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IMGT/HLASF —AINXR—=X ([CEERENT

WLWBHLAJ? L )LER

HLA Class I Alleles 8,976
HLA Class II Alleles 2,870
HLA Alleles 11,846
HLA Class 1

Alleles 2,884 3,589 2,375
Proteins 2,041 2,668 1,677
Nulls 133 119 71
HLA Class 11

DQB1  DPB1

Alleles 1,642 664 422
Proteins 1,211 435 351
Nulls 37 16 10

IMGT/HLA database Version Report - 3.17 (2014-07)
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HLAZ? L)L Danaik

Hyphen used to separate Suffix used to denote
gene name from HLA prefix changes in expression
Separator ' " Field Separators
F .-lx
HLA-A*02:101:01:02N
L}
-\.1.- ¥ -\.r.- " -.]_.- & L -\.'i_.- r " -.1I_.- i x'-
HLA Prefix « Gene Field 4; used to show
Y differences in a
Field 1; allele group non-coding region
Field 2; specific HLA protein

i

Field 3; used to show a synonymous DNA
substitution within the coding region



HLA & ZERIBIHWFR & DOREE

EHIEER BSE % R T HLAR "”Z"E%

Tiopronin(E&E) EFFARAET S o i HLA-A*33:03

Carbamazepine(¥iEeEHl) & L
Stevens-Johnson fE{&EF HLA-B*15:02 100 895.5

Abacavir(FiHIVH) £ BIBEE, TEIR. P
IRIE [ & B EEERIVER HLA-B*57:01 78 117.5

Allopurinol (FfB. FRBMIVER)E ) 4 pecg07 100 3035

>
Ticlopidine(#ruin/\MixAl) EAFIEE HLA-A*33:03 86 36.5
Amoxicillin-clavulanate potassium _ o e
(S C T = HLA-DRB1*15:01 57 35.6
Flucloxacillin(fi&¥18) EHHESE HLA-B*57:01 84 80.6

JRRPHLABIGFEDEDTH DN, BIHEHAEE(CKDHLAEGFEREEL TLD
KD ICHZ DM EAbacavirz i =“<8H



HLAS 1 E> T (C KD FHHHIEZH

HLA-B*57:01 |HLA-B*57:01
positive negative

N
2 ADR negative 25 794
A A Aorne

“ : @ ADR positive 23 0)

ADR

(0) (o)
Positive % s Ui

Mallal S et al. N Engl J Med. 2008
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HLA Database ] SNP Control \ Case Control GWAS )  CNV Database ) CNV Association
ADOL 5 Databa
About HLA Database ¥

HELP | FAQ i

T %_;6{,;

This HLA database (HLA DB) is a repository system and has been constructed to achieve permanent data management and
information sharing of HLA data. HLA-DB contains HLA haplotype data and disease-related information. We greatly appreciate
your HLA data submission.

This work has been supported by the Ministry of Education, Culture, Sports, Science and Technology.

fd Study info
HGVRD top-page i bkd Sequences
HGVRD data sharing policy & o Multiple alignment Japanese Haplotype
NBDC ¥ Select multiple studies
DBCLS ¥ Select reference study
University of Tokyo ¥ (s) Base level view | HLA-A & | O overview MH
gaet:;?&msmme of | o Pair-alignment
University of Tokyo Hospital @ F"’ Second | cox ¢ | _Submit J
CRL, Hitachi, LTD. g o Mult e

Sele ¢  tudies

gbl (“Submit_ |

dbb



HLA database &ix

Immmenogenslics [2008] B4 1-14

[~

Wi

DO 10, 1070021712622 & Opensccess
CRIGINAL PAPER

Variation analysis and gene annotation of eight MHC

haplotypes: The MHC Haplotype Project
Table 1 Haplotype sequence contig length, number of gaps and HLA allele types
Haplotype  Length (bp) Gaps  HLA-A HLA-B HLA-C HLA-DQA1 HLA-DQE1 HLA-DREI
PGF 4754829 0 A*03010101  B*070201 Cw*07020103  DQA1*010201  DOQB1*0602 DRB1*150101
COX 4731878 0 A*QI010101  B*080101 Cw*070101 DOAT*050101  DOBI*020101  DREI*030101
QOL 4249272 5 A*2a0101 LD*1R0101 Cw*50101 DOAT*050101 DD =020101 DRO1*030101
APD 4160365 16 ARQTO10101 -
DER 2330101 28 A*Q2010101 - Cw*06020101  DOAT*0201 DORI*030302  DRBI*O70101
MANN 4191014 10 A*290201 B*440301 Cw*160101 DQAT*0201 DOB1*0202 DRB1*070101
MCF 4087413 15 [AFD20001) B*15010101 Cow*030401 DOAT*0303 DOQBI*030101 -
S8TO 3704249 22 A*320101 B*44020101  Cw*050101 DOAT*030101  DOQRBI*0I0501  DRBI*040301



MHC Haplotype Consortium Web

< Resource

nshiuta
Home Rasaarch Scientific resources  ‘Wark & study B0 R

What we do  History How we work  People Public engagement Campus Contact

2Uth March 2003 - updated 1d August 2010
MHC Haplotype Consaortium Web Resource

A Cambridos-Rased Comsamium taday announced a new web resausce desigrad o help medical resaarchars in the Fght againsh dseaces like diahetas, meumanoed

arthite and mltiphe Sche ohmis.

The MHC Hapletype Consartium B2 - Frmed by researchery at the Welloame Trust Sanger [nettute ard e Unverety of Cambridas & - wil define the mest ceenmon

differences in DM cade that can lead to these diseases. An acourate melecular understanding should fesd to improved disgnasis and treatment.

Sir e Jelfrevs, Professcr of Ganetics al Lejicester Univassity, said, "Thiz axciting new development will for the first time allow us fo see the true patterns
of genetic diversity in an extremely important gene complex that les af the heart of the immuneg system. It will not anly impact substantialy on owr
whdarsfanding af ha sole of B MHC in disosdars such a8 aufaimmune disaase and i combating nfectious diseasa, bul will Favaal fundamantal row

information on processas spch as natural sefection that shape human DNA diversity, "

The warriars in aur malecular defance gainst attack by micrabas « tha caMponants of aur mmune Spstam = ane usualy a highly osganized ard wellsdiciplined forca.
“Wabile and versatile, new and improvesd delerces are deploved 1o respond 1o each invation,

At gnmstimes this ToFce reneivls the weong ordars or misinterpaets thie comect orders, Tn a misguided mowe, as wall a5 fighting off tha threats from outsde, thay
ateack our awn cslle, destroying & ey go. This reasanous acl is auldiremune diseagse, which urderlies B dpedirom of digorders [rom mulliple selergais Lo diabeteg,

The new wehsite wil catalogus the changes in DA code that lead to canfusian and reballien in the mmung system, The DM, differences will he crucial in fighting
autoimmune dsease, some of whicth ane increasing in the UK and around the worid.

The key ragicr of the gancene s called the MEC - major histaoompatiility comiplex - a clugter of mere tharn 200 genes ¢n chromasoeme 6, & principal functian af the
T is bo discriminate betwesn “sef - gur own cells and tissues - and ‘non-self - e invaders we would hope to destroy.

The MHC is the most variable regian of cur ganome, driven by the need o ward o the aver-changirg pathogens thal invade ug ard 0 calalagung he changas
refabed to autcimmune dis=ass |s especally dificult. The consortium will analyse the ONA seguence from sight indeviduals specaly chosen for the project.

"As vweall a8 baing an sthnic mix, these individuals reprasent the mest comman combinetions of genes associabed with cartain disgssases and 5o we
will identify the most important sequence varants that predispose fo these conditions, * saxd Stephan Becds, Head of Human S=quencing at the Welloome
Trust Sanger [nstEuhe,

Already two genomes haws bean finshsd and are displayed on the site, Data from the others is being added as soon as it = abtairesd. The orapsct, which has
receded E 2.2 millian in funding from the Walloomss Trust, is projected o continue wntil 2004, Mambers of the Haplotyps Consomium share the view that
prepublicatan release of hece dala will elp apeed up the arogness ol resarch inlo aulairsmune diseage,




Workflow of phase-defined sequencing

hg19 reference l l

Alignment to HLA gene sequence of hgl9 reference
BWA, Samtools, Picard

v

Detect SNVs and Indels
Haplotypecaller in GATK

v

Phase haplotype using heterozygous SNVs on PE reads
Perl script

v

Divide alignment into two phased one as haplotype
Perl script

v

Create consensus sequence
FastaAlternateReferenceMaker in GATK, Perl script

Y

Haplotype sequence |

/ Paired-read fastq /

bam file

vcf file

SNV list

2 sam files

fasta file



TN
=

<> NBDCERF —4<—2

MEDCI

NBDC Research ID: hum0003.v1

HREASDRE

BiY : HLAE{EF(HLA-A, -C, -B, -DRB1, -DOB1# £ IF-DPB1IC £ H BHLAT LI R EBIEER Y (173kb~14kb) E R ET 5
H#i : Long range PCRIC & D BEHAE%E ML . lluminait OMiSeqlc & D ERETERERT S

FE ERRERFECIL T 335

T—%ID e il R S
DRAQDOD0E MNGS  (HLAF Ll i RS R e 201207101
sVl
RETF=7
DRAOOOS0E
ERE S )5 2 aaE st
TR Targel Capture

RS (Target Capture DHBE) HLA i



TILSA 2 NCHITDHLA-BONGST—4

i’ 5113 bp -
| AR s e EIEE-TO N B EIEE LN 2 ELERLLCE ]
1 1 1 1 1 1 1 1

COX
B*07:02:01

PGF
B*08:01:01'




TILSA 2 NCHITDHLA-BONGST—4

I"' Sl
| B A e EIEEL L AR EIEE DR EELUL L ]
1 1 ! 1

COX
B*07:02:01

PGF
B*08:01:01'

COX
B*07:02:01

. .
PGF e e
B*08:01:01% -~ o




Workflow of phase-defined sequencing

hg19 reference l l

Alignment to HLA gene sequence of hgl9 reference
BWA, Samtools, Picard

v

Detect SNVs and Indels
Haplotypecaller in GATK

v

Phase haplotype using heterozygous SNVs on PE reads
Perl script

v

Divide alignment into two phased one as haplotype
Perl script

v

Create consensus sequence
FastaAlternateReferenceMaker in GATK, Perl script
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Haplotype sequence |

/ Paired-read fastq /

bam file

vcf file

SNV list

2 sam files

fasta file
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Phased haplotype 1 —>» B*51:01:01

Phased haplotype 2 = B*15:02:01
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hg19 reference

,I,L’ Alignment

/ Paired-read fastq /

Alignment to HLA gene sequence of hg19 reference

!

Detect SNVs and Indels

Phase haplotype using heterozygous SNVs on PE reads

v

Divide alignment into two phased one as haplotype

/\

Create alignment for only homozygous region

v

Merge two alignments

Cleaning of phased alignment

A 4

A 4

I Complete haplotype sequence | I Partial haplotype sequence |
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hg19 reference

,I,L’ Alignment

/ Paired-read fastq /

Alignment to HLA gene sequence of hg19 reference

!

Detect SNVs and Indels

Phase haplotype using heterozygous SNVs on PE reads

v

Divide alignment into two phased one as haplotype

/\

Create alignment for only homozygous region

v

Merge two alignments

Cleaning of phased alignment

A 4

A 4

I Complete haplotype sequence | I Partial haplotype sequence |




Alignment algorithms and mapped rate

BWA-backtrack
(max diff = 80% )

Average 94.7% 99.6%
Min 88.8% 99.1%
Max 99.4% 99.9%

BWA-backtrack : illumina short reads
BWA-MEM : short reads and long reads (up to 1 Mb)
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hg19 reference

,I,L’ Alignment

/ Paired-read fastq /

Alignment to HLA gene sequence of hg19 reference

!

Detect SNVs and Indels

Phase haplotype using heterozygous SNVs on PE reads

v

Divide alignment into two phased one as haplotype

/\

Create alignment for only homozygous region

v

Merge two alignments

Cleaning of phased alignment

A 4

A 4

I Complete haplotype sequence | I Partial haplotype sequence |




Alignment view of heterozygous samples
that had few SNVs or one SNV in one exon

AR

0785
4 SNVs in exon2

1018
7 SNVs in exon2

1117 :
3 SNVs in exon2

1175
3 SNVs in exon2

1224
3 SNVs in exon3

0979
1 SNV in exon5




Partial phasing for only particular exon

0785
dip|0type

haplotypel |™

haplotype2 [~ """




Alignment of homozygous region

0785
diplotype




Merging alighments of homozygous
and heterozygous region

HLAR
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Merging alighments of homozygous
and heterozygous region

HLAR
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Partial phasing for only particular exon

0785
diplotype

ha plotypel S Ty P

haplotype2 |7




0605
52:01

homozygous )

0616

0663

0785

1011

Alignment of HLA-B*52:01

[Ha-n
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hg19 reference

,I,L’ Alignment

/ Paired-read fastq /

Alignment to HLA gene sequence of hg19 reference

!

Detect SNVs and Indels

Phase haplotype using heterozygous SNVs on PE reads

v

Divide alignment into two phased one as haplotype

/\

Create alignment for only homozygous region

v

Merge two alignments

Cleaning of phased alignment

A 4

A 4

I Complete haplotype sequence | I Partial haplotype sequence |




PCR in library preparation and
sequencing

Nextera kit

> Sample >> Tagmentation >> PCR >> Beads normalization >
Input
o,

v £
MiSeq 11

| @
> Cluster generation >> Sequencing > e °




DNA recombination during PCR

Seal MHC mRNA

P1 P2
Pvull Pvull

K1 { K2
Pvull

* * Pvull
* M
707 218

80 845

Yu et al. Biotechniques. 2006



DNA recombination during PCR

P1 P1 P2 P2 P1xP2 P1xP2
uncut cut uncut cut uncut cut

Agarose gel

925
Rec! mmmwm 845

Rec! s 707

e 218

Average recombination frequency

RFLP :35.7% = 5.0% 80
cloning  :26.4% (91 clones)

Yu et al. Biotechniques. 2006



Artifact SNVs caused by recombination
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Removing recombinant sequence reads
(SNVs)

File  Cenizrres Wdren Trade  Eeglars Tazlt Censiriefpese  Helt
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Removing recombinant sequence reads
(Indel)

HLe-Lzhn = RO G P o4 v S I H IS Faoewe ENRE RN N
a

Felee |8 L B T T
1 L

ERGA[ [ [ (1] [T (T TR WO T [T T 1
_—

L S T

| before

T | 9| I e i i



Alignment of HLA-B*40:06
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hg19 reference

Paired-read fastq /
Alignment

Alignment to HLA gene sequence of hg19 reference

!

Detect SNVs and Indels

Phase haplotype using heterozygous SNVs on PE reads

v

Divide alignment into two phased one as haplotype

i L Unphased heterozygous SNVs?
i Yes | "
{ No |
'}“" 1 Yes |
| Fp—— |
Create alignment for only homozygous region
v
Merge two alignments
Cleaning of phased alignment
\ 4 A A 4

I Complete haplotype sequence | I Partial haplotype sequence |




