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SUPPLEMENTARY METHODS

Populations

All SCD participants were of African ancestry. All patients were at > 3 months from a blood
transfusion and only ten patients were taking hydroxyurea (HU) at baseline. DNA genotyping
of SCD cohorts has been described elsewhere.'2 We imputed missing genotypes on TOPMed
freeze 5 using the Michigan Imputation Server and conserved only SNPs with sufficient

imputation quality (r2 > 0.3).3

We used the definition from the clinical CSSCD papers to define clinical outcomes.
Stroke was defined as an acute neurologic syndrome secondary to occlusion of an artery or
hemorrhage with resultant ischemia and neurologic symptoms and signs and thus included
transient ischemic attack, completed infarctive stroke (neurologic deficits lasting more than
24 hours), and hemorrhagic stroke.* °> Vaso-occlusive crisis (VOC) was defined as the
occurrence of pain in the extremities, back, abdomen, chest, or head that lasted at least two
hours, led to a clinic visit, and could not be explained except by sickle cell disease.® Acute
chest syndrome (ACS) diagnosis was retained each time a patient (1) developed a new
infiltrate on chest x-ray and/or (2) had a perfusion defect demonstrable on a lung

radioisotope scan.”

PTS for HT
PTS derived by the Blood-Cell Consortium considered the effect sizes of variants that reach
genome-wide significance (P < 5x10°8) in multi-ancestry meta-analyses of 746,667 individuals,

including 15,171 African-ancestry participants.2 We generated additive PTS for each individual



and HT by calculating the sum of HT-increasing alleles weighted by the corresponding multi-
ancestry GWAS effect size. We did not test effect sizes derived exclusively from African-
ancestry meta-analyses because we showed previously that they under-performed multi-

ancestry effect sizes.®

To design a PTS for HbF, we used conditional analyses to select independent variants
at BCL11A, HBS1L-MYB, and B-globin loci. We retained 2 independent variants at BCL11A
(rs1427407, rs7606173), 3 independent variants at HBS1L-MYB (rs6940878, rs9389269,
rs114398597), and one variant at the B-globin locus (rs10128556, Table S2).°*! We adjusted
each HT for sex and age, and then applied inverse normal transformation. We tested the
association between PTS z-score and normalized HT by linear regression with the 10 first

principal components (PCs) as covariables.

To compare PTS performance in SCD and non-SCD cohorts, we bootstrapped 1,000
times 1,278 African-ancestry individuals from the UK Biobank cohort and compared the
variance explained in each bootstrapped subset to the variance explained in the SCD cohorts
(considering only cohorts with significant association for the given HT). We derived an
empirical P-value which corresponds to the number of bootstrapped iterations in which the

variance explained in the SCD cohort(s) was lower than in the non-SCD individuals.

We also tested the previously published 4-SNPs model for HbF (g(HbF)).12 This model
includes the rs7482144 SNP (Xmnl polymorphism located in the Gy-globin gene promoter) for
which the alternate allele is specific to the Senegal and the Arab-Indian sickle cell haplotypes.

This SNP was not genotyped in our datasets and its imputation was not possible as there are



no linkage disequilibrium proxies in the reference TOPMed African-ancestry dataset.? We
previously genotyped this SNP in a subset of the CSSCD,*3 and were able to test g(HbF) in 816

CSSCD participants for whom the data for the four SNPs was available.

We analyzed the respective contribution of a-thalassemia and PTS on HT variance
explained in the CSSCD cohort by adding a-thalassemia as a covariate in the previous models.

We reported the adjusted variance explained by each of the terms

Association between HT or PTS with SCD-related clinical outcomes

We limited our analyses of the association between PTS and outcomes (VOC rate, ACS rate,
stroke) to the large CSSCD. Further, we only considered PTS for which corresponding HT was
nominally associated with the outcome (P < 0.05). First, we fitted Cox proportional hazard
ratio models (for stroke) or quasi-Poisson regression models (for VOC and ACS rates) for the
outcome on each HT (measured value), adjusting for age, sex and SCD subtype. To consider
that death could be a competitive risk for stroke, we used Fine and Gray’s method!* to fit the
subdistribution hazard model with the same covariates. Second, we repeated these analyses
after replacing the HT by the corresponding PTS. To determine if the PTS improves model
beyond the measured HT, we performed an analysis of deviance. The difference between the
residual deviances of the two models follows a x? distribution with n degrees of freedom,
where n corresponds to the difference in the number of degrees of freedom of the two

models (i.e. one degree of freedom when adding the PTS).

We attempted to replicate the association between PTS for HbF and stroke in the GEN-

MOD cohort but were limited by the low cumulative incidence of stroke (3.4% in GEN-MOD,



i.e. n = 14 stroke cases) vs 8.3% in the CSSCD). Using G*Power,'> we computed the sample
size needed to replicate our PTShpe-stroke results from the CSSCD using logistic regression and
the following parameters: odds ratio (OR) = 0.75, a = 0.05, power = 0.80 and raw incidence
under null hypothesis (p1) = 0.034 (GEN-MOD adult data) or 0.018 (considering the current
primary prevention in children using data reported elsewhere).® We estimated that 2,800
individuals would be required with the GEN-MOD incidence rate and 5,180 with the published

cumulative incidence rate in children.

Mendelian randomization (MR)

For MR analyses, we initially focused on the following combinations of HT and complications:
WBC and neutrophil counts for survival,'” 18 and HbF for VOC rate,*® ACS rate,” and stroke.?”
21 For WBC and neutrophil counts, we used the SNPs-HT effects from PTS analyses described
above. To ensure that these variants were independent, we further pruned them using
PLINK1.9b6.10 (r? > 0.01 within 5-Mb windows).?? To determine if we had sufficient power to
detect causality between WBC/NEU and survival in SCD patients, we performed power
calculations using the mRnd tool.?® Under a series of realistic assumptions and parameters (N
= 1,278, 44 cases, a = 0.05, odds ratio (OR) of exposure on outcome 1.15 and variance
explained by the PTS ~3-3.9%), we calculated < 5% power. For this reason, we do not report
MR results for survival in our study. For HbF, we selected as instruments the six SNPs used in
the PTS analyses. These variants represent valid instrumental variables for MR analyses
because (1) they are strongly associated (P < 5x10°8) with the exposure (HbF) in several
cohorts, and (2) are functionally implicated in HbF production through characterized
molecular mechanisms, thus reducing the chance of horizontal pleiotropy.>! To ensure

independence between instruments, we calculated the conditional effect size of the SNPs on



normalized HbF levels in the GEN-MOD cohort using a multivariate model (linear regression
adjusting for sex, age and 10 first principal components), and used these effect sizes in the
CSSCD to test causality with complications using the two-sample MR framework. Association
between SNPs and complications were carried out in the CSSCD cohort using logistic
regression for stroke and death and linear regression for VOC and ACS rate (normalized using
inverse normal transformation), adjusting for sex, age and SCD subtype in every case. We
used mRnd to calculate power. For HbF and stroke, we calculated 60% power (N = 1,278, 105
cases, o = 0.05, OR = 0.55, variance explained by PTS on HbF = 22.5%). For HbF and VOC or
ACS, we calculated power that ranges from 14% (true effect size of HbF on trait = 0.05) to 92%
(true effect size of HbF on trait = 0.2) using these assumptions (N = 1,278, a = 0.05, observed
effect of exposure on outcome = 0.73 for VOC and 0.1 for ACS, variance explained by PTS on
HbF = 22.5%). For these power calculations, we normalized both the exposure (HbF) and the
outcome (VOC or ACS) to obtain mean = 0 and variance = 1 (to be consistent with built-in

functionalities of the power calculation mRnd tool).

We performed all MR analyzes in RStudio (version 1.2.5033) using the TwoSampleMR
package (version 0.5.5).2 We used the multiplicative random-effect inverse variance-
weighted (IVW) approach as the main method for each MR analysis, as IVW is robust and has
high statistical power in the absence of horizontal pleiotropy.? We also performed MR Egger
and weighted median MR methods as sensitivity analyses to take into account potential
horizontal pleiotropy,?® 2’ but we only considered their results if the corresponding IVW
results were significant. We assessed the validity of our statistically significant results by

testing for horizontal pleiotropy (using the MR-Egger intercept test) and heterogeneity (using



Cochran’s Q and |2 statistics). We obtained consistent results using Cox proportional-hazards

(stroke and death) and quasi-Poisson (VOC and ACS rates) regression.

GWAS of HT in SCD patients

We adjusted HT for sex and age, and then applied inverse normal transformation. We
performed GWAS for each HT available in the three SCD cohorts separately using RvTests
(v20190205),%® testing an additive genetic model and correcting for the 10 first principal
components. We then performed a meta-analysis of the GWAS results using METAL.?° We
used the widely accepted alpha threshold of 5x10® to account for the number of variants
tested and declare statistical significance, consistent with the GWAS literature. Because

blood-cell traits are correlated, we did not correct for the number of phenotypes tested.

Comparing effect sizes of HT-associated SNPs in SCD patients and non-SCD individuals

For each SNP-HT pair considered in the multi-ancestry PTS models, we retrieved association
results from the SCD GWAS meta-analyses (above) and the published non-SCD multi-ancestry
meta-analyses from the Blood-Cell Consortium.®2 While there are 4,502 SNP-HT pairs in the
PTS, we could recover results for 4,201 (93%) of them in the SCD meta-analyses. We corrected
for multiple testing by computing a g-value for each SNP-HT association. To compare effect
sizes derived from the non-SCD and SCD GWAS meta-analyses, we calculated heterogeneity
P-values (P-diff) based on the following t statistic:3°

bSCD - bnon—SCD

t =
JSESZCD +SE£on—SCD —2r. SESCD- SEnon—SCD




where bsecp and bron-sco are the normalized effect sizes in SCD and non-SCD cohorts,
respectively; SEscp and SEnon-sco are the standard errors in SCD and non-SCD cohorts
respectively, and r is the Spearman rank correlation coefficient computed using effect sizes
(for the same effect allele) of all SNPs available in the meta-analyses. In our datasets, r ranged
from -0.0016 to 0.0007 across different HT. From the t statistic, we can calculate a P-value

using the normal distribution. Finally, we computed a g-value from the P-diff obtained.

For the Duffy/DARC null variant (rs2814778) association with neutrophil and WBC
counts, we compared the additive and recessive models in each cohort, correcting each
model for the 10 first principal components. We computed the variance explained in each
cohort by rs2814778 using the following formula: 2pgB?, where p is the frequency of the

effect allele, g is 1-p and B is the normalized effect size of the effect allele on the HT.3!

Statistical analyses

We performed all statistical analyses using RStudio (version 1.2.5033) or GraphPad Prism
(version 9.2.0, GraphPad Software, LLC, CA). We performed only two-sided tests and used a
P-value < 0.05 to consider statistical significance, unless a lower threshold is specified. For
Cox proportional hazard models, we defined time to event as the time from inclusion to event
(i.e. stroke or death), as recorded in the CSSCD database. We used Storey Tibshirani’s method

to obtain g-values with a 5% false discovery rate.3?
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Figure S1. Mendelian randomization (MR) results for fetal hemoglobin (HbF) levels on acute
chest syndrome (ACS, A) and vaso-occlusive crisis (VOC, B). Each dot represents one of the
HbF-associated SNP, with its corresponding effect on normalized HbF levels (x-axis, standard
deviation units) and normalized ACS/VOC rate (y-axis, standard deviation units). Horizontal
pleiotropy for ACS and VOC was MR-Egger intercept = -0.04, standard error (SE) = 0.05, P =
0.44 and MR-Egger intercept = -0.09, SE = 0.05, P = 0.15, respectively. Heterogeneity for ACS

and VOC was 12 = 19% and |12 = 34%, respectively. See Table S5 for details.
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Figure S2. Platelet count distribution across rs8090527 genotypes in SCD (CSSCD cohort) and

non-SCD (UK Biobank downsampled cohort) individuals using an additive model.
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Figure S3. Neutrophil count distribution across rs2814778 genotypes in SCD (CSSCD cohort)
and non-SCD (UK Biobank and UK Biobank downsampled cohorts) individuals. We used a

recessive model consistent to our findings shown in Table S7.
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Figure S4. Quantile-quantile plots of the meta-analyses of the GWAS results for hematological
traits performed in sickle cell disease patients. Asc: lambda genomic control, inflation factor.
MCH: mean corpuscular hemoglobin, MCV: mean corpuscular volume, RBC: red blood cells,

WBC: white blood cells.
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SUPPLEMENTARY TABLES

Table S1. Population demographics. Alpha-thalassemia status is not available for the GEN-
MOD and Mondor/Lyon cohorts. For vaso-occlusive crises (VOC) and acute chest syndrome

(ACS), rates are defined as the number of episodes per year. NA, not available.

UK Biobank
L GEN-MOD? )
Characteristic CSSCD? 34,35 Mondor/Lyon3¢ [ OMG*’ (African-
ancestry)3®
Number of
individuals included 1,278 406 372 333 6,627
Sex, male/female 616/662 | 222/184 139/233 142/191 | 2,930/3,697
+
?ge (vear), meant |, 15 3149 35+ 13 35+ 13 52+8
a-thalassemia, n
395 (31) NA NA NA NA
(%)
+
\S/S Crate, meant | g1 4142 NA NA NA NA
+
/ggs rate, meant | 1340.29 NA NA NA NA
Stroke, n (%) 105(8.3) | 14(3.4) NA NA NA
Death, n (%) 44 (3.4) 19 (4.7) NA NA NA
- N
Hematocrit (%), 24.79+3.96 | 25.7+453 | 2605+4.24 | 2211 F | 403+3.85
mean + SD 5.68
8.68 +
Hb (g/L), mean + SD| 8.44+1.25 |8.76+132| 879+1.27 s | 1361£135
MCH + 35+
CH(pg), meant | 50/ 1288 |2030+4.14| 2025+493 | 393°% | 29664244
SD 4.46
MCV (fL), mean + 86.90 + 88.22 +
+ + +
S 89.12£8.57| 8532£1081 | °.7 © | 87.80£6.13
9 + +
Egc (10°/L), mean#| , o1 056 |3.0040.78 | 3.367 + 4.68 2(')9:4‘ 4.61+051
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6.40 +

HbF (%), mean +SD | 6.45+4.37 | 6.66+4.81| 7.973+6.37 e o5 NA
6 +
WBC (10%L), mean | 15 194378 |10.60+3.67] 10624301 | 18* | 5815166
+SD 4.09
. . 6
Eosinophils (107L). | 6 43+ 0.42 | 027+ 031 NA NA | 0.16%0.14
mean = SD
; 6
Basophils (10°/L), | .06+ 0.10 | 0.090.01 NA NA | 0.03+0.03
mean = SD
Lymphocytes
+ + *
(1050), mean + Sp | 478244 |359+146 NA NA 2.12+0.67
6
Monocytes (10°7L). | g5+ 0.56 | 0.81+0.49 NA NA | 039+0.16
mean = SD
H 6
Neutrophils (10%/L).| 5 45 1 544 | 5.84+ 267 NA NA | 3.10%1.27
mean = SD
Platelets (109/L), 4492+ | 391.0% 3303+
+ +
D 147,00 1203 3823+131.44 | | o [253.43£59.34
+
MPV (fL), mean £ NA 8.62 +1.02 NA NA 9.68 +1.17

SD
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Table S2. SNPs selected to derive the fetal hemoglobin (HbF) polygenic trait score (PTSHbE).

We selected six independently HbF-associated variants and used the published effect sizes

(normalized HbF betas conditioned on all other HbF variants) as weights in an additive PTS

model.

SNP coordinate (hg38) Effect allele | Effect size SNP ID Gene Reference
chr2:60490908_G_T T 0.6634 rs1427407 BCL11A 9
chr2:60498316_C_G C -0.2632 rs7606173 BCL11A 9
chr6:135045171_A_G G -0.2342 rs6940878 HBSL1-MYB 10
chr6:135106021_C T C 0.581725 rs9389269 HBSL1-MYB 10
chr6:135107536_A_G G 0.677248 rs114398597 HBSL1-MYB 10
chr11:5242453 C_T T 0.421 rs10128556 | B-globin locus 1

15



Table S3. Association between sickle cell disease (SCD)-related complications and

hematological traits (HT) or corresponding polygenic trait scores (PTS) in 1,278 genotyped

participants from the CSSCD. We used Cox proportional-hazards models for stroke, and quasi-

Poisson regression for acute chest syndrome (ACS) and vaso-occlusive crises (VOC) rates. We

first tested the association between raw HT and complications, correcting for age at

recruitment, sex, a-thalassemia status, and 10 first principal components. We then replaced

the HT by its corresponding normalized PTS. EOS: eosinophils, LYM: lymphocytes, MCH: mean

corpuscular hemoglobin, MCV: mean corpuscular volume, MON: monocytes, MPV: mean

platelet volume, NEU: neutrophil count, PLT: platelet count, WBC: white blood cell count, HR:

hazard ratio, SE: standard error.

Hematological trait Normalized PTS for hematological trait

HR or Beta | 95% Cl or SE | P-value HR or Beta |95% Clor SE|  P-value
Stroke, Cox proportional-hazards model
MCH 1.03 0.92-1.14 0.62 1.00 0.83-1.22 0.97
MCV 1.03 0.99-1.06 0.11 1.02 0.84-1.23 0.84
HbF 0.89 0.83-0.95 0.0005 0.74 0.60-0.91 0.004
WBC 1.10 1.04-1.16 0.001 1.00 0.82-1.22 0.99
EOS 1.06 0.63-1.78 0.83 0.85 0.70-1.03 0.90
LYM 1.10 1.00-1.204 0.04 1.01 0.83-1.23 0.90
MONO 1.41 0.97-2.05 0.07 0.89 0.73-1.09 0.24
NEU 1.11 1.02-1.22 0.02 0.98 0.80-1.19 0.82
PLT 1.00 1.00-1.00 0.60 0.90 0.74-1.10 0.30
ACS, quasi-Poisson regression
MCH -0.03 0.02 0.17 0.01 0.06 0.80
MCV -0.01 0.01 0.16 0.02 0.06 0.69
HbF -0.07 0.02 0.00002 -0.20 0.06 0.0005
WBC 0.03 0.01 0.05 -0.04 0.06 0.51

16



EOS 0.25 0.12 0.04 -0.02 0.05 0.75
LYM 0.04 0.02 0.06 -0.04 0.05 0.50
MONO 0.03 0.10 0.78 -0.06 0.06 0.30
NEU 0.03 0.02 0.17 -0.01 0.06 0.83
PLT 0.00 0.00 0.44 -0.01 0.05 0.92
VOC, quasi-Poisson regression

MCH -0.04 0.02 0.06 0.04 0.05 0.42
MCV -0.01 0.01 0.24 0.10 0.05 0.03
HbF -0.03 0.01 0.036 0.06 0.05 0.21
WBC -0.01 0.01 0.59 -0.02 0.05 0.64
EOS -0.03 0.13 0.84 0.03 0.05 0.50
LYM -0.04 0.03 0.10 0.02 0.05 0.68
MONO 0.03 0.10 0.72 0.03 0.05 0.47
NEU 0.01 0.02 0.70 0.01 0.05 0.82
PLT 0.00 0.00 0.15 0.03 0.05 0.60

17



Table S4. The polygenic trait score (PTS) for fetal hemoglobin (PTShwe) levels improves the
association with vaso-occlusive crises (VOC) rates for patients with low (<10%) HbF levels. We
carried out these analyses in 1,139 CSSCD participants. To compare the statistical models, we
performed an analysis of deviance and compared a baseline model (HT, age, sex, a-
thalassemia, and 10 first principal components) with a model that included the same

predictors as well as PTSHpr.

HbF < 10% (n = 930) HbF 2 10% (n = 209)

Beta (SE) P-value Beta (SE) P-value
Baseline model (VOC association without PTSbe)
HbF -0.002 (0.022) 0.91 -0.14 (0.046) 0.0027
Age 0.018 (0.004) 1.9x10° 0.031 (0.008) 0.00014
Sex -0.009 (0.109) 0.94 -0.092 (0.24) 0.70
a-thalassemia 0.04 (0.03) 0.23 -0.0004 (0.07) 0.99
Complete model (VOC association with PTShpr)
HbF -0.022 (0.024) 0.37 -0.14 (0.045) 0.0026
Age 0.017 (0.004) 6.9x10° 0.028 (0.008) 0.0007
Sex 0.001 (0.110) 1.00 -0.092 (0.23) 0.70
a-thalassemia 0.040 (0.029) 0.16 -0.006 (0.07) 0.92
PTSHbr 0.129 (0.065) 0.05 0.156 (0.13) 0.25
Comparison between the two models

X2 (1 degree-of- P-value X2 (1 degree-of- P-value

freedom) freedom)
Residual
deviance 9.3 0.002 2.17 0.14
difference

18



Table S5. Mendelian randomization (MR) results for hematological traits (HT) and sickle cell
disease (SCD) complications. We selected the SNPs included in the polygenic trait scores (PTS)
as instruments. We used a two-sample MR approach to test the causality of fetal hemoglobin
(HbF) with acute chest syndrome (ACS) rate, vaso-occlusive crises (VOC) rate and stroke. We
used inverse variance weighted as the main method and MR Egger and weighted median only
as sensitivity analyses. Thus, we did not consider MR result for HbF on VOC as significant (see
Supplementary methods). We obtained consistent results using Cox proportional-hazards

(stroke and death) and quasi-Poisson (VOC and ACS rates) regression.

Outcome [Exposure (HT) Method Number Beta Standard P-value
of SNPs error
Inverse variance weighted
- 6.50E-
(multiplicative random 6 -0.499 | 0.147 04
HbF effects)
Stroke MR Egger 6 -0.305 | 0.509 | 0.582
(Necases = Weighted median 6 |-0374| 0.283 | 0.186
104,
Neontrols= Inverse'va.rlar.\ce weighted 3.79E-
1,168) (multiplicative random 5 -0.454 | 0.098 06
’ HbF effects)
(excluding
rs114398597) MR Egger 5 -0.373 | 0.286 | 0.193
Weighted median 5 -0.191 | 0.518 | 0.737
Inverse variance weighted
(multiplicative random 6 -0.099 | 0.052 | 0.059
effects
(l\? ES1rgt7e1) HoF )
- MR Egger 6 -0.010 | 0.064 | 0.933
Weighted median 6 -0.083 | 0.116 0.19
Inverse variance weighted
(multiplicative random 6 0.103 | 0.066 0.12
effects)
el
(N=1,271) MR Egger 6 | 0290 | 0118 | 0.071
Weighted median 6 0.155 | 0.067 | 0.021
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Table S6. SNPs with a significantly different effect size on hematological trait (HT) between sickle cell disease (SCD) and non-SCD individuals.

For all the 4,201 SNP-HT pairs present in the 11 PTS, we compared the meta-analyzed effect sizes between SCD and non-SCD datasets using

the heterogeneity t statistic (see Supplementary methods). We found only two SNPs with both a significant difference in the effect size and a

significant association with HT in the SCD meta-analysis after correction for multiple testing (g-value < 0.05). Note that for the Duffy/DARC

variant (rs2814778), the effect allele frequency (EAF) is very different between the SCD cohorts (C-allele, 85%) and the multi-ancestry meta-

analyses (C-allele, 2%) because ~98% of the samples were of non-African ancestry. We confirmed the difference in Duffy/DARC variant effect

size using a downsampled cohort of non-SCD African-ancestry individuals from the UK Biobank (n = 1,278). The association between rs8090527

and PLT count could not be replicated in downsampled UK Biobank cohort nor in 333 SCD participants from the OMG cohort (C-allele

frequency = 0.34 ; Beta_C_allele =0.0961 ; standard error (SE) = 0.0842 ; P-value = 0.25).

SCD

(CSSCD cohort, Nmax= 1,015)

Non-SCD

(BCX, Nmax= 716,308)

Non-SCD downsampled
(African-ancestry, UK
Biobank, Nimax= 1,278)

Heterogeneity
(BSCD = Bnon—SCD?)

Position Ref/Effect| Beta Beta P-value t | gq-value | P-value t stat
HT (hg38) SNP allele EAF (SE) P-value |q-value| EAF (SE) P-value | EAF |Beta (SE)| P-value stat tstat |(downsampled)
-0.288 -0.546 -1.050
NEU |1:159204893| rs2814778 T/C 0.85 (0.06) 4.1E-6 0.015 |[0.02 (0.012) 0 0.91 (0.71) 1.1E-44 | 4.1E-6 0.031 9.1E-16
-0.144 -0.012 -0.001
PLT [18:51257657| rs8090527 T/C |0.37 (0.03) 1.9€-5 0.036 |0.51 (0.002) 1.1E-13 | 0.34 (0.04) 0.99 1.9€-5 0.037 0.004
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Table S7. Comparison of the Duffy/DARC null rs2814778 effect on neutrophil and white blood

cell (WBC) counts between the additive and recessive genetic models. We computed the

effect of rs2814779 on normalized neutrophil and WBC counts (after adjusting for age and

sex) using both additive and recessive model. We used the first 10 principal components as

covariates. In the UK Biobank, we only analyzed participants of African ancestry. The effect

size (Beta and standard error [SE]) is for the C-allele (additive model) or the CC genotype

(recessive model). We calculated the phenotypic variance explained only for nominally

significant associations. Neutrophil count is not available in the Mondor/Lyon cohort. EAF:

effect allele frequency, N: sample size.

Additive Recessive
Cohort N EAF Beta (SE) [ P-value Variance Beta (SE) [ P-value Variance
(%) (%)
Neutrophil count
-0.313 . -0.353 "
CSSCD 934 0.842 (0.065) 1.58x10 2.61 (0.073) 1.64x10 3.34
GEN- -0.083 -0.019
MOD 400 0.939 (0.19) 0.661 - (0.209) 0.927 -
UK -0.986 | 2.03x10 -1.166 | 5.96x10
giobank | %64 | 0906 | o os 0 1651 | 0 033) 730 23.12
White blood cell count
-0.164 -0.178
CSSCD 1,014 0.845 (0.056) 0.004 0.71 (0.064) 0.005 0.84
GEN- -0.135 -0.092
MOD 400 0.939 (0.189) 0.474 - (0.208) 0.657 -
Mondor/ -0.053 -0.151
322 0.935 0.775 - 0.481 -
Lyon (0.187) (0.214)
UK -0.879 | 1.56x10° -1.041 | 4.96x10
4 0.906 13.1 18.42
Biobank 6,58 90 (0.032) 150 3-13 (0.036) 71 8
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Table S8. Comparison of neutrophil count between Duffy-positive individuals with a polygenic
trait score (PTS) in the lowest quintile and Duffy-negative individuals with a PTS in the highest
quintile from the CSSCD, African-ancestry UK Biobank individuals, and a downsampled cohort

of African-ancestry UK Biobank participants (to match the number of genotyped CSSCD

participants).

Duffy+ lowest PTS quintile Duffy- highest PTS quintile
Neutrophil count Neutrophil
Cohort N N count (mean ¢ P-value
(mean % SD)
SD)
CSSCD 62 58126 129 5421 0.36
UK Biobank 313 41+13 1,034 30+£1.1 3.05x1033
Downsampled
+ + 9
UK Biobank 62 40+14 179 3011 5.82x10
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Table S9. Results of the GWAS meta-analyses for hematological traits (HT) in sickle cell disease

patients. We only report variants that reached genome-wide significance (P < 5x108). Except

for the variant on chromosome (chr) 3 associated with platelet (PLT) count, all other variants

associate with red blood cell (RBC) traits and are at the BCL11A (chr 2) and HBS1L-MYB (chr

6) loci. EAF: effect allele frequency, HCT: hematocrit, HGB: hemoglobin.

HT Chr P((:‘.:;ig)n Ref | Alt EAF Beta St::::)a"rd P-value [Direction| I2 He:::':(; P-
HCT 2 60490908 | T G | 0.2689 | 0.303 0.034 5.09E-19 +++ 0 0.9612
HGB 2 60490908 | T G | 0.2697 | 0.3187 | 0.0338 | 4.47E-21 +++ 0 0.8823
RBC 2 60490908 | T G | 0.2686 | 0.1918 | 0.0333 | 8.30E-09 +++ 28.8 0.2453
HCT 2 60492835 | C A | 0.2935 | 0.2512 | 0.0327 | 1.54E-14 +++ 0 0.8708
HGB 2 60492835 | C A | 0.2935 | 0.2707 | 0.0326 | 9.93E-17 +++ 0 0.7614
HCT 2 60493816 | A G | 0.2933 | 0.2504 | 0.0327 | 1.88E-14 +++ 0 0.8406
HGB 2 60493816 | A G | 0.2932 | 0.27 0.0326 | 1.17E-16 +++ 0 0.7394
HCT 2 60494905 | T C | 0.3856 |-0.1801| 0.031 5.94E-09 0 0.5633
HGB 2 60494905 | T C | 0.3844 |-0.1795| 0.0309 | 6.11E-09 0 0.4842
HCT 2 60495961 [ C | CA | 0.2842 | 0.2561 | 0.033 9.32E-15 +++ 0 0.836
HGB 2 60495961 | C | CA | 0.2846 | 0.2705 | 0.0329 | 1.95E-16 +++ 0 0.7371
HCT 2 60496951 | T C | 0.2891 | 0.258 | 0.0329 | 4.53E-15 +++ 0 0.8085
HGB 2 60496951 | T C | 0.2895 | 0.2746 | 0.0327 | 5.05E-17 +++ 0 0.6949
HCT 2 60496952 | G T | 0.2902 | 0.2583 | 0.0329 | 3.82E-15 +++ 0 0.8844
HGB 2 60496952 | G T | 0.2903 | 0.2756 | 0.0327 | 3.73E-17 +++ 0 0.735
HCT 2 60498316 | C G | 0.4224 | -0.183 | 0.0303 | 1.58E-09 0 0.7167
HGB 2 60498316 | C G | 0.4213 | -0.178 | 0.0302 | 3.79E-09 0 0.5893
PLT 3 1123967670 | C T | 0.0566 |-0.4085| 0.072 1.42E-08 49.3 0.1389
HCT 6 |135078218 | A G | 0.0267 | 0.5813 | 0.095 9.25E-10 +++ 46 0.1572
HGB 6 |135078218 | A G | 0.0269 | 0.6205 | 0.0945 | 5.24E-11 +++ 66.8 0.04897
HCT 6 |135086355| G A | 0.0287 | 0.5892 | 0.0916 | 1.25E-10 +++ 41.9 0.1789
HGB 6 135086355 | G A | 0.0288 | 0.6324 | 0.0912 | 3.99E-12 +++ 65 0.05735
HCT 6 135097526 | C G | 0.0281 | 0.5744 | 0.0925 | 5.35E-10 +++ 46.5 0.1544
HGB 6 135097526 | C G | 0.0282 | 0.6157 | 0.0921 | 2.28E-11 +++ 68.5 0.04185
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