
Supplementary Data Set

1. Newly identified 9 loci in Japanese GWAS

2. Previously reported 39 loci in Japanese GWAS

3. Newly identified 43 loci in Meta analysis

4. Previously reported 133 loci in Meta analysis
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1. Newly identified 9 loci in Japanese GWAS
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Position on chr18 (Mb)

1. Newly identified 9 loci in Japanese GWAS
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2. Previously reported 39 loci in Japanese GWAS
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chr6:30989021

0.2

0.4

0.6

0.8

r2

276 genes
omitted

DCDC2

KAAG1

MRS2

GPLD1

ALDH5A1

KIAA0319

TDP2

ACOT13

C6orf62

GMNN

C6orf229

FAM65B

CMAHP

SCGN

SLC17A4

SLC17A3

SLC17A2

TRIM38

HIST1H1A

HIST1H3A

HIST1H3C

HFE

HIST1H4C

HIST1H1T

HIST1H4D

HIST1H4H

ABT1

HIST1H2BJ

HIST1H4I

MIR3143

PRSS16

POM121L2

VN1R10P

ZNF204P

ZNF391

ZNF184

LINC01012

LOC100131289

HIST1H2BL

HIST1H2AI

NKAPL

PGBD1

ZSCAN23

GPX6

GPX5

ZBED9

LOC401242

HCG14

TRIM27

C6orf100

ZNF311

OR2W1

OR2J3

OR14J1

OR5V1

OR2H1

MAS1L

UBD

OR2H2

HLA−H

HLA−A

HCG9

HLA−J

HCG8

ZNRD1

RNF39

MIR6891

RPP21

HLA−E

GNL1

PRR3

ABCF1

DDR1

VARS2

SFTA2

DPCR1

MUC21

HCG22

C6orf15

HLA−B

MICA

HCP5

MICB

LTA

VWA7

NEU1

C2

CFB

NELFE

SKIV2L

DXO

C4A

HCG23

BTNL2

HLA−DRB1

HLA−DQA1

HLA−DQB1

TAP2

PSMB8

TAP1

PSMB9

BRD2

HLA−DOA

HLA−DPA1

COL11A2

DAXX

KIFC1

IP6K3

LEMD2

MLN

MIR7159

MIR1275

GRM4

HMGA1

MIR6835

C6orf1

NUDT3

RPS10

PACSIN1

SPDEF

26 28 30 32 34
Position on chr6 (Mb)

2. Previously reported 39 loci in Japanese GWAS
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chr10:91002804

0.2

0.4

0.6

0.8

r2

LIPK

LIPN

LIPM

ANKRD22

STAMBPL1

ACTA2

FAS

FAS−AS1

MIR4679−2

MIR4679−1

CH25H

LIPA

IFIT2

IFIT3

IFIT1B

IFIT1

IFIT5

SLC16A12

LOC101926906

PANK1

MIR107

FLJ37201

KIF20B

90.6 90.8 91 91.2 91.4
Position on chr10 (Mb)

2. Previously reported 39 loci in Japanese GWAS
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2. Previously reported 39 loci in Japanese GWAS



0

2

4

6

8

10

12

14

−
lo

g 1
0 

P
 v

al
ue

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●

●

● ●

●

●

●

●

●

●

●

●●●●●●●●
●●●●
●

●

●

●●
●●
●
●
●
●●●
●●●●
●

●●●●
●●●●

●●●

●
●
●●●●
●●●
●
●●

●
●
●
●

●●

●●●

●
●●

●

●●●
●●

●

●●

●

●●
●
●
●
●
●●
●●
●●●

●

●
●
●●●

●

●
●●
●
●
●●

●

●

●

●

●●●●●
●

●

●●
●●●
●
●
●
●
●●
●

●
●●●●●

●

●●●●

●

●

●
●

●●●●●

●

●
●

●●
●

●●●●

●

●●
●
●●
●
●
●●
●●

●

●●●

●●

●
●
●
●

●●

●●●
●
●

●

●●
●
●
●
●

●

●●
●

●
●
●●

●
●
●●
●

●

●

●

●

●

●

●

●
●

●
●
●

●

●●
●●●
●

●●
●●

●●

●

●
●

●

●●
●●

●
●

●

●●

●
●

●●●
●●●

●●
●●●
●●●

●●

●
●
●

●
●●
●

●

●

●●
●●
●●

●

●
●
●●
●
●
●●

●

●

●
●●●
●●

●

●

●●●
●●
●
●
●

●●●
●●●●●●
●
●●●●

●
●
●

●

●
●●●
●
●
●

●
●

●
●
●
●

●

●
●●
●
●
●●●
●

●
●●●●●
●
●

●●
●

●

●

●

●●●

●

●●
●
●●●●
●
●
●
●●
●

●

●

●
●
●
●
●
●●●●●●
●●●

●
●●
●

●●

●●
●
●
●
●

●

●
●●
●●

●

●●●●

●●●●●●

●

●●●

●●
●
●

●

●●●
●
●●●●●●●●
●●

●

●
●
●
●

●
●

●
●
●

●●●●

●●
●

●●
●●●●●

●
●●
●●●●●
●
●
●●●
●
●
●

●

●●●●
●●
●●●●
●●
●
●●●

●
●
●●
●●
●
●●●●●●●●
●
●●
●●
●
●●●

●

●●
●
●
●

●

●

●

●●

●
●
●

●
●●
●●
●
●●
●●

●

●●

●

●
●
●●
●
●
●●
●●●
●

●
●
●●

●
●
●

●
●
●
●●
●
●
●
●
●●●●●
●
●●●

●
●

●

●●●●●●

●

●●●
●●●
●●●●
●●●●●●●

●
●

●
●●●●●●●

●

●

●
●

●●

●●

●

●
●
●
●

●

●
●

●
●●
●
●
●
●

●●●

●

●●
●
●●
●●
●

●

●
●
●●●●
●●●●●●●
●
●

●

●
●

●

●

●
●

●
●

●
●
●
●

●●●●

●

●●●●●

●

●
●
●

●

●

●

●
●●●●

●

●

●

●●

●
●

●
●
●

●●●

●
●
●
●
●
●

●

●
●●

●

●●
●
●

●

●

●
●●●

●

●●●

●

●
●
●●

●

●●●●

●

●

●●

●●●●●●●

●

●

●

●
●●●●●●●
●●
●●●●●
●
●

●

●●●●●●●
●
●●
●

●

●

●

●

●●●●
●●
●

●

●●●●
●●

●

●

●

●
●●
●
●
●●
●
●●●●

●

●●●●●●
●●
●●●

●

●●

●●

●
●
●●●●●●

●

●

●

●●●●●
●
●●
●
●

●●

●

●●

●

●●
●
●●
●

●

●●●●

●

●●
●
●
●
●●
●

●

●

●

●

●
●
●●

●
●●●
●●●●

●
●
●

●●●
●
●●

●●

●
●
●●

●
●

●
●
●
●

●

●●●
●●●●

●●
●●●●
●
●

●●
●

●

●
●
●
●
●
●●

●

●●

●●

●

●
●
●
●

●●●●
●
●●●
●
●

●●

●
●●

●●●●
●
●
●
●●●●●
●

●

●
●

●

●

●
●

●●

●

●

●●

●●
●●●●
●
●
●●
●●

●
●

●
●
●

●
●
●

●●

●
●
●

●
●
●

●

●●●

●

●●●

●

●●●●

●

●●●
●
●●
●

●

●

●
●●
●
●●●●

●●
●

●

●

●

●

●

●

●

●●
●●●
●
●●

●
●●
●●
●●●
●●
●
●
●●
●
●●
●●●●●
●
●●

●

●

●

●●●●●
●
●●

●

●

●

●

●

●●

●

●

●

●

●

●●●●
●

●●
●
●

●●

●

●●

●

●

●

●

●

●●
●●

●●●
●●●
●●
●●●●
●●

●

●●

●●

●

●

●

●
●

●
●

●

●

●

●
●●●●

●

●
●●
●●●●

●●●

●

●

●●
●
●

●●

●●

●

●

●●

●

●

●

●●

●●●●

●

●●●

●

●
●

●

●
●

●●

●

●

●●

●●

●

●

●

●

●

●
●●

●

●●●●

●

●

●●

●

●
●●
●●

●
●

●
●
●
●

●●
●
●●●

●
●

●

●●
●

●

●

●●
●

●

●
●
●●

●●
●●●

●

●

●●●

●

●
●

●●
●
●●●
●
●
●●
●

●
●●●

●●
●●
●
●
●●
●

●●●
●●
●●

●

●
●
●
●●

●

●●

●

●●
●

●

●

●
●

●●

●●
●
●

●
●
●●
●●●

●

●

●

●●

●

●

●

●
●●

●●

●●●
●●
●
●●●●●●

●

●
●

●

●●●●●●●

●
●

●

●

●●●●
●

●

●

●

●
●
●
●
●
●●
●●

●

●●

●

●
●

●

●

●●

●

●
●
●●
●●●●●
●
●
●
●

●●

●
●●
●
●
●
●

●

●

●●

●●

●

●●

●

●
●
●

●

●●

●●
●
●
●
●
●

●

●

●

●●

●

●●

●

●●

●

●

●●●
●
●

●

●●●●●●●●●●●●●

●

●
●

●

●●●●

●
●●●●●●●●●
●

●

●●
●

●●

●

●

●

●
●●●
●●
●
●
●

●
●●●

●

●

●●●
●

●

●●
●
●
●
●
●
●

●

●
●●●●
●
●
●

●

●
●
●●
●●

●

●●●●●
●
●●●●
●●●●
●
●

●
●
●
●

●●●
●
●

●

●
●●
●●●
●

●
●
●●
●
●
●●
●

●●

●●●
●●●●●●●●

●

●

●

●
●●

●

●●
●

●●
●
●

●

●

●●
●
●
●●
●
●●●●

●

●
●
●

●
●●●●●●
●
●
●●●●
●
●●

●

●●●●

●

●●●
●●●●●
●●
●

●
●
●●●●

●
●
●●●●●

●

●●●●●●●●●●
●●
●●

●

●

●
●

●●●
●

●

●●●

●

●●●

●●
●

●

●
●
●●●

●
●
●●●

●

●

●
●●●●
●
●
●
●
●

●●
●●
●
●
●●
●

●●
●●●
●
●●●
●

●

●
●

●●●

●

●
●
●
●
●
●
●
●●

●●

●●●
●●●

●

●●●●
●
●
●●
●
●

●●●●

●

●●
●
●

●
●
●
●
●

●●

●
●
●●●
●
●
●
●●
●●●●

●

●

●
●

●●●●

●

●
●

●

●

●
●

●

●●●
●
●

●

●

●
●●
●●
●
●

●●

●●
●●●●●●
●●●●
●

●
●
●●
●
●

●●●●●

●●

●
●
●●
●
●●
●
●●
●
●●
●
●●●●

●
●
●
●
●●
●
●

●
●●
●●
●●
●●●
●●●●●●●●

●

●●

●
●●●●●
●
●

●●●●

●

●●●●●●●●●●●●●●●
●●●
●
●
●
●●

●

●

●
●
●●●
●
●●●●●●●

●

●●●

●

●●●●●●

●

●

●●●●●●●●

●

●●●

●

●
●
●●
●
●●●●●●●●●●●●●●●●●
●●
●

●●
●

●

●●
●●●
●

●●●●
●
●●

●●
●●●

●●●
●●●

●
●●●
●
●●
●

●

●●●●●●●

●

●●
●●
●
●
●

●

●●

●

●●●●●
●
●

●

●
●●●
●●
●●

●●
●

●

●
●
●●
●

●
●●

●●

●●●
●
●

●

●●
●
●
●
●
●
●

●
●
●●●
●●
●●●
●●●●
●
●

●●●●
●

●

●
●

●

●
●●
●
●
●●●
●
●

●

●

●
●
●●
●●●●●●

●

●

●

●
●

●●●

●

●
●●●

●
●●●
●

●

●
●●
●●●
●●●
●

●

●
●●
●
●●●●●●●
●●
●

●

●
●
●
●●

●●●
●
●●
●
●
●

●

●

●●
●●●
●

●

●●

●

●

●

●

●

●●●
●●
●
●
●
●●●●●●●
●●●●●●●●●

●

●
●
●
●●●●
●●●●●
●
●●●●
●
●

●●
●●

●
●

●
●

●
●
●
●
●
●●●
●●
●●●●●

●

●

●

●

●

●●●
●
●

●●
●●
●
●
●
●
●
●

●

●●
●●

●●●●
●
●
●●●●●

●

●

●●

●●●●●●●

●
●

●●●●●●●
●●●
●
●●

●

●●●
●●
●●
●
●
●●
●●
●
●●●●
●

●
●●●●●●●

●

●●●
●
●●
●

●●
●
●
●●
●
●●●●
●

●

●
●
●

●

●●
●

●
●

●●●●

●

●●

●

●
●●●●
●●●

●

●●●

●
●●●●

●

●
●●
●
●●
●●

●

●

●

●

●
●
●

●

●
●

●

●

●

●

●●●●

●

●●

●

●
●●●
●●●

●

●

●
●

●●

●
●

●

●
●

●

●●●

●

●

●
●
●●●

●
●
●

●●
●●●
●●●
●●●
●

●

●●

●
●

●

●
●●

●●

●●●
●
●
●

●

●

●

●

●
●

●●
●●

●

●

●
●●

●

●●●●●
●
●
●●●
●

●●

●

●
●

●

●
●

●
●

●

●●

●

●●

●
●●
●

●

●●●●●●●
●●●
●

●

●●
●●
●
●●
●●

●

●

●

●●●

●
●●●
●●

●

●●

●

●

●

●

●

●
●
●●
●●

●

●●●
●●

●

●●

●
●

●

●

●

●
●
●

●

●●
●
●

●
●●●●●

●

●

●

●
●●●●●

●

●●

●

●●
●
●

●

●
●
●

●

●

●

●
●●●

●●

●

●

●

●

●

●

●●●

●

●

●●

●●
●

●

●

●

●

●
●
●
●
●

●●
●

●

●
●●●●

●

●

●

●

●

●
●
●

●●

●●●●●

●

●

●●●
●

●

●
●
●●●●●●●●

●

●

●●
●●
●

●
●●
●

●

●●

●
●

●

●

●

●●●●

●

●
●●

●

●

●●

●

●

●
●●●
●

●

●●

●
●●

●
●

●●
●●

●
●●
●
●

●●
●●
●

●

●
●

●
●
●
●
●●

●
●
●●
●
●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●●
●
●●●
●

●
●

●●●

●

●

●●

●

●

●
●

●

●

●●

●●
●●
●●●

●
●
●
●

●●

●

●

●

●
●

●●
●
●
●

●

●
●●●

●

●
●

●
●●
●

●

●

●●
●

●

●

●●●
●
●
●
●
●
●

●

●

●
●●

●

●
●

●

●

●●●●

●
●

●
●

●

●
●

●●
●
●

●

●
●

●
●
●
●
●

●

●

●●

●
●

●

●

●●
●

●

●●●

●●

●

●

●

●●●
●

●

●
●

●

●

●●
●

●

●
●

●●●
●
●

●●●●

●●

●
●●

●

●●●●●

●
●
●●●●

●

●●●●●●●
●●●

●

●●
●●
●●●

●

●

●

●
●●●

●

●
●●●

●

●●●
●
●●
●

●

●
●
●

●●

●

●

●
●
●●

●
●●●
●●●●

●
●●●

●

●

●

●●●

●

●

●●
●

●●●

●
●
●

●●

●
●
●
●

●

●

●
●

●●●●

●

●

●
●
●

●

●

●
●

●

●

●

●
●
●●
●
●●●
●
●●
●
●
●●
●●●

●

●●●
●
●●●

●
●

●

●

●●
●
●●
●
●●

●

●●

●

●●

●

●●

●

●

●
●●

●

●

●●
●●

●
●

●

●

●

●
●●

●

●●
●●

●

●

●

●

●●

●
●●

●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●●
●
●
●●●

●●

●

●

●

●
●

●
●

●
●

●

●

●
●●

●

●

●
●
●
●●

●

●

●

●

●

●

●

●
●●
●●

●

●
●

●

●●

●

●●
●●●●
●
●●

●

●

●
●
●

●

●

●

●●●
●
●
●

●●

●●

●
●
●

●

●

●●●●●

●

●
●●
●

●

●

●
●

●●
●
●●●●●●●●

●

●

●
●

●●

●

●

●●

●

●●●●●

●

●

●●●●●
●

●

●

●

●●

●
●

●●
●●

●

●

●●

●●

●

●
●●●

●
●

●
●

●●

●

●

●

●
●
●●

●

●

●

●●●

●

●●

●

●

●●

●

●
●
●

●

●

●

●

●

●●●●

●

●●

●

●●

●

●

●

●

●●

●

●●●

●

●
●

●

●●●

●●
●
●●

●

●

●

●
●

●●

●●●●

●

●

●●
●
●

●●●
●●
●●
●

●

●

●

●●

●
●

●
●
●●

●

●●●
●
●
●●

●

●

●
●

●
●
●
●

●●●
●

●

●
●

●

●
●

●●

●

●●
●

●●
●●
●
●

●

●
●

●●

●

●

●

●

●●●●
●●

●●

●●
●

●
●

●

●

●

●
●
●●●

●●●●

●●
●

●

●
●
●●

●

●

●

●
●
●●●

●

●

●

●●

●

●

●●

●●

●

●●

●

●

●
●

●

●

●

●

●
●
●●

●

●●
●●
●

●

●●
●
●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●
●
●●

●

●●●●
●
●●●

●●

●●●●

●

●●●●●
●

●
●●

●●

●

●●
●

●

●

●

●

●●
●●●
●●●●

●

●●●●

●

●
●●●●

●

●

●

●

●

●
●
●●
●

●●

●

●

●●

●●
●●●●

●
●

●●

●●

●

●

●

●

●●
●

●

●
●

●

●

●

●●●●●

●

●

●

●
●●
●

●

●
●●
●

●●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●●●

●

●
●

●

●●
●
●
●

●

●●

●

●●

●

●●

●

●●●●●

●

●●

●
●●

●●

●●●

●
●
●●

●

●

●

●

●

●

●

●

●
●●●●

●

●●●●●●●
●●
●●
●●●●●

●

●●●●●●
●●
●

●

●

●

●

●●
●
●

●

●

●●●
●
●

●

●

●

●●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●
●

●

●

●

●

●

●

●

●●

●●

●

●
●

●

●

●

●

●

●

●●●
●
●
●

●●

●●
●

●

●●

●

●●

●

●

●●
●●
●●●

●

●

●
●
●
●

●

●

●

●

●●

●

●
●●

●

●

●

●

●●●●

●

●
●●●
●
●●

●

●
●
●●●●
●
●

●

●●
●
●●

●●
●●●●
●
●

●

●●
●
●●

●
●

●

●

●

●●●●
●
●●
●
●

●
●●

●

●

●

●●
●

●

●●

●

●●

●
●
●

●
●●

●

●
●●
●

●●

●

●●●
●

●●

●

●
●

●

●

●
●●
●●

●

●

●
●

●

●●

●

●
●

●
●
●

●●●
●

●
●
●
●

●●

●
●

●

●●●●

●

●

●●

●

●
●

●

●

●

●●●●●●

●

●●

●

●●●●●●
●●
●
●●

●

●
●

●

●
●

●●

●●●
●
●
●

●

●
●●●
●

●

●●

●

●

●
●

●
●●

●●●

●
●

●

●

●

●
●

●●●

●

●

●

●

●●●●

●

●

●●

●●●●●

●

●●

●
●

●

●

●

●

●●●

●

●

●

●

●

●●

●
●

●●
●
●

●●●●

●

●●

●●

●●

●●
●●●

●

●

●

●●●●

●

●
●●

●●
●

●

●●●●●
●●

●

●

●

●

●●●

●

●

●

●
●●
●

●

●

●

●

●

●

●●

●
●

●●●●

●
●●
●●

●●

●
●

●
●
●

●●
●

●

●

●

●
●

●●

●

●
●
●●●

●

●●

●

●
●

●

●
●

●
●
●

●●

●
●
●●●●●●●●●
●●
●●
●

●●●●●
●
●

●

●●●●●●●●●●

●

●●●●

●

●●

●

●●
●
●
●●●

●

●●

●

●●●●●

●

●●●

●

●●●●●●●●

●
●

●

●

●

●●●●
●●
●●

●

●●

●

●

●

●
●
●●

●

●

●

●●

●

●●●
●●●●●●

●

●●●●

●

●
●

●

●

●

●
●
●●●●
●
●●
●
●
●
●
●

●●●

●

●

●●
●

●

●

●●

●

●

●
●

●
●●

●●

●
●
●

●●

●

●●●●

●

●

●

●
●
●
●

●●

●

●

●

●

●

●

●●●
●
●●●

●

●
●
●
●●
●
●

●

●●
●●●

●●●

●

●●

●●
●
●
●●

●
●
●
●

●

●

●
●
●
●
●
●
●
●
●
●

●

●●●●

●

●●●

●

●
●
●●●●●
●
●●
●
●●
●
●●●●
●
●●●●●●

●

●

●

●●●

●●

●

●●
●
●
●●●●●

●
●
●

●

●
●

●

●●●●●

●

●
●
●●●

●

●

●●
●●
●●●●
●
●
●

●

●
●
●
●●
●

●
●●●

●

●●●●

●
●

●●
●
●
●
●●●●●

●

●

●

●
●

●
●●●

●

●●●
●
●●●
●
●●
●

●●●
●

●

●

●

●●●
●●●●●

●

●●●
●●

●
●

●●

●

●●

●

●

●●
●

●
●●●●●

●

●●●
●
●
●
●
●
●

●●●●

●
●
●●●
●●●
●●●●
●

●

●●

●

●

●
●
●

●

●

●

●
●●

●

●●
●
●●●
●

●

●●

●

●●●●●
●●●

●

●

●

●

●●●●●●●
●
●
●●
●●●●●●●

●●
●

●

●
●
●
●
●
●●●●●●●●●●●●●
●●●●●●

●

●●●
●●

●
●
●

●
●●●●●

●

●●●
●

●

●●●●

●

●
●●

●

●
●●●
●
●

●
●

●●

●

●●

●

●

●

●●●●
●●
●●●

●

●●●●●
●●●●
●●

●
●
●
●●●●●

●

●
●

●
●●●

●

●
●
●●
●

●

●●●●

●
●

●●
●

●
●
●
●●●●●●●

●●

●●●

●

●

●

●●●●
●●
●

●●
●
●●

●●

●●●●●
●

●

●●
●●●●●●
●

●

●
●
●●

●

●

●

●

●
●
●●●

●

●●●●
●

●

●
●
●
●●

●●

●

●

●●
●●

●●
●

●●●●●●●
●●●
●●●●
●
●

●

●

●

●●●

●

●
●●●●●

●

●

●

●
●
●
●●●
●●●

●
●●
●
●

●

●●
●●
●●●

●

●●
●
●

●●●●

●●

●

●

●

●

●

●●
●●●

●

●
●

●

●
●●

●

●●

●

●●●
●
●

●

●
●

●

●

●

●
●

●●
●
●●●
●

●

●

●●●●●●●●

●

●●●
●
●
●
●●●

●

●

●

●●●●●
●
●
●

●●
●●

●
●
●
●●

●

●

●●

●
●
●●
●

●

●●
●●●●●●

●

●●●
●
●
●
●●●

●

●

●

●
●●●●●

●
●
●

●
●
●

●●●●
●●●
●
●

●

●

●

●

●

●

●

●

●

●●●
●

●
●

●
●●
●●
●

●

●●●●●
●●●
●●●●
●●●
●
●
●●●
●●

●

●●
●●
●●
●●
●●●

●

●
●●
●
●●
●

●

●

●●●●●

●

●●●
●
●

●

●

●

●●●

●

●
●
●●

●
●
●

●●●●●●
●
●

●

●
●

●

●●●
●
●

●
●
●
●

●

●

●●

●
●●●

●

●●

●

●

●

●

●●●●●●●
●
●

●

●
●
●

●

●●

●
●
●●
●●

●

●
●●
●
●

●

●

●●

●

●●●
●
●

●

●

●●●

●

●●
●●●
●
●
●
●●●

●●

●

●

●

●

●

●

●

●
●

●

●
●
●
●

●

●

●

●

●

●

●●

●

●

●

●
●
●●

●

●

●●

●

●

●

●
●●
●

●

●

●

●

●
●●●●●

●

●●

●●

●

●
●
●●
●
●

●

●●

●

●●

●
●

●

●
●●
●

●

●

●

●

●

●●
●●●●
●●

●

●●

●

●
●●●●

●
●
●●
●●

●●

●

●
●
●●●●●●

●

●

●●

●

●

●

●

●●
●
●●●●●

●

●
●
●●

●

●●
●●
●●

●
●●
●

●

●
●
●

●

●
●

●

●●●

●

●●●

●

●●●
●

●
●●
●●●

●

●●●

●

●●●●●
●●
●
●
●
●●●●●●
●
●
●●
●
●
●

●

●

●
●

●●●●●

●

●●
●
●●
●
●●●●

●

●●

●
●●●

●
●
●

●
●

●

●

●

●

●
●●

●●●
●

●
●

●

●

●
●
●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●
●

●●●

●
●
●●●
●
●

●
●

●

●

●
●
●●●●
●

●

●●●●●
●

●

●

●●
●●
●
●

●●

●
●
●●●●

●

●●

●

●

●
●●
●
●●
●

●

●●●●
●

●

●
●
●●

●●

●

●
●
●●
●●
●

●

●
●

●

●
●●●●●

●

●
●●●
●

●

●●●

●

●●●

●

●●●
●
●
●

●●
●

●

●

●●

●

●●

●

●

●

●
●
●
●●●

●

●

●
●

●●●●●

●●●●
●
●●

●
●
●●

●●●

●

●●
●
●

●

●

●

●●

●

●

●

●
●
●

●

●
●
●
●●
●
●●
●
●●
●●
●●●

●

●

●

●

●

●
●
●

●●●●
●
●

●
●
●

●●●

●●

●

●

●

●
●
●
●

●●
●●
●●●●●
●●
●●●●
●●
●
●

●
●
●●
●
●

●

●●
●●●

●

●●●●●●

●

●●

●

●●●●●●

●

●●●

●●●
●●

●

●

●

●

●

●●●●
●●
●

●

●

●
●
●●
●
●

●
●●●
●●●
●

●

●
●●●●●
●
●

●
●
●

●

●●

●

●

●

●

●

●●

●

●

●
●

●

●

●
●
●●●●●
●
●●

●●
●
●

●
●

●
●

●●●●●●●
●

●

●●

●

●
●
●●●●

●●

●●
●●●

●

●●

●

●
●
●
●●●●

●●
●
●●●
●

●●●●
●
●
●
●●

●
●
●●
●

●●●●

●
●
●
●
●●

●

●●●●
●●●●
●
●

●
●
●●●●●
●

●

●
●
●

●

●●●●●●●
●●

●●●●●●●●
●
●
●
●

●●

●

●
●●●
●●●

●

●

●

●●

●●
●

●●●
●

●

●
●

●
●

●
●
●
●
●●●

●

●
●
●

●
●
●

●
●●●●●●

●

●●
●

●●
●

●

●
●●
●
●

●

●●●●
●●

●

●●
●
●
●●
●●

●

●●
●●
●●

●

●

●

●

●

●●●
●
●●●●

●
●
●

●

●

●

●●●●

●

●

●

●●

●
●

●
●
●●●●
●
●
●
●

●

●
●
●●
●
●

●●

●

●●
●
●
●
●
●

●

●

●

●●●●●

●

●
●●●●

●

●●●●●●●

●

●●
●●●●

●

●●

●

●

●
●

●●
●●●
●●
●
●●

●●
●
●●●●●

●

●
●

●

●
●
●
●●

●

●●●●

●

●

●

●
●●●
●
●●

●
●
●

●

●
●
●●
●●●
●
●

●

●●●
●
●

●

●
●●

●

●

●

●●

●

●●

●
●
●
●●

●

●
●
●
●

●

●

●●●●●

●

●●
●●
●
●●●
●●

●●●

●●

●●

●●●●●

●

●
●

●
●

●●●
●
●
●
●●●●●●

●

●●●●●
●
●
●
●●●

●
●
●

●

●●●
●●
●
●
●

●

●

●

●
●●●●
●

●●

●●
●
●
●

●

●●
●
●●
●●

●

●●

●
●

●

●
●
●
●
●
●
●●●

●

●
●●
●
●
●
●

●

●●
●●
●
●●

●

●

●
●
●
●●●

●

●●
●

●
●
●●
●●●●●
●

●
●●

●

●

●●

●

●●●●
●

●

●

●
●

●●

●
●
●●●●

●●

●

●●

●
●●●
●

●●
●
●●

●
●●
●●●
●●
●
●●

●
●
●

●

●●

●
●●

●●●

●

●

●
●●●
●

●
●●

●

●

●●●

●●
●

●

●

●

●

●

●

●●
●●

●

●●
●

●

●
●●●

●

●

●

●
●

●

●

●

●

●●●●●●

●
●●

●

●
●●
●●●●

●

●
●
●
●●

●

●

●

●
●
●●
●●●
●●
●●●

●

●

●

●●●
●●
●

●
●

●
●
●●
●●
●●●
●
●●●●
●
●
●
●
●
●
●
●●

●
●●
●
●●
●
●
●

●

●

●

●●
●●

●

●●
●
●

●

●
●
●●●●●●
●
●
●
●

●●
●●

●

●●

●●
●

●
●
●●
●●
●●●

●
●
●●●
●
●●●●
●●

●●
●

●

●●
●●
●●
●
●●
●
●●
●

●
●
●
●
●
●

●●
●

●●
●
●

●●●
●●●

●

●●●
●

●

●

●●●

●
●●●
●●●
●
●
●●●●●●●●●●
●
●●●
●
●●
●●●
●●
●●●●

●
●●●
●●
●●●
●●●●●●●●●●●●●●
●●●●

●

●
●

●
●
●●●●●●

●●
●●

●

●●●
●●
●●
●
●●●●●●●●●
●●
●●●●●●●
●
●●●

●●●●●●

●

●●
●●●●●●●●
●●●
●●
●
●●●
●
●●
●●●●
●●
●
●●●
●●●●
●
●●●●
●
●

●●
●
●
●●●●
●
●●●●
●
●

●

●●●●
●
●
●●
●
●●●
●

●
●●

●

●●●●●
●
●●●●●●

●
●

●●

●

●
●●
●●●
●
●●●●●

●
●

●●●●●●

●

●●●
●●
●●●●●●
●

●

●●●●●
●
●

●●●●

●

●●●●●●
●●●●
●
●●●●
●
●
●

●
●

●●

●

●●●●●
●●●●

●

●●
●●●●●●●●
●●●●●●●●●

●

●●
●

●●
●
●

●

●●●●●●●
●

●
●●●●

●●

●●●●●

●

●●●●
●
●●
●●●●

●

●

●

●●●

●
●
●●●●●●●●●
●
●●
●
●

●●●

●●●
●

●
●
●
●●

●●

●

●●●●●●●

●
●●
●
●●●●
●●
●●
●
●●●
●●
●●●●●●●

●●

●
●
●●●
●
●

●
●
●●
●
●

●
●
●
●●●●●
●●●●●●

●

●●●
●
●
●
●

●

●●
●●
●●●●●●
●
●

●

●●
●
●●

●

●

●

●

●
●

●
●
●●
●●●●

●
●●●●●
●

●

●●●
●

●

●●
●●

●

●●

●

●
●
●●●

●

●

●
●●
●

●●
●

●●●●
●
●●●●●
●●
●●●●

●●●
●
●●●●

●
●
●●●●●●●●●
●●
●●●●

●●

●

●●
●
●

●●

●
●
●●●●

●

●●●●
●
●●
●
●

●

●
●●
●
●●

●

●

●
●

●●●

●

●
●●

●●●
●●●●●●

●●
●
●

●

●

●
●
●
●
●

●

●
●●

●●
●●
●●●
●
●●

●
●●

●●
●
●●●●
●
●●

●●●

●

●
●
●●●●
●

●

●●

●

●

●●

●●●●●

●
●

●

●●●●
●
●●●●●●
●●

●

●●●

●

●

●

●

●●
●●●

●

●

●

●
●●
●

●

●●●

●
●●
●

●●
●
●

●

●
●●●
●●
●●●
●

●

●●
●●●

●

●
●
●

●

●●
●
●●●●
●
●

●

●●
●●●●

●
●

●

●
●

●●

●●

●●●●

●

●

●●●

●●●●●●●

●

●●

●
●
●
●
●●
●●

●

●

●

●

●
●

●

●

●

●

●

●

●●
●●
●●

●

●

●

●
●●
●●
●
●
●
●
●●

●

●●●

●
●●●
●
●

●●●●
●●
●

●

●

●

●●●●●●
●

●

●

●

●

●

●

●●

●

●
●

●
●
●

●

●●

●
●

●
●

●●
●
●

●

●
●
●

●

●

●
●●●●●

●

●
●
●
●
●●●
●●

●●●●
●●

●

●

●●
●

●●●

●

●

●●
●●
●
●●

●

●

●

●

●
●●
●●
●

●●

●

●●

●
●
●●
●●

●

●
●
●

●

●

●

●
●
●

●

●
●
●
●●

●
●
●

●

●

●
●●
●

●
●●
●

●●●

●

●●
●
●
●●●●

●

●

●

●●
●●
●
●●●
●
●

●

●●
●
●●●

●●

●●

●

●
●●
●

●●
●

●

●
●
●●●
●
●
●
●●●●
●●●

●
●
●

●
●●
●

●

●●
●

●

●●●
●●●
●
●
●●●
●●

●

●●
●
●
●
●
●

●●
●●

●
●
●

●

●●

●

●
●●

●
●
●
●

●
●●
●
●
●●
●●

●

●

●

●

●

●●
●●
●●

●●

●

●

●●●

●
●●●
●●

●
●

●
●
●

●

●●

●

●●
●
●
●●

●

●

●
●
●

●

●●●
●
●●

●●

●●●●

●

●

●
●

●

●●

●

●

●

●
●
●●

●

●
●

●●

●

●
●
●

●

●
●
●

●●●

●

●●
●●

●
●

●

●

●●
●●
●●●
●
●
●●●

●

●●
●
●

●

●

●

●

●

●
●
●
●
●
●

●
●
●●
●
●●

●

●
●●

●
●●

●

●

●

●

●

●●
●
●

●

●
●●

●

●●●

●●
●
●

●

●●
●
●
●

●●●
●
●
●●

●

●
●●
●

●

●●●
●
●

●
●
●
●
●
●●●●●●●

●●
●
●●
●●
●●●●●●●

●

●●●●
●
●●
●●●●●●●●●●

●

●
●●●●●
●●
●
●
●
●●●

●●
●●●●
●
●

●
●

●
●

●●
●

●●
●●
●●●
●
●

●

●●
●●
●

●

●●●
●
●
●
●●
●
●

●

●●
●
●
●
●
●
●
●●
●

●
●
●
●
●
●
●
●
●
●●●●
●
●●

●

●●
●
●
●●

●

●●●●●
●
●●●●●●
●●
●
●●●●●
●
●●●●●●●

●

●●●●

●

●●●
●
●●●●●

●

●●
●
●●

●

●●●●
●●
●●
●

●
●

●●
●
●●
●
●
●
●●●●●●●●●

●

●●

●
●●●●
●
●
●●
●●

●

●●
●
●
●●
●
●●●●●
●●●●
●●
●●●
●●
●●●
●
●●
●●●●
●
●
●
●
●
●●●
●
●
●
●
●
●●
●

●●

●
●

●
●●
●●●●
●

●

●

●●
●
●
●

●

●
●

●

●●
●●

●

●

●●
●
●
●

●●
●
●●
●
●●

●●●●

●
●
●
●
●

●

●●

●

●
●●
●
●
●●

●
●
●●
●

●

●●
●

●
●

●●
●●

●

●

●
●

●●●●●
●

●

●●
●
●●●●●
●●

●●
●●
●●
●●●●
●●●●
●
●●●●●
●
●●
●
●
●
●●
●
●
●●●
●●●●
●

●

●

●

●

●●
●●

●
●
●●●●

●

●●●
●
●
●●
●●
●
●
●●●

●

●●●

●

●●
●●
●●

●

●●●●
●●
●

●●

●●

●

●●●

●
●
●
●

●●●●
●

●

●

●
●●
●●
●
●●●●●●●●
●

●
●●●●
●

●

●

●●

●●●●●
●

●●●●
●
●
●

●

●
●●●

●

●
●
●
●

●

●
●
●
●●●

●

●●●●
●●
●
●●●

●

●●
●
●●●
●
●
●●
●
●
●●
●

●●

●

●●

●●

●●●●●

●●

●●●●

●

●
●
●

●

●

●●

●●
●
●●
●
●
●●●
●
●●●●●●●●●●
●

●

●
●●●●●
●
●

●
●●●●
●

●
●●●●
●

●

●

●●

●

●

●

●

●●

●
●●●
●

●

●

●

●
●
●

●●●
●
●●
●
●

●
●
●
●●
●

●●

●●
●●
●●
●

●

●
●●
●●●

●

●●●
●
●●

●

●

●
●●

●●
●●
●

●
●●
●
●
●
●
●
●

●

●
●●
●

●
●

●

●●●

●●●●

●

●

●

●

●●●
●
●
●
●
●
●

●●
●

●
●
●●●
●
●●●●●●●
●
●●●●

●●
●

●
●
●

●
●
●

●●

●
●●
●
●
●
●
●

●

●●
●
●●
●

●

●●

●

●

●

●

●

●

●●
●

●●

●
●
●
●●●●●●●

●

●●
●●

●

●●●●●

●

●●●●
●
●●●
●●●
●
●
●●
●
●●●●

●

●
●
●

●
●●●●
●
●●

●

●●●
●●●
●●
●
●

●

●●●
●●●●●●
●
●●
●
●●●●
●●

●
●●●
●●●●
●
●●
●●●

●

●

●●●

●

●

●
●●

●●●
●
●●

●
●
●
●
●●
●●●

●

●●
●

●●
●

●
●
●

●

●●●

●

●

●

●●●●

●

●
●●
●●

●●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●●
●

●●●●

●

●

●
●

●

●●
●
●

●
●

●●
●
●●

●

●●

●

●
●
●

●

●

●

●
●●

●

●
●

●
●

●

●●
●

●●

●
●

●

●

●

●

●

●

●
●
●
●

●●

●

●
●

●
●●

●

●
●●
●
●

●

●

●

●●

●●

●●●●●●●●●● ●●
● ● ●

●

●●●●●●
●
●●

●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●

●●

●●

●

●●●
●

●
●●●●● ●●

●●●●●●●●●●●●●●●●●●●
●●●
●●●●●●●●●●●●●●●●●●

●●

●

●
●●●
●●●●●●●

●●●●●
●
●●
●●●
●
●
●●●●●●●●

●●●●
●●●
●
●●●●●
●●●●●●●●●
●

●●●●●●●●●●●●●●●●●●●●●●
●
●
●
●●

●

●●●●●
●●●●●●
●

●●●●●●●●●●●
●
●●●●●●●●●●

●

●●●●

●

●●
●
●
●
●●
●●

●●

●●●●

●

●●●
chr12:95521370

0.2

0.4

0.6

0.8

r2

CEP83

CEP83−AS1

MIR5700

TMCC3

MIR7844

MIR492

KRT19P2

NDUFA12

NR2C1

FGD6

VEZT

MIR331

MIR3685

METAP2

USP44

PGAM1P5

NTN4

95 95.2 95.4 95.6 95.8 96
Position on chr12 (Mb)

0

20

40

60

80

−
lo

g 1
0 

P
 v

al
ue

0

20

40

60

80

100 R
ecom

bination rate (cM
/M

b)

●●● ● ●
●● ● ● ●

●
●

●
●
● ● ●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●●●●
●
●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●
●
●●●●●●●
●

●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●
●
●●●●●●●●●●
●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●
●
●
●●●●●●●●●●
●●●●●●●●●
●
●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●
●
●●
●
●●●●●●●●●●●●●●●●●
●
●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●

●

●

●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●

●

●●●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●

●

●●●●●●

●

●
●
●●●●●●
●
●
●
●●●●

●

●●●●●●●●●●●●●●

●

●●●●●
●
●●●●●●●●●●●
●●●●●
●
●
●●
●●
●●●●●
●
●●●●●●●●●

●

●●
●●

●●●●●●●●
●
●
●
●●●●●●
●
●

●

●●●●●●●●●●●
●
●●●●●
●
●●●●●●●●●●●●●
●
●●●●
●

●
●●

●●●●●
●●
●
●
●●

●

●●●●●●●

●

●●
●

●●

●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●

●
●
●

●
●
●

●●●
●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●
●
●

●●●●
●●●●●●
●
●●●●●●●
●
●

●●
●●●●

●●●●
●●●●

●
●●●●●●●
●
●●
●
●●●●●●●●●●●
●
●●●
●
●
●
●
●
●●
●
●
●●●●
●
●
●
●
●●
●
●●●●●●
●●
●●●
●
●●●●●
●
●
●
●
●●
●●●
●
●●
●
●●●●

●
●●●●

●

●●●●●●●
●●●●
●●●●

●

●
●
●●●●●●●●●●●●

●

●

●
●●
●●●

●

●●

●

●●●●●●●●
●
●●●●

●
●●
●●●
●●
●
●●●●
●●●
●●●●●●●●●
●
●●●●●
●●
●●●●
●
●●●●●●●●
●
●●●●●●●●●●●●●
●
●●●●●●
●●
●
●
●●●●●●●●●●●●
●
●●●●●●●●●●
●
●●●●●●
●
●
●
●●●
●
●●●●●●●●●●●●
●●●●●●
●
●●●●●●●●●●●●●●●●
●
●
●
●●●●
●
●●●●
●
●
●●●●
●●
●●●●
●●●●●●●●●
●
●●●●●●●●●●●●●●●●
●
●●●●●●●
●
●●●
●
●●●●●●●●●
●
●●●●●●●●●●●●●
●●
●●
●
●●●
●●
●●●●●●
●●
●●●●●●●●
●
●●●●
●●●●
●
●●●
●
●●
●
●
●●
●●●
●●
●●

●

●●●●●●●●●●●●
●
●●
●
●●●●●●●●●●
●●●●
●●
●●●●●
●
●●
●
●●●●●●
●
●●●●●●
●●
●●●●●●
●
●●
●
●●●●●●●●●
●
●
●●●●
●●●●●●●
●●●●●●
●
●●●

●

●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●

●

●●

●

●●●●

●

●

●

●

●

●●●

●

●●

●

●●

●
●●●

●●●●●

●●●

●
●

●

●

●●●

●

●

●
●●●

●

●●●●●●

●

●●
●
●

●●

●●●

●

●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●
●●●●●

●

●
●
●●●●●●●●●●●●

●

●●●●●●●●●●●

●

●●
●
●

●

●●
●●●●●●●●●
●●●●●●●●

●

●
●
●●●
●●
●
●
●●●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●
●●●●●

●●

●●●●

●

●●●●●●●●●●●●●

●

●●●●●●●●●

●

●●●●

●

●●●●

●

●●●●●●●

●

●●●●

●

●●●●●●●●

●

●●●●●●●●●●

●

●●●●●●●

●

●
●
●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●

●●

●●●●●●

●

●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●

●

●●●●●

●

●●

●

●

●

●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●

●

●●●●●●●●●

●●●

●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●

●

●●●●●●

●

●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●

●

●●●●●●●

●

●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●

●

●

●

●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●

●

●●●●●●●

●

●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●

●

●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●

●

●
●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●
●
●●●●●●
●
●●

●

●●●
●
●●●●●●●●●●

●

●●●

●

●●●●●

●

●●●●●●●●●●●●●●
●
●●●

●

●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●
●●●●●●●●●●●
●●●●●

●

●●●●●●●

●

●●●●●●

●

●●●●●●●●●●●●

●●●●

●●●●●

●

●

●

●●●●●●●●●●●●●●

●

●

●

●●●●●●●●●●●●●●●●●●●
●●●●●

●

●

●

●●●●●●●

●

●●●●●●●●●●

●

●●●●

●

●●●●●

●

●●●●●●
●
●●●●
●
●

●●●
●
●●●

●●

●●●●●

●●

●●

●

●●●●●●●

●

●●●●●●●●

●

●

●

●●●

●
●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●

●

●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●

●

●●●●●●●●●●●●●●●●●●●

●●

●●●●●●●●●

●

●●●
●
●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●
●●●

●

●●●●●●●●●●●●
●●●●
●
●●●●●
●●●●●●●●●●●●●

●

●●●

●

●●●●
●●●●●●
●
●●
●
●●●
●
●●●●●
●●●
●●●●

●●●●●●●●●●●●●●●

●
●
●●●
●
●●●
●●●
●
●●●●●●●●
●
●●●●●●●●●●

●●

●

●

●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●
●
●●●●●●
●
●●●●●●●●●
●
●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●
●●●●●●●

●

●

●●

●●●●●

●

●●●●●
●
●●●●●●●●●●●●●●

●

●
●
●●●
●
●
●
●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●
●
●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●

●

●●●●●●
●●
●●

●

●●●●●●●
●
●
●
●●●●●●●●●●●●●●●●●●●●

●

●●
●●●●●●●●●
●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●

●

●●●●
●
●
●●●●●●●●●●●
●
●●●●●●●●●
●
●●●●●
●
●●●
●
●●
●
●●●●●●●●●●●●
●
●●●●●●
●
●
●
●
●
●
●
●●●●●●●●●●
●
●●●●●●●●●●●●●●●
●
●●●
●
●●●●●●●
●
●●●●●●●●●
●
●●●

●
●
●●
●●
●
●
●●●●●●
●
●●
●
●●●●
●
●

●

●●●●
●
●
●
●●
●
●
●
●●●●●
●
●
●
●

●

●
●
●
●
●●●●●●●●●
●
●●●●
●
●●●●●●●●●●●
●
●●●
●
●●●●
●
●
●
●●●●●●
●
●●●●
●
●●●●●●
●
●
●
●●●●●●●●
●
●●●
●
●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●
●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●
●
●
●
●●●●●●●●●●●●●●●●●●●●●●
●
●●●
●
●●●●
●
●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●
●●
●●●●
●●●●●●
●
●●●●●●●●●●
●●●●●●●●●●●●
●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●
●●●●●
●
●●●●●
●●●●●●
●●●
●
●●●●●
●
●●●
●
●●●●
●
●●●●●●●●●
●
●
●●●●●●●●
●
●●●●●●●●●●●●●●
●●
●●●
●●●●●
●
●●●●●●
●●●●●●●
●●●●
●●●●●●●●
●
●●●●●●●
●●
●●
●●●●●●●●●●●●●●●●●
●●●●●●
●●●●●●●●●●●●●●●●●●●●●●
●
●
●
●
●
●●●●●●●
●●●●●
●●●●●●●●●●●
●●●●●●●●
●●●●●●
●
●●●
●●●●●●●●●●●●●●
●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●
●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●
●
●●●●
●
●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●
●
●
●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●
●●
●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●
●●
●
●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●
●●●●●●●●●●●●●
●●●●●●●●●●●●
●
●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●
●●●●
●●●●●●●●●●●●
●●●
●●●●●●●●●●●●●●●
●●●●●●●●●●●●
●●●●●●●●●●●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●
●●●●●●●●●●
●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●
●
●●●●●●●●●●●
●
●●●
●
●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●
●●●●●●●●
●
●●●●●●●●●●●●●
●●●●●●●●
●●●●●●●●
●
●●●●●
●●●●●●●●●●●●●●●●
●
●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●

●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●

●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●

●

●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●
●
●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●
●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●
●
●●●●●
●●●●●●●
●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●
●●
●●●●
●
●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●
●●●
●●●●●●●●
●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●
●
●●●●

●

●●●●
●
●

●●●●●●●●●
●●●●

●

●●
●●●●●●●●
●
●●●●●●●●

●●
●
●●●●●●●
●
●●●●●●●●●●
●●●
●●
●●●
●●
●●●●●●
●●●●●●
●
●●●●●●●●●●●
●
●
●●●●

●

●●●●
●
●
●●
●●●
●
●●●
●●●●
●●
●●●●
●●
●●●●●●

●

●
●
●●●
●
●●●●●●
●
●●●●●●●●●●●●
●●●●●●
●●
●
●
●
●●
●
●
●●●●
●
●
●
●
●
●
●
●
●●
●●
●
●●●●●●●●
●●
●●●●●●●●●
●
●●●●
●
●●●●
●
●●●
●
●
●
●●●

●
●
●●●
●
●●●●●
●●
●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●
●●
●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●

●

●●●●●●

●

●●●●●

●

●●

●

●●●●●

●

●●●●●

●

●●●

●●

●●●

●

●

●

●●●

●

●●

●●●

●●●●

●●

●●●●●●●●●●●●●

●

●●●●●

●

●●●●

●●

●●●●●●●●●●●●●●●●●●●

●

●●●●

●

●●●●●●●

●●

●

●

●●●●

●●●●

●

●

●●●●●●●●●●●●●

●

●
●●
●
●●●●●●●●

●

●●●

●●

●●

●

●

●

●●●●●●

●

●●
●
●●●

●

●●●●

●

●●●

●●

●

●●●●

●

●●

●

●

●●●●●

●●●

●●●●

●

●●●●●●●

●●

●

●●●●●●

●

●●●●

●

●

●●●

●●●●

●●●●●●●●

●

●
●

●

●●

●

●

●

●●

●●●

●●●●●●●●●●●●●

●

●●●●●●●

●

●●●

●

●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●
●
●●●●●●●●●●●●
●
●●●●
●
●●●
●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●
●
●●●●
●
●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●
●
●●●●●●

●

●●●●●●●●●●

●

●
●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●
●●
●●●●●●●
●●●●●●●
●
●●●●●●●●●●●●●●●●
●●
●
●●●
●
●●●●
●
●●
●
●●●●●●●
●●●●●●●●●●●●

●●●

●

●
●
●
●
●

●

●●

●
●
●●

●●
●
●●●

●

●
●
●●●●●
●
●●
●
●●●
●
●●●●●●●●
●
●
●
●●

●

●●●●●●●●●
●
●●

●

●●●●
●●●
●
●
●●●●●

●

●●●●●●●●●●

●●

●
●
●
●
●●●●●
●
●
●
●●●●
●
●●●●
●
●

●

●●●●●●●●●●●●●●
●●

●●●●●●
●●●

●

●●●
●
●●●●●●●●●●●●●●●●●●●●●

●

●●●●●

●

●●

●

●
●
●●●●●●●●

●

●

●

●●●●●●●●●●●●
●
●●●●●●●●●●●●

●

●●●●●

●

●●●●●●

●

●●●●●●
●
●●

●

●

●

●●●●●●●●●●●●●●●●●●●

●

●●

●

●●●●

●

●●

●

●●●

●

●●●●●

●●

●●●●●●

●

●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●

●

●●●●●●●●●
●
●●

●

●●
●
●●

●
●
●

●

●
●
●●●

●

●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●

●●

●●●
●
●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●

●

●●●●●●●●●●●●●●●●●●●●●
●
●
●●●●●●●●
●●●●●●
●
●●●●●●●●
●
●●●●●
●●●●●●●●
●
●●●●

●

●●●●●●●●●●●
●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●
●●●●●
●
●

●●●●●●●

●

●●●●●●

●

●●●●●●●

●

●●●●●●
●
●●
●●●●●●●●●●

●

●●●
●●●●

●
●●●
●●
●●●●
●
●
●
●●
●
●●
●●●●●●●●●●●●●●●●●

●

●●●●●●●
●●

●●●●●
●

●●

●
●

●●●●●

●

●

●●

●●●●●●●●

●

●●●

●

●

●

●●●●●●●●●●●●●●●
●●●●●
●●
●●●●●●●●●●●

●
●
●

●
●
●●●
●
●●●●●●●●●●●●
●
●●●●●
●
●●●●●●●●●

●

●●●●●●
●●
●●●●

●

●●●●●●●●

●

●

●

●

●

●●●●●●●●●
●

●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●
●
●●
●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●
●●●●●●●●●
●
●●●●●●●

●

●●●●●●●●●
●
●●
●●
●●●●●●●●●●

●●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●
●●●●

●

●●●●●

●

●●●●●●●●●●●●
●

●●●
●

●●●●●●●●●●●●●●●●●●●●●●
●

●●●●●●●●●●●●●●●●●

●

●●

●

●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●
●
●
●
●●●●●
●●●●
●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●
●
●●●●●
●
●●●●●●
●
●●●●
●
●●

●

●●●●●●●●●●●●●●●●●●●●●●●●
●●●●
●
●●●
●
●●●●●●●●●●●●●●●●●

●

●●●
●
●●●

●
●
●●●
●
●●●●

●

●●●●●

●

●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●
●
●●●●●
●
●●●●●●●●●●●●●

●

●●●●

●

●●●●●●●●●●●●●●●●●●●●●

●
●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●
●
●●●

●

●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●
●
●

●

●●●●●●

●

●●●●●●●●●●●●
●
●●●●●●

●●

●

●

●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●

●

●●●●
●
●

●●
●
●●

●

●●●●●●●●

●

●●●

●

●

●●

●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●
●
●●●●

●

●●●●●

●

●●●●●●●●●●●●●●●

●

●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●

●●●●●●●●●●●●●●●●●●●●●●●
●
●

●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●
●

●●●●●
●
●
●
●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●

●

●●●

●

●●●●●●●●●●●●●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●
●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●

●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●

●

●●●●●
●
●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●
●
●

●●

●●●●●●

●

●
●
●●

●

●●●
●●
●

●
●●●

●

●
●
●
●●●●●●●●●●●●●●●
●
●●●●●●●●

●

●●●●●●●●●●
●
●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●

●

●●●●●●●●●●●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●

●

●●●●

●

●

●

●

●

●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●
●●

●●●●●●●●●●●●●●●●●

●

●●●●

●●

●●●●●●●●●●●

●

●●●

●●
●
●

●

●●●●●●●●●●●●●●●
●
●●●●●●
●

●●●
●●●●●●●

●

●●●●●●●

●

●●●●●

●

●●●●●●

●

●●●●
●
●

●●●●●●●

●●

●●●●●●●●●●●

●

●●●●●

●

●●●●●●●●●●●
●
●●●●●●●●●●●

●

●

●

●●

●●●

●●

●

●●

●

●●●

●

●●●

●

●●

●

●●●●

●●

●

●

●●●

●

●●

●●

●

●
●
●●

●●

●

●

●●●●●●

●

●●●●

●

●●

●

●●●

●●●

●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●

●●●

●

●

●●●●

●

●●●

●●

●●●

●

●●

●

●●●●●●●●

●

●●●●●

●●

●●

●

●●●●●

●

●

●

●●●●●●●●●●●

●

●●●●

●

●●●●●

●●

●●●●●

●

●

●●

●●

●

●●

●●

●●●●●

●

●

●

●●●●●●●

●

●

●

●●●●●●●

●●

●

●●●

●

●●●

●●

●

●

●

●

●

●●

●

●●

●●

●●
●

●●

●

●

●

●●●

●

●●●●●●●●●●●●●●●●●●

●●

●●●●●●●●●

●

●●●●

●

●●●●●●●●●●

●

●●●●●

●

●

●

●●●●●●●●●●●●●●●●●●●

●

●

●

●●●●●●

●●

●

●

●

●

●●

●●

●

●

●●●●●●

●●

●●●●●●●●

●

●●●●●●●●

●

●

●

●
●
●●●●

●

●

●●

●●●●

●

●●●●●●●

●

●●●

●●●

●●●

●●

●●●●
●●

●

●●●
●
●●●

●

●●
●
●

●●

●●●●●●●●

●●

●●

●

●

●

●●

●

●●●

●

●
●●●

●

●●●

●

●●●●●●●

●

●

●

●●

●

●●●●

●●

●●●●●●

●

●●

●

●●
●●●●●
●

●

●●●

●●

●●●●●●

●●
●

●●●

●
●
●●●●●●

●

●●●
●●
●●●●●●●●●●●●●●●

●

●

●●

●●●●

●

●●●●

●

●●

●

●

●

●●
●●
●●
●

●●●●●●●●

●

●

●

●

●

●

●●●

●●●●●

●●

●●●●●●

●

●●●

●

●

●

●●

●

●●

●

●●●●●●●

●

●●●●●●

●●

●●

●●

●●●

●

●●

●

●

●●●

●

●
●●

●

●

●

●

●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●

●

●

●

●●●●●●●●●
●
●●●●●

●

●●●●●●●●●

●

●●●●●

●

●●

●

●●●●●●●●●●●●●●

●

●●●●●

●

●

●

●

●

●●●●●●●●

●

●●●●●●●●

●

●

●

●

●●●

●●●●●●●●●●

●

●●●●●

●

●●●●

●

●●●●

●●●●

●●

●

●●

●

●●●●●●●●●●
●

●●●●

●●

●●●●●●●●

●●

●●●●●●

●

●●●●●●●
●
●

●●●

●

●

●

●●●●●●●●●●●

●

●●●

●

●●

●

●●●

●

●●●●●
●
●●●●●

●

●●●●●

●●

●

●

●

●

●●●●●

●
●●●●●●●

●●

●●●●●●●●

●

●●

●

●●

●
●
●●●●●●●●●●●●

●
●
●●

●●

●

●●●●●●

●●

●

●

●

●
●

●
●●

●
●●●●

●

●

●
●●●●●●●

●

●●●●

●
●●●●●●●

●

●●

●

●●●●●●●●●●

●

●●

●

●●●●●●●●

●
●
●

●

●●●●●●

●

●

●

●●●

●

●●●●●●●
●
●●●●●●

●

●●●●●●●●●●●

●

●

●
●●●●●●●

●
●

●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●

●

●●●●●

●
●

●
●
●●●●●●●●●●

●

●●●●●
●
●●●●●●●●●

●●

●●●●●●●●●●●

●

●●●●●●●●●●●●●

●

●●●●●●●●●●
●
●●●●●●●●●●●●●●●

●

●●●●

●

●●

●

●
●●●●

●

●●●

●

●●●●●●
●

●●

●

●●●●

●

●●●●●

●●

●●●●●

●

●●●●

●

●●●●●●●●●●●●●
●
●
●
●

●

●●●

●

●

●

●

●

●●●

●

●●●●●●●●●

●

●●●●
●
●●

●

●

●

●●●●●●●

●

●

●

●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●

●

●●●
●
●

●

●

●●●
●
●●●●●●●●●●●

●

●●●●●●●●●●●●

●●

●●●●

●

●●●

●

●●●●●●

●

●●●●

●

●●

●●
●

●●●●●●●

●

●●●●●●●●●●●●●●●●●●

●

●●●●●

●

●●●●●●●

●

●●●●

●

●●

●

●●

●

●●●●●●●●

●

●●●●●●●●●●●●●

●

●●●●●●

●

●●●

●

●●●
●

●●●●

●
●●●●●●●●●●●

●

●●●●●●●●●●●

●

●●●●●●●●●●

●

●●●●●●●●

●●

●●●

●●

●●●●

●●●
●

●●●●

●

●●●●●●

●

●●●●●

●

●●●●●●●●●●●●●●●

●

●●●●●

●

●●●●
●●●●●●●●●●●●●

●

●●
●
●●●●●

●

●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●

●
●

●

●●
●

●●●

●
●●●●●●
●
●

●

●●●●●●
●
●

●●●●

●

●●
●
●●●●●●●●●
●
●●

●
●●●

●
●

●

●●●●

●

●●●●●●●●●●●●●●●●
●

●●●●●●●●

●

●●●●●●●●●
●●●

●

●●●●

●●
●●●
●●

●

●●●●●●

●

●●●●●●

●
●

●

●
●
●●●●●

●

●●●

●

●●●●●●●●●●●

●

●●●●●●●●●●●

●
●
●
●●●●●●●●●●●●●●●

●●●

●
●●
●

●●

●

●●●●●●

●

●

●

●●●●

●

●●●●●●●

●

●●●●●●

●

●

●

●●

●

●●●●

●

●●

●

●●●●●●●●●●●●●●

●

●

●

●●●●●●●●●●●

●

●●

●●

●●

●

●●●●●●

●●

●●●

●

●●●●●●●

●

●●●●●●●●●

●

●

●

●●●●●●●●

●

●●●●●●●●●●●●●●●

●

●●●●●●●

●

●●●●●

●●

●●

●

●●●●●●●●

●●●

●●●●

●

●●●●●●●●●●●●●●●●●

●

●

●

●●●●

●

●●●●●

●

●●
●

●

●

●

●

●
●●●●

●

●●

●

●
●●●●●●●●●●●●●●

●

●●●●●

●●

●●

●

●●●●●●●

●

●●●●●

●

●●●

●

●●●●●

●●

●●●●●●●●●●●●●●●●●●

●

●●●●●●

●

●●●

●
●

●●

●

●

●

●●●●●

●

●●●

●●

●

●●

●●

●

●

●

●●●●●

●

●●●●●●●

●

●

●
●

●●●●

●

●●●●●●●

●●

●●●●

●

●

●●

●

●

●●●●

●

●●●●●●●●

●●

●●●●●●●●●●●
●

●

●●

●

●●●●●
●●●

●●

●
●●

●

●●

●

●●●
●
●

●

●●●●●

●

●●●●●●●●

●

●●●

●

●●●●●●

●

●●●●●●●●●●●●
●
●●

●
●●●●●●
●
●

●

●●●●●●●●●
●
●●●

●

●
●
●●●●●●●●●●●●●●●

●

●●●●●●●
●●●●●●

●

●●●●●●●●●●●●●●●●

●

●●●●●●●●●●
●●●

●

●

●●

●●●●
●
●●●●●●●●●●●●●●●●
●

●●●●●●●●●●●●●●●●

●

●●

●

●●●●●●
●

●●●

●
●

●●●●●●●●●●●●●

●

●●

●

●●
●●
●●●●●●●●●

●

●●

●

●●●●●●●●●●●●

●

●●●●●●●●●●●

●

●●
●

●●●●●●●●●●●●●●●●●

●

●●●●●●

●

●●●●●●●●●●●●

●

●●●●●●●

●

●●●●●●●●
●
●●●●●●

●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●

●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●

●

●●●●●●

●

●

●

●●●●●●●●●●●●●●●●●●
●
●●●●●●●
●
●●●●●●●●●●●

●

●●●●●●●●●●●

●
●●●●●●●●

●

●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●
●
●●●●●●●●●●●●●
●
●

●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●
●
●●●●●●●●●●●●●●

●
●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●

●

●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●

●

●●●

●

●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●
●
●●●●
●●●●●
●●●
●●
●●●●●●●●
●●●●●
●
●●●●●●●●●
●●●●
●●●●●●●
●●
●●
●
●●●●●●
●●●●●●●●●
●
●
●●●
●
●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●
●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●
●●●●●●●●●●●●●●
●●●●●●●●●●
●●
●
●●●●●●●●●●●●●●●●

●

●

●

●
●
●●●●●●●●●●●
●
●●
●
●●●
●
●●●●●●●●●●●●●●
●
●

●

●●●●●●●●●●●●●●●

●
●
●●●
●
●●●●●
●
●●●
●
●●●
●
●●●●●●
●
●
●
●●●
●
●●●●●●
●
●●●●●●●●●●●●

●

●●●●●
●
●●●
●
●
●
●●
●
●●●●
●
●●●●●●●●●●●●●●●
●
●●●
●
●
●
●●
●
●

●

●●●●●●●●●●●●●●●●●
●
●●●●
●●●
●●
●
●●●●●●●●●●●●●●

●

●●●
●
●
●
●●●●●●●●●●●●●●●
●●
●●
●●●●●●●●●●●
●
●●●●●●●●●●●
●
●●●●●●●●●●
●
●●●●●●●●
●
●●●●●●●●●●●●●

●

●

●
●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●
●●
●●
●
●●●●●●●●

●

●

●

●
●
●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●

●

●●●●

●

●●●●●●
●
●●●●
●

●

●●●●●●●●●●●

●●

●●●●

●●

●●●●●●

●

●●

●

●●●●●●●●●

●

●●●●●●●●●

●

●

●

●●●●●●●●●

●

●●●●●●●●●

●

●●
●
●●●●●
●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●

●
●

●●●●

●

●

●

●
●
●

●●●●●●●●●●●

●●

●

●

●

●
●●●●

●

●

●
●●●●●●
●
●●●●●●●●●

●
●●
●●

●
●●●●●●●●●●●●●●●●●●●
●●

●

●●

●

●●●●●●●●●●

●●

●●
●

●

●●●●

●

●●●

●

●●●

●●

●●●●

●

●
●
●●●

●

●●●●●●●●
●
●●
●
●●
●●
●
●
●●●●●●●●●●●●●●●●●
●
●●●●●●●

●

●●●●●●●●●
●
●●●●●●●●●●
●
●●●●●●●●●●●●●●
●
●●●●
●●●
●●●●●
●
●●●
●
●●●●
●
●●●●●●

●

●●●●

●

●

●

●
●
●
●
●

●
●
●●●●●●●
●
●●●●●●●
●●●
●
●
●●●
●
●●
●
●●●●●●
●
●●●●●●●●
●●
●●●●
●
●●●●
●●●
●●●●●
●
●●
●●
●●●
●●●●●●●●●●●
●
●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●
●●●●●
●
●●
●
●●
●
●●●●●●
●
●
●
●●
●
●●●●●
●●●●●
●
●●●●●●●
●
●●●
●
●
●●●
●
●
●
●
●●
●
●
●●
●
●
●
●
●●●●●●●

●●●

●●
●
●●●
●
●
●
●
●
●
●
●●
●
●
●
●●●●
●●
●

●●●●●●●●
●
●●●
●
●●●●
●
●●●
●
●●●●
●●
●
●
●●●●●●
●
●●●●
●
●●●●●
●●
●
●
●
●
●
●●●●
●
●●●●

●

●●●●
●
●●●●●●●●●●

●

●●●
●●
●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●
●
●●●●●●●

●

●●●●●●●

●

●●●●●●
●●

●

●

●

●

●

●
●●
●●●●●●●●●●
●●
●●●

●

●

●
●●●●

●

●●●●●●●●●●●●●●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●

●

●●●●
●
●●
●
●●●●●●●●
●
●
●●
●●
●
●●●●●
●
●●●●●●
●
●●
●
●●●
●
●●
●
●●
●●
●●
●
●●●●
●
●●●●●●●●●●●●

●

●

●●
●●
●
●●●●●●

●

●●
●
●●●●
●
●●●●●●●●●●●
●
●●●

●
●

●●●●●●●●●●●●●●●

●

●●●●●●●

●

●

●

●

●

●

●

●●●●●●●●

●●●●●

●●●●●

●

●●●●●

●●

●●●●
●
●

●

●●●●

●●●

●●●

●

●●●●●●●●●●●●●●

●

●

●

●●●●●●●●●●●●●●●●●●●●●

●●●

●●●●●●●
●●●●●●●●●

●

●●●●●●●

●

●●●
●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●

●

●●●●●●●

●

●●●●●●●●●

●

●●●●●●●●●●●●●●●

●

●

●

●●●●●●●●●●●●●●

●

●●●●●●
●●●●

●

●●●●

●

●

●

●●●●●●●

●

●

●●

●

●●

●●●

●

●●●●●

●●

●●●●●

●

●●

●●●●

●●●●●

●●

●

●●

●

●

●●

●●

●●●●●●●

●

●●

●

●●●●●●●

●

●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●

●

●

●●●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●
●
●●
●●
●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●
●●●
●●●●
●
●
●●●●
●●
●●
●●●●
●●●
●●●●
●
●
●
●
●●
●●
●●
●●
●●●●●
●
●●●●
●
●
●●●●●●●●
●●●●●●●●
●
●●
●●
●●●●●●●●●●●●●●
●
●
●●●●
●
●●●●
●

●
●●●
●
●
●●●●●
●●
●●●
●●
●
●●●●
●
●
●
●●●●●●
●
●●

●

●●●●●
●
●●●●●
●
●●
●●
●
●●
●●
●
●●
●●●●●●
●●
●
●●●●
●
●●
●
●●●●
●●●
●●●●●●
●
●
●●●●●●
●●
●●
●●
●
●●●●
●●●●●
●
●
●●●●●●●●●
●●
●●
●
●●●●●●●●●
●
●●●●●●●●●●

●

●●●●●●●

●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●

●
●●●●●●●●●●●●
●●●●●●●
●●

●●●●●●●●

●

●●
●
●●
●●●●●●●●

●

●●●
●●

●●●●

●

●●

●

●●●●●
●
●
●
●●●●●
●●●●●●●

●

●●●●●

●

●●●●●●●●●●●●●●
●●
●

●

●●●
●●
●●●●
●
●●●●
●
●
●
●
●

●

●●●
●●
●
●
●●●
●
●●●●●●

●

●●●

●●

●●●●●●●●●●●●●●●●
●

●●●●●●●●●

●

●
●
●●●●●●●●●
●
●●

●

●●●
●
●

●●

●●●

●

●●●●●●●●●●●●●
●
●●●●
●

●

●
●
●●●●●●●●●●

●

●●●●●●●●●●

●

●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●

●

●●●●●●●

●

●●●●●●●●●●●●

●

●●●

●

●●●●

●

●●●●●●

●
●●
●

●●●●

●

●

●

●●●●●●●
●
●
●
●●●●●●
●●●●●●●●●
●●●●●●●
●●
●
●
●●●●●●●●●●
●

●●●●●●●●

●●
●●●
●●●
●●
●●
●
●●●
●●●●●
●●
●●
●
●●●
●●
●●
●

●●
●
●●
●
●●●●●
●
●●●●
●
●
●
●●●●●
●
●
●●●
●
●●●
●
●●
●

●
●
●●●●●●●●
●
●●●
●
●●●●●●●
●
●●●●●●●●●●●
●
●
●
●●●●●●●●●●●●
●
●●
●
●
●●
●●●●●

●

●

●
●●

●

●

●●

●●●●

●
●
●●●

●

●

●●●
●

●●●●●

●

●●●
●

●●●●●●●●●●●●●●●●●
●●
●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●

●

●●●●●●
●●●●●●●

●
●●●●
●
●
●
●●●●●●●

●

●

●

●
●●●●●●
●
●●
●●●●
●●●●●●●●●●●
●
●●●
●●●
●
●
●●●
●●
●●
●●●
●●●●●
●●
●●
●●
●●●●●●●●●●●●●●
●
●●●●●●
●●
●
●
●●●●●●●●●●●●●
●
●●●
●●
●●
●
●●
●●●
●
●●●●●●●●●●●●●●●
●●●●
●
●
●
●
●
●●●
●
●
●
●●
●
●●●
●
●●●
●●●
●●●
●
●●●
●●
●
●●●●●●●
●
●●●●●

●

●
●

●

●
●●●●●●●●●●●●●
●●
●●●●●●●●
●●
●●●
●
●
●
●●●●
●
●●
●
●●●
●
●●●●●●●
●
●
●●●●●●●●●●
●
●●
●●
●●
●
●●

●

●●●●●●●●●●●
●
●●●●●●●●●●
●
●
●
●

●

●●
●
●●●●●●●●●●●●●●●
●●
●●●
●
●●●●
●●
●●●●●●●●●
●
●●●●
●
●●●●●●●●●●
●
●
●
●●●●●●●
●
●●●●●●●●●●●●●
●●
●●●●●●●●●●●●●
●
●●
●
●
●
●●●●●
●
●●
●●
●
●
●●●●●●●●●●●●●●●
●
●●●●●●●●
●
●
●
●
●
●
●
●●●
●●●●
●●●
●
●●
●
●
●
●●●●●
●
●●●●●●●●●●●●●
●
●●●●●●●●●●
●●
●●●●●●●●●
●
●●●
●
●
●
●●●●●●●
●
●●●●
●
●●●●●●●
●
●
●
●●●●●
●
●●
●●
●●●●●●
●
●
●
●●●●●●●●●
●
●●●
●
●●●●●●●●●
●
●●●
●
●●●
●
●●●
●●
●●●●●●●●●●●●●●
●
●●●●
●●●
●●●●●●●●
●
●●●●●●
●
●●●●●●●●
●
●●●●
●
●●●●●
●
●●●●●●●●●●●●●
●
●●●●●●●●●
●
●●
●
●●●●●●
●
●●
●
●●●
●
●●●●
●
●●●●●●●
●
●●●●●●●●●
●
●●●●●●
●
●●●●●●●●
●
●●●●●
●
●●●●●●●●●●●
●
●●●●●●●●
●
●●●
●
●●●●●●●
●
●
●
●●●●●●●●
●
●●●●●●●●
●●
●●●●●●●●●●●●
●
●●●●
●
●
●
●●●●
●
●●●●●●●●
●
●●●●●●●●●
●●●
●●●●●●●●●
●
●●●●
●
●●●
●
●●●●●●
●●
●
●●●●●●●●●●●
●
●●●●●●●●●●●●
●
●●●●●●●●●●●●●●
●
●●●●
●
●●●●
●
●
●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●
●
●●●●●
●
●●●●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●
●
●●●●●●
●
●●
●●
●●●●
●●
●●●
●
●●
●
●●●●●●
●
●
●
●●●●●●
●
●●●●●●
●
●●●
●
●●
●
●●●●●
●●
●●
●●
●
●
●
●●●
●
●●
●
●
●
●●●
●●●●●●●●●●●
●
●●●●●●●●
●
●●●
●●
●●●●●●●●●●●●●●●●●●●●
●
●●
●●
●●●●●●●●●
●
●
●
●●●●●●●●●●●●●
●
●●
●
●
●
●●
●
●●●●●●●
●
●●●
●
●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●
●
●●
●●
●●
●
●
●
●●●●●●
●
●●●
●
●●●
●
●
●●
●●●●●
●●
●●●
●
●●●●●
●
●●
●
●●●
●
●●●●
●●●
●●●●●●●●●●●●●
●
●●●●●
●
●●
●●●●●●
●
●●●●●●●
●●●●●●
●
●●
●
●●
●
●●●●●●●●
●
●●●●●
●●
●●●●●●●●●●
●
●●●●●●●●●●●●●●●
●
●●●●●●
●
●●●●●
●
●
●
●●●●●●●●●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●
●
●●●
●●●●●
●
●●●●●
●
●●
●
●
●
●●●
●
●●●●●●●
●
●●●●●●●●●●●●●●●●●
●
●●
●
●●●●●●●●●●●●
●
●●●●●●
●
●●●●●●●●●●
●
●●●●●●●●●●●●
●
●●●
●
●●●●
●
●●●●●●●●●●●
●
●●●●●●●
●
●●●●●●
●
●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●
●
●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●
●●●●
●
●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●
●●●●●●●●●●
●●●●●●●●
●
●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●
●
●●●●●●●
●●●●●
●
●●
●●
●●●●●●●
●
●●●
●●
●●●●●●
●●●●●●●●●●●●●●●●
●
●●●●●●
●●
●●●●●●●●
●
●●●●●
●
●●●●●●●●
●
●●●
●●
●●●●●
●
●●
●
●●●●●
●
●●●●●●●●
●
●●●●
●
●●●●●●●●●●●●●●
●
●
●
●●●●●●●
●
●●●●●●●●●●●●
●
●●●●●●●
●
●
●
●●●●●●
●
●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●
●
●
●
●
●●
●●●
●
●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●
●●●●●●●●●●●●●●●●●●●
●
●●●●
●
●●●●●●●●●●●●●
●●●●●
●●●●●●●●
●●●●●●●●●
●
●
●
●●●●●●●●●●●●●●●●●●●●
●●●●●
●
●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●

●●●●
●●

●●●

●

●

●

●●●●●●●●●●●●●●●●●●●●
●●

●

●●●●●●●●●●●●●●●
●
●●●
●
●
●

●

●

●

●●●●●●
●
●
●
●●●●●●●●●●●
●
●●●●●●●
●
●●●●●●●●●●●

●

●●●●●
●●●

●

●
● ●

●●

●

●
● ●●

●

●●

●
●

● ●

●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●

●● ●

●●●
●●

●
●

●
●

●

●

●

●

● ●

●

●

●

●●

●

●●

●

●
●

●

●●
chr12:112168009

0.2

0.4

0.6

0.8

r2

14 genes
omitted

SART3

ISCU

TMEM119

SELPLG

CORO1C

SSH1

DAO

SVOP

USP30−AS1

USP30

ALKBH2

UNG

ACACB

FOXN4

LOC101928138

MYO1H

KCTD10

UBE3B

MMAB

MVK

FAM222A

FAM222A−AS1

TRPV4

MIR4497

GLTP

TCHP

GIT2

ANKRD13A

C12orf76

IFT81

ATP2A2

ANAPC7

ARPC3

GPN3

FAM216A

VPS29

RAD9B

PPTC7

TCTN1

HVCN1

PPP1CC

CCDC63

MYL2

LINC01405

CUX2

MIR6760

FAM109A

SH2B3

ATXN2

BRAP

ACAD10

ALDH2

MIR6761

MAPKAPK5−AS1

MAPKAPK5

ADAM1A

TMEM116

ERP29

NAA25

TRAFD1

HECTD4

MIR6861

RPL6

PTPN11

RPH3A

OAS1

OAS3

OAS2

DTX1

RASAL1

CCDC42B

DDX54

MIR7106

RITA1

IQCD

TPCN1

MIR6762

PLBD2

SDS

SDSL

LHX5

LINC01234

RBM19

109 110 111 112 113 114
Position on chr12 (Mb)

0

10

20

30

−
lo

g 1
0 

P
 v

al
ue

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

● ● ●●
●

●●●
●●

●●
●●●●●●●
●
●●●●●
●
●●●●●●●●●
●●●

●

●●●●●●●●●●●
●
●●●●●●●●●●●●●
●●●●●●

●

●●●●●●●●●●●
●●●
●●●●●●●●●●●●●●●●●●
●
●
●
●●●●●●●●
●
●
●
●●●●●●
●
●●●
●
●●●●
●●●●●●●●●●
●
●●●●●●
●
●●●●●●●
●
●●●●●●●●●
●●●●●●
●
●●
●
●●●●●●

●

●●
●●
●●●●●●●●●
●
●●●●●●●●
●
●
●
●●
●
●●●
●●●●●●●
●●●●
●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●

●

●●

●

●●●●●●
●●●●
●●●●●●●●●●●●●●●●
●●●●●●●●●
●●●●●●●
●
●●●●●●●●●●●●●●●●●●
●●
●●●

●

●●●●
●
●●●●●●●●●●●
●●●●●●
●●●●●●●●●●●●
●
●●●●●●●●●●
●●●●●
●
●●●●●●
●●●●●●●●●●●●●●●
●●●●
●●
●●●
●●
●
●●●●●●●●●●●●●●
●●
●
●●●●●●●●●●●●●●●
●
●
●●●●●●●●
●
●●
●
●●
●
●
●●
●
●●
●
●●
●●●●
●
●●●●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●
●
●

●

●●●
●
●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●
●●●●
●
●●●
●
●
●●●●●●●

●

●
●
●

●
●●●
●
●●
●
●●●
●
●●●●●●
●●●●●●●●●●●●●●●●
●
●●●●●●●●●
●●
●●
●
●●
●●●
●●●●●●
●
●●●
●●●●●
●
●●
●
●●

●

●●●●●
●
●●
●
●●●
●●
●●●●
●●●●
●●●●●●●
●
●●●●●
●●●●●●●●●
●●●
●
●●●●●
●●●●
●
●
●●●●
●●●●●●●●
●●●●●●●
●●●●●●●●●●
●
●●●●●●
●●●●●●●
●
●●
●●●●●●
●●●●
●
●●
●
●●●●
●
●●●●●●
●●
●
●●●●
●
●
●
●●●●●
●●●
●●
●●●●●
●
●
●
●●

●

●
●
●
●
●●●
●●
●

●●●●●●
●●
●●●●
●●
●●●●●●●●●●●●
●
●●
●
●●●●●●●
●

●●
●●
●●●

●

●●●●
●
●●
●
●●●●
●●

●

●●●
●
●●
●
●●●●●●●●●●
●
●●●●●●●●
●●●●●
●●●●●
●
●●●
●●
●

●●●●●●●●●●●●
●
●●●
●●●●●●●

●●

●●
●
●

●
●●●●●
●
●

●

●●●●
●
●

●

●

●
●●●●●●●●●●
●●
●●●
●
●●●●●●●
●
●●●●●●
●
●●●●●●●●
●
●●
●
●●
●●●●●●●
●
●●
●●
●
●
●
●●●●●●●

●

●●●●●●●●●●●●
●
●●●
●
●
●●●
●●●●●●●●●●●●
●●
●●●
●●
●●
●
●●●
●●●●
●●
●●●
●
●●
●
●●●●●
●
●●●●●
●
●
●
●
●●●●
●●●●●●
●
●●
●
●
●
●●●●●●
●
●
●
●
●●●●●
●●●●●●●●
●●●●●●
●●●●●●●
●●

●

●●●●●●
●●●●●
●
●
●●●●
●●●●●●●●●●●●●
●
●●
●●●●●
●●●●●●●●●●●●
●
●●●
●
●●

●
●●
●
●

●●●●●●●●
●●
●●●
●●
●●●●
●
●●●

●
●●●●●●●●●●

●

●●●●●●●●●●●●●●●●
●
●●●●●●
●
●●●●
●
●●●●●●
●
●●●
●
●●●●●●●●●●●●●●●
●●●●

●
●
●

●

●●●●●●●
●
●●

●

●
●
●

●
●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●
●●●
●
●
●
●●
●
●●●●
●
●●●●
●●●●
●
●●●●
●●●●●●●●●●●●
●●●●●●●
●●●●●
●
●●●●●
●
●●●●
●●●●●●
●
●
●●●●●●●●●●●
●●
●

●●●
●
●●●●
●●●●●●●●●●●●●
●●●●●
●
●●●
●
●●●●●●●●●●●●●●●●●●●
●
●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●
●●●●●●●●●●
●
●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●

●●●●●●●●●●●
●
●●●●●●
●●
●●●●●●●●●●●●●●●●●
●
●●●●●●
●●●●●●●
●
●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●
●
●●●●
●
●●
●●
●●●●●●●●●●●●●●●●
●
●
●●
●
●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●
●
●●●●●●●●●●●●●
●
●●●
●
●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●
●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●
●
●
●
●●●●●●
●●●●●●●●●
●
●●
●●
●●●
●
●●
●
●●●
●
●●●●●●●●●●●●●●●●●●●●
●●●●●
●●●●●●●●●●●
●●●●●●●●●●
●●●●
●●●
●●●●●●●●●●
●●●●●●●●●●
●●
●●●●●●●●●●●
●●●●●●●●●●●●
●
●
●
●●●
●●●●●
●●●●●●●●●
●●
●
●●●●●●●●●●
●●●●●
●
●●●●●●●
●
●
●
●●●●●●●
●●●●
●●●●●
●●●●●
●●●●●
●

●
●
●●●●●
●●
●●
●●●●●●
●●●●
●●●●●●●
●●●●
●●●●●●●●
●●●●●●●●●●
●●
●●●
●
●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●●●●

●●
●●
●●●●●●
●●●●●
●
●●
●
●●●
●
●
●
●●●●●
●●
●●●●●●●●
●●●●●●●●●
●
●●●
●
●●
●●●●●
●●●●●●●
●
●●●●●●●●●●
●
●
●●●●

●

●
●●●●●●●●●●
●
●●●●●
●●
●●●●●●
●
●●●
●●●●●●
●
●●
●
●●●●●●●
●●●●●●●●●●●●●●
●●●●●
●
●●●
●
●●●●
●
●●●●●
●
●
●●
●
●●●●
●
●
●
●
●
●●
●●●●●●
●●●●
●●●●●●
●●
●
●●●●●
●●●

●

●●●●●●●●●●●
●
●
●
●●●●●●
●
●
●
●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●
●
●●
●
●●
●
●
●●
●●●●●●●●●●●●●●●
●●●●●●●
●
●
●
●●●●●●●●●
●●●●●●●●●
●●
●

●

●
●
●●●●●●●●●●●
●
●
●●●●
●
●●
●●●
●
●●●●●
●
●●●●●●●●●●●●●
●
●●●●●●●●●
●●●●
●
●●●●●●●●●
●●●
●●●●●●●●
●●
●●●
●
●●●
●
●●●●●●●●●●
●
●●
●●

●

●●●
●
●●●●

●

●
●
●
●●●●
●●●●●
●
●●●●●●
●
●
●●●●●●●●●●
●●●●●
●
●
●●
●
●
●
●●
●
●●●●
●
●

●●●
●
●
●

●

●
●●
●●●●●●●●●
●●
●●
●
●●●
●
●●
●●

●
●●●●
●
●●●●●●●

●

●●●●●
●●●●●●●●●●
●●●
●
●●●●●●●●●●●●●
●
●●●
●
●●●●
●
●●●●●
●●
●●

●

●●
●●●
●
●
●●
●
●●●
●●●●●
●
●●●
●
●
●
●●●●
●
●●
●●●●
●●●

●

●●●●●●
●●●●●●●●●●●●
●
●●●●●●
●
●●●●●●●●●●
●●
●●
●●●●

●
●●
●●●●●●
●
●●●●●
●●●●
●●
●●
●●
●●●
●
●●
●●
●●●●●●●●●●
●●●●●●
●
●●●
●
●
●●
●●
●
●●●●
●●
●●●●●
●●●●
●●●
●
●
●
●●●●●●
●
●●●●●●●●●●●●
●
●●●●●●●
●●
●

●●●●●●●●
●
●
●●
●●●●●
●
●●
●
●●
●●
●●●●
●●●●●●●
●
●●●●●
●
●
●
●
●●●●

●

●
●
●
●●●
●
●●●●●●●●●

●
●
●●●●●●
●●
●●●
●
●●
●
●●●●●●●

●

●
●
●
●●●●●●●
●●●

●

●●●●●●
●●●●
●●
●
●●●●●
●
●●●●●●
●
●●
●●●●●
●
●●●●
●
●●●
●
●●●
●
●●●●●
●
●●
●●●●
●●●
●
●●

●

●●●●●
●●
●
●●
●
●
●●

●
●●
●●●●●
●●●●●●
●
●●●
●●
●●
●●
●
●●●●
●●●●●●●●●●
●
●
●●●
●
●
●●●
●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●
●
●●
●●●●●●●●●●
●
●●●●

●●●●●●●●
●
●

●●
●
●●
●●●●●●●●
●●
●
●●●●●●●
●
●
●
●●●●●●●●●●
●
●●●●●

●

●
●●●

●

●

●

●●●●

●

●●
●
●

●

●●●
●
●

●

●●●●●●●

●

●●
●●●

●
●
●

●●●
●●●●●●●●●
●●●●●●●●●●●
●
●

●

●●●●●●●●●

●●●

●●●●
●●●
●
●●●●
●●
●

●

●
●
●
●●●●●●●●●●●

●

●●
●
●●
●●●

●

●
●●
●●●
●●

●

●
●●

●

●

●●

●●●●●●●
●
●
●●●
●●●

●

●●

●

●

●

●●●●
●●
●
●●●
●
●●
●●
●

●
●●●●●

●

●●
●●
●●●●
●
●●●●
●●●●●●●●●●

●

●●

●

●

●

●

●●●●●●●●●●●●●
●●●

●

●
●●
●

●

●●●●

●

●

●●
●
●●●●●●
●
●●●

●

●●●●●●
●●●
●
●●●

●

●
●
●●●●●

●

●
●

●

●●

●

●●
●

●

●
●●●●
●
●

●

●●●●●●
●●●●●●●
●●●●
●●
●●
●
●●●●●●●●●
●●
●●●●
●
●

●

●

●

●

●

●●●●●

●

●●
●●●●●●●
●●
●●

●

●●●●●●●●●●●
●●

●

●

●

●
●

●

●
●●
●●●
●●●
●●
●
●●●●●●●●●●●
●●
●●●

●

●●●●
●●●
●

●

●
●●●●●●

●●●

●
●●●●●●●●

●●

●●●

●

●
●●●●
●●
●●●●

●

●●
●●●●●
●
●●
●

●●

●

●

●●●●

●

●●●
●
●

●

●
●●

●

●●●
●
●●●
●

●

●●●

●

●●●●●

●

●●●●●●●●●

●●

●●●●●
●
●
●●
●●

●

●●●●●●●

●

●
●●●
●

●

●●●●●●●
●●●

●

●●
●
●

●

●

●

●
●●●●

●●

●●
●

●

●

●

●●●●●●

●

●

●

●

●
●
●
●

●

●
●
●
●●
●

●

●

●

●

●

●●●●
●
●●●●

●

●●
●
●●●●●

●

●●

●

●●

●

●

●

●●

●

●●●

●

●●●

●

●●●

●●●

●●●●

●

●

●●

●

●

●

●

●

●●

●

●

●
●

●

●●●

●

●
●
●●

●

●●●●●●
●
●
●
●●●

●

●●●●
●●●

●

●
●●●
●●●
●●●●
●

●

●

●

●

●●

●

●●

●

●●●●●●●

●●●

●

●

●
●●●●●●
●
●●●●●●

●

●●●●
●
●●●●
●●●●

●

●●●●

●

●●●

●

●●●
●
●
●●●●●

●

●●●

●

●
●●

●

●●
●●●●●

●

●

●

●●●

●

●●

●

●●

●●●

●

●●●

●

●●●●
●

●

●

●

●

●

●●●●

●

●

●

●●
●
●

●

●

●●

●

●

●●

●
●

●●

●

●●●●

●

●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●

●

●●
●●●

●

●
●
●●●●●●●●●●●●●●●●●●●●
●
●
●
●●●●
●
●●●●●●●●●●●●●●●
●●●●●●
●
●●●
●
●●●
●
●●

●

●●

●

●●●●●●●●●●●●●●●●●●
●●●●
●
●●
●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●
●●●●●●●●●
●●
●
●●
●
●●●
●
●

●●

●

●●●●●●●●●●
●●
●
●
●
●
●
●
●●●●●●
●
●●●●
●
●
●●●●●●
●
●●

●●

●●●●●●●●

●●

●●

●

●●●

●●

●●

●

●●●

●

●●

●

●

●●●

●

●

●●●●●

●

●●

●

●

●

●●●

●

●●●●

●

●●

●●

●●
●
●●
●

●

●●

●

●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●
●
●●●●

●

●●
●
●●●●●●●●●●
●
●●●●●●●●
●●●●
●
●●●●●●●●●●●
●
●●●●●●●●

●

●●

●

●●●●●●
●
●●●●
●●●●●●●●●

●

●●●●●●●

●

●●●●●●●●●●●●●
●
●●●
●●
●●●●●●●●

●

●●●●●

●

●
●
●●●●●●●●●●

●

●●●●●●
●
●
●
●●●●
●
●●●
●●
●

●

●●●●
●

●

●●●●●●●
●
●

●
●●●●●
●
●●●
●

●

●●●

●

●

●●●●●●●
●
●●●●
●

●

●●●●●●●●

●

●●

●

●●
●●

●

●

●

●●●●●●●●●●●●
●
●●

●

●●●
●
●●

●

●●●●●●●●●●●●●●●

●

●●●●
●●●●●
●
●●●●
●
●●●●
●●
●

●●
●●●
●
●●●●●●●●
●

●●
●●
●●●
●
●●●●●●●
●
●●●●
●
●●●●●●●●
●
●●●●●●●●●●
●
●
●
●●
●●

●

●
●●
●●

●

●
●
●
●
●●●●●●●●●●●●●●●
●●●●●●●●●●
●●●●●
●
●●●●●●●●●●●●
●●
●
●
●
●●●●●●●●●●●●
●●●

●

●
●●●●●●●●
●●

●

●
●●●●●●●●●●●●●●●●●
●
●●●●●●●●
●●
●●
●●
●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●
●●●●
●
●●

●

●●●●●●●

●

●●

●

●
●
●●●●●●●●●●
●●

●●●

●●

●

●●●●●
●●●●●●●●●●●●●●●●
●

●

●
●●●●●
●●
●●
●
●●●●●●

●
●
●●●●●
●
●

●●●●●●●
●
●●●●●●●●
●
●●●●
●●●

●

●
●
●●
●
●●●●
●●●●●●●●●●●●
●
●
●
●●●●●●●
●●●●●●●
●
●●
●●●
●
●●●

●

●●●●●
●●●●●
●
●●●●●●
●●●●●●
●●●●●●●
●●●
●
●●●●
●●●●●●●●●●●●
●
●
●●●●●
●
●●●●●●●
●●●●
●●●●●●●●
●
●●●●
●●●
●
●
●●●●
●
●
●
●●●
●

●

●●
●
●
●●
●
●
●
●●●

●

●●●●

●

●●●
●
●

●●

●

●

●
●
●

●●●

●

●●

●
●

●●●
●
●

●

●

●
●

●
●

●●●●●●●

●

●
●
●●●●●●●●●●
●●●●●

●

●●●●●●

●

●●
●●●●●●●●●●●●●●●●●●
●●
●

●

●
●
●●●●●●●●●

●
●

●

●

●●●●

●

●

●

●●●●●●
●

●

●●●

●

●
●
●●
●

●

●●●●

●

●●●
●
●

●

●●
●
●

●
●●
●●●●

●

●●●●●
●
●
●●
●●●

●

●●

●●

●
●

●●

●

●

●●●
●●
●●●●

●

●●●
●
●

●

●●●●●●●●●
●
●●●●●●●●●●
●●●
●●●
●
●●●
●
●●●
●
●●●●
●●
●●
●●●
●
●●●●●●●●●●●
●
●●●●●●●●●●●●
●
●
●
●●●●●
●
●
●●
●●●
●
●●

●
●
●
●●
●
●
●●

●
●
●●

●
●●●

●
●
●

●●●

●
●●
●●●●

●
●●●

●●

●
●
●●●
●
●

●
●
●

●●●
●●●●●●●●

●
●●
●

●●●●●●●

●

●

●●

●●●●●●
●●●●●●●●
●

●

●●
●
●

●

●

●
●●

●

●
●
●

●●●
●●

●
●
●

●

●

●●●●●●●●
●●●●

●

●

●

●●●●

●●

●●●●●

●

●

●

●●

●

●●
●

●

●●

●●●
●

●●

●●

●

●●●●●●

●

●●●●

●

●
●
●
●

●●●

●●

●

●

●
●●●●

●

●●●●●●

●

●●●●●●

●

●●●

●

●
●●●

●

●●
●●

●●

●●●
●
●●●●

●

●●●

●●

●

●

●
●

●

●●●●

●
●

●
●
●
●●
●

●●●●●

●
●

●●●●●
●●●●●●●●●●
●
●●●

●

●●●●●●●●●●●●●●
●
●●●●●●●●●●
●●●●●●●●
●
●●●●●
●●●●●●
●●
●
●
●●●●●●●●●●●●●●
●●

●

●●●●●●●●●●●●●●

●

●●●●●
●●●●

●

●●●●
●
●●●●●●●●
●●●
●
●

●
●●●●●●●●●●●●●●●●●●●●●●●●●
●●●
●●●
●
●●●●●●●
●●●●●●●●●●●●●
●●●
●●●●
●●●●●
●●
●

●●●
●
●●●●●
●
●●●●●●●
●
●●●●●●
●●
●
●●
●
●●●●●●●●●
●●●●
●
●●●●●
●●●●●●●●●
●
●●●●●●
●
●●
●●●●
●●●●●●
●
●●●●●●●●
●●
●
●●
●
●
●
●●●●●●●●●

●
●●
●●●●●●
●●●
●●●
●
●●
●●●●●●
●
●●●●●●●
●●●
●●●●
●
●●●●●●●
●●
●
●
●●●●●●●
●
●●●●●●●●●●●●●●●●●●
●
●●●●●
●
●●●●●●

●

●●
●
●
●●●●●●
●
●●
●●●●●●●
●
●●●
●
●
●
●●
●
●●
●
●●
●
●●
●●●●●
●●●●●
●
●●●●
●●●●
●●●

●

●●●
●
●
●
●●●●
●●
●●●
●●
●
●●●●●●●●
●
●●●●●
●
●●
●●●●●●●
●
●●●
●●●●
●
●
●
●●●
●●●●●
●
●●●●
●●●●
●
●●
●●●●●●●●●●●
●●
●
●●●●●●●

●

●●
●
●
●●●●●●●●●●●●●●●
●
●●●
●●●●●●●●
●
●●●●
●
●●●
●●
●●●
●
●●●●
●
●●●●●●●●
●
●●●●
●
●●●●●●●●
●
●
●
●●●●●●●

●
●●●
●
●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●
●
●●●
●
●●●●●●●●●
●
●●●●●●●●
●
●●●●●●●
●●●●●●●●●●
●
●●
●
●●●●●●●●●●●●●●
●●●
●●●●●●●●●
●
●●●●●●●●●
●●●●●●●●●●
●●●●●
●
●●●●
●
●●
●●●●●
●
●●
●●●●●●
●●●●

●

●●●●●●●
●●●●●●●●
●●●
●●
●●●●
●●●●
●●●●●
●●●●●●●
●
●●●●●●●●
●●●●●●●●●●●
●
●●●●●●●●
●●●
●●●●
●●●●●●●●●●●●
●●
●
●
●●●●●●●
●●●●●
●
●
●
●
●
●●●
●●●●●●●●●●●
●
●●●●●●●●
●
●●●●●●●●●●●
●●●●●●●●●●●●●●●
●
●●●
●
●●●●●●●●●●●●●
●●●●●●●●
●
●

●

●●
●●●●●●●●●●●●
●●●●
●
●●
●
●●●●●
●
●●●●●●
●
●●●●●●●●●●●
●
●●●●●●●●●●●●
●●●
●●●●●
●
●●●
●●
●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●
●●●●●●●●●●●
●●●●●●●
●
●●
●
●●
●
●
●
●●●

●
●●●●●●●●
●
●●●
●
●●●●
●●●●●●●●●●●●●●●●●
●●●●●●●●●
●
●●●●
●
●
●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●
●
●●●●●●●●●●●●●
●●●

●

●●●●
●
●
●●●●
●●●●●●●●●●●●●●●●●●●
●
●●●●

●

●
●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●
●●●●●●
●
●●●
●
●●●●●●●●●●
●
●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●
●●●
●●●●●●
●●
●●●●

●

●●
●
●
●
●●●●
●
●●

●

●●●●●●●●●●●
●
●●●
●
●
●●●
●
●●●●●●●
●●
●●●●●●●●●●●●●●●●●●

●

●●●●
●
●●
●
●●●●
●●
●●
●●
●
●
●
●●●●

●

●●
●
●

●●●●●●●
●●
●●
●●●●
●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●

●●●
●●●
●
●●●●
●●
●●●●●●●
●
●●●●●
●
●●●●●●●
●●●
●●●●●●●●●●
●●●
●●●●●●●
●
●●
●●●
●
●
●●
●●●●
●
●●●
●●●●●●
●●●●●●●●
●
●●●●●
●●●●
●●●●●●
●●●●●●
●
●●
●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●
●●●●●
●
●●●●●●
●
●
●
●
●●●●●
●●
●
●●
●

●

●●
●
●●●●●●●
●●●●
●
●●●●●●●

●

●●
●
●●●●●●●●
●●●
●
●●●●●●●●●●●●
●
●●●
●●●●●●
●●
●
●●●●●●●●●
●
●●
●
●●●●●●●
●●●
●●●●
●
●●●●●●●
●
●●●

●

●●●●●●
●●●
●●●●●●●
●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●
●●●●●●●●●
●●
●
●
●●●●●●●

●

●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●
●
●●●●●●●

●

●●●●●●●
●●
●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●
●●●●●●
●
●●●●●●●●●●●●●●●●
●
●●●
●●●●●
●
●●●
●●●●●●●●
●●●●●●●●
●
●●●

●●
●●●●
●
●●●●●●
●●●●●
●
●●●●●●●
●
●●●●
●●●
●

●●●●●●●●●●●●●
●●●●
●
●●●●●
●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●
●
●●
●●●●●●●●●●
●
●
●●●●●●●
●●●●●
●●●●●●●●
●●●●●●●●
●
●●●●●
●
●

●

●●●●●
●●●●●●●●●
●
●●
●
●●●●
●●●
●●●●●●●●●●
●●●●●
●●●●●
●●●●●●
●●●●●●●●●
●●●●
●●●●
●
●●●
●●
●
●●
●
●
●
●●●●●●●●
●●●●
●
●●●●
●
●●●●●

●●
●●●●●●●●●●
●
●●●
●●●●●●●●●
●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●
●
●●
●
●●●●●●
●●●●●●●●
●
●●●
●
●●●●●●●●●●●●
●●●●●●●
●
●●●
●
●●●●●●●●●●●
●
●
●
●
●
●●●●●●

●
●
●
●

●●●●●●●●●
●
●●●●●●●●
●●●
●●●●●●●
●●
●●●●●●●●●●
●
●
●
●

●●●●●●●●●●●●●
●
●●●
●

●●
●
●●
●●●
●●●●●●●●
●●●●●●●
●
●●
●●●●●●
●
●●●●●●●●●
●●●●●●●●
●
●
●●●●●●●●●●●●●●●
●●●●●●●
●●●●●●●●
●
●●
●●●●
●
●●●●●
●
●●●●●●●●●●●●●●●
●●●●●
●
●●●
●
●●●●●●●●●
●
●●●●●●●●●
●
●●●●
●●●●●●
●

●

●

●

●
●●●
●●●●●●●●●●
●
●●●
●●
●●●●●●●
●
●●●●
●
●●●●
●
●●●●
●●●●●●●●
●

●●●
●
●
●●
●
●●●●
●

●●●
●●●●●

●

●●●●●●
●
●●●●●
●●
●

●●●●●●●●●●●●●●●
●
●●●●●●
●●●●●●●●
●●●
●
●●
●
●●
●
●●●●
●
●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●
●●●●●●●●●●●●●
●●
●
●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●
●●●●●

●
●
●●●●●
●
●●●●●●●●●
●●●●●●●●●●●●●●●●●

●
●●●●●●
●
●
●
●
●●●●
●
●

●

●
●
●
●●●●
●●●
●●●●
●●●●●
●●●●
●●●
●
●
●●
●●

●

●●
●
●
●
●
●
●
●●
●●
●
●
●

●●●
●●●
●●●●
●
●●
●●●
●●●

●

●●●●
●
●●

●
●●

●

●
●
●
●
●

●●●●
●

●

●
●●●●●
●
●
●

●

●●●

●
●●●●
●
●
●●●●●●●
●
●●
●●
●
●
●

●●
●●●●●
●●●
●●●

●●

●●●●●●●●●
●
●●●
●
●
●●●●●●
●
●

●
●●

●
●
●

●●●●
●
●●

●●
●
●●
●●
●●●
●
●●●

●
●●
●●

●

●●
●
●●
●
●●
●●
●
●
●
●
●●●●●

●●
●
●
●●
●
●
●
●
●●●
●
●●●●●●●●

●

●●●
●

●
●
●

●

●

●●
●●●
●●
●

●

●
●

●

●
●●●
●●●●
●●●

●●●●●●●
●●
●●●

●

●●
●

●●●●●
●●●

●●●

●

●

●
●
●●
●

●

●●●
●
●●

●●
●●●

●●●

●●
●
●●

●

●●●

●●●

●●●

●●●

●

●●
●
●●●

●
●●

●
●
●

●●●

●●
●
●

●●●

●●●●

●

●●
●●
●
●●●●
●

●
●
●●●●●
●●●

●●●●●

●●●
●●●
●
●●●●●●

●●●

●

●●●
●●●

●

●
●●
●●●

●
●

●

●
●
●

●

●

●
●
●

●

●
●
●●●●

●

●

●●●

●

●

●●

●●

●

●●
●●

●

●●
●
●

●

●

●

●●●

●●
●●●●●

●

●●

●

●

●●

●

●

●

●

●
●●●

●

●●
●
●

●●
●●●
●
●●●

●

●●
●
●●●●●
●
●

●●●●
●●

●
●
●

●
●●
●

●

●●●

●

●●●●●●
●
●
●●●

●

●

●

●
●
●●●●●

●

●●●●

●
●●●●

●
●●●
●
●●●

●

●
●●●●●●

●

●●
●
●●
●
●●●

●

●●

●

●●●●●●●

●●●●

●

●
●
●●●●

●

●●
●

●●●●●●●

●
●
●●
●
●●

●
●●●●
●
●●●●

●

●●●
●
●

●
●●●●●

●
●●●●●
●
●●
●
●●●
●●●●●●
●

●●●●●
●
●

●

●●●●●●●●●●●●●

●
●●●

●

●●●●●●
●●
●●●
●●●
●●
●

●●●●●●
●
●

●
●
●●●●
●
●
●
●
●●●●●●●
●
●●
●●●●●
●
●
●
●
●●●●
●●
●●●
●
●●●
●
●●●●
●●
●●●●●●●
●●●
●
●●
●●●●
●
●
●
●●●●●●●
●
●●
●●●●●
●
●
●
●●●●
●
●●●●
●
●●●●●●●
●●●●●●●●●

●

●●●
●
●●●●●
●
●
●
●●●●●●●
●●●
●●
●
●●●●●●●

●
●●
●
●●●●●●●●
●

●

●
●●
●●●●●●●●●●
●
●●●
●
●●●●●●
●
●●●
●
●●●
●

●●●●●

●

●●
●
●●●●
●
●
●
●●●●●

●
●●●●●
●
●●
●
●●●
●
●
●●●
●
●●
●●●●
●●●●●●●●
●●●●
●
●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●
●●●●●●●●●●●●●●●●●
●
●●●●●●
●

●●●●●●●●●

●

●

●

●
●

●
chr13:29042432

0.2

0.4

0.6

0.8

r2

PDX1−AS1

PDX1

ATP5EP2

CDX2

URAD

FLT3

PAN3−AS1

PAN3

FLT1

POMP

SLC46A3

MTUS2

28.4 28.6 28.8 29 29.2 29.4 29.6
Position on chr13 (Mb)

0

5

10

15

−
lo

g 1
0 

P
 v

al
ue

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

● ● ●

●

●

●
●

● ●

●

●

●

●

●
● ●

● ●

●●●
●●●
●
●
●
●●●
●
●

●●

●

●●●

●

●●●
●
●
●
●
●●●
●

●
●
●●●
●●
●●
●

●

●●●●●
●
●

●●
●
●●●●

●

●●
●
●

●
●

●

●●●●
●●
●
●

●

●
●●
●

●

●●●●
●
●
●●●
●
●●●●
●●●●
●●●●●●●●●●●●●●●●●●
●

●

●●●●

●

●●●●●●●

●
●●●●
●
●
●●
●
●
●
●●

●
●
●
●
●●●
●
●
●
●
●
●

●

●

●
●●

●

●
●●●

●

●●●
●●●
●
●●

●
●●●●●●●●●
●
●●
●
●
●●●●
●●
●

●●●
●●

●●

●

●●●●●
●
●
●
●
●●

●
●

●

●
●
●●
●

●

●

●

●●●●
●

●

●

●
●
●●●

●
●●●●●●

●

●●
●
●
●

●●
●●
●●●

●
●●●●●●

●
●●●
●●
●●
●
●
●

●

●

●●
●●
●●●
●
●
●
●●●
●
●

●
●●●●

●
●●
●●
●

●

●

●

●●

●

●●●●●●●
●●●
●
●
●●
●●●

●

●●
●

●●
●●
●

●
●
●
●
●●●

●

●

●
●●●

●
●●
●

●●●
●
●
●
●●
●
●
●
●●

●

●
●●
●●
●●●●●●●●●
●
●●●
●

●●
●
●●●
●●●
●●●●●
●●●●●●
●●
●
●
●●●●
●●●●●
●●●●
●
●
●●
●
●●
●●
●

●

●
●●●●●
●
●●●●●

●●

●●
●
●
●●
●
●●●●
●
●
●●
●
●

●

●●

●

●
●●●●●●

●●

●
●
●●●●●●●●●●
●
●
●●
●●●
●
●●
●
●
●●
●●
●
●●
●
●●●●●●●●●
●
●●
●
●
●
●

●●●●
●●●●●●
●
●●

●
●●●
●
●●●●●
●●
●●
●
●

●

●

●

●●●
●
●
●
●
●

●●●
●
●●●
●●●
●
●

●
●

●●●●●●●
●●●●●●●●
●
●

●

●●
●●●●●●●

●

●

●

●●●

●

●●●●
●●
●
●●
●●●
●
●

●●●●●●
●
●

●

●●●●●●●

●

●●●

●

●
●

●

●
●●
●

●●●●
●●
●

●

●
●●●●
●

●

●●
●
●●●●
●
●

●

●●●
●

●●

●
●
●
●

●●●●
●●●●

●

●

●
●●●
●
●
●●●
●

●

●
●

●

●
●

●
●
●
●

●

●
●
●
●

●
●
●

●●
●
●

●●

●

●●●●●

●
●●
●
●●
●
●
●
●●
●●
●●
●●●●

●

●
●

●●●
●
●●

●●

●

●

●

●

●●

●●

●
●

●
●●

●

●

●
●
●●●●
●●
●●

●

●

●

●●●●

●

●
●
●●●

●●

●

●
●

●●
●

●●

●

●
●●●●●●●●●

●

●
●

●●
●

●●●
●●●●●
●
●

●●●●●
●●
●

●
●

●
●
●

●

●●
●●●●●●●●
●
●

●●
●●

●

●●
●

●

●
●●
●●

●
●

●
●
●

●

●●
●
●

●

●
●
●

●●
●
●●●

●

●●●

●

●
●●●
●●●●
●●
●●●

●

●

●

●
●
●●

●

●

●
●

●●
●
●●●●●

●
●
●
●●
●
●●
●

●

●●
●
●

●●●

●
●●

●

●

●

●
●
●●●

●
●

●

●●●●

●

●●
●
●
●●

●●●

●●
●●●●

●
●
●

●
●
●●●●

●

●●●●
●
●

●
●●●●

●

●●●

●●

●

●

●

●
●●

●

●
●
●●
●

●

●●●●

●

●
●
●
●
●

●
●
●
●●●
●

●

●●●●
●●●
●●
●
●
●
●
●●●
●
●●
●
●●
●
●●●●●

●

●●●
●●●●
●●●
●
●
●●
●●●●
●●●●
●
●●
●
●●

●

●
●
●
●●
●
●
●
●●●●●
●●●
●

●
●●●
●
●
●

●

●
●

●
●●
●
●●●●●●
●
●

●

●●
●●●
●●
●

●

●

●●

●●●●●●
●
●●●

●

●

●

●●
●
●●
●●●●
●

●

●●●

●

●●

●
●

●●
●●
●
●
●●●

●●●

●

●●
●●

●

●●●
●
●

●

●
●
●●
●

●

●
●
●●
●
●●●
●
●●●●
●●
●
●●
●

●

●
●

●
●●
●●●
●●
●●●●●●

●
●●●●
●
●●●●●
●

●

●
●●
●

●

●●
●●●●●

●

●
●●
●

●

●●●

●

●

●●●
●
●●

●

●●●

●

●●
●
●

●
●●
●
●
●
●●●●●
●●●●

●

●●
●
●●

●

●

●

●●

●●●●●
●

●●
●●

●

●

●

●●
●
●
●●
●
●

●

●
●●
●
●

●
●●●●●
●
●●●
●

●●

●●

●

●

●●●
●●

●

●●●
●●
●●

●

●

●
●
●

●

●

●
●
●
●●●●
●
●

●

●

●

●●
●
●

●●●

●

●●●●
●
●
●
●
●●●

●●●
●

●

●
●

●

●

●●

●●

●

●●●
●
●●

●

●

●

●●

●

●●●
●
●

●

●

●●

●●
●
●

●●

●

●

●

●
●
●
●●●●
●●
●

●

●
●
●

●●
●●●

●

●●
●
●●
●●

●

●
●●
●
●●
●
●
●

●

●●●●●

●

●●●●

●

●●●●●●●

●
●
●

●
●●
●
●●
●
●
●●
●

●

●

●

●

●●●

●

●●
●
●

●

●●●●

●

●
●
●
●

●

●

●●●

●●

●

●●
●
●●●
●●
●●

●

●●

●

●●
●●●

●●

●●●
●

●

●●

●

●
●●
●
●●
●

●

●●

●

●●
●
●

●

●●●●
●
●

●
●●●
●●●

●

●●

●

●
●

●

●●
●

●
●

●●●

●

●

●●
●

●

●●●

●

●●

●

●
●
●●
●
●●
●

●

●
●●

●

●●●●
●●●
●
●●●

●
●
●●●●●

●
●
●
●●●

●
●●

●

●

●

●
●●
●●●
●

●

●

●
●
●
●
●●
●●●
●●
●●●

●●●●
●●●

●

●
●
●●
●●

●

●
●●●
●●
●
●●●

●
●

●●●

●

●

●

●

●●●●●●●●●●●
●
●
●
●●●
●
●●●●●●
●●●●
●●●●
●●●
●●●

●

●
●
●●●●●●●
●
●
●
●●●●
●●●●

●

●
●●●●●
●●
●●
●
●●
●●
●●●●●

●

●
●
●
●
●
●●
●●●●●●●
●
●

●
●
●●●●●●●
●●

●
●●●●
●●●●

●
●
●
●
●

●

●
●●●
●
●
●●●●●●
●

●●●●

●

●●●●●●

●

●●
●●
●
●●●●●●●

●

●●●●●●●●●●
●
●●●
●●
●●●●
●●●●

●

●●●●●●
●
●

●

●

●●●

●
●

●

●

●
●

●●
●●●●
●
●●
●

●

●

●●●●

●

●●●
●●
●
●
●
●●●●●
●●●

●

●
●●●
●●●●●●●
●
●●●
●●●
●●●

●

●●●
●●
●
●
●●●●●●
●●
●●●●
●●●●

●

●
●●●●●●●●●●●●●
●●
●
●●●●●●●●

●

●●●●●●●●●

●
●●●
●

●

●
●
●
●
●
●●●●
●
●

●

●●●

●

●

●

●●●●

●

●●●●
●
●
●
●

●

●●●●
●●
●●●

●

●

●
●●
●
●●

●

●

●

●●●
●

●

●●

●●●●

●

●
●
●●
●●●
●
●●●

●

●●
●●

●

●●
●
●●●●
●●●
●●

●●

●●●●●

●

●●

●

●●
●
●●●
●●

●●●
●●

●

●●
●●

●

●

●

●●●●
●●●●

●●

●

●●

●
●●●●●●
●

●●●●
●●●●
●●
●●●●●●●●●●
●

●●●●

●
●
●
●
●●●●
●
●●●●

●

●
●
●

●
●
●
●●●

●
●
●
●●
●●

●

●
●
●
●

●●●
●
●

●●

●
●
●●
●

●●●●●●
●●
●

●●
●●●●

●

●●●

●

●
●
●●●●●
●

●

●
●
●

●●
●●
●

●●
●
●

●
●
●

●

●●●●
●●●
●
●
●

●●
●

●

●

●●●●

●
●
●
●●●
●
●
●●●●
●
●●
●

●

●
●
●
●●
●

●

●
●●
●

●

●

●

●
●●
●
●
●●●●

●

●

●
●

●

●●●
●●●●●
●●
●●●●●●●●●●●●
●●●●
●
●●
●
●●●●●●●●●●●

●

●●●●●●●
●

●

●

●

●
●

●

●
●

●

●●●●
●●
●

●

●●●

●●
●●

●
●
●●

●

●

●

●●

●

●
●
●●●
●●●
●●

●
●

●●

●●
●
●●
●

●

●●●●●●●●

●
●

●

●
●
●
●●●

●

●

●●●
●●●●●●●●
●
●
●

●

●

●

●

●

●

●
●
●
●●
●●●●●●

●

●

●

●
●●●
●
●●

●
●

●

●

●

●
●

●

●
●

●

●
●
●
●●●
●●●

●
●
●

●

●●
●●
●●
●●

●

●●●
●●

●●
●

●
●
●

●

●

●

●●●
●
●●●●

●

●

●

●

●
●
●

●

●

●

●

●
●
●●
●
●●
●●

●

●
●

●

●

●

●

●●
●

●

●
●

●

●●●
●

●●●

●
●●●

●

●

●

●

●●●●●●●

●

●

●

●

●

●

●●●
●●●

●

●
●●●
●
●●●●
●

●

●

●

●

●
●
●●●●●●●●●●

●

●●●●

●

●●

●

●●●
●

●

●
●
●

●

●

●
●
●
●

●
●●
●●
●●
●●

●
●
●

●

●●
●
●

●●

●●●
●

●

●
●
●

●

●

●

●
●●●●

●●

●

●

●

●●
●

●

●
●●●●

●

●

●

●
●

●●

●
●

●●
●●●●

●

●●●

●

●
●

●

●
●

●
●●

●

●

●

●●
●
●
●

●
●●

●

●

●

●
●

●

●

●
●●●

●
●●●

●

●●●

●

●●●●

●

●
●
●
●
●
●●
●●
●
●●
●●●

●

●●
●

●

●

●
●

●

●●

●
●
●
●●●
●

●●●
●
●

●

●●●

●

●

●

●
●
●

●
●

●●●

●

●

●●●●●●●

●

●●●●●
●
●

●

●

●●●
●
●●

●

●●●●●●●
●●

●

●●
●●

●

●●

●
●

●●
●●●
●

●
●
●●●

●

●●●
●
●

●●●
●●●●●●●●●

●

●

●

●

●●
●●

●

●

●
●●●●

●
●
●●●

●
●

●
●
●●
●
●

●●●

●

●
●
●●
●

●

●

●

●●●
●
●●
●

●
●

●●

●

●
●
●●

●

●●

●●
●●
●●

●

●
●
●
●
●●
●

●
●

●

●

●

●
●●
●
●●●
●

●

●
●
●●
●
●●●●
●
●

●

●

●●●●
●
●●
●●
●
●●
●●
●
●●●●●●
●●
●●●●
●

●
●●●●●

●●
●●●
●

●

●
●
●
●
●
●●●●
●
●●
●
●●●

●
●
●
●

●

●●●●●

●

●
●

●

●

●
●
●●●
●

●

●●●
●●●
●

●●●

●
●
●●

●●

●
●●

●
●●
●
●
●
●

●
●
●

●

●●

●

●
●

●

●

●●●●●

●
●●

●●●●

●
●

●

●●●

●

●

●

●
●

●●

●

●

●

●

●

●●

●

●

●

●
●
●

●●
●

●

●

●

●

●
●

●

●

●

●●●●●
●

●

●

●

●

●

●●

●●

●

●

●

●
●●
●

●

●

●●●
●

●
●

●

●

●●
●

●

●

●

●●●
●

●

●

●
●
●

●

●
●
●●
●
●●●
●
●●

●
●●

●●
●●●●
●

●

●
●●
●●
●
●
●
●

●

●●
●
●●●

●

●
●●
●●
●
●
●
●●

●
●●
●
●

●

●
●●
●
●

●

●

●
●
●
●

●
●●
●

●●●●●●●
●
●●●●
●
●

●

●●●
●

●●

●
●

●●

●

●
●

●
●●
●●
●
●●
●●
●●

●●
●
●
●●●
●
●

●●●●
●●

●
●

●●
●●

●
●

●
●
●●●

●

●
●●

●

●●

●

●
●●●

●

●●●
●●●
●●●●
●
●●

●●

●●

●

●●●●●
●
●

●

●

●
●
●●

●
●
●●●●●
●●

●●●●
●
●

●

●
●
●●
●
●
●●●●●●
●

●
●
●
●
●

●
●●●

●

●●●
●

●
●●●●●●●●●
●●

●
●●
●
●
●●
●
●
●●

●

●●●●●●●●

●
●

●●●
●
●●
●●●●
●●
●

●

●
●●●

●

●●●●●●●●●
●●

●

●●
●

●

●

●●●●

●

●
●
●
●●●●●

●
●
●

●
●●●
●
●

●

●
●●●
●
●

●
●●
●●●

●
●

●●●●
●●●

●●
●●
●

●●
●
●
●
●

●

●●

●

●●
●●●●●
●
●●
●●
●●●●●●●●
●
●●●●

●

●●

●●

●●
●
●●●●●●●●

●●
●
●
●●●

●
●
●
●

●

●●●●●●●●
●
●
●
●

●

●

●
●●
●
●
●●
●

●
●●●
●●●●

●

●

●
●

●

●

●●
●●●●
●●

●

●●●
●●●●
●
●●●
●
●●
●

●

●
●●●●
●●
●
●
●

●

●
●●●●●●

●

●
●●●●●
●●●●
●
●
●●●●●●

●

●
●●●●●●
●
●●
●●●●●
●
●●

●

●●
●
●
●●

●
●
●

●
●

●

●●●
●●

●●
●●●●●●

●

●●

●

●
●

●
●
●

●

●
●
●
●●
●
●●

●●

●
●●

●

●
●
●
●

●●
●
●
●●●●●
●
●●●
●
●●●●●
●
●
●●●
●●●●
●●●
●●

●

●●
●
●
●
●●●●
●●●
●●●●

●

●●
●●●
●
●
●●●●

●

●●●●
●
●

●●
●
●

●

●

●

●

●
●●●●
●●
●
●●●●●

●●
●

●
●●●●●●

●●
●●

●●
●●
●●●
●
●
●
●
●●
●
●
●●

●●

●
●●
●
●

●

●●

●

●

●●

●

●

●
●
●●
●

●

●

●

●

●●●●●

●

●

●

●

●

●

●

●

●●
●

●●

●

●

●

●

●
●●
●
●●●
●
●●
●
●

●
●
●

●●●

●●●●

●

●
●●
●
●●

●

●●

●

●

●
●
●●

●

●

●●
●
●●

●

●
●

●

●●●
●●●
●●●

●

●●●
●●●
●●
●
●●●●●●●●●

●●

●●●

●

●
●
●

●

●●
●
●●●
●
●●

●

●

●

●●●●

●

●●●●●
●

●●

●●

●
●
●●●●●●●●

●●

●●

●

●●●

●

●●●●●

●

●●●●

●

●●

●

●●●●●

●

●●●

●

●●
●
●●

●

●●●●●●
●
●●●●●●●●●●
●
●●●●
●●●
●●●
●●●

●●

●

●

●●
●

●
●

●
●●●

●

●●●

●

●●●●
●●●●

●

●
●
●
●●●●●●●

●●

●●
●●●●●

●

●
●
●●

●●
●
●

●●
●●●●
●

●●

●

●●

●

●
●●
●
●●●
●●
●
●
●

●
●●●●
●

●

●
●●

●

●●●●
●
●●

●
●
●
●
●
●

●

●

●
●●●●●●●

●

●
●
●

●
●

●

●●

●

●

●

●

●●

●

●

●

●●

●●
●

●

●
●
●

●

●

●●
●
●

●

●

●

●

●●

●

●

●

●

●

●
●●

●

●

●

●
●

●

●

●

●

●

●
●

●●

●●

●

●
●●
●

●

●

●

●

●
●
●
●

●

●
●●

●

●
●
●
●●

●

●●

●

●

●

●

●

●

●
●
●●
●

●
●
●●

●

●
●
●

●●●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●●●

●

●
●

●

●
●●

●

●●
●
●
●

●
●

●

●

●●●
●●●

●

●
●●

●

●
●
●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●●

●●●

●

●

●●
●

●

●

●●

●

●

●

●
●
●

●

●
●

●

●

●●

●

●

●●●●

●

●
●
●●

●

●

●

●

●

●

●

●●

●
●

●

●●
●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●●

●

●●

●

●
●

●
●

●●

●

●

●

●

●●

●●

●●

●

●

●

●

●

●

●
●●
●

●

●

●

●

●●
●●●●●

●

●●

●
●●
●
●●●

●

●

●
●
●●

●●●●●●

●

●
●
●●

●

●

●

●●●●

●

●

●

●
●

●

●●

●

●

●

●●

●

●
●

●
●

●

●
●●
●

●

●●●

●

●●

●

●

●

●

●

●

●

●

●●●●
●
●
●

●
●
●

●●

●

●

●

●
●

●

●

●●
●
●

●●

●

●

●

●

●

●

●●●

●

●

●

●●
●●●
●●
●
●●
●●
●●●
●

●

●

●

●●

●●

●
●

●

●

●

●
●
●●●●

●

●

●●

●

●

●●●

●

●●
●
●

●
●

●
●

●●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●
●●
●

●

●

●

●
●

●
●●

●

●
●

●●

●

●

●

●

●
●

●

●
●

●

●
●
●●
●●●●
●

●

●

●
●
●●●●●●
●●
●●●
●
●
●●
●

●
●●●
●
●●

●

●●●
●
●●
●●●

●●

●●

●●
●
●●●●●●●
●
●●●

●●

●●●
●
●●
●
●
●
●●●
●
●●
●

●
●●●●

●

●●●
●●●●
●●

●

●●●

●
●●
●●
●●●●
●
●

●

●
●

●

●

●●●

●
●
●

●

●
●●●●

●●

●
●●
●●●●●
●
●●●●
●
●

●

●

●
●
●●

●

●●
●●●
●
●●●●
●●●
●
●

●●

●

●●
●

●●
●
●●●●●

●

●●●

●

●
●

●

●●●●●
●●
●
●●

●

●

●●
●

●

●●

●●

●

●

●

●

●
●

●

●

●

●●

●

●●●

●●

●●

●

●●●●●●
●●
●
●●

●

●
●

●

●●●●
●

●

●
●●●

●
●

●

●●

●

●
●●
●●
●●
●
●

●●●●●
●

●

●

●●

●

●●●●
●

●

●●

●
●

●

●
●

●●
●
●●

●

●●

●
●
●
●●●

●

●●
●●●
●
●

●
●

●●

●

●●

●

●

●●
●
●
●

●

●●
●

●
●

●

●●●●●

●
●●●
●

●●
●●
●●
●●
●
●●

●

●
●
●●

●
●●
●
●
●
●●

●

●

●

●●

●
●
●

●

●●

●

●

●

●●

●●
●
●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●●

●

●●●
●●●●
●●●
●
●
●
●

●

●

●
●●

●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●●●

●

●●

●

●

●

●

●
●

●

●

●●

●

●

●

●
●●

●

●

●

●
●

●

●

●

●
●

●

●
●
●●

●

●●

●

●

●

●●
●

●

●

●

●

●
●
●
●
●●

●

●●●
●

●●

●●

●
●
●
●
●●●●

●●●●

●
●
●

●

●●
●
●

●
●
●●●●

●

●

●

●

●

●

●●

●●

●

●

●

●

●

●

●
●●

●

●

●●

●

●

●

●

●

●
●

●
●

●●
●

●

●
●

●

●

●

●
●
●●

●

●
●●●●

●

●●
●

●

●

●

●

●●
●
●●
●
●●●●

●

●

●

●

●●

●●

●

●

●

●●●●

●

●

●

●●

●

●

●●●●●●

●

●

●

●
●

●●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●●

●

●

●
●●

●

●

●

●

●

●
●

●●

●●

●

●

●

●

●
●●

●

●

●

●

●●

●

●

●

●

●●

●

●
●●●
●

●●

●

●

●
●

●

●●

●

●●

●

●

●

●

●
●

●●

●●

●

●
●●

●
●●

●

●

●
●●●
●●●

●
●

●

●
●

●●
●

●

●
●
●●●●●

●

●●●●●●●
●

●

●

●

●

●

●
●

●●

●●●
●

●●

●
●
●●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●
●
●●●

●

●●

●●

●

●●

●

●

●

●

●

●

●

●

●
●
●

●●

●

●

●

●

●

●

●

●

●●●●

●

●
●
●●

●

●●

●●●●●●●●

●

●

●

●

●

●

●
●

●

●
●

●

●
●

●●

●

●●

●

●●●●
●●●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●●●●●

●

●
●

●●
●
●

●

●

●

●

●

●

●

●

●

●

●●
●
●

●●

●

●

●

●

●

●●

●
●●
●
●●

●

●

●

●●●●●
●

●

●●●
●
●
●
●

●

●

●

●●

●

●
●
●

●
●
●

●

●●

●●

●
●

●

●

●

●

●

●

●

●

●●
●●

●

●

●

●

●●
●
●
●

●

●

●

●
●●

●

●

●

●

●

●

●●●●
●

●

●

●
●

●●

●

●●
●

●

●
●

●

●

●

●

●
●

●

●●

●●

●

●

●

●

●

●

●
●●
●
●

●

●

●

●

●

●

●

●

●

●
●

●●●
●
●

●

●

●

●●
●

●
●●
●

●
●●
●

●

●

●●●●●
●
●

●

●

●
●

●

●

●

●

●

●●

●
●

●

●●

●

●

●
●

●

●

●
●
●
●●●●●●
●
●
●●
●

●

●

●

●●

●
●●

●

●●
●

●
●●●

●

●

●

●
●

●

●●

●

●●●●●●
●
●

●

●

●

●
●
●●
●●

●

●

●

●

●●●●●
●
●
●

●
●

●●

●

●●

●●

●●●

●

●

●●
●
●
●
●

●

●●●
●●●●

●

●
●

●
●
●●●

●

●●●●
●
●
●●●●●
●●
●●●●●●●●●
●
●●●●●●●
●
●●●●
●
●

●●●

●

●●●●●●
●

●
●
●

●

●
●

●

●

●

●

●
●

●
●●
●●●

●
●●
●
●

●

●
●●

●

●

●

●●●●
●●●●

●
●
●●●●
●
●
●●
●

●●

●
●●
●
●●●●
●●●●
●
●

●

●

●●●●●

●

●
●●●
●
●●●●

●

●●●

●

●●
●

●●●
●

●

●●●

●

●
●

●
●
●●●●●●

●

●●

●●
●

●
●
●
●
●●●●●

●

●●●●

●

●
●
●
●●

●
●●●●
●

●
●●

●

●
●●●●●

●
●
●
●●
●
●
●
●
●●

●
●●●●●
●
●●●●
●
●
●

●

●●●

●

●●●●●●●●
●●
●
●●●●
●
●
●
●
●●●●
●
●●●

●

●●●●●●●●
●
●
●
●●●
●
●
●●●●●
●●

●●●

●
●
●●

●

●
●
●●●
●
●
●●

●

●●

●
●●●
●●
●

●

●●
●
●
●
●
●
●
●
●●●●●●●●

●

●
●
●
●●●●●
●
●
●●●
●●●

●

●●
●
●
●●●
●
●●●

●●●

●●●
●
●●●●●
●

●

●●●●

●
●●
●●●●●
●
●●●●●●●●●●

●

●●●●

●

●●●●
●●
●●●●
●
●●
●
●

●

●●●●●●●●●

●
●●
●●●
●
●
●●●

●

●

●

●●●
●
●

●

●

●

●
●●

●

●
●●●●●

●

●●●
●
●●
●

●

●
●

●●
●●●●●●

●

●●●●●
●●●●

●
●

●●
●
●
●●
●
●●●
●●●

●
●

●

●
●●●●

●

●●●

●

●●●●
●●

●
●
●●●

●

●
●

●

●●●●●●
●●
●
●
●
●●
●
●
●●
●●●●●
●

●
●●
●●
●
●●
●●
●
●
●

●

●

●

●●
●●●

●
●●●
●
●

●●
●

●
●●
●
●
●●
●●●●●
●

●

●●
●●●
●●
●●●●●●

●

●●
●

●●
●●
●●●●●

●●
●●●●●

●

●●●●●

●

●
●
●
●
●●

●●

●●●●

●

●

●

●●
●●
●

●
●
●●●
●●
●
●
●●●●
●●
●●

●

●
●
●●
●

●

●●
●

●●●●●●
●
●
●
●
●●

●●●

●●●
●●●●●
●●
●●●
●●●

●●

●●

●

●

●
●
●
●
●●
●
●

●

●●●●●●

●

●
●●
●

●

●

●

●●
●●
●●●●
●●●
●
●
●
●
●●
●

●

●●
●●●

●

●
●●
●●●
●●●●●
●●
●●
●

●

●
●●●
●●●●
●

●

●
●●

●
●

●●

●
●
●

●

●●●
●
●
●●●●●
●

●

●●●
●
●●●

●
●

●
●

●

●●●

●

●●●●

●●●

●●

●

●

●●

●

●

●●
●●

●●●

●●

●●

●

●

●

●

●

●
●●●●

●●
●
●

●●
●●
●●●●●
●

●

●
●
●●

●

●●●
●●

●

●●
●●●

●

●

●
●●
●●
●●

●
●●
●
●

●●

●

●●
●●

●
●
●
●

●

●

●

●

●●

●

●

●

●
●

●

●●●

●●●

●●

●
●

●

●

●

●

●

●
●
●

●

●

●

●

●●●

●●

●

●

●

●
●●
●
●

●
●

●

●●
●●
●●
●●

●

●
●
●

●

●

●●
●
●●●●●●●●●●●●●

●

●●
●●●●
●
●●●

●

●●
●
●●●
●

●

●●

●

●●●

●

●

●
●

●

●

●

●

●●
●
●●
●
●●●●●●●●
●
●

●

●●●●

●●

●●●
●

●

●

●
●
●

●
●
●

●●
●
●
●●●
●
●●●

●●●
●

●●
●●●
●●
●●
●
●
●●●●

●

●

●●
●●
●
●●●●●●●

●

●
●●●
●●●
●
●
●
●
●●

●
●●●●●

●

●

●

●●●

●

●●●●●

●●

●●●●●●●●
●●●
●●

●

●

●

●●●

●●
●●●
●●●●

●
●

●

●
●

●
●

●

●
●●

●
●
●

●
●●
●●
●●●●
●
●
●
●●●●
●●●●
●
●●●●●
●
●●●
●

●
●

●
●

●●
●●●●

●

●●●●
●

●

●

●
●
●

●
●

●

●
●
●
●
●

●
●

●●

●●

●
●●●

●

●●●●
●●
●
●
●

●●●●●●
●
●

●

●●●

●

●
●●●●
●

●

●
●
●
●
●●●●●●

●
●●
●
●
●
●
●
●
●●●●●

●
●●●
●
●
●●●

●

●

●

●
●
●●

●

●
●

●

●

●●●
●●●●

●
●

●

●

●●●

●

●

●

●●

●

●
●
●●

●
●●

●

●●

●●

●●●
●

●
●
●

●●

●●

●
●●●●●
●
●

●

●

●●

●●●

●●
●

●

●

●

●

●

●●
●
●

●

●

●

●●
●●
●●●
●
●

●

●

●

●
●●
●●
●
●●
●
●

●

●●●

●
●●
●●●
●

●

●

●

●
●

●
●

●●●●●●●

●

●●●
●
●
●
●
●
●●

●●

●●●
●●

●

●

●

●●

●

●
●
●●●●
●

●

●

●

●

●

●●

●

●●

●
●

●●●

●●●

●

●
●●●●

●

●●

●●

●●

●●●

●
●
●

●
●
●
●●●
●●●

●●●●
●
●
●
●

●●●●
●●●●●●●●

●

●
●
●●
●●
●●●
●●●●●●
●
●●

●
●
●●●●●●
●●●
●●

●

●●
●
●●●●●●●●●
●
●
●●●
●
●
●●●●●●●
●●●●

●
●●
●●●●●●●
●
●

●●
●●

●

●
●

●

●●●

●
●
●●

●

●●●●●
●●●

●
●●●●●
●●●
●●●●●●●
●●

●

●●●●●
●
●
●●●●

●

●●●
●
●●●●●
●
●●●
●
●
●
●●●

●

●
●
●
●

●

●●●
●
●●●●●
●
●
●●●
●
●
●●
●

●●●●●
●●●
●
●

●●●
●
●

●
●●●

●

●

●
●
●
●
●

●

●

●●
●●
●●●●
●
●●●●
●
●
●●●
●
●
●
●●●●

●●●●
●●●●
●
●

●
●●●
●

●

●
●
●
●●
●
●●
●
●

●●

●

●
●

●
●●●
●
●
●

●

●

●

●●●●●

●●●
●
●●
●
●●
●

●

●●●
●
●
●●
●●
●●
●
●
●

●●

●

●●●●

●●

●
●
●

●

●

●

●●
●
●●
●●
●

●

●●●

●

●
●●
●●
●
●
●●
●●
●●●●●●●●●

●

●
●●
●
●
●●

●
●●
●
●●●
●

●
●●
●
●●
●
●

●

●
●●

●●
●●●

●
●
●●

●

●
●
●●●
●
●
●
●

●
●●●●●

●

●●●●
●●
●●

●
●●●
●●
●
●●
●
●●
●●
●
●●●
●●●●●
●
●●
●●
●●●
●
●
●●●●●
●
●
●●
●
●●●●

●

●●●●
●

●

●●●●
●●
●

●●●●●●

●
●
●●
●●●●●●●●●
●

●●●
●●●
●

●

●●●●●

●

●

●

●●
●●●

●

●●

●

●●●●●●●
●
●●●●
●

●

●
●
●
●
●●●
●●

●

●
●
●●●
●●●

●
●
●

●●
●●
●
●●
●●●
●

●

●●

●

●●●
●
●●●●
●
●●●●
●
●●●●

●

●
●
●

●

●●●●●
●
●
●●●●●
●
●●

●

●
●
●●
●
●
●
●●●●
●
●●●
●
●●
●●●
●●●

●

●

●
●●●●●●●●●●●
●●●●●
●

●●

●

●●

●
●●
●
●
●

●

●

●●

●

●●

●●●●●●
●
●●●
●
●

●●●●

●●●
●●
●

●

●

●●

●●●●

●●●●●

●●

●

●●●

●

●

●●
●●
●

●

●

●●
●
●●●●
●●●●●
●
●

●●●●
●
●●

●

●●●
●●●●●●●●●
●
●

●●

●●●

●●●
●●●
●●●●●

●●

●●●●●●●●
●
●

●●●●

●●●●●●

●●

●●●
●●

●●●

●●●●

●

●●●

●

●●●

●●

●●●
●●

●●●●

●

●

●●

●●
●
●●●●

●

●●●

●

●●●●●●

●

●●●
●
●●

●

●
●
●

●

●●●●●

●●●

●●

●

●●●●●

●

●
●
●

●●

●

●●●
●●

●

●
●
●●●●
●
●●

●●

●●●

●●
●
●
●

●●

●●●●●●
●
●

●

●

●

●●

●
●
●●●●●●●●●●
●●●●●●●●●●
●
●
●
●●●●●

●
●
●
●●●

●

●
●
●

●
●●
●

●
●●●
●
●●●
●●●●●
●●
●

●
●
●●●
●

●

●●●●●

●

●

●
●

●●●●●●

●

●
●

●●
●

●

●

●

●●●
●●●●●●
●
●●●

●

●●●
●●●●
●
●

●

●●
●
●
●
●●
●
●●

●

●

●

●

●●
●●

●

●●

●

●●●
●●●
●●●●

●

●

●●
●
●

●●●
●●●
●
●●
●
●
●
●●●
●
●●●●

●
●

●●

●
●
●
●●

●

●●●●●
●●
●●●●●
●●
●

●●●
●●●●●●●
●●
●
●●

●

●

●

●

●●

●●●

●
●
●
●●●

●
●
●

●●●
●
●●

●●●

●●●●
●
●

●
●●●●
●
●●●

●

●

●

●
●
●
●●
●●●

●

●
●●
●●●●

●

●

●

●●●●

●

●●●

●

●●●●

●

●●●●●●●

●●

●
●

●●●●
●
●●●

●

●●●●
●

●●●●
●
●●●●

●

●●●●
●●●
●
●●

●

●

●
●●
●●
●
●

●

●●
●
●
●
●●●●
●
●
●●
●
●●●●
●●
●●●●●●●●
●
●
●

●

●●
●
●●●●
●

●

●

●
●●●●●●●●

●●●●●●●

●
●
●●●
●
●●●
●
●●
●

●●
●
●●
●
●●●●●

●

●

●
●

●●

●

●●
●
●●
●●●

●

●
●
●●●

●

●●
●
●
●
●

●●●●●
●

●

●●

●
●●●●●●
●

●●

●
●

●●●
●
●●●
●●
●

●

●
●●

●
●
●●●
●
●●●●●●

●

●●●

●●

●●
●
●●

●

●
●
●●●
●
●

●●
●
●
●

●

●

●

●
●
●
●
●

●

●
●●
●●

●

●

●●
●

●

●
●

●●●
●
●

●●●
●
●●
●
●●
●
●

●●

●●●●●●●●

●
●
●

●

●

●●●●●
●●●●
●

●●●●
●
●
●●●●●●

●●
●●●
●●

●●
●●
●
●●●●
●●●

●
●

●

●●
●●
●●
●
●
●

●

●
●

●

●●●●●●●
●

●●
●●●
●
●●●●●●●
●
●●●●●●
●

●

●●
●
●●
●●
●
●●
●●
●●●●
●
●

●
●●
●
●●●●●
●

●●●
●
●

●

●
●
●●●●

●
●

●●●●
●
●

●
●●

●

●
●

●

●●●

●

●
●
●
●●●●●●

●

●
●
●
●●●
●●

●

●●●●

●

●
●
●

●
●●●●●
●
●

●●

●

●

●

●

●
●
●
●

●
●

●

●●●●
●
●●●

●

●

●

●
●
●

●
●
●

●

●

●●●
●
●●

●

●●
●

●

●

●
●
●●●
●
●●●

●
●●

●●

●
●●

●
●
●●●

●

●●

●
●
●●
●●

●

●
●●
●
●

●
●●●
●●●●

●

●

●
●
●●
●
●
●●●
●●
●●

●●

●
●
●

●

●
●●●
●●

●

●
●
●●●
●●●●

●

●
●●
●

●●

●

●
●●
●
●

●

●

●

●
●

●

●
●●●●
●●
●●
●

●

●
●

●
●
●
●
●●●●
●
●●●●

●

●●●
●●●●

●

●●

●

●●
●●
●
●
●
●

●
●●
●

●
●●

●

●●●

●

●
●
●●●
●

●●●

●

●●●●

●●

●
●

●
●●

●

●

●

●●

●●
●
●
●
●

●●●
●

●●●●
●●
●

●

●
●●

●●
●●
●
●

●●

●
●
●
●

●●
●●●
●

●
●

●●
●
●
●
●●
●
●●
●

●●

●●

●

●●
●
●

●
●
●●
●
●●●●
●
●

●

●●
●
●
●

●

●

●

●●●
●
●●

●

●
●

●●

●●●
●●●
●

●

●

●●
●

●

●

●●
●

●

●●
●●

●
●
●●●

●
●
●●
●●●

●

●●

●●

●

●

●
●
●●
●

●●
●
●

●

●

●

●●
●●

●●●●
●
●
●

●
●
●

●●●
●
●●
●
●
●●●

●●

●●●●
●

●
●●

●
●●●
●
●●

●

●●●●

●●
●
●

●

●

●
●
●

●

●

●

●●●
●
●

●

●

●●

●

●●●●
●●

●●

●●●

●
●●
●●

●

●●●
●●

●

●

●

●

●
●
●

●●●●●●

●●

●
●

●

●●

●

●
●●
●

●

●●●

●
●
●
●

●

●

●

●
●
●

●

●

●

●●●

●

●●●●●
●
●
●●●●●
●●●
●●

●●

●●

●

●

●

●●
●

●●●●
●●●
●
●●
●

●●

●

●

●●●●●●
●●

●

●●●
●

●●
●●

●

●●
●●

●

●

●

●●
●●

●●

●●●●

●

●
●●

●

●
●

●

●

●●

●●●

●

●

●
●●

●

●

●●

●●●
●●

●

●

●●●

●●●

●

●
●

●

●●
●

●●
●

●

●

●
●

●
●●●
●

●

●

●

●●●

●

●●●●
●

●

●●

●

●

●●

●
●●●●

●

●
●
●●

●

●●

●
●●
●
●
●
●●●●●●
●
●

●●

●

●
●●

●

●
●●●
●
●●
●●

●●

●

●●
●

●

●●
●
●
●●

●

●●●

●

●

●●
●

●●●

●

●
●●●●

●●

●

●
●

●●

●
●●
●

●

●

●

●

●

●

●

●
●

●●
●
●

●

●●
●
●

●

●
●●●

●●

●●●●
●●

●

●
●
●●●

●
●●●●

●

●●●
●●

●

●●

●

●●●
●
●
●

●
●

●●

●

●

●

●●

●●
●●●

●

●

●●

●

●
●●

●

●

●

●

●

●

●
●
●

●

●●●

●

●●

●

●●●●●

●

●●

●

●
●

●

●

●

●

●
●
●

●

●

●
●
●●●●

●●

●

●

●●

●

●
●
●●
●

●

●

●

●
●
●

●

●

●

●

●

●

●
●
●

●●

●●●●

●

●

●●●

●
●

●●●
●●●
●
●
●

●

●

●●●

●

●●●●

●●●
●

●

●●●
●
●

●
●

chr13:110954237

0.2

0.4

0.6

0.8

r2

IRS2 COL4A1

COL4A2

MIR8073

COL4A2−AS1

RAB20

CARKD

CARS2

ING1

LINC00346

ANKRD10

110.6 110.8 111 111.2 111.4
Position on chr13 (Mb)

0

2

4

6

8

10

−
lo

g 1
0 

P
 v

al
ue

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●
● ●●

●
●●●●●
●
●
●●

●

●
●●●●

●●
●●●
●
●

●

●

●

●●●
●
●
●●●

●
●

●●

●●●

●

●●●●
●
●

●
●
●

●
●
●
●●●
●
●

●●●
●
●

●

●
●●

●

●

●

●

●

●●

●

●

●

●
●

●

●●

●

●●

●

●
●
●
●

●

●●

●
●

●

●
●

●

●●●
●●●●

●

●●●
●
●
●

●

●

●

●
●●●●

●●

●●
●

●

●
●
●

●
●
●●

●●

●●●●

●

●
●
●

●

●

●

●
●●●●

●

●●●
●
●

●

●
●
●●

●●

●●

●

●

●

●●●●●●●●●

●

●●●●
●●

●
●

●●
●●
●●●

●

●
●

●

●

●●
●
●

●

●

●
●●
●
●

●

●●●●
●
●●●●
●

●
●●●●●●●●●●●
●●

●
●

●

●●●
●
●
●

●●
●●

●

●●●●

●

●
●

●

●●
●
●●●
●
●

●

●●

●

●
●●
●

●

●●

●

●●

●●

●●
●●
●
●●●●●
●

●

●●●
●
●●●
●●
●●

●

●

●

●●

●

●●
●
●●●●

●

●
●
●

●

●
●
●
●●

●

●●●●

●

●●●

●

●
●
●
●●●●●●●●

●●
●●●●●

●

●

●●

●●

●

●
●
●

●

●
●●●

●

●●●●●●
●
●
●●

●●●●●●

●

●

●
●

●

●●

●●●●

●

●
●
●●●
●●

●

●●●●●●●●●●●●

●

●

●

●

●

●

●●●●●●
●
●●
●
●●
●
●

●

●
●

●
●
●●

●

●

●

●●●

●●●

●●
●

●

●●

●

●●

●●

●

●

●
●●
●

●

●

●

●

●
●●●

●

●

●●●●
●
●●
●
●●●

●

●
●●

●

●
●

●

●
●●●
●●
●
●

●
●●
●●●●●●●●●

●●

●

●●

●●●●●●

●

●●

●

●

●

●

●
●

●●●

●

●●

●
●
●

●

●
●
●●
●

●

●●●●●
●●●●●
●●●

●●●●

●
●

●

●

●●●
●
●●

●

●

●

●●●

●

●●●

●

●●●
●●
●●
●●●

●

●●

●

●

●

●●●

●

●

●

●

●●

●

●

●

●
●

●

●●
●

●●●

●
●
●●●●
●●
●●●

●

●

●●

●

●

●

●●
●●

●●●●

●
●
●
●
●●

●

●

●●
●●

●

●
●

●

●

●
●
●
●
●●●
●

●

●

●
●
●
●●

●

●

●

●

●

●

●
●

●●
●
●

●

●
●

●

●
●●
●

●

●
●●
●
●

●

●●
●●

●●

●

●●●●

●

●
●
●

●

●

●●
●●
●●●●●●
●●●●
●
●
●●●●●
●●●
●●●●

●

●●●●●●●

●

●

●●●●●
●
●●

●

●

●

●

●

●
●

●●
●
●

●

●

●
●
●●●
●●

●

●●●●●●●●●
●●●●●●

●
●
●

●

●

●

●●

●

●

●

●
●●●●●

●●
●
●

●

●
●●●●●●●●

●

●

●
●

●

●●
●
●

●

●
●
●●
●
●●

●

●●

●●

●
●
●
●

●

●

●

●●

●

●●●●
●
●

●●
●

●

●●
●

●●●

●

●●●●

●

●

●●

●

●

●
●
●

●●

●
●

●

●

●

●

●

●

●

●●●
●●●
●
●

●

●

●

●●

●

●

●

●

●

●●●

●
●●

●
●●

●

●
●

●

●●

●

●

●

●

●

●●

●

●●●●
●
●●●

●

●

●

●

●●
●●

●

●

●

●
●

●
●

●

●

●

●
●
●
●●

●

●

●

●

●

●
●●
●

●

●

●

●

●

●●
●
●

●

●

●

●●●

●

●

●

●

●●
●
●

●
●●

●●

●●
●

●

●
●●

●

●

●
●

●

●●

●●●●

●

●

●

●●●

●●

●●

●●
●

●
●

●●

●

●●
●

●

●

●

●●●
●
●
●

●
●

●

●

●

●

●

●

●
●

●
●
●

●

●●

●

●
●

●

●
●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●●
●
●
●
●

●

●

●●●●

●

●●
●
●

●

●●

●
●
●●

●

●●●

●

●●●●●●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●

●●●
●●
●
●
●

●

●

●

●
●
●●
●

●

●

●
●

●

●

●

●

●

●●●●●
●●

●

●●●
●
●

●●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●●●●●

●

●●

●

●●
●

●

●●●

●
●

●●
●
●
●

●
●

●

●●

●
●●

●

●
●

●

●

●

●

●

●

●

●
●
●●●

●

●

●

●

●

●

●
●●●
●
●●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●●●
●●●●

●●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●●
●●●
●

●

●●
●
●

●●

●

●

●

●●●●

●

●
●●

●

●
●

●

●●

●

●

●

●

●

●
●

●
●
●

●

●

●●

●

●●
●
●
●

●

●
●
●

●●●

●

●
●

●●●

●

●
●

●

●●

●●
●
●

●
●
●●●
●●
●
●●

●

●

●●
●

●●
●
●
●

●

●●

●

●

●
●
●●
●

●

●

●

●●
●

●

●

●●

●

●
●

●●
●

●

●

●●

●

●

●

●●●
●
●

●

●●

●

●
●

●

●

●●
●

●
●
●●●●

●

●●●

●

●●
●
●

●

●

●

●●

●

●

●
●

●

●●
●

●

●
●
●

●

●
●

●

●●●

●

●
●

●

●

●●

●
●●
●

●●●

●

●

●

●

●

●

●

●

●

●

●

●●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●
●

●

●

●●

●

●

●

●

●

●
●
●
●●

●

●●
●
●●●

●

●●●
●●●
●●●
●●●

●
●

●
●

●

●
●
●●●●●●●
●●

●

●

●

●
●
●
●●●●

●●

●
●●●

●

●
●●●

●

●●
●

●

●

●●●●

●

●
●
●●

●

●●
●

●●●●
●●
●●
●
●●
●
●
●

●

●
●●
●

●

●

●

●

●
●

●

●

●●●●
●●

●

●●●
●
●●●

●
●
●●
●

●

●●
●●

●

●
●

●

●
●

●

●●
●
●●●
●
●

●
●●

●

●●

●

●
●●●
●
●●
●

●

●
●

●

●
●●

●

●
●

●

●
●

●

●●
●
●
●

●
●

●

●
●

●
●

●

●●
●●●

●

●
●●●
●

●
●

●

●

●●
●
●
●●
●
●

●

●

●

●

●

●

●

●●
●●●

●
●●●●
●●
●●

●●●

●

●●●●

●

●
●

●

●
●

●

●

●●

●

●

●●
●●
●

●

●●
●
●
●●●
●

●

●●●
●●

●●
●
●●●●
●●

●

●

●

●
●

●●
●
●
●

●

●

●

●

●
●
●

●

●
●●

●
●
●●
●

●

●
●
●●●●

●
●●
●
●
●

●
●

●

●
●
●●
●

●●

●●

●

●

●
●

●
●

●

●
●●
●

●
●●

●●

●

●
●●●

●●

●

●●
●

●

●

●

●

●●

●
●
●●●
●●

●

●
●

●

●

●

●
●

●
●●
●●●

●●●

●

●
●●
●

●
●
●

●

●

●

●
●
●●●

●
●

●

●●●●

●●

●

●

●

●
●
●

●

●●

●

●

●

●

●●

●
●
●
●

●

●

●

●●

●

●●

●●●

●●
●

●

●
●

●●

●

●

●●
●

●

●●

●●

●●

●

●

●●

●●●

●

●
●

●●●●
●●●

●

●●

●

●

●
●

●

●
●●●
●
●
●●
●●●
●

●

●●
●

●●

●●●
●
●
●
●
●●●

●
●●
●

●
●●
●

●
●●●

●

●●

●●

●

●●●

●
●
●●

●
●
●

●

●●

●

●

●

●●
●

●

●

●

●
●
●●
●●
●
●
●
●

●
●
●●

●

●●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●●●
●●●●●

●●●

●

●

●

●
●
●

●

●

●

●

●
●
●●

●●

●

●

●

●

●

●

●
●

●

●
●

●
●●

●

●
●●
●●●●●●
●

●

●

●

●

●

●●
●●

●
●

●

●
●

●●●
●

●

●

●
●

●
●●

●

●

●
●

●●●
●
●●

●

●

●

●

●●●●

●

●

●

●

●

●

●●
●

●

●

●

●
●●
●●
●●

●

●

●
●●
●
●●
●
●

●

●

●

●
●

●

●●
●

●

●
●

●

●

●●

●
●●●●
●●
●
●
●●
●
●

●●

●

●

●

●

●
●●

●

●●●●

●●
●●

●

●
●

●●

●

●

●●

●

●●
●●

●●●

●
●●●●

●

●

●

●

●

●

●

●
●●

●

●

●
●

●
●
●
●

●

●

●●
●●●

●
●

●●

●●
●●●
●

●●●
●

●

●●●●●●

●

●●●

●
●●●

●
●

●

●

●

●

●
●
●

●
●

●

●●
●
●●
●
●
●
●●●

●

●
●
●●
●●
●
●●
●
●
●

●●

●
●
●

●
●●
●
●●

●
●●
●●●

●

●
●
●

●
●
●●

●

●

●●
●
●

●●
●

●

●
●●
●

●

●
●

●

●●

●

●

●

●
●
●

●

●
●●●●

●
●●●
●

●●●

●

●

●●

●

●
●●●
●●●

●
●
●
●

●

●●●●

●

●

●
●
●
●
●●
●
●●

●

●

●
●

●●●
●

●
●

●●●
●

●

●
●

●●

●
●
●

●
●
●

●●
●●●

●

●
●●

●
●
●

●
●

●
●●

●

●●

●

●

●

●
●
●
●

●
●
●

●●●
●●●●●

●

●
●●●●●●
●
●
●
●

●●

●●●

●

●

●

●
●
●
●

●●

●
●

●

●

●●●

●●●●
●

●

●

●●

●●

●

●
●
●●●
●●

●

●

●●
●
●
●●

●

●
●
●
●

●
●●●
●

●

●

●

●●●
●●
●

●●

●●

●●●●
●●
●
●
●

●

●

●

●

●

●●

●●

●
●
●

●

●

●
●

●●●

●

●

●●●

●

●

●

●●

●

●
●

●●
●
●●
●●

●

●
●
●
●

●●
●●
●●
●●
●●
●
●

●

●

●

●●●
●●

●

●
●

●

●

●●
●●

●●
●●
●●●●●

●●
●●

●

●
●
●

●

●

●
●
●
●●●

●

●●●
●
●

●●●●

●

●

●

●

●●

●

●

●●
●
●●●

●●
●

●

●
●
●
●●●●●●●
●●●●●●●●●●●●●●

●

●
●
●●●
●
●●●
●●

●

●●●
●
●●●●
●
●●●●
●
●

●

●

●●●●
●

●

●●●

●

●●●
●
●●●●●

●
●
●

●
●●
●
●
●●●●●●●●●

●
●●
●

●
●

●

●●

●

●

●●●●●
●●
●

●●●●

●●
●●
●

●
●
●●

●●●●
●
●●

●
●

●●
●●
●●●●●●
●
●●●

●

●

●

●
●●●

●

●●

●

●●●●●●

●
●●
●●●●●●●●●●●●●●●
●
●●

●

●

●

●

●●●●

●

●

●
●

●●●●●

●

●
●
●●●
●●●●

●
●●●●●●●●
●
●●●●

●

●

●

●
●●●●
●●●

●

●●●

●

●

●

●●●●

●

●●●●
●

●

●●●●●
●●
●●●●●●●

●

●
●

●

●●
●●
●●
●
●
●●

●

●●●●●●●●●
●●
●
●
●●●
●
●●
●●

●

●
●●●
●
●

●●

●
●●

●

●
●●

●

●●
●
●●●
●
●●

●●●
●●
●
●

●●
●●●

●

●●●●

●

●
●
●●
●●

●

●

●●
●

●
●
●●

●

●
●

●
●●●●●
●●
●●●●

●
●
●●●●●
●
●
●●
●

●

●●
●●●

●

●

●

●
●●●
●

●

●

●

●

●

●

●●●
●●
●
●

●

●
●●●●●
●●
●●
●●

●

●

●

●

●
●
●●

●

●●
●

●

●●

●

●
●

●
●
●●

●

●
●

●

●

●

●

●

●
●
●
●

●●●
●●

●
●

●

●

●

●●●
●

●

●

●

●
●●●●●
●
●

●
●
●
●
●●
●●●
●

●●●

●

●

●
●
●

●

●
●●●●●
●●
●

●

●
●
●●

●

●

●●

●●

●

●

●

●●●
●
●
●●
●
●●
●

●●

●●

●●

●

●

●

●●●
●

●

●
●●●

●
●●

●

●

●
●
●

●●●
●
●●●●

●

●

●●●●

●

●

●

●●●

●

●

●

●●

●●●●

●

●

●

●

●

●

●

●

●

●●●
●

●●●
●

●
●
●
●●
●
●●
●
●●●
●

●●●

●

●
●

●
●●●●●
●
●
●
●●
●●
●●●●
●
●
●●●●●

●●
●●●●●●●●
●
●
●
●●

●
●

●
●

●
●
●●
●
●
●
●●

●

●

●
●
●
●
●

●

●
●●●

●
●

●●

●

●
●

●

●
●
●●
●

●●●●●

●

●

●

●

●

●●●

●

●
●
●

●

●
●
●●●●●
●

●

●●
●●●

●
●

●

●●

●

●
●

●

●
●●●

●

●●

●

●

●

●

●●
●
●
●
●
●●
●

●●●
●
●

●
●
●

●●
●
●

●●●
●●●

●

●●

●●

●●●
●
●●●
●

●

●●
●

●

●

●

●●●

●
●●●●

●

●●
●

●●

●

●
●

●●
●●
●

●●

●
●

●

●

●

●

●
●
●
●

●

●●●●●●●●●
●
●
●
●

●

●●

●

●

●●
●●

●

●●●●

●

●●●

●

●●●

●

●●●
●

●

●

●●●

●

●●●

●

●●

●
●●
●●
●
●●●●●
●

●
●
●●

●
●

●

●●●●●●●

●

●

●
●
●
●
●
●
●●●

●

●

●

●●●●●
●
●●

●

●●●●●
●
●

●
●●

●

●●●
●●

●

●

●
●
●
●
●
●●

●

●

●

●

●

●
●●●
●
●
●●
●●●
●

●

●

●

●

●●●
●
●

●
●

●

●
●

●●

●

●

●●

●

●

●
●●
●
●●
●

●●
●
●

●
●●●●●●

●

●●

●

●

●
●

●●

●
●●●●
●
●●●
●●

●

●
●●
●
●

●

●
●●●●
●
●

●

●

●
●
●●●
●
●
●
●
●●
●●●●
●
●

●

●●
●
●●●
●
●
●

●

●●●●●
●●●
●
●

●
●

●
●
●

●

●

●
●

●
●

●●●●
●
●
●●●●●●
●
●
●
●●
●
●●
●●●●
●●●
●●●
●
●●

●
●●●
●

●

●●●

●

●
●●
●

●

●

●●

●
●●
●
●

●●●

●

●●●

●

●●●●
●
●●
●●

●

●●
●
●

●

●●●

●

●

●

●

●

●
●●

●●●●
●
●

●

●

●●●

●●
●
●

●

●

●
●●●

●
●●●●
●

●●

●
●●

●
●●
●
●

●

●
●

●●●

●
●●
●●●●

●
●
●
●●

●
●
●

●

●

●

●

●

●

●

●

●
●●
●
●●●●
●

●

●
●

●●
●

●

●

●●
●●●
●

●●●●●

●●
●

●●
●
●
●

●
●
●
●

●
●

●

●

●
●●

●

●●●
●●

●

●●●●●
●

●●

●●
●
●●
●●
●
●
●
●●

●

●
●●●●

●
●●
●
●●
●●●●●●●

●

●

●●●●●
●

●
●

●
●
●

●

●
●
●

●

●●

●●●
●

●

●
●●●
●●

●●●●●●●
●
●●
●
●
●●
●

●●●
●●
●

●

●
●●
●
●

●●

●

●

●
●

●

●

●
●

●

●

●

●

●
●●
●
●

●

●

●

●

●

●
●

●
●
●●●●

●

●
●●

●

●●

●

●

●
●
●
●
●●
●
●
●
●

●
●●

●
●●

●
●
●
●●
●

●
●
●

●

●

●

●

●

●

●

●

●●
●●●
●

●

●
●
●
●●
●
●●

●

●
●●

●

●

●●●
●

●

●

●

●●

●●●

●

●●

●

●

●●

●

●●●

●

●
●
●●●

●

●

●

●

●

●●
●

●

●●

●

●●●
●

●●●●

●

●

●

●●●●●●●
●●
●
●
●
●
●
●

●●●●●●
●●
●

●

●

●

●

●

●
●
●
●●
●

●

●●
●
●●●

●
●

●●●

●

●●●●●●
●●●●

●●
●●
●

●

●

●●●
●●
●

●●

●

●
●

●

●

●

●

●

●
●●
●●

●

●

●

●●
●
●

●●
●
●

●

●●

●
●●●●
●
●
●

●

●
●

●
●
●

●●

●
●●
●
●
●
●
●●●●
●

●
●●
●
●●●
●●

●

●●
●●
●
●

●

●●

●
●

●●

●

●●

●

●

●

●
●●●
●●●●●●●
●
●
●
●●
●●●●

●

●●●●

●
●

●●●●●

●
●
●

●
●

●

●

●
●
●

●●
●

●●

●

●●●

●
●

●

●
●
●●
●
●
●●●●

●

●
●
●●●●

●

●
●●
●●

●
●
●

●

●

●

●

●

●●●

●

●
●●

●

●●●
●●●●
●
●
●

●

●●●●
●

●
●

●

●●
●
●

●

●

●
●

●
●
●

●●●
●

●

●
●
●

●

●

●

●●
●
●
●
●●●●●●
●
●

●
●

●

●
●

●

●●

●

●

●

●

●
●●
●
●

●

●

●

●
●

●
●
●●

●

●

●●
●

●
●●

●●
●●●●●
●●
●
●●

●

●

●●●
●

●

●
●
●

●
●

●
●●

●

●
●

●

●
●●
●
●

●●●

●

●

●
●

●
●
●

●

●

●

●

●
●
●
●●
●

●
●
●●

●

●

●
●●

●●●●●
●
●
●●●

●

●
●●
●●

●

●
●

●

●

●

●●
●
●

●

●

●
●

●

●

●

●●

●

●
●●●
●
●●●●●

●
●

●

●

●
●

●
●

●

●

●
●
●

●

●●●
●●●
●●●●●●●●●

●●

●
●
●

●●

●●●

●

●●●
●
●●
●

●

●●●
●●●●●

●

●

●
●●
●●

●●●
●
●●●

●

●

●●

●

●●●●

●

●
●●

●
●●

●

●

●

●●
●
●
●
●

●

●
●●●●●

●

●

●
●

●●
●
●●●
●●
●●

●
●

●●
●

●

●●
●

●
●

●
●

●●●

●

●

●

●●

●

●

●

●

●

●
●●●●

●●●●●

●

●●●
●
●

●

●

●
●
●
●●●

●

●
●

●

●

●
●
●
●
●

●

●

●

●
●

●●
●

●●
●●
●●●
●●●●●

●
●

●

●

●●
●
●●

●
●
●

●

●

●

●

●

●

●

●

●

●
●
●●●

●

●

●●
●●
●

●
●●●●●●
●
●
●

●

●●
●
●
●

●
●
●●

●

●

●●●
●

●

●
●●

●
●
●●

●

●●

●
●●

●●

●
●
●

●
●●●●

●

●
●●

●

●

●●
●●●●●
●

●●

●●
●
●

●

●
●
●
●

●●
●
●
●

●

●
●

●

●
●

●

●
●

●

●

●

●

●

●

●●

●

●

●
●●●
●

●●
●
●
●●●
●
●
●

●
●

●
●

●
●

●

●

●

●
●●●
●
●
●

●●
●

●

●
●

●

●●
●
●

●

●

●

●
●

●

●●

●
●

●

●

●

●

●●

●

●
●
●

●

●●

●

●

●

●

●●

●
●

●●
●●●

●
●
●
●●●

●
●●

●

●
●●

●

●●●●●

●

●

●

●●

●

●

●●

●●

●●●●●
●
●●
●●

●
●
●

●

●●●

●

●●
●
●

●●
●●●●

●
●

●

●
●
●
●
●
●

●

●●
●

●

●●●●●●
●
●●

●

●

●

●●●●
●

●●

●

●

●
●

●

●●●
●
●

●
●●●●
●●
●●
●
●●●●

●

●

●
●

●●
●●

●

●
●●
●
●
●

●

●
●

●
●●
●

●●
●
●●

●

●
●
●

●

●

●
●

●

●

●

●

●

●
●●

●
●●
●●
●

●●●●
●

●

●
●●
●
●
●●
●●
●
●

●

●

●
●

●

●●●
●

●

●●●●

●●

●●
●●

●
●●
●●●

●
●
●

●

●
●

●

●●

●

●●
●
●
●
●

●
●●
●
●
●●●
●
●●
●

●

●

●
●
●
●
●●
●●●
●
●●●
●
●

●

●
●
●

●
●
●

●
●
●●●

●
●●

●
●

●●
●

●●

●

●

●●●

●

●

●

●●
●
●

●

●
●

●

●
●

●

●●●

●

●

●

●●

●

●

●
●

●

●●

●

●●

●

●
●

●

●
●

●

●

●●●

●

●

●●
●●●
●
●●

●●

●

●

●
●●

●

●

●
●

●

●

●
●●
●
●
●
●
●
●

●

●

●●●

●

●
●

●
●
●

●
●

●
●●

●

●

●

●

●

●

●

●

●●

●
●

●
●

●

●●●

●

●

●●
●

●●
●●●
●●●●●

●

●
●

●
●

●
●
●

●
●●
●

●

●
●
●
●
●

●

●
●●
●●●●
●
●●
●●

●

●●●
●
●
●●
●
●

●

●

●
●

●
●●

●

●●
●

●●
●●●
●●

●
●
●●●

●

●●

●

●

●

●

●

●

●●●

●
●
●●●●

●

●
●●
●●●●
●
●

●●
●

●●

●●
●●

●
●

●●●

●
●●
●
●●●●●●
●
●

●

●

●

●●
●●
●●
●

●

●

●

●●
●
●
●

●●

●●●
●
●
●
●
●
●

●

●
●●
●

●

●
●

●

●
●

●

●
●●
●●●
●●●●
●
●
●
●●

●
●
●●

●
●

●

●

●

●

●
●

●
●
●
●●

●
●

●●●●

●

●●●●●
●●
●

●
●●

●●

●

●●
●●

●●

●
●
●

●

●

●●
●
●●

●

●

●

●●

●

●

●

●

●

●

●
●
●

●

●●
●

●

●
●

●

●

●
●
●
●●●

●
●
●
●
●

●

●

●
●

●●

●●

●

●
●
●●●

●●

●●

●

●

●

●

●

●
●
●

●

●●●●
●
●

●●
●
●
●
●●

●●

●

●

●

●

●●●

●●
●

●●
●

●

●

●●

●

●

●

●●

●

●●

●

●
●

●

●

●●●●●

●●

●

●

●

●

●

●●
●

●
●
●
●

●

●●

●●

●

●

●

●

●

●

●
●●●●

●●

●●
●●

●

●●●●
●
●●
●
●●

●●
●
●

●●
●

●●

●

●●
●
●●●

●
●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●
●

●

●
●
●
●●

●

●

●
●●

●

●
●●

●

●

●

●

●
●

●

●
●
●

●

●●●●●

●

●●
●●

●●

●

●
●
●
●
●

●●

●

●
●
●
●
●●●
●

●

●

●

●●●

●●

●●

●

●
●

●
●
●●●

●

●

●●●

●
●
●
●●●●
●
●
●

●

●
●
●

●

●

●
●
●●

●
●

●●
●
●●●●

●

●

●

●●
●
●●
●
●●●●●●●●
●
●

●●●●
●●●
●●
●

●

●
●●●●

●

●●●
●●●
●●●●●

●

●●

●

●●

●

●
●

●

●●●
●
●

●
●

●●

●

●
●
●
●●●●

●
●
●

●●●

●

●
●●
●●●●
●
●
●●
●●

●
●
●●

●
●●

●●●

●

●
●

●

●●●
●●

●
●
●

●

●●

●

●
●

●●●●●

●

●

●●

●

●

●●●●

●

●
●●●

●

●
●
●

●

●
●
●
●●

●

●●●●●●

●

●●●

●
●

●●
●
●●
●
●●
●

●

●●●
●
●
●●

●

●●●●●●
●●●●●
●●

●
●
●●●●
●●●●

●●

●
●●●

●

●
●
●●

●

●●
●●●

●

●
●

●

●

●

●●●
●
●
●
●●

●

●

●

●

●

●

●

●●
●●
●
●
●

●●

●●
●●●●

●

●

●

●

●

●●

●

●

●

●

●●
●
●
●●
●
●
●●●●
●

●

●
●
●●
●●
●

●●

●●
●●●
●

●

●●●
●●●●

●●●

●

●
●
●●

●
●

●
●

●

●

●

●

●
●
●
●●
●

●

●●
●●
●

●

●
●

●

●●●●
●

●

●●●●●
●
●●

●●
●●

●

●

●

●

●

●

●
●
●
●
●
●

●

●●
●●●●
●
●

●●

●

●
●●

●

●
●●●●

●

●●
●

●

●●
●
●
●
●●
●●

●
●

●●
●
●
●●●●●●

●

●●●
●
●
●
●

●
●●●
●

●
●
●
●●
●●

●

●

●

●
●●●

●

●

●

●●●
●
●●

●

●

●

●

●●
●

●●
●●●●●

●

●

●

●

●

●

●

●●

●

●●●●●●●●●
●

●

●

●

●
●●●

●

●●

●
●●
●

●

●

●

●●
●●●

●
●●

●

●

●
●

●

●

●●●

●

●

●●

●●

●

●
●●

●

●●

●

●
●
●●
●

●

●●

●

●
●●

●

●
●
●

●
●

●

●●
●
●

●
●

●

●
●
●

●●●
●

●

●

●

●

●

●

●
●
●

●

●
●
●
●
●●●●●●
●

●

●
●

●

●●

●

●●●●

●

●

●

●

●●●●

●
●●●●●
●●●
●
●
●
●●●
●
●●●●●
●
●

●

●
●●
●●

●

●

●

●

●
●●●●●●●●

●

●

●
●

●

●
●●
●

●

●●●

●

●
●●

●

●

●

●

●●
●
●●

●

●

●

●

●
●

●

●

●
●
●
●
●

●●
●●●

●

●●●

●

●●

●

●●

●

●

●

●
●

●

●●

●

●

●

●

●
●

●

●

●●●
●

●
●●

●

●

●

●

●

●
●
●●
●

●
●●

●

●●●

●

●

●
●

●
●●●●

●

●

●

●

●

●
●
●
●

●
●●
●

●●

●

●●

●
●
●
●

●

●
●

●

●

●
●●

●

●
●

●
●

●●●●●●

●

●

●

●

●
●

●

●

●●●
●

●

●●

●

●

●

●●●●●
●
●●●●

●

●

●

●
●
●●
●
●

●

●
●
●
●

●

●●●
●
●●●●
●●●●●●
●
●

●
●

●●

●
●

●●

●

●

●

●

●

●

●

●●
●

●
●
●

●
●

●

●●●
●
●
●

●
●●
●
●●●

●

●

●
●

●
●

●●●●

●

●●
●
●
●
●

●

●
●

●

●●●

●
●
●

●

●

●●

●●
●●

●

●

●

●
●

●

●

●
●

●

●
●●●

●

●●●

●●

●

●

●
●●

●
●

●
●

●

●

●

●●●●
●●

●●●

●●●

●

●
●

●

●

●
●
●
●

●

●
●

●
●
●

●
●

●●
●

●

●●●●
●

●

●●

●
●

●

●●●
●
●

●

●

●

●
●●

●

●

●●
●
●
●

●

●
●●

●
●

●

●

●

●

●●●

●●

●

●
●●●●
●●
●
●

●

●●●

●

●

●
●

●

●●●
●

●

●
●

●
●

●

●●●
●●●●

●

●●●
●

●

●

●

●●●
●

●

●

●

●

●

●●●

●

●
●

●

●

●

●

●

●

●●
●

●●
●
●

●●

●●

●

●

●
●

●
●●

●

●

●

●

●●

●

●

●

●

●●●

●●

●

●

●
●●

●●
●

●

●
●
●●
●●

●

●●●●

●

●●●
●
●
●
●●

●
●

●

●●

●●
●

●●

●

●●
●
●●

●

●
●●

●
●

●

●

●
●

●

●

●

●

●
●●

●●

●●●

●●

●●

●
●
●

●
●
●

●
●●

●
●
●

●
●

●

●●

●●

●

●

●
●

●

●

●

●
●
●●

●●●●

●

●●

●

●

●

●●
●●●

●
●
●●
●
●●

●

●

●

●
●

●
●

●
●●

●

●●
●

●

●

●

●

●

●

●

●
●
●

●

●

●

●●

●

●

●

●●

●●

●
●●

●
●●
●

●

●●

●

●●

●

●●

●●
●●●

●

●

●

●

●

●●●●●
●

●

●

●

●

●

●

●

●

●
●

●
●●●
●

●

●
●
●
●

●

●

●●

●

●

●●●

●

●

●

●
●

●

●●●
●
●●

●

●

●

●●
●

●

●
●
●●

●

●

●●

●

●

●

●●●
●

●
●

●

●

●

●

●

●●
●
●
●

●

●

●
●
●

●

●
●
●

●

●●

●●
●●
●

●

●
●
●

●

●

●

●

●

●
●●●●
●

●

●
●
●●●●
●●
●

●●●
●●
●●

●●●●
●
●●
●
●
●

●●

●

●
●
●●
●
●●

●●

●

●

●●●●
●●
●●
●
●●

●

●●
●

●

●●●
●●
●
●●●

●

●

●●

●

●●●

●

●●●
●
●●
●
●
●
●
●
●●
●
●

●

●●
●

●

●

●

●

●
●●●●●●●

●

●●●●●
●●●●
●●●
●●●●●●

●
●

●

●●
●
●●
●
●●●
●
●●●
●
●

●

●●

●
●●

●
●

●

●
●

●●●●●

●●
●●●
●

●

●

●

●

●

●

●

●●●●

●

●
●●

●

●●
●
●

●●

●
●●●●

●●●

●

●
chr14:100111565

0.2

0.4

0.6

0.8

r2

BCL11B SETD3

CCNK

CCDC85C

HHIPL1

MIR5698

CYP46A1

EML1 EVL

DEGS2

99.8 100 100.2 100.4 100.6
Position on chr14 (Mb)

0

5

10

15

−
lo

g 1
0 

P
 v

al
ue

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

● ●

●

●

● ● ● ● ●●

●

●
●
●●●●●●●

●

●●●●
●

●

●

●

●
●

●

●

●●●●●●
●
●●
●●

●
●

●
●●
●●●●●●●
●
●●●●●●●
●●
●
●●●
●

●●
●●●●●●
●
●●
●
●
●
●

●

●
●
●

●

●

●

●●●
●
●●●●●●●●
●

●

●
●●●

●

●
●

●
●

●●
●●
●●
●
●●

●

●●●
●●●●
●
●●●●
●

●

●●

●

●
●●●

●
●●●
●
●●
●●●
●●●●●●●●●
●●●●●●
●●
●●
●●●●
●●
●●
●●●●●●●
●●
●
●●●
●
●●

●●
●●
●

●

●●●
●●●
●
●●●●
●●●●●●
●
●

●

●●●
●●●

●
●

●
●
●●
●
●●
●●●●●●●●●
●●●
●●●●●
●
●●●
●●
●
●●

●

●●●●

●

●●

●

●
●
●●●●
●
●●
●●
●●●●●
●
●●●
●●●
●
●●●●●●●●●●●
●●●●●
●●●
●●
●●
●
●
●
●●

●

●●●●●
●
●●●●●●
●

●●

●
●●
●●
●

●

●

●●●
●
●●●
●
●●●●
●●
●
●●●●
●
●●●●●
●

●
●
●
●●

●

●●
●
●

●

●●

●

●

●

●●

●●

●

●
●
●●

●

●

●●
●
●
●●

●

●●●

●●

●
●
●

●

●

●

●

●
●●
●
●●
●

●●
●

●

●
●

●●●●

●

●●●●●●●
●

●

●●●●●
●
●
●
●●
●●
●

●

●●●●●●●
●
●

●●●
●
●
●●●

●

●●

●
●

●
●

●●

●

●
●

●
●
●

●

●
●
●
●●
●
●●

●●●●

●

●●
●●
●●●●●●

●

●●●
●
●

●
●
●

●
●●

●

●
●

●

●●●
●

●

●
●
●●●●●●●●●●●●●●●●
●●
●●●
●
●
●●●●●
●
●●●
●●●●●●●
●
●●
●●●●●●●
●

●

●●●
●

●

●●

●●

●
●
●●
●●
●●●●●●●●
●
●
●

●
●●
●
●●●●
●

●
●
●
●●●●

●●●
●●

●

●●
●
●●●

●

●

●

●●
●●

●

●
●●●
●
●
●

●
●
●●●
●●
●
●●●●●

●

●
●●
●
●
●
●●●
●
●
●●●●●●●●

●

●

●
●●●
●●●
●

●●

●●
●
●

●
●●

●●
●●

●●
●
●

●
●

●

●
●
●

●

●●●
●

●

●●●●

●

●

●●
●
●●
●●

●●●
●●●●

●

●

●

●●
●
●●

●

●

●

●●
●
●●

●

●●

●

●●●●
●●

●

●

●

●●
●
●

●

●

●
●
●●

●●
●

●●●

●
●
●●●

●

●
●●●
●●
●
●●
●●
●
●
●
●
●
●●●
●
●
●●
●
●●●●
●●
●

●

●
●●

●

●●

●

●

●

●
●
●
●●●●●●●
●
●●
●
●
●●

●

●●

●
●
●●
●●●

●●

●●●●

●

●●
●
●
●
●●●●●
●●●●●

●
●
●●●
●

●
●

●

●●
●●●●
●
●●●
●●
●●●●●
●
●●●
●●●

●

●
●
●
●●
●
●●●●
●●●
●
●●●

●

●
●●●●

●●
●●●●●
●
●●●
●
●
●
●
●
●
●
●●●●●
●●
●

●●

●
●●●
●●
●●●●●●●
●●
●●●●●●●●
●
●
●●
●
●
●
●
●

●●
●
●●●●
●
●
●
●●●
●
●●●
●
●●●●●●
●
●

●●●●●●●
●●●●●●●●●
●●●●●●
●●
●
●●●●

●●
●●●●
●
●●●
●●●
●
●●●

●

●
●●●●
●
●

●●
●
●●●
●●●
●●
●●●
●●●●
●
●●

●●●

●
●●●
●
●
●

●
●

●

●●●●●●●

●

●●●●

●
●●

●

●
●

●
●
●

●

●●●●
●●●

●

●●

●

●
●
●●●●

●

●

●●
●

●

●
●

●
●
●●●●
●
●
●
●
●●●●●

●

●●
●

●

●●
●
●
●●●●
●●
●
●
●●
●●
●●●●●●●●●
●
●
●●●

●

●
●●

●
●●●

●
●

●
●
●

●●●
●●●●
●

●
●
●
●●●

●

●●●●
●
●●●●●
●
●
●●●●
●
●
●
●

●

●●
●
●●

●
●●●
●●●●●
●●●●

●

●●●●●●

●
●
●
●
●
●
●
●●

●

●

●
●●●●●●●

●

●●

●

●●●

●
●

●
●
●●●●
●●

●

●●
●●●●
●●
●●●

●
●●
●
●●●
●

●

●●●●●

●

●
●
●●
●●

●
●●

●
●
●

●

●
●
●
●
●●●
●●●●●●●
●●

●

●

●●

●●

●
●
●●
●
●●●●
●●●●●●
●●●
●●
●
●●
●
●
●
●●●●
●●
●●
●
●●●●●●

●●

●
●
●
●
●

●

●

●
●●●
●
●●

●

●
●●●●●●●
●●●●
●

●●

●
●
●●
●
●
●
●●
●
●
●
●●

●

●●●●●

●
●
●●
●
●

●
●
●●●●●
●●●

●
●
●

●
●

●
●●●
●●●
●●●
●●
●●
●

●

●●

●

●
●●

●

●

●
●
●●●
●●●
●
●

●

●
●
●

●

●●●●●
●

●

●●●●●●
●●●●●●●

●

●●
●●
●●●
●
●
●●
●

●
●●●
●
●
●●●
●●●
●
●
●●●●
●
●
●
●●
●●●●●
●●
●
●●●●●

●
●●●●
●
●●
●
●●
●

●

●
●
●
●

●

●●●●●●
●●
●●●
●●●
●●●
●
●●
●
●
●
●●●
●
●●

●
●
●

●●●●
●
●●●●●
●

●
●
●

●
●●
●●●

●

●

●

●
●

●

●
●●●●●
●
●

●●
●

●●●●
●
●

●

●

●
●●
●
●

●●

●●●●
●
●

●

●
●●●

●

●●●●
●●

●
●

●

●

●

●

●

●
●
●●●●
●●●●●●●
●●●●
●
●

●●●●●●
●

●

●●●
●

●

●

●
●
●●

●

●●
●

●●
●
●●

●

●●
●●
●●
●●
●
●●●●●●●

●●●
●

●●●●
●●
●●●
●●
●
●●●
●

●

●●

●
●●
●
●●●
●
●●●●●

●
●
●●●●●
●
●●
●
●●●
●
●

●●●●

●

●
●
●
●
●●
●●
●●
●●●
●
●●
●
●
●
●●●
●●●●●●
●●

●

●●●●●
●
●●●●
●●●●
●
●●●
●●●●●●
●
●●
●●

●
●●●
●
●
●●●●
●●●●●●●
●
●●●
●●
●●●●●●

●

●●
●●
●
●●●
●●●
●●●
●
●●●●●
●

●●

●

●
●●●●
●●●●
●
●●●●●●●●
●●
●
●●
●●

●

●
●
●●
●
●●
●●●●
●
●●●●
●
●
●
●

●

●●
●●
●●●●●
●
●

●

●
●
●
●
●
●

●

●●
●
●●
●
●
●
●

●

●●●
●

●
●
●
●
●●●●●
●
●

●

●
●●●●●
●
●●

●●

●

●

●

●

●●●●
●

●●●●

●

●●●●●
●
●
●
●
●●
●●

●●

●●●●●
●

●

●●
●

●

●●
●
●
●

●

●●

●

●
●
●●●
●
●
●
●
●
●●●

●

●
●
●

●
●
●●●
●
●

●
●●
●
●
●●

●●

●
●

●

●
●
●●
●●●●●●●●
●
●
●●●

●

●
●
●

●

●●●
●
●
●
●●

●

●
●●●
●●●

●

●●

●

●
●●●●●●
●●
●
●●●●●

●

●
●
●●●●●●●

●
●●
●●●

●●●●●●
●
●●
●

●

●

●

●
●

●●
●
●●
●
●

●●

●●●●
●●●●●●
●●●

●●●
●●●●
●●●

●

●
●

●●
●●
●●
●
●●

●

●●

●●
●●

●

●●●●
●
●●

●

●●●●
●

●

●
●
●
●●●
●
●
●
●●●
●
●●
●
●●●●●●●
●●
●●●●
●●
●●●
●
●
●
●●
●
●
●●●●
●●●

●

●
●●●●●
●
●

●

●●
●●
●●●●●●
●●●

●

●
●

●
●
●
●●
●●
●

●●
●

●●●●●●

●

●

●
●●

●

●

●
●●
●
●●●●●●

●
●

●

●

●●●●●
●●
●
●●●●
●
●●

●

●●

●●●

●

●
●●●
●●
●●●●●●●●
●●
●●
●●●
●●●
●
●
●●●●●●
●
●
●●
●
●●●
●
●

●

●

●
●
●●●●●
●●●●●

●
●
●●●
●●
●
●
●●

●

●●●
●●
●
●

●

●

●●●●●
●
●●
●●
●
●●●
●
●

●●●
●●●●●●
●
●
●
●●
●
●●●

●

●

●●●●●
●

●●●
●

●

●●●●●●
●●●●●●●

●

●●●
●
●●
●
●
●●
●●●
●

●

●●●
●●●●●●
●
●●●●●●
●●●
●
●
●
●
●

●

●●●●
●●
●●
●●●●●●●●●●●
●
●●
●●

●

●
●●●

●

●

●●
●
●
●●

●

●

●

●
●●
●

●●
●
●●
●

●
●
●●●
●

●●●
●

●
●
●
●●●●●
●
●●●●●●●●
●
●
●●
●
●

●

●
●
●

●

●
●●
●●●●●●

●
●●●●●
●
●

●●●

●
●
●
●●●
●

●

●
●●
●●
●
●●
●●
●

●
●
●●●
●
●
●●
●
●●
●●
●
●

●●●●●
●
●
●
●●
●
●

●

●
●
●●
●●●●
●●●●●●●

●

●●●●

●

●●●

●

●●●
●●

●

●
●●●●●
●●
●●●
●●

●

●●●●

●●

●

●
●●
●

●

●●

●

●

●

●●
●●

●

●●●●●●●●●●●●●●●●●●●●

●

●●
●
●●

●●

●●
●
●

●

●●

●
●
●
●●
●●

●

●

●●●●●
●●
●
●

●●

●●●
●
●
●
●
●
●

●●●●

●

●

●●●●
●●●●●
●●●

●

●●●●

●

●●

●

●

●

●
●

●
●

●●●●
●
●●●●

●

●
●
●●
●●●●

●

●

●
●●
●

●●

●●●
●
●●

●●
●●
●●

●

●●●●●●●●●
●●●●●

●

●●●●●●●
●
●●

●

●●●

●

●●●●

●

●●

●

●
●●●●●●●
●

●●

●

●●
●
●●
●●●●●●
●

●

●

●

●●

●

●●

●
●●●●●●●●●

●

●

●

●●●●
●

●●●
●

●●●●
●
●●
●
●●

●
●

●

●●

●
●●

●

●●

●

●●●●●●●

●

●
●●●●●●●

●
●
●●●
●

●

●●●●
●●

●

●

●●●●
●
●

●

●●●●●●●●
●
●●●●
●
●●●●

●
●●

●●

●

●●
●
●●●
●

●
●

●●
●●●●●●
●●

●
●●●

●
●●●●●●●●●

●

●●●
●●
●

●●●●

●
●●●●●●●●
●
●
●●●

●●
●●●●
●●●

●

●●●
●

●

●●

●

●

●

●
●●●

●●●
●

●

●●●●●

●
●●●
●
●

●
●●
●
●
●
●●●●
●●
●
●

●

●

●

●
●
●

●
●
●●●
●
●●

●
●

●●●●●●

●●

●

●●
●●●
●

●
●
●
●

●

●●●●●●●

●

●●
●
●●

●

●
●●
●●
●

●●

●

●

●●●●●
●●
●
●●●●
●
●●

●

●

●

●

●

●●●
●

●

●

●

●●
●●●
●
●●
●

●

●

●

●●

●

●

●

●●
●

●

●●●

●

●

●
●●●
●

●●●●

●

●●

●

●

●

●●●
●●

●
●

●●

●

●

●

●

●●

●

●
●●●●

●

●●
●
●
●
●
●●

●

●

●

●

●

●
●
●

●

●

●

●

●●
●

●
●
●

●●

●

●

●●●●●

●●

●
●

●
●

●

●
●●

●

●

●
●

●●●

●
●

●●

●

●
●●
●●
●

●

●

●

●

●

●

●

●

●

●●
●
●●
●●
●●●

●●●
●
●●●
●●●●●●●

●

●●

●

●

●

●

●

●

●●

●

●
●

●
●

●

●

●●●

●●

●

●

●

●

●

●

●

●
●
●●●

●
●

●
●●●●●
●
●

●

●

●●

●

●

●
●
●
●
●●

●
●
●●
●

●●
●
●

●

●●
●
●●●●●●●
●

●

●●●●●●●●●

●

●

●
●
●●●●

●
●

●

●

●

●
●●●
●●
●●

●

●

●

●●●
●
●●
●●●●

●
●●

●
●

●
●

●

●
●
●●
●
●●

●

●

●

●●
●

●
●

●

●

●●

●
●

●
●●●

●

●

●●

●

●●
●●
●●
●
●

●

●
●●
●●●
●●
●●●

●

●●●●●

●

●●●

●●●
●

●

●

●●●
●●
●
●

●

●●
●

●

●
●
●●●
●●●●●
●●
●●
●●
●●

●

●
●

●

●●

●

●●●
●

●

●

●

●

●●
●

●

●

●●●●●

●

●
●
●
●
●

●●

●

●
●
●
●

●●

●

●●●●●●●
●●●

●

●●●

●

●
●●

●

●
●

●
●●●●●●
●
●●●●●●●●
●●
●●
●
●

●

●●

●●

●
●●●
●
●●
●●
●●●●●●●
●
●●●●
●
●●●
●
●●●●

●●
●
●●●●
●
●
●
●●●

●

●●
●●
●

●
●●●

●

●
●●
●
●●●
●●●
●●
●

●●
●●

●

●●
●
●●
●

●

●
●●●

●

●
●
●●
●

●●
●
●●●●
●
●

●

●
●

●
●

●

●
●

●

●

●

●

●

●●
●

●

●
●

●

●●
●
●

●

●●●●●●●

●
●●

●

●●●●
●

●

●●●

●

●
●

●●
●●

●●
●●●●

●
●

●●
●●
●
●

●
●
●

●

●●

●

●
●●

●
●●●

●●

●●
●

●

●●
●●●

●

●●●
●
●●

●

●
●●

●

●●

●

●●●●●●

●
●
●●
●
●●

●

●
●
●

●

●●●●
●●●●●
●●

●●●●●

●
●●●

●

●

●
●

●

●

●●●

●

●
●

●

●●●

●
●

●

●

●

●

●●●●
●
●

●
●
●●
●●●●

●

●

●●

●
●
●
●
●
●
●●●

●
●●
●●
●

●

●●

●
●
●

●●

●

●

●

●
●

●●
●
●

●●

●
●

●

●

●●

●
●●

●
●●●

●●●
●

●
●●

●

●
●
●

●

●

●
●
●
●●●
●

●

●●

●

●●

●

●

●

●

●
●●●

●

●

●●●

●

●

●

●
●
●
●
●
●

●

●
●
●●●

●●

●
●

●
●

●

●

●

●●●
●
●●
●

●
●
●●
●●●●●●
●●
●

●●

●

●●
●
●●
●●
●●
●
●

●●●
●●

●●●●●●
●●

●

●

●●

●
●●●●

●

●
●●
●
●●
●●

●

●
●
●●
●

●●●
●
●●
●
●
●●
●

●

●●
●●
●
●●
●●

●●●●
●●●
●

●

●●●●●●●●●●
●
●●
●
●
●●●
●

●

●
●

●
●

●
●●●

●

●●●

●

●
●
●●●●
●
●

●

●

●
●●
●●

●

●
●

●
●●●
●●
●

●

●

●
●

●●

●

●●●●●

●

●●
●●
●●●
●●●●
●●●●●●●●●

●

●
●
●
●
●●
●

●●

●●●●

●●●●●●
●
●●
●●●●●

●

●●

●

●
●●●
●●●●●

●●

●

●●
●●

●

●
●
●●

●

●●●●

●

●●●●
●●●●●●●●●●●
●
●●

●

●●●●●●●

●

●●
●
●●●●●
●
●●●

●

●●●●●●●●
●●

●
●
●●
●
●●
●●
●
●
●
●●

●

●●●

●

●

●

●●●●

●

●●
●
●
●●●
●●
●●●●
●
●

●●
●
●

●

●

●

●●●
●●●●●●

●

●

●

●●

●

●
●●●
●
●
●
●●●●
●
●●

●

●
●●
●●●●●●●
●
●

●●●●●

●

●●●
●●
●●●●
●
●

●
●●

●

●
●
●●●

●

●●

●
●

●
●●●●●
●●
●●●●
●

●

●
●●

●

●●●●
●

●
●●●

●

●●
●
●●●
●

●

●●
●

●
●

●●●●
●
●
●

●●●●●
●●●
●●●●●●
●

●

●

●●

●

●●

●●●
●
●●

●
●

●●●●●●●

●

●
●●●●●●
●●●●●●
●

●●

●
●●●●

●

●●●●
●
●

●

●
●
●●●
●●
●●
●

●

●●
●

●●●
●
●●
●

●●

●

●

●

●
●●●

●

●

●

●●●●
●●●●
●●

●

●●●●

●

●

●

●
●

●

●●

●●●

●●●●●●●●●●●●●●
●●●●

●

●

●

●●

●
●
●

●

●

●

●●●

●

●●

●

●
●●

●●

●

●

●

●●
●
●

●

●
●

●●
●●●●
●

●●

●

●
●
●
●●●
●●●●●
●
●

●

●

●●●

●●●
●
●
●

●

●
●●●

●

●●

●●

●

●
●●
●
●
●●●●

●●●

●

●

●●
●●●

●

●●

●●●

●●
●

●

●
●●●●
●●
●
●
●

●●

●●●●●

●

●●●●
●
●
●
●
●●
●●

●

●

●

●●
●

●
●●
●

●

●
●●
●

●
●
●

●

●●
●●●

●

●●
●●●

●
●●●

●

●●
●

●●
●

●

●

●●

●●
●●●●●
●
●●●●●
●●●●

●

●

●
●●
●

●
●
●●●
●●●

●

●●

●

●●●
●●
●
●●●●●
●
●
●●●
●●●
●●●●●

●

●●●●●●
●
●
●●●
●
●
●
●
●
●●
●

●

●

●

●

●
●●
●

●
●
●

●●●●●
●●
●
●
●●●●●
●

●
●
●●●

●
●●●

●

●
●
●●

●●
●●

●

●

●●

●
●●●●

●

●

●
●
●●
●●●

●

●
●

●●

●●

●●●●●●●

●

●●
●
●

●
●
●●

●

●

●

●●
●●
●●●●

●

●●

●●

●
●
●

●●

●●●●
●

●

●

●

●

●

●

●
●
●
●●●
●
●

●
●●●●●●
●
●●

●

●

●
●●

●

●●
●●●●
●●

●

●

●

●

●●

●

●

●●

●●●

●

●●

●

●

●

●

●●●●●●

●

●●●●●●

●

●

●

●

●

●●

●

●
●

●●
●

●●

●

●

●

●

●

●●

●

●●●●

●

●●

●●

●

●
●

●

●

●●●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●

●●

●●
●
●
●
●
●

●

●

●●
●

●

●●

●

●●●●●

●

●

●●
●
●●●●

●

●

●

●

●

●

●
●

●

●

●
●

●

●●

●●

●

●

●
●
●

●

●●●

●

●
●●

●

●●

●

●

●●
●

●

●●

●

●

●
●●

●

●

●

●●●

●

●

●

●

●
●

●

●

●

●

●
●
●

●●●●●
●●

●
●

●
●

●

●

●

●

●●●
●

●

●
●

●

●●●

●

●

●●
●
●
●
●●

●

●●
●
●

●
●●●
●●●
●●●

●

●

●●

●

●

●

●

●

●

●
●●●●●

●
●

●

●
●●●●

●

●
●

●
●
●●

●

●
●

●

●

●

●

●

●

●

●●

●

●
●
●

●
●

●

●●
●●
●●

●

●
●
●
●●

●

●
●

●

●●

●

●●

●

●

●
●●
●●●

●●

●

●●●●

●

●●●
●●
●
●●●●
●●●
●

●

●

●

●
●
●

●

●●

●

●

●●
●●●
●
●

●

●

●●
●●●
●●

●

●●●

●●

●●●
●
●
●
●
●
●
●
●
●●
●
●

●

●

●

●

●●
●
●●●●●
●●

●

●

●

●

●

●
●

●

●

●
●●●●

●

●●●●

●

●
●
●●

●

●
●●

●

●●

●

●●

●●●●

●

●

●

●
●●●
●

●

●●

●

●

●
●●●●

●
●

●

●

●●●●●

●

●

●

●

●

●●

●

●

●

●

●
●●
●●●●
●●
●
●
●

●

●

●

●

●
●

●

●●
●

●

●
●

●

●
●
●

●

●●

●

●

●
●

●●●
●

●

●

●
●
●●
●

●

●●
●

●

●

●

●

●

●
●

●

●●●

●

●●

●●●●
●

●

●

●

●

●

●
●
●

●●

●

●
●

●●
●

●●

●

●

●

●

●

●●●●

●●

●
●
●

●

●

●

●●
●

●

●

●●

●●
●
●●●

●

●●
●

●

●●●●
●●

●

●●

●

●
●
●
●●●●●●

●

●

●

●
●
●
●●

●

●

●●

●

●

●●
●

●

●●

●
●

●●
●
●●
●
●
●●●
●
●

●
●

●●●

●

●
●●

●

●●

●
●●
●

●

●

●●
●●

●

●●

●

●
●
●●●
●

●

●
●●

●

●

●●
●

●

●

●

●

●

●●●●●●

●

●

●

●

●

●●●●●●●
●●●
●
●

●

●●●●●
●●●

●

●

●

●
●
●

●
●
●

●●

●●

●
●
●

●

●●●●
●
●●●●

●

●●

●

●

●

●●

●

●●●

●

●●
●
●
●●●
●●●

●
●●
●
●●●●

●

●●
●
●
●●

●

●

●●●

●

●

●

●
●

●

●
●●●
●●
●
●
●
●●●●
●●

●

●●●●●

●
●

●

●

●

●●●

●

●●

●

●●●●
●
●●●●●
●

●

●●●

●

●●

●

●
●

●

●

●

●●

●●

●

●

●
●●●

●

●

●●●

●

●

●

●●
●
●●

●

●
●

●●●

●

●●●

●

●●

●

●
●
●

●●●●
●

●●

●

●

●

●

●●●
●

●
●●

●

●

●●

●
●
●
●
●●●●

●

●

●

●

●

●

●●●●●●

●

●●●●●●
●
●●●

●

●●

●

●

●●

●
●

●
●

●
●

●

●
●●

●

●

●●

●●

●●

●

●
●
●

●●●

●

●

●●

●

●●●●
●
●

●●

●

●●

●

●

●
●

●

●

●●

●

●

●

●

●

●
●

●

●●●●

●●

●

●

●

●

●

●
●

●
●
●

●

●

●
●●

●●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●●●
●

●

●●
●

●

●●●

●

●

●●●●

●

●●●

●
●

●●

●
●●●●●●

●

●●●●●

●

●

●

●
●
●
●

●
●
●●●
●
●●●
●
●●
●
●
●●

●

●●●●
●●●●●
●●
●●●
●●

●

●●
●●●●
●●

●
●●●●

●

●
●

●
●●

●

●●●●

●

●
●
●

●

●

●

●●

●

●●
●

●
●
●●

●
●●
●●
●●●
●●
●
●●●
●●●●
●●●

●

●●
●
●
●
●●

●●●
●
●●

●
●
●

●
●●
●

●

●
●
●
●

●

●
●●●
●

●
●
●
●●
●●●●
●●
●
●●●●●●
●
●

●
●
●●
●●●●
●●●
●●●●

●

●
●
●●●
●●●●●●●●
●
●●●
●●●●●●
●●●●●●●
●●
●●●
●
●●●
●●
●●●
●●●●
●●
●●●
●●
●●

●

●●●●●
●
●●●
●●●●
●

●●●●

●
●●
●

●

●●●●
●●●●●●
●
●
●●●
●●●●●
●
●●●
●
●
●
●●
●●

●

●
●
●●●●●●●
●●
●●●●
●
●

●●
●●
●
●●●
●
●●
●
●●●●●
●●
●●●
●●●
●
●
●●
●
●●●●●●●●●●●●
●●
●●●
●
●
●
●●
●
●●●●
●
●●

●

●●
●
●
●●●
●
●
●●●●●
●●●●

●●
●●●●●●●
●●
●
●●●●●●●
●●

●

●●●●
●
●
●
●

●●
●●
●
●●●●●●
●
●●
●
●●
●
●
●●●

●

●●
●●
●●●●
●
●●●●●●●●●●
●●●●●●●●●●●●●
●
●●
●
●●
●●
●
●●●
●
●●●●

●

●●●●

●
●●●
●
●

●
●
●
●●
●
●
●

●●●●

●

●
●●
●
●●●●●

●
●
●●●

●

●

●
●

●●●

●

●
●●●

●

●●

●
●

●
●●●●

●

●●

●●

●●
●●

●●

●
●

●

●●

●

●●

●
●●

●
●

●

●●●

●

●●●

●●

●●●
●
●
●
●
●
●
●
●●●

●

●●●●
●

●

●●●●●●

●

●●
●●
●

●

●
●●
●●
●
●●
●
●

●

●●
●
●●●
●
●●●●

●

●●●●

●

●

●
●●●

●
●
●
●●
●
●●●●
●
●●

●

●●
●●●●●●●●
●●
●●
●●
●●●
●●●●●●

●

●
●●●●●●●●

●

●●●●●

●

●●●

●

●●
●●

●
●●●●●●

●●●
●
●●

●

●
●●●
●●●●●●●

●
●
●
●●●
●●
●
●

●●
●
●●●●●
●●●●●
●●
●
●
●●●

●●●
●

●

●●
●●●
●
●
●●●
●
●●●●

●

●●
●
●
●
●●●
●
●●●
●
●●●●
●●
●●
●●●●●
●●
●●●●●●
●
●●
●●
●●
●
●
●
●●●
●
●
●
●●

●

●
●●●
●●●
●
●
●●

●

●
●●●

●●

●
●

●

●●
●
●●●●●●●●●●

●

●●
●
●●●●●●●●●
●
●●

●
●●
●
●●
●●
●●●●●●
●
●
●●●
●
●●●
●
●●●●●
●
●

●
●
●●●●●●
●●
●●

●

●●●

●

●
●

●

●
●●
●
●●●●
●●●
●
●

●

●
●
●●●●●●●
●●●●●●●●●●
●●●
●●
●
●
●●
●
●●●●●

●

●

●

●●●●

●

●●●
●●
●

●
●●

●

●

●

●●●
●
●●●●●●●●●
●●●
●

●

●●●
●
●●●●
●●●●●●
●
●
●

●

●●●

●

●
●
●
●●●●
●
●
●

●

●●●●
●
●
●
●

●

●●
●
●

●

●●●●●

●

●
●
●
●●●●●●●●●●●
●
●●

●

●
●
●●

●

●●●●●●●●●
●●●●●
●
●●
●
●

●

●
●
●
●●●●
●
●●

●

●

●

●
●
●●
●●●

●

●

●

●
●
●
●●
●●●
●●●
●
●
●●
●●●
●
●
●●●●
●●

●

●
●
●

●
●●●●
●
●●●●●●●●●●●●

●

●
●●●●
●
●●●●●
●●●
●
●●●●●
●
●
●
●
●●●
●

●

●●
●●●
●●●●●●
●
●
●●
●●●●●●●
●
●●●●

●
●●
●
●●●●●●

●

●●●●●●
●●●
●●
●●
●
●●●●●●●●
●●
●●●
●●
●
●●
●
●●●
●●●●
●●●●●
●●

●
●

●●●●●
●●●●
●●●●●
●

●●

●

●

●

●●
●●
●●●

●

●●●●

●

●
●
●●●●●

●
●●
●●●●●●●

●
●●●●
●
●
●
●●●●
●
●●
●
●●
●
●
●
●●●●●
●
●●●●●●
●
●

●●

●

●
●
●●●●●
●●●●●
●

●

●●
●

●●●●

●
●
●
●

●

●●●
●●
●●●●●●●●●●
●
●
●
●●●

●

●●●●
●
●●●●

●
●
●
●●●●●●●●●

●

●●●●●●●●●●
●●●●
●●●●●●
●
●
●●●
●●
●
●
●
●●●●●●●●●
●
●●●●●
●

●●●●●●

●

●●●
●●●
●●
●●●●●

●

●●●
●
●
●
●●
●

●

●●●●●●●●
●
●

●

●

●●
●
●●●●●
●●●

●

●●●
●
●
●
●●●
●●
●
●●●●●
●
●●

●●
●●●

●
●●
●●●
●
●
●●
●●
●●
●

●●●
●●
●●

●

●

●●●

●●
●

●

●
●
●
●●
●
●
●
●
●●●
●●●●
●●
●
●
●●●●
●
●●●●●
●●●●●●●
●
●

●●●
●●●●●●
●
●●●●
●
●●●
●●
●●
●●
●

●

●●
●●●●●●●●
●●●●●●
●●
●●

●

●●●
●●
●
●●
●

●

●●●●●
●●●
●

●●
●
●●
●
●●
●

●

●
●●
●
●●
●
●●●●●●●
●
●●●●●●
●
●
●●●●●

●

●●●●●●●●
●
●

●

●●●●●●

●

●

●
●
●
●●●

●

●
●●●●●

●●

●●●●●●

●

●●●●

●

●
●
●
●●
●
●●●●
●
●
●
●
●●●●
●
●●
●
●
●
●●●
●
●●●
●
●

●●●●●●●
●●●●●
●
●
●
●●
●●
●
●●●
●
●●●●
●●
●●●●
●●

●

●

●

●●●
●
●●●●●●●●●●●
●
●●
●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●
●
●

●

●●●●
●
●●
●
●
●
●●●●●●●●
●
●●●●
●●●●●●

●

●●●●
●
●●●●●●
●

●

●●●●●●
●
●
●●
●
●●●●

●●●

●●●●●
●
●●●●
●
●
●
●●●●

●●

●●
●
●
●
●

●

●
●
●●●●●●●●
●
●●●●●●●
●
●●
●

●●●
●●●
●
●
●●●●

●

●●

●

●●●
●
●

●●

●●●●●●●

●

●
●
●
●

●

●●●●●

●

●
●
●

●
●

●

●
●
●●

●

●●●●●
●

●●●●
●●

●

●
●
●●●

●
●●

●
●
●
●●
●

●
●
●●

●

●
●●●
●
●●●●●

●

●

●
●

●

●
●●●●
●
●●●●●●●●●●●

●

●●●
●
●●●●

●

●●●
●
●●●●
●

●

●
●
●
●
●
●●●
●
●
●●●●
●●
●●●●

●
●●●●●●●
●
●

●
●

●●
●●●●
●
●●●●●
●
●
●●

●●●●
●●●●●
●●●●

●●

●

●●●●

●

●●●
●●●
●●●●●●
●
●
●●
●
●●●
●●●
●●
●●●
●
●●●●

●

●

●
●
●

●●
●●●●●
●

●

●●●●●●
●
●●
●

●
●●
●●

●●
●

●●

●

●

●
●●●●
●●●

●

●●

●●
●
●
●
●
●

●
●
●●

●
●
●
●
●●
●●●●●
●
●

●

●●
●
●
●●●●●●●●●●
●

●●●●●●●
●
●

●

●●●
●
●●●●●●●●●●

●

●●

●

●●●●●
●●
●

●●

●●
●
●
●
●
●●
●●

●●●●
●
●

●●
●
●
●
●●
●●●
●●
●●●●
●
●
●
●●●●●●●
●
●●●●●●
●●●●
●
●●●
●

●

●
●●●

●●

●●
●
●●●
●

●

●●●●
●
●
●●

●●

●

●●

●
●
●●
●
●●●
●●●●●
●●
●●

●

●●●●
●
●●●

●

●
●●●●●
●
●●●●●
●
●●●●●●●●
●
●●●●●●●●●
●
●●●●●

●

●●
●
●●●●●●●
●●●●
●
●●
●
●●●●
●
●●●●

●

●●

●

●
●
●●

●
●●●●●
●●●●●●●

●

●
●●●
●
●●●●●
●
●●●
●
●●●

●

●●
●●●●●
●
●●●●●●●

●

●●●●●●
●●●
●
●●●●●●●
●
●●●●●●●

●

●

●
●●●
●●●●
●●●●●●●●●●●
●
●●●●●
●●●

●

●●
●
●●

●

●●●
●●●●●●●●
●
●

●

●
●

●

●●●
●
●
●
●

●

●
●●
●

●
●
●
●
●●●●●●●●●●●●●
●●●●●

●

●●●

●

●
●
●
●●●
●
●●●

●
●
●●●●
●
●
●
●●●
●●
●●●●●●
●
●
●●●●●
●●
●
●
●
●●

●
●
●
●●●
●●●
●
●●
●
●●●●●●●●
●●
●
●●
●
●●●●
●
●●●●●
●●
●●●●●●

●●
●●●●●
●
●
●
●
●
●●
●●●
●
●●●●
●

●

●●
●
●
●
●●
●●
●
●●●●●
●
●

●●
●●●●
●
●
●
●●●●●●
●●●
●●
●
●
●●
●●
●●
●●
●
●●●●●●
●●
●●
●
●
●
●●
●●
●●
●
●
●

●

●●●●
●●
●
●●●●●
●●
●
●●●
●●
●
●●
●
●●

●
●
●●
●
●●●
●●●●●●
●●●●
●●●
●●●
●
●

●

●
●●●
●
●●
●
●●●●●●
●●
●●●●
●●
●
●●●
●●
●●●●●●
●●
●●
●
●●
●
●
●
●●●

●
●
●
●

●
●●
●
●
●
●
●●
●●●●●●
●●
●●
●●
●
●
●
●●●●
●
●●
●
●

●
●
●
●
●
●●●●
●
●●
●●●

●

●●
●
●
●
●

●

●●

●●●●●●●●●●
●
●●●●●●
●●●●●●●
●
●●●
●
●

●
●
●●●
●
●
●●●●●●●●●●●●●●

●

●
●●●
●●●●
●
●●●●●●●●●●●●
●
●●●
●●
●
●
●●●●
●
●

●●●●●●●
●
●

●
●
●

●
●●●●●●●●●●●
●
●●
●
●
●
●
●
●●●●●
●
●
●●●●
●
●●
●
●

●

●
●
●●●●●●

●
●●●●
●●●
●
●
●
●
●
●
●●
●
●●
●●●
●
●
●
●

●

●●●●

●

●

●

●●●

●
●
●●
●●
●
●
●●●

●
●
●●●
●

●●

●

●●●●●
●●●●●●●●●●

●

●
●●●●
●
●●
●
●●●●●
●

●●

●

●
●
●

●●●●
●
●

●
●●
●

●
●
●
●●
●●
●
●
●●
●●
●●●
●
●●
●●●
●
●●●●●●●●●●●●●●
●
●
●●
●
●

●
●●●●●●●●●●
●
●●
●
●●
●●●●●
●
●●●●●●●●●●●
●
●
●
●●●●●●
●
●●

●
●●●
●
●

●●

●●
●

●
●●
●●
●●●
●●●
●

●

●●●●●
●
●
●●
●
●●●●
●●

●

●

●

●●●

●

●●
●

●

●●
●●
●●●
●●●●
●
●●
●
●
●●●●●
●●●
●
●●
●

●

●●●●●●●●
●
●●●
●
●●●●
●

●

●●●

●
●●●●●●●●
●●
●●●
●●
●
●●

●

●●●●●
●
●●●

●

●
●●●●

●
●●●●●●●●●
●●
●●

●
●
●
●
●
●●●●
●●●
●
●●●●●●●

●

●●
●●
●
●●

●

●●
●
●●
●
●●
●
●●●●
●

●

●●●
●●●●●●●●●●●●
●
●●
●
●●

●
●
●
●●●

●

●●●●●
●
●●
●●●
●●●●●●●●●

●
●●
●
●●
●
●●●
●
●

●
●●●●
●●

●

●●●●●
●
●●
●
●●
●●●●●●●
●
●●●●●

●
●●
●

●

●
●
●●

●

●●●●
●●●
●●●●
●

●●●●●●
●
●●●●●●●●●

●

●●
●

●●

●
●
●
●
●
●
●
●
●●●●●

●

●

●

●●

●

●
●

●●
●
●●●●

●

●

●

●

●●●●

●●
●

●

●●

●
●●●
●
●
●●
●
●●
●
●
●●●●●●
●
●
●
●●●●

●
●

●●●
●●
●●●●●
●
●●●
●
●
●
●●●●●●●●●●●

●●
●●●●●●●
●
●●●
●

●●●●

●

●●●●●●●●●●●
●●●●

●

●●●●●●
●●●●●
●
●●

●

●
●●●

●
●
●

●

●
●
●
●●
●
●●●
●
●●●
●
●

●
●
●
●●●●●
●
●●

●
●●
●

●

●●●
●
●●●
●

●●●●

●
●●

●●●●●
●

●●●●●●

●

●

●

●

●

●
●

●

●

●●

●●

●●●●●

●●

●

●●●●
●

●●●

●
●●●●●

●

●

●

●
●

●

●●●●●●●

●
●
●●●

●
●●●
●

●●●●●●●●●●
●●●
●●●●●●

●

●●●●●●●●●●●
●

●

●●●●●

●

●

●

●

●

●●●●●●

●

●●●●

●●●●●●●●●●●●●●●●●●●●●●●
●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●
●●●●●●
●●

●●

●●●●
●●
●●●
●●●●●●●

●

●●●

●●●●

●

●

●●

●●●

●

●

●

●
●●
●
●●●●

●
●●●●●●●●●●●●●●●●

●●●
●
●●●●●●●●●●●●

●

●

●●●●
●
●●●●

●●●

●

●

●

●

●●●●
●

●●
●

●
●●
●●●●●●

●●●●●

●●●●●

●

●

●

●
●●

●

●
●

●●●●●

●

●●●●●●

●

●

●

●
●
●●●●●●●●●●●●

●●●●●●

●●

●
chr15:79022616

0.2

0.4

0.6

0.8

r2

IDH3A

ACSBG1

DNAJA4

WDR61

CRABP1

IREB2

HYKK

PSMA4

CHRNA5

CHRNA3

CHRNB4

LOC646938

ADAMTS7

MORF4L1

CTSH

RASGRF1

LOC729911

MIR184

ANKRD34C

TMED3

KIAA1024

78.6 78.8 79 79.2 79.4 79.6
Position on chr15 (Mb)

2. Previously reported 39 loci in Japanese GWAS
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chr19:11253886
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r2
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DNM2

MIR638

MIR4748

MIR199A1

MIR6793

TMED1

C19orf38
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C19orf52
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C19orf80
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EPOR
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CCDC151

PRKCSH

ELAVL3

ZNF653

MIR7974

ECSIT

CNN1

ELOF1
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ZNF627

10.8 11 11.2 11.4 11.6
Position on chr19 (Mb)

2. Previously reported 39 loci in Japanese GWAS
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chr19:45425178

0.2

0.4
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r2

ZNF229

ZNF180

CEACAM20

CEACAM22P

IGSF23

PVR

MIR4531

CEACAM19

CEACAM16

BCL3

MIR8085

CBLC

BCAM

PVRL2

TOMM40

APOE

APOC1

APOC1P1

APOC4

APOC4−APOC2

APOC2

CLPTM1

RELB

CLASRP

ZNF296

GEMIN7

PPP1R37

NKPD1

TRAPPC6A

BLOC1S3

EXOC3L2

MARK4

CKM

KLC3

ERCC2

PPP1R13L

CD3EAP

ERCC1

45 45.2 45.4 45.6 45.8
Position on chr19 (Mb)

2. Previously reported 39 loci in Japanese GWAS
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chr1:114448389

0.2

0.4

0.6

0.8

r2

MAGI3

PHTF1

RSBN1

PTPN22

AP4B1−AS1

BCL2L15

AP4B1

DCLRE1B

HIPK1−AS1

HIPK1

OLFML3

SYT6 TRIM33

114 114.2 114.4 114.6 114.8
Position on chr1 (Mb)
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r2

RRP15

TGFB2−AS1

TGFB2

LYPLAL1−AS1

LYPLAL1

218.4 218.6 218.8 219 219.2
Position on chr1 (Mb)
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●
chr2:628789280.2

0.4

0.6

0.8

r2

COMMD1

B3GNT2

MIR5192

TMEM17 EHBP1

LOC100132215

OTX1

DBIL5P2

WDPCP

62.4 62.6 62.8 63 63.2 63.4 63.6
Position on chr2 (Mb)
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chr2:65499468

0.2

0.4

0.6

0.8

r2

LOC101927438

LOC400958

SLC1A4

CEP68

RAB1A ACTR2 SPRED2

65 65.2 65.4 65.6 65.8 66
Position on chr2 (Mb)
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3. Newly identified 43 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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3. Newly identified 43 loci in Meta analysis

European: 99% credible set derived from European meta analysis
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UBE2J1

RRAGD

ANKRD6

LYRM2

LOC101929057

MDN1

CASP8AP2

GJA10

BACH2

90 90.2 90.4 90.6 90.8
Position on chr6 (Mb)
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0.2

0.4
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r2

UST

LOC100128176

TAB2

SUMO4

ZC3H12D

PPIL4

GINM1

RPS18P9

KATNA1

LATS1

NUP43

PCMT1

LRP11

RAET1E−AS1

RAET1E

RAET1G

149.2 149.4 149.6 149.8 150 150.2
Position on chr6 (Mb)

●●● ●●●●● ● ●●●● ●●●●● ●●● ●● ● ●●●● ●● ●●●●●●● ● ● ●● ●● ●●●●● ● ●●● ●● ●●●● ●● ●●● ●●●● ●●

●●●●●● ●● ●●●●●● ●●● ●● ●●●● ●● ●●●●●●● ●● ● ●●●●●●●● ● ●●●●●●● ●● ●● ●●●●● ● ●●● ●●● ●●●●●

European

Transethnic
0

2

4

6

8

10

lo
g 1

0 
B

ay
es

 F
ac

to
r

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●

●

●●

●

●

●

●●●

●

●●●

●

●

●●●●
●●

●
●
●●●
●●
●●
●

●●●
●●
●●
●●●●
●●●●●
●
●●●●
●
●●
●
●
●
●
●
●
●●●

●

●●●●●●●
●
●●●●●●●●

●

●●●●●●●●●●●●
●
●●
●
●●●

●

●●
●
●●
●
●
●

●

●
●

●

●●●

●

●●●

●

●

●●

●●●

●

●

●
●
●
●

●

●●

●

●

●

●

●

●

●

●

●

●●

●
●●
●

●
●

●

●

●

●

●
●

●
●

●

●

●●

●

●●
●

●

●

●●

●

●

●

●●●

●●●●
●

●

●
●

●

●●

●●●
●●●

●

●

●

●

●

●●●

●

●

●

●●

●

●●●●

●

●

●

●●●●●

●

●●●●●

●

●

●

●●●

●

●●

●●●

●●●●

●

●●●●●●●●●●●●●●●●●●●●

●

●●

●

●●

●

●●●●

●

●●

●

●●●●●●●●●●●●●●●●

●

●●●

●

●●●●●●●●●●●●●●●●●

●

●●●●●

●

●

●

●

●

●

●

●

●●●●

●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●
●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●

●

●●●●●●●●●●●●●●●●●●●●●●●●

●

●●
●
●

●●●●●●●●●●●

●

●
●
●

●

●●

●

●●●

●

●

●

●

●●

●

●

●●●●
●
●●●●

●
●

●●

●

●●

●

●●●●

●

●●●

●●

●●●●●●

●●●

●●●

●

●

●

●
●
●●●

●

●

●
●
●

●●

●

●
●●●
●●

●

●

●
●
●

●●

●●

●

●

●
●
●

●

●●
●
●●●
●
●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●●●●

●

●●

●

●

●

●●●●●●
●
●●●●●●

●

●●

●

●●●

●

●●
●

●

●
●

●●

●●

●●

●

●
●

●●

●●

●

●

●

●●

●

●●●
●

●

●●●●●

●

●●

●
●

●●

●

●

●●

●

●●
●
●

●

●

●

●
●

●

●

●

●●

●●

●

●●●

●

●

●●

●

●

●
●

●

●
●
●

●●●

●

●●●●●●●

●

●●

●●

●●

●

●●

●

●●●●●

●

●
●
●
●●

●

●
●
●●

●●

●

●●

●

●●●

●

●
●
●

●

●

●

●

●

●●

●●●●

●

●●

●●

●
●
●

●

●

●
●

●

●●●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●●

●●

●

●●
●

●

●
●
●

●

●●●●●

●●

●●
●
●
●
●
●
●
●
●
●●●●

●

●●●●●
●
●●●●●●

●

●●●●●
●
●●
●
●●

●●

●
●

●●

●

●

●●

●

●

●

●●●
●
●●●

●

●

●

●

●●

●
●●

●
●

●●

●

●●●●●

●

●

●

●●●
●●
●●●

●

●●
●
●●
●●●●
●●
●

●

●●
●

●

●

●

●

●

●
●

●●

●
●
●●●●●●●●

●

●●●●●
●
●●●●

●

●●●●●●●●●

●●●

●●●

●

●

●

●●

●

●

●

●●●●●●
●
●
●
●●●●●

●

●●

●

●●●●●●

●

●●●●●●●

●

●●●●
●
●●

●

●●

●

●●●

●

●

●

●

●●

●●●

●

●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●
●●●●●●●

●

●●●●●●●●
●
●
●
●●
●
●
●
●

●

●●●●●

●

●●

●
●●
●●

●

●●
●
●●
●
●●●

●●

●
●●
●

●
●

●●●●

●

●
●
●
●●
●

●

●

●

●●●
●
●

●

●●●

●●

●●
●
●
●●

●
●
●●

●●

●

●

●

●

●

●

●

●
●
●●

●
●
●●●

●

●●●●●●●●●
●
●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●

●●
●●
●
●●●●●●●●●●●●●●

●●
●
●

●●
●●

●

●●
●
●●●●●●●●●●●

●

●
●
●●●
●
●●

●

●●
●●

●

●●

●●

●

●●●

●●●●
●

●

●●
●●●●●●●
●●

●
●
●

●

●●

●

●
●
●●●

●●●●
●
●
●
●●●

●
●
●
●●
●●

●

●●●●

●

●
●
●

●
●
●●
●●
●
●
●●●●●●
●
●●

●●●

●
●
●
●
●●

●
●●
●
●
●

●●●●
●

●

●

●
●●
●●●●●●●

●

●

●●

●●●

●

●●

●

●●●●●●●●

●

●●●●

●

●

●

●●
●
●

●
●
●

●

●

●●
●

●

●●●●

●●

●●●●●●●

●
●

●

●
●

●
●

●

●●
●

●

●
●●

●

●●●
●

●●●●●
●
●●●●

●●

●

●
●

●

●
●
●●
●

●●

●●

●●●
●●●●●
●●●●●

●
●
●
●
●
●●●●
●
●●
●●

●
●
●
●●
●
●●●●●●

●

●●

●

●●●●

●

●●●●

●

●●●
●●

●

●●●
●
●

●

●
●●
●●●●
●

●
●

●●

●

●
●
●
●

●

●

●

●
●
●

●●

●

●●
●●

●
●
●

●

●

●
●

●

●
●

●

●

●

●

●
●●

●

●

●●

●

●●●●

●

●

●●

●

●

●

●

●
●
●
●

●●

●●●●
●
●●

●●

●
●●

●●

●

●

●●

●
●●

● ●●

●

●●

●

●
●

●
●

●
●

●
●●●●

●
●

●
●

●

●
●

●●●●●
●
●
●●
●●
●
●
●
●

●

●●

●

●

●

●

●●
●
●●●●
●
●
●

●●
●
●
●●●
●
●
●●
●●
●●
●●
●●●●●●●
●
●●●
●

●

●●●●●●●

●

●

●

●
●

●

●●
●●

●

●●
●●

●

●
●
●●●
●
●●●
●

●

●
chr7:35286471
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r2

NPSR1−AS1
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TBX20
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LOC100506725

LOC101928545

34.8 35 35.2 35.4 35.6 35.8
Position on chr7 (Mb)
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European

Transethnic

3. Newly identified 43 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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3. Newly identified 43 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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European

Transethnic

3. Newly identified 43 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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0.2

0.4
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0.8
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LOC440461
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66 66.2 66.4 66.6 66.8
Position on chr17 (Mb)
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3. Newly identified 43 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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MIR6818
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SEC14L4

SEC14L6
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DUSP18
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MIR3200

30.2 30.4 30.6 30.8 31
Position on chr22 (Mb)

●● ●● ●● ● ●●●●● ●● ●● ●●● ●●●● ● ●● ●●●● ●●● ●●●●● ●●●● ●● ●● ●●● ●●●● ● ●●●●●●● ●● ●●● ●●●●●●●● ●● ●● ● ●

●● ●● ● ●●● ●●●● ●●●●●● ●● ●● ● ●● ● ●●● ● ●● ●● ●●

European

Transethnic

3. Newly identified 43 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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Position on chr1 (Mb)

●● ●●●●●●●●●●●● ●●● ●● ●● ●●●● ●●● ● ●● ●●●● ● ●●● ●● ●●● ●●●●●●● ●● ●●●● ●● ●●● ●●●● ●●● ●●●●

●●●● ●●●●●●●● ●●● ●●●●●●

European

Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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chr1:230851428

0.2
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r2

GALNT2 PGBD5 COG2

AGT

CAPN9

C1orf198

LOC101927604

TTC13

ARV1

FAM89A

MIR1182

TRIM67

LOC149373

230.4 230.6 230.8 231 231.2
Position on chr1 (Mb)
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European

Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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Position on chr2 (Mb)

●●●●●●●●●●●●●●● ● ●● ●

● ●●●●●●●●●● ●●●●● ●

European

Transethnic

0

2

4

6

8

10

12

14

lo
g 1

0 
B

ay
es

 F
ac

to
r

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

● ●

●

●●●●●●●

●●
●●●

●

●●●●
●
●●●●●●

●

●
●
●
●●
●●●●

●

●●●●●●●
●
●●●
●●

●●●●●●●

●●

●●●
●
●●
●
●●●●●●●●●
●
●●●●

●

●●●
●
●

●

●●
●●●●●●●

●●●
●
●
●●
●
●●●●●

●

●●●
●
●●●●●●●●●●

●●
●

●

●

●●●●●●●●●

●

●●●

●●●

●

●●

●●●●●
●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●

●

●

●

●●

●●
●●
●●●

●

●●●●
●
●●●

●

●●●●●●●
●
●●●●●

●

●

●●●

●

●●

●

●
●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●●
●

●

●●

●
●●●●
●●

●

●

●
●

●

●

●

●
●

●

●

●

●

●●●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●●●

●

●●

●

●

●

●●●●

●

●●●●

●
●

●

●●

●●

●

●
●
●

●

●●

●

●

●●

●

●●

●

●●

●

●●

●

●●●●●●●●●

●

●

●●

●

●

●●

●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●

●
●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●

●

●

●

●●

●

●●●●●●

●

●●●●

●

●

●●
●

●

●●

●

●

●

●●

●

●

●

●●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●●

●

●●

●

●

●●

●
●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●●
●
●

●

●

●●

●

●

●

●

●

●●
●

●
●

●
●

●
●

●

●
●●
●●

●

●●
●
●●
●
●●●
●●
●
●●●●●●●●●

●
●●

●●●●●●●●

●

●
●●

●
●
●●

●

●●
●

●
●
●●●
●
●●
●
●

●●
●●
●
●
●●
●●●
●●
●
●●●●●
●
●●●
●
●●●●●●●●●●●●●●●●●●●●●●
●●
●

●

●

●

●
●●
●●●●
●●
●

●●●●●●
●●●

●●●●●

●

●

●●

●

●

●

●

●
●
●●

●

●●●
●●

●

●●

●

●

●

●●●●●●●●●
●
●●●●

●
●
●●●●●●●●●

●

●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●

●

●●●●●●●●

●

●
●
●●●●●●●●●●●●●●

●

●●●
●●
●
●
●●●●
●
●●
●

●

●●●
●

●●●

●
●●●
●●●
●●●●●●●●●●●
●●
●●
●●

●
●●
●

●
●
●

●●●

●

●●

●

●

●

●●●

●

●
●
●●●●

●
●●
●

●

●
●
●
●
●●

●

●

●●

●●●●
●
●

●●
●●●●
●
●●

●

●
●●●●
●
●
●●
●●
●
●
●

●●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●

●●●

●
●

●●●

●

●●●

●

●

●

●●
●

●

●

●

●●●
●
●

●

●

●●●

●●

●

●

●

●●●●●●

●●

●

●

●
●●
●

●●

●●

●

●●●

●

●
●

●

●

●

●●●●

●●

●●

●●●●

●●

●

●

●

●●

●

●

●

●●●

●●

●

●
●

●

●●

●●

●●●

●

●●

●

●

●●●●●●●

●●

●

●

●●●●

●
●

●

●

●

●

●●●●●●
●
●

●

●

●

●●●
●●

●

●
●
●●
●

●

●●●●●
●

●

●●●
●●●●

●

●

●

●●
●●●
●●●●
●

●●
●

●

● ●●●●
●

●

●●

●
●

●

●● ●

●

●

●

●●●●

●

●●●●
●●●●
●
●●
●
●●●

●

●

●

●
●

●●

●

●

●
●

●
●

●

●
●
●●

●

●●
●
●

●●

●

●●
●

●
●●
●

●

●

●

●
●

●●
●●●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●
●

●

●

●

●

●
●
●
●

●●

●
chr2:145840281

0.2

0.4

0.6

0.8

r2

GTDC1 ZEB2

ZEB2−AS1

LOC101928455

TEX41

145 145.5 146
Position on chr2 (Mb)

●●●●●●●● ●●●●●● ●●● ●● ●● ●● ●● ●●●●●

●●●●●●●●●● ●●●●●●● ●●●●●●

European

Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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chr3:156852943
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LEKR1

LINC00880

LINC00881

CCNL1 VEPH1

PTX3

C3orf55

156.4 156.6 156.8 157 157.2 157.4
Position on chr3 (Mb)
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Position on chr3 (Mb)
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4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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82.2 82.4 82.6 82.8 83 83.2
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SGK1 LINC01010

133.6 133.8 134 134.2 134.4 134.6 134.8
Position on chr6 (Mb)
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European

Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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Position on chr8 (Mb)
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European

Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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MIR320A
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C8orf58
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BIN3

BIN3−IT1

EGR3

21.6 21.8 22 22.2 22.4
Position on chr8 (Mb)
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4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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Position on chr11 (Mb)

●● ●● ●●● ●●● ●●●● ●● ● ●●●● ●●● ●●● ● ●● ●●●● ●● ● ●●● ●●● ● ● ●● ● ●●● ●●●● ● ●●●● ●●●● ●

●● ●●●●●● ●●●● ● ●●● ●● ●●●● ● ●● ●● ●● ●●●● ●● ● ●● ●●● ●● ●●● ● ●●●● ●●●●● ●● ●●●●● ●●●● ●●● ●●● ●● ●●● ●●●● ●●● ●●●

European

Transethnic

0

5

10

15

lo
g 1

0 
B

ay
es

 F
ac

to
r

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●

●●
●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●

●

●

●

●●●●

●
●
●
●
●●●●
●
●
●●●●●●
●
●
●
●●
●
●
●

●

●●

●●

●●●●●●●●●●●●●●●●●●●●●

●

●

●

●●●●

●

●●●●

●

●

●
●

●●●●

●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●

●

●●●●●●●
●
●

●

●
●

●

●
●
●●

●
●

●

●●

●

●

●

●

●

●

●●

●●●●

●

●●

●

●●

●

●

●

●

●●

●

●

●●

●●●●●

●

●●
●●

●

●●●

●

●

●●●

●●
●
●
●
●●

●

●●●

●
●

●

●

●

●

●●

●

●

●

●

●

●

●●

●●●

●●

●●●

●●●

●●

●

●●

●

●

●●●

●●

●

●●●

●●

●

●●●●

●●

●

●●

●

●●●●●●●●●●●

●

●●●●

●

●●●

●

●●●●●

●

●●●●●●●●●●

●

●

●●

●

●

●●

●

●●●●

●●●●●●

●●

●●

●

●

●
●

●●●

●●●●●●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●●●●

●

●●

●

●●●

●●

●

●

●

●●

●

●●●

●●●

●
●

●●●●●●

●

●●●
●●●●●●●●●
●●●●●●●●●

●

●●●●●●●●●●●
●
●
●
●●●●●
●
●●●●●●
●
●
●
●●●●●●●●
●
●●●
●●
●●●●●●●●●●●●●●●●●●●●●●

●●●●
●
●●●
●
●●●●●●●●
●
●●●●●●●●●●●●●●●

●

●●●●●●●●●●●
●
●●●●●●●●●●●●

●●
●●
●
●
●
●
●
●
●

●●●●●●
●●●

●

●

●

●●

●

●●

●●
●

●

●

●●●

●●●

●

●●●●●●
●●
●
●●

●

●●●●

●

●●●

●

●

●

●●●

●●

●●●
●
●
●●
●

●●

●

●●●

●

●
●
●●●

●
●●●●●●●●●
●
●●●●●

●

●

●

●●

●
●●●●●●●●
●
●●●●●
●
●●●●●
●
●

●●●●●●●●
●
●●●●●●●●●
●●
●
●
●●●●
●●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●
●●●●●
●
●●●●●●●●
●
●●
●
●●●●●●●●●
●●
●
●●●●
●
●
●●●●
●●
●●
●
●●
●
●●●●●●●●●
●
●●●●
●
●●●●●●●●●●●
●
●●●●●
●●●
●●●●●●●●●
●●
●●●●●●●●●●
●●
●●●
●●●●●●●
●
●●
●●
●●●
●
●●●
●●
●
●●●●●●●●●●●

●●●

●

●●●●●

●

●●

●

●●

●

●

●●●
●

●
●
●●
●
●●

●

●
●
●

●●●●

●

●●

●

●●●●●●●

●

●●

●●●
●●●

●●●

●

●

●●●●●●●

●● ●●
●●●●●●●

●

●

●

●

●
●●

●

●●●●●●●●●●●●●●

●

●●

●

●

●
●
●
●●
●●
●
●
●●
●
●●●●●
●

●

●●●●●●●●
●●●
●●●●●
●●

●
●●●●●●●●

●
●●●●
●●●●
●
●●●●●

●

●●

●

●

●
●●

●
chr11:65349063

0.2

0.4

0.6

0.8

r2

7 genes
omitted

CDCA5

ZFPL1

TMEM262

VPS51

TM7SF2

ZNHIT2

FAU

MRPL49

SYVN1

MIR6751

SPDYC

CAPN1

SLC22A20

POLA2

CDC42EP2

DPF2

TIGD3

SLC25A45

FRMD8

NEAT1

MIR612

MALAT1

MIR548AR

MIR548BA

SCYL1

LTBP3

SSSCA1−AS1

SSSCA1

FAM89B

EHBP1L1

KCNK7

MAP3K11

PCNXL3

MIR4690

SIPA1

MIR4489

RELA

KAT5

RNASEH2C

AP5B1

OVOL1

OVOL1−AS1

SNX32

CFL1

MUS81

EFEMP2

CTSW

FIBP

CCDC85B

FOSL1

C11orf68

DRAP1

TSGA10IP

SART1

EIF1AD

BANF1

CST6

CATSPER1

GAL3ST3

SF3B2

PACS1

KLC2

RAB1B

CNIH2

YIF1A

TMEM151A

65 65.2 65.4 65.6 65.8 66
Position on chr11 (Mb)

●●●●● ● ●●● ●●

● ●●●● ●●

European

Transethnic

0

2

4

6

8

10

lo
g 1

0 
B

ay
es

 F
ac

to
r

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●
●●●●
●
●
●
●
●
●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●

●

●

●

●
●●●●●●

●●
●●●●
●
●●●●●●

●●

●●

●●
●
●●

●

●

●

●●●●●

●●

●

●

●●●●●

●●●

●●

●

●●●●●●

●●

●●●●●●●●●●●●

●

●●●●●●●●

●

●●●●

●●●

●

●

●

●

●

●●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●●

●●●
●

●

●●

●

●●

●

●
●

●●●

●

●
●

●
●

●

●●
●●●
●
●●●

●

●●●

●●●●●●●●

●●

●

●●

●

●

●

●

●

●

●●●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●●

●●

●

●

●●

●●●

●

●

●●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●
●

●●●●●●●●

●
●
●●

●

●

●

●●

●●●●

●
●

●
●
●
●
●
●●●●●●
●●●

●●
●●●●●●●●●●
●●
●

●

●
●
●

●

●

●

●

●

●

●

●●

●

●●

●

●●

●

●

●

●

●

●●●●●●●●●●●

●

●●●●

●
●

●

●

●●●●●●●

●●●

●●
●

●
●●●●

●

●

●

●

●

●

●

●
●

●

●

●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●●●●●●●●●
●
●●●
●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●
●
●●●●●●●●●●

●

●●●●●●●

●

●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●

●

●●●
●
●●●

●

●

●

●

●
●
●

●●●
●●

●

●●●
●
●●●
●
●
●
●

●●●●
●●●●●●●●●
●
●

●

●●
●
●

●

●●●●●
●
●●●●●●●●●●●●●●

●

●●●
●

●
●

●

●
●
●●
●

●
●
●●●

●●

●

●●●

●

●●

●

●●●●

●
●

●

●

●●

●

●●

●

●

●●

●●

●●
●●

●●●●●

●

●

●

●

●●

●●

●

●

●

●

●●●
●
●●●
●
●●●

●

●
●

●

●●

●

●●●●

●●

●

●
●
●●

●
●

●

●

●●
●●
●●

●

●
●

●

●

●

●
●

●●●
●●●●
●

●

●

●
●
●
●

●
●
●
●●
●●●
●●●
●

●●

●

●

●

●●
●●
●●●●●
●
●
●●●●●●●●
●

●●
●
●
●●
●
●

●

●
●●●●●
●

●●●

●

●
●
●●●

●

●●

●

●
●●
●

●

●●
●

●●●●●

●

●●●●●●●
●●
●
●
●●●
●
●●●●●●
●
●
●●

●

●●●●
●

●

●●●

●

●
●

●

●

●●●●
●
●●

●

●

●●●
●●●
●

●

●●●
●
●●
●●●●●
●
●
●
●●

●

●●●●●

●
●

●

●●

●
●●
●
●
●
●●
●
●
●

●

●●
●
●●
●
●
●
●●

●

●●
●
●●

●

●●●●
●●

●

●

●●●●●

●●
●●●●●

●●●●●

●●

●

●●●●
●●●●●
●
●●●
●
●

●
●
●
●●

●
●

●
●

●
●●

●●

●
●
●●●●●

●

●

●
●

●●●●

●

●

●●●●●●●●●●●●●

●

●

●

●●●
●●
●●●

●
chr11:75283653

0.2

0.4

0.6

0.8

r2

XRRA1

SPCS2

NEU3

OR2AT4

SLCO2B1

TPBGL

ARRB1

MIR326

RPS3

SNORD15A

SNORD15B

KLHL35

GDPD5

SERPINH1

MAP6

MOGAT2

LOC283214

DGAT2

UVRAG

74.8 75 75.2 75.4 75.6
Position on chr11 (Mb)

●●●●●●●●●●●●●●●●● ●●●●●●●●● ●● ●●●● ●●●●●●●●●●● ● ●● ●● ●● ●●●● ●

●●●●●●●●●●●●●●●●

European

Transethnic
0

2

4

6

8

10

12

lo
g 1

0 
B

ay
es

 F
ac

to
r

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●
●●●●●●●

●

●

●

●●●●●●

●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●

●●

●

●

●

●

●●●●

●

●●

●

●●●●●●
●
●●●●●●

●
●

●●●●●
●●●●●●●●●●●●●

●
●●●

●

●●●●●●●●●●●●●●
●●●
●●
●
●●●●●●●●●●
●
●●●●
●
●●●●●
●●
●

●●●●●
●
●●●
●
●●●●●●●●●
●
●●●●●
●
●●●●

●

●●
●

●●

●●

●●

●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●

●●●

●

●

●●

●●●

●●

●

●

●●

●●

●

●
●

●

●●●●●●

●

●●●●
●
●●●●
●
●●●
●
●
●
●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●
●
●●●●●
●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●

●

●●●

●●

●

●●●●

●

●

●

●●
●
●

●●
●

●
●

●

●

●

●●●

●

●

●

●●●

●

●●●

●

●●

●

●

●

●

●●

●

●

●

●●

●●

●

●●●●●
●
●

●
●

●

●
●

●

●

●●

●

●

●

●

●●

●

●

●

●●●●●●

●

●

●

●●●●●●

●

●●●●●●●●●●●●●
●●●●●●●●●●●

●

●●●●●●●●●
●
●●●●●●●●●●●

●

●●●

●

●●●

●

●●
●

●
●

●

●●●

●

●

●

●

●●●●

●

●
●●●●●

●

●
●
●●●

●
●

●●●●●●
●

●●
●

●

●

●

●
●
●

●

●●

●

●●●

●
●

●

●

●

●

●

●

●
●

●

●

●●●

●

●

●

●●

●

●●

●

●●

●
●

●●

●

●

●●

●●●

●

●
●

●
●●●

●

●

●

●

●●

●
●

●

●●

●

●

●●
●
●●●
●
●●●

●

●
●

●

●
●
●

●

●●●

●●

●

●

●
●

●●

●
●

●

●

●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●

●

●

●

●●●●●●●●●●●●●●●●●

●

●●●●

●

●●●●●●●●●●●●●●

●

●●●●●●●●●●●●

●

●●●
●
●●●●●

●

●●

●●
●

●●

●●●

●
●

●

●

●

●

●

●

●●

●●

●●

●

●

●●
●

●

●

●

●

●●

●
●

●●●
●
●●●●

●●

●
●

●
●

●

●

●●●●●
●
●

●
●

●

●

●

●
●

●

●●

●●

●

●●●
●
●

●

●

●

●●●
●
●

●
●●●

●
●●

●●●

●

●●●

●

●

●

●●

●●

●
●

●

●

●

●●●

●

●

●

●●
●

●●

●

●●●●

●

●●●●●●●●●●●●●

●

●●●●●●●●●●

●

●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●

●

●●●●●●●

●

●●●●●●●●●

●

●●

●

●●●●●

●●

●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●
●
●●
●●●
●●
●●●●●

●

●

●

●

●
●

●

●●
●●●●

●●●●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●
●
●●

●

●

●

●●●
●
●●●
●●●●●●

●
●●
●
●●●●
●

●

●●●●

●

●

●●
●
●●●
●
●●●

●
●●●●●
●●

●
●●●●
●
●

●

●

●●●●●●●●
●●●●
●
●

●●●●●●

●●
●●●

●

●●

●

●

●

●●
●
●

●
●
●●●

●

●●●●●●●

●

●

●
●
●●

●

●●
●

●

●

●

●●
●
●

●
●●
●

●●
●
●
●●
●
●
●●●●

●

●

●

●
●●

●●●●●●●●●●●●●●●●●●
●
●●●●●
●●●●●●●●●●●●●
●●
●

●●

●

●●
●
●●●●●●●●●●●●●●●●●●●●
●
●●
●●
●●●●●
●●
●
●●●
●●●
●●
●●
●●●
●
●●●
●
●
●●
●●●
●
●●
●●●
●

●

●
●

●
●●

●

●

●

●●
●
●

●

●●

●
●
●
●
●
●
●●●
●
●●●●●
●
●●
●

●

●

●
●

●

●●

●

●

●●●●●●●●●●

●

●●●●●●●●

●

●●

●

●●●●●●●●

●

●●●

●
●

●

●
●

●●

●

●●●●

●

●●●●

●

●●●

●

●

●
●

●●●●●●●●●●●

●●

●●●●●●

●●●●

●●●●●

●

●●●●●●●●

●

●●●●●●

●

●●

●

●●

●

●

●

●

●

●●●●●●●●●

●

●

●●

●●

●

●

●

●●
●

●●

●

●●●●●●
●
●●●

●

●●●●●●●●

●
●

●●●●●●●●●●●

●

●

●●
●●●●

●●

●
●
●

●
●
●

●●

●●

●

●●●

●

●●

●●●●
●

●●

●
●
●●

●

●

●●
●

●

●
●●●

●

●
●

●

●

●

●

●

●
●
●●●●●

●●
●

●
●●

●●
●

●●
●
●●●●

●

●●●

●●

●

●

●
●

●

●
chr11:100610546

0.2

0.4

0.6

0.8

r2

CNTN5 ARHGAP42

TMEM133

PGR

LOC101054525

100.2 100.4 100.6 100.8 101
Position on chr11 (Mb)

●● ●● ●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●● ●●●●

●● ●●●● ●●●●●●●●●●●●●●●●●● ●●●●●●●●

European

Transethnic

0

10

20

30

40

lo
g 1

0 
B

ay
es

 F
ac

to
r

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●
●
●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●
●
●●●●
●
●
●●
●

●

●●
●●

●

●●●

●

●

●

●●

●●●●●●●

●

●●

●

●

●

●●●

●
●●

●●●

●
●

●

●●●

●

●

●●

●●

●

●

●●

●●
●
●●●

●

●●●●●
●●●●●
●
●●●●●●●●
●
●

●●

●●

●●

●

●

●●
●
●

●
●

●●

●

●

●●

●●

●

●●

●●

●
●●

●●
●
●●
●●
●●

●●
●●
●
●●
●

●
●

●●●●●●●●●●●
●●●●●●●●●

●

●

●

●

●

●●
●
●●●

●

●

●

●●●●

●

●

●

●●●●●●
●

●●●●

●
●●
●●●●●

●●

●●●●●

●

●●
●●

●

●●●●●●●●●●●●

●

●●●●

●

●●

●

●●●●

●

●●●●
●

●

●
●●●
●●●

●

●

●●
●
●●

●●●

●

●●●
●●●●●

●

●●●●●●●●●●
●●●
●●●●●●
●
●●●●●●●●●●

●

●

●

●●

●

●●●●
●

●●

●

●

●

●

●●

●

●

●

●

●●
●

●●

●

●

●

●

●
●
●●

●

●

●

●●
●●

●●
●●●●●●
●
●
●

●●

●

●

●

●

●●

●

●

●●●●
●●

●

●
●

●

●●●

●

●

●

●
●

●

●

●
●●

●

●●
●
●

●

●

●

●

●

●

●
●
●
●
●
●●●●●●●●●●●
●●●●●
●●
●●●●●●●●●
●
●●●
●●●●●●●
●
●●●●●●
●
●●●
●●●

●●
●
●●●
●●●
●
●
●
●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●
●
●●

●

●●●●●●

●

●●●●

●

●●

●

●

●

●●●

●

●●

●
●

●●●●

●

●●●●●●●●●●●

●

●●

●

●●●●●●

●

●

●

●●

●

●●●●●●●
●
●●

●

●

●

●●●●●●

●

●●●

●

●

●

●●●●●●●●●●●●

●

●●●●●●●

●●

●●●●●●●●●●●●

●

●●●●●●●●●●●

●●
●●

●

●●

●

●

●

●●●●●●

●●●

●

●●

●●

●

●●

●

●●

●●●●●●●
●

●

●●●●●●●
●
●●

●●

●

●
●

●

●

●●●
●●●●

●●

●

●●

●●

●●●●
●●

●
●
●
●
●●●●
●
●

●
●●

●

●●
●
●

●

●

●●●●●●●
●
●
●●
●●
●
●●
●
●

●

●
●●●
●●●
●

●
●●●●●
●
●●●●●
●
●
●●●
●

●
●●●●●
●
●●
●
●●●
●●
●●
●●●●●
●
●●
●
●
●●
●
●
●●●
●
●●
●
●
●
●
●
●
●●
●●
●
●
●
●●
●●●●●●●●
●●●●●
●
●
●
●
●●●●

●●

●●●

●

●●●●●

●

●
●●
●

●

●

●

●
●●
●●
●●
●

●

●
●

●

●

●●●

●

●

●

●●●●●●

●●

●
●
●●
●●

●●●

●
●

●

●

●

●
●●
●●●●●
●

●

●

●

●

●

●●●●●●●

●

●●

●

●●

●

●●●●●●

●

●●
●

●

●

●

●

●

●

●●

●

●
●●
●●
●●

●

●

●

●

●

●

●●
●●●●●●

●

●

●

●●●●

●

●

●●

●●●

●

●

●

●●

●●

●●

●

●

●●●●●●●

●

●

●●

●

●
●

●

●

●

●

●●●●●

●

●

●

●
●

●

●

●●

●

●

●●

●●●●●

●

●

●●●

●●

●●●
●
●

●●

●●

●

●●●●●●●●

●●

●●●

●

●●●●●●●●●●

●

●

●

●

●

●●

●

●●●

●

●
●
●●●●●●●
●●●●●●●●
●●●●●●●●●●●●●●●
●●●●●●●
●
●●●●
●●●●●●●●●●
●●●●●●●●●●
●
●●
●●●●
●●●
●●●●●●●●●●●●
●
●●●●●
●
●●●●●●●●●●●
●
●
●
●●●●●●
●●●●
●
●
●
●●

●

●

●●●
●●●●●●●●●●
●
●●

●

●

●

●●●●
●

●●●●●●●●●●●
●●●●●●

●

●●●●●●●●●

●

●●●●●●

●

●●●
●

●

●

●

●●●●●●●●●●●●●
●●●●●●●

●

●●●●●●●●●●●

●

●●●●
●●
●

●●

●

●●●●

●●
●

●
●
●●●●●●●

●

●●

●

●

●
●
●●●
●

●

●

●●

●

●●

●

●●●

●●●
●

●
●

●

●

●

●

●
●●●

●

●

●●●
●

●●

●

●

●

●

●

●

●

●●

●●●

●

●

●

●●

●

●

●

●●●
●●

●●

●●

●

●

●

●
●●
●●
●●●●

●

●

●

●
●
●●●●●

●

●●

●●

●

●
●●

●●

●●●

●

●

●

●

●●

●

●

●●
●

●

●●

●

●●●●

●
●●●

●

●●●●●●●●
●

●

●

●●

●

●

●

●●●
●

●●

●

●

●●

●

●●

●●●●

●

●
●

●

●●

●
chr11:103673294

0.2

0.4

0.6

0.8

r2

DYNC2H1 MIR4693

PDGFD

DDI1

103 103.2 103.4 103.6 103.8 104 104.2
Position on chr11 (Mb)

●●● ●●

●●

European

Transethnic

0

5

10

15

lo
g 1

0 
B

ay
es

 F
ac

to
r

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●
●●●●
●
●●●●
●
●●●
●●●●
●●
●●●●●●●●●●●

●

●

●●●●

●

●●

●
●
●

●

●

●
●●
●●
●●

●

●

●●
●

●

●●

●

●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●
●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●
●
●
●
●●●●●
●
●●●●
●
●
●●
●
●●●●
●
●●●
●
●●●●●●●●●●
●●●
●●
●●●●●
●
●
●●
●●
●
●●
●
●
●
●●●
●
●●●
●
●
●
●●
●
●
●●
●●

●
●●
●
●●●●●●
●●●
●
●●
●
●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●
●
●●●●●●●●●●●●●●●●●●●●●
●

●

●

●●

●●

●●●

●

●

●●●

●
●
●

●●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●●●

●

●

●

●

●

●●●

●

●●

●

●

●

●

●

●●

●●●

●
●

●

●●

●●●

●

●●

●●●

●●

●

●

●
●●●●●●

●

●

●
●
●

●

●

●

●

●

●●

●

●

●

●●
●
●

●

●

●●

●●

●
●●

●

●●●●●

●

●

●

●●●

●
●
●●
●
●

●●

●

●
●
●●

●

●

●●●

●●●●●●
●
●●

●

●

●●

●●

●●●

●
●

●

●
●

●

●

●●

●●

●

●

●

●●●

●

●

●

●

●

●●

●●●●

●

●

●●

●●

●●

●●

●

●●

●●

●

●●●●

●

●●

●
●
●

●

●
●
●
●

●
●
●●

●

●

●

●●

●

●

●

●

●

●
●

●

●●
●●

●

●●●

●

●

●●

●●●●●●

●●●●

●

●

●●

●

●

●

●

●

●●●

●

●

●

●

●

●

●

●

●●
●●

●●

●●

●●

●●

●

●●

●

●
●

●

●●●●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●●●●●

●

●

●

●
●

●●●

●●

●

●●●●●

●

●

●

●●●●

●

●●

●
●

●

●

●

●

●●

●

●●

●

●●

●

●●

●

●●●●

●

●

●

●●

●
●●

●
●●

●●●
●
●●●●
●●
●●

●

●●●●●
●●●●●●●●●●●

●

●
●
●●●●●●

●

●

●
●

●
●●
●
●
●●
●●●

●

●
●
●
●
●
●
●●
●
●●
●
●●●
●
●●
●●●
●

●●●●
●
●
●●
●

●

●●
●
●●
●●●
●●●●●●●●●●●●●
●●●
●●
●
●
●●
●
●●
●●●●●●●●
●●●●●●●●●●●
●●●●
●
●
●
●
●
●●●
●
●●●
●
●●
●
●●
●
●●●
●●●
●
●●
●
●●●●●
●●
●●●
●
●
●●
●
●
●
●
●●●●●●●●●
●●●●●
●●
●●
●●●●●●●●●
●●●●●●●●●●
●
●●●●
●●●●●●●●●●

●

●
●
●
●
●
●
●●

●

●
●●
●

●

●
●●
●●●●●●●

●

●

●

●
●●●
●●●
●
●●●

●●●●●●
●

●●●●

●

●
●●
●
●
●

●

●
●

●●
●●
●

●

●●

●

●
●●●

●

●

●

●●
●
●
●
●

●

●
●
●

●

●●

●

●
●

●

●
●
●●●●

●

●
●

●●

●●●

●

●
●

●●●

●●●

●●

●

●●

●●●●

●●

●
●
●
●●

●

●
●

●

●

●

●

●

●●

●●
●●

●

●

●

●●●
●

●

●●●●
●
●●●

●

●
●

●

●

●

●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●
●
●●●●●
●
●
●

●

●
●
●●●
●
●●●●●●●●
●●
●●●●●●●●
●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●
●
●
●
●●●●
●
●●●●●●●●●●
●
●●●
●●●●●
●●●●●●●●●●●●●●●●
●●
●●●
●●●
●●●●●●●
●●●●
●●●●●●●
●●●●
●●
●●●
●●●●
●
●
●●●●●
●
●
●●●●●●●●●●●●●●●
●●●
●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●

●

●●●●●●●●●●●●●●●●
●
●●
●
●●●
●
●●●●●●●●●●●
●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●
●
●●●
●
●
●
●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●
●
●●

●

●
●●●●●
●

●●
●●
●●
●
●●●●●●
●●●●
●●
●

●●●

●

●

●
●
●●●●●●●●●
●●●●●
●
●
●●

●

●●
●●●
●●
●●●●●
●●●●●●
●●●●
●
●●●●●●
●●●

●
●●●
●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●
●●●●●●●

●

●
●
●

●

●●●●●
●●●●●●●●

●

●●●●
●●●●●●●
●●

●

●
●●
●

●●●●●
●●●

●●
●

●

●

●

●

●

●

●●

●
●

●

●●●

●●●

●
●
●

●●●

●

●

●●●

●
●

●

●

●●●●

●●

●

●

●●

●

●

●

●

●●

●

●●●●

●

●

●

●

●●

●●

●

●

●

●●

●

●

●

●

●●

●

●●

●

●

●

●

●

●●●

●

●

●●●●●●●
●●

●

●●●●

●

●

●

●●

●

●●●
●●●●●●

●

●●●●

●

●●●●●
●●●●
●●
●●●●
●●●
●●●●

●
●●●
●●
●
●●●●
●
●

●

●●
●●●
●●●●●●●
●●●●●
●
●●

●

●
●
●
●●●●●●●●

●

●
●
●

●●
●

●
●
●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●
●

●●
●●●●●
●
●
●
●●
●●
●●●
●
●
●●●●●●

●●
●
●
●
●

●●●●●●

●●

●●●

●

●

●●
chr11:110244360

0.2

0.4

0.6

0.8

r2

2 genes
omitted

ZC3H12C

RDX

FDX1

ARHGAP20

C11orf53

COLCA1

COLCA2

MIR4491

POU2AF1

LOC100132078

BTG4

MIR34B

MIR34C

C11orf88

LAYN

SIK2

PPP2R1B

ALG9

FDXACB1

C11orf1

CRYAB

HSPB2

HSPB2−C11orf52

C11orf52

DIXDC1

DLAT

PIH1D2

C11orf57

TIMM8B

SDHD

IL18

TEX12

BCO2

PTS

PLET1
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European

Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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Position on chr14 (Mb)
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4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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European

Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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chr16:81905892
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MPHOSPH6

81.4 81.6 81.8 82 82.2 82.4
Position on chr16 (Mb)
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4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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Position on chr20 (Mb)

●●●●● ●● ●● ●● ●●●●● ●● ●●● ●● ●●● ●●● ● ●●●●● ●●●● ●● ●● ●●● ●●● ●●● ● ●● ●●● ●●● ● ●●●● ●● ● ●● ●●● ●● ●● ● ● ●●●● ●● ●● ●●● ●● ●●●● ●● ●● ● ●●●● ● ●●●● ●● ●● ● ●●●●●● ● ●● ● ●● ● ●●● ● ●● ● ●●●● ● ● ●●●● ● ●●● ● ●●●● ●●● ●● ● ●● ●● ●● ●●● ●● ● ●●● ● ●● ● ●● ●● ●●●●● ●● ● ●● ●● ● ●● ●● ●●● ● ●●●

●●●●●●●● ●●●● ●●● ● ●●● ●●● ●●●● ●●●●● ● ●● ●● ●● ●●● ●●●●●● ● ● ●●● ●●●● ●● ●● ● ●● ●●● ●●● ● ●●● ●● ● ●● ● ●● ● ●● ●●● ●● ●● ●● ● ● ●●● ●● ● ●● ●● ●● ● ●●● ●●●●● ●●●●● ●●●● ●● ●● ●●●●● ●● ● ●●● ●● ● ●● ●● ●●● ●● ● ●●● ● ●●● ●● ●●● ● ●●● ●● ● ●● ●●● ●●● ●● ●●

European

Transethnic

0

2

4

6

8

10

lo
g 1

0 
B

ay
es

 F
ac

to
r

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●●

●●●●●●●

●

●●

●
●
●●
●
●●

●●
●●●

●

●●

●

●●●

●

●

●

●

●●

●

●

●●●●●●

●
●
●

●

●

●●

●

●
●
●
●

●

●

●●
●

●
●
●●
●
●●●

●

●

●

●●●●●●●

●

●
●

●
●●

●

●
●
●●●
●●
●
●
●

●

●●
●

●
●
●●●

●
●●
●
●●
●●

●●●

●●

●●●

●

●●

●

●●

●

●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●
●
●●●●●●
●
●●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●
●
●●●●●●●●●●●●●●

●

●●●●●●●
●
●●●●●●
●
●●
●
●●●●●●●
●
●●●
●
●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●●●●●●
●
●●●●●●●●
●●

●●
●
●●●
●
●●●●●●●●●●●●●●●●
●
●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●
●
●

●●●●●●●●●●

●

●●●●
●●●●
●
●●●●●
●
●●
●●●●●
●
●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●● ●●●

●

●●●●●●●●●●

●

●●

●

●

●●
●

●●
●
●●●●●●●●●●●●●●●
●
●●●●●●●●●●●
●
●●●●●●

●●

●●●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●

●

●●●●●
●●

●

●

●●

●●
●●
●●●●●●
●●
●●●●●

●

●●●●●

●

●●●●●●
●
●●●

●

●●●

●

●●●●●

●
●

●

●

●

●●●●●●●

●

●

●

●

●●●●●●●

●

●●●●●

●

●

●●

●●●●●●●●●●

●

●●●

●●

●●

●

●●

●

●●●●●●●●

●

●

●

●●

●

●●

●
●●●

●

●

●●
●

●

●

●●

●

●

●

●●●●

●

●

●
●

●

●●●●●

●
●●

●●

●
●

●●

●

●●

●

●

●

●

●

●

●

●

●●●●●●●

●

●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●
●
●●

●

●●
●
●●●●●●●●●●
●●

●●●
●
●●●●●●●●

●
●●●●

●
●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●

●●●●●●

●

●

●●

●●●●●●●●●●●●

●●

●●●●●
●
●●
●
●●●●●●●●●●
●
●●●●●●●●●
●●

●●●

●●
●●

●

●●●●●●●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●
●
●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●
●
●
●

●●

●
●

●●

●

●

●●●●
●●
●●●

●

●

●

●

●●

●
●
●
●

●

●
●●
●●●●●●●●●

●●●

●

●

●

●

●●
●

●

●●

●

●

●

●

●●●●
●

●
●

●

●●

●

●●●●●
●
●

●

●

●

●

●
●●●
●
●●●
●

●

●●

●●

●

●

●
●
●
●
●
●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●●●

●

●●
●

●

●

●

●

●●●●

●●

●●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●
●

●

●

●●

●
●

●●
●
●
●●

●
●

●

●●●
●
●

●
● ●

●

●

●

●

●

●

●

●
●
●

●

●

●
●

●

●
●
●

●●●

●

●

●

●

●

●

●
●
●
●
●●

●

●●

●

●

●

●●
●●●●●●

●

●●

●

●●●

●

●

●

●

●

●
●
●
●

●

●

●
●

●

●
●

●
●

●
●●●

●

●

●

●

●

●

●
●

●

●
●

●
●
● ●

●●●
●
●

●
●

●

●
●
●

●

●

●
●

●

●

●

●

●
●

●
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LPIN3
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CHD6

39.2 39.4 39.6 39.8 40 40.2 40.4
Position on chr20 (Mb)
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Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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chr22:24716720

0.2

0.4

0.6

0.8

r2

DRICH1

GUSBP11

RGL4

ZNF70

VPREB3

C22orf15

CHCHD10

MMP11

SMARCB1

DERL3

SLC2A11

LOC284889

MIF

GSTT2B

GSTT2

DDTL

DDT

GSTTP1

LOC391322

GSTT1

GSTTP2

CABIN1

SUSD2

GGT5

POM121L9P

SPECC1L

SPECC1L−ADORA2A

ADORA2A

ADORA2A−AS1

UPB1

GUCD1

SNRPD3

GGT1

LRRC75B

BCRP3

POM121L10P

PIWIL3

TOP1P2

SGSM1

TMEM211

24 24.2 24.4 24.6 24.8 25 25.2
Position on chr22 (Mb)
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European

Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis
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chr22:40943032

0.2

0.4

0.6

0.8

r2

TNRC6B

ADSL

SGSM3

MKL1

LOC101927257 MCHR1 SLC25A17

MIR4766

ST13

XPNPEP3

DNAJB7

RBX1

40.6 40.8 41 41.2 41.4
Position on chr22 (Mb)
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European

Transethnic

4. Previously reported 133 loci in Meta analysis

European: 99% credible set derived from European meta analysis
Transethnic: 99% credible set derived from transethnic meta analysis


