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(1) SNP genotype imputation
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(1) SNP genotype imputation
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(1) SNP genotype imputation
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(1) SNP genotype imputation
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(1) SNP genotype imputation

gilEnhizox /247

Reference haplotypes

CGACATCTCCTTCTTCTGTGC
CCACATCTCCCGACCTCATGG
CCAAGCTCTTTTCTTCTGTGC
CGAAGCTCTTTTCTTCTGTGC
CCACACTCTCCGACCTTATGC
TGLCGATCTCCCGACCTCATGG
CCGACATCTCCCGACCTTGTGC
CCGACACTCTTTTCTTTTGTAC
CCGACACTCTCCGACCTCGTGC
CGAAGCTCTTTTCTTCTGTGC

2

Study sample

Reference haplotypes

CCAGATCTCCTTCTTCTGTGC
CCAGATCTCCCCACCTCATGLG
CCAACCTCTTTTCTTCTGTGC
CCAACCTCTTTTCTTCTGTGC
CCAGACTCTCCCACCTTATGC
TGGGATCTCCCGACCTCATGG
CCAGATCTCCCGACCTTGTGC
CCAGACTCTTTTCTTTTGTAC
CCAGACTCTCCGACCTCGTGC
CCAACCTCTTTTCTTCTGTGC

WEINEDT /2147

St sample

cgagAtctcccgAcctcAtgg
cgaalctcttttCtttcAtgg

Reference haplotypes

CCGCCCCCGGCAATTTTITTT
CCAGATCTCCCGACCTCATGG
CCAAGCTCTTTTCTTCTGTGC
CCAAGCTCTTTTCTTCTGTGC
CCAGACTCTCCGACCTTATGC
TGGGATCTCCCGACCTCATGG
CCAGATCTCCCCACCTTGTGC
CCGAGACTCTTTTCTTTTGTAC
CCAGACTCTCCGACCTCGTGC
CCAAGCTCTTTTCTTCTGTGC

-SNP genotype imputation®EHEICBEL TS, FHEEEDSNP/N7O
21752 EBL /=S BT —%(reference pane )BT TY,
-SRF—2NOSNP/NTOR17 %, GWAST—2DSNPIEIRICTETT
WLWCET., RBMDSNPI /217 %EELET .

11
(Li Y et al. Ann Rev Genom Hum Genet 2009)



(1) SNP genotype imputation
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(1) SNP genotype imputation
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(1) SNP genotype imputation
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(1) SNP genotype imputation
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*ZSNPICHL T, imputationfE ROBEEZRITIEEHAHAZNIET,
Gl BEOII/ 24T EMEI T/ 217 DHBEDREREI(=Rsq).
EEHREHECSNPIE, BITOXFHELET,



(1) SNP genotype imputation

S LR LD D& B R R
- LD7Ov¥y e
@ <L = ‘ N
g | - | CCR
H .----Q-- < $o o;&";
L= o i: — o Z_L,e E
Lo e o ek = | E
E= — M | | ......... elhtlo b _sndh ;..qzm?z‘t......am &...c.zs_%fmm ______
v B2 - : =

3 li E?%E&@SNP@/I/'}M' 713, i. FFT?F?E_LODQTE Etéc_
ENBL, EEHATFE(Linkage Disequilibrium: LD)EFEIENET,

EETISNPOI T/ 2LT DR HHLLEOTULBIREE, &ELVSIETYT,
‘LDEERICHZSNPRILIE. B ERITOMETEGLITLET,

-SRBF—2THNEN/=SNPREIDOLDER%Z. GWAST—2(EHT 3
& T. imputationhRiEENET (Ostrer H. Nat Rev Genet 2001)



(1) SNP genotype imputation

A B }
= 1 A—a LD{EIEDETHEIL
:m: D=hyy=DaPs =gl = Hapltas

D D
D,.. min(hz+h,,h+hg)—p,pg

7"2 = Dz
p,d=p)p,(1-py)

LD="N\TAZA7THEHI BT LIV OEAEDIRERLDIRAE"

*2SNPRIDNTAZATSHBETVINVEEDL S, LDDIEEERTIEE(~
D. D" &R HEIBDIEHRRETT

LDEERD—DO1 /2 11E, 0~1.0D(E%ZLEY., 2SNPREID/NTOZ17 5%
(:91/5217 2% )DHBEDREFRICELEMAZDLLICHEHLET,
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(Dissertation paper by Nothnagel M. 2004)




(1) SNP genotype imputation

E - +;'";'--'--"a\c—'ﬂ?'—-'?'-'?-hg;; """""""""""""""
Oe '“.:'/ "’ N
i *e 2
vt .. /
2 B tetll -
(@] . ~~-‘ _________
tu ’.; v + O o [ a—a
s IO \XImputatlonﬁfEb\.ﬁ.b\
© = *
W S8 L ¢
0’0
£g | &
o 8 « R
- & © I" :‘ \\
.S 8 ll : ‘\
2 o
E s
‘\‘ o 90 reference samples
A 332 overlapping SNPs
/ - Ljfy'l oJellgle
NVA : s \ \ [ | [ [ | I
XImDUtatlonﬁE” 15(’ 0.0 0.1 0.2 0.3 04 0.5

Allele frequency (typed)

—glc. PLIVEEHKREL, RLADOSNPEEL ETHAFEHRARICH
ASNPLE. imputationit EFRELE<BVET,

Wi, PUIEREHINEL, R BOSNPEEHAFEHBERICZLULISNP
1. imputationit EREEMESEVET (Jia X et al. PLoS One 2013)



(1) SNP genotype imputation

A B
...... SR B g e e = O P e T T R R LR ERP PR
L NN Rt .
\‘ O S
ﬂE ) g4 &
H l' '.‘t * ’
ﬁ & Ss —’,, a :“ * ‘
1)) -~ "
C o
.9 g S .
5 © ¢
R 2 i S,
o 90 reference samples |} .. 90 reference samples
= 332 overlapping SNPs : ol a 2,466 overlapping SNPs
0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 05
@ (] [ N
X Imputation¥’ BoHM D B
L g PRSPl TS USSR
. ; o | Ry
$ * LYe, * NS -7
@ | e = ¢ '™ o. ------ -
=] 2 e o #
L A o
2t 3 o\ 0 y “-é- \
ERY : ¥Imputation¥gEH &L
S . ¢
2 39 3 /
D L]
o o IT———============
5,225 reference samples : 5,225 reference samples
o |3 487 overlapping SNPs o | 1| 4,794 overlapping SNPs
° T T T T T = T T I i mn i T
0.0 01 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 a5
Allele frequency (typed) Allele frequency (typed)

SBTF—2DOSNPEEHNEL, Yo7 IWVEHZMEE, imputationttE
BEHIE<EVET, (Jia X et al. PLoS One 2013)



(1) SNP genotype imputation
ImputationS BT —42DEZE

s N A
EBHapMap 1000 Genomes Elgfelgémz
7O xohk f‘> 7arzyk f‘> Consortium
3AIE ‘SAE B A 20
. . . iy ]
270 2500A 65,000 A
-25075 SNP +100073SNP o

\ *4000/3SNP /

-SNP genotype imputationCigiREh3SBF—4246,. BEEL. 2Y
7M. ZEFE(L. DEATULET,

‘BAEALHGWASICDOULTIE. HBEAAEHHAZENS1000 Genomes
700198 BF—2ICESOHAAMNTT,

(The 1KG Project Consortium. Nature 2015, McCarthy S et al. Nat Genet 2016)



(1) SNP genotype imputation
SNP genotype imputation®3Ehe 75 i%&

Target data set

consisting of measured

genotypes

Quality control

Liftover to correct
genome build

~

Imputation using minimac
Step 10A

/

Download the
reference set

I

Ve

Download the
reference set

Step 10B(i,i)

|

Step 10A(iv-viii)

Create the input
files for phasing
and imputation

Create the input
files for phasing
and imputation

Step 10B(jii~v)

}

Step 10A(ix)

Use MaCH
for phasing

!

Use SHAPEIT
for phasing

Step 10B(vi)

Step 10A(x)

Imputation using
minimac

Imputation using
IMPUTE2

Step 10B(vii)

it

J

g0l deig
Z23.LNndi Buisn uonenduw)

N

Imputation®Ee 7T iEI<DULTIE. FE7OMINEZSBLTT ALY,

21
(van Leeuwen EM et al. Nat Protocol 2015)



(1) SNP genotype imputation
Imputation73iZEDEE

Imputation Pre-phasing Imputation
- N - N N

Unphased Unphased Phased
GWAS data GWAS data GWAS data
+ > 3 +
Reference Phased Reference

GWAS data

haplotype haplotype
. J g VRN J

data data

« ¥, GWASF—4Dimputationld 1 A7y 7 TERIEBENTLEL =,
BT+ A ARBEDOGWAST —2ETHONEHEDI S, GWAST—420)
phasing — imputation&. 2AF7T Y7 DIEEANEELL TULET,




(1) SNP genotype imputation

TopMed Imputation Server
TOPMed Imputation Server

Free Next-Generation Genotype Imputation Service

The easiest way to impute genotypes

& % i
I\— _/‘I . @

Upload your genotypes to our secured Choose a reference panel. We will take Download the results.

care of pre-phasing and imputation. All results are encrypted with a one-time
password. After 7 days, all results are
deleted from our server.

https:/ /imputation.biodatacatalyst.nhlbi.nih.gov/

KHRESBF—2ICBD<Imputation serverziEBEL . FBEHGWAS
F—52%7v70—KLTimputationT A3 AFLAEBERINTLVET,

(Taliun D et al. Nature 2021)



(1) SNP genotype imputation

SNP genotype imputation®*>/—IJb

O :GWAS data pre-phasing

- Beagle5 https:/ /faculty.washington.edu/browning/beagle/beagle html
(Browning BL et al. Am J Hum Genet 2018)

- SHAPEITS nttps://odelaneau.github.io/shapeit5/
(Hofmeister RJ et al. Nat Genet 2023)

- Eagle https:/ /alkesgroup.broadinstitute.org/Eagle/
(Loh PR et al. Nat Genet 2016)

O :Imputation

- Minimac4 http://genome.sph.umich.edu/wiki/Minimac4
(Howie B et al. Nat Genet 2012)

- Impute5 https://imarchini.org/software/#impute-5
(Bycroft C et al. Nature 2018)

*SNP genotype imputation®—fgi %"/ —I T,



(1) SNP genotype imputation

z ImputationZE L 7=5. B\ =FEL)ERHIHTE
L7

e aZLld. BITT, BLERHDEZHISE DD,

. Imputation/ 72819 &L, imputationZIEL<5E
‘l RIEVGDOD, BRI DIEHNKEBTY,

ImputationlcPRS9'. V7b717%2KITIIEBIABRHIEONET,
LHL. BONIRRHPIELWCEEEKRTIDIITIRHUEEA.

‘LIEUIE, BB/t RIZEZWVERICRAS. CEHBYVET,

EL<EBITEXRETELD. ORI SERITIVELHIET,



(1) SNP genotype imputation

SNP genotype imputation®Tips

*SNPREEDstrand(+/- )&, GWASESBF—42T—HEE S,
‘GWASESBTF—42T7UNEENM BHRLE)FLLRESSNPE, FOHRRN.
-Quality ControlZ3RiE#% DGWAST—42T. imputationZ e,

r—A%. arbO—-NEte—ECimputationd 3,

*Imputation3EhE# (. HEEIEE DELSNPZERH .

*Imputation® I T, ERBMENLSNPOSI L/ 21T HELTE(=IEES
h3)TEDHINFET,

*Imputationi¥ DBIERIFICIE, /217 /FLINOEFEERELEA.

‘ImputationfBDF —2BITTHEELEEEZTRISNPHARIEEN/-IES.
imputationDEEMEVLCEDRETLHEUVHDIERT S,

‘ImputationzEEIRFEDF TV IFR1 hDIERE,. BT |,

(de Bakker PIW et al. Hum Mol Genet 2012)
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GenomeDataAnalysis3

(1) SNP genotype imputation
@ HLA imputation;ix

@ SNP2HLA%Z{#E>7=HLA imputationiX

AERERUS. Windows PCET
C: ¥SummerSchooIL.7=r)b9’&i3§3'%:_t
ZMELTLET,



@ HLA imputationi

NPT | AT
7 ) LD RELERRR

S RNHLAEEF (I35RI)
HLA-A
HLA-B
HLA-C

SN HLAEEF (IS XI1I)
HLA-DRB1
HLA-DQA1/DQB1
HLA-DPA1/DPB1

IEH BB HLAEEF
HLA-DM/DO

HLAHRERF
MICA, MICB

FAE
UXD

y

HeRBKE
BEN O~ F
RAEMERTR &
)\Z ROR /AR

7L —1RE
2. FARINERZ
STEER
MBS, AbfE
RRE
ma
[RESTE
a2 A HIV

FEE. FABEREE

6T EBFIEBR D E B E 185 FE & F(major histocompatibility
complex; MHC)SAIEMS . RIEBHERSE., BIEIEE. RS, BRRES
DBFELEMREBICHTRIVA2ENEVEEEZR/LET.
‘MHCFEIBIAIIIEED B THY, EHOEME mERHLIR(human
leukocyte antigen; HLANB G FHFET S8, B2 I:*..xalz?rzﬁwﬂ
RE(fine-mapping )\ E EETL 7.




@ HLA imputationi

55X HLABEF:
HLA-A
HLA-C
HLA-B

95X HLAE{EF:

HLA-DRB1

HLA-DQA1
HLA-DQB1
HLA-DPA1
HLA-DPB1

HLAFREILF:
MICA, MICB

2-digit alleles:
HLA-DRB1*04
HLA-DRB1*09

4-digit alleles:
HLA-DRB1*04:01
HLA-DRB1*04:05
HLA-DRB1*04:10
HLA-DRB1*09:01

Amino acid sequences:
...FLEQVKHECHF...
...FLEQVKHECHF...
...FLEQVKHECHF...
...FLKQDKFECHF...

HLAB{EF

E3i5

DB E

Dash separates gene
name from HLA prefix

Field 4; Show differences
in a non-coding region

Separator

o

Field Separator
y ™

HLA-A*02:01:01:02L

| Field 2:
Gene Specific allele

Suffix used to denote

|

‘ Field 1; Allele group ‘

Changes in expression

Field 3; Proteins with silent mutations
Within coding sequences

XARTREA 7 /BB S

‘MHCHAEXICIS. EMERD MR ZRDBIHLAEEZFHIEFEL. #8
BIAOKRBIVA7ZHATIEEZASNTULET,

BHLABEFH . SEDHLAT L IV(2-digit/4-digit classical alleles )X?
HLA7Z S /EERRI S B EIFOIED ., BITOBEELLO>TWELE



@ HLA imputationi

2-digit7Z7L 4-digit7ZL 73 /BRELHIZ B

BAEAKETO HEALKETO
FLIVSEE ZUIEERE

HLA-B*07 0.057 ,,/' HLA-B%15:01 0.069 —> MRVTAP:--TLQRMYG:---
HLA-B%13 0.009 e HLA-B%15:07 0.010

HLA-Bx15|  0.102 aABrisiT|  ooos | O\ MRVTAP---TLQSMYG:--
HLA-B%27| 0002 [ |HLA-Bx15:18|  0.014

FIZIE, HLA-BE{ZFTid. BFEAKBITHHERD4-digit7L IV
HPEEIh, FEAMFEO7I/EERINSBUHIGL TUVET,

‘ERSRDHLA-BEEZRF7UIVE. I TEFEICELUET,

‘HLAZUL VD 23R ERIE. IMGT/HLAT =2 N—ZAICEHBRINTOET,

(http://www.ebi.ac.uk/ipd/imgt/hla/)



@ HLA imputationi

2VFTLI 2NFTLI
ZRINKRECH ZRINDHWEIRTE
HLA-B7LV | HLA-CPL WV . j -

Sample A | 15:01/56:01 | 01:02/04:01 ; =

Sample B | 13:02/13:02 | 03:04/06:02 :

Sample C | 40:01/58:01 | 03:04/07:02 Am le {:2 f4

Sample D | 13:02/15:02 | 06:02/08:01 1” ' H;f, |

Sample E | 51:01/58:01 | 03:02/14:02 Pr(f):(zn‘)! I'E;.%,»!ﬁw”"

P= % Pr(g)
ge”

) LF—SBROBRMN S, HABETIE. SEHLLOPLIO
HARDETIT/ZITHRED, TNFTLISHEVRET,
TNFFLN BB, SNPICRREN B/ 7LV SRERLL, HWEIR

E. EHIT, BERTSORIEHTRETT.

(Z<—RBDSNPTIE. 2 IVF7LINELS>TWSHINHIET )
(Guo SW et al. Biometrics 1992)



@ HLA imputationi

Al {F R P& ) Bx58:013AR {548
HLAE {578 4% &

7Oa7Y) /—)LiE
7O7Y/-)0  Bx58:01 DMOUYT 550
ey Ax31:01 TIOUYDg100

-RER Ax02:06
BRAK B

+—SBOHLAREFEI. ERLEKB(H: ZAEEERDRIEVAV
AL, FRIBRMAXEBICEETHINZLLE, AEEROBENSELER.

DAHLAG R FRERBKEIRTHEARESHHSL. FREICEHT
BHLABEFREES M OREHAERICEVET, &

S5 vh 4= T OIE il /)5 HLA-B* 58014 & &

’7“#8? B*5901 WENDH DY, iz HIOWIE T,
. 7, \jJt"/ B* 5701 AT & O Bt R HRAE i 3 e OV 4

FIEL 7 HAA KT — 0w XA

HZNT Bx40:01 IO 4 1 (40%) . 270 15H1 (559
OREHETH o I D b5 52,
“F72/)-l Bx27:05




@ HLA imputationi

OHHBEDHE

o’ XO00000( i
EAF AR TS A< — * 75
TATAVAY)
JAVAVAVA'
1XEEcTS

N > .
E—XEFHML ~
St . @REBRRS

Fud7o0—-FH 20 kE—X §m\/7 I"L:J:éﬁ*ﬁ%
]
. 10000000 S VAVAVAVS HLABCZFRDOFE
\/\/W_:U\/\/\/ + . .
VWY AN Sﬂ* Lummex;ﬁ@?ﬂlﬂ
Sl 4 (S1I547 77—
| 0000000, WY | o0 VWY | HA S DHPLY )

‘HLABEFEOAURES A, EHREFHVET,

4-digit HLAZUL IV DRZE Tl Luminex(PCR-SSO)iEH B R T,

- KHRBREBY L TNVOBINICHEWT. EHLABREGEFEGZHEYT SIE
B. 7y aAAM B EICERZED RNV RYITLUI, “



@ HLA imputationi

NGSU—I~75‘b0)HLA BinFEIHETE HERRODRELLR

ETFhoimsE .TDDl

Accuracy (Success)

Eﬂfzﬂﬁjﬂ 7

U

HLATRISRDDNARHE

ANLTRTED Y

N d
o ae— HRE-X

optitype”
hlavbseq
hlaminer assembly

hlaminer alignment

hlaminer assembly
hlaminer alignment
phlat

seq2hla

35% (71%)
52% (52%)
17% (36%)
15% (26%)

—_— phlat 38% (46%)
@ {} seq2hla” 7% (12%)
Ss—3a% PCR optitype” 49% (98%)
— = — - - - hlavbseq 68% (68%)

- — = — hlaminer assembly 43% (49%)
\} hlaminer alignment 26% (27%)

_ phlat 73% (73%)

! \Tj VTremsa _b—JZﬁW? i seq2hla” 60% (61%)

= . o optitype* 50% (99%)
hlavbseq® 67% (67%)

52% (61%)
20% (20%)
81% (81%)
79% (79%)

Bx07:02

il |' Il 1
i 1 g 5 " THEa :
S SRl g i (Bauer DC et al. Brief Bioinform 2016)

*WGS/WESFDNGS)—FIF#HHSDHLAE(EFE I E &R fliag(Cw]
BEICEOTVETY, BEMNLFAMERSEVEDN, F—42BiTDHEM
HEOEIPEMBEROBEHNREELO>TLET, .



@ HLA imputationi

HLA-DRB1*14:01 & DRB1*14:54 |[ZB§¢ A7 F 7 AA b

iR RS

e

HLA-DRB1%14:54 |1 2005 2SNl H LW T UL THH A, BekOFRA CTREIZ 2 A
TEN TV HLA-DRB1¥14:01 ®% <" DRB1*14:54 THAZLAVHIBAL TE7-,

VAR, §EE, BERE TV T HIORE R RS ARSN, 12T 100%HLA-DRB1%14:54 Th-7=,
AARENTH, WO0O M CRENTTHON TEY, RFSOEUMNT CHEEILIZEZS 6 Mk
728 MAO 2R T HLA-DRB1*14:54 S HEEEN -,

i 7L O AL SO EL X HLA-DRB1 D Exon3 |[Z{EfEL T, BIEFHSh TWA%L
@ HLA-DRB1 HEZ A/ 5383E)5 Exon2 O BAFHL TWhAZEND, M OS5mzMiEcT5

ZEMHHET, BIFEORILA BTV,

‘NGSIELEDHRITFERDREEICLY., (ERDFETHRESN TV
HLABEFEEREICRUAHI=CEHFIALTWET,

FIAE, POT ARBEITHRSENTLVETHLA-DRB1%14:01 1.
"HLA-DRB1%14:54 1OBRUTH o272 BRASNTLET, "



@ HLA imputationi

HLA imputation;Elc & BAHLAB G FS B E

SNP HLA7Z LI - P /BETE

*02:07

<2 OO <>
S [x26:01 ] O O >
@ e ¢
4 0

HLAS B
T—A

*02:06

T B Q0 oNe
HLA imputationikicdt). SNPT—';‘lb‘brLE.hIIEFH&bJT‘ HLAGBE
FRREOE1—- - L TERBETHEREICEUELE,
‘BB AAAREBETEEIZINPTF—223R(C. HLABGFE OB
BLRITDATREICEY), BBLOMEHSREINTIVEYS,




@ HLA imputationi

I:I*%l’)'/L\T—';‘l TINDREFEH DEH

Training data Validation data
I o BEOEBEZH EEEHH
10100010110, . 101000101 SE(CTBER SEI-TSE

‘ Input /
HLA- DRB1 *16:02
DEEP*HLA Benchmarking
compare with 0.6
e other tools in
i V" ==

(1))
R
Cross-validation 8
Independent data 0.4 i)
N 2
= S
0.2 c
: (0]
A
HLA genotypes HLA genotypes
C*03:02 B*15:01 ...... C*03:02 B*15:01 ... ! |
C*01:02 B*15:01 ...... C*01:02 B*15:01 ... 0.0] ~—sommulill Ml s —

C*07:02 B*27:04 ... C*07:02 B*27:04 ... 392 0 32 5 330
: : Chromosome 6 position (Mb)

Z?EF%"LEEJ:%HI:A imputationj&(DEEP*HLA 2B H. MHCREIBIRDE
MERT /LT ZEGERTRIETCREFEDBEAZEEICL 7=,

ERDOEMFEE (Fl:va7EH)ELLEL T, MEHLABIGEFEOMTE
BEHINE. (Naito T et al. Nat Commun 2021)




@ HLA imputationi

, HLA-B i&f5F £ CHEE S U F R
FZETEREET X mama o%ruzbéﬁﬁémxﬁ@aﬁu

(RIBIER+ M%) 0, |
ﬂ BE & %) \ . ’
RFERE ) BE  HLAB s °*
HLA-C %
HLA-B
HLA-A SHEEEE
HLA-DQAT (EEEKDH)

(g (88)

‘HLA imputationix%. BRR A B E T E2HE (psoriasis \GWASICE A
(BER:9,247%. xmEEF: 13,5894%3) ,

M OREICIEHLA-CZRTEBMDHLAEEFDOEEZFRE.

‘R REEOFREERICIZIHLA-BORS2FE.

* HLAfRB{EF(MICA DB EISEASHTEMN o7,

38
(Okada Y et al. Am J Hum Genet 2014)




@ HLA imputationi

HAAEH(CHITBHLA imputationiEDKLE
B ASEIGWAS BAAKEIGWAS

I I

i " . ]

i ) I i '

! i - E

M . .
o !' i; I E e .

' T [IEE Y BIE T AP ITY A L],
-l TR H ;--I. i b ¢ 5 i 3 i

‘BAEALEHICHLVTHLA imputationizZRE T2, HEAAEH%E
YWREL-SBT—52&87=IERRLEL7=(n = 908),

‘=R ELHLA imputationZ R KR GEl( 4-digit 7L IV —HE>96% ).
(Okada Y et al. Nat Genet39201 5)



BmRTEY 7 T—2 0] R FEZDRR

HLA SEFREIOEHATEHRFE HLAEGFO/\JO51THEiE

—~ = Te = [ — 020 fA03°VA403, 0405 00 (103 OO0
&0 <o m|2 3 gD
= r o o o i/ == 1302 0604
0 o o 0 0 5101
305 0664 Lo

- N 5401 L\
- A 0.07 0.08/0.05 0.03 0.02 0.02 Ew - = B \'S
~ |
TR C (007 - 0.30]0.15 0.10 0.05 0.06 o mm gl oas | M\
K ) S | 0202 \)
Ny 0401
S 0702, aoos  osoz o) 4 0402
iy DRB1[0.05 0.15 0.16| - 0.39 0.07 0.10 0207 /e 0702
% R N e [\
# DQB1/0.03 0.10 0.12/0.39 - 0.04 0.07 /0102 —mf\| [ MR

o  4e01 0803 BAANEH
Y DPA1 1002 005 005007004 "= 0261 | 3038825700520 502060 dlD20 10001 | <— (CHFERMIAR
LBy — - — -
B o 59 |ppB1/0.02 006 0.07/0.10 007 026 - 5z < @ /\O9_M7

(] (@] O (@]

‘FREIPOE-DIEREERRTT -2 EfaflizALT, HLAE
EFEIIBEICHEITIABEFRIEDOHRILICHTI,
*BHEAKEHICREEALHLANTOZ147 OFEHASHC,

(Okada Y et al. Nat Genet 2015)



@ HLA imputationi

R — 9 T Y —(CEXBHLABR R DO R F

PSR HLAEEF | | FFRMHLAEEGF Long PCR
HLA-A HLA-DOA/DOB +
HLA-B HLA-DMA/DMB Target Capture
HLA-C HLA-E/F/G N
— . HLA-V/H/K/J/L

7,1’23;;‘?’!‘3; HLA-DRB2/6/7/8/9 Long Read NGS
HLA-DQA1 HLAFRRIEF
HLA-DQB1 MICA, MICB
HLA-DPA1 TAP1, TAP2
HLA-DPB1

‘NGSO;EHT. uhif&ﬁéh‘(ghb o=, Y1 F—LHLAEEF
OEIA R EICEY). BARAEH1,150823%R(C, JEHHE
HLAE{EF- HLAﬁE{B?r BHLAEEFC3F L TEHLA imputation
FZOBAEILKTERICELATEELE, (Hirata J et al. Nat Genet 2019)




@ HLA imputationi

BRFEEIcCL5aMmEkm&E a5
Bomsus,  WEEEICED o

B Mk o> MR B ko ﬂ 3
e DRRNE T N\
: | o
| LSO
Wi S~
8 &?L? 10
v 9 ‘F.

-300EF L EOHLABIEFEDHASHEIE. 100245F/N 52—,

EMFER FiEt-SNEZBHT5ET. BAASH OB MEKDO MR
BHR1ING—2DEAEHETHRSNEIEHNASHMIBIEL L.

‘b / LRRAFICETIERMEEOBAFID—DEEASNET,

42
(Hirata J et al. Nat Genet 2019)



@ HLA imputationi

BEEMHLAEETF SEEESENHLABE T
(CHTSD 1 (CHTSD
7 £ )BT DOE{L B(EFREDE(L
HLA-DRB1, HLA-DPB1, HLA-B HLA-DOA
< L

| BRI FORE

‘HLABEFERINT —IN—RICEDSBITOFER. EFROEHHEAIHLA
BIEFICMAT, FEEMNHLABEZEFICBVTERBIRAV2HTS
CEHFIBALDDOHIVEFT,

43
(Raychaudhuri S et al. Nat Genet 2012, Okada Y et al. Am J Hum Genet 2016)




@ HLA imputationj%

PheWASH RIEL Z=MHCFHAIRAE R FERICRIEL 28

REAFIY KRR RRBAHFIY RRBE KEBHFOY RRBE
Z7Liv¥—%2 7hE—MREHRX NRREMSE R ERER $bFREE T7FNTIV
HE AE/OEVRE E7NTILEA
e fE EHYFRMIREIR 7NVTEy/9nTIV )
BCREEER BEVYveF EHFMIFAETSI/OE B mE7L7F=>
N RI%m FEHYFMmEAET/OE VBE HERIKFRRAE
1BYER TR Bk PREE
RS TE BRY AT % Bk AV L
CEIAT % FEEEREN 3 L)
DMEREET AR EE S B ER¥ geviey
RERDE IR PANSX VBT I /) BEBEHE
E£ERER 2BYYERR TR 1) 2 INER¥R PI3ZUo73)BEBERE
1= B I FF /MR E VWAV I xRA778—H
EBiEES fh7E EEFIREE HLaLAFO-I I9LF7PFXxF—8
HREE HDLaLZRFO-N FLES R K REF R
[REZHE FFeE3E e 4 BE B SEREER INERAME
270—YEERE it 91 FF
S{ilEE BR AEJOEVAIC
F ] REH

‘BEALEF17HEAT. 100l LORIRBIEMHCIEEAS B E DR E
%#ZPhenome-wide association study(PheWAS) CHFBAIICIRET,
1R D52DHAT. MHCHEEYRIBIZFSEENEEZFE.
‘MHCSEEYADIEHLABIEF DV AR 7 &EHTEZRESNEL /-,

(Hirata J et al. Nat Genet 2019)
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GenomeDataAnalysis3

(1) SNP genotype imputation
@ HLA imputationi

@ SNP2HLA%Z{E>7=HLA imputationiX

AEREFEHIE. Windows PCET
C:¥SummerSchoollc7# V54 %2BEYd DL
EZHMELTNET,



@ SNP2HLAZ{E->7=HLA imputationix

HLA imputation;ZEDEE¥R/ 7217

AN EYY URL 51 F3 A
SNP2HLA  https://www.broadinstitute.org/mpg/snp2hla/ Jia X et al. PLoS One 2013
HLA*IMP2 https://oxfordhla.well.ox.ac.uk/hla/ Dilthey AT et al. Bioinformatics 2011
HIBAG rét'&)é//vvww.blostat.washlngton.edu/~bswe|r/H Zheng X et al. Pharmacogenomics J 2014
CookHLA https://github.com/WansonChoi/CookHLA Cook S et al. Nat Commun 2021
DEEP*HLA https://github.com/tatsuhikonaito/DEEP-HLA Naito T et al. Nat Commun 2021
HLA-TAPAS _rEtilgi:\/Slg|thub.com/|mmunogenomlcs/HLA- Luo Y et al. Nat Genet 2021

‘HLA imputationiEZE5E9 5/ 7h7x71E, E#¥HVET,
‘ImputationfSEiE. V7M717 R THFEIEHLILLEHRESNTINET,
AEHTIE, THRNVEHMSSNP2HLAZE>/=EHZ21TL\ET,

DT EmH s

2): ELVPTLY,

S :SBF—H2EHICARHENTIVS,

@:TULINETTEL, 73 /EENS B Dimputationt A &E.

(Karnes JH et al. PLoS One 2017)




@ SNP2HLAZ{E>7=HLA imputationj%
HLA imputation at Michigan Imputation Server

# Michigan Imputation Server HLA Imputation Pipeljne

Search docs

In addition to intergenic SNPs, HLA imputation outputs five different types of markers: (1) binary
marker for classical HLA alleles; (2) binary marker for the presence/absence of a specific amino acid
residue; (3) HLA intragenic SNPs, and (4) binary markers for insertion/deletions, as described in the
typical output below. The goal is to minimize prior assumption on which types of variations will be
causal and test all types of variations simultaneously in an unbiased fashion. However, the users are
always free to restrict analyses to specific marker subsets.

For binary encodings, A = Absent, T = Present.

Pipeline Overview

Pipeline Overview

Quality Control

Phasing
Imputation Type Format Example
HLA Imputation Pipeline Classical HLA HLA_[GENEJ"[ALLELE] HLA_A*01:02 (two-field allele)

alleles HLA_A02 (one-field allele)

Compression and Encryption

AA_B_97_31324201_exon3_V (amino
acid position 97 in HLA-B, genomic
position 31324201 (GrCh37) in exon
3, residue =W (Val) )

AA_[GENE]_[AMING ACID
HLA amino acids POSITION]_[GENOMIC
POSITION]_[EXON]_[RESIDUE]

Chromosome X Pipeline

SNPS_C _2666_31237183_introné
(SNP at position 2666 of the gene
body, genomic position 31237183 in
intron &)

SNPS_[GENE]_[GENE
POSITION]_[GENOMIC
POSITION]_[EXON/INTRON]

HLA intragenic
SNPs

INDEL_AA_C_300x301_31237792
Indel between amino acids 300 and
301 in HLA-C, at genomic position
31237792)

https:/ /imputationserver.readthedocs.io/en/latest/pipeline /#hla—-imputation—-pipeline
H—N—IcHEBHHGWAST—42%77v70—KL T, HLA imputationZ3E
ﬁﬁ?’%‘/l?‘b’bﬁﬁéh'(b\i?o (Luo Y et al. Nat Genetil72021)

Insertions/deletions INDEL_[TYPE]L[GENE]_[POSITION]
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Target genotype data

| Per-individual QC

!

| Per-variant QC

Post-QC genotype data

—

- Missingness

- Heterozygosity

- Phenotype inaccuracy
- Duplicated samples

General GWAS QC

- Genomic build/LiftOver

- Strand alignment

- Deduplication

- Missingness

- Minor allele frequency/count

MHC-specific QC

- Palindromic SNPs

- Allele frequency comparison
- Hardy-Weinberg equilibrium

Can be
uploaded to the Mo .
secure web —— Sample size?
server?
ves. | N>10K N<10K
MIS
Pre-phase with Basic
1 EAGLE SNPZHLA
Sample size? SNPZHLA
with minimac

N;EVWL(

MIS imputation
with genotype input

Pre-phase with
SHAPEIT

!

MIS imputation with
phased genotype input

HLA imputation

n The HLA imputation reference panel

Scaffold genotype in the MHC HLA alleles HLA amino acids HLA intragenic SNPs
[ TCT TCTTCTGTTC y, &= DRBE1*04:0]l &—e G TVITLMVL TG
®—e DRE1*01 E
—
( GTCCTCTGTTCTAL e—e DRE1*15:01

E Input from the target cohort

Genotype in the MHC region
i‘ CGA.ATCT. .GTCTTCTGT.CTRA
ATCT. .GTC .TGT.CTAA
\LATTT. . TGCTTCAGT . CTAA

Phasing + imputation

- Per sample - SNP2HLA
- Per variant -MIS

Qutput of HLA imputation for the target cohort
ALTVTLMVL e—e GG
TVTLMVL @ |

ALTVTLMVL e—e

t
1
L

HLA association and fine mapping

a HLA amino acid positions (Omnibus test)
|

+—e GGSCMAALTVILMVLSSP
HLA-DRE1*04:01 e—e GGESCMTALTVTLMVLSSP
HLA-DRB1*15:01 e&—e GGSCMEALTVILMVLSSP

a HLA haplotypes (Conditional haplotype test)

*HLA imputationiZEX°HLAB (ZFEESERITFIROT7OM NG TY

(Sakaue S et al. Nat Protoc 2023)
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SNP2HLAICHETD2IVF77UINZBIOAELL) i

—D0OmultivariateZE# ERDbinaryZE#
O 000000
—@ o000
O jl> 000000
000 o0
O 0000 00
O 000000

*HLA imputationTl3. PIVF7LINZEDIEEL RV I2ELVET,

*SNP2HLATIS. w W FZ7ULNGHLABEFZ B % —Domultivariate
EH T BTEHObinaryE#H 1EL TR EER. BHEED
imputation&. HLAZ S /B BAOERILAH I ElC L) EL 2=,

49
(Jia X et al. PLoS One 2013)
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Strandic &k 3rs67 1(ALDH2 YD REE &

Positive (+) strand — GGCATACACTGAAGTGAAAAC

[LEEETEEPTTEET T
Negative (-) strand — CCGTATGTGACTTCACTTTTG

>
% A>T, G>C24TDSNPIE,
Positive strand®3B:G>A  GGCATACACTAAAGTGAAAAC srand%iiEzLTHTOA.

| _ T Coaenars, ReET
Negative strandR&2:C>T  CCGTATGTGATTTCACTTTTE  Wstrand&IBITEE €A,

*SNPO7ZUNREEIE. RS/ LBIID2EFHDESSHEIISHELH (=
strand ) CEHS7=%. imputationZEERIlc. GWASTF—2ES BT —4%
T, H£BESNPDstrandDVYF o 7 &ITOUEBEHLHIET,

¥, A/TELUG/CHRALTDSNP(=palindromic SNP)IE. strand<yF>/
IHEE#TY,
*SNP2HLAILZ. HE@ESNPDstrandvyF o2 B EIMICERLET,

50
(Jia X et al. PLoS One 2013)




@ SNP2HLAZ{E->7=HLA imputationix

Genotype Harmonizer

Usage in genotype imputation workflow Usage in meta-analysis workflow

\ : - Dataset 1 Dataset 2 Dataset 3
( R phasiog - SHAPETT? ] G—IapMap strancD Goprot strand) @nkﬂown stramg

?
Phased haplotypes in SHAPEIT2 format Different flle formats

\/ \J

Alignment to imputation Ijeference - Genotype B T == Genotype Earmonizer

Harmonizer

? ?

Phased haplotypes with same strand as reference Identical formats and strands
\J \J

( Imputation - IMPUTE2 ] ( Meta-analysis without strand issues ]

‘GWASTF—42ELESRBFT—4T., HilBSNPOstrandD2yF I, BED
) L714RDSNP imputationlcdEWWTEMELIERTT,

GWASTF—s &S BNRIVEIDstrand2yF L J&RET D/ 7217
HREFRHDEATEL). Genotype HarmonizerEHA HYET,

*2SNPICDWTIEREICY Y F 7L LGRS, RlEiEEIBETY.

(https://github.com/molgenis/systemsgenetics/wiki/Genotype-Harmonizer; Deelen P et al. BMC Res Notes 2014)
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SNP2HLA
http:/ /software.broadinstitute.org/mpg/snp2hla/

SNP2HLA: Imputation of Amino Acid Polymorphisms in Human Leukocyte
Antigens

SNP2HLA is a tool to impute amino acid polymorphisms and single nucleotide polymorphisms in human luekocyte antigenes (HLA) within the major
histocompatibility complex (MHC) region in chromosome 6.

HLA HLA
Genotyped SNPs haplotypes amino acids
® — 2 2 4 4---1 *07:01 f---- * * + + 2 2
O
— | ——————
@ % + 35:01 | 4 +
% O —6—o—¢—+ 57:01 f---- b ——
& — ¢ 27:06 [-=-= b
Impute ungenotyped
HLA alleles, amino acids
B 0 * + }-oo +—+
Q % — == + +
= —
25 —¢—mv—0—  |— e e
D ) r
0} —_— )--0-0-0—0——07
HLA gene
exon 1 exon N-1_ exon N

Links

- Download: SNP2HLA v1.0.3 package including SNP2HLA, MakeReference. and Pan Asian Reference Panel (tarball) «
———— NEWS: Pan—-Asian reference panel is now included in the package V1.0.2! (7/10/14)
———— NEWSZ: TIDGC reference panel is now removed from the package V1.0.3 due to security issues relating to individual-level genotype data
(3/10/15). If you are a researcher interested in obtaining access to this reference panel, please contact snp2hla@broadinstitute.org

- Manual: SNP2HLA

* Manual: MakeReference

o0

*SNP2HLADY/Z7b7x 7. SRTF—2EHICAHTINTVEY,
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*SNP2HLA_package_v1.0.3.tar.gz
Z247)O0—-RUTRAHEH

MakeReference]

| SNP2HLA Pan-Asian

SNP2HLA

*SNP2HLA/Z7bh2x 7713, FEEDIDTHERESNTIVET,
@ :MakeReferene = SBF—2%{ED/1\V5—
@:Pan-Asian = R77 ANEBHNDSRBRTF—4%
@:SNP2HLA — HLA imputationZ3Eed 2/ \vr—/

S M. 2B %{#E>THLA imputationZzEELET,

53
(Jia et al. PLoS One 2013)
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MakeReference]
Pan-Asian_REF.bed
Pan-Asian_REF.bgl.phased
. Pan-Asian_REF.bim
[ SNPZHLA Pan-Asian Pan-Asian_REF .fam
Pan-Asian_REF.FRQ.frq
Pan-Asian_REF.markers
SNP2HLA | Oradavera
Hum Mol Genet 2013)
‘Pan-Asiantd. R77 AEFS302 90 DSHBF—2TY,
HapMap JPT+CHB : n = 89 Indian: n= 119 Malaysian : 7= 120
Chinese: n= 111 Singapore Chinese : n = 91

 PLINKFZZX D771 IV(xxx.bed/bim/fam/FRQ.frq)&. imputation’/ 7k
Beaglei2xX D77 IV (xxx.bgl.phased/markers ) CIE@RL ENTULVET,

I BEHLABEF N, 2-digit7L I, 4-digit7LIv, 7 X /EERCSIS
BH, MHCFEEIASNPF —2 EHICAHENTIVET, h
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@® Humandata NBDCERF —&H_— A Englisn | )t e

h—h  FTYORA FTYOEE  HoEZ0 #BEsY—/U NBDCERF = | HERE  SHEvabti | FAQ

NBDC Research ID: hum0028.v1 *k SNP2HLADOBR/IN—3NEE L.
r— SRF—sROUEEEL. (PPE
N LV)Build 36ICHEML TULVET,

B : HAEGTFESEECREL\ 3EERMESESBT YDk

i 6ELREAER FOMHCREEFISNPOIBEFE % lumina (HumanOmniExpress BeadChip, HumanExome BeadChip, Immunochip,

HumanHap550v3 Genotyping BeadChip) ZFRWWTHREL. F/z. HLATEI (HLA-A/C/BIDRB1/DQB1/DPATIDPBT) (77 \))L%=WAKFlow HLA typing kit
ERVWTHEELE.

MW BEAESEZ0E

URL : http://bicbankjp.org/index.htm

|

>—4ID HE IR 268

IGAS000018 | HLAZUJLEB FUHLATEIEFISNPOIEGETFEIRE FrR4EE (Type ) 2015/06/02

https:/ /humandbs.biosciencedbc.jp/hum0028-v1

*HLA imputationiilCHLVTE, SBTF—23. Y 7NEHKEL E
EHESEHCGWAST—2ISEWVIZE, EEBEIE<EVET,

‘BEALEHICHLTIE. 90820 ET—5H. NBDCTF—E2N—X L
TRHENTEY., FRBEDFHREERETAFIBZEHNTEET,

(Okada Y et al. Nat Gene;5201 5)
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githubZEL7=B A& A EKHHLA imputationig EE€FNDO—% 2D

DEEP*HLA
DOI 10.5281/zenodo.4478902
il DEEP*HLA is an HLA allelic imputation method based on a multi-task convolutional
- Python.
0
DEEP*HLA receives pre-phased SNV data e dosages of binary HLA alleles.
In | DEEP*HLA , HLA imputation is peformed in two processes:
(1) model trainif h a HLA reference panel
— Input —— Output ——
p p (2) imputation with a trained model
SNV genotypes HLA genotypes
! Publication/Citation
3 \ * .
ACTACCGC \ Vi O =) HLA-A*24:02
% I\ A
OO |
b} * .
C?A gfl':;?g ¥ 1"} q . - HLA-C*01:02 diab:
.‘lf YA 'l
CT ACT v i / L 1 . ‘ H LA_B*SZ : 01 Please cite this paper if you use [DEEP*HLA or any m,
L Requirements
. J — J
<—l * Python 3. (3.7.4]

DEEP Ieaming for HLA allelic imputation

Installation

SRT-SFRBBEANI I/ 2147 23CEARERICHIELFTH, SE
TR B OIEPINIHLAEZEET IV EABHRICHILEEA.

JEETTNE—RRARTAIET. BABHRICIEfIIZEL<HLA
imputation;ZNZSBF—2DIEHEHA R REICLVET,

(https://github.com/tatsuhikonaito/DEEP-HLA; Naito T et al. Nat Commun 2021)
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MakeReference]
SNP2HLA.csh
- ParseDosage.csh
| SNP2HLA Pan-Asian | | merge.tables.p
. beagle.jar

beagle2linkage.jar
linkage2beadgle.jar
plink

*SNP2HLAIE, L DD DY/ —AO—KR TR ENTILET,
*"SNP2HLA.csh™ B AL 0 )—A—KT. SNP2HLA.cSh®RER T D
J—=A0—FZ2BRUHLTETI 3. EVWVSEHAICE>TULET,
*SNP2HLAIZ. PLINKX*SNP genotype imputation’/ 7 C#%Beagle’z
AEHSEHEUHL T, imputationfE¥%ZEEL TLVET,

(Jia et al. PLoS One 2013)




@3 SNP2HLAZ{EE—>7=HLA imputationj%

statgen@statgen-PC: /mnt/c/SummerSchool/GenomeDataAnalysis3/SNP2HLA/GWAS

$Is
HapMap3 MHC_ EAS.bed HapMap3 MHC EAS.fam HapMap3 MHC EAS.bim

$ wc *fam
170 1020 4250 Hap3 EAS.fam

$ wc *bim
7843 47058 219565 Hap3 EAS.bim

-GWAST—%2&L T, HapMap Phase3F—2DER77 A1708&DSNP
T—2eMBLELL,

‘MHCSABE A6 Bk : 24Mb-36Mb )N 7,800SNPZIIHREL TLET,
(Pan-Asian&BF—4 & i@l 7=HapMap Y 7 VIZEEAL TLET )
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JSNP2HLA J/SNP2HLA/Reference JSNP2HLA/GWAS
SNP2HLA.csh Pan-Asian_REF.bed HapMap3_MHC_EAS.bed
ParseDosage.csh |<—>| Pan-Asian_REF.bgl.phased |<=)>| HapMap3_MHC_EAS.bim
merge_tables.pl Pan-Asian_REF.bim HapMap3_MHC_EAS.fam
beagle.jar Pan-Asian_REF.fam
beagle2linkage.jar Pan-Asian_REF.FRQ.frq
linkage2beagle.jar Pan-Asian_REF.markers % SNP2HLAD A /AIGWASF—%
plink Tl3. prephasingls A ETT,

_| JSNP2HLA/GWAS_Imputed
> ImputationfzR 771V

*HLA imputationiZDREEICIS . EIDT 7N EERIBDREHIHIET.
BI771NVEEREZ 74V ZICEEL. BEVWVeSRBLENISBRITE
TOCET, 771 VDEBHIBHICLEVET,
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statgen@statgen-PC: ~

$ cd /mnt/c/SummerSchool/GenomeDataAnalysis3/SNP2HLA/
X CygwinMD 15 & /mnt/Z/cygdrive/[ZZE Z T LY

statgen@statgen-PC: /mnt/c/SummerSchool/GenomeDataAnalysis3/SNP2HLA
$ ./SNP2HLA.csh ./GWAS/Hap3_EAS ./Reference/Pan-
Asian_REF ./GWAS Imputed/Hap3 EAS MHC ./plink 1000

X771 )0"SNP2HLA_Command.txt” 2L T. A& %ZShelllc
E—&AN—ARLTTZELY,

¥Mac1—H¥—n7xlE. "plink.mac_20210606.zip” #f# &KL T.
Mac OSHDPLINKRIT 771 VICEERATRITLTSEE,

XMac1—H—DH Ik, BB 771V EBWV=TLI/N)EEEE
FELTLEELY,

*SNP2HLA(Z. "./SNP2HLA.csh (GWASF—4 %) (SBF—48)
(ImputationT—%2% ) (plinkEIT771NVR) (ERAXED)"ELSH
TEITLETY,

BTF—=2nRRIE. AL T IZ7MIDSOIRITINATREEPIEETT
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s ASNPZHLA. csh . f;'“GEHHFG _EAS L /Reference/Pan-bAsian EEF . AGWAS Tmputed/Hapd EAS MHC . Aelink 1000
SWPZHLA : Fv—-H' rrulr_._. I'_"_ imputat ion for dataset | AEWAS/Hap3 EAS

-e = 1000 markers

! elil the b '|H|

c = . /GNRS _Imputed/Hap3 FAS MHC.bzl. log for progress).

@ SHEBSRN:30 2R

[*] | n ~r+|n |mr1+1+| '8

DORE !

Imputationld. STE AN CPUsERR. xEVERE)D®EILMEFRKTT,
SEINHFRT—2%/—PCTEHRETIE. I0RIFEHLMIET,
FRY TN WHESNPEDIEMICEN., HRIAM EFLET,
BB TRIFOEZILTIIES. HIET,
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/SNP2HLA/GWAS_Imputed

Imputed dosage®D 771 IV
Hap3_EAS_MHC.bgl.gprobs
Hap3_EAS_MHC.dosage

-Best guess genotype® 771N
Hap3_EAS_MHC.bgl.phased
Hap3_EAS_MHC.bed
Hap3_EAS_MHC.bim
Hap3_EAS_MHC.fam

Imputationfs ED 771
Hap3_EAS_MHC.bgl.r2

*SNP2HLADOFER 7713, SEEREICABIZNhET,
D: 91/ 2147 BOEERH (imputed dosage: /M)
Q:ROEGHEEBEDF LI T/ 24147 (best guess genotype: EE2)
Q:BERILDHERE 2
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Analysis: imputed SNPs
Analysis procedure on imputed SNPs
Accounts for genotype uncertainty?
Includes correction for population stratification?
Includes additional risk factors?
Analysis performed on imputed SNPs?
Removal of poorly imputed SNPs based on MACH R? or SNPTEST criteria?
Genomic inflation factor estimated?
P-values corrected for inflation?
Exchange file prepared?
Rs identifier
Chromosomal position
Strand orientation of allele (+/—)
Coded and noncoded allele
Allele frequency of the coded allele
Odds ratio
Beta and SE (for regression modeling)
Test statistic and P-value

‘ImputationfEEDATEHIXZEIBL T. imputationi&>x /21757 -4
=RV =EERHricidimputed dosage(/h)DERA D IEREINET,

‘Imputed dosagel=¥ iU 7B EREIT/7bE. IBATETLET,
(RFTRDOPLINKHE I Tl&. imputed dosage/best-guess genotypeDiljEZHS
EHTEETY) (de Bakker PIW et al. Hum Mol Genet 2008)




-SNP genotype imputation&EUHLA imputationiilcDUVT. fEHIC
LE->TCHEL,

‘ImputationRFlcEY. KBNS /2147 7 —2 % E R EEICLD
=T KB /) LBITOIEHIKELIAHEL =,

K EREEDimputationZRIRT 27/=0lc. BYTIHIOEEED
SBTF—2%. BEAICSVVTIBETIARHIEATILET,

ImputationMBIETIIEEMLIERERS7=. Bitr7O0baAVH
EOTW2L, IREEREL-ERIBONDIEHAHBYET,

/=I5 EZIRIEL DD, IELUimputation®RhEe% O BT T T E0,
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