Supplementary Figure 1

g-chromVAR P-values for enrichment of MM risk variants within genomic regions of accessible
chromatin in blood cell populations, weighted by posterior probabilities for each variant. Abbrevi-
ations: B-cell (B), common lymphoid progenitor (CLP), common myeloid progenitor (CMP), ery-
throid precursors (ERY), granulocyte-monocyte progenitor (GMP), granulocyte (GRAN), hematopoi-
etic stem cell (HSC), lymphoid-primed multipotent progenitors (LMPP), myeloid dendritic cell (mDC),
megakaryocyte (MEGA), megakaryocyte-erythrocyte progenitor (MEP), monocyte (MONO), mul-
tipotent progenitor (MPP), natural killer cells (NK), plasma cell (PC), plasmacytoid dendritic cell
(pDC), CD4+ T-cells (CD4), CD8+ T-cells (CD8).
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Supplementary Figure 2

Enrichment of genes at MM risk loci across hematopoietic cell types. (a) Using gene expres-
sion profiles of sorted blood cell populations (PMID 21241896, 21994415, 20574050, 21430775
and 17023574; Online Methods), we looked for enrichment of expression of genes located in
MM-associated regions. We identified B-cells and plasma cells from normal donors and patients
with MM, smoldering MM or monoclonal gammopathy of unknown significance (MGUS; the pre-
cursor disease of MM) as the most enriched cell types. (b) Similar results were obtained with
an independent set of RNA-sequencing data (PMID 30858613). Abbreviations: B-cells (BCELL),
basophil (BASO), common lymphoid progenitor (CLP), common myeloid progenitor (CMP), den-
dritic cell (DEND), eosinophil (EOS), erythroid precursors (ERY), granulocyte-monocyte progenitor
(GMP), granulocyte (GRAN), hematopoietic stem cell (HSC), lymphoid-primed multipotent progen-
itors (LMPP), megakaryocyte (MEGA), megakaryocyte-erythrocyte progenitor (MEP), monoclonal
gammopathy of unknown significance (MGUS), monocyte (MONO), multiple myeloma (MM), multi-
potent progenitor (MPP), natural killer cells (NK, NKa), plasma cells (PC), pre-B-cell (PRE BCELL),
CD4+ T-cells (TCELL CD4), CD8+ T-cells (TCELL CD8).
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Supplementary Figure 3

Quantile-quantile plots of P-values for association between lead variants at MM risk loci and blood
IgA, 1gG, and IgM levels across 16,883 Icelanders. Lead variants showing Bonferroni-significant
association are labelled with the names of the main candidate genes at their respective loci.

Association with IgA

12
- 107t it
@
e
2 8r
ge)
o
o 6
® RNF40
o
S a4l
g TERC _ ®CCAT1
Q .. .ATGS ..................
| 2 - P ——
“‘ ................................................
0 P

0 0.5 1 15 2 2.5

_IoglO Ptheoretical

Association with 1gG

al

® TNFRSF13B

N

w

N

40910 F)observed

[N
¢
°
[ ]
°

0 0.5 1 1.5 2 2.5
_IOglo F)theoretical

Association with IgM

(o]

® RNF40

observed

N

N

-Iog10 P
[ ]

0 0.5 1 15 2 2.5



Supplementary Figure 4

We performed luciferase analyses for 20 variants in L363 cells, including 18 that were significant
in both cell lines and the top-ranking variants at RFWD3 and CCDC71L. All except rs3827644
showed effects in the same direction as in the MPRA. Left- and right-hand data represent the refer-
ence and alternative alleles, respectively. The y-axis indicates luciferase signal (logs-transformed,
median-centered luciferase/renilla ratio). The bottom, middle and top of each box plot indicate the
25:th, 50:th, and 75:th percentiles. Whiskers indicate non-outlier minimum and maximum (1.5 x
interquartile range from the bottom and top of the box). P-values for Student’s t-test.
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Supplementary Figure 5

Overarching analysis of variant statistics for the two MPRA screens. (a,b): g-chromVAR analysis
showing enrichments of strong log, scores within genomic regions with accessible chromatin in
different blood cell types. In both screens, we detected an enrichment in regions with accessible
chromatin in plasma cells, though the enrichment was most pronounced in L363. ¢,d: Distributions
of variant P-values, with the estimated null distribution indicated in red. As shown, we observed a
strong enrichment of low P-values in both cell lines. The proportion of variants following the null
hypothesis (7; estimated here as two times the number of P-values above 0.5 divided by the total
number of P values) was 56% for L363 and 76% for MOLP8. The lower 7, in L363 is consistent
with a higher signal-to-noise ratio and the stronger gChromVar signal for plasma cells.
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Supplementary Figure 6

Individual barcode activity estimates for the variants in Table 1. Data grouped by allele (reference

allele to the left; alternative to the right), DNA strand (+ or -) and sliding window (variant at -20, 0
or +20 bp from the center of the 120-bp oligonucleotide representing the genomic context). Blue
dots represent individual barcode activity estimates. The bottom, middle and top of each box plot

represent the 25:th, 50:th, and 75:th percentiles. The whiskers represent the non-outlier minimum

and maximum values, located at 1.5 times the interquartile range from the bottom and top of the

box, respectively. The numbers above the brackets are P-values for two-sided Student’s t-test.
The final MPRAscore P-values, integrating all six genomic contexts, are given in Table 1.

ELL2rs3777189
ELL2- rs3777189 L363 ELL2-rs3777189, MOLP8
6. 5><10 23 8.4x107°
6 e 1 3 T 24x10t 6.0x107 1
1.3x10" 1 —/
. 4.4x10° T R .7 , °
3.8x10° 1.4x10% 10 2 — ¢! 4.2x10° .
at 5551020 T - —  1.0x10° g . : Y . 2 o —
o s ] ) o SR ‘ I
<) " - o1 ‘o 3 8 ¢ s & 8 : 1
b . . * b ; L
[ - ‘ : H
2 2} b1 2o %
o . 16>< 10° o FH
= . ; ' =
a ‘ ’ _ H A -1 s q .
of @1% ' 2 $ E!] y c i .
; . . 3 2 « 0 g ¢ .
[ 4 1) ¢ :
{ f i g . 3
* . ¢ ; s e o l .
2F J 3 : s - ‘ » 1 |
. z : + $
CG CG CG CG CG CG CG CG CG CG CG

Variant -20 bp Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand

Variant -20 bp Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand

SMARCDG3 rs78740585
SMARCD3-rs78740585, L363 SMARCDS rs78740585 MOLP8
N — — — — — ] 5 ™ . ——
. 1.4x10 73><10
1.0x10 37 5.2x 1018 — P ! 1'9.X—1|0 1.5x1071° 3.5x10°%" |
4r e 11x10° T { ossx10® T e
g — s ° i —
3l 26x10% ¥ ° ] s 8.3x107 $ ]
o i b o $ . $ . .
= - = 2 3 ' - ‘ * E
S 2t H 2 {1 8 : & H ’
b 1.7x10 . n H S
o — o 1 4 1
=2 Ej LIS Ee ]l © (3
o i I}
o ; . ©0 E T
g of ! ¥ &, |
¢ - ¥ 3 [ &
re ’ ? & ! ! ’ 4
-1r ° A4 7 _2 ‘ ® -
* . S+ ‘ ¢ ]
& L[] ° ] + + i H <
2t . L] 2 1 -3 i : : 0 T
G A G A G A G A G A G A G A G A G A G A G A G A

Variant -20 bp Variant centered

Variant +20 bp

+strand -strand +strand -strand +strand -strand

Variant -20 bp
+strand -strand

Variant centered Variant +20 bp
+strand -strand +strand -strand



Barcode score

Barcode score

Barcode score

RUNX3rs188468174

Variant -20 bp
+strand -strand

Variant centered Variant +20 bp
+strand -strand +strand -strand

RUNX3-rs188468174, L363 RUNX3-rs188468174, MOLP8
| 1.9x1028 . 372.7x107
| I 2.5%x10
9.2x10°® 25x10° it . 1
™1 18x102° ¢ ] at g (81075 106 4
. — ¢ A — 2.1x10
: : ¢ } : § 71x0t T
5 30x10™ o 3r + | 1 ™ :
¢ 19x10° ™1 3 H
: ml T | o 2r - .
Hi - | RN
] 8 1r H i
° - T - e ’ + » ¢
* o H _‘ g | Z e o | ‘-
i ¢t . 0 i ! : ] }
H <+ 1 “ - ‘ o - b F °
+ Y ] Al o ; *
3 i s ¢ 1 . . ] !
o +» 1 i 2" ° s * ° ¢
* é
CT CT CT CT CT CT CT CT CT CT CT CT
Variant -20 bp  Variant centered Variant +20 bp Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand +strand -strand +strand -strand +strand -strand
TNFRSF13B rs4273077
TNFRSF13B-rs4273077, L363 TNFRSF13B-rs4273077, MOLP8
2.6x10° 4} 16x107
5.3x1071° ™1 53x10° — 4, 19x10°
e 2 2.5x107° ] 3l 3 1.0x100 3T T g5 103
. 1.9x107 <955 . : 3 Lax10™ = 1 g ¥ : S
i 1.3x10°8 . b * ] o ) * : 4 - f
: . 3 o LR B¢ -
* o L] 2 4 3
s * @ | 8 1f = Q
{ )
] ¢ 3 of :
Fy ¢ ;1 8 * ¢
! : ‘ ‘. 4 t * S -1 ° s ’
' ' ¢ ! ’ : t by =
H ‘ é .‘ L & jl L i : b
] : 1 Sl - [}
2 ° L g 4! _! 2 2 hd ‘ hd >
[ ] ° * .
e . :,. ° 4 3F + R A
L[] L]
A G A G A G A G A G A G A G A G A G A G A G A G
Variant -20 bp Variant centered Variant +20 bp Variant -20 bp Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand +strand -strand +strand -strand +strand -strand
TERCrs11711621
TERC-rs11711621, L363 TERC-rs11711621, MOLP8
1.6x1071? 4k 1.3x10°® 3.8x10™
] — 11x10% 5 0 104 — —
2.9x10 — S ® 2 ']
1 - -15 3t 4 - ¢« & 41x10
s 24x10° 6.9x10 L, 57x107 ¢ 1
'} i [ 5 ' ) [ 4
H 9.3x10 1 o2k ¥5 ! 1 .8
18x107 & — 1 2 i : ’ | .
— R 3 3 ; ¢ 4
* ¢ 10 1 o1t $
H ¢ ‘ * - 2} H y
[3 ¢ . '8 H
— § o or : H
¢ 1 8 :
: e 3 af W - 1
R I S ¢ 8 o I ! ‘
- 3 e B . 2 i . Fe . ° ¢ -
! ¢ . ¢ 5 A | + 8 H ] SO |
: - 4 RN .
: * : ° ] 3 4 3 ¢ . : °
CT CT CT CT CT CT CT CT CT CT CT CT

Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand




Barcode score

Barcode score

Barcode score

ATG5-rs3827644, L363

ATG5 rs3827644

ATG5-rs3827644, MOLP8

2.3x102%° 4t 45X10.11 ]
[ | 1
1 4.4x10 13
] 2.4%10
[}
- -2 9.8x107° 17
6.5,><_1|04 . 1.9x10% 7.8,x_l|0 11x10%6 5 ,X_| 63101 . 1.3,X_1|0 .
2.0x10° 1 - [ P .
° |><—| : -. - E 9 ’ < L_l ’ :— ];
H L 3 3 i i [} 8 H i.
: | 20 ; 1
H )
$ 3 i } H H
t 15 : R
' SRR R N R A A P
: E . ¢ i o1+ i
’ ° o $ 5 ] : Y "
 § 1 g ¢ ¢ + . ] & H N [ ] <
: s ° s s © ° 3 R
] b ° ° -4 o o 4
° . l .
[ ] ° .
G C GC G C G C G C G C GC G C GC G C G C G C

Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand

PREX1-rs6066831, L363

Variant -20 bp
+strand -strand

PREX1 rs6066831

Variant centered Variant +20 bp
+strand -strand +strand -strand

PREXl r56066831 MOL F’8

Variant -20 bp
+strand -strand

Variant centered Variant +20 bp
+strand -strand +strand -strand

Variant -20 bp Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand

8.1x107 | 45x10™2
7.4x1071 .. . 2.9%10°
1,_| f : 48 4 ' L_| |
4 1.6x107""1
. - gox10? 2¥20 85102 :
i - [ | H
| 3.0x10 M 5'6nx—l|04 } 1 S2 R | I Lex10 . -
[l L4 -1 (8] H H )
. - 4.1x10 3 [ —
e 4 i 1 o i by
- b o H
. Eﬁ : ] go @ -,E| 3 $E 1
* 3 . ] ° i
m : P ® (3
R L %Q : 3 8} ) i
4+ 0 s -2 . % + o 4
‘ ‘ ° : - | - ° .
-+ H
< )
. 2 J -4 . 1
CA CA CA CA CA C A CA CA CA CA CA CA
Variant -20 bp  Variant centered Variant +20 bp Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand +strand -strand +strand -strand +strand -strand
TNFRSF13B rs4792800
TNFRSF13B-rs4792800, L363 TNFRSF13B-rs4792800, MOLP8
1.8,><_l|0 3 6.0,x_1|0 13x10L ]
° o [ 2.7x10° -1
8.3x10°® 5 810 1 2 Lt - 12x107 |
24x10% T, = 2.0x10® g § 24x10 ' : 4
3 [ - - [ 1 s ¢ - 1 3 2 - ' _
* . $t 1 o H 9.6x10 i !
'y ? ¢ = H — %
T - o % . A 4
. 3.6x10 ) 0 8 i q
3 /i ] o H
Te o ° .
! T Pl gt |
¢ | & " o
' @ ¢ m .2 T ‘ :
¢ . 2 2 ¢
I . ¢ i . e HDS P 3 LIRS
i : 4 1 -3 | S i R
® ° & S 4+ . ﬂ 4
: ¢ ’ ° $d -4 o ° 1 i
1 hd ° E ° * g
A G A G A G A G A G A G A G A G A G A G A G A G




Barcode score

Barcode score

Barcode score

JARID2-rs13198600, L363

JARIDZ2 rs13198600

JARID2-rs13198600, MOLP8

Variant -20 bp
+strand -strand

Variant centered Variant +20 bp
+strand -strand +strand -strand

—— — 3 .
. 2.1x107? . 3.6x107 1
1'2|X—1|06 -2 g 21“0 1.2,><_1|03 1 e s1x101 2P 1.0x1072
L :_ 1.4x10 ; 1.3%x1077 ' E 2 - 34><10 .,-_| : O 4
H H L
: § 11x10t . Te o . § . ¢ ! i
I . 5 . I 1r ¢ HMENERE IR T 1 1
RS B @ o P '
‘ . o
L ] o0 E
[
[H m & m £ E H
4 * 3 S-1 H i
i ® i ¢ ® . ? l 1 € ’ $ H
'3 i + » J ¢ [ ! ®
& ? c ' S | . | :
o s ] o -2 : ¢ *
| o | e [3 i ! b4 L H L
J + ¢ é + H F F
] . $ : [}
+ 3 + ’ g
e o E s ° t s
° ° o
-4 ° 4
L] L]
A G A G A G A G A G A G A G A G A G A G A G A G

Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand

Variant -20 bp
+strand -strand

Variant centered Variant +20 bp
+strand -strand +strand -strand

WAC rs2790444
WAC-rs2790444, L363 WAC-rs2790444, MOLP8
L 8.1,><_1|0 i 4 -103.9,><_1|0 6.2x1025
* 3.5x10°10 1.7x10 . -
| 11x10° '+ | 2.9x10°10 3t T e . 704100 1
5 0x1013l3x10% Tl 8 e —] * d 7.0xX
X 1 . 3 2 . 8.2x107 * s ¢ B
L T . ‘ 15x10° $ | o fa =
8 B " e 31t = I [ N H
3 $ : | o 4 ! |
$ B0 E il ‘&
o
- : . 1 81 1 ; 1
it i ¢ 3! @ H $ H
v 4 - [} 2 H ' - 4 ¢ LA
T 4 ¢ t - s 4 . 1S H é e
8 . H * 3 ; M g o 0
. + + ; °
I . T -4 . e & i
CT CT CT CT CT CT CcT CT CT CT CT CT

Variant -20 bp Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand

Variant -20 bp
+strand -strand

Variant centered Variant +20 bp
+strand -strand +strand -strand

ATG5rs77791277
ATG5 rs77791277 L363 ATG5-rs77791277, MOLP8
-12 -6
I 6.5x 1.0 . 4 7-8,X_1f 17x10* 1
L ° -2 _ 2 e b1
2.4x10" ey 3 ey s7x100  § 2 5x10% 3, 0x10%
— * T 3 M . . o
- e T T 17x10t 69x102 {1 ¢ 2 ¢ + 3 H 1
¢ ¢ m — 5 I e
| 4 + 8 Pl g1 4"_ u { .
I H - 4.8x10 I E ’ |E’E|
o [ | 1 ‘ 4
! 1 {1 8 EE| |§ !
) & 3 @ .1 s F g 1
* m o H
I * o oA ] L - i i
- . : i 2 + ‘: L ! ; + ]
L ) ° > . : 4 3 :' + ° !. : M i
I ! ¢ - . .
I t ] 2 : |
G A G A G A G A G A G A G A G A G A G A G A G A

Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand



Barcode score

Barcode score

Barcode score

CDCA7L rs4487645

CDCA7L-rs4487645, L363 CDCA7L-rs4487645, MOLP8
1.4x107"? 1.8x10Y7 | st 5 4.4x102 )
$—| M . 1.4,><_1|0 M 4.2x10" 58x10" )
_ 2 6.1x10° ] s7xw0t 0 T 1.8x10°
: LR ™1 35x107 " 2t 3¢ M s o s
L d L] e L 3 - e
{ ? v ' } 3
. ¥ ; Q H
H 8 0 L
|l o
R
= P
& - L] ‘ [
i 1 ' ] SR i1 '
; s ! 2l & . : H
° ‘ H E k 3 e s ° - : t 4
° ! . b4 o * al o 8
CA CA CA CA CA CA CA CA CA CA CA CA
Variant -20 bp  Variant centered Variant +20 bp Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand +strand -strand +strand -strand +strand -strand
CEP120rs11960493
CEP120-rs11960493, L363 CEP120-rs11960493, MOLP8
" 2.9%1072 l 5 9.0x10?
7.9x10 Lsx10l 5.5%1072 3r 8.6x10% ) 7.7x10° 4.1x10? .
- O X m i -
74x10249x100 & T "*_;; o ° . 2 o7t vy ML
[ ° ¢ T s - 3 ! P! }
° - 3 - ’ : . * ' 4
R R : | e[ 3 $ §
i $ I S or
4 : ‘ 3 o
il RS \ ¥
® [ ]
. P4 1 & -2t i H S § ’
1 e b - s | g H ¢ ! ‘ l :
! ¢ L ° . ’ 3F ¢ s - ‘L s * LI .
3 . 9 o EY S ) & & . 3
° °
° ° ! 1 A4t °
[ ] L]
TG TG TG TG TG TG TG TG TG TG TG TG
Variant -20 bp  Variant centered Variant +20 bp Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand +strand -strand +strand -strand +strand -strand
CEP120rs11241694
CEP120-rs11241694, L363 CEP120-rs11241694, MOLPS8
7.3x1012 L 68.2x107°
— | 3 B e , 7.1x107
4 — 2 3 12x10 1
1.7x10 4 9 2r - - ® —m  8.3x10 1
) . 7.0x10 3 ¢ ? m S
o - [ b ¢ ° * S ¢
: o L H H - f by
p | 1 4.1x107° o ! ! ’ ] ;
H . [ b o 3
? $ F + 29x10% 17X10T @ Or E §
U P S B
s $ B-1f m
i ' - ;
. S -2F . . HE
¢ | S R
» 1 i i 3 ° ® g
é . ° s S3r . e b S g Y
$ s 3 4 s s .
° 4 ® 1 L)
° L ‘_ R H -4 B . ;
TC TC TC TC TC TC TC TC TC TC TC TC

Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand

Variant -20 bp Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand




Barcode score

Barcode score

ELL2-rs3777183, L363

ELL2rs3777183

ELL2-rs3777183, MOLP8

Barcode score

o

'
-

15,10 15x10" ; 4 4.6x10™ Y
= 1ax10? T . 41x10 2.4x10*
HER 3t o 2 e
s53:0° § 8T . 1.9x10% T 1.3x10 5 e °
7.3x107 >9X~ { § ol e 3.4x1073 » .
[ - H I [ ® ® () ',—| ; * ‘- - H
’ L3 184 .1 .1 i %
3 ' Py 8 1 ” -
{ : 2o i
‘ 1 o .
o
!y -1t [ ;
) | 0 !
i : ; 3 ] R :
g : ¢ £} 2 ) i :
. 4 L) - . ' I ‘ 3 :
° ) o o . 1 “ o ¢ L ]t ‘I 1
. . ° 3 Fi 1 -3 <4 :» ° . > .
° _4 ° '3 °
G A G A G A G A G A G A G A G A G A G A G A G A
Variant -20 bp  Variant centered Variant +20 bp Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand +strand -strand +strand -strand +strand -strand
ELL2rs3777182
ELL2 r53777182 L363 ELL2-rs3777182, MOLP8
) 27x10% 2.0x10*1
1.2x10 — 3 k 4 /i
— ° 1.1x10°
1 = 1.0x10° 9.2x10 7.4x10°
2 ° 1 3N gsx10? "3 —
Y Lo 24107 § O, . T 22x107 |
e ° 10x100 | @ [ ¢! 1 ST S
4 . _L_| 3 L s | ‘ .
* | 3 ¢ .
g & 1BE 1ol :
> e 8o
) 8 1 8 - g
+ T 1 '
_‘ | m H ' y
° ’ & ] s ¢ : H
Lt ¢ o . M 2F e g LI T 1 1
s : s $ i . $
° -3 [ S : :
at o, Y
TA TA TA TA TA TA TA TA TA TA TA TA
Variant -20 bp Variant centered Variant +20 bp Variant -20 bp Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand +strand -strand +strand -strand +strand -strand
ATG5 rs3804329
ATG5-rs3804329, L363 ATGS rs3804329 MOLP8
-1
6'0'X_1‘0 i v 4'X_1‘0 7 ZXlO 2.4x10% 7.1x107 1 -1
2.1x10° 5.8x10™ * 2r o, AR — 3310 65 ]
1 20x10% 1 1 e $ s ®
* [ . 12.7x10 i { b 1 i e
4 13 ° 2.2x10 —/ R 1 1 . $ é
mrm [y - g > e . H
: 5 :
3 g0
1 3 R
{ g H ih 4 E
® -1
3 . l 1
2 $ b < ]
R i . @ -2 { . !
i t° i1: ' : . | :
* e : ‘ . a 0 + -3 t 3 . i!- + ' <+
' i 4 . . *
- o o -4 B ° °
A G A G A G A G A G A G A G A G A G A G A G A G

Variant -20 bp
+strand -strand

Variant centered Variant +20 bp
+strand -strand +strand -strand

Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand




Barcode score

PREX1 rs6066832

PREX1-rs6066832, L363

PREX1-rs6066832, MOLP8

7.2x 10_1 6.6 % 10'1
~ ™ 13
2 [ < 7.6x10
A
L]
t
1.2x10%t L
/ 9.5x10
- i k

- o 0

9.7x10!
[}
[ 4
[4
L]

3

L L 1

%

Al

*-0%

@00

Barcode score

N

3.8x107 -2
7.8x10
. [
%107
[}

3.

N

-6
8.0x 101 44x10

o
: E|8.0x10'1 T e 3
2 *
o
R
'
[ 4
H
L]

0 g
—r—

-0

CA CA CA CA CA CA

Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand

CA CA CA CA CA CA

Variant -20 bp  Variant centered Variant +20 bp
+strand -strand +strand -strand +strand -strand




Supplementary Figure 7

Full gel scans for Fig. 5. (a) Full scan for electromobility shift assay showing selective binding
of IRF4 to rs78740585-A probe (Fig. 5¢). Arrow indicates supershift with antibody towards IRF4.
Abbreviations: labeled probe (LP), L363 nuclear extract (NE), unlabeled probe (ULP), antibody
against IRF4 (a-IRF4). (b) Full scan for Western blot for IRF4 (Fig. 5e), alongside colorimetric
ladder (BioRad 161-0374). (¢) Staining for ACTB to confirm equal loading.
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Supplementary Figure 8

Chromatin looping interactions at the selected loci, as determined by PCHi-C. The six panels show
interactions with: (a) the SMARCD3 promoter; (b) the WAC promoter; (¢) the ELL2 promoter; (d)
the CDCA7L promoter; (e) the PREX1 promoter; and (f) the CEP120 promoter. The interactions
shown are within 3 Mb from the promoter bait, and have — log;,(CHICAGO P-score)>2.
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Supplementary Figure 9

Full gel scans for Fig. 6. (a) Full scan for electromobility shift assay showing selective binding of
POU2F1 to rs2790444-T probe. Arrow indicates supershift with antibody against POU2F1 (Fig.
6¢). (b) Full scan for PCR confirming CRISPR deletion of the rs2790444 variant-harboring region
(Fig. 6f). Abbreviations: labeled probe (LP), L363 nuclear extract (NE), unlabeled probe (ULP),
antibody against POU2F1 (a-POU2F1). (¢) Full scan for Western blot for POU2F1 (Fig. 5e),
alongside colorimetric ladder (BioRad 161-0374). (d) Staining for ACTB to confirm equal loading.
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Supplementary Figure 10

Full gel scans of agarose gels for PCR to confirm CRISPR-deletion of variant-harboring regions in
Fig. 7. (a) rs3777182-83 region. ((b) rs3777189 region (c) rs4487645 region.
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Supplementary Figure 11

Discovery caQTL analysis in 56 samples revealed regions with allele-dependent accessibility
around rs4487645 and rs11960493, and borderline association at rs78740585. Average ATAC-
seq signal for individuals with different genotypes indicated by yellow, orange and red lines. False
discovery rate (-logio Q-value) for correlation between ATAC-seq signal intensity and lead variant
genotype indicated in dashed blue. Regions called allele-dependent in light blue. Variants showing
association with MM indicated by red circles (Py;5s = P value for association as in Fig. 1a).
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Supplementary Figure 12

Effect of varying \; (1.025, 1.05, 1.075, 1.10, 1.125, 1.150, 1.175, and 1.20) while keeping 2 con-
stant. The results shown are for the 56+105 MM plasma cell ATAC-seq samples. The parameter )\,
serves to calibrate the cost of an allele-dependent model against the cost of an allele-independent
model. Since an allele-dependent model is more flexible than an allele-independent model, it will
always produce a lower L? residual, and \; must therefore be greater than 1. Increasing \; makes
it more difficult to call a segment allele-dependent, yielding more conservative solutions.
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Supplementary Figure 13

Effect of varying A2 (0.00001, 0.0001, 0.001, 0.01, and 0.1) while keeping A; constant. The results
shown are for the 56+105 MM plasma cell ATAC-seq samples. The A\, parameter determines the
cost of inserting an extra segment. Hence, increasing s produces a solution with fewer segments;
decreasing )\, a solution with more segments.



Segmentation with \;=1.075, \,=0.00001

SMARCD3
o3 2
sl o o [rs787405850 o T qw g
o 1k o o) 45 =]
o ; l : . =)
L T T S PRI R.: IR PN Bastlo s e ML o oAl sadia b PV ST 0o 9
151.24 151.245 151.25 151.255 151.26 151.265 151.27 151.275
MI‘RBJl SMARCD3
R HH——— o ——H
/ L
—
2
3 1578740585 4 8
Min/Min (n=3) S
C 2F G Maj/Min (n=41) E
c%.’ Maj/Maj (n=117) | 2 g
9 e m————— e g )
' :.-" '.... (@)
..................... <
0 fra, o etrastesaass® ) 1 | N CLLLLIALITTITTr prreaa ettt T e 0 }<—(
151.2469 151.247 151.2471 151.2472 151.2473 151.2474 151.2475 151.2476 151.2477
chr7 position (Mb)
CDCA7L
=
o t rs4487645 40 a>
g 50°o0 OdP®; o
=) HE 3
o =)
; kel

-DNAH11
/ =
L
2
8k rs4487645 ‘©
. Py Min/Min (n=17) |1 15 §
C 6t 7 E Maj/Min (n=73) =
3 iiMaj (n= 10 ‘5
o 4 Maj/Maj (n=71) =
° 5 ?
' - (@]
2 L 5 - <
0 — — o 0 '<T:
21.897 21.8975 21.898 21.8985 21.899 21.8995 21.9
chr7 position (Mb)
CEP120
s
C 10 rs11960493, rs62376437 10 =
o
o 5F®oo® © o o 8 0 O quBogd B & o0&ty 0o @8 ol o
—? 0 P R L PN ades A TV ) PORERY | i . PP TOR 8
123.35 123.36 123.37 123.38 123.39 123.4 123.41 123.42 '
CEP120
[ +—H—t + ‘_:j
B I\I
—
4 2
» | 11960493 | rs62376437 ‘@
10 - I8 Min/Min (n=31) %
o Maj/Min (n=72) <
o sl | Mai/Mai (n=58)| 1 2 =
o . B 7]
! ,4\\&%:: (@)
E L <
0 - P SO PRACYN - L . E
123.4005 123.401 123.4015 123.402 123.4025 123.403

chr5 pos

ition (Mb)



Segmentation with \;=1.075, \,=0.0001

SMARCD3
o3 2
sl o o [rs787405850 o T qw g
o 1k o o) 45 =]
o ; l : . =)
L T T S PRI R.: IR PN Bastlo s e ML o oAl sadia b PV ST 0o 9
151.24 151.245 151.25 151.255 151.26 151.265 151.27 151.275
MI‘RBJl SMARCD3
R HH——— o ——H
/ L
—
2
3 1578740585 4 8
Min/Min (n=3) S
C 2F G Maj/Min (n=41) E
c%.’ Maj/Maj (n=117) | 2 g
9 e am———— e g )
' :.-" '.... (@)
..................... <
0 fra, o etrastesaass® ) 1 | N CLLLLIALITTITTr prreaa ettt T e 0 }<—(
151.2469 151.247 151.2471 151.2472 151.2473 151.2474 151.2475 151.2476 151.2477
chr7 position (Mb)
CDCA7L
=
o t rs4487645 40 a>
g 50°o0 OdP®; o
=) HE 3
o =)
; kel

-DNAH11
/ =
L
2
8k rs4487645 ‘©
. Py Min/Min (n=17) |1 15 §
C 6t 7 E Maj/Min (n=73) =
3 iiMaj (n= 10 ‘5
o 4 Maj/Maj (n=71) =
° 5 ?
' - (@]
2 L 5 - <
0 — — o 0 '<T:
21.897 21.8975 21.898 21.8985 21.899 21.8995 21.9
chr7 position (Mb)
CEP120
s
C 10 rs11960493, rs62376437 10 =
o
o 5F®oo® © o o 8 0 O quBogd B & o0&ty 0o @8 ol o
—? 0 P R L PN ades A TV ) PORERY | i . PP TOR 8
123.35 123.36 123.37 123.38 123.39 123.4 123.41 123.42 '
CEP120
[ +—H—t + ‘_:j
B I\I
—
4 2
» | 11960493 | rs62376437 ‘@
10 - I8 Min/Min (n=31) %
o Maj/Min (n=72) <
o sl | Mai/Mai (n=58)| 1 2 =
o . B 7]
! ,4\\&%:: (@)
E L <
0 - P SO PRACYN - L . E
123.4005 123.401 123.4015 123.402 123.4025 123.403

chr5 pos

ition (Mb)



Segmentation with \;=1.075, \,=0.001

SMARCD3
o3 2
sl o o [rs78740585 0 o T qw g
o 1k o o) 45 =]
o ; l : . =)
L T T S SR ETR.: IR PN Bastlo s e ML o oAl sadia b PV ST 0o 9
151.24 151.245 151.25 151.255 151.26 151.265 151.27 151.275
MI‘RBJl SMARCD3
R HH——— o ——H
/ L
—
2
3 1578740585 4 8
Min/Min (n=3) S
C 2F G Maj/Min (n=41) E
c%.’ Maj/Maj (n=117) | 2 g
9 e m———— e o )
' :.-" '.... (@)
..................... <
0 fra, o etrastesaass® ) 1 N CLLLLIALITTITTr prreaa ettt T e 0 }<—(
151.2469 151.247 151.2471 151.2472 151.2473 151.2474 151.2475 151.2476 151.2477
chr7 position (Mb)
CDCA7L
=
o t rs4487645 40 a>
g 50°o0 OdP®; o
=) HE 3
o =)
; kel

-DNAH11
/ =
L
2
8k rs4487645 ‘©
. Py Min/Min (n=17) |1 15 §
C 6t 7 E Maj/Min (n=73) =
3 iiMaj (n= 10 ‘5
o 4 Maj/Maj (n=71) =
° 5 ?
' - (@]
2 L 5 - <
0 — — o 0 '<T:
21.897 21.8975 21.898 21.8985 21.899 21.8995 21.9
chr7 position (Mb)
CEP120
s
C 10 rs11960493, rs62376437 10 =
o
o 5F®oo® © o o 8 0 O quBogd B & o0&ty 0o @8 ol o
—? 0 P R L P ades o Ai TV ) POERY | i . PP TOR 8
123.35 123.36 123.37 123.38 123.39 123.4 123.41 123.42 '
CEP120
[ +—H—t + ‘_:j
B I\I
—
4 2
» | 11960493 | rs62376437 ‘@
10 - I8 Min/Min (n=31) %
o Maj/Min (n=72) <
o sl | Mai/Mai (n=58)| 1 2 =
o . B 7]
! ,4\\&%:: (@)
E L <
0 - P SO PRACYN - L . E
123.4005 123.401 123.4015 123.402 123.4025 123.403

chr5 pos

ition (Mb)



Segmentation with \;=1.075, \,=0.01

SMARCD3
o3 2
sl o o [rs787405850 o T qw g
o 1k o o) 45 =]
o ; l : . =)
L T T S PR R.: IR PN Bastlo s e ML o oAl sadia b PV ST 0o 9
151.24 151.245 151.25 151.255 151.26 151.265 151.27 151.275
MI‘RBJl SMARCD3
R HH——— o ——H
/ L
—
2
3 1578740585 4 8
Min/Min (n=3) S
C 2F G Maj/Min (n=41) E
c%.’ Maj/Maj (n=117) | 2 g
9 e m———— e o )
' :.-" '.... (@)
..................... <
0 fra, o etrastesaass® ) 1 N CLLLLIALITTITTr prreaa ettt T e 0 }<—(
151.2469 151.247 151.2471 151.2472 151.2473 151.2474 151.2475 151.2476 151.2477
chr7 position (Mb)
CDCA7L
=
o t rs4487645 40 a>
g 50°o0 OdP®; o
=) HE 3
o =)
; kel

-DNAH11
/ =
L
2
8k rs4487645 ‘©
. Py Min/Min (n=17) |1 15 §
C 6t 7 E Maj/Min (n=73) =
3 iiMaj (n= 10 ‘5
o 4 Maj/Maj (n=71) =
° 5 ?
' - (@]
2 L 5 - <
0 — — o 0 '<T:
21.897 21.8975 21.898 21.8985 21.899 21.8995 21.9
chr7 position (Mb)
CEP120
s
C 10 rs11960493, rs62376437 10 =
o
o 5F®oo® © o o 8 0 O quBogd B & o0&ty 0o @8 ol o
—? 0 P R L PN ades o A TV ) POERY | i . PP TOR 8
123.35 123.36 123.37 123.38 123.39 123.4 123.41 123.42 '
CEP120
[ +—H—t + ‘_:j
B I\I
—
4 2
» | 11960493 | rs62376437 ‘@
10 - I8 Min/Min (n=31) %
o Maj/Min (n=72) <
o sl | Mai/Mai (n=58)| 1 2 =
o . B 7]
! ,4\\&%:: (@)
E L <
0 - P SO PRACYN - L . E
123.4005 123.401 123.4015 123.402 123.4025 123.403

chr5 pos

ition (Mb)



Segmentation with \;=1.075, \,=0.1

SMARCD3
o3 S
i o o [rs787408850 o ) J10
o 1k o o 45 =]
o . £ : . o
L T TSP TR IR PN N P oo ad sadia b st ca 0o 9
151.24 151.245 151.25 151.255 151.26 151.265 151.27 151.275
MIRG7L SMARCD3
i o —r
/ [
1
2
3 rs78740585 43
Min/Min (n=3) S
O 2 NN Maj/Min (n=41) b=
c%.’ Maj/Maj (n=117) | 2 g
S 1 MM 1 9D
' :.-" '.... (@)
......... <
Y E— e . . . et g e . 0 ::
151.2469 151.247 151.2471 151.2472 151.2473 151.2474 151.2475 151.2476 151.2477
chr7 position (Mb)
CDCA7L
s
o §rs4487645 40 a>
g 50°o0 OdP®; o
=) HE 3
o o
0 o

-DNAH11
/ =
L
2
8k rs4487645 ‘©
. Py Min/Min (n=17) |1 15 §
C 6t 7 E Maj/Min (n=73) =
3 iiMaj (n= 10 ‘5
o 4 Maj/Maj (n=71) =
° 5 ?
' - (@]
2 L 5 - <
0 — — o 0 '<T:
21.897 21.8975 21.898 21.8985 21.899 21.8995 21.9
chr7 position (Mb)
CEP120
s
C 10 rs11960493, rs62376437 10 =
o
o 5F®oo® © o o 8 0 O quBogd B & o0&ty 0o @8 ol o
—? 0 P R L PN ades o A L A POERY | i . PP TOR 8
123.35 123.36 123.37 123.38 123.39 123.4 123.41 123.42 '
CEP120
[ +—H—t + ‘_:j
B I\I
—
4 2
» | 11960493 | rs62376437 ‘@
10 - I8 Min/Min (n=31) %
o Maj/Min (n=72) <
o sl | Mai/Mai (n=58)| 1 2 =
o . B 7]
! ,4\\&%:: (@)
E L <
0 - P SO PRACYN - L . E
123.4005 123.401 123.4015 123.402 123.4025 123.403

chr5 pos

ition (Mb)



Supplementary Table 1

MM risk loci identified in well-controlled association studies. All associate with MM without
further specification, except the CCND1 variant, which selectively associates with MM with
somatic t(11;14)[IGH/CCND1] translocation. In our MPRA, we included all loci except HLA
and ULK4. Abbreviations: Risk Allele Frequency (RAF), Odds Ratio (OR). Underlined alleles
are risk alleles. OR and P-values are for association with MM from the original publications.

Discovery analysis Latest meta-analysis®
Locus Lead variant Ref Alt RAF Candidate genes OR P-value Ref OR P-value
1s6746082 A C 0.76 1.29 1.22x107 2
2p23.3 DNMT3A, DTNB
1s7577599 T C  0.77 124  1.24x10% 3 1.23 1.29x108
29311  rs4325816 2T C 077 SP3 112 7.37x10° !
1s1052501 C T 0.2 1.32 7.47x10° 2
3p22.1 ULK4 5 s 20
16599192 G A 0.25 126  8.75x10 1.26 4.96x10
110936599 C T 0.75 126  8.70x10™ 4
3026.2 TERC
rs10936600 A T 0.75 1.2 5.94x10™"° 3 1.2 1.20x10-*°
rs56219066 T C 0.71 1.25 9.6x10™%° 5
5q15 ELL2 “ s .
1s1423269 A G 071 117  1.57x10° 1.16 8.30x10°
5023.2  rs6595443 A T  0.48 CEP120 1.11 1.20x10° t
60213 1s2285803 T C  0.27 HLA region 119  9.67x10™ 4
pet 1s3132535 A G 0.27 HLA region 1.2 2.97x10™" 3 1.21 6.00x10%
6p22.3  rs34229995 C G 0.03 JARID2 1.37 1.31x10°® 3 1.36 5.60x10°
6q21 1s9372120 T G 0.9 ATG5 1.18  9.09x10™° 3 1.19 2.40x10™"°
7p15.3 rs4487645 C A 0.65 CDCAT7L 1.38  3.33x10™° 2 1.24 2.8x10%
7922.3  rs17507636 C T 0.74 CCDC71L 1.12 9.20x107° !
793133 rs58618031 I C  0.75 POT1 1.12 2.73x10® !
7936.1 1s7781265 G A 0.09 SMARCD3 1.19 9.71x107° 3 1.22 4.82x10™°
8q24.21 rs1948915 T C 0.35 CCAT1 113  4.20x10™ 3 1.15 2.53x10™2
9p21.3 rs2811710 C T 0.63 CDKN2A 115  1.72x10™% 3 1.14 3.64x10™
10p12.1  rs2790457 G A 0.73 WAC 1.12 1.77x10°® 3 1.11 2.66x10°
rs603965 11 6
1113.3 (r29344) G A 051 CCND1 1.82  7.95x10
several, including FBRS -13 1
16p11.2  rs13338946 T C 027 oo o pppas pNpgo 115 10210
16023.1 rs7193541 T C 061 RFWD3 113 5.00x10™? 3 1.12 3.68x10™°
1s4273077 A G 011 1.26 7.67x10° 4
17p11.2 TNFRSF13B ,17 s 10
1s34562254 G A 0.1 1.3 3.63x10 1.3 1.18x10
19p13.11 rs11086029 T A 0.25 KLF2 114  6.79x10™ !
20g13.13 rs6066835 T C  0.09 PREX1 126  1.36x10™%° 3 1.23 6.58x10™°
rs138740 cC T 037 1.18 5.7x10°® 5
22q13 TOoM1 . s .
rs138747 A T 036 121 2.58x10° 1.21 258 x 10°
rs877529 G A 044 123  7.63x10™° 4
22q13.1 CBX7 » . %
rs139402 T C 044 123 4.98x10° 1.22 3.84x10°
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Supplementary Table 6

Plasma cell meQTLs detected for the selected MPRA-functional variants (n=379).

Genomic position Methylation
Chrom Pos rsiD Gene  Probe P-value Effect
chr20 47354132 rs6066832 PREX1 ¢g18249380 4.64E-05 0.052
chrl0 28825689 rs2790444  WAC cgl1724873 1.37E-08 -0.051

P -values are for linear correlation between genotype and methylation.
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Supplementary Table 8

Guide sequences used in dual-sgRNA CRISPR/Cas9 deletion experiments.

rsiD gene sgRNA sequence

rs3777189 ELL2 ACATGCTTATTGACTCAACC
rs3777189 ELL2 ACCTTGAAGAGCATGCACTG
rs3777183-rs3777182 ELL2 TGGTTTCGTCAGCTAAAAAG
rs3777183-rs3777182 ELL2 GGTGATGACAGTTACTGGCA
rS4487645 CDCA7L  GTTTCAGAGGCTGCTTAAAG
rS4487645 CDCA7L  AAGCTGGCTCACAGAGGCTA
rs2790444 WAC CTCCTACCACAAAGAGCTTG

rs2790444 WAC CAACATGTAGGAGAGAATAT




Supplementary Table 9

Amplification primers to confirm CRISPR/Cas9 deletions.

Gene Primer sequence

Targeted region

WAC_F GGAACTTTGACCTTTTAAAGATTTCAGTTTGAGATC
WAC_R GAACTACTTTCTTCTCATCCAAATTATTCAATCCCAG
CDCA7L_F TCCTTTGTGTGGTGCCTATGCTG

CDCA7L_R  ATCACCCTATGACTTGGACTGACAAGC

ELL2_F AGGCAAGAAGGTACTCTCTAGAATTC
ELL2_R TGGTTATTTCTACCTTCCTTGTTTG
ELL2_F TGCAGGTACAGGCAGCAGGATTCC

ELL2_R TCTCGATGGCTGTCTCACTTCTCTTCC

rs2790444

rS4487645

rs3777189

rs3777183-rs3777182




Supplementary Table 10

gPCR primers used for readout in the CRISPR/Cas9 deletion experiments.

Primer Sequence

WAC_F AGCAAGGACCAGTGTCACAGTC
WAC_R GACCAGGTGATGGACTTCTCTG
CDCA7L_F TTGGCGGAATTGAACTCGATGCC
CDCA7L_R GTTCATACGCCGCGTGATCTGT
ELL2_F CACCAGCCGTTCAGAATCTCCT
ELL2_R GGTGGTACTCTGTTCGTCAGGT
GAPDH_F  GTCTCCTCTGACTTCAACAGCG
GAPDH_R  ACCACCCTGTTGCTGTAGCCAA
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