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Supplementary Figure 1: MGB Biobank mCA sample quality control analyses. A. plotting
sample-level phased B allele frequency (BAF) auto-correlation across consecutive phased
heterozygous sites versus Log R Ratio (LRR) of intensities using local GC content. B. Showing
sex mismatches between MoChA-derived sex computed using the chrX nonPAR region versus
reported sex. LRR=Log R Ratio, MoChA = mosaic chromosomal alterations caller, BAF=B
allele frequency, nonPAR = Non-pseudoautosomal region
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Supplementary Figure 2: MGB Biobank mCA variant quality control analyses. Plots A. and C.
represent mCAs carried among the quality-control filtered sample set, and after removal of likely
germline variants (LOD BAF PHASE <20 for autosomal or mCAs annotated as known
germline copy number polymorphisms). Plots B. and D. reflect additional variant quality control
filters to remove constitutional duplications (0-2Mbp mCAs with relative coverage >2.25 and 2-
10Mbp mCAs with relative coverage >2.4) and remove constitutional deletions (mCAs with
relative coverage <0.5). CN-LOH = copy-neutral loss of heterozygosity, LOD BAF PHASE =
log odds score for mCA model based on BAF and genotype phase, mCA = mosaic chromosomal
alteration
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Supplementary Figure 3: FinnGen mCA sample quality control analyses. A. plotting sample-
level phased B allele frequency (BAF) auto-correlation across consecutive phased heterozygous
sites versus Log R Ratio (LRR) of intensities using local GC content. B. Showing sex
mismatches between MoChA-derived sex computed using the chrX nonPAR region versus
reported sex. LRR=Log R Ratio, MoChA = mosaic chromosomal alterations caller, BAF=B
allele frequency, nonPAR = Non-pseudoautosomal region



count

2-10 Mbp

0-2 Mbp 2-10 Mbp 0-2 Mbp

" ascpaads * ¥ - .
R N Wr

"

Relative coverage (rescaled ZLRR)
Relative coverage (rescaled ZLRR)

10-50 Mbp 50-250 Mbp 10-50 Mbp 50-250 Mbp
: ) S ¢
3 o ; 31
21 . G 2 S
Ny, 2 A e Ry, A A
4 TR 2 T
14 T & 14 e &
04 04
-0.05 000 005 010 015 020-005 0.00 005 010 0.15 0.20 -O.'OS O.E)O 0.65 O.'10 0.‘15 O.'ZO -O.'OS OA'OO O.EJS OA'10 0.'15 0.'20
BAF deviation (Bdev) BAF deviation (Bdev)
CN-LOH Gain Loss Undetermined CN-LOH Gain Loss Undetermined

D.

2000
200 —

1500 -

€

3

(]

o
1000

' 1001
500

0
12 3 456 7 8 9101112131415 1617 18 19 20 21 22 12 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22
chrom chrom
D CN-LOH . Gain - Loss . Undetermined D CN-LOH . Gain . Loss . Undetermined

Supplementary Figure 4: FinnGen mCA variant quality control analyses. Plots A. and C.
represent mCAs after removal of likely germline variants (LOD BAF PHASE <20 for
autosomal variants or mCAs annotated as known germline copy number polymorphisms). Plots
B. and D. reflect additional sample quality control filters including removal of samples with call
rate <0.97 and BAF_AUTO >0.03, and removal of calls with LOD BAF PHASE <10 unless
they are larger than SMbp (or 10 Mbp if they span the centromere) and calls that are likely
constitutional duplications (0.5-5Mbp mCAs with relative coverage >2.5 and Bdev<0.1 and 5-
10Mbp mCAs with relative coverage >2.75) and constitutional deletions (mCAs with relative
coverage <0.5). CN-LOH = copy-neutral loss of heterozygosity, LOD BAF PHASE = log odds
score for mCA model based on BAF and genotype phase, mCA = mosaic chromosomal
alteration



A.

c

2 0.21

©

o

S}

?

o

5 0.14

©

LL

<

m

0.09 * :
0.0 0.2 0.4 0.6
GC-adjusted LRR auto—correlation
B. Sex match Sex mismatch
0_ L
L ]
g Pt
[ J
- ° ‘..o..# . ‘ °
C ° °
@ -1 e0®0 %
o] .. L J
(0]
s o Computed Gender
..
T - F
D.é .o e M
o
Z 3] °
z
<
o
—4 4
-06 -04 02 00 0.2 -06 -04 -02 00 0.2

ChrX Non-PAR Median LRR

Supplementary Figure 5: CUB COVID-19 mCA sample quality control analyses. A. plotting
sample-level phased B allele frequency (BAF) auto-correlation across consecutive phased
heterozygous sites versus Log R Ratio (LRR) of intensities using local GC content. B. Showing
sex mismatches between MoChA-derived sex computed using the chrX nonPAR region versus
reported sex. LRR=Log R Ratio, MoChA = mosaic chromosomal alterations caller, BAF=B allele
frequency, nonPAR = Non-pseudoautosomal region
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Supplementary Figure 6: CUB COVID-19 mCA variant quality control analyses. Plots A. and
C. represent mCAs carried among the quality-control filtered sample set, and after removal of
likely germline variants (LOD_BAF PHASE <20 for autosomal or mCAs annotated as known
germline copy number polymorphisms). Plots B. and D. reflect additional variant quality control
filters to remove constitutional duplications (0-10Mbp mCAs with relative coverage >2.4) and
remove constitutional deletions (mCAs with relative coverage <0.5). CN-LOH = copy-neutral loss
of heterozygosity, LOD BAF PHASE = log odds score for mCA model based on BAF and
genotype phase, mCA = mosaic chromosomal alteration
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Supplementary Figure 8: Prevalence of mCA categories by age bin across cohorts. Error bands
were derived from binomial proportion 95% confidence intervals. mCA = mosaic chromosomal
alterations.
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Supplementary Figure 9: Prevalence of expanded mCA categories by age bin across cohorts.
Error bands were derived from binomial proportion 95% confidence intervals. mCA = mosaic
chromosomal alterations.
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Supplementary Figure 11: Associations of any mCA with incident infections by Cox
proportional-hazards models with the underlying time scale of time-on-study. Analyses are
adjusted for age, age?, sex, smoking status, and principal components 1-10 of ancestry.

Bonferroni correction was used to determine the level of statistical significance. Overall

estimates across studies are generated via fixed effect meta-analysis. Error bars show 95%

confidence intervals. mCA = mosaic chromosomal alterations.
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Supplementary Figure 12: Suggestive associations (P<0.05) of expanded autosomal mCAs
with incident infection categories by Cox proportional-hazards models with the underlying time
scale of time-on-study. Analyses are adjusted for age, age?, sex, smoking status, and principal
components 1-10 of ancestry. Bonferroni correction was used to determine the level of statistical
significance. Overall estimates across studies are generated via fixed effect meta-analysis. Error
bars show 95% confidence intervals. mCA = mosaic chromosomal alterations.
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Supplementary Figure 13: Associations of expanded autosomal mCAs with incident sepsis and
among different age strata in the UK Biobank by Cox proportional-hazards models with the
underlying time scale of time-on-study. Analyses are adjusted for age, age?, sex, smoking status,
and principal components 1-10 of ancestry. Bonferroni correction was used to determine the
level of statistical significance. Error bars show 95% confidence intervals. Individuals with
prevalent hematologic cancer were excluded from analyses. Associations were adjusted for sex,
ever smoking status, and principal components 1-10 of ancestry. mCA = mosaic chromosomal
alterations.
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Supplementary Figure 14:Associations of expanded autosomal mCAs with incident infections
among A) those with antecedent cancer (ie: cancer prior to their infection) B) those without
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antecedent cancer. Cox proportional-hazards models with the underlying time scale of time-on-
study are employed to access the associations. Analyses are adjusted for age, age?, sex, smoking
status, and principal components 1-10 of ancestry. Bonferroni correction was used to determine
the level of statistical significance. Overall estimates across studies are generated via fixed effect
meta-analysis. Error bars show 95% confidence intervals. mCA = mosaic chromosomal
alterations.
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Supplementary Figure 15: Interaction of expanded autosomal mCAs with antecedent cancer
prior to infection in the UK Biobank and MGB Biobank evaluated by Cox proportional-hazards
models with the underlying time scale of time-on-study. Analyses are adjusted for age, age?, sex,
smoking status, and principal components 1-10 of ancestry. Bonferroni correction was used to
determine the level of statistical significance. Overall estimates across studies are generated via
fixed effect meta-analysis. Error bars show 95% confidence intervals. mCA = mosaic
chromosomal alterations.
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Supplementary Figure 16: Cumulative incidence curves visualizing the association of
expanded autosomal mCAs with incident infections stratified by prior cancer status. a. sepsis, b.
pneumonia, and c. digestive system infection across carrier status for expanded autosomal mCAs
and any cancer diagnosis prior to the incident infection date. Individuals with known
hematologic cancer at time of or prior to blood draw for genotyping were excluded. mCA =
mosaic chromosomal alterations.
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Supplementary Figure 17: Time difference between cancer diagnosis and A) pneumonia B)

sepsis. mCA = mosaic chromosomal alterations
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Supplementary Figure 18: Association of a mLOY PRS consisting of 156 previously
identified! independent genome-wide significant variants associated with mLOY from
Thompson et al (Nature 2019), with a) expanded ChrY mCA, b) expanded ChrX mCA, c)
expanded Autosomal mCA, and d) all expanded mCAs in UKB. Logistic regression models are
adjusted for age, age?, sex, smoking status, and principal components 1-10 of ancestry.
Bonferroni correction was used to determine the level of statistical significance. mCA = mosaic
chromosomal alterations, mLOY = mosaic Loss-of-chromosome Y, PRS = polygenic risk score.
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Supplementary Figure 19: Autosomal mCAs carried by UKB individuals with TP53
rs78378222-G are diverse in size, copy-change, and location in the genome.
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UK Biobank MGB Biobank FinnGen* Biobank Japan CUB
N 444,199 22,461 175,690 125,541 871
Age of DNA collection (mean 56.5 (8) 55.0 (16.8) 53.4 (18.4) 64.6 (12.4) 62.3(17.9)

(SD))
Sex (Male (%))

Prior or Current Smoker (%)

Race

BMI (mean (SD))

Prevalent Solid Cancer

Prevalent Type 2 Diabetes Mellitus
Prevalent Coronary Artery Disease
Prevalent Hypertension

Prevalent Hypercholesterolemia

204,579 (46.1%)
188,875 (45.0%)

White: 417,328
(94.1%)

Asian: 10,277 (2.3%)
Black: 7,173 (1.6%)
Mixed: 2,634 (0.6%)
Other: 4,160 (0.9%)
Unknown 187 (0.04%)
27.4 (4.8)

66,551 (15.0%)
10,835 (2.4%)
25,287 (5.7%)
129,888 (29.2%)
66,483 (15.0%)

10,306 (45.9%)
9,094 (40.5%)

White: 18,933 (84.3%)
Asian: 569 (2.5%)
Black: 1,056 (4.7%)
Other: 744 (3.3%)
Unknown: 1,159 (5.2%)

28.5(6.2)
6,080 (27.1%)
1,782 (7.9%)
3,908 (17.4%)
11,010 (49.0%)
9,881 (44.0%)

71,000 (40.4)
30,554 (42.7)
White: 175,690 (100%)

NA
31,855 (18.1%)
22,326 (13.2%)
19,474 (11.1%)
NA

8,583 (5.2%)

72,186 (57.5%)
66,913 (53.3%)

Asian: 125,541
(100%)

234 (3.7)
25,987 (20.7%)
31,636 (25.2%)
23,099 (18.4%)
37,913 (30.2%)
35,026 (27.9%)

480 (55.1%)

NA

Hispanic: 450 (51.7%)
Black: 125 (14.4%)
White: 97 (11.1%)
Asian: 5 (0.6%)

Other: 3 (0.3%)
Unknown: 191 (22.0%)

NA
221 (25.4%)
310 (35.6%)
176 (20.2%)
468 (53.7%)
NA

Supplementary Table 1: Baseline summary statistics across the UK Biobank, MGB Biobank,

FinnGen, Biobank Japan, and Columbia University Biobank (CUB) among individuals analyzed.
* of note, 104,175 individuals from FinnGen had missing smoking status; BMI and hypertension
were not available

BMI = body mass index; MGB = Mass General Brigham; SD = standard deviation.
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UK Biobank  MGB Biobank FinnGen B}obank CUB
apan
N| 444,199 22,461 175,690 125,541 871
Any mCA(%) 6(?;‘0;)1 3,784 (16.8) 22,040 (12.5) NA 258 (29.6)
Autosomal mCA (%) | 15350 (3.5)  1,025(5.2) 3,164 (2.0) 20,440 (16.3) 168 (19.3)
ChrX (%) | 12265(5.1) 820 (7.0) 7,058 (6.8) NA 65 (7.5)
ChrY (%) 262?? 2201 (22.0) 12,599 (18.0) NA 67 (1.7)
Any expanded mCA (%) | 12,398 (3.2)  1,026(5.2) 9,558 (5.9) NA 177 (20.3)
Expanded autosomal ”’(f/‘j 2,985 (0.8) 337 (1.8) 1,620 (1.0) 1,676 (1.3%) 128 (14.7)
0,
Expanded ChrX (%) | 397 (0.2) 44 (0.2) 479 (0.5) NA 8 (0.9)
Expanded ChrY (%) | 9168 (4.5) 669 (3.4) 7663 (11.8) NA 54(6.2)

Supplementary Table 2: mCA counts by cohort.
Chr = chromosome; CUB = Columbia University Biobank, mCA = mosaic chromosomal
alteration; MGB = Mass General Brigham; N = number.
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Lower Upper

OR 95% CI 95% CI P
Age 0.92 0.86 1.005 0.068
Age2 1.0013 1.0006 1.002 2.84E-05
Sex (Male) 1.44 1.33 1.56 1.33E-19
Prior or Current Smoking 1.09 1.01 1.18 0.03
Prevalent Solid Cancer 0.95 0.82 1.09 0.44
Prevalent Type 2
Diabetes Mellitus 1.05 0.84 1.32 0.66

Supplementary Table 3: Association of potential risk factors with expanded autosomal mCAs
in the UK Biobank. Logistic regression models are adjusted for variables listed in the table.
Bonferroni correction was used to determine the level of statistical significance.

CI = confidence interval; OR = odds ratio



Incident Incident Controls

Controls Cases Cases with mCA

Phenotype Exposure Sex HR P (N) (N) with mCA (N) (N)
Nervous System Infection Male 3.71 0.0085 39,978 17 8 6,298
Meningitis or Encephalitis Male 3.71 0.0085 39,978 17 8 6,298
Pneumonia All 1.16  0.023 72,317 1,299 334 10,485
Nervous System Infection All 2.81 0.025 72,317 21 8 10,485
Meningitis or Encephalitis Autosomal All 2.81 0.025 72,317 21 8 10,485
Respiratory System Infection mCA All 1.15 0.028 72,317 1,353 346 10,485
Any Infection All 1.12  0.037 72,317 1,998 476 10,485
Pneumonia Male 1.17 0.039 39,978 928 259 6,298
Endocarditis or Myocarditis Female 2.46 0.043 32,339 25 8 4,187
Respiratory System Infection Male 1.16  0.050 39,978 971 269 6,298

Sepsis Expanded All 2.04 0.050 72,317 276 8 753

Sepsis Autosomal
mCA All 2.04  0.050 72,317 276 8 753

Supplementary Table 6: Association of mCAs with mortality from incident infection in
Biobank Japan by Cox proportional-hazards models with the underlying time scale of time-on-
study. Analyses are adjusted for age, age?, sex, smoking status, and principal components 1-10 of
ancestry. Bonferroni correction was used to determine the level of statistical significance.
Suggestive associations (P<0.05) are presented among individuals without antecedent cancer
prior to the infection phenotype.

HR = hazard ratio; mCA = mosaic chromosomal alteration; N = number
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Lower Upper

Incident Sepsis Multivariate Model Component HR P 059 CI  95% CI
Expanded Autosomal mCA 2.00 2.64E-08 1.56 2.54
Antecedent Cancer Prior to Incident Sepsis 5.49 <1E-300 5.09 5.93
Age 1.02 0.64 0.95 1.09
Agée’ 1.00 0.41 1.00 1.00
Sex (Male) 1.27 9.56E-11 1.18 1.37
current cigar pipe smoker, former cigarette smoker 1.90 0.011 1.16 3.12
current cigar pipe smoker, not former cigarette smoker 1.81 0.077 0.94 3.49
current cigarette smoker, 10 to <20/day 1.83 1.79E-10 1.52 2.20
current cigarette smoker, 20 to <40/day 2.06 8.23E-14 1.70 2.49
current cigarette smoker, <10/day 1.39 0.047 1.00 1.92
current cigarette smoker, >40/day 3.33 3.65E-05 1.88 5.89
current occasional smoker, smoked cigarettes daily in past, <20/day 1.37 0.19 0.86 2.18
current occasional smoker, smoked cigarettes daily in past, >20/day 1.83 0.01 1.13 2.96
current occasional smoker, smoked cigars or pipes daily in past 0.51 0.50 0.07 3.60
current occasional smoker, smoked >100 cigarettes in lifetime 0.99 0.94 0.70 1.39
former cigarette smoker, <20/day, quit 1-5 year ago 1.14 0.48 0.80 1.63
former cigarette smoker, <20/day, quit 10-20 year ago 1.15 0.27 0.90 1.46
former cigarette smoker, <20/day, quit 5-10 year ago 1.29 0.11 0.94 1.78
former cigarette smoker, <20/day, quit <l year ago 1.90 0.06 0.98 3.65
former cigarette smoker, <20/day, quit >20 year ago 1.08 0.34 0.92 1.26
former cigarette smoker, >20/day, quit 1-5 year ago 2.25 1.07E-13 1.82 2.79
former cigarette smoker, >20/day, quit 10-20 year ago 1.54 7.00E-07 1.30 1.82
former cigarette smoker, >20/day, quit 5-10 year ago 1.64 1.11E-05 1.31 2.04
former cigarette smoker, >20/day, quit <I year ago 2.08 0.0064 1.23 3.53
Jformer cigarette smoker, >20/day, quit >20 year ago 1.25 0.00080 1.10 1.42
former daily cigar pipe smoker 1.23 0.19 0.91 1.66
former occasional cigarette smoker, lifetime cigarette smoking unknown 1.07 0.76 0.70 1.63
former occasional cigarette smoker, smoked <100 cigarettes in lifetime 1.27 0.085 0.97 1.66
former occasional cigarette smoker, smoked >100 cigarettes in lifetime 1.02 0.72 0.90 1.17
Missing smoking 1.55 0.0085 1.12 2.15
BMI (SD) 1.21 7.08E-31 1.17 1.25
Prevalent Type 2 Diabetes Mellitus 1.84 1.75E-16 1.59 2.12
Leukocyte count (SD) 1.31 1.38E-07 1.19 1.45
Lymphocyte count (SD) 0.71 4.57E-07 0.63 0.81
Lymphocyte percentage (SD) 1.12 0.054 1.00 1.27
PCI 0.98 0.18 0.96 1.01
PC2 0.99 0.42 0.97 1.01
PC3 0.99 0.59 0.97 1.02
PC4 0.99 0.37 0.98 1.01
PC5 1.01 0.07 1.00 1.01
PC6 1.01 0.46 0.99 1.03
PC7 0.99 0.23 0.97 1.01
PC8 1.01 0.58 0.99 1.03
PC9 1.00 0.58 0.99 1.01
PC10 1.00 0.61 0.99 1.02

Supplementary Table 7: Sensitivity analysis of incident sepsis association in the UK Biobank
with the addition of a 25-factor smoking covariate, leukocyte count, lymphocyte count and
percentage, BMI, and prevalent type 2 diabetes mellitus. Cox proportional-hazards models are
adjusted for variables listed in the table. Bonferroni correction was used to determine the level of
statistical significance.

BMI = body mass index; CI = confidence interval; HR = hazard ratio; PC = principal
component; SD = standard deviation
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. . . Lower  Upper Cases Controls
Outcome  PoPuation f pople vithcancerprior - Tyseggzeg Cases Comvols iy i
! cl cl (N) mCA (N)
Prevalent Solid Cancer 1.86 0.0097 1.16 2.96 1258 64921 20 521
Incident Solid Cancer Prior to Infection  0.76 0.44 0.38 1.53 1619 51867 10 361
Incident Hematologic Cancer PI‘IOI: to 0.98 088 0.77 125 833 2864 33 312
Sepsi Infection
P Incident Hematologic Cancer and
nci
Prevalent Solid Cancer Prior to Infection 0.94 0.8 0.52 172 144 346 15 63
Any Cancer Prior to Infection  2.82  5.28E-22 2.28 3.48 3575 119106 99 1131
Prevalent Solid Cancer  1.68 0.0057 1.16 2.43 2382 62325 40 480
Incident Solid Cancer Prior to Infection  1.33 0.18 0.87 2.03 2369 49466 24 323
Incident Hematologic Cancer Prior to
Pneumonia Infection 1.19 0.18 0.92 1.54 655 2886 80 300
Incident Hematologic Cancer and
Prevalent Solid Cancer Prior to Infection 173 0.076 0.94 318 19 528 16 33
Any Cancer Prior to Infection 2.26  5.08E-17 1.86 2.73 5295 114149 130 1048

Supplementary Table 8: Sensitivity analysis of incident sepsis and pneumonia association in
the UK Biobank among populations of individuals with different types of cancer prior to incident
infection, where solid cancer is defined as any non-hematologic cancer. Cox proportional-
hazards models with the underlying time scale of time-on-study are adjusted for age, age?, sex,
smoking status, and PC1-10 of ancestry as well as variables listed in the table. Bonferroni
correction was used to determine the level of statistical significance.

CI = confidence interval; HR = hazard ratio; mCA = mosaic chromosomal alteration; N =
number
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Upper

Outcome Adjustment HR P Lower 95%
95% CI
Cl
Chemotherapy 2.39 6.80E-16 1.93 2.65
Neutropenia 1.72  5.79E-07 1.39 1.91
Sepsis Aplastic anemia 2.39  8.06E-16 1.94 2.66
Decreased white blood cell count 1.72  5.79E-07 1.39 1.91
Bone marrow or stem cell transplant 2.59 8.64E-19 2.10 2.88
Effects radiation NOS 2.63  2.65E-19 2.13 2.92
Chemotherapy 1.94  1.00E-11 1.60 2.13
Neutropenia 1.82  8.26E-10 1.50 2.00
Preumonia Aplas.tic anemia 1.91 3.21E-11 1.58 2.10
Decreased white blood cell count 1.82  8.26E-10 1.50 2.00
Bone marrow or stem cell transplant 2.00 9.82E-13 1.65 2.20
Effects radiation NOS 2.04 2.52E-13 1.68 2.24

Supplementary Table 9: Sensitivity analysis of expanded autosomal mCA with incident sepsis
and with pneumonia association in the UK Biobank among those with cancer prior to incident
infection, separately adjusting for chemotherapy, neutropenia, aplastic anemia, decreased white
blood cell count, bone marrow or stem cell transplant, and radiation effects prior to infection (as
defined using the Vanderbilt ICD-10 and ICD-9 phecode groupings'®) in Cox proportional
hazards models. Other covariates in the model included age, age?, sex, smoking status, PC1-10
of ancestry, and several common cancer subtypes (malignant neoplasm, nervous system cancer,
bladder cancer, breast cancer, prostate cancer, cervical cancer, colorectal cancer, lung cancer,
and skin cancer) to adjust for potential differences in the adjustment parameter across different
neoplasms. The summary stats (HR, P-value, 95% CI) reflect those for the expanded autosomal
mCA term in each model. Bonferroni correction was used to determine the level of statistical
significance.

CI = confidence interval; HR = hazard ratio; mCA = mosaic chromosomal alteration; N =
number; NOS = not otherwise specified
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Time since cancer  Case with Incidence Rate Ratio

Discase diagnoses expanded mCA [95% CI] P
Pneumonia >0 90 2.25[1.99, 2.55] <2.2x10716
Pneumonia 0-3 59 1.06 [0.91, 1.22] 0.46
Pneumonia >3 31 2.38[1.85, 3.07] 2.99x101?

Sepsis >0 79 1.57[1.33, 1.84] 4.26x10%
Sepsis 0-3 58 0.870.73, 1.05] 0.14
Sepsis >3 21 2.02[1.42,2.87] 6.08x107

Supplementary Table 10: Differences in incidence rate of post-cancer diagnosis infections by
mCA status. Estimates of confidence interval were calculated by following Ederer and Mantel,
19742, Bonferroni correction was used to determine the level of statistical significance. mCA =
mosaic chromosomal alterations



: Lower 95% Upper 95%

Predictor OR SE Cl Cl P

Expanded Autosomal 152 0.19 1.04 221 3.09E-02
mCAs
Sex: Male 1.36 0.15 1.02 1.83 3.92E-02
Age (per year) .02 0.00 1.01 1.03 1.78E-07
Population: African 1.00 0.30 0.56 1.79 9.96E-01
Population: Hispanic 0.94 0.25 0.57 1.52 7.89E-01
Population:

Other/Unknown 1.04 0.27 0.61 1.79 8.72E-01

Supplementary Table 11: Columbia University Biobank COVID-19 cohort ordinal regression
analysis for expanded autosomal mCAs. The COVID-19 outcome phenotypes are classified into

three ordinal categories: mild (non-hospitalized; WHO stage 1-3), moderate (requiring

hospitalization, WHO stage 4-6), and severe (death or intubation; WHO stage 7-10) cases. The
model is adjusted for age, sex, and self-reported ancestry. Bonferroni correction was used to
determine the level of statistical significance.

OR = Odds Ratio, SE = Standard Error, CI = Confidence Interval.
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Models N  Severe  Moderate  Mild  OR SE 9%5?’/1:}2:[ 9(.?07/[: (ZI P
Original model 871 379 440 52 .52 0.19 1.04 2.21 3.09E-02
Cancer adjustment 871 379 440 52 .51  0.19 1.04 2.21 3.15E-02
Cancer interaction 871 379 440 52 1.51  0.23 0.97 2.35 7.12E-02
Cancer exclusion 650 277 335 38 1.50 0.23 0.96 2.35 7.40E-02

Supplementary Table 12: Sensitivity analysis of cancers and COVID-19 association in the
Columbia University Biobank COVID-19 cohort. The COVID-19 outcome phenotypes are
classified into three ordinal categories: mild (non-hospitalized; WHO stage 1-3), moderate
(requiring hospitalization; WHO stage 4-6), and severe (death or intubation; WHO stage 7-10)
cases. The original model is ordinal logistic regression analysis for expanded autosomal mCAs
with adjustment for age, sex, and self-reported ancestry. In addition to the original model, the
cancer adjustment model incorporates cancer status as a covariate and the cancer interaction
model is further adjusted for interaction between cancer status and mCA. The cancer exclusion
model is the original model performed on a subset of individuals excluding 221 patients with any
cancers. Bonferroni correction was used to determine the level of statistical significance. OR =

Odds Ratio, SE = Standard Error, CI = Confidence Interval.
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y OR P Lower  Upper TP53 TP53 mCA cases mCA

95%CI  95% rs78378222 G rs78378222 G with TP53  controls with

Ccl Carriers (N) WT (N) variant (N) ~ TP53 variant
AnymCA4 | 153  7.17E-50 1.45 1.62 9421 432822 1985 72]\26
Expanded mC4 | 1.85  4.23E-28 1.66 2.06 7867 381035 431 7436
Autosomal mCA | 1.17 0.0033 1.05 1.31 9421 432822 393 9028
Expanded Autosomal mCA | 1.51 0.00031 1.21 1.88 7526 372014 90 7436
ChrXmCA4 | 1.31 5.08E-06 1.17 1.48 4995 233601 349 4646
Expanded ChrXmCA | 2.26 0.0038 1.30 3.92 4501 215356 22 4479
ChrYmCA4 | 1.79  8.81E-56 1.66 1.92 4426 199221 1348 3078
Expanded ChrY mCA | 2.03 1.33E-27 1.79 2.31 3284 162944 327 2957

Thompson et al. mLOY | 1.77  1.40E-70 1.65 1.88

Supplementary Table 14: Association of TP53 rs78378222 G with mCAs across the genome.

Logistic regression model was used among unrelated individuals adjusting for age, age2, sex,

PC1-10 of genetic ancestry, and genotyping array. Bonferroni correction was used to determine
the level of statistical significance.
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Paruchuri MD**’, Chen Wang PhD3°, Md Mesbah Uddin PhD??, Yixuan Ye BS!, Zhaolong Yu BS!, Xiaoxi Liu
PhD'°, Yoichiro Kamatani PhD!°, Romit Bhattacharya MD?, James P. Pirruccello MD?**7, Akhil Pampana MS%3,
Po-Ru Loh PhD?’7, Puja Kohli MD MMSc!!!2, Steven A. McCarroll PhD'*!*, Krzysztof Kiryluk MD MS®15,
Benjamin Neale PhD'>!6, Tuliana Ionita-Laza PhD?, Eric A. Engels MD MPH'?, Derek W. Brown PhD*, Jordan W.
Smoller MD ScD!>!31° Robert Green MD MPH?7'4 Elizabeth W. Karlson MD MS”?°, Matthew Lebo PhD?!22,
Patrick T. Ellinor MD PhD?*37, Scott T. Weiss MD MS’2*, Mark J. Daly®, Chikashi Terao MD PhD!%?%25 Hongyu
Zhao PhD'?%, Benjamin L. Ebert MD PhD?*?72¢, Muredach P Reilly MB MSCE'>?°, Andrea Ganna PhD%!62,
Mitchell J. Machiela ScD MPH#*, Giulio Genovese PhD#>!3!4, Pradeep Natarajan MD MMSc#>>’

Computational Biology & Bioinformatics Program, Yale University, New Haven, CT, USA

Medical and Population Genetics and Cardiovascular Disease Initiative, Broad Institute of Harvard and MIT, Cambridge, MA, USA
Cardiovascular Research Center, Massachusetts General Hospital, Boston, MA, USA

Integrative Tumor Epidemiology Branch, Division of Cancer Epidemiology and Genetics, National Cancer Institute, Rockville, MD , USA
Division of Genetic Medicine, Department of Medicine, Vanderbilt University Medical Center, Nashville, TN, USA

Institute for Molecular Medicine Finland, Helsinki, Finland

Department of Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, USA

Department of Biostatistics, Mailman School of Public Health, Columbia University, New York City, NY, USA

Division of Nephrology, Department of Medicine, Vagelos College of Physicians and Surgeons, Columbia University, New York City, NY,

0. Laboratory for Statistical and Translational Genetics, RIKEN Center for Integrative Medical Sciences, RIKEN, Yokohama, Japan

1. Division of Pulmonary and Critical Care Medicine, Brigham and Women's Hospital and Harvard Medical School, Boston, MA, USA

2. Vertex Pharmaceuticals, Boston, MA, USA

3. Stanley Center, Broad Institute of Harvard and MIT, Cambridge, MA, USA

4. Department of Genetics, Harvard Medical School, Boston, MA, USA

5. Trving Institute for Clinical and Translational Research, Columbia University, New York City, NY, USA

6. Analytic and Translational Genetics Unit, Massachusetts General Hospital, Boston, MA, USA

7. Infections and Immunoepidemiology Branch, Division of Cancer Epidemiology and Genetics, National Cancer Institute, Rockville, MD,

8. Center for Genomic Medicine, Massachusetts General Hospital, Boston, MA, USA

9. Department of Psychiatry, Harvard Medical School, Boston, MA, USA

0. Division of Rheumatology, Inflammation and Immunity, Brigham and Women’s Hospital, Boston, MA, USA

1. Department of Pathology, Brigham and Women's Hospital and Harvard Medical School, Boston, MA, USA

2. Laboratory for Molecular Medicine, Partners Healthcare, Cambridge, MA, USA

3. Channing Division of Network Medicine, Brigham and Women's Hospital, Boston, MA, USA

4. Clinical Research Center, Shizuoka General Hospital, Shizuoka, Japan

5. The Department of Applied Genetics, The School of Pharmaceutical Sciences, University of Shizuoka, Shizuoka, Japan
6. Department of Biostatistics, Yale School of Public Health, New Haven, CT, USA

7. Department of Medical Oncology, Dana-Farber Cancer Institute, Boston, MA, USA

8. Howard Hughes Medical Institute, Boston, MA, USA

9. Division of Cardiology, Department of Medicine, Vagelos College of Physicians and Surgeons, Columbia University, New York City, NY,

Biobank Japan members:

Satoshi Koyama!, Kaoru Ito!, Yukihide Momozawa?, Koichi Matsuda®*, Yuji Yamanashi®, Yoichi Furukawa®,
Takayuki Morisaki’, Yoshinori Murakami®, Kaori Muto®, Akiko Nagai®, Wataru Obara'®, Ken Yamaji'!, Kazuhisa
Takahashi'?, Satoshi Asai'®, Yasuo Takahashi'4, Takao Suzuki'>, Nobuaki Sinozaki'®, Hiroki Yamaguchi'®, Shiro
Minami!”, Shigeo Murayama'®, Kozo Yoshimori'®, Satoshi Nagayama?’, Daisuke Obata?!, Masahiko Higashiyama??,
Akihide Masumoto??, Yukihiro Koretsune?*

Laboratory for Cardiovascular Genomics and Informatics, RIKEN Center for Integrative Medical Sciences,
Yokohama, Japan.

2Laboratory for Genotyping Development, RIKEN Center for Integrative Medical Sciences, Yokohama, Japan.
3Laboratory of Genome Technology, Human Genome Center, Institute of Medical Science, The University of
Tokyo, Tokyo, Japan.

“Laboratory of Clinical Genome Sequencing, Graduate School of Frontier Sciences, The University of Tokyo,
Tokyo, Japan.

Division of Genetics, The Institute of Medical Science, The University of Tokyo, Tokyo, Japan.

36



®Division of Clinical Genome Research, Institute of Medical Science, The University of Tokyo, Tokyo, Japan.
"Division of Molecular Pathology IMSUT Hospital, Department of Internal Medicine Project Division of Genomic
Medicine and Disease Prevention, The Institute of Medical Science The University of Tokyo, Tokyo, Japan.
8Department of Cancer Biology, Institute of Medical Science, The University of Tokyo, Tokyo, Japan.
°Department of Public Policy, Institute of Medical Science, The University of Tokyo, Tokyo, Japan.

%Department of Urology, Iwate Medical University, Iwate, Japan.

Department of Internal Medicine and Rheumatology, Juntendo University Graduate School of Medicine, Tokyo,
Japan.

2Department of Respiratory Medicine, Juntendo University Graduate School of Medicine, Tokyo, Japan.
B3Division of Pharmacology, Department of Biomedical Science, Nihon University School of Medicine, Tokyo,
Japan.

“Division of Genomic Epidemiology and Clinical Trials, Clinical Trials Research Center, Nihon University School
of Medicine, Tokyo, Japan.

5Tokushukai Group, Tokyo, Japan.

$Departmentof Hematology, Nippon Medical School, Tokyo, Japan.

"Department of Bioregulation, Nippon Medical School, Kawasaki, Japan.

¥Tokyo Metropolitan Geriatric Hospital and Institute of Gerontology, Tokyo, Japan.

Fukujuji Hospital, Japan Anti-Tuberculosis Association, Tokyo, Japan.

2The Cancer Institute Hospital of the Japanese Foundation for Cancer Research, Tokyo, Japan.

2 Center for Clinical Research and Advanced Medicine, Shiga University of Medical Science, Shiga, Japan.
2Department of General Thoracic Surgery, Osaka International Cancer Institute, Osaka, Japan.

BIIZUKA HOSPITAL, Fukuoka,Japan.

2*National Hospital Organization Osaka National Hospital, Osaka, Japan.

FinnGen members:

Aarno Palotie!, Adam Ziemann?, Adele Mitchell’, Adriana Huertas-Vazquez*, Aino Salminen’, Airi Jussila®,
Aki Havulinna', Alex Mackay’, Ali Abbasi’, Amanda Elliott®, Amy Cole’, Anastasia Shcherban', Anders
Milarstig'’, Andrea Ganna'!, Andrey Loboda*, Anna Podgornaia®, Anne Lehtonen?, Anne Pitkiiranta'!, Anne
Remes'?, Annika Auranen'3, Antti Hakanen'¥, Antti Palomiki'®, Anu Jalanko', Anu Loukola'!, Aparna
Chhibber*, Apinya Lertratanakul®, Arto Lehisto', Arto Mannermaa'®, Asa Hedman'®, Audrey Chu!’, Aviv
Madar®, Awaisa Ghazal!, Benjamin Challis’, Benjamin Sun?, Beryl Cummings'®, Bridget Riley-Gillis?, Bridget
Riley-Gills?, Caroline Fox*, Chia-Yen Chen®, Clarence Wang'®, Clement Chatelain'®, Daniel Gordin’,
Danjuma Quarless?, Danny Oh*, David Choy?’, David Close’, David Pulford'’, David Rice’, Dawn
Waterworth?!, Deepak Raipal'®, Deepak Rajpal'®, Denis Baird®, Dhanaprakash Jambulingam??, Diana Chang?’,
Diptee Kulkarni!”, Dirk Paul’, Dongyu Liu'’, Edmond Teng?’, Eero Punkka'!, Eeva Ekholm'*, Eeva
Kangasniemi?’, Eija Laakkonen?*, Eleonor Wigmore’, Elina Jirvensivu®’, Elina Kilpeldinen', Elisabeth
Widen!, Ellen Tsai®, Elmutaz Mohammed?®, Erich Strauss?, Erika Kvikstad®®, Esa Pitkénen!, Essi Kaiharju?,
Ethan Xu'®, Fanli Xu'”, Fedik Rahimov?, Felix Vaura?’, Franck Auge'’, Georg Brein'!, Glenda Lassi’, Graham
Heap?, Hannele Laivuori!, Hannele Mattsson?’, Hannele Uusitalo-Jirvinen®, Hannu Kankaanranta®, Hannu
Uusitalo®, Hao Chen®®, Harri Siirtola?®, Heikki Joensuu®, Heiko Runz’, Heli Lehtonen'?, Henrike Heyne!,
Hilkka Soininen?’, Howard Jacob?, Hubert Chen?’, Huei-Yi Shen', Huilei Xu’, Iida Vihitalo®®, Tlkka Kalliala®,
Toanna Tachmazidou’, Jaakko Kaprio®’, Jaakko Parkkinen'?, Jaison Jacob’, Janet Kumar'’, Janet van
Adelsberg?®, Jari Laukkanen®!, Jarmo Ritari*?, Javier Garcia-Tabuenca®®, Javier Gracia-Tabuenca®®, Jeffrey
Waring?, Jennifer Schutzman®, Jimmy Liu!”, Jiwoo Lee®, Joanna Betts!”, Joel Rimé', Johanna Huhtakangas'?,
Johanna Mikela*?, Johanna Mattson’, Johanna Schleutker*, Johannes Kettunen®>, John Eicher'”, Jonas Zierer’,
Jonathan Chung’, Joni A Turunen’, Jorge Esparza Gordillo'”, Joseph Maranville?®, Juha Karjalainen®, Juha
Mehtonen', Juha Rinne'®, Juha Sinisalo’, Juhani Junttila*®, Jukka Koskela®, Jukka Partanen®, Jukka Peltola®,
Julie Hunkapiller®, Jussi Pihlajamiki?’, Justin Wade?, Juulia Partanen', Kaarin Mikikallio'’, Kai
Kaarniranta®, Kaisa Tasanen'?, Kaj Metsirinne'>, Kalle Pérn!, Karen S King'’, Kari Eklund’, Kari Linden'®,
Kari Nieminen®, Katariina Hannula-Jouppi®, Katherine Call'®, Katherine Klinger'®, Kati Donner', Kati
Hyvirinen*, Kati Kristiansson®®, Katja Kivinen!, Katri Kaukinen®, Katri Pylkis®’, Katrina de Lange’, Keith
Usiskin?®, Kimmo Palin®®, Kirill Shkura?, Kirsi Auro!’, Kirsi Kalpala'®, Kirsi Sipild'%, Klaus Elenius'®, Kristin

37



Tsuo®, L. Elisa Lahtela!, Laura Addis'’, Laura Huilaja'?, Laura Kotaniemi-Talonen®, Laura Mustaniemi*’,
Laura Pirild!3, Laure Morin-Papunen'?, Lauri Aaltonen’®, Leena Koulu', Liisa Suominen®, Lila Kallio'#, Linda
McCarthy'’, Liu Aoxing', Lotta Minnikk&®®, Maen Obeidat’, Manuel Rivas*’, Marco Hautalahti*’, Margit
Pelkonen?, Mari Kaunisto!, Mari E Niemi!, Maria Siponen?, Marika Crohns'®, Marita Kalaoja®’, Marja
Luodonpii!?, Marja Viiridsmiki'?, Marja-Riitta Taskinen’, Marjo Tuppurainen®’, Mark Daly', Mark
McCarthy?’, Markku Laakso®’, Markku Laukkanen®, Markku Voutilainen'®, Markus Juonala'®, Markus
Perola, Marla Hochfeld?®, Martti Farkkild’, Mary Pat Reeve!, Masahiro Kanai*', Matt Brauer'®, Matthias
Gossel'?, Matti Peura', Meg Ehm!’, Melissa Miller'’, Mengzhen Liu?, Mervi Aavikko!, Miika Koskinen'!,
Mika Helminen?®, Mika Kéhonen®, Mikko Arvas®®, Mikko Hiltunen?’, Mikko Kiviniemi?’, Minal Caliskan®,
Minna Karjalainen®’, Minna Raivio®, Mirkka Koivusalo®, Mitja Kurki®, Mutaamba Maasha*!, Nan Bing'?,
Natalie Bowers?’, Neha Raghavan®*, Nicole Renaud’, Niko Vilimiki*®, Nina Hautala!?, Nina Mars*?, Nina
Pitkinen'*, Nizar Smaoui?, Oili Kaipiainen-Seppénen?’, Olli Carpén'!, Oluwaseun A. Dada!, Onuralp
Soylemez*, Oskari Heikinheimo®, Outi Tuovila**, Outi Uimari'?, Padhraig Gormley'’, Pdivi Auvinen?®’, Piivi
Laiho®, Piivi Méntyld%, Piivi Polo'®, Paola Bronson®, Paula Kauppi®, Peeter Karihtala'?, Pekka Nieminen,
Pentti Tienari®, Petri Virolainen'*, Pia Isomiki®, Pietro Della Briotta Parolo', Pirkko Pussinen’, Priit Palta',
Raimo Pakkanen*’, Raisa Serpi**, Rajashree Mishra!’, Reetta Hinttala**, Reetta Kilvidinen?, Regis Wong?’,
Relja Popovic?, Richard Siegel’, Riitta Lahesmaa'’, Risto Kajanne!, Robert Graham'®, Robert Plenge*’, Robert
Yang?!, Roosa Kallionp#i'®, Ruoyu Tian®, Russell Miller!®, Sahar Esmaeeli?, Saila Kauppila'?, Sally John?,
Sami Heikkinen*®, Sami Koskelainen?®, Samir Wadhawan?®, Sampsa Pikkarainen®, Samuel Heron??, Samuli
Ripatti*, Sanna Seitsonen®, Sanni Lahdenper®, Sanni Ruotsalainen!, Sarah Pendergrass®’, Sarah Smith®’,
Sauli Vuoti'®, Shabbeer Hassan!, Shameek Biswas*’, Shuang Luo', Sina Riieger!, Sini Lihteenmiki®®, Sirkku
Peltonen'>, Sirpa Soini*’, Slavé Petrovski’, Soumitra Ghosh!”, Stefan McDonough!?, Stephanie Loomis?,
Steven Greenberg?®, Susan Eaton®, Susanna Lemmeli!, Tai-He Xia'®, Tarja Laitinen?’, Taru Tukiainen', Teea
Salmi®, Teemu Niiranen®’, Teemu Paajanen?, Teijo Kuopio®!, Terhi Kilpi?*, Terhi Ollila’, Tero Hiekkalinna?,
Tero Jyrhimi!, Terttu Harju'?, Tiina Luukkaala®®, Tiinamaija Tuomi®, Tim Behrens'®, Tim Lu*’, Timo
Blomster'?, Timo P. Sipild', Tom Southerington®’, Tomi M#keld*’, Tuomo Kiiskinen', Tuomo Mantere**,
Tuomo Meretoja’, Tushar Bhangale*, Tuula Salo®, Tuuli Sistonen®®, Ulla Palotie®, Ulvi Gursoy'®, Urho
Kujala®!, Valtteri Julkunen?’, Veikko Salomaa®’, Veli-Matti Kosma'®, Venkat Subramaniam Rathinakannan
Venla Kurra®, Vesa Aaltonen'’, Victor Neduva*, Vincent Llorens', Vishal Sinha'!, Vuokko Anttonen'?, Wei
Zhou*!, Wilco Fleuren®!, Xing Chen!®, Xinli Hu'’, Ying Wu'®, Yunfeng Huang®

22

B

nstitute for Molecular Medicine Finland, HiLIFE, University of Helsinki, Finland

2Abbvie, Chicago, IL, United States

3Biogen, Cambridge, MA, United States

“Merck, Kenilworth, NJ, United States

SHospital District of Helsinki and Uusimaa, Helsinki, Finland

Spirkanmaa Hospital District, Tampere, Finland

" Astra Zeneca, Cambridge, United Kingdom

8Institute for Molecular Medicine Finland, HiLIFE, University of Helsinki, Finland / Broad Institute,
Cambridge, MA, United States

Novartis, Basel, Switzerland

10pfizer, New York, NY, United States

"Helsinki Biobank / Helsinki University and Hospital District of Helsinki and Uusimaa, Helsinki
2Northern Ostrobothnia Hospital District, Oulu, Finland

B3Pirkanmaa Hospital District , Tampere, Finland

14 Auria Biobank / University of Turku / Hospital District of Southwest Finland, Turku, Finland
SHospital District of Southwest Finland, Turku, Finland

1Biobank of Eastern Finland / University of Eastern Finland / Northern Savo Hospital District, Kuopio,
Finland

GlaxoSmithKline, Brentford, United Kingdom

¥Maze Therapeutics, San Francisco, CA, United States

19Sanofi, Paris, France

2Genentech, San Francisco, CA, United States

38



2! Janssen Biotech, Beerse, Belgium

2University of Turku, Turku, Finland

BFinnish Clinical Biobank Tampere / University of Tampere / Pirkanmaa Hospital District, Tampere, Finland
XUniversity of Jyviskyld, Jyviskyld, Finland

ZTHL Biobank / The National Institute of Health and Welfare Helsinki, Finland

2%Celgene, Summit, NJ, United States/ Bristol Myers Squibb, New York, NY, United States

2’The National Institute of Health and Welfare Helsinki, Finland

2University of Tampere, Tampere, Finland

2Northern Savo Hospital District, Kuopio, Finland

3nstitute for Molecular Medicine Finland, HiLIFE, Helsinki, Finland, Finland

3!Central Finland Biobank / University of Jyviskyld / Central Finland Health Care District, Jyviskyld, Finland
3Finnish Red Cross Blood Service, Helsinki, Finland

3Finnish Clinical Biobank Tampere, University of Tampere, Pirkanmaa Hospital District, Tampere, Finland
34 Auria Biobank / Univ. of Turku / Hospital District of Southwest Finland, Turku, Finland

35Northern Finland Biobank Borealis, University of Oulu, Northern Ostrobothnia Hospital District, Oulu,
Finland

3®Finnish Red Cross Blood Service / Finnish Hematology Registry and Clinical Biobank, Helsinki, Finland
3"University of Oulu, Oulu, Finland

38University of Helsinki, Helsinki, Finland

3Finnish biobank cooperative, Turku, Finland

“0University of Stanford, Stanford, CA, United States

“IBroad Institute, Cambridge, MA, United States

“Institute for Molecular Medicine Finland, HiLIFE, Helsinki, Finland

“’Business Finland, Helsinki, Finland

“Northern Finland Biobank Borealis / University of Oulu / Northern Ostrobothnia Hospital District, Oulu,
Finland

4Celgene, Summit, NJ, United States/Bristol Myers Squibb, New York, NY, United States

4University of Eastern Finland, Kuopio, Finland

“THiLIFE, University of Helsinki, Finland, Finland

39



References:

1. Thompson, D.J., et al. Genetic predisposition to mosaic Y chromosome loss in blood.
Nature 575, 652-657 (2019).
2. Ederer, F. & Mantel, N. Confidence limits on the ratio of two Poisson variables. Am J

Epidemiol 100, 165-167 (1974).

40





