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Supplementary Fig. 1 Genetic isogeneity based on ~20K SNPs between PTs and PDXs, using (a) whole 
exome sequencing data, (b) low pass whole genome sequencing data, and (c) RNA sequencing data. 
Samples 1932 and 2264 were sampled at two time points from the same patient. Correlation values were 
reported by NGSCheckMate (Lee et al. 2017).    



Race
Ethnicity

0.0

0.2

0.4

0.6

0.8

1.0

Fr
ac

tio
n

EAS
EUR
AFR

White

AA
Asian

Non-hispanic
Hispanic

Race

Ethnicity

Admixture score

NA

NA

19
81 56

4
89

11
73 55

6
19

59
18

26 49
8

89
17

60 52
2

19
25 70

7
17

92 58
5

49
4

65
2

50
0

53
3

47
1

88
31

29 54 66
8

19
17 51

6
19

12
23

24
19

79
20

50
19

82 53
2

17
95 46

2
19

57
21

97
17

54
19

32 46
6

51
1

56
0-

SM
19

07
19

39
22

64 53
0

56
0-

LM
87

51
94

18
23 56

0
20

35
17

39
19

13 54
3

51
2

17
63

17
96

19
22

20
84 56

1
65

5
89

54
52 29

22
37

17
53

18
53

89
22

57 52
9

20
83

19
60

21
29

89
67

51

Supplementary Fig. 2 Confirmation of patient ancenstry. The top panel shows self-reported race and 
ethnicity. The bottom panel shows the admixture scores of African (AFR), European (EUR) and East 
Asian (EAS) populations. Self-reported hispanic patients show genetic mixture of AFR, EUR, and EAS.     



PT
(n=20)

PDX
(n=61)

−4000

−3000

−2000

−1000

0

1000

2000

3000

4000

Im
m

un
e 

Sc
or

e

p = 1.859e-04

Germ Cell Tumor
Hepatoblastoma
Osteosarcoma
Clear Cell Sarcoma
Other Sarcoma
Wilms Tumor
Neuroblastoma
Other Tumor

PT
(n=20)

PDX
(n=61)

−3000

−2000

−1000

0

1000

2000

St
ro

m
al

 S
co

re

p = 2.075e-04

Germ Cell Tumor
Hepatoblastoma
Osteosarcoma
Clear Cell Sarcoma
Other Sarcoma
Wilms Tumor
Neuroblastoma
Other Tumor

PT
(n = 20)

PDX
(n=61)

0.0

0.2

0.4

0.6

0.8

1.0
Pu

rit
y

p = 2.095e-03

Germ Cell Tumor
Hepatoblastoma
Osteosarcoma
Clear Cell Sarcoma
Other Sarcoma
Wilms Tumor
Neuroblastoma
Other Tumor

a b

c d

e f

−1500 −1000 −500 0 500

Immune Score (PT)

−2500

−2000

−1500

−1000

−500

Im
m

nu
e 

Sc
or

e 
(P

D
X) rho = 0.45, p = 0.062

−1500 −1000 −500 0 500
Stromal Score (PT)

−3000

−2500

−2000

−1500

−1000

−500

0

500

St
ro

m
al

 S
co

re
 (P

D
X)

rho = 0.66, p = 0.0032

0.75 0.80 0.85 0.90 0.95 1.00
Purity (PT)

0.80

0.85

0.90

0.95

1.00

Pu
rit

y 
(P

D
X)

rho = 0.46, p = 0.056

All samples

All samples

All samples

PT-PDX pairs (n=18)

PT-PDX pairs (n=18)

PT-PDX pairs (n=18)

Supplementary Fig. 3 Tumor purity of PTs and PDXs. (a) Tumor purity of PT and PDX samples. 
(b) Spearman correlation of tumor purity in PT-PDX paired samples. (c) Stroma score of PT and PDX 
samples. (d) Spearman correlation of stromal scores in PT-PDX paired samples. (e) Immune score 
of PT and PDX samples. (f) Spearman correlation of immune score in PT-PDX paired samples. 
All these scores were calculated using ESTIMATE based on RNA-seq data. P-values were calculated with 
two-sided t-test. For violin plots, the center line represents the median, dashed lines represent the upper 
and lower quantiles. For scatter plots, solid black lines represent the linear regression line and shaded gray 
around the line represents 95% confidence interval.



a b

17
92

19
07 54

17
39 66
8

18
26

19
22

17
53 52
9

65
5

18
23

17
63

20
35

20
50

17
54 56
0

58
5

19
57

19
13

19
79

0

2

4

6

8

10

12

14

16

# 
of

 m
ut

at
io

ns

Shared
PDX only
PT only

Mutations on cancer genes
(median = 0.95)

e

f

c

Supplementary Fig. 4 Mutational similarity between PTs and PDXs. (a) Comparison of mutation rate between 
tumors with and without a matched normal. (b) Comparison of mutation rate between PT and PDX samples. Tumor
subtypes with less than10 samples were dropped in comparisons. The p-values were calculated with two-sided Wilcoxon 
rank sum test. (c) Heatmap of cancer gene alterations in PTs and PDXs. Asterisks indicate oncogenic or likely oncogenic 
mutations classified by OncoKB-annotator. (d) Mutational signatures using all PDX mutations (left) or PDX specific muta-
tions (right). (e) Mutation distance based on cancer genes. (f) Heatmap of cancer gene alterations in paired PT/PDXs. 
Upper half of each cell denotes PT, and the lower half denotes PDX. Asterisks indicate oncogenic or likely oncogenic 
mutations classified by OncoKB-annotator.  (g) Mutation load in samples with multiple PDXs. For each pair, the first PDX 
listed in the table is the original PDX used in data analysis. PDXs designated as A or B were established from distinct 
patient tumor tissue in different mice. 1795_PDX-2 is a second tumor block of the original PDX. Numbers in the PT and 
PDX columns are the total number of mtations found in the sample. 

M
ut

at
io

n 
ra

te
 (p

er
 M

b)

tumor-normal
tumor-only

M
ut

at
io

n 
ra

te
 (p

er
 M

b)

PT
PDX

Tumor type
Wilms Tumor
Hepatoblastoma
Germ Cell Tumor
Osteosarcoma

Mutation type
Missense
Nonsense
Splice site
In frame indel
Large in frame del

Copy number
Baseline
Loss(-1)

Gain(+1)
Amp(+2)

PT samples PDX samples

17
63

_P
T

29
_P

T
17

53
_P

T
65

5_
P

T
18

23
_P

T
19

32
_P

T
20

50
_P

T
22

64
_P

T
66

8_
P

T
56

0_
P

T
19

57
_P

T
17

39
_P

T
58

5_
P

T
49

8_
P

T
22

37
_P

T
18

26
_P

T
17

95
_P

T
19

79
_P

T
65

2_
P

T
17

92
_P

T
19

22
_P

T
20

35
_P

T

CDKN2A
SETD2

PTEN
CTNNB1

TP53
KDM2B
CCNE1

SETDB1
BRAF
MYC

SYNE2
PTK2

PTEN*
CASKIN1

TP53*
MUC16

CTNNB1*
Tumor type

19
60

_P
D

X
56

1_
P

D
X

20
83

_P
D

X
17

53
_P

D
X

65
5_

P
D

X
19

12
_P

D
X

17
63

_P
D

X
20

50
_P

D
X

19
32

_P
D

X
22

64
_P

D
X

66
8_

P
D

X
18

23
_P

D
X

56
0_

P
D

X
58

5_
P

D
X

19
25

_P
D

X
54

3_
P

D
X

19
57

_P
D

X
89

11
73

_P
D

X
49

4_
P

D
X

17
39

_P
D

X
89

17
60

_P
D

X
19

59
_P

D
X

49
8_

P
D

X
51

1_
P

D
X

19
17

_P
D

X
88

31
29

_P
D

X
19

79
_P

D
X

18
26

_P
D

X
89

22
57

_P
D

X
89

67
51

_P
D

X
17

95
_P

D
X

21
29

_P
D

X
19

81
_P

D
X

55
6_

P
D

X
17

92
_P

D
X

56
0-

LM
_P

D
X

20
35

_P
D

X
19

22
_P

D
X

52
2_

P
D

X
47

1_
P

D
X

56
4_

P
D

X
50

0_
P

D
X

53
2_

P
D

X

CDKN2A
SETD2
PTEN

CTNNB1
TP53

KDM2B
CCNE1

SETDB1
BRAF
MYC

SYNE2
PTK2
PTEN

CASKIN1
TP53

MUC16
CTNNB1

Tumor type

Del(-2)

Tumor type

Mutation type
Wild type
Missense
Splice site

Frameshift indel
Nonsense

Large in-frame del

Copy number

Loss

Baseline
Gain

Osteosarcoma
Clear Cell Sarcoma
ERMS
Pleomorphic Sarcoma

Hepatoblastoma
Wilms Tumor
Germ Cell Tumor
Neuroblastoma

PT-PDX pairs 

PT PDX

17
92

20
35

19
22 52
9

17
54 54

19
07 49
8

17
39 58
5

19
59

19
57 65
5

17
63

18
23

20
50 66
8

22
64

19
32 56
0

17
53

18
26

17
95

19
79

19
13

KDM2B
CCND3

TP53
SETD2

CTNNB1
PTEN

CDKN2A
BRAF

SETDB1
MYC

TTN
SYNE2
SALL3

CASKIN1
LRP2
PTEN*

MUC16
CSMD3

TP53*
CTNNB1*

Tumor type

p = 0.2p = 0.8 p = 0.03 p = 0.2 p = 0.04p = 0.2 p = 0.6 p = 0.6

Hepatoblasto
ma

Germ
 Cell T

umor

Wilm
s T

umor

Oste
osarco

ma
0.01

0.1

1

10

Hepatoblasto
ma

Germ
 Cell T

umor

Wilm
s T

umor

Oste
osarco

ma
0.01

0.1

1

10

 Shared PT PDX Similarity 
1795_PDX 5 7 9 0.45 
1795-A_PDX 5 7 7 0.56 
1795_PDX-2 5 7 7 0.56 
1826_PDX 18 21 21 0.75 
1826-A_PDX 20 21 26 0.74 
1913_PDX 8 19 15 0.31 
1913-A_PDX 8 19 23 0.24 
1913-B_PDX 9 19 20 0.30 
1932_PDX 4 6 5 0.57 
1932-A_PDX 4 6 8 0.40 
1932-B_PDX 4 6 7 0.44 

 

PT/PDX mutation similarity in multiPDX
g

52
9_

PDX

19
79

_P
DX

19
57

_P
DX

58
5_

PDX

SBS25

SBS31

SBS32

SBS35

SBS86

SBS87

PDX mutations

52
9_

PDX

19
79

_P
DX

19
57

_P
DX

58
5_

PDX

SBS25

SBS31

SBS32

SBS35

SBS86

SBS87

PDX private mutations

0.00

0.25

0.50

0.00

0.25

0.50
Weight Weight

d

***

*

* * **

*

*

* * *
* *

*

n=
9

n=
7

n=
8

n=
4

n=
18

n=
5

n=
12

n=
2 n=

5
n=

11
n=

4
n=

8
n=

10
n=

13
n=

3
n=

11



S
ub

cl
on

al
C

lo
na

l

S
ub

cl
on

al
C

lo
na

l

0

100

200

300

400

500

PT PDX

M
ut

at
io

ns

Clonal_Clonal: 272
Clonal_Subclonal: 19

PDX_clonal_only: 140
PDX_subclonal_only: 52

PT_clonal_only: 40
PT_subclonal_only: 57

Subclonal_Clonal: 8
Subclonal_Subclonal: 8

All PT-PDX paired samples

Clonality flow

a

b clone retention

C
lo

na
l

C
lo

na
l

0

10

20

30

PT PDX

# 
of

 M
ut

at
io

ns

54:ERMS

C
lo

na
l

C
lo

na
l

0

1

2

3

4

5

PT PDX

# 
of

 M
ut

at
io

ns

498:Hepatoblastoma

C
lo

na
l

C
lo

na
l

0

1

PT PDX

# 
of

 M
ut

at
io

ns

560:Wilms Tumor

C
lo

na
l

C
lo

na
l

0

2.5

5

7.5

10

PT PDX

# 
of

 M
ut

at
io

ns

655:Wilms Tumor

C
lo

na
l

S
ub

cl
on

al
C

lo
na

l

0

1

2

3

4

PT PDX

# 
of

 M
ut

at
io

ns
668:Wilms Tumor

C
lo

na
l

C
lo

na
l

0

5

10

PT PDX

# 
of

 M
ut

at
io

ns

1739:Hepatoblastoma

C
lo

na
l

C
lo

na
l

0

1

2

3

4

PT PDX

# 
of

 M
ut

at
io

ns

1754:Clear Cell Sarcoma

C
lo

na
l

C
lo

na
l

0

2.5

5

7.5

PT PDX

# 
of

 M
ut

at
io

ns

1763:Wilms Tumor

S
ub

cl
on

al
C

lo
na

l

S
ub

cl
on

al
C

lo
na

l

0

50

100

150

PT PDX

# 
of

 M
ut

at
io

ns

1792:Osteosarcoma

S
ub

cl
on

al
C

lo
na

l

S
ub

cl
on

al
C

lo
na

l

0

2

4

6

8

PT PDX

# 
of

 M
ut

at
io

ns

1795:Germ Cell Tumor

S
ub

cl
on

al
C

lo
na

l

C
lo

na
l

0

5

10

15

20

PT PDX

# 
of

 M
ut

at
io

ns

1826:Germ Cell Tumor

C
lo

na
l

S
ub

cl
on

al
C

lo
na

l

0

5

10

15

PT PDX

# 
of

 M
ut

at
io

ns

1907:Pleomorphic Sarcoma

S
ub

cl
on

al
C

lo
na

l

S
ub

cl
on

al
C

lo
na

l

0

5

10

15

PT PDX

# 
of

 M
ut

at
io

ns

1922:Osteosarcoma

S
ub

cl
on

al
C

lo
na

l

S
ub

cl
on

al
C

lo
na

l
0

5

10

15

PT PDX

# 
of

 M
ut

at
io

ns

2035:Osteosarcoma

C
lo

na
l

S
ub

cl
on

al
C

lo
na

l

0

2

4

6

PT PDX

# 
of

 M
ut

at
io

ns

2050:Wilms Tumor

S
ub

cl
on

al
C

lo
na

l

S
ub

cl
on

al
C

lo
na

l

0

1

2

3

4

PT PDX

# 
of

 M
ut

at
io

ns

2264:Wilms Tumor

S
ub

cl
on

al
C

lo
na

l

S
ub

cl
on

al
C

lo
na

l

0

10

20

30

PT PDX

# 
of

 M
ut

at
io

ns

529:Clear Cell Sarcoma

S
ub

cl
on

al
C

lo
na

l

S
ub

cl
on

al
C

lo
na

l

0

5

10

15

PT PDX

# 
of

 M
ut

at
io

ns

1753:Wilms Tumor

S
ub

cl
on

al
C

lo
na

l

C
lo

na
l

0

5

10

15

PT PDX

# 
of

 M
ut

at
io

ns

1913:Neuroblastoma

S
ub

cl
on

al
C

lo
na

l

S
ub

cl
on

al
C

lo
na

l

0

2

4

6

PT PDX

# 
of

 M
ut

at
io

ns

1932:Wilms Tumor

clone sweepingc

C
lo

na
l

C
lo

na
l

0

20

40

PT PDX

# 
of

 M
ut

at
io

ns

585:Hepatoblastoma

S
ub

cl
on

al
C

lo
na

l

C
lo

na
l

0

2

4

6

PT PDX

# 
of

 M
ut

at
io

ns

1823:Wilms Tumor

S
ub

cl
on

al
C

lo
na

l

C
lo

na
l

0

10

20

30

PT PDX

# 
of

 M
ut

at
io

ns

1957:Hepatoblastoma

branch seedingd

FAM110B

ARID2
CITED2

GABRG1
NAV1
WNK1

LRP2 BMP4

ACAD10
NFE2L2 NONO

CTNNB1
LIG4

Supplementary Fig. 5 Evolution dynamic from PT to PDX. (a) Sankey plot of mutation clonality flow from PT to 
PDX for all paired PTs and PDXs. Red, clonal mutations; blue, subclonal mutations. Width of joining lines reflects 
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Supplementary Fig. 6 Telomere lengths of childhood cancer. (a) Spearman correlation of telomere length 
estimates from WES and WGS data. Telomere length was estimated usingTelseq. Each dot represents a 
sample. The solid blue lines represent the linear regression line and shaded blue around the line represents 
95% confidence interval. (b) Distribution of telomere length based on WGS across tumor types. The boxes 
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Supplementary Fig. 9 SCNA conservation in PDX.  (a) Chromosome instability index (CIN) across pan-cancer, 
including total CIN (left), deletion CIN (middle) and amplification CIN (right). The box represents the interquartile 
range (IQR), and middle line represents median. Whiskers represent values within 1.5×IQR of the upper and lower 
quantiles respectively. (b) Spearman correlation of CIN in paired samples. The black line is the linear regression 
line. The error band represents 95% confidence interval. (c) Pairwise correlation of copy number profiles based on 
cancer genes. Samples with total CIN < 0.1 were excluded from the heatmap. (d). Pairwise correlation of copy 
number profiles in samples with multiple PDXs. (e) Correlation of copy number profiles across the three evolution-
ary patterns. P value was calculated with two-sided Wilcoxon rank sum test. Boxplots are interpreted as in a. (f) 
Length of focal events. The stacked bars represent length of focal CNV found in both PT and PDX (orange), PT 
only (green) and PDX only (blue). Bars on the left represent PTs, bars on the right represent PDXs.
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Supplementary Fig. 10 Expression conservation and gene fusion. (a) Pairwise correlation of gene expression
between group 1 and group 2 tumors. The box represents the interquartile range (IQR), and middle line represents 
median. Whiskers represent values within 1.5×IQR of the upper and lower quantiles respectively. P value was 
calculated with two-sided Wilcoxon rank sum test. (b) Counts of gene fusions across tumor types. Each triangle 
represents a PDX sample. Boxplot is defined as in a. (c) Counts of Gene fusion per sample. (d) Overlap of gene 
fusions in six PT-PDX pairs. (e) The scatter plot of LRPAP1 and PDGFRA expression. Red dots represent samples 
with the LRPAP1-PDGFRA fusion.
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