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Supplementary Figure 1: Clinical timelines of patient cohort

A) Dot and line plots showing plasma sample schedules for each 7P53m-carrier. Plasma samples
are colored based on cancer status (left) or patient status (right).

B) Dot and line plots showing plasma sample schedules for 7P53m-carriers with multiple
timepoints. Plasma samples are colored based on cancer status (left) or patient status (right).
Patients are split based on cancer status and cancer conversion status.

Source data are provided as a Source Data file.
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Supplementary Figure 2: Comparison of ¢cfDNA fragment lengths across clinical and technical
correlates

Tukey boxplots comparing the proportion of short cfDNA fragments (10-151bp) between 7P53-
wildtype and TP53m-carriers (A), across LFS cancer statuses (B), LFS-H samples (C), between
history of cancer in TP53m-carriers (D), and between institutions (F). Samples were collected in
EDTA tubes at SickKids (SK) and Streck tubes at Princess Margaret (PM).

E) Scatter plot comparing the age at plasma collection and the proportion of short cfDNA
fragments in 7P53m-carriers.

G) Tukey boxplots comparing the proportion of short cfDNA fragments across sequencing flow
cells (run#).

H) Scatter plot comparing the proportion of short cfDNA fragments with the flow cell cluster
density.

I) Tukey boxplots comparing the proportion of short cfDNA fragments across our cohort and
external healthy control cohorts.

J) Fragment length distributions comparing fragments from Illumina and Ultima sequencing.

K) Fragment length distrubtions comparing fragment lengths from Ultima sequencing between
TP53-wildtype and TP53m-carriers

L) Scatter plot showing a comparison of the proportion of fragments in Sbp bins between Ultima
and Illumina sequencing.

Tukey boxplots comparing the proportion of dinucleosome fragments (250-500bp) between 7P53-
wildtype and TP53m-carriers (M), across LFS cancer statuses (N), LFS-H samples (O), and
between history of cancer in 7P53m-carriers (P)

Q) Scatter plot comparing the age at plasma collection and the proportion of dinucleosome
fragments in 7P53m-carriers.

R? values calculated using Pearson’s correlation and p-values calculated using two-sided Student’s
t-test. * = p-value < 0.05, ** = p-value <0.01, *** = p-value < 0.001. Source data are provided as
a Source Data file.



0.02
0.01
0.00

0.025
0.020
0.015
0.010
0.005
0.000

0.025
0.020
0.015
0.010
0.005
0.000

0.025
0.020
0.015
0.010
0.005
0.000

0.025
0.020
0.015
0.010
0.005
0.000

0.02
0.01

0.00

Fragment Frequency Distribution

ALR_Alpha AluJ Alus AluY BSR_Beta CATTC
0.025 0.025 ;
0.020 0.020 0.020 0.020 0.010
0.015 0.015 0.015 0.015 :
i 0.010 i 0.010 i 0.010 i 0.010 0.005 '
. 0.005 . 0.005 . 0.005 . 0.005 !
h 0.000 h 0.000 h 0.000 h 0.000 0.000 h
100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
DNA_hAT DNA_hAT.Blackjack DNA_hAT.Charlie DNA_TcMar DNA_TcMar.Mariner DNA_TcMar.Tigger
0.025 0.025
0.020 0.020 0.02 0.02 0.02
0.015 0.015
! 0.010 0.010 0.01 0.01 0.01 !
. 0.005 0.005 .
h 0.000 0.000 0.00 0.00 0.00 h
100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
FLAM GAATG genome HSAT LINE_CR1
1 0.020 0.025 0.025 0.025
0.015 0.020 0.02 0.020 0.020
0.010 0.015 0.015 0.015
i : i 0.010 0.01 0.010 i 0.010 !
. 0.005 . 0.005 0.005 , 0.005 .
h 0.000 h 0.000 0.00 0.000 h 0.000 h
100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
LINE_L1 LINE_L2 LINE_RTE Low_Complexity LSAU LTR
0.025 0.025 0.020 ; 0.025
0.020 0.02 0.020 0.015 0.020
0.015 0.015 ’ 0.015
| 0.010 | 0.01 | 0.010 0.010 | 0.010 |
. 0.005 . . 0.005 0.005 i 0.005 .
h 0.000 h 0.00 h 0.000 h 0.000{—2_ 0.000 h
100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
LTR_ERV1 LTR_ERVK LTR_ERVL LTR_ERVL.MaLR LTR_Gypsy LTR_LTR
0.025 0.025 0.025 0.025
0.020 0.020 0.020 0.020 0.02
0.015 0.015 0.015 0.015
! 0.010 0.010 0.010 0.010 0.01 !
. 0.005 0.005 0.005 0.005 .
h 0.000 0.000 0.000 0.000 0.00 h
100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
MIR MSR1 Satellite Satellite_acro Satellite_centr Satellite_Satellite
1 0.020 1
0015 0.02 0.02 0.02 0015
) 0.010 ! \ 0.010 !
| 0.005 | 0.01 0.01 0.01 : 0.005 |
h 0.000 h 0.00 0.00 0.00 h 0.000 h
100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
Satellite_telo SATR1 SATR2 Simple_Repeat SINE SINE_Alu
0.020 ] oo 0,050
. 0.020 .
002 002 0.015 0.015 0.015
| 0.01 | 0.01 | 0.010 | 0.010 ! 0.010 !
! ! ! 0.005 ! 0.005 ! 0.005 !
h 0.00 h 0.00 h 0.000 h 0.000 h 0.000 h
100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
SINE_Deu SINE_MIR SINE_tRNA SST1 SVA
0.025 0.025 0.025
0.020 0.020 0.020 0.020 — Healthy
0.015 0.015 0.015 8-813 — LFS-H
! 0.010 0.010 0.010 .
! 0.005 0.005 0.005 0.005 —LFS-PC
h 0.000 0.000 0.000 0.000 — LFS-AC
100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400

Fragment Length




Supplementary Figure 3: Fragment length frequency distribution across genomic repeat elements
Fragment size distributions across 46 repeat element families. Each plot compares the distribution
between 7P53-wildtype and TP53m-carriers. A genome-wide comparison is also included. Source

data are provided as a Source Data file.



Proportion of Short Fragments

ALR_Alpha Al Alus Aluy BSR_Beta CATTC DNA_hAT DNA_hAT Blackjack DNA_hAT Charlie DNA_TcMar DNA_TcMar. Mariner DNA_TcMar.Tigger
- Ea—— * ] 04 e R o o o W o
03 03 03
03 03 03 03 03 03 03
03 04 é
2 02 02 02 02 02 02
| e o B TR [T B | e R e
o1 01 o1 01 01 0z 01 01 01 o1 01 o1
0.0 0 128 3 001 30 128 0.0 0 128 37 00 0 128 7 004130 128 37 00 0 128 37 Jo0o{ 30 L 7 00 0 128 37 Jo00o{ 30 L 0.0 0 128 3 0.0 0 128 0.0 0 128 37
FLAM GAATG GSAT HSAT LINE_CR1 LINE_L1 LINE_L2 LINE_RTE Low_Complexity LsAU LTR LTR_ERVL
= o s 4 % ~ % = =3 + 3 = S
03 04 03 04 03 03 03 03 03 04 03 03
03 $ ? 03 02 02 02 03
02 02 02 02 02 02
D e L e b L LT e =TT | e
Qo1 0.1 01 01 0.1 01 0.1 01 01
2 01 01 01
3
v 00 0 128 37 |00 0 128 3 001 30 128 37 00 0 128 37 004 .30 128 37 00 0 128 37 Jo00{ 30 L 0.0 0 128 37 Joo{ 30 128 001 30 128 37 W00 0 128 3 00430 128 37
] LTR_ERVK LTR_ERVL LTR_ERVL.MaLR LTR_Gypsy LTR_LTR MIR MSR1 Satelite satellite_acro Satellte_centr satellite_Satellite Satellte_telo
= = CE E— ~ = = = ] 04 o Ea = L
S 03
Soa 03 03 03 03 04 03 03 o4 03
* o 02 02 02 02 02 03 o 02 *
| e o e ] e | B | e e e =
02 02
01 01 o1 01 01 01 - o1 01 o1 o1 o1
00130 128 37 |00 0 128 3 00130 128 37 00 0 128 37 004 30 128 37 001 30 128 37 |o00{ 30 128 3 001 30 128 37 |o0{ 30 128 3 00130 128 37 00 0 128 3 00430 128 37
SATRL SATR2 Simple_Repeat SINE SINE_Al SINE_Deu SINE_MIR SINE_tRNA SST1 SVA
T = o ~ - = = = = 04 A
03 03 08 0s 03 03 03
03 03
03
0.1 0.1 02 *# 01 01 0.1 0.1 0.1 o1 o1
00{ 30 128 37 Joo{ 30 128 37 oo0o{ 30 128 37 o0o{ 30 128 37 o004 30 128 37 00{ 30 128 37 |oo{ 30 128 37  oo{ 30 128 37 foo{ 30 128 37 00{ 30 128 37

Repeat Element

Cancer Status B Healthy E3 Negative B3 Positive

B Normalized Contribution of Short Fragments
ALR_Alpha Alu Alus Al BSR_Beta CATTC DNA_hAT DNA_hAT Blackjack DNA_hAT.Charlie DNA_TcMar ONA_TcMar Marine DNA_TcMar.Tigger
34 T . 68 = 525 T a6 = 42
20 350 65 39 * *
a8 a2 550 *%’* =EE == == | | s +===
-22 -375 -7.0 37 -66 —40 ' o N '
a8 . : -5.75 er . -450 w46
34 24 -4.00 : s
B == —-— 72 -6.00 as —a1 s
40 e - 6.8 475
26 -4.25 -6.25 e 50
-421 30 128 37 30 128 37 |30 128 37 30 128 74130 128 37 |30 128 37 39130 128 37 69| 30 128 37 421 30 128 37 o] 30 128 37 30 128 37 30 128 37
- 4 E -76
FLAM GAATG GSAT HSAT LINE_CR1 LINE_L1 LINE_L2 LINE_RTE Low_Complexity LSAU LTR LTR_ERV1
T 650 - s o T a5 o
58 75 18 + 50 *
.25 === 05
s el bl o -,
59 . s H . i : + %
7.00 -80 . 31 ~ 10.0 230 a5
6.0 mim . -9.0 22 o0 !
= 725 56 e _105 235 -360
S 61 . -85 o 24 -32 -6.75
B .| 30 128 37 30 128 37 30 128 3 30 128 7 | 4] 30 128 37 30 128 37 30 128 37 30 128 37 | o] 30 128 37 ;.| 30 128 37 2401 30 128 37 %] 30 128 37
= -7 -26
5 LTR_ERVK LTR_ERVL LTR_ERVL.MalR LTR_Gypsy LTR_LTR MIR MSR1 satelite Satelite_acro Satelite_centr Satellte_Satelite Satellite_telo
% e -370 Eo o B 72 = -32 = ] 34 -46 &3
g - %! == + 9.0 -90
3 - 3.4 85
-3.80 -6.5 : e e ' e 95 -38 . o0
59 . 52
32 e _100 * 36 -90
385 -66 4 -10.0 -4.0 - + %
oo] 30 128 37 30 128 30 128 37 30 128 37 | _go] 30 128 37 30 128 37 | o5} 30 128 37 | 30 128 37 30 128 37 30 128 37 30 128 30 138
- -4.2 -95
SATR1 SATR2 Simple_Repeat SINE SINE_Alu SINE_Deu SINE_MIR SINE_tRNA SST1 SVA
= e = ~ = =
6 5.5
6 s ~ .
o|emEmE (e | )
g 16 -18 + % $ 16
. 25 . . =
-850 87 -33 -80 60 :
-95 -30 1] == 20) T
-8.75 s s -89 -34 78 -85 -65 *%%
30 128 37 ,,,] 30 128 37 |-e=wdmesE .| 30 128 37 30 128 3 30 128 37 30 128 37 | 30 128 37 30 128 30 128 3
-9.
Repeat Element
Cancer Status B Healthy E3 Negative B3 Positive
C Normalized Proportion of All Fragments
ALR_Alpha Alud Alus AluY BSR_Beta CATTC DNA_hAT DNA_hAT Blackjack DNA_hAT Charlie DNA_TeMar ONA_TcMar.Marine DNA_TcMar.Tigger
~ ] - = T - = ¥ = -6 i .
3.4 30 o 350 60 e _‘_+ # 42 -
T TE | |
32 22 375 63 oss 68 44
4.4
-38 s 24 4.00 74 + 66 é _a65 -6.60 -3.95 0 -46
* i 665 ' R
40 -26 -425 % 76 69 -4.00 48
30 128 37 | -36] 3 30 30 128 30 128 37 | 3701 30 128 37  g70] 30 128 37 30 128 37 30 128 37 72 30 128 37 30 128 37
T -4.8
FLAM GAATG GSAT HSAT LINE_CR1 LINE_L1 LINE_L2 LINE_RTE Low_Complexity LsAU LTR LTR_ERVL
7 w5 s ) g e o v o e
ors [T T B -y a0
58 -72 [ -19
oo 9.00 -53 -3.00 565 os -215 34
o9 s ; 925 54 -21 . -64 -5.70 o * é é 220 *
P 5.5 - -2.25 * 3
‘g 6.1 T 30 128 37 30 128 37 30 128 30 128 37 30 128 37 3101 30 128 37 30 128 37 5801 30 128 37 '] 30 128 37 230{ 30 128 30 128
3 9 56 -25
S
5 LTR_ERVK LTR_ERVL LTR_ERVL.MaLR LTR_Gypsy LTR_LTR MIR MSR1 Satellte Satelite_acro Satellite_centr Satelite_Satellite Satelite_telo
b= = ) = 20 - N . T s e wow 84
§ 56 38 +++ © 05 s 35 4
) . . 9.3 8.8
-57 a7 30 6% 74 320 100 * 35 s .
s + -3.6 9.6 o +
== é e e o 78 325 105 37 a9 80
5.8
59{ 30 178 3 30 128 30 138 3 30 128 37 30 128 37 30 128 37 | 130 128 37  38] 30 128 37 128 37 30 128 37 30 18 37 -9 30 128 37
-3.30 -41
SATR1 SATR2 Simple_Repeat SINE SINE_Alu SINE_Deu SINE_MIR SINE_tRNA SSTL SVA
* # » "y » . s 7.45 -5
e == o e a{ ol
-90 : 20 80
- 16 -18 -86 320 755 + o4
9.2
- - ~7.60 -85
-8.75 -9.4 o : 18 + = * er 328 68 *#?
-7.65
30 128 37 |30 128 37 Ao 328 30 —22{ 30 30 128 37 30 128 37 30 128 37  -o0{ 30 128 37 30 128 37
- 4 -8 -3

0
Repeat Element

Cancer Status B Healthy E3 Negative B3 Positive



Supplementary Figure 4: Comparison of the proportion and contribution of genomic repeat
elements to cfDNA fragment lengths

Tukey boxplots comparing the proportion of short cfDNA fragments (A), the normalized
contribution of short cfDNA fragments (B), and the total proportion of all fragments (C) across all
repeat families. The normalized contribution was calculated by normalizing the proportion of short
cfDNA fragments by the global proportion of short cfDNA fragments and the total proportion of
all fragments mapped to that specific repeat element.

p-values calculated using two-sided Student’s t-test. * = p-value < 0.05, ** = p-value < 0.01, ***
= p-value <0.001. Exact p-values are provided in Supplementary Data 3. Source data are provided
as a Source Data file.
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Supplementary Figure 5: Correlation of telomere length and content to cfDNA fragment length
A) Scatter plot comparing telomere content estimates from TelSeq and TelomereHunter.

Tukey boxplots comparing telomere content estimates between 7P53-wildtype and 7P53m-
carriers across cancer status (B), history of cancer (C), and age (D).

E) Scatter plot comparing the proportion of short (<150bp) fragments and telomere content in
TP53-carriers.

Tukey boxplots comparing the contribution from each telomere repeat sequencing across cancer
status (F) and age (G)

H) Stacked barplot showing the frequency of telomere contexts between 7P53-carriers and healthy
TP53-wildtype controls stratified by cancer status (top), patient type (middle), and age (bottom).
R? values calculated using Pearson’s correlation and p-values calculated using two-sided Student’s
t-test. * = p-value < 0.05, ** = p-value < 0.01, *** = p-value < 0.001. Source data are provided as
a Source Data file.
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Supplementary Figure 6: Comparison of the proportion of short ¢cfDNA fragments to 7P53
germline mutation classes and patient families

Tukey boxplots comparing the proportion of short cfDNA fragments across 7P53 mutation classes
(A) and LFS families (B). Number of samples is shown at the bottom, with the number of patients
in brackets. Germline mutations with multiple families are bolded.

p-values calculated using two-sided Student’s t-test. * = p-value < 0.05, ** = p-value < 0.01, ***
= p-value < 0.001. Source data are provided as a Source Data file.
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Supplementary Figure 7: Nucleosome positioning is altered in 7P53m-carriers

A) Frequency distribution (top), z-scores (middle), and absolution difference (bottom) of the
distance of fragment starts and ends to the closest nucleosome peak in healthy 7P53-wildtype
controls separated by those with high (red) and low (black) proportion of short (<150bp) fragments
(cohort split by median). Y-axis of the absolute difference panel is at the same scale as in Figure
4A and Supplementary Figures 9B/C for comparison.

B) Frequency distribution (top), z-scores (middle), and absolution difference (bottom) of the
distance of 167bp fragment starts and ends to the closest nucleosome peak in 7P53-carriers
separated by cancer status compared to healthy 7P53-wildtype controls (black).

C) Frequency distribution (top), z-scores (middle), and absolution difference (bottom) of the
distance of 167bp fragment starts and ends to the closest nucleosome peak in healthy 7P53-
wildtype controls separated by those with high (red) and low (black) proportion of short (<150bp)
fragments (cohort split by median). Y-axis of the absolute difference chart is the same as in
Supplementary Figure 9B for scale.

Histogram showing the difference in Z-score values (compared to 7P53-wildtype) (D) and
absolute difference (E) within 7P53m-carriers using all fragments (top) and only nucleosome
spanning fragments (167bp, bottom).

F) Frequency distributions of fragment lengths for fragments proximal (<1000bp) and distal
(>1000bp) from nucleosome peaks from 7P53-carriers separated by cancer status. Healthy median
is in black.

G) Tukey boxplots showing the proportion of short (<150bp) fragments proximal (<1000bp) and
distal (>1000bp) from nucleosome peaks in 7P53-carriers separated by cancer status.

R? values calculated using Pearson’s correlation and p-values calculated using two-sided Student’s
t-test or Kolmogorov—Smirnov. * = p-value < 0.05, ** = p-value < 0.01, *** = p-value < 0.001.
Exact p-values are provided in Supplementary Data 3. Source data are provided as a Source Data
file.
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Supplementary Figure 8: Fragmentation is biased towards AA/AT/TA/TT dinucleotide contexts
in TP53m-carriers

A) Scatter plots comparing the frequencies of AA/AT/TA/TT and CC/CG/GC/GG dinucleotide
contexts at each position between 7P53-carriers split by cancer status and healthy 7P53-wildtype
controls.

B) Density plots of z-scores calculated using the frequencies of CC/CG/GC/GG and
AA/AT/TA/TT dinucleotide contexts in 7P53-carriers, split by cancer status, and healthy 7P53-
wildtype controls. Z-scores are further split by positions flanking (+/-50bp) and spanning (167bp
fragment) the nucleosome. P-values were calculated using the Kolmogorov—Smirnov test.

C) Tukey boxplots showing the proportion of A/T and G/C dinucleotide contexts using only short
(<150bp) fragments.

R? values calculated using Pearson’s correlation and p-values calculated using two-sided Student’s
t-test or Kolmogorov—Smirnov. * = p-value < 0.05, ** = p-value < 0.01, *** = p-value < 0.001.
Source data are provided as a Source Data file.
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Supplementary Figure 9: Increase representation of A/T rich end-motifs in 7P53m-carriers.

A) Barplot showing the number of end motifs that increased or decreased in frequency, in 7P53m-
carriers compared to 7P53-wildtype, split by end motifs that occur above and below the expected
random frequency.

B) Barplots showing data from panel A split by the number of A/T nucleotides within the motif.
C) Scatter plot comparing the fold changes of 7P53-carriers between different cancer statuses.
Fold changes were calculated compared to the healthy 7P53-wildtype control cohort.

D) Dotplot showing the fold change of each tetranucleotide motif between LFS-H and LFS-AC
separated by motifs that were increased or decreased in LFS-H versus healthy 7P53-wildtype
controls (top). Tile plot showing the GC/AT content of each tetranucleotide motif (bottom).

E) Line plot showing the nucleotide frequency at each position up and downstream from the
fragment cut site. Error bars represent the standard deviation and points are sized by p-value
compared to the 7P53-wildtype controls.

R? values calculated using Pearson’s correlation and p-values calculated using two-sided Student’s
t-test. * = p-value < 0.05, ** = p-value < 0.01, *** = p-value < 0.001. Source data are provided as
a Source Data file.
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Supplementary Figure 10: Differences in ¢cfDNA end-motifs observed in 7P53m-carriers is not
driven by dysregulation of DNASE1L3

A) Tukey boxplots comparing the frequency of the top 6 end-motifs recognized by DNASEI1L3
across healthy TP53-wildtype controls and 7P53-carriers.

Dotplots showing the fold change of 7P53-carriers (blue) versus heterozygous (B) and
homozygous (C) DNASEL3 patients (green) versus healthy 7P53-wildtype controls. Tile plots
showing the GC/AT content of each tetranucleotide motif are shown below. Motifs are sorted by
those that are increased or decreased in both and those that are discordant.

D) Scatter plots comparing the fold change in end motif frequency in 7P53m-carriers and
DNASEL3 mutant carriers.

E) Scatter plots comparing the nucleotide frequencies 10 basepairs up and downstream from the
fragment cut site in 7P53m-carriers and DNASE L3 mutant carriers.

R? values calculated using Pearson’s correlation and p-values calculated using two-sided Student’s
t-test. * = p-value < 0.05, ** = p-value < 0.01, *** = p-value < 0.001. Exact p-values are provided
in Supplementary Data 3. Source data are provided as a Source Data file.
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Supplementary Figure 11: cfDNA fragmentation profiles are not driven by differences in cfDNA
coverage or by somatic copy number alterations in 7P53m-carriers

A) Genome-wide fragment ratio profiles in healthy 7P53-wildtype controls and 7P53-carriers split
by functional 7P53 mutation class.

B) Normalized genome-wide coverage profiles in healthy 7P53-wildtype controls and 7P53-
carriers split by cancer status. Coverage profiles are affected by the discarding of fragments in
regions of low mappability and those within the ENCODE blacklist.

C) A heatmap showing the Pearson’s correlation scores between each 7P53 mutation class and
healthy 7P53-wildtype controls using coverage profiles.

D) Barcharts showing the proportion of bins with significantly increased or decreased coverage in
each TP53 mutation class compared to the healthy 7P53-wildtype control median.

E) Heatmap of Pearson’s correlation scores comparing fragmentation ratio profiles from samples
from 7P53-carriers with active cancer and GISTIC copy number scores. IchorCNA tumor fractions
are displayed on the right and cancer type displayed on the left.

F) Heatmap of TCGA GISTIC scores for cancer types associated with LFS. Heatmap of Pearson’s
correlation scores comparing the median fragmentation ratio profile of each germline mutation
class to each GISTIC copy number profile on the right. Heatmap of the median number of standard
deviations away from the healthy median for each germline mutation class on top.

Source data are provided as a Source Data file.
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Supplementary Figure 12: Chromatin accessibility is not dependent on germline mutation context
in TP53m-carriers

A) Dotplot showing the midpoint and amplitude of nucleosome positioning curves at CTCF (left)
and TP53 (right) binding sites in healthy 7P53-wildtype controls and 7P53-carriers.

B) Dotplot showing the midpoint and amplitudes of nucleosome positioning curves at transcription
start sites of housekeeping (left) and p53 target (right) genes in healthy 7P53-wildtype controls
and TP53-carriers.

C) Nucleosome positioning curves at p53 binding sites across 7P53 mutation classes.

D) Nucleosome positioning curves at the transcription start sites of pS3 target genes across 7P53
mutation classes.

E) Dotplot showing the midpoint and amplitudes of nucleosome positioning curves at the
transcription start sites of p53 binding sites in healthy across 7P53 mutation classes.

F) Dotplot showing the midpoint and amplitudes of nucleosome positioning curves at the
transcription start sites of p53 target genes across 7P53 mutation classes.

G) Frequency distributions of fragment lengths for fragments genome-wide and fragments
spanning hematopoietic open chromatin and closed chromatin sites in healthy 7P53-wildtype
controls and cancer negative 7P53m-carriers.

H) Tukey boxplots showing the proportion of fragments under 90bp in healthy 7P53-wildtype
controls and 7P53m-carriers at open and closed chromatin sites.

I) Tukey boxplots showing the fraction of total reads overlapping sites used in Supplementary
Figures 5G and 5H.

p-values calculated using two-sided Student’s t-test. * = p-value < 0.05, ** = p-value < 0.01, ***
= p-value < 0.001. Source data are provided as a Source Data file.
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Supplementary Figure 13: TP53m-carriers display differential chromatin accessibility across
transcription factor binding sites which are recapitulated in expression profiles of 7P53 mutant
cancers

A) Volcano plots of transcription factors with differential midpoint coverage and amplitude across
several comparisons.

B) Heatmap showing a selection of differentially expressed gene pathways in 7P53 inactive
cancers vs TP53 intact cancers across 26 cohorts in the TCGA. Scores are shown as a ratio of
enriched in 7P53 inactive over encriched in 7P53 intact.

C) Heatmap showing a selection of differentially expressed gene pathways in LFS-derived vs
sporadic osteosarcomas and glioblastomas. Scores are shown as a ratio of enriched in 7P53
inactive over encriched in 7P53 intact.

D) Nucleosome positioning curves for p53 (top), GRHL2 (middle), and POUSF1 (bottom) in
healthy 7P53-wildtype controls, cancer negative and cancer positive 7P53m-carriers. Dotted line
is the midpoint coverage of healthy 7P53-wildtype controls.

p-values calculated using two-sided Student’s t-test. * = p-value < 0.05, ** = p-value < 0.01, ***
= p-value < 0.001. Source data are provided as a Source Data file.
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Supplementary Figure 14: TP53m-carriers show differential chromatin accessibility at cancer-
associated sites but not normal tissue sites

A) Nucleosome positioning tracks showing chromatin accessibility at breast cancer-associated
open chromatin sites. Patients with active breast cancer are also displayed.

B) Midpoint coverage and amplitude of nucleosome positioning curves of open chromatin sites
associated with all TCGA cancer types.

C) Midpoint coverage and amplitude of nucleosome positioning curves of open chromatin sites
associated with an array of normal tissues.

p-values calculated using two-sided Student’s t-test. * = p-value < 0.05, ** = p-value < 0.01, ***
= p-value <0.001. Exact p-values are provided in Supplementary Data 3. Source data are provided
as a Source Data file.
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Supplementary Figure 15: Validation of cfDNA fragmentation-based classification between
cancer negative 7P53m-carrier and 7P53-wildtype samples

A) Dotplot of kappa values and 95% confidence intervals for each machine learning algorithm
tested in each fragmentomic metric using healthy 7P53-wildtype controls and cancer negative
TP53m-carriers.

B) Dotplot of kappa values and 95% confidence intervals for each machine learning algorithm
tested in an integrated classifier using healthy 7P53-wildtype controls and cancer negative 7P53-
carriers. Fragment end-motif was excluded.

C) Schematic outlining methodology for machine learning models.

D) Dotplot of sensitivity and specificity values for each fragmentomic feature used for classifying
TP53-wildtype controls and cancer negative 7P53-carriers in the test set (left) and validation set
(right).

E) ROC curve showing the performance of a classification between TP53-wildtype and cancer
negative 7P53m-carriers using fragment end-motifs. For this analysis, we identified and used only
samples that were on sequencing runs where both 7P53-wildtype and 7P53m-carriers were pooled
to control for technical variability. AUC is displayed.

F) Dot-plot comparing the AUC performance between test and validation sets for the classification
for each fragmentomic feature using 7P53-wildtype and 7P53m-carriers. Similar performance was
observed across fragmentomic features tested.

Source data are provided as a Source Data file.
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Supplementary Figure 16: Analysis of differential contribution of fragmentation features towards
classification and technical correlates

A) Heatmap and barcharts of prediction scores for each fragmentomic metric input into the
integrated 7P53-wildtype vs TP53m-carriers classifier. Additional clinical information is also
displayed on the bottom (germline mutation class, cancer history, patient age).

B) Tukey Tukey boxplots showing comparison of integrated fragmentation scores in 7P53m-
carriers separated by history of cancer (left) and germline mutation class (right).

C) Tukey Tukey boxplots showing comparison of integrated fragmentation scores in 7P53m-
carriers separated by age (left) and institution/collection tube (right).

D) Scatter plot showing the age vs LFS fragmentation scores in 7P53m-carriers and 7P53-wildtype
samples.

E) Tukey Tukey boxplots (top) and barplot (bottom) comparing LFS fragmentation scores across
sequencing runs ordered by the cluster density.

F) Scatter plot comparing the LFS fragmentation score and the flow cell cluster density.

R? values calculated using Pearson’s correlation and p-values calculated using two-sided Student’s
t-test. * = p-value < 0.05, ** = p-value < 0.01, *** = p-value < 0.001. Source data are provided as
a Source Data file.
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Supplementary Figure 17: Validation of cfDNA fragmentation-based clasification of cancer
positive and cancer negative 7P53m-carriers

A) Dotplot of kappa values and 95% confidence intervals for each machine learning algorithm
tested in each fragmentomic metric using cancer negative and cancer positive 7P53-carriers.

B) Dotplot of kappa values and 95% confidence intervals for each machine learning algorithm
tested in an integrated classifier using cancer negative and cancer positive 7P53-carriers.

C) Dotplot of sensitivity and specificity values for each fragmentomic feature used for classifying
cancer negative and cancer positive TP53-carriers in the test set (left) and validation set (right).
D) ROC curves for test set (left), validation set (middle) and a dot plot comparing AUC
performance (right) for each fragmentomic feature. Models were trained using cancer negative and
cancer positive 7P53-carriers.

Source data are provided as a Source Data file.
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Supplementary Figure 18: Analysis of longitudinal patient-specific cancer framgnetaion scores in
healthy 7P53-wildtype and cancer negative 7P53m-carriers.

A) Longitudinal CFS for 7P53-wildtype controls with serial samples. Scores were converted into
delta scores using the baseline timepoint as reference.

B) Longitudinal CFS for cancer negative patients with serial samples. Scores were converted into
delta scores using the baseline timepoint as reference. Patient type, cancer history, and whether the
patient eventually developed cancer are displayed. Arrows denote where cancer developed in
relation to the plasma timepoints analyzed (between timepoints or following last timepoint).

C) To-scale timelines and integrated fragment scores for three patients that developed multiple
cancers. Cancers and any clinical treatments are annotated.

D) Confusion matrix comparing the rates of cancer detection using cell-free cancer
fragmentation. Clinical diagnosis was used as the ground truth.

Source data are provided as a Source Data file.



Supplementary Table 1
Fragmentomic Feature

Fragment Length

End Motif

Breakpoint

Nucleosome Footprint

Dinucleotide Context
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