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We read the article by Chetruengchai and Shotelersuk 1 with interest as it provided an 

estimate of ACMG v3.0 secondary findings 2 in an unselected Thai population. In a 

cohort of 1,559 unrelated individuals a finding of 22 pathogenic/likely pathogenic variants 

was asserted in 15 genes associated with 13 diseases in 85 individuals for a secondary 

variant rate of 5.5%. We question the validity of this claim, based on our understanding 

of current variant classification standards 3. The 22 variants detailed in Chetruengchai and 

Shotelersuk as secondary findings were classified as pathogenic (P) or likely pathogenic 

(LP) by VarSome 4 and at least one submitter in ClinVar 5, without further assessment by 

the authors. It is widely recognized that a substantial number of individual classifications 

in ClinVar are incorrect and that they must be reviewed to confirm evidence is sufficient 

to support the final classification and applicable to the phenotype in question. While 

tools such as VarSome are useful in providing evidence that can inform the ACMG/AMP/

ClinGen criteria, VarSome is not a replacement for expert opinion and does not strictly 

adhere to ACMG/AMP/ClinGen guidance. Final classification as to whether a variant 

is P/LP should be determined after a review of all available data using the relevant 

ACMG/AMP/ClinGen standards 3,6. In addition to using tools such as VarSome and ClinVar, 

mining primary data that support or refute criteria relevant to ACMG/AMP pathogenicity 

classification is critical to providing the best possible variant classification, based on 

the current state of knowledge. The primary literature and variant databases can inform 

criteria including PS2/PS4/PP4/BS2/BP2/BP5 (case information), PP1/BS4 (segregation) 

and PS3/BS3 (functional data). The individual classifying the variant must confirm that 

sufficient data have been identified and are correctly applied to the ACMG criteria.

It is also important to use the current ACMG/AMP/ClinGen guidance on application 

of evidence and the final combining rules when classifying variants. Chetruengchai and 

Shotelersuk assigned PVS1 and PP3 in combination to several variants, however, PVS1 

assumes loss of function and thus no additional weight should be awarded for the prediction 
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of such (PP3, bioinformatic prediction) 7. Several variants that are relatively common 

in gnomAD (popmax maf>0.1%) were assigned criterion PM2, which gives weight for 

rarity in the population. For variants in KCNQ1, SCN5A, and RYR1 it appears that 

PM2 was assigned based on autosomal recessive inheritance (allowing a higher minor 

allele frequency) even though the associated disorders on the ACMG SF v3.0 gene list 

demonstrate autosomal dominant inheritance. For genes that are associated with multiple 

phenotypes the variant scientist must consider the phenotype under consideration when 

assigning criteria 2,8. As well, variants were not strictly classified using either the combining 

rules as presented in Richards et al. or the Bayes combining metric 3,9. Variant classifiers 

that conform to current ACMG/AMP/ClinGen standards will be instrumental in allowing 

larger data sets to be analyzed although providers will still hold responsibility for final 

classifications.

We have reviewed the 22 variants classified as P/LP and mined the primary literature to 

identify case and functional data. When available, we have used gene-specific criteria as 

presented by ClinGen variant curation expert panels (MYH7 10, LDLR, RYR1 11). This 

approach mirrors current variant classification standards. Overall, by correctly applying 

Richards et al and relevant updates, 15 of the 22 variants were reclassified as VUS/LB. 

Seven variants (24 individuals) remained classified as P/LP (Table 1) for a rate of secondary 

variant return of 24/1,559 or 1.5%. Using the Bayes combining metric, three additional 

variants were classified as LP for a rate of secondary variant return of 35/1,559 or 2.2%. Of 

course, we cannot re-interpret variants classified as VUS in their data set because those were 

not individually listed. It is entirely possible that additional variants would be reclassified as 

P/LP with additional analysis increasing the secondary variant return rate above 2.2%.

Analyses of exome and genome data for secondary findings provide the opportunity to 

identify variants that, when returned to patients, can improve health outcomes by making 

them aware of undiagnosed disorders and/or increased risk allowing them to pursue 

medical treatment and/or increase screening 8. It is essential in this process to classify 

variant pathogenicity as accurately as possible given current knowledge. Currently it is 

suggested that variants with a pathogenicity likelihood of >90% (likely pathogenic) be 

returned as secondary variants 3. The American College of Medical Genetics and Genomics 

(ACMG) has provided general guidance on which genes and associated disorders should 

be considered for secondary variant return and ACMG/AMP have specified criteria that 

should be considered for variant classification. ClinGen is working toward refining and 

clarifying guidance (PVS1 7, PP1 10, PM2) and specifying gene-specific criteria where 

necessary. Variant scientists must review the relevant primary literature and understand the 

limitations of the tools they use to provide the most accurate variant classification possible. 

This also applies to scientific publications that evaluate the returnable yield of variants from 

the ACMG secondary findings recommendations. Furthermore, when publishing variant 

classifications authors should consider providing the raw data that support their conclusions 

to allow others to critically assess the evidence. We appreciate that Chetruengchai and 

Shotelersuk provided these data for their P/LP variants (their Table 1), as it allowed us to 

critically evaluate their classifications. As variant interpretation is an evolving science, and 

new data are continually being discovered, variant classifications may change over time. 
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However, it is essential that current best practices and all readily available data are used 

when classifying variant pathogenicity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

References

1. Chetruengchai W & Shotelersuk V Actionable secondary findings in the 73 ACMG-recommended 
genes in 1559 Thai exomes. J Hum Genet (2021).

2. Miller DT, Lee K, Chung WK et al. ACMG SF v3.0 list for reporting of secondary findings in 
clinical exome and genome sequencing: a policy statement of the American College of Medical 
Genetics and Genomics (ACMG). Genet Med (2021).

3. Richards S, Aziz N, Bale S et al. Standards and guidelines for the interpretation of sequence 
variants: a joint consensus recommendation of the American College of Medical Genetics and 
Genomics and the Association for Molecular Pathology. Genet Med 17, 405–24 (2015). [PubMed: 
25741868] 

4. Kopanos C, Tsiolkas V, Kouris A et al. VarSome: the human genomic variant search engine. 
Bioinformatics 35, 1978–1980 (2019). [PubMed: 30376034] 

5. Landrum MJ, Lee JM, Benson M et al. ClinVar: improving access to variant interpretations and 
supporting evidence. Nucleic Acids Res 46, D1062–D1067 (2018). [PubMed: 29165669] 

6. Rehm HL, Berg JS, Brooks LD et al. ClinGen--the Clinical Genome Resource. N Engl J Med 372, 
2235–42 (2015). [PubMed: 26014595] 

7. Abou Tayoun AN, Pesaran T, DiStefano MT et al. Recommendations for interpreting the loss 
of function PVS1 ACMG/AMP variant criterion. Hum Mutat 39, 1517–1524 (2018). [PubMed: 
30192042] 

8. Green RC, Berg JS, Grody WW et al. ACMG recommendations for reporting of incidental findings 
in clinical exome and genome sequencing. Genet Med 15, 565–74 (2013). [PubMed: 23788249] 

9. Tavtigian SV, Greenblatt MS, Harrison SM et al. Modeling the ACMG/AMP variant classification 
guidelines as a Bayesian classification framework. Genet Med 20, 1054–1060 (2018). [PubMed: 
29300386] 

10. Kelly MA, Caleshu C, Morales A et al. Adaptation and validation of the ACMG/AMP variant 
classification framework for MYH7-associated inherited cardiomyopathies: recommendations by 
ClinGen’s Inherited Cardiomyopathy Expert Panel. Genet Med 20, 351–359 (2018). [PubMed: 
29300372] 

11. Johnston JJ, Dirksen RT, Girard T et al. Variant curation expert panel recommendations for RYR1 
pathogenicity classifications in malignant hyperthermia susceptibility. Genet Med 23, 1288–1295 
(2021). [PubMed: 33767344] 

Johnston et al. Page 3

J Hum Genet. Author manuscript; available in PMC 2022 April 21.

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

Johnston et al. Page 4

Ta
b

le
 1

.

V
ar

ia
nt

s 
pr

es
en

te
d 

as
 p

at
ho

ge
ni

c/
lik

el
y 

pa
th

og
en

ic
 b

y 
C

he
tr

ue
ng

ch
ai

 a
nd

 S
ho

te
le

rs
uk

. A
C

M
G

 p
at

ho
ge

ni
ci

ty
 c

la
ss

if
ic

at
io

ns
 a

re
 p

re
se

nt
ed

 f
ro

m
 th

e 

or
ig

in
al

 m
an

us
cr

ip
t a

lo
ng

 w
ith

 a
dj

us
te

d 
A

C
M

G
 c

ri
te

ri
a 

an
d 

re
su

lti
ng

 c
la

ss
if

ic
at

io
ns

 u
si

ng
 b

ot
h 

R
ic

ha
rd

s 
et

 a
l. 

an
d 

th
e 

B
ay

es
 c

om
bi

ni
ng

 m
et

ho
d.

G
en

e
G

en
om

ic
 

P
os

it
io

n
cD

N
A

P
ro

te
in

# 
of

 
In

di
vi

du
al

s

A
C

M
G

 
C

ri
te

ri
a 

P
re

se
nt

ed
a

C
la

ss
if

ic
at

io
n 

P
re

se
nt

ed
R

ic
ha

rd
s 

et
 a

l.
C

lin
V

ar
 

C
la

ss
if

ic
at

io
nb

G
no

m
A

D
 

P
op

M
ax

A
C

M
G

 

C
ri

te
ri

ac  P
os

t 
L

it
er

at
ur

e 
R

ev
ie

w

R
ec

la
ss

if
ie

d 
R

ic
ha

rd
s

R
ec

la
ss

if
ie

d 
Ta

vt
ig

ia
n 

B
ay

es

B
R

C
A

1
ch

r1
7:

41
24

49
13

N
M

_0
07

30
0.

4:
c.

26
35

G
>

T
p.

(G
lu

87
9*

)
1

PV
S1

, 
PM

2,
 P

P3
, 

PP
5

P
P

P
no

t i
n 

gn
om

A
D

PV
S1

, P
S4

, 
PM

2_
Su

P
P

PA
L

B
2

ch
r1

6:
23

64
10

62
N

M
_0

24
67

5.
4:

c.
24

11
_2

41
2d

el
p.

(S
er

80
4C

ys
fs

*1
0)

1
PV

S1
, 

PM
2,

 P
P5

P
P

P/
L

P
SA

S,
 

m
af

=
0.

00
01

12
91

PV
S1

, P
S4

P
P

PT
E

N
ch

r1
0:

89
72

06
49

N
M

_0
00

31
4.

8:
 

c.
80

2–
2A

>
G

p.
(?

)
6

PV
S1

, 
PM

2,
 P

P3
, 

PP
5

P
P

P
no

t i
n 

gn
om

A
D

PV
S1

, 
PS

4_
Su

, 

PM
2_

Su
e

Pe
Pe

T
G

FB
R

2
ch

r3
:3

07
13

61
9

N
M

_0
03

24
2.

6:
c.

94
4C

>
T

p.
(T

hr
31

5M
et

)d
19

PM
1,

 P
P2

, 
PP

3,
 P

P5
, 

B
S2

L
P

V
U

S
C

IP
; B

(3
),

 L
B

 
(5

),
 L

P
(1

),
 V

U
S(

2)

E
A

S,
 

m
af

=
0.

01
44

36
PM

1,
 B

S1
V

U
S

L
B

D
SP

ch
r6

:7
57

99
30

N
M

_0
04

41
5.

4:
c.

35
07

C
>

A
p.

(T
yr

11
69

*)
9

PV
S1

, 
PM

2,
 P

P3
, 

PP
5

P
P

L
P

no
t i

n 
gn

om
A

D
PV

S1
, 

PM
2_

Su
e

V
U

S
L

Pe

PK
P2

ch
r1

2:
32

99
41

40
N

M
_0

04
57

2.
4:

c.
15

11
–1

G
>

C
p.

(?
)

1
PV

S1
, 

PM
2,

 P
P3

, 
PP

5
P

P
P

no
t i

n 
gn

om
A

D
PV

S1
, 

PM
2_

Su
V

U
S

L
P

R
Y

R
2

ch
r1

:2
37

54
06

58
N

M
_0

01
03

5.
3:

c.
49

9A
>

G
p.

(L
ys

16
7G

lu
)

1
PM

1,
 P

M
2,

 
PP

3,
 P

P5
L

P
L

P
L

P
no

t i
n 

gn
om

A
D

PM
1,

 
PM

2_
Su

, P
P3

V
U

S
V

U
S

T
N

N
T

2
ch

r1
:2

01
32

83
72

N
M

_0
01

27
63

45
.2

:
c.

86
3G

>
C

p.
(A

rg
28

8P
ro

)
6

PM
2,

 P
M

5,
 

PP
2,

 P
P3

L
P

L
P

C
IP

; L
P(

4)
, P

 
(1

),
 V

U
S(

1)
no

t i
n 

gn
om

A
D

PS
4_

M
, 

PM
2_

Su
e , P

P3
V

U
S

V
U

S

T
T

N
ch

r2
:1

79
41

88
21

N
M

_0
01

25
68

50
.1

:
c.

84
09

4C
>

T
p.

(A
rg

28
03

2*
)

1
PV

S1
, 

PM
2,

 P
P3

, 
PP

5
P

P
P/

L
P

no
t i

n 
gn

om
A

D
PV

S1
, 

PM
2_

Su
V

U
S

L
P

T
T

N
ch

r2
:1

79
41

59
88

N
M

_0
01

25
68

50
.1

:
c.

86
34

8–
1G

>
A

p.
(?

)
1

PV
S1

, 
PM

2,
 P

P3
, 

PP
5

P
P

L
P

no
t i

n 
gn

om
A

D
PV

S1
_M

, 
PM

2_
Su

V
U

S
V

U
S

L
D

L
R

ch
r1

9:
11

21
34

63
N

M
_0

00
52

7.
5:

c.
31

3+
1G

>
A

p.
(?

)
1

PV
S1

, 
PM

2,
 P

P3
P

P
C

IP
; L

B
(1

),
 L

P 
(2

),
 P

(1
7)

N
FE

, 
m

af
=

0.
00

00
61

56

PV
S1

_S
t, 

PS
4,

 
PP

1_
St

, 
PM

2_
Su

, 
PS

3_
M

, P
P4

P
P

J Hum Genet. Author manuscript; available in PMC 2022 April 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Johnston et al. Page 5

G
en

e
G

en
om

ic
 

P
os

it
io

n
cD

N
A

P
ro

te
in

# 
of

 
In

di
vi

du
al

s

A
C

M
G

 
C

ri
te

ri
a 

P
re

se
nt

ed
a

C
la

ss
if

ic
at

io
n 

P
re

se
nt

ed
R

ic
ha

rd
s 

et
 a

l.
C

lin
V

ar
 

C
la

ss
if

ic
at

io
nb

G
no

m
A

D
 

P
op

M
ax

A
C

M
G

 

C
ri

te
ri

ac  P
os

t 
L

it
er

at
ur

e 
R

ev
ie

w

R
ec

la
ss

if
ie

d 
R

ic
ha

rd
s

R
ec

la
ss

if
ie

d 
Ta

vt
ig

ia
n 

B
ay

es

L
D

L
R

ch
r1

9:
11

21
59

26
N

M
_0

00
52

7.
5:

c.
34

4G
>

A
p.

(A
rg

11
5H

is
)

1
PM

1,
 P

M
2,

 
PP

2
L

P
V

U
S

C
IP

; L
B

(1
),

 
L

P(
2)

, P
(1

),
 

V
U

S 
(3

)

E
A

S,
 

m
af

=
0.

00
22

59
7

PS
3

V
U

S
V

U
S

L
D

L
R

ch
r1

9:
11

22
75

76
N

M
_0

00
52

7.
5:

c.
17

47
C

>
T

p.
(H

is
58

3T
yr

)
3

PM
1,

 P
M

2,
 

PM
5,

 P
P2

, 
PP

3
P

L
P

C
IP

; L
B

(1
),

 
L

P(
5)

, P
(7

),
 

V
U

S 
(1

)

E
A

S,
 

m
af

=
0.

00
12

02
9

PS
3_

M
od

er
at

e,
 

PS
4 

(f
ou

nd
er

),
 

PM
3,

 P
P1

_M
, 

PP
3

P
P

L
D

L
R

ch
r1

9:
11

22
14

43
N

M
_0

00
52

7.
5:

c.
10

56
C

>
A

p.
(C

ys
35

2*
)

10
PV

S1
, 

PM
2,

 P
P3

, 
PP

5
P

P
P/

L
P

no
t i

n 
gn

om
A

D
PV

S1
, 

PS
4_

Su
, 

PM
2_

Su
P

P

M
Y

B
PC

3
ch

r1
1:

47
36

78
48

N
M

_0
00

25
6.

3:
 

c.
10

00
G

>
A

p.
(G

lu
33

4L
ys

)
16

PM
2,

 P
P2

, 
PP

3,
 P

P5
L

P
V

U
S

C
IP

; B
(2

),
 

L
P(

1)
, P

(2
),

 
V

U
S(

6)

E
A

S,
 

m
af

=
0.

00
33

38
5

PS
4,

 P
P3

, B
S1

V
U

S
V

U
S

M
Y

H
7

ch
r1

4:
23

89
45

66
N

M
_0

00
25

7.
4:

 
c.

23
48

G
>

A
p.

(A
rg

78
3H

is
)

1
PM

1,
 P

M
2,

 
PM

5,
 P

P2
, 

B
P4

L
P

L
P

C
IP

; L
P(

3)
, 

V
U

S 
(3

)
A

FR
, 

m
af

=
0.

00
00

40
05

4
PM

1,
 

PM
2_

Su
, B

P4
V

U
S

V
U

S

K
C

N
Q

1
ch

r1
1:

26
08

86
0

N
M

_0
00

21
8.

3:
 

c.
11

89
C

>
T

p.
(A

rg
39

7T
rp

)
1

PM
2,

 P
M

5,
 

PP
2,

 P
P3

L
P

L
P

C
IP

; B
(1

),
 L

P 
(3

),
 V

U
S(

9)

N
FE

, 
m

af
=

0.
00

03
02

1;
 

A
J,

 
m

af
=

0.
00

08
68

39

PS
4_

M
, 

PS
3_

Su
, P

P3
, 

B
S1

V
U

S
V

U
S

K
C

N
Q

1
ch

r1
1:

25
94

17
2

N
M

_0
00

21
8.

3:
 

c.
87

7C
>

T
p.

(A
rg

29
3C

ys
)

1
PM

2,
 P

P2
, 

PP
3,

 P
P5

L
P

V
U

S
C

IP
; L

P(
1)

, 
V

U
S 

(5
)

SA
S,

 
m

af
=

0.
00

01
30

7
PP

3
V

U
S

V
U

S

SC
N

5A
ch

r3
:3

86
55

26
0

N
M

_0
01

16
01

61
.2

: 
c.

67
7C

>
T

p.
(A

la
22

6V
al

)
1

PM
1,

 P
M

2,
 

PP
2,

 P
P3

, 
PP

5
L

P
L

P
C

IP
; B

(1
),

 
L

B
(4

),
 L

P 
(1

),
 

V
U

S(
5)

E
A

S,
 

m
af

=
0.

00
13

62
8

PS
4,

 P
M

1,
 

PP
3,

 B
S1

V
U

S
V

U
S

SC
N

5A
ch

r3
:3

86
03

95
8

N
M

_0
01

16
01

61
.2

: 
c.

37
49

C
>

T
p.

(T
hr

12
50

M
et

)
1

PM
1,

 P
M

2,
 

PP
2,

 P
P3

, 
PP

5
L

P
L

P
C

IP
; B

(1
),

 
L

P(
2)

, 
V

U
S(

11
)

N
FE

, 
m

af
=

0.
00

03
13

12
PM

1,
 P

P1
, 

PP
3,

 B
S1

V
U

S
V

U
S

R
Y

R
1

ch
r1

9:
 

38
95

10
20

N
M

_0
00

54
0.

3:
 

c.
23

66
G

>
A

p.
(A

rg
78

9G
ln

)
1

PM
1,

 P
M

2,
 

PP
2,

 P
P3

L
P

L
P

C
IP

; L
B

(1
0)

, 
L

P 
(1

),
 V

U
S(

2)
A

M
R

, 
m

af
=

0.
00

33
57

8
B

S1
L

B
L

B

R
Y

R
1

ch
r1

9:
 

38
93

14
69

N
M

_0
00

54
0.

3:
c.

13
0C

>
T

p.
(A

rg
44

C
ys

)
2

PM
2,

 P
P2

, 
PP

3,
 P

P5
L

P
V

U
S

C
IP

; L
P 

(3
),

 
P(

1)
, V

U
S(

8)
A

M
R

, 
m

af
=

0.
00

00
29

43
3

PS
4_

M
, 

PS
3_

M
, P

M
1,

 
PP

3_
M

L
P

L
P

a C
ri

te
ri

a 
no

t a
pp

lic
ab

le
 a

re
 s

ho
w

n 
in

 g
re

y.

b C
IP

, C
on

fl
ic

tin
g 

in
te

rp
re

ta
tio

ns
 o

f 
pa

th
og

en
ic

ity
; P

at
ho

ge
ni

c,
 P

; L
ik

el
y 

Pa
th

og
en

ic
, L

P;
 V

ar
ia

nt
 o

f 
U

nc
er

ta
in

 S
ig

ni
fi

ca
nc

e,
 V

U
S;

 L
ik

el
y 

B
en

ig
n,

 L
B

.

c Fo
r 

m
od

if
ie

d 
st

re
ng

th
 le

ve
ls

: S
t, 

St
ro

ng
; M

, m
od

er
at

e;
 S

u,
 s

up
po

rt
in

g.

d A
lte

rn
at

e 
no

m
en

cl
at

ur
e 

N
M

_0
01

02
48

47
.2

:c
.1

01
9C

>
T;

 N
P_

00
10

20
01

8.
1:

p.
T

hr
34

0M
et

.

J Hum Genet. Author manuscript; available in PMC 2022 April 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Johnston et al. Page 6
e V

ar
ia

nt
 a

lle
le

 f
re

qu
en

cy
 h

ig
he

r 
th

an
 e

xp
ec

te
d 

in
 th

e 
sa

m
pl

e 
se

t, 
co

rr
ec

t a
pp

lic
at

io
n 

of
 P

M
2/

B
S1

 r
eq

ui
re

s 
m

or
e 

in
fo

rm
at

io
n 

re
ga

rd
in

g 
co

ho
rt

.

J Hum Genet. Author manuscript; available in PMC 2022 April 21.


	References
	Table 1.

