
Insufficient evidence for pathogenicity of SNCA His50Gln (H50Q) 
in Parkinson’s disease

Cornelis Blauwendraat1,*, Demis A. Kia2,*, Lasse Pihlstrom3, Ziv Gan-Or4,5, Suzanne 
Lesage6, J. Raphael Gibbs7, Jinhui Ding7, Roy N. Alcalay8,9, Sharon Hassin-Baer10,11, Alan 
M. Pittman2, Janet Brooks7, Connor Edsall7, Sun Ju Chung12, Stefano Goldwurm13,14, 
Mathias Toft3,15, Claudia Schulte16, International Parkinson’s Disease Genomics 
Consortium (IPDGC), COURAGE-PD Consortium, Dena Hernandez7, Andrew B. Singleton7, 
Mike A. Nalls7,17, Alexis Brice6, Sonja W. Scholz1,18, and Nicholas W. Wood2

1Neurodegenerative Diseases Research Unit, National Institute of Neurological Disorders and 
Stroke, National Institutes of Health, Bethesda, MD, USA

2Department of Molecular Neurosciences, Institute of Neurology, University College London, 
London, United Kingdom

3Department of Neurology, Oslo University Hospital, Oslo, Norway

4Department of Human Genetics, McGill University, Montréal, Quebec, Canada

5Department of Neurology & Neurosurgery, Montreal Neurological Institute, McGill University, 
Montréal, Quebec, Canada

6Inserm U1127, CNRS UMR7225, Sorbonne Universités, UPMC Univ Paris 06, UMR_S1127, 
Institut du Cerveau et de la Moelle épinière, Paris, France

7Laboratory of Neurogenetics, National Institute on Aging, National Institutes of Health, Bethesda, 
MD, USA

8Department of Neurology, College of Physicians and Surgeons, Columbia University Medical 
Center, New York, NY, USA

9Taub Institute for Research on Alzheimer’s Disease and the Aging Brain, College of Physicians 
and Surgeons, Columbia University Medical Center, New York, NY, USA

10The Movement Disorders Institute, Department of Neurology and Sagol Neuroscience Center, 
Chaim Sheba Medical Center, Tel-Hashomer, 5262101, Ramat Gan, Israel

11Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel

12Department of Neurology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, 
South Korea

Corresponding authors: Nicholas W. Wood -> n.wood@ucl.ac.uk. Cornelis Blauwendraat -> cornelis.blauwendraat@nih.gov.
*these authors contributed equally

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Neurobiol Aging. Author manuscript; available in PMC 2019 April 01.

Published in final edited form as:
Neurobiol Aging. 2018 April ; 64: 159.e5–159.e8. doi:10.1016/j.neurobiolaging.2017.12.012.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13Parkinson Institute of Milan, ASST “Gaetano Pini/CTO”, Milano, Italy

14Department of Neuroscience, “Rita Levi Montalcini”, University of Turin, Italy

15Institute of Clinical Medicine, University of Oslo, Oslo, Norway

16Department for Neurodegenerative Diseases, Hertie Institute for Clinical Brain Research, 
University of Tübingen, Germany

17Founder/Consultant with Data Tecnica International, Glen Echo, MD, USA

18Department of Neurology, Johns Hopkins University Medical Center, Baltimore, MD, USA

Abstract

SNCA missense mutations are a rare cause of autosomal dominant Parkinson’s disease (PD). To 

date, six missense mutations in SNCA have been nominated as causal. Here, we assess the 

frequency of these six mutations in public population databases and PD case-control datasets in 

order to determine their true pathogenicity. We found that one of the six reported SNCA 
mutations, His50Gln, was consistently identified in large population databases and no enrichment 

was evident in PD cases compared to controls. These results suggest that His50Gln is probably not 

a pathogenic variant. This information is important to provide counseling for His50Gln carriers 

and has implications for the interpretation of His50Gln α-synuclein functional investigations.

Introduction

Parkinson’s disease (PD) disease is one of the most common neurodegenerative disorders. 

The pathological hallmark of PD are Lewy bodies, which are neuronal cytoplasmic 

inclusions consisting of misfolded α-synuclein encoded by the SNCA gene (Spillantini et 

al., 1997). To date, six missense mutations in the SNCA gene have been reported to cause 

PD: three well established mutations (Ala30Pro, Glu46Lys and Ala53Thr) and three more 

recently described mutations (His50Gln, Gly51Asp and Ala53Glu) (Figure 1 and Table 1). 

Whilst atypical presentations and a later onset have been reported, SNCA mutation carriers 

typically develop autosomal dominant early-onset PD characterized by a severe, rapidly 

progressive course and cognitive decline that commonly progresses to Lewy body dementia 

(Papadimitriou et al., 2016; Trinh et al., 2014). A fuller understanding of exactly which 

mutations are truly causal for PD will help direct research on the pathophysiology of PD 

driven by SNCA mutations, and is of crucial importance for counseling of mutation carriers 

and their family members. Here, we explore the frequency and spectrum of these different 

SNCA mutations in several large public datasets, and then examine their presence in several 

large PD case-control datasets.

Results

The only SNCA missense mutation identified in the population databases was His50Gln 

(Table 1). To assess whether the His50Gln mutation is found in PD cases, we accessed 

several PD case/control datasets, which cumulatively totaled 11,095 PD cases and 12,615 

controls. From these data, we identified two controls and one case carrying the SNCA 
His50Gln mutation. Additionally, two PD cases carrying Ala53Thr and a single PD case 
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with Gly51Asp mutation were found (Table 2 and Supplementary data). We next assessed 

pathogenicity prediction algorithms for all six SNCA mutations and overall SNCA 
His50Gln scored poorly compared to the other five SNCA mutations (Figure 1, Table 1 and 

Supplementary data). For comparison, we used the known pathogenic LRRK2 Gly2019Ser 

mutation as it is also present in the general population (Table 2). Unlike for SNCA 
His50Gln, analysis in PD case-control datasets revealed a consistent increase in the 

frequency of LRRK2 Gly2019Ser mutation carriers amongst PD cases than controls (Table 

2).

Discussion

Here, we examined the presence of reported pathogenic SNCA missense mutations in large 

population control databases and identified that His50Gln is relatively frequent in both the 

European and African population. In contrast, the other five reported pathogenic mutations 

were not observed in these control databases. Follow-up analysis in large PD case-control 

cohorts identified two additional control individuals carrying this variant, representing a 

similar frequency to the public population databases. We identified the His50Gln mutation in 

a homozygous state in one sporadic early-onset PD case with an age at onset at 32 years and 

two heterozygous controls with last known ages of 62 and 89. Notably, two other SNCA 
mutations, Ala53Thr and Gly51Asp, were found twice and once respectively in cases, 

demonstrating the power of our large dataset to detect rare mutations in the SNCA gene. The 

SNCA His50Gln case presented with a classic PD phenotype and was free of dementia and 

cognitive decline after almost 10 years of disease, which is unusual for patients with 

pathogenic SNCA missense mutations (Papadimitriou et al., 2016). Currently, with the lack 

of other homozygous cases or controls there is insufficient evidence to conclude that the 

His50Gln mutation is pathogenic in a homozygous state. One possibility is that the 

His50Gln mutation has reduced penetrance, as has been reported for other PD mutations, 

such as LRRK2 Gly2019Ser (Healy et al., 2008; Latourelle et al., 2008). However, the lack 

of enrichment of SNCA His50Gln in PD cases versus controls argues against this and this 

contrasts with the enrichment observed for the LRRK2 Gly2019Ser mutation, Table 2. 

Assuming a life-time risk of 1.3–2% (depending on sex) to be diagnosed with PD (Elbaz et 

al., 2002), one would expect ~2,600 individuals from gnomAD to develop PD. If the SNCA 
His50Gln mutation is indeed pathogenic, fully penetrant and inherited in an autosomal 

dominant fashion, the 22 carriers of this allele would represent around ~1% of all PD cases. 

Similarly, we would expect to identify over 100 PD patients in our PD case cohorts. This 

was not observed and argues against pathogenicity of this vairant. In general, segregation 

data, case-control enrichments, absence in population databases and pathogenicity prediction 

algorithms are considered important criteria for establishing the causality of sequence 

variants for genetic disease (MacArthur et al., 2014; Richards et al., 2015), however the 

SNCA His50Gln mutation does not fulfill any of these criteria (Table 1). In conclusion, 

while it is tempting to speculate about the pathogenicity of SNCA His50Gln, especially 

given limited in vitro evidence indicating an increased propensity to form α-synuclein fibrils 

(Rutherford et al., 2014), we conclude that insufficient evidence exists to nominate the 

His50Gln mutation as a causative mutation or high risk mutation. This finding has important 

implications for the interpretation of functional investigations of His50Gln mutated α-
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synuclein isoforms as well as for future study design. Furthermore, when identifying the 

SNCA His50Gln mutation in either a patient or an asymptomatic individual, caution should 

be used by clinicians and genetic counselors, as genetic evidence suggests this is a rare 

benign variant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Publicly available data show that SNCA His50Gln has a frequency of ~0.01% 

in Europeans

• SNCA His50Gln was reported to cause Parkinson’s disease, but it is too 

common to do so

• There is no evidence of variant enrichment in Parkinson’s disease cases 

compared to controls
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Figure 1. Overview of the SNCA gene on DNA, mRNA and protein level
The SNCA gene has six exons of which several are non-coding (light-blue). NB the SNCA 
gene is located on the antisense strand of the human genome. On mRNA level five exons are 

left totaling 423 nucleotides (NM_000345) which result in a 141-amino acid protein. All six 

missense mutations are located in exon two and three in relatively close proximity. When 

comparing pathogenicity algorithm scores (CADD (Quang et al., 2015), GERP (Davydov et 

al., 2010)) between the six missense variants, His50Gln scores very poor compared to the 

other five missense mutations.

Blauwendraat et al. Page 8

Neurobiol Aging. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Blauwendraat et al. Page 9

Ta
b

le
 1

P
re

va
le

nc
e 

of
 s

ix
 r

ep
or

te
d 

pa
th

og
en

ic
 S

N
C

A
 m

ut
at

io
ns

 a
nd

 L
R

R
K

2 
G

ly
20

19
Se

r 
in

 la
rg

e 
po

pu
la

ti
on

 d
at

ab
as

es
 a

nd
 p

at
ho

ge
ni

ci
ty

 a
lg

or
it

hm
 

sc
or

es

Tw
en

ty
-t

w
o 

in
di

vi
du

al
s 

in
 g

no
m

A
D

 (
3 

A
fr

ic
an

s 
an

d 
19

 E
ur

op
ea

ns
, n

=
13

8,
58

7)
 a

nd
 s

ev
en

 in
di

vi
du

al
s 

in
 H

R
C

 (
al

l E
ur

op
ea

ns
, n

=
32

,4
88

) 
w

er
e 

he
te

ro
zy

go
us

 f
or

 S
N

C
A

 H
is

50
G

ln
 (

L
ek

 e
t a

l.,
 2

01
6;

 M
cC

ar
th

y 
et

 a
l.,

 2
01

6)
. T

he
 L

R
R

K
2 

G
ly

20
19

Se
r 

m
ut

at
io

n 
w

as
 f

ou
nd

 in
 1

36
 in

di
vi

du
al

s 
in

 g
no

m
A

D
 

(3
 A

fr
ic

an
, 8

 L
at

in
o,

 1
18

 E
ur

op
ea

n 
[i

nc
lu

di
ng

 A
sh

ke
na

zi
 J

ew
is

h]
 a

nd
 7

 o
th

er
) 

an
d 

13
 in

di
vi

du
al

s 
in

 th
e 

H
R

C
 (

al
l E

ur
op

ea
ns

).
 g

no
m

A
D

 =
 G

en
om

e 

A
gg

re
ga

tio
n 

D
at

ab
as

e,
 H

R
C

 =
 H

ap
lo

ty
pe

 R
ef

er
en

ce
 C

on
so

rt
iu

m
, D

 =
 d

am
ag

in
g,

 T
 =

 to
le

ra
nt

, B
 =

 b
en

ig
n.

G
en

e:
 a

m
in

o 
ac

id
 c

ha
ng

e
rs

 n
um

be
r

ch
r:

bp
 (

hg
19

)
gn

om
A

D
 (

fr
eq

ue
nc

y)
H

R
C

 (
fr

eq
ue

nc
y)

SI
F

T
 (

sc
or

e)
P

ol
yp

he
n2

 (
sc

or
e)

C
A

D
D

 p
hr

ed
D

A
N

N
 s

co
re

G
E

R
P

++
 R

S

SN
C

A
: 

A
la

30
P

ro
 (

K
ru

ge
r 

et
 a

l.,
 1

99
8)

rs
10

48
93

87
8

4:
90

75
67

31
0

0
D

 (
0.

00
1)

D
 (

0.
99

6)
32

0.
99

8
4.

28

SN
C

A
: 

G
lu

46
L

ys
 

(Z
ar

ra
nz

 e
t a

l.,
 2

00
4)

rs
10

48
93

87
5

4:
90

74
93

21
0

0
D

 (
0.

00
6)

B
 (

0.
42

6)
26

.4
0.

99
8

3.
55

SC
N

A
: 

H
is

50
G

ln
 (

A
pp

el
-

C
re

ss
w

el
l e

t a
l.,

 2
01

3;
 

Pr
ou

ka
ki

s 
et

 a
l.,

 2
01

3)
rs

20
11

06
96

2
4:

90
74

93
07

22
 (

0.
00

79
%

)
7 

(0
.0

11
%

)
T

 (
1)

B
 (

0.
01

2)
0.

00
7

0.
42

5
−

2.
19

SN
C

A
: 

G
ly

51
A

sp
 (

K
ie

ly
 

et
 a

l.,
 2

01
3;

 L
es

ag
e 

et
 a

l.,
 

20
13

)
rs

43
19

05
51

1
4:

90
74

93
05

0
0

D
 (

0.
00

4)
D

 (
0.

99
9)

23
.9

0.
99

6
3.

55

SN
C

A
: 

A
la

53
G

lu
 

(P
as

an
en

 e
t a

l.,
 2

01
4)

n/
a

4:
90

74
92

99
0

0
D

 (
0.

00
7)

B
 (

0.
01

5)
15

.9
9

0.
95

2
4.

39

SN
C

A
: 

A
la

53
T

hr
 

(P
ol

ym
er

op
ou

lo
s 

et
 a

l.,
 

19
97

)
rs

10
48

93
87

7
4:

90
74

93
00

0
0

T
 (

1)
B

 (
0)

10
.4

8
0.

20
3

3.
12

L
R

R
K

2:
 G

ly
20

19
Se

r 
(G

ilk
s 

et
 a

l.,
 2

00
5)

rs
34

63
75

84
12

:4
07

34
20

2
13

6 
(0

.0
49

%
)

13
 (

0.
02

0%
)

D
 (

0)
D

 (
1)

35
0.

99
8

5.
69

Neurobiol Aging. Author manuscript; available in PMC 2019 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Blauwendraat et al. Page 10

Ta
b

le
 2

Fr
eq

ue
nc

y 
of

 S
N

C
A

 H
is

50
G

ln
 a

nd
 L

R
R

K
2 

G
ly

20
19

Se
r 

in
 la

rg
e 

PD
 c

as
e/

co
nt

ro
l d

at
as

et
s.

D
at

as
et

P
op

ul
at

io
n 

de
sc

ri
pt

io
n

N
o.

 c
on

tr
ol

s
N

o.
 c

as
es

H
is

50
G

ln
 

al
le

le
s 

in
 

co
nt

ro
ls

 
(f

re
qu

en
cy

)

H
is

50
G

ln
 a

lle
le

s 
in

 c
as

es
 

(f
re

qu
en

cy
)

G
ly

20
19

Se
r 

al
le

le
s 

in
 

co
nt

ro
ls

 
(f

re
qu

en
cy

)

G
ly

20
19

Se
r 

al
le

le
s 

in
 c

as
es

 
(f

re
qu

en
cy

)

A
ve

ra
ge

 
se

qu
en

ci
ng

 
co

ve
ra

ge
 a

t 
SN

C
A

 lo
cu

s

IP
D

G
C

 w
ho

le
-e

xo
m

e 
se

qu
en

ci
ng

M
ai

nl
y 

E
ur

op
ea

n 
an

ce
st

ry
5,

77
4

2,
44

0
1 

(0
.0

08
7%

)
0

4 
(0

.0
34

6%
)

25
 (

0.
51

%
)

>
35

x

IP
D

G
C

 r
es

eq
ue

nc
in

g 
da

ta
M

ai
nl

y 
E

ur
op

ea
n 

an
ce

st
ry

2,
39

1
3,

48
1

1 
(0

.0
21

%
)

0
0

56
 (

0.
80

%
)

>
60

x

M
cG

ill
 r

es
eq

ue
nc

in
g 

da
ta

1
M

ai
nl

y 
E

ur
op

ea
n 

an
d 

Je
w

is
h 

an
ce

st
ry

2,
46

0
2,

17
5

0
0

11
 (

0.
22

%
)

12
5 

(2
.9

%
)

>
30

0x

C
O

U
R

A
G

E
-P

D
 r

es
eq

ue
nc

in
g 

da
ta

2
B

ot
h 

A
si

an
 a

nd
 E

ur
op

ea
n 

an
ce

st
ry

1,
49

0
1,

49
0

0
0

0
6 

(0
.2

0%
)

>
40

0x

Fr
en

ch
 P

D
G

 g
ro

up
 r

es
eq

ue
nc

in
g 

da
ta

M
ai

nl
y 

of
 F

re
nc

h 
E

ur
op

ea
n 

or
ig

in
50

0
1,

50
9

0
2 

(1
 c

as
e 

in
 

H
M

Z
 s

ta
te

) 
(0

.0
7%

)

0
42

 (
1 

H
M

Z
 +

 4
0 

H
T

Z
) 

(1
.3

9%
)

>
26

0x

To
ta

l
12

,6
15

11
,0

95
2 

(0
.0

07
9%

)
0 

(0
.0

09
0%

)
15

 (
0.

05
9%

)
25

4 
(1

.1
%

)

H
M

Z
 =

 h
om

oz
yg

ou
s 

an
d 

H
T

Z
 =

 H
et

er
oz

yg
ou

s.

1 Sa
m

pl
es

 in
cl

ud
ed

 c
oh

or
ts

 f
ro

m
 Q

ue
be

c,
 F

ra
nc

e,
 I

sr
ae

l a
nd

 C
ol

um
bi

a 
U

ni
ve

rs
ity

 N
Y

 (
A

lc
al

ay
 e

t a
l.,

 2
01

5)
.

2 A
lle

le
 c

ou
nt

s 
in

 th
e 

C
O

U
R

A
G

E
-P

D
 d

at
as

et
 w

er
e 

ca
lle

d 
fr

om
 s

eq
ue

nc
in

g 
of

 D
N

A
 p

oo
ls

 r
ep

re
se

nt
in

g 
10

 c
as

es
 o

r 
10

 c
on

tr
ol

s.
 A

ve
ra

ge
 c

ov
er

ag
e 

is
 g

iv
en

 p
er

 s
am

pl
e 

po
ol

. F
or

 s
ub

se
ts

 o
f 

C
O

U
R

A
G

E
-P

D
 

pa
rt

ic
ip

an
ts

 w
ith

 a
va

ila
bl

e 
da

ta
 o

n 
L

R
R

K
2 

G
ly

20
19

Se
r 

st
at

us
, k

no
w

n 
m

ut
at

io
n 

ca
rr

ie
rs

 h
av

e 
be

en
 e

xc
lu

de
d 

fr
om

 th
e 

re
se

qu
en

ci
ng

 s
tu

dy
.

Neurobiol Aging. Author manuscript; available in PMC 2019 April 01.


	Abstract
	Introduction
	Results
	Discussion
	References
	Figure 1
	Table 1
	Table 2

