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Tests Ordered

Carricr Reduced Risk
Cystiv Fibrosis (CF) O =
Spinal Muscular Atrophy [SMA) ' (] |
Patient Specimen Physician
tName: Doner 5008 G506 Specimen #:  PAT109172 Name; Larraine Sonner, MD
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Cystic Fibrosis [CFj: Na mutation ﬂetected A negative result reduces, but does not eliminate, the chance that this

. www_gondstartgenetics.com

individual is a carrier of cystic fibrosis. Presuming a negative family history, residual risks are as follows by ethnicity:

Ashkenazi Jewish 1/699, Caucasian 1/420, Hispanic 1/427, Alrican American 1/462, Asian 1/247,

Splnal Muscular Atrophy [SMA): Two copies of SMN1 deterted. Lf@(c ?/3// 4

This result reduces, but does not eL:mlnate the chance thatthisThdividual is a carrier of SMA. Presurning a negative family

history, resfdual risks are as follows by ethnicily: Ashkarazi Jewish 17611, Caucasian 1/834, Hispanic 1/579, Alrican
American 1/130, Asian 1/804.

This analysis does not differentiate carriers of SMA with two or more copies of the SMN1 gene on one chromasome and no

copies on the other chromosome, from non-carriers with ona copy on each chromosame. Additionally, carriers of small

intragenic changet are not detected. Approximately 2% of patients with SMA have de novo mutations [new mutations in the

germline that are not deiected on blood analysis] ; this assay does not detect germline mosaicism for SMN1 mutations.

Comments

The resulis and interpretationin this report are based on the information previded about the tested individual, and the
cyrrently svailable informalion regarding the disorder and, when applicable, \he sequence varialions of lhe genes tested.

Individuals are presumed to be asymptomatic with a negative family history unless otherwise indicated on the test requisition
form. Genetic counseting is a recommended aption for all patients undergoing testing. Testing of the reproductive partner
increases Lhe sccuracy of Lhe risk assessmenl. For addilionat information about (he disorders tesled, please contacl Good

Start Genetics™, Inc, [Good Start Genetics).

Next-generatian sequencing (ar NGS) technology is used to evaluate genetic varlants. The variants reparted include ail

mutations (pathogenic variants| recommended for testing by ACOG/ACMG, thoze that have been previously determined to ke
palthogenic by Good Slarl Genelics (Lthe GSG palhogenic mulation set), and those thal are commonly assessad and meet our
pathogenicity criteria (656 class 1 variants], Novel variants, i.e., those not in the B5S6 pathogenic mutation set, but expectad to
be pathoganic based on the nature of the sequence change, are also reported. Benign variants, variants of unknown elinical

signilfcance, variants wilk insullicient published informalion o adequalely assess the pathagenic hature or delermine the
exact genomic location, and those not reperted to be associaied with the appropriate phenotype are not included. For the

purposes of this report, the term mutation is used interchangeably with pathegenic variant. Analytic sensitivity and specificity
for the G5G pathogenic mutation set ara »99%. For novel variants detected by NGS, the analytic sensitivity and specificity are
»98% and »79%, respectively. NGS5 is also used for copy number determination for spinal muscular atrophy; analytic sensitivity

and specificity for detection of the SMN1 exon 7 deletion are »99%.

Non-NGS methedology is utilized for a subsat of disorders. In some of these cases only a targeted set of muiations is

genotyped. Targeled analysis locuses on those varianls generally accepled Lo be importanl and prevalent, such as Ashkenaz
Jawish founder mutations. Analytic sensitivity and specificity for fragile X [FMR1 gene| CGG repeat and alpha-thalassemia

(HBA1/2; the commen deletions and the Constant Spring mutation)] analyses are »?%%. For HBA1/2 deletion assessment

earriers of alpha-thalassemia with three or mare copies of the alpha-glahin gene on one chromosome, 2nd one ar no copies

on the sther chromeseme may not be detected.

Identified mutations are reparted using HGYS approved cDONA nomenclature, whenever possible. Widely used cormrnan names

are put in parantheses, if available. If subsequent testing will be undertaken at another laboratory, for the reported
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mutation(s), plzase contact Cood Start Genetics to obtain the sxact genomic position.

Hemoglohin electrophoresis for assessment of beta-thalassemia or sickle cell carrier status, detects abnormally migrating
hemoglobing and the relative amaount of A? hemaglobin (%AZ). The coefficient of variation {CV] for the precicion of %AZ2
dalerminalion is 52.8%. Varianl hermaglobing are delecled when their migration pattern is distinet from that of nermal
hemaoglobin (Hb A: some variants overlap and cannot be readily differentiated}. All hemoglobin results should be interpreted in
conjunction with hematological infarmation [in particular, patiénts with low mean corpuscutar volume [MCV], low mean
corpuscular hemoglobin (MCH) and low hemoglobin levels may warranl additional evalualion even when hemoglobin
electrophoresis results are normall. Samples suspected to be positive for Hb S will be assessed by a chemical precipitation
assay or by Sanger sequencing for confirmation. Other suspected variants may be assessed using Sanger sequencing.
Hemoglohin variants not already characterized by Sanger sequencing should be confirmed by molacular genetic analysis of
the appropriate globin genes for reproductive testing purposes (e.q. prenatal diagnosis or preimplantation genetic diagnosis|,

Tay-Sachs enzyme analysis determines the level of total hexosaminidase and the percentage of hexosaminidase A {JaHexA). A
smalt percentage of carriers (<0.5%] may exhibit normal hexbsaminidase A activity and will not be detected by enzyme
analysis alone, In addition, palients with Lthe AB variant will nol be detected by Lhis assay.

Tay-5achs ahalysis rmay detect the presence of pseudodeliciency variants and B mutaliens. Peeudodedicienty varians cause
a false positive result an HexA enzyme analysis and do not canfer a risk fer Tay-5achs disease. B1 mutations cauze a false
negative result on HexA enzyme anatysis and da confer a risk for Tay=5achs disease. DMNA analysis detects the two frequent
peeudodeliciancy variants [R247W and R249W) and the known BT mulations [R178H, R178C, R178L, D258H).

Methods

Genomic DNA is isolated and quantitied using standard, high purity methods and subsequently analyzed by ong or more of the tollowing

processes, depending on the tests ardered.

*+ Next-generation sequencing (NGS): Exons, seleeted intronic regionsg, and the 2 bp canserved acceptor / denor splice sites are selectively

amplified and suhsequently sequenced on a next-generation DNA sequencing platform. The resulting reads are integrated ta define genotypes

within the amplified regions and compared to human reference genome hg18 to identity varianis, Mutations that tall in low coverage or

challenging regions [such as SMPDO1 exon 1) and certain deletions, insertions or indels may not be assessed by NGS. In addition, certain nevel

mutatiens in CFTR exon 10 (legaey name, exon 9) may not be detected.

s Targeted NGS Analysiz: A targeted NGS approach is used for detection af the TMEM216 ¢.218G=T mutation causing Joubert syndrame 2, and

the FKTN c.1147dupA mutation causing Walker-Warburg syndrome. Analytic sensitivity and specificity for these tests are both 599%.

= NG5-based copy number determination: The loci of interest as well as a set of cantrol loci lused for normalization] are selectively amplified
) and sequenced on a next-genaration ONA sequencing plattorm. The resulting normalized read-count frequencies tor each ot the laci of

interest are subsequently utilized to infer copy number.

# Allcle-specific primer extension [ASPE): BSG class 1 variants not amenable ta NGS analysis are amplified by PCR using gene-spccific

primers. The resulting PCR fragments are aither flusrescently labeled or subsequently usad in one o more reactions with fluarescantly

labeled nucleotides. The products of the PCR, OLA or ASRE reactions are then measured by capillary electraphoresis.

= Sanger sequencing is used ta assess same repetitive genomic regions {e.g., CFTR polyT) and fer cosfirmation of some mutations found by

NGBS or capiilary electrophoresis,

* Multiplex ligation-dependent probe amplification IMLPA): Paired oligonucleotides are hybridized to the target of interest, as wail as other

geromic regions for normalization of the data. After hybridization, adjacent oligonucleatides are ligated together. PCR amplification of the

ligated aligonucleotides is followed by capillary electrophoresis to determine the presence or absence of each target sequence. MLPA is also

used for confirmation of the spinal muscular atraphy SMN1 exan 7 deletion when detected by NGS.

= Triplet repeat detaction: This technigue involves PCR with fluorescently labeted primers, followed by capillary electraphoresis. Based on

internal validation data, sizing accuracy is expected to he 11 for CGG repeat alleles 90 and 13 for GGG repeat alleles »%0. Positive results and

cartain negative restlts may be confirmed by Southern blot analysis at Goad Start Ganeties or in sarme instances ARUP Laborataries, 500

Chipeta Way, Salt Lake City, UT 84108-1221; phone number [800] 242-2787.

Non-DNA hased methods are perfermed as described below.
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¢ Capillary clectrophoresis is used to separate hemoglobin fractions directly from whele blood based on charge and mass. Poientiol beta-
thalassamia carriers are identified based on elevation of the A2 hermoglobin fraction. The Hb 5 allele and other variant hemaglobins are
detected by abnormal migration patterns. Suspected hemeglobin variant carriers identified by the capillary electropharesis methed are
confirmed using either Sanger sequencing or a standard qualitative solubitity assay. Some samples reterred for beta-thalassemia f sickle cell
discase evaluation may be tested at cither Mayo Clinic, Department of Laboratory Medicine and Pathelogy, 200 First 5t. 5SW, Rochester, MN
55905; phene nurnber [8G0) 533-1710 ar ARUP Labaratories, 500 Chipeta Way, Salt Lake City, UT B4108-1221; phane number (800} 242-2787.

« Enzyme analysis is used to determine the percent hexosaminidase A activity in white blood cells. Testing is performed at the Mayo Clinic,
Department of Laboratory Medicine and Patholagy, 200 First St. SW, Rachester, MN 55905; phone numeer [§00] §33-1710 or at Mount Sinai
Genetic Testing Laboratory, 1428 Madison Avenue, Atran Laboratory Building AB 225, New York, NY 10024; phone number [212) 241-7518,
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Technical & General

= Additianal references and disorder-specific information can he found on the Good Start Genetics website (www.goodstartgenetics.com).

« HGVS namenclaturs reference: hitp:/fwww.hgvs.org/muthomen/ (version 1).
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Disclaimer

These tests were developed and their pertormance characteristics determined by Good Start Genetics™, Inc, They have not been cleared or
approved by the %, Food and Drug Administration. However, the laboratary is regulated under the Clinical Laboratory Improvement
Amendments (CLIA} as qualified to perform high complexity clinical testing and the tests have been analytically validated in accordance with
CLIA standards.

These tests analyze anly mutations determined to be pathogenic by Good Start Genetics, Inc., hence a negative result does net rule aut the

possihility that an individuat carries a pathogenic mutation,
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Although this tasting is highly accurate, false pasitive or negative diagnostic errars may occur duc to one or more of thi following: sample
mix-up or misidentification, blood transfusion, bore marrow transplantatian, technical errars, sample aging/degradation, interfering
substances or conditions ar ganetic variants that interfere with one ar more aof the analyses. False negative results for beta-thalassemia may
occur it Hb A2 is decreased due to iron deficiency anemia, reduced production or availability of alphe-globin, a2nd delta-globin mutations. The
chemical assay fer Hb S confirmation may give false positive results in patients with erthyrocytosis [clevated hematecrit, hyperglobinemia
[elevated IgG ar protein), extreme leukacytosis (highly elevated Leukeryte numbers), or hyperlipidemia. False positive results are alzo
possible when extreme anemia is present ar in patients with certain hiermoglobin variants (Hb C-Harlem].

Residual risk values zre inferred from published carrier frequencies, mutatian detection rates, and mutatian types per gene, in individuals of
sett-declared ethnicity, They are provided only as a guide for assessing approximate risk given a negative result, and values will vary based on
the exact ethnic background of an individual. This report does not represent medical advice but should be interpreted by a genctic gounselor,
mediczl geneticist or physician skilled in genetie result interpretation and the relevant medical literature.

Number of Variants Tested, by Disease

The fallowing table lists the number of variants being analyzed as of September 13, 2013, and is subject to change. Please contact Good

Start Genetics if additional information is needed.

Dixease Namn Gune Mame Number of Yariants Dizeaae Name Gene Name Number of Varlants
Tustod Tesiad

Alpha-Thalassemia HOAL HBAZ |10 Joukert Syndrome 2 TMEM 4 1

Beta- | halassermia f gickle Cell Ulsease HBE %2 and Hir varlants |Mapte Syrup Urine Uisease |ype A BUKDEA Lkad

Blnom 's Syndroma ot m fit* Mapta Syrup Urine Direass Type £R RLKNHE =

Canavan Qigeaue ASFA G4* Mucolipidusizs Type V MCOLNT 7 7t

Cystiz Hbrosls CHIR L))" Nemating Myopathy NEH 1

Dihydralipeamide Debydroge.osc Deficiency frida] 3* #icmann-Fick Disease Type A/B SMPDT 45

[atnilisl Oyanulonumis IBKAE 2r Spinal Muscular Alruphy SMMNT copy rumber

Familizl Hyparinanlinism ARCER AR Tay Sachs (srare HFX4 FEM

Fanconi Anemia Grovp C FANCE 264 Usher Syndreme Type I1F PROHIS 1ot

Fragile X Syndroina FMHT 2133 repeat slze Llsher Syndronte [ypa lil LLRNT ¥

Gauchar llispasa GAA 1% Walkar Warbiurg Syndroma FRTN 1

Clyzogun SEur'am:ﬁe Type In GoFE 1

" roved truncating mutatlans may also be detected
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