
Comparison and imputation-aided 
integration of five commercial platforms 
for targeted DNA methylome analysis

In the format provided by the 
authors and unedited

Supplementary information

https://doi.org/10.1038/s41587-022-01336-9



Position (bp)

Ph
re

d 
Sc

or
e

Mean Quality Scores

0

10

20

30

40

Agilent

raw 
FASTQC

Mean Quality Scores

Co
un

t

Per Sequence Quality Scores

0M
10M
20M
30M
40M
50M

trimmed 
FASTQC

Mean Quality Scores

Co
un

t

Per Sequence Quality Scores

10M
20M
30M
40M
50M
60M

Mean Quality Scores

Co
un

t

Per Sequence Quality Scores

0M
10M
20M
30M
40M
50M
60M

Roche Illumina

Mean Quality Scores

Co
un

t

Per Sequence Quality Scores

0M
20M
40M
60M
80M
100M

Ph
re

d 
Sc

or
e

Mean Quality Scores

0
10
20
30
40
50

Co
un

t

Per Sequence Quality Scores

0M
20M
40M
60M
80M
100M

Diagenode

Mean Quality Scores

Co
un

t

Per Sequence Quality Scores

0M
10M
20M
30M
40M
50M
60M

Mean Quality Scores

Co
un

t

Per Sequence Quality Scores

0M
10M
20M
30M
40M
50M
60M

Mean Quality Scores

Co
un

t

Per Sequence Quality Scores

0M

10M

20M

30M

40M

Mean Quality Scores

Co
un

t

Per Sequence Quality Scores

0M

10M

20M

30M

40M

Nugen

a

b

c

d

Supplementary Figure 1

Supplementary Figure 1. Raw and trimmed sequencing data quality by the platform. a Sequence quality (Phred 
score) by read position for raw FASTQ reads by the platform; b The number of raw reads as a function of sequence 
quality (Phred score) by the platform; c Sequence quality (Phred score) by read position for trimmed FASTQ reads by 
the platform; d The number of trimmed reads as a function of sequence quality (Phred score) by the platform. 
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Supplementary Figure 2

Supplementary Figure 2. Feature annotation of region and CpGs targeted by design per platform. a-b Size of the 
region in Mb targeted by design (a)  and percent of the total size of that feature type (b) for each platform stratified by feature 
type CpG density (left), genic features (middle) and regulatory feature type (right) for each platform;; c-d Number of CpGs 
targeted by design (c) and  percent of all CpGs in that feature type (d) stratified by feature type CpG density (left), genic 
features (middle) and regulatory feature type (right) for each platform
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Supplementary Figure 3

Supplementary Figure 3. Intra-platform reproducibility in DNA methylation calls for each technical replicate sample per 
platform. The panel shows for each sample-platform a correlogram showing pairwise Pearson correlation coefficient of the 
methylation levels for commonly interrogated CpGs at 10x (n); a histogram of DNA methylation beta values for each sample; 
and a scatterplot of DNA methylation beta values on a scale of 0 to 1.
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Supplementary Figure 4
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Supplementary Figure 4. The effect of sample input measured as concordance in DNA methylation levels for Ref.gDNA 
samples at specified inputs within each platform. The panel shows for each platform a correlogram showing pairwise Pear-
son correlation coefficient of the methylation levels for commonly interrogated CpGs at 10x (n); a histogram of DNA methyla-
tion bea values for each sample; and a scatterplot of DNA methylation beta values on a scale of 0 to 1.



Supplementary Figure 5

Supplementary Figure 5. Between-platform concordance in DNA methylation calls for each sample across all platforms. 
The panel shows for each sample-platform a correlogram showing pairwise Pearson correlation coefficient of the methylation 
levels for commonly interrogated CpGs at 10x (n); a histogram of DNA methylation beta values for each sample; and a 
scatterplot of DNA methylation beta values on a scale of 0 to 1.
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Supplementary Figure 6. 
Interoperability between 
platforms for Coriell NA12878 
(left) and Ref.gDNA (right) 
before imputation (first row), 
after imputation without distnce 
treshold (sencond row), after 
imputation with 1000bp distance 
treshold (third row) and after 
imputauion with 25bp distance 
treshold (fourth row).  Correla-
tion heatmap showing number of 
CpGs overlapping between pairs 
of sample-platforms.
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Supplementary Figure 7. 
Interoperability between 
platforms for Coriell NA12878 
(left) and Ref.gDNA (right) 
before imputation (first row), 
after imputation without distnce 
treshold (sencond row), after 
imputation with 1000bp distance 
treshold (third row) and after 
imputauion with 25bp distance 
treshold (fourth row).  Correla-
tion heatmap showing pairwise 
Pearson correlation coeafficient 
over CpGs common between 
pairs of sample-platforms.

Supplementary Figure 7



0.048

0.059

0.06

0.044

0.041

0.037

0.039

0.043

0.043

0.059

0.061

0.044

0.042

0.038

0.04

0.044

0.044

0.058

0.072

0.075

0.075

0.078

0.054

0.055

0.047

0.035

0.036

0.054

0.055

0.034

0.035 0.04

0.056

0.058

0.041

0.039

0.033

0.035

0.038

0.055

0.057

0.041

0.038

0.032

0.034

0.048 0.059 0.060.044 0.041 0.037 0.0390.043 0.043

0.059 0.0610.044 0.042 0.038 0.040.044 0.044

0.058 0.072 0.075

0.075 0.078

0.054 0.0550.047 0.035 0.036

0.054 0.055 0.034 0.035

0.04

0.056 0.0580.041 0.039 0.033 0.0350.038

0.055 0.0570.041 0.038 0.032 0.034

Nugen 2

Nugen 1

Diagenode 2

Diagenode 1

Illumina 2

Illumina 1

Roche 2

Roche 1

Agilent 2

Agilent 1

Ag
ile

nt 
1

Ag
ile

nt 
2

Ro
ch

e 1

Ro
ch

e 2

Illu
mi

na
 1

Illu
mi

na
 2

Di
ag

en
od

e 1

Di
ag

en
od

e 2

Nu
ge

n 1

Nu
ge

n 2

0.049

0.14

0.141

0.107

0.106

0.121

0.12

0.075

0.076

0.141

0.141

0.107

0.107

0.122

0.121

0.076

0.076

0.068

0.091

0.096

0.096

0.099

0.151

0.151

0.056

0.138

0.138

0.15

0.15

0.133

0.134 0.048

0.129

0.13

0.1

0.096

0.106

0.107

0.042

0.129

0.13

0.1

0.095

0.106

0.107

0.049 0.14 0.1410.107 0.106 0.121 0.120.075 0.076

0.141 0.1410.107 0.107 0.122 0.1210.076 0.076

0.068 0.091 0.096

0.096 0.099

0.151 0.1510.056 0.138 0.138

0.15 0.15 0.133 0.134

0.048

0.129 0.130.1 0.096 0.106 0.1070.042

0.129 0.130.1 0.095 0.106 0.107

Nugen 2

Nugen 1

Diagenode 2

Diagenode 1

Illumina 2

Illumina 1

Roche 2

Roche 1

Agilent 2

Agilent 1

Ag
ile

nt 
1

Ag
ile

nt 
2

Ro
ch

e 1

Ro
ch

e 2

Illu
mi

na
 1

Illu
mi

na
 2

Di
ag

en
od

e 1

Di
ag

en
od

e 2

Nu
ge

n 1

Nu
ge

n 2

0.069

0.115

0.119

0.091

0.088

0.089

0.092

0.086

0.087

0.123

0.127

0.098

0.096

0.096

0.098

0.093

0.094

0.077

0.09

0.095

0.096

0.1

0.11

0.114

0.068

0.085

0.087

0.111

0.114

0.083

0.085 0.053

0.12

0.124

0.094

0.091

0.089

0.092

0.075

0.12

0.124

0.095

0.091

0.089

0.091

0.069 0.115 0.1190.091 0.088 0.089 0.0920.086 0.087

0.123 0.1270.098 0.096 0.096 0.0980.093 0.094

0.077 0.09 0.095

0.096 0.1

0.11 0.1140.068 0.085 0.087

0.111 0.114 0.083 0.085

0.053

0.12 0.1240.094 0.091 0.089 0.0920.075

0.12 0.1240.095 0.091 0.089 0.091

Nugen 2

Nugen 1

Diagenode 2

Diagenode 1

Illumina 2

Illumina 1

Roche 2

Roche 1

Agilent 2

Agilent 1

Ag
ile

nt 
1

Ag
ile

nt 
2

Ro
ch

e 1

Ro
ch

e 2

Illu
mi

na
 1

Illu
mi

na
 2

Di
ag

en
od

e 1

Di
ag

en
od

e 2

Nu
ge

n 1

Nu
ge

n 2

0.07

0.094

0.096

0.078

0.076

0.071

0.074

0.08

0.081

0.105

0.107

0.086

0.085

0.081

0.083

0.088

0.089

0.075

0.085

0.09

0.09

0.094

0.09

0.092

0.066

0.069

0.07

0.092

0.094

0.069

0.071 0.054

0.107

0.11

0.086

0.084

0.082

0.084

0.078

0.108

0.11

0.087

0.085

0.082

0.084

0.07 0.094 0.0960.078 0.076 0.071 0.0740.08 0.081

0.105 0.1070.086 0.085 0.081 0.0830.088 0.089

0.075 0.085 0.09

0.09 0.094

0.09 0.0920.066 0.069 0.07

0.092 0.094 0.069 0.071

0.054

0.107 0.110.086 0.084 0.082 0.0840.078

0.108 0.110.087 0.085 0.082 0.084

Nugen 2

Nugen 1

Diagenode 2

Diagenode 1

Illumina 2

Illumina 1

Roche 2

Roche 1

Agilent 2

Agilent 1

Ag
ile

nt 
1

Ag
ile

nt 
2

Ro
ch

e 1

Ro
ch

e 2

Illu
mi

na
 1

Illu
mi

na
 2

Di
ag

en
od

e 1

Di
ag

en
od

e 2

Nu
ge

n 1

Nu
ge

n 2

0.00

0.05

0.10

0.15

0.20

0.25

MAE with
Missing Penalty

0.049

0.065

0.07

0.047

0.047

0.045

0.045

0.047

0.057

0.065

0.07

0.046

0.046

0.044

0.044

0.046

0.057

0.077

0.079

0.079

0.087

0.087

0.061

0.066

0.052

0.043

0.043

0.062

0.066

0.044

0.043 0.052

0.063

0.068

0.044

0.045

0.041

0.041

0.053

0.075

0.08

0.057

0.057

0.054

0.054

0.049 0.065 0.070.047 0.047 0.045 0.0450.047 0.057

0.065 0.070.046 0.046 0.044 0.0440.046 0.057

0.077 0.079 0.079

0.087 0.087

0.061 0.0660.052 0.043 0.043

0.062 0.066 0.044 0.043

0.052

0.063 0.0680.044 0.045 0.041 0.0410.053

0.075 0.080.057 0.057 0.054 0.054

Nugen 2

Nugen 1

Diagenode 2

Diagenode 1

Illumina 2

Illumina 1

Roche 2

Roche 1

Agilent 2

Agilent 1
Ag

ile
nt 

1

Ag
ile

nt 
2

Ro
ch

e 1

Ro
ch

e 2

Illu
mi

na
 1

Illu
mi

na
 2

Di
ag

en
od

e 1

Di
ag

en
od

e 2

Nu
ge

n 1

Nu
ge

n 2

0.072

0.215

0.211

0.159

0.159

0.207

0.207

0.125

0.128

0.215

0.211

0.159

0.159

0.207

0.207

0.124

0.127

0.096

0.108

0.106

0.117

0.117

0.223

0.218

0.07

0.217

0.217

0.224

0.219

0.218

0.218 0.067

0.206

0.204

0.152

0.152

0.194

0.194

0.083

0.208

0.203

0.155

0.155

0.198

0.198

0.072 0.215 0.2110.159 0.159 0.207 0.2070.125 0.128

0.215 0.2110.159 0.159 0.207 0.2070.124 0.127

0.096 0.108 0.106

0.117 0.117

0.223 0.2180.07 0.217 0.217

0.224 0.219 0.218 0.218

0.067

0.206 0.2040.152 0.152 0.194 0.1940.083

0.208 0.2030.155 0.155 0.198 0.198

Nugen 2

Nugen 1

Diagenode 2

Diagenode 1

Illumina 2

Illumina 1

Roche 2

Roche 1

Agilent 2

Agilent 1

Ag
ile

nt 
1

Ag
ile

nt 
2

Ro
ch

e 1

Ro
ch

e 2

Illu
mi

na
 1

Illu
mi

na
 2

Di
ag

en
od

e 1

Di
ag

en
od

e 2

Nu
ge

n 1

Nu
ge

n 2

0.09

0.167

0.173

0.129

0.13

0.151

0.15

0.124

0.128

0.162

0.168

0.123

0.125

0.146

0.145

0.118

0.123

0.099

0.102

0.1

0.115

0.114

0.152

0.159

0.087

0.136

0.135

0.153

0.16

0.137

0.136 0.068

0.159

0.167

0.123

0.124

0.14

0.139

0.106

0.165

0.171

0.13

0.131

0.149

0.148

0.09 0.167 0.1730.129 0.13 0.151 0.150.124 0.128

0.162 0.1680.123 0.125 0.146 0.1450.118 0.123

0.099 0.102 0.1

0.115 0.114

0.152 0.1590.087 0.136 0.135

0.153 0.16 0.137 0.136

0.068

0.159 0.1670.123 0.124 0.14 0.1390.106

0.165 0.1710.13 0.131 0.149 0.148

Nugen 2

Nugen 1

Diagenode 2

Diagenode 1

Illumina 2

Illumina 1

Roche 2

Roche 1

Agilent 2

Agilent 1

Ag
ile

nt 
1

Ag
ile

nt 
2

Ro
ch

e 1

Ro
ch

e 2

Illu
mi

na
 1

Illu
mi

na
 2

Di
ag

en
od

e 1

Di
ag

en
od

e 2

Nu
ge

n 1

Nu
ge

n 2

0.089

0.135

0.141

0.107

0.108

0.117

0.116

0.109

0.115

0.127

0.134

0.101

0.102

0.109

0.108

0.102

0.109

0.093

0.092

0.091

0.104

0.103

0.117

0.123

0.082

0.099

0.099

0.119

0.125

0.101

0.1 0.066

0.133

0.14

0.104

0.105

0.114

0.113

0.1

0.136

0.143

0.111

0.112

0.119

0.118

0.089 0.135 0.1410.107 0.108 0.117 0.1160.109 0.115

0.127 0.1340.101 0.102 0.109 0.1080.102 0.109

0.093 0.092 0.091

0.104 0.103

0.117 0.1230.082 0.099 0.099

0.119 0.125 0.101 0.1

0.066

0.133 0.140.104 0.105 0.114 0.1130.1

0.136 0.1430.111 0.112 0.119 0.118

Nugen 2

Nugen 1

Diagenode 2

Diagenode 1

Illumina 2

Illumina 1

Roche 2

Roche 1

Agilent 2

Agilent 1

Ag
ile

nt 
1

Ag
ile

nt 
2

Ro
ch

e 1

Ro
ch

e 2

Illu
mi

na
 1

Illu
mi

na
 2

Di
ag

en
od

e 1

Di
ag

en
od

e 2

Nu
ge

n 1

Nu
ge

n 2

Coriell Ref gDNA

Af
te

r I
m

pu
ta

tio
n

(2
5b

p 
di

st
an

ce
 th

re
sh

ol
d)

Af
te

r I
m

pu
ta

tio
n

(1
00

0b
p 

di
st

an
ce

 th
re

sh
ol

d)
Af

te
r I

m
pu

ta
tio

n
Be

fo
re

 Im
pu

ta
tio

n

Supplementary Figure 8. 
Interoperability between 
platforms for Coriell NA12878 
(left) and Ref.gDNA (right) 
before imputation (first row), 
after imputation without distnce 
treshold (sencond row), after 
imputation with 1000bp distance 
treshold (third row) and after 
imputauion with 25bp distance 
treshold (fourth row).  Correla-
tion heatmap showing pairwise 
mean absolute error (MAE) with 
missing data penalty.
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Supplementary Figure 9. 
Interoperability between 
platforms for Coriell NA12878 
(left) and Ref.gDNA (right) 
before imputation (first row), 
after imputation without distnce 
treshold (sencond row), after 
imputation with 1000bp distance 
treshold (third row) and after 
imputauion with 25bp distance 
treshold (fourth row).  Correla-
tion heatmap showing pairwise 
root mean square error (RSME) 
over CpGs common between 
pairs of sample-platforms.
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Supplementary Figure 10. 
Interoperability between 
platforms for Coriell NA12878 
(left) and Ref.gDNA (right) 
before imputation (first row), 
after imputation without distnce 
treshold (sencond row), after 
imputation with 1000bp distance 
treshold (third row) and after 
imputauion with 25bp distance 
treshold (fourth row).  Correla-
tion heatmap showing pairwise  
corrected MAE for the number of 
CpG sites present.
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