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ACMG Guidelines for Sequence Variations

Genetics
o arercn oot veses censismaceoms. MCIVIG STANDARDS AND GUIDELINES | inMedicine

GENETICS in MEDICINE | volume 17 | Number 5 | hay 2015

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
Sue Richards, PhD', Nazneen Aziz, PhD>'¢, Sherri Bale, PhD?, David Bick, MD* Soma Das, PhD>,
Julie Gastier-Foster, PhD®"#, Wayne W. Grody, MD, PhD*'*"!, Madhuri Hegde, PhD",

Elaine Lyon, PhD®, Elaine Spector, PhD', Karl Voelkerding, MD" and Heidi L. Rehm, PhD";
on behalf of the ACMG Laboratory Quality Assurance Committee
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Classification criteria for pathogenic variants

Evidence of Pathogenicity Category Definition
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
> Beware of genes where LOF is not a known disease mechanism (e.g., GFAP, MYH7)
VERY STRONG (PVS) >  Usecautioninterpreting LOF variants at the extreme 3"end of a gene
> Usecautionwith splice variants that are predicted to lead to exon skipping but leave the remainder of the protein intact
#  Usecautionin the presence of multiple transcripts
Ps1 Same amino acid change as a previously established pathogenic variant regardless of nucleotide change
EXAMPLE: Val-»Leu caused by either G=C or G>Tin the same codon
# Beware of changes that impact splicing rather than at the amino acid,/protein level
pPs2 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 inembryo transfer, andsoon, cancontribute to nonmaternity.
Ps3 Well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or gene product
Stro ng (pS]__ psq) Note: Functional studies that have been validated and shown to be reproducible and robust in a clinical diagnostic laboratory setting are considered the most well established.
P54 The prevalence of the variant in affected individuals is significantly increased compared with the prevalence in controls
Note 1: Relative risk or OR, as obtained from case—control studies, is »5.0, and the confidence interval around the estimate of relative risk or OR does not include 1.0. See the article for guidance.
Note 2: In instances of very rare variants where case—control studies may not reach statistical significance, the prior chservation of the variant in multiple unrelated patients with the same
phenotype, andits absence in controls, may be used as moderate level of evidence.
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
PM2 Absent from controls (or at extremely low frequency if recessive) (Table 6) in Exome Sequencing Project, 1000 Genomes Project, or Exome Aggregation
Consortium
>  Population data for insertions/deletions may be poorly called by next-generation sequencing.
PM3 For recessive disorders, detected in trans with a pathogenic variant
Moderate (PM 1 PMG) Note: This requires testing of parents (or offspring) to determine phase.
PM4 Protein length changes as a result of in-frame deletions/insertionsin a nonrepeat region or stop-loss variants
PM5 Novel missense change at an amino acid residue where a different missense change determined to be pathogenic has been seen before
Example: Arg156His is pathogenic; now you chserve Argl56Cys
> Beware of changes that impact splicing rather than at the amino acid/protein level.
PM6 Assumed de novo, but without confirmation of paternity and maternity
PP1 Cosegregation with disease in multiple affected family membersin a gene definitively known to cause the disease
Note: May be used as stronger evidence withincreasing segregation data
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
Supporting (PP]-PPS) PP3 Multiple lines of computational evidence support a deleterious effect on the gene or gene product (conservation, evolutionary, splicing impact, etc.)
> Because manyin silico algorithms use the same or very similar input for their predictions, each algorithm should not be counted as an independent criterion. PP3 can be used only once in
any evaluation of a variant.
PP4 Patient’s phenotype or family history is highly specific for a disease with a single genetic etiology
PP5 Reputable source recently reports variant as pathogenic, but the evidence is not available to the laboratory to perform an independent evaluation
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Classification criteria for benign variants

Evidence of Benign Impact | Category Definition
Stand-alone (BA].) BA1l Allele frequency is >5% in Exome Sequencing Project, 1000 Genomes Project, or Exome Aggregation Consortium
BS1 Allele frequency is greater than expected for disorder (see Table 6)
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.
BS3 Well-established in vitro or in vivo functional studies show no damaging effect on protein function or splicing
BS4 Lack of segregation in affected members of a family
Caveat: The presence of phenocopies for common phenotypes (i.e., cancer, epilepsy) can mimic lack of segregation among affected individuals. Also, families may have more thanone pathogenic
Stro ng (BS 1-354) variant contributing to an autosomal dominant disorder, further confounding an apparent lack of segregation.
BP1 Missense variant in a gene for which primarily truncating variants are known to cause disease
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
BP3 In-frame deletions/insertions in a repetitive region without a known function
Supporting (BP]-BP?) BP4 Multiple line of cor_np_l.ftation_al evidence suggests no imp_al:t on agene or gene product_(l:onser\ration, evolutior?ar\r, splil:ing_irr‘l_pal:t, etc.) _
Caveat: Because many in silico algorithms use the same or very similar input for their predictions, each algorithm cannot be counted as an independent criterion. BP4 can be used only once in any
evaluation of a variant.
BP5 Variant found in a case with an alternative 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
BP7 A synonymous (silent) variant for which splicing prediction algorithms predict no impact to the splice consensus sequence not the creation of a new splice site
AND the nucleotide is not highly conserved
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ACMG Rules for Combining Criteria

Table 5 Rules for combining criteria to classify sequence

variants
Pathogenic

Likely pathogenic

Benign

Likely benign

Uncertain
significance

{iy 1Verystrong (PV51).AND
{a) =1 Strong (P51-P54) OR
(b} =2 Moderate (PM1-PME) OR

(0 1 Moderate (PM1-PME) and 1 supporting
(PP1-PP5) OR

(d) =2 Supporting (PP1-PP5)
(i} =2 Strong (P51-P54) OR
{iii) 1 Strong (PS1-PS4) AND

(3)=3 Moderate (PM1-PME) OF

()2 Moderate (PM1-PM6) AND =2
Supporting (PP1-PPS) OR

()1 Moderate (PM1-PME) AND =4
supporting (PP1-PP5)

{iy 1 \ery strong (PV51).AND 1 moderate (PM1-
PhE) OR

(i} 1 5trong (PS1-P54) AND 1-2 moderate
(PM1-PME) OR

(iiiy 1 Strong (PS1-P54) AND =2 supporting
(PP1-PPS) OR

{iv) =3 Moderate (PM1-PME) OF

V) 2 Moderate (PM1-PME) AND =2 supporting
(PP1-PPS) OR

vy 1 Moderate (PM1-PME) AND =4 supporting
(PP1-PPS)

{iy 15tand-alone (BA1) OR
{ii} =2 Strong (BS1-B54)

{iy 15trong (B51-B54) and 1 supporting (BP1-
BPT) OR

(i) =2 Supporting (BP1-BPT)
(i) Other criteria shown above are not met OR

i) the criteria for benign and pathogenic are
contradictory
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UMass Flow Chart for Classification
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START NOW 313

© 2020. The consulting and operations division of UMass Medical School. Confidential 12



Do You Have a Variant Database? it will help you to:

* Track the information you collect
* Help you to determine interpretation

» Use as the foundation for your report

Commonwealth
Medicine
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Variant Example — ¢.547-39T>G

==] Varaint Summary Sheet

o BO®
4 mUniwrsily of = =
Massachuserts NENSP Variant Summaw REpOI’t Variant Syskey: E
UMASS Medical Schoal
. Date Int tation Assigned:
GENE: |GAA Reported Variant: |¢.547-39T>G ate Interpretation Assigne 5/25/2017
Date NENSP last reviewed variant: 9/29/2017
Interpretation: Benign
MEMSP 5taff Who Decided Interpretation: |Anne, Jaime, Binod
Number of specimens that variant has been observed in: 1
observed in >1% of general population
General Data ACMG Data
» . -
O » . -
RS ID: |r512452?21 | Pseudodeficiency Pathogenic
- [ crRIM Negati
Variant Type: |Sing|e Nucleotide Variant | Egative Number PVS1: I:I O pvs1
Molecular Consequence: |Intr0n Variant L Early Onset [ Number PS1-P54: I:I Opst O psz2 Opsz Oesa 1
] ] - [ Late Onset
Variant Location: Number PM1-PM6: | | O PM1 O pM2 O PM3 [0 PM4 [ PM5 [ PME
h
Record: M < Lofl | » M b Search Number PP1-PP5: |:| Oppr Oppz Opps Oepa O pes
Data from Consulted Databases Benign =
» -
DiseaseDB Effect: [unknown | O NOT LISTED in DiseaseDe Number BAL: BA1
EmVClass Classification: [Benign | O NOTUSTED in EmV Number BS1-BS4: |:| Oes1 Oesz Oess Ossa
ClinVar Clinical Signficance: |benign | O NOTUSTED in Clinvar Number BP1-BPT: |:| Oep1 Ueez Opez Oepa Oeps Oees O ep7
gnaMAD Allele Freq: O NOT LISTED in gnoMAD ACMG comments:
dbSNP Allele Freq: O NOT LISTED in dbSNP
UCSC Conservation: | b/
Record: W 1ofl oMK Search 1 »
Polyphen Prediction: | |
-
Record: M 1ofl oMK Search 4
-
Record: 4 4 & of 52 B M Search
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L

MAMIE: C

Variant Assessment Worksheet

1. Condition: POMPE Variant
Reviewed by NENSP before?
3. Other newborn screening program contribution

47-39T=G Date of Evaluation: 10/20/17

Name of program none

Listed?

Clinical significance

Date last reviewed

Comment

Some notes about using web-based databases: Using “Control F” might save you a lot of headache and prevent the
need for scrolling. Some databases are easier to use than others; some have good embedded methods for searching.
Some searches seemto be particularly susceptible to spaces — e.g. in ClinVar, ¢.590-8 C>T might be findable and ¢.590-
8C>T might not be — and vice versa (rules don’t seem to be applied uniformly; don’t give up.) If you can get to the

point of finding a good rs number (see below), you are in good shape.

4. Pompe database (DSdb)
http://clusteri5.erasmusme.nl/klgn/pompe/mutations.html?lang=en

Date that the DATABASE was last updated: May 2016
location Intron 2
HgvleNA name in the database optional

Hgvs protein name in the database maoy be heipfulin other seorches

Effect: unknown

When there are not good summary data from other sources:

Abstracts supporting pathogenic

Abstracts supporting vous

Abstracts supporting benign

Comment:

5. EMV www.egl-eurofins.com/emvclass/emvclass.php After inputting the gene name, in the search bar, just

enter the number and listwill come up. E.g., forc.973, just enter 973.

[+
Is it listed? yes
Location noce chat intronic variants seem to be listed by closest exan. Exon 3
Classification Benign
Date the variant was last reviewed. 8/7/17
Comment: BP6
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6. Broad Genome Aggregation Database (gnomAD) http://gnomad.broadinstitute.org/

Effective use of this database requires use of the .csv file before use of the online database.

a. Input the gene name

b. Double click on the “Export table to CSV" - (this is an action that should be done daily, or each time a

search is begun in case the database is updated).
c. Use control Fin the excel file to find your variant.

d. Once you have found your variant, copy the rs id and use the rs id in the search of the online database
(again, use the control F function). When you have found your variant in the online database, click on the

rs id link and this will provide essential links to Clinvar, dbSNP, etc.

Listed? yes

Rs id [may be in column ane or csv file) rs12452721
CDI‘ISEI.]I.IEI'ICE variant name, optional

Annotation: intron
Allele freq: 0.66

Was there a warning about the allelic frequency

— maybe insufficientdata?

Comment: BA1

7. Broad Exome Aggregation Database (ExAC) hitp://exac.broadinstitute.org/ SKIP THIS IF YOU GOT INFO

FROM GNOMAD

Listed?

Rs id [may be in column one or csv file)

CDI‘ISEI.]I.IEI'ICE variant name, optional

Annotation:

Allele freq:

Was there a warning about the allelic
frequency — maybe insufficient data?

Comment

8. Clin Var (may be easily accessed through gnomad linkif you found an rs id) www.ncbi.nlm.nih.gov/clinvar/

Listed? yes
Clinical significance benign
Last evaluated No date
Variant Type SNV

Rs id 12452721

Molecular consequence

Intron variant

Motes on the number of non-EMV submissions to
Clin var [EMV data noted above)

Benign by one non-emv report

Comment

BPG

© 2020. The consulting and operations division of UMass Medical School. Confidential
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gnoMAD

__f'. [ gnomAD browser x W
|,

nomad.broadinstitute.org/gene/ENSGO0000171298
9 9/9
MIETESEW 1T WOTKITTY O1T UTE UEVETODITIENT OT TS TeSUUICE 7 AppTy

Gene: GAA

GAA glucosidase, alpha; acid
Number of variants 2336 (Including filtered: 2858)
UCSC Browser  17:78075355-78093675 (&
GeneCards GAAL
OMIM 606800
Qther

Transcripts «

External References

Gene summary
(Coverage shown for canonical transcript: ENST00000302262)

Mean coverage 6300

Display: el NSl =T Include UTRs in plot

Coverage: [l Exomes [l Genomes

100
a0
80
70
60
50
40

All Missense + LoF LoF «| Exomes

Include:

¥ Genomes

Export table to CSV
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gnoMAD

|'._Tj|' =, = g J5G0O0000171298 2017 11 14 13 45 29.csv - Microsoft Exce = = =
Home Insert Page Layout Formulas Data Review View Acrobat & e = BB ER
F=I i et . Lo o= = :F:‘ 7, o T Fx (R I AutoSum - :
Calibri 1l T A A = = Wrap Text General - = P | | r i
J —.Q Copy ~ é‘ :FP;ﬁ —‘d B —Th E Fill = £
Paste . B 7 | - AL = cad Merge & Center ~ | § + 9% ¢ | %8 ;0 Conditional Format Cell Insert Delete Format ] Sort & Find &
~ < Format Painter - 8 Merg : % > Formatting = as Table » Styles - - - & Clear ~ Filter = Select ~
Clipboard Font Alignment Number Styles Cells Editing
Ad04 A & | 17 w
A B C D E F G H | ] K L M N 0] P Q -
1 Chrom  Position RSID Reference Alternate Source  Filters - esFilters - ge Conseque Protein CcTranscript Consequenc Annotatio Flags Allele Cou Allele Nut Number o Allele Fre Alle
402 17 78079505 rs201912582 A G EG PASS PASS . intron 6 273192 0 2.20E-05 @
403 17 C EG PASS PASS €.547-41G>C intron 2 273452 0 7.31E-06
404 17 G EG PASS PASS €.547-39T>G intron 182525 272814 62305 0.669
405 17 A E PASS NA intron 1 243122 0 4.11E-06
406 17 78079521 . G E PASS NA €.5347-2TA>G intron 6 243630 0 2.46E-05
407 17 78079525 rs750078560 E PASS NA €.547-23C>G intron 2 243880 0 B.20E-06 3
H 4 » M| gnomad_ENSGO0000171298_2017_11_ %1 ) 0 4‘| i | »
Ready | Average: 2637193822 Count: 38  Sum: 79115814.67 |@@ ] 100% T U -!-
[ gnamAD browser x [a]l=l@] s
& C | ® gnomad.broadinstitute.org/ge h+4
L s =] o 5 I
(5] = intron & 273182 [ 3156 RRHH ~ovox
C (rs7 [E] = intron TTRa5e 0 731486 I
G (245272 W intron 132525 272814 62605 06680 | ]
A =] intron 1 243122 0 41138 W
a intron 5 243630 0 W11
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gnoMAD

Interested in working on the development of this resource? Apply here

Variant: 17:78079509 T/ G

Exomes Genomes Total
161943 20582 182525
241986 30828 272814
06692 06676 0.6690
rs12452721

17-780795 G

Click to search for variant in Clinvar '

Filter
Allele Count
Allele Number
Allele Frequency
dbSNP
ucsc
ClinVar
Annotations
This variant falls on & transcripts in 1 genes:
intron
. GAA Transcripts -

m This list may nat include additional franscripts in the same gene that the variant does not overlap.

Genotype Quality Metrics

Site Quality Metrics

Report this variant

Population Frequencies

Population . Allele . Allele . Number of
Count Number Homozygotes

Ashkenazi Jewish®* 7871 10114 3058

European (Finnish) 17134 22666 64862

European (Non- 93110 125876 34436

Finnish)

Other 45852 6418 1634

South Asian 20822 30744 7130

African 1281 23872 3405

East Asian 2554 18730 2640

Latino 16241 34334 4040

Total 182525 272814 62805

Include: |# Exomes ¥ Genomes

© 2020. The consulting and operations division of UMass Medical School. Confidential
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New England Newborn Screening Program
University of Massachusetts Medical School

VARIANT HGVS NAME: c.547-39T=G

dbSNP |access through gnomad link, which is best, or clin var, which means you should go through the web
page’s rs id to get to the best presentation of data) https://www.nchi.nlm.nih.gov/projects/SNP/

Listed?

yes

Allele freq:

0.61

Source of allelicfrequency

1000 genomes

Comment:

BAl

. UCSC genome browser [accessed through gnomad link)

Listed?

Conservation?

Comment

. polyphen for use with amino acid changes only http://genetics.bwh.harvard.edu/pph2/

. Other sites of desperation: google scholar etc....sites that may be of use
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ARLA

Variant Assessment Worksheet

1. Condition: POMPE Variant BP6 BAL1 BENIGN
Reviewed by NENSP before?
3. Other newborn screening program contribution

ANT HGWS MAME: c.547-39T=G Date of Evaluation: 10/20/17

MName of program none

Listed?

Clinical significance

Date last reviewed

Comment

Some notes about using web-based databases: Using “Control F” might save you a lot of headache and prevent the
need for scrolling. Some databases are easierto use than others; some have good embedded methods for searching.
Some searches seemto be particularly susceptible to spaces— e.g.in ClinVar, ¢.590-8 C>T might be findable and c.590-
8C>T might not be —and vice versa (rules don't seemto be applied uniformly; don’t give up.) If you can get to the

point of finding a good rs number (see below), you are in good shape.

4. Pompe database (DSdb)
http://cluster15.erasmusme.nl/klgn/pompe /mutations.html?lang=en

Date that the DATABASE was last updated: May 2016
location Intron 2
Hgvs DNA name in the database optional

Hgvs protein name in the database may be helpful inother searches

Effect: unknown

When there are not good summary data from other sources:

Abstracts supporting pathogenic

Abstracts supporting vous

Abstracts supporting benign

Comment:

5. EMV www.egl-eurofins.com/emvclass/emvclass.php Afterinputting the gene name, in the search bar, just

enter the numberand listwill come up. E.g., for c.973, just enter973.

2
Is it listed? yes
Location note thot intranic variants seem to be listed by closest exont Exon 3
Classification Benign
Date the variant was last reviewed. 8/7/17
Comment: BPG6

© 2020. The consulting and operations division of UMass Medical School. Confidential
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Variant Example — c.60G>A

New England Newborn Screening Program
University of Massachusetts Medical School

VARIANT HGVS NAME c.60G>A _p.Ala20= Date of Evaluation: November 7, 2017

Variant Assessment Worksheet

1. Condition: MPS-1_ Variant

Reviewed by NENSP before? no
Other newborn screening program contribution

Name of program no
Listed?

Clinical significance
Date last reviewed
Comment

Some notes about using web-based databases: Using “Control F” might save you a lot of headache and prevent the

need for scrolling. Some databases are easier to use than others; some have good embedded methods for searching.
Some searches seem to be particularly susceptible to spaces — e.g. in ClinVar, ¢.590-8 C>T might be findable and c.590-
8C>T might not be — and vice versa (rules don’t seem to be applied uniformly; don’t give up.) If you can get to the
point of finding o good rs number {see below), you are in good shape.

4. MPS-1 database [D5db)
http://mpsl-database.org/mutants/

this is NOT a great database — but it's a start.
s Click on “list”
s Copy list each time into excel and sort to find variant or try Control F.
*  Available database fields are listed in first set below (I would copy the record onto this sheet):
id Mot listed
locus
Mutation type
genotype
phenotype
race
author
paper
Abstracts supporting pathogenic:
Abstracts supporting vous
Abstracts supporting benign
Comment:
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Variant Example — c.60G>A

UANT HGVS NAME c.60G=A _p.Ala20= Date of Evaluation: November7, 2017

5. EMV www.egl-eurofins.com/emvclass/emvclass.php After inputting the gene name, in the search bar, just
enter the number and list will come up. E.g., forc.973, just enter 973.

Is it listed?

Location nots that intronic varionts seem to be listed by closest exon. EXON 1
Classification BENIGN
Date the variant was last reviewed. 10/7/2014
Comment: BPG

6. Broad Genome Aggregation Database (gnomAD) http://gnomad.broadinstitute.org/

Effective use of this database requires use of the .csv file before use of the online database.

a. Input the gene name

b. Double click on the “Export table to CSV” - (this is an action that should be done daily, or each time a
search is begun in case the database is updated).

c. Use control F in the excel file to find your variant.

d. Once you have found your variant, copy the rs id and use the rs id in the search of the online database
(again, use the control F function). Whenyou have found your variant in the online database, click on the
rs id link and this will provide essential links to ClinVar, dbSNP, etc.

Listed? no

Rs id [may be in column one or esvfile)

Consequence variant name, optional

Annotation:

Allele freq:

Was there a warning about the allelic frequency
— maybe insufficient data?

Comment: Using rsid from clin var takes me to a missense
mutation and indicates original codon of arg. But|
also see ala. Missense must be for another
transcript.

Broad Exome Aggregation Database (ExAC) http://exac.broadinstitute.org/ SKIP THIS IF YOU GOTINFO
FROM GNOMAD

Listed?

Rs id [may be in column one or csv file)

cDI'ISEqI.IEI'ICE variant name, optional
Annotation:

Allele freq:

Was there a warning about the allelic
frequency — maybe insufficient data?

Comment
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Variant Example — c.60G>A

8. ClinVar (may be easily accessed through gnomad link if you found an rs id) www.ncbi.nlm.nih.gov/clinvar/

Listed?

Clinical significance benign

Last evaluated Jun 14, 16

Variant Type snv

Rs id rs10902762

Molecular consequence synonymous

MNotes on the number of non-EMV submissions to Two benign in addition to benign emv
Clin Var (EMV data noted above)

Comment

9. dbSNP (access through gnomad link, which is best, or clin var, which means you should go through the web
page’s rs id to get to the best presentation of data) https://www.ncbi.nlm.nih.gov/projects/SNP/

Listed? yes

Allele freq: 0.39 BA1l

Source of allelic frequency by 1000G,by 2hit 2allele,by cluster,by frequency,by hapmap
Comment: Noting variety of functions.

10. UCSC genome browser [accessed through gnomad link)
Listed?

Conservation?

Comment

11. polyphen for use with amino acid changes only http://genetics.bwh.harvard.edu/pph2/

12. Other sites of desperation: google scholar etc....sites that may be of use

1000 genomes from clin var rsid: 39% BA1
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Variant Example — c.60G>A

New England Newborn Screening Program
University of Massachusetts Medical School
VARIANT HGVS5 NAME c.60G>A _p.Ala20= Date of Evaluation: November 7, 2017
Variant Assessment Worksheet

1. Condition: MPS-1 Variant bp6 BAl BENIGN

2. Reviewed by NENSP before? no
3. Other newborn screening program contribution

Name of program no
Listed?

Clinical significance
Date last reviewed

Comment

Some notes about using web-based databases: Using “Control F” might save you a lot of headache and prevent the
need for scrolling. Some databases are easier to use than others; some have good embedded methods for searching.
Some searches seem to be particularly susceptible to spaces —e.g. in ClinVar, ¢.590-8 C>T might be findable and ¢.590-
8C>T might not be — and vice versa (rules don't seem to be applied uniformly; don't give up.) If you can get to the
point of finding a good rs number (see below), you are in good shape.

4. MPS-1 database (DSdb)
http://mpsl-database.org/mutants/

this is NOT a great database — but it’s a start.
s (Click on “list”
®  Copy list each time into excel and sort to find variant or try Control F.
*  Avagiloble datobase fields are listed in first set below (I would copy the record onto this sheet):
id Not listed
locus
Mutation type
genotype
phenotype
race
author
paper
Abstracts supporting pathogenic:
Abstracts supporting vous
Abstracts supporting benign

Comment:
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Variant Example — ¢.2238G>C p.(Trp746Cys)

ZE|\|‘araint Summary Sheet = = 3
» -

M ects NENSP Variant Summary Report Variant Syskey: 68

UMASS Medical Schoal

GENE: GAA Reported Variant: c.2238G>C p.l:Trp?45Cy5] Date Interpretation Assigned: 10/20/2017

Date NENSP last reviewed variant: 10/20/2017
Interpretation: Pathogenic

MEMSP Staff Who Decided Interpretation: |Anne, Jaime, Binod, Neela
Number of specimens that variant has been observed in: 2

General Data ACMG Data

| U pseudodeficiency =1 Pathogenic 3

RS ID: |rslBDD312

| O CRIM Negative

Variant Type: |Single Nucleotide Variant Number PVS1: I:I O pvsi

Number P51-P54: Ops1 O psz ™ ps3 ps4

. . Late Onset
Variant Location: Number PM1-PM6: OPML B PM2 [0 PM2 [0 PM4 [ PM5 ] PMs

O Early Onset

Molecular Consequence: |Missense

-
Record: M« 1ofl | b M bsi[ Search Number PP1-PP5: Opp1 Opp2 Mep3 Oepa M pes
Data from Consulted Databases Benign =
» -
DiseaseDB Effect: [potentially mild | O NOT LISTED in DiseaseDB Number BAL: [ ] O 8a1
EmVClass Classification: [pathogenic | O NOT LISTED in EmV/ Number BS1-BS4: |:| Oes1 Oesz Oss3s Ossa
ClinVar Clinical Signficance: |pathogenic | O NOT LISTED in Clinvar Number BP1-BP7: |:| Oger Oepz Oeez Oeesa Oees Ospe Oep7

gnoMAD Allele Freq: |0.00003034 O NOT LISTED in gnoMAD

dbSNP Allele Freq: 0.0004 O NOT LISTED in dbSNP

ACMG comments:

N - N - -
UCSC Conservation: |am|no acid conserved across all species |
Record: M lofl P oMb { Search 1 »
Polyphen Prediction: |probab|\,.r damaging |
-
Record: W 1aofl oMb L Search 4 »
-
Record: M 4 43 0f52 » Mk | Search 4 »
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Variant Example — ¢.2238G>C p.(Trp746Cys

VARIANT HGVS NAME: ¢.2238G>C p.(Trp746Cys) Date of Evaluation: 10/

Variant Assessment Worksheet

1. Condition: POMPE Variant
Reviewed by NENSP before?
3. Other newborn screening program contribution

MName of program No
Listed?

Clinical significance
Date last reviewed
Comment

Some notes about using web-based databases: Using “Control F* might save you a lot of headache and prevent the
need for scrolling. Some databases are easier to use than others; some have good embedded methods for searching.
Some searches seem to be particularly susceptible to spaces— e.g. in Clinvar, c.590-8 C>T might be findable and c.590-
8C>T might not be —and vice versa (rules don’t seemto be applied uniformly; don't give up.) If you can get to the
point of finding a good rs number (see below), you are in good shape.

4. Pompe database (DSdb)
http://clusterls.erasmusme.nl/kign/pompe/mutations.html?lang=en

Date that the DATABASE was last updated: May 2016
location Exonlb

Hgvs DNA name in the database optional

Hgvs protein name in the database may e helpful in other searches p.Trp746Cys
Effect: potentially mild

When there are not good summary data from other sources:
Abstracts supporting pathogenic
Abstracts supportingvous
Abstracts supporting benign

Comment:

5. EMV www.egl-eurofins.com/emvclass/emvclass.php Afterinputting the gene name, in the search bar, just
enterthe numberand listwill come up. E.g., for c.973, just enter973.

N
I5 it listed? yes
Location notethatintronic varionts seem to be listed byclosest exont path ogenl'c
Classification
Date the variant was last reviewed. 6/15/17
Comment: PP5
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Pompe Database

[ MUTATIONS IN HUMAN %

&« C | @ clusterl5.erasmusmc.nl/klgn/pompe/mutations.htmi?lang=er

Updated: May 2016
MUTATIONS IN HUMAN ACID ALPHA-GLUCOSIDASE

|I.ot:ation| DNA HGVnomenclature Protein HGVnomenclature Effect Year First Link
exonleé |c.2238G=C p-Trp746Cys potentially mild 1954 |Pubiied
exonld |c.2238G=A pTrp746* very severe 2006 |Pubiied

(EmV) Database

[ EGL Genetics | Home X

& C | © www.egl-eurofins.com/emvclass/emvclass.php

Gene |GAA

You searched for: GAA
Pathogenic: 54 Likely Pathogenic: 8 VOUS: 189 Likely Benign: 11 Benign: 55

-

Total records returned: 318

Search: 223

Show | 100 ¥ |records

. Protein N R Last
Order Gene Exon Nucleotide Change Alias Listing Classification =
Change Reviewed
_ p.TrpT46Cys | MM_000152.3:¢.2235G=C, NM_001079803.1:c 2235G=C, NM_001079504. 1. 2238G=C, _
262 GAA Ex16 NM_000152 3:¢ 2238G>C _ _ Pathogenic 06/15/2017 ?
pWT4EC XM_DD5257183.1:c.2238 XM_D05257194.1:¢.223 C
R L p.Trp746* LRG_ 4_000152 -A, NM_D01079803.1:¢. 2238G>A, _ .
263 GAA Ex16 MWM_000152.3:0.2235G=A Pathogenic 01172017 7

pWT4ER MM_001079804 1:¢c 2238G=A, ¥M_D05257184 1-c 223

Showing 1 to 2 of 2 records (filtered from 3183 total entries) First | | Previous | |1 | Next | | Last
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Variant Example — ¢.2238G>C p.(Trp746Cys

VARIANT HGVS NAME: c.2238G>C p.(Trp746Cys) Date of Evaluation: 10/16/17

6. Broad Genome Aggregation Database (gnomAD) http://gnomad.broadinstitute.or,

Effective use of this database requires use of the .csv file before use of the online database.

a. Input the gene name

b. Double click on the “Export table to CSV” - (this is an action that should be done daily, or each time a
search is begun in case the database is updated).

¢. Usecontrol Fin the excel file to find your variant.

d. Once you have found your variant, copy thers id and use the rs id in the search of the online database
(again, use the control F function). When you have found your variant in the online database, clickon the

rs id link and this will provide essential links to ClinVar, dbSNP, etc.
Listed? yes
Rs id [may be in columnonaor csvfile) rs1800312
Consequence variant name, optional &
Annotation: missense
Allele freq: 0.0003034

Was there a warning about the allelicfrequency | no
— maybe insufficient data?
Comment: P2

7. Broad Exome Aggregation Database (ExAC) http://exac.broadinstitute.org/ SKIP THIS IF YOU GOT INFO
FROM GNOMAD

Listed?

Rsid [may be in columnanear csv file)
CDI'ISEI.']I.IEI'ICE variant name, optional 2
Annotation:

Allele freq:

Was there a warning about the allelic
frequency— maybe insufficient data?
Comment

8. ClinVar [may be easily accessed through gnomad linkif you found an rs id) www.ncbi.nlm.nih.gov/clinvar/

Listed? yes

Clinical significance pathogenic

Last evaluated 1/25/2017

Variant Type SNV

Rs id

Molecular consequence missense

Motes on the number of non-EMV submissions to Pathogenicby4 including emv
Clin Var (EMV data noted above)

Comment PP5

© 2020. The consulting and operations division of UMass Medical School. Confidential 31



Variant Example — ¢.2238G>C p.(Trp746Cys
gnoMAD

X
/ [ gnomAD browser x W
| —
& C | ® gnomad.broadinstitute.org/gene/ENSGO0000171298

IMIETESIET 11T WOTKINY 01T e UEVEIOPITIETIL O IS TESUUITE £ AppIY

Gene: GAA

GAA glucosidase. alpha: acid
Number of variants 2336 (Including filtered: 2858)
UCSC Browser 17:78075355-75093675 (£
GeneCards GAALS
OMIM 605800 (&
Other

Transcripis =

External References «

Gene summary
(Coverage shown for canonical transcript: ENST00000302262)

Mean coverage 65.00

UEEVE  Overview  Detail Include UTRs in plot

Goverage: [l Exomes [l] Genomes

All Missense + LoF  LoF

Export table to CSV
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Variant Example — ¢.2238G>C p.(Trp746Cys)
gnoMAD

¥l H O | = gnomad_EMNSG00000171298 2017 11 14 10 18 56.csv - Microsoft Excel
Home Insert Page Layout Formulas Data Review View Acrobat
—_ e = =1 split =
| Ehl B o | 3 Formula Bar - e J %
| - ‘ J ’:h' ..... [100] e _I j:_—l ....... = Hide I:_‘H
Mormal| Page Page Break = Custom  Full Gridlines Headings Zoom 100% Zoomto Mew  Arrange Freeze Save
Layout  Preview Views Screen Selection | Window  All Panes - Waorkspace W
Workbook Views Show Zoom Window
K1514 - S| ©.2238G=C
A B C D E F G H | J K L %)
1 Chrom  Position RSID Reference Alternate Source  Filters - exFilters - ge Conseque Protein Conseq Transcript Conse Annotation Flags i
1511 17 78090314 rs752921215 G c EG PASS PASS p.Trp7465 p.Trp7465er C.2237G=>C missense
1512 17 78090814 r G T EG PASS PASS p.Trp746L p.Trp746Leu C.2237G=>T missense
1512 17 78094 rs1300312 A EG PASS PASS p.Trp746T p.Trp746Ter C.2238G=A stop gained
1514 17 7805815 rs1s800312 C EG PASS PASS p.Trp746C p. Trp746CYs Ic.223EG>C .Imissense
1515 17 780903 T ks : c E PASS MNA p.Gly747A p.Gly747Arg C.2239G>C missense
1516 17 72MAn277 re142211727 0 Q T £ pAce oAace rn Ala7A9C n AlaTA0Sar r AREST miccanca
[ gnomAD browser x =N EERE |
&« C | @ gnomad.broadinstitute.org/gene/ENSG00000L 8 H
ﬂ p Trp7468er missense 12 276748
ﬂ p.Trp746Leu missense 21 276748

A (FE1800312) stop gained E 278822 1NN
© (31800312 missense 84 276822 1Nl
<TTRORANA: missense 1 D4RGN HTTTTT
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Variant Example — ¢.2238G>C p.(Trp746Cys)
gnoMAD

Interested in working on the development of this resource? Apply here

[Z3) This variant is multiallelic! The other alt alleles are:

Variant: 17:78090815 G/ C 17 78080815 G A

Exomes Genomes Total - - )
Filter m Genotype Quality Metrics
Allele Count
Allele Nugg 245872 30950 - Site Quality Metrics

Allele Fg#Quency 0.0003030 0.0002906 0.00030

rs1800312

Repart this variant

Click to search for variant in Clinvar

Annotations Population Frequencies
This variant falls on & transcripts in 1 genes:
Population Allele . Allele . Number of . Allele
missense non coding transcript exon P Count  ~ Number ° Homozygotes T Frequency
. Gaa Transcripts v + GAA-ENSTOO000573596 Surcpean (Mon- 72 126308 0 0.0005656
Finnish)
3| UTR Other 3 Fded u]
« GAA - ENSTO0000572080 East Asian B 13364 0 0.0003181
m This list may not include additional franscripts in the same gene that the variant does not overlap. Latino 2 24418 o 0.00008717
African 0 24012 0 0.000
Ashkenazi Jewish 0 10143 0 0.000
European (Finnish) 0 25744 0 0.000
South Asian 0 30776 0 0000
Total 84 276822 0

0.0003034

Include: # Exomes # Genomes
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Variant Example — ¢.2238G>C p.(Trp746Cys)

of Evaluation: 10/16/17

6. Broad Genome Aggregation Database (gnomAD) http://gnomad.broadinstitute.or

Effective use of this database requires use of the .csv file before use of the online database.

a. Input the gene name

b. Double click on the “Exporttable to CSV" - (this is an action that should be done daily, or each time a
search is begun in case the database is updated).

¢. Usecontrol Fin the excelfile to find your variant.

d. Once you have found your variant, copy the rs id and use the rs id in the search of the online database
(again, use the control F function). When you have found your variant inthe online database, clickon the
rs id link and this will provide essential links to ClinVar, dbSNP, etc.

Listed? yes

RS id [mzy be in columnonzor cav file) rs1800312
Consequence variant name, optional :

Annotation: missense
Allele freq: 0.0003034

Was there a warning about the allelicfrequency | no
— maybe insufficient data?
Comment: PM2

7. Broad Exome Aggregation Database (EXAC) http://exac.broadinstitute.org/ SKIP THIS IF YOU GOT INFO
FROM GNOMAD

Listed?

Rsid [may be in columnane or csv file)
Consequence variant name, optional &
Annotation:

Allele freq:

Was there a warning about the allelic
frequency— maybe insufficient data?
Comment

8. ClinVar [may be easily accessed through gnomad link if you found an rs id) www.ncbi.nlm.nih.gov/dinvar/

Listed? yes

Clinical significance pathogenic

Last evaluated 1/25/2017

Variant Type SNV

Rs id

Molecular consequence missense

Notes on the number of non-EMV submissions to Pathogenicby 4 including emv
Clin Var (EMV data noted above)

Comment PP5
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Variant Example — ¢.2238G>C p.(Trp746Cys

gnoMAD

VARIANT HGVS NAME: ¢.2238G>C p.(Trp746Cys)

Date of Evaluation: 10/16/17

9. dbSNP (access through gnomad link, which is best, or clinvar, which means you should go through the web
page’srs id to get to the best presentation of data) https://www.ncbi.nlm.nih.gov/projects/SNP/

Listed? yes

Allele freq: C=0.0004/2 (1000 Genomes)

Source of allelicfrequency

Comment:

10. UCSC genome browser [accessed through gnomad link)

Listed? yes
Conservation? Aminoacid conserved across all species
Comment PP3

11. polyphen for use with amino acid changes only http://genetics.bwh.harvard.edu/pph2/

This mutation is predicted to be PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; specificity: 1.00) PP3

12. Other sites of desperation: google scholar etc....sites that may be of use

PMID: 18458862 (ldentification of eight novel mutations of the acid alpha-glucosidase gene causing the infantile or
juvenile form of glycogen storage disease type Il from J Neurol. 2008 Jun;255(6):831-8.) states

* The genotype/phenotype correlations indicated that c.2238G > C {p.W746C) is correlated with juvenile-onset

GsDI

* Noc.2238G = C mutations were found amongthe 100 normal individuals in this study. Therefore, we propose
that the c.2238G > C of the GAA gene is not a polymorphism. A total of 4 out of the 12 GSDIl alleles were
€.2238G > C. To our knowledge, this is the first time that a ¢.2238G > C homozygote patient has been discovered.

The homozygote noted to be 10 at age of onsetand 25 at dx

PS4 from publication

PMID: 21757382 (Rapid progressive course of later-onset Pompe disease in Chinese patients)

*+  Theisolated p.W746C mutation displayed 8% of normal GAA activity in transfected fibroblast; Using
mutagenesis, we showed that the p.G5765 pseudodeficiency mutation significantly decreased the residual
enzyme activity of p.W746C. while the p.[W746C; G5765] mutation failed to yield detectable GAA activity (0.3%

of normal

Ps3 from publication

© 2020. The consulting and operations division of UMass Medical School. Confidential

36



UCSC Conservation Data

UCSC Genome Browser on Human Feb. 2009 (GRCh3

move | <<< | << | < > | >> | >>> [Zzoom in| 1.5x | 3x | 10x | base | Zzoom out

chr17:78,090,790-75,090,840 51 bp.| enter position

chri? (g2s.3x [17pls. =

i7pis. 1

Ze hases |
75, 090, 505|
c A

| 75,928, 725 75,020, 519] F5, 099, 515] TE
T =} c -3 G ] =] =] =]

A c

=] =] T T =] T

UCSC Gehes (RefSed, GenBank, CCDS, Rfam, TRMAS & Comparati
L 3 1]

rersen O FefSen Genes
efSeq Genes
" Sequences in Articles: FubmedCentral and Elsewie
Tsujinozess 4
M= 4 1 == 1.
s
H
H

MORTa 1vo2Be4

Mo
o I II II I II I I

188 _ HSKZTFAC Mark (Often Found Mear ACEive Regulatord Elementsy on 7 ce’
Lauered H3kETAC

SHF= in Fublications
Gene Expression in S3 tissues from GTEx RNA-seq of 5555 sampls

]

DNa=e1 Hupersensitivity Clusters in 125 cell tupes from E
DHase Clusters

Transcr iption Factor ChIF-seq torsy from EMCODE with F:

Txn Factor ChIF

4.55 _ onservation by FhuloF

tee wert. Cons

—4.5 _
1tiz Alignments of 1dl vertebrares
Human W T v o H [} I I =)
Rhesus | W T v o H [} = 5 G
Mouse W = e o i3 [} [N [N G
oo M T u o [ o L L G
Elsphant = W T u o i3 [} [N [N G
Chicken | W = e o 3 [} [N [N G
H_tropicalis W T 1 o 5 G = Q v L G
Zekrafish R = T o A A - [ F L G
| Lamprey
= Simple Hucleotide FoliEerphizns ccufF 1583 Found in s>= 1%
Rep & E1 by RepeatMasker
RepeatMasker

PolyPhen-2 Tool

PolyPhen-2 report for P10253 W746C (rs1800312)
Query
Protein Acc Position AAq AA; Description

Canonical; RecName: Full=Lysosomal alpha-glucosidase: EC=3.2.1.20; AltName: Full=Acid maltase: AltName: Full=Aglucosidase alfa; Contains: RecName: Full=76 kDa lysosomal alpha-glucosidase; Contains: RecName: Full=70 kDa lysosomal alpha-

L 748 w glucosidase: Flags: Precursor; Length: 952

Results
Prediction/Confidence PolyPhen-2 v2.2.2r398
HumDiv

This mutation is predicted tobe  PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; specificity: 1.00)

O e
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Variant Example — ¢.2238G>C p.(Trp746Cys

VARIANT HGVS NAME: c.2238G>C p.(Trp746Cys) Date of Evaluation: 10/16/17

Variant Assessment Worksheet

Condition: POMPE Variant P53, PS4, PM2, PP3, PP5 - PATHOGENIC

Reviewed by NENSP before?
3. Other newborn screening program contribution

Name of program No
Listed?

Clinical significance
Date last reviewed
Comment

Some notes about using web-based databases: Using “Control F” might save you a lot of headache and preventthe
need for scrolling. Some databases are easier to use than others; some have good embedded methods for searching.
Some searches seem to be particularly susceptible to spaces— e.g.in ClinVar, c.590-8 C>T might be findable and c.590-
8C>T might not be —and vice versa [rules don’t seem to be applied uniformly; don’t give up.) If you can get to the
point of finding a good rs number {see below), you are in good shape.

4, Pompe database (DSdb)
http://clusterl.erasmusmc.nl/klgn/pompe /mutations.himl?lang=en

E3
Date that the DATABASE was last updated: May 2016
location Exonl6e
Hgvs DNA name in the database optional
Hgvs protein name in the database maoy be helgful in other searches p. Trp746Cys
Effect: potentially mild

When there are not good summary data from other sources:
Abstracts supporting pathogenic
Abstracts supporting vous
Abstracts supporting benign

Comment:

5. EMV www.egl-eurofins.com/emvclass/emvclass.php Afterinputting the gene name, in the search bar, just

enterthe numberand listwill come up. E.g., for c.973, just enter973.

Is it listed? yes
Location note that intranic variants seem ta be listed by clossst sxon: pathogenic
Classification

Date the variant was last reviewed. 6/15/17
Comment: PPS
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Variant Example — c.271G>A p.(Asp91Asn)

=2] Varaint Summary Sheet o =R
» — -~
Univ .
mh-{:s:;:“zs::ls NENSP Variant Summary Report Variant Syskey: I
UMASS Medical Schoal
Date Int tation Assi d:
GENE: [GAA Reported Variant: |c.271G>A p.(Asp91Asn) ate Interpretation Assigne 10/25/2017
Date NENSP last reviewed variant: 10/25/2017
Interpretation: Uncertain Significance

NENSP Staff Who Decided Interpretation: |Anne, Jaime, Binod, Neela
Number of specimens that variant has been observed in: 1

General Data ACMG Data
»

O ici sl N . -
RS ID: |r51800299 | Pseudodeficiency Pathogenic

| O cRIM Negative

Variant Type: |Sing|e Mucleotide Variant Number PV51: I:I O PVs1

Number PS1-P54: Opst O ps2 ps3 [ psa

] . O Late Onset
Variant Location: Number PM1-PM6: [ | O PM1 O PM2 O PM3 O PM4 [ PMS [ PM6

O Early Onset

Molecular Consequence: |Missense

-
Record: M < 1ofl | b M bii| Search Number PP1-PP5: Oppr Opp2 @pp3 @ppa O prs
Data from Consulted Databases Benign =
» P
DiseaseDB Effect: |presumab|y non pathogenic| U] NOT LISTED in DiseaseDB Number BAL: |:| O Ba1
EmVClass Classification: (Other Reportable Ul NOT LISTED in EmV Number BS1-BS4: Bs1 M es2 Oess Oesa
clinVar Clinical Signficance: [Benign/Likely Benign/oth{ ] NOT USTED in Clinvar Number BP1-BP7: Oer1 Opr2 Oprp3 Oepa Oeps Mers OBsp7

gnoMAD Allele Freq: (0.0205 O NOT LISTED in gnoMAD

dbSNP Allele Freq: 0.0116 O NOT LISTED in dbSNP

ACMG comments:

s = - - -
UCSC Conservation: |am|n0 acid conserved across all species |
Record: W 1ofl P oMb { Search 4 »
Polyphen Prediction: |pr0bab|y damaging |
-
Record: W 1ofl oMb | Search 4 »
-
Record: 4 4 450f52 » M » | Search 4 »
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Variant Example — c.271G>A p.(Asp91Asn)

ANT HGVS NAME: ¢.271G>A p.[Asp91Asn) Date of Evaluation: 10/23/17
Variant Assessment Worksheet

1. Condition: POMPE Variant
Reviewed by NENSP before?
3. Other newborn screening program contribution

Name of program none
Listed?

Clinical significance
Date last reviewed
Comment

Some notes about using web-based databases: Using “Control F” might save you a lot of headache and prevent the
need for scrolling. Some databases are easier to use than others; some have good embedded methods for searching.
Some searches seemto be particularly susceptible to spaces — e.g. in ClinVar, ¢.590-8 C>T might be findable and c.590-
8C=T might not be — and vice versa (rules don't seem to be applied uniformly; don't give up.) If you can get to the
point of finding a good rs number (see below), you are in good shape.

4. Pompe database (DSdb)
http://cluster15.erasmusmc.nl/klgn/pompe /mutations.html?lang=en

Date that the DATABASE was last updated: May 2016

location Exon 2

Hgvs DNA name in the database optional

Hgvs protein name in the database moy be helpful in other searches p.Asp91Asn

Effect: presumably non-pathogenic

When there are not good summary data from other sources:
Abstracts supporting pathogenic
Abstracts supporting vous
Abstracts supporting benign
Comment: BPG

5. EMV www.egl-eurofins.com/emvclass/emvclass.php After inputting the gene name, in the search bar, just
enter the number and list will come up. E.g., for ¢.973, just enter 973.

Is it listed? yes

Location noce that intronic variants seem ta be listed by closest exon? Exon 2
Classification Other Reportable
Date the variant was last reviewed. 11/17/16
Comment:
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Variant Example - c.271G>A p.(Asp91Asn

' €.271G>A p.[AspIlAsn) Date of Evaluation: 10/23/17

6. Broad Genome Aggregation Database (gnomAD) http://gnomad.broadinstitute.org/

Effective use of this database requires use of the .csv file before use of the online database.

a. Input the gene name

b. Double click on the “Export table to CSV”_- (this is an action that should be done daily, or each time a
search is begun in case the database is updated).

c. Use control Fin the excel file to find your variant.

d. Once you have found your variant, copy the rs id and use the rs id in the search of the online database
(again, use the control F function). When you have found your variant in the online database, click on the
rs id link and this will provide essential links to ClinVar, dbSNP, etc.

Listed? yes

Rs id [mzy be in column one ar csvfile) rs1800299
Consequence variant name, optional :

Annotation: missense
Allele freq: 0.02050

Was there a warning about the allelic frequency | no
— maybe insufficient data?
Comment: BS1

7. Broad Exome Aggregation Database (ExAC) http://exac.broadinstitute.org/ SKIP THIS IF YOU GOT INFO
FROM GNOMAD

Listed?

Rs id [mzy be in column one ar esvfile)
CDI'ISEI.'[UEI'ICE wariant name, optional :
Annotation:

Allele freq:

Was there a warning about the allelic
frequency — maybe insufficient data?
Comment

8. Clin Var (may be easily accessed through gnomad linkif you found an rs id) www.ncbi.nlm.nih.gov/clinvar/

Listed? yes

Clinical significance Benign/Likely benign, other

Last evaluated 12/8/15

Variant Type SNV

Rs id

Molecular consequence missense variant

Notes on the number of non-EMV submissions to Benign by 2, likely benign by 1 and other by EMV
Clin Var (EMV data noted above)

Comment BPG
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Variant Example — ¢c.271G>A p.(Asp91Asn)

VARIANT HGVS NAME: c.271G>A p,[(Asp91Asn) Date of Evaluation: 10/23/17

9. dbSNP (access through gnomad link, which is best, or clin var, which means you should go through the web
page’s rs id to get to the best presentation of data) https://www.nchi.nlm.nih.gov/projects/SNP/

Listed? yEes

Allele freq: A=0.0116/58 (1000 Genomes)
Source of allelicfrequency

Comment:

10. UCSC genome browser (accessed through gnomad link)

Listed? yes
Conservation? AA conserved across all species
Comment PP3

11. polyphen|for use with amino acid changes only http://genetics.bwh.harvard.edu/pph2/

This mutation is predicted to be PROBABLY DAMAGING with a score of 1.000 {sensitivity: 0.00; specificity: 1.00) PP3
12. Other sites of desperation: google scholar etc....sites that may be of use

PMID: 17027861(Glycogen storage disease: clinical, biochemical, and molecular heterogeneity)
* Reports homozygote with disease PP4

PMID: 2203258 (ldentification of the base-pair substitution responsible for a human acid alpha glucosidase allele with
lower "affinity" for glycogen (GAA 2} and transient gene expression in deficient cells.)
*  Allozyme P53

PMID: 19387865 (Enzyme analysis for Pompe disease in leukocytes; superior results with natural substrate compared
with artificial substrates.)

* calls it a pseudodeficiency

PMID: 16838077 (Seven casesof Pompe disease from Greece.)
* reportedit was not known to cause disease in any combination, known as the GAAZ allele BP6
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Variant Example — ¢c.271G>A p.(Asp91Asn)

VARIANT HGVS NAME: c.271G>A p,(Asp91Asn) Date of Evaluation: 10/

Variant Assessment Worksheet

Condition: POMPE_ Variant PS3, PP3, PP4, BS2, BP6 Conflicting evidence = Uncertain
Reviewed by NENSP before?
3. Other newborn screening program contribution

Mame of program none
Listed?

Clinical significance
Date last reviewed
Comment

Some notes about using web-based databases: Using “Control F” might save you a lot of headache and prevent the
need for scrolling. Some databases are easier to use than others; some have good embedded methods for searching.
Some searches seemto be particularly susceptible to spaces — e.g. in ClinVar, ¢.590-8 C>T might be findable and c.590-
8C>T might not be — and vice versa (rules don't seem to be applied uniformly; don’t give up.) If you can get to the
point of finding a good rs number {see below), you are in good shape.

4. Pompe database (DSdb)
http://cluster15.erasmusmec.nl/klgn/pompe /mutations.html?lang=en

Date that the DATABASE was last updated: May 2016

location Exon 2

Hgvs DNA name in the database optional

Hgvs protein name in the database may be heigful in other seorches p.AspIlAsn

Effect: presumably non-pathogenic

When there are not good summary data from other sources:
Abstracts supporting pathogenic
Abstracts supporting vous
Abstracts supporting benign
Comment: BP6

5. EMV www.egl-eurofins.com/emvclass/emvclass.php After inputting the gene name, in the search bar, just

enter the number and listwill come up. E.g., for c.973, just enter 973.
Is it listed? yes
Location notechat intronic variants seem to be listed by closest exon? Exon 2
Classification Other Reportable
Date the variant was last reviewed. 11/17/16
Comment:
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UMass Variant World — A Flat View

Variant Sysk ~ GENE
64 GAA
65 GAA
66 GAA
67 GAA
68 GAA
70 GAA
71 GAA
72 IDUA
73 IDUA
74 IDUA
75 GAA
76 GAA
77 GAA
78 ABCD1
79 ABCD1
80 ABCD1
81 ABCD1
82 IDUA
83 IDUA
84 IDUA
85 IDUA
86 IDUA
87 IDUA
88 IDUA
89 IDUA
90 IDUA
91 IDUA
92 IDUA
93 IDUA
94 IDUA
95 IDUA
96 GAA
97 GAA
98 GAA
99 GAA

100 GAA
101 GAA
102 GAA
103 GAA

v cChangeto -
2189+95C>T
858+5_858+6in:
858+6_858+7in:
858+7_858+8in
2238G>C
2331+84C>G
2444A>G
942G=C
1230C>G
1360G>A
271G>A
307T>G
1000G>T
1992-32C>T
901-70A>G
1390C>T
2238+8G>C
-409A>G
-272C>G
24C=A
60G>A
208C>T
300-44C>T
709C>T
793-1G>A
891C>T
1029C>A
1205G>A
1224C>T
1402+1G>C
1469T>C
921A>T
1374C>T
2237G>T
878G>A
2069C>t
-32-13T>G
1888+5G>T
2297A>C

pchangeto ~ |VariantType -

Trp746Cys

Asn815Ser
Ala314Ala
Thr410Thr
Val4sdile
Asp91Asn
Cys103Gly

Argd64Ter

Ala8Ala
Ala20Ala
GIn70Ter

Leu237Phe

Asn297Asn
Tyr343Ter
Trp402Ter
Alad08Ala

Leud30Pro
Ala307Ala
Tyrd58Tyr
Trp746Leu
Gly293Glu
Pro690Leu

Tyr766Serr

Single Nucleot

Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot

Single Nucleot

Single Nucleot

Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot

Single Nucleot
Single Nucleot
Single Nucleot
Single Nucleot

Molecular Ci ~

Missense

Missense
Synonymous
Synonymous
Missense
Missense
Missense

Intron Variant

Nonsense
3 prime UTR va

Synonymous
Synonymous
Nonsense
Intron Variant
Missense
Splice Accepto
Synonymous
Nonsense
Nonsense
Synonymous
Splice Donor V
Missense
Synonymous
Synonymous
Missense

Missense
Intron Variant
Intron Variant/
Missense

RS #

rs1800312

rs6830825
rs115790973
rs73066479
rs1800299
rs398123174

rs4898368

rs128624221

rs4690220
rs189844463
rs11248061
rs10902762
rs121965020
rs3755956
rs74385837
rs762779421
rs114806391
rs764196171
rs121965019
rs774488302
res398123254
rs121965027
rs1800303
rs1800305
rs752921215

rs532624326
rs386834236
rs528282884
rs144016984

Uncertain Signi
Uncertain Signi

Pathogenic
Uncertain Signi
Uncertain Signi
Benign

Benign

Benign
Uncertain Signi
Pathogenic
Uncertain Signi
Benign
Uncertain Signi
Pathogenic
Benign

Benign
Uncertain Signi
Benign

Benign
Pathogenic
Likely Benign
Uncertain Signi
Uncertain Signi
Benign

Likely Pathoge
Pathogenic
Uncertain Signi
Pathogenic
Likely Pathoge
Benign

Benign
Uncertain Signi
Uncertain Signi
Uncertain Signi
Pathogenic
Uncertain Signi
Likely Pathoge

10/16/2017
10/20/2017

10/20/2017 potentially mil
10/20/2017
10/20/2017
10/4/2017
9/29/2017
9/29/2017
10/25/2017 presumably no
10/25/2017 potentially les:
10/25/2017
11/1/2017
11/1/2017
11/1/2017 pathogenic
11/1/2017 benign based ¢
11/20/2017
11/20/2017
11/20/2017
11/20/2017
11/20/2017
11/20/2017
11/20/2017
11/20/2017
11/20/2017
11/20/2017
11/20/2017
11/29/2017
11/29/2017
attenuated-int
11/29/2017 non-pathogeni
11/29/2017 non-pathogeni

11/29/2017
12/4/2017
12/4/2017 POTENTIALLY N
12/4/2017
1/31/2018
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~ Current Clin. ~ Date Curren - DiseaseDBE - DiseaseDBc ~ EmVClass Cl ~ |gnoMAD Allele Frec ~ Polyphen Pr ~

2]

[l Benign

al

[ Pathogenic

Fi|

(]

7] Benign

@ Benign
Benign
Other Reportal
Pathogenic
Benign

i Pathogenic

]

=

2]

Fl Benign

] Benign

] Pathogenic

] Benign

Fl

2]

] Benign

™

Fil Pathogenic

£
Pathogenic
Pathogenic
Benign
Benign
VOous

]

] Pathogenic

] VOus

=

PMID1

0.00003034 probably dama 18458862

0.00001241 benign

0.1717

0.1862

0.0205 probably dama 17027861
0.00003233 probably dama 14695532

0.6239
21700483
0.6782
0.0005257 12865757
0.03679
0.001617 probably dama
0.00001836
0.05348 21394825
9391892
0.0006687 11735025
0.00003419
benign 7550232
0.07629
0.07257

0.00007588 probably dama
probably dama
0.00006467 benign
0.003414
0.00002378
0.000004076 probably dama 26693141

22676651
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Variant Entry Form Part 1

Variants detected by NENSP ME{E;':::H.’.sr{'IS

uUMASS Medical School

Variant Syskey: 21| GENE: |GAA |Z| Date of Initial Detection: 9/18/2017| Data Entry in VariantWorld: |anne

B [E]

c. Change to report:  |1203G>A p. change to report: |GIn401GIn 2nd Reader of DataEntry in Variantworld: - jaime

Do not enter c. or p. Only enter nucleotide change or protein change using the 3 letter amino acid abbreviations.

Variant Summary

NENSP Current Assignment of Clinical Significance

RS #: |rs1800304

C t ClinSign Assi d by NENSP: i

urrent ClinSign Assigned by Benign IZI RS# Source:  |gnoMAD

Date Current ClinSign Assigned by NENSP: 9/20/2017| Date NENSP last reviewed variant: 9/20/2017 Variant Location:  |exon 8

NENSP staff who determined clinical significanc |Anne, Jaime, Binod, Neela E Variant Type:  Single Nucleotide Variant

5] =]

Comment for Report: |observed in »1% of general population E *Text in "Comment for Report” box will appear directly on the report® Molecular Consequence: |Synonymous

Variant Comment:
NENSP Assignment of ACMG Criteria  The numbers of ACMG criteria applies to the variant's current ClinSign as assigned by NENSP

Number ACMG PVS1: O ACMG PVS1
Number of ACMG PS1-P54: Oacmepsy O acwmeps2z O acmaps3 [ ACMG PS4
Number of ACMG PM1-PM6: Oacmcpm1l O acwvc pmz O acmc Pm3 O Acvc PMa O AcMG PM5 O ACMG PMB

O Associated with Pseudodeficiency
Number of ACMG PP1-PP5: Oacmvcprl Oacmcppz O AcmG PP3 O ACMG PP4 [0 ACMG PP5 O Assocaited with CRIM Negative status
Number ACMG BAL: 1 ACMG BA1 O Associated with ONLY Early Onset Disease
Number ACMG BS1-BS4: OacmcBsl Oacmcesz O AcMGBS3 [ ACMG BSA U Assocaiated with ONLY Late Onset Disease
Number ACMG BP1-BP7: Oacmcerl O acmeBP2 O AacmcBP3 O ACMG BP4 [0 ACMG BP5 O ACMG BP6 L1 ACMG BP7 Non Patient Source

NewYork Validation:

ACMG comments:
Bodamer Validation:

Coriell Source:

Has the ClinSign Ever Changed? O If yes, see below for details on previous classifications Deidentified Specimen: |sma tube 3
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Variant Entry Form Part 2

Data from consulted databases O Reported ClinSign varies between DBs

DiseaseDB | EmVClass | gnoMAD | ExAC | ClinVar | dbSNP | UCSC | Polyphen

DiseaseDE date last updated: 5/31/2016 O DiseaseDB checked MOT LISTED

DiseaseDB Effect: |very severe DiseaseDB date last consulted by NENSP: 10/4/2017

| The field DiseaseDB Effect is fisted in the Disease DBs as follows:

Pompe DB: Effect Pompe DiseaseDB
ALD DB: Remark ALD DiseaseDB
MPS1: ptype MPS1 DiseaseDB

DiseaseDB Comment: |publications suggest late onset see below

PMID Citations consulted Linkto PubMed

PMID1: 7881425 PMID3: 25673129 PMID5:

PMID1 comment: |adult onset PMID2 comment: |reported as very severe in six PMIDS5 comment:
patients with adult onset

PMID2: 11343339 PMID4: 17056254 PMIDG:
PMID2 comment: |one patitent with infantile PMID4 comment: |alters conserved splice donor | PMIDG Comment:
onset a related publication site in intron ten; disrupts
with this infant had 40 splicing leads to inframe
something adult onset splicing intron 10 functionally
naticnte null
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Specimen Variant Entry Form

LAST:|'| 2 I
MOTHER'S LAST [“ T

FIRST:I\I s DDB:|8/" e

BABY_SYSKEY:|L. “~™"

All Guthrie Numbers from baby
GUTHRIE_NUMBE ~
(0,2

Create.Edit View New Contact.Baby Hx _Clinical | Core Comment:

Specimen Specific Results

104bLabFields by Specimen from FindingséndContactsTbl subform Baby Informatlon

102dB abylist subform

4 Date Final Biochemical Result: 8/29/2017  FindingséndContacts Thl ID: 12970
CandidateDisorder: |Pompe
Check to add > o =
PCR Lab Info Seq Run Number: 1o Baby Lit Diagnosis:  [Carier
Guthrie:  [0B™ Date Seq Result: | 8/30/2017 | 4 DateQfDiagnosis: L
NENSP LabStaff dnalyzing: [ [ NENSP LabStaff 2nd Read v Baby Syskey: CtMakingDx: [

SpecialistMakingDs:

PCR Follow Up Info

Date Seq Result Ready for Reporting: | 8/3172017
NENSP Staff Entering Yariant Syskeys: | [=]
NENSP Staff 2nd Read of Variant Syskeys: | =
Follow Up Comment: List of All Variants in Database
GENE ~ | Variant Sysk +t DNA change
Variant Results oA 150
IDUA 2 352C>T
Wariant Syskepd: 1 Variant Syskephd: 22 IDUA 3 590-7G>A
Variant SyskeyB: 20 Variant SyskepAB 23 IDUA 4 1524+53G>T
WVariant SyskeyC: 54 Variant SyskeyAC: 24 oA s
GAA 11 3247>C
Wariant SyskeyD: 68 Wariant SyskeyaD 25 GAA 12 547-67C5G
Wariant SyskeyE: 12 Wariant SyskepE 26 GAA 13 547-39T>G
Wariant SyskeyF: 13 Wariant SyskeydF: 27 GAA 14 547-4C>G
Wariant SyskeyG: 14 Wariant SyskeydG: 28 GAA 15 596A>G
Variant SyskeyH: 15 Variant SyskeyaH: [—58 GAA 16 642C>T
e i GAA 17 668G>A
ariant Syskeyl: 16 ariant Syskepdl: 53 GAA 18 858+30T>C

Variant Syskew: [~ 17 Variant Syskepsd: [ 60 GAA 19 955+412G>A
Variant Syskeyk: [~ 18 Variant Syskepk: [ 61 GAA 20 956-84C>T
WVariant SyskeylL: ,—19 Wariant Syskeyal: [—62 GAA 21 1203G>A
Wariant SyskeyM: ,721 Wariant Syskeyahd: ﬁ GAA 221132715026
GAA 23 1438-19G>C

Variant SuskeuN: 29 VaantSuskewsN: [ g5

p change to report
His33GIn

Ala361Thr
Cys108Cys

His139Arg
Ser214Ser
Arg223His

GIn401GIn

ReportedVariant
€.99T>G p.(His33GlIn)
€.352C>T
€.590-7G>A
€.1524+53G>T
¢.1081G>A p.(Ala361Thr)
€.324T>C p.(Cys108Cys)
€.547-67C>G
€.547-39T>G
€.547-4C>G
€.596A>G p.(His199Arg)
€.642C>T p.(Ser214Ser)
€.668G>A p.(Arg223His)
€.858+30T>C
€.955+12G>A
€.956-84C>T
€.1203G>A p.(GIn401GIn)
€.1327-18A>G
€.1438-19G>C
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Report to Healthcare Provider

New England Newborn Screening Program
University of Massachusetts Medical School

? University of Biotech 4, 2nd Floor
A Massachusetts 377 Plantation Street
UMASS. Medical School Worcester, MA 01605-2300
774-455-4600 (phone)  774-455-4657 (fax)

Report Attachment of Sequencing Results for Gene Associated with Pompe Disease

Report Date: 11/10/2017 Lab Number: (EEEES—

Name of Baby: NiEGGG—G———EY, B
Date of Birth: Y MW2017 5:09:00 AM
Name of Mother: I NN

Name of Gene Sequenced: GAA

Name of Variant(s) Detected Interpretation of Variant(s) Comment
c.1551+1G>C p.(Val480_lle517del) Pathogenic
C.2189+95C>T Uncertain Significance
€.99T>G p.(His33GIn) Benign observed in >1% of general population

Some variants in the acid a-glucosidase (GAA) gene are associated with low levels of enzyme activity. Low enzyme
activity can result in the accumulation of lysosomal glycogen and cause Pompe Disease. The condition has a broad
phenotype, ranging from an infantile form associated with significant morbidity and death in early childhood to a
late-onset form, associated with progressive weakness and respiratory failure, with highly variable onset and
progression. Pompe Disease is an autosomal recessive disease.

Note: The variants ¢.1726G>A p.(Gly576Ser) and ¢.2065G>A p.(Glu683Lys) also called c.[1726A; 2065A] are known
to be associated with a pseudodeficiency of acid a-glucosidase (1).

Note: The variants ¢.2560C>T p.(Arg854Ter) and ¢.525delT p.(Glu176ArgfsTer45) are the two most common
variants known to be associated with Cross Reactive Imnmunological Material (CRIM) negative status; however,
many other variants are also associated with CRIM negative status (2).

Sequencing results were generated by fluorescence based Sanger sequence analysis of specific exonic and intronic
regions of the GAA gene. This test will not detect all large deletions, duplications, or deep intronic variants. Phasing of
detected variants cannot be predicted without parental testing.

(1) The Condition Review Workgroup for the Advizory Committee on Heritable Dizorders and Genetic Dizeases in Newborns and Children. Evidence Report: Newborn Screening for Pompe
i ion/reviews/pomp: £2013.pdf)

Dizeaze. 2013. {nttaz://www.hrza.gov/3dvizory tteez/mchbadvizory/he o
{2) Bali D, Goldztein J, Banugaria S, et al. Predicting crozs reactive immunological material (CRIM) statuz in pompe dizease uzsing GAA mutations: Leszons learned from 10 years of clinical
Iaboratory testing experience. Molecular Geneticz and Metabolizm. 2012;105(2):520.

This test has not been deared or approved by the FDA. However, the New England Newborn Screening Program determined the performance characteristics of
the test and the FDA has determined that its clearance and approval are not required for NENSP-specific uses.

Test performed by New England Newborn Screening Program, 377 Plantation St, Worcester, MA 01605 Roger B. Eaton, Ph.D., Director

Please contact the New England Newborn Screening Program at 774-455-4600 if you have any quetions regarding this report.
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Report to Healthcare Provider

New England Newborn Screening Program
University of Massachusetts Medical School

University of Biotech 4, 2nd Floor
£ Massachusetts 377 Plantation Street
UMASS Medical School Worcester, MA 01605-2300

774-455-4600 (phone) ~ 774-455-4657 (fax)

Report Attachment of Sequencing Results for Gene Associated with Pompe Disease

Report Date: 2/13/2018 tab Number: ||| EEEEIE

Name of 5ty N
pate of sirth: || I >
Neme of vother: [N I

Name of Gene Sequenced: GAA

Name of Variant(s) Detected Interpretation of Variant(s) Comment

€.2238G>C p.(Trp746Cys) Pathogenic

€.2238G>C p.(Trp746Cys) Pathogenic

c.1581G>A p.(Arg527Arg) Benign observed in >1% of general population

The GAA gene and Pompe Disease (additional information included on all reports)

Some variants in the acid a-glucosidase (GAA) gene are associated with low levels of enzyme activity. Low enzyme
activity can result in the accumulation of lysosomal glycogen and cause Pompe Disease. The condition has a broad
phenotype, ranging from an infantile form associated with significant morbidity and death in early childhood to a
late-onset form, associated with progressive weakness and respiratory failure, with highly variable onset and
progression. Pompe Disease is an autosomal recessive disease.

Note: The variants ¢.1726G>A p.(Gly576Ser) and ¢.2065G>A p.(Glu689Lys) also called c.[1726A; 2065A] are known
to be associated with a pseudodeficiency of acid a-glucosidase (1).

Note: The variants ¢.2560C>T p.(Arg854Ter) and ¢.525delT p.(Glu176ArgfsTer45) are the two most common
variants known to be associated with Cross Reactive Immunological Material (CRIM) negative status; however,
many other variants are also associated with CRIM negative status (2).

Sequencing results were generated by fluorescence based Sanger sequence analysis of specific exonic and intronic
regions of the GAA gene. This test will not detect all large deletions, duplications, or deep intronic variants. Phasing
of detected variants cannot be predicted without parental testing.

(1) The Condition Review Workgroup for the Advizory Committee on Heritable Dizorders and Genetic Dizeases in Newborns and Children. Evidence Report: Newborn Screening for Pompe
i i i [revi /s 12013 pdf)
p

Dizeaze. 2013. {ttpz:/fwww.hrza gov/advisorycommitt v/ < /pomp
(2) B31i D, Goldztein J, Banugaria S, et al. Predicting crozz reactive immunological material (CRIM) statuz in pompe disease using GAA mutations: Leszons learned from 10 years of dinical
I3boratory tezting experience. Molecular Genetics and Metabofizm, 2012:105(2):520

This test has not been cleared or approved by the FDA. However, the New England Newbomn Screening Program determined the performance characteristics of
the test and the FDA has determined that its clearance and approval are not required for NENSP-specific uses.

Test performed by New England Newborn Screening Program, 377 Plantation St, Worcester, MA 01605 Roger B. Eaton, Ph.D., Director
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Report to Healthcare Provider

New England Newborn Screening Program
University of Massachusetts Medical School

University of Biotech 4, 2nd Floor
& Massachusetts 377 Plantation Street
UMASS. Medical School Worcester, MA 01605-2300

774-455-4600 (phone) ~ 774-455-4657 (fax)

Report Attachment of Sequencing Results for Gene Associated with MPS1

Report Date: 2/13/2018 Lab Number: _

Name of Baby: -,
oste ot airt: I
Name of Mother: ||} I

Name of Gene Sequenced: IDUA

Name of Variant(s) Detected Interpretation of Variant(s) Comment
c.590-7G>A Likely Pathogenic
c.300-44C>T Likely Benign observed in >1% of general population

The IDUA gene and MPS1 (additional information included on all reports)

Some variants in the a-L-iduronidase (IDUA) gene are associated with low levels of enzyme activity. Low enzyme
activity can result in the accumulation of glycosaminoglycans and cause mucopolysaccharidosis type 1 (MPS1). The
condition is a progressive multisystem disorder with a broad spectrum of disease onset and severity. MPS1is
sometimes classified as one of three types— Hurler syndrome, Hurler-Scheie syndrome, or Scheie syndrome and
somtimes described as severe or attenuated depending on age of onset. Severe MPS1 usually presents during the first
or second year of life, with pervasive, multi-systemic involvement and rapid disease progression leading to death by 10
years of age. The attenuated form can onset around age three years through 12 years, though may also occur later in
adulthood and typically progresses more slowly than the severe form. MPS1 is an autosomal recessive disease.

Note: The variants ¢.235G>A (p.Ala79Thr), ¢.246C>G (p.His82GIn), c.667G>A (p.Asp223Asn) and ¢.965T>A
(p.Val322Glu) are known to be associated with a pseudodeficiency of a-L-iduronidase (1).

Sequencing results were generated by fluorescence based Sanger sequence analysis of specific exonic and intronic
regions of the IDUA gene. This test will not detect all large deletions, duplications, or deep intronic variants. Phasing
of detected variants cannot be predicted without parental testing.

(1). Poltard L, Braddoc S, Christenzen K, Boyian D, Heeze B. Diagnostic follow-up of 47 infantz with 3 positive newborn screen for Hurler zyndrome: identification of four recurrent IDUA
sequence changes that signficantly reduce enzyme activity. In: APHL meeting, Anaheim, CA. Proceeding: of the 2014 APHI newborn screening and genetic tezting sympozium, Anzheim, CA
October 27-30, 2014. (https:/j aphLorg/! [Follow-up-2.pef)

This test has not been cleared or approved by the FDA. However, the New England Newborn Screening Program determined the performance characteristics of
the test and the FDA has determined that its clearance and approval are not required for NENSP-specific uses.

Test performed by New England Newborn Screening Program, 377 Plantation St, Worcester, MA 01605 Roger B. Eaton, Ph.D., Director

Please contact the New England Newborn Screening Program at 774-455-4600 if you have any quetions regarding this report.
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Report to Healthcare Provider

New England Newborn Screening Program

P University of Massachusetts Medical School

(A University of Biotech 4, 2nd Floor
A Massachusetts 377 Plantation Street

UMASS.Medical School Worcester, MA 01605-2300

774-455-4600 (phone)  774-455-4657 (fax)

Report Attachment of Sequencing Results for Gene Associated with X-ALD

Report Date: 2/13/2018 Lab Number: _
Name o o=y NN NN

Dateof e [

Name of Mother: -,-

Name of Gene Sequenced: ABCD1

Name of Variant(s) Detected Interpretation of Variant(s) Comment
¢.1390C>T p.(Arg464Ter) Pathogenic
¢.901-70A>G Uncertain Significance

The ABCD1 gene and X-ALD (additional information included on all reports)

The ATP binding cassette subfamily D member 1 (ABCD1) gene encodes a protein called adrenoleukodystrophy
protein (ADLP) and some variants in this gene lead to a lack of or defective ADLP. Absence or dysfunctional ADLP
can lead to an accumulation of very long chain fatty acids that damages the adrenal glands, the brain, and the spinal
cord and causes adrenoleukodystrophy (ALD). Due to an X-linked inheritance pattern, the most severe, childhood
cerebral form onsets in boys between the ages of 4 and 10, beginning with behavioral issues and rapidly progresses
to a vegetative state with blindness, deafness, seizures, loss of muscle control, and progressive dementia.

Adrenomyeloneuropathy or Addison disease can develop later in life. Many female carriers develop clincal signs of
ALD in late adulthood.

Sequencing results were generated by fluorescence based Sanger sequence analysis of specific exonic and intronic
regions of the ABCD1 gene. This test will not detect all large deletions, duplications, or deep intronic variants. Phasing
of detected variants cannot be predicted without parental testing.

This test has not been deared or approved by the FDA. However, the New England Newborn Screening Program determined the performance characteristics of
the test and the FDA has determined that its clearance and approval are not required for NENSP-spedific uses.

Test performed by New England Newborn Screening Program, 377 Plantation St, Worcester, MA 01605 Roger B. Eaton, Ph.D., Director

Please contact the New England Newborn Screening Program at 774-455-4600 if you have any quetions regarding this report.
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Anne Comeau, PhD
New England Newborn Screening Program
anne.comeau@umassmed.edu

774-455-4600
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