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One-Stop Shop (?)
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Focus on two methods

1) Imputation of genotypes

2) In-solution capture of DNA using RNA baits
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Inflammation -
An important mechanism

Exzellenzcluster
Entziindungsforschung




Importance of HLA association
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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 |

Gene A B C

Alleles 3,492 (4,358 | 3,111

Proteins 2,480 | 3,221 |2,196

HLA Class Il

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“*




|I<mb

nstitut fur Klinische Molekularbiologie

Genotype Imputation

A Comprehensive Evaluation of
SNP Genotype Imputation

Michael Mothnage -, D, Ninigh fmdre Franke

farv Albrechis Unlversity Kial Garmary
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Introduction. Samples. Genotyping. Quality control.
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HLA HLA
Genotyped SNPs haplotypes amino acids
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Impute ungenotyped
HLA alleles, amino acids
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CEU/CEPH YRI CHB+JPT
HLA gene - e——
sl - @on1 el B 99.1% 69.9% 98.1%
HLA-B 96.8% 90.5% 65.6%
HLA-C 99.1% 98.4% 68.8%
HLA-DQAT1 98.5% 64.9% 96.3%
HLA-DQB1 99.1% 96.1% 96.5%
HLA-DRB1 96.9% 20.3% 92.3%
All loci 98.3% 72.9% 86.4%
Jia et al., PLoS One 2013 9
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Classical analysis
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IKMB Sequencing Center (since 2004)

Next Generation Sequencing Unit @ CMB

3x lllumina HiSeq2500
1x lllumina HiSeg3000
1x lllumina Hiseg4000

1x lllumina NextSeq

2x lllumina MiSeq

Raw NGS Data

Storage @ICMB

RAW/Project Data

40 TB XFS

Headnode

EMC Isilon
X200/NL400

600TB OnefS

NFS - Storage

218 TB XFS

High Throughput Compute (HTC) Cluster @RZ CAU

32 compute nodes
8 cores (total: 256)
32 Gb RAM

1,7 Tb scratch per node

—> Eﬂ i L ]

42 compute nodes
16 cores (total: 672)
128 Gb RAM

3 Tb scratch per node

BWA, GATK,
miRDeep?2,
R/Bioconductor

Oracle SAM-QFS @RZ CAU

Hierarchical
Storage
Management

Tape library
cache server
(100TB)

expandable to 30 PB

High RAM compute @ CMB Virtualization platform @ICMB Bioinformatics Webservers @RZ FPGA - parallel computing @RZ
Spades OpenStack GNOS Annai | SWa
velvet KVM Grabblur | BLAST
Prokka HGMD i ShapelT
PhyloPhlan 80 cores PolyPhen2 i .

128 FPGAs
Harvest Zii ?g RAM OwnCloud B e Cor i macks
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(1)

2012 study with reference-based design
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®» Alignment of the enriched NGS runs to pgf haplotype e
Amb132, a heterozygous sample (2 replicates) 2:22
Lev337, a heterozygous sample = qb'
7 haploid cell line samples of known haplotype ’s“s‘:;‘—ma“”
Horton et al. Immunogenetics (2008) 60: 1-18
. dbb

2991 sg0e| 2931560 29911604 2991 1508] 2931 2008 23312504 2901300 23913504 29914000 23314500
(Agilent) boutie normalized unigue coverage Genane wide natches prewiousty renoved,

;-Tﬁfv
! ) o Jﬁ\gm\@'ﬁﬁ AR gih J 350 x
| e 'f hﬂw”‘w i W ,ﬁ,w"w v e ”W\ '
. *‘_w hﬂ ."'J!"\. _‘:‘,,-n.-.__\"‘
=
13




stitut fur Klinische Molekularbiologie

Setup of benchmark

®» 357 samples (enriched for diversity)

®» 48 samples/lane on HiSeq 2500

®» SureSelect Automated LibraryPrep and Capture System

Al \1/
Target _
Capture| | DNA /Deletlon
Oligo
A2
Biotin @
>
In-solution ) .‘
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Diversity of test samples

Sample #
NGS Kiel 299
Classical Typing
Sanger ref.
* Fluidigm 192
" Roche 454
Amplicon Seq. 173
" PNAS Amplicon
Seq. 79

A B C
74 111 53
ref. ref. ref.

N.A N.A N.A

29 63 26

41 88 35

DPA
73

ref.
N.A

DPB
20

ref.
N.A

22

DQA
17

ref.
N.A

DQB

ref.
N.A

19

DRB
42

ref.
N.A

19

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
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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}

H =

_(2+1+10+10+1)*asm*req*msl*mppr*auc

2xasm+ 1xreq+ 10 *msl + 10 » mppr + 1 * auc
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HLA calling success rate

Table 1 Benchmark statistics for allele calls that could be achieved in a fully automated manner at three-field resolution (note that some of the reference
samples only had two-field resolution, Supplementary Table S2)

Allele call rate

Mean
Locus Genotypes available Different alleles Exact Including alternatives  alternatives/sample
A 341 114 0.98 0.99 2.21
B 344 122 0.99 1.00 1.03
C 285 53 0.98 0.99 1.58
DRBI 307 80 0.98 0.98 1.08
DQA1 152 20 1.00 1.00 0.06
DQBI 264 18 0.99 0.99 0.06
DPALI 87 5 0.98 0.98 0.00
DPBI1 209 40 0.97 0.97 0.57

Columns - Locus: Lists the typed classical gene locus. Genotypes available: Shows the number of samples for which reference genotypes were available.
Only alleles for which a reference call was available were used for calculating the call rate. Different alleles: Lists the number of different alleles within the
reference data set for each locus. The automated calling generates two probable allele calls per diploid sample. Allele calling exact: Shows the validated
allele call rate that was achicved by the automated calling. Allele calling including alternatives: Shows the call rate when including possible alternative alleles
(ambiguities). Mean alternatives/sample: Shows the average number of alternative allele calls (ambiguities) per sample.

Wittig et al., Nucleic Acids Research 2015 17
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1C: ~/ramDisk
mwittig@MW-X1C:~/ramDisk$ cat dummy.txt+
for i in *.fastq.gz
do
zcat $i | awk '{if( (NR+3)%4==0 ) {split($e, a, " "); print”">"a[1]"/"NR} i1f( (NR+2)%4==0 ) {print(substr(se,1,10@))
}}' > ${TMPDIR}/reads_to_map.fasta
done
# create required directories
mkdir -p ${THERESULTDIR}/pics
cd S{TMPDIR}
mkdir ${TMPDIR}/pics
mkdir ${TMPDIR}/scratch
# run the analysis
nextcallhla --cDNA S{THEALLELEDIR}/THELOCUS_nuc.txt --gDNA ${THEALLELEDIR}/THELOCUS_gen.txt --scratch ${TMPDIR}/scr
atch --out S{TMPDIR}/result.txt --outPic ${TMPDIR}/pics --bias-alleles [foo/bar/incomplete_alleles.txt --amb-table
/foo/bar/ambiguity_table.txt --reads ${TMPDIR}/reads_to_map.fasta --read-length 100
cp ${TMPDIR}/pics/* ${THERESULTDIR}/pics/ RN
cp ${TMPDIR}/result.txt ${THERESULTDIR}/THELOCUS_calls_unsorted.txt o mae o e o oma | oven oo | ooe [ mx
Samgla 07
# extract calls and store in a file called the_calls.txt 9 sone
for j in A B C DRE1 DPA DPB DQA DQB o)  —
do runsing throads: 0 oo oo
THECALL="grep -A 1 "[Result]" S{THERESULTDIR}/S${j}_calls_unsorted.txt | tail -1’ L3 v sampent -
echo $i §j STHECALL | awk 'BEGIN {IFS=" "}; END {if( NF <= 7 ){print $6} else {print $1" ™
\ ' Sample 02 70 750
}}' >> the_calls.txt
for k in ‘sert -k 8,8n ${THERESULTDIR}/${j}_calls_unsorted.txt | awk '{if( NF == 8 && $8 ! W Sampie 03
d -5 | cut -f 1 | sed -re 's/\*/-/g"" W' sample 04 0.0 50.0
do ' sampie 05
o sample06 20
Sample 07
sample 068 T
00 2000 2000 0.0 8100
Sample 09
Sample 10
Sample 11 ORB1*15:01:01:04 ORB1*1510101:04
sample 12
sample 13
Sample 14
Sample 15
Sample 16
Sample 17
Sample 18
sample 19
sample 20 -
sample 21
o 22 Allate 1 Allsle 2 A.U.C. phasing scors Scors -
o :
Sample 24 2 DREI'O701:01:02 DRE1FIS0101:03 05521 08433 e
sample 25 5 DRBIS0701:01:02 DRB1A15.0101:02 05521 08443 n66TE
sample 26 4 DABI‘OT01:01:02 DRB115:01:01:01 05521 08439 06678
mele st 5 DABI'OT01:01:01 DABLA1S:01:01:04 05521 08489 s878
sample 28 6 0RBI'0T01:01:01 DRB1A1S:01:01:03 05521 08439 6678
sample 28 7 DABI'07:01:0101 DRBL15:01:01:02 05521 0,844 06678,
Sampla 30 8 DREI'07.01:01:01 DRE1TISOL01.0] 05521 08438 6678
Sample 31 o DREISOT0101:02 DREITISOIAT  DSSIT 06912 frsen
Sample 32 =
Sampie 33 Locus Name b

Wittig et al., Nucleic Acids Research 2015
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A B

C*03:03:01
C*07:02:01:01

A B
H ac W Ak
|
Il reacs I Reads
Single Allele Selection

AUC Reads

A B
C*03:03:01 C*07:02:01:01
C*03:136 C*07:02:01:01
C*03:39 C*07:02:01:01
C*03:39 C*03:136
C*03:03:01 C C*03:39
C*03:03:01 C*03:136
C*07:02:01:01 C*07:02:01:01

C*03:136 C*03:136
C*03:39 C*03:39

C*03:03:01 C*03:03:01

Header

Equality

0.94
0.96
0.99
0.92
0.92
0.92
0.00
0.00
0.00
0.00

raphical User Interface (GUI)

Spec. Map

512/482
183/176
172/174
102/111
62/57
49/53
0/0
0/0
0/0
0/o

AUC
59.71

57.04
56.40
54.34
58.81
59.45
57.90
55.30
53.37
61.52

Length
1096/1096
546/1096
546/1096
546/546
1096/546
1096/546
1096/1096
546/546
546/546
1096/1096

A 9192

Score

28.88

28.14

12.12
9.68
8.49
0.00
0.00
0.00
0.00

Koch et al., in preparation
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Prices

= 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!)

20
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What about blood group antigens?
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Blood groups vs. Microbiome?

LV UL DRLLLL ALl MRS AL RJALILALL RS LA L TSl AL

(table S10). Notably, previously unidentified
factors such as red blood cell (RBC) count and
hemoglobin concentration indicated covariation
of microbiome composition with blood oxygen
Unexplained  Cumulative effect size uptake capacity (27). Previous work in mice has

92.3% 7.7% e - .
shown an effect of oxygen diffusion on the mi-
o crobiota (28). Moreover, correlations between
RBC counts and Faecalibacterium abundances

are in line with the known oxygen requirements
0.04
0.03
0.02
il

of this genus (29). Of the 18 covariates with non-
A ﬁi@ *ﬁfg*&fﬁ}*ﬁff £ &S

k as"
$ &
s

0.07 4

0.06 -

0.05+

L

Individual effect size (dark) / Cumulative effect size

Falony et al., Science 2016 22
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Poor reference databases...

Table 1. MNS alleles with single nucleotide polymorphisms that generate blood group antigens.
A. GYPA: Reference allele MNS*01 encodes M, En®, ENEH, ENEP, ENAV, ENDA, ENEV.
Note: In most cases, the nucleotide changes also can occur on an N allele; these nucleotide changes are not given.

Phenotype Allele name | Nucleotide change Intron/ | Amino acid change | Comments
Exon

GYPA*01
MNS:1 or M+ GYPA*M 59C; 71G; 72T 2 Ser20, Gly24
MNS:2 GYPA*02
N+ GYPA*N 59C>T, 71G>A; 72T>G | 2 Ser20Leu, Gly24Glu
MNS:1,-2,81 GYPA*08 71G>A72T>G 2
M°+ GYP.Mc Gly24Glu
MNS:7,9,-40 GYPA*09
Vw+ GYPA*Vw 140C>T 3 Thr47Met
MNS:-1,-2,11 GYPA*11 68C>A 2 Thr23Asn
M+ GYPA*Mg
MNS:12 GYPA*12
Vr+ GYPA*Vr 197C>A 3 Ser66Tyr
MNS:14 GYPA*14
Mt(a+) GYPA*Mta 230C>T 3 Thr77lle
MNS:16 GYPA*16
Ri(a+); GYPA*Ria 226G>A 3 Glu76Lys
MNS:18
Ny(a+) GYPA*18 138T>A 3 GIn46Glu
MNS:7,19,—40 GYPA*19
Hut+ GYPA*Hut 140C>A 3 Thr47Lys

from ISBTweb.org
23
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Imputation benchmark

Coa/Cob 5.4% JkalJkb 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% Scl/Sc2 0.0%

Fya/Fyb 44.1% Lua/Lub 3.2% Vel 0.1%
HPAla/HPAlb 165% L\Wa/L\Wbh 1.0% Wra/Wrb 0.0%
HPA5a/HPASb 8.3% MNS MN 415.4% Yta/Ytb 4.6%

Ina/Inb 0.0% MNS Ss 31.9%

24
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NGS experiment
Chromosome | Gene Name Blood Group
9 ABO ABO blood group
7 AQP1 Colion blood group
17 SLC4A1 Diego blood group
12 ART4 Dombrock blood group
1 CD55 Duffy blood group
1 ACKR1 Duffy blood group
19 FUT1 galactoside 2-alpha-L-fucosyltransferase, H blood group
2 GYPC Gerbich blood group
9 AQP3 Gill blood group
X GATA1 globin transcription factor 1
3 B3GALNT1 globoside blood group
6 GCNT2 Iblood group
11 CD44 Indian blood group
15 SEMATA John Milton Hagen blood group
4 ABCG2 Junior blood group
7 KEL Kell blood group
18 SLC14A1 Kidd blood group
1 CR1 Knops blood group
19 KLF1 Kruppel-like factor 1
19 ICAM4 Landsteiner-Wiener blood group
2 ABCB6 Langereis blood group
19 BCAM Lutheran blood group
4 GYPA MNS blood group
4 GYPB MNS blood group
4 GYPE MNS blood group
19 BSG Ok blood group
22 A4GALT Pk antigen of blood histogroup P
11 CcD151 Raph blood group
1 RHCE Rh blood group, CcEe antigens
1 RHCE Rh blood group, CcEe antigens
1 RHCE Rh blood group, CcEe antigens
1 RHD Rh blood group, D antigen
1 RHD Rh blood group, D antigen
6 RHAG Rh-associated glycoprotein, ammonium transporter Rh type A
1 ERMAP Scianna blood group
X XK X-linked Kx blood group
X XG Xg blood group Christoph Gassner Michael Wittig
7 ACHE Yt blood group
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