
Genetic risk for anti-drug antibodies against interferon-beta – Regional association plots 

 1 

Regional association plots of replicated and top pooled GWAS variants in the 
analysis across treatment preparations. 
Regional association plots of variants from the GWAS generated using LocusZoom v1.4 and 
the 1000 Genomes 1000G_Nov2014 EUR reference panel. The color of dots indicates LD 
with the lead variant (pink). Gray dots represent signals with missing LD r2 values. If no LD 
information was present in the database on the top variant, LD with the variant showing the 
second-lowest p-value is indicated. The grey line indicates genome-wide significance. cM: 
centimorgan, chr: chromosome, Mb: mega base pairs. 
 
Regional association plot for variant rs9281971 in the analysis of nADA presence in the 
discovery-stage GWAS of combined treatments. LD information is shown for variant 
chr6:32597924 instead of rs9281971. 

 
Regional association plot for variant rs9281971 in the analysis of nADA presence in the 
pooled discovery + replication GWAS of combined treatments. LD information is shown for 
variant chr6:32597924 instead of rs9281971. 

 

0

2

4

6

8

10

12

-
lo

g 1
0(p
−v

al
ue

)

0

20

40

60

80

100

R
ecom

bination rate (cM
/M

b)

●

●

●

●●●

●

●

●

●

●

●

●

●

●

●●
●

●●●●●

●

●●●

●

●
●
●●●

●
●
●

●
●●

●
●

●
●

●

●

●●

●

●
●●●

●

●

●

●●

●●

●

●
●

●

●

●

●●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●●

●

●
●

●●
●

●

●

●

●
●●

●

●

●●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●●

●

●
●

●

●

●

●

●●

●

●

●●

●

●

●●

●●
●

●

●●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●●●

●

●

●

●
●
●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●●

●

●

●
●
●

●

●●

●

●

●
●
●

●

●

●

●

●●

●

●
●

●

●

●●

●

●●

●
●
●

●

●●

●

●
●●●●●●
●●
●

●

●
●
●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●
●

●

●
●●●●●●
●●●●●

●●

●

●●●●●

●

●
●
●

●

●●●●●●●●●●●

●

●●

●

●●●●

●●●●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●●

●

●

●●

●

●

●●●●

●

●

●

●
●

●

●

●

●
●

●

●

●
●

●●●

●●

●

●

●
●

●

●

●
●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●
●

●

●

●
●●
●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●●

●

●●●●

●

●

●

●●
●
●

●

●●

●

●

●

●

●

●

●

●
●

●
●

●●

●

●●

●

●●

●●

●

●●●●●●●●●

●

●●

●

●

●●●●●●●●●●●●●

●

●●●●●●●
●
●

●

●
●

●

●●●●●●

●

●●●●●●●●●●

●

●

●●

●●●

●

●●●●●●●

●

●●

●

●
●●●

●

●●●●●●●●
●
●

●

●

●

●●●●●

●

●●●●●●

●

●●
●
●●●

●

●

●

●●●●●

●

●
●●

●

●

●

●●

●●

●

●

●●●
●
●●

●

●●
●●
●

●

●

●
●●

●

●
●
●●●●●●●

●
●

●

●

●

●

●●●●

●

●●●●●●●●

●

●●●●●●●●●●

●

●

●

●

●
●
●●●●●●●●●●●●●●●●●●●●●●●●

●

●●

●

●

●●●●●●

●

●●●●●

●

●●●

●

●●●●●●

●●●●

●

●

●

●

●

●

●

●

●●●●●●●

●

●●●

●

●●
●
●●●●●
●●●●

●

●●

●

●

●

●

●

●

●●

●

●●●

●

●●●●●●●●

●

●●●
●
●

●

●●

●

●●●●●●●●●●●●●

●

●
●●

●●

●●●●

●

●●●

●
●
●●●●●●●●
●●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●●●●●

●

●

●

●

●

●●

●

●

●

●●●●●●●

●

●●

●

●●●

●

●
●

●

●

●

●●●

●

●●●

●

●●●●●●●●●●●
●●

●

●●

●

●

●

●●●●●●

●

●
●●

●

●
●

●

●

●

●
●●●

●

●●●●●●●
●●

●

●●

●●
●

●●●●●
●●●

●

●●
●
●
●
●●●●●●

●

●

●●●●
●●●
●
●
●
●●

●●

●
●
●

●
●
●

●

●

●●

●

●●●●
●
●●●

●

●
●●

●

●●

●●
●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●●

●

●
●●
●

●

●

●●
●●●●
●

●

●

●

●

●
●

●●●

●

●●

●●

●

●

●●●●●●●●●

●

●●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●●
●
●
●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●●

●●

●

●

●

●

●●

●

●●●

●
●●

●

●

●

●

●
●

●●

●

●●

●

●●

●●

●●●

●

●

●

●●

●●●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●●●●●

●

●

●●

●

●●

●

●

●

●●●●●

●

●

●

●

●●

●

●

●

●
●

●

●

●●

●

●

●

●

●●
●

●

●●

●

●

●

●

●

●

●●●●

●●

●●

●

●

●

●

●

●
●
●

●

●

●

●●

●

●
●●

●
●
●
●
●

●●●

●

●●●●●

●

●●

●

●

●

●

●
●●

●●●

●

●

●

●

●
●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●
●
●
●●

●
●

●●

●

●
●
●

●
●●

●

●

●

●

●●●

●

●

●

●
●●

●

●
●
●
●
●

●

●

●
●
●

●

●

●
●●●●

●

●

●●

●
●

●

●

●

●

●

●●

●●

●

●

●

●

●

●

●●●

●

●

●

●

●●

●

●

●

●

●

●

●●●
●

●●●
●●

●
●
●●●

●

●

●

●●

●

●●
●
●

●
●●

●

●

●●●

●
●●●
●

●

●●●●●

●●●●
●●●●
●●●●●●●●●●●
●●●●●●●●
●

●

●●●●●●●●●●●

●

●●

●

●●●●●●●
●●●●●●
●●●●●●
●
●

●●

●

●●
●
●

●

●●●

●

●●●

●●●●
●●●●

●●

●●●●●

●

●●●
●●

●

●
●●●
●●●●●●●●

●

●●●
●
●
●●●●●●●●●●●●●●
●●

●

●●●●●

●

●

●

●

●
●

●

●●●

●

●

●●●●

●●

●●●●●●●
●●

●

●●●●●●●●●
●●●●

●●●●●●●●●●

●

●

●●
●●●

●●

●

●

●●●●●●●●●●●●

●●●●

●

●

●
●

●●●
●

●
●●
●

●

●●●
●●●
●
●●●●●●
●●●●

●●●●

●●●

●

●●
●●

●

●●
●●●●●●
●
●●

●●●●
●●
●●●●●●●●●
●

●

●

●

●●●
●

●
●●
●●●

●

●

●

●●●●
●

●

●
●
●●●●●

●

●
●●
●●
●

●●●
●
●
●
●
●●●●
●●●●●●●●●●
●●

●

●●

●

●●
●●●

●●
●

●
●

●
●

●

●
●
●

●

●
●●●

●●

●

●●●●●

●●●●●●
●●●●
●●●●

●
●●●●

●●

●●●

●
●●
●●●

●
●●

●
●
●

●●
●●●●

●
●
●
●

●●

●
●
●●●●●●●●
●●●

●

●

●●●●●●●●
●
●●

●●●
●●●
●
●●●●

●

●

●

●
●●●●
●
●

●

●●●

●●●●
●
●●●
●

●
●●●

●

●

●●

●
●
●
●●
●●●●

●
●
●●
●
●●●

●

●

●

●●
●
●

●●

●●
●

●●●●●

●

●

●

●●●●●●

●

●●●●●
●
●
●
●●●
●●

●●

●

●

●●
●

●

●●●●●

●

●

●

●

●●
●●

●

●

●●

●

●
●

●

●●●

●

●●

●

●

●

●●●

●

●●

●

●●

●●
●

●●●
●

●

●

●
●●

●

●●●

●●

●

●●
●
●

●

●

●●●

●

●●
●●●

●

●

●●
●
●
●●

●

●●

●

●

●

●

●

●●●
●
●
●●

●

●

●

●

●●●●●●

●●
●●●●

●

●●

●●

●

●●
●●

●●●
●●
●
●●

●●
●

●

●

●

●

●

●

●●

●
●

●●●●

●

●●●●●
●●

●

●

●

●●
●
●

●●
●
●

●

●

●

●
●
●

●

●
●
●●
●
●
●●

●●

●

●

●

●●

●
●

●●

●

●

●

●

●●
●
●

●●

●●●●●●

●

●
●
●●

●

●

●●

●

●

●

●●

●

●

●

●

●●●●

●

●

●
●

●
●●●●●●

●

●

●

●

●

●●●

●
●

●
●●

●●●●●

●●

●

●
●
●
●
●

●●

●

●

●●●
●●

●

●●

●●●●●

●●

●

●

●

●

●●●●●●

●

●

●●●

●
●

●
●

●

●

●

●●
●●

●

●

●

●

●

●●

●
●
●

●

●●●

●

●

●●

●
●●●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●●

●●

●

●

●

●●
●

●
●

●●●

●●●●

●●

●
●

●

●

●

●

●

●
●
●●●●●

●●
●●●
●

●●
●

●

●

●

●●●●

●

●●●●

●

●

●

●●●
●●●●●●●●●
●

●

●

●

●
●

●

●

●
●
●

●

●

●

●

●

●

●
●

●●

●

●

●●●●
●

●●

●

●

●

●●
●●●●●●

●●●●●

●

●●
●
●
●●●

●

●

●

●●●●
●●●

●

●

●●●●●

●

●

●
●●●

●

●

●

●
●●

●
●●

●

●
●●

●

●●●

●

●
●
●●●●

●

●
●
●
●

●

●
●
●

●

●●●●●

●●
●
●

●

●●●

●

●

●

●
●

●●

●●

●

●

●

●

●

●

●

●

●
●
●
●

●

●●●
●

●

●
●

●

●●

●

●

●

●●

●

●●●●

●

●

●

●●

●

●

●
●

●

●
●

●

●

●●
●●

●

●

●

●

●

●●●●

●

●●

●

●●●
●
●

●

●

●
●

●

●

●

●

●

●●

●●●

●
●

●●●
●●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●●●
●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●
●

●

●

●●●

●

●

●●

●

●

●
●
●●●●

●

●●
●
●
●
●●
●●●

●

●●
●

●●

●●

●

●

●●

●

●●
●

●

●●●●●●
●

●

●

●

●

●

●

●

●

●

●

●●●
●
●

●

●

●●

●●

●
●●
●●

●

●

●

●

●

●●●●●
●

●

●●

●
●●●
●

●
●
●●
●●●●●●
●
●●

●●●●●

●

●●●●
●

●
●

●●

●

●●

●●
●●●
●

●

●

●

●●●●

●

●

●

●●●
●

●

●

●

●
●
●●

●

●

●●

●

●●

●●●

●

●

●

●

●●

●●

●

●

●●●
●●●●●

●

●

●

●●

●

●

●

●●●●●
●
●●●●
●
●

●

●●

●

●●●●●●●●●●●●●●●

●

●
●

●●●
●●

●

●●

●

●

●

●
●

●

●●●●

●

●●●

●

●

●

●●●

●

●

●

●●

●

●●●●●

●

●

●

●●●●●

●

●

●

●

●

●●●●●

●

●●●●

●

●

●●●

●

●●

●

●

●

●

●

●●●●●

●

●●●●●

●

●●●●●

●

●●●
●

●

●
●●●

●
●
●●●

●

●●●

●

●●

●

●●

●

●●●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●●

●

●

●

●●

●

●●●
●●●●
●

●

●●

●

●●●●●

●

●●

●●●●●

●
●

●●
●

●

●

●

●

●
●
●●●
●●●
●

●

●

●

●

●●

●●●●●

●

●●

●

●

●

●

●●

●●

●●●

●●

●

●●

●

●

●●

●

●

●●

●

●●●●●●
●

●●

●

●

●●

●●

●

●

●

●

●●●●●

●

●

●

●

●

●

●

●●

●●●

●

●●●●●●●
●●●
●●●

●

●●●

●

●

●●●
●

●●●

●
●●
●
●●●
●
●

●

●●

●

●●
●
●●

●

●

●

●

●●
●●

●

●
●

●

●

●●

●

●

●

●●

●

●

●

●●●●●

●

●

●●

●

●●●●●

●
●●

●●

●
●

●

●

●●

●

●

●

●

●

●●●

●

●●●●●
●
●●

●

●●●

●

●●●

●

●

●
●●●

●

●●●
●
●●●●●●●
●
●●●●

●

●●

●●

●●●
●●●

●

●
●
●

●

●●

●

●●●
●
●
●

●

●

●

●
●

●

●

●

●●

●

●

●●

●
●

●●●
●

●●●

●●

●●

●●●

●●

●

●

●●●

●

●

●●●

●

●●

●

●

●●●

●

●

●

●

●

●●

●

●●●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●●

●

●

●●

●●

●

●●●

●

●

●

●

●

●
●
●●●
●
●

●

●

●●

●
●
●

●

●●●●

●

●

●

●

●

●

●

●
●

●●●

●

●

●

●●

●

●

●

●

●
●
●●

●

●

●

●

●

●●●

●

●

●●

●

●

●

●

●

●●

●
●

●●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●●●

●
●

●

●

●

●●

●

●

●●

●●●
●

●●

●

●
●●●●

●

●●

●

●

●

●●
●
●●
●●●

●●

●●●●

●●

●
●
●

●

●

●

●

●●

●

●

●

●●

●
●

●

●

●

●●

●

●

●

●●

●

●

●

●
●●●●

●

●●●●

●●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●●●●
●●

●●

●

●
●
●●

●●
●●

●

●●

●

●●●

●

●●

●

●

●●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●●

●

●

●

●

●

●●

●●●

●

●

●●
●

●●●

●

●●
●●●

●●●

●●●

●●

●

●

●
●

●

●

●
●

●

●

●

●

●●

●
●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●
●

●

●

●●

●
●

●

●
●
●
●●

●

●

●●

●●

●

●

●

●

●●

●

●
●●

●

●

●●●

●

●

●

●

●

●

●

●●

●

●●
●

●●
●

●●●

●

●

●

●

●

●●

●●

●●

●

●

●

●●●●

●●
●●●

●

●

●●

●

●●●

●

●

●●●

●
●

●

●

●
●

●●

●

●

●●●
●
●

●

●●
●●

●

●
●●●●
●
●●
●
●●

●

●

●

●

●
●●

●

●

●

●
●

●

●
●

●

●

●
●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●●●
●●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●
●

●

●

●●

●

●

●
●
●

●

●

●

●●●●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●●
●
●

●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●●

●

●

●

●

●

●

●

●

●
●

●

●

●●
●

●●
●

●

●

●

●●

●

●

●

●

●●
●
●

●●
●

●
●

●

●
●

●●
●

●

●
●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●
●

●●

●●

●

●

●●●

●

●

●●●●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●●

●

●

●●
●
●●●

●●
●
●

●
●

●
●

●

●

●

●

●

●

●

●

●●

●
●

●

●●

●

●

●●●

●

●●

●

●

●

●●

●

●

●●

●●

●

●●

●●
●

●

●

●

●●●

●

●

●

●

●

●
●

●

●
●●

●

●

●

●●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●●

●

●●

●
●

●

●

●●

●●●

●

●

●

●

●●

●

●●

●

●

●

●

●
●

●

●

●●●

●

●

●

●●

●
●
●●

●
●

●

●
●●
●

●

●●●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●●●

●

●

●

●

●

●

●

●

●

●

●

●●●
●

●

●●
●●
●
●
●

●●●
●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●●

●●●

●

●

●

●

●●●

●

●●●
●

●

●

●

●

●

●

●
●●●

●

●

●●

●

●●
●●
●●

●

●
●

●

●
●●

●

●
●●

●

●

●
●

●

●

●

●●

●●

●

●

●

●

●

●

●
●●

●

●
●

●

●●

●●

●●

●

●

●●●

●
●

●

●

●

●●

●

●
●
●

●

●
●

●

●●

●

●

●

●

●

●

●

●●

●

●

●●●●

●

●

●●
●●

●

●

●

●

●
●

●●

●

●●

●●

●

●●●●

●●

●●

●
●●

●●

●

●●●

●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●●●

●

●●

●

●

●

●

●

●●●●●●

●

●

●

●

●

●
●

●

●●

●
●
●

●

●
●

●

●

●

●

●

●●●●

●

●

●

●●

●

●

●

●
●
●●●
●
●

●

●●

●

●

●●●

●

●●●●
●

●

●●
●●●●●
●●
●●●

●

●

●

●●

●

●●

●●●
●●

●

●
●

●●
●

●
●

●●

●●●

●
●
●

●

●

●

●
●●
●●●●●●●●
●●●

●
●

●

●

●
●
●
●
●
●
●●
●
●

●

●

●

●●●

●●
●

●

●

●

●

●

●●●
●

●
●

●●

●

●●●●●

●●

●

●

●●

●

●

●●

●
●

●

●

●

●

●

●●●●

●

●●

●

●●●●●

●

●

●

●

●

●

●

●

●●●

●

●

●●

●
●

●
●

●

●

●
●
●●

●

●

●

●

●

●

●
●

●●

●

●

●

●●●●●

●

●

●

●

●
●
●

●
●●●●●●●

●
●
●
●

●●

●

●●

●

●

●

●

●●

●●

●●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●●

●●
●

●●

●

●

●

●

●

●

●

●

●

●

●●

●●

●●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●●

●●

●

●

●

●

●

●●

●

●

●
●●

●

●

●

●

●

●

●
●

●

●

●

●
●

●
●

●

●

●

●

●
●

●

●●

●

●

●●●

●●
●

●

●●●●●

●

●

●

●●

●

●

●

●

●

●●

●●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●
●
●

●

●●●

●

●

●

●

●

●

●●

●
●
●
●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●●

●●

●

●

●

●

●●

●

●

●

●
●●●

●

●
●

●●

●

●

●

●

●●
●

●

●

●

●●

●

●

●

●

●
●

●

●●

●●

●

●

●

●●

●●

●

●

●

●

●

●

●●

●●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●●●●

●●

●

●

●

●●
●

●●

●

●

●●●
●

●

●

●

●●
●
●●

●

●●●

●

●

●

●●

●

●

●

●●●

●

●

●●

●●●

●

●
●●

●●●
●●●
●●●●

●

●●

●

●

●●
●●

●

●

●
●●

●

●

●●

●

●

●

●
●●

●

●

●
●

●

●

●●●●●

●●

●

●●
●

●
●

●●●●

●●

●

●
●

●

●
●

●

●●●●

●

●

●

●●

●

●

●

●

●

●

●●
●
●

●●

●

●
●●●●●

●

●●
●

●

●●

●

●●

●●

●
●●●
●

●

●

●

●

●●
●
●●

●●●

●

●

●●●

●
●
●

●

●●●

●

●●●
●●

●

●

●

●
●

●

●●

●●

●

●●

●

●●

●

●

●●●

●

●●●

●

●

●

●

●

●
●
●●●●●

●

●

●

●

●●

●●●

●

●●
●
●
●●

●●●

●

●

●

●
●

●

●

●

●

●

●●
●

●

●●●●●●●●

●

●

●●●

●

●
●●

●

●

●●●●●

●

●
●●

●
●

●

●

●●●●

●

●●

●

●●

●
●

●●

●●

●

●●

●

●

●●
●

●

●●●

●

●●●●●
●

●●
●
●●
●

●●

●●

●

●

●

●

●

●●●

●
●●
●

●
●

●
●
●

●●

●

●●●
●●
●●●

●
●●●●●

●

●
●

●

●●●

●
●●●●●●●●

●

●
●

●

●●●

●

●

●
●●

●

●

●

●●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●●●

●

●

●

●

●●●●

●●●●

●
●●●

●

●

●●
●
●

●
●
●

●

●●●

●

●

●

●

●●

●

●

●

●

●

●

●●●
●●●●

●●●

●

●
●

●●●●

●

●●●●●●

●

●●●
●
●●●●
●●●●●●
●

●

●

●●●●●

●

●●

●●

●●
●●●●

●

●●
●

●

●●●●●
●●●●●●
●

●

●●●●●
●
●
●●

●

●

●

●

●

●●●●
●

●

●●●●●●●
●●●

●

●

●

●

●

●
●●●●●●
●
●●●

●

●●●

●

●

●

●●●
●●

●

●●●●

●

●

●
●●
●

●
●●
●●●●●●
●
●●●●
●
●●

●
●●
●
●

●●●
●

●

●●
●●
●●

●

●

●

●●

●

●●

●●

●

●●●

●●
●
●●

●

●

●
●●

●

●●●

●●
●

●

●

●

●●●

●●●●●
●●
●
●

●
●●●
●
●●●●
●●
●

●

●●●●
●●
●●●●

●

●●●

●

●●

●

●●

●

●●

●

●●
●●
●

●●●

●
●●●●●
●●●

●

●

●

●●●
●●●●

●●

●●●●

●

●

●

●●

●

●

●

●

●

●●

●●●

●

●●●●●●

●●

●

●

●●
●

●●

●●

●
●

●

●

●

●

●

●

●
●●

●●●

●

●●●●

●

●●●

●

●

●

●
●●●●●

●

●●●●

●

●

●●

●●

●

●●

●

●●●

●●

●●●●●●●●●●●●●●●●●
●

●

●●●●●●

●

●●

●

●●

●

●●●

●

●●●●●●

●●

●●●●●

●

●●●●

●

●●●●
●●●●

●

●●●●●●

●

●

●

●

●

●

●●●

●

●

●●●

●

●

●●●

●

●

●●●●

●●

●●

●

●

●

●

●

●

●

●●

●

●

●●

●
●

●

●

●
●

●

●

●
●

●●●

●

●●

●

●●

●

●

●

●●●●

●
●●●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●●

●

●

●

●●

●●●●●

●

●●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●
●

●●●●●●●●●

●

●

●

●●●

●

●

●
●

●●

●
●●

●●

●●

●●

●

●

●●

●●●

●●

●●●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●●

●
●

●

●●

●

●

●

●●●

●

●
●
●

●

●

●

●

●
●●

●

●

●

●

●

●

●●

●

●

●

●

●

●●●

●
●
●●●●●●●

●

●

●

●

●

●

●

●

●

●

●

●●●●●●
●●
●●

●

●●●

●

●

●

●

●●
●●●●●●

●

●●

●

●●
●
●

●

●

●

●

●●●●●●●●●

●●

●

●

●●●●

●

●
●
●●

●

●

●

●●●●

●

●

●●

●
●

●

●●●

●

●
●
●●
●
●

●●

●●

●

●●●

●

●

●

●

●●

●●●●●

●

●●
●

●

●●●●●●●●●

●

●

●

●

●●

●

●

●

●●

●

●●●●●●●●●●
●

●

●●●●

●

●●●

●

●

●

●●

●
●

●

●

●

●

●

●●●●

●

●
●

●

●

●

●

●●●

●

●

●

●

●

●●

●

●

●

●●●●

●

●

●

●

●

●

●
●

●

●
●●
●
●

●●

●

●●●●●●●●

●●
●
●●

●

●●●●

●●

●
●

●

●●●

●

●●●●●●●●●●●●●

●
●

●

●

●●●

●
●●
●

●
●●

●

●●●

●

●

●

●●●●●●

●
●

●

●

●●●●●●

●

●●

●

●●●

●

●●●●●●●

●●

●●●

●
●

●

●

●●

●

●
●
●●●●

●

●●●

●

●●●

●●

●

●

●

●●

●

●●

●

●●●●●
●
●

●
●

●●

●

●●●●●●●●●

●

●

●

●●

●●

●●●●●●●●●

●

●

●●●●●●●●●●
●
●●●●
●

●●●●●●●●●

●●

●●●

●

●●●

●

●

●

●●
●
●●●●

●

●

●

●●●
●
●

●

●

●●●●●●
●
●
●
●

●

●

●

●

●

●●●
●
●●●●
●

●●

●●●●●

●

●

●●●
●●●●
●

●●●●
●●
●
●●●●●
●●●●●●●●●●
●●

●

●
●●●
●●

●

●●

●

●

●

●

●

●

●●

●●

●●●

●●●
●
●

●

●

●●●●●●●
●
●●●●

●
●

●

●

●●
●●

●●

●

●

●●●

●

●●●●

●

●
●●

●

●

●

●●
●
●●

●

●●●

●

●●

●●●

●●●

●

●

●
●

●●

●

●

●

●●●●

●

●

●

●

●●●

●

●

●

●

●

●●●

●●

●

●

●

●●

●

●
●●●

●

●●

●

●

●●

●

●

●●●●●●●

●

●●●●●●●

●

●
●●

●

●

●

●

●

●

●

●●

●●

●

●●●●●

●

●●●●●●●

●

●●

●

●

●

●

●●●

●

●●

●

●●●●●●

●

●●

●●●●●●

●

●●
●

●●●●●●

●

●

●●●●

●

●

●●
●

●●

●

●●●●

●

●●●
●●●

●

●●

●

●

●

●

●●●●

●●

●

●●

●●●●●

●

●●●

●

●

●
●
●

●●●

●

●●

●

●

●

●●

●

●

●

●

●

●

●

●

●●●

●
●

●

●

●●

●
●●

●

●●

●

●●●

●

●

●

●●●●●●●●●

●

●

●

●

●

●

●

●●●
●
●●●

●

●●

●

●●●

●

●

●

●●

●

●

●

●●

●

●●●●

●

●●
●●●●●●

●

●●●●●

●

●●●
●●

●

●●●●●●●
●
●●

●●

●

●●
●

●●

●●

●

●●●

●

●

●

●

●

●

●

●●

●

●

●●●●

●●●

●●●

●●●●

●

●

●

●●

●

●

●●●●●●●

●

●●●●●●●●●
●

●

●
●●

●

●●

●

●●●●●

●

●●

●●

●

●

●●●●●●●●●●●

●

●●●

●

●

●●

●●●●●●●●

●

●
●●

●

●●

●

●●●●

●

●

●

●

●

●●●●

●

●

●●●●

●

●●●

●●

●●●●●

●

●

●

●●

●●

●

●

●●●

●

●

●

●●●

●

●●●●●●

●
●
●

●●●

●

●●

●●●●●

●

●

●

●

●●

●

●●

●

●

●●

●

●●

●●

●●

●

●●●

●

●●

●●

●

●●●●●

●

●

●

●●

●

●

●
●

●●●

●

●

●●

●

●

●●●●

●

●●●

●

●
●●

●●

●●●

●

●

●●●●

●
●

●●●

●

●●●
●●

●●●

●

●
●

●

●

●●●●●●

●

●

●●●

●

●

●●

●

●

●●

●

●

●●●

●

●●●●●●

●

●

●

●●

●

●

●●

●

●●●●

●

●●●●●

●

●

●●

●●

●

●

●

●

●●●●●●

●●●

●●●

●●

●

●

●

●●

●

●

●
●
●●●●●

●

●

●

●

●●
●●

●●

●●

●

●
●
●

●

●

●

●●●●

●

●

●

●●
●●
●●●

●

●
●

●●

●

●●●●●●●●
●●●
●
●

●

●●

●

●

●

●●

●●

●

●

●

●

●
●

●

●

●●●●●●●

●

●

●

●●●●
●●●●●
●●●●
●

●

●●●●

●

●●
●
●●●●
●

●

●

●

●●
●

●

●
●

●

●

●●●●

●●●

●

●

●

●●

●●

●●●

●

●
●

●●●

●●
●
●
●
●
●
●●●
●

●

●●●●●●●

●

●

●●●●
●
●

●

●
●●●●●●

●

●

●
●

●

●
●

●

●●

●

●●●●●●●●●●●

●

●

●

●●●●●●●●●●●●

●

●●

●

●

●

●●●●●●●●●●●●●●●●●●●●●●●●
●●●●

●

●

●

●●●●●●●●●●●●●●

●

●
●●●●●●●●●●●●●●●

●

●●●●●●

●

●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●

●

●●

●●

●●●●●●●●●●●●●

●

●●●●●

●

●●●●●●●●●●●●

●
●

●●●●●●●●●

●

●●

●

●●●●●●●●●●●●●●

●

●●●●
●●
●●

●

●

●●

●
●
●●●●●●●●●

●

●●●●●●
●
●●●●

●
●

●
●

●

●●●●●●●

●

●●
●●●●●●●●
●

●

●●

●

●●●●●●

●

●●

●

●●●

●

●●●●●●
●

●

●●●●●

●

●●●●●●●

●

●●●●
●●●●●●●

●

●
●

●●●

●

●●●●●

●

●
●●●
●
●●
●●
●●●●●●●●
●
●●●

●

●●●●
●
●

●

●

●

●

●

●●●●

●

●●●●●●●●●●●●●●●●
●●●
●
●
●
●●

●

●
●
●●●

●

●
●
●●
●●●●●●

●●●●●●●●●●

●

●●●

●

●●

●

●●●

●

●

●●●●●●●●●

●

●●●●●

●

●●●●●

●

●

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

●

●
●

●●●●●●●●●●●●●
●●●

●

●

●●●●●●●●●●
●

●

●●●●●●●●●●●●●●

●

●

●

●
●
●●●●●●

●

●●●●●●●●●●●●●●●●●●●

●

●
●●●●●●●●●●●●●●●

●

●●●●●●
●
●●●●●●●●●●●●●●●●●●●●●

●

●●

●

●●●●●●●●●●

●

●●●●●●

●

●●●●●●●
●●

●

●

●

●●●●●●
●
●●●●●●●●●
●
●●●●

●

●●●●●●●●

●

●

●

●●●●●●●●●●

●
●

●●

●

●
●
●●●

●

●

●

●
●

●

●
●

●●

●●

●

●●●

●●

●

●

●

●
●
●
●
●
●

●

●

●●

●●

●

●

●

●●

●●

●
●

●
●
●●

●

●●

●

●●●●●●●●●

●

●●●

●

●

●●

●

●●●●●●

●

●

●
●●●●●●●●●●●●●●●●●●
●●
●
●

●

●

●●●●●●●●

●

●

●

●

●

●

●●

●

●

●●

●●●●●

●

●

●●

●

●

●
●
●●●

●●●●

●

●

●

●

●

●

●
●
●●●●

●

●●

●

●●

●

●

●●

●

●

●●

●

●●●

●

●●

●

●

●●

●

●

●

●

●

●●●

●

●

●

●●

●●●

●

●
●●●

●

●

●

●
●

●
●●●●
●●
●●

●●●●●●●

●

●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●

●●
●

●●●

●

●

●

●

●

●

●●●

●●

●

●

●

●●

●

●●

●
●

●

●

●

●

●
●

●

●

●

●

●

●●●

●

●

●

●

●

●

●●●

●

●

●●●
●

●

●
●

●

●●●

●

●

●

●●

●

●●●●●

●

●●

●

●

●

●

●

●

●●

●

●

●●

●
●
●

●

●

●●●●●●●
●
●

●●●

●

●

●●●●●●●

●

●

●

●

●

●●

●●

●

●

●

●●

●

●

●●●

●●●

●●●●
●●●
●●
●●
●

●

●

●

●

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

●

●●

●

●●

●●
●●●
●
●●●●●●●●●●●●●●●●

●

●

●

●●●

●

●●

●

●●
●
●●

●

●
●
●●●

●

●●

●

●

●

●
●

●
●

●

●

●

●●●
●●
●●●

●

●

●

●

●

●

●●

●

●●

●

●

●

●
●

●

●

●

●●●●●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●●

●

●

●●●

●

●
●

●

●

●

●

●

●

●

●

●●
●

●●

●●

●

●●●

●
●

●●
●

●●
●●●●●

●

●●

●

●●

●

●

●

●●

●
●
●
●

●●
●
●●●●

●

●

●●

●

●●

●

●

●

●

●●

●●

●
●●●●●

●

●●●

●
●

●

●

●

●

●●

●

●●

●

●●

●●●●●

●

●●●●

●

●

●

●●

●

●

●

●

●

●
●●●

●

●

●●

●

●

●●

●

●●

●●

●

●

●

●●

●

●

●
●●●●

●

●

●

●●

●●●

●

●

●

●●

●
●
●

●
●

●

●

●

●

●

●●

●●

●

●

●
●●
●
●
●

●

●

●

●

●

●

●●●●
●
●

●

●

●

●●●●●●●●●●●●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●●●

●

●

●●

●

●

●

●●

●

●

●

●

●●●

●

●●

●

●●●

●

●

●

●

●

●●
●
●

●●●●

●

●

●

●●

●

●●●

●

●●
●●
●●

●

●

●

●●●●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●●

●

●●

●

●

●

●

●●

●

●●●

●●

●

●

●

●

●

●●

●

●●●

●

●●

●

●●

●

●●

●

●

●

●●

●●

●

●

●
●●●●●

●

●

●

●

●

●

●

●●

●●●
●

●●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●●

●

●●●

●

●●
●

●●●

●
●
●●

●●

●

●●

●●●

●

●●●●●●

●

●

●●

●

●

●

●●

●

●

●●

●●●

●

●●

●

●

●

●

●●

●
●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●●
●

●

●●

●

●

●

●●

●

●●

●

●

●

●

●

●●●●

●●●

●

●

●

●

●

●

●

●
●●

●

●
●●

●

●

●

●

●

●

●●

●
●

●

●

●●
●

●

●

●

●●

●

●

●

●
●●

●
●●●●
●
●

●
●●

●●

●

●
●
●

●

●

●

●

●

●

●●

●●●

●
●

●

●

●●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●●●

●

●

●
●●

●

●●

●

●

●

●●

●

●●
●

●

●●

●

●

●
●●

●●●

●

●

●

●
●

●

●●

●

●
●

●
●

●
●

●
●

●

●
●

●●

●●●
●
●

●

●

●

●
●●

●●●
●

●

●

●

●

●

●●

●

●

●

●●
●

●

●

●

●

●

●●

●

●●

●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●●●

●
●●●
●

●

●●●
●
●

●

●

●●
●●
●●

●

●

●

●

●

●

●
●

●

●
●●

●

●
●●

●

●

●
●●

●

●●
●
●●●

●

●●

●

●

●

●●●●

●

●●

●

●

●

●

●
●

●

●

●●●●

●●

●●

●●

●

●

●

●

●

●

●●●●●●●●

●

●

●

●●●

●●

●●

●
●●

●●

●

●

●●●●

●

●

●●

●●
●

●

●

●●●
●●
●
●

●

●

●●●●

●●●

●

●
●
●●

●

●

●

●

●

●

●

●●
●
●●
●●●

●

●

●●
●●
●●
●●●●●

●

●

●

●●
●

●

●
●●●

●

●
●●●
●●
●

●

●

●

●●●●●●●●

●
●

●●
●●
●●
●●
●
●●
●

●

●●

●

●
●●

●●●

●

●●●

●●

●●

●●●●

●●●

●●

●

●

●

●●●

●

●●
●●●

●

●

●

●

●●
●

●●●●

●

●

●
●●●

●●
●●

●

●

●
●

●●

●
●

●

●

●●●

●

●●

●

●●
●

●

●

●

●

●●

●

●●

●●●

●

●●●

●

●

●

●

●●

●

●

●●●●●●

●●

●

●

●

●●
●

●●●●●●
●

●●

●
●●
●●●●●●
●●

●●●
●

●●●
●

●

●

●

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

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

●●●●
●●●●

●●●●

●
●●●●●●
●●●●
●●
●●
●

●●

●●

●●●

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

●●●

●

●●●●

●

●●●

●●●
●●●

●

●

●●●●

●●●

●

●●

●●●●

●

●

●

●

●

●

●●

●●

●

●

●●

●

●●

●

●

●

●●

●

●●

●

●
●

●

●
●

●

●

●●●●●●

●

●

●
●
●
●

●●

●

●

●
●

●●●●

●

●●●●●

●

●

●
●

●
●

●

●
●●

●

●
●
●●

●●●●●

●●

●●●
●
●

●●●

●●●●

●

●

●

●●●●
●

●

●

●

●

●

●
●

●●●

●

●

●
●

●

●
●●
●●●●●●
●●●●●●●●●
●

●

●●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●●●
●

●

●●
●●●●●

●
●
●
●
●
●

●

●●
●

●

●●

●

●●

●

●

●

●

●

●

●

●
●
●●

●●

●

●

●●
●●●
●

●

●

●●

●●●

●●
●

●

●

●

●

●●●●

●●

●
●●
●

●●●●●●

●●●

●

●

●
●●●

●●
●●

●

●●●

●

●

●

●

●●●

●

●

●

●●●●●

●

●

●●

●●

●●
●
●
●

●
●●●●

●
●

●●

●

●
●

●

●

●
●●●

●
●
●
●●●
●
●
●

●

●●
●
●●

●

●

●
●
●●
●
●

●
●
●
●
●

●●●

●

●●●●●

●

●●●●●●
●●

●●
●●●●●●●●●
●
●●●
●●●●
●●●

●●●●●●
●

●

●
●●

●
●

●●
●●●●

●●●

●
●●●●

●

●

●
●
●●

●
●
●
●●●●●
●

●●
chr6:32597924

0.2
0.4
0.6
0.8

r2

HLA−DRA HLA−DRB5

HLA−DRB6

HLA−DRB1 HLA−DQA1

HLA−DQB1

HLA−DQB1−AS1

HLA−DQA2

MIR3135B

HLA−DQB2

HLA−DOB

TAP2

32.4 32.5 32.6 32.7
Position on chr6 (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)

●

●

●

●●●

●

●

●

●

●

●

●

●
●

●●●

●●●●●

●

●●●●
●
●●●
●
●
●

●●●

●●

●
●

●
●●

●●●●
●
●

●

●●

●

●●●

●

●
●

●

●

●●
●
●
●

●

●

●
●
●

●

●

●

●

●

●

●●
●

●

●
●
●

●
●

●
●

●

●

●

●

●

●●

●
●

●●

●

●

●

●
●

●
●

●

●●

●

●

●

●

●

●
●

●

●
●
●

●

●

●

●●●

●

●●

●
●

●

●

●●

●

●

●

●

●

●

●●

●●

●

●

●●

●
●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●●●

●

●

●

●

●●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●●

●

●●

●

●

●
●

●●

●

●
●●●
●●●
●●
●

●

●
●●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●●
●
●●●●●●●●●●●●●●

●

●
●●●●

●

●
●
●
●●●●●
●
●●●
●
●●●

●

●
●●●

●●●●

●●
●

●

●

●

●
●

●

●

●●●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●

●

●●

●
●

●●

●

●

●●●●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●
●●

●

●
●
●●

●

●●●

●

●

●

●
●●

●

●
●

●

●

●
●

●

●

●
●

●●

●●

●

●●
●
●●

●●

●

●●●●●●●●●

●

●●

●

●

●●●●●●●●●●●●●

●

●●●●●●●
●
●

●
●
●●●●●●●●

●

●●●●●●●●●●

●

●

●●

●●●

●

●●●●●●●
●
●●

●
●
●●●

●

●●●●●●●●●●●●

●

●●●●●

●

●●●●●●

●

●●

●

●●●

●

●

●

●●●●●

●

●
●●

●

●

●

●●

●●

●

●

●●●●●●

●

●●●●
●
●
●

●●●

●

●●●
●●●●●●

●

●●

●

●

●

●●●●

●

●●●●●●●●

●

●●●●●●●●●●

●

●

●

●

●
●
●●●●●●●●●●●●●●●●●●●●●●●●

●

●●

●

●

●●●●●●

●

●●●●●
●
●●●

●

●●●●●●

●●●●

●

●

●

●

●

●
●
●

●●●●●●●

●

●●●

●

●●●●●●●●
●●●●
●
●●

●

●

●

●

●

●

●●

●

●●
●
●●●●●●●●

●

●●●●●

●

●●

●

●●●●●●●●●●●●●

●

●

●●
●●●●

●

●●
●
●
●●●●●●●●●●●●
●

●

●

●

●

●●

●

●

●

●

●

●

●●
●
●●

●

●
●
●

●

●
●●

●

●●●●●●●●●

●

●
●●

●

●

●

●

●

●●●

●

●●●

●

●●●●●●●●●●●●●●●

●

●

●

●●●●●●

●
●
●●

●

●●

●

●

●

●●●
●

●

●●●●
●
●●
●●

●
●●

●

●●●
●●●●●●

●

●
●●
●
●●●●●●

●

●

●●●●
●
●●●●
●
●●

●●

●●

●

●
●

●

●●●

●

●●●●
●●●●

●

●
●●

●●

●●
●

●

●
●
●●

●

●
●●

●

●

●

●

●

●

●●

●

●
●
●
●

●

●

●●●●●●
●●●
●

●

●●

●●
●

●

●●
●●

●

●
●●●●●●●●●

●

●●
●

●
●
●
●

●

●

●

●

●

●

●

●
●

●●
●
●
●

●

●

●

●

●

●●

●

●

●
●

●

●●

●
●

●

●
●●

●●

●

●

●

●●

●

●●
●●
●
●●●

●

●

●
●

●●
●
●●●
●●

●●

●●●

●
●●●
●●●

●

●
●
●●

●

●
●

●

●

●

●●
●

●
●
●●●●●

●

●●

●

●●

●

●

●

●
●
●●
●
●
●

●

●

●

●

●
●●●
●

●

●
●●

●●

●

●

●●
●

●

●

●

●

●●

●

●
●
●●●●
●●
●●●
●
●

●

●
●●
●

●

●

●

●●

●

●●

●●

●
●
●●
●

●

●●●●●

●

●
●

●

●

●

●

●

●
●

●●
●

●

●

●

●

●●

●

●●

●

●

●

●●
●

●

●

●

●

●

●●●●
●

●
●

●●

●
●
●

●●

●
●

●

●

●

●●●

●

●

●

●●●

●

●
●●

●

●●●

●

●

●

●●●
●●

●

●

●●

●

●

●

●●

●

●

●●

●●

●●

●

●
●

●

●●●

●

●
●

●

●●

●

●

●

●

●●

●●
●●

●●●●●

●

●

●●●

●

●

●

●●

●
●●●
●

●

●
●

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

●
●●●●●●●●●●●

●

●●
●
●●●●●●●●●●●●●
●●●●●●
●
●

●●

●

●●
●
●

●
●●●

●

●●●
●●●●
●●●●

●●

●●●●●●●●●
●
●

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

●

●●

●●●
●

●

●
●

●
●

●

●●●

●

●

●●●●●●●●●●●●●●●

●

●●●●●●●●●
●●●●

●●●●●●●●●●
●

●

●●●●●

●●

●
●

●●●●●●●●●●●●

●●●●

●

●

●●

●●●
●

●
●●
●

●

●●●
●●●
●●●●●
●●
●●●●

●●●●

●●●

●
●●●●

●

●●●●●●●●●
●●

●●●●
●●
●●●●●●●●●●
●
●

●

●●●
●

●●●
●●●

●

●

●

●●●●●
●

●

●●●●●
●

●

●
●●●●●
●●●
●●
●●●
●●●
●●●●●●●●●●●●
●

●●

●

●●
●●●
●●
●

●●

●●

●
●●●
●
●
●●●

●●
●
●●●●●
●●●●●●
●●
●●
●●●●

●
●●●●

●●

●
●●

●
●●●●●
●
●●
●●●

●●
●●●●
●●●
●

●●
●
●
●●●●●●●●
●●●
●
●
●●●●●●●●
●
●●

●●●
●●●
●
●●●●
●
●
●
●●●●●●●
●

●●●

●
●●●●●
●
●●

●
●●●

●

●
●●

●
●
●●●
●●●●
●
●●●
●
●●●
●
●

●

●●
●●

●●

●●●

●●●●●
●

●

●

●●●●●●

●

●
●
●●●●●●

●●●
●●
●●

●

●

●●
●

●

●
●●
●●

●
●
●

●

●●●●
●

●

●●
●

●●

●
●●●
●
●●

●

●

●

●●●

●

●●

●
●●

●●
●

●●
●
●

●

●

●

●

●

●

●

●●

●●

●

●●
●
●

●

●
●●
●

●

●●●●●●

●

●●
●●
●
●

●

●
●

●
●

●

●

●

●●●●

●

●●

●

●

●●
●●●

●

●●
●●
●●●●

●

●●

●●
●

●●
●●
●●●

●●

●

●●

●●●

●

●

●

●

●

●

●●●
●

●

●

●

●

●

●

●

●●●
●●

●

●

●

●●●
●

●

●●
●

●

●
●
●

●

●

●

●

●
●●●
●
●●

●●

●

●
●
●●

●

●

●●

●

●
●

●

●●

●

●

●●

●●●●●●

●

●

●

●●

●
●
●●●●

●

●●

●

●

●

●

●●●●

●

●

●
●

●
●
●●
●
●

●
●

●
●

●

●

●●●

●
●

●
●●

●●●●●

●●●●●●
●
●

●●

●

●

●●●
●●

●

●
●

●●●●●

●●

●

●

●

●

●●●●●●

●

●

●●●

●●

●

●

●

●

●

●●

●●

●

●

●

●

●

●
●

●
●
●

●

●●●

●

●

●●

●

●●
●

●

●

●●

●

●

●

●

●

●

●●

●

●

●

●

●●●●

●

●

●

●●
●

●

●

●●●

●●

●●

●
●

●●

●

●

●

●

●

●
●●●
●●
●

●●
●●●

●

●●
●

●

●

●

●●●●

●

●●●●
●

●

●
●●●
●●●●●●●●●
●

●

●

●
●

●
●
●

●
●

●

●

●

●

●

●

●
●
●
●●
●

●

●●●●
●

●
●

●

●

●

●●
●
●●●●●
●●●●
●

●

●●●●

●●●

●

●

●

●●●●●
●●

●

●

●●●●●●

●

●

●●●

●

●

●
●

●●

●
●●

●
●●
●
●

●
●●

●

●

●
●●●●

●

●
●
●
●

●

●
●
●●
●●●●

●●●

●

●

●

●●●

●

●
●

●●

●●●
●

●

●
●

●

●

●

●

●
●

●

●

●

●

●●●
●

●

●
●

●

●●

●

●

●
●

●

●

●●
●
●

●

●

●

●●
●

●

●
●

●

●
●

●

●

●
●

●●●

●

●

●

●

●●●●

●

●●

●

●●●

●
●

●

●

●
●

●

●

●

●

●

●●●●●

●

●
●●●
●●●
●

●

●

●

●●

●

●●

●

●

●

●

●

●●●
●●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●
●

●

●
●

●●

●●●

●

●

●●

●

●

●
●
●●●●
●

●●

●

●

●
●●
●●●

●

●●

●

●

●
●●

●

●

●●

●

●●
●

●

●●●●●●
●

●

●

●

●
●

●

●

●

●

●

●●●●●

●

●

●●

●●●●●
●●●●

●

●

●

●
●●●

●
●

●

●●

●
●●●●

●
●

●●

●
●
●●●●●

●●
●●●●●
●
●●
●
●

●

●
●

●●

●

●●

●
●
●●●
●●●

●

●●●●

●

●

●

●●●●

●

●

●

●
●
●●

●

●
●

●

●●

●●●

●

●
●

●

●●

●●

●

●

●●

●

●●●●●

●

●●●

●

●

●

●●●●●

●

●●●●

●

●
●●●

●

●●
●●●●●●●●●●●●●●●

●

●●
●
●●

●

●●

●

●

●

●

●

●

●●
●●

●

●●●
●

●

●

●●●

●

●

●

●●

●
●
●●●●
●

●

●

●

●●
●●

●

●
●

●
●

●●●●●

●

●●●●

●

●

●●●
●
●●

●●

●

●

●●●
●

●

●

●●●●●●●●
●●
●●●
●

●

●

●
●●

●

●

●

●●●
●
●●●

●

●●●●●

●

●●●
●

●

●

●

●
●

●

●●

●

●●

●

●

●●

●

●

●

●

●●

●

●

●

●●

●

●

●

●●

●

●●●
●●●●

●

●

●●

●

●●●●●

●

●
●

●●●●●

●
●

●●

●

●

●

●

●
●
●
●●●
●
●●

●

●

●
●

●

●●

●●●●●

●

●●

●

●

●

●

●
●

●●

●●

●

●

●

●●

●

●

●

●

●●

●

●●●
●
●●
●

●●●

●

●●

●
●

●

●

●

●

●●●●●

●

●

●

●

●

●

●

●●

●●●

●

●●●●●●●
●●●●●●

●

●●●

●

●

●●●●

●●●

●●●

●

●●●●●

●

●●

●

●●●●●

●

●

●

●

●●
●●

●

●
●

●

●

●●

●

●

●

●

●

●
●

●

●●●●●

●

●●●

●

●
●
●●●

●

●

●

●●

●

●

●

●

●●

●●

●

●

●

●●●

●

●
●●●●
●
●●

●

●●●

●

●●●

●

●

●

●●●

●

●●

●

●
●●●●●●●
●

●●●●

●

●●

●●

●●●●●●

●

●
●
●

●

●●

●

●●

●

●

●
●

●

●

●
●

●

●

●

●

●●

●

●●

●

●

●●●●

●

●●

●●

●●

●
●●

●●

●

●●●

●
●

●●●
●
●●

●
●

●●●

●

●
●

●

●
●●

●

●●●

●

●

●

●
●
●●
●

●●

●

●

●

●

●

●●
●

●

●●
●●

●

●●●

●

●
●

●

●

●

●●●●●
●

●

●

●●

●
●
●

●

●●●●
●

●

●

●

●
●●●
●

●●●
●
●

●

●●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●
●
●

●●
●
●

●●

●●

●

●●

●
●
●

●
●

●

●

●●

●

●

●

●
●

●●

●

●
●

●

●

●

●

●

●

●

●
●●

●

●

●●

●

●
●●●●

●

●●

●

●

●

●
●

●●

●
●●

●

●●●
●
●
●

●●

●

●●

●

●

●

●

●
●

●

●

●

●

●
●

●
●

●

●
●

●

●

●

●
●●
●

●
●

●●●●

●

●●●●●

●

●

●
●
●

●●
●●●

●
●

●

●
●

●

●

●
●
●

●●
●

●

●●●●
●●

●
●

●

●

●

●●

●●

●

●●
●

●●●

●

●
●

●

●

●
●●●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●
●

●●●
●●

●

●

●
●
●
●

●
●●
●
●

●

●

●
●●●

●●●

●

●●

●

●

●

●
●●

●

●

●
●

●

●

●

●●

●●
●●●

●

●
●

●●

●

●

●

●●

●

●

●●●

●

●

●

●

●

●

●
●

●

●

●●
●

●

●

●

●
●
●●
●

●

●●

●

●●●●

●

●●

●

●
●●
●●

●●

●
●●●
●●●●●●●●

●

●●

●

●●●●

●●

●●●●
●
●●●●●●

●

●

●

●

●●●

●

●●

●

●

●●●●

●

●

●●
●

●

●
●●●●
●

●●●
●

●
●

●

●

●
●●

●

●
●

●

●

●

●

●

●

●

●
●

●
●

●●

●

●●

●

●

●
●

●

●

●

●

●●●
●●

●

●

●

●

●

●●

●

●
●

●●

●
●

●
●

●

●
●
●

●

●●●

●

●

●
●●●●●
●

●
●

●●

●

●

●●

●

●
●
●
●
●

●
●

●

●

●

●●

●

●

●●

●

●
●

●

●

●

●

●

●

●●

●
●
●●●
●

●

●

●

●

●
●

●

●●●●●●

●

●

●

●

●

●

●

●●

●

●
●●

●●

●

●

●

●●
●●
●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●
●●

●

●
●

●●●

●●●

●●

●

●

●

●

●

●

●

●
●●●

●

●

●

●
●●

●

●

●

●

●●
●

●

●

●
●
●

●

●
●
●

●

●

●
●

●●

●
●

●
●

●

●●●

●●

●

●

●

●

●

●●

●●

●
●●
●●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●
●

●

●

●

●

●●●

●●●●

●●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●
●●
●

●

●

●

●

●

●

●●●

●●

●

●

●

●

●
●

●

●
●

●

●

●

●●●

●

●●●●●

●

●
●

●

●

●

●

●

●●

●

●●●●
●

●

●

●●
●

●●●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●●●
●
●

●

●

●●
●●

●●●●

●
●
●

●

●

●

●

●●●

●

●
●●

●

●●

●

●

●●

●

●
●

●

●●●

●

●

●

●

●

●

●
●

●

●
●

●●

●●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●●

●
●

●

●

●●●

●

●

●

●

●

●●
●

●

●
●

●

●
●

●

●●

●

●

●

●

●●

●

●

●

●●

●

●

●

●●●
●

●

●

●

●●

●●

●

●●

●

●

●

●●●●
●●

●●

●●

●
●

●
●

●●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●●
●
●

●

●

●

●

●

●

●●

●●●●

●

●

●

●●

●
●

●●

●●●

●

●●

●

●

●
●

●

●●●●

●

●

●

●●

●

●

●

●●
●●
●
●

●

●●

●

●

●●●

●

●●●●●

●

●●
●●●●●
●●●●●

●

●●

●
●●

●

●●
●●
●

●
●

●●●

●●

●
●

●●●

●●

●
●
●

●

●●●●●●●●●●●●●

●●

●

●

●●●●●●
●●●●

●

●

●

●●●

●●
●

●

●
●

●

●

●●●●

●●

●●

●

●●●●●●●●
●

●●
●

●

●●

●●●

●

●

●

●

●●
●

●

●
●

●

●●●●

●

●

●

●

●●

●

●●

●●●●
●
●
●

●

●

●●

●
●

●●●●
●

●

●●

●

●

●●

●●

●

●
●

●●●●●

●

●

●

●

●
●●

●●●●●
●●●

●
●●●

●●

●

●●

●

●

●

●

●●

●
●

●●

●

●

●

●

●

●

●

●●

●
●

●●

●
●●

●

●

●

●

●

●

●

●
●
●

●

●●

●

●

●

●

●●●

●●

●

●

●

●

●

●

●

●

●
●

●●

●●

●
●●

●

●

●

●

●

●
●

●

●

●
●
●

●

●

●

●

●
●●●

●

●●

●

●

●●●

●
●

●

●

●
●
●●●

●
●
●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●
●●

●

●

●
●

●
●

●

●●

●●

●

●

●

●

●

●

●

●●

●

●

●●●

●●●

●●●
●
●
●
●●

●

●
●

●
●
●
●

●
●●

●●

●

●

●
●

●●

●

●

●
●

●

●
●

●

●

●●

●

●

●

●
●

●

●
●●
●

●●

●

●

●

●

●

●●

●
●
●

●

●●●

●

●

●

●●

●

●
●

●●
●
●
●

●

●

●●

●

●

●

●

●

●

●

●●

●

●
●

●●

●

●

●

●
●
●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●●●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●●

●
●
●
●●●●

●

●

●
●
●

●

●

●

●●●●
●

●

●

●●

●●●

●

●

●

●
●●●
●
●

●

●

●

●●●

●
●

●●

●

●
●

●

●●
●
●
●

●

●

●

●

●

●●

●●●

●

●

●●

●●●●●●
●●●●

●

●●

●
●

●

●

●

●●

●

●

●●

●

●

●●●

●

●

●

●●●●●
●

●

●

●●●●●

●●

●

●●

●

●●
●●●

●

●

●●

●

●
●

●●

●●●●●

●
●

●

●●

●

●

●

●

●
●

●●
●
●

●●

●
●●●●●●

●

●●

●

●●

●

●●●●●
●●

●

●

●

●●

●

●●

●●●

●

●

●●●

●
●●

●

●●●

●

●●●
●●

●

●

●

●

●

●●

●●

●

●●

●

●●

●

●

●●●

●

●●●
●
●
●●

●

●

●
●

●●●

●

●

●●

●
●●

●

●
●●●
●●

●●●

●

●●●
●●●
●

●

●●●

●

●●●
●●●●●

●
●
●●●

●

●
●●

●

●

●●●●

●●
●●●

●
●●
●

●●●●

●

●●

●

●●

●
●

●●

●●

●

●●

●

●

●●
●

●

●●●

●

●●●●●
●

●
●

●
●●●

●
●
●●

●

●
●

●●●

●●●

●

●
●

●

●●

●
●

●

●
●
●

●

●

●

●●
●

●●●

●●

●

●

●

●
●●

●●●●●●●●●●

●

●

●

●●●

●
●
●
●●
●

●

●

●●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●●

●

●

●

●

●●●

●

●

●

●●●

●●

●●●●

●●●

●

●

●

●●

●●

●●●

●

●●●

●

●
●

●●

●

●

●

●

●

●

●●●
●●●●

●●●

●

●●

●●●●

●

●●●●●●

●

●●●●●●●●●●●●●

●

●
●●●●●

●

●●

●●

●●●●●●●●

●

●●●●●●●
●●●●
●●●●●●●●
●●

●

●

●

●

●

●●●●●

●

●●●●●●●
●●●

●

●

●

●

●

●●●●●●●●●●

●

●●●

●

●

●

●●●
●●●
●●●●

●

●

●

●●
●
●●●
●●●●●●●
●●●●
●
●●●●●●●

●●●●

●

●
●●●●●

●

●

●

●●

●

●●

●●

●

●●●●●

●

●

●

●
●

●

●●

●●●
●
●
●

●

●●●
●●●●
●●●
●●

●●●●●●●●●
●●●

●

●●●●●●●●●●

●

●●●

●

●●

●

●●

●

●●

●

●●●●

●

●●

●●●●●
●●●

●
●

●
●●●●●●●

●

●●●●

●

●

●

●

●

●
●

●

●

●

●
●

●●

●

●●

●●●●●

●

●
●
●
●●

●●

●

●

●

●

●

●

●
●

●●●

●

●
●●●

●

●●●

●

●

●

●
●
●●●●●
●●●

●

●●

●●

●

●
●

●

●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●

●

●●

●

●●●●●●●
●●●●●●●

●

●●●●

●

●●●●
●●●
●

●

●●●●●●

●

●

●

●

●

●

●●●

●
●●●

●

●●●

●

●●●●●●

●

●

●

●

●

●

●
●

●

●

●●

●
●

●

●

●
●

●

●

●

●

●●●

●

●●

●

●●

●

●

●
●
●●

●●●●

●

●

●

●
●

●

●●

●

●

●

●●

●

●

●

●●

●●●●●

●

●●

●

●

●

●

●

●●

●

●

●●●

●

●
●

●●●●●●●●●

●

●

●

●●●

●

●

●●

●●

●
●●

●●

●●

●●

●

●

●●
●●●

●●

●

●

●●

●

●

●

●

●●●

●

●

●

●

●

●

●●

●

●

●●

●

●●

●
●

●

●●

●

●

●

●●●

●●●

●

●

●

●

●●●

●

●

●

●

●●

●
●

●

●

●●

●
●
●
●●●●
●
●

●

●

●
●
●

●

●

●

●

●

●

●●●●●●●●●
●

●

●●●

●

●

●

●

●●●●●●
●●

●

●●

●

●●●●

●

●

●

●

●●
●●●●●●●

●●

●

●

●●●●

●

●●●●

●

●

●

●●●●

●

●

●●

●●

●

●
●●

●

●●
●●●●

●●

●●

●

●●●

●

●

●

●●●●●●

●

●●●

●

●●●●●●●●●

●

●

●

●
●

●

●

●

●●

●

●●●●●
●●
●●●●

●

●●●●●●●

●

●

●

●●

●●

●

●

●

●

●

●●●●

●

●●

●
●

●

●●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●
●
●

●●

●

●
●●
●
●●●
●

●●●●●

●
●●
●●

●●

●●

●

●●
●

●

●●●●
●
●
●
●●
●
●●●

●●

●
●

●●●

●

●●
●

●

●●

●

●●●

●

●

●

●●
●
●●●

●
●
●

●

●
●●
●●●

●

●
●

●

●
●●●●●
●●●●

●●

●●●

●
●

●

●●●

●
●

●●●
●

●

●
●

●

●

●●●

●
●

●

●

●

●●

●●●

●

●●●
●
●

●

●

●

●

●●

●

●●●●●●
●
●●

●

●

●

●●

●

●●
●●●●●●●

●

●

●
●●●

●●●●●●●●●
●●●●●●●●●●●
●
●●

●●●

●●●●●●

●

●
●
●

●●●●●●

●

●●●

●
●

●

●●
●
●
●
●●●●
●
●●
●

●

●

●

●●
●●●●
●
●●

●
●

●
●
●●
●

●

●

●●
●
●●
●

●

●●●●●●●●●●●●●
●●●●●●●●●●

●

●●●●
●●

●

●●

●

●

●

●

●

●

●●

●●

●●●

●●●●●

●

●

●●●●●●●●●●●●

●●

●

●

●●●●

●●

●

●

●●●

●

●●●●

●

●●●

●

●

●

●●●●●

●

●●●

●

●●

●●●

●●●

●

●

●●

●●

●

●

●

●●●●

●

●

●

●

●●●

●

●

●

●

●

●●●

●●

●

●

●

●●

●

●●●●

●

●●

●

●

●●

●

●

●●●●●●●

●

●●●●●●●

●

●
●●

●

●

●

●

●

●

●

●●

●●

●

●●●●●

●

●●●●●●●

●

●●

●

●

●

●

●●●

●

●●

●

●●●●●●

●

●●

●●●●●●

●

●●

●

●●●●●●

●

●

●●●●

●

●

●●●

●●

●

●

●

●●

●

●●●●●●

●

●●

●

●

●

●

●●●●

●
●

●

●●

●●●●●

●

●●●

●

●

●●●

●●●

●

●●

●

●

●

●●

●

●

●

●

●

●

●

●

●●●

●●

●

●

●●

●●●

●

●●

●

●●●

●

●

●

●●●●●●●●●

●

●

●

●

●

●

●

●●●●●●●

●

●●

●

●●●

●

●

●

●●

●

●

●

●●

●

●●●●

●

●

●●●●
●●●

●

●
●
●●●

●

●●●
●●

●

●●●●●●●

●
●

●

●

●

●●

●
●●
●●

●

●●●

●

●
●

●

●

●

●

●●
●

●

●●●●

●●●

●●●

●●●●

●

●

●

●●

●

●

●●●●●●●

●

●●●●●●●●●
●
●

●
●●

●

●●

●

●●●●●

●

●●

●●

●

●

●●●●●●●●●●●

●

●●●

●

●

●●

●●●●●●●●

●

●●●

●

●●

●

●●●●

●

●

●

●

●

●●●●

●

●

●●●●

●

●●●

●●

●●●●●

●

●

●

●●

●●

●

●

●●●

●

●

●

●●●

●

●●●●●●

●●●

●●●

●

●●

●●●●●

●

●

●

●

●●

●

●●

●

●

●●

●

●●

●●

●●

●

●●●

●

●●

●●

●

●

●●●●

●

●

●

●●

●

●

●●

●●●

●

●

●●

●

●

●●●●

●

●●●

●

●
●●

●●

●●●

●

●
●

●●●

●●

●●●

●

●

●●●●

●●●

●

●●

●

●

●

●●●●●

●

●

●●●

●

●

●●

●

●

●●

●

●

●●●

●

●●●●●●

●

●

●

●●

●

●

●
●

●

●●●●

●

●●●●●

●

●

●

●

●●

●

●

●

●

●●●●●●

●●

●●●

●●

●

●

●

●●

●

●

●●●●●●●

●

●

●

●

●●●

●●

●●

●

●●●

●

●

●

●●●
●

●

●

●

●●●●●●●

●

●

●

●●

●

●●●●
●
●●●
●
●●
●●

●

●●

●

●

●

●●

●●

●

●

●

●

●●

●

●

●●●●●●●

●

●

●

●●●●●●●●●
●●●●●

●

●●●●

●

●●●●●●
●●

●

●

●

●●●

●

●●

●

●

●●●●

●●●

●

●

●

●●

●●

●●●

●

●●

●●

●

●
●
●
●
●
●
●
●
●●●

●

●●●●●●●

●

●

●●●●●
●

●

●
●●●●●●

●
●

●●

●

●

●

●●●●●●●●●●●●●

●

●●●●●●●●●●●●

●

●●

●

●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●

●●●●●●●●●●●●●●

●

●●●●●●●●●●●
●
●●●●

●

●●●●●●

●

●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●

●

●●

●●

●●●●●●●●●●●●●

●

●●●●●

●

●●
●
●●●●●●●●●

●

●●●
●
●●●●
●

●

●●

●

●●●●●●●●●●●●●●

●

●●●●●●●●

●

●

●●

●●●●●●●●●●●

●

●●●●●●
●
●●●●

●

●
●

●

●●●●●●●

●

●●
●●●●●●●

●

●●●●●●●●

●

●●

●

●●●

●

●●
●
●●●●

●

●●●●●

●

●●●●●●●

●

●●
●
●●●●●●●●
●
●●

●

●●
●

●●●
●
●
●
●●●

●

●●
●●●
●●
●●●●●
●
●●●

●

●●●●
●
●

●

●

●

●

●

●●●●

●

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

●

●
●
●●
●
●●●●●

●
●●●●●
●●●●

●

●●●●●

●

●●●
●

●

●●●●
●●●●●

●

●●●●●
●
●●●●
●

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

●

●
●

●
●●●●●●●●●●
●●
●●

●

●●
●
●●●
●
●●●
●

●

●●●●●●●●●●●●●●

●

●

●

●●●●●●●●

●

●●●●●●●●●●●●●●●●●
●

●

●
●●●●●●●●●●●●●●
●

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

●

●●●●●●●
●
●●

●

●●
●●●
●●●
●
●●●
●
●

●

●

●

●
●
●
●●●
●
●●●●●●●●●
●
●●●
●

●

●
●●
●
●
●●●

●

●●
●
●
●●●●
●●●

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

●

●●
●
●
●
●
●●
●●
●●
●

●

●
●●●
●●●
●

●

●●
●

●●

●

●●●●●●●●●

●

●●●

●

●●

●

●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●

●

●

●●●●●●●●

●

●

●

●

●
●
●●

●

●
●●

●●●●●
●

●

●●
●

●

●
●
●●●

●
●●●

●

●
●

●

●
●●
●
●●●

●

●●

●
●●
●
●
●●

●

●
●●

●
●●●

●
●●

●
●
●●

●

●●
●
●●●

●

●

●
●●

●●●

●

●●●●
●

●

●
●
●●●●●●●●●
●●●●●●●
●
●

●●●●●

●●

●

●●
●
●
●●

●
●
●

●

●

●

●

●

●●●
●●

●

●

●

●●

●

●●

●●

●

●

●

●

●
●

●

●

●

●

●●●

●

●
●

●

●

●●●

●

●

●●●●

●●

●

●●●●

●

●●

●

●●●●●

●

●●

●

●

●

●●●

●

●

●●

●●

●

●

●●●●●●●●
●
●●●

●

●

●●●●●●●

●

●
●

●

●

●●

●●

●

●

●

●●

●

●

●●●

●●●

●●●●●●●●●●●●

●
●

●

●

●●●●

●●●●●●●●●●●●●●●●●●●●
●●●●●

●

●●●

●

●●

●

●●

●●
●●●
●
●●●●●●●●●
●●●●●●
●

●

●

●

●●●

●

●●

●

●●
●●
●

●

●
●●●●

●

●●

●

●

●

●

●

●
●
●

●

●

●●
●
●●
●●●

●
●

●●

●●

●
●

●

●
●

●

●

●

●
●

●

●

●

●●●
●●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●●

●

●

●●●

●

●●

●

●

●

●

●

●

●
●

●●

●

●●

●●

●

●●●

●
●
●●
●

●●
●●●●●

●

●●

●

●
●

●

●

●

●●

●●
●
●

●●
●
●●●●

●

●

●●

●

●●

●

●

●

●

●●

●

●

●
●●●●●

●

●●●

●
●

●

●

●

●

●●

●

●●

●

●●

●●●●●

●

●●●●

●

●

●

●●

●

●

●

●

●

●
●●●

●

●

●●

●

●
●●

●

●●

●●

●

●

●

●●

●

●

●
●●●●

●

●

●

●●

●●●

●

●

●

●●

●

●

●

●●

●

●
●

●

●

●●

●●

●●

●
●●
●
●
●

●

●

●

●

●
●

●●●
●●●

●

●

●

●●●●●●●●●●●●

●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●

●

●●●

●

●

●●

●

●

●

●●

●

●

●

●

●●●

●

●●

●

●●●

●

●

●

●

●

●●
●●

●●●●

●

●

●

●●

●

●●●

●

●●

●●

●●

●

●

●

●●●●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●●

●

●●

●

●

●

●

●●

●

●●●

●●

●

●

●

●

●

●●

●

●●●

●

●●

●

●●

●

●●

●

●

●

●●

●●

●

●

●
●●
●●●

●

●

●

●

●

●

●

●●

●●

●

●

●●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●●

●

●●●

●

●●

●

●●●

●

●

●

●

●●

●

●●

●

●

●

●

●
●●●
●●

●

●

●

●

●

●

●

●●

●

●

●●

●●

●

●

●●

●

●

●

●

●●
●●

●
●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●●●

●

●●

●

●
●

●●

●

●●

●

●

●

●

●

●

●

●

●

●●●

●

●

●

●

●

●

●

●

●●

●
●●●

●

●

●

●

●

●

●●

●

●

●

●

●●
●

●

●

●

●●

●

●

●

●

●
●

●
●●●●●●

●
●●

●●

●

●
●
●

●

●

●

●

●

●●

●●●

●
●
●
●

●●●

●●●●

●
●

●

●

●

●

●

●

●

●

●

●●●●
●

●

●●●

●

●●

●

●

●

●●

●

●●●

●

●●

●

●

●●
●

●●●

●

●
●

●
●

●

●●

●

●
●

●
●

●
●

●●

●

●

●

●●

●
●●●●

●

●

●

●
●●

●●●
●

●

●

●

●
●

●●

●

●

●

●●
●

●

●

●

●

●

●●

●

●●

●

●●

●

●

●
●

●

●●

●

●

●

●

●

●

●●●

●
●●
●
●

●

●●●
●
●
●

●

●●
●●
●●

●
●

●

●

●

●

●

●

●

●
●●

●

●
●

●

●

●

●

●●

●
●●
●
●●●

●

●●

●

●

●

●●●●

●

●●

●

●

●

●

●
●

●

●

●
●

●●

●●

●●

●●

●

●

●

●

●

●

●●●●●●●●

●

●

●

●●●

●
●

●●

●
●●

●●

●

●

●●●●

●

●
●●

●●
●

●

●

●
●●
●●
●
●

●

●

●●●●

●●●

●

●
●
●●

●

●

●

●

●
●

●
●●●●
●●●●
●

●

●●
●●
●●
●●●●●

●

●

●

●●
●
●●●●●

●

●
●●●
●●●
●
●

●

●●
●●●●●●

●●
●●●●
●●
●●●●●
●

●

●●

●

●
●●
●●●

●

●●●

●●

●●

●●●●

●●●
●●

●

●
●

●●●

●

●●
●●●

●

●

●

●

●●●

●●●
●

●

●

●●
●●

●●
●●

●

●

●
●

●●

●
●

●

●

●●●

●
●●

●

●●
●

●

●

●

●

●●

●

●●

●●
●

●

●
●●
●

●

●

●

●●
●

●

●●●●
●●

●●

●

●

●

●●
●

●●●
●●
●●

●●

●●●
●●●●●●
●●

●●●
●

●●●
●

●

●

●

●●
●●
●●
●●●

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

●●●●
●●●●

●●●●
●●●●●●●
●●●●
●●
●●

●

●●
●●

●●
●

●●
●●●
●
●●●●
●●●
●●●●●●
●●
●●●●

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

●●●

●

●
●●●

●

●●
●

●●●
●●●

●

●

●●●●

●●●

●

●●

●●●●

●

●

●

●

●

●

●●

●●

●

●

●●

●

●●

●

●

●

●●

●

●●

●

●
●

●

●●

●

●

●●●●●●

●
●
●●●
●

●●

●

●

●
●

●●●●

●

●●●●●

●

●

●
●

●
●

●

●●●

●

●●

●●

●●●●●

●●

●●●

●
●

●●●

●●●●

●

●

●

●●●●
●

●

●

●
●

●
●

●

●●●

●

●

●●
●
●
●●
●●●●●●●●●●●●●●
●●

●

●●●●

●

●

●

●●

●

●

●
●

●

●

●

●

●●

●
●●
●

●

●

●

●

●●●

●
●

●
●●●●●

●
●
●●
●

●

●

●●
●

●

●

●

●

●●

●

●

●
●

●

●

●

●●

●●

●●

●
●

●●●●●●

●

●

●●
●●●

●●●

●

●
●

●

●●●●

●●

●
●●
●

●●●●●●

●●●

●

●

●●
●●

●●
●●

●

●

●

●
●

●

●

●

●●●
●

●

●

●●●●
●

●

●

●●

●
●

●●●●●

●●
●
●●
●
●

●●

●

●

●

●

●

●
●●●

●

●●
●●●
●●●

●

●●●
●●

●

●

●
●
●●
●●●
●●
●

●●●●

●

●●●●●

●

●●
●●●●
●●

●●●●●●●●●

●●●●●●●●●●
●●●
●

●●

●
●●
●

●●

●●

●●
●●

●
●●●

●●●

●
●●●●

●

●

●
●
●●

●
●
●

●●●●●●

●●
chr6:32597924

0.2
0.4
0.6
0.8

r2

HLA−DRA HLA−DRB5

HLA−DRB6

HLA−DRB1 HLA−DQA1

HLA−DQB1

HLA−DQB1−AS1

HLA−DQA2

MIR3135B

HLA−DQB2

HLA−DOB

TAP2

32.4 32.5 32.6 32.7
Position on chr6 (Mb)



Genetic risk for anti-drug antibodies against interferon-beta – Regional association plots 

 2 

Regional association plot for variant rs9271377 in the analysis of nADA titers in the 
discovery-stage GWAS of combined treatments. 

 
 
Regional association plot for variant rs9281971 in the analysis of nADA titers in the pooled 
discovery + replication GWAS of combined treatments. LD information is shown for variant 
chr6:32593179 instead of rs9281971. 
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Genetic risk for anti-drug antibodies against interferon-beta – Regional association plots 

 3 

Regional association plot for variant rs9271377 in the analysis of bADA levels in in the 
discovery-stage GWAS of combined treatments. 

 
Regional association plot for variant rs9267515 in the analysis of bADA levels in in the 
discovery-stage GWAS of combined treatments. 
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Genetic risk for anti-drug antibodies against interferon-beta – Regional association plots 

 4 

Regional association plot for variant rs9260765in the analysis of bADA levels in in the 
discovery-stage GWAS of combined treatments. 

 
 
Regional association plot for variant rs9272071in the analysis of bADA levels in in the 
pooled discovery + replication GWAS of combined treatments. 
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