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Supplementary Fig 1. Flowchart of genetic diagnosis
[image: ]
In total, 3315 patients with IPNs, including 865 cases with disease onset before 10 years of age, were genetically analyzed. From 2007 to 2012, DNA microarray analysis targeted 28 IPN-related genes, excluding the GAN gene. Whole-exome sequencing was subsequently performed in 273 patients in whom no causative gene was identified, leading to the detection of biallelic GAN variants in two patients. Since 2012, genetic screening has been conducted using an in-house IPN-related gene panel, which includes the GAN gene, via next-generation sequencing. This approach identified two additional patients with biallelic GAN variants.
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Evidence
class ACMG criteria Family1



c.808G>A, (pGly270Ser)
Family2



c.1478A>C, (p.Glu493Ala)
Family3



c.456dup, (p.Ala153Cysfs*27)
Family3



c.922G>T, (p.Glu308*) Comment



PVS1



Null variant (nonsense, frameshift,
canonical ± 1 or 2 splice sites, initiation
codon, single or multiexon deletion) in a



gene where LOF is a known mechanism of
disease



not applicable not applicable



We referred to "Recommendations for
interpreting the loss of function PVS1



ACMG/AMP variant criterion" for
classification.(1)



PM2
Absent from controls (or at extremely low



frequency if recessive) in Exome
Sequencing Project, 1000 Genomes or



ExAC



We used gnomAD and jMorp as the
population control databases.(2,3)



PM3 For reessive disorders, detected in trans
with a pathogenic variant



The p.Ala576Glu variant has been reported
as likely pathogenic and scores 1.0 point,



which corresponds to the Moderate level of
evidence under the PM3 criterion.



This variant is homozygous, resulting in a
+1.0 score, which corresponds to the



Moderate level of evidence under the PM3
criterion.



not applicable not applicable



We referred to "ClinGen Sequence Variant
Interpretation Recommendation for in trans



Criterion (PM3) - version 1.0" for
classification.(4)



PM5
Novel missense change at an amino acid



residue where a different missense change
determined to be pathogenic has been



seen before



not applicable



As another missense variant at the same
amino acid residue, p.Glu493Lys, has
been reported as pathogenic, the PM5



criterion was applied at a moderate level of
strength.



not applicable not applicable We referred to primary ACMG criteria for
classification.(5)



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



mechanism of disease



not applicable not applicable We referred to primary ACMG criteria for
classification.(5)



PP3
Multiple lines of computational evidence



support a deleterious effect on the gene or
gene product (conservation, evolutionary,



splicing impact, etc.)



BayesDel noAF is 0.1428 and SIFT4G is 0,
suggesting PP3 supporting.



BayesDel noAF is 0.3571, CADD is 28.2
and SIFT4G is 0, suggesting PP3



moderate.



Given that the variant is a frameshift, the
PP3 criterion is not applicable.



Given that the variant is a nonsenset, the
PP3 criterion is not applicable.



We referred to "Calibration of
computational tools for missense variant
pathogenicity classification and ClinGen



recommendations for PP3/BP4 criteria" and
primary ACMG criteria for classification.(5,



6)



PP1/PP4
Patient's phenotype of family history is



highly specific for a disease with a single
genetic etiology



The proband's parents were both
heterozygous carriers, while one affected
siblings have homozygous variants. This
results in a +2.0 score, correspond to the
Moderate classification under PP1/PP4



strength.



 One unaffected sibling has heterozygous
variant. This results in a +0.4 score, the



PP1/PP4 criterion is not applicable.



IPNs is a polygenic disorder that does not
receive points from Diagnostic yields.



We referred to "ClinGen guidance for use
of the PP1/BS4 co-segregation and PP4



phenotype specificity criteria for sequence
variant pathogenicity classification" for



classification.(7)



These heterozygous variants are absent in both control databases, suggesting PM2 supporting.



According to ClinVar, 348 out of 412 reported variants in the GAN gene are missense
variants. Among the missense variants with available classifications (excluding VUS),
14 out of 16 are classified as likely pathogenic or pathogenic. Based on this evidence,



the PP2 criterion was applied.



 These variants are  predicted to undergo NMD.  Exons are present in biologically-
relevant transcripts. We classified these varinats as PVS1_very strong.



The proband's parents were both heterozygous carriers, while three unaffected siblings
have heterozygous variants. This results in a +1.2 score, correspond to the Supporting



classification under PP1/PP4 strength.










Evidence

class

ACMG criteria

Family1

c.808G>A, (pGly270Ser)

Family2

c.1478A>C, (p.Glu493Ala)

Family3

c.456dup, (p.Ala153Cysfs*27)

Family3

c.922G>T, (p.Glu308*)

Comment

PVS1

Null variant (nonsense, frameshift,

canonical ± 1 or 2 splice sites, initiation

codon, single or multiexon deletion) in a

gene where LOF is a known mechanism of

disease

not applicable not applicable

We referred to "Recommendations for

interpreting the loss of function PVS1

ACMG/AMP variant criterion" for

classification.(1)

PM2

Absent from controls (or at extremely low

frequency if recessive) in Exome

Sequencing Project, 1000 Genomes or

ExAC

We used gnomAD and jMorp as the

population control databases.(2,3)

PM3

For reessive disorders, detected in trans

with a pathogenic variant

The p.Ala576Glu variant has been reported

as likely pathogenic and scores 1.0 point,

which corresponds to the Moderate level of

evidence under the PM3 criterion.

This variant is homozygous, resulting in a

+1.0 score, which corresponds to the

Moderate level of evidence under the PM3

criterion.

not applicable not applicable

We referred to "ClinGen Sequence Variant

Interpretation Recommendation for in trans

Criterion (PM3) - version 1.0" for

classification.(4)

PM5

Novel missense change at an amino acid

residue where a different missense change

determined to be pathogenic has been

seen before

not applicable

As another missense variant at the same

amino acid residue, p.Glu493Lys, has

been reported as pathogenic, the PM5

criterion was applied at a moderate level of

strength.

not applicable not applicable

We referred to primary ACMG criteria for

classification.(5)

PP2

Missense variant in a gene that has a low

rate of benign missense variation and in

which missense variants are a common

mechanism of disease

not applicable not applicable

We referred to primary ACMG criteria for

classification.(5)

PP3

Multiple lines of computational evidence

support a deleterious effect on the gene or

gene product (conservation, evolutionary,

splicing impact, etc.)

BayesDel noAF is 0.1428 and SIFT4G is 0,

suggesting PP3 supporting.

BayesDel noAF is 0.3571, CADD is 28.2

and SIFT4G is 0, suggesting PP3

moderate.

Given that the variant is a frameshift, the

PP3 criterion is not applicable.

Given that the variant is a nonsenset, the

PP3 criterion is not applicable.

We referred to "Calibration of

computational tools for missense variant

pathogenicity classification and ClinGen

recommendations for PP3/BP4 criteria" and

primary ACMG criteria for classification.(5,

6)

PP1/PP4

Patient's phenotype of family history is

highly specific for a disease with a single

genetic etiology

The proband's parents were both

heterozygous carriers, while one affected

siblings have homozygous variants. This

results in a +2.0 score, correspond to the

Moderate classification under PP1/PP4

strength.

 One unaffected sibling has heterozygous

variant. This results in a +0.4 score, the

PP1/PP4 criterion is not applicable.

IPNs is a polygenic disorder that does not

receive points from Diagnostic yields.

We referred to "ClinGen guidance for use

of the PP1/BS4 co-segregation and PP4

phenotype specificity criteria for sequence

variant pathogenicity classification" for

classification.(7)

These heterozygous variants are absent in both control databases, suggesting PM2 supporting.

According to ClinVar, 348 out of 412 reported variants in the GAN gene are missense

variants. Among the missense variants with available classifications (excluding VUS),

14 out of 16 are classified as likely pathogenic or pathogenic. Based on this evidence,

the PP2 criterion was applied.

 These variants are  predicted to undergo NMD.  Exons are present in biologically-

relevant transcripts. We classified these varinats as PVS1_very strong.

The proband's parents were both heterozygous carriers, while three unaffected siblings

have heterozygous variants. This results in a +1.2 score, correspond to the Supporting

classification under PP1/PP4 strength.
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Table1

				Table1. Summary of in silico findings and ACMG classification for GAN variants, including variants not previously reported in other studies

				Family		Family1		Family2		Family3

				Variant		c.808G>A, (pGly270Ser)		c.1478A>C, (p.Glu493Ala)		c.456dup, (p.Ala153Cysfs*27)		c.922G>T, (p.Glu308*)



				insilico analysis

				    SIFT4G		0 (Deleterious)		0 (Deletorius)		NA		NA

				    Polyphen2		0.543 (Possibly damaging)		0.971  (Probably damaging)		NA		NA

				    FATHMM-MKL		0.992 (Deleterious)		0.9956 (Deleterious)		NA		0.9822 (Deleterious)

				    MutationTaster		1 (Uncertain)		1 (Uncertain)		NA		1 (Uncertain)

				    CADD (raw score)		5.13		4.89		NA		10.29

				    CADD (PHRED)		28.7		27.3		NA		46

				    BayesDel noAF		0.1428		0.3571		NA		0.66



				Alelle frequency

				    gnomAD		0		0		0		0

				    jMorp (60KJPN)		0		0		0		0



				Priviously reported variant		+ (this case only)		+ (this case only)		-		-



				  in silico data		PP3 supporting		PP3 moderate

				  population data		PM2 supporting		PM2 supporting		PM2 supporting		PM2 supporting

				  segregation data		PP4 moderate				PP4 supporting		PP4 supporting

				  other data		PP2 supporting
PM3 moderate		PP2 supporting
PM3 moderate
PM5 moderate		PVS1 very strong		PVS1 very strong

				classification of      ACMG criteria		likely pathogenic		likely pathogenic		pathogenic		pathogenic

				NA, not available





Table2

				Table2. Summary of clinical, electrophysiological, and neuroimaging features in five patients with GAN

						Family1				Family2		Family3		Family4

						patient1		patient2		patient3		patient4		patient5

				class		mild		mild		mild		classic		classic

				Onset Age/Sex		4.5y/M		8y/F		5y/M		3y/M		1.5y/F

				Examination Age		11y		9y		72y		13y		20y

				Clinical Feature

				   Initial symptom		gait disturbance		gait disturbance		gait disturbance		gait disturbance		gait disturbance

				   Muscle weakness		distal, lower>upper limb		distal		distal		distal, lower>upper limb		distal, lower>upper limb

				   Sensory disturbance		+		-		+		+		+

				   Ambulation status		independent		independent		unable		unable		unable

				   Deep tendon reflexs		decreased		normal		decreased		decreased		decreased

				   Pyramidal sign		+		-		-		-		-

				   Cerebellar sign		-		-		-		NA		+

				   Intellectual disability		-		-		-		-		Borderline(IQ83)

				   Kinky or tightly hair		-		-		-		+		+

				   Scoliosis		NA		-		+		+		+

				   Respiratory dysfunction		-		-		-		+(at night)		+(CPAP at night)

				   Other symptom		polydactyly, pes cavus, equinus, hammer toe, diarrhea		arthrogryposis		vocal cord paralysis, ileus, sleep apnea syndrome, bladder and rectal disturbance		pes cavus, dysphagia, cyclic vomiting		high palate, macrocephaly, vertigo, dizziness, constipation, cutaneous cold, Precocious puberty

				NCS

				   Median   CMAP(mV)		3.9		/		N.E		4.2		0.84

				                   MCV(m/s)		56.1		/		N.E		51.4		47.3

				                   SNAP(μV)		2.8		/		N.E		N.E		/

				                   SCV(m/s)		53.4		/		N.E		N.E		/

				   Ulnar　   CMAP(mV)		/		/		N.E		3		3.57

				                   MCV(m/s)		/		/		N.E		53.7		56.5

				                   SNAP(μV)		/		/		N.E		N.E		/

				                   SCV(m/s)		/		/		N.E		N.E		/

				   Tibial      CMAP(mV) 		2.1		5.2		N.E		0.3		N.E

				           　    MCV(m/s)		50.8		50.4		N.E		37		N.E

				   Sural       SNAP(μV)		0.5		4.1		N.E		N.E		/

				            　   SCV(m/s)		53.6		52.6		N.E		N.E		/

				Head  MRI		normal		NA		mild hyperintensities of  periventricular white matter		T2 high lesion at periventricular, bilateral cerebella hemisphere. atrophy at brainstem		T2 high lesion at medulla oblongata, periacqueductal grey matter of the midbrain, splenium of corpus callosum

				CMAP, compound muscle action potential; CPAP, continuous positive airway pressure; MCV, motor conduction velocity; MRI, magnetic resonance imaging; 
NA, not available; NCS, nerve conduction study; N.E, not evoked; SCV, sensory conduction velocity; SNAP, sensory nerve action potential
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				Supplementary Table1. ACMG/AMP evidence-based classification and supporting data for GAN variants identified in this study

				Evidence class		ACMG criteria		Family1
c.808G>A, (pGly270Ser)		Family2
c.1478A>C, (p.Glu493Ala)		Family3
c.456dup, (p.Ala153Cysfs*27)		Family3
c.922G>T, (p.Glu308*)		Comment

				PVS1		Null variant (nonsense, frameshift, canonical ± 1 or 2 splice sites, initiation codon, single or multiexon deletion) in a gene where LOF is a known mechanism of disease		not applicable		not applicable		 These variants are  predicted to undergo NMD.  Exons are present in biologically-relevant transcripts. We classified these varinats as PVS1_very strong.				We referred to "Recommendations for interpreting the loss of function PVS1 ACMG/AMP variant criterion" for classification.(1)

				PM2		Absent from controls (or at extremely low frequency if recessive) in Exome Sequencing Project, 1000 Genomes or ExAC		These heterozygous variants are absent in both control databases, suggesting PM2 supporting.								We used gnomAD and jMorp as the population control databases.(2,3)

				PM3		For reessive disorders, detected in trans with a pathogenic variant		The p.Ala576Glu variant has been reported as likely pathogenic and scores 1.0 point, which corresponds to the Moderate level of evidence under the PM3 criterion. 		This variant is homozygous, resulting in a +1.0 score, which corresponds to the Moderate level of evidence under the PM3 criterion.		not applicable		not applicable		We referred to "ClinGen Sequence Variant Interpretation Recommendation for in trans Criterion (PM3) - version 1.0" for classification.(4)

				PM5		Novel missense change at an amino acid residue where a different missense change determined to be pathogenic has been seen before		not applicable		As another missense variant at the same amino acid residue, p.Glu493Lys, has been reported as pathogenic, the PM5 criterion was applied at a moderate level of strength.		not applicable		not applicable		We referred to primary ACMG criteria for classification.(5)

				PP2		Missense variant in a gene that has a low rate of benign missense variation and in which missense variants are a common mechanism of disease		According to ClinVar, 348 out of 412 reported variants in the GAN gene are missense variants. Among the missense variants with available classifications (excluding VUS), 14 out of 16 are classified as likely pathogenic or pathogenic. Based on this evidence, the PP2 criterion was applied.				not applicable		not applicable		We referred to primary ACMG criteria for classification.(5)

				PP3		Multiple lines of computational evidence support a deleterious effect on the gene or gene product (conservation, evolutionary, splicing impact, etc.)		BayesDel noAF is 0.1428 and SIFT4G is 0, suggesting PP3 supporting.		BayesDel noAF is 0.3571, CADD is 28.2 and SIFT4G is 0, suggesting PP3 moderate.		Given that the variant is a frameshift, the PP3 criterion is not applicable.		Given that the variant is a nonsenset, the PP3 criterion is not applicable.		We referred to "Calibration of computational tools for missense variant pathogenicity classification and ClinGen recommendations for PP3/BP4 criteria" and primary ACMG criteria for classification.(5, 6)

				PP1/PP4		Patient's phenotype of family history is highly specific for a disease with a single genetic etiology		The proband's parents were both heterozygous carriers, while one affected siblings have homozygous variants. This results in a +2.0 score, correspond to the Moderate classification under PP1/PP4 strength.		 One unaffected sibling has heterozygous variant. This results in a +0.4 score, the PP1/PP4 criterion is not applicable.		The proband's parents were both heterozygous carriers, while three unaffected siblings have heterozygous variants. This results in a +1.2 score, correspond to the Supporting classification under PP1/PP4 strength.				IPNs is a polygenic disorder that does not receive points from Diagnostic yields. 
We referred to "ClinGen guidance for use of the PP1/BS4 co-segregation and PP4 phenotype specificity criteria for sequence variant pathogenicity classification" for classification.(7)
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