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FHTEICRHEL., BAICHWLWZLILEREZORELSBASHIC,
THIIAFEOR (EVVDOSBER. ELVEERREBEZNZDELNEEA.

42
(Sakaue S et al. Eur J Hum Genet 2019)



@ 25 /L= I ACEDIBEIEL DA
RPTINE—I ABRST ) LETIICE1TBRIRE

#HEt=EmIc

| FRLEER
~ S
N Tp=
DA
Ua
SES
K )
H 42 5
g 8l M .
D0 o
-l-sh@
Ly - < - < - ©
:— T ~— M ~ M ~—
AR 5 B B8
v » o o g m o
irR c 3 B = B S
\E o T o c .0 c.©
Vi 9 %2 ) oS
P’\ o E >(fJ >CO
) s

&

n

RTFUTILE—)L ARFED
ErT / LBFIQT—2R—X

—7. BEAKRBICHTD27 T VEa— IV ABRFEDOERNT / LESFIIC
SV, AELRIREHABOTURFIIERTEEEATL.
2TV TNE—=IVABET/LEIH. BIREZHMUTIREARDEKE
BREEICEELTWAEWSFEHEIUTLE—HLEWVERTL



2 275/ L—I I AICEDIEIELDEREA

aRRBABEANT /LERRKBEBANT /LOLEE

37 A : 20,000-15,0004E B I= A 3K N
Btk A :2,000-3,000E ik Ero 7k W AARAEBE=E#HEH
EHIEA:1.000-2,000E IR 57 BR

- . 0,
Jomon [t~ JpKasood e 4 Jomon @ Amur River PC2 (1.9%)
A Yayoi = Baikal
5 A Kofun @ Central Steppe
® Japanese Tianyuan (TY)
8 Southern China + Salkhit
=27 o Yellow River + Yana
@ Barly o Northern China + Mal'ta (MA1)
w
g JJJJJJJ o West Liao River + Afontova Gora (AG2)
JpOds -
o 61 B oue 00, B Devil's Gate Cave
S JpFu1@
o Middle —+ g
@ 5 J‘» ot T H
© JpKo2 =] ]
= 4+ Late JpKo13 ® ﬂ‘
% JpHig1o. .FSA F234 %aj
g %l
3 3 Final
£ A g
< ko2 PC1 (4.39%) - ol
g’, | Jﬂ il

Kofun |7

[
P>
[
°
[ ]
>
o
Zan i
2%
zg

A
L]
=

r T T T T 1
0.001 0.01 0.1 1 10 50
Whole-genome coverage

XA, GEA. HEBAOF /LBGHEICEDE, IRKAAXAEHDOF
JLIBHRICIEHEHITENTLVSELD, HEAEB =SB E2IRIE
SNTLET, (Cooke N et al. Sci Adv 2021)




e OPE

GenomeDataAnalysis4

@ BIREEEIEL
@ 25 /L= T ACEISHEADBEEIL

@ selscanZfE> 7= B IR ERT

AERERUS. Windows PCET
C: ¥SummerSchooIt..7=r)b9’&i3§3'6:_t
ZMELTLET,



D selscanZ{E>71=F IR EfRHT

selscan
https:/ /github.com/szpiech/selscan

o Why GitHub? Team Enterprise Explore Marketplace Pricing e Sign in | Sign up |
& SZpl.eCh / selscan g Notifications ¥ Star 70 % Fork 32
{> Code lssues 9 Pull requests Actions Projects Wiki Security Insights
¥ master ~ ¥ 5branches 13 tags Go to file L Code ~ About

Haplotype based scans for

szpiech typo 2¢59¢31 on 10 Jun ¥©) 258 commits selection
bin v1.3.0 2 months ago [ Readme
_ PL-3.0 License
examples updated example 7 years ago 8B GPL-3.0 License
include win32 zlib 7 years ago
: P _ Releases 13
lib win32 zlib [ years ago
5 D v1.3.0 (Latest )
manual typo 2 months ago —
on 23 May 2020
releases v1.3.0 14 months ago i
- + 12 releases
src - 2 months ago
.gitignore update 8 years ago Packages
A inor te 7 years ago
MNSTALL minor update years ago Mo packages published
LICENSE.md initial version & years ago

*1000 Genomes Projects' /LT —2(=FFL T. selscan&lyOiE{GHE
BT/ 7h&E>T, BIREOBITZEEL THEL LD, b
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Github
https:/ / github.com/features
O - (e ) s
The tools you need to
build what you want.
F. B2 O R B = @

-selscanld. Github&L\SWeb LDV 72z 7RRT YN 7r—L%
EoTRHEENTIET,

*GithubTlE., /—Aa—KReHFBLEY ., EBRATHRERILT7O /M
HEHBZEDBEETY,

BIGHERIT/ 76, GithubTRART3HIH1E A TLVET,
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selscanCEHE A HELBRIREIGIE IV FALYRHEEREICL AT HE R ER

Selscan'tg'l'gﬂﬁg Table 1. Ruf:ntimeI Plerf’ormance (lcrl1 ZeCOSdS) c;f ihs, rehh, and
’ =¥ selscan for Calculating Unstandardized iHS for Various Data Sets.
ERIRES R _
: Data Set  ihs rehh® selscan

iHS
Threads =1 2 < 8 16

nSL
. 12 IHS250 19,275 563 618 306 162 84 58
IHH IHS500 45,547 1,652 1,554 782 399 220 150
EHH IHS1000  >100.000 4,834 4,018 2,019 1,040 566 380
XP-EHH IHS2000 100,000 12,652 7054 3,633 1,869 1,046 752
i CEU22 19,434 588 353 182 93 50 33

selscanTld. FR/EDT /LTF—2EHRIC, HOHMDRIRKEIFIE%
SR IAIEHNTEET,

cZIFALYRETE#EFEZRIEL/=CET. BREOHIH 2 RIREIEIES
5% BERBETRERTESSLSICEVEL,

(Szpiech ZA et al. Mol Biol Evol 2014)
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CPUEREILL Tt H HEOCPUTHIIL THE

AVE1—2—DHEEREZ LITEHEELT. D:CPUDFZERIL., @:
EHOCPUTHEISILTEHE., OO LITSNET,

‘CPUDETELEE (/ov/#) DGR (LA RN SHSERFTEE R,
V7027 RAFBICEWTHISEH T (=2 FALYRHE)DEAICLD
ER{LOEEEIFTEOTLET, .
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I)RAL7NTA217DOER phasing/ 7717
I1I/)2171EHR
phasing
G/A T/C G/G A/C T/G ‘/7I~'7I:|:7
— 85 M(C T l phasing{E% IMPUTE
REThE HUE Beagle
Eagle
N702147158R MaCH
6-C-G-C-6 PHisE.
A-T-G-A-T

BIREDEBBARMAIRIEONTOSLTHAEXICEADRZEDS.,
phasingi&#D/\7 0217 gikH selscanD A AT —RIBVIET,

“BEADIT/E2LTHSNTOARLTZHTET SIS, phasing{EEH b
Bk, ROV 7227 HESKTULET,

-N7O%147phasingE /21 7imputationld BiZ L RD HY. M
EOBEEDERINIITMNITTHBLEELTVET, h
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1 The VCF specification

VCF is a text file format (most likely stored in a compressed manner). It contains meta-information lines |prefixed
with “##7), a header line (prefixed with “#7). and data lines each containing information about a position in the
genome and genotype information on samples for each position (text fields separated by tabs). Zero length fields are
not allowed. a dot (“.") must be used instead. In order to ensure interoperability across platforms, VCF compliant
implementations must support both LF (“\n" ) and CR+4LF (“\r\n" ) newline conventions.

LA L OH L

1.1 An exampl

- fifileformat=VCE
F#fileDat
mie =mylaputationProgramyd. 1

reference=file:///seq/references/1000GenomesPilot-NCBI36 . fasta

Rcontig=<ID=20,length=62435064  agsembly=E36 md5=1126cdfBabe0cTIITI4E1 8 I66beblda  species="Hone sapiens" , taxonomy=x>

Riphasing=partial

##LNFO=<]ID=N3 ,Number=1 ,Type=lnteger Description="Number of Samples With Data®> o . -

##INFO=<ID=DP Number=1,Type=Integer Description="Total Depth"> gﬂ b\gs N P ‘hﬁh—f\

R [NFO=<ID=AF ,Number=i , Type=Float ,Description="Allele Fredquency®x>

< RBINFO=<ID=AA;Number=1 Type=String, Description="incestral Allele">

## LNFU=<ID=DB ,Number=0 , Type=Flag Description="dbSNF mesbership, build 128%>

R [NFO=<ID=H2 Number= Type=Flag Description="HapMap? membership">»

REF ILTER=<ID=ql0 Description="Juality below 10%>

RUFILTER=<ID=a50 ,Description="Less than 50% of sanples have data">

.t’.Q i:,f
REFURAMAT=<1ID=GT ,Number=] Type=S3tring Description="Genotype "> g / }b

REFURAMAT=<1D=G]) Number=] Type=Integer Degcription="Genotype Quality®>

REFORMAT=<ID=DP ,Number=1, Type=Integer ,Description="fead Depth”> ‘ ‘ ‘
RUFOANAT=<ID=H{ ; Number=32 Type=Integer Description="Haplotype Quality">

#CHROM POS 1D REF  ALT QUAL FILTER INFO FORMAT HAGDOO1 NADDOOZ HADDOO3
20 14370  rs6054257 G i 20  PASS  NS=3;:DP=14;AF=0.5;DB;H2 GT:GO:DP:HY 010:48:1:51,51 1/0:48:8:51,51 1/1:43:5:.,.
20 17330 . T 1 3 gql0  WGS=3:DP=11;AF=0.017 GT:GQ:DP:HQ O|0:40:3:58,60 0]1:3:5:66,3  070:41:3
20 1110696 rs6040355 A G,T 67 PASS  NS=2;DP=10;AF=0.333,0.667;AA=T;DB GT:GQ:DP:HJ 1]2:21:6:23,27 2|1:2:0:18,2 2/2:35:4
20 1230237 . T . 47 PASS  NS=3:DP=13;AA=T GT:GO:DP:HY 0]0:54:7:56,60 0]0:48:4:51,51 0/0:61:2

selscanDAAZ71IvIE. “"vef 7740 E " map7 71 IV BV ET,
vef 771N EDONTOA2LT7EHRE. mapZ71Ib LOBSNPOLIE TS

iE’E:EFﬁ bito (https://samtools.github.io/hts-specsNCFv45.13.pdf)
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o T (String): Genotype, encoded as allele values separated by either of / or |. The allele values are () for the
reference allele (what is in the REF field), 1 for the first allele listed in ALT, 2 for the second allele list in
ALT and so on. For diploid calls examples could be 0/1, 1 | 0, or 1/2, ete. Haploid calls, e.g. on Y, male
non-pseudoautosomal X, or mitochondrion, are indicated by having only one allele value. A triploid call might
look like 0/0/1. If a call cannot be made for a sample at a given locus, *." must be specified for each missing
allele in the GGT field (for example *./." for a diploid genotype and *." for haploid genotype). The meanings of
the separators are as [ollows (see the PS field below for more details on incorporating phasing information into
the genotypes):

o [/ : genotype unphased

o | : genotype phased

¢ GL (Float): Genotype likelihoods comprised of comma separated floating point logyg-scaled likelihoods for all
possible genotypes given the set of alleles defined in the REF and ALT fields. In presence of the GT field the
same ploidy is expected; without GT field, diploidy is assumed.

GENOTYPE ORDERING. In general case of ploidy P and N alternate alleles (0 is the REF and 1... N the
alternate alleles), the ordering of genotypes for the likelihoods can be expressed by the following pseudocode
with as many nested loops as ploidy: |

for ap=0...N
for ap—1 =0...a;1

for a1 =10...a2
println aidz...apF

vefZ71IWV EDI T/ 24T F =2, phasingiBAHDINTO2147 {55k
LOIKREELOME, P /24T7 DXL FE2RBZEDIMIET,
" TREPISN T V=phasingEHEFEH., " /" BOREEICEVET,

2
(https://samtools.github.io/hts-specsNCFv45.3.pdf)
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example.map example.tped

SNP1 0 10000 SNP1 0 10000 [AA[AG|GGAGGAIGG
SNP2 0 20000 SNP2 0 20000 |CC|TC|TTICTICT|TT
SNP3 0 30000 SNP3 0 30000 [C A[CC|AA[CC|CC|CA
SNP4 0 40000 SNP4 0 40000 [TG[TT|GT|GGT T|TG

example.ped example.tfam

—_— e e

—_— e ) )

2

Familyl Sample1 0 0 1 1|AA CC AC TG Family1 Sample1 0 0 1 1
Family2 Sample2 0 0 2 1|AG CT CC TT Family2 Sample2 0 0 2 1
Familyd Sample3 0 0 2 1|GG TT AA TG Family3 Sample3 0 0 2 1
Family4 Sample4d 0 0 2 1|AG CT CC GG Family4 Sample4 0 0 2 1
Familyd Sample5 0 0 1 1|/AG CT CC TT Family5 Sample5 0 0 1 1
Family6 Sample6 0 0 2 1|GG TT AC TG Family6 Sample6 0 0 2 1

FDMth, "tped77 IV ELVSPLINKZ 7L W2V TEHRITRIEETY .

ITDY LTIV -FUHSNP“THo7zped 771 MER ETIHHAANE D
b, tpedZ 7R TIX" ITHSNP - FUH Y TV IS L ET
—RRIC. THAHASVE)ITEHAZVE DR T V=8, 7V

LUSNPHA S VSO /LT —2ICHIGLERERESLVAET
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example.tped

—
1 SNP1 0 10000 |A AJAGIGG|AGGIAIGG
1 SNP2 0 20000 [CC|TC|TTICTICIT|TT
1 SNP3 0 30000 CACCAACCCCCA
1 SNP4 0 40000 [TG|T T|GT|GAT|T|T

0/17L iz N7asA7
Remm el

SNP1 0 10000 |0 0{0 1|1 1{0 1|1 0|1 1
SNP2 0 20000 (1 1|0 1|0 0|1 0|1 0{0 0
SNP3 0 30000 (1 0{1 1(0 0|1 1|1 1|10
SNP4 0 40000 (0 1{0 0|1 0{1 1|0 0{0 1

‘tpedZ77MIVERTIE, FINENTOA2L7 (X HEBBIET. vef77
1IN DL SIS, phasingEDNTO214 7 {5 DELERED PIEETY .

585, selscandit#k L. FSNPOF7LIVEA/T/G/CREHS0/ 1 §
SICERTIUELHIET,

selscanAIC l \ G-C-C-T

[ O U .
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statgen@statgen-PC: ~

$ cd /mnt/c/SummerSchool/GenomeDataAnalysis4/1KG_EUR
X CygwinDiFE /Imnt/Z/cygdrive/[ZEZ TLZELY

statgen@statgen-PC: /mnt/c/SummerSchool/GenomeDataAnalysis4/1KG_EUR
$ Is *vcf.gz
1KG_EUR_chr2Q_MAF005.phased.vcf.gz

$Is *map
1KG_EUR_chr2Q_MAF005.phased.map

$ wc *map
332573 1330292 10162669 1KG_EUR_chr2Q_MAF005.phased.map

-GWAST—4&L T, 1000 Genomes Project Phase3F—2MDEREK A
3658 DSNPF—2ZMBLEL L.

2B LBEBERORKROICEWT2?IFT—FLINEE=0.05%R0 1
332,573SNPE¥FELTLET,
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statgen@statgen-PC: /mnt/c/SummerSchool/GenomeDataAnalysis4/1KG_EUR
$ zcat 1IKG_EUR_chr2Q_MAF005.phased.vcf.gz | head -n 10 | cut -f 1-15

G} statgen @statgen-PC /mnt/c/SummerSchool/GenomeDataAnalysis4/ 1KG_EUR — O >

z | head -n 10 | cut - 1-15

HGOD096 HGOO097 HGDO099 HGDOT00 HGDOT0T HGOOT
Hi 110 111 111 1111

110 111 111 T[T 1

00 00 00 000

0 96808549 rs1724121 C T : S5 G oy 1
) ]

Vef 77T IVDPREERTHEL LS.

027 7T IVER TEMENTL\BNT, zcata2 R T—RMICEBERL.
ROD10iT76LV155%, 1817 EFE>TEVHLET .

" TREISN Iz, phasingiBHA/NTOAZATHERTEEL .
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statgen@statgen-PC: ~
$ cd /mnt/c/SummerSchool/GenomeDataAnalysis4/1KG_EUR/

XCygwinDIE& /mnt/%/cygdrive/ICER TS =LY
statgen@statgen-PC: /mnt/c/SummerSchool/GenomeDataAnalysis4/1KG_EUR
$ ./selscan --ihs --vcf 1KG_EUR_chr2Q_MAF005.phased.vcf.gz --map
1KG_EUR chr2Q_MAFO005.phased.map --out 1TKG_EUR _chr2Q_MAF005.phased --maf
0.05 --threads 3 --cutoff 0.05 --trunc-ok --max-extend 5000000

771" selscan_Command.ixt” 2B\ VT, AE%Shelllc
aAE—&AN—ARLTTELY,

¥Mac1—H—dnKAIE. "selscan_for_mac” DRICHBDEIT
771 ("selscan” ICBEEZR A TEITLTIEZL,

selscanlcKFRENTBRIRERITIFIEDSSE, iHSZEHRE L THET,

«iHSEt&IE. "./selscan —-ihs —--vcf (vef7740I) ——map (map77
1)) —-out (MA771NVR) (FDOfDIAZ /R )" EVLVSETREITL
-3 2 7
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statgen@statgen-PC: /mnt/c/SummerSchool/GenomeDataAnalysis4/1KG_EUR
$ cat 1IKG_EUR_chr2Q_MAF005.5M.phased.ihs.out.txt

@ C:¥SummerSchool¥GenomeDatalnalysis4¥1KG_EUR¥IKG_EUR_chr2Q_MAFD05.5M. phased.ihs.out.ixt - 3L — O >
B BEE F7F E(S) MUETMW ¥7OM F048(0) 1
O ) 20 Er . 0 20

$1:SNPID $2:3@BH LO(E $6:iHSOfiE

‘HSOFER 77NV TS, FITHESNPICHITHBIREZRL TULET,
15UBAHSNP ID. 23IBh REFH LD EZRLET.

65 EHAIHSOIEICLEY)ET,
F¥HIE. RMAL7=2=27)V(selscan-manual.pdf Y& SBL T /=&Y,
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IER{ERIDIHS ZIED S
Histogram of iHS z-score E*ﬂ{b&d)iHS ZﬁEd)ﬁﬁ

BIE/INNFGA—2—
ZRAVW=IERE
/ ®(2)
|||‘ | | I

X771V iHS_Plot R" 2R T, tXED L, RICIAE—&AN—AMLTTFELY,

0.3

0.2

0.1

0.0

*iHSOMELL. fREE{REE P TIEM A MICHESZIEEL TEHRSNET,
-RERICIE. BSNPOFLIVEEEX, FSNPRIEBE THEE SRR
(recombination rate lcfXTEL CIR>7=fE%Z & 278 . .EINDIEFILIEE
HPUEELVET(EoaTid. ERLEFIEICOVTIRHALEEA),
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