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Supplementary Note
Statistical modeling: Tpirec: aNd Tyr cxE

Case 1: E and G are independent.
1) When GWIS is conducted, we have the following G x E model to a quantitative trait Y:
Y = B1G; + B2E; + B3(GiE) + €, (S1)

where f;, B, and 5 correspond to the main effect of G, the main effect of E and the interaction
effect of G X E, respectively, and ¢; is a random noise. Without losing generality, we assume

_ e
E(G) =g, i = :G, E(E) = pg, ¢ = ——££.

g OfF

G

When GWAS is conducted, we have the following model:
Y = ag + aG; + ¢;.

where « is called the marginal effect. The relationship between marginal effect a, main effect ;,
and interaction effect 5 is:

a =P+ uegPs, (52)
indicating the marginal effect size « is affected by G X E interactions.

Similar to Aschard (1), a standardized version of (S1) is

Y; = B1g; + Bre; + P3(gier) + €, (S83)
where
1 Bslg B2 Bilg B3
pr=—=-"0, fy= 22— o= = (S4)
O-G O-EO-G Og O-EO-G O-EO-G
Thus
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When we perform a linear regression based on standardized regression model (S1), we have
B=X"X)"'X"y.
where X = [1, G, E, GE] is the design matrix, X5 = (X"X) 'o?, and ¢? is the variance of €.

E[1] E[G] E[E] E[GE] 1"
E[G] E[G?] E[GE] E[G?*E]
E[E] E[GE] E[G*] E[GE?]| ~
E[GE] E[G*E] E[GE?] E[G?E?]

0.2
2 =L (55)

where n is the sample size in performing GWIS analysis.

When working on g; and e;, the standardized of G; and E;, it leads



E[1] 0 0 0 !
o’ 0 E[g?] 0 0 1
B = Tl o 0 E[ez] 0 = £I4><40'2, (S6)
0 0 0 [g%e?]

where 1,4 IS a 4 X 4 identity matrix. Since we are not interested in the intercept, we will ignore

the intercept and let B = [B,, B, B3]T. We can calculate the covariance X through equations
(S4), which leads to

42 Hg +0F  pplg  —Ug
ool | MEMe  KG+OF  —hg|
~HE —Hg 1

Zﬁz

Thus, we have

— _ o M
var(a) = var(By + pehs) = 7 var(f) == 55",
o (/LG+O'G) _ a2 _ ugo?
Uar(ﬁz) - no? UE ) var(ﬁ3) - naéoé' var(a ﬁl) naéaf;'

cov(a, B1) = cov(By + ugfs, f1) = :722 cov(a, ) = cov(By + ugPs, B2) = 0,

cov(a, B3) = cov(By + B3, B3) =0,  cov(a — By, B3) = cov(ugfs, fz)=5—

TlO' 0'
corr(a — f1,B3) = 1.

2
To test interaction 5 = 0, we apply the direct test Tpiyect = ﬁ—3 Alternatively, we can test

ar(B3)’
a—P1=0by Ty = % Clearly, Tpjrec: and Ty ¢ are the same when G and E are

independent and GWAS and GWIS are performed in the same data. Tp;ecc and Ty ¢ have the
same non-centrality parameter:

2 2n2
nog oz f3
NCTgirr = NCTpirect = Y5z
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Supplementary Figure 1. The theoretical power of Tp;.cc and Tg; ¢, under the scenario of Case

1, which is identical. The four subplots correspond to 5 ranging from 0.01 to 0.04. For each
subplot, the x-axis represents the mean u of the variant, the y-axis represents the mean u of the
environmental factor, and the z-axis represents the theoretical power. Additionally, the sample
size n = 100K, and o was set to be 1.

Case 2: E and G are dependent.
When E and G are correlated, equation (S4) still holds. However, the covariance matrix Zg is

1 0 0 p 1!
o2l0 1 p E[g?e]
g "o p 1 E[ge?]| (57)
p Elg®e]l E[ge?] E[g®e?]



where p is the correlation between e; and g;. To simplify our discussion, we further assume that
the environmental factor is mediated by g, which is

ei =pgi + €, var(e) =1-p? (S8)
Thus,
Elg%e] = pE[g*] = p=2%, (S9)
Elge?] = p?E[g°] = p? =25, (S10)
G
2
Elg*e’] = pElg'] +1—p* =+ 1—p? (S11)
and
1 +p2 pz(l_”G) 0 _p
e
pP*(1-u¢) 14 p? n p2(1-ug)*  -p  —p(l-pg)
_d? o¢ 1-p2 o7 1-p? oG
"l o P : 0
1-p? 1-p?
—-p(1-ue)
—p - 1

By using the equations in (S4) and ignoring the intercept, and let B = [B4, B>, f5]7, we have:

1] 1 p(L—ue) we\'| o [ -1 e —udd| memr -1 [p(L—ug)  uel]
2 2 T +— 2 2 R 2 +—
oil1—0p O¢ og oo |1—0p o 0505 O0G0g O¢ Og
Tp = 6_2 p -1 te (1 — ug) n Hclg i 1 @ —Hg
n logop [1 — p? ol ola} of|1—-p? ot oo
=1 [p(1 = ug) LR —Hg 1
ooy o og ola? olat
(S13)
When G and E are dependent, we have:
cov(Y,G) cov(B,G + BE + B5(GE), G)
a = =
o; r
POEg POE
=B+ 228, + (e + 22 g, (514)
Og Og

which further indicates the marginal effect size « is affected by G X E interactions and the
mediation through E.

By using (S13), we have

o
var(a) = e (§15)
G



cov(a,fs) = cov (1 + 52y + (tp + 2008 ) = 0 (516)

2

o
COU(CZ, :81) = o (517)
nog
1
COT‘?’(C{, Bl) = ) (518)
1 p(1—pg) H_E>2
\/1 —p? + ( e + Og
_py= [ (pOzke | e
var(a — B = 2 | + () ] (519)
2 [p(-pe)
cov(a—B1, f3) = o P10+ 2], (520)
P(l—#c)+u_E
corr(a — By, P3) = ¢ JE (S21)
p? .(P(l—#c) FLEy2
l—p2 ' aG ' OF
2
When p =0, equation (S21) reduces to corr(a — B4, 83) = 1. The direct test Tpirecr = vafgﬁ 3 still
3

_ 2
tests the G x E interaction, but testing a — f; = 0 by Ty;rf = u(aaTBl)m
~P1

pGE) B3 = 0, which is testing for the combination of mediation (p) and interaction (£3).

oG

tests for ’;ﬂﬁz + (,uE +
G

Above discussion suggests that when mediation is present, T; ¢ will also detect mediation
even there is no G X E interaction. However, we can test the G X E interaction through two step
procedure: 1) We apply Tg; ¢ to search for variants with joint effect of mediation and interaction
effect; 2) we apply Tprec for the variants detected by Ty;rp. Although Ty;rr and Tpirec, are
correlated, this procedure seems to have a good control of the type | error rate in the simulations
which mimic the real data. The reason is that we can exclude the genetic variants strongly
associated with the environment factor from the GWAS of E. Therefore, the contribution of
mediation has little effect (see the simulation results Fig 3 and Fig S6). It also improves the power
because of the mediation and the reduction of multiple test burden.

When mediation effect presents, Ty, has a non-centrality parameter:

2 [POE 2
nog [ O (B2+PB3) + MEﬁ3] no2olp?
NCTdiff = ’ NCTpirect =
2 p(1—u o2
Pt G52 D]
1-— pZ Og ()

when p # 0, Ty;¢¢ can be more powerful than Tp;pec;
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Supplementary Figure 2. The theoretical power of Tg; ¢ under the scenario of Case 2. For each
subplot, the x-axis represents the correlation coefficient p of mediation, the y-axis represents the
mean ug of the environmental factor, and the z-axis represents the theoretical power.
Additionally, the sample size is n = 100K, the genotype has allele frequency or mean u;=0.6.
was set to 1. As the correlation coefficient p of mediation increases, the power of Ty; ¢
significantly rises. Furthermore, due to the variance changes in NCTy;¢f, the power does not
symmetrically decrease as ug increases or decreases from 0.5. In fact, the decline in power with
an increase in pg is slightly faster than the decrease in power with a reduction in uz from 0.1.

Case 3. GWAS and GWIS are performed in different samples with overlapping.

We are now working on the case when GWAS and GWIS are performed in different sample sizes.
Let n,,n, and n, represent the sample sizes of GWAS, GWIS and overlapping sample between
GWAS and GWIS. In this case, the marginal effect « is estimated from GWAS and B4, 5., B5 are
estimated from GWIS, respectively. We can deduce the covariance between a and S, S, B3 using
the work in Case 1 and 2.

Let a random variable I takes 1 when samples are overlapped and 0 when samples are not
overlapped. The estimates of « and B are the weighted estimates of them in overlapped sample
and non-overlapped samples. That is,



a=a PP =1)+a™\OPp(=0),
B =BOP(1=1)+p"\VP(I =0),

where index (0), (n;\0) and (n,\0) represent overlapped, GWAS samples after excluding the

overlapped, and GWIS samples after excluding the overlapped samples, which lead to the
following:

nO
a=—a +
n ng

ni —n,

a(nlo),

2 ~ Mo pn;\0),

ny n;

n; —Mn,

n n n, —n
cov(a — By, B3) = cov (—Oa(o) + amo) 2p@ 4 2 o 3(n1\0)> — cov(fy, B3)
n, n, n; n;
(0}

= cov (222,22 {0 — cov(p,, ) = —cov(By, B:)

nq n;
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= 2
N20620E2
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Thus, cov(a, f3) = cov(a — B4, P3) + cov(B1,B3) =0

ng —n,

n n n, —n
cov(a,B,) = cov (—Oa(o) + am®, 2@ 4 20 1(n1\0)>
ny ny n,
2
N0
=——, (S23)
Nn1M2060

Ny0G1062

corr(a,B,) = ,
1 1-— 2
Ugoj”lnz[l — n (P( Kg2) + M) ]

(S24)

0G2 Og2

where pg,, 0¢2, Ug2, and oy, refer to the mean and standard deviation of G and E in GWIS
samples, us1, 0¢1, g1, and og, refer to the mean and standard deviation of G and E in GWAS
samples, and o, 050, Ugo, and og, refer to the mean and standard deviation of G and E in the
overlapped samples by GWAS and GWIS, respectively. Then we have the following:

POE1 POE1
a—p; = ﬁz+(ﬂE1+—)ﬁ3
061 01

and

E2

1 2n 1 1 1- 2
var(a — B,) = o? —— ° —+—— >+ <p( Hez) | @> . (825
ni0G  MNa0G, N205, \1—p 062 o



Tairr has a non-centrality parameter:

POE1 POE1 2
(_061 B, + (ﬂE1 + Oc1 )33)

2
2L _ 2o L1 2+(p(l H62)+@> )]
nlo-Gl anIZO'GO TlZO'GZ 1- pP 0G2 Og2

NCleff =

and Tp;-.c: has a non-centrality parameter:

2 2 p2
N206205203

NCTpirect = o2

Noted that cov(a, S3) = 0 is also hold when p; is estimated from the GWAS sample excluding
GWIS sample. As a result, T4 is independent of 55 when the S is estimated from the GWAS
sample excluding GWIS sample. Therefore, the direct test Tp;rec: USing the GWAS sample after
excluding GWIS sample is an independent replication for either Ty; s or GWIS Tpjp-ec; teSt.

Ty is still testing for the combined effect of mediation and interaction and its power depends on
the environmental mean and variance in the GWAS data. Again, we can test the G X E interaction
through the two-step procedure: 1) We apply T; ¢ to search variants with joint effect of mediation
and interaction effect; 2) we apply Tp;,.; for the variants detected by Ty; . Since GWAS is often
conducted in much larger sample size than GWIS, the power of Ty;¢f is increased, therefore, the
two-step procedure for testing interactions is also increased.

In practice, the GWIS sample is often a subset of GWAS. In this case, n, = n,, which leads to
POE1 POE1 2
( a1 B2 + (.UE1 + a1 )33)

—.
o — b L (i + (B ) ey,
Ni05 MN05 N0l 1—p 062 OF2

NCleff =
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Supplementary Figure 3. The theoretical power of Ty;¢¢ under the scenario of Case 3. For each
subplot, the x-axis represents the mean u, of the environmental factor, the y-axis represents the
sample size n, in the GWAS data, and the z-axis represents the theoretical power. Additionally,
the sample size in the GWIS data is n, = 100K, the mean g, of the environmental factor in the
GWIS data is 0.3, the mean y of the variant is 0.6, the correlation coefficient of mediation p =
0, and the variance of the random error o = 1. It can be observed that as ug, increases relative to
the data in the GWIS, the power substantially rises and is insensitive to the increase in n;.
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Supplementary Figure 4. The comparison between Tg; ¢ and Ty, Under the scenario of Case
3 but no mediation. The z-axis represents the ratio of the power of T,; ¢ over the power of
Tairece- 1T this ratio is larger than 1, then T;¢¢ is more powerful than than T, Generally,
Tairr is more powerful than Tg;rece if ug, > 0.5 and pug; = 0.3.



Supplementary Figure 5. The scatterplots between z-scores of Tyr g test based on (62 — @ﬁl)
and direct test (Tp;,.c¢) based on effect sizes 5 obtained in GLI data. Because the GWAS was
performed with smoking status as a covariate, the z-scores of Ty gxr aNd Tpirece Should be
similar. The Pearson correlation coefficient between z-scores of Tyr g test and Tprece IS
0.977, which is consistent. The red straight line represents the regression line.

Pearson Correlation = 0.977 o .

zscore of By
o

-4 2 0 2 4
A A A
zscore of & — B4 ©



Supplementary Figure 6. The estimations of 8, interaction effect 55, and the comparison of
type I error and power for Ty, ¢xg and the direct test for the G X E interaction when there is no
mediation. The GWAS sample size is two times of GWIS sample size and GWIS sample is the
subset of GWAS sample: n; = 2n, = 2n,. The sample size n, increases from 60k to 150k. We
set uM%" = 1 and u* = 0.5. (a). Box plots of § in simulations under different GWIS sample
sizes. The top and bottom edges of the box plots represent the 25" and 75" percentiles of 8, and
the horizontal middle line represents the 50" percentile. The vertical bars extend from the 25%
(or 75" percentile of § to the minimum (or maximum) value of simulated data. E(@) converges
to 1 as sample size increases. (b). Box plots of the direct estimate of 5 in GWIS (top panel) and
by (& — $10)/u,. through MR- G X E analysis (bottom panel). The box plots are interpreted the

same as in A accordingly. The direct estimate of S5 in GWIS or by (& — $,8)/u, through MR-
GXE analysis are both unbiased. Here s=-1 refers to the main effect and interaction effect have
opposite effect directions; s=0 refers no main effect; and s=1 refers that the main effect and
interaction effect have the same effect direction. (c). Type I error rate comparison between

Tur cxe and the direct test for different main and interaction effect directions. Both Tyg g, and
the direct test maintain the type I error well. (d) Power comparison between Ty ¢, and the
direct test for different main and interaction effect directions.
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Supplementary Figure 7. (a) and (c): direct estimate 3 and MR-GXE estimate (a ﬁle) Jup®” of interaction effect when true g5 =
0. (b) and (d): direct estimate 8; and MR-GXE estimate (a ,819) /ug®” of interaction effect when true 3 = 0.005. Settings of (a)
and (b): u*" = 1, u** = 0.5, n, = 2n, = 2n, where n, increases from 60k to 150k. Settings of (c) and (d): n, = 160k, n, = 80k,
ne = 80k, u* is fixed to 0.5, u*" increases from 0.1 to 1.5, and environment factor mean ratio increases from 0.2 to 3. In each
panel. the top and bottom edges of the box plots represent the 25th and 75" percentiles of the estimate, and the horizontal middle line
represents the 50 percentile. The vertical bars extend from the 25" (or 75™) percentile of 8 to the minimum (or maximum) value of
simulated data. The simulation results suggest that the direct estimate 5 and MR-GXE estimate (& — Blé) Jug® are all unbiased.
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Supplementary Figure 8. The estimates of 8 and 85 when GWAS and GWIS are performed in
different samples or the same samples. (a): estimate of 6, left: there is no sample overlapping
between GWAS and GWIS; right: GWAS and GWIS were performed in the sample. (b): direct
estimate 5 and MR-GXE estimate (& — 8,8)/u2" of interaction effect. Settings: n, = 200k,
n, = 80k, ny = 0 (0% sample overlap) or n, = 80k (100% sample overlap), u2** = 0.5, umer
increases from 0.32 to 2, and environment factor mean ratio increases from 0.64 to 4. In each
panel. the top and bottom edges of the box plots represent the 25" and 75" percentiles of the
estimate, and the horizontal middle line represents the 50" percentile. The vertical bars extend
from the 25" (or 75™) percentile of 8 to the minimum (or maximum) value of simulated data.
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(b). Estimation of Interaction Effect B3
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Supplementary Figure 9. (a): Type-I errors of direct test Ty ec: aNd MR-GXE test Tygr_gxg- The dash
lines represent the 95% CI. b) Power of direct test Ty;ec: and MR-GXE test Ty r_cx - Settings: ny =

200k, n, = 80k, n, = 0 (0% sample overlap) or n, = 80k (100% sample overlap), u*t = 0.5, uer
increases from 0.32 to 2, and environment factor mean ratio increases from 0.64 to 4.
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Supplementary Figure 10. Type | error and power for Tpec¢ (fed), Tyr ¢xe (Qreen) and two-
step (blue). In brief, we simulated a continuous trait, environmental factor and 20 independent
genetic variants for 1000 times. The type | error and power for Tp; ece and Ty gxg Were
calculate by correcting for 20 tests using the Bonferroni correction. The environment mean was
set to 0.5. For the two-step procedure, we first applied Ty ¢x¢ and Bonferroni correction. The
variants survived after Ty g,z Were further tested by T and Bonferroni correction was also
applied. The sample size for marginal effect estimation varied from n, = 20,000 to 300,000.
The sample size for the main effect estimate was fixed to n, = 20,000. A. All the variants have
no contribution of either mediation or GXE interaction. B. One variant has mediation effect and
accounts for 0.25% of environment variation, and E contributes 1% of phenotypic variation. C.
One variant has mediation effect and accounts for 0.25% of environment variation, and E
contributes 5% of phenotypic variation. The dash line represents the 5% typer | error rate. D.
One variant has GXE interaction but no mediation. E. One variant has both mediation and GxE
interaction. This variant accounts for 0.25% of environment variation, and E contributes 1% of
phenotypic variation. F. One variant has both mediation and GxXE interaction. This variant
accounts for 0.25% of environment variation, and E contributes 5% of phenotypic variation. The
simulations suggested the type | error rate is in general well controlled except when E has a large
contribution to the phenotype when GWAS and GWIS are performed in the same dataset.
Mediation effect improves the power to detect GXE for Tpjrece, Tmr xr @nd two-step, with more
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Supplementary Figure 11.1. Zoomed locus-specific plots for the GXE loci identified by Tyg_gr for LDL-C. In
each panel, top is -log10(P-value) and bottom is the corresponding CADD and RegulomDB score generated by
software FUMA. (a) APOE/BCAM , Current Drinking. (b) SUGP1, Current Drinking. (¢) SMARCA4, Current
drinking. (d) APOB, regular drinking. (¢) SMARCA4, Regular drinking. (f) SUGP1, Regular Drinking. (g)
APOE/BCAM , Regular Drinking.
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Supplementary Figure 11.2. Zoomed locus-specific plots for the GXE loci identified by Tyg_g.r for LDL-C. In
each panel, top is -log10(P-value) and bottom is the corresponding CADD and RegulomDB score generated by
software FUMA. (a) SMARCAA4, Current Smoking. (b) SUGP1, Current Smoking. (c) AC008897.2, Current
smoking. (d) APOE, current smoking. (¢) CELSR2/PSRC1, Ever Smoking. (f) APOE/BCAM , Ever Smoking. (g)

SMARCA4, Ever Smoking.
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Supplementary Figure 11.3. Zoomed locus-specific plots for the GXE loci identified by Tyz_gxg for HDL-C. In
each panel, top is -log10(P-value) and bottom is the corresponding CADD and RegulomDB score generated by
software FUMA. (a) LIPC/ALDH1A2, Current Drinking. (b) DDX28/DUS2/NFATC3, Current Drinking (c) CETP,
Current Drinking. (d) GALNT2, Current drinking. () RPL5P26, regular drinking. (f) LIPC/ALDH1A2, Regular
drinking. (g) CETP, Regular Drinking. (h) LPL, Regular Drinking.
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Supplementary Figure 11.4. Zoomed locus-specific plots for the GXE loci identified by
Tyr—cxg for HDL-C. In each panel, top is -log10(P-value) and bottom is the corresponding
CADD and RegulomDB score generated by software FUMA. (a) CETP, Current Smoking. (b)
LIPC/ALDH1A2, Current Smoking. (c) LPL, Current smoking. (d) APOC1, current smoking.
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Supplementary Figure 11.5. Zoomed locus-specific plots for the GXE loci identified by
Tyr—cxg for HDL-C. In each panel, top is -log10(P-value) and bottom is the corresponding
CADD and RegulomDB score generated by software FUMA. (a) LIPC/ALDH1A2, Ever
Smoking. (b) DDX28/DUS2/NFATC3, Ever smoking. (c) LPL, Ever smoking. (d) CETP, ever
smoking.

HDL-C x Ever Smoking
(a) (c)

nnnnnnnnnn

(e)




Supplementary Figure 11.6. Zoomed locus-specific plots for the GXE loci identified by Ty z_g.e for TG. In each
panel, top is -log10(P-value) and bottom is the corresponding CADD and RegulomDB score generated by software
FUMA. (a) LPL, Current Drinking. (b) BUD13, Current Drinking (c) APOE/APOC1, Current Drinking. (d)
AC091114.1, Regular drinking. (¢) BUD13, regular drinking. (f) APOE/APOC1, Regular drinking. (g) LPL, Regular
Drinking.
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Supplementary Figure 11.7. Zoomed locus-specific plots for the GXE loci identified by
Tyr—cxg for TG. In each panel, top is -log10(P-value) and bottom is the corresponding CADD
and RegulomDB score generated by software FUMA. (a) ZNF512, Current Smoking. (b)
AC091114.1, Current Smoking (c) BUD13, Current Smoking (d) LPL, Current Smoking. (e)
APOE/APOC1, Current Smoking.
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Supplementary Figure 11.8. Zoomed locus-specific plots for the GXE loci identified by
Tyr—cxg for TG. In each panel, top is -log10(P-value) and bottom is the corresponding CADD
and RegulomDB score generated by software FUMA. (a) BUD13, Ever Smoking. (b)
APOE/APOC1, Ever Smoking. (c) AC091114.1, Ever Smoking. (d) LPL, Ever Smoking.
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Supplementary Figure 12. The circle Manhattan plots of G X E by
Tyr cxg Tor LDL-C, HDL-C and TG in ancestry specific analysis.
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Supplementary Figure 13.1. (a)-(b): the MAGMA tissue enrichment analysis across 30 general
tissue types and 54 specific tissue types from GTEX, respectively, for LDL-C and Current

Drinking based on Ty r_¢xg test; (¢)-(d): Differentially expressed genes across 30 general tissue

types and 54 specific tissue types, respectively, for LDL-C and Current Drinking based on
Tyr-cxp test. (€)-(h): the counterparts of (a)-(d) for LDL-C and Regular Drinking.
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LDL-C x Current Smoking

LDL-C x Ever Smoking

Supplementary Figure 13.2. (a)-(b): the MAGMA tissue enrichment analysis across 30 general tissue
types and 54 specific tissue types from GTEX, respectively, for LDL-C and Current smoking based on
Tuyr—cxr test; (c)-(d): Differentially expressed genes across 30 general tissue types and 54 specific tissue
types, respectively, for LDL-C and Current smoking based on Ty r_sx£ test. (€)-(h): the counterparts of
(a)-(d) for LDL-C and Ever Smoking.
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Supplementary Figure 13.3. (a)-(b): the MAGMA tissue enrichment analysis across 30 general tissue
types and 54 specific tissue types from GTEX, respectively, for HDL-C and Current Drinking based on
Tur—cxe test; (¢)-(d): Differentially expressed genes across 30 general tissue types and 54 specific tissue
types, respectively, for HDL-C and Current Drinking based on Ty g_¢x£ test. (€)-(h): the counterparts of
(2)-(d) for HDL-C and Regular Drinking.
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Supplementary Figure 13.4. (a)-(b): the MAGMA tissue enrichment analysis across 30 general
tissue types and 54 specific tissue types from GTEX, respectively, for HDL-C and Current
smoking based on Ty r_cxe test; (¢)-(d): Differentially expressed genes across 30 general tissue
types and 54 specific tissue types, respectively, for HDL-C and Current smoking based on
Tyr—cxe test. (€)-(h): the counterparts of (a)-(d) for HDL-C and Ever Smoking, respectively.
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Supplementary Figure 13.5. (a)-(b): the MAGMA tissue enrichment analysis across 30 general
tissue types and 54 specific tissue types from GTEX, respectively, for TG and Current Drinking
based on Tyr_¢xg test; (¢)-(d): Differentially expressed genes across 30 general tissue types and
54 specific tissue types, respectively, for TG and Current Drinking based on Tyr_¢x5 test. (€)-
(h): the counterparts of (a)-(d) for TG and Regular Drinking.
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Supplementary Figure 13.6. (a)-(b): the MAGMA tissue enrichment analysis across 30 general tissue
types and 54 specific tissue types from GTEX, respectively, for TG and Current Smoking based on
Tur—cxe test; (¢)-(d): Differentially expressed genes across 30 general tissue types and 54 specific tissue
types, respectively, for TG and Current Smoking based on Ty r_¢.x test. (€)-(h): the counterparts of (a)-
(d) for TG and Ever Smoking.
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Supplementary Figure 14. Colocalization between TM6SF2 gene and LDL-C x Current
Smoking in Lung tissue. rs1009136 is a potential causal SNP with CLPP 0.5216.
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Colocalization between MAU2 gene and LDL-C x Current Drinking in Liver tissue. rs10401969
is a potential causal SNP with CLPP 0.8211.
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Colocalization between OPA3 gene and LDL-C x Current Drinking in Liver tissue. rs4420638 is
a potential causal SNP with CLPP 0.3284.
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Colocalization between APOC1P1 gene and TG x Regular Drinking in Liver tissue. rs584007 is
a potential causal SNP with CLPP 0.1479.
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Colocalization between APOC1P1 gene and TG x Current Drinking in Liver tissue. rs584007 is

causal SNP with CLPP 0.1459
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Colocalization between MT1DP gene and TG x Current Drinking in Liver tissue.
rs584007 is causal SNP with CLPP 0.8305.
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Colocalization between CETP gene and HDL-C x Ever Smoking in Stomach tissue. rs12720926

is a potential causal SNP with CLPP 0. 2736.
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Colocalization between CETP gene and HDL-C x Ever Smoking in Stomach tissue. rs3816117 is
a potential causal SNP with CLPP 0.1678.
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Supplementary Figure 15. The effect of adding a variant within the 500kb region of the SNP reported in Table 1. The significance
(P-value of the interaction test) of the SNPs in table 1 have little changes, indicating no variants in the region can account for the

interaction evidence.
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