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Summary of ACMG-AMP Criteria for ntDNA Mitochondrial Disease

Gene Disease (MONDO ID) Clinically significant transcript
SLC19A3 Biotin-responsive basal ganglia | NM_025243.4
disease (MONDO:0011841)
PDHAL Pyruvate dehydrogenase NM_000284.4
deficiency (MONDQ:0019169)
POLG Mitochondrial disease NM_002693.2
(MONDO:0044970)
ETHE1 Ethylmalonic encephalopathy NM_014297.5
(MONDO:0011229)
Criterion ACMG/AMP description SLC19A3 PDHA1 POLG ETHE1

Null variant (honsense, frameshift, canonical £1
or 2 splice sites, initiation codon, single or
multiexon deletion) in a gene where LOF is a
PVS1 known mechanism of disease Appllcable Appllcable Appllcable Appllcable

*Applied per PVS1 flowsheet of Abou Toyoun et
al

Related publication(s): Date Approved: April 30, 2020

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent
version.

Clingen_MitoDisease_ ACMG_Specifications_v1.pdf
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Same amino acid change as a previously
PS1 established pathogenic variant regardless of Applicable Applicable Applicable Applicable
nucleotide change
PS2 PM6 De novo in a patient with the disease and no . . . .
Strong Family history Applicable Applicable Applicable Applicable
Well-established in vitro or in vivo functional
PS3 studies supportive of a damaging effect on the Not applicable Not applicable | Not applicable | Not applicable
gene or gene product
PS3 In vitro or in vivo functional studies supportive of Specified- see Not aoplicable | Not applicable Specified - see
_Supporting a damaging effect on the gene or gene product PS3 table PP PP PS3 table
The prevalence of the variant in affected
PS4 individuals is significantly increased compared Not applicable Not applicable Applicable Not applicable
with the prevalence in controls
Located in a mutational hot spot and/or critical Specified - see
PM1 and well-established functional domain (e.g., Not applicable pPMl table Not applicable | Not applicable
active site of an enzyme) without benign variation
Absent from controls (or at extremely low
PM2 frequency if recessive) (Table 6) in Exome <0.00005 0.0000092 <0.0005 <0.00002
Sequencing Project, 1000 Genomes Project, or (<0.0050%) (<0.00092%) (<0.05% ) (<0.0020%)
Exome Aggregation Consortium

Related publication(s):

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent

version.
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For recessive disorders, detected in trans with a
PM3 pathogenic variant Applicable Not applicable Applicable Applicable
(Follow SVI1 guidance for PM3)
Protein length changes as a result of in-frame
PM4 deletions/insertions in a nonrepeat region or stop- Applicable Applicable Applicable Applicable
loss variants
Novel missense change at an amino acid residue
PM5 where a different missense change determined to Applicable Applicable Applicable Applicable
be pathogenic has been seen before
PM6 Assumed de novo, but without confirmation of Applicable Applicable Applicable Applicable
paternity and maternity
PP1 grﬁﬁgrrzgeiw“g;]r\!;:]hadIZ?]ZSZ;;r:?t?\l/t;flekifg\?\fr:eti Specified -see |\ jicapte | SPECITied =S 1 icable
y gene ¢ y PP1 table PP PP1 table PP
cause the disease
Missense variant in a gene that has a low rate of
PP2 benign missense variation and in which missense Not applicable Not applicable [ Not applicable | Not applicable
variants are a common mechanism of disease
Multiple lines of computational evidence support Specified - see
PP3 a deleterious effect on the gene or gene product Applicable Applicable pPP3 table Applicable
(conservation, evolutionary, splicing impact, etc.)

Related publication(s):

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent

version.
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PP it for s e with asingle genetic | Notappliceble. | Notapplicabe | SPECIed+see | Speifed - se
_Moderate P . gie g PP PP PP4 table PP4 table
etiology
PP4 Pa:eeréti fsié)?oern;)tc}i,izZaZf\?vriI:#}; }slil;t(]gy IZn}:alﬁcl:ﬂy Specified - see Specified - see | Specified - see | Specified - see
P . ged PP4 table PP4 table PP4 table PP4 table
etiology
Reputable source recently reports variant as
pathogenic, but the evidence is not available to . . . .
PP5 the laboratory to perform an independent Not applicable Not applicable | Not applicable | Not applicable
evaluation

Related publication(s):

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent

version.
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Rule ACMG/AMP description SLC19A3 PDHA1 POLG ETHE1
Allele frequency is >5% in Exome Sequencing S
. . 0.001 >0.00092 >0.01 >0.001
BAl Project, 1000 Gen_omes PrOJegt, or Exome (>0.1%) (>0.092%) (>1%) (>0.1%)
Aggregation Consortium
BS1 Allele frequency is greater than expected for >0.0005 >0.000092 >0.005 >0.0002
disorder (>0.050%) (>0.0092%) (>0.5% - AR) (>0.020%)
Observed in a healthy adult individual for a
recessive (homozygous), dominant - o - -
: . Specified - see | Specified - see Specified - see | Specified - see
BS2 _ (heterozygous), or X-linked (hemizygous) BS2 table BS2 table BS2 table BS2 table
disorder, with full penetrance expected at an early
age
Observed in a healthy adult individual for a
recessive (homozygous), dominant - - -
BS2 : . . Specified - see Specified - see | Specified - see
. (heterozygous), or X-linked (hemizygous) Not applicable
—_Supporting disorder, with full penetrance expected at an early 22 e 22 ille ez il
age
Well-established in vitro or in vivo functional
BS3 studies show no damaging effect on protein Not applicable Not applicable Not applicable Not applicable
function or splicing
BS3 Well-established in vitro or in vivo functional | ¢ e sae
. studies show no damaging effect on protein P Not applicable Not applicable | Not applicable
_Supporting function or splicing el Elle
Lack of segregation in affected members of a Specified - See . . .
BS4 family BS4 table Applicable Applicable Applicable

Related publication(s):

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent

version.
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BP1

Missense variant in a gene for which primarily
truncating variants are known to cause disease

Not applicable

Not applicable

Not applicable

Not applicable

BP2

Observed in trans with a pathogenic variant for a
fully penetrant dominant gene/disorder or
observed in cis with a pathogenic variant in any
inheritance pattern

Applicable

Not applicable

Applicable

Applicable

BP3

In-frame deletions/insertions in a repetitive region
without a known function

Applicable

Applicable

Applicable

Applicable

BP4

Multiple lines of computational evidence suggest
no impact on gene or gene product (conservation,
evolutionary, splicing impact, etc.)

Applicable

Applicable

Specified - See
BP4 table

Applicable

BP5

Variant found in a case with an alternate
molecular basis for disease

Applicable

Applicable

Applicable

Applicable

BP6

Reputable source recently reports variant as
benign, but the evidence is not available to the
laboratory to perform an independent evaluation

Not applicable

Not applicable

Not applicable

Not applicable

BP7

A synonymous (silent) variant for which splicing
prediction algorithms predict no impact to the
splice consensus sequence nor the creation of a
new splice site AND the nucleotide is not highly
conserved

Applicable

Applicable

Applicable

Applicable

Related publication(s):

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent

version.
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STRONG EVIDENCE OF PATHOGENICITY

PVS1 Null variant (nonsense, frameshift, canonical +/-1 or 2 splice sites, initiation codon, single or multi-exon deletion) in a gene where
loss of function (LOF) is a known mechanism of disease

*We will utilize SVI’s PVS1 recommendation for determining applicable PVS1 strength level (Abou Tayoun et al 2018;
PMID:30192042).

STRONG EVIDENCE OF PATHOGENICITY
PS1 Same amino acid change as a previously established pathogenic variant regardless of nucleotide change

PS2 De novo (both maternity and paternity confirmed) in a patient with the disease and no family history
Note: Confirmation of paternity only is insufficient. Egg donation, surrogate motherhood, errors in embryo transfer, etc. can contribute

to non-maternity
*We will utilize SVI’s de novo guidance document.

Related publication(s): Date Approved: April 30, 2020

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent
version.
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PS3

Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or gene product

Criterion

SLC19A3

PDHA1

POLG

ETHE1

PS3

NOT APPLICABLE

NOT APPLICABLE

There is currently no well-
established functional assay
specifically for PDHA1L or
the El-alpha subunit of
PDC.

NOT APPLICABLE

There is currently no well-
established functional assay
specifically for POLG.

NOT APPLICABLE

PS3
Supp

Transporter assay
showing loss of function

Reduced ETHEL persulfide
dioxygenase

BS3

BS3
Supp

Transporter assay
showing no effect on the
gene or gene product

Related publication(s):

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent

version.
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PS4 The prevalence of the variant in affected individuals is significantly increased compared to the prevalence in controls
SLC19A3 PDHAl POLG ETHE1
Criterion
PS4 REMOVED REMOVED Rarely, pathogenic REMOVED
variants cause disease in
Autosomal recessive X-linked condition an AD manner. For these |  Autosomal recessive

condition variants only, presence condition

in:

2 unrelated probands
will be considered
supporting evidence,

4 unrelated probands
will be considered
moderate evidence,

16 unrelated probands
will be strong evidence.

**Note: This will only
be utilized when there is
segregation evidence
supporting autosomal
dominant inheritance

Related publication(s): Date Approved: April 30, 2020

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent
version.
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MODERATE EVIDENCE OF PATHOGENICITY

PM1 Located in a mutational hot spot and/or critical and well-established functional domain (e.g. active site of an enzyme) without benign
variation
SLC19A3 PDHA1 POLG ETHE1
Criterion
PM1 REMOVED Located in one of the REMOVED REMOVED
following functional
« In Exac, there are no domainse.: Well established This is a small gene
regions that are thiamine pyrophosphate | functional domains exist | with no known hot-spots
obviously constrained. (TPP) binding site (aa | however no regions are | or functional domains.
* Only 2 variants in positions 118Y, 119R, | devoid of missense
general population 165G, 167V, 195G, | variation.

between 326 and 345, so | 196D, 197G, 198A,
this may be constrained | 225N, 227Y, 292H)

region but not * o B heterodimer
proven/objective. interface (aa positions
* There are no regions 160F, 162G, 164N,
with a lot of variants 169A, 172P, 173L,
and variants are evenly | 176G, 1771,  179L,
spread throughout. 180A,183Y, 202G,

Related publication(s): Date Approved: April 30, 2020

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent
version.
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* About 20 regions
without a lot of variants
but not proven.

* Group agreed to wait
until higher resolution
constraint scores
available to stipulate

regions for this criterion.

203Q, 209N, 210M,
213L)

* 02 P2 heterotetramer
interface (aa positions

88R, 140G, 165G, 166,

197G, 199A, 200N,
201Q, 202G, 205F,
209N, 213L, 228G,
229M, 230G, 231T,

245R, 296D, 300S)
* phosphorylation loop

region (aa positions
287Y, 288R, 289Y,
290H, 291G, 292H,
293S, 2958, 296D, 297P,
298G, 299V, 300S,
301Y, 302R, 303T,
304R, 305E, 314S,
315D, 316P)

&These domains are highly conserved (phastCons scores are mostly 1, phyloP scores are high).

Related publication(s):

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent

version.
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PM2

Related publication(s):

Absent from controls (or at extremely low frequency if recessive) in Exome Sequencing Project, 1000 Genomes or EXAC

SLC19A3
ACMG-AMP Allelic
Criteria MAF Prevalence Heterogeneity Penetrance Notes
BAl >0.001 (0.1%) <1/1,000,000 100% 100% -
50.4%
0 [63/125 0 i
BS1 >0.0005 (0.050%) <1/1,000,000 (c.1264A>G): 100%
PMID: 28696212]
Per SVI: Use a
threshold an order
PM2 (Zodgggg/f) - - - of magnitude
' below BS1
threshold

Date Approved: April 30, 2020

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent

version.
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PDHA1

ACMG-AMP MAF Prevalence Allelic
Criteria Heterogeneity Penetrance Notes

Utilized biallelic
inheritance in
WARE calculator
(monoallelic cut-
off calculated out
toeven 1
occurrence in
<1/1,000,000 100% 100% gnomAD meeting
BA1 so utilized
biallelic); for
genetic
heterogeneity,
84% was used
(Patel et al., 2012;
page 388)

>0.00092

BA1 (>0.092%)

10% (Estimated;
<1/1,000,000 Patel et al., 2012 - 100% -
Supp table)

>(0.000092

BS1 (>0.0092%)

PM2 0.0000092 - - - Per SVI: Use a

Related publication(s): Date Approved: April 30, 2020

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent
version.
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(<0.00092%) threshold an order
of magnitude
below BS1
threshold
POLG
ACMG-AMP MAF Prevalence Allelic Penetrance Notes
Criteria Heterogeneity

BA1l >0.01 1/10,000 100% 100% -

(>1.0%) (POLG
Genereviews)

BS1 >0.005 1/10,000 50% (estimated) 100% -
(>0.5%)

PM2 <0.0005 - - - Per SVI: Use a
(<0.05%) threshold an order

of magnitude
below BS1
threshold
ETHE1
ACMG-AMP MAF Prevalence Allelic Penetrance Notes
Related publication(s): Date Approved: April 30, 2020

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent
version.
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Criteria Heterogeneity
>0.001 0 0
BA1 (>0.1%) <1/1,000,000 100% 100% -
>0.0002 0 : 0 -
BS1 (>0.020%) <1/1,000,000 20% (estimated) 100%
Per SVI: Use a
threshold an order
PM2 (:g'ggggé ) - - - of magnitude
' below BS1
threshold
PM3 For recessive disorders, detected in trans with a pathogenic variant
Note: This requires testing of parents (or offspring) to determine phase
SLC19A3 PDHA1 POLG ETHE1
Criterion
REMOVED Use per SVI guidance
PM3 Use per SVI guidance Not relevant for XL Note: T2511 and P587L Use per SVI guidance
disorders are almost always in cis
Related publication(s): Date Approved: April 30, 2020

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent
version.
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*SLC19A3, POLG, ETHEL will follow ClinGen SVI in trans guidance
(https://clinicalgenome.org/site/assets/files/3717/svi_proposal_for_pm3_criterion - version_1.pdf)

PM4 Protein length changes due to in-frame deletions/insertions in a non-repeat region or stop-loss variants
PM5 Missense change at an amino acid residue where a different missense change determined to be pathogenic has been seen before
PM6 Assumed de novo, but without confirmation of paternity and maternity

*We will utilize SVI’s de novo guidance document.

SUPPORTING EVIDENCE OF PATHOGENICITY

PP1 Co-segregation with disease in multiple affected family members in a gene definitively
known to cause the disease

Criterion SLC19A3 PDHA1 POLG ETHE1
PP1 For segregation, an Further define “affected”
affected is defined as an as an individual in
individual who whom there is objective
evidence of
1) has brainstem or basal - manifestations -
ganglia lesions consistent with POLG-
compatible with related disorders
SLC19A3-related spectrum: Alpers-
Biotin-responsive basal Huttenlocher syndrome
Related publication(s): Date Approved: April 30, 2020

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent
version.
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ganglia disease
OR

2) a person with
neurodevelopmental
regression or MRI
lesions compatible with
SLC19A3-related
Biotin-responsive basal
ganglia disease who had
significant clinical
improvement in either
symptoms or MRI
lesions from treatment

with biotin and thiamine.

(AHS), childhood
myocerebrohepatopathy
spectrum (MCHS),
myoclonic epilepsy
myopathy sensory ataxia
(MEMSA), ataxia
neuropathy spectrum
(ANS), and/or
progressive external
ophthalmoplegia (PEO)

*All groups will follow ClinGen SV1 segregation/LOD scoring guidance

PP2 Missense variant in a gene that has a low rate of benign missense variation and where missense variants are a common mechanism of

disease

Related publication(s):

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent

version.
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PP3

SLC19A3 PDHA1 POLG ETHE1
Criterion
PP2 REMOVED REMOVED REMOVED REMOVED
Missense constraint Z- Missense constraint Z- Missense constraint Z- Missense constraint Z-
score =-0.37 score = 2.57 score =-0.74 score =0.96
Multiple lines of computational evidence support a deleterious effect on the gene or
gene product (conservation, evolutionary, splicing impact, etc)
SLC19A3 PDHA1 POLG ETHE1
Criterion
PP3/BP4 No gene-specific No gene-specific Agree to utilize No gene-specific

predictors;
agree to utilize REVEL,
with thresholds of
>0.75 and <0.15
for PP3 and BP4,
respectively

predictors;
agree to utilize REVEL,
with thresholds of
>0.75 and <0.15
for PP3 and BP4,
respectively

REVEL, with thresholds
of >0.75 and <0.15
for PP3 and BP4,
respectively

*Will also utilize POLG
pathogenicity prediction
server if/when live again
(PMID: 28480171);
both tools (REVEL and
server) will have to be
in agreement to score

predictors;
agree to utilize REVEL,
with thresholds of
>0.75 and <0.15 f
or PP3 and BP4,
respectively

Related publication(s):

Date Approved: April 30, 2020
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PP4 Patient’s phenotype or family history is highly specific for a disease with a single genetic etiology.

Strength SLC19A3 PDHA1 POLG ETHE1

1. Mitochondrial

DNA depletion Individual has abnormally

showing < 20% of high urinary ethylmalonic
controls, acid

OR AND one of the following:

2. Multiple mitochondrial (1) All of the following

PP4_Mo ] _ DNA deletions symptoms present:
derate (NOTE:depletion and/or -Acrocyanosis
-Petechiae

deletion analysis must be
performed in muscle
and/or liver; other tissues
such as blood, fibroblast,
and buccal are not
acceptable; (2) 23 or more of

the following

-Chronic diarrhea
-Developmental delay

Related publication(s): Date Approved: April 30, 2020
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Must be performed in
child, as defined as <18
years old)

Note: For both scenarios 1
and 2, will only apply if
other mtDNA maintenance
disorders have been
excluded”™ (exome
sequencing or
comprehensive panel-
based testing)

biochemical
studies:

-Abnormally high blood
C4-Acylcarnitine esters
-Abnormally high blood
C5-acylcarnitine
-Abnormally high plasma
thiosulphate
-Abnormally low
cytochrome oxidase
activity in skeletal muscle
(without evidence of other
complexes decreased)

PP4

Patient has/had MRI
features of Leigh
syndrome with clinical
response to
biotin/thiamine

One of the following
criteria are met;

(1) Pyruvate radioactive
enzyme assay showing
decreased (as defined as
<3rd percentile of
controls) for PDC,
activated and decreased
ratios (PDC/E3 and/or

1. Mitochondrial DNA
depletion showing 20-50%
of controls in children (<
18 years of age),

AND/OR

Individual has abnoramlly
high urinary ethylmalonic
acid

AND one of the following:

(1) 3 of the following
features present:

-Acrocyanosis
-Petechiae

Related publication(s):
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PDCICS) in fibroblasts, 2. COX negative fibers in -Chronic diarrhea
muscle, and/or muscle in children and/or -Developmental
lymphocytes; adults delay

(2) abnormal laboratory
) ) studies in 2 of the
Note: Will only apply if | foj10wing biochemical

(2) other assays showing
decrease in PDC activity
(ie: western blot,

immunocapture, and other mtDNA studies:
activity; commercial kits | Mmaintenance disorders -Abnormally high blood
for research); have been excluded” C4-Acylcarnitine esters
-Abnormally high blood
(3) abnormally high (exome sequencing or C5-acylcarnitine
pyruvate and/or comprehensive panel- | -Abnormally high plasma
pyruvate/lactate ratio based testing) thiosulphate

-Abnormally low
cytochrome oxidase
activity in skeletal muscle,
without evidence of other
complexes decreased

~The following genes should be excluded: APTX, C10o0rf2, DGUOK, DNA2, FBXL4, GFER, MGMEL1, MPV17, OPA1,
OPA3, POLG2, RRM2B, SLC25A4, SPG7, SUCLAZ2, SUCLG], TK2, TYMP. Genes will be excluded when there are no
pathogenic or likely pathogenic variants present in trans that could be causative.
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PP5 Reputable source recently reports variant as pathogenic but the evidence is not available to the laboratory to perform an independent
evaluation
Not applicable

STAND Al ONE EVIDENCE OF BENIGN IMPACT

BA1 Allele frequency is >0.05 in any general continental population dataset of at least 2,000 observed alleles and found in a gene without a gene- or
variant-specific BA1 modification.

See PM2 table for gene-specific BA1 thresholds.

STRONG EVIDENCE OF BENIGN IMPACT

BS1  Allele frequency is greater than expected for disorder
See PM2 table for gene-specific BS1 thresholds.

BS2  Observed in a healthy adult individual for a recessive (homozygous), dominant (heterozygous), or X-linked (hemizygous) disorder with full
penetrance expected at an early age.

Criterion SLC19A3 PDHA1 POLG ETHE1
Observed in at least two Observed in a healthy
Observed in a healthy, healthy male adults adult individual in the Observed in a healthy
BS2 untreated, adult individual *Note: Individual’s homozygous state adult individual in the
in the homozygous state phenotype is well- homozygous state
characterized (not just seen AND/OR
Related publication(s): Date Approved: April 30, 2020
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in database of presumed
healthy individuals)

AND/OR

216 hemizygotes
in gnomAD

Normal mtDNA content
(1. Must be performed in
muscle and/or liver; blood,
fibroblast, and buccal not
acceptable; 2. Must be
performed in children only
- defined as <18 years old;
3. A normal level is
defined as >50%.)

BS2_supporting

Observed in 4-15
hemizygotes in gnomAD

AND/OR

Pyruvate radioactive
enzyme assay showing
normal (defined as >3rd

percentile of controls) for
PDC, activated and normal
ratios (PDC/E3 and/or
PDCI/CS) in fibroblasts
with no evidence of
skewed X-inactivation in
fibroblasts.

Lack of COX negative
fibers in muscle (children
and adults)

Normal laboratory values
(specific labs outlined in
PP4)
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BS3  Well-established in vitro or in vivo functional studies show no damaging effect on protein function or splicing.
See PS3

BS4  Lack of segregation in affected members of a family

CrEnT SLC19A3 PDHA1 POLG ETHE1
BS4 Lack of segregation in - - -
affected and/or treated
members of a family.
SUPPORTING EVIDENCE FOR BENIGN IMPACT
BP1 Missense variant in a gene for which primarily truncating variants are known to cause disease
CrtErs SLC19A3 PDHA1 POLG ETHE1
BP1 REMOVED REMOVED REMOVED REMOVED
Some pathogenic Some pathogenic Some pathogenic Some pathogenic
variants are missense variants are missense variants are missense variants are missense
BP2 Observed in trans with a pathogenic variant for a fully penetrant dominant gene/disorder; or observed in cis with a pathogenic variant in

any inheritance pattern
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St SLC19A3 PDHA1 POLG ETHE1

BP2 - REMOVED - -

X-linked disorder

BP3 In-frame deletions/insertions in a repetitive region without a known function

BP4 Multiple lines of computational evidence suggest no impact on gene or gene product (conservation, evolutionary, splicing impact, etc.)
See PP3 above.

BP5 Variant found in a case with an alternate molecular basis for disease

BP6 Reputable source recently reports variant as benign but the evidence is not available to the laboratory to perform an independent
evaluation
Not applicable

BP7 A synonymous (silent) variant for which splicing prediction algorithms predict no impact to the splice consensus sequence nor the
creation of a new splice site AND the nucleotide is not highly conserved

Related publication(s): Date Approved: April 30, 2020
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Summary of ACMG-AMP Criteria for mtDNA Mitochondrial Disease

ACMG/AMP current description mtDNA specifications
ACMG/AMP Original
o . Relevant gene
criteria ACMG/AMP rule Stand alone Very strong Strong Moderate Supporting Comments class
codes summary
Large Nonsense mediated
Null variantin a heteroplasmic decay is not known to
gene where LOF is mtDNA ) occur for mtDNA,
. Assessment of small deletions, nonsense, and . mRNA
a known deletions, ] . . . . however ClinGen SVI
PVS1 - h  least frameshift variants in protein-coding genes should PVS1 euideli (Ab
i where at leas uidelines (Abou
mechanism . follow established guidelines (Abou Tayoun et al., 2018) & .
one gene is Tayoun et al., 2018) will
of disease completely be utilized when
deleted applicable (see figure).
Same amino acid
change as a
previously Applied per
established original
PS1 . - - - - MRNA
pathogenic ACMG/AMP
variant regardless guidelines
of nucleotide
change
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PS2

De novo (both
maternity and
paternity
confirmed) in a
patient with the
disease and no
family history

De novo (maternity confirmed or identical full mtDNA sequence) in a
patient with the disease and no family history; with weighting per
ClinGen SVI guidance

Older sequencing
techniques such as
Sanger sequencing
cannot reliably detect
heteroplasmy levels
below 30-50%.

Current NGS techniques
can typically detect
heteroplasmy levels as
low as 1.5%.

It is recommended to
test several tissues in the
mother to fully assess for
the presence and level of

the mtDNA variant in

question.

Utilize ClinGen SVI
recommendation for
applying these criteria
(https://clinicalgenome.o
rg/site/assets/files/3461/

MRNA

tRNA

rRNA

Related publication(s):
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svi_proposal for de nov
o criteria vl 0.pdf), the
mitochondrial genome
would best fit with Table
1 “phenotypic

consistency” category of
“phenotype consistent
with gene but not highly
specific.”

The following criteria
should be met to apply:

- a biochemical deficiency
must be observed in

Well-established patient cell line with
Functional mtDNA variant in mRNA
in vitro or in vivo .
i ; validation is present question
PS3 functional studies - - - - . ) . tRNA
in cybrid studies or
. ) . - whether the
supportive of a single fiber analysis FRNA

biochemical deficiency is
damaging effect transferred to mutant
cybrids (in the case of
enzymatic deficiency,
<20% activity of control
or a decrease in activity

that is >2 standard

Related publication(s): Date Approved: June 12, 2020

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent
version.

ClinGen_Mito Disease_ ACMG_Specifications_v1


https://clinicalgenome.org/site/assets/files/3461/svi_proposal_for_de_novo_criteria_v1_0.pdf
https://clinicalgenome.org/site/assets/files/3461/svi_proposal_for_de_novo_criteria_v1_0.pdf

ClinGen Mitochondrial Disease Nuclear and Mitochondrial Expert Panel Specifications to the ACMG/AMP Variant Interpretation Guidelines Version 1_mtDNA
This version specified for the following genes: Mitochondrial DNA (mtDNA) Genes

Expert Panel Page: https://www.clinicalgenome.org/affiliation/50027

deviations from control
mean)

- whether cybrid cells
carry high mutant load
(minimal 60%)

- if studies have been
reproduced and are
consistent

Individuals are defined as
affected if they:

The prevalence of

the variant in -meet diagnostic criteria

affected Variant Variant present in2 for one of the classic mMRNA
individuals is presentin Variant present . -

unrelated probands mitochondrial disease

PS4 significantly - - >16 in 24 unrelated o - tRNA
in different top- clinical syndromes
increased unrelated probands

level haplogroups (MELAS, MERRF, MIDD,

compared with probands plogroup rRNA

NARP, Pearson, KSS,
CPEO, CPEO plus, Leigh,
Alpers, LHON, primary

the prevalence in
control subjects

lactic acidosis)
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OR

-have 1 “red flag” feature
with 2 or more
nonspecific features

(see tables in

Haas et al., 2007)

OR

- have 3 or more
nonspecific features with
lab abnormalities

(see table in

Haas et al., 2008)

Located in a
PM1 mutational - - - - - - None
hotspot
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and/or critical
and well-
established

functional

domain without
benign variation

mRNA
Frequency <0.00002
Absent from d Y

PM2 - - - - (0.002%, 1/50,000) - tRNA

control subjects
from controls

rRNA

For recessive mtDNA variants are
disorders, maternally inherited and
PM3 detected in trans - - - - - not inherited in an None
with a pathogenic autosomal recessive
variant manner

Protein length

changes due to Applied per
PMA4 P i i i original

ACMG/AMP

deletions / guidelines

insertions in a

- - mRNA

nonrepeat region
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or stop-loss
variants
Missense change
at amino acid
residue Applied per Same nucleotide
original position as mRNA
where a different ACMG/AMP previously
PM5 . - - - . . - tRNA
missense change guidelines established
determined to be (protein-coding | pathogenic variant rRNA
genes) in a rRNA/tRNA
pathogenic has
been seen before
Assumed de novo
mRNA

(but without Assumed de novo, but without confirmation of maternity (maternal

PM6 confirmation of - testing done by targeted variant analysis and/or targeted gene See PS2 tRNA

maternity and .
sequencing)

rRNA
paternity
Cosegregation . . Variant must not only
L e . Cosegregation with .
Cosegregation in with disease in di in 24 segregate in maternal mRNA
isease in 2-
multiple affected 5+ maternal . family members, but the
PP1 ) - - - . maternal family tRNA
family members family level of heteroplasmy
. members and level .
in a gene members and must also segregate with
e of heteroplasmy ) . i rRNA
definitively level of ] . disease manifestations,
segregating with o
heteroplasmy where those individuals
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known to cause
the disease

segregating
with disease
manifestations

disease
manifestations

with more mild
symptoms or appearing
to be healthy have lower
to undetectable levels of
the variant and those
more severely affected
individuals and/or tissues
have higher levels of the
variant.

This criterion cannot be
applied when a variant is
present at homoplasmy
in multiple family
members.

PP2

Missense variant
ina

gene that has a
low rate of benign
missense

variation and in
which missense
variants are a

mtDNA exhibits lack of
recombination and a
relatively high mutation
rate (due to lack of
histones or other
protective structures)
that allows for mtDNA

None

Related publication(s):
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common
mechanism of

variants to accumulate

etiology

(for fibroblasts,
must be seen in
multiple unrelated
probands and/or

subunits, assembly
factors, and translation
components should be
thoroughly evaluated

over time
disease
Multiple lines of
Multiple lines of
computational computational
evidence support a mMRNA
evidence support deleterious effect .
PP3 ; - - See figure. tRNA
a deleterious on the gene or gene
effect on the gene product rRNA
or gene (conservation,
evolutionary, etc)
product
- - Decreased ETC Other causes of ETC
enzyme activity enzyme deficiency must
Patient's (<20%) performed be excluded, to the best
phenotype or in a CLIA-approved of current ability, by MRNA
family history is (or equivalently- comprehensive mtDNA
PP4 highly specific for certified) laboratory and nDNA sequencing. tRNA
a disease with a in muscle, liver, Nuclear DNA genes
single genetic and/or fibroblasts including ETC complex rRNA
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assayed in different with no pathogenic or
individuals). likely pathogenic variants
(present in trans if
autosomal recessive
inheritance) that could be
causative detected. See
Supplemental file for list
of genes.

Reputable source
Removed per ClinGen SVI

PPS recently reports i i i ) ) recommendation None
variant as (PMID: 29543229)
pathogenic
Top-level
haplogroup
defining
variants in MRNA
Allele frequency is individuals
BA1l - - - - tRNA
> 0.05 (5%) that are
members of rRNA

that same top-
level
haplogroup
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OR

Allele
frequency >

expected at an
early age

than in same
tissue tested

affected individual

0.01 (1%)
Allele frequency is Allele mRNA
frequency
BS1 greater than - 0.005 - - tRNA
expected for 0.0099 (0.5%
disorder - 0.99%) rRNA
Observed in a Observed at a
healthy adult higher Observed at a
individual for a heteroplasmy higher
recessive in a healthy heteroplasmy in a
(homozygous), adult healthy adult mMRNA
dominant individual, individual,
BS2 heterozygous), or - especially in especially in healthy tRNA
X-linked healthy maternal family
(hemizygous) maternal members, than in rRNA
disorder, with full family different tissue(s)
penetrance members, tested in an
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in an affected
individual
No evidence of
functional effect in
cybrid studies or
Well-established single fiber analysis
in vitro or in vivo is present (no
functional studies statistically mMRNA
show no significant
BS3 ] - - - - . See PS3. tRNA
damaging effect difference from
on protein control; mean rRNA
function or values of <2 SD
splicing from control mean,
or 50% enzyme
activity compared
to controls).
Lack of
Lack of segregation mMRNA
segregation in in affected
BS4 - - members of a - - See PS4. tRNA
affected members family and/or
of a family segregation rRNA
of disease in
paternal
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family
members

BP1

Missense variant
in a gene for
which primarily
truncating
variants are
known to cause
disease

Most variants in protein-
coding mtDNA genes are
not truncating, but rather
missense variants. Even if
truncating variants were
more common, this
would not preclude
missense variants from
also causing a loss of
protein function

None

BP2

Observed in trans
with a pathogenic
variant for a fully
penetrant
dominant
gene/disorder or
observed in cis
with a pathogenic
variant in any
inheritance
pattern

Other mtDNA
variant is observed
in individual’s
mtDNA that has
previously been
confirmed to be
pathogenic

mRNA

tRNA

rRNA

Related publication(s):

Date Approved: June 12, 2020

This document is archived and versioned on ClinGen’s website. Please check https://www.clinicalgenome.org/affiliation/50027/docs/assertion-criteria for the most recent

version.

ClinGen_Mito Disease_ ACMG_Specifications_v1




ClinGen Mitochondrial Disease Nuclear and Mitochondrial Expert Panel Specifications to the ACMG/AMP Variant Interpretation Guidelines Version 1_mtDNA
This version specified for the following genes: Mitochondrial DNA (mtDNA) Genes

Expert Panel Page: https://www.clinicalgenome.org/affiliation/50027

There are a few locations
in the mtDNA genome
where indels within a

In-frame repetitive region are
deletions / observed outside of two
common locations: one is
BP3 insertions in a - - - - - in the hypervariable None
repetitive region region 1 (around position
without a known 16,189) and the other in
function

hypervariable region 2
(around position 310).
These indels are well-
known benign findings.

. . Multiple lines of
Multiple lines of

computational

computational mRNA

. evidence suggest no
evidence suggest

BP4 - - - - impact on gene or See PP3 tRNA

no impact on
gene or gene gene product

(conservation, rRNA
product .
evolutionary, etc)
Mitochondrial DNA
Variant found in a variant found in a mMRNA
BP5 . - - _ . )
case with an i
case with a nuclear tRNA
alternate DNA-related disease
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sequence nor the
creation of a new
splice site AND
the nucleotide is
not highly
conserved

(silent) variant.

in predictor algorithms
used in PP3 and BP4, so
conservation will be
incorporated in this
criterion.

molecular basis 'RNA
for disease
Reputable source Removed per ClinGen SVI
BP6 recently reports - - - ; recommendation None
variant as benign (PMID: 28543229)
A synonymous
(silent) variant for
which splicing Mitochondrial genes do
prediction not undergo splicing.
algorithms predict
no impact to the
Bp7 splice consensus . ) ) A synonymous Conservation is included mRNA

*Key: LOF = loss of function; SVI — Sequence Variant Interpretation Committee
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