
AGMAT_4−guanidinobutanoate

0

2

4

6

8

10
−

lo
g 1

0(
p−

va
lu

e)

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●
●

●●

●●●●●●
●●

●

●

●●●
●

●●●●

●●

●

●
●
●●

●●●

●

●●
●
●●
●

●

●

●

●●
●

●

●

●
●●●●●

●

●●
●●●●
●

●
●

●

●

●●●

●

●
●
●●●●●●●●●

●

●●●●●
●
●
●●●●●

●
●
●●●●●●
●
●
●
●

●●●

●●

●●

●●

●

●

●●●

●

●

●

●
●
●

●

●

●

●●
●
●●

●

●●

●

●
●

●●

●●
●

●
●

●●

●

●●

●

●

●

●

●●

●●

●

●
●

●
●●●
●●
●●

●

●

●

●
●

●

●●

●

●●

●

●●

●●

●●

●

●

●●

●
●
●

●

●

●

●

●

●●

●●

●

●
●●●
●●

●

●
●

●●
●
●
●●●●●

●
●

●●

●●●
●
●

●
●

●●

●●

●●

●

●

●

●

●

●
●

●

●

●
●
●

●

●

●
●

●

●
●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●
●●●●
●●●●●●●●
●

●●

●

●

●

●

●●

●●
●
●
●●●●

●● ●

●

●●
●
●●
●

●
●●
●
●
●
●
●
●
●
●
●●●●

●

●●
●
●

●
●
●●
●
●
●
●●●●

●

●

●
●
●
●
●

●
●

●

●●●

●
●●
●●
●●●●●●
●●
●
●●

●
●

●

●
●

●
●●●

●

●
●

●
●●
●

●●
●
●

●●●

●
●

●

●●●
●●●●

●

●

●●

●
●
●

●
●
●●
●

●●
●
●

●

●

●

●●●

●

●

●
●
●

●
●
●

●

●
●
●●

●

●
●●●●●

●●●●●

●

●

●

●●

●
●

●

●
●
●

●

●

●

●●

●

●
●

●
●
●●●

●

●
●

●●●●

●
●

●

●

●

●●●

●

●

●

●●

●

●●●
●
●
●
●
●

●

●

●

●
●
●●●

●

●

●

●●●●

●

●●●

●

●●●

●

●

●

●●

●
●●
●
●
●●●

●
●●●●●●●●

●

●
●

●

●●

●

●

●

●

●

●

●
●
●●●

●
●
●●
●●
●●●●
●
●
●
●

●

●●●●●●●●

●

●
●

●●●

●●
●●

●
●

●

●
●

●

●

●

●●

●●

●

●●

●

●

●

●●

●●

●

●

●●●
●

●

●

●

●
●
●

●●●
●

●●●●●●●

●●

●

●
●●
●
●

●●●●●

●

●●●●●

●

●●●●●●

●

●●

●

●●

●

●

●●●●

●●

●

●

●

●

●●

●

●●●●

●
●●●

●

●●●

●●

●
●

●

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

●

●●●●●●●●●●

●

●●●●●
●
●
●

●

●

●●
●●
●●●●●
●

●

●●●●●
●●
●
●

●

●
●●

●

●
●
●●●●●
●
●

●

●
●
●

●●●
●●●●●●●

●

●●●●

●●

●●●●●

●
●●●
●●●●

●●●●

●

●●
●
●●●

●●

●

●

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

●
●●●
●●

●

●●

●

●●

●

●●●●●●●
●

●
●

●●

●
●
●●●●●

●

●●●●●●
●

●●●●●●●
●
●
●
●
●
●●●
●●●

●●

●●●
●
●
●

●

●●
●
●
●

●

●●●●●
●●●●●

●

●●●

●

●

●

●●●●

●

●●

●

●●●●●●

●

●●●●

●

●●
●

●

●

●

●

●
●
●
●●●●

●
●

●

●

●

●●

●●●●

●

●●●
●

●

●
●

●●●●

●●

●

●●
●
●●●
●
●●●
●
●●
●
●

●●
●
●●●●

●
●●●
●●
●●
●
●
●●
●

●

●

●●

●

●

●●●●

●

●●●●●●●
●●
●
●●●
●
●●
●
●
●

●

●
●

●

●
●
●●
●●

●

●

●

●●

●

●●

●
●●●●

●

●
●

●

●●

●

●
●

●●●

●

●●
●

●

●

●

●
●

●

●
●

●

●

●●●

●●

●
●

●

●

●

●
●●●●
●
●

●
●

●

●

●

●●

●

●

●

●
●●

●
●

●

●

●

●

●

●●

●●

●

●●●

●●●
●●●●●●●●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●●

●●●●
●

●

●

●

●

●
●

●

●

●

●

●●●

●●

●●●●●

●

●●●

●

●●●●

●

●●●●●●

●

●●
●

●

●

●
●
●

●

●●●

●

●●
●●
●
●●
●
●
●●

●

●

●●●●●●●●●●●
●●●●●●●●
●
●●

●

●●●●●●

●

●●●●●

●

●●●●
●
●

●

●●●●

●

●●●●
●
●●●●●●●

●

●●●●

●

●

●●

●

●●●●●●●

●
●

●●

●●

●●●
●
●
●

●

●
●

●

●●

●

●

●

●

●
●
●●●●●
●●
●
●
●
●
●
●
●●

●

●●
●●
●

●●●

●

●●●●

●

●●●●●●
●
●●
●●●●●

●

●●●●●●●●●

●
●
●●

●

●

●●

●
●

●●●●
●
●●
●●●●
●
●●●●●
●●
●●
●

●●
●
●●●

●

●
●
●●●

●

●
●
●

●

●●●
●
●
●●

●

●●●
●●

●
●
●

●
●
●
●●
●
●
●

●●

●

●

●●●●

●●●●

●

●
●●

●●●

●

●●

●●●●

●
●
●

●●

●●

●●●

●

●

●●

●
●

●
●

●

●

●

●

●

●●●

●
●

●●●

●

●

●

●
●

●

●

●●

●

●

●
●
●●●●

●

●

●●
●●●●

●●

●●●●●

●●●

●
●

●

●

●●

●●

●
●
●
●
●
●●
●
●

●
●

●
●
●
●
●

●●

●

●●

●

●
●●
●

●
●

●

●

●

●●●

●
●

●●●●●

●●

●

●
●●

●●●

●

●●

●●●
●
●

●●●

●●●●

●
●●●
●●
●●

●

●

●
●●●

●

●
●
●

●

●
●

●

●
●

●
●●
●

●●

●

●

●

●

●
●

●●●

●

●

●

●

●

●●

●

●
●●

●

●
●

●

●
●

●

●

●

●

●
●

●●●

●

●
●
●

●

●

●

●●

●

●

●

●

●●

●●

●

●●●●

●

●

●

●

●

●●
●

●

●

●●

●

●

●

●●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●●

●●

●

●

●
●

●
●

●

●

●●

●

●
●

●

●

●●●

●

●

●●●●●●

●●

●
●●

●

●

●

●
●●
●
●

●

●●
●
●●
●●

●

●

●

●

●●

●●

●

●

●

●

●●
●●
●●

●

●
●●
●
●●

●●
●●●
●●

●
●

●●●●●●●
●
●

●

●
●
●●
●●

●

●

●

●●

●

●●
●●

●
●

●

●

●

●
●●

●

●

●

●

●

●
●
●
●

●

●

●

●●

●

●

●●

●

●

●

●
●
●
●

●●●

●
●●●

●

●

●

●

●
●

●●

●

●

●●

●●

●●

●●

●

●

●

●

●

●●
●●●●●●●●●●●

●

●

●●●

●

●●

●●●

●

●●
●

●

●

●●
●

●

●
●

●

●●●

●

●
●●

●

●

●

●
●

●●
●●

●

●

●●●●●●●
●
●●●
●

●

●
●●●●●●

●●●

●

●

●
●
●
●
●●●

●

●●
●●●
●●
●

●●

●

●

●●

●

●

●
●
●

●

●
●
●●
●●

●

●
●
●●
●●
●●●
●
●

●

●
●
●●

●

●●

●

●
●

●

●●

●

●

●

●

●

●

●●●●

●

●

●

●

●

●

●

●
●
●
●●●
●
●●

●

●
●
●

●

●●

●

●
●

●

●●●

●

●
●

●●

●●

●
●
●●

●

●

●

●●●

●

●●

●

●●●●●●

●

●

●

●●●●●●●●●●

●
●●●

●

●●
●●●

●

●

●●●●

●

●●
●●●

●

●●●

●

●

●

●●●●●●●●●●●●●●
●

●●●●●●●●●●●●●●●●

●

●
●

●

●●●●

●

●●
●

●

●

●

●

●

●
●

●

●●
●

●●●
●
●

●

●
●
●

●
●

●

●●
●

●●●●

●

●
●●
●●
●●●●●●

●

●

●●

●
●
●●●

●

●●●●●●

●

●

●
●
●
●●

●

●

●●

●

●●
●
●●●
●

●

●
●●

●

●

●

●●●●●●

●

●
●
●
●
●●
●
●●●●

●

●

●●●

●

●●●

●

●
●
●●●●
●

●

●●●●●●●
●●●

●

●●

●●

●

●●●

●●

●

●

●

●

●●●

●

●
●
●

●

●

●

●

●

●●●
●●●●

●

●

●
●

●
●

●

●

●●●

●

●●●
●

●

●
●
●
●
●●●

●

●

●

●●

●

●
●●

●●●

●

●

●

●

●

●

●
●●●●
●
●

●

●
●

●
●

●

●

●

●
●

●

●

●●

●

●

●●●●
●
●●●●
●
●●
●

●

●
●●●
●

●

●

●●

●

●●●

●

●

●
●●

●
●

●

●

●

●

●

●

●●●
●

●

●●●●●●

●

●

●

●
●

●

●●●

●
●
●●●●●

●

●

●

●

●

●

●●
●
●●

●

●
●

●

●

●
●

●

●

●
●●
●

●●●

●

●
●

●

●●●
●

●●

●

●

●

●●

●

●
●

●

●

●
●

●●●
●

●

●●●
●●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●●

●

●●●

●●●

●

●

●

●

●

●

●●

●●●

●

●●

●

●●●

●

●●●●

●

●
●

●

●●●●

●

●

●

●

●

●

●●

●

●
●
●

●●

●●●●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●●●

●
●

●

●

●

●

●

●

●

●●

●●
●●●●

●

●

●
●

●

●

●●

●
●●●

●

●
●●●●
●

●

●●●

●

●●●

●

●

●

●●

●

●

●
●

●●●
●

●

●●

●

●●

●
●●●●

●

●●
●
●
●
●
●●
●●●●●
●

●●
●
●
●

●●
●
●

●●●
●
●
●
●●●●
●
●
●●●●
●
●●●

●

●●●
●

●

●●●●
●●
●
●●
●●
●
●

●
●

●●

●

●●
●●

●

●

●

●●
●●●
●●
●
●
●●●●●●●

●

●●●●●●●●●

●

●●
●

●●●●●●●

●

●

●
●●

●●

●●
●
●
●●

●
●

●
●

●
●●

●
●
●

●●

●

●

●●

●

●

●

●
●

●●
●●
●●
●

●

●
●

●

●

●●

●

●

●●●

●●
●

●

●●
●

●●●●
●●
●
●
●
●

●
●●●●
●●
●
●●●
●

●

●
●
●●
●●
●●●●

●

●●●
●●●●
●

●●
●●●
●
●

●

●●

●

●●●
●
●●●●
●
●

●
●●

●

●
●●
●
●
●

●

●●●
●
●
●

●
●●
●

●●

●

●●
●●

●
●
●
●●●

●

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

●●●

●

●●
●●
●●
●

●

●
●
●●●
●●●
●
●
●
●

●

●

●

●
●
●●
●

●●

●●
●
●

●●●
●
●

●●

●●●●●
●●●
●●●
●
●

●

●
●
●

●
●
●

●

●
●
●●
●●
●

●
●
●
●

●
●●
●
●●
●
●

●●

●

●●●

●

●

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

●
●●●●●
●

●●
●●●●●●
●
●●

●
●●

●

●

●

●

●

●●
●
●●●
●
●

●

●●

●
●
●

●

●

●
●●

●

●●●●●●●●●●
●
●
●●

●
●
●●
●

●●
●
●
●●●●
●●

●●●
●

●

●
●
●

●

●●

●●
●●●●●
●
●
●●●
●

●●●
●

●

●

●
●
●

●

●
●●●

●

●
●
●●

●

●●

●
●
●●

●
●

●●

●●●

●
●●●●●

●
●●●

●

●●

●●●

●●●
●
●●●●●

●●
●
●
●●
●
●●●●●●

●

●●

●

●●●●●

●

●●●●●

●

●●●●

●
●●
●

●

●

●

●●●●●
●
●

●

●

●●

●
●●

●

●●

●
●●

●

●●

●●

●●

●

●

●

●

●●

●

●●

●
●

●
●
●●

●●

●

●
●●

●●
●

●

●

●
●
●●●●●●●●
●

●

●
●
●●
●●●
●●
●
●
●
●
●

●●

●

●

●
●●●
●
●●●
●
●●
●
●●●

●
●
●●●

●

●●

●●●

●
●

●●

●
●

●●

●

●
●

●●●

●
●

●●●
●
●●
●●

●●●●●

●
●
●●●●●●●●
●●●●
●●
●●

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

●

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

●

●

●●●●
●●

●●

●●

●●●●●●

●

●●●●●●●●

●

●●●●

●●

●

●●
●

●

●

●●

●

●●

●●

●

●

●

●
●

●

●●

●

●

●

●
●
●

●

●
●●●●●●

●

●●

●

●

●
●

●

●

●

●●●
●●

●

●

●●●●●●●●●●●●●●●●●
●●●●●●

●

●●

●

●

●●●●

●●

●

●

●

●

●●●●

●

●●
●

●●
●

●

●●●●

●

●●●●
●
●●●

●●

●

●

●●●●●●●●●

●

●

●

●●
●

●

●

●●

●

●

●●●

●

●●

●

●

●

●

●

●●

●

●

●

●●

●

●●●●●●●●

●●

●

●

●

●

●

●●●

●●●

●●

●

●●●●

●

●●●

●

●●●●●

●●●●●●

●

●●●

●

●

●

●●●●

●●●

●●

●

●

●

●
●

●●

●●●●

●

●●●●●●●●●●●●
●
●
●
●●

●

●●

●

●●●
●
●●●●●●●●●
●

●

●

●

●●

●●●●●●

●

●●●●●

●

●

●

●

● ●

●
●

●

●
●

●
●

●

●

●●●

●

●

●

●

●

●●

●

●

●●

●

●●●●●●●

●

●●●●●

●

●●

●

●

●●●●

●

●●●●●●●●

●

●●●

●

●●
●
●

●

●●●●

●

●●●●
●
●●●●●●●●●

●●

●●●

●●

●

●

●●

●

●

●

●
●

●●●

●●●

●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●

rs10927806

0.2
0.4
0.6
0.8

r2

7 genes
omitted

KAZN

TMEM51−AS1

TMEM51

C1orf195

FHAD1

EFHD2

CTRC

CELA2A

CELA2B

CASP9

DNAJC16

AGMAT

DDI2

RSC1A1

PLEKHM2

SLC25A34

TMEM82

FBLIM1

UQCRHL

FLJ37453

SPEN

ZBTB17

C1orf64

HSPB7

CLCNKA

CLCNKB
15.6 15.8 16 16.2 16.4

Position on chr1 (Mb)

7 genes
omitted

(i)



AGMAT_beta−guanidinopropanoate

0

20

40

60
−

lo
g 1

0(
p−

va
lu

e)

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●

●
●●
●●●●●●●●●

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

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

●
●●●●●●●●●●●●●●●●●●

●●●
●
●
●
●●

●●
●●
●

●●

●
●

●

●●

●

●●●●

●

●

●●

●●

●

●●

●●●●●●
●●

●

●

●

●●

●

●●

●

●●

●

●●

●●

●●●●

●

●

●●●

●

●

●

●

●

●●

●
●

●

●

●●●●●

●

●

●
●

●●

●●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●●

●●
●
●

●

●

●

●
●

●

●

●●
●

●

●

●

●

●

●

●
●●●●●

●●
●
●
●●●

●

●

●
●
●
●
●●
●
●
●●●●●●●●●●●●●

●●●●
●●●●●●●●●●●●●●● ●

●●●●●●
●
●●●●●●●●●●●●●●●●●●●

●
●●●●●
●

●

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

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

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

●

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

●

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

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

●●
●●
●
●

●

●●●●
●●●
●●
●
●●●●●●●●

●
●●
●
●●

●●●

●

●

●

●

●
●
●

●

●
●

●

●

●

●●

●

●●

●
●
●

●

●●●
●
●
●●

●

●
●

●●

●

●●

●

●
●

●
●●
●●
●

●

●●●

●

●●●

●●●●●●●●●●●
●
●

●●●●

●

●●●●

●

●●●

●●

●●

●

●

●●

●

●●●

●

●

●●
●
●
●
●

●

●●
●●
●●
●●●●●●●
●
●●●

●
●●
●●
●●●●●
●●●●●
●
●
●

●

●
●●

●●●●●
●

●
●●

●

●
●

●

●

●

●

●●●●●

●

●
●
●
●

●

●●
●●
●
●
●
●●●

●●
●
●●
●
●

●●

●●●
●
●
●
●

●●●

●
●●
●

●

●
●

●

●

●
●●●●
●
●

●

●●

●●
●
●
●

●

●
●

●

●

●

●●

●

●

●
●●

●

●

●

●

●●●

●

●

●

●

●

●

●

●●

●

●●●

●●

●

●

●

●
●

●●●●●●●●●

●

●●●

●

●●

●●●●

●

●●

●

●

●

●

●

●

●

●

●

●●●

●

●

●

●

●

●●●●●●●●●●●●

●●

●●●●●●●●●●●●●

●●
●

●

●

●

●

●

●●

●

●●

●

●

●
●●

●

●

●

●

●

●

●

●●●

●

●
●

●

●

●

●

●

●

●

●
●

●●

●

●

●
●

●

●
●

●
●●

●●●

●

●

●
●●
●

●

●

●●

●

●

●

●

●●●

●
●

●

●

●
●●

●

●

●●

●

●

●

●

●●●

●

●
●

●●

●

●

●

●●

●

●●

●

●

●●
●

●

●●

●

●●●●

●

●

●●●

●

●●●

●
●
●

●●●●

●
●

●●●●●●●

●

●●

●

●
●

●●

●

●●●

●

●

●
●

●

●

●●●

●

●

●●

●

●

●
●●

●

●●

●

●
●
●

●

●

●
●

●

●

●●●●●
●

●
●
●
●

●
●
●
●

●

●●●

●

●

●

●●

●

●

●
●

●●●

●

●

●

●

●
●
●

●●
●
●●
●

●

●
●

●

●

●
●

●

●

●

●
●

●●

●

●
●●●●

●

●●●●

●

●●

●

●

●

●●●

●
●

●

●●

●

●●●

●

●

●●

●

●

●
●

●

●

●

●
●
●

●

●
●

●

●●●●●●

●

●

●
●
●

●

●●●

●

●

●●●

●

●

●●

●

●

●

●

●●

●

●●

●

●

●

●

●

●●

●

●

●●●●●●●

●●

●●●●●
●
●●

●

●●
●●

●

●

●

●

●●
●
●●●●

●

●●●
●●
●

●

●

●

●

●●●

●

●

●

●

●

●●●
●
●●●
●●●
●●●
●●●●
●
●●●

●

●●

●

●●●
●
●●●●

●

●
●
●●●●●

●

●

●

●

●
●
●●
●
●

●

●

●
●●
●●●

●

●
●

●

●

●

●

●

●●
●

●

●●●
●
●

●

●
●

●

●

●

●●●●

●

●

●●
●
●
●

●

●

●

●

●

●

●
●●●●

●

●

●

●

●
●

●●

●

●

●

●
●

●

●●●
●

●●●
●
●

●

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

●

●●●●●●●●●●●●
●●●●
●
●●●●●●
●
●●
●
●

●●
●
●●
●
●●

●

●●●●●●●●●●
●
●●●●●●●

●

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

●

●●●●●
●
●●●●●●●●●●●●●●●●●
●

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

●

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

●●
●

●

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

●

●●
●
●●●●●●●●
●
●●●●●●●●
●
●●
●

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

●

●

●

●
●
●●
●●
●●●
●
●●
●●●●●●●
●
●
●

●

●●●
●
●

●

●●

●●●

●●●●●●

●

●

●

●●●●

●

●●

●

●

●●●

●

●●

●

●

●

●

●

●●

●

●

●

●
●

●

●●●●
●
●●●

●●

●

●

●

●

●

●●●

●●●

●●

●

●●●●

●

●●●

●

●●●●●

●●●●●●

●

●●●

●

●

●

●●●●

●●●

●●

●

●

●

●●

●●

●●●●

●

●●●●●●●●●●●●

●

●

●

●●

●

●●

●

●●●

●

●●●●●●●●●

●

●

●

●

●●

●●●●●●

●

●●●●●

●

●●● ●

●

●

●

●●● ●

● ●

●
●
●

●

● ●

●

●

●

●●

●

●

●●

●

●●●●●●●

●

●●●●●

●

●●

●

●
●●●●

●

●●●●●●●●

●

●●●

●

●●●●

●

●●●●

●

●●●●●●●●●●●●●●

●

●●●

●●

●

●

●●

●

●

●

●

●
●●●

●

●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

rs6690813

0.2
0.4
0.6
0.8

r2

6 genes
omitted

KAZN

TMEM51−AS1

TMEM51

C1orf195

FHAD1

EFHD2

CTRC

CELA2A

CELA2B

CASP9

DNAJC16

AGMAT

DDI2

RSC1A1

PLEKHM2

SLC25A34

TMEM82

FBLIM1

UQCRHL

FLJ37453

SPEN

ZBTB17

C1orf64

HSPB7
15.4 15.6 15.8 16 16.2

Position on chr1 (Mb)

6 genes
omitted

(ii)



ATP13A5_creatinine

0

5

10

15

−
lo

g 1
0(

p−
va

lu
e)

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●

●

●●

●

●

●●●

●

●●
●●●
●●●
●
●●●●●●●●●
●●●●●●●●●●

●
●
●
●●
●●
●●●●●

●●
●

●●●
●
●
●●
●

●

●

●

●

●
●

●
●

●

●

●

●●

●

●
●
●●●●●●●
●

●●●

●●
●

●

●
●
●

●

●

●

●

●●
●
●
●●●●●●●
●●●
●
●

●●●●
●

●

●

●●●●●●
●
●●

●●

●

●

●

●

●

●●

●●

●

●

●

●

●●

●
●
●●●●

●

●●

●●●

●

●●

●

●

●

●
●●

●

●

●

●

●

●●●
●●

●

●

●●●

●

●

●

●

●

●

●

●
●●●●

●

●●
●
●●

●

●
●
●

●
●●●●●
●●
● ●●

●

●●●
●
●

●●
●

●
●

●
●
●●
●

●●●●●●●●

●

●●

●●●●●●●●●
●●●●●
●●●

●●

●●

●
●
●●
●●
●●
●

●

●

●●

●
●●

●

●
●
●
●
●
●
●
●
●

●

●
●●●●●
●

●●
●●
●

●●

●●
●
●

●
●

●●

●●

●

●●
●

●●

●

●

●

●●
●●●●●●●

●

●
●●
●●
●●

●●●

●

●●●
●●

●

●
●●●

●

●

●●●●●●●●●

●
●

●
●
●●

●
●

●

●●

●

●
●

●

●

●●●●●●
●
●●

●

●●

●

●●●●●●●●

●

●●●●●●●●●●●●
●

●

●●

●

●●●●●

●●

●

●
●
●
●
●
●
●●●●●●●

●
●●●
●
●●●●●

●●●

●●

●●
●●●●

●
●
●●●●●●●●●●

●●
●
●●●
●●●●

●

●●●●●●

●

●●●●

●

●●●●●●●●●●●
●
●●●
●
●

●●●●●●●●●●●●●●●●●●●

●

●●●●●●

●●

●

●
●●
●
●●
●●
●
●
●●
●●●●●●
●

●

●

●

●
●●

●

●
●●
●
●

●

●●●●●
●●●●
●
●●●●●
●●

●

●

●●●●●●●●●●●●
●●
●●●●

●

●
●●
●●●●●

●

●●●●●●●●●●●●●●●

●

●

●

●●●●●●●●●●●●
●
●

●

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

●

●●●●●●●●●●●●●●
●●●●

●

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

●●

●

●●
●●●●●●●
●●

●

●●●●

●

●●●
●
●●●●●
●
●●●●●●●●●●●●●●●

●

●●●●●●●●●●

●

●●
●
●●●●●●

●

●

●●●●●●●●●●●●●●●●●●
●
●●●●●●●●●●●●●

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

●●●

●

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

●●●●
●●●●

●
●
●
●
●●
●
●

●●
●
●
●
●

●

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

●
●
●●

●

●●

●

●●●
●
●
●

●

●
●●

●

●

●

●

●
●●

●

●

●●

●
●

●

●

●

●
●

●

●

●●●

●

●

●●

●

●

●●
●
●●●●

●●

●

●

●

●

●

●

●

●

●●

●

●●
●●

●

●●

●

●

●

●●

●

●●

●●

●

●

●

●

●●●●

●●

●

●

●

●

●

●
●

●●

●
●

●

●

●

●

●

●●

●
●

●●
●

●

●

●●
●

●

●

●

●
●

●●●●

●

●

●

●●●●

●

●

●

●
●●

●●●

●

●●
●●

●●
●
●
●

●

●●
●

●
●●

●

●
●●

●

●

●

●●
●●●

●

●

●

●

●
●●
●
●

●

●

●●

●●
●
●

●

●

●

●●

●●●

●●

●

●

●●

●
●●

●
●

●
●
●●
●

●●

●

●
●●●
●
●
●●

●

●●●●●

●

●

●

●
●●

●

●
●

●●

●

●●

●

●

●
●●
●

●●●

●
●

●●

●

●●●

●

●●●●
●

●●

●

●
●●●●●

●●

●
●

●●●

●
●

●

●●

●

●
●●
●

●

●

●
●

●
●
●

●●●
●

●

●

●

●
●
●

●

●●
●
●
●

●

●●●

●

●
●
●●●●●
●

●
●●

●

●●
●
●●●●●●●●●
●
●●
●

●
●

●●●●●

●

●●●
●●●●

●

●
●

●
●●●●●
●

●

●
●
●
●●●
●
●●●●

●

●●●●●●●●●
●●●
●
●
●
●●
●●
●●●
●

●●
●

●

●●●●●●●●
●

●

●
●●●

●●
●
●
●●●●●●●●●●●●●●●●
●

●

●

●●

●

●●●

●

●

●●●●

●

●●

●●

●

●

●

●
●

●

●

●

●

●
●

●●
●●●
●●●
●
●●●●●
●
●
●

●

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

●●

●●●●●●

●

●●●●●●

●

●●●●
●
●●●●●●●●●

●

●●●

●

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

●

●

●●

●

●●●

●
●

●

●

●
●

●

●

●

●●●●

●

●●
●

●

●
●●

●

●●●●
●

●●
●
●

●

●

●
●

●●●●

●

●●●●●●●●

●

●

●

●●
●

●

●

●●●●●●●

●

●●

●

●●

●

●

●

●●

●

●●

●●
●
●

●●●●●

●●

●

●

●

●

●●
●
●

●

●

●

●●
●●

●

●●●●

●

●●

●

●●●●●●●●●●●●●●●●●●●●●●

●
●

●●

●

●

●●●●

●

●●●

●

●●●

●

●

●

●

●

●
●

●●

●
●
●

●

●
●

●

●

●

●

●

●●●●●

●●

●●●

●

●

●●

●●

●

●

●

●

●

●●
●●
●●●●●●

●

●

●
●●

●

●●●

●

●
●●

●

●

●

●●

●
●●

●

●

●

●

●●

●●

●

●
●
●
●

●
●
●●●

●●
●

●

●

●

●
●●

●

●

●

●

●

●

●

●●

●●

●●●
●
●

●●

●

●
●

●●

●

●●●

●

●●

●●●

●

●

●
●
●
●
●●

●

●●

●

●
●

●

●

●

●

●●
●
●●

●

●

●

●●
●
●
●

●

●

●

●

●●●
●●

●

●

●●

●

●

●

●

●
●

●

●●

●
●
●●●

●

●

●

●●

●

●●
●●

●

●●

●

●

●●

●●

●

●

●●●

●

●

●

●

●

●

●
●●
●

●●
●
●

●

●●

●

●●

●

●

●

●●●

●
●

●●●●●
●
●●●

●

●
●●
●●●

●●

●●●●●●●●●●●●

●

●

●●

●

●●●

●

●●●

●
●

●

●

●

●

●
●●

●

●●
●

●
●●●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●●●

●

●

●

●●

●

●

●

●

●

●

●

●

●●●

●

●

●
●

●

●

●

●

●

●●●●●●●

●

●●●●

●●

●

●

●

●

●

●

●

●

●●
●
●●●

●●
●
●

●

●

●

●

●

●
●
●

●

●
●●
●
●

●
●

●

●
●●

●
●

●●

●

●

●
●

●

●
●●
●●

●

●●
●
●

●

●

●

●

●●●

●●

●●●
●

●
●●

●●●
●●
●
●●
●●
●●

●

●

●●

●●●●

●
●
●

●

●●●●●

●●

●
●●●

●

●●
●

●
●

●

●

●●
●
●

●

●
●●●
●

●
●

●●
●

●

●

●●●●

●
●●●●●
●●●

●
●

●

●

●

●
●

●

●

●●

●●

●

●

●

●●●●●●●

●●
●

●●
●
●

●
●●●●●
●

●

●
●
●●

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

●

●
●
●●●●
●
●
●●●●●
●
●
●

●
●●●●
●●
●●●●●●●●●●●●●
●●●●●
●●
●

●

●●●
●●

●●
●●
●
●●
●
●

●

●
●

●

●
●●●
●
●
●●
●
●●●●
●

●

●

●●●●●●

●
●●●●

●●

●●
●
●

●●

●●●●
●●●●●●●
●

●●●

●

●●
●●
●●

●
●

●

●●
●●

●

●●
●
●●

●●

●

●

●

●●

●

●

●●●
●
●

●●●●●●
●●

●

●

●

●

●

●

●●

●●●
●

●
●●●●

●
●●●●

●●

●

●●

●

●

●

●

●●
●
●
●

●●

●●
●●●
●●
●

●

●

●●

●

●●●

●
●
●●

●●●

●●

●

●

●
●
●

●

●
●●●
●

●●●
●●●
●

●●
●●
●

●
●●
●

●
●
●●
●
●

●
●
●●
●
●
●
●
●

●

●
●

●

●●

●

●●

●

●●

●

●●●
●●●

●

●●

●

●
●
●

●

●

●
●●
●●

●●

●●

●

●

●●●●●●
●

●

●●

●

●●
●●●
●●

●

●

●●●●
●●
●

●
●

●

●
●●
●●

●●
●
●

●
●
●●●

●●●

●
●

●●●

●●●●

●

●●
●
●
●
●●●
●●

●●

●●●●
●
●
●
●

●●
●
●●●●●

●

●

●●

●
●
●●
●

●●
●●
●

●
●

●●

●●●

●●
●
●●
●
●●
●

●

●
●●
●

●

●
●

●

●●
●●
●●
●●●

●

●

●●●●
●
●

●
●
●●

●
●●
●●
●
●
●
●●

●

●

●

●

●●●

●
●

●

●

●

●

●

●

●

●●
●●
●●
●●

●
●

●

●
●
●●

●

●●●●

●

●

●

●
●●
●
●
●
●
●
●
●
●●

●
●●
●●
●
●
●
●●●
●
●

●

●●●●●●
●●

●●●●

●
●●●
●
●●
●
●
●●●●

●●●

●

●

●●
●
●●

●
●●
●●●

●

●

●

●●●
●
●
●
●●●●
●

●

●●●●●
●

●

●
●●●●●
●
●●
●●●●●
●
●
●
●●●
●
●●
●
●

●
●●●●
●
●●●
●

●

●●
●
●
●●

●●

●●
●●
●
●
●
●

●●
●

●
●

●
●
●

●●
●
●
●
●●
●

●

●
●
●●
●

●

●

●
●

●

●

●

●

●
●●●
●●
●
●
●

●

●●●
●
●
●
●
●●●●●
●●

●
●●●●●
●
●
●
●●●
●
●

●
●●●●

●

●●●●
●●●
●

●●●●
●●

●
●
●
●●
●

●

●
●
●●

●

●●●●
●
●

●

●
●

●
●
●
●●●●
●
●●
●●●●●●
●
●●●

●

●●●
●

●
●
●

●

●●
●
●
●
●●
●
●●
●
●●
●●●●
●●

●

●

●

●●
●
●
●
●

●
●
●
●●●
●

●
●
●

●
●
●
●

●●
●
●
●●
●●
●
●
●
●

●●
●
●
●
●●
●
●●●●●●
●●●●
●
●
●
●
●

●

●●
●●
●

●●

●

●●

●

●
●●●
●●
●●
●

●●
●

●

●●
●
●

●

●●

●●●●●
●
●
●●

●
●
●
●
●
●●
●

●●
●●
●●

●●●
●●
●
●●

●
●
●●●
●
●

●

●
●
●●●●

●

●●●●
●●

●●

●●
●

●

●●●

●
●●●

●

●●

●

●●●
●

●
●
●
●●
●

●

●

●

●●

●
●

●

●

●●
●●●

●

●●●●
●
●

●

●

●●

●●●●●

●

●
●●
●

●

●●●●

●

●

●●

●

●

●●

●●●●●

●

●●●
●

●
●

●
●●
●●●
●
●

●
●

●

●

●●

●
●

●●●●

●●

●

●

●
●
●
●

●

●
●

●●●●

●
●●●●●●

●

●●

●

●
●●●●●●

●●

●●●●●

●●
●

●

●

●●
●
●●●
●
●●●
●●

●
●●

●

●●●
●
●●●●●●●
●●●
●●●

●

●

●●●

●
●
●●

●
●●

●

●●
●
●
●

●

●
●

●

●●

●●●

●

●

●

●

●

●●
●
●
●

●

●●
●
●
●
●
●●
●●●
●
●
●
●
●

●
●
●
●
●●●
●
●

●●●●●

●●
●●●
●●

●●●●●
●●
●
●●●●

●

●●

●

●
●
●●●
●
●

●
●

●

●

●
●

●

●●●●

●

●

●
●●●
●●●

●●

●

●●●

●

●

●●

●●●●
●
●
●

●
●●
●●

●

●

●

●
●

●●
●
●

●
●

●●

●●
●

●

●

●

●

●
●
●

●●
●

●

●●●
●●
●●●●
●

●

●

●

●

●

●●

●

●

●

●●●

●●●●●●

●●

●●

●

●

●
●●
●
●●

●●●

●

●

●●

●

●●●●●●
●

●

●●●●●

●

●

●

●●

●●●●

●

●●

●

●●●●●

●

●

●●●

●
●

●

●●

●

●●

●●

●●●●●●

●●

●●●

●

●

●
●

●●

●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●

●
●●

●
●

●●
●

●

●
●
●●●●●●●

●

rs55918334

0.2
0.4
0.6
0.8

r2

MB21D2 HRASLS

MGC2889

ATP13A5

ATP13A4 OPA1

OPA1−AS1

192.6 192.8 193 193.2 193.4
Position on chr3 (Mb)

(iii)
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AK8

C9orf9

TSC1

GFI1B

GTF3C5

MIR6877

CEL

CELP
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GBGT1

OBP2B

ABO
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MED22
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SNORD24

SNORD36B

REXO4

SLC2A6
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ADAMTSL2
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DBH
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VAV2
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Position on chr9 (Mb)
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13 genes
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(ix) ABO_N-acetylglucosamine/N-acetylgalactosamine
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