B*07:02:01 T T T TAA CG

B*41:01 C C C GGT TC
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Analysis paired-end reads with HLA Twin
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Omixon HLA Twin (Software)

Á Preconfigured HolotypeHLA-specific settings

Á Automated genotyping after MiSeqrun

Á Up to two algorithms for determining HLA genotypes

ïConsensus Genotyping (Assembly) 

ïStatistical Genotyping (Alignment to IMGT/HLA)

Á Traffic light system for data interpretation and workflow 

management

Info
Inspect

Failed

Passed

Investigate



www.omixon.com support@omixon.com

HLA Twin - The Traffic Light System
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HLA Twin 

ÁTwo algorithms for determining HLA 

genotypes:
1. Consensus Genotyping (Assembly) 

2. Statistical Genotyping (Alignment to IMGT/HLA)
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HLA Twin - Consensus algorithm 

Consensus Genotyping (Assembly) :

1. C- collect

2. C- construct

3. C- compare

4. C- check 
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HLA Twin - Consensus algorithm (1) 

v
v
vv
v

1. C- collect- TheHLATwinwillgatherallsequencingreadsfromtheIllumina
samplefilepairandwillassignthemtoaspecificlocus.

1. C- Construct- Theprocessedreadsper lociwillbe assembled(DeNovo
Assembly)to constructa long and continuoussequencecalled the
consensus.

v
v
vv
v

v
v
vv

v
v
v

v
v

v
v
v

v
vv

v
v
v
v
vv

Consensus

De Novo 
Assembly

v

> Duringtheprocessof DeNovoAssembly,a filteringalgorithmwill
detectreadswithtoolowquality,whichwillbefilteredout.

ATGGCCGTCATGGCGCCCCGAACCCTCCTCCTGCTACTCTCGGGGGCCCTGGCCCTGACCCAGACCTGGG
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HLA Twin - Consensus algorithm (2)

v
v
vv
v

3. C- CompareAftercompletion,theconsensussequencewillbecomparedto
all the referencesequencesof the alleles(of that specificloci) in the

IMGT/HLAdatabasetofindabestmatchalleleandtomakeanallelecall.

v
v
vv
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v
v
vv

v
v
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v
v
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vv
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Consensus

v

Allele call 
(For example: 
HLA-A*01:01:01:01)

ATGGCCGTCATGGCGCCCCGAACCCTCCTCCTGCTACTCTCGGGGGCCCTGGCCCTGACCCAGACCTGGG



www.omixon.com support@omixon.com

HLA Twin - Consensus algorithm (3)

v
v
vv
v

4. C- Check- Upontheallelecallthesoftwarewillre-checkitself(sinceit used
onlytheconsensussequencetoidentifythebestmatch):
Alltheprocessedsequencingreadswillbealignedtothereferencesequence
ofthebestmatchedallele(inthisexampleHLA-A*01:01:01:01).
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> Potentialmismatches(novelsequences)betweenthereference
sequenceandsequencingreadswillbedetectedandhighlighted.
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HLA Twin Statistical algorithm

Statistical Genotyping : Alignment to 

IMGT/HLA

Works in a ò if ò scenery:

1. C- confirm 
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5ïConfirm: If theQCmetricsarebelowa certainthreshold(ora
noveltyis found),thesoftwarewill try to confirmthe allelecall
withtheStatisticalgenotyping.

üThereadsfromthe Illuminasamplefile pairwill be directly
alignedto all theallelesof theIMGT/HLAdatabase.

üA complexcalculationdecideswhichallelehas mostreads
alignedandthereforewillbechosenasbestmatch.

Statistical genotyping (SG) algorithm
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Tools to troubleshooté
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Á The 24 qualitymetrics will guide you towards the cause of a 
quality issue and help you decide whether or not you need to 
repeat the run.

Quality Control Metrics system
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Quality determined according to set thresholds
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Recommended average fragment size of 400 bp

Fragment size is important
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Á The software can detect strong allelic imbalance > second 
allele below 1%

Allele imbalance?
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Use of Linkage Disequilibrium database
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Check the coverage plot in the Gene Browser
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Change the visualization mode
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Zoom in on sequencing reads
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Inspect sequences
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Visualize noise reads in the noise track
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How to be alerted on potential contamination?


