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1) Imputation of genotypes 

2) In-solution capture of DNA using RNA baits 

Focus on two methods 
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Inflammation 

An important mechanism 
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Importance of HLA association 

PSC (Ulcerative colitis) 

Crohn’s disease 

Type 1 diabetes 

Multiple sclerosis 
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Number of different alleles 

Number of alleles annotated for the most important HLA loci, 

IMGT/HLA database v3.25 , July 2016 

HLA Class I 

Gene A B C 

Alleles 3,492 4,358 3,111 

Proteins 2,480 3,221 2,196 

HLA Class II  

Gene DRB DQA1 DQB1 DPA1 DPB1 

Alleles  2,135 73 940 43 671 

Proteins  1,569 33 647 21 552 
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Growing number of alleles 
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„The HLA is a monster“* 

*Prof. Tom H. Karlsen 2008, Oslo, Norway 
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Genotype Imputation 
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X      Available genotype data 
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SNP2HLA 

Jia et al., PLoS One 2013 



10 

HLA fine mapping  

Franke & Rioux, Nature Genetics 2015 

34,241 controls 

18,405 CD 

14,308 UC 

 

 8939 SNPs 

 741 AA 

 90/138 class. 

genes 

CD 

UC 
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Classical analysis 
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IKMB Sequencing Center (since 2004) 
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2012 study with reference-based design 

Alignment of the enriched NGS runs to pgf haplotype 

350× 

Amb132, a heterozygous sample (2 replicates) 

Lev337 

Amb132 

Amb132 

qbl 

cox 

mou_mann 

ssto 

pgf 

apd 

dbb 

Lev337, a heterozygous sample 

7 haploid cell line samples of known haplotype 
Horton et al. Immunogenetics (2008) 60: 1-18 
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357 samples (enriched for diversity) 

48 samples/lane on HiSeq 2500 

SureSelect Automated LibraryPrep and Capture System 

Setup of benchmark 

In-solution 

Deletion 

A1 

A2 
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Sample # 

 

A 

 

B 

 

C 

 

DPA 

 

DPB 

 

DQA 

 

DQB 

 

DRB 

NGS Kiel 299 74 111 53 73 20 17 5 42 

Classical Typing 

Sanger ref. ref. ref. ref. ref. ref. ref. ref. ref. 

*  Fluidigm 192 N.A N.A N.A N.A N.A N.A N.A N.A 

**  Roche 454 

Amplicon Seq. 173 29 63 26 - 22 - 19 19 

*** PNAS Amplicon 

Seq. 79 41 88 35 41 

*      Moonsamy PV et al. 2013. High throughput HLA genotyping using 454 sequencing and the Fluidigm Access Array™ System for  

      simplified amplicon library preparation. Tissue Antigens. 81(3):141-9. 

 
**    Martin Danzer et al. 2013. Rapid, scalable and highly automated HLA genotyping using next-generation sequencing: a transition from     

      research to diagnostics. BMC Genomics 2013, 14:221 

 
***   Chunlin Wang et al. 2012. High-throughput, high-fidelity HLA genotyping with deep sequencing. PNAS 109(22):8676-81 

Diversity of test samples 
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HLA allele calling 

P: parameters characterizing the mapping 

w: weighting of the different parameters 

P = { asm,req,msl,mppr,auc } 

w= { 0.5, 1, 0.1, 0.1, 1 } 

For Research Use Only.  

Not for Use in Diagnostic Procedures 
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Wittig et al., Nucleic Acids Research 2015 

HLA calling success rate 
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Wittig et al., Nucleic Acids Research 2015 

Evolution of HLAssign 



19 Koch et al., in preparation 

Graphical User Interface (GUI) 
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 Luminex – 100 € per test, needs Luminex-machine, throughput? 

 

 Sanger-based technologies - €100-500 per test 

 

 Service-only competition: DKMS (50 € per test), Univ.  Munich (50 € per test); Histogenetics LLC 

 

 http://www.illumina.com/clinical/hla-sequencing.html 

List price 300 € (long-range PCR) 

 

 http://www.gendx.com 

List price 120 €/sample, up to 384 samples on MiSeq 

Hi Throughput: HiSeq 2500 oder NextSeq, 2 x 384 samples 

 

 http://www.omixon.com/holotype-hla/ 

Software from Omixon, Kit by CHOP, 192/240 samples  per MiSeq run (7/5 loci) 

Hi Throughput price (5000 samples): ca. 55 €/sample  regardless whether 5 or 7 loci 

 

 

Each of these tests have their own problems apart from the price. Problems that can lead to fatal 

errors. (30%-50% of stem cell transplant recipients die from graft-versus-host disease!) 

Prices 

http://www.illumina.com/clinical/hla-sequencing.html
http://www.illumina.com/clinical/hla-sequencing.html
http://www.illumina.com/clinical/hla-sequencing.html
http://www.illumina.com/clinical/hla-sequencing.html
http://www.gendx.com/
http://www.gendx.com/
http://www.omixon.com/holotype-hla/
http://www.omixon.com/holotype-hla/
http://www.omixon.com/holotype-hla/
http://www.omixon.com/holotype-hla/
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What about blood group antigens? 
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Blood groups vs. Microbiome? 

Falony et al., Science 2016 
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Poor reference databases... 

from ISBTweb.org 
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Imputation benchmark 

Coa/Cob           5.4% Jka/Jkb                48.3% RhCc              31.8% 

Cw                    3.5% KEL Kk                  3.8% RhD                18.2% 

Dia/Dib              0.1% KEL Kpa/Kpb         1.0% RhEe               13.9% 

Doa/Dob         37.5% KEL Jsa/Jsb           0.0% Sc1/Sc2           0.0% 

Fya/Fyb          44.1% Lua/Lub                  3.2% Vel                    0.1% 

HPA1a/HPA1b   16.5% LWa/LWb                1.0% Wra/Wrb           0.0% 

HPA5a/HPA5b  8.3% MNS MN               45.4% Yta/Ytb             4.6% 

Ina/Inb              0.0% MNS Ss                31.9% 
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Christoph Gassner 

NGS experiment 

BFX 

Michael Wittig 
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