
Table S1. Variant status, phenotype and references of all variants selected in NBDs, RDs and IHs. 

 Nomenclature  Functional studies  Genotypes and outcomes  

References 
 cDNA Protein rsID  Yes/No (ref) Class  

Nbr of 
patients 

Status 
Mutation on the 
second allele 

Outcome  

Variants reported in the IH1 motif 

 c.42C>G 
p.(Asn14Lys)  
N14K 

-  N -  2 siblings Homozygous Death (8y and 21y)  [1] 

 c.53A>G 
p.(Gln18Arg) 
Q18R 

-  N -  1 patient 
Compound 
Heterozygous  

R43C-P1653L LT (3y)  [1] 

 c.59G>T 
p.(Arg20Leu)  
R20L 

rs201777730  N -  6 patients 
Compound 
Heterozygous 

c.4483del25 RDS – Death < 1y  [2] 

L960S ILD – Alive (8y)  [3] 

c.2646dup RDS – Alive  (10mo)  [4] 

W179C ILD – Alive (15y)  [5] 

c.3544delC Death (1.3yr)  [1] 

W179C-P770L Death (10y)  [1] 

Variants reported in the ICL1 and IH2 motif 

 
c.863G>
A 

p.(Arg288Lys) 
R288K 

rs117603931  Y ( [6]–[8] ) III  

One of the 
most 
frequent 
variants 

Compound Heterozygous  
or Homozygous † 

Variable 
Homoz : RDS – Death < 1y 

 [1], [6], [9]–[12] 

 
c.875A>
T 

p.(Glu292Val) 
E292V 

rs149989682  
Y ( [7], [13]–
[16] ) 

II  

One of the 
most 
frequent 
variants 

Compound Heterozygous  
or Homozygous 

Variable 
Homoz : RDS – Alive (2y) 
or RDS – Death < 1y 
or ILD – Alive 

 
[1], [3], [5], 
[10]–[12], [17]–
[24] 

Variants reported in the NBD1 motif 

 
c.1675G
>A 

p.(Gly559Arg) 
G559R 

rs976333358  N -  1 patient 
Compound 
Heterozygous  

T1582S ILD – Alive (79y)  [19] 

 
c.1702A>
G 

p.(Asn568Asp) 
N568D 

rs121909184  Y ( [25]–[30] ) II  2 patients 
Compound 
Heterozygous  

G1438V Death < 1y  [1] 

G1438V Death after LT (< 1y)  [1], [31] 

 
c.1736T>
C 

p.(Leu579 
Pro) L579P 

-  N -  1 patient 
Compound 
Heterozygous  

c.3812delG RDS – Death < 1y  [9] 

 
c.1880T>
A 

p.(Leu627His) 
L627H 

-  N -  1 patient 
Compound 
Heterozygous  

c.1729_1730delTC Death < 1y  [1] 

 
c.2068G
>A 

p.(Glu690Lys) 
E690K 

-  Y ( [15] ) II  5 patients 
Compound 
Heterozygous 

E292V (2 siblings) ILD – Alive (11y and 9y)  [17] 

c.3863-98C>T RDS – Death < 1y  [32] 

R1482W Death < 1y  
[1] 

Homozygous LT (< 1y)  

 
c.2069A>
G 

p.(Glu690Gly) 
E690G 

-  N -  1 patient 
Compound 
Heterozygous  

R280C ILD – Alive (13y)  [33] 

 
c.2074A>
C 

p.(Thr692Pro) 
T692P 

-  N -  1 patient 
Compound 
Heterozygous  

P766S-L960F Death < 1y  [1] 



 
c.2078C
>T 

p.(Ser693Leu) † 
S693L 

rs200835546  Y ( [34] ) II  3 patients 
Compound 
Heterozygous  

N1418S (twins) Alive  [1] 

 NA ILD – Alive (3y)  [6] 

 
 

c.2086G
>A 

p.(Asp696Asn) 
D696N 

rs193920904  N -  2 siblings 
Compound 
Heterozygous  

c.1521delCA 
ILD – Alive (12mo) 
(sibling: no symptoms at 4y) 

 [35] 

 
c.2125C
>T 

p.(Arg709Trp) 
R709W 

rs148671332  N -  2 patients 
Compound 
Heterozygous  

NA ILD - Alive  [36] 

I1193M ILD – Alive (36y)  [11] 

 
c.2233G
>A 

p.(Gly745Arg) 
G745R 

-  N -  1 patient 
Compound 
Heterozygous  

P766S-L960F Death < 1y  [1] 

Variants reported in the RD1 motif 

 
c.2279T>
G 

p.(Met760Arg) 
M760R 

-  Y ( [8], [37] ) I  1 patient 
Compound 
Heterozygous  

R208W 
Severe ILD - Death after LT 
(8y) 

 [2] 

 
c.2282C
>T 

p.(Thr761Met) 
T761M 

rs369081312  N -  1 patient 
Compound 
Heterozygous  

A1362V 
Chronic lung disease – Alive 
(17mo) 

 [38] 

 
c.2296C
>T 

p.(Pro766Ser) † 
P766S 

rs45592239  N -  7 patients 
Compound 
Heterozygous  

1729delTC  RDS – LT (3mo)  [39] 
T1472R ILD – Alive (4y)  [5] 
G745R  

Death < 1y  [1] V1399M  

T692P  

R288K (twins) RDS – Death < 1y  [6] 

 
c.2309C
>T 

p.(Pro770Leu) † 
P770L 

rs143929832  N -  3 patients 
Compound 
Heterozygous  

c.1382_1383delTG LT < 1y 

 [1] R20L Death (10y) 

D219E Death < 1y 

 
c.2333A>
G 

p.(His778Arg) † 
H778R 

rs34912779  N -  2 siblings 
Compound 
Heterozygous  

A1528V 
mild RDS – Alive (9y) 
(sibling: RDS – Death < 1y) 

 [40] 

 
c.2393T>
C 

p.(Leu798Pro) 
L798P 

-  N -  1 patient 
Compound 
Heterozygous  

R1612P RDS – Death < 1y  [41] 

Variants reported in the IH3 motif 

 
c.2741A>
G 

p.(Lys914Arg) 
K914R 

rs763862811  N -  3 patients 

Compound 
Heterozygous 

c.3715_3716insGG
GGGG (2 siblings) 

ILD – Alive (5y)  
(sibling: Death < 1y) 

 [42] 

Homozygous LT < 1y  [43] 

 
c.2745G
>C 

p.(Lys915Asn) 
K915N 

rs1459105468  N -  1 patient 
Compound 
Heterozygous  

Y758X RDS – Alive (22mo)  [21] 

Variants reported in the IH4 motif 

 
c.3392A>
G 

p.(Gln1131Arg) 
Q1131R 

-  N -  1 patient 
Compound 
Heterozygous  

Q1591P ILD – Alive (13y)  [1], [31] 

Variants reported in the NBD2 motif 

 
c.4157T>
C 

p.(Leu1386Pro) 
L1386P 

-  N -  1 patient 
Compound 
Heterozygous 

L269dup Death < 1y  [1] 

 
c.4164G
>C 

p.(Lys1388Asn) 
K1388N 

-  
Y ( [8], [16], 
[37], [44] ) 

II  1 patient Homozygous RDS – Death < 1y  [44] 

             

 
c.4195G
>A 

p.(Val1399Met) 
V1399M 

rs763166660  Y ( [13] ) II  3 patients 
Compound 
Heterozygous 

W1554X RDS – Death < 1y  [45] 

Q1589X-R280C LT < 1y  
[1] 

P766S-L960F Death < 1y  



 
c.4231T>
C 

p.(Cys1411Arg) 
C1411R 

-  N -  1 patient Homozygous Death < 1y  [1] 

 
c.4253A>
G 

p.(Asn1418Ser) 
N1418S 

rs147036502  N -  3 patients 
Compound 
Heterozygous 

NA ILD – Alive  [32] 

R288K-S693L 
(twins) 

Alive  [1] 

 
c.4258G
>C 

p.(Ala1420Pro) 
A1420P 

rs1167324185  N -  2 siblings Homozygous Death < 1y - NA  [1] 

 
c.4261G
>A 

p.(Gly1421Arg) 
G1421R 

rs776453529  Y ( [14], [37] ) II  1 patient 
Compound 
Heterozygous  

P193S RDS – LT – Death <1y  [11] 

 
c.4268C
>T 

p.(Thr1423Ile) 
T1423I 

rs764069673  N -  1 patient 
Compound 
Heterozygous  

R208W RDS – Death < 1y  [20] 

 
c.4313G
>T 

p.(Gly1438Val) 
G1438V 

-  N -  2 patients 
Compound 
Heterozygous 

N568D Death < 1y  
[1] 

N568D LT < 1y  

 
c.4376G
>A 

p.(Gly1459Asp) 
G1459D 

-  N -  1 patient 
Compound 
Heterozygous  

A414T Death < 1y  [1] 

 
c.4411A>
G 

p.(Met1471Val) 
M1471V 

rs754896003  N -  1 patient 
Compound 
Heterozygous  

E292V Alive  [1] 

 
c.4415C
>G 

p.(Thr1472Arg) 
T1472R 

-  N -  1 patient 
Compound 
Heterozygous  

L960F-P766S ILD – Alive (4y)  [5] 

 
c.4444C
>T 

p.(Arg1482Trp) 
R1482W 

rs892042868  N -  4 patients 
Compound 
Heterozygous  

R43L RDS – Death < 1y  [20] 
E690K Death < 1y  

[1] IVS25-98 C>T 
(A54T in cis) 

NA  

G964S ILD – Alive (26y)  [46] 

 
c.4451G
>C 

p.(Arg1484Pro) 
R1484P 

-  N -  1 patient 
Compound 
Heterozygous  

E292V ILD – Death (61y)  [19] 

 
c.4483G
>A 

p.(Val1495Met) 
† V1495M 

rs141058709  N -  1 patient 
Compound 
Heterozygous  

c.4141_4142delCT Alive  [1] 

 
c.4561C
>T 

p.(Arg1521Trp) 
R1521W 

rs760872079  N -  2 patients 
Compound 
Heterozygous  

R208W ILD - Alive  [36] 

c.1112-20G>A NA  [1] 

 
c.4583C
>T 

p.(Ala1528Val) † 
A1528V 

-  N -  2 siblings 
Compound 
Heterozygous  

H778R-L1252P 
mild RDS – Alive  
(sibling: RDS – Death < 1y) 

 [40] 

 
c.4615G
>C 

p.(Asp1539His) 
D1539H 

-  N -  1 patient 
Compound 
Heterozygous  

Y1291X Death < 1y  [1] 

 
c.4618G
>A 

p.(Glu1540Lys) 
E1540K 

rs968080956  N -  1 patient 
Compound 
Heterozygous  

c.3990_3991delGA Death < 1y  [1] 

 
c.4648C
>T 

p.(Arg1550Trp) 
R1550W 

rs781422468  N -  1 patient 
Compound 
Heterozygous  

c.289insA RDS – LT – Death <1y  [3] 

 
c.4658T>
C 

p.(Leu1553Pro) 
L1553P 

rs121909183  Y ( [28] ) I  2 siblings Homozygous RDS – Death < 1y  [31] 

 
c.4732G
>A 

p.(Glu1578Lys) 
E1578K 

rs1034626421  N -  1 patient 
Compound 
Heterozygous  

Q1591P ILD – Alive (15y)  [3] 

 
c.4739T>
C 

p.(Leu1580Pro) 
L1580P 

-  Y ( [26]–[28] ) II  2 siblings 
Compound 
Heterozygous  

c.4552insT RDS – Death < 1y  [31] 

 
c.4745C
>G 

p.(Thr1582Ser) 
T1582S 

rs574182515  N -  1 patient 
Compound 
Heterozygous  

G559R ILD – Alive (79y)  [19] 

 -  N -  4 patients c.384delC RDS – Death < 1y  [36] 



c.4747C
>T 

p.(Arg1583Trp) 
R1583W 

Compound 
Heterozygous  

R43C RDS – Death < 1y  [5] 

c.1858_1862delAAC
TT 

Death < 1y  [1] 

c.4483_4507del25 PAP – Death < 1y  [38] 

 
c.4772A>
C 

p.(Gln1591Pro) 
Q1591P 

rs28936691  Y ( [28] ) I  2 patients 
Compound 
Heterozygous  

Q1131R ILD – Alive (13y)  [1], [31] 
E1578K ILD – Alive (17y)  [1], [3] 

 
c.4784T>
C 

p.(Leu1595Pro) 
L1595P 

-  N -  1 patient 
Compound 
Heterozygous  

D253Y RDS – LT (3mo)  [39] 

Variants reported in the RD2 motif 

 
c.4835G
>C 

p.(Arg1612Pro) 
R1612P 

-  N -  1 patient 
Compound 
Heterozygous  

L798P RDS – Death < 1y  [41] 

 
c.4958C
>T 

p.(Pro1653Leu) 
† P1653L 

rs774227126  N -  1 patient 
Compound 
Heterozygous  

Q18R LT (3y)  [1] 

ILD: interstitial lung disease; RDS: respiratory distress syndrome; LT: Lung transplantation; PAP: pulmonary alveolar proteinosis. 

† Complex alleles: R288K was identified in cis with the Q215K variant in double homozygous state, S693L was identified in cis with the R288K variant, P766S 
in cis with L960F, P770L in cis with W179C, H778R in cis with L1252P, V1495M in cis with V129M, P1653L in cis with R43C. 
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Table S2. Existing variants in NBDs and IHs but not included in the manuscript (Table 1).  

 Nomenclature  
Epidemiologic data from 
gnomAD 

   In silico prediction  Aggregators 

 cDNA name Protein name rsID  
Allelic 
Freq. (all) 

Homozygous 
Count 

 ClinVar  SIFT a PolyPhen-2 b  
Mutation 
Taster c 

CADD VarSome InterVar 

Variants reported in the IH1 motif 

 c.1A>C 
p.(Met1Leu) 
M1L 

-  - 0  -  - -  - 19.8 
Likely 
Pathogenic 

VUS 

Variants reported in the ICL1 and IH2 motif 

 c.883C>T 
p.(Arg295Cys) 
R295C 

rs755104182  0.002% 0  -  D B  D 23.3 VUS VUS 

Variants reported in the NBD1 motif 

 c.1721C>T 
p.(Thr574Ile) 
T574I * 

-  NA 0  -  D D  D 24.3 VUS VUS 

 c.1814G>A 
p.(Arg605Gln) 
R605Q 

rs760006956  0.00% 0  -  D D  D 24.1 
Likely 
Benign 

VUS 

 c.1887C>G 
p.(Phe629Leu) 
F629L 

rs773466367  0.00% 0  -  D D  D 24.7 VUS VUS 

 c.1999G>A 
p.(Gly667Arg) 
G667R 

rs754159546  0.00% 0  -  D D  D 25.1 VUS VUS 

 c.2003G>A 
p.(Gly668Asp) 
G668D 

rs397518427  NA 0  -  D D  D 24.5 VUS VUS 

Variants reported in the NBD2 motif 

 c.4393G>A 
p.(Asp1465Asn) 
D1465N 

rs201955122  0.01% 0  -  D D  D 28.3 VUS VUS 

 c.4420C>T 
p.(Arg1474Trp) 
R1474W 

rs146709251  0.43% 5  Benign  D D  D 23.3 Benign 
Likely 
Benign 

 c.4547G>A d 
p.(Ser1516Asn) 
S1516N * 

-  - 0  -  D D  D 35 Pathogenic VUS 

This table includes variants identified in heterozygous carriers, variants quoted in Wambach et al. (2012) found in RDS patients with no clinical 
data, and variants that have been studied in cell models but not reported in patients. 

a The SIFT score ranges from 0.0 to 0.05 are considered deleterious and those ranges from 0.05 to 1.0 are predicted to be tolerated (benign). SIFT: B = tolerated, 
D = deleterious. 
b The PolyPhen-2 score represents the probability that a substitution is damaging: scores ranging from 0.0 to 0.15 are predicted to be benign, scores ranging 
from 0.15 to 1.0 are predicted to be possibly damaging and scores ranging from 0.85 to 1.0 are predicted to be damaging. PolyPhen-2: B = benign, D = possibly 
damaging. 
c MutationTaster : D for “Disease causing” and B for “Polymorphism”. 
d Deduced base change. Only the amino-acid substitution was indicated in the publication. 
* Only found in RDS cohort from Wambach et al. (2012) 
 



Table S3. Important amino-acids in the NBDs 

 
 
 
 
 
  

 NBD1 NBD2 Role 

A loop F539 Y1390 
π-π interactions between the 
aromatic side chain and the 
ATP’s adenine [1]. 

Walker A G566HNGAGKT573 G1416HNGAGKT1423 

Interaction of the highly 
conserved lysine (K) residue of 
this motif with the phosphate 
groups of the ATP molecule [2]. 

Q loop Q613 Q1463 

Phosphate sensor acting acts as 
an intermediate between TMDs 
and NBDs, implicated in sub-
domains rotation during 
transport cycle [3], [4]. 

ABC signature L665SGGM669 Y1515SGGN1519 

ATP positioning and fixation 
during hydrolysis and also for 
communication between 
substrate binding sites. It forms 
hydrogen bounds with ribose 
and γ-phosphate of ATP [5], [6]. 

Walker B V685IFLDE690  V1535IFLDE1540 

Glu (E) residue is considered as 
a catalytic base of ATP 
hydrolysis since a mutation 
trigger a reduced ATPase 
activity [7]. It links the water 
molecule, while Asp (D) residue 
interacts with magnesium 
moieties. 

D loop E690PTSGMD696 E1540PSTGMD1546 

Involved in the communication 
between the two NBDs allowing 
the coupling of ATP hydrolysis 
with substrate transport [8]. 

H loop H721 H1572 

Interaction with the γ-
phosphate of ATP, and 
communication between the 
NBD monomers [9], [10]. 



Table S4 : UniProt identifiers and accession numbers of human ABCA proteins considered in 
this study 
 

UniProt identifier UniProt accession number 

ABCA1 O95477 

ABCA2 Q9BZC7 

ABCA4 P78363 

ABCA7 Q8IZY2 

ABCAC (ABCA12) Q86UK0 

ABCAD (ABCA13) Q86UQ4 

ABCA3 Q99758 

ABCA5 Q8WW27 

ABCA6 Q8N139 

ABCA8 Q94911 

ABCA9 Q8IUA7 

ABCAA (ABCA10) Q8WWZ4 

 
 


