
SUPPLEMENTARY FIGURES
Tandem Substitutions in Somatic Hypermutation. Julieta Haydeé Sepúlveda-Yáñez, Diego Alvarez-Saravia, Bas Pilzecker, 
Pauline A van Schouwenburg, Mirjam van der Burg, Hendrik Veelken, Marcelo A Navarrete, Heinz Jacobs and Marvyn T. 
Koning.

For each allele/group, the following figures are provided:

Distribution of tandems by simulation
Histogram of false tandem subsitutions produced in every simulation, where each bar represents the number of sim-
ulations within a certain range. The vertical line shows the tandem substitutions found in the sequenced V(D)J rear-
rangements.

Mutation probabilities by position
Relative frequency of mutated sequences by position (mutated sequences / all sequences in the allele dataset). This 
was used as probability distribution for the simulations. For the groups, the values represent the average of all the 
allele datasets of the group.

Distribution of mutations by sequence
Histogram of the number of nucleotides mutated in each sequence. These values were replicated in the simulations.

Distribution of mutation clusters by size
Distribution of adjacent nucleotide substitutions found in both the real and the simulated data, classified by size.

Tandem distribution from real data
Heatmap of tandem substitutions found in the sequenced data.

Tandem distribution from simulated data
Heatmap of false tandem substitutions produced in the simulations.

Tandem distribution with stop codons from simulated data
Heatmap of false tandem substitutions in the simulations where a stop codon was introduced.

Distribution of mutation clusters with stop codons
Distribution of adjacent nucleotide substitutions found in the simulated data classified by s ize, indicating also the 
ones that produced stop codons.

Percentage of false tandems
Percentage of false tandems calculated as simulation tandem substitutions / real tandem substitutions. A hard cap of 
100% was introduced for the cases where the simulation value was higher.
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Tandem distribution  from real data (IGHV1-2*02)
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1.1 IGHV1-2*02 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.2 IGHV1-69*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.2 IGHV1-69*01

50 60 70 80 90 100 110 120
0

1000

2000

3000

4000

5000

Si
m

ul
at

io
ns

210 220

observed = 216

pdf = 7.18e-63

Distribution of tandems by simulation (IGHV1-69*01)

Tandems by simulations

0 50 100 150 200 250 300
Position in sequence

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

M
ut

at
io

n 
pr

ob
ab

ili
ty

Mutation probabilities by position (IGHV1-69*01)

2 4 6 8 10 12
Mutations by sequence

0

50

100

150

200

250

300

350

Se
qu

en
ce

s

Distribution of mutations by sequence (IGHV1-69*01)

2 3 4 5 6 7
Cluster size

0

50

100

150

200

250

N
um

be
r o

f c
lu

st
er

s

21
6

62

15 10 3 2

79

4 0 0 0 0

Distribution of mutation clusters by size (IGHV1-69*01)
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1.2 IGHV1-69*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.3 IGHV3-21*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.3 IGHV3-21*01
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1.3 IGHV3-21*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.4 IGHV3-23*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.4 IGHV3-23*01
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1.4 IGHV3-23*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.5 IGHV3-30*03 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.5 IGHV3-30*03
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1.5 IGHV3-30*03 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tandem distribution with stop codons from simulated data (IGHV3-30*03)

0.00

0.02

0.04

0.06

0.08

0.10

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

2 3 4
Cluster size

0

20

40

60

80

100

120

140

160

N
um

be
r o

f c
lu

st
er

s

14
3

10

11 0 0

Distribution of mutation clusters with stop codons (IGHV3-30*03)

no stop codon
stop codon

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

3 14 9

2 73 65 13 32 6

8 8 10

100 54 100 100 85 95

68 34 100 100 100 96

28 21 7 71

80 100 100 85 100 100 38 100 100

12 10 7

51 15 48 56 97 55

9 54 11 31 32

14 25 30 43 12

26 96 59 56 98 41 66

30 60 12 24 100 43 52 28 12

49 16 100

100 65 100 100 38 33 70

Percentage of false tandems (IGHV3-30*03)

20

40

60

80

100

Pe
rc

en
ta

ge
 o

f f
al

se
 ta

nd
em

s 
(s

im
ul

at
ed

/r
ea

l)

11



1.6 IGHV3-33*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.6 IGHV3-33*01
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1.6 IGHV3-33*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.7 IGHV4-34*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.7 IGHV4-34*01
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1.7 IGHV4-34*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.8 IGHV4-39*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.8 IGHV4-39*01
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1.8 IGHV4-39*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.9 IGHV4-59*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.9 IGHV4-59*01
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1.9 IGHV4-59*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.10 IGKV1-39*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.10 IGKV1-39*01
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1.10 IGKV1-39*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.11 IGKV3-11*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.11 IGKV3-11*01
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1.11 IGKV3-11*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.12 IGKV3-15*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.12 IGKV3-15*01
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1.12 IGKV3-15*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.13 IGKV3-20*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.13 IGKV3-20*01
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1.13 IGKV3-20*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.14 IGKV3D-15*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.14 IGKV3D-15*01
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1.14 IGKV3D-15*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.15 IGKV4-1*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.15 IGKV4-1*01
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1.15 IGKV4-1*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.16 IGLV2-8*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.16 IGLV2-8*01
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1.16 IGLV2-8*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.17 IGLV2-14*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.17 IGLV2-14*01
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1.17 IGLV2-14*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.18 IGLV2-23*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.18 IGLV2-23*01
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1.18 IGLV2-23*01 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.19 IGLV2-23*02 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.19 IGLV2-23*02
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1.19 IGLV2-23*02 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.20 IGHV 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.20 IGHV
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1.20 IGHV 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.21 IGKV 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.21 IGKV
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1.21 IGKV 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.22 IGLV 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.22 IGLV
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1.22 IGLV 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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1.23 IGV 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)

1.23 IGV
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1.23 IGV 1 LEIDEN HEALTHY DONOR COHORT (> 95% IGV IDENTITY)
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2 ROTTERDAM HEALTHY DONOR COHORT

ROTTERDAM HEALTHY DONOR COHORT
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2.1 IGHV1-2_02 2 ROTTERDAM HEALTHY DONOR COHORT
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2.2 IGHV1-8_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.2 IGHV1-8_01
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2.2 IGHV1-8_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.3 IGHV1-18_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.3 IGHV1-18_01
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2.3 IGHV1-18_01 2 ROTTERDAM HEALTHY DONOR COHORT

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1 0.2 0.1 0.1 0.3 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tandem distribution with stop codons from simulated data (IGHV1-18*01)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

2 3 4 5
Cluster size

0

50

100

150

200

250

300

N
um

be
r o

f c
lu

st
er

s

28
7

43

7 12 1 0 0

Distribution of mutation clusters with stop codons (IGHV1-18*01)

no stop codon
stop codon

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

23 84 100

16 63 66 24

21 3

100 58 67 100 100 74 53 100

100 100 51

91 18 12 47 17 14 21 10

83 100 100 100 100 100 100 100

31 29 100 100 54

85 26 57 100

85

31 30 52 77 60 52 39 82 57

23 100 42 100 51 99 100 84

80 88

52 100 67 76 33 38 6

100 100 100 36 89 100 90 100

100 47 63 100 31 60

Percentage of false tandems (IGHV1-18*01)

20

40

60

80

100

Pe
rc

en
ta

ge
 o

f f
al

se
 ta

nd
em

s 
(s

im
ul

at
ed

/r
ea

l)

53



2.4 IGHV1-24_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.4 IGHV1-24_01
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Distribution of tandems by simulation (IGHV1-24*01)
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2.4 IGHV1-24_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.5 IGHV1-46_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.5 IGHV1-46_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.6 IGHV1-69_13 2 ROTTERDAM HEALTHY DONOR COHORT

2.6 IGHV1-69_13
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2.6 IGHV1-69_13 2 ROTTERDAM HEALTHY DONOR COHORT
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2.7 IGHV2-05_02 2 ROTTERDAM HEALTHY DONOR COHORT

2.7 IGHV2-05_02
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2.7 IGHV2-05_02 2 ROTTERDAM HEALTHY DONOR COHORT
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2.8 IGHV3-7_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.8 IGHV3-7_01
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2.8 IGHV3-7_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.9 IGHV3-9_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.9 IGHV3-9_01
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2.9 IGHV3-9_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.10 IGHV3-11_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.10 IGHV3-11_01
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2.10 IGHV3-11_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.11 IGHV3-15_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.11 IGHV3-15_01
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2.11 IGHV3-15_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.12 IGHV3-21_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.12 IGHV3-21_01
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2.12 IGHV3-21_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.13 IGHV3-23_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.13 IGHV3-23_01
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2.13 IGHV3-23_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.14 IGHV3-30-3_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.14 IGHV3-30-3_01
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2.14 IGHV3-30-3_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.15 IGHV3-30_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.15 IGHV3-30_01
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2.15 IGHV3-30_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.16 IGHV3-30_02 2 ROTTERDAM HEALTHY DONOR COHORT

2.16 IGHV3-30_02
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2.16 IGHV3-30_02 2 ROTTERDAM HEALTHY DONOR COHORT
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2.17 IGHV3-30_03 2 ROTTERDAM HEALTHY DONOR COHORT

2.17 IGHV3-30_03
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2.17 IGHV3-30_03 2 ROTTERDAM HEALTHY DONOR COHORT
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2.18 IGHV3-30_04 2 ROTTERDAM HEALTHY DONOR COHORT

2.18 IGHV3-30_04
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2.18 IGHV3-30_04 2 ROTTERDAM HEALTHY DONOR COHORT
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2.19 IGHV3-33_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.19 IGHV3-33_01
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2.19 IGHV3-33_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.20 IGHV3-48_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.20 IGHV3-48_01
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2.20 IGHV3-48_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.21 IGHV3-48_02 2 ROTTERDAM HEALTHY DONOR COHORT

2.21 IGHV3-48_02
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2.21 IGHV3-48_02 2 ROTTERDAM HEALTHY DONOR COHORT
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2.22 IGHV3-48_04 2 ROTTERDAM HEALTHY DONOR COHORT

2.22 IGHV3-48_04
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2.22 IGHV3-48_04 2 ROTTERDAM HEALTHY DONOR COHORT
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2.23 IGHV3-53_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.23 IGHV3-53_01
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2.23 IGHV3-53_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.24 IGHV3-66_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.24 IGHV3-66_01

100 110 120 130 140 150 160
0

1000

2000

3000

4000

Si
m

ul
at

io
ns

observed = 152

pdf = 1.90e-03

Distribution of tandems by simulation (IGHV3-66*01)

Tandems by simulations

0 50 100 150 200
Position in sequence

0.0

0.1

0.2

0.3

0.4

0.5

M
ut

at
io

n 
pr

ob
ab

ili
ty

Mutation probabilities by position (IGHV3-66*01)

0 5 10 15 20 25 30 35
Mutations by sequence

0

1

2

3

4

5

6

Se
qu

en
ce

s

Distribution of mutations by sequence (IGHV3-66*01)

2 3 4 5
Cluster size

0

25

50

75

100

125

150

175

N
um

be
r o

f c
lu

st
er

s

15
2

17

8

0

12
8

22

5 1

Distribution of mutation clusters by size (IGHV3-66*01)

real
simulation

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 3 3 1 0 1 0

1 0 0 1 0 0 0 0 0

0 0 0 0 0 0 0 1 4

1 1 2 0 3 1 0 0 0

1 2 3 2 1 0 0 1 1

2 1 0 1 0 1 0 0 0

0 7 5 2 3 5 0 2 1

0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 3 0

2 1 0 0 0 0 1 1 0

0 0 1 0 0 6 0 0 1

0 1 1 0 1 0 2 2 2

2 3 0 0 0 2 0 1 1

1 3 1 19 11 1 3 2 1

0 1 2 1 0 3 0 0 2

0 0 0 1 0 1 0 0 0

Tandem distribution  from real data (IGHV3-66*01)

0

4

8

12

16

N
um

be
r o

f t
an

de
m

s

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 0 2 1 0 1 0

0 0 0 1 1 0 0 0 0

0 0 0 0 0 0 0 0 1

1 1 1 2 2 2 1 1 2

1 3 1 0 2 1 0 0 1

2 0 0 1 0 0 0 0 0

3 6 8 3 4 7 1 1 2

0 0 0 0 0 0 0 0 0

0 0 0 0 1 0 0 2 1

0 0 0 0 0 0 2 1 0

0 0 0 0 0 2 0 0 1

0 1 0 0 1 0 0 2 1

1 1 0 1 1 1 0 1 1

1 1 0 7 8 1 1 1 0

0 0 2 0 1 1 0 1 4

0 0 0 1 1 1 1 0 0

Tandem distribution  from simulated data (IGHV3-66*01)

0.0

1.5

3.0

4.5

6.0

7.5

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

94



2.24 IGHV3-66_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.25 IGHV3-73_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.25 IGHV3-73_01
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2.25 IGHV3-73_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.26 IGHV3-74_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.26 IGHV3-74_01
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2.26 IGHV3-74_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.27 IGHV4-4_07 2 ROTTERDAM HEALTHY DONOR COHORT

2.27 IGHV4-4_07
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2.27 IGHV4-4_07 2 ROTTERDAM HEALTHY DONOR COHORT
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2.28 IGHV4-30-2_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.28 IGHV4-30-2_01
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2.28 IGHV4-30-2_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.29 IGHV4-30-4_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.29 IGHV4-30-4_01
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2.29 IGHV4-30-4_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.30 IGHV4-31_03 2 ROTTERDAM HEALTHY DONOR COHORT

2.30 IGHV4-31_03
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2.30 IGHV4-31_03 2 ROTTERDAM HEALTHY DONOR COHORT
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2.31 IGHV4-34_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.31 IGHV4-34_01
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2.31 IGHV4-34_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.32 IGHV4-38-2_02 2 ROTTERDAM HEALTHY DONOR COHORT

2.32 IGHV4-38-2_02
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2.32 IGHV4-38-2_02 2 ROTTERDAM HEALTHY DONOR COHORT
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2.33 IGHV4-39_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.33 IGHV4-39_01
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2.33 IGHV4-39_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.34 IGHV4-39_07 2 ROTTERDAM HEALTHY DONOR COHORT

2.34 IGHV4-39_07

25 30 35 40 45 50 55 60
0

1000

2000

3000

4000

5000

6000

7000

Si
m

ul
at

io
ns

observed = 46

pdf = 6.17e-02

Distribution of tandems by simulation (IGHV4-39*07)

Tandems by simulations

0 50 100 150 200
Position in sequence

0.0

0.1

0.2

0.3

0.4

M
ut

at
io

n 
pr

ob
ab

ili
ty

Mutation probabilities by position (IGHV4-39*07)

0 5 10 15 20 25 30
Mutations by sequence

0

1

2

3

4

5

Se
qu

en
ce

s

Distribution of mutations by sequence (IGHV4-39*07)

2 3 4
Cluster size

0

10

20

30

40

50

N
um

be
r o

f c
lu

st
er

s

46

9

0

43

5

1

Distribution of mutation clusters by size (IGHV4-39*07)

real
simulation

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

1 1 0 0 1 1 0 0 0

2 1 0 0 2 0 0 0 1

0 1 0 0 1 0 0 0 0

1 0 4 0 2 1 0 0 1

0 0 0 0 0 0 0 2 0

0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0

0 0 0 0 1 0 1 0 2

0 0 0 0 0 0 0 2 0

0 0 0 0 0 0 0 0 0

1 1 0 9 2 1 0 0 1

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

Tandem distribution  from real data (IGHV4-39*07)

0.0

1.5

3.0

4.5

6.0

7.5

9.0

N
um

be
r o

f t
an

de
m

s

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

1 1 1 1 1 1 0 0 0

1 2 0 1 1 0 0 0 0

0 0 0 0 0 0 0 0 0

0 1 3 0 1 2 0 0 1

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0

1 1 0 4 3 1 0 0 0

0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 0 0

Tandem distribution  from simulated data (IGHV4-39*07)

0.0

0.8

1.6

2.4

3.2

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

114



2.34 IGHV4-39_07 2 ROTTERDAM HEALTHY DONOR COHORT
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2.35 IGHV4-59_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.35 IGHV4-59_01

420 440 460 480 500 520 540 560 580
0

500

1000

1500

2000

2500

3000

3500

4000

Si
m

ul
at

io
ns

observed = 527

pdf = 1.17e-02

Distribution of tandems by simulation (IGHV4-59*01)

Tandems by simulations

0 50 100 150 200
Position in sequence

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

M
ut

at
io

n 
pr

ob
ab

ili
ty

Mutation probabilities by position (IGHV4-59*01)

0 5 10 15 20 25 30 35
Mutations by sequence

0

5

10

15

20

25

Se
qu

en
ce

s

Distribution of mutations by sequence (IGHV4-59*01)

2 3 4 5
Cluster size

0

100

200

300

400

500

600

N
um

be
r o

f c
lu

st
er

s

52
7

81

13 2

50
6

71

11 2

Distribution of mutation clusters by size (IGHV4-59*01)

real
simulation

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 2 0 4 1 1 1 0 0

2 0 2 2 1 2 1 0 0

0 1 0 1 0 3 0 1 0

1 2 4 1 10 9 2 6 0

6 10 3 1 14 4 1 1 2

3 9 1 5 9 0 2 4 0

3 15 21 2 15 25 0 3 3

2 6 0 2 0 0 1 0 0

1 1 1 0 2 4 3 10 3

1 1 0 0 0 0 0 0 0

0 0 0 1 3 7 1 3 9

5 6 2 1 1 0 6 6 5

0 1 1 0 2 2 0 7 1

13 18 5 34 31 7 12 11 4

4 3 3 2 8 14 1 4 9

0 2 0 3 8 0 0 0 1

Tandem distribution  from real data (IGHV4-59*01)

0

6

12

18

24

30

N
um

be
r o

f t
an

de
m

s

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 2 5 3 0 0 0

0 0 0 3 2 1 0 0 0

0 0 0 0 1 1 0 1 1

4 3 4 11 10 12 4 2 4

6 14 4 8 15 6 1 2 1

2 1 0 4 4 1 1 1 0

4 14 25 4 16 30 1 2 4

1 3 0 1 3 1 0 1 0

0 2 1 2 5 2 2 7 3

0 0 0 0 0 0 1 1 0

0 0 1 0 1 2 1 2 4

1 2 1 1 2 1 2 6 3

0 3 1 0 2 1 0 4 1

10 10 2 33 33 4 5 6 1

1 3 9 3 7 12 1 3 14

1 4 0 2 10 2 0 1 0

Tandem distribution  from simulated data (IGHV4-59*01)

6

12

18

24

30

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

116



2.35 IGHV4-59_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.36 IGHV4-59_03 2 ROTTERDAM HEALTHY DONOR COHORT

2.36 IGHV4-59_03
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2.36 IGHV4-59_03 2 ROTTERDAM HEALTHY DONOR COHORT
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2.37 IGHV4-59_08 2 ROTTERDAM HEALTHY DONOR COHORT

2.37 IGHV4-59_08
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2.37 IGHV4-59_08 2 ROTTERDAM HEALTHY DONOR COHORT
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2.38 IGHV4-61_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.38 IGHV4-61_01
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2.38 IGHV4-61_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.39 IGHV4-61_02 2 ROTTERDAM HEALTHY DONOR COHORT

2.39 IGHV4-61_02

100 110 120 130 140 150 160 170
0

500

1000

1500

2000

2500

3000

3500

4000

Si
m

ul
at

io
ns

observed = 137

pdf = 3.87e-02

Distribution of tandems by simulation (IGHV4-61*02)

Tandems by simulations

0 50 100 150 200
Position in sequence

0.0

0.1

0.2

0.3

0.4

0.5

M
ut

at
io

n 
pr

ob
ab

ili
ty

Mutation probabilities by position (IGHV4-61*02)

0 10 20 30 40
Mutations by sequence

0

1

2

3

4

5

6

7

8

Se
qu

en
ce

s

Distribution of mutations by sequence (IGHV4-61*02)

2 3 4 5
Cluster size

0

20

40

60

80

100

120

140

160

N
um

be
r o

f c
lu

st
er

s

13
7

24

1 1

13
4

22

4 1

Distribution of mutation clusters by size (IGHV4-61*02)

real
simulation

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 0 0 0 0 0 0

0 0 0 1 1 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 4 7 1 0 0

2 3 1 0 0 1 0 0 0

0 2 1 0 0 0 0 3 0

1 0 8 1 2 8 1 0 1

0 0 0 0 0 0 0 1 0

0 0 0 0 2 0 0 4 1

0 0 0 0 0 0 0 0 0

0 1 3 0 0 3 0 1 1

0 1 0 0 0 0 0 1 4

0 0 0 0 0 0 2 2 0

1 3 5 9 5 3 3 3 3

1 0 1 1 5 11 0 1 3

0 0 0 3 0 0 0 0 0

Tandem distribution  from real data (IGHV4-61*02)

0

2

4

6

8

10

N
um

be
r o

f t
an

de
m

s

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 1 1 2 5 4 0 1 1

1 4 1 1 2 1 0 1 0

1 1 0 0 0 0 0 0 0

1 1 9 2 2 10 0 0 2

0 1 0 0 1 0 0 0 0

0 0 0 0 1 0 0 2 0

0 0 0 0 0 0 1 0 0

0 0 0 0 0 2 0 1 1

0 1 0 0 1 0 0 2 1

0 1 0 1 0 0 0 1 0

3 3 0 7 8 2 2 2 1

1 1 2 1 3 4 0 1 5

0 1 0 2 2 0 0 0 0

Tandem distribution  from simulated data (IGHV4-61*02)

0

2

4

6

8

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

124



2.39 IGHV4-61_02 2 ROTTERDAM HEALTHY DONOR COHORT
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2.40 IGHV5-51_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.40 IGHV5-51_01
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2.40 IGHV5-51_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.41 IGHV6-1_01 2 ROTTERDAM HEALTHY DONOR COHORT

2.41 IGHV6-1_01
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2.41 IGHV6-1_01 2 ROTTERDAM HEALTHY DONOR COHORT
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2.42 IGHV 2 ROTTERDAM HEALTHY DONOR COHORT

2.42 IGHV
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3 MSH2/6 DEFICIENT

MSH2/6 DEFICIENT
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3.2 IGHV1-2*02 3 MSH2/6 DEFICIENT

3.2 IGHV1-2*02
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3.4 IGHV1-69*01
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3.5 IGHV1-8*01
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3.6 IGHV3-11*01
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3.7 IGHV3-15*01
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3.8 IGHV3-21*01
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3.9 IGHV3-23*01
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3.10 IGHV3-30*03
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3.11 IGHV3-33*01
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3.12 IGHV3-48*01 3 MSH2/6 DEFICIENT

3.12 IGHV3-48*01
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3.13 IGHV3-48*02
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3.14 IGHV3-53*01
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3.15 IGHV3-7*01
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3.15 IGHV3-7*01 3 MSH2/6 DEFICIENT

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.2 0.0 0.0 0.2 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tandem distribution with stop codons from simulated data (IGHV3-7*01)

0.00

0.04

0.08

0.12

0.16

0.20

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

2 3 4
Cluster size

0

10

20

30

40

50

60

70

80

N
um

be
r o

f c
lu

st
er

s

74

7

11 0 0

Distribution of mutation clusters with stop codons (IGHV3-7*01)

no stop codon
stop codon

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

14

49 13

65 30 1

14 29 100

29 100 100 100 100 100 83

41

100 45

2 20

11 20 13 36 47 29

45

75 18

28 19

Percentage of false tandems (IGHV3-7*01)

20

40

60

80

100

Pe
rc

en
ta

ge
 o

f f
al

se
 ta

nd
em

s 
(s

im
ul

at
ed

/r
ea

l)

161



3.16 IGHV3-74*01 3 MSH2/6 DEFICIENT

3.16 IGHV3-74*01
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3.17 IGHV3-9*01 3 MSH2/6 DEFICIENT

3.17 IGHV3-9*01
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3.18 IGHV4-31*02 3 MSH2/6 DEFICIENT

3.18 IGHV4-31*02
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3.19 IGHV4-34*01 3 MSH2/6 DEFICIENT

3.19 IGHV4-34*01
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3.21 IGHV4-39*01
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3.22 IGHV4-39*03
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3.23 IGHV4-39*07
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3.24 IGHV4-4*07
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3.25 IGHV4-59*01

80 90 100 110 120 130 140
0

1000

2000

3000

4000

Si
m

ul
at

io
ns

observed = 113

pdf = 4.29e-02

Distribution of tandems by simulation (IGHV4-59*01)

Tandems by simulations

0 50 100 150 200
Position in sequence

0.0

0.1

0.2

0.3

0.4

0.5

M
ut

at
io

n 
pr

ob
ab

ili
ty

Mutation probabilities by position (IGHV4-59*01)

0 5 10 15 20 25
Mutations by sequence

0

2

4

6

8

10

12

14

Se
qu

en
ce

s

Distribution of mutations by sequence (IGHV4-59*01)

2 3 4 5
Cluster size

0

20

40

60

80

100

120

N
um

be
r o

f c
lu

st
er

s

11
3

17

4 1

11
6

8

1 0

Distribution of mutation clusters by size (IGHV4-59*01)

real
simulation

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

1 0 0 0 0 0 0 0 0

0 0 2 0 0 1 0 0 1

0 0 0 0 0 0 0 0 1

3 1 0 0 0 0 0 0 0

5 1 1 0 0 0 1 0 0

5 1 1 2 0 1 1 2 0

3 4 14 1 3 4 0 0 2

0 1 0 0 0 1 0 0 0

0 0 0 0 1 1 0 8 4

0 0 0 0 0 0 0 1 0

0 0 0 0 1 1 1 1 1

0 1 0 1 0 1 0 3 0

0 0 0 0 0 0 0 0 0

0 0 0 13 1 0 7 0 1

0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 0

Tandem distribution  from real data (IGHV4-59*01)

0.0

2.5

5.0

7.5

10.0

12.5

N
um

be
r o

f t
an

de
m

s

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0

3 1 1 2 0 0 0 0 0

1 0 0 0 0 0 1 0 0

2 11 24 1 6 16 0 1 4

0 1 0 0 0 0 0 0 0

0 0 0 0 1 0 1 3 2

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 1 1

0 0 0 0 0 0 0 0 0

0 0 0 6 3 1 3 1 0

0 0 2 0 0 0 0 0 2

0 0 0 0 0 0 0 0 0

Tandem distribution  from simulated data (IGHV4-59*01)

0

4

8

12

16

20

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

181



3.25 IGHV4-59*01 3 MSH2/6 DEFICIENT

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tandem distribution with stop codons from simulated data (IGHV4-59*01)

0.00

0.02

0.04

0.06

0.08

0.10

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

2 3 4
Cluster size

0

20

40

60

80

100

120

N
um

be
r o

f c
lu

st
er

s

11
6

8

10 0 0

Distribution of mutation clusters with stop codons (IGHV4-59*01)

no stop codon
stop codon

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

9

9 4 6

21

6 24

62 100 91 54

17 7 19 23 10 72 17

70 100 100 100 100 100 100

57 13

100 37 39 38

16

9 13 27 35 62

4 11 23 46

47 100 41 38

48

Percentage of false tandems (IGHV4-59*01)

20

40

60

80

100

Pe
rc

en
ta

ge
 o

f f
al

se
 ta

nd
em

s 
(s

im
ul

at
ed

/r
ea

l)

182



3.26 IGHV4-59*03 3 MSH2/6 DEFICIENT

3.26 IGHV4-59*03
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3.27 IGHV4-59*08
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3.28 IGHV4-61*01
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3.29 IGHV4-61*02
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3.30 IGHV5-51*01
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3.31 IGHV6-1*01
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4.3 IGHV 4 UNG DEFICIENT
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4.3 IGHV 4 UNG DEFICIENT
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5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.1 IGHV1-2*02 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.2 IGHV1-18*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.2 IGHV1-18*01
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5.2 IGHV1-18*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.3 IGHV1-24*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.3 IGHV1-24*01
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5.3 IGHV1-24*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.4 IGHV1-46*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.4 IGHV1-46*01
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5.4 IGHV1-46*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.5 IGHV1-69*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.5 IGHV1-69*01

30 40 50 60 70
0

500

1000

1500

2000

2500

3000

3500

Si
m

ul
at

io
ns

observed = 57

pdf = 2.24e-02

Distribution of tandems by simulation (IGHV1-69*01)

Tandems by simulations

0 25 50 75 100 125 150 175
Position in sequence

0.0

0.1

0.2

0.3

0.4

0.5

M
ut

at
io

n 
pr

ob
ab

ili
ty

Mutation probabilities by position (IGHV1-69*01)

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Mutations by sequence

0

1

2

3

4

5

6

Se
qu

en
ce

s

Distribution of mutations by sequence (IGHV1-69*01)

2 3 4 5
Cluster size

0

10

20

30

40

50

60

N
um

be
r o

f c
lu

st
er

s

57

4

1 1

48

4

0 0

Distribution of mutation clusters by size (IGHV1-69*01)

real
simulation

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 1 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 1 1 0 0 1 0 0 0

0 0 3 0 0 0 1 0 0

0 0 0 0 0 0 0 0 0

1 0 0 0 0 2 0 0 0

0 1 3 0 0 3 0 0 0

2 0 0 2 2 2 0 0 0

0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 1 0 0 3

0 0 0 1 0 0 0 2 2

0 0 0 0 0 0 0 0 0

1 0 1 1 3 0 0 0 1

0 0 0 1 1 0 1 0 5

0 2 1 1 1 1 0 0 0

Tandem distribution  from real data (IGHV1-69*01)

0

1

2

3

4

5

N
um

be
r o

f t
an

de
m

s

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 1 1 0 0 1 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 1 4 0 0 2 0 0 0

1 1 1 1 1 1 0 0 0

0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

1 2 0 2 3 1 0 0 0

0 0 0 0 0 0 0 0 3

0 1 0 0 0 0 0 0 0

Tandem distribution  from simulated data (IGHV1-69*01)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

211



5.5 IGHV1-69*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.6 IGHV3-7*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.6 IGHV3-7*01
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5.6 IGHV3-7*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.7 IGHV3-9*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.7 IGHV3-9*01
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5.7 IGHV3-9*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.8 IGHV3-11*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.8 IGHV3-11*01

60 70 80 90 100 110
0

500

1000

1500

2000

2500

3000

Si
m

ul
at

io
ns

observed = 113

pdf = 4.53e-05

Distribution of tandems by simulation (IGHV3-11*01)

Tandems by simulations

0 50 100 150 200
Position in sequence

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

M
ut

at
io

n 
pr

ob
ab

ili
ty

Mutation probabilities by position (IGHV3-11*01)

12 14 16 18 20 22 24
Mutations by sequence

0

2

4

6

8

10

12

14

16

Se
qu

en
ce

s

Distribution of mutations by sequence (IGHV3-11*01)

2 3 4 5
Cluster size

0

20

40

60

80

100

120

N
um

be
r o

f c
lu

st
er

s

11
3

10

0 2

84

10

1 0

Distribution of mutation clusters by size (IGHV3-11*01)

real
simulation

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 2 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0

0 0 0 0 0 1 0 0 0

0 0 0 0 1 0 0 1 0

0 2 2 1 0 14 0 0 0

0 0 0 1 0 0 0 0 0

1 0 1 1 1 0 0 0 0

0 1 0 0 1 1 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0

0 1 0 0 2 3 0 1 15

0 2 0 0 0 0 0 3 0

0 0 0 1 0 2 0 2 0

3 0 0 20 4 1 3 3 2

1 0 1 0 3 2 1 1 2

0 0 0 0 0 0 0 0 0

Tandem distribution  from real data (IGHV3-11*01)

0.0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

N
um

be
r o

f t
an

de
m

s

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 1 0 0 2 0 0 0

0 0 0 2 0 0 1 0 0

0 0 0 0 0 0 0 0 0

1 1 1 1 3 2 1 2 0

0 1 2 0 1 4 0 0 0

0 0 0 0 0 0 0 0 0

2 2 2 1 0 2 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 1 0 0

0 0 0 0 1 2 0 0 4

0 0 0 0 1 0 0 1 0

0 0 0 0 2 0 0 1 0

2 2 0 2 6 0 2 1 0

0 1 1 0 2 2 0 0 3

0 1 0 0 1 0 0 0 0

Tandem distribution  from simulated data (IGHV3-11*01)

0

1

2

3

4

5

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

217



5.8 IGHV3-11*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.9 IGHV3-15*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.9 IGHV3-15*01
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5.9 IGHV3-15*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.10 IGHV3-30-3*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.10 IGHV3-30-3*01
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5.10 IGHV3-30-3*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.11 IGHV3-30*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.11 IGHV3-30*01
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5.11 IGHV3-30*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.12 IGHV3-30*03 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.12 IGHV3-30*03 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.13 IGHV3-30*04 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.13 IGHV3-30*04
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5.13 IGHV3-30*04 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.14 IGHV3-33*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.14 IGHV3-33*01
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5.14 IGHV3-33*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.2

0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 1.0

0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1.6 1.3 7.5 0.0 0.0 0.0 0.1 0.9 0.0

0.3 0.4 0.1 0.0 0.0 0.0 0.0 0.7 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.1

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.3 0.0 0.0 0.2 0.0 0.0 1.5

0.1 0.7 0.0 0.0 0.0 0.1 0.0 0.5 0.4

0.0 0.0 0.0 1.0 1.1 0.5 0.9 0.0 0.1

0.0 0.0 0.1 16.6 0.0 0.4 0.0 0.0 0.1

0.0 0.0 0.4 0.0 0.0 1.2 0.0 0.0 0.0

0.0 0.0 0.0 0.4 0.9 0.1 0.0 0.0 0.0

Tandem distribution with stop codons from simulated data (IGHV3-33*01)

0

2

4

6

8

10

12

14

16

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

2 3 4 5
Cluster size

0

50

100

150

200

250

300

350

400

N
um

be
r o

f c
lu

st
er

s

37
1

53

8 1

43

8 1 0

Distribution of mutation clusters with stop codons (IGHV3-33*01)

no stop codon
stop codon

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

19 29 100 62 33

52 100 100 18 8

31 11 59

100 54 100 100 100 100 96 100 100

66 100 100 100 100 78 43 100

10 15 10 14 21 19 17

53 93 58 100 100 38 100 100

3 35 1

51 100

55

76 100 38 41 100 23

22 77 17 100 31 29

100 79 100 33 100 100 100

34 100 29 19 100 100 46 52 41

100 33 100 100 70 44 100

100 100 100 91 100 19 74 11

Percentage of false tandems (IGHV3-33*01)

20

40

60

80

100

Pe
rc

en
ta

ge
 o

f f
al

se
 ta

nd
em

s 
(s

im
ul

at
ed

/r
ea

l)

230



5.15 IGHV3-48*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.15 IGHV3-48*01

80 90 100 110 120 130 140 150
0

500

1000

1500

2000

2500

Si
m

ul
at

io
ns

observed = 149

pdf = 8.57e-07

Distribution of tandems by simulation (IGHV3-48*01)

Tandems by simulations

0 50 100 150 200
Position in sequence

0.0

0.1

0.2

0.3

0.4

0.5

0.6

M
ut

at
io

n 
pr

ob
ab

ili
ty

Mutation probabilities by position (IGHV3-48*01)

10 12 14 16 18 20 22 24
Mutations by sequence

0

2

4

6

8

10

Se
qu

en
ce

s

Distribution of mutations by sequence (IGHV3-48*01)

2 3 4 5
Cluster size

0

20

40

60

80

100

120

140

160

N
um

be
r o

f c
lu

st
er

s

14
9

24

6 0

10
8

19

4 1

Distribution of mutation clusters by size (IGHV3-48*01)

real
simulation

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 0 0 2 0 0 0

0 0 0 3 0 0 0 1 0

0 0 0 0 0 0 0 0 0

1 3 0 0 3 0 0 0 0

0 4 3 0 1 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 4 1 0 2 0 0 0

1 1 0 0 0 0 1 0 0

2 0 1 0 0 0 1 1 0

0 0 0 0 0 0 0 0 0

0 1 0 0 1 0 1 0 7

0 0 0 0 0 0 0 0 0

0 1 0 0 1 0 0 2 0

12 1 3 21 22 0 6 16 3

0 0 7 0 3 1 0 1 3

0 0 0 0 0 0 0 0 0

Tandem distribution  from real data (IGHV3-48*01)

0.0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

N
um

be
r o

f t
an

de
m

s

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 0 0 1 0 0 0

0 0 0 1 1 0 0 0 0

0 0 0 0 0 0 0 0 0

0 1 0 2 7 3 0 1 0

1 3 1 0 3 1 0 1 0

0 0 0 0 0 0 0 0 0

0 0 2 1 2 4 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 2

0 0 0 0 0 0 0 1 0

0 1 0 0 1 0 0 2 0

2 3 0 12 12 2 2 4 1

1 1 3 0 0 2 0 0 2

0 1 0 0 2 0 0 0 0

Tandem distribution  from simulated data (IGHV3-48*01)

0

2

4

6

8

10

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

231



5.15 IGHV3-48*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.16 IGHV3-48*02 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.16 IGHV3-48*02
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5.16 IGHV3-48*02 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.17 IGHV3-53*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.17 IGHV3-53*01
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5.17 IGHV3-53*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.18 IGHV3-66*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.18 IGHV3-66*01
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5.18 IGHV3-66*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.19 IGHV3-74*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.19 IGHV3-74*01

60 70 80 90 100 110 120
0

500

1000

1500

2000

2500

Si
m

ul
at

io
ns

observed = 111

pdf = 5.40e-04

Distribution of tandems by simulation (IGHV3-74*01)

Tandems by simulations

0 50 100 150 200
Position in sequence

0.0

0.2

0.4

0.6

0.8

M
ut

at
io

n 
pr

ob
ab

ili
ty

Mutation probabilities by position (IGHV3-74*01)

10 12 14 16 18 20 22 24
Mutations by sequence

0

2

4

6

8

Se
qu

en
ce

s

Distribution of mutations by sequence (IGHV3-74*01)

2 3 4 5 7
Cluster size

0

20

40

60

80

100

120

N
um

be
r o

f c
lu

st
er

s

11
1

18

11

0 1

86

16

4 1 0

Distribution of mutation clusters by size (IGHV3-74*01)

real
simulation

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 1 0 0 1 7 1 0 0

1 1 0 0 11 0 0 0 2

2 1 0 0 1 0 0 0 0

1 2 7 0 0 5 0 0 7

0 0 0 0 0 0 0 0 0

0 0 0 0 0 1 0 4 0

0 0 0 1 0 0 0 0 1

0 0 0 0 0 0 1 1 1

0 0 0 0 0 0 0 1 1

0 0 0 0 3 0 0 0 0

0 4 0 18 9 2 4 0 0

0 0 1 2 0 0 0 0 3

0 0 0 0 0 0 1 0 0

Tandem distribution  from real data (IGHV3-74*01)

0

2

4

6

8

10

12

14

16

18

N
um

be
r o

f t
an

de
m

s

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0 0 0 0 0 0 0 0 0

0 0 0 1 1 0 0 0 0

0 0 0 0 0 0 0 0 0

0 1 0 1 4 2 0 1 0

0 2 0 1 3 0 0 1 0

0 0 0 0 0 0 0 0 0

2 2 3 2 4 7 0 1 2

0 0 0 1 0 0 0 0 0

0 0 0 0 1 0 0 2 0

0 0 0 0 0 0 1 1 0

0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0 0

1 1 0 6 6 2 2 1 0

0 0 1 0 0 1 0 0 2

0 0 0 0 1 0 0 0 0

Tandem distribution  from simulated data (IGHV3-74*01)

0

1

2

3

4

5

6

7

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

239



5.19 IGHV3-74*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.20 IGHV4-4*07 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.20 IGHV4-4*07
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5.20 IGHV4-4*07 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.21 IGHV4-30-4*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.21 IGHV4-30-4*01
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5.21 IGHV4-30-4*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.22 IGHV4-34*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.22 IGHV4-34*01
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5.22 IGHV4-34*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.23 IGHV4-38-2*02 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.23 IGHV4-38-2*02 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.24 IGHV4-39*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.24 IGHV4-39*01
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5.24 IGHV4-39*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.25 IGHV4-39*07 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.25 IGHV4-39*07
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5.25 IGHV4-39*07 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.26 IGHV4-59*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.26 IGHV4-59*01
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5.26 IGHV4-59*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.27 IGHV4-59*08 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.27 IGHV4-59*08
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5.27 IGHV4-59*08 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.28 IGHV4-61*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.28 IGHV4-61*01
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5.28 IGHV4-61*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.29 IGHV5-51*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.29 IGHV5-51*01
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5.29 IGHV5-51*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.30 IGHV6-1*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.30 IGHV6-1*01
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5.30 IGHV6-1*01 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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5.31 IGHV 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)

5.31 IGHV
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5.31 IGHV 5 LEIDEN HEALTHY DONOR COHORT (90 – 95% IGV IDENTITY)
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6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.1 IGHV1-2*02 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.2 IGHV1-18*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.2 IGHV1-18*01
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Distribution of tandems by simulation (IGHV1-18*01)
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6.2 IGHV1-18*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.3 IGHV1-46*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.3 IGHV1-46*01
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6.3 IGHV1-46*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.4 IGHV1-69*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.4 IGHV1-69*01
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6.4 IGHV1-69*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.5 IGHV3-7*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.5 IGHV3-7*01
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6.5 IGHV3-7*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.6 IGHV3-9*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.6 IGHV3-9*01
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6.6 IGHV3-9*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.7 IGHV3-11*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.7 IGHV3-11*01
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6.7 IGHV3-11*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.8 IGHV3-15*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.8 IGHV3-15*01
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6.8 IGHV3-15*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.9 IGHV3-30-3*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.9 IGHV3-30-3*01
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6.9 IGHV3-30-3*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.10 IGHV3-30*03 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.10 IGHV3-30*03
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6.10 IGHV3-30*03 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.11 IGHV3-30*04 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.11 IGHV3-30*04
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6.11 IGHV3-30*04 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.12 IGHV3-33*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.12 IGHV3-33*01
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6.12 IGHV3-33*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.13 IGHV3-48*02 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.13 IGHV3-48*02
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6.13 IGHV3-48*02 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.14 IGHV3-53*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.14 IGHV3-53*01
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6.14 IGHV3-53*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.15 IGHV3-74*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.15 IGHV3-74*01
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6.15 IGHV3-74*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.16 IGHV4-34*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.16 IGHV4-34*01
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6.16 IGHV4-34*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.17 IGHV4-38-2*02 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.17 IGHV4-38-2*02
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6.17 IGHV4-38-2*02 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.18 IGHV4-39*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.18 IGHV4-39*01
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6.18 IGHV4-39*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.2 0.0 0.2 0.0 0.0 0.0 1.6 0.0 0.7

0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0

0.0 0.0 0.1 0.0 0.0 0.0 2.0 1.4 0.0

0.1 2.6 0.4 0.0 0.0 0.0 0.0 0.0 0.0

0.3 0.0 0.2 1.2 0.0 0.0 0.6 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.2 0.0

0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.9 0.0 0.0 0.2 0.0 0.2

0.0 0.0 0.0 2.2 0.0 0.0 0.6 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.8 0.0

0.0 0.0 0.6 0.0 0.0 0.7 0.0 0.0 0.1

Tandem distribution with stop codons from simulated data (IGHV4-39*01)

0.0

0.5

1.0

1.5

2.0

2.5

N
um

be
r o

f t
an

de
m

s 
(a

ve
ra

ge
 o

f s
im

ul
at

io
ns

)

2 3 4 5 6 7
Cluster size

0

200

400

600

800

1000

N
um

be
r o

f c
lu

st
er

s

98
0

19
5

39 9 2 119 5 1 0 0 0

Distribution of mutation clusters with stop codons (IGHV4-39*01)

no stop codon
stop codon

AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
ALT

TT
TG

TC
TA

G
T

G
G

G
C

G
A

CT
CG

CC
CA

AT
AG

AC
AA

RE
F

40 100 100

35 77 91 100 100 47 78

23 30 28 85 17 100

100 100 83 96 45 100 57 100 100

100 99 100 94 100 44 100 45

100 33 48 100 100 28 100 29

100 64 100 79 100 100 18 89 100

100 26 56 100 59

81 86 100 100 100 100

25 47 100 100 39 100 62

56 100 63 39 100 33 100 95 87

59 48 89 100 92 91 100

100 100 100 100 100 57 98

100 100 40 55 100 89 65 34 37

31 100 52 43 78 100 100 100

48 34 100 30 77 1

Percentage of false tandems (IGHV4-39*01)

20

40

60

80

100

Pe
rc

en
ta

ge
 o

f f
al

se
 ta

nd
em

s 
(s

im
ul

at
ed

/r
ea

l)

300



6.19 IGHV4-39*03 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.19 IGHV4-39*03
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6.19 IGHV4-39*03 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.20 IGHV4-39*07 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.20 IGHV4-39*07
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6.20 IGHV4-39*07 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.21 IGHV4-59*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.21 IGHV4-59*01
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6.21 IGHV4-59*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.22 IGHV4-59*08 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.22 IGHV4-59*08
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6.22 IGHV4-59*08 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.23 IGHV5-51*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.23 IGHV5-51*01
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6.23 IGHV5-51*01 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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6.24 IGHV 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)

6.24 IGHV
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6.24 IGHV 6 LEIDEN HEALTHY DONOR COHORT (80 – 90% IGV IDENTITY)
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7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)

LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)
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7.1 IGHV1-2_02 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)
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7.2 IGHV3-9_01 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)

7.2 IGHV3-9_01
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7.2 IGHV3-9_01 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)
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7.3 IGHV3-30_03 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)

7.3 IGHV3-30_03
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7.3 IGHV3-30_03 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)
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7.4 IGHV3-74_01 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)

7.4 IGHV3-74_01
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7.4 IGHV3-74_01 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)
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7.5 IGHV4-31_03 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)
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7.5 IGHV4-31_03 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)
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7.6 IGHV4-39_01 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)
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7.6 IGHV4-39_01 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)
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7.7 IGHV 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)
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7.7 IGHV 7 LEIDEN HEALTHY DONOR COHORT (< 80% IGV IDENTITY)
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