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Figure 15. Genome view of single nucleotide polymorphisms or associated genes in gender-specific
associations based on P values

Figure 16. Genome view of single nucleotide polymorphisms or associated genes in gender-specific
associations based on effect size
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When we ranked the results by their effect size, the largest effect size (OR) was
15.7 (HLA-DQAL; rs12722042) (Table 18). Strength of the association was remarkably
high (ORjnteraction > 10.0) for nine SNPs. The top two associations were from the HLA-
DQA1 gene with SNPs (rs12722042 and 12722039), which were correlated.
Chromosome 2 and chromosome 6 yielded the maximum number of associations, 15 and
13, respectively (Figure 16). There were sets of SNPs from these regions that were
correlated with one another (Appendix Table 4). ADAM28, at chromosome 8, showed the
maximum number of associations (rs11992342, rs7829965, rs36041430), however,
correlated. Around 50% of identified variants were from intergenic regions (regions
between genes). Appendix Table 5 shows results for the top one hundred gender-specific

associations based on the highest effect size.
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Table 18. SNPs showed gender-specific associations in childhood ALL risk with the highest effect sizes (OR > 10; P value < 0.05)

Minor allele
frequency
SNP Gene/region Chr' | Minor Feature Males | Females | OR,je (95% CD* | P value** P valu.e "
allele (permutation)
rs12722042 HLA-DQA1 6 G coding 0.07 0.005 15.68 (2.03 - 121.2) 0.008 0.001
rs12722039 HLA-DQA1 6 A coding 0.07 0.005 14.87 (1.94 - 114.0) 0.009 0.002
rs11992342 ADAM28 8 T intron 0.07 0.005 14.73 (1.92 - 113.9) 0.01 0.001
rs80040922 UMODL1 21 A coding 0.06 0.005 13.68 (1.77 - 105.6) 0.01 0.004
rs61753605 | LOC100996481 6 C coding 0.06 0.005 13.38 (1.73 - 103.3) 0.01 0.004
rs35665085 CECR5 22 A coding 0.06 0.005 12.64 (1.63 - 98.00) 0.02 0.006
rs143021649 CNTN3 3 T coding 0.06 0.005 11.62 (1.49 - 90.58) 0.02 0.009
rs6795524 PROSL 3 G intron 0.05 0.005 10.63 (1.36 - 83.31) 0.02 0.006
rs10003468 4q28.1 4 C intergenic 0.05 0.005 10.63 (1.36 - 83.31) 0.02 0.005

*ORinteraction Per allele (ORyyere) for the additive model; **P value adjusted for genomic control; 'Chr = Chromosome; SNP = single nucleotide
polymorphism; "'P value permutation = point wise P value from maxT permutation analysis after 10,000 permutation
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Top ranking results based on the effect size showed associations with more
missense (resulting in amino acid changes) variations than the results based on the P
values (29 vs 2) (Appendix Table 6 and Table7). Thus, OR-based top ranking results
were enriched for missense and/or highly functional SNPs. These missense SNP
associations with high effect sizes and obvious functional effects on protein structure
suggest that most of these variants may be causative rather than indirect associations. We
performed bioinformatic analyses to examine functionality of all gender-specific markers.
The aim was to check whether these markers were direct or indirect associations with
childhood ALL risk. Two main databases (RegulomeDB and F-SNP, explained in
Chapter 4) were used to obtain functional score of markers. Bioinformatic analyses of
these SNPs yielded high levels of functionality by at least one algorithm for 13 SNPs
based on the P value, and for 25 SNPs based on the effect size (Appendix Table 6 and
Table7). Two SNPs, rs8106959 and rs739924, scored 1f for results based on the P value.
The SNP rs739924 also scored one for F-SNP. Likewise, one SNP (rs6929434) scored 1b
and four SNPs (rs12722042, rs3847262, rs11751765 and rs130069) scored > 0.75 by F-
SNP database. We also performed bioinformatic analysis of SNPs which were not
included in the GWAS chip but were highly correlated with gender-specific markers
(Appendix Table 6 and Table7). Results are only provided if a correlated SNP showed a
much higher score, by bioinformatic analysis, than associated SNP. Several associated
SNPs showed correlation with multiple functional variants. The SNP rs9913430 scored

1a, as the most credible
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functional variants for results based on the P value. Moreover, two SNPs scored 1d
(rs9314355 and rs7224979) and two SNPs (rs10413852 and rs1275051) scored 1f for
results based on the P values. For results based on the effect size one SNP (rs12349952)
scored 1f. We also performed empirical data screening to complement bioinformatics
assessment (Appendix Table 8). When we screened existing experimental data, using
SCAN, only eleven SNPs (results based on the P value) and one SNP (results based on
the effect size) showed substantial effects on regulation of several genes in the non-
Hispanic population.

The SNPnexus database provided information from the GWAS catalogue and the
Catalogue of Somatic Mutations in Cancer (COSMIC). A total of five SNPs (rs552976,
1$563694, rs560887, rs12940887 and rs9305777) previously showed associations with
other diseases and traits (Appendix Table 9). Interestingly three SNPs (rs552976,
r$563694 and rs560887) were located in the same gene (G6PC2). All of these three
associated SNPs were associated with glucose-related traits. The SNP rs12940887
showed an association with blood pressure level and rs9305777 was associated with
platelet aggregation. The COSMIC database showed three SNPs (rs61753605,
r$35693261 and rs4645656), which may cause functional changes that are advantageous
for cancer occurrence and/or progression. The SNP rs61753605 showed associations with
two cancer sites (breast cancer and prostate cancer). However, the SNP, 135693261, may
increase the risk of intestinal cancer and rs4645656 may increase the chance of stomach
cancer. These are somatic mutations. Somatic mutations in cancer cells may be drivers
(causing or helping progression of cancer) or passengers (just the results of random

events). All somatic mutations were associations from the highest effect sizes from
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gender-specific associations. A total of seven SNPs were located in the transcription
factor binding sites. The transcription factor binding sites are mostly located within the
promoter region of genes, and may initiate gene function. Thus, SNPs located in these
regions may have more regulatory functional effects.

The CTD was used to examine associated genes for their interactions with
environmental exposures, such as carcinogens. A list of gender-specific genes
accompanied by their interacting chemicals and appropriate references can be found in
the appendix (Table 10 & Table 11). Nearly all genes have shown substantial potential
with chemical interactions in humans and animal models. The most common
environmental interactions were with vehicle emissions (benzene, 2,6-dinitrotoluene,
ozone), drugs (acetaminophen), tobacco smoke (benzo(a)pyrene, benzo(a)pyrene diol
epoxide, nicotine), poly aromatic hydrocarbons (PAH) (benzo(a)pyrene), food cooked on
the barbecue (benzo(a)pyrene, benzo(a)pyrene diol epoxide), pesticides (fonofos,
parathion, terbufos, methoxychlor, chlorpyrifos), polychlorinated biphenyls, bisphenol A,
formaldehyde and hormones (estrogen, progesterone and testosterone). Most of these
environmental chemicals are ubiquitous and classified as class 1 (benzene,
benzo(a)pyrene, benzo(a)pyrene diol epoxide tetrachlorodibenzodioxin, aflatoxin B1,
formaldehyde, asbestos, arsenic, nicotine and estradiol) and class 2 (progesterone,
polychlorinated biphenyls, ethanol) carcinogens by International Agency for Research on
Cancer (IARC)"'. Some of these chemicals also act as teratogens, such as alcohol,
tobacco smoke, lead, mercury, benzene, benzo(a)pyrene, estradiol, progesterone, arsenic,
pesticides and formaldehyde, and may affect disease susceptibility in utero. There are

few examples of gene-environment interaction and childhood ALL risk. Most of these
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environmental exposures have not yet been properly evaluated in childhood ALL risk.
Several studies have found that exposure to these environmental pollutants, such as
pesticides, benzene, tobacco smoke, formaldehyde and polychlorinated biphenyls,
specifically during pregnancy, can increase risk of hematopoietic cancers including
childhood ALL"*"® however, these results are not robust and confirmed ones. Gene-
environment interaction with gender-specificity may unravel some environmental risk
factors and increased childhood ALL risk. Studies have also unraveled gender-specificity

in chemical exposures and metabolisms'® "%,

5.3.2. Results of age-specific associations

As in gender-specific associations, the additive genetic model was used to
compare genotype distributions between two age groups, and results were adjusted for
population stratification using the genomic control method. A Q-Q plot (Figure 17) was
used to explore systematic errors in the age-specific associations. The adjusted results
again yielded a genomic inflation factor one for age-specific association. Again, inflation

factor one ruling out confounding by cryptic population stratification.
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A: Q-Q plot for age-specific analysis unadjusted and before QC

Observed —log;, (p)

Expected -log;o (p)

B: Q-Q plot for age-specific analysis adjusted for GC and after QC
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Figure 17. Q-Q plot for age-specific association analysis for childhood ALL risk
The x-axis represents expected P value on logarithm scale (genomic control), and the y-axis represents
observed P value on logarithm scale (GC); A: Q-Q plot unadjusted for GC and observed before QC B: Q-Q

plot adjusted for genomic control and observed after QC.
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A total of ten SNPs showed statistically highly significant age-specific
associations (P value < 1 x 10™), and the lowest P value was 9.84 x 10 (SOX5;
rs10505918) (Table 19). Among the top one hundred associations (Appendix Table 12),
chromosome 14 yielded the maximum number of results (Figure 18), some SNPs being in
correlation with one another (Appendix Table 13). All three polymorphisms (rs8021355,
rs7144565 and rs2274068) at RALGAPAL (chromosome 11) were perfectly correlated.
Several other genomic loci, such as 2p24.3, 5q14.2, 16q22.2 and 21g21.3, also showed
multiple associations, but few variants (rs377621 and rs16979806; rs6739633 and
rs1521244) at these loci were correlated.

When results were ranked by their effect size, the largest effect size was 12.5
(D101, rs17109582) (Table 20 and Appendix Table 14). A total of 4 SNPs have shown
high effect sizes (ORinteraction > 10, all with P < 0.05). The maximum number of age-
specific association (12 associations) was observed at chromosome 2 and chromosome 6

(Figure 19). Some of these associations were correlated (Appendix Table 15).
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Table 19. SNPs showed age-specific associations in childhood ALL risk at the significance level <1 x 10

Minor allele
frequency
SNP Gene/region | Chr' Minor Feature 1-5y | 6-10y | ORyjere (95% CD)* P value** P value
allele allete (permutation)’”

rs10505918 SOX5 12 A intron 042 | 0.19 3.15(1.90-5.24) | 9.84x 10 1x10*
rs11997355 8q21.11 8 T intergenic | 0.05 0.19 0.22(0.11-0.44) | 2.74x 10 1x10*
rs2388773 16q12.2 16 C intergenic | 0.14 | 0.35 0.35(0.21-0.57) | 3.78x 10" 1x10*
rs665159 CHRM3 1 T intron 0.55 0.33 2.46(1.58-3.84) | 7.42x 10 2x10*
rs3954950 9p24.2 9 T intergenic | 024 | 043 0.38(0.24-0.62) | 7.77x 10 1x10*
rs7818844 8pl2 T intergenic | 0.40 | 0.60 0.38(0.23-0.61) | 7.86x 10 1x10*
rs6972158 NPSR1 7 G intron 034 | 0.14 | 3.03(1.74-525) | 830x10™ 1x10™
rs7320982 8pl2 13 C intergenic | 0.19 | 038 | 0.39(0.24-0.62) | 8.33x10™ 1x10™
rs7583258 2q22.3 2 G intergenic | 0.09 | 024 | 0.29(0.16-0.54) | 8.79x10% 2x10*
rs1882591 16q12.2 16 G intergenic | 022 | 042 | 0.42(0.27-0.64) | 9.60x 10 2x10™

*ORnteraction Per allele (ORyyee) for the additive model; **P value adjusted for genomic control; "Chr = Chromosome, SNP = single nucleotide
polymorphism; "'P value permutation = point wise P value from maxT permutation analysis after 10,000 permutation
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Figure 18. Genome view of single nucleotide polymorphisms or associated genes in age-specific
associations based on P values
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Figure 19. Genome view of single nucleotide polymorphisms or associated genes in age-specific
associations based on effect size
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Table 20. SNPs showed age-specific associations in childhood ALL risk with the highest effect sizes (OR > 9; P value <

0.05)
Minor allele
frequency
SNP Gene/region | Chr' | Minor | Feature | 1-5y | 6-10y | ORallele (95% CI)* | P value** P value
allele (permutation)’”
rs17109582 DIO1 1 C intron 0.09 | 0.007 12.46 (1.67 - 93.01) 0.01 0.006
rs7304215 | TMEM132D 12 G intron 0.07 | 0.007 11.25 (1.47 - 85.90) 0.02 0.01
rs10999147 AIFM2 10 G coding 0.07 | 0.007 10.89 (1.43 - 83.02) 0.02 0.01
rs7330286 13q33.2 13 T intergenic | 0.07 | 0.007 10.01 (1.33 - 75.63) 0.03 0.01
rs41309927 SEC23B 20 A coding 0.07 | 0.007 9.70 (1.28 - 73.39) 0.03 0.02
rs36086854 CFAP99 4 A coding 0.06 | 0.007 9.42 (1.23 - 72.26) 0.03 0.02
rs17409162 ANOI10 3 A coding 0.06 | 0.007 9.24 (1.20 - 71.06) 0.03 0.02
rs13129052 4pl6.3 4 G intron 0.06 | 0.007 9.24 (1.20 - 71.06) 0.03 0.02

*ORinteraction per allele (OR 1) for the additive model; **P value adjusted for genomic control; "Chr = Chromosome, SNP = single nucleotide
polymorphism; "'P value permutation = point wise P value from maxT permutation analysis after 10,000 permutation
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The Manhattan plot (Figure 20) was generated to visualize the data. Like gender-
specific associations, this study yielded several risk markers which may increase the risk

of ALL in a specific age group.
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Figure 20. Manhattan plot for age-specific association analysis for childhood acute lymphoblastic
leukemia risk

The x-axis represents position on each chromosome and the y-axis shows the P value on logarithm scale
from the additive genetic model

Like gender-specific associations, results based on the effect size again showed
associations with more missense (resulting in amino acid change) variations than results
based on the P value (24 vs 6), including correlated variants (Appendix Table 16 and
Table 17). One SNP, rs75411676, results based on effect size, also showed a nonsense
variation. Nonsense variation is the most severe change, as it prematurely stops protein
formation. RegulomeDB and F-SNP (explained in Chapter 4) were assessed the
functionality of all age-specific markers. All six missense variations, results based on P

value, showed benign/tolerable effect in resulting protein formation. Four SNPs
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(rs2101919, rs237318, 156883 and rs6972158) were located in transcription factor
binding sites, and may affect gene regulation, as they have more chance of regulatory
effect (Appendix Table 16 and Table 17). A total of 24 SNPs (RegulomeDB < 3a and F-
SNP > 0.2), results based on the P value, yielded much higher functional score by at least
one algorithm. Two SNPs (rs139886 and rs9897794), scored “1f” (RegulomeDB), were
suggested most credible functional variants. Nine SNPs scored a much higher functional
score (> 0.5) for F-SNP. Results suggest these associated SNPs may be the main causal
SNPs rather than proxy associations. Correlated SNPs with age-specific association
markers, when complemented with RegulomeDB, yielded 34 highly functional variants.
One SNP (rs4821717) scored “1b”. Moreover, one SNP (rs9897794) scored “1d”, and
another seven SNPs scored “1f”. Several age-specific risk markers also yielded multiple
functional variants, including missense variations. These correlated functional variants
might be the main causal SNPs for which these age-specific risk markers may be proxies.
Eleven SNPs (results based on the P values) had potential eQTL effects (explained in
chapter4) on thirteen genes (Appendix Table 18). Six highly functional correlated SNPs
(results based on the P values) showed eQTL effects on 3 unique genes.

Ten SNPs were located in TFBSs (Appendix Table 16 and Table 17), and may
influence disease risk by change in binding site. Results based on effect size showed 28
SNPs with higher functional score by at least one algorithm. It again suggests that these
SNPs might be causal variants rather than indirect associations. The SNP rs3204798
showed a much higher functional score (0.91) by F-SNP. Functional analysis of
correlated SNPs also showed 36 unique risk variants with much higher functional scores

or missense variations. One SNP (rs12632793) scored “1d” and two SNPs (rs16909527
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and rs373690) scored “1f”. The eQTL analysis yielded 3 SNPs with potential effect on 14
genes (Appendix Table 18). Additional bioinformatic analysis of correlated SNPs
suggested that several of these associated risk markers might be proxy for highly
functional correlated SNPs. Results based on effect size were enriched with more
missense variations with deleterious effect, and also showed more functional variants.
Overall, our bioinformatic analyses yielded highly functional variants with potential
regulation effect.

As for the gender-specific associations, the SNPnexus provided valuable
information from the GWAS catalogue and the COSMIC database. A total of six SNPs
were previously associated with some types of traits or diseases (Appendix Table 9),
including chronic lymphocytic leukemia (CLL) (rs7169431) and nasopharyngeal
carcinoma (rs28421666). The COSMIC database yielded three SNPs, rs34099167,
1s762562 and rs1800141, which may increase the risk of stomach cancer, pancreas cancer
and large intestinal cancer, respectively.

Like gender-specific associations, the Comparative Toxicogenomics Database
(CTD) was also used to examine associated genes for their interaction with
environmental pollutants (Appendix: Table 19 & 20). A detailed list with appropriate
references can be found in the appendix. Most of the identified genes or nearest genes
physically located at two sides of SNPs, in case of intergenic variants, have shown
potential effect of several chemicals, such as poly aromatic hydrocarbons
(benzo(a)pyrene), tobacco smoke (benzo(a)pyrene, benzo(a)pyrene diol epoxide,
nicotine), pesticides (insecticides, fungicides, herbicides), vehicle emissions,

occupational exposures (formaldehyde), polychlorinated biphenyls, bisphenol A, and
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hormones (estrogen, progesterone and testosterone). However, several of these chemicals
have previously showed association with childhood ALL, but evidence is limited.

We also predicted the deleterious effect of missense variations, including
statistically correlated SNPs, associated with gender- and age-specificity using SNPnexus
database (Appendix Table 21 and Table 22). A total of eighteen SNPs from gender-
specific associations and seven SNPs from age-specific associations yielded deleterious
effects. All of these deleterious missense variations were associated with results based on
the highest effect sizes.

5.3.3. Time-to-event analysis

—
All markers
538,449
Quality control
v
Gender-specific Age-specific
associations associations
Top 100 markers Top 100 markers Top 100 markers Top 100 markers
based on the lowest | | based on the highest based on the lowest | | based on the highest
P value effect size P value effect size

' '

Time-to-event analysis
(total 400 markers)

Figure 21. A flow chart explaining marker selection for time-to-event analysis
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Table 21. Time-to-event analysis of identified gender- and age-specific childhood ALL risk markers at the significance level
<1x10*

Overall Male Female
SNP ngg rl‘dnk HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
vaiue
rs10505918P" | <1x10* | 1.69(1.27-224) | <1x10° 1.55 (1.06 - 2.25) 0.02 1.93 (1.25 - 2.96) 3x 107
1529498277 | <1x10* | 0.54(0.38-0.77) 1x10° 0.72 (0.46 - 1.12) 0.15 0.39(0.23-0.66) | <1x10”
1522128247 | <1x10* | 1.76(1.30-2.38) | <1x10° | 1.76 (1.20 - 2.59) 4x10° 1.76 (1.09 - 2.83) 0.02
rs1209145®" | <1x10* | 1.80(1.31-2.48) | <1x10° | 1.62(1.05-2.51) 0.03 2.05(1.28 -3.27) 3x 107
1512091457 | <1x10* | 1.76(1.28-2.41) | <1x10° | 1.62(1.05-2.51) 0.03 2.05(1.28 -3.27) 3x 107
1s738027®" <1x10" | 1.62(1.22-2.15) 1x10° 1.62 (1.10 - 2.38) 0.01 1.62 (1.06 - 2.47) 0.03
1s2101919®" | <1x10* | 0.61 (0.46 - 0.80) 1x10° 0.64 (0.44 - 0.94) 0.02 0.56 (0.37 - 0.86) 8x 107
1s9809647" | <1x10* | 0.60(0.45 - 0.78) 1x10° 0.57 (0.39 - 0.84) 4x10° 0.64 (0.42 - 0.98) 0.04
1s10133677P" | <1x10* | 1.78(1.28 - 2.46) 1x 107 1.65 (1.05 - 2.61) 0.03 1.92 (1.21 - 3.06) 6x 107
rs10999147P | <1x10* | 2.55(1.59-4.08) | <1x10° | 2.01(1.09-3.71) 0.03 3.90(1.85-822) | <1x107

(D): Dominant genetic model;*Age P; **Age OR; HR = hazard ratio; CI = confidence interval
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Time-to-event analysis was performed on the top one hundred SNPs for gender-
and age-specific associations (Figure 21). The log rank test was used for different genetic
models (additive, dominant and recessive), to compare the differences between time to
having leukemia between two (dominant or recessive genetic model) or three genotypes
(additive genetic model). SNPs, which showed statistically significant associations (P <
0.05) with age-at-onset, are listed in Appendix Table 23. KM plots, only for the SNPs
with the lowest P values (by log rank), are illustrated in the result section. The Cox
proportion hazard modeling was also performed for all statistically significant

associations (log rank P value < 0.05) with age-at-onset to calculate effect size (hazard

ratio).
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Figure 22. Genome view of single nucleotide polymorphisms or associated genes with age-at-onset
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A total of 196 SNPs, based on the log rank test, yielded statistically significant
associations (P < 0.05) with age-at-onset (Table 21 and Figure 22). The maximum
number of associations (n = 13) with age-at-onset were observed on chromosomes 1, 8,
12 and 14. Among the top one hundred markers based on effect size for age-specific
association results, 91 markers showed associations with age-at-onset. Gender-specific
association (effect size results) yielded the lowest number of associations (n = 11) with
age-at-onset. Most of these associations best fitted in the dominant genetic model. Few of
these SNPs were also correlated. A total of ten SNPs yielded P values < 1 x 10 with

age-at-onset (Table 23).
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Figure 23. Kaplan-Meier plot estimates for age-at-diagnosis in childhood ALL with rs10505918

genotypes
AA = wild-type; AB = heterozygote; BB = homozygote variant. Note: X-axis represents age-of-onset in

years, and Y-axis represents survival function. Plot compares genotypes and age-of-onset. Dominant
genetic model.

The SOX5 rs10505918, which was the top hit for age-specific results (Table 23),
also yielded the most statistically significant association with age-at-onset (Figure 23).

Childhood ALL cases who possessed heterozygote (AB) and homozygote variants (BB)

96



developed ALL on average 2 year earlier than participants who were AA genotype (wild-
type) for rs10505918 (median age, 3 years vs 5 years). The HR was 1.69 that suggests
1.69 times increased risk of early-onset ALL for children possessing heterozygote (AB)

and homozygote (BB) genotype.
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Figure 24. Kaplan-Meier plot estimates for age-at-diagnosis in childhood ALL with rs2949827
genotypes

AA = wild-type; AB = heterozygote; BB = homozygote variant. Note: X-axis represents age-of-onset in
years, and Y-axis represents survival function. Plot compares genotypes and age-of-onset. Dominant
genetic model

Likewise, SNP 152949827 also showed a low P value (< 1 x 10'4), however, HR
was in opposite direction (HR = 0.54) (Figure 24). The HR 0.54 suggests nearly two
times increased risk for early-onset of childhood ALL for children possessing wild-type
genotype (AA). Children homozygote for wild-type (AA) developed ALL on average 2
years earlier than children who were heterozygote (AB) and variant genotype (BB)
(median age 4 years vs 6 years). Several of these associations were only statistically

significant (P < 0.05) in one gender. Two associations (rs17170286 and rs1800141) with
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age-at-onset were gender-specific (Pinteraction < 0.05). Both associations were in the same
direction but differed in magnitude. For example, overall HR for rs17170286 was 1.60 (P
= 0.03), however, when results were stratified by gender, males showed a much higher

increased risk 2.36 (P =0.003). HR for female was 1.12 (P = 0.72).

5.3.4. Gene enrichment analysis

Gene enrichment analysis was performed to examine the pathways associated
with male or the age group 1-5 year. The main purpose was to assign biological meanings
to some group of genes. Our results did not yield any statistically significant association

with any pathways.

5.3.5. Previously identified gender- and age-specific associations

We also analyzed previously identified gender-specific associations in childhood
ALL. To avoid any discrepancy from previous associations, we performed same genetic
models for association analysis. Our results did not replicate all previous gender-specific
associations (Appendix Table 24). Two SNPs, rs419788 and rs224589, showed the
lowest P value, 0.06 and 0.08, respectively. Like gender-specific associations, previously
identified age-specific childhood ALL SNPs did not show the same association in the
present study (not reported). Most of the previous associations were either with age-at-
onset or different age groups.

Previous studies did not counteract the problem of multiple comparisons. Even,
few studies used adults and convenient samples as a control group. Environmental factors
play a major role in disease association, and different geographical regions (USA vs UK)

can also increase the chance of replication failure, as few of these studies were done at
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the United Kingdom. Many non-cancer gender-specific associations were also analyzed,
and two of the previously identified associations, rs3131622 (type 1 diabetes) and

rs10195252 (waist-height ratio) were statistically significant (P value < 0.05).
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6. DISCUSSION

To our knowledge, this is the first GWAS, which used a gender- and age-specific
approach to unravel childhood ALL risk variants. We reported the statistically most
significant top one hundred results. Permutation testing was performed to eliminate
chance findings (explained in Chapter 4). These results are free from multiple
comparison issues, as each permutation on each SNP assesses the role of chance. The
rs4813720 (RASSF2), rs231237 (HSPB6) and rs7323018 (13q14.1) SNPs showed the
most statistically significant gender-specific associations. Likewise, the SNP rs10505918
(S0OX5) showed the lowest P value for age-specific associations, and also yielded the
most statistically significant association with age-at-onset.

Unlike previous GWASs, as a second approach, we also analyzed results based on
the effect size, as effect size helps to explore clinically meaningful results, which may not
have reached statistical significance due to insufficient power™”"2*2. Again, we applied
permutation testing for the highest ranking results (top 100 associations), based on the
effect size, to eliminate chance findings. Two HLA-DQA1 missense SNPs (rs12722042
and rs12722039) showed the highest effect sizes for gender-specific associations. Several
other SNPs, such as 1511992342 (ADAM28) and rs80040922 (UMODL1) also yielded the
highest effect sizes for gender-specific associations. The SNPs rs17109582 (DI10),
rs7304215 (TMEM132D), 1510999147 (AIFM2) and rs7330286 (13q33.2) yielded the
highest effect sizes for age-specific associations.

Among 400 gender- or age-specific variants, only14 variants were previously
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observed associations with other diseases/traits, including CLL (rs7169431)" and

nasopharyngeal carcinoma (rs28421666)***. The CLL association (rs7169431) was a risk

100



association (OR =1.36,P=4.74x 107) ina previous GWAS. This SNP is located at
chromosome 15, between the NEDD4 and RFX7 genes. Our results provide further
evidence for genetic susceptibility of this SNP in childhood ALL with an increased risk
to the age-group 1-5 years. Bioinformatic analysis did not suggest any functional
mechanism for increased risk in this age group. Experimental studies are needed to
understand the mechanism of this SNP on the age effect.

In this study, we also unmasked several associations located within the HLA
region at rs28421666, located between the HLA-DRB1 and HLA-DQAL1 loci, rs3130161,
located between HLA-DPB1 and COL11A2, and two missense SNPs (rs12722042 and
rs12722039) located in the HLA-DQA1 gene. Among all of these previous associations,
the rs28421666 SNP has shown a protective association with nasopharyngeal
carcinoma’”. Another SNP, rs3130161, has yielded an association with type 1 diabetes
(T1D)**”. Both of these results were linked with age-specific associations in childhood
ALL risk. These results suggest a role for HLA in childhood ALL risk with age
specificity. The HLA region is the most polymorphic region in the human genome, which
plays an important role in the regulation of the immune system. Although the role of
HLA in ALL etiology is not known, several previous studies suggest the role of HLA in
childhood ALL risk with gender differential'>*"'#>-2%2% 'Most of the previously
identified HLA associations in childhood ALL are in the HLA class II region. All HLA
associated SNPs are also located in the same region. All of these associations yielded
significant associations only for males (rs12722042 and rs12722039) or the age group 1-5
years (rs28421666 and rs3130161), when we ranked results based on the highest effect

sizes for gender- and age-specific associations. The rs3130161 SNP is statistically
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correlated with a much higher functional SNP, rs3129203. It suggests the statistically
correlated SNP might be the main causal SNP, which can affect the gene regulation
through transcription factor binding site. Extensive bioinformatic screening of these
SNPs, excluding rs3129203, did not implicate a mechanism behind gender- and age-
specificity in childhood ALL risk, except for rs3130161. Further functional studies are
warranted to understand the mechanism of these SNPs in sub groups (male gender and
age group 1-5 year) of children with ALL.

Among previously identified associations, several of these variants were
associated with autoimmune disorders, such as T1D (rs3130161 and rs4948088)*%% 2%
MS (rs2116078)*'°, psoriatic arthritis (rs12188300)*'" and Crohn disease (CD)
(rs798292)*'%. The MS association (rs2116078) was with age-at-onset (mean age = 34

210

y)~ . Our results also yielded an age-specific association (rs2116078) in childhood ALL

risk with an increased risk to age-group 1-5 years. Previous epidemiological studies have

. . . . . . . . 213-218
shown an increased risk of hematological malignancies with autoimmune disorders )

This observation has been commonly noted in MS and risk of leukemia/lymphoma in

213

adults” . Epidemiological studies have also shown four times increased risk of ALL in

children of women with MS>!*

. Thus, the MS risk variant rs2116078 might be commonly
shared between MS and childhood ALL in age-specific manner, as previously also
observed'".

The MAGI2 (membrane associated guanylate kinase, WW and PDZ domain
containing 2) rs798292 has been previously associated (OR = 1.30, P = 1.01 — 1.69) with
CD in the Caucasian population®'*. A previous GWAS on childhood ALL relapse also

suggests the role of the MAGI2 (rs1496766) gene in childhood ALL risk*"’. The two
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polymorphisms (rs798292 and rs1496766) were also not statistically correlated, which
suggests independent associations. Bioinformatic analyses of gene expression profiles of
B-cell precursor childhood ALL also suggests that the MAGI2 gene may increase the risk
of childhood ALL**’. Alternatively, MAGI2 inhibits cell migration and proliferation
through PTEN (phosphatase and tensin homolog), a tumour suppressor gene. PTEN is a

key regulator in apoptosis, and defects in apoptosis can increase leukemia risk?*" 222,

Moreover, a study on adult B-ALL patients has shown decreased PTEN activity*>.
Empirical analysis also suggested regulatory effect of rs798292 on three genes (MYST2,
ATADZ2B and EIF1AX). It means that the SNP, rs798292, is a putative regulation site and
it has allele-specific effects on gene expression. Thus, rs798292 may play a significant
role in childhood ALL risk through regulatory effects or through PTEN interaction.

A cohort of 24,052 patients of T1D in Sweden showed a co-morbidity between
early-onset leukemia and T1D (standardized incidence ratio = 8.30; P = 4.91-13.14)*'%,
The two polymorphisms (rs3130161 and rs4948088) previously identified as risk variants
for TID**> 2% also yielded age-specific associations in childhood ALL. The SNP,
rs3130161, showed an association with the age-group 1-5 years and the rs4948088 SNP
yielded an association with the age-group 6-10 years. Autoimmune diseases are the most
common group that have shown associations with our results presumably due to them
being more common in one sex. This epidemiological evidence suggests biological
plausibility between few autoimmune disorders and hematological malignancies,

including childhood ALL with gender-specificity*'*="®

. Interestingly, autoimmune
disorders are the most common group that have shown associations with our results due

- - 110
to them being more common in one gender .
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Childhood ALL shows a consistent association with recurrent miscarriages,

** The PRLR (prolactin receptor) polymorphism rs37389 is

specifically in males
involved in recurrent miscarriages”>. The role of the PRLR gene is not established in
leukemogenesis, but a higher expression of this gene in cancer etiology cannot be
neglected”?®. Several other previous associations are with HBA 1¢ level (rs552976) and
fasting glucose level (rs563694). One SNP, rs560887, yielded multiple associations with
glycemic traits.

In this study, we have also observed a statistically significant difference for the
frequency of the ERCC1 (excision repair cross-complementation group 1) rs762562
polymorphism between two age groups. The functional role of ERCC1 is not clear in
leukemia. Similar results, however, with different polymorphisms (rs3212986 and
rs11615), have previously shown associations with childhood ALL risk in a Chinese
population®’. Moreover, the rs3212986 SNP has yielded a much higher risk (OR = 1.87;
P =0.04) in the age group < § years compare to age group > 8 years (OR =1.44; P =
0.24). Both SNPs (rs3212986 and rs11615), in the previous study, have shown an
increased risk in males (OR = 1.94; P = 0.02 and OR =2.36; P = 0.04, respectively) in
comparison to females (OR = 1.19; P = 0.57 and OR = 0.46; P = 0.05). Furthermore,
rs11615 also yielded a gender-specific association in the present study (P = 0.03), with an
increased risk in males. Thus, results suggest that ERCC1 gene may be a potential target
to examine gender- and age-specificity in childhood ALL risk. The SNP rs762562 is

located in an overlapping region of ERCC1 and CD3EAP. The rs762562 SNP shows a

missense variation in the CD3EAP gene, which suggests an obvious change in protein
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function. The SNP rs762562 also showed a somatic mutation by bioinformatic analysis
(explained later). Thus, it increases the validity of our results.

The SNP, 159282777, is present in the coding region of the LMOZ2 (LIM only
protein 2) gene and yielded a much higher risk in males. The LMO2 gene plays a crucial
role in hematopoietic stem cell development, angiogenesis and embryogenesis™® %%’
Higher expression of the LMO2 gene during immature stages of lymphocyte formation
has been observed®. The LMO2 gene is considered as a cancer causing gene, and it
increases the risk of T-cell ALL**® %' Studies also report the higher expression of the
LMO2 gene in B-cell ALL and other lymphomas®*” ***. Our result suggests that rs928277
may play a significant role in B-cell etiology. Bioinformatic screening did not suggest
any mechanism in childhood ALL risk with male susceptibility. More functional study is
needed to understand the mechanism of rs9282777 in gender differential in leukemia risk.

The rs10505918 SNP showed the most statistically significant age-specific
association. This SNP is located in the SOX5 (SRY (sex determining region Y)-box 5)
gene, which is involved in the regulation of embryonic development, however, its role in
childhood ALL etiology is not clear. Studies suggest that the SOX5 gene expresses in B-
cells and has a functional role in late B-cell development and B-cell differentiation™”.
This gene is also highly expressed in B-cell lymphomas®°. The SNP rs10505918 also
yielded the most statistically significant association with age-at-onset (P < 10°™).
Interestingly, the SOX5 gene, however, a different polymorphism (rs7294845), also
showed a gender-specific association based on the P value in this study. This evidence
altogether suggests a role of SOXS5 in childhood ALL risk with gender- and age-

specificity.
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The SNP rs11992342 yielded a higher effect size for gender-specific associations.
This SNP is located in the ADAMZ28 gene. Recent evidence suggests that ADAMZ28 is
expressed on the surface of human lymphocytes™’. The role of ADAM28 in
leukemogenesis is not established, but our results suggest that ADAM28 polymorphism
(rs11992342) was associated with the gender differential in childhood ALL risk with the
highest effect sizes. A total of three ADAM28 SNPs (rs11992342, rs7829965 and
rs36041430) showed gender-specific associations, however, all three SNPs were
statistically correlated. The rs7829965 is a missense variation, and also yielded a higher
score for gene expression regulation, which suggests regulatory effects on binding site.

The ACACA (acetyl-CoA carboxylase alpha) gene is located at chromosome 7,
which yielded multiple gender-specific associations (rs12948120, rs8081866, rs2542660,
152542653, rs725038) with an increased risk in females. ACACA plays an important role
in fatty acid synthesis and is regulated by the thyroid hormone™®. BRCAL1 affects fatty
acid synthesis through its interaction with ACACA, and this interaction may exert a tumor
suppressor function®’2*'. ACACA has also shown associations with breast cancer risk**.
Childhood leukemia patients have been found to carry MLL fusion to ACACA™. A
statistically correlated SNP, rs9330250, yielded a higher functional score, which suggests
gene regulatory function the SNP rs9330250. The SNP rs9330250 was annotated as a
credible functional variant and may play a mechanistic role in pathogenesis of childhood
ALL. Thus, ACACA seems to have an additional biological feature, and it may increase
the risk of leukemogenesis®**.

The N4BP2 (NEDD4 binding protein 2) gene yielded two missense variations

(rs61748746 and rs61748749). The encoded protein by this gene binds to B-cell
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CLL/lymphoma 3 (BCL-3) protein®*’. The BCL3 translocation with IGH is found in some
patients with childhood ALL**®, and subsequent overexpression of BCL3**’ in childhood
ALL. The gender-specific association we found in this study might be the results of
obvious change in protein function and its effect on BCL3 expression. However, more
functional studies need to prove this hypothesis, as bioinformatic analysis did not unravel
any functional mechanism for male-specific childhood ALL.

A recent study has shown fusion of HIP1 to PDGFRB in chronic myelomonocytic
leukemia®*®. Furthermore, HIP1 is localized in 7q11.3 region, and the possibility of 7q
deletions is associated with some acute non-lymphocytic leukemia cases*®. However, its
role in lymphoblastic leukemia is not yet established, but our result (rs6962352) suggests
an additional role of HIP1 in the pathogenesis of leukemia. Down syndrome is a known
risk factor for childhood ALL. The KIF21A gene shows much higher expression in Down

250,251 Unfortunately, unavailability of cytogenetic data

syndrome patients in leukocytes
is a limitation of this study to reach any conclusion. Additional functional studies need to
confirm the role of rs11172024 (KIF21A) in childhood ALL etiology.

The rs6151599 SNP yielded an age-specific association result based on the effect
size. This SNP is located in a common region shared between the MSH3 (mutS homolog
3) and DHFR (dihydrofolate reductase) gene. Bioinformatic analysis yielded a
statistically correlated SNP (rs11749051) with a higher functional score located in the
DHFR gene. It suggests that the rs11749051 SNP may be the main causal SNP. Studies

suggest the low DHFR expression may be an important prognostic factor in childhood

ALL252, 253
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In this functional analysis of gender- and age-specific risk variants, our results
yielded nine highly functional SNPs (six for gender-specific associations and three for
age-specific associations). Among these SNPs, one SNP (1s6929434) scored 1b and four
other SNPs (rs8106959, rs739924, rs139886 and rs9897794) scored 1f. Likewise,
1$739924 and rs130069 scored 1 for F-SNP analysis, and rs11751765 and rs3204798
scored 0.9. These SNPs are highly functional and likely to be the causal SNPs. However,
in the results we reported all SNPs which showed RegulomeDB score < 3a.

In a genetic association study, functional variants are most likely to be located at

nearby genes around associated risk markers®*

. These functional variants are mostly in
strong correlation with associated variants and may be the main causal SNPs. Correlation
analysis was complemented with functional analysis to identify the causal SNPs. Some
gender- and age-specific associated risk variants also yielded several statistically
correlated functional variants. A total of 20 statistically correlated risk variants yielded a
much higher functional score (< 1f). 19913430 (correlated with rs739924) scored 1a, and
rs139852 (correlated with rs4821717) scored 1b. These highly functional correlated SNPs
might be the main causal SNPs for which associated results may be proxies.
RegulomeDB is a database that explains SNPs with known or predicted functions'™*.
Lower scores suggest evidence for a variant to be located in a functional region. It has
strong power to separate truly functional variants and provide putative regulation site. A
score < 1f suggests that functional variants are likely to affect the binding site and/or be
linked to the expression of a gene target.

Genetic variants play a major role in disease susceptibility by altering gene

expressions. The eQTL analysis is a well recognized method in evaluating the effect of
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SNPs in mRNA or protein levels (explained in Chapter 4). eQTL refers explicitly to the
genomic locus, which influences the variable mRNA or protein level. We found 15
gender- and age-specific associations with eQTL SNPs. Among all highly functional
statistically correlated SNPs, nine SNPs showed significant eQTL expressions in LCLs.
These 24 eQTL SNPs yielded 52 eQTL target genes (n = 22 gender-specific results; n =
30 age-specific results). Multiple eQTL SNPs identified several common eQTL target
genes, such as SPATA20, FGD6, LMF1, ZNF420, MRPL14 and S.C13A2, which suggest
these genes may contribute to the risk of childhood ALL. The eQTL database was
explored to find whether these SNPs are putative regulations sites and can affect gene
expressions. For example, the eQTL SNP rs9493135 (gender-specific results based on
effect size) located in the 6q23.2 region, regulates several eQTL genes, including
PTPN11. This gene is a member of the protein tyrosine phosphatase family and is highly
expressed in hematopoietic cells*”. This gene plays a very important role in Ras and Jak-
Stat pathways. Both pathways are significantly associated with leukemogenesis®"**°.

A total of 21 SNPs (seven gender-specific results and 14 age-specific results)
were located in transcription factor binding sites. These binding sites are mostly
concentrated within the promoter regions of genes. A promoter is a region of a gene that
initiates gene function. These 21 SNPs may therefore have greater functional effects on
gene expression. Genetic variants can also alter protein structure and modify disease risk.
Fifty-five of gender- and age-specific associations were with missense (31 gender-
specific results and 24 age-specific results) SNPs. However, most of these missense SNPs
(n =48) were in the top 100 list based on the effect sizes. These missense variations

substitute amino acids, which alter the final protein function. Our result also yielded a
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nonsense variation (rs75411676). Nonsense variation is the most severe change, as it
prematurely stops the protein formation. These missense or nonsense variations have
deleterious effect and can increase the risk of childhood ALL. However, we performed
bioinformatic analysis to identify the significance of these variations. PolyPhen and SIFT
predicted the damaging effect of 25 missense variations. It suggests that amino acid
substitutions will have deleterious effect in protein function. We also explored functional
similarity of identified genes for gender- and age-specific associations, by using stringent
criteria. We only used eQTL target genes, missense and nonsense variations (only for
damaging effect) associated genes, and only if a SNP showed a very high functional
score. However, our results did not show any statistically significant pathway
associations. Overall, bioinformatic and empirical analyses of gender- and age-specific
results, including correlation analysis, yielded several functional variants. These
functional variants may be associated with gender and age differential in childhood ALL
risk and should be pursued in future studies.

Although gene enrichment analysis did not yield any statistically significant
pathway, some genes are associated with several pathways associated with leukemia. As
mentioned, most of these gender- and age-specific associated childhood ALL SNPs are
novel risk variants, as expected. The role of these SNPs is still not clear in childhood
ALL etiology, however, some of these associated genes play a major role in several
leukemia associated pathways. For example, Notchl signaling plays an important role in
childhood leukemia®*®. Recent studies have shown the role of MAML1 (mastermind-
like1) in the regulation of Notch oncogenic activities in leukemic cells®’**°. The

MAML1 rs41285557 showed a male-specific association in this study.
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The RASSF2 (Ras association (RalGDS/AF-6) domain family member 2) SNP,
rs4813720, yielded the lowest P value for gender-specific associations. RASS-2 is a
novel tumor suppressor gene and a member of the Ras family that regulates a wide range
of biological process, including Ras signalling and apoptosiszsg%l, Studies suggest that
genes affecting the Ras pathway is the most common occurrence in human cancer,
including childhood ALL*** %%, Likewise, several other genes, RAB28 (rs10003958),
ADAMTSI2 (rs7700370) and RU1 (rs4748309) may play a significant role on

leukemogenesis through the Ras pathway*®*

. The role of gender- and age-specific
associated risk variants in the Ras pathway may be important to increase the risk of
leukemia.

The HSPBG6 (1rs231237) gene encodes a heat shock protein and is constitutively
expressed in various tissues®®. A study on hepatocellular carcinoma showed its
interaction with P13K, which ultimately results in suppression of the AKT pathway.

P13K/AKT pathways also play an important role in childhood leukemogenesis,
specifically T-cell ALL**"**, Likewise, the CYFIP2 (rs1030270), OSGIN1
(rs62640905), ZNF420 (rs4254428 and rs6510588), AIFM2 (rs10999147) and RASSF3
(rs11175471) genes show TP53 dependent apoptosis and may increase childhood ALL
susceptibility*®*?"". Studies suggest that leukemia may be more sensitive to change in
TP53 dependent apoptosis'*®. The present findings suggest that the associated variants
may alter the pathway mediated by TP53 and increase leukemia risk. Some of these SNPs
were missense variations or yielded a much higher functional prediction score.

These pathways may play a significant role in childhood ALL etiology with

gender- and age-specificity. However, these results should be interpreted cautiously, as
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none of the age- or gender-specific SNPs or associated genes are directly associated with
leukemogenesis. How these SNPs affect on gender- and age-specificity in childhood ALL
risk is still not clear. Some studies suggest that genetic variants in the TP53 pathway
could interact with gender to affect cancers'***",

Previous GWASs have missed these gender- and age-specific variants as they did
not stratify their results by gender and age. Association differing in direction, usually
results in an OR close to the unity (OR = 1.0) with no statistical significance in the
overall analysis. These SNPs were dismissed by previous studies for further
considerations. Stratified analysis reduces statistical power. However, it is not true in the
case of gender- and age-specific associations. In gender- or age-specificity, an overall
analysis approach does not have sufficient statistical power to detect the association. If
there is a gender- or age-specificity, stratified analysis will yield much higher effect size
for a particular group, such as males or the age-group 1-5 years. The statistical power will
be greater in this case than combined analysis. Other problems with previous studies were
adjusting the results for gender and declaring there is no gender-specific association.
Statistical adjustment only rules out confounding by gender, which is not equivalent to
gender-specificity™. Thus, our approach unraveled novel risk variants, which are
associated with a particular gender or age group in childhood ALL risk.

SNPnexus database used COSMIC database to identify SNPs associated with
somatic mutations. Somatic mutation is only present in somatic cells. It means that they
are not present in all body cells or germ cells. Unlike germline mutations, these mutations
are acquired. Somatic mutations either randomly occur or generate by environmental

chemicals. Our results yielded several SNPs associated with several cancers through

112



somatic mutations. It has been suggested that somatic mutations in cancer cells may be
drivers (causing progression of cancer) or passengers (just the results of random
mutations). A total of six SNPs, rs61753605 (PRIM2B), rs35693261 (MTG2), rs180041
(LRPL/MIR1228), rs4645656 (ZNF782), rs34099167 (NEK1) and rs762562
(ERCCYT/CD3EAP), detected as somatic mutations by COSMIC database. It suggests that
these SNPs may cause functional changes that are advantageous for cancer occurrence
and/or progression. These somatic mutations were associated with prostate, breast, large
intestine, stomach and pancreatic cancers. The LRP1 gene promotes cancer cell invasion

" ERK signaling pathway

by supporting ERK and inhibiting and JNK signaling pathway
is associated with leukemogenesis. Studies suggest that mutation in the NEK1 gene may
lead to chromosomal instability, and thus increase the risk of cancer. The ERCC1 gene
has previously showed an increase risk of childhood ALL with male- and age-
specificity™’.

In this study, we found a number of associations with gender- and age-specificity.
Bioinformatic and empirical analyses suggested that several of associated SNPs may play
a functional role in gender and age differential in childhood ALL risk, through change in
protein function (missense variations), regulatory effects on gene expression (eQTL) or
through alterations of transcription factor binding sites. Although gene enrichment
analysis did not yield any pathway to explore gender- and age-specificity, several
genomic locations of associated risk variants are associated with leukemogenesis.

In the past few years, GWASs have yielded hundreds of associations for around

274,275
. Th

hundred traits and diseases. However, the effect sizes are modest (OR < 1.5) e

median OR for binary traits is 1.28 (interquartile range (IQR) 1.17 to 1.55). Most of the
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previous GWASs used genome-wide significance (P < 10™®) level to show an association.
Our results did not reach this significance level for gender- and age-specific associations.
In comparison to previous GWASs, our gender- and age-specific analyses, which are
based on statistical significance, yielded a much higher median OR (2.44; IQR =2.22 -
2.78). Interpretation of an OR, in a case-only analysis, is important, as a statistically
significant association with OR > 1 only suggests a positive interaction (risk to males or
age group 1-5y). A higher effect size, however, suggests a higher risk to a particular
gender or age group. An OR < 1 in the present study suggests risk to females or to the
age group 6-10 years. Even, an inverse relationship has been observed between sample
sizes and effect sizes. Studies with larger sample sizes mostly yielded lower effect size
associations. Of course, larger sample sizes provide more statistical power to detect even
a minute effect size such as OR = 1.1, but the clinical or public health utility of these
associations is questionable.

Most of the previously identified variants, in general, around 88%, were located
in non-coding regions (43% in intergenic region and 45% in intron). In the present study,
around 94% of associations were in non coding regions (57% intergenic regions and 38%
in intron). In comparison to 9% nonsynonymous variations (missense or nonsense) in
previous GWASs, our results only showed 3% of nonsynonymous variations. In case of
SNPs location at 3’ or 5° untranslated region, results were similar (2%). Although we
used a different GWAS chip, enriched with coding SNPs, gender- and age-specific
results, based on SNPs location, differ from the previous GWASs. Results based on the
highest effect sizes for gender- and age-specific associations yielded more meaningful

SNP locations. Around 67% of identified associations were located in non-coding region
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of genes (39% in intergenic region and 28% in intron). A total of 25% SNPs were
missense variations, and 5% of SNPs were located in the 3 or 5’ untranslated region.
Results based on the effect sizes yielded more meaningful results in comparison to results
based on the lowest P values, such as more SNPs in coding region and missense
variations.

Genetic variants usually modify disease susceptibility in the presence of
environmental exposures> °. Genetic factors play a predominant role in diseases due to
rare and highly penetrant mutations. However, common genetic polymorphisms modify
disease susceptibility in the presence of environmental exposure. Unfortunately, in the
case of childhood ALL, the only known environmental risk factor is ionizing radiations.
In this study, the CTD was used to explore the gender- and age-specific associated genes
and their interactions with environmental chemicals*’’. The most common environmental
pollutants interacting with the target genes of the SNPs that have shown in the present
study were PAH, vehicle emissions, cigarette smoke, pesticides, drugs such as
acetaminophen, alcohol and formaldehyde. A detailed list of gene-chemical interactions
and appropriate references are provided in the appendix (Table 10, 11, 19 and 20). These
environmental chemicals are ubiquitous and show associations with an increased risk for
childhood ALL'**"%27 Most of these chemicals are classified as class 1 and class 2
carcinogens'”' or teratogens. Studies suggest that age plays an important role in the
susceptibility to environmental toxicants®” . Because of differential exposure, children are
more susceptible to a number of different environmental pollutants, including PAH, air
pollution, cigarette smoke and pesticides. Children consume more foods and water per

pound of body weight when compared to adults. They breathe air at a faster rate than
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adults. Thus, children are more vulnerable to environmental toxicants. There is also
evidence of prenatal exposures and childhood ALL risk, such parental occupational
exposure, pesticide exposure, tobacco smoke and air pollutants®*’.,

Like age-specificity, studies also suggest gender-specificity in chemical
exposures'’"?%. Benzene and ethanol toxicity is much higher in males, regardless of
whether exposures occur in utero or adulthood'” '*®. These results suggest the
importance of gender-difference in benzene induced toxicity. Likewise, females have an
increased risk for acute pesticide-related illness. Exposures during pregnancy may
increase the susceptibility of childhood ALL. Thus, age and gender differences in the
toxicity of environmental chemicals may play a significant role in ALL biology.
However, interaction between environmental pollutants and gender- and age-specific risk
markers are not yet known.

Rarity of childhood ALL makes it difficult to study the cause of the disease. Most
epidemiological studies of childhood ALL and environmental exposures are case-control
studies. Case-control studies mostly rely on parents' recall for environmental exposure.
Parents of childhood cancers may recall their memories more thoroughly than healthy
controls. Thus, recall bias may inflate the results and introduce systematic error. That is
one of the potential reasons for the limited evidence for the involvement of
environmental exposures in the development of childhood ALL.

There are very few examples of gender- and age-specific associations in disease
risk. A recent genome-wide meta-analysis of asthma reported gender-specific candidate
risk markers in IRF1 (rs2549003) and RAP1GAP2 (rs9895098) with regulatory effects in

281

gene regulation as eQTL™ . Asthma prevalence also shows intriguing gender-specific
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architecture that differs by age. Males are more susceptible during early childhood and
females develop asthma during puberty. That study also confirmed the advantage of
gender-specific approach in a genetic association study to understand disease etiology.

Likewise, another study in 5,254 participants (2,833 females and 2,421 males)
from Framingham Heart Study has shown 14 eQTL SNPs (13 autosomal and one X
chromosome) with gender-genotype interactions and ten eQTL SNPs with age-genotype
interactions after multiple comparisons®**. These eQTL SNPs are associated with several
complex traits/diseases. Overall they found 5,866 genes differently expressed between
males and females. Interestingly, they have also shown different gender-specific models,
such as associations differing in direction and associations differing in magnitude, in
gender-genotype interactions, which we also aimed in this study. For example, the
C50rf35 rs686798, association with plasma triglyceride levels, has shown opposite
effects on the expression of the IL6ST gene, increased expressions in females (P =
0.0006) and decreased expressions in males (P = 0.05). Another SNP, rs8047080,
associated with high-density lipoprotein, has shown higher expression only in males
(7.03 x 10™). Thus, these recent studies support the rationale of this dissertation.

These examples are very recent examples of a gender- and age-specific approach,
which we had also proposed in this study. Age related eQTL SNPs have also confirmed
the effects of genetic variants on gene expression throughout the age span. We examined
these associations in our study, however, none of these showed any age- or gender-
specific associations in childhood ALL risk. These gender- and age-specific variants

might only be associated with particular diseases/traits.
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Most of the previous gender-specific associations in childhood ALL are within
the HLA region. Our results further confirm the role of HLA in childhood ALL risk with
male-specificity. Early-onset of childhood ALL and HLA associations are new findings
and may shed some light on childhood ALL risk. Van Der Meulen et al, recently, have
demonstrated the loss-of-function mutation in the X-linked UTX (KDMG6A) gene in
childhood T-ALL**. This UTX mutation was exclusively present in males, which suggest
the role of X chromosomes in ALL etiology. Our results did not show any gender-
specific or age-specific associations with X chromosome in the top one hundred
associations.

Our results did not replicate the same gender-specific associations for previously
identified childhood ALL risk markers, even after applying the same genetic models as
used in previous childhood ALL studies. The closest association was the SKIV2L
15419788 (Pinteraction = 0.06). Some of these studies may have suffered from multiple
comparison issues. Due to rarity of childhood ALL, case-control study design was used
to identify gender-specific associations. Thus, controls should be representative of the
general population. One study used adults as a control group'®’, and another study used
convenience samples as controls'*’ to identify gender-specific associations. Thus, gender-
specific associations might be affected by selection bias, as controls may have different
environmental exposures than childhood ALL. Genetic variants modify disease
susceptibility in the presence of environmental risk factors, so geographical differences
may also apply in some replication failure, as few of these gender-specific associations

were studied in the United Kingdom'*> 2% 13,
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Even after clear heterogeneity in age differences (age peak 1-5 y) in childhood
ALL, there is not much effort to unravel genetic risk markers in this age group. More
than 50% of childhood ALL cases belong to the age group 1-5 years. Only four SNPs
(rs3212986, 152279744, rs4132601 and rs10821936) have shown age-specificity in
childhood ALL risk®" % 126 227, and two of them are known childhood ALL risk markers
(rs4132601 and rs10821936)°" *2. The SNP rs10821936 was compared between age
group 1-10 years and 11-18 years. Another association (rs4132601) was with age-at-onset
in childhood ALL risk'*. rs2279744 and rs10821936 also failed to replicate previous

age-specific associations.
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7. STRENGTHS AND LIMITATIONS

Due to the rarity of childhood ALL, the sample size of the present study was
small. Twenty nine samples were excluded after strict QC steps, further reducing
statistical power. Another limitation was external validity of these results, as all of these
samples were Non-Hispanic whites. Thus, these results cannot be generalized in any
other ethnic population. Our study was also restricted to age group 1-10 years, which also
lessened the statistical power. Self-reported gender, age and ethnicity data may be of
concern, as misclassification biases. Population-based studies mostly rely on self-
reported data, and residual confounding is possible. In terms of gender, we verified
discordant gender information by the usage of sex-chromosome genotyping results and
excluded the samples in case of ambiguity in gender information. Thus, it resulted as a
strength of this study. Self-reported ethnicity may be reliable”™. To avoid false positive
associations due to population stratification, we adjusted our results using genomic
controls, which is also a strength of the present study. In the case of age, we depended on
self-reported data. Lack of cytogenetic data is another limitation of this study.
Chromosomal aberrations, such as chromosomal trisomies (such as Down syndrome) or
chromosomal translocations (fusion of two genes from different chromosomes) are
associated with childhood ALL risk. Still these chromosomal aberrations represent only a
fraction of cases, leaving a large proportion with undefined etiology.

We followed strict safeguards to control genotyping errors. We used a GWAS
chip developed by Illumina, the industry leader. Our genotyping call rate was 99.9%. A
limitation of this study was that we were not able to assess the associations between

genetic risk markers and childhood ALL risk in males and the age group 1-5 years.
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However, our interest in this study differed from the traditional approach, and we were
more interested in identifying gender- and age-specific associations. We used gender and
age as effect modifiers to identify gender- and age-specific associations. The case-only
design is based on the independence of exposure and genotype, which means there should
not be any difference in allele frequencies in two groups. Departures from this
independence may affect the results. In the case of gender and age, it seems impossible to
have different allele frequencies between males and females and between two age groups
(1-5 years vs 6-10 years) in a healthy population. A genome-wide meta-analysis across
51 studies including overall 114,863 samples (61,094 women and 53,769) of European
ancestry did not find any allele frequency difference at common loci between men and
women®. However, another study in four different GWAS datasets (n < 165), identified
allele frequency differences between healthy males and females in European samples®.
However, none of the confounding SNPs in the second study*® showed statistical
significant associations in gender-specific analysis in the present study. Such an
association would be invalid due to the violation of the major assumption of case-only
approach.

Issues related with case-control design do not necessarily apply to a case-only
design. All of these cases were incident cases of childhood ALL and have a well-defined
phenotype, with molecular ALL sub-types. However, we did not have complete data to
examine associations in childhood ALL sub-types. One more strength of the present
study is the validation of previously known leukemia risk markers in the parent case-

control group. Thus, it increases the validity of our results.
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8. CONCLUSION

This research was conducted to explore the effect modification by gender and age
of the risk for childhood ALL. A case-only study was used to examine the gender- and
age-specific associations. The parent study was a case-control study, and replication of
GWAS childhood ALL risk markers validated our parent data set and increased the
credibility of our study. Our study identified novel risk variants for childhood ALL.
These risk variants are gender- and age-specific, which means they are associated with a
particular gender (males or females) or age groups (1-5 years or 6-10 years). A total of
fourteen risk markers were previously yielded associations with other diseases, such as
autoimmune disorders, CLL (rs7169431) and nasopharyngeal carcinoma (rs28421666).

The aim to unmask hidden gender- and age-specific risk variants was based on
clear heterogeneity between two genders and age groups. There are, however, very few
examples of gender- and age-specific associations in the risk of childhood ALL, but a
dedicated GWAS was needed to unravel these hidden risk variants. Our results were
based on two approaches: a conventional statistical analysis based on the most
statistically significant associations and the results based on the highest effect sizes. The
SNPs, rs4813720, rs231237 and rs7323018, yielded the statistically most significant
gender-specific associations. Likewise, rs10505918 yielded the lowest P value for age-
specific associations, and also yielded the most statistically significant association with
age-at-onset. Two SNPs, rs12722042 and 12722039, from the HLA-DQA1 region
yielded the highest effect sizes for gender-specific results, and the SNP, rs17109582 and

rs7304215, yielded the highest effect sizes for age-specific results.
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The statistical gender- or age-specific associations were complemented with
bioinformatics and empirical analyses for causality assessment, and yielded some
functional variants among the set of SNPs. A total of 29 SNPs showed a very high
functional score for gender- and age-specific results, which suggests they may be very
important for regulatory effects. Our results also identified a total of 56 nonsynonymous
variations (55 missense and one nonsense) for gender- and age-specific associations;
however, most of these nonsynonymous variations were associated with the results based
on the effect size. These nonsynonymous variations clearly suggest an obvious change in
protein function. Likewise, 21 SNPs were located in TFBS and may affect the regulatory
function.

Gene enrichment analysis did not yield any specific pathways for childhood ALL
risk in gender and age-specific manner. We still explored the functions of associated
genes. Several of these genes are associated with RAS, PTEN, JAK/STAT and P13/AKT

signaling pathways**" >

. These pathways play a significant role in leukemogenesis.
Overall our results yielded novel gender- and age- specific risk variants in this study.
Further studies are warranted to replicate the gender- and age-specific associations and to
examine mechanisms of those that are confirmed.

Markers, which showed associations differing in directions, will be very useful
once confirmed risk to males and protection to females. It is important to know that
because any future intervention to protect males may do harm to females if this difference
is not recognized. Thus, there is potential for targeted intervention (and maybe treatment

approaches) of one gender while the same intervention would not be useful to the other.

These results, once confirmed, may also help to devise more personalized treatment for
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males. Just now, they get the same treatment but at a higher dose (with more side effects

and late effects etc).
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Appendix Table 1: Genetic risk markers for childhood acute lymphoblastic leukemia in
previous genome-wide association studies

SNP Gene Gene function OR (95% CI) P value Ref
-15 51
10821936 ARID5B differentiation of B 1.91(1.60-220) | 1.4x10
lymphocyte progenitor | 1.86 (1.71-2.03) | 5.90 x 10 >3
1s10994982 ARID5B differentiation of B | 1 61 (1.30-1.90) | 5.70x 10” st
lymphocyte progenitor
-16 52
073837 ARIDSE differentiation of B 1.58 (1.35-1.89) | 4.66x 10
lymphocyte progenitor | 1.64 (1.40-1.92) | 1.0x 10” *
-14 52
1074005 ARIDSE differentiation of B 1.53 (1.41-1.64) | 5.35x 10
lymphocyte progenitor | 1.75 (1.49-2.06) [ 1.8x 10" ¥
-19 52
080424 ARIDSE differentiation of B 1.65 (1.54-1.76) | 6.69x 10
lymphocyte progenitor | 1.83 (1.55-2.15) | 6.13x 10" *
511978267 IKZF1 regulator of lymphocyte | 1 69 (1.40-1.90) [ 8.8x 10™" !
differentiation
41326 \KZF1 regulator of lymphocyte | 1.69 (1.58-1.81) [ 1.20x 107 >
rs41 01 diff tiati
tHierentiation 159(134-189) | 12x107 B
rs6964969 IKZF1 regulator of lymphocyte | 159 (1.45-1.74) | 1.59x10% |
differentiation
functional maturation of 5 .
1s2239633 CEBPE granulocyte progenitor | 1-34 (1.22-1.45) | 2.88x 10
cells
functional maturation of " .
154982731 CEBPE granulocyte progenitor | 1-36 (1.24-1.48) | 8.97x 10
cells
1s2089222 KRT85 hair and nail formation | 2.26 (1.60-3.00) [ 8.40x 107 !
rs11155133 6q24 NA 3.62 (2.10-6.00) | 3.0x 107 !
152191566 ZNF230 NA 1.52(1.20-1.70) | 3.5x 107 !
1$6509133 ZNF230 NA 1.48 (1.20-1.70) [ 1.4x10° !
187554607 RYR2 calcium channel 1.49 (1.20-1.70) [ 1.6x10° !
voltage-gated P 5
1512621643 KCNE4 potassium channel 1.48 (1.20-1.70) | 2.8x10
activity
rs10873876 | ST6GALNAC3 NA 1.55 (1.20-1.80) 4x10° !
voltage-gated P 5
159290663 KCNMB2 potassium channel 1.58 (1.20-1.90) 6x 10
activity
156428370 1931 NA 1.43 (1.20-1.60) 7x10° !
rs1881797 OR2C3 G protein coupled 1,52 (1.20-1.80) | 7x10° 3
receptor activity
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Appendix Table 1 continued....

SNP Gene Gene function OR (95% CI) P value Ref
TP53-induced P 5
rs10849033 Cl12orf5 glycolysis and 2.55 (1.60-3.80) 9x 10
apoptosis
151879352 18p11.32 NA 1.53 (1.20-1.80) 9x10° o
1$563507 PARD3 protein phosphatase | 2,00 (1.40-2.70) | 9 x 10 5t
binding
amino acid binding and o 5
rs3779084 DDC protein domain specific | 1-44 (1.32-1.56) | 8.81x 10
binding
amino acid binding and 4 5
rs880028 DDC protein domain specific | 143 (1.30-1.56) | 1.26 x 10
binding
amino acid binding and o =
rs7809758 DDC protein domain specific | 144 (1.32-1.54) | 2.41x 10
binding
amino acid binding and 5 5
1s2242041 DDC protein domain specific | 1-72 (1.30-2.10) | 9.9x 10
binding
amino acid binding and % 5
rs2167364 DDC protein domain specific | 1-46 (1.20-1.70) | 2.8 x 10
binding
recognition of P 2
rs930372 ANKRD44 phosphoprotein 2.37(1.65-341) | 3.1x10
substrate
rs1945213 OR8US G protein coupled | 130 (1.19-1.43) [ 3x10* 5
receptor activity
sequence specific DNA “
rs17505102 TP63 binding transcriptional 1.47 (1.28-1.67) 2x10-8
activator or repressor
157156960 | GPATCH2L NA 1.22 (1.12-1.33) 3x10° >
157738636 6ql4 NA 1.27 (1.15-1.41) 6x10° 4
15282708 4q13.1 NA 1.23 (1.12-1.35) 8x10° >4
may down-regulate o 5
rs4748793 COMMD3 activation of NF-kappa- | 140 (1.26-1.57) | 8.40x 10
B
1s3776932 MAN2A1 biosynthesis of 0.23 (0.10-0.50) 0.0006 %0
complex N-glycans
1s6140264 HAO1 has 2-hydroxyacid 433 (1.8-10.20) 0.0008 %0
oxidase activity
factor that represses S0
rs12105972 GCFC2 transcription, bind to | 0-30 (0.10-0.60) 0.0015
GC-rich sequences
1517837497 TBXASL electron carrier activity | 534 (1.65-3.31) | 1.89x 10° 219
and heme binding
enhances the ability of % 210
rs1496766 MAGI2 PTEN to suppress 2.84 (1.81-444) | 545x10
AKT]1 activation
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Appendix Table 1 continued....

SNP Gene Gene function OR (95% CI) P value Ref
rs17079534 MYRIP melanosome transport | 4.07 (2.04-6.87) | 1.65x 107 219
1510170236 | LOC642340 NA 1.45(1.24-1.69) | 3.92x10° =19

157578361 2q23 NA 1.40 (1.21-1.63) | 8.40x 10° 219
pyridoxal phosphate
rs7142143 PYGL binding and protein | 3 61 (2.34-5.57) | 6.72x 10” 219
homodimerization
activity
rs6683977 PDE4B ion channel binding 1.41(1.22-1.64) | 5.13x10° 219
rs546784 PDE4B ion channel binding 1.40 (1.20-1.62) | 1.17x 107 219

SNP = single nucleotide polymorphism; OR = odds ratio; CI = confidence interval; Ref = reference
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Appendix Table 2: Top one hundred SNPs associated with childhood ALL risk with gender-specificity, results based on the
lowest P values

Minor allele
frequency
SNP Gene/region | Chr' Minor Feature Males | Females | ORanee (95% CI)* P value** P Valu'e i
allele (permutation)
154813720 RASSF2 20 A Supstream | 0.23 0.47 0.29(0.17-0.48) | 1.90x 10 1.0x 10"
15231237 HSPB6 19 A Supstream | 0.42 0.21 3.00 (1.86-4.85) | 7.15x10™ 1.0x 10"
157323018 13ql14.1 13 G intergenic | 0.17 0.36 0.31(0.18-0.52) | 8.40x 10 1.0x 10
1517027254 2p22 2 T intergenic | 0.19 0.39 0.37(0.23-0.58) | 1.86x10™ 1.0x10™
157912381 10926.3 10 G intergenic | 0.39 0.21 2.78 (1.71-4.51) | 3.68x10™ 1.0x 10
1511687208 2p22 2 C intergenic | 0.21 0.4 0.40 (0.26-0.62) | 4.81x 10" 1.0x10*
15798292 MAGI2 7 G intronic 0.16 0.35 0.38(0.24-0.61) | 488x10" 1.5x 10™
1513107783 4pl15.3 4 C intergenic | 0.32 0.52 0.40 (0.26-0.62) | 5.16x10™” 20x 10"
154470624 4p15.3 4 T intergenic | 0.32 0.52 0.40 (0.25-0.62) | 5.16x 10 20x 10"
151849374 12p11.2 12 A intergenic | 0.44 0.25 2.48(1.58-3.88) | 7.35x10™” 20x 10"
rs12948120 ACACA 17 C intronic 0.29 0.49 0.44 (0.29-0.66) | 7.46x10™ 3.0x10™
156904762 6423 6 G intergenic | 0.27 0.46 0.41(0.26-0.64) | 1.00x10™ 1.0x 10"
1s506389 8q22.3 8 A intergenic | 0.28 0.11 2.99(1.74-5.15) | 7.98x10™ 20x 10"
156732320 2p22 2 T intergenic 0.2 0.38 0.41(0.26-0.64) | 8.08x10™ 3.0x10™
158081866 ACACA 17 T intronic 0.28 0.48 0.45(0.30-0.67) | 8.64x10™ 3.0x10™
15349714 3p25 3 G intergenic | 0.44 0.26 2.43(1.56-3.80) | 8.76x10™ 2.0x 10"
157583193 2p22 2 G intergenic | 0.19 0.38 0.41(0.26-0.64) | 9.09x10™ 1.0x 10
15206457 18p11.2 18 A intergenic | 0.59 0.38 224(1.49-335) | 932x10™ 1.0x 10"
157723568 5pl15.3 5 A intergenic | 0.35 0.18 2.66(1.62-436) | 1.10x 10™ 20x 10"
152542660 ACACA 17 C intronic 0.26 0.46 0.45(0.30-0.68) | 1.16x10™ 3.0x10™

154



Appendix Table 2 continued....

Minor allele

frequency
SNP Gene/region Chr' lzllilgfer Feature Males | Females | ORgje (95% CI)* P value** (perﬂlrlztlzllltli‘:m)”

1s1899286 2p22 2 A intergenic | 0.21 0.39 0.42 (0.27 - 0.66) 1.19x 10™ 20x 10"
189563035 13q14 13 G intergenic 0.5 0.31 2.30 (1.50 - 3.52) 1.24x 10™ 1.0x 10"
152542653 ACACA 17 C intronic 0.26 0.46 0.46 (0.31 - 0.68) 1.32x 10" 20x 10"
1$6490437 13q12 13 G intergenic | 0.41 0.6 0.44 (0.29 - 0.67) 1.34x 10™ 20x 10"
154794031 17q21 17 C intergenic | 0.43 0.24 2.32(1.50 - 3.58) 1.42x10% 3.0x 10"
1s2544371 2q31 2 G intergenic | 0.37 0.57 0.45 (0.30 - 0.68) 1.52x 10™ 1.0x 10"
151372166 2p22 2 C intergenic | 0.13 0.28 0.36 (0.21 - 0.61) 1.83x 10" 20x10™
137294845 SOX5 12 T intronic 0.20 0.37 0.41 (0.26 - 0.65) 1.59x 10™ 1.0x 10™
1s12219278 10g26 10 T intergenic | 0.29 0.14 2.74 (1.62 - 4.64) 1.79 x 10™ 20x 10"
154942264 13q13 13 T intergenic | 0.12 0.26 0.36 (0.21 - 0.62) 2.04x10™ 25x 10"
rs11708505 3pl3 3 A intergenic | 0.41 0.6 0.47 (0.31 - 0.70) 2.11x10™ 20x 10"
136540610 HHAT 1 A intronic 0.18 0.39 0.39 (0.24 - 0.65) 2.18x 10™ 40x 10"
152764928 1p32 1 A intergenic | 0.12 0.26 0.36 (0.21 - 0.62) 2.43x10™ 20x 10"
151550017 4932 4 A intergenic | 0.17 0.05 4.23(1.96 - 9.14) 245x10™ 1.0x 10"
1512054636 4932 4 A intergenic | 0.17 0.05 4.23(1.96 - 9.14) 245x10™ 1.0x 10"
152764933 1p32 1 A intergenic | 0.32 0.51 0.45 (0.30 - 0.69) 248x 10™ 20x 10"

15468771 GRIK1 21 T intronic 0.33 0.17 2.48 (1.52 - 4.02) 2.54x 10" 3.0x10™

15864674 5pl3 5 C intergenic | 0.55 0.38 2.27 (1.46 - 3.53) 2.65x10™ 1.0x 10"
1s8106959 KMT2B 19 G intronic 0.25 0.11 2.87 (1.63 - 5.07) 2.66x 10™ 3.0x 10"
159561489 GPC6 13 A intronic 0.40 0.57 0.45 (0.29 - 0.70) 2.86x 10™ 40x10*
154934956 10p11.2 10 T intergenic | 0.56 0.38 2.20 (1.44 - 3.37) 291 x10™ 3.0x 10"
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Appendix Table 2 continued....

Minor allele
frequency
SNP Gene/region Chr' lzllilgfer Feature Males | Females | ORgje (95% CI)* P value** (perﬂlrlztlzllltli‘:m)”
1$9897342 17q11.1 17 A intergenic | 0.43 0.26 2.21 (1.44 - 3.40) 3.03x 10™ 5.0x10™
15756134 1pl3 1 A intergenic | 0.53 0.35 2.10 (1.40 - 3.15) 3.11x10™ 40x10*
154926465 KIF28P 1 G Supstream | 0.49 0.44 0.43 (0.27 - 0.68) 3.14x 10™ 3.0x 10"
15552976 ABCB11 2 T intronic 0.17 0.53 0.40 (0.24 - 0.66) 3.15x 10 1.0x 10"
15563694 2q31 2 G intergenic | 0.16 0.54 0.38 (0.23 - 0.65) 320x 10™ 3.0x 10"
151529186 3q13.1 3 A intergenic | 0.14 0.29 0.40 (0.24 - 0.66) 347x 10" 20x10™
1511049786 12p11.2 12 G intergenic | 0.44 0.27 2.24 (1.44 - 3.50) 3.50x 10 40x10™
139510793 TNFRSF19 13 C intronic 0.35 0.20 2.40 (1.49 - 3.88) 3.51x10™ 3.0x10™
1561748746 N4BP2 4 A coding 0.02 0.10 0.10 (0.02 - 0.36) 3.64x 10" 1.5x 10™
1s2874641 SHISAG 17 G intronic 0.19 0.35 0.43 (0.27 - 0.69) 3.64x 10" 2.0x 10™
1s560887 G6PC2 2 A intronic 0.14 0.59 0.37 (0.21 - 0.64) 3.72x 10™ 45x10™
157025331 9p24 9 C intergenic | 0.40 0.57 0.46 (0.30 - 0.71) 3.72x 10 45x10*
137917910 10926 10 A intronic 0.24 0.33 0.43 (0.27 - 0.69) 3.74x 10" 6.0x10™
1s349707 3p25 3 G intergenic | 0.43 0.57 0.51 (0.35 - 0.74) 376 x 10™ 20x 10"
1561748749 N4BP2 4 G coding 0.16 0.10 0.10 (0.03 - 0.36) 3.93x 10" 1.5x 10"
159873177 PDIA5 3 C intronic 0.06 0.18 030 (0.16-0.59) | 4.03x10™ 20x 10"
15739924 SPATA20 17 C intronic 0.25 0.43 0.45 (0.29 - 0.70) 4.04x 10™ 40x10*
1s12505859 4935 4 G intergenic | 0.39 0.30 2.07 (1.38 -3.11) 4.10x 10™ 40x10*
1s7322477 | LINC00284 | 13 C intronic 0.14 0.27 0.39 (0.23 - 0.66) 4.15x 10" 6.0x10™
1s1978759 MGMT 10 A intronic 0.36 0.36 0.44 (0.27 - 0.69) 4.17x 10" 6.0x 10™
15725038 ACACA 17 C intronic 0.32 0.55 0.51 (0.35 - 0.74) 4.18x 10" 5.0x10™
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Appendix Table 2 continued....

Minor allele

frequency
SNP Gene/region Chr' lzllillelfer Feature Males | Females | ORjee (95% CI)* P value** (perrrllrlit‘:lltli(:)n)“

15729867 CSRNP3 2 T intronic 0.18 0.09 2.92(1.61-5.31) 433x10™ 3.0x10™
154875742 CSVID1 8 C intronic 0.30 0.23 0.36 (0.20 - 0.64) 4.63x 10" 20x10™
rs1720326 11q24 11 G intergenic | 0.49 0.25 2.18 (1.41 - 3.39) 5.06x 10™ 20x 10"
151713676 11g23 11 T intergenic | 0.43 0.39 2.21(1.41 - 3.45) 5.10x 10™ 6.0x 10"
1s3857193 SORCS? 4 C intronic 0.25 0.36 0.46 (0.29 - 0.71) 5.18x 10™ 8.0x10™
156987111 CCDC25 8 A intronic 0.15 0.05 3.91 (1.81 - 8.46) 521x10™ 40x10*
154801931 ZNF611 19 C intronic 0.28 0.54 0.49 (0.32 - 0.73) 524x 10" 6.0x10™
rs12940887 ZNF652 17 T intronic 0.30 0.19 2.27(1.43-3.61) 528x 10" 20x10™
157225787 ZNF652 17 C intronic 0.34 0.27 2.09 (1.38 - 3.16) 528x 10" 3.0x10™
1511079867 17g21 17 C intergenic | 0.44 0.28 2.07 (1.37 - 3.12) 532x10™ 7.0x 10"
154680582 SMC4 3 A intronic 0.16 0.06 3.33(1.69 - 6.58) 533x 10" 50x10™
1s1429143 6pl2 6 G intergenic | 0.37 0.34 0.43 (0.27 - 0.69) 539x 10™ 3.0x 10"
1510506041 12p11.2 12 A intergenic | 0.46 0.38 2.16 (1.40 - 3.34) 5.47x10™ 40x10*
1s1915337 3ql3.1 3 A intergenic | 0.10 0.24 0.39 (0.22 - 0.66) 5.50x 10™ 7.0x 10"
156962352 HIP1 7 G intronic 0.21 0.45 0.49 (0.33 - 0.74) 552x10™ 5.0x10™

15634413 LINC00544 | 13 A intronic 0.30 0.59 0.50 (0.34 - 0.74) 5.56x 10™ 40x10*
154074605 SYNRG 17 C intronic 0.21 0.1 2.84 (1.57 - 5.14) 5.66x 10™ 5.0x10™
1s7407281 18p21 18 A intergenic | 0.23 0.1 2.69 (1.53 - 4.74) 6.04 x 10" 7.0x 10"
rs10778311 TXNRD1 12 G intronic 0.26 0.24 2.09 (1.37 - 3.20) 6.06x 10™ 40x10*
137492685 14921 14 C intergenic | 0.16 0.11 0.10 (0.03 - 0.39) 6.08 x 10 3.0x 10"
154246284 15926 15 C intergenic | 0.16 0.26 0.40 (0.24 - 0.67) 6.12x 10™ 20x 10"
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Appendix Table 2 continued....

Minor allele

frequency
SNP Gene/region Chr' lzllilgfer Feature Males | Females | ORgje (95% CI)* P value** (perﬂlrlztlzllltli‘:m)ﬁ

1510128580 ZBTB16 11 G intronic 0.21 0.09 3.04 (1.61 - 5.74) 6.13x 10™ 7.0x 10"
187243843 DLGAP1 18 T intronic 0.28 0.55 0.51 (0.34 - 0.75) 6.20x 10™ 8.0x 10™
151602491 4q34 4 G intergenic | 0.36 0.21 224 (1.41-3.55) | 623x10™ 7.0x 10"
1517439813 12p11.2 12 C intergenic | 0.44 0.27 2.17 (1.39 -3.37) 6.23x 10* 7.0x 10"
159373051 EYA4 6 T intronic 0.25 0.07 3.18 (1.64 - 6.16) 6.26x 10" 6.0x10™

15309026 12p11.2 12 T intergenic | 0.46 0.29 2.07 (1.36 —3.15) 6.30x 10 1.0x 10"
rs11011225 10p11.2 10 T intergenic | 0.07 0.18 0.32(0.17 - 0.62) 6.62x 10 2.0x 10"
rs12904345 15q26.2 15 C intergenic | 0.02 0.24 0.39 (0.23 — 0.67) 6.64x 10 3.0x10™
157700370 | ADAMTSI2 | 5 C intronic 0.37 0.21 2.18 (1.39 —3.40) 6.69x 10 40x 10"

15910850 DOK5 20 G intronic 0.42 026 | 2.08(1.36—3.16) 6.73x 10 40x 10"
rs12822012 12q13.1 12 C intergenic | 0.09 0.20 0.34 (0.18 — 0.63) 6.81x 10 9.0x10™
157237664 18q11.2 18 T intergenic | 0.25 0.54 0.51 (0.34 - 0.75) 6.86x 10 40x10*
151821567 C8orf34 8 C intronic 0.31 0.29 2.13(1.38-3.31) 7.07x 10 50x10™
151477656 5q21 5 T intergenic | 0.23 0.10 | 2.75(1.53-4.95) 7.09x 10 3.0x10™
157163190 15q14 15 G intergenic | 0.20 0.36 0.47 (0.30 — 0.72) 7.12x 10" 7.0x10™
rs11648233 | HSD17B2 16 C intronic 0.26 0.44 0.49 (0.32 - 0.74) 7.15x 10 50x10™

*ORpteraction Per allele (ORyyee) for the additive model; **P value adjusted for genomic control; P value permutation = point wise P value from
maxT permutation analysis after 10,000 permutation

Chr = Chromosome, SNP = single nucleotide polymorphism
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Appendix Table 3: List of single nucleotide polymorphisms that showed gender-
specific associations based on the P value and were statistically correlated

Chr A SNP 1 Chr B SNP 2
2 rs7583193 2 1517027254
2 156732320 2 151899286
2 156732320 2 rs11687208
2 rs1899286 2 rs11687208
2 15563694 2 rs552976
2 rs17027254 2 156732320
2 rs7583193 2 156732320
2 rs7583193 2 1s1899286
2 rs17027254 2 rs11687208
2 rs17027254 2 1s1899286
2 1s560887 2 1s563694
2 rs7583193 2 rs11687208
4 rs13107783 4 rs4470624
4 1s61748746 4 rs61748749
4 rs1550017 4 rs12054636
12 rs17439813 12 rs11049786
12 1517439813 12 151849374
12 rs11049786 12 151849374
13 154942264 13 157322477
13 1s634413 13 156490437
15 154246284 15 rs12904345
17 rs8081866 17 152542653
17 rs8081866 17 152542660
17 rs8081866 17 rs12948120
17 152542653 17 152542660
17 152542653 17 rs12948120
17 152542660 17 rs12948120
17 rs4794031 17 187225787
17 rs11079867 17 187225787
17 rs4794031 17 rs11079867
17 rs12940887 17 187225787
17 15725038 17 152542653
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Appendix Table 3 continued....

Chr A SNP 1 Chr B SNP 2
17 1s725038 17 152542660
17 rs4794031 17 rs12940887

Chr = chromosome; SNP = single nucleotide polymorphism

Note: Chromosome A and Chromosome B are same chromosome. SNP1 and

SNP2 and statistically correlated SNPs
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Appendix Table 4: List of single nucleotide polymorphisms that showed gender-
specific associations based on effect size and were statistically correlated

Chr A SNP 1 Chr B SNP 2

2 rs1049894 2 rs11904365
4 rs10003958 4 1s9993832
6 rs130069 6 156929434
6 1512722039 6 rs12722042
6 rs17080410 6 1561742396
7 154496864 7 1s35912436
7 154496864 7 1s2160271
7 1s35912436 7 1s2160271
8 1s34265667 8 1s34664882
8 rs11992342 8 rs36041430
8 rs36041430 8 157829965
8 rs11992342 8 1s7829965
9 1s3847262 9 1s2890707
9 154645656 9 rs7848710
9 154645656 9 rs7037100
9 154645656 9 1s6477733
9 1s7848710 9 rs7037100
9 1s7848710 9 156477733
9 rs7037100 9 156477733
19 rs16973890 19 rs117923468
19 rs16973890 19 rs182319278
19 rs117923468 19 rs182319278

Chr = chromosome; SNP = single nucleotide polymorphism

Note: Chromosome A and Chromosome B are same chromosome.
SNP1 and SNP2 and statistically correlated SNPs
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Appendix Table 5: Top one hundred SNPs associated with childhood ALL risk with gender-specificity, results based on the

highest effect sizes (P < 0.05)

Minor allele

frequency
SNP Gene/region Chr lzllilz;)e r Feature Males | Females OR,jjere (95% CI)* P value** (perlr;uvlitl:laltlieon)”

1512722042 HLA-DQA1 6 G coding 0.07 0.005 15.68 (2.03 - 121.2) 0.008 0.001
1s12722039 HLA-DQA1 6 A coding 0.07 0.005 14.87 (1.94 - 114.0) 0.009 0.002
1s11992342 ADAM28 8 T intron 0.07 0.005 14.73 (1.92 - 113.9) 0.01 0.001
rs80040922 UMODL1 21 A coding 0.06 0.005 13.68 (1.77 - 105.6) 0.01 0.004
1561753605 LOC100996481 6 C coding 0.06 0.005 13.38 (1.73 - 103.3) 0.01 0.004
1s35665085 CECRS 22 A coding 0.06 0.005 12.64 (1.63 - 98.00) 0.02 0.006
rs143021649 CNTN3 3 T coding 0.06 0.005 11.62 (1.49 - 90.58) 0.02 0.009

156795524 PROSL 3 G intron 0.05 0.005 10.63 (1.36 - 83.31) 0.02 0.006
rs10003468 4q28.1 4 C intergenic 0.05 0.005 10.63 (1.36 - 83.31) 0.02 0.005
rs10131142 14q11.2 14 A intergenic 0.07 0.01 7.82 (1.76 - 34.78) 0.007 0.002
rs3732042 CNRIP1 2 A 3utr 0.08 0.01 7.50 (1.71 - 32.96) 0.008 0.002
rs34022679 GRK4 4 C coding 0.07 0.01 6.98 (1.58 - 30.76) 0.01 0.003
137829965 ADAM?28 8 A coding 0.06 0.01 6.77 (1.51 - 30.38) 0.01 0.007
rs7097067 10q22.1 10 T intergenic 0.06 0.01 6.77 (1.51 - 30.38) 0.01 0.01
rs35912436 7p21.3 7 C intergenic 0.08 0.01 6.69 (1.54 —29.00) 0.01 0.003
rs2160271 7p21.3 7 C intergenic 0.08 0.01 6.69 (1.54 —29.00) 0.01 0.003
rs17588454 13q12.3 13 G intergenic 0.07 0.01 6.47 (1.46 - 28.61) 0.01 0.006

1rs368390 C18orf42 18 T intron 0.09 0.02 6.25 (1.80 —21.76) 0.004 0.001
rs17080410 PLEKHG1 6 C coding 0.06 0.01 6.25 (1.38 - 28.25) 0.02 0.01
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Appendix Table 5 continued....

Minor allele

frequency
SNP Gene/region Chr Izllille:;)e r Feature Males | Females ORjiete (95% CI)* P value** (perlrllrlzt‘:liltli‘:)n)”

rs61742396 PLEKHG1 6 A coding 0.06 0.01 6.25 (1.38 - 28.25) 0.02 0.01
1s35672330 EXOS5 1 C coding 0.06 0.01 5.98 (1.35 - 26.50) 0.02 0.01
rs1503292 TLL1 4 C intron 0.06 0.01 5.97 (1.35 - 26.47) 0.02 0.01
rs1978526 2q24.3 2 G intergenic 0.06 0.01 5.91(1.33-26.19) 0.02 0.01
rs6887604 5q12.3 5 T intergenic 0.06 0.01 5.75(1.26 - 26.16) 0.02 0.01
rs10063286 5q35.2 5 G intergenic 0.06 0.01 5.75(1.26 - 26.16) 0.02 0.01
rs16879126 NT5C3A 7 C intron 0.06 0.01 5.75(1.26 - 26.16) 0.02 0.009
1s34265667 ANK1 8 A coding 0.06 0.01 5.75(1.26 - 26.16) 0.02 0.009
rs34664882 ANK1 8 A coding 0.06 0.01 5.75(1.26 - 26.16) 0.02 0.009
rs61731389 PCDH15 10 C coding 0.06 0.01 5.75(1.26 - 26.16) 0.02 0.01
rs4764332 12p13.2 12 T intergenic 0.06 0.01 5.75(1.26 - 26.16) 0.02 0.01
rs4496864 7p21.3 7 T intergenic 0.07 0.01 5.72 (1.32 - 24.80) 0.02 0.01
156936494 6q15 6 T intergenic 0.11 0.02 5.67 (1.91 - 16.83) 0.002 7.5x10™
rs3847262 TPD52L3 9 T coding 0.06 0.01 5.49 (1.24 - 24.43) 0.03 0.009
rs2890707 TPD52L3 9 A 3utr 0.06 0.01 5.49 (1.24 - 24.43) 0.03 0.009
157626907 3p24.3 3 A intergenic 0.10 0.02 5.37 (1.81 - 15.99) 0.003 0.001
1s2229528 ACAAL 3 G coding 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.02
1s9842465 SCHIP1 3 T intron 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.01
1s6796558 3928 3 A intergenic 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.02
1s55882716 MAST4 5 T coding 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.01
rs1030270 CYFIP2 5 A intron 0.05 0.01 526 (1.15 - 24.11) 0.03 0.01
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Appendix Table 5 continued....

Minor allele

frequency
SNP Gene/region Chr Izllille:;)e r Feature Males | Females ORjiete (95% CI)* P value** (perlrllrlzt‘zllltli‘:)n)”
15205944 S C35F1 6 A intron 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.02
rs381783 IL20RA 6 T intron 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.01
rs11980237 KDELR2 7 A intron 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.01
rs720872 Tp21.2 7 C intergenic 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.01
15147596194 RGS3 9 T intron 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.01
1s61745456 MAMDC4 9 T coding 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.01
15117923468 WDR87 19 A coding 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.01
rs182319278 WDR87 19 C coding 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.01
rs9305777 21q21.1 21 T intergenic 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.02
rs8129749 21q21.2 21 T intergenic 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.01
1s985456 21q21.3 21 C intergenic 0.05 0.01 5.26 (1.15 - 24.11) 0.03 0.01
rs16863233 LPP 3 C intron 0.07 0.02 5.16 (1.46 - 18.18) 0.01 0.008
rs7037100 ZNF782 9 C intron 0.07 0.02 5.16 (1.46 - 18.18) 0.01 0.008
1s7630157 EGFEM1P 3 C intron 0.06 0.01 5.07 (1.14 - 22.62) 0.03 0.01
1562640905 OSGIN1 16 C coding 0.06 0.01 5.02 (1.13 - 22.40) 0.03 0.01
rs16973890 | ZNF571/ZNF540 19 C intron 0.06 0.01 5.02 (1.13 - 22.40) 0.03 0.01
1s35693261 MTG2 20 T coding 0.06 0.01 5.02 (1.13 - 22.40) 0.03 0.01
1s7539097 TNR 1 G intron 0.08 0.02 5.00 (1.44 - 17.32) 0.01 0.005
1s9493135 6q23.2 6 A intergenic 0.08 0.01 494 (1.43-17.14) 0.01 0.005
156722598 MFF 2 A Supstream 0.09 0.02 4.92 (1.63 - 14.89) 0.005 0.002
rs1049894 PSME4 2 T coding 0.07 0.02 4.81 (1.36 - 17.03) 0.02 0.01
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Appendix Table 5 continued....

Minor allele

frequency
SNP Gene/region Chr Izllill;)e r Feature Males | Females OR,jiete (95% CI)* P value** (perrr;nrlitlzllltlieon)”

rs11904365 2pl6.2 2 C intergenic 0.07 0.02 4.81 (1.36 - 17.03) 0.02 0.009
rs10003958 RAB28 4 C intron 0.07 0.02 4.81 (1.36 - 17.03) 0.02 0.01
rs9993832 RAB28 4 T intron 0.07 0.02 4.81 (1.36 - 17.03) 0.02 0.01
rs36041430 ADAM28 8 A coding 0.07 0.02 4.81 (1.36 - 17.03) 0.02 0.01
rs78888579 CROCC 1 A coding 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.01
rs10218650 1q31.3 1 T intergenic 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.04
rs13405142 2p22.1 2 T intergenic 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.03
rs10194197 2pl2 2 T intergenic 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.04
1561741435 CCDC173 2 T coding 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.02
154856270 CADM2 3 T intron 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.02
152165084 4q31.3 4 G intergenic 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.02
157703414 5pl13.1 5 A intergenic 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.03
rs11751765 TRERF1 6 T coding 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.04
157797334 Tp21.2 7 C intergenic 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.02
rs4278110 7pl12.2 7 A intergenic 0.05 0.02 4.77 (1.03 - 22.10) 0.05 0.03
rs11987106 COLEC10 8 A intron 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.03
1s61735202 CCIN 9 A coding 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.04

1s943811 10g26.2 10 A intergenic 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.03
rs10430621 10q26.3 10 C intergenic 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.04
rs11182332 TMEM117 12 A intron 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.04
1s2293624 C120rf73 12 A coding 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.04
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Appendix Table 5 continued....

Minor allele

frequency
SNP Gene/region Chr lzllill;)e r Feature Males | Females OR,jiete (95% CI)* P value** (perrr;nrlit‘zllltlieon)”

rs4770684 PARP4 13 A coding 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.03
rs7182827 UBE3A 15 C intron 0.05 0.01 4.77 (1.03 - 22.10) 0.05 0.04
rs12621721 MAP3K19 2 A intron 0.05 0.01 4.72 (1.02 - 21.86) 0.05 0.03
rs7275217 21q22.1 21 G intergenic 0.05 0.01 4.72 (1.02 - 21.86) 0.05 0.03
rs41299607 RGS.1 1 A coding 0.05 0.01 4.56 (1.02 - 20.41) 0.05 0.03
1s9282777 LMO2 11 A coding 0.05 0.01 4.56 (1.02 - 20.41) 0.05 0.02
1rs10520291 2pl2 2 A intergenic 0.08 0.02 4.52 (1.33 - 15.39) 0.02 0.009
rs12037891 PDE4B 1 A intron 0.06 0.02 446 (1.25-15.91) 0.02 0.02
1573022563 PLEKHG4B 5 T coding 0.06 0.02 446 (1.25-15.91) 0.02 0.02

rs130069 CCHCR1 6 T coding 0.06 0.02 446 (1.25-15.91) 0.02 0.02
156929434 TCF19 6 A Supstream 0.06 0.02 4.46 (1.25-15.91) 0.02 0.02
rs10975823 KDM4C 9 C intron 0.06 0.02 446 (1.25-15.91) 0.02 0.02
154645656 ZNF782 9 T coding 0.06 0.02 4.46 (1.25-15.91) 0.02 0.02
rs7848710 ZNF782 9 T intron 0.06 0.02 4.46 (1.25-15.91) 0.02 0.02
156477733 ZNF782 9 G intron 0.06 0.02 446 (1.25-15.91) 0.02 0.02
rs17000817 21g21.2 21 C intergenic 0.08 0.02 4.45 (1.46 - 13.59) 0.009 0.004
1s2633820 SUMF1 3 A intron 0.08 0.02 4.39 (1.32 - 14.63) 0.02 0.007
1$9469223 6p24 6 G intergenic 0.08 0.02 4.39 (1.32 - 14.63) 0.02 0.007

*ORinteraction per allele (OR 1) for the additive model; **P value adjusted for genomic control; P value permutation = point wise P value from maxT

permutation analysis after 10,000 permutation

Chr = Chromosome, SNP = single nucleotide polymorphism
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Appendix Table 6: Bioinformatic analysis of genetic risk markers for the top one hundred gender-specific associations, results
based on the lowest P values

rs4813720 20 NS 0.18 RASS-2 rs3215695 2b RASS-2
rs231237 19 2b 0.12 HSPB6
rs7323018 13 5 NS LACC1-SMIM2
rs17027254 2 6 NS HNRNPA1P57-LDHAL3
rs7912381 2 NS 0.1 TCERGI1L-PPP2R2D .
rs11687208 2 NS 0.1 HNRNPA1P57-LDHAL3 rs1899286 3a HNRNPA1P57-LDHAL3
rs798292 7 6 NS MAGI2
rs13107783 4 6 0.1 RPL21P46-SL1T2 rs1905844 2b RPL21P46-9L1T2
14470624 6 6 0.1 RPL21P46-SL1T2 rs1905844 2b RPL21P46-SL1T2
rs1849374 12 6 NS CCDC91- FAR2
rs12948120 17 6 0.21 ACACA r$9330250 2b ACACA
1s6904762 6 5 NS TMEM244-L3MBTL3
rs506389 8 NS NS ZNF706-DUXAP2
1s6732320 2 6 NS HNRNPA1P57-LDHAL3 rs1899286 3a HNRNPA1P57-LDHAL3
rs8081866 17 4 0.21 ACACA rs9330250 2b ACACA
rs349714 3 5 0.1 SL.C6A1-HRH1 rs13317174 2b S C6A1-HRH1
1s7583193 2 NS NS HNRNPA1P57-LDHAL3
15206457 18 6 NS VAPA-APCDD1
157723568 5 5 NS IRX1-LOC101929153
1s2542660 17 5 0.18 ACACA rs9330250 2b ACACA
rs37389 5 NS 0.27 PRLR
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Appendix Table 6 continued....

rs1899286 2 3a 0.1 HNRNPA1P57-LDHAL3 .
1s9563035 13 NS NS LINCO0371-FAM124A

12542653 17 NS 0 ACACA 14299194 2b ACACA
1s2542653 17 NS 0 ACACA 19330250 2b ACACA
1s6490437 13 6 NS LINC00544-LINC00384 rs7334559 2b LINCO00544-LINC00384
1s4794031 17 5 0.5 PHOSPHO1-ZNF652

152544371 2 6 NS LRP2-BBSH

1s1372166 2 NS 0.1 HNRNPA1P57-LDHAL3

157294845 12 5 NS SOX5 rs11047322 3a SOX5
17294845 12 5 NS SOX5 rs11047322 3a SOX5
rs12219278 10 5 NS TCERG1L-BNIP3
1s4942264 13 NS NS DGKZP1-LINC00284 rs4418956 2b LINC00284
rs11708505 3 5 0.1 RYBP-SHQ1 rs11708482 2b RYBP-SHQL1
rs6540610 1 NS 0.1 HHAT
12764928 1 NS 0.1 LINC01135-PHBP3 rs7555848 3a LINC01135-PHBP3
rs1550017 4 6 NS GRIA2-LOC340017 rs7694905 3a GRIA2-LOC340017
rs12054636 4 NS NS GRIA2-LOC340017 rs7694905 3a GRIA2-LOC340017
12764933 1 5 NS LINC01135-PHBP3

rs468771 21 NS NS GRIK1

rs864674 5 5 0.1 SUB1-NPR3
rs8106959 19 1f NS KMT2B rs10413852 1f UPK1A
rs8106959 19 1f NS KMT2B rs12461333 1f UPK1A-ZBTB32
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Appendix Table 6 continued....

rs8106959 19 1f NS KMT2B rs12461285 1f UPK1A-ZBTB32

18106959 19 1f NS KMT2B rs3848662 1f KMT2B

19561489 13 NS NS GPC6 159556347 3a GPC6

154934956 10 5 NS CICP9-ABCD1P2

19897342 17 2b 0.5 MYO18A-TWF1P1 157225149 2a MYO18A

13756134 1 4 NS ALX3-UBL4B

154926465 1 6 NS KIF28P 137520180 3a KIF28P

1552976 2 3a 0.27 ABCB11

15563694 2 NS 0.1 G6PC2-ABCB11 15566879 3a ABCB11

rs1529186 3 4 0.1 LOC100422385- rs62281690 3a LOC100422385-
LOC440973 LOC440973

rs11049786 | 12 6 NS CCDC91-FAR2

19510793 13 6 NS TNFRSF19

rs61748746° | 4 6 NS N4BP2

152874641 17 5 NS SHISAG

rs560887 2 NS NS G6PC2

17025331 9 4 NS ] %{32%2535

17917910 10 NS NS C100rf90-DOCK1

15349707 3 6 NS SLC6AL-HRH1

rs61748749° | 4 2b NS N4BP2

19873177 3 5 0.1 PDIA5

15739924 17 1f 1 SPATA20 19913430 1a SPATA20

rs12505859 | 4 NS 0.5 |CE2P1-LINC01060
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Appendix Table 6 continued....

137322477 13 NS 0 LINC00284 rs4418956 2b LINC00284
151978759 10 4 NS MGMT 131978756 2b MGMT
rs725038 17 6 0.21 ACACA
15729867 2 6 0.1 CSRNP3
154875742 8 6 NS CSvVID1
rs1720326 11 4 NS SCN3B-ZNF202 rs1275051 1f SCN3B-ZNF202
rs1713676 11 5 NS LOC390251-USP28 | rs11214739 3a uUSP28
rs3857193 4 3a NS SORCS2
rs6987111 8 6 NS CCDC25 rs9314355 1d LOC100130612-
SCARA5

16987111 8 6 NS CCDC25 rs17057911 1f PBK
rs6987111 8 6 NS CCDC25 rs17057863 1f ESCO2
rs4801931 19 5 NS ZNF611
rs12940887 | 17 NS NS ZNF652 rs16948048 3a ZNF652
137225787 17 NS NS ZNF652
rs11079867 | 17 NS NS FLJ40194-ZNF652 152011767 2a FLJ40194-ZNF652
154680582 3 6 0.1 Mc4 173155903 2b TRIM59
rs1429143 6 NS NS ELOVL5-NANOGP3
rs10506041 | 12 NS NS LOC101928705-FAR2
rs1915337 3 NS NS LOC100422385-

LOC440973
156962352 7 5 0.18 HIP1
15634413 13 5 NS LINC00544 154769779 3a LINC00544
154074605 17 4 NS SYNRG 157224979 1d SYNRG
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Appendix Table 6 continued....

RegulomeDB . Correlated | RegulomeDB Gene
SNP Chr score’ F-SNP Gene SNP score’ (correlated SNPs)
rs4074605 17 4 NS SYNRG rs3110626 1f SYNRG
rs4074605 17 4 NS SYNRG rs6607279 1f SYNRG
rs4074605 17 4 NS SYNRG rs8080313 1f SYNRG
rs7407281 18 NS NS LOC100128022-
NFE2L3P1
rs10778311 12 5 NS TXNRD1 rs7138523 3a TXNRD1
rs10778311 12 5 NS TXNRD1 154329742 3a TXNRD1
rs10778311 12 5 NS TXNRD1 154569072 3a TXNRD1
1s7492685 14 6 NS RPL18P1-ATP5GP2
RPL31P55- RPL31P55-
154246284 15 6 NS EAM149B1P1 1s12898262 3a FAM149B1P1
rs10128580 11 5 0 ZBTB16
157243843 18 5 0.55 DLGAP1 157228679 2b DLGAP1
ADAM29-
rs1602491 4 5 0.1 LOC100129957
rs17439813 12 NS NS LOC101928705- FAR2
rs9373051 6 6 NS EYA4
rs309026 12 5 NS LOC101928705- FAR2
TMEM161BP1-
rs11011225 10 5 NS TACCLP1
RPL31P55- RPL31P55-
rs12904345 15 NS NS EAM149B1P1 rs12898262 3a FAM149B1P1
rs7700370 5 6 0.1 ADAMTSI12
rs910850 20 5 NS DOK5
rs12822012 12 NS NS RPL13AP21- S.C38A1
1s7237664 18 5 NS CDH2-ARIH2P
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Appendix Table 6 continued....

RegulomeDB . Correlated | RegulomeDB Gene
SNP Chr score’ F-SNP Gene SNP score’ (correlated SNPs)
rs1821567 8 NS NS C8orf34 .
LOC285706-
rs1477656 5 6 0.24 EEE1ALP20
rs7163190 15 NS NS GOLGA8B-GJD2
rs11648233 16 6 0.5 HSD17B2

Note: Some associated SNPs showed multiple statistically correlated functional variants

Chr = Chromosome; NS = No score; SNP = single nucleotide polymorphism; *Missense; 'SNPs change or create a binding site for transcription
factors

"RegulomDb predicts score from 1 to 7. A score of one suggests SNPs have higher functionality and may play an important role in gene regulation A
score of 7 predicts least functionality

"F-SNP predicts score from 0 to 1. A score of one suggest higher functionality and a score zero suggests no functional role of a SNP
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Appendix Table 7: Bioinformatic analysis of genetic risk markers for the top one hundred gender-specific associations with
childhood ALL with the highest effect sizes (P < 0.05)

SNP Chr | Feature Reg;clgr“;fl) B psnp” Gene/region C“glflll“,‘ted Regs“cl(‘)’;‘:fl) B ( cOrreﬁ:E:; SNPs)
1s12722042 6 coding 4 0.75 HLA-DQA1 rs28619112 3a HLA-DQA1
1s12722039" 6 coding 4 0.41 HLA-DQA1 rs28619112 3a HLA-DQA1
1s11992342 8 intron 6 0.5 ADAM28
1s80040922° 21 coding NS NS UMODL
rs61753605 6 coding 5 NS LOC100996481
1535665085 22 coding 6 0 CECR5

rs143021649" 3 coding NS NS CNTN3
1s6795524 3 intron 5 0.26 PROS1L 1s76514818 3a ARL13B
rs10003468 4 intergenic NS 0.1 FAT4-NUPL1P1
rs10131142 14 intergenic NS 0.5 EDDM3A-EDDM3B
rs3732042 2 Jutr 6 0.24 CNRIP1 rs73935338 2b PPP3R1- CNRIP1
1s34022679° 4 coding 5 0.1 GRK4
157829965 8 coding 2b 0.5 ADAM28
rs7097067 10 intergenic 6 0.5 PPA1-NPFFR1 rs60660561 2b PPAL
rs7097067 10 | intergenic 6 0.5 PPA1-NPFFR1 rs56938544 2b NPFFR1
rs35912436 7 intergenic 6 NS TMEM106B-VWDE rs2192840 2b TMEM106B-VWDE
152160271 7 intergenic NS NS TMEM106B-VWDE 152192840 2b TMEM106B-VWDE
rs17588454 13 intergenic 5 NS LLIII;I\I%%%%‘;‘Z 154534683 2b LLIINNCC::%%SSg
rs368390 18 intron 6 0.5 C18orf42
1517080410 6 coding 5 0 PLEKHG1
1s61742396° 6 coding 5 NS PLEKHG1 1557264696 2a I:/ILTEI-T IL-IDGJ__
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Appendix Table 7 continued....

SNP Chr | Feature Reg;ég:;sDB F-SNP™ Gene/region Cog;‘;‘ted Reg:::::f DB ( Correﬁi«?j SNPs)
1s35672330° 1 coding 5 0 EXO5 .
rs1503292 4 intron 6 NS TLL1
rs1978526 2 intergenic 6 NS KCNH7- RPL7P61 1s72623141 3a KCNH7-RPL7P61
156887604 5 | intergenic 6 NS L O(:C::L[C))iggé819 1578308574 3a L OCC:ll(D)%ggi-%lg
rs10063286 5 intergenic NS 0.1 DRD1-SFXN1 15201488474 3a DRD1-SFXN1
rs16879126 4 intron 4 NS NT5C3 1872555715 2c NTSC3A
1s34265667 8 coding 5 0.14 ANK1
1s34664882° 8 coding 5 0 ANK1
1561731389 10 coding 6 NS PCDH15 1572797047 3a PCDH15
154764332 12 | intergenic NS NS GAE’EE’SF;LL 1573060081 2b GAE’EEQF;LL
154496864 7 intergenic NS NS TMEM106B-VWDE 152192840 2b TMEM106B-VWDE
156936494 6 | intergenic NS NS L oé%fgzzé%
153847262 9 coding NS 0.87 TPDS52L3 rs10758768 2a TPD52L3-UHRF2
152890707 9 3utr 2b NS TPD52L3 rs10758768 2a TPD52L3-UHRF2
1s7626907 3 intergenic NS NS KCNH8-EFHB
1s2229528 3 coding 2b NS ACAAL
rs9842465 3 intron NS 0.24 SCHIP1 rs13434009 3a SCHIP1
rs6796558 3 intergenic 6 0.1 PYDC2-FGF12
1555882716 5 coding 5 NS MAST4
rs1030270 5 intron NS NS CYFIP2 rs61088678 3a CYFIP2
15205944 6 intron NS NS SLC35F1
rs381783 6 intron NS NS IL20RA 1s276497 2b IL20RA
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Appendix Table 7 continued....

SNP Chr | Feature Reg;ég:;sDB F-SNP™ Gene/region Cog;‘;‘ted Reg:::::f DB ( Correﬁi«?j SNPs)
rs381783 6 intron NS NS IL20RA rs276498 2b IL20RA
rs381783 6 intron NS NS IL20RA rs276499 2b IL20RA

rs11980237 7 intron NS 0 KDELR2
rs720872 7 intergenic NS NS DGKB-AGMO rs218078 3a DGKB-AGMO
rs147596194" 9 intron 4 NS RGS3 rs118167986 2b RGS3
rs147596194" 9 intron 4 NS RGS3 rs76385691 2b RGS3
rs147596194" 9 intron 4 NS RGS3 rs117507747 2b RGS3
15147596194 9 intron 4 NS RGS3 rs113069800 2b RGS3
15147596194 intron 4 NS RGS3 15150767530 2b RGS3-
_ LOC100288542
rs61745456 coding 5 NS MAMDCA4
rs117923468" | 19 coding NS NS WDR87
rs182319278" | 19 coding NS NS WDR87
rs9305777 5 intergenic 5 NS MIR99AHG-NEK4P1
rs8129749 21 intergenic NS NS I_Rol\lig:;%iz&g rs11909912 3a LRONi:;?DGéle%S-
13985456 21 | intergenic 5 NS LgélROCO}si';l 1579015379 3a LOCC\}SF%I_ZA";”'
rs16863233 3 intron NS 0.24 LPP
rs7037100 9 intron 5 NS ZNF782 rs12349952 1f ZNF510
rs7630157 3 intron NS 0.1 EGFEM1P
1562640905 16 coding 5 NS OSGIN1
1516973890 19 intron 4 0.62 ZNF571
1s35693261° 20 coding 5 0.1 MTG2
1s7539097 1 intron 5 NS TNR rs80216135 3a TNR

175




Appendix Table 7 continued....

SNP Chr | Feature Reg;iz:;gDB F-SNP™ Gene/region Cor;;l}z:ted Reg;lcl;):;f DB ( Correﬁi«?j SNPs)
rs9493135 6 intergenic 4 NS ENPP1-CTGF rs73779142 3a ENPP1-CTGF
rs9493135 6 intergenic 4 NS ENPP1-CTGF rs9493137 3a ENPP1-CTGF
rs9493135 6 intergenic 4 NS ENPP1-CTGF rs57896928 3a ENPP1-CTGF
1s6722598 2 Supstream 5 0.24 MFF rs138676164 3a LOC654841
1s6722598 2 Supstream 5 0.24 MFF 1s201829089 3a LOC654841
rs1049894 2 coding NS 0.37 PSVIE4 rs10180492 3a GPR75-ASB3
rs1049894 2 coding NS 0.37 PSME4 1878542544 3a PSME4

rs11904365 2 intergenic 6 0.1 PSVIE4-RPL21P30

rs10003958 4 intron 5 0.1 RAB28 157673680 3b RAB28
1s9993832 4 intron 5 NS RAB28 157673680 3b RAB28
1s36041430 8 coding NS 0 ADAM28

1s78888579° 1 coding 5 NS CROCC rs116314250 2b CROCC

1s78888579° 1 coding 5 NS CROCC rs140067167 2b CROCC
rs10218650 1 intergenic NS 0.1 CDC73-KCNT2

rs13405142 | 2 | intergenic NS 0.1 H NLRSEQ%,ZW'

rs10194197 2 intergenic 6 0.1 GCFC2- UCLA2P2

1s61741435° 2 coding 6 NS CCDC173 rs79306213 2b PPIG
rs4856270 3 intron 5 0.1 CADM2 rs6809486 3a CADM2
rs2165084 4 intergenic 3a 0.27 KIAA0922-WDR45P rs2118864 2a KIAA0922-WDR45P
rs7703414 5 intergenic 6 0.1 INTS5P1-LINC00603

1511751765 6 coding 5 0.9 TRERF1
17797334 7 intergenic 5 NS LOCJ]OSJI-BS7558-
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Appendix Table 7 continued....

SNP Chr | Feature Reg;iz:;gDB F-SNP" Gene/region Cog;‘;‘ted Reg:cl(())::Te DB ( Correﬁi«?j SNPs)
154278110 7 | intergenic 5 NS LOCll()SE?E’SS' 1$6583519 3a L 022(%15432'71 4
rs11987106 8 intron 6 NS COLEC10
rs61735202 9 coding 6 NS CCIN
rs943811 10 intergenic 5 NS LINC01163-MGMT
rs10430621 10 | intergenic 6 NS TCERG1L-PPP2R2D
rs11182332 12 intron 6 NS TMEM117
1s2293624° 12 coding NS 0.37 C120rf73
154770684 13 coding NS 0.32 PARP4
rs7182827 15 intron 6 NS UBE3A 1574946267 2b UBE3A
1512621721 2 intron 6 0.1 MAP3K19/YK4 1578265845 2b MAP3K19
17275217 21 | intergenic 6 NS KRTAP21-1-KRTAPS
1s41299607° 1 coding 6 0.1 RGS.1
rs9282777 11 coding 5 0.37 LMO2
rs10520291 2 intergenic NS 0.1 CTNNA2-SUCLG1
rs12037891 1 intron 0.1 PDE4B
1s73022563" 5 coding 5 NS PLEKHG4B
15130069 6 coding 5 1 CCHCR1
16929434 6 Supstream 1b 0.5 TCF19
rs10975823 9 intron NS 0 KDM4C rs10118219 2a KDM4C
154645656 9 coding 5 0.5 ZNF782 rs12349952 1f ZNF510
rs7848710 9 intron NS NS ZNF782 rs12349952 1f ZNF510
rs6477733 9 intron 5 0.5 ZNF782 rs12349952 1f ZNF510
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Appendix Table 7 continued....

RegulomeDB . . Correlated | RegulomeDB Gene
SNP Chr | Feature Score’ F-SNP Gene/region SNP score’ (Correlated SNPs)
rs17000817 9 | intergenic 5 0.5 RNASSP489-
RPL13AP7
rs2633820 3 intron NS 0.1 SUMF1
1s9469223 6 intergenic NS NS NEDD9-HIVEP1 rs17608111 3a NEDD9-HIVEP1

Note: Some associated SNPs showed multiple statistically correlated functional variants

Chr = Chromosome; NS = No score; SNP = single nucleotide polymorphisms; *Missense; "'SNPs change or create a binding site for transcription
factors

"RegulomDb predicts score from 1 to 7. A score of one suggests SNPs have higher functionality and may play an important role in gene regulation. A
score of 7 predicts least functionality

"F-SNP predicts score from 0 to 1. A score of one suggest higher functionality and a score zero suggests no functional role of a SNP
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Appendix Table 8: Expression quantitative trait locus analysis of gender-specific
associated genetic risk variants

SNP Chr Feature Gene eQTL
x . . TCERGIL-
157912381 2 intergenic PPP2R2D FGD6
1s798292° 7 intronic MAGI2 MYST2, ATAD2B, EIF1AX
1s1550017" 4 intergenic GRIA2-LOC340017 FGD6
1512054636 4 intergenic GRIA2-LOC340017 FGD6
1s560887" 2 intronic G6PC2 P4HA2
1s739924° 17 intronic SPATA20 SPATA20
1s725038" 17 intronic ACACA COL9A3
. . . RPL31P55-
rs12904345 15 intergenic FAM149B1P1 ROPN1, ROPN1B
. . . LOC100131190, MX2,
rs4299194 17 intronic ACACA PLSCRL
1s12461333" 19 intergenic UPK1A-ZBTB32 CANTY, CLPTM1,
159913430 17 intronic SPATA20 SPATA20
NPAL2, ENOSF1, SMG1,
o . . PTPN11, ACACA, GALK2,
rs9493135 6 intergenic ENPP1-CTGF LOC440354, LOC595101,
LOC641298

eQTL = expression quantitative trait loci; Chr = chromosome

*Gender-specific results based on the P value; **Gender-specific results based on the effect sizes
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Appendix Table 9: Gender- and age-specific single nucleotides polymorphisms and their previous GWAS associations

SNP Gene Disease/trait Results PUBMED ID
rs552976 G6PC2 Glycated hemoglobin levels Gender P value 20858683
1s563694 G6PC2 Fasting plasma glucose Gender P value 18521185
rs560887 G6PC2 Glycemic traits (pregnancy) Gender P value 23903356
1s560887 G6PC2 Metabolite levels Gender P value 22916037
rs560887 G6PC2 Fasting glucose-related traits (interaction with BMI) Gender P value 22581228
rs560887 G6PC2 Fasting plasma glucose Gender P value 22508271
rs560887 G6PC2 Metabolic syndrome Gender P value 22399527
1s560887 G6PC2 Metabolite levels Gender P value 22286219
rs560887 G6PC2 Fasting glucose-related traits Gender P value 20081858
rs560887 G6PC2 Fasting glucose-related traits Gender P value 20081858
rs560887 Go6PC2 Metabolic traits Gender P value 19060910
rs560887 G6PC2 Fasting plasma glucose Gender P value 19060907
rs560887 G6PC2 Fasting plasma glucose Gender P value 18451265

rs12940887 ZNF652 Blood pressure Gender P value 21909110
rs9305777 intergenic Platelet aggregation Gender OR 17903294
rs5028798 EHF Volumetric brain MRI Age P value 17903297
rs4948088 COBL Type 1 diabetes Age P value 19430480
rs2116078 KCNB2 Multiple sclerosis (age of onset) Age P value 19010793

rs12188300 IL12B Psoriatic arthritis Age OR 20953186

rs28421666 intergenic Nasopharyngeal carcinoma Age OR 20512145
157169431 intergenic Chronic lymphocytic leukemia Age OR 23770605
157169431 intergenic Chronic lymphocytic leukemia Age OR 20062064

SNP = single nucleotide polymorphism; OR: odds ratio
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Appendix Table 10: Genes showing gender-specific associations (ranked by their P values) and their interactions

with chemicals in studies curated in the Comparative Toxicological Database

Gene/region SNP Chemical interaction PubMed IDs
aflatoxin B1, arsenite, benzene, bisphenol A , 22100608, 18929588, 19162166,
copper sulfate, dust, ethinyl estradiol, 12075121, 12075121, 20080153,
RASS=2 14813720 tetrachlorodibenzodioxin, 4-hydroxy-2-nonenal, 20436886 , 17562736, 19549813,
acetaminophen 17805423
TCERGIL rs7912381* arsenite, fonofos, parathion, terbufos, 23974009, 22847954, 22847954,
rs12219278 pentachlorophenol 23724009, 23892564
benzo(a)pyrene diol epoxide, PCBs, 20971185, 19114083, 17562736
PPP2R2D rs7912381* acetaminophen, bisphenol A, 24534842, 21570461, 21346803,
tetrachlorodibenzodioxin, 2,6-dinitrotoluene, 18175754
sodium selenite
. . . 22230336, 21632981, 22100608,
acetaminophen, aflatoxin B1, arsenite, 23974009, 20106945, 20382639
benzog)sp{;?:l’ Ke‘ll,z(‘;g)&ﬁiﬁdlccl’]lljfo’“de° 21632981, 21871943, 23359474,
MAGI2 1798292 phen T Y o 23303685, 21177773, 24935251,
tetrachlorodibenzodioxin, tungsten carbide, 20105288, 23829299, 19114083
ammonium chloride, bisphenol A, dibutyl phthalate, 23829299, 16483 693, 2335947 4’
diethylhexyl phthalate, ammonium chloride i 16483 693, ’
aflatoxin B1, asbestos, atrazine, benzo(a)pyrene,
benzo(a)pyrene diol epoxide, estradiol, bisphenol g?ég?gjg’ }Sg égg;’ %Si;i%g’
rs13107783* A, estrogens, N-acetyl-4-benzoquinoneimine, 20576693, 21233418, 21177773,
SIT2 SAATO624% tetrachlorodibenzodioxin, chlorpyrifos, dibutyl 21296121, 17361019, 22634333
phthalate, flusilazole, hexaconazole, nitrofen, 2040685 O’ 2263433 3’ 16483 693’
thiram, 2,6-dinitrotoluene, acetaldehyde, ’ 2204503 4’ ’
ammonium chloride, cyproconazole
s arsenite, benzo(a)pyrene, formaldehyde, , , R
1849374* ite, b (a) f ldehyd 23974009, 20064835, 23649840
s methylmercuric chloride, potassium chromate , , , X
FAR2 17439813 hyl ic chlorid i h (V1) 23179753, 22079256, 21592394
rs10506041 testosterone, tetrachlorodibenzodioxin, aluminum 21998131,21298039
TMEM244 16904762 air pollutants 21757418
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Appendix Table 10 continued....

Chemical interaction

PubMed IDs

aflatoxin B1, dihydrotestosterone, arsenite,
benzo(a)pyrene, estradiol, formaldehyde, hydrogen
peroxide, niclosamide, tetrachlorodibenzodioxin,
1,4-bis(2-(3,5-dichloropyridyloxy))benzene, 2,4-
dinitrotoluene, 2,6-dinitrotoluene, acetaminophen,
ammonium chloride, aristolochic acids, atrazine,
benzene, bisphenol A, bis(tri-n-butyltin)oxide,
chlorpyrifos, decamethrin, ethanol, ethinyl
estradiol, flusilazole, insecticides,
lipopolysaccharides, 2,6-dinitrotoluene, ammonium
chloride, ethanol, nicotine

20106945, 18801408, 23974009,
20106945, 23019147, 23649840,
21179406, 22576131, 21632981,
24878338, 21346803, 20406850,
17562736, 16483693, 21167265,
24440342, 19483382, 21932408,
22174045, 21356183, 23401056,
23692951, 24440342, 22382673,
23401056, 22025971, 20406850,
16483693, 23692951, 17635921

potassium chromate(VI), acetaminophen, estradiol,
copper sulfate, tetrachlorodibenzodioxin

22079256, 17562736, 20068009,
19789285, 21570461

atrazine, benzo(a)pyrene, copper sulfate, bisphenol

22378314, 20064835, 19549813,
24534842

aflatoxin B1, estradiol, agrochemicals, herbicides,
lipopolysaccharides, progesterone, toluene

20106945, 20106945, 22467014,
22467014, 21219332, 20631399,
21827849

PCB, aflatoxin B1, asbestos, benzo(a)pyrene,
benzo(a)pyrene diol epoxide, lipopolysaccharides,
particulate matter, vehicle emissions, endosulfan,

tetrachlorodibenzodioxin

11238657, 22100608, 22398240,

20064835, 20382639, 21255012,

10051702, 10051702, 16263506,
21570461

benzene, acetaminophen, benzo(a)pyrene, bisphenol
A, dibutyl phthalate, particulate matter,
tetrachlorodibenzodioxin, vehicle emissions

19162166, 17562736, 21569818,
21786754, 17379624, 17295261,
21570461, 17295261

Gene/region SNP

1s12948120

rs8081866

ACACA 12542660
1s2542653

L3MBTL3 rs6904762
ZNF706 rs506389*
rs349714*

SLCeAL rs349707*
rs349714*

HRH1 rs349707*
VAPA 1206457
APCDD1 1206457

benzo(a)pyrene diol epoxide, copper sulfate,
progesterone, tetrachlorodibenzodioxin, trichostatin
A, acetaminophen, estradiol, carbon tetrachloride,
toluene

20382639, 19549813, 20864642,
22298810, 24935251, 17562736,
14664709, 17484886, 22967744
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Appendix Table 10 continued....

Chemical interaction

PubMed IDs

arsenite, azaspiracid, benzo(a)pyrene, estradiol,
hydrogen peroxide, potassium chromate(VI),
progesterone, methoxychlor, 2,4-dinitrotoluene,
PCBs, acetaminophen, aflatoxin B1, benzene,
bisphenol A, cadmium, carbon tetrachloride,
clofibric acid, , cyproconazole, dibutyl phthalate,
diethylhexyl phthalate, diethylnitrosamine,
diethylstilbestrol, epoxiconazole, ethinyl estradiol,
fumonisin B1, lead acetate, 2-methoxyethanol,
methylmercury 11, progesterone, propiconazole,
sodium arsenite, sulpiride, sumatriptan,
testosterone, tetrachlorodibenzodioxin,
trichloroethylene

23974009, 20547569, 22316170,
20660070, 18951874, 22079256,
20660070, 19414516, 21346803,
19467301, 20959002, 17562736,
19770486, 17905399, 22349186,
24067728, 12734012, 17602206,
19770486, 22334560, 21266533,
19850644, 22129741, 22349186,
12655037, 21864555, 23303685,
21061450, 17905399, 16251485,
22937105, 18467677, 16107292,
18162529, 20844152, 21570461,
17905399

atrazine, benzo(a)pyrene, copper sulfate, bisphenol
A, tetrachlorodibenzodioxin

22378314, 22316170, 19549813,
19770486

bisphenol A, ethinyl estradiol, hydrogen peroxide,
tetrachlorodibenzodioxin, PCB, cycloheximide,
particulate matter, progesterone, pseudocumene

20170705, 20170705, 20044591,
22298810, 23994337, 20576581,
19176365, 17251523

copper sulfate, estrogens, acetaminophen, dibutyl
phthalate, dioxins, furan, progesterone,
tetrachlorodibenzodioxin

19549813, 21233418, 17562736,
21266533, 20463971, 22079235,
19690047, 21570461

benzo(a)pyrene, arsenite, benzo(a)pyrene diol
epoxide, bisphenol A, copper sulfate, vomitoxin,
acetaminophen, carbon tetrachloride, bis(2-
ethylhexyl) phthalate, ethinyl estradiol,
methylmercury, mustard gas, polychlorinated
biphenyls, potassium dichromate, propiconazole,
tetrachlorodibenzodioxin, tobacco smoke pollution

22316170, 23974009, 20382639,
20170705, 19549813, 23792671,
17562736, 17484886, 19850644,
17555576, 20020106, 15674844,
20020106, 23608068, 21278054,
21570461, 20133372

Gene/region SNP
PRLR rs37389
FAM124A 1s9563035
LRP2 rs2544371
BBS5 1s2544371
OX5 1s7294845
RYBP rs11708505

acetaminophen, copper sulfate, formaldehyde,
hydrogen peroxide, benzo(a)pyrene, dibutyl
phthalate

21420995, 19549813, 23649840,
20044591, 20504355, 21266533
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Appendix Table 10 continued....

Gene/region SNP Chemical interaction PubMed IDs
SHQL rs11708505 atrazine, bisphenol A, tetrachlorodibenzodioxin 22378314, 21786754, 21570461
aflatoxin B1, benzo(a)pyrene, copper sulfate, 20106945, 20106945, 21632981,
HHAT rs6540610 formaldehyde, hydrogen peroxide, 20106945, 23649840, 23649840,
tetrachlorodibenzodioxin 20106945, 21632981
151550017 arsenite, aflatoxin B1, estradiol, bisphenol A, 23974009, 23630614, 22154832,
GRIA2 512054636 chlorpyrifos, dieldrin, ethanol, lead, progesterone, 22504913, 11772933, 23719929,
tetrachlorodibenzodioxin, toluene 22154832, 16922920, 21827849
GRIK1 5468771 benzo(a)pyyene, tetraghlorodlbenzodloxm, 21802500, 21802500, 16483693,
ammonium chloride, progesterone 19690047
arsenic trioxide, atrazine, formaldehyde, mercury, 20458559, 22378314, 23649840,
SUBL 864674 tetrachlorodibenzodioxin, benzo(a)pyrene, 19937285, 22574217, 22228805,
bisphenol A, dioxins, ethinyl estradiol, fipronil, 21786754, 20463971, 17555576,
nicotine 23962444, 17456735
. . . 22100608, 20382639, 23019147,
a1 evoan il el o | osaos 1y 28103 s
! te;b fos PEZII)B acetan’liII)m ghen arseilic , 21095227, 22847954, 24935251,
NPR3 13864674 benzo(a) urer;e bis, henol A czrbor’l tetrachioride 17562736, 19654921, 15034205,
’ li P(})’ ol ;accEarides I;itrofen ozone ’ 19228888, 17484886, 22128259,
popotysacciariaes, : o 10898224, 19555225, 15034205,
tetrachlorodibenzodioxin, tobacco smoke pollution
20133372
asbestos, benzene, mercury, 17331233, 19162166, 16823088,
KMT2B rs8106959 tetrachlorodibenzodioxin, uranium compounds, 21296121, 19654044, 19770486,
aflatoxin B1, methylcholanthrene 18804290
acetaminophen, aflatoxin B1, arsenite 21420995, 20106543, 23974009,
’ K ’ 20106945, 21632981, 20382639,
GPC6 rs9561489 benzo(a)pyrene,C at;gr;iotg)rggﬁg; ((11;01, testosterone, 20106945, 23300844, 23179753,
24383497, 24935251, 17484886
estradiol, bisphenol A, copper sulfate, 23019147, 19549813, 17562736,
MYO18A 1s9897342 acetaminophen, aflatoxin B1, benzo(a)pyrene, 19770486, 22228805, 17484886,
carbon tetrachloride, tetrachlorodibenzodioxin 21570461
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Chemical interaction

PubMed IDs

fonofos, parathion, terbufos

22847954, 22847954, 22847954

acetaminophen, aflatoxin B1, diethylstilbestrol,
ethinyl estradiol, lipopolysaccharides, progesterone,
tetrachlorodibenzodioxin, benzo(a)pyrene, carbon
tetrachloride, potassium dichromate

21420995, 22100608, 20829430,
15205115, 24014644, 16837569,
19770486, 17522070, 23608068

arsenic, benzo(a)pyrene, benzo(a)pyrene diol
epoxide, estradiol, potassium chromate(VI),
progesterone, tetrachlorodibenzodioxin, PCB,
acetaminophen, cyproconazole, epoxiconazole,
methoxychlor, methylmercuric chloride, DDT,
propiconazole

24675094, 20106945, 21632981,
20382639, 23649840, 22079256,
20660070, 21632981, 24383497,
21851831, 17562736, 22334560,
23970803, 20829426, 20864626,
18925944, 21278054, 22334560,
23970803,

acetaminophen, aflatoxin B1, benzo(a)pyrene,
formaldehyde, PCB, bisphenol A,
tetrachlorodibenzodioxin

21420995, 20106945, 20106945,
23649840, 21786754, 21570461

cyclophosphamide

15331540

acetaminophen, arsenic trioxide, benzo(a)pyrene,
copper sulfate, potassium chromate(VI), PCB,

bisphenol A, dibutyl phthalate, ethinyl estradiol,
pentachlorophenol, tetrachlorodibenzodioxin

21420995, 20458559, 20106945,

19549813, 22079256, 19114083,

23359474, 23359474, 17942748,
24642059, 17942748

acetaminophen, aflatoxin B1, atrazine,
benzo(a)pyrene, copper sulfate, dibutyl phthalate,
lead acetate, methylmercuric chloride, progesterone,
sodium arsenite, tetrachlorodibenzodioxin

17562736,21641981, 22378314,

22316170, 19549813, 21266533,

20542052, 23103053, 19690047,
21297353, 21570461

Gene/region SNP
ALX3 15756134
1s552976
ABCBLL 1$563694
TNFRSF19 rs9510793
N4BP2 1s61748746
1s563694
GePC2 15560887
SMARCA2 rs7025331
DOCK1 rs7917910
PDIAS 1s9873177

acetaminophen, atrazine, diazinon, benzo(a)pyrene,
bisphenol A, clofibric acid, diethylhexyl phthalate,
pentachlorophenol, propiconazole,
tetrachlorodibenzodioxin

21420995, 22378314, 22964155,

23179753, 24383497, 19770486,

21786754, 21318169, 21278054,
18495758
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Gene/region SNP Chemical interaction PubMed IDs
arsenic trioxide, benzo(a)pyrene, benzo(a)pyrene 20707922, 21632981, 19150397,
diol epoxide, cadmium, copper sulfate, 24376830, 19549813, 20106945,
SPATA20 rs739924 tetrachlorodibenzodioxin, bisphenol A, 21632981, 24586524, 21356183,
chlorpyrifos, progesterone 23012394
aflatoxin B1, benzo(a)pyrene, ethylene dibromide, 20106945, 20064835, 12151404,
dust, fonofos, parathion, polycyclic aromatic 17805423, 8823159, 23543013,
hydrocarbon, acetaminophen, ammonium chloride, 12883083, 16483693, 18929588,
MGMT rs1978759 arsenite, estradiol, bisphenol A, carbon 20965277, 20965277, 17484886,
tetrachloride, diethylstilbestrol, furan, 15890375, 22507866, 20965277,
methylnitrosourea, ozone, praziquantel, sodium 23358140, 18636392, 15890375,
arsenite, tetrachlorodibenzodioxin 21813463, 11241755, 21215274
CSRNP3 1s729867 PCB, dibutyl phthalate 19114083, 21266533
CcaviD1 154875742 aflatoxin B1, tetrachlorodibenzodioxin 23630614, 21570461
aflatoxin B1, methylcholanthrene, PCB, arsenic, 20106945, 20348232, 19114083,
benzo(a)pyrene, estradiol, bisphenol A, carbon 19654921, 21569818, 23557687,
SCN3B 11720326 zota)pyrene, 1101, DISphenol A, ¢ 23359474, 12629582, 18538810,
tetrachloride, cyfluthrin, cypermethrin, dibutyl
hthalate, fenvalerate, nitrofen, Ozone 18538810, 23359474, 18538310,
P e : e 20638522, 17095637
ZNF202 rs1720326 estradiol, formaldehyde 20106945, 20655997
aflatoxin B1, benzo(a)pyrene, formaldehyde, 22100608, 21871943, 23649840,
SORCS2 rs3857193 hydrogen peroxide, tetrachlorodibenzodioxin, 20044591, 24383497, 19933214,
tobacco smoke pollution 20133372
copper sulfate, acetaminophen, benzo(a)pyrene, 19549813, 17562736, 22228805,
CCDC25 rs6987111 bisphenol A, dibutyl phthalate, testosterone, 21786754, 21266533, 20844152,
tetrachlorodibenzodioxin 21570461
ZNF611 rs4801931 formaldehyde, smoke 23649840, 21095227
1512940887 acetaminophen, aflatoxin B1, benzo(a)pyrene, 21420995, 22100608, 22316170,
57225787 benzo(a)pyrene diol epoxide, estradiol, copper 20018196, 17404688, 19549813,
ZNF652 154794031 sulfate, formaldehyde, hydrogen peroxide, 20655997, 23649840, 23649840,
1511079867 progesterone, tetrachlorodibenzodioxin, dibutyl 17404688, 20106945, 21632981,
phthalate 23179753, 21266533
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Chemical interaction

PubMed IDs

acetaminophen, aflatoxin B1, arsenic trioxide,
benzene, benzo(a)pyrene diol epoxide, estradiol,
bisphenol A, hydrogen peroxide, mercury,
polychlorinated biphenyls, progesterone,
testosterone, tetrachlorodibenzodioxin

22230336, 20106945, 17547211,
19162166, 19150397, 20018196,
20382639, 16474171, 19167446,
23410634, 17547211, 23649840,
16474171, 21795739, 18691609

acetaminophen, benzo(a)pyrene, copper sulfate,
potassium chromate(VI), tetrachlorodibenzodioxin,
dibutyl phthalate, ethinyl estradiol,

21420995, 20106945, 19549813,
22079256, 21934132, 21266533,
20227414

formaldehyde, acetaminophen, chlorpyrifos,
tetrachlorodibenzodioxin

20655997, 17562736, 18668222,
21570461

acetaminophen, arsenic trioxide, arsenite, asbestos,
benzo(a)pyrene, benzo(a)pyrene diol epoxide,
estradiol, caffeine, chlorobenzene, chloropicrin,
copper sulfate, cupric chloride, cycloheximide,
cylindrospermopsin, diquat, epichlorohydrin,
glycidamide, hydrogen peroxide, hydroquinone,
mercuric chloride, mercury, methylmercuric
chloride, tetrachlorodibenzodioxin, tobacco smoke
pollution

21420995, 17640917, 18550526,
18687144, 20106945, 21632981,
22316170, 19150397, 23665804,
18444173, 19800902, 19549813,
21172416, 24211530, 17822822,
18951874, 15452088, 24816296,
17547211, 24816296, 22298810

acetaminophen, estradiol, mercury, progesterone,
arsenic, chlorpyrifos, cyproconazole, flusilazole,
hexaconazole, mercuric chloride, ozone,
progesterone, propiconazole, sodium arsenite,
tetrachlorodibenzodioxin, tobacco smoke pollution

22230336, 17404688, 19937285,
17404688, 19654921, 20350560,
22045034, 20353558, 17460151,
17251523, 21278054, 17682005,
20055451, 20133372

aflatoxin B1, formaldehyde,
tetrachlorodibenzodioxin, bisphenol A, dibutyl
phthalate, environmental pollutants, progesterone

22100608, 23649840, 21296121,
24820113, 21266533, 20064776,
22238285

Gene/region SNP

SMC4 rs4680582
HIP1 1s6962352
SYNRG rs4074605
TXNRD1 rs10778311
ZBTB16 rs10128580
DLGAP1 1s7243843
EYA4 rs9373051

benzo(a)pyrene diol epoxide, estradiol, bisphenol
A, lead acetate, tetrachlorodibenzodioxin, tobacco
smoke pollution

19150397, 23179753, 24383497,
23557687, 21786754, 22641619,
19933214, 20133372
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Gene/region SNP Chemical interaction PubMed IDs
acetaminophen, smoke, benzo(a)pyrene, carbon 22230336, 21095227, 24935251,
ADAMTSI2 17700370 tetrachloride 20713471, 17484886
arsenic trioxide, arsenite, PCB, benzo(a)pyrene 20458559, 23974009, 24383497,
DOK5 rs910850 Al thoxice, » B, benzola)pyrene, 24935251, 23829299, 14625279,
dibutyl phthalate, potassium chromate(VI) 21266533, 14625279
acetaminophen, atrazine, benzo(a)pyrene, 21420995, 22378314, 20064835,
benzo(a)pyrene diol epoxide, copper sulfate, DDT, 20382639, 19549813, 18204070,
SLC38AL rs12822012 chlorpyrifos, heptachlor, Lipopolysaccharides, 18668222, 23153324, 21645290,
progesterone, tetrachlorodibenzodioxin 20726854, 19770486,
st e e S s, Do, 91500
acetaminophen, aflatoxin B1, agrochemicals, f;‘gég%g’ 1347‘;(3)41122’ égjgg?j’
CDH2 1s7237664 bisphenol A, dibutyl phthalate, herbicides, mercuric ’ ’ ’
chloride. methvlcholanth tachlorophenol 21786754, 21266533, 22467014,
» methylchotanthrene, pentachorophenol, 21126564, 21163286, 17556502,
progesterone, tetrachlorodibenzodioxin, tobacco 24680724 20133372
smoke pollution >
GOLGAS8B rs7163190 DDT, hydrogen peroxide 25014179, 21179406
GJD2 rs7163190 tetrachlorodibenzodioxin 20055451
2‘;?3‘:(1;‘0"?;;2 ﬁf";‘(‘;mr; e g‘g";gg 21420995, 20106945, 17547211,
estrzadiof)}éoppér sulzfate I;1}}I/dr0gen perIZ)x);de ’ 20106945, 20382639, 21972996,
HSD17B2 1511648233 progesterone, testosterone, 19549813, 20044591, 20660070,
tetrachlorodibenzodioxin, atrazine, bisphenol A 16054388, 22298810, 16249480,
carbon tetrachloride hexaéhloroben’zener:) mercuric 22285353, 22285353, 16239168,
chloride, methoxychlor 15159207, 16507785, 22285353

SNP = single nucleotide polymorphism
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Appendix Table 11: Genes showing gender-specific associations (ranked by their OR) and their interactions

with chemicals in studies curated in the Comparative Toxicological Database

Gene/region SNP Chemical interaction PubMed IDs
HLA-DQA1 rs12722042 PCB, arsenic, benzene, lipopolysaccharides, 20638727, 18414638, 16188091,
rs12722039 mercury, progesterone, aluminum 22235868, 19690047, 21298039
ADAM28 r:sl7189299293 64 52 benzo(a)pyrene, estradiol, progesterone, 22316170, 20660070, 20660070,
tetrachlorodibenzodioxin, bisphenol A 22298810, 24935251, 24586524
rs36041430

UMODL1 rs80040922 tetrachlorodibenzodioxin, vehicle emissions 21570461, 23940539

CECR5 1s35665085 acetaminophen, 2,4-dinitrotoluene 21420995, 21346803
acetaminophen, aflatoxin B1, benzo(a)pyrene diol 21420995, 22100608, 20382639,
CNTN3 rs143021649 epoxide, progesterone, trichostatin A, PCB, 21795739, 24935251, 23179753,
ammonium chloride, ethinyl estradiol 19114083, 16483693, 17557909
acetaminophen, benzo(a)pyrene diol, estradiol 22230336, 20382639, 19619570,
copperrs):ulfa’te particulgtre matter’PCBs , 19549813, 17987463, 21334430,
tetrachlorodibenzodioxin, vehicle emissions, égggggg?’ ég?;g%g’ %;gg;‘igg’
PROSL 1s6795524 asbestos, benzo(a)pyrene, bisphenol A, carbon 22350 ’ 2920 ’ 71 4’
tetrachloride, diuron, fipronil, 2,4-dinitrotoluene 352330, 8805, 21786754,
2 6—dinitr0t(;luene émmoniu}n ,chloride ethinyl, 17484886, 23962444, 21346803,
’ estradi,ol silicon dioxide ’ 21346803, 16483693, 15288212,

’ 19073995

potassium chromate(VI), benzo(a)pyrene, dibutyl 22079256, 21569818, 21266533,

FAT4 rs10003468 phthalate, tetrachlorodibenzodioxin, toluene 19933214, 22967744
. . . . 23146750, 21420995, 22100608,
CNRIP1 rs3732042 | PCB, Acetaminophen, Aflatoxin BI, trichostatin A, | 5 4935)51" 53179753 19654925,

Valproic Acid, Tetrachlorodibenzodioxin, Tretinoin
20488242

arsenic trioxide, PCBs, benzo(a)pyrene, ethinyl 15761015, 19114083, 19654925,

GRK4 rs34022679 estradiol, tetrachlorodibenzodioxin 17942748, 17942748
acetaminophen, copper sulfate, dust, 22230336. 19549813, 17805423
PPA1 rs7097067 benzo(a)pyrene, estradiol, bisphenol A, furan, 22228805, 19484750, 21786754,

pentachlorophenol, progesterone,
tetrachlorodibenzodioxin

22240984, 23018184, 21570461
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Gene/region SNP Chemical interaction PubMed IDs
benzo(a)pyrene diol epoxide, hydrogen peroxide, 20018196, 18951874, 21592394,
TMEM106B rs35912436* testosterone, PCB, acetaminophen, aflatoxin B1, 22298810, 19467301, 17562736,
rs2160271%* carbon tetrachloride, copper sulfate, 19770486, 17484886, 18579281,
tetrachlorodibenzodioxin 22298810
%k
VWDE rrs:25196102247316* benzo(a)pyrene, tetrachlorodibenzodioxin 22316170, 21570461
acetaminophen, copper sulfate, potassium
KATNAL1 rs17588454 chromate(VI), bisphenol A, fipronil, 2223023 f ,?é 61'? 55:95 11 53,’73:217 9256,
tetrachlorodibenzodioxin ’
PLEKHGL rs17080410 arsenic trioxide, formaldehyde, methylmercuric 20458559, 23649840, 23179753,
rs61742396 chloride, nicotine, acetaminophen 18438686, 17562736
acetaminophen, atrazine, copper sulfate, 22230336, 22378314, 19549813,
EXO5 rs35672330 tetrachlorodibenzodioxin 22574217,
TLL1 rs1503292 hp"p"lysaCCha“deS’tﬁ:}‘;hlomd‘benz"d“’xm’ 12057914, 19933214, 20530235
uranium compounds, PCB, aflatoxin B1, carbon
KCNH7 rs1978526 tetrachloride, paraquat, perfluorooctane sulfonic 19654044, 19114083, 23630614,
acid 12734012, 22563483, 19162173
acetaminophen, benzo(a)pyrene, estradiol, 17562736, 22228805, 19693291,
CD180 rs6887604 progesterone, testosterone, biological toxins 19693291, 19693291, 19682533
fonofos, parathion, terbufos,
DRD1 rs10063286 tetrachlorodibenzodioxin, formaldehyde, 22847954, 212724;:;196?)2’ 19901195,
methoxychlor
acetaminophen, arsenite, benzo(a)pyrene diol 21420995, 23974009, 19150397,
SFXN1 rs10063286 epoxide, bisphenol A, copper sulfate, formaldehyde, 22576693, 19549813, 23649840,
PCB, estradiol, tetrachlorodibenzodioxin 20959002, 16684588, 21570461
acetaminophen, ethinyl estradiol, fipronil, lead, 17562736, 17942748, 23962444,
NTSC3 rs16879126 tetrachlorodibenzodioxin 16672222, 21570461
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Gene/region SNP Chemical interaction PubMed IDs
ANK1 1s34265667 mercury, testosterone, benzo(a)pyrene, estradiol, 19937285, 21592394, 22228805,
rs34664882 dieldrin, tetrachlorodibenzodioxin 20068009, 17942748
aflatoxin B1, air pollutants, atrazine, ' 21641981, 21757418, 22378314,
benzo(a)pyrene, copper sulfate, hydrogen peroxide, 29316170, 19549813, 20044591
GABARAPL1 rs4764332 tetrachlorodibenzodioxin, tobacco smoke pollution, ’ ’ ’
acetaminophen, benzene, dibutyl phthalate 21632981, 19101580, 17562736,
’ ’ ’ 15120971, 21266533
progesterone
acetaminophen, arsenite, benzo(a)pyrene, 17093179, 23974009, 22316170,
KLRD1 1s4764332 methotrexate, estradiol, tetrachlorodibenzodioxin, 17400583, 19484750, 21041162,
tobacco smoke pollution 20133372
KCNHS8 17626907 arsenite, lead 23974009, 19921347
EFHB 1s7626907 atrazine, copper sulfate, estradiol, chlorpyrifos 22378314, 129153‘;96811%’ 19484750,
acetaminophen, aflatoxin B1, copper sulfate, 22230336, 20106945, 19549813,
hydrogen peroxide, bisphenol A, cadmium, dibutyl 18951874, 19287073, 17327699,
ACAAL rs2229528 phthalate, furan, phthalic acids, 21266533, 15120968, 15728792,
tetrachlorodibenzodioxin 16960034
acetaminophen, atrazine, benzo(a)pyrene, 21420995, 22378314, 20106945,
benzo(a)pyrene diol, copper sulfate, estrogens, 19150397, 19549813, 21233418,
SCHIPL 139842465 aflatoxin B1, carbon tetrachloride, dibutyl 23724009, 19770486, 17484886,
phthalate, tetrachlorodibenzodioxin 21266533, 21570461
aflatoxin B1, arsenic, arsenic trioxide, arsenite 22100608, 24675094, 22521957,
fonofos m;thotrex;te parathion pc;tassium , 23974009, 22847954, 17400583,
FGF12 1s6796558 chromate (\;I) terbufos u;anium 001;1 ounds. PCB 22847954, 22079256, 22847954,
benzo(’a)pyrene’ carbon tetraclf)loride ’ ’ 17045167, 19654044, 23179753,
’ 19114083, 22228805, 17484886
acetaminophen, aflatoxin B1, cadmium chloride, 17562736, 21641981, 12160620,
MAST4 rs55882716 copper sulfate, dibutyl phthalate, formaldehyde, 19549813, 21266533, 20655997,
smoke, testosterone, tetrachlorodibenzodioxin 21095227, 21592394, 22298810
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Gene/region

SNP

Chemical interaction

PubMed IDs

CYFIP2

rs1030270

acetaminophen, aflatoxin B1, air pollutants, arsenic
trioxide, atrazine, benzo(a)pyrene, benzo(a)pyrene
diol, estradiol, cupric chloride, formaldehyde,
progesterone, bisphenol A, methylmercury
compounds, tetrachlorodibenzodioxin

22230336, 20106945, 21757418,

15894607, 22378314, 22316170,

20382639, 20660070, 17211630,

23649840, 23649840, 23649840,

20660070, 15894607, 17183730,

21786754, 21664453, 19759094,
15901671

SLC35F1

1s205944

dibutyl phthalate, tetrachlorodibenzodioxin

21266533, 21570461

IL20RA

rs381783

estradiol, progesterone, tetrachlorodibenzodioxin,
acetaminophen, benzo(a)pyrene, bisphenol A,
mercuric chloride, tetrachlorodibenzodioxin

20660070, 23152189, 23724009,
17562736, 22228805, 21786754,
18496552, 21570461

KDELR2

rs11980237

asbestos, atrazine, copper sulfate, formaldehyde,
acetaminophen, bisphenol A, cadmium sulfate,
ethinyl estradiol, propiconazole, sodium arsenate,
tetrachlorodibenzodioxin

18687144, 22378314, 19549813,

23649840, 21786754, 16221973,

17942748, 21278054, 16882884,
18495758

DGKB

rs720872

progesterone, occupational air pollutants,

21795739, 19936710

AGMO

rs720872

aflatoxin B1, benzo(a)pyrene, copper sulfate,
acetaminophen, agrochemicals, diuron, herbicides,
mercuric Chloride, tetrachlorodibenzodioxin

22100608, 21871943, 19549813,
17562736, 22467014, 21551480,
22467014, 20353558, 19770486

rs147596194

acetaminophen, asbestos, benzo(a)pyrene, estradiol,
diazinon, hydrogen peroxide, progesterone,
arsenite, benzene, carbon tetrachloride, dibutyl
phthalate, methylmercury II,
tetrachlorodibenzodioxin

21420995, 17331233, 21714911,

20660070, 23410634, 21592394,

24935251, 18929588, 17905399,

17484886, 21266533, 17905399,
21570461

MAMDCA4

1s61745456

benzo(a)pyrene, tetrachlorodibenzodioxin

22228805, 22298810

WDR87

rs117923468
rs182319278

tobacco smoke pollution

18087596
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Chemical interaction

PubMed IDs

benzene, benzo(a)pyrene, cadmium, estradiol,
fonofos, hydrogen peroxide, ibuprofen, iron, lead,
mercury, methotrexate, nicotine, ozone, parathion,

particulate matter, terbufos, uranium, aluminum
chloride, cadmium chloride, carbon tetrachloride,
dichlorvos, diuron, fipronil, lead acetate,
lipopolysaccharides, nickel, nicotine, DDT,
progesterone, propiconazole, sodium arsenite,
tetrachlorodibenzodioxin, toluene

15707952, 22316170, 16266835,
12963085, 22847954, 21179406,
12777371, 16308480, 22313790,
10617124, 12182891, 17400583,
16627626, 15513908, 22847954,
15513908, 18482095, 19840844,
17484886, 21551480, 23962444,
17277887, 11080519, 16230335,
22764079, 15919760, 21952557,
17135361, 17984292, 19162173,
22484513, 17988898, 21440049

arsenite, methylmercuric chloride, silicon dioxide,
dibutyl phthalate, fipronil,
tetrachlorodibenzodioxin, toluene

23974009, 23179753, 23806026,
21266533, 23962444, 24680724

acetaminophen, aflatoxin B1, benzo(a)pyrene,
estradiol, copper sulfate, methylmercuric chloride,
PCBs, tetrachlorodibenzodioxin, dibutyl phthalate

21420995, 20106945, 20064835,
19549813, 23179753, 21334430,
21632981, 21266533

arsenic, methylmercuric chloride

21291286, 23103053

acetaminophen, benzo(a)pyrene, bisphenol A,
copper sulfate, hydrogen peroxide, methylmercury
compounds, particulate matter, testosterone,
tetrachlorodibenzodioxin, vehicle emissions,
aflatoxin B1, cadmium chloride, carbon
tetrachloride, diethylhexyl phthalate, furan,
mercuric chloride, propiconazole

21420995, 22316170, 20170705,
19549813, 23410634,22129749,
20307321, 21592394, 21632981,
20307321, 19770486, 20061341,
17484886, 19850644, 24183702,
16507785, 21278054, 17963808

arsenic, hydrogen peroxide, PCBs, dibutyl
phthalate, tetrachlorodibenzodioxin

18414638, 18951874, 19114083,
21266533,21570461

Gene/region SNP

APP rs985456

CYYR1L rs985456
LPP rs16863233
ZNF782 rs7037100
OSGIN1 rs62640905
MTG2 1s35693261
TNR 1s7539097

copper sulfate, lead, PCBs, arsenic, chlorpyrifos

19549813, 19921347, 19114083,
24019935, 18668222
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Appendix Table 11 continued....

Gene/region SNP Chemical interaction PubMed IDs
aflatoxin B1, benzo(a)pyrene diol epoxide, 22100608, 20382639, 17547211,
mercury, potassium dichromate, progesterone, 17547211, 20864642, 21632981,
ENPP1 rs9493135 tetrachlorodibenzodioxin, PCB, bisphenol A, 24935251, 24383497, 23196670,
carbon tetrachloride, chlorpyrifos, dibutyl phthalate, 20739668, 17484886, 21356183,
lipopolysaccharide, progesterone 21266533, 17573159, 23018184
19041380, 22230336, 24675094,
I-nitropyrene, acetaminophen, arsenic, asbestos, 22076105, 21632981, 20018196,
benzo(a)pyrene, benzo(a)pyrene diol epoxide, 14699072, 20170705, 19369054,
estradiol, bisphenol A, cadmium, copper sulfate, 19549813, 19684285, 24172598,
cycloheximide, diuron, dust, ethinyl estradiol, 15735009, 20170705, 22847954,
fonofos, formaldehyde, hydrogen peroxide, 23416264, 17965732, 23179753,
lipopolysaccharides, methylmercuric chloride, 22847954, 23155386, 12377979,
CTGF 1s9493135 parathion, piroxicam, smoke, sodium arsenite, 22847954, 22298810, 19606018,
terbufos, tetrachlorodibenzodioxin, trichostatin A, 24935251, 19770486, 14586741,
aflatoxin B1, aspirin, carbon tetrachloride, 19484750, 24586524, 15240111,
chlorpyrifos, dibutyl phthalate, diuron, ethanol, 20371981, 14724832, 21356183,
nitrofen, particulate matter, progesterone, 21266533, 21551480, 19280452,
testosterone, tobacco smoke pollution, vehicle 21258935, 23358140, 21708214,
emissions 23018184, 15788153, 22761892,
21258935, 19165385
ZNF540 rs16973890 acetaminophen 22230336
ZNF571 rs16973890 formaldehyde 20655997
MFF 186722598 acetaminophen, copper sulfate, hydrogen peroxide 21420995, 19549813, 20044591
arsenic trioxide, benzene, benzo(a)pyrene, estradiol, 22521957, 19162166, 23892563,
copper sulfate, decamethrin, formaldehyde, 23019147, 19549813, 23892563,
PSVE4 rs1049894 cadmium chloride, dibutyl phthalate, lead nitrate, 19187980, 21266533, 19187980,
tetrachlorodibenzodioxin 21570461
atrazine, benzo(a)pyrene, estradiol, ethinyl 22378314, 22316170, 23019147,
estradiol, copper sulfate, aflatoxin B1, arsenite, 19549813, 17942748, 24935251,
ACYP2 rs11904365 bisphenol A, lead acetate, progesterone, 19770486, 18929588, 21932408,
tetrachlorodibenzodioxin 20542052, 23012394, 21570461
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Appendix Table 11 continued....

Gene/region SNP Chemical interaction PubMed IDs

benzo(a)pyrene, benzo(a)pyrene diol epoxide, 22316170, 19150397, 19549813,
RAB28 rs10003958 copper sulfate, potassium chromate(VI), dibutyl 22079256, 23179753, 21266533,
19993832 phthalate, ethinyl estradiol, methylmercuric 17942748, 23458150, 21570461,

chloride, tetrachlorodibenzodioxin 15901671
PCBs, benzo(a)pyrene, dibutyl phthalate, mercuric 21334430, 22228805, 21266533,

CROCC rs78888579 chloride, tetrachlorodibenzodioxin 16507785, 21570461

acetaminophen, air pollutants, arsenite, 21420995, 21757418, 23974009,
KCNT2 rs10218650 progesterone, benzo(a)pyrene, ethinyl estradiol 21795739, 19770486, 17557909
GCFC2 rs10194197 manganese, fipronil, potassium dichromate 17175027, 23962444, 23608068

CCDC173 rs61741435 tetrachlorodibenzodioxin 22298810
CADM2 rs4856270 aflatoxin B1, methylmercuric chloride, 20106945, 23179753, 20055451

tetrachlorodibenzodioxin
air pollutants, atrazine, benzo(a)pyrene diol 21757418, 22378314, 20382639,
KIAAQ922 12165084 epoxide, PCB, potassium chromate(V1) 21334430, 22079256

aflatoxin B1, arsenic trioxide, asbestos, estradiol, 22100608, 20458559, 17331233,
potassium chromate(VI), Progesterone, ethinyl 20660070, 22079256, 20660070,
TRERFL rsII751765 | iradiol, furan, tetrachlorodibenzodioxin, vehicle 24935251, 24935251, 17942748,
emissions 22079235, 17942748, 23940539
acetaminophen, environmental pollutants, mercury 22230336, 12655031, 16823088,
MEOX2 rs7797334 tetrachlorodibenzodioxin, PCB, chlorine, dibutyl 22298810, 21934132, 20959002,
hthalate, diethylstilbestrol, nickel, ozone 18636392,21266533, 15591538,
p ’ ’ ’ 23153324, 12540486, 18636392,
ISPD 7797334 PCB, aflatoxin B1, benzo(a)pyrene, copper sulfate, 19114083, 19770486, 19770486,
diquat, potassium dichromate 19789285, 22814884, 23608068

CDC14C rs4278110 estradiol 22574217
COLEC10 rs11987106 arsenic trioxide, acetaminophen, benzo(a)pyrene 15761015, 17562736, 21569818
CCIN 161735202 acetaminophen, cadmium chloride, 17562736, 22457795, 21354282

tetrachlorodibenzodioxin
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Appendix Table 11 continued....

Gene/region SNP Chemical interaction PubMed IDs
aflatoxin B1, benzo(a)pyrene, ethylene dibromide, 20106945, 20064835, 12151404,
dust, fonofos, parathion, polycyclic aromatic 17805423, 8823159, 22847954,
hydrocarbon, acetaminophen, ammonium chloride, 23543013, 12883083, 16483693,
MGMT 15943811 arsenite, estradiol, bisphenol A, carbon 18929588, 20965277, 20965277,
tetrachloride, diethylstilbestrol, furan, 17484886, 15890375, 22507866,
methylnitrosourea, ozone, piperonyl butoxide, 20965277, 23358140, 18636392,
praziquantel, sodium arsenite, 15890375, 21813463, 11241755,
tetrachlorodibenzodioxin 21215274, 17292431
aflatoxin B1, benzo(a)pyrene, benzo(a)pyrene diol 20106945, 21714911, 19150397,
TMEM117 rs11182332 epoxide, copper sulfate, diuron, potassium 19549813, 24172598, 22079256,
’ chromate(V’I) PCB, 23724009, 24935251, 23179753,
’ 19114083
acetaminophen, arsenite, estradiol, copper sulfate 21420995, 23974009, 22574217,
’ N . ’ 19549813, 21179406, 23825647,
PARP4 rs4770684 hydrogen peroxide, nicotine, potassium
chromate(VI), aflatoxin B1, arsenic, benzo(a)pyrene 22079256, 19770486, 19654921,
’ ’ ’ 21839799
arsenic trioxide, atrazine, benzo(a)pyrene diol, 20458559, 22378314, 19150397,
estradiol, nicotine, acetaminophen, benzo(a)pyrene, 23665804, 12588870, 16140955,
UBE3A 17182827 bisphenol A, cadmium sulfate, 17562736, 22228805, 23593014,
tetrachlorodibenzodioxin, tobacco smoke pollution 16221973, 21570461, 18087596
KRTAP21-1 rs7275217 aluminum 21298039
RGS.1 rs41299607 cadmium 24376830
arsenic trioxide, Benzo(a)pyrene, Estradiol, 19128835, 22316170, 22574217,
Isotretinoin, Testosterone, 20436886, 21592394, 22903824,
LMO2 19282777 Tetrachlorodibenzodioxin, Tretinoin, trichostatin A, 21934132, 24935251, 24935251,
Valproic Acid, bisphenol A, Cadmium Chloride, 21786754, 22457795, 17484886,
Carbon Tetrachloride, Dibutyl Phthalate, Ozone 21266533, 17095637
acetaminophen, estradiol, progesterone 22230336, 20660070, 20660070,
testosterone, 2 6—ciinitr0tolu;>ne bisphenol’A 21592394, 23179753, 20406850,
CTNNA2 rs10520291 dibutyl phthala:te’dioxins ethinyl ’estradiol 02(;ne 21786734, 21266333, 20463971,
’ 2 . ’ ’ 17942748, 12763052, 21570461,
tetrachlorodibenzodioxin 16211290
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Appendix Table 11 continued....

Chemical interaction

PubMed IDs

arsenic, arsenic trioxide, benzo(a)pyrene, estradiol,
formaldehyde, lipopolysaccharides, progesterone,
smoke, testosterone, atrazine, bisphenol A, carbon
tetrachloride, dibutyl phthalate, fipronil, furan,
testosterone, tetrachlorodibenzodioxin

16835338, 15761015, 22316170,
14699072, 23649840, 20655997,
21854221, 21795739, 21095227,
18535249, 19541795, 21932408,
17484886, 21266533, 22079235,
18535249, 22298810

acetaminophen, potassium chromate(VI),
benzo(a)pyrene, tetrachlorodibenzodioxin

22230336, 22228805, 21570461

acetaminophen, aflatoxin B1, benzo(a)pyrene diol,
estradiol, copper sulfate, formaldehyde, testosterone

22230336, 20106945, 20382639,
19167446, 19549813, 23649840,
23649840, 21592394

acetaminophen, aflatoxin B1, atrazine,
benzo(a)pyrene, potassium chromate(VI)

22230336, 22378314, 22378314,
22316170, 22079256

arsenic, methylmercuric chloride

21291286, 23103053

copper sulfate, formaldehyde, hydrogen peroxide,
tetrachlorodibenzodioxin, bisphenol A, dibutyl
phthalate, tetrachlorodibenzodioxin

19549813, 23649840, 18951874,
22574217, 24935251, 21786754,
21266533, 21570461

Gene/region SNP

PDE4B rs12037891

CCHCR1 rs130069
TCF19 1s6929434
KDM4C rs10975823
154645656
ZNF782 rs7848710
156477733
SUMF1 rs2633820
NEDD9 rs9469223

benzene, benzo(a)pyrene, benzo(a)pyrene diol,

estradiol, bisphenol A, copper sulfate, diuron,

ethylbenzene, formaldehyde, methylmercuric

chloride, particulate matter, PCB, smoke,
tetrachlorodibenzodioxin, tobacco tar, toluene, 2,6-
dinitrotoluene, acetaminophen, carbon tetrachloride,
dibutyl phthalate, diethylstilbestrol, diuron, ethinyl
estradiol, lipopolysaccharide, nicotine,
propiconazole, sodium arsenite

20359517, 20064835, 20382639,
22574217, 20170705, 19549813,
24172598, 20359517, 23649840,
23179753, 22178795, 16474171,
21095227, 19619570, 19559774,
24383497, 20406850, 18700144,
17484886, 21266533, 21658437,
24172598, 20170705, 18930950,
17456735, 16014739, 19015723

SNP = single nucleotide polymorphism
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Appendix Table 12: Top one hundred SNPs associated with childhood ALL risk with age-specificity, results based on the

lowest P values

Minor allele

frequency
SNP Gene/region | Chr | MINOT | pooture | 1-Syear | 6-10 year | ORye 95% CI* | P value** P value
ene/regio allele eature yea yea allele ) value (permuta tion)ﬁ

rs10505918 OX5 12 A intron 0.42 0.19 3.15(1.90-524) | 9.84x10% 1x10™
rs11997355 8q21.11 8 T intergenic 0.05 0.19 0.22(0.11-0.44) | 2.74x 10" 1x10™
rs2388773 16q12.2 16 C intergenic 0.14 0.35 0.35(0.21-0.57) | 3.78x 10" 1x10™
rs665159 CHRM3 1 T intron 0.55 0.33 246 (1.58-3.84) | 742x10" 2x 10"
rs3954950 9p24.2 9 T intergenic 0.24 0.43 0.38(0.24-0.62) | 7.77x 10" 1x10™
rs7818844 8pl2 8 T intergenic 0.4 0.6 0.38(0.23-0.61) | 7.86x 10 1x10™
rs6972158 NPSR1 7 G intron 0.34 0.14 3.03(1.74-525) | 830x10™® 1x10™
rs7320982 8pl2 13 C intergenic 0.19 0.38 0.39(0.24-0.62) | 833x10” 1x10™
rs7583258 2q22.3 2 G intergenic 0.09 0.24 0.29 (0.16-0.54) | 8.79x 10 2x10™
rs1882591 16q12.2 16 G intergenic 0.22 0.42 0.42(0.27-0.64) | 9.60x 10 2x 10"
rs7318021 13g31.3 13 T intergenic 0.23 0.43 0.42(0.27-0.66) | 1.16x 10" 1x10™
rs7016929 8q31.3 8 A intergenic 0.2 0.39 0.40 (0.25-0.64) | 1.18x10™ 1x10™
rs10079494 5q14.1 5 A intergenic 0.28 0.1 339(1.82-632) | 1.22x10™ 2x10™
rs10250709 NPSR1 7 A intron 0.33 0.14 3.03(1.72-532) | 1.22x10™ 1x10™
rs7720650 5q31.2 5 A intergenic 0.12 0.27 0.32(0.18-0.57) | 1.33x10™ 1x10™
rs2949827 7q31.1 7 A intergenic 0.08 0.21 0.29 (0.16-0.55) | 1.44x10™ 2x 10"
rs2396653 7q31.1 7 A intergenic 0.14 0.29 0.34(0.19-0.59) | 1.57x10" 2x 10"
rs202050948 CD97 19 T intron 0.04 0.15 0.22(0.10-048) | 1.72x 10" 1x10™
rs1191818 2p24.1 2 C intergenic 0.38 0.59 0.43(0.28-0.67) | 1.76 x 10™ 6x10*
rs3800292 GNMT 6 G intron 0.02 0.11 0.13 (0.04-0.38) | 1.87x10" 1x10™
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Appendix Table 12 continued....

Minor allele

frequency
. Minor P value
SNP Gene/region | Chr allele Feature 1-5year | 6-10 year | ORyyc (95% CI)* P value** (permuta tion)ﬂ

rs1881116 C7orf50 7 A intron 0.38 0.21 2.70 (1.60 - 4.57) | 2.04x 10™ 2x 10"
rs4821717 22q13.1 22 A intergenic 0.45 0.26 2.46(1.53-3.97) | 2.06x10™ 5x 10"
rs2212824 21q21.3 21 G intergenic 0.44 0.26 2.52(1.55-4.11) | 2.15x10™ 2x 10"
rs7157104 14q13.2 14 G intergenic 0.15 0.3 0.36(0.21-0.62) | 2.28x10™ 1x10*
rs2051713 12921.33 12 G intergenic 0.52 0.32 2.40(1.51-3.82) | 230x10™ 2x 10"
rs2125649 8p21.3 8 G intergenic 0.07 0.19 0.28 (0.14-0.55) | 2.32x10™ 1x10*
rs6739633 2p24.3 2 T intergenic 0.48 0.28 236(1.50-3.74) | 2.33x10™ 2x 10"
rs738027 PYROXD1 12 A intron 0.43 0.24 2.45(1.52-3.96) | 2.55x10™ 3x 10"
rs237320 17p12 17 T intergenic 0.11 0.26 0.35(0.20-0.62) | 2.65x10™ 1x10*
rs139886 SOX10 22 C intron 0.47 0.28 2.41(1.50-3.87) | 2.67x10™ 2x 10"
rs13116233 4q34.3 4 C intergenic 0.36 0.17 256 (1.54-425) | 2.69x10™ 3x 10"
rs6519091 MICALL1 22 C intron 0.51 0.32 2.33(1.48-3.69) | 2.87x10™ 5x 107
rs6109487 20p12.1 20 A intergenic 0.24 0.09 3.55(1.79-7.03) | 2.90x 10™ 3x 10"
rs1151277 16q12.2 16 T intergenic 0.13 0.29 0.38(0.23-0.64) | 2.93x10™ 1x10*
rs6052937 S.C23A2 20 A 3'UTR 0.12 0.27 0.38(0.22-0.64) | 2.99x 10" 1x10*
rs34099167 NEK1 4 C coding 0.04 0.15 0.24(0.11-0.52) | 3.07x 10" 1x10*
rs7722067 5q14.2 5 C intergenic 0.16 0.31 0.38(0.22-0.64) | 3.08x10™ 1x10*
rs1004327 CLNK 4 C intron 0.41 0.24 2.54(1.53-422) | 3.11x10™ 3x 10"
rs3993401 12q21.31 12 C intergenic 0.24 0.41 0.41(025-0.67) | 3.16x10™ 3x10*

rs6492498 13g31.3 13 A intergenic 0.29 0.49 0.45(0.30-0.70) | 3.22x10™ 59x10™
rs2806907 13q14.13 13 T intergenic 0.32 0.51 0.44 (0.28-0.69) | 3.29x10™ 4x10*
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Appendix Table 12 continued....

Minor allele

frequency
. Minor P value
SNP Gene/region | Chr allele Feature 1-5year | 6-10 year | ORyyc (95% CI)* P value** (permuta tion)ﬂ
rs2101919 NID2 14 G coding 0.28 0.46 0.44 (0.28-0.69) | 3.31x10™ 4x10™
rs2899293 ANKRD54 22 intron 0.51 0.32 2.32(1.47-3.68) | 3.32x10™ 59x10™
rs1028695 SPATA13 13 T intron 0.14 0.29 0.38(0.23-0.65) | 3.38x10™ 2x 10"
rs2185230 PCK5 9 A intron 0.34 0.17 2.76 (1.58 - 4.81) | 3.39x 10™ 3x10*
rs4254428 ZNF420 19 C intron 0.43 0.63 0.45(0.29-0.70) | 3.41x10™ 4x10™
rs139866 POLR2F 22 C intron 0.45 0.27 2.40(1.49-3.88) | 3.46x10™ 3x 10"
rs5028798 11p13 11 T intergenic 0.28 0.46 0.44 (0.28-0.69) | 3.48x10™ 5x 10"
rs2065212 13g31.3 13 A intergenic 0.31 0.51 0.46 (0.30-0.71) | 3.51x10™ 5x 10"
rs222314 7p21.3 7 G intergenic 0.2 0.05 4.52(1.98-10.35) | 3.52x10™ 2x 10"
rs1894381 TMC5 16 G intron 0.16 0.32 0.41(0.25-0.67) | 3.52x10™ 5x 10"
rs9809647 3g28 3 T intergenic 0.34 0.54 0.48(0.32-0.72) | 3.53x10™ 2x 10"
rs898982 1p34.3 1 C intergenic 0.04 0.14 0.24(0.11-0.52) | 3.65x10™ 3x 10"
rs1868368 8q24.23 8 C intergenic 0.19 0.35 0.41(0.25-0.67) | 3.74x10™ 1x10*
rs9392857 6p25.3 6 A intergenic 0.3 0.48 0.44 (0.28-0.69) | 3.77x10™ 1x10*
rs8014810 BRMSIL 14 T intron 0.13 0.26 0.36 (0.20-0.63) | 3.88x10™ 2x 10"
rs8021355 | RALGAPA1 14 A intron 0.15 0.29 0.38(0.22-0.65) | 4.10x10™ 3x 10"
rs7144565 | RALGAPA1 14 A intron 0.15 0.29 0.38(0.22-0.65) | 4.10x10™ 3x 10"
rs2274068 | RALGAPA1 14 C coding 0.15 0.29 0.38(0.22-0.65) | 4.10x10™ 3x 10"
ERCCl/ , M 4
rs762562 CD3EAP 19 G 3'UTR 0.19 0.36 0.43(0.26-0.68) | 4.22x 10 2x 10
rs4948088 Tpl2.1 7 A intergenic 0.05 0.15 0.26 (0.12-0.55) | 4.23x10™ 2x 10"
rs3850942 MARK?2 11 C intron 0.03 0.12 0.20 (0.09-0.49) | 435x10™ 1x10™
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Appendix Table 12 continued....

Minor allele

frequency
. Minor ) ) o % - P value
SNP Gene/region | Chr allele Feature 1-Syear | 6-10 year | OR,y. (95% CI) P value (permuta tion)ﬂ
rs2899469 15q21.2 15 G intergenic 0.48 0.29 224 (143-352) | 445x10™ 4x 10"
rs8011343 MDGA2 14 intron 0.19 0.06 421(1.89-9.41) | 451x10™ 5x10*
rs2031293 13934 13 A intergenic 0.43 0.63 0.47 (0.30-0.71) | 4.61x10™ 3x 10"
rs11171543 12q12 12 A intergenic 0.09 0.24 0.37(0.21-0.64) | 475x10™ 59x 10"
rs11172024 KIF21A 12 C intron 0.06 0.18 0.30(0.15-0.59) | 4.76x 10™ 3x 10"
rs1510136 4q31.21 4 G intergenic 0.19 0.35 0.44 (0.28-0.70) | 4.80x 10™ 4x 10"
rs16979806 21g21.3 21 T intergenic 0.21 0.38 0.45(029-0.71) | 4.86x 10" 6.9x 10"
rs17017488 CCSER1 4 C intron 0.36 0.54 0.47 (0.31-0.72) | 5.04x10™ 59x10™
rs10511980 MAMDC2 9 A intron 0.27 0.45 0.46 (0.30-0.71) | 5.04x10™ 5x10*
rs2620870 12q14.1 12 G intergenic 0.55 0.36 2.06(1.37-3.10) | 5.08x10™ 4x 10"
rs377621 21q21.3 21 G intergenic 0.23 0.41 0.46 (0.30-0.72) | 5.15x10™ 79x 10"
rs6510588 ZNF420 19 A intron 0.43 0.62 0.46 (0.30-0.72) | 5.17x10™ 5x10*
rs10739501 9q33.1 9 C intergenic 0.34 0.52 0.46 (029-0.71) | 5.18x 10™ 59x10™
rs6834625 4q31.21 4 G intergenic 0.17 0.33 0.44 (028 -0.70) | 5.22x10™ 3x10™
rs1209145 14q22.3 14 G intergenic 0.17 0.05 448 (1.91-10.5) | 551x10™ 2x10™
rs1481046 8q13.3 8 G intergenic 0.3 0.15 271(1.54-4.77) | 557x10™ 4x 10"
rs924615 5q14.2 5 T intergenic 0.26 0.43 0.47(0.31-0.72) | 5.70x 10™ 1x10*
rs26784 MSH3 5 C intron 0.43 0.26 2.28(1.43-3.65) | 571x10™ 59x 10"
rs11120342 PTPN14 1 C intron 0.2 0.36 0.45(0.28-0.71) | 5.76x 10™ 89x10™
rs2830698 21g21.3 21 T intergenic 0.2 0.37 0.44 (0.27-0.70) | 5.77x 10" 2x 10"
rs6037033 20p11.21 20 A intergenic 0.32 0.49 0.45(0.29-0.71) | 580x10™ 59x 10"
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Appendix Table 12 continued....

Minor allele

frequency
. Minor ) ) o % - P value
SNP Gene/region | Chr allele Feature 1-Syear | 6-10 year | OR,y. (95% CI) P value (permuta tion)ﬁ
rs12073211 1p32.1 1 C intergenic 0.35 0.53 0.46 (0.30-0.72) | 5.82x10™ 4x 10"
rs3825594 NID2 14 T intron 0.26 0.43 0.46 (0.29-0.72) | 586x10™ 5x 107
rs742390 1p36.11 1 T intron 0.38 0.21 2.43(1.46-4.02) | 587x10™ 59x 10"
rs973358 SHISAG 17 A intron 0.46 0.29 232(1.44-3.75) | 5.92x10™ 59x 10"
rs10133677 MDGA2 14 G intron 0.16 0.05 492(1.98-12.23) | 5.97x 10" 3x 10"
rs1493897 16q12.2 16 A intergenic 0.17 0.33 0.44 (0.27-0.70) | 5.99x 10" 6.9x 10"
rs9694342 AGO2 8 T intron 0.24 0.41 0.46 (0.30-0.72) | 6.17x 10" 59x10*
rs7952853 OR6C2 12 T intron 0.28 0.46 0.45(029-0.71) | 6.20x 10™ 3x10*
rs6943934 7p22.3 7 C intergenic 0.04 0.14 0.25(0.11-0.56) | 6.21x10™ 1x10*
rs1610315 6927 6 C intergenic 0.21 0.38 0.43 (0.27-0.70) | 6.24x 10™ 4x 10"
rs1521244 2p24.3 2 C intergenic 0.43 0.26 226(1.42-3.61) | 626x10™ 4x 10"
rs9897794 EFCAB5 17 T coding 0.36 0.46 0.45(0.28-0.71) | 6.34x10™ 6.9x10™
rs877111 6p21.1 6 C intergenic 0.4 0.23 2.40(1.45-397) | 636x10™ 59x 10"
rs753712 10g26.3 10 T intergenic 0.38 0.57 0.48 (0.31-0.73) | 6.39x10™ 59x 10"
rs1430838 8q13.3 8 C intergenic 0.52 0.35 2.28(1.42-3.67) | 6.48x10™ 59x 10"
rs2116078 8q13.3 8 G intergenic 0.52 0.35 2.28(1.42-3.67) | 6.48x10™ 59x 10"
rs2615874 ATRNL1 10 G intron 0.4 0.09 3.12(1.62-599) | 6.51x10™ 5x 10"

*OR jpteraction Per allele (OR ) for the additive model; **P value adjusted for genomic control; TP value permutation = point wise P value from maxT

permutation analysis after 10,000 permutation

Chr = Chromosome, SNP = single nucleotide polymorphism
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Appendix Table 13: List of single nucleotide polymorphisms that showed
age-specific associations based on the P value and were statistically correlated

Chr A SNP 1 Chr B SNP 2

2 rs1521244 2 156739633
4 156834625 4 rs1510136
7 rs10250709 7 156972158
8 rs1430838 8 rs2116078
13 156492498 13 rs2065212
14 rs7157104 14 152274068
14 rs7157104 14 rs8021355
14 rs7157104 14 rs7144565
14 1s2274068 14 rs8021355
14 1s2274068 14 rs7144565
14 rs8021355 14 rs7144565
14 rs3825594 14 rs2101919
16 rs1151277 16 rs2388773
19 rs4254428 19 rs6510588
21 rs16979806 21 1s377621

22 rs2899293 22 rs6519091
22 rs6519091 22 rs139886

22 15139866 22 rs139886

SNP = single nucleotide polymorphism

Note: Chromosome A and Chromosome B are same chromosome.
SNP1 and SNP2 and statistically correlated SNPs
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Appendix Table 14: Top one hundred SNPs associated with childhood ALL risk with age-specificity, results based on the highest

effect sizes (P <0.05)

Minor allele

frequency
SNP Gene/region | Chr l:llillelfe " | Feature 1-5year | 6-10 year | ORallele (95% CD* | P value** (perll)n‘lllilautfon)*
rs17109582 DIO1 1 C intron 0.09 0.007 12.46 (1.67 - 93.01) 0.01 0.006
rs7304215 TMEM132D 12 G intron 0.07 0.007 11.25(1.47 - 85.90) 0.02 0.01
rs10999147 AIFM2 10 G coding 0.07 0.007 10.89 (1.43 - 83.02) 0.02 0.01
rs7330286 13q33.2 13 T intergenic 0.07 0.007 10.01 (1.33 - 75.63) 0.03 0.01
rs41309927 SEC23B 20 A coding 0.07 0.007 9.70 (1.28 - 73.39) 0.03 0.02
rs36086854 CFAP99 4 A coding 0.06 0.007 9.42 (1.23 - 72.26) 0.03 0.02
rs17409162 ANO10 3 A coding 0.06 0.007 9.24 (1.20 - 71.06) 0.03 0.02
rs13129052 4pl16.3 4 G intron 0.06 0.007 9.24 (1.20 - 71.06) 0.03 0.02
rs9856456 3p22.1 3 C intergenic 0.06 0.007 8.78 (1.14 - 67.62) 0.04 0.02
rs6927353 6926 6 A intergenic 0.06 0.007 8.68 (1.16 - 64.90) 0.04 0.02
rs11651675 TMCS8 17 A coding 0.05 0.007 8.65 (1.11 - 67.50) 0.04 0.03
rs10109794 TRIM55 8 T intron 0.06 0.007 8.58 (1.13 - 65.16) 0.04 0.02
rs10099957 TRIM55 8 A intron 0.11 0.007 8.58 (2.00 - 36.93) 0.004 0.001
rs56291145 ATP12A 13 C coding 0.06 0.007 8.40 (1.09 - 64.78) 0.04 0.02
rs2909644 18q22 18 G intergenic 0.06 0.007 8.40 (1.09 - 64.78) 0.04 0.03
rs6093579 PTPRT 20 T intron 0.06 0.007 8.40 (1.09 - 64.78) 0.04 0.02
rs17039265 1p36.21 1 A intergenic 0.06 0.007 8.29 (1.08 - 63.96) 0.04 0.02
rs9728577 PRAMEF2 1 A coding 0.06 0.007 8.29 (1.08 - 63.96) 0.04 0.02
rs75411676 PRAMEF2 1 T coding 0.06 0.007 8.29 (1.08 - 63.96) 0.04 0.02
rs36068434 CDs1 4 T coding 0.06 0.007 8.29 (1.08 - 63.96) 0.04 0.02
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Appendix Table 14 continued....

Minor allele

frequency
SNP Gene/region | Chr Izllill;)e " | Feature 1-5year | 6-10 year | ORallele (95% CI)* | P value** (perlr)n‘lllilautfon)*

rs11916525 CEP70 3 C coding 0.06 0.007 8.29 (1.07 - 64.03) 0.04 0.02

rs3204798 PRAMEF2 1 G intron 0.06 0.007 8.25 (1.07 - 63.64) 0.04 0.02
rs35340237 CEP70 3 C coding 0.06 0.007 8.21 (1.06 - 63.41) 0.04 0.02

rs8176018 KEL 7 T intron 0.06 0.007 8.19 (1.07 - 62.68) 0.04 0.02

rs1835154 2q24.1 2 G intergenic 0.06 0.007 8.05 (1.06 - 61.21) 0.04 0.03
rs78323957 S.C10A5 8 G coding 0.05 0.007 8.02 (1.03 - 62.12) 0.05 0.03
rs16909509 ZFAND1 8 T intron 0.05 0.007 8.02 (1.03 - 62.12) 0.05 0.03

rs3729598 LIFR 5 G intron 0.05 0.007 7.94 (1.03 - 61.48) 0.05 0.04

rs568760 HCN4 15 T intron 0.06 0.007 7.78 (1.02 - 59.39) 0.05 0.03

rs1800141 LRP1 12 A coding 0.05 0.007 7.75 (1.00 - 59.98) 0.05 0.04
rs35384751 FYB 5 T coding 0.06 0.007 7.68 (1.01 - 58.62) 0.05 0.03
rs11175471 RASSF3 12 C intron 0.1 0.01 7.56 (1.77 - 32.29) 0.006 0.004
rs2389891 4926 4 G intergenic 0.09 0.01 7.21 (1.66 - 31.40) 0.008 0.005
rs35424709 ATP13A4 3 A coding 0.11 0.02 6.74 (1.95 - 23.25) 0.003 0.009
rs12188300 5q33.3 5 T intergenic 0.08 0.01 6.58 (1.51 - 28.74) 0.01 0.007
rs7303641 RASSF3 12 G intron 0.09 0.01 6.57 (1.54 - 28.09) 0.01 0.004
rs34139105 PRRG4 11 A coding 0.08 0.01 6.36 (1.44 - 28.06) 0.01 0.009
rs10500248 19q12 19 C intergenic 0.08 0.01 6.34 (1.45 - 27.77) 0.01 0.01

rs2124906 19q12 19 G intergenic 0.08 0.01 6.34 (1.45 -27.77) 0.01 0.01

rs7492685 14921.3 14 C intergenic 0.07 0.01 6.26 (1.38 - 28.46) 0.02 0.009

rs276725 19q12 19 C intergenic 0.08 0.01 6.05 (1.38 - 26.56) 0.02 0.007
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Appendix Table 14 continued....

Minor allele

frequency
SNP Gene/region | Chr Izllille:;)e " | Feature 1-5 year | 6-10 year | ORallele (95% CI)* | P value** (perll)n‘lllilal;;nf
rs6851586 4pl15.2 4 A intergenic 0.09 0.01 5.87 (1.38 - 24.92) 0.02 0.01
rs16871434 KCNIP4 4 A intron 0.08 0.01 5.79 (1.34 - 25.04) 0.02 0.01
rs28421666 6p21.3 6 G intergenic 0.1 0.02 5.58 (1.63 - 19.06) 0.006 0.003
rs17055478 13g21.1 13 A intergenic 0.07 0.01 5.58 (1.26 - 24.70) 0.02 0.02
rs1582274 7q31.1 7 A intergenic 0.07 0.01 5.48 (1.24 - 24.24) 0.02 0.02
rs6572051 LOC644919 14 G intron 0.07 0.01 5.40 (1.22 - 23.85) 0.03 0.02
rs9407838 SH3GL2 9 T intron 0.11 0.02 5.32(1.58 - 17.89) 0.007 0.004
rs72838683 PDZD7 10 T 3'UTR 0.07 0.01 5.31(1.22 - 23.05) 0.03 0.02
rs11250832 10p15.3 10 T intergenic 0.1 0.02 5.29 (1.56 - 17.97) 0.008 0.005
rs16827743 3ql13.32 3 T intergenic 0.07 0.01 5.28 (1.20 - 23.32) 0.03 0.03
rs12705300 7q22.3 7 A intron 0.12 0.02 5.27 (1.61 - 17.30) 0.006 0.003
rs1915164 15g21.1 15 T intergenic 0.07 0.01 5.24 (1.20 - 22.95) 0.03 0.01
rs12083795 1p34.3 1 T intergenic 0.07 0.01 5.21 (1.18 - 23.08) 0.03 0.02
rs9861022 3ql13.32 3 C intergenic 0.07 0.01 5.14 (1.18 - 22.38) 0.03 0.02
rs16964079 Cgﬁioﬁlél 15 A 3'UTR 0.07 0.01 5.10(1.17 -22.22) 0.03 0.02
rs10157510 1q24.3 1 T intergenic 0.08 0.01 5.00 (1.18 - 21.27) 0.03 0.02
rs10224856 VPHA1L 7 A intron 0.07 0.01 4.95(1.12-21.93) 0.04 0.03
rs1728850 15q21.3 15 G intergenic 0.07 0.01 4.95(1.12-21.93) 0.04 0.03
rs17055548 13q21.1 13 G intergenic 0.06 0.01 4.94 (1.11 - 22.03) 0.04 0.03
rs10133677 MDGA2 14 G intron 0.16 0.04 4.92 (1.98 -12.23) 0.0006 0.0004
rs3130161 6p21.3 6 C intergenic 0.07 0.01 4.89 (1.13 -21.23) 0.03 0.04
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Appendix Table 14 continued....

Minor allele

frequency
SNP Gene/region | Chr Izllill;)e " | Feature 1-5year | 6-10 year | ORallele (95% CI)* | P value** (perlr)n‘lllilautfon)*

rs1000521 S.C8A3 14 G intron 0.11 0.02 4.87 (1.46 - 16.18) 0.01 0.005
rs12257453 ARMC3 10 G intron 0.07 0.01 4.86 (1.12-21.19) 0.04 0.03
rs11833839 EP400 12 T coding 0.06 0.01 4.85 (1.09 - 21.59) 0.04 0.03
rs3790126 EMP2 16 A 3'UTR 0.08 0.01 4.85 (1.15-20.38) 0.03 0.02
rs16950438 16ql12.1 16 C intergenic 0.1 0.02 4.84 (1.44 - 16.25) 0.01 0.005
rs6151599 l\Dﬂﬁg?; 5 G intron 0.1 0.02 4.82 (1.45-16.10) 0.01 0.008
rs4546429 5pl3.1 5 T intergenic 0.07 0.01 4.79 (1.10 - 20.82) 0.04 0.03
rs11234604 Cllorf73 11 A S'UTR 0.06 0.01 4.78 (1.07 - 21.24) 0.04 0.03
rs6708453 2q21.1 2 C intergenic 0.17 0.04 472 (1.92 -11.62) 0.0007 0.0007
rs3805114 ABCC5 3 C 3'UTR 0.06 0.01 4.71 (1.06 - 20.95) 0.04 0.04
rs9328207 6p25.2 6 T intergenic 0.06 0.01 4.71 (1.06 - 20.95) 0.04 0.04
rs2864680 FSTL4 5 A intron 0.07 0.01 4.71 (1.10 - 20.10) 0.04 0.02
rs4741086 9p24.3 9 A intergenic 0.17 0.04 4.67 (1.91 - 11.42) 0.0007 0.0009
rs10514074 18q22.3 18 C intergenic 0.1 0.02 4.66 (1.37 - 15.88) 0.01 0.01
rs41285557 MAML1 5 A coding 0.06 0.01 4.65 (1.02 - 21.12) 0.05 0.03
rs7620914 3p22.3 3 A intron 0.14 0.04 4.64 (1.75 - 12.32) 0.002 0.001
rs7091901 10p11.22 10 T intergenic 0.09 0.02 4.64 (1.35-15.906) 0.02 0.01
rs8100295 19q13.42 19 T intergenic 0.06 0.01 4.62 (1.04 - 20.60) 0.04 0.04
rs17407084 AK8 9 C coding 0.06 0.01 4.58 (1.03 - 20.51) 0.05 0.03
rs222314 7p21.3 7 G intergenic 0.2 0.05 4.52 (1.98 - 10.35) 0.0003 0.0002
rs7770942 6p25.3 6 T intergenic 0.09 0.02 4.51(1.31-15.54) 0.05 0.01
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Appendix Table 14 continued....

Minor allele

frequency
SNP Gene/region | Chr Izllill;)e " | Feature 1-5year | 6-10 year | ORallele (95% CI)* | P value** (perlr’n‘lllilautfon)*
rs16916188 RBM12B 8 G coding 0.06 0.01 4.51(1.01 -20.12) 0.05 0.03
rs17140942 RBFOX1 16 G intron 0.06 0.01 4.51(1.01 -20.12) 0.05 0.03
rs7172316 15q24.1 15 G intergenic 0.07 0.02 4.49 (1.03 - 19.51) 0.05 0.03
rs1209145 14q22.3 14 G intergenic 0.17 0.05 4.48 (1.91 - 10.50) 0.0006 0.0003
rs10902652 1p36.11 1 C intergenic 0.06 0.01 446 (1.02 - 19.61) 0.05 0.04
rs1457759 5922.3 5 C intergenic 0.09 0.02 4.44 (1.31 - 15.08) 0.02 0.01
rs10826912 10p11.22 10 G intergenic 0.08 0.02 4.44 (1.29 - 15.33) 0.02 0.008
rs61744122 VWASA 16 A intron 0.06 0.01 4.44 (1.02 - 19.36) 0.05 0.04
rs4748309 RU1 10 A intron 0.1 0.02 4.39 (1.33 - 14.52) 0.02 0.008
rs8013602 14921.2 14 A intergenic 0.06 0.01 4.39 (1.00 - 19.23) 0.05 0.04
rs9560160 13q34 13 C intergenic 0.13 0.03 4.38 (1.54 - 12.49) 0.005 0.003
rs1755588 ACOTI11 1 T intron 0.09 0.02 4.36 (1.28 - 14.88) 0.02 0.01
rs10493958 1p21.2 1 A intergenic 0.07 0.01 4.32(1.01 - 18.51) 0.05 0.03
rs7169431 15q21.3 15 A intergenic 0.08 0.02 4.31(.124 - 14.96) 0.02 0.02
rs17170286 BB 7 C intron 0.09 0.02 4.30 (1.26 - 14.68) 0.02 0.02
rs11945730 4p15.32 4 G intergenic 0.12 0.03 4.28 (1.47 - 12.40) 0.007 0.006
rs17149645 11q14.2 11 T intergenic 0.11 0.03 4.25 (1.45 - 12.406) 0.008 0.006

*ORinteraction per allele (OR 1) for the additive model; **P value adjusted for genomic control;
maxT permutation analysis after 10,000 permutation

Chr = Chromosome, SNP = single nucleotide polymorphism
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Appendix Table 15: List of single nucleotide polymorphisms that showed age-
specific associations based on effect size and were statistically correlated

Chr A SNP 1 Chr B SNP 2
1 rs17039265 1 rs9728577
1 rs17039265 1 1s3204798
1 1517039265 1 1575411676
1 159728577 1 1s3204798
1 1s9728577 1 1575411676
1 rs3204798 1 1575411676
3 rs9861022 3 rs16827743
8 1s78323957 8 rs16909509
10 rs7091901 10 rs10826912
12 rs11175471 12 157303641
13 rs17055478 13 rs17055548
14 rs4502127 14 rs11157201
19 rs10500248 19 1rs2124906

SNP = single nucleotide polymorphism

Note: Chromosome A and Chromosome B are same chromosome.
SNP1 and SNP2 and statistically correlated SNPs
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Appendix Table 16: Bioinformatic analysis of genetic risk markers for the top one hundred age-specific associations with

childhood ALL with the lowest P values

rs10505918 12 NS NS SOX5

rs11997355 8 3a NS HNF4G-ZFHX4

rs2388773 16 5 NS IRX-CRNDE3

rs665159 1 5 0.5 CHRM3 15112493720 2b CHRM3
rs3954950 9 5 NS RFX-GLIS33

rs7818844 8 5 NS CYCSP3-RPL10AP3

rs6972158" " 7 5 0.41 NPSR1

rs7320982 13 5 NS MIRHG1-GPC5

rs7583258 2 5 0.1 TEX41-ACVR2A

rs1882591 16 NS NS IRX-CRNDE3 rs1151271 3a IRX3-CRNDE
rs7318021 13 NS NS KRT18P27-RNU6-75P | rs7996128 3a KRT18P27-RNU6-75P
01029 | 8 | s N | SHoRES

rs10079494 5 4 NS MSH3-RASGRF2 157708505 2b MSH3-RASGRF2
rs10250709 7 5 0.18 NPSR1

rs7720650 5 5 NS WNT8A-NMES 1556331448 2b WNT8A-NMES
rs2949827 7 NS NS GPR85-PPP1R3A

rs2396653 7 6 NS GPR85-PPP1R3A

rs202050948 | 19 5 NS CD97

rs1191818 2 2a 0.1 MATN3-LAPTM4A

rs3800292 6 5 0.21 GNMT 1s3831135 2b PEX6
rs3800292 6 5 0.21 GNMT 152274518 2b PEX6
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Appendix Table 16 continued....

rs3800292 6 5 0.21 GNMT 1s8540 2b KLHDC3
rs1881116 7 5 NS C7orf50

rs4821717 22 5 0.5 GCAT-GALR3 15139852 1b EIF3EIP
rs4821717 22 5 0.5 GCAT-GALR3 157290156 1f GALR3
rs2212824 21 6 NS ADAMTS5-GPXP2

rs7157104 14 6 NS KRT18P6-INSVI2

rs2051713 12 6 NS MRPL2P1-C120rf37

rs2125649 8 NS NS RP11-24P4.1-GFRA2

rs6739633 2 6 0.1 TRIB2-FAM84A

rs738027 12 6 NS PYROXD1 157133853 3a PYROXD1
rs237320 17 5 NS MAP2K4-MYOCD 1s237318 2b MAP2K4-MYOCD
rs139886 22 1f 0.18 SOX10 15139892 1f POLR2F
rs13116233 4 6 0.1 AGA-LINC01098

rs6519091 22 2b NS MICALL1 rs4821723 1f MICALL1
rs6109487 20 5 NS PA2G4P2-SPTLC3 | 1s73088401 2¢ PA2G4P2-SPTLC3
rs1151277 16 6 NS IRX-CRNDE3

rs6052937 20 5 NS S.C23A2

rs34099167 4 NS 0 NEK1 156818590 2b NEK1
rs7722067 5 NS 0.1 ATP6AP1L-RPL5P16

rs1004327 4 3a 0.24 CLNK

rs3993401 12 NS NS C120rf26- TMTC2

rs6492498 13 4 NS KRT18P27-LINC01049

rs2806907 13 6 NS SIAH3-ZC3H13 159522975 3a KRT18P27 - LINC01049
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Appendix Table 16 continued....

rs2101919°7" | 14 6 0.37 NID2 .
rs2899293 22 6 0.5 ANKRD54

rs1028695 13 NS 0.5 SPATA13 154821722 1f EIF3L
rs1028695 13 NS 0.5 SPATA13 154821723 1f MICALL1
rs2185230 9 NS 0.5 PCK5

rs4254428 19 NS NS ZNF420 152562599 If ZNF568-ZNF420
rs4254428 19 NS NS ZNF420 151402468 1f ZNF420
rs4254428 19 NS NS ZNF420 1511666786 1f ZNF420-ZNF585A
rs4254428 19 NS NS ZNF420 157245882 1f ZNF420
rs139866 22 NS NS POLR2F 15139886 1f SOX10
rs139866 22 NS NS POLR2F 15139892 1f POLR2F
rs5028798 11 5 NS ELF5- EHF rs12793417 2b ELF5- EHF
rs2065212 13 NS NS KRT18P27-LINC01049 | rs9522975 3a KRT18P27-LINC01049
rs222314 7 NS NS LOC340268-HSPASPS

rs1894381 16 NS NS TMC5

rs9809647 3 6 0.24 PYDC2-FGF12

rs898982 1 5 0.1 POU3F1- RRAGC 1577420329 2a POU3F1- RRAGC
rs1868368 8 5 NS Lo}gggggégz

rs9392857 6 5 NS EXOC2-0C101927691

rs8014810 14 NS NS BRMSIL 157152711 3a GARNL1
rs8014810 14 NS NS BRMSIL 1510146494 3a BRMSIL
rs8014810 14 NS NS BRMSIL 1571124724 3a BRMSIL-LOC644584
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Appendix Table 16 continued....

rs8021355 14 6 NS RALGAPAL .
rs7144565 14 6 NS RALGAPAL
rs2274068" 14 4 0.65 RALGAPAL
rs762562" 19 NS 0.09 ERCC1/CD3EAP
rs4948088 7 5 NS GRB10-COBL
rs3850942 11 4 NS MARK2 rs61886104 2b MARK2
rs2899469 15 5 NS TNFAIP8L3-CYP19A1 rs4551976 2b TNFAIP8L3-CYP19A1
rs8011343 14 NS 0.5 MDGA2 rs10133677 3a MDGA2
rs2031293 13 5 NS C130rf16-SOX1
rs11171543 12 NS NS CPNES8- KIF21A
rs11172024 12 6 NS KIF21A rs11171955 3a KIF21A
rs11172024 12 6 NS KIF21A rs11171957 3a KIF21A
rs11172024 12 6 NS KIF21A 112228664 3a KIF21A-BCD2
rs1510136 4 5 NS INPP4B-USP38 rs11306676 2b INPP4B-USP38
FRY— NS | JoAMTS
rs17017488 4 5 0.5 CC&ER1
rs10511980 9 NS NS MAMDC2 rs2209779 2b MAMDC2
rs2620870 12 NS NS SLC16A7- USP15
rs377621 21 NS NS L(?CI?SI\ZAJZ?SSS 1s368477 2b LOACIZDJ?)'\Z/I;-Z%S’-SS
rs6510588 19 6 NS ZNF420 152562599 1f ZNF568-ZNF420
rs6510588 19 6 NS ZNF420 rs1402468 1f ZNF420
rs6510588 19 6 NS ZNF420 rs11666786 1f ZNF420-ZNF585A
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Appendix Table 16 continued....

rs6510588 19 6 NS ZNF420 rs7245882 1f ZNF420
rs10739501 9 NS NS TLR4-BRINP1
rs6834625 4 NS 0.1 INPP4B-USP38 rs11306676 2b INPP4B-USP38
rs1209145 14 6 NS C140rf105-9.C35F4 rs373690 1f C140rf105-9.C35F4
rs1481046 8 6 NS NCOA2-TRAM1 rs10096078 2¢ NCOA2-TRAM1
rs924615 5 NS NS FLJ41309-RPL5P16
rs26784 5 6 0.27 MSH3
rs11120342 1 NS 0.24 PTPN14
rs2830698 21 NS NS ng]gl\ZA;—Z%SS rs2830715 3a L g\gg’g;%&;
rs6037033 20 5 NS VSX1- ENTPD6 rs4815392 2b ENTPD6
rs12073211 1 NS 0.1 MYSVI1-JUN rs11207297 2b MYSV1
rs3825594 14 NS NS NID2
rs742390 1 4 NS RUNX3-SYF2
rs973358 17 5 NS SHISA6
rs10133677 14 3a 0 MDGA2
rs1493897 16 6 NS IRX3-CRNDE
rs9694342 8 2b 0 AGO2
rs7952853 12 6 0.4 OR6C2
rs6943934 7 5 NS C70rf50-ZFAND2A 1s73264941 2b C70rf50-ZFAND2A
rs1610315 6 6 NS GNG5P1-PRR18
rs1521244 2 5 NS TRIB2-LOC100506474
rs9897794" 17 1f 0.37 EFCABS 1s9890205 1d EFCABS
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Appendix Table 16 continued....

rs877111 6 6 0.5 C6orf223-MRPL14 1s7770652 1f MRPL14
rs877111 6 6 0.5 C6orf223-MRPL14 rs4714739 1f C6orf223-MRPL14
rs877111 6 6 0.5 C6orf223-MRPL14 rs4714741 1f C6orf223-MRPL14
rs877111 6 6 0.5 C6orf223-MRPL14 rs1321097 1f C6orf223-MRPL14
rs877111 6 6 0.5 C6orf223-MRPL14 rs910616 1f C6orf223-MRPL14
rs877111 6 6 0.5 C6orf223-MRPL14 rs4714745 1f C6orf223-MRPL14
rs877111 6 6 0.5 C6orf223-MRPL14 rs4714742 1f C6orf223-MRPL14
rs877111 6 6 0.5 C6orf223-MRPL14 rs6883 1f MRPL14
rs877111 6 6 0.5 C6orf223-MRPL14 rs4711767 1f MRPL14
rs877111 6 6 0.5 C6orf223-MRPL14 1s910616 1f C6orf223-MRPL14
rs877111 6 6 0.5 C6orf223-MRPL14 rs1935611 1f MRPL14
rs877111 6 6 0.5 C6orf223-MRPL14 1s9462964 1f TMEMG63B
rs877111 6 6 0.5 C6orf223-MRPL14 rs4714755 1f TMEM63B
rs753712 10 6 NS MKI67-MGMT
rs1430838 8 NS NS TRPA1-KCNB2
rs2116078 8 5 NS TRPA1-KCNB2
rs2615874 10 5 NS ATRNL1

Note: Some associated SNPs showed multiple correlated functional variants

Chr = Chromosome; NS = No score; SNP = single nucleotide polymorphism; *Missense; 'SNPs change or create a binding site for transcription
factors

"RegulomDb predicts score from 1 to 7. A score of one suggests SNPs have higher functionality and may play an important role in gene regulation. A
score of 7 predicts least functionality

"F-SNP predicts score from 0 to 1. A score of one suggest higher functionality and a score zero suggests no functional role of a SNP
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Appendix Table 17: Bioinformatic analysis of genetic risk markers for the top one hundred age-specific associations with
childhood ALL with the highest effect sizes (P < 0.05)

SNP Chr Regsucl(());:'fDB F-SNP™ Gene Coglfll;"ted Regsucl(());:'fDB (corre(l};izg SNP)
rs17109582 1 5 NS DIO1 1576114672 2b DIO1-HSPB11
rs17109582 1 5 NS DIO1 1577840912 2b HSPB11

157304215 12 NS NS TMEM132D
1510999147 10 4 0.31 AIFM2
157330286 13 6 NS LINC00343-RNA5SP38
1541309927 | 20 7 NS SEC23B
1536086854 4 4 0.07 CFAP99
1517409162 3 5 0.37 ANO10 159856765 2a ANO10-ABHD5
1513129052 4 5 0.1 RGS12 15994425 2b CAorf44-RGS12
rs13129052 4 5 0.1 RGS12 rs61211078 2b Clorf44-RGS12
159856456 3 NS 0.1 LOC101926953-IGSF11
156927353 6 6 NS TCP10-LOC401286
1511651675 17 2a 0.5 TMC8 15117626020 2a T™MCS8
1510109794 8 3a NS TRIMS5 15112477862 2b LOC101060153
1s10099957 8 NS TRIMS5 157846184 2b DNAJC5B-TRIM55
1s10099957 8 NS TRIM55 157843038 2b TRIM55
1556291145 13 4 NS ATP12A
r$2909644 18 NS NS RP11-146N18.1-
LOC101927404
1$6093579"" 20 6 0.27 PTPRT 156093581 3a PTPRT
1517039265 1 5 0.27 HNRNPCL1-PRAMEF2 | 1s138700801 Missense HNRNPCL1
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Appendix Table 17 continued....

1517039265 1 5 0.27 HNRNPCL1-PRAMEF2 | rs141872266 Missense HNRNPCL1
1517039265 1 5 0.27 HNRNPCL1-PRAMEF2 | 1541279492 Missense HNRNPCL1
1517039265 1 5 0.27 HNRNPCL1-PRAMEF2 | 159728577 Missense PRAMEF2
159728577 1 6 0.27 PRAMEF2

1s75411676" 1 NS NS PRAMEF2

1536068434 4 5 0.1 CDSL 15148100862 2b CDSL
1536068434 4 5 0.1 CDSL rs113914543 2b CDSL
1511916525 3 5 NS CEP70 1s12632793 1d CEP70
1511916525 3 5 NS CEP70 1512632794 1d CEP70
1511916525 3 5 NS CEP70 159049 1f CEP70
1511916525 3 5 NS CEP70 151563615 1f CEP70
153204798 1 6 0.91 PRAMEF2 .

1s35340237" 3 NS NS CEP70 1s35537868"" Missense FAM62C
158176018 7 4 0 KEL 157810229 2b KEL
151835154 2 3a NS GALNT13-KCNJ3 1516837893 3a GALNT13-KCNJ3
1578323957 8 4 NS S.C10A5 1s16909527 1f CHMPAC
1516909509 8 NS NS ZFAND1 1s16909527 1f CHMPAC
153729598 5 6 0.27 LIFR 1576127780 3a LIFR
15568760 15 5 0 HCN4

rs1800141" 12 4 0.27 LRP1/MIR1228

1s35384751°17 5 4 0.64 FYB

rs11175471 12 NS 0 RASSF3 rs17223244 2b RASSF3
152389891 4 NS NS PDESA
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Appendix Table 17 continued....

RegulomeDB . Correlated RegulomeDB Gene
SNP Chr score’ F-SNP Gene SNP score’ (correlated SNP)
1s35424709" 3 5 0.1 ATP13A4 .
rs12188300 5 4 NS IL12B-LOC285627
rs7303641 12 NS 0 RASSF3 rs7959471 2b RASSF3
rs34139105° 11 NS 0 PRRG4
ZNF536-
rs10500248 19 NS NS LOC101927254
ZNF536-
152124906 19 NS NS LOC101927254
1s7492685 14 6 NS RPL18P1-ATP5G2P2
ZNF536-
15276725 19 NS NS LOC101927254
156851586 4 5 0.1 ANAPC4-LOC645433
rs16871434 4 6 0.1 KCNIP4
HLA-DRB1-HLA- HLA-DRB1-
rs28421666 6 3a NS DQA1 rs2395226 3a HLA-DQAL
DNAJA1P1-
rs17055478 13 NS NS HMGN2P39
rs1582274 7 NS NS IMMP2L- DOCK4 1s75469463 3a IMMP2L-DOCK4
rs6572051 14 6 NS LOC644919
159407838 9 6 0.5 SH3GL2
1572838683 10 4 NS PDzD7
rs11250832 10 6 NS ADARB2- LINC00700
LOC101926953-
rs16827743 3 5 0.1 LOC101926968
rs12705300 7 4 NS SRPK2
rs1915164 15 NS NS SQRDL-LOC729316
rs12083795 1 5 0.1 POU3F1- RRAGC 1572663642 2a POU3F1- RRAGC
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Appendix Table 17 continued....

19861022 3 4 0.1 LOC101926953-1GSF11 .
rs16964079 15 6 NS C150rf41/CSNK1AIP1 | 128659969 3a C150rf4l
rs16964079 15 6 NS C150rf41/CSNKIAIPL | rs28480404 3a C150rf41
rs16964079 15 6 NS C150rf41/CSNKIAIPL | rs28629456 3a C150rf4l
rs16964079 15 6 NS C150rf41/CSNK1AIPL | 1s12903299 3a C150rf41
rs16964079 15 6 NS C150rf41/CSNK1AIP1 | rs77483951 3a CS\NK1A1P1
rs16964079 15 6 NS C150rf41/CSNKIAIPL | rs8031162 3a C150rf41
rs16964079 15 6 NS C150rf41/CSNK1AIPL | 112595212 3a CSNK1A1P1
rs10157510 1 4 NS VAMP4-METTL13 rs10913576 2b VAMP4
rs10224856 7 NS NS VPHAL 12214668 2b VPHAL
rs1728850 15 5 NS UNC13C-R9.24D1 rs183003270 3a UNC13C-R9.24D1
rs1728850 15 5 NS UNC13C-R9.24D1 rs139840085 3a UNCI13C-RS_24D1
rs17055548 13 6 NS r?nlﬂ\léf@gé
rs10133677 14 3a 0 MDGA2
13130161 6 5 0.5 HLA-DPB1-COL11A2 13129203 2b HLA-DPB1-
COL11A2
rs1000521 14 NS NS S.C8A3 rs8011824 2b SL.C8A3
51000521 14 NS NS S.C8A3 1517107699 2b S.C8A3
112257453 10 6 NS ARMC3
rs11833839 12 6 NS EP400 11127023 2b EP400
1s3790126 16 4 0.18 EMP2 rs12598331 2a ATF7IP2-EMP2
rs16950438 16 5 NS LINC01571-C160rf97
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Appendix Table 17 continued....

16151599 5 4 0.27 MSH3/DHFR rs11749051 3a DHFR
154546429 5 5 0.1 LINCO0603- PTGERA
11234604 | 11 2 NS Cliorf73
156708453 2 5 0.1 TEKTAP3-TRNAE26 | 1555872863 3a IMP4
153805114 3 5 0.24 ABCC5
159328207 6 5 0.5 TDGF1P4-LOC728344
152864680 5 NS NS FSTL4
rs4741086 9 NS NS DMRT2-RPS27AP14
rs10514074 18 NS NS LOC100505817-
* FBXO15
1541285557 4 NS MAMLL
17620914 3 NS 0.1 LOC101928135
17091901 | 10 5 NS ZNF438-ZEB1 rs10826908 2% oo
158100295 | 19 4 NS ZNF331-DPRX
1517407084 | 9 5 0.56 AK8 1573550647 2a AKS
222314 7 NS NS LOC340268-HSPAGPS
17770942 6 2 NS Lo 16900976 2b EXOC2-LOC285768
rs16916188° | 8 5 05 REM12B
517140042 | 16 NS 0.5 RBFOX1
7172316 | 15 2 NS NPM1P42- NEOL
51209145 | 14 5 NS Cl4orfl05- S.C35F4 | 15373690 It Cl40rf105-S C35F4
1510902652 | 1 NS 0.1 SNRPEP7-WDTC1
11457759 5 NS 0.1 | LOCL01927041- KCNN2
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Appendix Table 17 continued....

RegulomeDB . Correlated RegulomeDB Gene
SNP Chr score’ F-SNP Gene SNP score’ (correlated SNP)
rs10826912 10 5 NS ZNF438-ZEB1 rs10826908 2¢c ZNF438-ZEB1
rs61744122° 16 NS NS VWA3A
rs4748309'7 10 6 NS RU1
rs8013602 14 6 NS HNRNPUP1-KRT8P2
LOC102724489-
59560160 13 5 NS LOC102724510
rs1755588 1 4 0.07 ACOT11 1s1655527 2b ACOT11
rs1755588 1 4 0.07 ACOT11 rs114205182 2b ACOT11
rs1755588 1 4 0.07 ACOT11 rs116752923 2b ACOT11
rs1755588 1 4 0.07 ACOT11 rs41313244 2b ACOT11
rs1755588 1 4 0.07 ACOT11 360613980 2b ACOT11
151049395877 | 1 3a NS | LOCI02723784-OLFM3 | rs12724739 3a Locgaiﬁgm-
rs7169431 15 5 NS NEDD4-RFX7
rs17170286"" 7 5 0.50 BB
rs11945730 4 3a 0.27 BST1-CD38
LOC100506368-
rs17149645 11 NS NS TVEM135

Note: Some associated SNPs showed multiple correlated functional variants

Chr = Chromosome; NS = No score; SNP = single nucleotide polymorphism; *Missense; **Nonsense; ''SNPs change or create a binding site for
transcription factors

"RegulomDb predicts score from 1 to 7. A score of one suggests SNPs have higher functionality and may play an important role in gene regulation. A
score of 7 predicts least functionality

"F-SNP predicts score from 0 to 1. A score of one suggest higher functionality and a score zero suggests no functional role of a SNP
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Appendix Table 18: Expression quantitative trait locus analysis of age-specific associated
genetic risk variants

SNP Chr Feature Gene eQTL
1s7320982° 13 intergenic MIRHG1-GPC5 ADM, GNB4
152212824 21 intergenic ADAMTSH-GPXP2 CRIPAK, MTG1
152051713 12 intergenic MRPL2P1-C120rf37 H1FX
1$6519091" 22 intron MICALL1 LMF1, MYD88
1s2899293" 22 intron ANKRD54 LMF1

15139866 22 intron POLR2F CNPY3
156510588" 19 intron ZNF420 ZNF420
151209145 14 intergenic C140rf105-9.C35F4 CCR10

15973358 17 intron SHISAG WDTC1
1s7952853" 12 intron OR6C2 PAG1

rs877111° 6 intergenic C6orf223 MRPL14
rs4821723" 22 5' upstream MICALL1 LMF1
152562599 19 intergenic ZNF568-ZNF420 S .C13A2, ZNF420

15735482 19 3'UTR ERCCLUCD3EAP HDGFL1, ERCC1
rs4714739" 6 intergenic Cé6orf223-MRPL14 MRPL14
rs4714755" 6 intron TMEM63B MRPL14
rs1321097" 6 intergenic C6orf223-MRPL14 MRPL14

15910616 6 intergenic C6orf223-MRPL14 MRPL14
154711767 6 intron MRPL14 MRPL14
159462964 6 intron TMEM63B MRPL14
rs1935611" 6 intron MRPL14 MRPL14
1547147417 6 intergenic C6orf223-MRPL14 MRPL14
1s7770652° 6 intron MRPL14 MRPL14
157304215 12 intron TMEM132D BCR, FLJ42953, LOC728468

ZC3H7A, KIF5B, CORO1A,
1510514074° 18 intergenic LOC100505817- LOC606724, APRT, STX10,
FBXO15 ARHGEF1, AGPAT9, CHTF18,
_ Cl6orf24
rs1209145 14 intergenic C14orf105- 9. C35F4 CCR10

eQTL = expression quantitative trait loci; Chr = chromosome

* Age-specific results based on P value; **Age-specific results based on effect size
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Appendix Table 19: Genes showing age-specific associations (ranked by their P values) and their interactions with
chemicals in studies curated in the Comparative Toxicological Database

Gene/region SNP Chemical interaction PUBMED ID
arsenite, benzo(a)pyrene, benzo(a)pyrene diol epoxide,
bisphenol A, copper sulfate, acetaminophen, carbon 23974009, 22316170, 20382639, 20170705,
DX 1510505918 tetrachloride, diethylhexyl phthalate, ethinyl estradiol, 19549813, 17562736, 17484886, 19850644,
methylmercury compounds, PCB, potassium 17555576, 20020106, 20020106, 23608068,
dichromate, propiconazole, tetrachlorodibenzodioxin, 21570461, 17942748, 20133372
tobacco smoke pollution
acetaminophen, aflatoxin B1, air pollutants,
HNFAG £s11997355% benzo(a)pyrene, formaldehyde, 22230336, 20106945, 21632981, 23649840,
tetrachlorodibenzodioxin, lead acetate, 21632981, 22609695, 22129741, 20403969
diethylnitrosamine, chlordane
atrazine, benzo(a)pyrene, benzo(a)pyrene diol epoxide, | 5376314 39316170, 20382639, 17484886
ZFHX4 rs11997355* carbqn tetrachloride, dlethylmtrosaml.ne, 22129741, 21278054, 20133372
propiconazole, tobacco smoke pollution
rs2388773%* .
rs1151277% estradiol, coppoer sulfatg, fqrmaldehysie, smoke, 21185374, 19549813, 20655997, 21095227,
IRX3 1882591 * tetrachlorodibenzodioxin, aflatoxin B1, 21632981, 19770486, 22228805, 20230807,
1493897 benzo(a)pyrene, caffeine, nicotine, nitrofen 20230807, 21238641
i o emiene, OB T B | toatsen, s 215024 1o,
diazinon, dibutyl [;hthalate dichlorvos ’dimethoate ’ 23630614, 16433693, 16644059, 17666426,
CHRM3 rs665159 disulfot’on environmentaf pollutants ’chlorinate d ’ 16207942, 15620428, 19100812, 15033006,
hydrocarbons’ methyl parathion. potassi’um dichromate 22872703, 22872703, 17666426, 23608068,
’ o > 15900516, 21346803
progesterone, trinitrotoluene
REX3 £53954950% arsenic, atrazine, diazinon, formaldehyde, potassium 16835338, 22378314, 22964155, 23649840,
chromate(VI), PCB, benzo(a)pyrene 22079256, 19114083, 19770486
asbestos, benzo(a)pyrene, estradiol, potassium 17331233, 20106945, 20106945, 22079256,
GLIS3 rs3954950% chromate(VI),ycr:arbon tetrachloride 17484886
RNF122 1s7818844* benzo(a)pyrene, dibutyl phthalate 22228805, 21266533
1s6972158 atrazine, cadmium, lead acetate,
NPSR1 1510250709 tetrachlorodibenzodioxin 22378314, 24376830, 22641619, 21570461
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Appendix Table 19 continued....

Gene/region SNP Chemical interaction PUBMED ID
PCB, atrazine, benzo(a)pyrene, cocaine, 23829299, 22378314, 20106945, 18355967,
%
GPCS 157320982 diethylnitrosamine 22129741
PCB, atrazine, benzo(a)pyrene, cocaine, 23829299, 22378314, 20106945, 18355967,
k
GPCS 157320982 diethylnitrosamine 22129741
" acetaminophen, cobaltous chloride,
KHDRBS3 rs701 6929* tetrachlorodibenzodioxin, PCB, aflatoxin B1, 21420995, 19320972, 22574217, 19114083,
rs1868368 . 19770486, 19770486
benzo(a)pyrene, carbon tetrachloride
pts | IO | S e | 210381 1950813, o051, 22623005
rs26784 . . } P ’ 19114083, 19770486, 11958953, 21278054
PCB, aflatoxin B1, cadmium chloride, propiconazole
arsenite, copper sulfate, PCB, acetaminophen,
. 23974009, 19549813, 19114083, 17585979
* ] s B )
RASGRF2 rs10079494 benzo(a)pyrene, dibutyl phthalate, tobacco smoke 21839799, 18087596, 21266533
pollution
VWNT8A rs7720650* bisphenol A 21786754
NMES5 rs7720650* PCB, tetrachlorodibenzodioxin 21334430, 19933214
” X X
GPRB5 ESOsboi carbon tetrachloride, chiorpyrifos, copper sulfate, 17484886, 18668222, 18579281, 21570461
1s2949827* . .
PPP1R3A 2396653 * acetaminophen, bisphenol A, copper sulfate 17562736, 17706920, 18579281
esradial copper salfate, Ry drogen perosite itum | 20106945, 19128835, 20064835, 23019147,
CD97 rs202050948 chloride, PCB, 2,6-dinitrotoluene, acetaminophen, 19549813, 20044591, 23527032, 19114083,
. . 21346803, 17562736, 24680724, 22967744
tetrachlorodibenzodioxin, toluene
aflatoxin B1, atrazine, benzo(a)pyrene, copper sulfate, 21632981, 22378314, 21632981, 19549813,
MATN3 rs1191818* diuron, ethanol, fonofos, hydrogen peroxide, parathion, 24172598, 20621659, 22847954, 20044591,
terbufos, testosterone, tetrachlorodibenzodioxin 22847954, 22847954, 21592394, 21632981
% atrazine, potassium dichromate, lipopolysaccharides, 22378314, 23718831, 10975854, 23892564,
LAPTMAA rs1191818 pentachlorophenol, Tetrachlorodibenzodioxin 21570461
aflatoxin B1, benzo(a)pyrene, estradiol, copper sulfate,
dioxins, methylcholanthrene, testosterone, 20106945, 22100608, 20106945, 19549813,
GNMT rs3800292 tetrachlorodibenzodioxin, acetaminophen, carbon 22100608, 22100608, 21592394, 22298810,

tetrachloride, lipopolysaccharide,
tetrachlorodibenzodioxin

17562736, 18346771, 18346771, 16214954
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Appendix Table 19 continued....

Gene/region SNP Chemical interaction PUBMED ID
C7orf50 rs1881116 arsenic, benzene, benzo(a)pyrene, cobaltous chloride 18414638, 19162166, 21632981, 19320972
GCAT rs4821717* benzo(a)pyrene ca;bon tetrachi)orid’e dibutyl htﬂalate 17562736, 19770486, 23735875, 17484886,
zotajpyrenc, ae, dibutyl p ’ 17361019, 20403060, 19770486
testosterone, tetrachlorodibenzodioxin
GALR3 4821717 aflatoxin B1, lead, methylmercuric chloride, PCB, 22100608, 19921347, 21385734, 19114083,
acetaminophen 17562736
acetaminophen, arsenic trioxide, benzo(a)pyrene diol 21420995, 25258189, 20382639, 22847954,
% epoxide, fonofos, parathion, particulate matter, 22847954, 23085030, 22079256, 22847954,
ADAMTSS rs2212824 potassium chromate(VI), terbufos, PCB, aflatoxin B1, 23196670, 23630614, 17484886, 25152437,
carbon tetrachloride, diuron, tetrachlorodibenzodioxin 19465110
INSVI2 1s7157104* atrazine, copper sulfate, tetrachlorodibenzodioxin 22378314, 19549813, 21354282
GERA? 1$2125649% atrazine, cobaltous chloride, PCB, carbon tetrachloride, 22378314, 17553155, 19114083, 17805973,
chlorpyrifos, cocaine, paraquat, progesterone 17452286, 12358776, 18198484, 22238285
benso(mpymene diol spoxide, estadiol. formaldehyde, | 21420995, 20458559, 17331233, 22378314,
TRIB2 rs6739633* nicotine, pro est;:rone sm;)ke ’ 20382639, 14699072, 23649840, 16949557,
tetrachlorodibenzéc%oin benzo’(a)pyret’le dibutyl 20660070, 21095227, 21296121, 22610609,
i . >, 21266533, 21829687, 21371552, 23608068
phthalate, lead acetate, paraquat, potassium dichromate
FAMB4A 1S6739633% acetaminophen, benzo(a)pyrene, estradiol, dibutyl 17562736, 19770486, 19484750, 21266533,
phthalate, propiconazole 21278054
arsenic trioxide, benzo(a)pyrene diol epoxide,
estradiol, cadmium chloride, hydrogen peroxide, 14701702, 19150397, 23094148, 18703135,
MAP2K4 237320% lipopolysaccharides, acetaminophen, cocaine, 16707465, 21112663, 17562736, 18355967,
diethylnitrosamine, lipopolysaccharides, 18691550, 21548916, 19666049, 21570461,
methylmercury compounds, tetrachlorodibenzodioxin, 15289447
tobacco smoke pollution
asbestos, benzo(a)pyrene, benzo(a)pyrene diol epoxide, | 18687144,22178795, , 20382639, 22847954,
MYOCD rs237320% fonofos, parathion, progesterone, terbufos, PCB, 22847954, 20864642, 22847954, 19114083,
tetrachlorodibenzodioxin, tobacco smoke pollution 17942748, 20133372
SOX10 rs139886 lead, diethylnitrosamine, progesterone 19921347, 20360939, 17478888
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Appendix Table 19 continued....

Gene/region SNP Chemical interaction PUBMED ID
cobaltous chloride, fonofos, parathion, terbufos, 2,6- 19376846, 22847954, 22847954, 22847954,
AGA rs13116233* | dinitrotoluene, acetaminophen, benzo(a)pyrene, dibutyl 21346803, 17562736, 21715664, 21266533,
phthalate, vehicle emissions 19165385
acetaminophen, aflatoxin B1, benzo(a)pyrene,
. ) 22230336, 20106945, 21632981, 20106945,
MICALL1 rs6519091 estradiol, cobaltous chlqude, fomaldehyde, 19320972, 23649840, 23179753
methylmercuric chloride
acetaminophen, aflatoxin B1, air pollutants, 21420995, 20106945, 21757418, 22316170,
SPTLC3 rs6109487* benzo(a)pyrene, copper sulfate, formaldehyde, 19549813, 23649840, 23825647, 21334430,
nicotine, PCB, tetrachlorodibenzodioxin 21632981
acetaminophen, air pollutants, arsenite, 21420995, 21757418, 23974009, 21632981
benzo(a)pyrene, estradiol, cobaltous chloride, 17092984’ 19376846’ 17092984’ 21632981’
S .C23A2 rs6052937 progesterone, tetrachlorodlbenzodlox1n., carbon 17484886, 16629162, 20417186, 22558179,
tetrachloride, iron, ozone, paraquat, propiconazole, 22334560 18653662
toluene ’
acetaminophen, arsenic trioxide, benzo(a)pyrene,
. . 22230336, 22521957, 20064835, 19376846,
NEK1 rs34099167 cobaltous chloride, copper sulfate, hydrogen peroxide, 19549813, 18951874, 22079256
potassium chromate(VI)
ATP6AP1L 1s7722067* aflatoxin B1, benzo(a)pyrene 23630614, 21839799
CLNK rs1004327 potassium dichromate, tetrachlorodibenzodioxin 23608068, 21570461
atrazine, benzo(a)pyrene, formaldehyde, hydrogen 22378314, 22316170, 23649840, 18951874,
T™MTC2 53993401 * peroxide, lead, methylcholanthrene, smoke, 19921347, 20348232, 21095227, 22903824,
tetrachlorodibenzodioxin, acetaminophen, aflatoxin 17562736, 19770486, 19654921, 21266533,
B1, arsenic, dibutyl phthalate, tobacco smoke pollution 20133372
formaldehyde, acetaminophen, diuron, ethanol 23649840, 17562736, 25152437, 17618662
* b 9 & 2 b b b b
ZC3H13 152806907 tetrachlorodibenzodioxin 21889950
air pollutants, arsenates, arsenite, atrazine, PCB,
rs2101919 benzo(a)pyrene, estradiol, carbon tetrachloride, 21757418, 18585445, 23974009, 18585445,
NID2 rs3825594 diethylnitrosamine, diuron, testosterone 23196670, 22228805, 19484750, 17484886,
y . > ’ 18164116, 20032058, 21570461
tetrachlorodibenzodioxin
ANKRD54 52899293 copper sulfate, aflatoxin B1, dibutyl phthalate, nickel 19549813, 19770486, 21266533, 19167457,

monoxide, tetrachlorodibenzodioxin

21570461
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Appendix Table 19 continued....

Gene/region SNP Chemical interaction PUBMED ID
arsenic trioxide, benzo(a)pyrene diol epoxide,
. . . ; 20458559, 19150397, 17962382, 19549813,
SPATA13 rs1028695 estradiol, copper sulfate, aﬂatox;n B1, ciguatoxins, 19770486, 18353800, 21266533, 21278054
dibutyl phthalate, propiconazole
PCB;:;S;;SI“C‘g;‘;‘;i’Stl’flrffteen;’rg;:t‘;(r?ffene’ 19692669, 15761015, 19162166, 22316170,
. A ’ 20660070, 19549813, 20660070, 22298810,
eSS | nali0 | weblodbaodioi Jbdnitoliens | Srdigss 755590 070, s,
nopacn, 154 ; ’ 21266533, 25152437, 21278054
dibutyl phthalate, diuron, propiconazole
ZNF420 rs4254428 arsenite, formaldehyde 23974009, 20655997
cobaltous chloride, copper sulfate, diazinon, hydrogen
X T . 19376846, 19549813, 22964155, 18951874,
POLR2F rs139866 peroxide, PCB, 2,6-d1n1tr(?toluene', dlbutyl phthalate, 19114083, 21346803, 21266533, 21570461
tetrachlorodibenzodioxin
ELF rs5028798* copper sulfate 16973896
arsenite, asbestos, estradiol, formaldehyde, 23974009, 17331233, 20660070, 23649840,
EHF rs5028798* progesterone, smoke, tetrachlorodibenzodioxin, 20660070, 21095227, 23152189, 23630614,
aflatoxin B1, furan, tobacco smoke pollution 22079235, 20133372
T™CS 1894381 | epovide copper sufte. hydrogen peromice, smoke, | 21157418,20707922, 20018196, 19549813,
poxice, copp ate, hydrogen p » STOXE, 18951874, 21095227, 21570461, 20133372
tetrachlorodibenzodioxin, tobacco smoke pollution
aflatoxin B1, arsenic, arsenic trioxide, arsenite, 22100608, 24675094, 22521957, 23974009,
FGF12 rs9809647* fonofos, parathion, potassium chromate(VI), terbufos, 22847954, 22847954, 22079256, 22847954,
uranium compounds 19654044
diazinon, lead, PCB, acetaminophen, arsenite, 22964155, 19921347, 24046277, 17562736,
POU3F1 rs898982* diethylnitrosamine, diuron, potassium dichromate, 18929588, 18164116, 25152437, 23608068,
tetrachlorodibenzodioxin 22298810
ace | e | e s bevers coalow o, | o, e 916216 193760
’ . e ’ 19549813, 23649840, 20504355, 21570461
tetrachlorodibenzodioxin
EXOC2 r$9392857* 3?3??52{’355? i ?h%rrl%r:actifl(al/tly)l ﬁﬁﬁéﬁ’é 22316170, 22079256, 19114083, 21346803,
. . . > R 22457795, 21266533, 23968726, 21570461
diethylnitrosamine, tetrachlorodibenzodioxin
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Appendix Table 19 continued....

Gene/region SNP Chemical interaction PUBMED ID
acetaminophen, aflatoxin B1, benzo(a)pyrene,
. . . 22230336, 21641981, 22316170, 19150397,
BRMSIL rs8014810 benzo(a)pyrene Q101 epoxide, formaldehyde, dibutyl 23649840, 21266533, 19176365, 23892564
phthalate, particulate matter, pentachlorophenol

rs8021355 2“:;‘(‘;6“;‘:“‘1:; z’sl“fz?éa%p{lrr‘(’)“‘znbegf;’)ggzy;‘l’gfcjfﬂ 20458559, 20064835, 19150397, 19549813,
RALGAPAL 157144565 D o e D | 21179406, 19937285, 21346803, 17562736,

rs2274068 ’ i phen, ’ 20542052, 21795629

sodium arsenate
aflatoxin B1, arsenic, asbestos, benzene,
benzo(a)pyrene diol epoxide, benzo(a)pyrene, 22100608, 16882524, 20855422, 16188086,
estradiol, cobaltous chloride, copper sulfate, 23203453, 20624995, 22082530, 19376846,
ERCC1 1s762562 lipopolysaccharides, paraquat, 2,4-dinitrotoluene, 19549813, 22777745, 23613995, 21346803,
acetaminophen, benzo(a)pyrene, carbon tetrachloride, 17562736, 22641617, 15056808, 22079235,
furan, lead nitrate, particulate matter, 11891201, 12919963, 21570461, 12919963
tetrachlorodibenzodioxin, vehicle emissions

aflatoxin B1, cobaltous chloride, formaldehyde, 22100608, 19320972, 23649840, 20044591,

CD3EAP 15762562 hydrogen peroxide, acetaminophen, benzo(a)pyrene 17562736, 21715664
el ol by b ORI G| anasis 2216170, 205263, 14699072
i ’ . ’ . 19320972, 19549813, 21795739, 19114083
S s s > s
TPyrHos, : -etate, part : 25270620, 21222557, 20403060, 21222557

testosterone, vehicle emissions
benso(apyrent dioh eponide, cstadiol comper sulfate, | 22230336, 20106945, 22316170, 20018196,
COBL rs4948088* srlrbl}cl)ke caffeinre): co ’er sulfate’ dilrl)rrz)n ’ 23019147, 19549813, 21095227, 20864626,
. » COpP 0 ’ 18579281, 21551480, 12057914, 21278054,
lipopolysaccharides, propiconazole, 19933214
tetrachlorodibenzodioxin

copper sulfate, 2,4-dinitrotoluene, 2,6-dinitrotoluene, 19549813, 21346803, 21346803, 17562736,

MARK2 rs3850942 acetaminophen, propiconazole 22228805, 16730040

TNFAIPSL 152899469* aflatoxin B1, benzo(a)pyrene, tetrachlorodibenzodioxin 22100608, 20064835, 21889950
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Gene/region SNP Chemical interaction PUBMED ID
PCB, aflatoxin B1, atrazine, benzo(a)pyrene, estradiol, 16216300, 23402939, 11675267, 24361490,
bisphenol A, cadmium, chlordan, copper sulfate, 12839940, 22120136, 24376830, 16996190,
dicofol, endosulfan, estrogens, flusilazole, heptachlor. 19549813, 10806373, 16996190, 16054421
* 2 & b b b b b b 2
CYP19A1 152899469 hexaconazole, Ibuprofen, lipopolysaccharides, 15554355, 16996190, 12127262, 15964185,
methoxychlor, progesterone, propiconazole, 10657851, 22120136, 22130322, 16996190,
testosterone, tetrachlorodibenzodioxin 12628686, 19147701
rs8011343 & e b @)
MDGA2 1s10133677 sodium arsenite, benzota)pyrenc, 21925251, 22228805, 21570461
510133677 tetrachlorodibenzodioxin
SOX1 152031293 * benzo(a)pyrene, hydralazine, dibutyl phthalate, 22316170, 17183730, 21266533, 24680724
tetrachlorodibenzodioxin
benzo(a)pyrene, benzo(a)pyrene diol epoxide,
CPNES rs11171543* potassium chromate(VI), smoke, 21632981, 20018196, 22079256, 21095227,
tetrachlorodibenzodioxin, acetaminophen, cocaine, 21632981, 17562736, 17898221, 21570461
tetrachlorodibenzodioxin
aspirin, benzo(a)pyrene diol epoxide, estradiol,
KIE21A rs11171543%* cobaltous chloride, hydrogen peroxide, 2,6- 11906190, 19150397, 20404318, 19320972,
rs11172024 dinitrotoluene, benzo(a)pyrene, 21179406, 21346803, 22228805, 21570461
tetrachlorodibenzodioxin
1510136* atrazine, begzggie&:e:sztfégggfe?:’ :Sigfgr(lz)pyrene diol | 1378314, 19162166, 22316170, 20382639,
INPP4B poxide, estraciol, proges : 23019147, 21795739, 20106945, 21346803,
rs6834625%* tetrachlorodibenzodioxin, 2,4-dinitrotoluene, 2,6-
s 21346803, 18198484
dinitrotoluene, paraquat
U3 sislon3ee | Arasne penzo(@pyrenc diol epoxide, cobalious | 59378314 20018196, 19320972, 19549813,
rs6834625* » COppeT suitate, yae, <, 20655997, 21346803
dinitrotoluene
1516979806 acetaminophen, arsenic trioxide, benzo(a)pyrene diol 21420995, 25258189, 20382639, 22847954,
ADAMTSS 377621 epoxide, fonofos, parathion, particulate matter, 22847954, 23085030, 22079256, 22847954,
£52830698* potassium chromate(VI), terbufos, PCB, aflatoxin B1, 23196670, 23630614, 17484886, 25152437,
carbon tetrachloride, diuron, tetrachlorodibenzodioxin 19465110
CCSER1 rs17017488 cocaine 18438686
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Gene/region SNP Chemical interaction PUBMED ID
benzo(a)pyrene, benzo(a)pyrene diol epoxide,
MAMDC2 rs10511980 progesterone, acetaminophen, carbon tetrachloride, 21273118318;% 22231852233397’ 221276?151763199’ 117956651793265’
diuron, lead acetate, tetrachlorodibenzodioxin ’ ’ ’
vt it plists ooy Gl | 1g2ms, 2175741, 01196, 1961957,
> 2 BN ’ ’ 19549813, 21795739, 21095227, 19619570
* _ > H s ]
S C16A7 rs2620870 tetraghlorodlbenzodlc.)x1n, 2 ,4-dinitrotoluene, 21346803, 17562736, 19770486, 19167417
acetaminophen, aflatoxin B1, ethanol, heptachlor, 13153324 16766717. 20702594
hydrogen peroxide, tetrachlorodibenzodioxin ’ ’
UPIS | 126208705 | dinitrotalacne. acctaminophen, bemso(apyrone. | 11906190, 19376846, 23649840, 21334430,
otashlore dibgnzo I pyrene, 21346803, 17942131, 15034205, 15034205
f & oy ’ b tp X “hl 4 22014880, 22516759, 24269501, 17562736,
TLR4 rs10739501* | ¢ antllll“‘)pl en. enZO(a)pyrf“e’ ff.‘r ‘l’nt © raft OTee 1 22228805, 17484886, 16439473, 17626835,
etnanol, ozone, paraquat, particu’ate mattet, 23969119, 12832678, 21653731, 24612634,
tetrachlorodibenzodioxin, tobacco smoke pollution, 20362647
vehicle emissions
BRINP1 rs10739501* arsenic trioxide, PCB 15761015, 23196670
acetaminophen, aflatoxin B1, arsenic trioxide,
Cl4orf105 rs1209145* benzo(a)pyrene, formaldehyde, 21420995, %(;16(4)169981% 12?)71?)16%1155, 20106545,
tetrachlorodibenzodioxin ’
S C35F4 rs1209145%* acetaminophen, potassium dichromate 17562736, 23608068
aflatoxin B1, air pollutan?s, arsenic trioxide, 20106945, 21757418, 19131511, 21632981,
benzo(a)pyrene, estradiol, bisphenol A, 17962382, 23583298, 21370964, 22079256
NCOA2 rs1481046* lipopolysaccharides, potassium chromate(VI), ’ ’ ’ ’
tetrachlorodibenzodioxin, furan, lead acetate, 18842620, 2207912 73 55 ;6252(?; 1619, 16847310,
lipopolysaccharides, progesterone
TRAM1 rs1481046* benzo(a)pyrene diol epoxide, copper sulfate, PCB, 20018196, 19549813, 19114083, 20068009

estradiol
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Gene/region SNP Chemical interaction PUBMED ID
cobaltous chloride, copper sulfate, , , , s ,
bal hlorid Ifate, PCB 19320972, 19549813, 19114083, 21569818
PTPN14 rs11120342 benzo(a)pyrene, dibutyl phthalate, diuron, lead acetate, 21266533, 25152437, 25270620, 17095637,
ozone, tetrachlorodibenzodioxin 21570461
% acetaminophen, arsenite, copper sulfate, hydrogen 22230336, 23974009, 19549813, 18951874,
Vs 156037033 peroxide, aflatoxin Bl 23630614
ENTPD6 rs6037033* acetaminophen 21420995
formaldehyde, potassium chromate(VI),
MYSM1L £s12073211% tetrachlorodibenzodioxin, 2,4-dinitrotoluene, 2,6- 20655997, 22079256, 22298810, 21346803,
dinitrotoluene, benzo(a)pyrene, propiconazole, 21346803, 19770486, 21278054, 21570461
tetrachlorodibenzodioxin
PCB, aflatoxin B1, air pollutants, arsenic trioxide,
arsenite, asbestos, aspirin, atrazine, benzene, éggéégég’ ‘;‘;‘égg?gi’ %éggggéi’ égg?gﬁg’
benzo(a)pyrene, benzo(a)pyrene diol epoxide, ’ ’ ’ ’
v | e | S e o i o, | 7152571041517 25020 52012
diquat, endosulfan, heptachlor, hydrogen peroxide, X i ’ ’
. . S . 22146149, 15888667, 8853906, 24149798,
hp"p°lysal‘;f$;§d;%t2;‘s’?$eéilzirri‘)‘l*;‘:tté particulate 11592233, 16237197, 22178795, 20493934,
tetrachlorodibenzodioxin 15019843
arsenite, benzo(a)pyrene, estradiol, diazinon, fonofos,
RUNX3 £S742390% parathion, terbufos, tetrachlorodibenzodioxin, tobacco 333471‘7‘8(5)491, ggggigzi’ gggg;‘g;i’ ggggggg’
smoke pollution, 4-amino-2,6-dinitrotoluene, ’ ’ ’ ’
acetaminophen 23724145, 21346803, 17562736
atrazine, copper sulfate, formaldehyde, potassium
: 22378314, 19549813, 23649840, 22079256
% s s ) s
SYF2 rs742390 chromate(VI),tgt(;iililgfgzri%?&%ﬁzﬁ;nzo(a)pyrene, 17562736, 22228805, 24630724
SHISA6 rs973358 Tretinoin 21934132
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Gene/region SNP Chemical interaction PUBMED ID
e sl ol ot | 015196, 5019147, 1954981, 2964155
AGO2 r$9694342 L Lo . L 20655997, 21346803, 17562736, 20643829,
acetaminophen, cocaine, mercuric chloride, 16507785. 21570461
tetrachlorodibenzodioxin ’
acetaminophen, benzo(a)pyrene, benzo(a)pyrene diol
epoxide, estradiol, cobaltous chloride, copper sulfate, 21420995, 21632981, 19150397, 20106945,
diazinon, formaldehyde, potassium chromate(VI), 19320972, 19549813, 22964155, 23649840,
*
ZFAND2A SRS tobacco smoke pollution, aflatoxin B1, arsenite, 22079256, 22363418, 19770486, 16973439,
bisphenol A, dibutyl phthalate, 21932408, 21266533, 21570461
tetrachlorodibenzodioxin
Loaminnte, i ok wbstos st | v, awssss, st e
TRIB2 rs1521244* hydI;e}lllazine nicguine p}ogestero;le smoke " 20382639, 14699072, 23649840, 17183730,
tetrachlorodibe’nzodioxir; benzo(a)pyr,ene dib,utyl 16949557, 20660070, 21095227, 21296121,
i ’ 22610609, 21266533, 21829687, 21371552
phthalate, lead acetate, paraquat
EFCAB5S rs9897794 potassium dichromate, tetrachlorodibenzodioxin 23608068, 21570461
C6orf223 rs877111 acetaminophen, formaldehyde 22230336, 23649840
acetaminophen, aflatoxin B1, atrazine, benzene, 22230336, 20106945, 18585445, 21843810,
benzo(a)pyrene diol epoxide, estradiol, copper sulfate, 21776270, 19167446, 19549813, 23179753,
MKI167 1s753712 methylmercuric chloride, PCB, progesterone, 21334430, 16888808, 21569818, 22875908,
benzo(a)pyrene, bisphenol A, carbon tetrachloride, 17484886, 22546817, 24012840, 21278054,
diazinon, diethylnitrosamine, propiconazole, asbestos 17200189
TRPAL rs1430838 be“flf}‘::f;t’:“fggﬁﬁ;nzgl‘z};ﬂ‘:"d;jﬁcc‘fﬂ;f:fﬁi‘t‘;;“yl 21591660, 20382639, 22155782, 22935519,
rs2116078 P ’ ysrr’mke P ’ 21591660, 20008466, 23541125, 23541125
atrazine, estradiol, fonofos, parathion, terbufos, 22378314, 19619570, 22847954, 22847954,
ATRNLL rs2615874 tetrachlorodibenzodioxin 22847954, 19619570

SNP = single nucleotide polymorphism
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Appendix Table 20: Genes showing age-specific associations (ranked by their OR) and their interactions with
chemicals in studies curated in the Comparative Toxicological Database

Gene/region SNP Chemical interaction PUBMED ID

aflatoxin B1, benzo(a)pyrene, estradiol,copper sulfate, 20106945, 21871943, 20106945,
tetrachlorodibenzodioxin, PCB, 2,4-dinitrotoluene, 19549813, 22298810, 15254343,
DIOL 517109582 acetaminophen, arsenic, cobaltous chloride, 20959002, 21346803, 17562736,
diethylnitrosamine, ethanol, fipronil, furan, 18288313, 21139344, 17602206,
hexachlorobenzene, lead acetate, methoxychlor, 15353170, 23962444, 22079235,
pentachlorophenol 15664263, 22609695, 7574712
TMEM132D rs7304215 fonofos, parathion, terbufos, potassium dichromate 22847954, 222386‘:);%56% 22847954,
AIEM2 1510999147 benzo(a)pyrene, cobaltous chloride, copper sulfate, 21632981, 19320972, 19549813,

tetrachlorodibenzodioxin, cadmium, hydrogen peroxide 24067728, 14987999
SEC23B rs41309927 atrazine, cobaltous chloride, 2,6-dinitrotoluene 22378314, 19376846, 21346803
formaldehyde, testosterone, aflatoxin B1, dibutyl phthalate, 23649840, 21592394, 19770486,

ANO10 rs17409162 tetrachlorodibenzodioxin 21266533, 21570461
. . 22230336, 20064835, 19549813,
acetaminophen, benzo(a)pyrene, copper sulfate, aflatoxin 19770486, 22228805, 21266533
RGS12 rs13129052 B1, benzo(a)pyrene, dibutyl phthalate, diethylnitrosamine, ’ ’ ’
. ; . . . 18164116, 17108234, 21278054,

ethinyl estradiol, propiconazole, tetrachlorodibenzodioxin 21570461
rs9856456* estradiol, PCB, acetaminophen, benzo(a)pyrene, 20404318, 19114083, 17562736,
IGSF11 . . . . § _ 19770486, 18668222, 17602206,
rs9861022* chlorpyrifos, diethylnitrosamine, tetrachlorodibenzodioxin 21570461

T™MC8 rs11651675 arsenic, copper sulfate, tetrachlorodibenzodioxin 18414638, 19549813, 21570461
TRIMSS5 ;z}gégggg‘; methylcholanthrene, acetaminophen, coal ash, 20348232, 17562736, 19000753
ATP12A rs56291145 tetrachlorodibenzodioxin, estradiol, lead acetate, smoke 23152189, 12932%‘;712?’ 25270620,
fonofos, parathion, terbufos, acetaminophen, aflatoxin B1, 22847954, 22847954, 22847954,
PTPRT rs6093579 diethylnitrosamine 17562736, 23630614, 22129741
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Gene/region SNP Chemical interaction PUBMED ID
rs17039265*
PRAMEF?2 s aflatoxin B1 22100608
rs3204798
estradiol, nicotine, benzo(a)pyrene, 19167446, 23825647, 22228805,
CDs1 rs36068434 tetrachlorodibenzodioxin, PCB, 2,4-dinitrotoluene, 17942748, 19114083, 21346803,
tetrachlorodibenzodioxin 21215274
acetaminophen, aflatoxin B1, air pollutants, arsenic trioxide, 22230336, 22100608, 21757418,
CEP70 rs11916525 atrazine, Benzo(a)pyrene, benzo(a)pyrene diol epoxide, 20458559, 22378314, 21632981,
rs35340237 copper sulfate, potassium chromate(VI), 3-dinitrobenzene 20018196, 129159‘;221)39’ 22079256,
KEL 58176018 formaldehyde, acetaminophen, potassium dichromate, 23649840, 17562736, 23608068,
tetrachlorodibenzodioxin 19465110
GALNT13 rs1835154* copper sulfate, PCB, estradiol 19549813, 19114083, 19484750
KCNJ3 rs1835154* benzo(a)pyrene, carbon tetrachloride, ethanol 22316170, 16644059, 22164246
SLC10A5 rs78323957 arsenic 21291286
ZFAND1 rs16909509 tetrachlorodibenzodioxin, acetaminophen, dibutyl phthalate 21632981, 17562736, 21266533
aflatoxin B1, arsenic, asbestos, benzo(a)pyrene, ;?égggg?’ ;ggzg?gg’ ;ﬁgggi’
benzo(a)pyrene diol epoxide, estradiol, methylmercuric ’ ’ ’
chloride, PCBs, testosterone, tetrachlorodibenzodioxin, 2,6- 23179753, 21334430, 21592394,
LIFR 1s3729598 dinitrotoluene, acetaminophen, arsenite, carbon ?géggggg’ %;iggggé’ égg%g;g’
tetrachloride, furan, lipopolysaccharides, maneb, paraquat, ’ ? ’
Fovesterone 17321000, 22563483, 22563483,
prog 21770760
HCN4 1s568760 aflatoxin B1, diazinon, methoxychlor 22100608, 22964155, 23303685
air pollutants, arsenic trioxide, copper sulfate, hydrogen 21757418, 22521957, 19549813,
peroxide, 2,4-dinitrotoluene, 2,6-dinitrotoluene, 23410634, 21346803, 21346803,
LRP1 rs1800141%* acetaminophen, aflatoxin B1, benzo(a)pyrene, estradiol, 17585979, 19770486, 22228805,

dibutyl phthalate, diethylnitrosamine, lipopolysaccharide,
propiconazole, tetrachlorodibenzodioxin

16977382, 21266533, 17942915,
16977382, 21278054, 21570461
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Gene/region SNP Chemical interaction PUBMED ID
arsenic trioxide, benzo(a)pyrene, cobaltous chloride, diuron, 15761015, 20064835, 19376846,
FYB rs35384751 fonofos, parathion, terbufos, acetaminophen, 24172598, 22847954, 22847954,
tetrachlorodibenzodioxin 22847954, 17562736, 20702594
rs11175471 acetaminophen, benzo(a)pyrene, carbon tetrachloride, 17562736, 19770486, 17484886,
RASS-3 ’ e
rs7303641 tetrachlorodibenzodioxin 21570461
benzo(a)pyrene, benzo(a)pyrene diol epoxide, estradiol, 22316170, 20382639, 22574217,
PDESA 152389891 * PCB, caffeine, carbon tetrachloride, chlorpyrifos, diazinon, 23196670, 20864626, 16644059,
s methylmercuric chloride, testosterone, 17452286, 17452286, 20864626,
tetrachlorodibenzodioxin, tobacco smoke pollution 17138653, 24680724, 20133372
hydralazine, aflatoxin B1, diethylnitrosamine, 17183730, 19770486, 17942915,
ATP13A4 rs35424709 tetrachlorodibenzodioxin, tobacco smoke pollution 19770486, 20133372
D . 20130130, 19211157, 20130130,
estra.dlol, 11popolysagchar1des, progesterone, PCB, 19114083, 22575169, 22445859,
acetaminophen, aflatoxin B1, benzene, benzo(a)pyrene,
. - . ) . 15894107, 17275222, 18569609,
bisphenol A, diazinon, diethylnitrosamine, ethanol,
IL12B rs12188300* formaldehyde, hydrogen peroxide, methoxychlor, nicotine 17499902, 25051504, 20624996,
: r; articulate matt r’ - esterone’ ’ 12161283, 15723204, 22842586,
tetrachl rodi(‘)b (;’Zpdi (;(llln tebaccf) ,SIII)I(?EC olluti(’)n vehicle 21237301, 18929643, 19805405,
ctrachiorodibenzodioxin, toba ; p ’ 21977998, 21097750, 20133372,
Crmission 19805405
benzo(a)pyrene diol epoxide, formaldehyde, smoke, 22101062, 23649840, 21095227,
PRRG4 rs34139105 tetrachlorodibenzodioxin, acetaminophen, aflatoxin B1, 22298810, 17562736, 23630614,
benzo(a)pyrene, diethylnitrosamine 19770486, 22129741
arsenite, potassium chromate(VI), 2,4-dinitrotoluene, 2,6- 23974009, 22079256, 21346803,
ANAPC4 rs6851586* dinitrotoluene, acetaminophen, benzo(a)pyrene, ethanol, 21346803, 17562736, 22228805,
tetrachlorodibenzodioxin 17618662, 21570461
benzo(a)pyrene, copper sulfate, furan, progesterone, 22316170, 19549813, 22079235,
KCNIP4 rs16871434 testosterone, tobacco smoke pollution 22238285, 19693291, 19969065
rsenic, aspirin, benzo(a)pyrene, estradiol, lead 18414638, 20485159, 20106945,
HLA-DRB1 rs28421666* arsenic, aspiin, o npy e - ead, 20660070, 19921347, 20660070,
progesterone, smoke 21095227
PCB, Arsenic, Benzene, Lipopolysaccharides, Mercury, 20638727, 18414638, 16188091,
_ *
HLA-DQAL rs28421666 Progesterone, Aluminum 22235868, 19690047, 21298039
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Gene/region SNP Chemical interaction PUBMED ID
. 20106945, 22316170, 19549813,
IMMP2L rs1582274+ | Aflatoxin B, benzo(a)pyrene, copper sulfate, formaldehyde, | 319040 17562736, 19484750,
acetaminophen, estradiol, tetrachlorodibenzodioxin 21570461
aflatoxin B1, asbestos, benzo(a)pyrene, benzo(a)pyrene diol | 20106945, 18687144, 21714911,
DOCK4 rs1582274%* epoxide, diazinon, hydrogen peroxide, progesterone, 19150397, 22964155, 18951874,
potassium dichromate, tetrachlorodibenzodioxin 21795739, 23608068, 19465110
aflatoxin B1, arsenic trioxide, benzo(a)pyrene, fonofos, ggéggggi’ é;;g;g;i’ %géggggi’
SH3GL2 rs9407838 parathion, terbufos, tetrachlorodibenzodioxin, PCB, dibutyl ’ ’ ’
phthalate, paraquat, potassium dichromate 20106945, 21673325, 21266533,
’ ’ 21371552, 23608068
PDzD7 rs72838683 arsenic trioxide, copper sulfate 20458559, 19549813
" acetaminophen, aflatoxin B1, PCB, 22230336, 22100608, 19114083,
ADARB2 rs11250832 tetrachlorodibenzodioxin 21570461
acetaminophen, arsenite, benzo(a)pyrene, benzo(a)pyrene 22230336, 23974009, 20106945,
diol epoxide, paraquat, potassium chromate(VI), 2,4- 19150397, 23613995, 22079256,
SRPK2 rs12705300 dinitrotoluene, 2,6-dinitrotoluene, aflatoxin B1, carbon 21346803, 21346803, 19770486,
tetrachloride, chlorpyrifos, lipopolysaccharides, potassium 17484886, 18668222, 12057914,
dichromate, propiconazole, toluene 23608068, 21278054, 22166486
acetaminophen, benzo(a)pyrene, estradiol, copper sulfate, 21420995, 22316170, 22574217,
SORDL rs1915164* hydrogen peroxide, potassium chromate(VI), progesterone, 19549813, 23410634, 22079256,
tetrachlorodibenzodioxin, propiconazole 21795739, 21632981, 21278054
diazinon, lead, PCB, acetaminophen, arsenite, 22964155, 19921347, 19114083,
POU3F1 rs12083795%* diethylnitrosamine, diuron, potassium dichromate, 17562736, 18929588, 18164116,
tetrachlorodibenzodioxin 25152437, 23608068, 24046277
acetaminophen, asbestos, benzene, copper sulfate 22230336, 18637144, 19162166,
RRAGC rs12083795* ’ > ’ . D 19549813, 23649840, 20504355,
formaldehyde, benzo(a)pyrene, tetrachlorodibenzodioxin 21570461
Ci150rf41 rs16964079 potassium chromate(VI) 22079256
arsenic trioxide, cobaltous chloride, copper sulfate, 20458559, 19376846, 19549813,
VAMP4 rs10157510%* formaldehyde, aflatoxin B1, benzo(a)pyrene, nicotine, 23649840, 19770486, 15034205,
tetrachlorodibenzodioxin 17997037, 15034205
" acetaminophen, atrazine, copper sulfate, 21420995, 22378314, 19549813,
METTL13 rs10157510 tetrachlorodibenzodioxin 19654925
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atrazine, benzo(a)pyrene, bisphenol A, copper sulfate, 22378314, 20064835, 22576693,
VPHAL rs10224856 hydrogen peroxide, caffeine, dibutyl phthalate, nicotine, 19549813, 21179406, 21266533,
tetrachlorodibenzodioxin 20230807, 21570461
23649840, 21839799, 22079235
* B ) D)
UNC13C rs1728850 formaldehyde, benzo(a)pyrene, furan, paraquat, testosterone 22563483, 20403060
RS.24D1 rs1728850* acetaminophen, benzo(a)pyrene diol epoxide, copper sulfate 22230336, 20018196, 19549813
MDGA2 rs10133677 sodium arsenite, benzo(a)pyrene, tetrachlorodibenzodioxin 21925251, 22228805, 21570461
HLA-DPB1 rs3130161* benzene, benzo(a)pyrene, tetrachlorodibenzodioxin 16188091, 15034205, 15034205
COL11A2 rs3130161* copper sulfate, diuron, tetrachlorodibenzodioxin 19549813, 21551480, 21570461
. . 23146750, 23146750, 22847954,
S .CBA3 rs1000521 PCB, bisphenol A, fonofos, parathion, terbufos, ethanol 22847954, 22847954, 20655511
ARMC3 rs12257453 benzo(a)pyrene 22316170
cobaltous chloride, copper sulfate, formaldehyde, 2,6- 19320972, 19549813, 23649840,
EP400 rs11833839 dinitrotoluene, acetaminophen, benzo(a)pyrene, 21346803, 17562736, 20504355,
propiconazole, tetrachlorodibenzodioxin 21278054, 21570461
acetaminophen, benzo(a)pyrene, benzo(a)pyrene diol 22230336, 22316170, 20382639,
EMP2 3790126 epoxide, estradiol, bisphenol A, copper sulfate, 16474171, 16474171, 19549813,
progesterone, tetrachlorodibenzodioxin, PCB, dibutyl 20864642, 22574217, 19114083,
phthalate, furan 21266533, 24183702
benzo(a)pyrene, copper sulfate, tetrachlorodibenzodioxin, 21632981, 19549813, 11007951,
MSH3 rs6151599 tobacco smoke pollution, PCB, aflatoxin B1, cadmium 22623965, 19114083, 19770486,
chloride, propiconazole 11958953, 21278054
acetaminophen, air pollutants, benzo(a)pyrene, 22230336, 21757418, 20064835,
benzo(a)pyrene diol epoxide, estradiol, cobaltous chloride, 20018196, 19167446, 19376846,
DHER 56151599 copper sulfate, formaldehyde, nicotine, potassium 19549813, 23649840, 12588870,
chromate(VI), PCB, aflatoxin B1, arsenite, carbon 22079256, 20005886, 19770486,
tetrachloride, dibutyl phthalate, diethylnitrosamine, 18929588, 17484886, 21266533,
tetrachlorodibenzodioxin 20360939, 21570461
benzo(a)pyrene, benzo(a)pyrene diol epoxide, estradiol, 22316170, 20382639, 19619570,
cobaltous chloride, diuron, formaldehyde, particulate matter, 19320972, 24172598, 20655997,
PTGER4 rs4546429* polychlorinated biphenyls, tetrachlorodibenzodioxin, 22178795, 21334430, 19619570,

ammonium chloride, bisphenol A, carbon tetrachloride,
dibutyl phthalate, diuron, hydrazine, progesterone

16483693, 20096755, 17484886,
15620428, 21551480, 15282401,
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Appendix Table 20 continued....

Gene/region SNP Chemical interaction PUBMED ID
Cl1orf73 rs11234604 copper sulfate, potassium chromate(VI) 19549813, 22079256
acetaminophen, arsenic trioxide, aspirin, benzo(a)pyrene 17627974, 20458559, 21900887,
o P o debed P ronen rpfdd | 21871943, 15072547, 21233418,
ABCC5 rs3805114 estraciol, estrogens, formaldenyde, iydrogen peroxide, 23649840, 21179406, 22079256,
potassium chromate(VI), tetrachlorodibenzodioxin, PCB,
dibutyl phthalate, diethylnitrosamine, testosteron 19619570, 15833929, 21266533,
utylp ¢, dicthyinifrosamine, festosterone 17602206, 20403060
FSTL4 rs2864680 arsenic trioxide, benzo(a)pyrene, potassium dichromate 15894607, 22228805, 23608068
. . . 23974009, 20105288,20105288,
DMRT?2 £sA7A1086% arsenite, cobalt, cobaltous chloride, fonofos, parathion, 22847954, 22847954, 22847954,
terbufos, lead acetate,
21829687
FBXO15 rs10514074* aflatoxin B1, tetrachlorodibenzodioxin 22100608, 22298810
arsenic trioxide, asbestos, acetaminophen, benzo(a)pyrene, 20458559, 17331233, 17562736,
MAML1 141285357 propiconazole, tetrachlorodibenzodioxin 22228805, 21278054, 21570461
*
ZNF438 rrssl70089216990112* cobaltous chloride, copper sulfate, potassium chromate(VI) 20105288, 19549813, 22079256
acetaminophen, arsenic trioxide, benzo(a)pyrene diol 21420995, 20707922, 19150397,
57091901 * epoxide, estradiol, cobaltous chloride, copper sulfate, 12154049, 19376846, 19549813,
ZEB1 £510826912* estrogens, formaldehyde, progesterone, benzo(a)pyrene, 18622689, 23649840, 20864642,
chlorpyrifos, diuron, mercuric chloride, 15034205, 20350560, 25152437,
tetrachlorodibenzodioxin 16507785, 15034205
ZNF331 rs8100295* arsenic, atrazine, benzene, lead 16835338, 22378314, 17119257,
19921347
AKS8 rs17407084 benzo(a)pyrene, cadmium chloride 22228805, 22457795
EXOC2 57770942 benzo(a)pyrene, potassium chromate(VI), PCB, 2,4- 22316170, 22079256, 19114083,
dinitrotoluene, dibutyl phthalate, tetrachlorodibenzodioxin 21346803, 21266533, 21570461
atrazine, formaldehyde, aflatoxin B1, 22378314, 20655997, 19770486,
RBM12B rs16916188 tetrachlorodibenzodioxin 21215274
RBFOX1 rs17140942 PCB, dibutyl phthalate, tetrachlorodibenzodioxin 19933214, 17361019, 19933214
acetaminophen, atrazine, benzo(a)pyrene, estradiol 22230336, 22378314, 21632981,
hydrogen [Ferox’ide prog:esterone I?r}(f)rgest’erone 2 4’- 20660070, 20044591, 20660070,
NEO1 rs7172316* ’ ’ > 20660070, 21346803, 19770486,

dinitrotoluene, aflatoxin B1, carbon tetrachloride, cocaine,
dibutyl phthalate, formaldehyde, tetrachlorodibenzodioxin

17484886, 15056714, 21266533,
12679049, 21570461
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Appendix Table 20 continued....

Gene/region SNP Chemical interaction PUBMED ID

% acetaminophen, aflatoxin B1, arsenic trioxide, 21420995, 20106945, 15761015,
Cl4orf105 rs1209145 benzo(a)pyrene, formaldehyde, tetrachlorodibenzodioxin 20106945, 23649840, 20106945

SLC35F4 rs1209145* acetaminophen, potassium dichromate 17562736, 23608068
" acetaminophen, diazinon, tetrachlorodibenzodioxin, 2,4- 22230336, 22964155, 22298810,
WDTCL 110902652 dinitrotoluene, propiconazole, tetrachlorodibenzodioxin | 21346803, 21278054, 24680724
arsenite, benzo(a)pyrene, benzo(a)pyrene diol epoxide, 23974009, 21802500, 20382639,
testosterone, tetrachlorodibenzodioxin, PCB, 21592394, 22298810, 19114083,
KCNN2 rs1457759%* acetaminophen, aflatoxin B1, ammonium chloride, 17562736, 19770486, 16483693,
bisphenol A, dibutyl phthalate, diethylnitrosamine, 23359474, 23359474, 15833021,

methoxychlor, tobacco smoke pollution 23303685, 18087596

VWA3A rs61744122 copper sulfate, tetrachlorodibenzodioxin 19549813, 21570461
arsenite, estradiol, PCB, aflatoxin B1, benzo(a)pyrene, 23974009, 19167446, 19114083,
RSUL 154748309 tetrachlorodibenzodioxin 19770486, 21715664, 21570461
aflatoxin B1, atrazine, benzo(a)pyrene, copper sulfate, 21641981, 22378314, 22316170,
ACOT11 rs1755588 fonofos, hydrogen peroxide, parathion, terbufos, 19549813, 22847954, 20044591,
testosterone 22847954, 22847954, 21592394
OLFM3 rs10493958* atrazine, benzo(a)pyrene, acetaminophen 22378314, 22316170, 17562736
acetaminophen, arsenite, copper sulfate, potassium 21420995, 23974009, 19549813,
NEDD4 1s7169431* chromate(VI), benzo(a)pyrene, diuron, ethinyl estradiol, 22079256, 20127859, 25152437,
testosterone, tetrachlorodibenzodioxin 17555576, 21669218, 21570461
RFX7 rs7169431* atrazine, estradiol, copper sulfate, formaldehyde 22378314, 22%)56’;‘;291977’ 19549813,
aflatoxin B1, air pollutants, arsenic trioxide, benzo(a)pyrene 20106945, 21757418, 20458559,
BBSO rs17170286 xin B1, ait potutants, X10e, benzola)pyrene, | 51632981, 19320972, 23649840,

cobaltous chloride, formaldehyde, tetrachlorodibenzodioxin 21570461

aflatoxin B1, benzo(a)pyrene diol epoxide, cobaltous 22100608, 20382639, 19320972,
BST1 £s11945730% chloride, tetrachlorodibenzodioxin, acetaminophen, arsenic, 17101203, 17562736, 19654921,

chlorpyrifos, cocaine, diazinon, ethanol, testosterone,
tobacco smoke pollution

21968025, 20187946, 21968025,
15353170, 15788153, 20133372
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Appendix Table 20 continued....

Gene/region SNP Chemical interaction PUBMED ID
arsenic trioxide, parathion, progesterone, terbufos, arsenic 18297255, 22847954, 21768398,
. ’ . ’ ’ ’ 22847954, 19654921, 21840325,
CD38 rs11945730* estradiol, paraquat, particulate matter, progesterone,
testosterone, tetrachlorodibenzodioxin 18198484, 23638009, 21770760,
’ 21840325, 21570461
acetaminophen, aflatoxin B1, benzo(a)pyrene, copper 22230336, 20106945, 21632981,
TMEM135 rs17149645* sulfate, potassium chromate(VI), PCB, 19549813, 22079256, 19114083,
tetrachlorodibenzodioxin 24680724

SNP = single nucleotide polymorphism
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Appendix Table 21: Deleterious effect of missense variations associated with gender-specificity in

childhood ALL risk
SNP Gender- SIFT SIFT SIFT PolyPhen PolyPhen
(missense variations) | specific results | score | prediction | confidence score prediction
1s9913430 Gender P value | 0.74 tolerated high 0 benign
1s61748746 Gender P value | 0.25 tolerated high 0.24 possibly damaging
rs61748749 Gender P value | 0.43 tolerated high 0.24 possibly damaging
1$35693261 Gender OR 0.01 damaging high 0.01 benign
rs4770684 Gender OR 0.63 tolerated high 0.03 benign
1$35665085 Gender OR 0.13 tolerated high 0.01 benign
1s3847262 Gender OR 0.05 damaging high 0.93 probably damaging
rs17080410 Gender OR 1 tolerated low 0 benign
1561742396 Gender OR 1 tolerated low 0 benign
1535672330 Gender OR 0 damaging high 1 probably damaging
rs11751765 Gender OR 0.16 tolerated high 0.91 probably damaging
rs73022563 Gender OR 0.05 damaging high 0.96 probably damaging
rs61731389 Gender OR 0.06 tolerated high 0.86 probably damaging
rs143021649 Gender OR 0.29 tolerated high 0.01 benign
rs61745456 Gender OR 0.97 tolerated high 0.98 probably damaging
rs36041430 Gender OR 0.22 tolerated high 0.001 benign
rs7829965 Gender OR 0.72 tolerated high 0 benign
1rs34022679 Gender OR 0 damaging high 1 probably damaging
1s2293624 Gender OR 0.11 tolerated low 0.003 benign
1s62640905 Gender OR 0.36 tolerated high 0.52 possibly damaging
rs16973890 Gender OR 0.08 tolerated high 0.52 possibly damaging
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Appendix Table 21 continued....

SNP Gender- SIFT SIFT SIFT PolyPhen PolyPhen
(missense variations) | specific results | score | prediction | confidence score prediction
rs117923468 Gender OR 0.5 tolerated high 0.21 possibly damaging
rs182319278 Gender OR 0.97 tolerated low 0 benign
rs4645656 Gender OR 0.04 tolerated high 0.56 possibly damaging
rs12722039 Gender OR 0.5 tolerated low 0 benign
rs12722042 Gender OR 0.66 tolerated low 0.36 possibly damaging
rs130069 Gender OR 0.47 tolerated high 0.24 possibly damaging
rs78888579 Gender OR 0.51 tolerated high 0 benign
1s56278097 Gender OR 0.22 tolerated high 0 benign
1s2229528 Gender OR 0.05 tolerated high 0.48 possibly damaging
rs55882716 Gender OR 0.43 tolerated low 0 benign
1s34664882 Gender OR 0.02 damaging high 0.003 benign
rs80040922 Gender OR 0.02 damaging high 0.96 probably damaging
1s61741435 Gender OR 0.71 tolerated high 0.91 probably damaging
rs147596194 Gender OR 0 damaging low 0 benign

SNP = single nucleotide polymorphisms; SIFT & PolyPhen: databases for missense SNP prediction
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Appendix Table 22: Deleterious effect of missense variations associated with age-specificity in
childhood ALL risk

SNP Age-specific | SIFT SIFT SIFT PolyPhe e
(missense variations) results score | prediction | confidence score PolyPhen prediction

1s2274068 Age P value 0.45 Tolerated High 0 Benign

18762562 Age P value 1 Tolerated High 0 Benign

1s735482 Age P value 0.56 Tolerated High 0 Benign
1s9897794 Age P value 0.34 Tolerated High 0.003 Benign
152101919 Age P value 0.57 Tolerated High 0 Benign
156972158 Age P value 0.43 Tolerated High 0 Benign
1556291145 Age OR 0.16 Tolerated Low 0.02 Benign
rs35384751 Age OR 0 Damaging High 0.63 Possibly damaging
rs10999147 Age OR 0.4 Tolerated High 0.24 Possibly damaging
rs17409162 Age OR 0.22 Tolerated High 0.97 Probably damaging
rs16916188 Age OR 0.09 Tolerated High 0.14 Benign
rs35537868 Age OR 0.82 Tolerated High 0.08 Benign
rs35340237 Age OR 0.84 Tolerated High 0 Benign
rs17407084 Age OR 0 Damaging High 1 Probably damaging
rs41309927 Age OR 0.34 Tolerated High 0 Benign
rs36086854 Age OR 0.34 Tolerated High 0.05 Benign
rs34139105 Age OR 0.29 Tolerated High 0.4 Possibly damaging
rs36068434 Age OR 0.02 Tolerated Low 0 Benign
rs11651675 Age OR 0.62 Tolerated High 0.001 Benign
rs41279492 effect size 0.35 Tolerated High 0 Benign
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Appendix Table 22 continued....

SNP Age-specific | SIFT SIFT SIFT PolyPhe L.
(missense variations) results score | prediction | confidence score PolyPhen prediction

rs141872266 Age OR 0.01 Damaging High 0.04 Benign
rs138700801 Age OR 0.19 Tolerated High 0.08 Benign

rs9728577 Age OR 0.05 Damaging High 0.006 Benign

rs3204798 Age OR 0.11 Tolerated High 0 Benign
rs41285557 Age OR 0.68 Tolerated High 0.001 Benign
rs35424709 Age OR 0.39 Tolerated High 1 Probably damaging
rs61744122 Age OR 0.33 Tolerated High 0.16 Benign
rs78323957 Age OR 0.13 Tolerated High 0.001 Benign
rs35384751 Age OR 0.02 Damaging High 0.63 Possibly damaging
rs35340237 Age OR 1 Tolerated High 0 Benign

SNP = single nucleotide polymorphisms; SIFT & PolyPhen: databases for missense SNP prediction
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Appendix Table 23: Time-to-event analysis of identified gender- and age-specific childhood ALL risk markers

Overall Male Female
SNP ngg rl‘dnk HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
value
1s10505918®" <1x10™ 1.69 (1.27-2.24) | <1x10° | 1.55(1.06-2.25) 0.02 1.93 (1.25 - 2.96) 3x 107
1529498270 <1x10* | 0.54(0.38-0.77) 1x 107 0.72 (0.46 - 1.12) 0.15 0.39(0.23-0.66) | <1x10?
152212824 <1x10* 1.76 (1.30-2.38) | <1x10° | 1.76(1.20-2.59) | 4x10° | 1.76 (1.09 - 2.83) 0.02
151209145 <1x10™ 1.80 (1.31-2.48) | <1x10° | 1.62(1.05-2.51) 0.03 2.05(1.28 -3.27) 3x 107
s1209145®" <1x10* 1.76 (128 -2.41) | <1x10° | 1.62(1.05-2.51) 0.03 2.05(1.28 -3.27) 3x 107
rs738027®" <1x10* 1.62 (1.22 -2.15) 1x 107 1.62 (1.10 - 2.38) 0.01 1.62 (1.06 - 2.47) 0.03
152101919 <1x10* | 0.61(0.46 - 0.80) 1x 107 0.64 (0.44 - 0.94) 0.02 0.56 (0.37 - 0.86) 8x 107
1598096470 <1x10* | 0.60(0.45-0.78) 1x 107 0.57(0.39-0.84) | 4x10° | 0.64(0.42-0.98) 0.04
1s10133677®" <1x10* 1.78 (1.28 - 2.46) 1x 107 1.65 (1.05 - 2.61) 0.03 1.92 (1.21 - 3.06) 6x 107
1s10999147P™ | <1x10* | 2.55(1.59-4.08) | <1x10° | 2.01(1.09-3.71) 0.03 3.90(1.85-822) | <1x107°
rs1882591®" 1x10* 0.63 (0.48 - 0.83) 1x10° 0.55(0.38-0.81) | 2x10° | 0.75(0.49 - 1.13) 0.17
1$10099957™™ 1x10* 2.00(1.35-295 | <1x10° | 232(1.36-3.95) | 2x10° | 1.70(0.95 - 3.02) 0.07
rs4741086" 1x10* 1.75 (1.26 - 2.44) 1x10° 1.48 (0.98 - 2.24) 0.06 2.39 (1.40 - 4.08) 1x10°
rs7091901®™" 1x10* 2.00 (1.33 - 3.01) 1x10° 1.76 (1.01 - 3.06) 0.05 2.38 (1.30 - 4.35) 5x 107
131457759 1x10* 2.05(1.37-3.06) | <1x10° | 243(1.43-4.16) | 1x10° | 1.67(0.90-3.09) 0.10
1510826912 1x10* 2.00 (1.32-3.02) 1x10° 1.74 (0.98 - 3.06) 0.06 2.38 (1.30 - 4.35) 5x 107
1s237320™" 2x 10" 0.62 (0.45 -0.84) 2x 107 0.65 (0.42 - 1.00) 0.05 0.58 (0.38 - 0.91) 0.02
1517109582 2x 10" 2.05(1.33 -3.16) 1x10° 2.13(1.21-3.74) | 9x10° | 1.96(1.00 - 3.82) 0.05
1$9856456 2x 10" 2.27(1.37 - 3.75) 1x10° 1.89 (1.05 - 3.40) 0.03 436(1.68-11.32) | 2x107
rs1894381°" 3x10™ 0.63 (0.47 - 0.85) 2x 107 0.54(0.36-0.80) | 2x10° | 0.78(0.51 - 1.20) 0.26
1s10079494™" 4x 10" 1.53 (1.16 - 2.03) 3x 107 1.44 (0.99 - 2.10) 0.06 1.69 (1.11 - 2.59) 0.02
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Appendix Table 23 continued....

Overall Male Female
SNP ng% :ﬁ:;k HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
1s35424709®™" 4x 10" 1.83 (1.24 - 2.68) 2x 107 1.79 (0.98 - 3.28) 0.06 1.85(1.13 - 3.05) 0.02
152388773 5x10™ 0.65 (0.49 - 0.87) 4x10° 0.58(0.39-0.86) | 6x10° | 0.77(0.51-1.17) 0.22
1$9694342°" 6x10* 0.66 (0.50 - 0.87) 3x 107 0.63 (0.43 - 0.92) 0.02 0.69 (0.45 - 1.04) 0.08
1516827743 6x10" 2.00 (1.27 - 3.14) 3x 107 1.81 (1.02 - 3.20) 0.04 2.40 (1.14 - 5.06) 0.02
rs8011343®" 7x10* 1.57 (1.16 - 2.13) 4x10° 1.78 (1.16-2.74) | 9x10° | 1.40(0.90-2.17) 0.13
1s1493897®" 7x10* 0.67 (0.50 - 0.88) 5x 107 0.59(0.40-0.86) | 6x10° | 0.79(0.52-1.21) 0.27
1519151647 7x 10" 2.00 (1.26 - 3.19) 3x 107 1.75 (0.84 - 3.66) 0.13 2.21(1.21 - 4.03) 0.01
rs11014598™ 8x10™ 0.45 (0.25 -0.81) 8x 107 0.47 (0.24 - 0.90) 0.02 0.38 (0.09 - 1.54) 0.18
1$6972158" 8x 10 1.50 (1.14 - 1.98) 4x 107 1.59 (1.09 - 2.31) 0.02 1.39 (0.92 - 2.10) 0.12
157320982 8x 10 0.66 (0.50 - 0.88) 5x 107 0.85 (0.59 -1.23) 0.39 0.48 (0.31 - 0.74) 1x 107
1$6492498°" 8x 10 0.66 (0.50 - 0.88) 4x 107 0.61 (0.42 - 0.89) 0.01 0.74 (0.49 - 1.13) 0.16
1s10250709®" 8x 10 1.50 (1.14 - 1.98) 4x 107 1.59 (1.09 - 2.31) 0.02 1.39 (0.92 - 2.10) 0.12
rs1191818®" 8x10™ 0.65 (0.48 - 0.87) 4x 107 0.65 (0.44 - 0.96) 0.03 0.66 (0.41 - 1.05) 0.08
1s2909644" 8x10™ 2.10 (1.26 - 3.48) 4x 107 1.70 (0.89 - 3.27) 0.11 3.14 (1.39 - 7.11) 6x 107
rs6708453" 8x10™ 1.61 (1.17 - 2.22) 4x10° 1.86(1.23-2.83) | 4x10° | 1.31(0.78 -2.20) 0.31
rs222314°" 8x 10" 156 (1.15-2.13) | 4x10° 1.47 (0.98 - 2.20) 0.06 1.72 (1.06 - 2.78) 0.03
rs139886™" 8x10™ 1.51 (1.13 - 2.02) 5x 107 1.32 (0.90 -1.93) 0.16 1.84 (1.16 - 2.81) 9x 107
1517409162 8x10™ 2.09 (1.27 - 3.44) 4x10° 2.06 (1.03 - 4.11) 0.04 2.13 (1.04 - 4.33) 0.04
1$9560160™" 8x10™ 1.73 (1.19 -2.52) 4x10° 1.35(0.81 - 2.23) 0.25 2.50 (1.43 - 4.36) 1x10°
1577910377 1x10° 1.66 (1.17 - 2.37) 4x10° 1.78 (1.04 - 3.06) 0.04 1.59 (1.00 - 2.51) 0.05
rs1881116®" 1x107 1.48 (1.12 - 1.95) 6x 107 1.17 (0.81 - 1.68) 0.41 229 (1.46-3.60) | <1x107
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Appendix Table 23 continued....

Overall Male Female
SNP LI?gv ;ﬁ:lk HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
rs119973550" 1x10° 0.61 (0.43 - 0.87) 7x 107 0.62 (0.38 - 0.98) 0.04 0.61 (0.36 - 1.04) 0.07
157720650 1x10° 0.65 (0.48 - 0.88) 6x 107 0.76 (0.50 - 1.16) 0.20 0.55 (0.35 - 0.85) 7x 107
1523966530 1x10° 0.66 (0.50 - 0.89) 6x 107 0.82 (0.55 - 1.20) 0.31 0.52 (0.33 - 0.80) 3x 107
rs1151277®" 1x10° 0.66 (0.49 - 0.89) 7x 107 0.55(0.37-0.82) | 4x10° | 0.84(0.54-131) 0.44
1s12073211®" 1x10° 0.67 (0.50 -0.90) 7x 107 0.75 (0.51 - 1.10) 0.14 0.58 (0.37 - 0.89) 0.01
1s38255940" 1x10° 0.67 (0.51 - 0.89) 5x 107 0.75 (0.51 - 1.08) 0.12 0.59 (0.39 - 0.89) 0.01
rs1610315®" 1x10° 0.68 (0.51 - 0.89) 6x 107 0.57(0.39-0.84) | 4x10° | 0.83(0.55-1.24) 0.36
159897794 1x10° 0.66 (0.49 - 0.89) 6x 107 0.76 (0.52 - 1.12) 0.17 0.49 (0.31 - 0.80) 4x10°
s8014810™" 1x10° 0.67 (0.50 - 0.90) 7x 107 0.69 (0.46 -1.02) 0.06 0.64 (0.41 - 0.98) 0.04
1$3954950" 1x10° 0.68 (0.51 - 0.89) 6x 107 0.67 (0.46 - 0.98) 0.04 0.67 (0.44 - 1.02) 0.06
1s56291145®™ 1x10° 2.06 (1.24 -3.43) 5x 107 1.90 (0.98 - 3.68) 0.06 2.34 (1.06 - 5.20) 0.04
1$9861022® 1x10° 1.94 (1.23 -3.05) 4x10° 1.73 (0.98 - 3.07) 0.06 2.40 (1.14 - 5.06) 0.02
1510493958 1x10° 1.99 (1.23 -3.21) 5x 107 1.95 (0.98 - 3.87) 0.06 2.03 (1.04 - 3.97) 0.04
159392857 2x 107 0.68 (0.51 - 0.90) 8x 107 0.77 (0.52 - 1.13) 0.18 0.55 (0.36 - 0.85) 8x 107
154948088 2x 107 0.61 (0.42 - 0.90) 8x 107 0.72 (0.43 - 1.21) 0.21 0.49 (0.28 - 0.86) 0.01
157583258 2x 107 0.66 (0.48 - 0.91) 0.01 0.55(0.36-0.84) | 5x10° | 0.85(0.53-1.35) 0.49
157722067 2x 107 0.68 (0.51 - 0.91) 9x 107 0.74 (0.51 - 1.08) 0.12 0.61 (0.40 - 0.94) 0.03
1s2065212" 2x 107 0.68 (0.52-0.91) 8x 107 0.64 (0.44 - 0.93) 0.02 0.74 (0.49 - 1.13) 0.17
1s2830698™" 2x 107 0.51 (0.30 - 0.87) 0.01 0.53 (0.25 - 1.11) 0.09 0.49 (0.22 - 1.07) 0.08
154748309 2x 107 1.78 (1.18 - 2.65) 6x 107 1.51 (0.87 - 2.62) 0.14 2.18 (1.20 -3.98) 0.01
rs11945730®™ 2x 107 1.66 (1.15 - 2.41) 7x 107 1.42 (0.88 -2.31) 0.16 2.13(1.20 - 3.81) 0.01
1572948457 3x 107 1.43 (1.08 - 1.89) 0.01 1.32 (0.90 - 1.93) 0.15 1.57 (1.04 - 2.38) 0.03
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Appendix Table 23 continued....

Overall Male Female

SNP LI?gv ;ﬁ:lk HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

156739633 3x10° 1.44 (1.08 - 1.91) 0.01 1.23(0.83 - 1.81) 0.30 1.85(1.18 - 2.88) 7x 107
rs139866™" 3x 107 1.44 (1.08 - 1.92) 0.01 1.27 (0.87 - 1.86) 0.22 1.73 (1.11 - 2.69) 0.02
1s3800292" 3x 107 0.55 (0.34 - 0.88) 0.02 0.58 (0.25 - 1.32) 0.19 0.54 (0.30 - 0.96) 0.04
1s36068434®™™ 3x10° 1.93 (1.17 - 3.20) 0.01 1.96 (1.05 - 3.69) 0.04 1.88 (0.81 - 4.38) 0.14
rs16909509®™" 3x 107 1.86 (1.10 - 3.13) 0.02 2.17 (1.03 - 4.55) 0.04 1.62 (0.78 - 3.37) 0.20
rs12705300™™ 3x10° 1.64 (1.12 -2.40) 0.01 1.83 (1.10 - 3.07) 0.02 1.44 (0.81 - 2.56) 0.21
1548217170 4x107° 1.42 (1.07 - 1.88) 0.02 1.35(0.92 - 1.96) 0.12 1.51 (0.98 - 2.33) 0.06
1s7157104°" 4x107° 0.71 (0.53 - 0.94) 0.02 0.76 (0.52 - 1.12) 0.12 0.64 (0.42 - 0.98) 0.04
rs973358™" 4x107 1.44 (1.07 - 1.92) 0.02 1.66 (1.12 - 2.46) 0.01 1.18 (0.76 - 1.83) 0.46

1541309927 4x107° 1.85 (1.15 - 2.99) 0.01 1.52 (0.84 - 2.74) 0.17 2.93(1.32 - 6.52) 8x 107
15276725 4x 107 1.75 (1.14 -2.71) 0.01 228(1.26-4.15) | 7x10° | 1.37(0.72-2.58) 0.33
rs11250832™™ 4x107° 1.64 (1.11 -2.42) 0.01 1.54 (0.97 - 2.46) 0.07 1.89 (0.94 - 3.80) 0.08
152899293 5x 107 1.43 (1.06 - 1.93) 0.02 1.26 (0.86 - 1.86) 0.24 1.76 (1.10 - 2.83) 0.02
157318021 5x 107 0.72 (0.55 - 0.94) 0.02 0.61 (0.42 - 0.89) 0.01 0.86 (0.57 - 1.29) 0.46
1s8021355® 5x 107 0.71 (0.53 - 0.94) 0.02 0.77 (0.53 -1.13) 0.19 0.63 (0.41 - 0.96) 0.02
157144565 5x 107 0.71 (0.53 - 0.94) 0.02 0.77 (0.53 -1.13) 0.19 0.63 (0.41 - 0.96) 0.02
152274068 5x 107 0.71 (0.53 - 0.94) 0.02 0.77 (0.53 -1.13) 0.19 0.63 (0.41 - 0.96) 0.02
rs17017488" 5x 107 0.71 (0.53 - 0.94) 0.02 0.75(0.50 - 1.11) 0.15 0.66 (0.44 - 1.01) 0.06
rs10511980™" 5x 107 0.69 (0.52 - 0.90) 8x 107 0.66 (0.46 - 0.96) 0.03 0.72 (0.47 - 1.09) 0.12
rs11172024®" 5x 107 0.66 (0.46 - 0.93) 0.02 0.61 (0.37 - 1.00) 0.05 0.71 (0.42 - 1.17) 0.18
1$6052937®" 5x 107 0.70 (0.52 - 0.94) 0.02 0.73 (0.48 - 1.13) 0.16 0.65 (0.42 - 1.01) 0.054
1510500248 5x 107 1.70 (1.11 - 2.61) 0.01 1.81(1.02-3.21) 0.04 1.59 (0.84 - 3.00) 0.16
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Appendix Table 23 continued....

Overall Male Female
SNP L}()lg rlank HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
value
152124906 5x 107 1.70 (1.11 - 2.61) 0.01 1.81(1.02 -3.21) 0.04 1.59 (0.84 - 3.00) 0.16
1$6572051" 5x 107 1.75 (1.12 -2.73) 0.02 1.55 (0.85 - 2.84) 0.15 2.05 (1.05 - 4.02) 0.04
rs17149645®™ 5x 107 1.79 (1.22 - 2.62) 3x 107 2.03 (1.13 - 3.66) 0.02 1.68 (1.01 - 2.77) 0.05
1$6037033®" 6x 107 0.71 (0.53 - 0.94) 0.02 0.63 (0.43 - 0.93) 0.02 0.81 (0.53 - 1.23) 0.33
151521244 6x 107 1.41 (1.06 - 1.88) 0.02 1.18 (0.81 - 1.72) 0.4 1.75 (1.14 - 2.70) 0.01
rs1430838®" 6x 107 1.56 (1.09 -2.25) 0.02 1.25(0.79 - 1.97) 0.34 2.44 (1.36 - 4.39) 0.19
152116078 ®° 6x10° 1.56 (1.09 -2.25) 0.02 1.25(0.79 - 1.97) 0.34 2.44 (1.36 - 4.39) 0.19
rs10157510 ® 6x10° 1.72 (1.10 - 2.71) 0.02 1.61 (0.90 - 2.88) 0.11 1.93 (0.95 - 3.92) 0.07
rs131162330P" 7x 107 1.37 (1.04 - 1.81) 0.02 1.41 (0.98 - 2.05) 0.07 1.32 (0.87 - 1.99) 0.19
1$6519091®" 7x 107 1.51 (1.12 - 2.04) 7x 107 1.35(0.91 - 2.00) 0.13 1.76 (1.10 - 2.83) 0.02
152185230 7x 107 1.33 (1.05 - 1.68) 0.02 1.09 (0.81 - 1.47) 0.58 1.93 (1.30 - 2.88) 1x10°
137620914 7x 107 1.50 (1.06 - 2.11) 0.02 1.84(1.16-2.90) | 9x10° | 1.18(0.70 - 1.99) 0.53
1s3850942" 8x 107 0.62 (0.40 - 0.95) 0.03 0.65 (0.35 - 1.22) 0.18 0.59 (0.33 - 1.07) 0.08
1$3993401®" 8x 107 0.73 (0.56 - 0.96) 0.03 0.69 (0.48 - 0.99) 0.05 0.79 (0.52 - 1.20) 0.28
1513129052 8x 107 1.78 (1.08 - 2.91) 0.02 1.87 (0.93 - 3.76) 0.08 1.69 (0.84 - 3.41) 0.14
1$6093579® 8x 107 1.80 (1.08 - 2.98) 0.02 2.38 (1.21 - 4.68) 0.01 1.34 (0.62 - 2.91) 0.62
1578323957 8x 107 1.86 (1.10 - 3.13) 0.02 2.17 (1.03 - 4.55) 0.04 1.62 (0.78 - 3.37) 0.2
1516950438 8x 107 1.59 (1.07 -2.37) 0.02 1.78 (1.03 -3.03) 0.04 1.42 (0.78 - 2.57) 0.25
152125649 9x 107 0.69 (0.50 - 0.96) 0.03 0.70 (0.44 - 1.10) 0.12 0.69 (0.43 - 1.10) 0.12
1s5028798" 9x 107 0.73 (0.55 - 0.96) 0.03 0.62 (0.43 - 0.90) 0.01 0.90 (0.59 -1.36) 0.6
1s6151599®™ 9x 107 1.57 (1.06 -2.32) 0.03 1.65 (0.96 - 2.84) 0.07 1.49 (0.84 - 2.63) 0.17
157492685 0.01 1.72 (1.07 - 2.77) 0.03 1.54 (0.49 - 4.89) 0.46 1.76 (1.04 - 2.99) 0.04
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Appendix Table 23 continued....

Overall Male Female
SNP LI?gv ;ﬁ:lk HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
15133870461 0.01 0.58 (0.34 - 0.97) 0.04 0.57 (0.32 - 1.01) 0.05 0.62 (0.20 - 1.98) 0.42
1s42544280" 0.01 0.71 (0.53 - 0.97) 0.03 0.73 (0.50 - 1.08) 0.12 0.69 (0.42 - 1.16) 0.16
1s6510588" 0.01 0.71 (0.53 - 0.97) 0.03 0.73 (0.50 - 1.08) 0.12 0.69 (0.42 - 1.16) 0.16
1520517130 0.01 1.42 (1.04 - 1.98) 0.03 1.15 (0.75 - 1.77) 0.52 1.74 (1.12 - 2.73) 0.02
1$61094870" 0.01 1.38 (1.03 - 1.84) 0.03 1.39 (0.94 -2.06) 0.1 1.36 (0.89 - 2.08) 0.16
rs16979806®)° 0.01 0.61 (0.38 - 0.99) 0.04 0.64 (0.34 - 1.21) 0.14 0.57 (0.27 - 1.19) 0.14
rs11120342®" 0.01 0.73 (0.56 - 0.97) 0.03 0.69 (0.48 - 1.01) 0.06 0.79 (0.52 - 1.20) 0.27
151481046 0.01 136 (1.03 - 1.79) 0.03 131 (0.91 - 1.90) 0.15 1.43(0.94 - 2.17) 0.09
rs7537120" 0.01 0.72 (0.54 -0.97) 0.03 0.70 (0.47 - 1.04) 0.07 0.75 (0.48 - 1.18) 0.17
1s6927353® 0.01 1.68 (1.04 -2.73) 0.04 1.41 (0.79 - 2.53) 0.25 2.70 (1.15 - 6.35) 0.02
rs1800141® 0.01 1.76 (1.04 - 2.98) 0.04 1.26 (0.65 - 2.43) 0.49 4.65(1.91-11.32) | 1x107
1s2389891®™ 0.01 1.57 (1.05 - 2.37) 0.03 1.92 (1.14 - 3.26) 0.02 1.20 (0.62 - 2.33) 0.59
rs12188300™" 0.01 1.57 (1.03 - 2.39) 0.04 1.85(1.08 - 3.19) 0.03 1.25 (0.64 - 2.46) 0.52
13730364107 0.01 1.60 (1.06 - 2.42) 0.03 1.84 (1.06 - 3.19) 0.03 1.35(0.72 - 2.55) 0.35
1s34139105®" 0.01 1.64 (1.06 - 2.55) 0.03 2.16 (1.11 - 4.21) 0.02 1.38 (0.78 - 2.46) 0.27
1$9328207® 0.01 1.70 (1.06 - 2.73) 0.03 1.57 (0.86 - 2.88) 0.15 1.94 (0.91 - 4.15) 0.09
rs10514074®" 0.01 1.60 (1.07 - 2.38) 0.02 1.66 (1.01 - 2.71) 0.05 1.49 (0.75 - 2.98) 0.26
1561744122 0.01 1.68 (1.05 - 2.69) 0.03 1.63 (0.82 - 3.27) 0.17 1.72 (0.90 - 3.28) 0.10
1517170286 0.01 1.60 (1.06 - 2.42) 0.03 236(1.34-4.16) | 3x10° | 1.12(0.61 - 2.06) 0.72
157776264 0.02 1.33 (1.01 - 1.76) 0.04 1.23 (0.84 -1.79) 0.28 1.47 (0.97 - 2.24) 0.07
rs468771®)° 0.02 1.77 (1.03 - 3.05) 0.04 1.64 (0.91 - 2.94) 0.10 3.32(0.79 - 13.88) 0.10
151713676 0.02 1.56 (1.03 - 2.37) 0.04 1.68 (1.03 - 2.74) 0.04 1.29 (0.56 - 2.96) 0.55
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Appendix Table 23 continued....

Overall Male Female
SNP LI?gv ;ﬁ:lk HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
1s349714®7 0.02 0.70 (0.50 - 0.98) 0.04 0.68 (0.40 -1.14) 0.15 0.72 (0.47 - 1.11) 0.14
1s2229528 )7 0.02 1.78 (1.02 - 3.12) 0.04 1.64 (0.90 - 3.00) 0.11 3.32(0.79 - 13.88) 0.10
1s35693261 ™7 0.02 1.76 (1.00 - 3.08) 0.05 1.53 (0.84 - 2.80) 0.17 8.41(1.94-36.47) | 4x10°
1s368390™7 0.02 0.63 (0.40 - 1.01) 0.053 0.59 (0.36 - 0.97) 0.04 1.06 (0.33 - 3.38) 0.92
1$6936494) 0.02 0.66 (0.44 - 1.00) 0.053 0.66 (0.42 - 1.04) 0.07 0.69 (0.24 - 1.95) 0.48
1$98424650) 0.02 1.75 (1.00 - 3.06) 0.05 1.75 (0.95 -3.21) 0.07 1.77 (0.43 - 7.26) 0.43
rs665159™" 0.02 135 (1.00 -1.82) 0.05 1.19 (0.80 - 1.78) 0.38 1.65 (1.04 - 2.63) 0.03
rs924615®" 0.02 0.75 (0.57 - 0.99) 0.04 0.73 (0.50 - 1.06) 0.10 0.78 (0.52 - 1.19) 0.25
rs8771110" 0.02 131 (1.00 - 1.73) 0.052 130 (0.90 - 1.89) 0.17 130 (0.86 - 1.96) 0.21
rs742390™" 0.02 133 (1.01 - 1.75) 0.04 136 (0.94 - 1.96) 0.10 1.31(0.87 - 1.98) 0.20
152620870 0.02 1.35(1.01 - 1.82) 0.05 1.40 (0.94 - 2.08) 0.10 1.28 (0.82 - 2.01) 0.28
151868368 0.02 0.76 (0.58 -1.01) 0.054 0.67 (0.46 -0.97) 0.04 0.89 (0.59 - 1.34) 0.58
15762562®" 0.02 0.76 (0.58 -1.00) 0.05 0.78 (0.54 - 1.14) 0.20 0.71 (0.47 - 1.07) 0.10
rs11171543®" 0.02 0.73 (0.53 - 1.00) 0.051 0.65 (0.42 - 0.99) 0.05 0.85 (0.53 - 1.36) 0.50
1s36086854®™" 0.02 1.65 (1.02 - 2.68) 0.04 1.54 (0.86 - 2.78) 0.15 1.92 (0.82 - 4.48) 0.13
518351547 0.02 1.71 (1.03 - 2.84) 0.04 2.00 (1.03 -3.88) 0.04 1.42 (0.65 - 3.11) 0.37
rs11175471 @ 0.02 1.50 (1.01 - 2.22) 0.04 1.44 (0.86 - 2.41) 0.16 1.59 (0.86 - 2.94) 0.14
1528421666 0.02 1.47 (1.00 -2.15) 0.05 1.46 (0.87-2.46) 0.15 1.48 (0.84 -2.59) 0.18
1517055478 0.02 1.58 (1.01 -2.48) 0.05 1.97 (1.01 - 3.84) 0.05 1.35(0.73 - 2.48) 0.34
1s3805114™7 0.02 1.62 (1.01 - 2.58) 0.04 1.84 (0.99 - 3.40) 0.05 1.37 (0.66 -2.85) 0.39
1517140942 0.02 1.65 (1.02 - 2.66) 0.04 1.46 (0.76 -2.82) 0.26 1.92 (0.95 -3.85) 0.07
156696657 0.03 1.31(0.99 - 1.74) 0.06 1.32(0.99 - 1.76) 0.06 0.61 (0.05 - 6.73) 0.69
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Appendix Table 23 continued....

Overall Male Female
SNP LI?gv ;ﬁ:lk HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
153857193 0.03 0.76 (0.56 - 1.01) 0.06 0.82 (0.56 - 1.20) 0.30 0.68 (0.44 - 1.06) 0.09
rs1179234680)7 0.03 1.71 (0.98 -3.00) 0.06 1.58 (0.86 - 2.90) 0.14 3.01 (0.73 - 12.40) 0.13
rs16973890™1 0.03 1.71 (0.98 - 3.00) 0.06 1.58 (0.86 - 2.90) 0.14 3.01 (0.73 - 12.40) 0.13
rs182319278®)F 0.03 1.71 (0.98 -3.00) 0.06 1.58 (0.86 - 2.90) 0.14 3.01 (0.73 - 12.40) 0.13
1578188440 0.03 0.74 (0.54 - 1.01) 0.06 0.76 (0.49 - 1.16) 0.20 0.72 (0.45 - 1.14) 0.16
152899469 0.03 1.30 (0.98 - 1.73) 0.07 1.08 (0.74 - 1.60) 0.68 1.71 (1.12 - 2.62) 0.01
15202050948 0.03 0.70 (0.49 - 1.02) 0.06 0.67 (0.40 - 1.11) 0.12 0.74 (0.42 - 1.31) 0.30
rs7330286™ 0.03 1.55(0.97 - 2.48) 0.07 1.18 (0.61 - 2.28) 0.61 1.66 (0.98 - 2.82) 0.06
511651675 0.03 1.69 (1.00 - 2.87) 0.05 1.41 (0.57 - 3.46) 0.46 1.89 (0.98 - 3.65) 0.06
1510109794 0.03 1.60 (0.98 -2.61) 0.06 1.83 (0.97 - 3.46) 0.06 1.34 (0.62 - 2.90) 0.46
15568760 0.03 1.65 (0.99 -2.74) 0.06 1.58 (0.90 - 2.78) 0.11 1.98 (0.62 - 6.33) 0.25
1s6851586™ 0.03 1.49 (0.97 - 2.29) 0.07 1.06 (0.60 - 1.86) 0.85 2.93(1.51-5.71) 2x 107
1$3790126 0.03 1.59 (1.00 - 2.53) 0.05 2.15(1.07 - 4.31) 0.03 1.30 (0.71 - 2.41) 0.40
rs41285557™" 0.03 1.63 (0.99 -2.69) 0.05 1.66 (0.67 -4.10) 0.28 1.63 (0.90 - 2.94) 0.11
1517407084 0.03 1.58 (0.98 -2.56) 0.06 1.43 (0.72 - 2.83) 0.31 1.77 (0.90 - 3.47) 0.10
rs717231607 0.03 1.57 (0.98 - 2.51) 0.06 1.40 (0.75 - 2.64) 0.29 1.82 (0.90 - 3.69) 0.10
1s10902652®™" 0.03 1.58 (0.98 - 2.56) 0.06 1.27 (0.64 - 2.51) 0.50 2.07 (1.04 - 4.13) 0.04
158013602 0.03 1.57 (0.97 - 2.52) 0.06 1.29 (0.67 - 2.47) 0.45 2.06 (1.03 - 4.13) 0.04
154680582 0.04 1.30 (0.97 - 1.75) 0.08 1.34 (0.88 - 2.04) 0.17 1.26 (0.83 - 1.91) 0.28
154792149 0.04 1.33 (0.96 - 1.84) 0.09 1.35(0.92 - 1.99) 0.13 1.27 (0.69 - 2.34) 0.44
152874641 0.04 1.30 (0.98 - 1.72) 0.07 1.24 (0.84 - 1.83) 0.11 1.36 (0.90 - 2.08) 0.15
1s1550017)° 0.04 1.36 (0.99 — 1.88) 0.06 1.36 (0.95 — 1.95) 0.10 1.38 (0.69 —2.77) 0.36
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Appendix Table 23 continued....

Overall Male Female

SNP LI?gV ;ﬁ:lk HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
1s340226791 0.04 1.58 (0.96 — 2.59) 0.07 1.77 (1.03 — 3.03) 0.04 0.90 (0.22 — 3.66) 0.88

152031293 0.04 0.76 (0.56 — 1.03) 0.08 0.99 (0.65 — 1.53) 0.99 0.48 (0.30-0.76) | 2x10”
157016929 0.04 0.78 (0.59 — 1.03) 0.08 0.84 (0.63 — 1.13) 0.25 0.81 (0.56 — 1.17) 0.27
rs10043274" 0.04 1.25 (1.01 -1.26) 0.04 1.19 (0.88 — 1.60) 0.25 1.34 (0.97 — 1.85) 0.08
1s377621%" 0.04 0.68 (0.44 — 1.05) 0.08 0.76 (0.44 — 1.31) 0.32 0.57 (0.27 — 1.19) 0.14
rs7304215" 0.04 1.53 (0.97 — 2.44) 0.07 2.00 (1.03 —3.88) 0.04 1.25 (0.66 — 2.36) 0.50
1517039265 0.04 1.58 (0.95 —2.63) 0.08 1.39 (0.74 — 2.62) 0.31 2.08 (0.89 — 4.84) 0.09
rs9728577™ 0.04 1.58 (0.95 —2.63) 0.08 1.39 (0.74 — 2.62) 0.31 2.08 (0.89 — 4.84) 0.09
1575411676 0.04 1.58 (0.95 —2.63) 0.08 1.39 (0.74 — 2.62) 0.31 2.08 (0.89 — 4.84) 0.09

rs8176018™ 0.04 1.62 (0.96 —2.72) 0.07 0.94 (0.38 —2.30) 0.89 2.51(129-4.86) | 7x10°
rs9407838® 0.04 1.41 (0.96 -2.08) 0.08 1.35(0.81 —2.24) 0.25 1.51 (0.84—2.73) 0.17
1516964079 0.04 1.48 (0.94 -2.32) 0.09 1.50 (0.87 — 2.60) 0.15 1.44 (0.66 -3.14) 0.36
1s313016107 0.04 1.52 (0.86 -2.41) 0.07 2.06 (1.11 —3.82) 0.02 1.13 (0.56 — 2.25) 0.73
1s12257453®™ 0.04 1.53 (0.97 —2.43) 0.07 1.55 (0.86 —2.81) 0.15 1.51(0.73 —3.14) 0.27
rs11833839™" 0.04 1.51(0.94 -2.42) 0.09 1.71 (0.89 -3.30) 0.11 1.34 (0.68 — 2.64) 0.40
156904762% 0.05 0.70 (0.46 — 1.07) 0.10 0.54 (0.26 — 1.11) 0.10 0.83 (0.49 — 1.41) 0.48
1s26784W" 0.05 1.23 (1.00 — 1.50) 0.05 1.26 (0.93 — 1.70) 0.14 1.20 (0.91- 1.59) 0.19
1s3204798™" 0.05 1.57 (0.94 — 2.62) 0.08 1.39 (0.74 — 2.62) 0.31 2.03 (0.87 —4.74) 0.10
1s3729598™" 0.05 1.58 (0.94 — 2.66) 0.08 1.26 (0.64 —2.51) 0.51 2.31(1.05—5.13) 0.04
1s35384751®" 0.05 1.58 (0.94 -2.65) 0.08 1.99 (0.96 — 4.13) 0.07 1.31(0.63 —2.71) 0.47
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Appendix Table 23 continued....

Overall Male Female
SNP nggv ;ﬁ:::k HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
rs11234604™" 0.05 1.51 (0.94 — 2.40) 0.09 1.39 (0.74 — 2.60) 0.31 1.68 (0.84 — 3.36) 0.15
152864680 0.05 1.53 (1.03 - 2.28) 0.03 1.42 (0.84 — 2.40) 0.19 1.71 (0.95 -3.09) 0.08

(D): Dominant genetic model; (A): Additive genetic model; (R): Recessive genetic model

*SNPs yielded age-specific associations results based on the P values; ** SNPs yielded age-specific associations results based on the effect sizes

TSNPs yielded gender-specific associations results based on the P values; 'SNPs yielded gender-specific associations results based on the effect

sizes

SNP = single nucleotide polymorphism; HR = hazard ratio; CI = confidence interval
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Appendix Table 24. Previously identified gender-specific genetic risk markers in childhood ALL and their evidence in
the present study

SNP Gene Pri\l;i(i):tseis‘sc(;ici?lt)ion Gender-specificity/risk (pr:)s::thslf; dy)
rs10994982 ARID5B 0.01 Male-specific 0.91
rs10740055 ARID5B 0.03 Male-specific 0.91

1s2395185 HLA-DRB9 0.001 association differs in direction 0.58

1s7192 HLA-DRA 0.03 association differs in direction 0.85
rs419788 XIvaL 0.04 association differs in direction 0.06
1s224589 S . C11A2 0.02 association differs in direction 0.08
1s3130342 TNXB 0.04 association differs in direction 0.47
1rs422982 NRAMP2 0.007 association differs in direction 0.92
rs807212 HFE 0.05 association differs in direction 0.46

ALL = acute lymphoblastic leukemia; SNP = single nucleotide polymorphism

*P value represents statistical interaction
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Appendix Figure 1. Genotype failure rate versus heterozygosity rate across all individuals
in the study. Shading indicates sample density and dashed line denote quality control
threshold. X-axis represents proportion of missing genotypes on log scale and Y-axis represents
heterozygosity rates.
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